


treated in May 1958 was sampled on
June 9, 1959. The plants were 10 to
12 inches high and the harvest included
all the plant parts more than 1 to 2
inches above the soil. From each plot
between 2500 and 3500 grams of plant
material was obtained by random sam-
pling and harvesting by a procedure
which ensured no surface contamina-
tion from the soil. After that the
plants were passed through a food grinder
and handled as described above.

Fach potato tuber, after having been
cleaned, was cut in two equal parts.
One half was then peeled, resulting in
peels and pulp. All the unpeeled por-
tions, representing ‘“‘whole potatoes,”
were ground. mixed, and subsampled
for freezing and future analyses. The
same was done with the peels as well
as with the pulp, in order to find out
what percentage of the total amount
of residues being found within whole
potatoes might be located in either the
potato peels or the potato pulp.

Analytical Methods

Colorimetric Analyses. The han-
dling of the soil samples, including extrac-
tion, clean-up, and analysis, was done
as previously described (7-9).

When crops were analyzed, the frozen
plant material was thawed and 300-
gram aliquots were mixed with 600 to
700 grams of anhydrous sodium sul-
fate, and kept overnigh in a refrigerator.
Then the extraction of the crop ma-
terial as well as the purification of the
extracts was performed by a described
procedure (6).

The extracts of the 1959 crops, grown
in aldrin-treated soils, were separated
by column chromatography into the
aldrin and dieldrin (D) fractions. Each
fraction was then subdivided into two
equal aliquots. One aliquot was then
treated with acetonitrile (4) to remove
waxes. This portion was used for paper
chromatography and bioassays, while the

other was used for the colorimertric
analyses as described by O'Donnell
et al. (77, 72). Known amounts of

aldrin added to crop material were
recovered to an extent of 82 to 969 and
known amounts of dieldrin to an ex-
tent of 85 to 989, as determined by
colorimetric analysis.

Fractions of extracts containing hep-
tachlor or heptachlor epoxide (HO)
were analyzed by the Polen-Silverman
method (73, 74). In this case, waxes
were removed by an acetonitrile treat-
ment (4) prior to analyses. Known
amounts of heptachlor added o crop
material were recovered to an extent
of 84 to 989, and known amounts of
heptachlor epoxide to an extent of 87 to

98% as determined by colorimetric
analysis.
Whenever possible, analyses were

run in duplicate, using a soil or a crop
blank for the determination of appar-

Table 1.

Recoveries of Aldrin (A), Dieldrin (D), Heptachlor (H), and

Heptachlor Epoxide (HO) Residues

[From a Carrington silt loam and crops grown in May 1958 on aldrin- and heptachlor-
treated plots (colorimetric analyses)]

Insecticides Applied to Soil, Lb./5-Inch Acre

Aldrin Heptachlor
5 25 5 25
Recovered from Soils, July 21, 1958, P.P.M.

A 1.21 9.77 H 2.17 10.78

D 0.36 1.31 HO 0.21 0.63

Te 1.57 11.08 T 2.38 11.41

Recovered from Crops at Horvest, P.P.M.

Radishes A 0.03 0.28 H 0.00 0.14
D 0.06 0.24 HO 0.13 0.45

T 0.09 0.52 T 0.13 0.59

Beets A 0.00 0.07 H 0.00 0.13
D 0.07 0.18 HO 0.08 0.29

T 0.07 0.25 T 0.08 0.42

Potatoes A 0.05 0.53 H Traces 0.66
D 0.09 0.67 HO 0.14 0 56

T 0.14 1.20 T 0.14 1.22
Onions A 0.00 Traces H Traces? Traces”
D 0.00 0.05 HO Traces? 0.02°%

T 0.00 0.05 T Traces 0.02

Carrots A 0.15 0.94 H 0.47 3.55
D 0.09 0.32 HO 0.08% 0.43"

T 0.24 1.26 T 0.55 3.98

Cucumbers A 0.00 0.00 H 0.02 0.04
D 0.07 0.07 HO 0.08 0.11

T 0.07 0.07 T 0.10 0.15

Lettuce A 0.04 0.13 H 0.05% 0.27
D 0.12 0.26 HO 0.05" 0.29

T 0.16 0.41 T 0.10 0.56

Beans A 0.00 0.00 H 0.00 0.00
(seeds) D 0.00 0.00 HO 0.00 0.00
T 0.00 0.00 T 0.00 0.00

¢ Sum of aldrin and dieldrin or heptachlor and heptachlorepoxide,

b Bioassay.

respectively.

ent insecticide content. The analytical
procedure for each analysis was checked
by adding known amounts of insec-
ticide to insecticide-free samples. The
unknowns were then calculated on the
basis of the values obtained from the
known amounts after making suitable
correction for apparent insecticide con-
tent. Results were expressed in parts
per million based on the dry weight
for soils and the fresh weight for plants.

