not as great as that achieved by steep-
ing, but nonetheless was significant.
This method of treatment is being stud-
ied further in order to increase its ef-
fectiveness.
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2,2-Dichloropropionic acid (dalapon) is readily absorbed from the soil by the cotton plant

and accumulates in the actively growing tissues.
translocated to more actively growing areas.
significant amount was metabolized or synthesized intfo natural products.

As the tissues mature, the dalapon is re-
No indications were obtained that any

The herbicide

appears to be present in the tissues as a free acid or salt, which can readily be leached
from the tissues by simple water extraction.

N COTTON-GROWING AREAS, 2,2-dich-

loropropionic acid (dalapon) is
used to control established clumps of
Johnson grass in coton fields. Al-
though the herbicide is applied as a
directed sprav (7, & 70, 72, 13, 717, 18),
there is always the possibility that it
will come in contact with the cotton
plants either directly or via the soil.
Once this happens, it will probably be
absorbed and translocated throughout
the plant.

In considering the use of a new herbi-
cide it is necessary to determine whether
the compound will accumulate in por-
tions of the plant which may be used
for feed or food products, or be metab-
olized into products which would re-
main as an undesirable residue in the
plant.

To investigate the fate of dalapon
within the cotton plant it was necessary
to develop chemical or radiochemical
procedures for determining the herbi-

1 Present address, Glenn L. Martin Co.,
Denver, Colo.

cide and its possible biological degrada-
tion products.

A review of the chemistry of dalapon
indicated that the most likely degrada-
tion steps would involve dehalogenation,
hydration, and decarboxylation reactions
with the formation of pyruvic acid,
acetic acid, and carbon dioxide. Satis-
factory chemical methods are available
for the determination of these compounds
(7,5-7,72), Unfortunately, however, all
of the compounds occur naturally in
plants and it would be impossible to
distinguish by chemical means the natur-
ally occurring compounds from the bio-
logical degradation products of dalapon.

To ascertain the fate of each portion
of the dalapon molecule, radiochemical
techniques were employed using la-
beled dalapon-2-C (3), to obtain
residue information on the fate of dala-
pon in the cotton plant.

Methods

Individual cotton plants (Gossypium
hirsutum var, Cokers 100 Wilt Resistant)
were grown in crocks in a greenhouse.

VOL 9 NO. 2, MAR-APR, 1961

The crocks were approximately 8!/,
inches in diameter with a capacity of
2 gallons and were filled to within 1
inch of the top with potting soil consist-
ing of an equal mixture of sand, peat
moss, and sandy loam. The crocks
were arranged in such a manner that
the plants could be surface-irrigated and
the excess moisture drained through a
hole in the bottom into a glass tray.

When the plants had reached the
early blossomn stage, 12 were selected
for uniformity and treated by irrigating
each crock with 500 ml. of a dalapon
solution containing approximately 71
p.p.m. of dalapon-2-C!# having a specific
activity of 0.014 mec. per mmole. This
solution was neutralized and applied as
the sodium salt.

The plants were surface-irrigated
daily with 500 ml. of water and the
excess was allowed to drain from the
bottom of the crock. They were grown
12 weeks in the greenhouse, using arti-
ficial lights to supplement the sunlight
when necessary. At harvest, many of
the bolls had matured, and the cotton
was ready for picking.
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AQUEOUS
PHASE
5% NaHCOy Extraction
AQUECUS
PHASE
oIl
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AQUEOUS PHASE
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H'-Ether Extraction
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AQUEOUS PHASE
No Activity
NoHCOy Extraction
AQUEOUS PHASE ETHER
779 7 Dalopon No Activity
| H+-Evh|r Extroction
[ 1
AQUEOUS PHASE ETHER
No Activity Solution Used for
Chromatagrophy
Figure 1. Extraction procedure for isolation of radicactive dalapon from cotton-
seeds

Tablel. Solvent Systems Used to Separate Dalapon and Related Compounds

Ry X 100

Solvent Monochloro- Dichloro- Trichloro-

System Ml propionate propionate  propionate Pyruvate Aceiate
1-Butanol 100 51 78 80 31 23
Diethylamine 15
Water 10
1-Butanol 100 40 62 72 17 8
1.5N NH;OH 100
Chloroform 100 33 66 74 2 0
1-Butanol 100
Diethylamine 30
Water 10

s Average of six or more determinations.

