
Table IV. Identification of C14 in 
Plant Extracts a s  Da1ap0n-C~~ by 

Paper Chromatography 
R i  

Pyru- 

pon acid  
Solvent Ex- refer -  re fer -  

P lant  System t racta  ence ence 

Soybean A 0 72* 0.73 0.26 
B 0.69* 0.70 0.56 
C 0 .64*  0.72 0 .18  

Corn D 0 .27*  0.25 
E 0 9* 0 . 9  0 . 6  

Dolo- vic 

E 0 . 9 ~  0 . 9  0 . 6  
E 0 . 9 ~  0 . 9  0 6 

Only one spot \vas found in each case. 

Alcohol. 
* IVater. 

Solvent svstems used for paper chro- 

100 ml. of n-butyl alcohol, 15 ml. of 
water, and 10 ml. of diethylamine. 
250 ml. of methyl alcohol, and 1 ml. 
of 1-Vsodium ethylate. 
100 ml. of n-butyl alcohol equili- 
brated with 100 ml. of 1.5.Y am- 
monium hydroxide. 

D.  50 ml. of chloroform, 50 ml. of 
tert-butyl alcohol, 5 ml. of ethyl 
alcohol, 1 ml. of diethylamine, and 
saturated with water. 
100 ml. of 1-pentanol equilibrated 
with 100 ml. of 5 M  aqueous formic 
acid (4) .  

R, values of radioactive components on 
the chromatograms were computed from 
loci determined by radioautography or 
Geiger-Muller tube scanning. 

matography of extracts were: 

A .  

B .  

C. 

E. 

Results of Plant Experiments 

Radioactivity entered soybean and 
corn plants whose roots were exposed 
to dalapon-C14. I t  was distributed 
throughout the plants as indicated in 
Tables I and I1 and Figure 5. There 
were higher concentrations in young 
tissues. The percentages of applied 
activity taken into the roots and into the 
tops for soybean were 0.6 and 2,  re- 
spectively. For corn, under slightly 
different conditions. percentages were 
about 0.5 and 9. 

Radioactivity entered soybean plants, 
Ivhen spotted on a leaf, and was dis- 
tributed throughout the plants as shown in 
Table 111. Here again the young tissues 
had the highest concentrations of activ- 
ity. The leaf opposite the treated leaf 
and the roots had the least activity. 
About 2% of the applied activity moved 
into parts of the plants other than the 
treated leaves. 

Examination by paper chromatog- 
raphy of extracts prepared from root- 
treated soybean plants showed the pres- 
ence of radioactivity which moved with 
R, values corresponding to the R, of 
known dalapon4Y. No other radio- 
active spots were observed (Table IV). 

From water and alcohol extracts of 
corn plants, radioactivit) was recovered. 
This activity moved on chromatograms 
with R, values corresponding to that of 
dalapon (Table I\', Figure 6) .  No other 
compounds were found. Two plausible 
breakdown products, lactic and pyruvic 
acids, move in system E with R, values 
(0.62 and 0.65, respectively) well below 
the R, of dalapon (0.9). 

FUMIGANT RESIDUES 

Retention of Acrylonitrile and 
Carbon Tetrachloride by Shelled 
Walnuts Fumigated with Acrylon 

N EXPLORATORY TESTS with four fumi- I gants to control infestations of the 
Indian-meal moth, Plodza interpzcnctella 
(Hbn.), in imported shelled walnuts, 
Acrylon provided 100% control with no 
undesirable effects on flavor, odor, or 
appearance (7 ) .  .4 feature of the experi- 
ment was the successful use of poly- 
ethylene bags as fumigation chambers as 
described below. Acr) lon is also known 
as Acritet (Stauffer Chemical Co.. New 
York) and consists of acrylonitrile and 

carbon tetrachloride, 34 to 66% by 
volume, or 20.4 to 79.6% by weight. 

Acrylon applied at the rate of 3 ml. per 
55 pounds (4.1 grams per 25 kg.) of nut 
meats for an exposure period of 16 hours, 
was consistently successful in controlling 
infestations during a 3-)ear period in 
which some 500,000 pounds of shelled 
walnuts were treated (73). However, 
information was needed on the residues 
of acrylonitrile and of carbon tetra- 
chloride that remained after aeration and 
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packaging of the treated nuts. This re- 
port deals with concentration-time rela- 
tionships for the Acrylon components 
over a period of 38 days. 