In many cases colorimetric absorp-
tion curves were established for the
recovered residue. In this way it could
be checked if the absorption peak ob-
tained from the unknown sample coin-
cided with the peak obtained from a
sample to which a known amount of an
insecticide had been added.

In addition to the colorimetric analy-
ses, fractions of extracts containing
aldrin, dieldrin, heptachlor, or hep-
tachlor epoxide were used for ascending
paper chromatography as described by
Mitchell (70). R, values for the un-
knowns were established and compared
to R, values obtained from reference
grade insecticides. Data were reported
as zero residue when two or all of the
methods used (colorimetric readings,
absorption curves, paper chromatog-
raphy) indicated the absence of in-
secticidal residues. When the results
obtained by only one of the methods

YOlL

8, NO. 6 NOV.~-DEC.

were negative, the data were reported
as trace residues.

Bioassay. It was felt that an analysis
of the insecticidal residues by a biological
method which assays the toxicity of a
chemical would be extremely important.
Therefore, some of the crops grown in
1958 and all of the crops grown in 1959
were bloassayed.  Drosophila melano-
gaster Meig. was used as the test insect
(2). The flies were exposed to residues
obtained from aliquots of the same ex-
tracts used for the colorimetric analyses.
Usually three different amounts of the
same extract were tested by pipetting
a given amount into each of two jars
(23/4 inches in diameter and 3 inches
deep) containing 0.5 ml. of a corn oil
solution (1 ml. of corn oil in 200 ml. of
hexane). The solvent was then evap-
orated by placing the jars at the open-
ing of a fume hood. After a fine screen
had been inserted into the screw top,
50 flies were introduced through a hole
in the screen of each of the six jars
(three different amounts of extracts in
duplicate). Mortality counts were made
21 to 24 hours after exposure of the flies.
Mortalities obtained with unknown
samples were compared t dosage-mor-
tality curves obtained from serial dilu-
tions of reference grade insecticide.
Results were reported as traces when
mortalities obtained were below 139,
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The biocassay method was five to 10
times more sensitive than the available
chemical methods. Therefore, the bio-
assay was the more dependable analysis
when low residue levels were present.

Results and Discussion

Data obtained from analyses of soils
and crops are presented in Tables I,
II, and III, where the figures represent

Table Il

Recoveries of Aldrin (A), Dieldrin (D), Heptachlor (H), and

Heptachlor Epoxide (HO) Residues

(From a Carrington silt loam and crops grown in 1959 on aldrin- and heptachlor-treated
plots)

Insecticides Applied to Soil, Lb./5-Inch Acre

Aldrin Heptachlor
5@ 25° 54 25°
Recavered from Soils,c P.P.M.

A 1.78 3.10 H 2.00 4.22

D 0.66 1.83 HO 0.39 0.78

Td 2.44 4,93 T 2.39 5.00

Recovered from Crops at Harvest, P.P.M.