At the time of harvest, three plants
were dried in plant presses and the
specimens saved for radioautographs.
The floral parts and immature bolls
were sectioned and individual sections
dried and radioautographed. To as-
certain the distribution of radioactivity
in the whole plant, it was necessary to
divide it into sections and prepare ra-
dioautographs of each section. These
were made by exposing the specimens to
Eastman no-screen x-ray film for several
months.
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The flowers, bolls, and seeds from the
remaining plants were harvested and
divided into various types of tissues for
radiochemical analyses. The samples
were analyzed by burning them, using
a modification of the Van Slyke combus-
tion procedure (75, 76). The radio-
active carbon dioxide liberated during
the combustion was trapped as barium
carbonate (2). Infinitely thick plates
of barium carbonate were prepared using
Tracerlab filter tower apparatus No.
E-29. The filter paper and layer of
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barium carbonate were mounted in a
Tracerlab No. E-7B ring and disk.
The precipitate was dried and counted
in a Nuclear-Chicago Model C-110
automatic sample changer wusing a
D-47 gas flow counter with a Micromil
window in connection with a D-181
scaler and C-111-B printing timer,
The scaler was set for a predetermined
count of 10,000. Triplicate samples of
each tissue were analyzed for radio-
activity, using duplicate plates of barium
carbonate from each combustion to
ensure adequate counting of the sam-
ples.

To determine the distribution of
radioactivity in the cottonseeds, they
were separated from the cotton and
delinted by a standard acid delinting
process (4). The seeds were dehulled
and the kernels extracted to remove the
oil. The extraction procedure em-
ployed to separate the oil from the water-
soluble components and insoluble resi-
due is outlined in Figure 1.

Typical Extraction. The kernels
were homogenized in 25 ml. of 5%,
sodium bicarbonate solution in a glass
homogenizer until a uniform suspension
was obtained. The suspension was
centrifuged at high speeds to separate the
insoluble material from the aqueous
phase. The residue was again extracted
with 10 ml. of 59, sodium bicarbonate
solution. The aqueous phases from both
extractions were combined, placed in a
continuous liquid-liquid extractor, and
extracted 24 hours with ethyl ether (72).
The residue was transferred to a micro-
Soxhlet extractor and extracted over-
night with ether.

The resulting ether extracts from both
extractions were combined and washed
twice with 10-ml. portions of a saturated
sodium bicarbonate solution.  The
washings were then combined with the
sodium bicarbonate solution in the con-
tinuous liquid-liquid extractor.

The defatted residue was again ex-
tracted with 30 ml. of 59, sodium bi-
carbonate solution by stirring the suspen-
sion slowly for 5 bours. The suspension
was centrifuged and the residue washed
twice with water. The residue was then
analyzed for radioactivity and discarded.
The aqueous supernatant and washings
were combined with the sodium bicar-
bonate solution in the continuous ex-
tractor. The aqueous solution was acidi-
fied with phosphoric acid (acid to Congo
red paper), saturated with sodium sulfate,
and extracted with ether. After 24
hours of continuous extraction the aque-
ous phase contained no detectable
amount of radioactivity and was, there-
fore, discarded.

The radioactive material in the ether
was passed back and forth through the
ether-bicarbonate extraction procedure
twice more to purify the sample for
chromatography. The resulting ether
solution was assayed for radioactivity and
chromatographed.

The ether solution was spotted on
Whatman No. 4 filter paper strips 2.5 X
50 cm. Approximately 0.1 ml. of the
radioactive solution was applied, 5 cm.



from one end of the filter paper in such a
manner that the area covered by the
solvent did not exceed 0.5 cm. in diam-
eter. The strips containing the ether
extract were then chromatographed with
strips containing reference standards of
dalapon-2-C4,  2-monochloropropionic
acid-2-C4, pyruvic acid-1-C!, and acetic
acid-1-C1* using the ascending method
(77). After the solvent had run 35 to 40
cm., the strips were removed from the
chromatographic chamber, the solvent
front was marked, and the strips were
air-dried at room temperature. They
were then scanned in a Nuclear-Chicago
Actograph strip assembly consisting of an
Actograph strip feeder No. 100 with a
D-47 gas flow counter, Model 1615 B
rate meter, and a Houston laboratory
chart recorder. A Micromil window
was used with the D-47 flow counter.