Methods 

Fumigation under Atmospheric 
Pressure. Double-walled polyethylene 
bags, large enough to accommodate the 
contents of a 55-pound box of shelled 
walnuts, served as small and inexpensive 

128 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



Imported shelled walnuts, in 55-pound batches, were successfully fumigated in poly- 
ethylene bags to control insect infestation by injecting each bag with 3 ml. of Acrylon. 
Desorption rates of acrylonitrile and carbon tetrachloride during a 38-day storage period 
showed that their residual amounts were affected by fumigant dosage, duration of expo- 
sure, and aeration by fan. Fumigation under reduced pressure, followed by storage 
for 30 days, resulted in acrylonitrile and carbon tetrachloride residues which were lower 
than those obtained by fumigation at atmospheric pressure. Acrylonitrile was determined 
polarographically and carbon tetrachloride spectrophotometrically with satisfactory 
specificity and sensitivity. 

fumigation chambers. A wad of cotton 
batting backed by a double layer of 
aluminum foil was placed with cotton 
side out in the center of one of the sides 
of the bag. The bag opening was folded 
and tied tightly with flexible metal ties, 
and each bag was placed horizontally on 
a platform in the vicinity of an exhaust 
fan. 

Acrylon was dispensed with a 5-ml. 
glass syringe fitted with a mechanical 
stop at  a precalibrated 3-ml. mark, after 
Chaney (3): and ivith a No. 18 stainless 
steel hypodermic needle to pierce the 
bag at  the target center. After the 
liquid was discharged, the needle was 
withdrawn, the hole sealed with Scotch 
cellulose tape, and the process repeated 
for each bag. 

After exposure to the fumigant for 16 
hours a t  70' to 75' F.? the walnuts were 
spread out on a slat platform covered 
with cheesecloth and aerated for 4 hours 
in front of a floor-type fan with 24-inch 
diameter blades a.nd adjustable oscilla- 
tion within a maximum arc of 90". The 
aeration was followed by air-cleaning 
with a fanning mill to remove loose nut 
tissues, insect fragments, etc. Finally, 
the walnuts were mechanically packed in 
cellophane bags in half-pound lots and 
stored on a laboraiory shplf at room tem- 
perature. Samples from different bags 
were analyzed at predetermined inter- 
vals. The standa.rd or normal condi- 
tions that were tentatively adopted were 
3 mi. of.4crylon per 55 pounds of shelled 
walnuts, 16 hours' exposure in the sealed 
polyethylene fumigation chambers, and 4 
hours' aeration by fan. Variations of 
these conditions Lvere studied to find the 
effect of doubling the normal dosage rate, 
tripling the normal exposure period, and 
eliminating the aeration by fan. 

Vacuum Fumigation. In  vacuum 
fumigation, wherein the air pressure is 
reduced before the fumigant is released, 
diffusion and penetration proceed 
rapidly; therefore, the period of ex- 
posure may be shortened considerably. 
Although methyl bromide appears to 
be the most widely used fumigant for 
vacuum fumigation, ,Monro suggested 
(77)  determining acrylonitrile and car- 
bon tetrachloride residues of walnuts 
fumigated with Acrylon under reduced 
pressure. 

A 25-quart cast aluminum pressure 
canner, A ,  was converted for vacuum 
fumigation, following suggestions by 
Lynn ( 9 )  and Monro ( 7 1 ) .  The pres- 
sure fittings were removed from the 
cover and were replaced \vith cemented 
glass and metal fittings as shown in 
Figure 1. A cheesecloth bag, C, con- 
taining 10 pounds of shelled walnuts and 
six cages, each of which contained 50 
adults of confused flour beetlm, Tribo- 
lizim confusum Duv., 2 weeks old, was 
placed on the wire rack, B. To promote 
uniformity of the gas-air mixture an im- 
provised fan made of a thin brass sheet, 
D, soldered to a flexible metal strip was 
attached to a swivel that was suspended 
on the underside of the cover, E. The 
fan was operated by an Alnico magnet 
moved manually on the dome of the 
chamber. 

With the cover in position a weighed 
amount of Acrylon liquid corresponding 
to 78 mg. per litcr of space in the fumiga- 
tion chamber was contained in the 
borosilicate glass vessel, F. After the 
vessel was evacuatrd, J ,  to 75 mm. of 
mercury, Acrylon was introduced as a 
gas through butt joint H ,  and the copper 
gas-inlet tube, I .  The evaporation of 
Acrylon liquid was accelerated by im- 
mersing the glass vessel in lukewarm 
water. TYhen evaporation was visibly 
complete, the air was admitted, G, until a 
vacuum of 100 mm. of mercury was 

reached ( K ,  vacuum gage). The Al- 
nico magnet was moved to and fro for 5 
minutes to cause movement of the im- 
provised fan to assist admixture of gas 
and air. After 3 hours of fumigation at 
70" F., air was admitted, the cover was 
removed, and the nut meats were 
sampled for analysis and the effect of 
aeration. 