Chemical Bio- Chemical Bio- Chemiccl Bio- Chemicol Bio-
anal. assay anal. assay anal. assay anal. assay
Radishes A Traces 0.03 0.05 0.05 H Traces 0.04 Traces 0.05
D 0.06 0.07 0.13 0.15 HO 0.12 0.12 0.12 0.13
T 0.06 0.10 0.18 0.20 T 0.12 0.16 0.12 0.18
Beets A Traces 0.01 Traces 0.01 H 0.03 0.05 0.03 0.04
D 0.09 0.06 0.17 0.14 HO 0.10 0.10 0.12 0.13
T 0.09 0.07 0.17 0.15 T 0.13 0.15 0.15 0.17
Potatoes A 0.05 0.03 0.11 0.11 0.09 0.14 0.29 0.33
(whole) D 0.15 0.18 0.31 0.30 HO 0.26 0.31 0.49 0.53
T 0.20 0.21 0.42 0.41 T 0.35 0.45 0.78 0.86
Potatoes A 0.27 0.26 0.63 0.65 H 0.93 0.96 3.03 3.16
(peels) D 0.91 0.91 1.82 2.10 HO 1.20 1.52 2.35 2.90
T 1.18 1.17 2.45 2.75 T 2.13 2,48 5.38 6.06
Potatoes A Traces Traces Traces Traces H 0.00 0.00 Traces 0.04
(pulp) D 0.06 0.06 0.16 0.14 HO 0.13 0.14 0.24 0.24
T 0.06 0.06 0.16 0.14 T 0.13 0.14 0.24 0.28
Onions A Trades 0.00  Traces 0.00 H 0.00 - 0.00
D 0.03 0.02 0.05 0.05 HO - 0.03 - 0.04
T 0.03 0.02 0.05 0.05 T 0.03 0.04
Carrots A 0.25 0.30 0.36 0.43 H 0.97 1.26 1.34 1.51
D 0.23 0.23 0.55 0.59 HO - 0.25 ¢ 0.40
T 0.48 0.53 0.91 1.02 T 1.51 1.91
Cucum- A Traces Traces Traces 0.01 H 0.03 0.04 0.04 0.06
bers D 0.17 0.14 0.17 0.16 HO 0.10 0.12 0.13 0.15
T 0.17 0.14 0.17 0.17 T 0.13 0.16 0.17 0.21
Lettuce A Traces Traces 0.03 0.02 H  Traces 0.03 Traces 0.03
D 0.07 0.06 0.17 0.18 HO 0.03 0.03 0.05 0.05
T 0.07 0.06 0.20 0.20 T 0.03 0.06 0.05 0.08

Peas (seeds and pods) (6).

@ Treated at 5 lb./5-inch acre in May 1958 and May 1959.

b Treated 25 lb./5-inch acre in May 1958 only.

¢ Averages of spring and fall analyses as obtained by chemical analyses,

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

¢ Analytical data not available.

Table il

Recoveries of Aldrin (A), Dieldrin (D), Heptachlor (H), and

Heptachlor Epoxide (HO)

[From a Carrington silt loam and from alfalfa grown in 1959 on plots treated with aldrin or

heptachlor one year previously {colorimetric analyses)]
Insecticides Applied to Soil in May 1958, Lb./5-Inch Acre

Aldrin Heptachlor
5 25 5 25
Recovered from Soils,® P.P.M.
A 0.22 4.04 H 0.60 5.98
D 0.98 4.18 HO 0.74 2.53
Te 1.20 8.22 T 1.34 8.51
Recovered from alfalfa leaves and stems,* P.F.M;
A 0.00 0.00 H Traces 0.02
D 0.06 0.08 HO 0.10 0.09
T 0.06 0.08 T 0.10 0.11

2 Fall sample.

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

¢ Bioassay results for alfalfa grown on aldrin-treated soils not available.
alfalfa grown on heptachlor-treated soils resulted in a total of 0.13 p.p.m. (5 lb./acre treat-

ment) and 0.12 p.p.m. (25 lb./acre treatment), respectively.

Bioassays on
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averages of analytical results obtained
from soils and from crops grown on two
replicated plots. The standard devia-
tion obtained for data (Tables I, II,
IIT) was:

Standard Deviation (+)

Range, P.P.M. Chem. Bioassay
0.01-0.1 0.009 0.007
0.11-0.20 0.014 0.017
0.21-0.50 0.038 0.049
0.51-1.0 0.08 0.07
1.1-5.0 0.14 0.23

Soils on which vegetables were grown
and which had been treated in two
consecutive vears at a rate of 5 pounds
per 5-inch acre showed a slight increase
in the total amounts of residues re-
covered in the fall of 1959 (aldrin +
dieldrin = 1.88 p.p.m., heptachlor +
heptachlor epoxide = 220 p.p.m.)
as compared to the amounts found
within the soils in the fall of 1958 (1.28
and 1.88 p.p.m., respectively). How-
ever, in the fall of 1959 soils which had
been treated 17 months previously at
25 pounds per 5-inch acre contained
about half the amount of residues ob-
tained in the previous vear (fall 1958).
The amount of epoxides in per cent of
the total residues recovered from each
treated plot was larger in 1959 than in
1958. Although aldrin is more readily
converted in soils to dieldrin than is
heptachlor to its epoxide. the total
amounts of residues recovered from
aldrin- and heptachlor-treated soils were
very similar, because in soils aldrin is
somewhat less persistent than heptachlor
.

