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The increased use of chlorinated hydrocarbon insecticides in soil has often raised the 
question of whether or not these insecticides might translocate into the aerial parts of 
plants from the soil in spite of their extremely low solubility in water. This was tested by 
resorting to very high concentrations of insecticide and using a soil of minimum sorptivity 
and complexity. Plants were also grown in insecticide-free sand within a glass container 
surrounded by lindane-treated sand. Lindane is translocated through the root system 
into the aerial parts of the plant. No evidence of absorption through the leaf cuticle of 
lindane vapors released from the soil surface was obtained. Plants grown in covered 
pots containing aldrin- or heptachlor-treated sand contained only the epoxides within 
the leaves and stems. Epoxidation of aldrin to dieldrin and of heptachlor to heptachlor 
epoxide apparently took place within the plant tissue, after aldrin or heptachlor had been 
absorbed through the root system. Plants grown in dieldrin- or heptachlor epoxide- 
treated sand contained those insecticides within their leaves and stems. No evidence of 
DDT translocation was obtained. Under field conditions, seeds from pea plants grown in 
a Carrington silt loam soil treated with 5 and 25 pounds per acre of aldrin or heptachlor 
contained no measurable insecticidal residues. 
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URISG RECEST YEARS, increased D attention has been given to the 
insecticide residue problem. Pos- 
itive evidence of the translocation of 
benzene hexachloride from treated soils 
into the aerial portions of plants was 
reported by Starnes (78): ivho found 
that both aqueous suspensions and 
benzene extracts of potato foliage from 
plants grown in soil treated with 10 
pounds of y-benzene hexachloride per 
acre were highly toxic to Aedes mosquito 
larvae. Haines ( 3 )  reported “the pres- 
ence of a toxic material in both guttated 
liquid and tissues of corn plants grown 
in lindane-treated nutrient solution.” 
Paraoxon was found (2) in the fluid 
guttated from leaves of cabbage and 
wheat plants, grown in parathion- 
treated soil. Crops grown on lindane-, 
DDT-. and aldrin-treated soils contained 
from zero to various amounts of in- 
secticides (5): depending on the in- 
secticide, its concentration in the soil, 
the crop itself, and the soil type in 
which the crops were grown. 

Mechanisms by which an insecticide 
applied to a soil might contaminate 
the aerial parts of plants grown in that 
soil are: rain or other physical factors 
resulting in the direct deposition of small 
amounts of treated soil on the foli- 
age; volatilization of the insecticide 
from the soil and subsequent penetra- 
tion through the leaf cuticle; and poten- 
tial penetration of the compound through 
the roots and then translocation into 
the aerial parts of the plant. 

To  obtain more data on insecticidal 
residues in the aerial parts of the crops. 
peas were grown in an insecticide- 
treated quartz sand under greenhouse 
conditions, using extremely high con- 
centrations of insecticide, and in a 
treated loam soil under field conditions. 
The object was to find out if insecticidal 
residues could be detected in stems and 
leaves at all, and if so, by what pathways 
they would find their way into the plant 
tissue. In addition, an attempt was 
made to determine the site of epoxida- 
tion of aldrin and heptachlor under 
such conditions. 

Procedure 
Laboratory Experiments. Peas 

(Wilt Resistant Alaska) were used 
throughout. They were grown in quartz 
sand treated at 30 p.p.m. with analytical 
grade lindane, aldrin. dieldrin, hepta- 
chlor, heptachlor epoxide. or p,p’-DDT. 
These conditions were extreme ones 
and not representative of agricultural 
practice. The quartz sand possesses 
neither the insecticide-retention qual- 
ities of any agricultural soil nor its 
microbial contents. Moreover, 30 p.p.m. 
(approximately 60 pounds per 6-inch 
acre) is far above what normally 
might be expected as an insecticidal 
residue content in agricultural soils. 
These extreme experimental conditions 
were selected to determine whether 
insecticides of extremelv low water 
solubility could be translocated into 
plants through the root system. 

The quartz sand was treated by pipett- 
ing measured amounts of an insecticide 
in acetone solution onto the sand con- 
tained in a wide-mouthed 1-gallon jar. 
The sand was mixed by rolling horizon- 
tally for 20 minutes on a specially de- 
signed apparatus ( 8 ) .  The acetone 
evaporation was aided by a very- mild 
air stream. 