Method for Carbon Tetrachloride. 
The residual amounts of carbon tetra- 
chloride retained by the fumigated 
walnuts were determined spectrophoto- 
metrically by the Ramsey method (72), 
employing the Fujiwara reaction. 

Exploratory tests with carbon tetra- 
chloride and acrylonitrile standards 
added to untreated walnuts showed that 
the efficiency of recovery of carbon tetra- 
chloride was 85 to 90%, and that acrylo- 
nitrile did not interfere, even if present a t  
50 times the carbon tetrachloride levels. 
Amounts of carbon tetrachloride as low 
as 0.1 mg. were readily measured by the 
Fujiwara reaction, with a variation be- 
tween triplicates not exceeding 0.7% 
transmittance. 
-4 100-gram sample of shelled walnuts 

was lightly rolled with a glass bottle to 
reduce the particle size and was placed in 
a two-necked 1-liter round-bottomed 
flask to which 265 ml. of distilled water, 
30 ml. of 1 S  sulfuric acid, and 5 ml. of 
207, phosphotungstic acid were added. 
From this point Ramsey's procedure (72) 

Figure 1 .  Vacuum fumigation assembly 
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was followed, except that a more rapid 
rate of air flow of approximately 100 ml. 
per minute was preferred. Also, a con- 
stant air suction source regulated with a 
needle valve and rotameter provided 
steadier air flotv than was attained with a 
Mariotte bottle. A Beckman B spectro- 
photometer with IO-mm. matched cells 
was used to measure the color at a wave 
length of 530 mfi. As the slope of the 
standard curve varied somexvhat on 
different days, for each group of deter- 
minations a fresh standard curve was 
used, along with carbon tetrachloride 
and carbon tetrachloride-acrylonitrile 
check tests: to cancel out small diffcrences 
between days. Slight turbidity of the 
pyridine-alkali reagent sometimes oc- 
curred, and this was corrected by filtering 
through a dry, folded filter paper. The 
analytical results were corrected for the 
value of blank (untreated) samples and 
for recovery of carbon tetrachloride from 
added standards. 

Acrylonitrile. The polarographic 
method of Fuller and Sorris (5) was 
adapted for the determination of acrylo- 
nitrile retained by the Acrylon-fumigated 
walnuts. The method depends on the 
fact that acrylonitrile forms an azeo- 
tropic mixture with water and can thus 
be concentrated and codistilled out of 
aqueous suspensions of foodstuffs, etc. 
Acrylonitrile reduces at  about - 1.90 
volts in a polarographic cell employing a 
dropping mercury electrode and a mer- 
cury pool anode, with 0.1M tetrameth- 
ylammonium hydroxide as the support- 
ing electrolyte. 

The Gawron polarographic cell ( 6 )  
used was simple and convenient for rou- 
tine work and gave reproducible results. 
Although acrylonitrile may bc measured 
in the presence of dissolved oxygen, the 
recorded waves were more reproducible 
when the cell solution was deaerated with 
nitrogen (it was not necessary to deaerate 
the anode solution). .411 measurements 
were made with a Radiometer Model 
PO3 recording polarograph (Radiom- 
eter Co., Copenhagen, Denmark). 

Standard solutions of acrylonitrile in 

water were prepared from a purified and 
freshly distilled sample of acrylonitrile 
provided by the Research Division, 
American Cyanamid Co., Stamford, 
Conn. Amounts of acrylonitrile as low 
as 0.025 mg. were readily measured. 
The efficiency of recovery of acrylonitrile 
standards added to aqueous suspensions 
of walnuts was 95 to loo%, with no in- 
terference from carbon tetrachloride. 
Calibration data showed a linear rela- 
tionship betIveen concentrations of ac- 
rylonitrile in the original solution and the 
diffusion current of a given fraction or 
aliquot. 

