INSECTICIDE SOLUBILITY
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A knowledge of the solubility of DDT in water was required to study the effect of dissolved

and undissolved toxicant on bioassays with mosquito larvae.

In the present study the

DDT was analyzed radiometrically, undissolved particles (>41 A.) were removed by an
average ultracentrifugal force of 84,150 G with the amount of impurity held to a minimum

by avoiding the use of a large excess of solute.

The solubility of DDT in water was

found to be 1.2 p.p.b. or less at 25° C. Data on sizes of undissolved DDT particles and
on the recovery of DDT after ultracentrifugation at 1 G are presented.

URING investigations on the physical

behavior of DDT in aqueous sus-
pensions (2), it became necessary to know
the solubility of DDT in water in order
to evaluate the effect of dissolved and
undissolved toxicant on mosquito larvae
bioassays. Several solubility values are
recorded in the literature. Neal et al.
(5) reported 1000 p.p.b. at room tem-
perature. Richards and Cutkomp (6)
obtained 0.2 to 1.0 p.p.b. after limited ul-
tracentrifugation and bioassay with mos-
quito larvae at 15° C. Roeder and
Weiant (7) reported 10 to 100 p.p.b. at
room temperature based upon symptoms
of DDT poisoning in the ventral nerve
cord of roaches while Gauvadan and
Poussel (3) approximated 100 p.p.b. at
18° C. by nephelometry. Babers (7) ob-
tained 37.4 p.p.b. at 25° C. from radio-
metric analyses. The determination of
the solubility of DDT was undertaken to
resolve these conflicting values.

The extraordinarily low solubility of
DDT made the determination of its pre-
cise value an unusually difficult task, and
sources of error not associated with the
solubility study of a more soluble com-
pound had to be eliminated. Minute,
undissolved particles of DDT" formed dut-
ing the preparation of saturated aqueous
solutions do not aggregate readily, so that
the use of conventional methods, such as
filtration or mild centrifugation, fails to
remove all the particles and gives high
results. Ultracentrifugation was there-
fore used in this study.

To permit the estimation of a few
parts per billion, in the limited volume of
sample available, through the use of pro-
longed ultracentrifugation, DDT was
determined radiometrically by using a
sample of high specific activity. Inusing
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this procedure it was found that a small
percentage of radiolabeled impurity in
the DDT markedly influenced the deter-
mination. This impurity was kept be-
low the experimental error by avoiding
the use of a large excess of solute. The
purity of the carbon-14 DDT was estab-
lished by paper chromatographic and
radiometric analyses.

Another complicating factor was the
tendency of DDT to accumulate at the
interfaces of aqueous suspensions, with a
consequent decrease in its concentration
in the liquid (2). Itwas necessary to de-
termine the loss of DDT from the filtrate
at 1 G—no centrifugation—for several in-
tervals of time, in order to evaluate the
results of ultracentrifugation for the cor-
responding periods.

The solubility of DDT in water at 25°
was not more than 1.2 p.p.b., a value
that differs markedly from all but one of
those reported.

Experimental

A Spinco Model L preparative ultra-
centrifuge equipped with a 26° No. 40
rotor was used. The samples were
centrifuged at 25° = 0.5° C. in stainless
steel tubes fitted with aluminum caps.
The loss of DDT due to codistillation (2)
was prevented by using closed systems.

The diameter, 4 (cm.), of an undis-
solved particle of DDT that can be re-
moved by ultracentrifugation from water
at 25° C. may be calculated as follows:

_ 370 n
d ‘/WzTgPi(d - p) (1)

where 7 is the viscosity of the medium
(0.00894 poise), T, is the precipitation
time (minutes), ¢ and p are the specific
gravities of DDT (1.556 grams per ml.)
and of water (0.997 gram per ml.), and
P, is the performance index of the ultra-
centrifuge rotor,
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where r.p.m. is the revolutions of the ro-
tor per minute, and R, (5.9 cm.) and
R, (3.8 cm.) are the radial distances 1o
the bottom of the top half and to the
meniscus of the fluid.

Chromatography of DDT. About 20
v of the p,p'-DDT-4-C!* (3)—specific ac-
tivity 2.1 wc. per mg.—was chromato-
graphed with dimethylformamide and
heptane by the procedure described by
Mitchell (4). The developed chromato-
gram was sprayed by the procedure of
Winteringham (&) with potassium per-
manganate-benzidine reagent. The
sprayed chromatogram was dried, sec-
tioned, and counted in the proportional
counter.

Preparation of Dispersion. The
aqueous solution of the carbon-14 DDT
was prepared in a glass-stoppered flask
by removing the solvent at 30 to 40 mm.
of mercury pressure from an acetone
solution containing the appropriate
quantity of carbon-14 DDT, and then
sufficient water, redistilled from glass,
was added to the residue. The mix-
ture (15 p.p.b.) was heated and shaken
for 1 hour in a water bath at 90° to
100° C. Then it was mechanically
shaken at approximately 25° C. for 1
week and filtered through a fritted glass
funnel (porosity 4.5 to 5 microns), and
the filtrate was stored in a glass-stop-
pered flask at this temperature.