The three chromatographic systems
shown in Table I were used to identify
the radioactive compound. The R,
values obtained with the tissue extracts
were compared with those from the
reference standards run at the same time.
The extracts were also cochromato-
graphed with the reference standards
as an additional check on the identity
of the radioactive compound.

Radioautographs of the strips were
prepared by exposing them to Eastman
no-screen x-ray film for several months,
This procedure may detect areas of
activity missed by the continuous scan-
ning technique.

Results and Discussion

When dalapon is applied to the soil
surrounding a cotton plant, it is gradually
leached down through the soil. During
the leaching process, the herbicide comes
in contact with the roots and is probably
absorbed and translocated into the
cotton plant.

The amount of herbicide absorbed
depends on the amount of compound
initially added to the soil and the period
of time it is in contact with the roots.
The soil type, condition, flora, and rate
of leaching determine the length of
time the herbicide is in contact with the
soil.

In the present investigation, a soil
was selected which would permit rapid
leaching of the dalapon through the
soil and would require several weeks
before the soil flora could adapt itself
to the metabolism of the herbicide (74).
To check the rate of leaching of dalapon
through the soil under the conditions
used, the excess water which drained
from the crock was collected daily and
monitored for radioactivity. Typical
results obtained are shown in Figure 2.
At the completion of the leaching
process, the soil was monitored for radio-
activity by taking samples at various
depths and counting them in the flow
counter. After the leaching was com-
pleted, no significant amount of radio-
activity could be detected in the soil.

During the growing period, the plants
were scanned with a Geiger counter to
determine if radioactive materials were
entering the plant. Spot checks indi-
cated that radioactivity was present
in the young leaves and growing tips
within 24 hours after treatment.

Table II shows the typical distribution
of radioactivity in a young cotton
plant in the early blossom stage 5 days
after treatment with dalapon-2-C!,

In general, the concentration of ra-
dioactivity tended to increase from the
base of the plant to the top, being con-
centrated primarily in the young leaves
and growing tips. In the individual
leaves the activity increased from the
midvein toward the margin of the leaf.
The roots of these plants were still in
contact with the dalapon in the soil and
radioactivity could be detected through-
out the plant. In mature plants no
significant amount of radioactivity could
be observed in the roots or lower portions
of the plant. In this case a 12-week
period had elapsed between the time
the plants had been treated with radio-
active dalapon and the time of harvest.
In this case the radioactivity was ac-
cumulated in the growing tissues, the
terminal leaves, and flowers (see Fig-
ures 3 and 4),

From the results obtained by direct
counting of the living plants with a
GM tube indications were obtained that
the radioactivity accumulated in the
young leaves. As the plant continued
to grow and the leaves matured, there
appeared to be a retranslocation of the
dalapon from the mature leaves to
younger tissues, It was not possible to
ascertain the exact degree of this reloca-
tion of the dalapon because of the diffi-
culties involved in counting carbon-14
in living tissues. In present investiga-
tion, it was possible to detect significant
amounts of radioactivity initially in
the young leaves with a GM probe and
ratemeter, but none could be detected
in those same leaves when they had
matured. The radioactivitv in the ma-
tured leaves was checked by the radio-
autography and combustion techniques,
which could detect much lower amounts
of radioactivity than the GM probe.

It can easily be demonstrated under
the proper environmental conditions
that radioactivity applied to a leaf can
be absorbed and translocated to other
parts of the plant. If the plant is grown
in a nutrient solution, radioactivity can
be detected in the nutrient solution,
showing that the dalapon has been
translocated into the roots and out into
the nutrient solution. The amount of
dalapon translocated downward into the
roots and out into the nutrient solution
is determined bv light conditions and
other environmental factors. These fac-
tors are now being investigated.

Radioautographs and radiochemical
analyses of the floral parts (Table III)
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Figure 2. radioactive

Leaching of
dalapon-C!* from soil

Table¥Il. Distribution of Radio-

activity in the Cotton Plant 5 Days

after Soil Treotment with Radio-
active Dalapon-2-Ci¢

Plant Nef @ Total  Dalapon,
Sample C.P.M. D.P. M. P.P.M.
Three
top
leaves 2250 =20 39,240 2.58
Leaf
5 cm.
from
top 300 & 3 5,232 0.34
17 cm.
from
top 175 & 3 3,052 0.20
23 cm.
from
top 125 = 2 2,180 0.14
45 cm.
from
top 125 = 2 2,180 0.14
73 cm.,
from
top 100 = 2 1,744 0.12
Roots 125 = 2 2,180 0.14
Flower 1075 =10 18,748 1.23
1200 =12 20,928 1.38

@ Count per 100 mg. of dry tissue cor-
rected for background.

indicated a tendency for the radioactivity
to concentrate in these tissues. The
petals and bracts were both high in
radioactive materials.