Lindane was used for the first three 
sets of experiments because of its slight 
water solubility (to 10 p.p m. a t  20’ C.) 
(72) and its relatively high vapor pres- 
sure, factors presumably favoring ab- 
sorption by either roots or possibly the 
leaf cuticle. 

Seventeen nonglazed clay pots (6 
inches wide) were filled with lindane- 
treated sand. Twenty-four germinated 
pea seeds with a root length of 3, 1 to 1 
inch were planted in each pot. In addi- 
tion, 17 pots containing untreated sand 
were prepared in the same way. 

2. Seventeen clay pots filled with 
lindane-treated sand were covered with 
extra-heavy aluminum foil. Twenty- 
four holes (’, 1 6  to 8 inch wide) were 
made in the aluminum foil of each pot. 
Peas were planted through those holes, 
the seed itself being left on top of the 
aluminum foil. Seventeen aluminum 
foil-covered pots containing untreated 
sand were prepared in the same way. 

All pots stood in saucers and nutrient 
solution was added to the saucers as 
necessary (Figure 1). In this way water 
splashing was prevented. The alumi- 
num foil also prevented excessive water 
loss and the possibility of codistillation of 
insecticidal vapors. 

1. 



3. Ten peas were planted in untreated 
quartz sand within glass containers 2.5 
inches wide. These jars were placed 
within clay pots 9 inches wide and sur- 
rounded by lindane-treated (30 p.p.m.) 
quartz sand (Figure 2). Nutrient solu- 
tion was added as necessary to the surface 
of the untreated sand and distilled water 
to the surface of the treated sand. 

Tests were conducted with aldrin, 
dieldrin, heptachlor, and heptachlor 
epoxide. For each insecticide used, 17 
clay pats were filled with treated sand 
and covered with aluminum fail. Plant- 
ing and watering were done as above. 
Seventeen control Dots were similarly 

4. 

prepared. 
5. Carbon-14-labeled p,p‘-DDT was 

used. which had an activitv of 79 counts 
per fig. per minute after suhtraction of 
background. Because a relatively small 
amount of DDT was available, only one 
aluminum foil-covered pot containing 
DDT-treated quartz sand (30 p.p.m.) 
was planted with peas. 

ddition, the sand v 
i and diquats were t 

.. - 

Twenty-one days after planting, when 
flowers started to develop, the plants 
were cut 1 inch above the sand surface. 
All plants from similarly treated sand 
were oooled and used for analyses. 
In  a, vas thoroughly 
m i x <  aken far analy- 
ses. 

Field hxpenments. In. May 1958, 
duplicate Carrington silt loam plots 
(30 X 40 feet) were treated with aldrin 
and heptachlor a t  5 and 25 pounds per 
acre and then rototilled to a depth of 4 to 
5 inches. Treatment was done as 
described by Lichtenstein and Schulz 
(9) .  One year later the plots previously 
treated a t  the lower application rate 
were retreated with the same insecticides 
a t  5 pounds per 5-inch acre. Two days 
after application in 1959, one 30-foot 
row was seeded with peas (Wilt Resistant 
Alaska) on both treated and control 
plots. At the end of July pea pods were 
harvested from the plants of each ex- 
perimental plot. The seeds were sep- 
arated from the pods. All seeds or all 
pods ahtained from one particular plot 
were pooled for extraction and anaiyses. 

Sails were sampled in May and Sep- 
tember of 1959 as described by Lich- 
tenstein (5). 

tests were conducted wit1 
procedures. 

Bioassavs. Preliminary screenin 
1 two bioassa 

Though chlorinated h) 
secticides have been rep 
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(MacrosiphumpisiHarris) II 
bottom of a Petri dish 
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filter paper. Eight leaves 
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at the periphery of the pa 
tion four stem pieces eac 
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Norted (70) as 
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m u s e d .  The 
(3.5 inches in 
iith moistened 
3 taken at ran- 
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oer. In  addi- 
h 1 inch long 
adult aphids 

3 the center of 

the filter paper. Those aphids which 
did not start feeding after 15 minutes 
were replaced until all aphids had 
moved onto the plants. Four replicated 
Petri dishes containing plant material 
from one pot were set up. All together 
eight (2 X 4) tests were conducted with 
plants grown in two pots which con- 
tained sand treated with one particular 
insecticide. Mortality counts were made 
29 hours after the pea aphids had been 
introduced. Corrections for check mor- 
talities were made according to Abbot*’? 
formula (7) .  