However, residue data obtained from
crop analyses seem to indicate that the
rate of epoxidation of aldrin and hepta-
chlor within the plant tissue was in
many cases very similar. Moreover,
it is dependent on the particular crop.
This could be due to the presence of
certain biological systems which might
effect the epoxidation of aldrin and hep-
tachlor or to different absorption rates
for the parent compounds and their
epoxides from the soils.

Of all crops tested, carrots were out-
standing, in that they contained the
largest amounts of insecticidal residues.
Those grown in plots treated at 5
pounds per 5-inch acre in 1958 and 1959
contained more insecticidal residues in
the second than in the first year of the
experiment. However, the opposite
was true of carrots grown in soils
treated at 25 pounds per 5-inch acre
in 1958 only.

The proportion of dieldrin found in
carrots ranged from 25 to 609, of the
total residue (aldrin and dieldrin) re-
covered from the plant tissue. The
respective figures for heptachlor epoxide
were 11 to 219.

Unpeeled potatoes contained more



insecticidal residues than any other
crop, with the exception of carrots,
Slightly more toxicants were recovered
in 1959 than in 1958 in unpeeled potatoes
grown in the plots treated with 5 pounds
per acre and considerably less were
recovered in 1959 than in 1958 from
potatoes grown in the 25 pounds per
acre treated plots. The amounts of
dieldrin in unpeeled potatoes ranged
from 56 w0 759 of the total residue re-
covered from the whole potatoes. The
respective figures for heptachlor epoxide
ranged from 46 to 1009.

When potato peels and pulp were
analyzed separately, it was found that
70 to 75%, of the total residue in potatoes
grown in aldrin-treated soil was located
within the peels. Potatoes grown in
heptachlor-treated soils contained 71 to
78% of their total residues within the
peels. The amounts of toxicants re-
covered from potato pulp were similar
to those found in radishes and beets.
In 1959 these latter two crops contained
residues which ranged from 0.06 to
0.13 p.p.m. in plants obtained from the
5 pounds per acre treated soils and from
0.12 to 0.18 p.p.m. in plants obtained
from the 25 pounds per acre treated soils.

Onions were unique among the root
crops because they either did not con-
tain anv insecticidal residues or the
amounts found were below 0.05 p.p.m.

Among the nonroot crops tested,
lettuce contained the highest amounts
of insecticidal residues, which ranged
from 0.10 w 0.56 p.p.m. in 1958 and
from 0.03 10 0.20 p.p.m. in 1959,

The major part of the toxicants re-
covered from lettuce, cucumbers, or
alfalfa was in the form of dieldrin or
heptachlor epoxide.

Cucumbers and alfalfa were the only
plants in which the absolute amounts
of residues recovered from either crop
were similar on both the 5 and the 25
pounds per acre insecticide-treated soils.
Therefore, the highest amounts of toxi-
cants in the plant relative to the soil
were found in those plants which had
been grown in the less contaminated
soils.

Seeds of Lima beans or peas (6)
did not contain any residues.

From the data presented it is obvious
that insecticidal residues were found
within the edible parts of crops grown
in insecticide-treated loam soils. The
amounts recovered varied for each
crop investigated. In most cases the
absolute amounts of residues recovered
from crop tissues were higher in those
plants which were grown in the most
contaminated soils.

A more valuable figure for the under-
standing of the problem of insecticidal
translocation from soils into crops might
be the relative amount of toxicants
recovered, This is the total amount of
toxicants recovered from crop tissues in
percent of the total amounts present in

Table IV. Probable Insecticidal Residues (Aldrin Plus Dieldrin or Hepta~
chlor Plus Heptachlor Epoxide)

[Crops grown on a Carrington silt loam containing 2 pounds/6-inch acre (1 p.p.m.) of
toxicants |

Crop Residue, % of

Prebable Crop Residues,?

Soil Residues® P.P.M, o
Ac Hd A He

Carrots 15.9 =3 .42 31.7 £6.18 0.16 0.32
Potatoes (unpeeled) 8.9 +0.74 11.8 £3.75 0.09 0.12
Potatoes (pulp) 2.8+£0.40 5.1 £0.40 0.03 0.05
Radishes 4.2+1.23 4.6 £1.33 0.04 0.04
Beets 3.5%+£0.79 3.9+0.93 0.04 0.04
Onions <1.0 <1.0 <0.01 <0.01
Lettuce 5.2 x£2.82 2.9 +1.77 0.05 0.03
Cucumbers 3.8+2.27 3.6+1.46 0.04 0.04
Peas (seeds) 0.0 0.0 0.00 0.00
Beans (seeds) 0.0 0.0 0.00 0.00
Alfalfa 3.0£2.00 4.4 £3.10 0.03 0.04

“ Based on field experiments conducted during 1958 and 1959.

b Calculated from experimental data as presented in left column of this table, assuming
that the proportion of insecticide translocating from a soil into the crops is independent of
the concentration of the insecticide within the soil.

