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DDVP has been formulated with a number of anhydrous, hydrophobic materials to produce 
a series of solid products containing up to 60% toxicant. These solid formulations, when 
properly prepared, are stable for long periods and readily release DDVP when exposed 
to the atmosphere or immersed in water. The most promising formulations contain montan 
wax and hydrogenated cottonseed oil or phthalic acid esters. Field trials have shown 
these formulations to be effective in controlling mosquitoes in primitive huts and also as a 
source of DDVP in bait stations for control of houseflies. The formulations described are 
expected to perform well in other confined or semiconfined spaces, such as greenhouses, 
storage bins, and warehouses. 

HE high vapor toxicity of DDVP T 2,2-dichlorovinyl (dimethyl phos- 
phate to insects led to its discovery by 
Mattson, Spillane, and Pearce ( 8 ) .  
Since this discovery, the remarkable 
effectiveness of DDVP vapors against 
various species of insects. especially in 
the adult stage, has become well known. 
Observations on the extreme sensitivity 
of mosquitoes to DDVP vapors suggested 
that this technique might be used in the 
world malaria eradication programs 
( 5 ) .  Laboratory experiments by Mad- 
dock and Sedlak ( 4 )  established that 
0.015 pg. of DDVP per liter of air will 
give 1007, kill of dieldrin-resistant mos- 
quitoes (Anopkles quadrimaculatus) ex- 
posed for 4 hours. 

In early experiments, Mathis and 
Maddock (6) used perlite impregnated 
with DDVP for the production of vapors 
in concentrations lethal to mosquitoes in 
simulated primitive huts. Although 
those experiments demonstrated the 
effectiveness of DDVP vapor, the formu- 
lation used as a source of vapor was 
unstable and therefore impractical for 
use in an operational program. The rate 
of decomposition of DDVP on perlite is 
shown in Figure 1. The formulation 
used for this study contained 10yG DDVP 
by weight and the per cent decomposi- 
tion was determined as follows : 

A 2-gram sample was placed in a glass 
column and extracted with 100 ml. of 
40% acetone-water. A 10-ml. aliquot 
of the extract was transferred to a separa- 
tory funnel and 50 ml. of water and 40 
ml. of CC14 were added. After shaking, 
the CCla layer was drawn off and the 
aqueous layer extracted again with 40 
ml. of CCla. The CCll extracts \yere 
combined and analyzed for phosphorus 
by a colorimetric method ( 9 ) .  This 
value was used to calculate the per cent 
of undecomposed DDVP in the formula- 

tion. 'The aqueous extract wa5 analyzed 
for phosphorus similarly and the value 
used to calculate the per cent of DDVP 
decomposed on the carrier. 

Other inert materials such as vermic- 
ulite, porous ceramic materials, ground 
corn meal, wool, and cotton were also 
impregnated irith DDVP and the rate of 
decomposition was determined. The 
insecticide decomposed on all of these 
materials at about the same rate as 
observed for perlite, even when they 
were oven-dried prior to formulation. 
I t  is believed that the decomposition was 
due to traces of moisture which would be 
difficult to remove. In the presence of 
moisture DDVP is hydrolyzed, yielding 
primarily dimethylphosphoric acid and 
dichloroacetaldehyde. 

Conventional mineral carriers as well 
as the other materials mentioned above, 
when mixed with DDVP, not only 
shorten the shelf life of the formulation, 
but also tend to absorb moisture from 
the atmosphere when put into use and, 
thus, subject the DDVP to further hy- 
drolytic action. On this basis, conven- 
tional diluents and carriers appeared 
to be eliminated, and it was apparent 
that a carrier for DDVP was required 
which is anhydrous and also highly 
water-repellent or hydrophobic. Such 
a carrier might provide a formulation 
that not only would have good shelf 
life but also would be highly stable when 
exposed to atmospheric moisture or even 
when immersed in water. 

M'ith this in mind. attention was 
directed to cetyl and other higher al- 
cohols; high molecular weight glyceryl 
esters. including animal and vegetable 
fats and oils and hydrogenated vegetable 
oils; and various waxes, including 
beeswax. carnauba, and montan wax. 
All of these materials mixed readily with 

DDVP when melted, and when the mix- 
ture was poured into a mold, most 
solifidied into a hard mass upon cooling. 
Using representatives of the above 
classes of materials, solid formulations 
containing up to 607, DDVP were 
successfully prepared. 