In the second bioassay pracei 
Drosophila melanogarter Meig. was use 
a test insect. Plants from two replic 
pots were finely ground, dried 
anhydrous sodium sulfate, and su 
quently extracted with a mixturt 
hexane-isopropyl alcohol (2 to 1 
volume) by tumbling. After that 
isopropyl alcohol was removed 
washing with a saturated solution of 
sodium chloride. The hexane extract 
containing all the plant extractives 
(“crude”) was then added quantita- 
tively to small jars inches in diam- 
eter and 3 inches deep). After the 
solvent had been evaporated in a hood, 
50 three-day-ald flies were introduced to 
each jar.  Mortality counts were made 
after 4 and 24 hours. 

To minimize any possible masking 
effect from plant extractives, the residue 
in the jar was re-extracted after the first 
test with Drosophila. Hexane was used 
for re-extracting residues from plants 
grown in lindane-, aldrin-, or dieldrin- 
treated sand and pentane for the others. 
Waxes were removed by using aceto- 
nitrile (4). Hexane extracts were then 
added to a column (8 X 1 inch) of 
magnesium oxide-Celite 503 (1 to 1) 
and eluted with 600 ml. of redistilled 
hexane. The pentane extracts were 
cleaned up  by using carbon as an ab- 
sorbent, followed by a Florid column 
f71 from which the residues were eluted 
/ I  

with 200 ml. of a mixture of pentane- 
ether (94 to 6 by volume). 

After the purified extracts had been 
concentrated: they were transferred 
quantitatively to the bioassay jars and 
the solvents were evaporated in a hood. 
Fifty 3-day-old flies were then introduced 
into each jar.  Mortality counts were 
made at 24 and 48 hours. 

Colorimetric Analyses. For extrac- 
tion of pea vines the total amount of 
fresh plant material was passed through 
a food grinder. The macerated ma- 
terial weighing from 226 to 372 grams 
was then mixed with a double amount 
of anhydrous sodium sulfate and kept 
overnight in a refrigerator, The crop- 
sodium sulfate mixture was placed in 
2-quart widemouthed Mason jars lor 
extraction. 

When pea pods or pea seeds were ex- 
tracted, the total amount obtained 
from one field plot was ground and 
mixed and 300-gram aliquots were 
prepared for extraction as described 
above. 

Sand and loam soils were screened 
and mixed prior to extraction. Four 

Figure 2. Peas growing in glass 
jars containing untreated sand 
Surrounded by lindane-treated I30 
p.p.m ) rand within cloy pot 

hundred grams of moist soil and 200 
grams of anhydrous sodium sulfate were 
then placed in 2-quart wide-mouthed 
Mason jars. An additional portion of 
100 grams of soil was dried for 24 hours 
a t  50” C. to determine the dry weight 
of the soil. 

The extraction solvents used were 
a mixture of redistilled hexane and iso- 
propyl alcohol (7. to 1 by volume) for 
aldrin, dieldrin, and DDT and a mixture 
of colorimetric pentane and‘ acetone 
(4 to 1 by volume) for heptachlor and 
heptachlor epoxide. Two milliliters 
of solvent were used per gram of wet 
soil and 3 ml. of solvent per gram of 
fresh plant material 

After 1 hour of head-to-end tumbling, 
the jars and their contents were chilled 
to minimize evaporation of solvents 
during filtering. The supernatant liq- 
uid was then decanted through filter 
paper and the recovery volume was 
recorded to be used for calculating the 
results. 

The isopropyl alcohol or the acetone 
was removed from the extracts by wash- 
ing once with water and three times 
with a saturated solution of sodium 
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Table 1. Mortalities of Drosophila melanogaster Meig. after Exposure to 
Extracts of Pea Vines Grown in Insecticide-Treated Quartz Sand (30 P.P.M.) 