¢ Grown in aldrin-treated soils.
¢ Grown in heptachlor-treated soils.

the soil (average of spring and fall so0il
samples) during the growing season.

These relative figures obtained from
one plant variety were in most cases sim-
ilar on both the 5- and 25-pounds per
acre treated plots and during both of the
two vears of the experiment. There-
fore, it might be possible to approximate
the amounts of insecticidal residues
in a particular crop, once the amount of
aldrin or heptachlor residues in the soil
during the growing season as well as
the crop residue in per cent of the soil
residue was known. Such an attempt
has been made, assuming that a soil
treated at a rate of 2 pounds per 6-
inch acre has an insecticide concentra-
tion of 1 p.p.m. Under more normal
conditions the total amount of residues
in all crops, with the exception of carrots
and unpeeled potatoes, would range
from 0.00 to 0.05 p.p.m. (Table IV).
These theoretical recoveries are max-
imum figures, since a 2 pounds per 6-
inch acre treatment at the beginning of
the growing season will result in much
smaller soil residues with time. In the
case of radishes, which grew during the
first month after soil treatment, the
insecticidal residues in the soil were
larger than toward the end of the grow-
ing season. Therefore the relative
amounts of insecticides found in radishes
would be somewhat smaller than
presented in Table IV. In the case of
potatoes, which were harvested in
September, the relative amounts of res-
idues within the tubers might be slightly
higher than presented in Table IV.
Field studies similar to those described
in this paper are under way, using nor-
mal dosages of aldrin and heptachlor.

Acknowledgment

The author thanks K. R. Schulg,
Ursula Anderson, and Mike LaBreche

VOL 8 NO. 6 NOV.-DEC. 1960

for their invaluable assistance in per-
forming this work.

Literature Cited

(1) David, W. A. L., Aldridge, W. N,
Ann. Appl. Biol. 45, 332-46 (1957).
(2) Edwards, C. A.. Beck, S. D,
Lichtenstein, E. P., J. Econ. Entomol.
50, 622-6 (1957).

(3) Haines, R. G.,
(1956).

(4) Jones, L. R., Riddick, J. R., 4dnal.
Chem. 24, 569-71 (1952).

(5) Lichtenstein, E. P.. J.
Cuem. 7, 430-3 (1959).

(6) Lichtenstein, E. P., Schulz, K. R.,
Ibid., 8, 452 (1960).

(7) Lichtenstein, E. P., Schulz, K. R,,
J. Econ. Entomol. 52, 118-24 (1939).

(8) Itid., pp. 124-31.

(9) Ihid.. 53, 1927 (1960).

(10) Mirtchell, L. C., J. Assoc. Offic. Agr.
Chemists 40, 999-1029 (1957).

(11) O’Donnell, A. E., Johnson, H. W,
Weiss, F. T., J. Acr. Foop CHEwM. 3,
752-62 (1935).

(12) O’Donnell, A. E., Neal, M. M,
Weiss, F. T., Bann, J. M., DeCino,
J. T.. Lau, S. C., Ibid.. 2, 573-80
(1954).

(13) Ordas, E. P., Smith, V. C., Mever.
C.F., Ibid.. 4, 444-531 (1956).

(14) Polen, P. P., Silverman, F., Anal.
Chem. 24, 733~5 (1952).

(15) San Antonio, J. P., J. Acr. Foop
CueM. 7, 322-5 (1959).

(16) Starnes, O., J. Econ. Entomol. 43,
338-42 (1950).

Ibid., 49, 563-4

Acr. Foop

Received for review July 7, 7960. Accepted
August 4, 1960. Approved for publication by
the Director of the Wisconsin Agricultural Ex-
periment Station.  Research supported in part by
grants from U. S. Public Health Service (Con-
tract No. RG-6516), the Shell Chemical Corp.,
and the Velsicol Chemical Corp. Contribution
from the Wisconsin Agricvitural Experiment
Station as collaborator under North Central
Regional Cooperative Research Project 19, en-
titled “‘Fundamental Problems Associated with
the Accumulation of Pesticidal Chemicals in
Soils”?

451