For separating acrylonitrile from the 
treated walnuts, distillation from an 
acidified water suspension was em- 
ployed. Thus, a 100-gram sample was 
placed in a f 24,’40 1-liter round- 
bottomed flask, to be heated with an elec- 
trical heating mantle. .4 solution of 
280 ml. of distilled water, 15 ml. of 1.V 
sulfuric acid, and 5 nil. of 20% phospho- 
tungstic acid was added. A 250-mm. 
Vigreux fractionating column, a 75’- 
angle condenser head, a 300-mm. Liebig 
condenser \vith adapter, and a graduated 
25-ml. receiver immersed in an ice bath 
lvere attached. The distillation was 
regulated to about 1 ml. per minute with 
a voltage regulator, until about 23 ml. of 
distillate were collected. This was di- 
luted to 25 ml. in a volumetric flask, from 
which a suitable aliquot (between 1 and 5 
ml. generally provided an adequate 
sample) \vas transferred to a 10-ml. 
volumetric flask. One milliliter of 1 M  
tetramethylammonium hydroxide, po- 
larographic grade (Southwestern Analyt- 
ical Chemicals, Austin, Tex.) was added 
to the aliquot, and then diluted to the 
mark with water? and mixed and trans- 
[erred to the Gawron cell (9) containing 
0.1M tetramethylammonium hydroxide 
in the anode compartment. The cell 
solution was deaerated with nitrogen pre- 
saturated by passing through a separate 
portion of a blank solution. Current- 
voltage curves from -1.4 to -2.2 volts 
were recordrd in the usual manner, meas- 
uring the diffusion current as the differ- 

ence between the base line (residual 
current) and the plateau of the acryloni- 
trile wave (at about -2.0 volts). 

Results 

The concentration-time relationships 
of carbon tetrachloride and acrylonitrile 
that resulted from the various treatments 
applied to shelled walnuts are sholvn in 
Tables I and 11. 

The mortality of test insects in all cases 
was complete. The mortality resulting 
from vacuum fumigation \vith the rel- 
atively short exposure period of 3 hours 
was interesting in that examination of 
the test cages hour after opening the 
chamber showed that the cages located at 
the perimeter of the load had a larger per- 
centage of affected insects. However, 
all the test insects liere dead 7 hours 
after removal from the toxic atmosphere. 

Discussion 

Table I?  dealing with carbon tetra- 
chloride and acrylonitrile levels of wal- 
nuts fumigated in polyethylene bags 
under atmospheric pressure, shows that 
dosage, period of exposure, and aeration 
influence the amounts retained by the 
packaged walnuts. Thus, when the 
dosage was doubled and the exposure 
period was increased 2.7 times without 
supplementary aeration by fan, the car- 
bon tetrachloride residue levels over the 
38-day period were appreciably higher, 
although not in direct proportion to the 
increase in dosage and exposure period. 
.4eration by fan, hoIvever, lowered the 
carbon tetrachloride residues in every 
instance. Although for this experiment 
both the fan and the aeration period were 
arbitrarily chosen, nevertheless it is sug- 
gested that lower residues might be ob- 
tained in commercial practice by adapt- 
ing “fluidized solid bed” columns (70) 
for forced aeration. In any event, the 
normal or standard conditions that were 
chosen for commercial application ( 7 )  

Table 1. Amount of Acrylon Components Found on Atmospheric-Fumigated Walnuts 

(Interaction of 2 dosages X 2 exposure periods X 2 aeration periods) 

Nature o f  Treatment 
Doys af ter  Packaging o f  Walnufs Acrrlon 

added,a Exposure, Fan, Carbon Tefrochloride, P.P.M. Acrylonifrile, P.P.M. 
ml. hr. hr. 2 9 i a  2 4  30 38 2 9 i a  2 4  30 38 

3 48 4 2 8 . 0  2 5 . 5  1 6 . 0  13 0 9 . 6  4 8 7 . 5  5 . 0  0 . 0  0 . 0  1 . 0  2 . 5  
3 48 0 4 0 . 5  3 2 . 2  2 4 . 5  2 0 . 9  23 1 24 0 10.0 5 . 0  0 . 8  1 . 0  1 . 0  2 . 0  
6 48 4 3 3 . 0  3 0 . 0  1 0 . 0  1 7 5  9 . 6  1 4 . 4  1 0 . 0  6 . 0  2 . 5  2 . 5  3 . 5  3 . 7  
6 48 0 5 0 . 4  33 .0  3 5 . 2  , . .  3 3 . 7  34 .5  1 7 . 5  1 1 . 0  6 . 8  1 0 . 0  1 0 . 5  8 . 5  
3 18 4 1 5 . 7  6 . 7  6 . 0  4 . 7  2 . 9  5 . 7  5 . 0  1 . 0  0 . 0  1 . 0  0 . 0  0 . 0  
3 18 0 1 8 . 0  1 8 . 5  1 7 . 2  1 5 . 1  1 3 . 5  1 3 . 0  6 . 0  1 . 0  0 . 0  2 . 5  1 . 0  0 . 5  
6 18 4 1 8 . 0  2 4 . 0  1 8 . 0  1 3 . 0  1 1 . 5  1 3 . 3  1 1 . 0  1 2 . 5  2 . 4  4 .0  3 . 5  1 0 
6 18 0 2 8 . 2  39 .5  3 5 . 0  3 1 . 8  2 4 . 0  2 1 . 6  1 3 . 5  1 2 . 5  4 . 1  5 . 0  7 . 5  5 0  