Hours of  Exposure ______ Plant 

Exfracfed, 

Maferial 4 2 4  2 4  4% 

- Morfalify from Plant Extracf, 70 
lnsecficide Used Grams Crudea Purifiedh 

Sone 16 3 0 0 0 6 
Lindanec 14 9 100 
Lindane surroundedd 5 0  0 0 0 0 
Aldrin 9 9  0 0 2 28 
Dieldrin 10 4 0 0 0 36 
.\ldrin + dieldrine 17 5 0 0 0 52 
Heptachlor 1 7 . 5  0 0 80 . .  
Heptachlor epoxide 1 6 . 2  0 0 88 . .  

a Containing hexane- isopropyl alcohol-soluble materials. 
* Purified by acetonitrile treatment and column chromatography. 
c From covered and noncovered pots. 
d Plants grown in untreated sand, but surrounded by lindane-treated sand, 
e Plant material obtained from peas grown in two different pots, one containing aldrin- 

treated sand, the other dieldrin-treated sand. 

Table II. Insecticidal Residues Recovered, P.P.M., from Sand and Pea 
Vines Grown in Treated Quartz Sand (30 P.P.M.) 

Pea Vines Sand, ~. 
In3ecficides 

Treafed Recovered Chem. Anal. Chem. anal. Bioassay 

Lindane 
Open" 
Coveredh 
Surroundedc 

Aldrinb 

Heutachlorh 

Dieldrinh 

Heptachlor epoxideh 

Lindane 
20 2 I t o  2 18 O f 0  7 
23 8f0 3 21 9 f 5  8 

o n  o n  n o _ _  
Aldrin 24 85 1 25 0 0  Traces 

HeDtachlor 20 60 f 1 30 Trares Traces 
Dieldrin o 11 + O  07 0 3 4 f 0  01 0 3 4 f 0  0 2  

Heptachlor 
epoxide Traces 0 . 1 7 d  0.18 f O  06 

Aldrin 0 . 0  0 . 0  
Dieldrin 24.45 3z 0 .9  1 .08 .  0.87 f 0.09 
Heptachlor 0 0  0 . 0  
Heptachlor 

epoxide 29.30 =k 0 . 4  0 . 1 9 d  0.22 & 0  05 

Radioassay Radioassay 

DDT (C-14j5 DDT(C-I4) 26.70 & 0 . 6  0.01 0 . 0  
a Grown in noncovered pots. 
h Grown in aluminum foil-covered pots. 
c Groivn in untreated sand but surrounded by lindane-treated sand. 
d Absorption peak at 415 mM. 

e Rf value same as obtained from reference grade dieldrin. 

R ,  value same as obtained from reference grade heptachlor 
epoxide. 

chloride. The alcohol- or acetone- 
free phase \\as then dried over anhydrous 
sodium sulfate. 

Extracts containing aldrin and diel- 
drin were cleaned up  by using a column 
(8 X 1 inch) of magnesium oxide- 
Celite 503 (1 to 1). After the extract 
had been added to the column, aldrin 
was eluted with 100 ml. of redistilled 
hexane. Dieldrin could then be washed 
from the column with an additional 600 
ml. of the same solvent. Aldrin and 
dieldrin fractions were analyzed ac- 
cording to the method of O'Donnell 
et al.  (73. 74).  Known amounts of 
aldrin added to soils were recovered to 
a n  extent of 9 3  to 97%. and known 
amounts of dieldrin to an extent of 90 
to 94yc. The respective figures ob- 
tained when aldrin or dieldrin was added 
to crop material \vere 88 to 92%. 

Extracts containing heptachlor or 
heptachlor epoxide lvere cleaned up  
as described by Lichtenstein and Polivka 

(7). Waxes contained in extracts of 
pea seeds or pea pods were removed 
by using acetonitrile ( 3 ) .  The t\vo in- 
secticides were analyzed according to 
the Polen-Silverman method (75. 76). 
Known amounts of heptachlor or hep- 
tachlor epoxide added to soil were sep- 
arately recovered to an extent of 90 
to 96%. The figures obtained when 
crop material was used were 85 to 91% 
for heptachlor and 90 to 927, for hepta- 
chlor epoxide. 

D D T  extracts were cleaned up by 
passing through a column ( 6  X 1 
inch) of aluminum oxide (reagent, 
Baker and Adamson). .Analysis was 
done by radioassay using a Geiger- 
Muller counter, after the extract had 
been evaporated to dryness in plan- 
chettes. Results were corrected for 
self-absorption. 

Lindane was analyzed according to 
the Schechter-Hornstein method (77). 
A special extraction procedure was 

eliminated ( 6 ) ,  \vhich permitted the 
determination of lindane directly in 
soils and crops. Known amounts of 
lindane added to soils and crops iyere 
recovered at  approximately 100%. 