Radioautographs of the boll showed an
accumulation of radioactivity in the seeds
and woody portions of the pod (Figure
5). The radioactivity was largely con-
centrated in the seeds (94 p.p.m. ex-
pressed as radioactive dalapon). The
activity found in the cotton (20 p.p.m.)
apparently was not chemically bound. It
was initially observed that in immature
bolls, where the cotton still contained a
large amount of moisture, the liquid
which could easily be pressed from the
cotton contained radioactive materials.
With mature cotton the radioactivity
could be largely removed by simple
extraction with water in a Soxhlet
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graphed in the usual manner. Radio-
activity was found in the area of the
tissue components in these chromato-
grams. It therefore appears likely that
the secondary spots are due w dalapon
occluded in the tissue components. In
no case were the secondary spots asso-
ciated with areas containing the refer-
ence standards.

In the commercial production of
cottonseed oil, the oil is generally re-
moved from the kernel by pressing or
solvent extraction The resulting crude
oil is then purified by a caustic extrac-
tion procedure. Under these conditions,
some of the dalapon is carried over with
the oil during extraction. The caustic
treatment probably then removes the
dalapon from the oil during the cleanup
procedure. This was checked in the
laboratory by adding radioactive dalapon
to cottonseed oil and then processing
the oil through the caustic cleanup
procedure. Radiochemical analysis of
the oil indicated that the dalapon could
be removed by this procedure.

These studies indicate that dalapon
can be absorbed by the cotton plant

INSECTICIDE STABILITY

and will accumulate in the actively
growing tissues. The dalapon does not
appear to be metabolized to any signifi-
cant extent in the plant but remains in
the tissues in a form which can readily
be removed by a simple water extraction.
The material extracted from the plant
can be identified as dalapon by paper
chromatography and chemical analysis.
In commercial production dalapon as-
sociated with the cottonseed oil will be
removed during the cleanup procedure.
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Four methods of analysis for malathion have been compared. A modification of the
original Norris spectrophotometric procedure based on measurement of copper dimethyl

dithiophosphate is the most reliable for general-purpose pesticides.

A survey of 100

pesticide samples containing malathion showed that over one half were unstable upon

storage for one year.

better packaging is suggested.

ALATHION, S-[1,2-bis{ethoxycar-
bonyljethyl]0,0-dimethyl phos-
phorodithioate is frequently used in gen-
eral-purpose pesticide mixtures because of
its low mammalian toxicity and wide in-
secticidal effectiveness. Although mala-
thion has been marketed since 1952, insta-
bility in formulations was not a serious
problem until 1957. The sudden appear-
ance of numerous samples. particularly
dust formulations, which were seriously
below guarantee for malathion was first
reported in California (7). These defi-
ciencies could be attributed to no single
cause, but 10 a combination of indepen-
dent factors. The more important fac-
tors were: improper methods of formu-
lation and inadequate quality control, the

160

use of inert diluents and carriers which
promoted decomposition of malathion,
overly severe conditions of storage and a
gradual build-up of overage samples on
retail dealers’ shelves, improper pack-
aging, and inadequate analytical meth-
ods.

The present investigation is concerned
with an examination of 100 samples col-
lected at random by inspectors of the
Department of Agriculture and Markets
in the State of New York during 1937 and
1958. These are all small packages, and
represent a large number of general-pur-
pose mixtures, so that the results reported
here do not necessarily apply to bulk
packages for commercial use. Among
the uncontrolled variables were age,
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Reasons for this instability are discussed and the necessity for

method of formulation, and composition
of both inert and active ingredients, so
that the conclusions as to the interrela-
tion among packaging, formulation, and
quality are developed from a pragmatic
point of view. Because the validity of the
chemical methods has been questioned,
four analytical procedures were com-
pared in order to establish the soundness
of the test methods.

Experimental Procedures

Method 1. Spectrophotometric
Method for Copper Dimethyl Dithio-
phosphate.

REAGENTS. Acetonitrile, anhydrous.
Bromobenzene, technical grade, redis-
tilled if not colorless.