a Normal dosage = 3 ml. Acrylon per 55 pounds of walnuts, or 164 mg. per kg. of walnuts. 
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Table II. Amount of Acrylon" Components Found on Vacuum-Fumigated Walnutsb 
Doys affer  Packaging o f  Wolnufs ___ 

Nafure o f  3 j 4  1 4 8 74 27 30 3 1 ~  7 4 8 1 4  21 30 
Treotmenf Carbon Tetrachloride, P.P.M. 

Treatment .At 1'7.5 16 .0  13.5 9 . 3  10.5 7 . 3  5 . 3  12.5 16.6 16.6 14.9 6 8 4 1 1 . 3  
TreatmentBd 16.5 12.0 5 , 0  1 . 9  2 . 4  0 . 5  0 . 5  16.0 12.5 10.0 6 .0  2 . 5  0 . 8  0 . 0  

Acrylonifrile, P.P.M. 

Total \ceight of Acrylon applied = 1.882 grams; applied dosage = 1882/4.55 = 413 mg./kg. 
Total amount of nuts in 24.1-liter vacuum-fumigation chamber = 10 Ib. or 4.55 kg. 
Vacuum-fumigated for 3 hours at 110 mm. of mercury at a relative concentration per liter of empty space = 1882/24.1 = 78 mg./liter. 
Same as Treatment 4, but aerated in laboratory fume hood for 16 hours. 

(3 ml. of Acrylon per 55 pounds of wal- 
nuts: 16 hours' exposure, and 4 hcurs' 
aeration by fan) gave the lo\z.est carbon 
tetrachloride residues. 

Table I also indicates that the residue 
levels of acrylonitrile are appreciably 
lower than those of carbon tetrachloride, 
and that aeration assists the lowering. 
With due regard to the greater relative 
toxicity of acrylonitrile, and also to the 
1 to 4 ratio of acrylonitrile to carbon 
tetrachloride as initially applied, the 
comparative rate data shown herein con- 
firm the author's findings with wheat 
(2)  that thc ratio of the components of a 
fumigant mixture may change considm- 
ably after application because of differen- 
tial sorption. 

Table 11, pertaining to vacuum fumi- 
gation. shows generally lower carbon 
tetrachloride residues than those of 
atmospheric-fumigated walnuts, despite 
the grcater amount of fumigant that was 
ap2lied. Evidently the shortened expo- 
sure period was a major factor herein. 
Supplementary aeration, as in treatment 
B, aided the lowering of residues of both 
carbon tetrachloride and acrylonitrile, 
and confirms the trend shown in Table I. 
The vacuum of 1 10 mm. of mercury that 
was used in this experiment approxi- 
mates the 25-inch vacuum used commer- 
cially. 

.4s indicated previously, methyl bro- 
mide is widely used for fumigation of nut 
meats and other foodstuffs. Because of 
differences in conditions and methods of 
fumigation, it is not possible to make 
valid comparisons of the concentration- 
time relationships between the bromide 
residues of walnuts reported by others 

(4> 7, 8) and those of acrylonitrile and 
carbon tetrachloride reported herein. I t  
would appear, nevertheless, that the de- 
sorption patterns for methyl bromide 
residues of vacuum-fumigated walnuts 
show a sharp drop within 24 hcurs from 
relatively high values and become almost 
constant thereafter to levels of 30 to 40 
p.p.m. (7). 

Polyethylene bags proved to be simple: 
inexpensive, and convenient as fumiga- 
ticn chambers for fumigation of 25-kg. 
batches of walnuts that had been stored 
in their original boxes in commercial 
cold storage at 34' F.? and which were 
treated as required at  the packaging 
warehouse (73). The method of appli- 
cation by syringe is considered to be 
simple, inexpensive, and safe, if adequate 
precautions are taken in the application. 
This method would not he suitable for 
extremely volatile fumigants s-ich as 
methyl bromide, 

Forced aeration applied within several 
hours after the exposure period should be 
investigated in greater detail as a means 
of lowering volatile fumigani residues. 
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