In some cases colorimetric absorp- 
tion curves were established for the re- 
covered residue to check if the peak 
obtained from the unknown sample coin- 
cided with the peak obtained from a 
sample to which a known amount of 
an insecticide had been added. M'here 
the amount of available material per- 
mitted, analyses were run in duplicate, 
using a soil or a crop blank for the de- 
termination of apparent insecticide con- 
tent. In  all cases kno\vn amounts of 
insecticides were added to insecticide- 
free samples. This permitted a check 
of the analytical procedure for each 
analysis done. The unknowns, after 
the value for apparent insecticide had 
been subtracted, \vere calculated on the 
basis of the values obtained from the 
knoivn amounts. Results \vere ex- 
pressed in parts per million, based on 
the dry weight for soils and the fresh 
weight for plants. 

Fractions of extracts containing aldrin, 
dieldrin. heptachlor, or heptachlor ep- 
oxide \?ere used for ascending paper 
chromatography as described by Mitch- 
ell ( 7  7). R, values for the unknowns 
were established and compared to R, 
values obtained from reference grade 
insecticides. In  addition. aliquots of 
the extracts xvere used for a Drosophila 
bioassay. Mortalities obtained with 
unknown samples were compared to 
dosage-mortality standard curves ob- 
tained from serial dilutions of reference 
grade insecticide. 

Data were reported as zero \vhen re- 
sults obtained by colorimetric analyses 
as \vel1 as paper chromatography were 
negative. TVhere the colorimetric analy- 
sis indicated the absence of insecticidal 
residues but R j  values obtained from the 
unknowns were the same as those ob- 
tained from reference grade insecticide, 
data were reported as "traces." \+'hen 
bioassay procedures were employed. 
results were reported as traces lvhen 
mortalities obtained were below 1 5yG 
(corrected for check mortalities). 

Results and Discussion 

Laboratory Experiments. SCREES- 
ISG TESTS BY BIOASSAY. Sone of the 
plant material from pea plants grown in 
insecticide-treated quartz sand was toxic 
to the pea aphids, except that derived 
from the lindane experiment. Exposure 
to plant material obtained from plants 
grown in noncovered pots containing 
lindane-treated sand yielded 26 + 9yc 
mortality of the pea aphids. When 
plant material from covered pots was 
used, 63.5* 15% of the pea aphids 
died 29 hours after exposure. KO in- 
sect mortalitv was observed on leaves 
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and sterns obtained from plants grown 
in untreated sand surrounded by lindane- 
contaminated sand. 

These results indicate that toxic 
material \vas present in the aerial parts 
of pea plants grown in lindane-treated 
sand. iMoreover, more toxic material 
was present in plants grown in lindane- 
treated sand covered Lvith aluminum 
foil. 

The screening results u i th  Drosofihifa 
are summarized in Table I. Crude 
rxtracts from plant material grown 
in lindane-treated sand were the only 
ones that caused any fly mortality. 
Purified plant extracts from peas grown 
in heptachlor- or heptachlor epoxide- 
treated sand killed nearly all the flies 
lvithin 24 hours. Forty-eight hours’ 
exposure of the flies yielded 24 to 49% 
mortality [corrected for check mortalities 
according to Abbott’s formula ( 7 ) ]  
12ith purified extracts of plants groivn 
in aldrin- or dirldrin-treated sand. 
Holyever. in the latter case. the amount 
o f  plant material available was only 
half of that used \vhen flies were ex- 
posed to plant extracts obtained from 
peas grolvn in heptachlor- or heptachlor- 
epoxide-treated sand. 

Chemical Analyses and Quantitative 
Bioassays. Insecticidal residues recov- 
ered from the aerial parts of pea plants 
grolvn in insecticicle-treated sand are 
summarized in Table 11. 

If lindane vapors had been absorbed 
through the leaf cuticle, most of the in- 
secticide would have been found within 
the plants groLvn in uncovered pots and 
possibly some in those grown in un- 
treated sand surrounded by lindane- 
contaminated sand. The  amount of 
lindane residues in leaves and stems 
of peas was greater than that recovered 
lvhen the orher insecticides were used. 
Plants gronm in covered pots con- 
tained 22 p p m .  of lindane, which was 
similar to that recovered from the sand. 
Volatilization of lindane and sub- 
sequent absorption of the insecticide 
through the leaves were considerably 
reduced by the aluminum foil cover. 
Thus the insecticide apparently entered 
the leaves and stems through the roots. 