Methods of Sampling and Analysis.
The flask with the filtrate was shaken to
ensure a homogeneous dispersion of the
small particles immediately before each
pipetful was withdrawn either for anal-
ysis or for addition to the centrifuge
tubes.

At the end of each experiment, the top
half of the liquid was removed from all
the ultracentrifuge tubes and combined.
This was accomplished by means of a






not consider the codistillation of DDT
from test systems.

The percentage distribution of the
sizes of particles of DDT in the 15-p.p.b.
preparation is shown below:

Diameter, A. Fer Cent
>50,000 50.7
1100-50,000 30.7
83-1100 6.6
59-83 2.7
41-59 1.3
7-41 8.0

Most of the particles were larger than
1100 A. in diameter. Only about 109
were in the range of 41 to 1100 A., but
this quantity, if it were not removed
from the filtrate, is sufficient to cause
serious error in the solubility value.
Figure 1 shows a model of the DDT
molecule—constructed  from  Fisher-
Hirshfelder-Taylor atomic models—as
compared with a sphere 7.1 A. in
diameter that has a volume equivalent

to that of the DDT molecule, and with
the smallest particle, 41 A. in diameter,
that could have been removed from the
filtrate in the centrifugation experiments.
The shape of the molecule is close enough
to a sphere that Stokes’ law may be
used for the determination of particle
size without appreciable correction. A
centrifugation time in the No. 40 rotor
of about 17.5 days at 39,400 r.p.m. is
required to remove undissolved amicron
particles of DDT larger than molecular
size from the top half of the filtrate.
Fortunately, stability to ultracentrifugal
force was approached within ¢ hours
and it was not necessary to centrifuge
for such an impractical period.
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INSECTICIDE RESIDUES IN MILK
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Heptachlor epoxide was fed to dairy cows at 0.5 and 1.0 p.p.m. of roughage intake.
Analysis of the butter fat indicated residues reached a level of 0.38 and 1.94 p.p.m. for
the two levels, respectively. These feeding rates simulate the residue of heptachlor
epoxide shown to be present on alfalfa after practical application of heptachlor.

HEPTACHLOR is an effective insecti-
cide for controlling many insects.
It is recommended, particularly for the
control of the meadow spittlebug and al-
falfa weevil in the Northeast, at dosages
ranging from 0.25 to 1 pound per acre,
(Gyrisco et al., 2). Gannon and Decker
(7) reported that heptachlor was con-
verted to its epoxide on alfalfa and re-
sulted in a residue of 2.42 p.p.m. when as
little as 1 pound per acre of heptachlor
was applied; 0.17 p.p.m. of the epoxide
was still present after 21 days.
Heptachlor epoxide is more persistent
and toxic than heptachlor. An experi-
ment was conducted, therefore, to deter-
mine if heptachlor epoxide is excreted in
the milk of cows fed levels of it, duplicat-
ing what comes from forage as a result of
practical applications of heptachlor for
insect control. Technical heptachlor
epoxide was fed to dairy cows at levels of
0.5 and 1.0 p.p.m. of their average total
daily roughage for a period of 2 weeks.
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Materials and Methods

Three Holstein cows were assigned to
each level of technical heptachlor epox-
ide and five cows were to serve as con-
trols. The cattle were housed at ran-
dom, in stables so constructed that no
animal could steal food from her neigh-
bor. Each cow was fed 40 pounds of
hay, 50 pounds of silage, and grain of a
good general herd mix at a rate roughly
approximating 1 pound of grain for each
4 pounds of milk produced. All feed was
carefully weighed out and portions not
eaten were weighed and recorded. Thus,
an accurate record of food intake was
available for each animal over the 2-
week standardization or pretest period
and the following 2-week test period.

Each week the actual dosage of tech-
nical heptachlor epoxide fed to each cow
was based on the dry weight of the pre-
vious week’s intake of roughage. The
amount of technical epoxide to be fed
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each cow to obtain the desired 0.5 or
1.0 p.p.m. dosage was weighed out care-
fully on a microbalance for each day,
divided in half, and added to 1-pound
lots of grain.  Just prior to grain feeding
for the herd each morning and evening,
the pound of treated grain was fed in
metal containers to each cow. Untreated
grain was fed in a similar manner to the
five control cows. Samples of milk con-
sisting of 1 quart of fresh, well-mixed, raw
milk were taken at the regular morning
and evening milkingsat —1, 1, 2, 3, 4, 5,
7, and 14 days, while the heptachlor
epoxide was being fed, and again ar 16,
18, 21, and 28 days after the initation of
the experiment.

Prior o feeding of the heptachlor epox-
ide and once a week thereafter, additional
samples of milk were taken for butterfar,
flavor, and odor tests.

The analytical procedure of Meyer,
Malina, and Polen (3) was used, with
several modifications, to determine hep-