More !indane was lost by the sand in 
the noncovered than in the covered pots, 
probably because of a greater volatiliza- 
tion of the lindane from the sand sur- 
face. Plants grokvn in noncovered and 
covered pots contained similar amounts 
of lindane. 

Under the described conditions no 
lindane residue was found in the plants 
gro\:.ing in untreated sand surrounded 
by lindane-treated sand (Figure 2) .  
Therefore. it seems rather unlikely that 
a n  aerial translocation of lindane took 
place. 

Plants gro\vn in aldrin- or heptachlor- 
treated sand contained on!? the respec- 
tive epoxides: dieldrin (l.4Vc of aldrin 
residue in the sand) or heptachlor 

Table 111. Recoveries of Aldrin (A), Dieldrin (D), Heptachlor (H), and 
Heptachlor Epoxide (HO) Residues 

(From a Carrington silt loam and peas grown in 1959 on aldrin- or heptachlor-treated soils) 
lnsecficides Applied to Soil, lb .  per 5-Inch Acre 

__- Aldrin Hepfachlor 
5* 256 5 a  25b 

Recovered from Soils,c P.P.M. 

.I\ 
D 
T d  

1.78 
0 . 6 6  
2 .44 

3.10 H 
1 . 8 3  HO 
4.93 T 

2 . 0 0  
0 .39  
2.39 

4 22 
0 78 
5 00 

Recovered from Seeds, P.P.M. 

Chem. Bio- Chem. Bio- Chem. Bia- Chem. Bic- 
anal. assoy anal. assay anal. orsay anal. ossay 

.I\ 0 0  0 0  0 0  0 0  H 0 0  0 0  0 0  0 0  
D 0 0  0 0  0 0  0 0  HO 0 0  0 0  0 0  <0 01 
T 0 0  0 0  0 0  0 0  T 0 0  0 0  0 0  < 0 0 1  

Recovered from Pods, P.P.M. --___ 

.I\ 0 0  0 0  0 0  0 0  H 0 0  0 0  0 0  0 0  
D 0 0 <0  02 0 0 <O 02 HO 0 03e 0 03 0 04. 0 05 
T 0 0 <O 02 0 0 <0  02 T 0 03 0 03 0 04 0 05 

a Treated at 5 lb. per 5-inch acre in May 1958 and May 1959. 

e i\verage of sprinq and fall analyses (chemical). 

e Rj value same as obtained from reference grade heptachlor epoxide. 

Treated at 25 lb. per 5-inch acre in May 1958 only. 

Sum of aldrin and dieldrin or heptachlor and heptachlor epoxide, respectively. 

epoxide (0.83yc of heptachlor residue in 
the sand). However. the amount of 
dieldrin in the sand \vas only 0.5yc of 
the amount of aldrin recovered, and 
only traces of heptachlor epoxide Xvere 
detected in the heptachlor-treated sand. 

The epoxidation of heptachlor and 
especially aldrin is dependent on bio- 
logical factors ( 9 ) .  Since quartz sand 
exhibits negligible bioiogical activities, 
it was not surprising that the epoxida- 
tion of aldrin to dieldrin in this substrate 
was very small as compared to various 
soil types. It seems. therefore, that 
aldrin and heptachlor penetrated the 
root system and epoxidation took place 
Lvithin the plant tissue. 

\Vhen plants were gro\vn in dieldrin- 
or heptachlor epoxide-treated sand: 
only dieldrin (4% of dieldrin residue 
recovered from the sand) or heptachlor 
epoxide (0.77, of heptachlor epoxide 
residue recoi-ered from the sand) \vas 
found in the aerial parts of the plants. 
Aldrin or heptachlor residues could not 
be detected in eirher the sand or the 
plant tissue. 

Pea plants grown in sand treated 
with carbon-14-labeled D D T  did not 
show any translocation of this insec- 
ticide. O n  the basis of extraction of 
plant materia! and radioassay: less than 
0.01 p.p.m. of carbon-14 derived from 
DDT was found. 

The availability of insecticides in soils 
to plants decreases bvith the increase 
of organic matter in soils (5). There- 
fore, repetition of the described ex- 
periments with agricultural soils would 
probably result in much lower residues 
or none a t  all within the plant tissue, 
L’sing economic dosages of insecticide 

Ivould undoubtedly further reduce the 
residue content. 

Field Experiments 

Results obtained from seeds and pods 
from pea plants grown in either aldrin- 
or heptachlor-treated Carrington silt 
loam are summarized in Table 111. 
The total amounts of aldrin and diel- 
drin or heptachlor and heptachlor 
epoxide recovered from the soil during 
the summer of 1959 were considerably 
larger than would be present normally. 
Seeds from pea plants grown in these 
soils did not contain measurable amounts 
of insecticidal residues; neither did 
pods from plants grown on aldrin- 
treated soil. Ho\vever. in pods from 
plants grown on heptachlor-treated 
soils, 0.03 to 0.04 p,p.m. of heptachlor 
epoxide \\-as found as determined by- 
chemical analysis. bioassay. and paper 
chromatography. 

Therefore. under normal conditions 
no aldrin or heptachlor or their epoxides 
ivould be expected in pea seeds or pods 
from aldrin- or heptachlor-treated loam 
soils. 
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The insecticides 1,2,3,4,10,1O-hexachloro- 1,4,4a,5,8,8a-hexahydro- 1,4-endo-exo-5,8- 
dimethanonaphthalene (aldrin) and 1 ,2,3,4,10,1 O-hexachloro-6,7-epoxy- 1,4,4a,5,6,7,8,- 
8a-oct a h y d ro- 1,4-endo-exo-5,8 -d ime th anona p htha lene (diel d r in ) we re pre pa red I a be led 
with carbon- 1 4. They were synthesized by la beling hexachlorocyclopentadiene and 
subsequent reaction with 2,5-norbornadiene. Starting with BaC1403, a 28% yield of 
aldrin (melting point 102.5' C.) and a 22y0 yield of dieldrin (melting point 181 C.) 
were obtained. The specific activities were 3.6 and 3.5 i 0.1 mc. per gram for aldrin 
and dieldrin, respectively. 

URISG STUDIES a t  this laboratory D on the fate of aldrin and dieldrin 
in susceptible and resistant strains of 
insects and in higher animals it became 
evident that the chemical methods 
now available for these compounds 
are  not adequate, especially when an 
attempt is made to account fully for the 
dosage applied. I t  was obvious that 
C'?-labeled aldrin and dieldrin Lvould be 
a great aid in our studies and, accord- 
ingly, their synthesis was undertaken. 
The  present paper is a repoir on this 
work. 

Aldrin is ordinarily prepared by the 
Diels-Alder reaction of hexachlorocyclo- 
pentadiene \vi th 2,5-norbornadiene (bi- 
c)-clo[2.2.l]hepta - 2 , j  - diene), and 
dieldrin is prepared by the peracid 
oxidarion of aldrin. The problem was 
to prepare either hexachlorocyclopenta- 
diene or 2,5-norbornadiene with a 
CI4 label. Synthesis of CI4-labeled 
hexachlorocyclopentadiene appeared to 
be the most promising approach. 

The  following six- and seven-step 
reaction scheme was used in the syn- 
thesis of CI4-labeled aldrin and dieldrin : 

3lE- JR'W 

Carbon-14 labeled acetylene was pre- 
pared by a modificarion of the merhod 
of Cramer and Kistiakowski ( 2 ) .  The 
yields were approximately 70yC. as 

determined by gas volumetric measure- 
ments with inactive runs. 

The labeled acetylene was converted 
to tetrachloroethane by treatment 
with a mixture of antimony pentachlo- 
ride and trichloride. This reaction as 
given by Krall (3 )  was found to give very 
low yields. .4fter the acetylene had been 
complexed Lvith the antimony penta- 
chloride, it was necessary to decompose 
the complex by heating for a much longer 
period of time than that used by Krall 
to obtain satisfactory yields. \Vith 
inactive acetylene, 85% yields were con- 
sistently obtained in this reaction. 

Trichloroethylene was prepared by 
refluxing the tetrachloroethane with 
barium hydroxide and steam-distilling 
the product. Yields of 85 to 90% were 
obtained with inactive trichloroethylene. 

Octachlorocyclopentene was prepared 
from the trichloroethylene by the method 
of Prim ( 4 ) .  This reaction gave a 70% 
yield. 

The dechlorination of octachloro- 
cyclopentene to hexachlorocyclopenta- 
diene and the subsequent conversion to 
aldrin and dieldrin \rere based on 
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