Initial tests of the stability of DD\-P 
in representatives of these types of ma- 
terials were somewhat disappointing, 
although the rate of decomposition of 
DDVP \vas greatly reduced when com- 
pared to the perlite formulation. The 
presence of traces of moisture in the 
products was suspected, and experiments 
were conducted which established that 
this was the cause of the decomposition. 
Some typical data are presented in 
Figure 2. All formulations shown in 
Figure 2 contained 2570 by weight of 
DDVP. \'acuum dehydration was car- 
ried out by heating the carriers to 90" C. 
under a vacuum of 0.05 mm. of Hg for 
2 hours. After this treatment. the 
DDVP was added under an atmosphere 
of nitrogen. Samples of the untreated 
and vacuum-treated formulations were 
stored at ambient temperatures in an 
atmosphere of nitrogen in sealed con- 
tainers. Samples were removed at inter- 
vals over several months and the per cent 
decomposition of the DDVP was deter- 
mined by the following procedure : 

From 0.2 to 0.5 gram of the foormula- 
tion was dissolved in 20 ml. of carbon 
tetrachloride, after which 10 ml. of cold 
water were added. The  mixture was 
stirred for about 30 seconds, and, as 
soon as the layers separated, the water 
layer was titrated with 0.01.l' S a O H ,  
using phenolphthalein indicator. 

Since the primary product of hydrol- 
ysis of DDVP is dimeth>lphosphoric 
acid, titration as a monobasic acid gives 
an accurate estimate of the hydrolyzed 
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DD\?P. One milliliter of 0.01S NaOH 
is equivalent to 2.21 mg. of hydrolyzed 
DDVP. To obtain the total DDVP, 
whether decomposed or dot, an excess of 
NaOH was added and the mixture re- 
fluxed for 10 minutes, after which the 
carbon tetrachloride was boiled off. 
The water solution remaining was 
diluted and a convenient aliquot ana- 
lyzed for phosphorus ( 9 ) .  

Figure 2 indicates that stable formula- 
tions of DDVP can be made with montan 
waxes and hydrogenated cottonseed 
oil, if care is taken to use completely 
anhydrous materials. -4lthough only a 
few of the other rypes of hydrophobic 
materials mentioned above have been 
tested: none should react directly with 
DDVP; and, as long as they are used in 
an  anhydrous condition. stable DDVP 
formulations should result. 
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Figure 1 .  Rate of decomposition of DDVP on perlite 

Vaporization Rde 

'I'he insecticidal performance of the 
DD\.P formulations based on waxes and 
the other hydrophobic materials men- 
tioned above requires extensive and long- 
term testing. Thus, a laboratory pro- 
cedure for measuring relative perform- 
ance was needed. I t  seemed that under 
any given set of field conditions of tem- 
perature and ventilation. the effective- 
ness of a formulation would be primarily 
dependent on its vaporization rate per 
unit of surface. 11:s practical usefulness 
would also depend on how long it con- 
tinued to produce vapor a t  a satisfactory 
rate. A laboratory procedure was de- 
veloped which enabled the measurement 
of vaporization ratlzs over any length of 
time desired and which gave reproducible 
results. 

For rough estimates of the vaporiza- 
tion rate, the daily loss in weight of the 
formulation when placed in a Peet-Grady 
or similar chamber with nominal venti- 
lation may be used. However, if no 
effort to control teniperature and humid- 
ity is made, widely varying results are 
obtained from day to day and the data 
are satisfactory only when averaged over 
a relatively long period of time. The  
variation in weight loss is due primarily 
to variation in the amount of moisture 
on the surface of the formulation. To 
obtain more accur,ite and reproducible 
data on vaporization rate for any given 
formulation, the following empirical 
procedure was adopted : 

Vaporizers were placed in glass con- 
tainers immersed in constant temperature 
baths. Each container consisted of a 
75-mIn. O.D. glass tube about 45 cm. in 
length with 28,'12 ball joints on the air 
inlet and exit endii. A B 71/60 joint 
near the top of the tube facilitated the 
introduction of the sample vaporizer, 
which was suspended by a \+,ire from a 
small copper screen fastened in the upper 
portion of the tube. Inlet and outlet 
connections for t i e  air \yere made 
through the 28/12 ball joints, the air 
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Figure 2. 
phobic carriers 

Effect of moisture on rate of decomposition of DDVP in hydro- 

being brought to temperature by passing 
it through copper tubing immersed in 
the same bath. An air-flow rate of 1 
liter per minute was selected. so that 
only a small fraction of the saturation 
concentration was likely to be attained in 
the air stream. Since the volume of the 
container was approximately 1.3 liters. 
a complete change of air took place every 
1.3 minutes, The outlet air was led 
through traps containing dilute KaOH. 
which trapped the DDVP. Fresh traps 
were installed at  suitable intervals. and 
the phosphorus content of the trap liquid 
was determined from time to time. 
From these data, the amount of DDVP 
produced per unit of time could be 
calculated. 

I n  any solid formulation of DDVP, 
a number of factors will operate to in- 
fluence the rates of vaporization. The 
most important are:  concentration of 
DDVP in the formulation. temperature, 
rate of diffusion of the DD\7P in the 
formulation, and rate of air flow over the 
vaporizing surface. 

Any rate measurements must be ex- 
pressed in terms of a unit surface. 
Theoretically. humidity should not affect 
the vaporization rate, but experience 

with other types of vaporizers has shown 
that moisture can change the character 
of the vaporizing surface and thus affect 
the rate of loss of DDVP, especially if any 
appreciable amount of the phosphate 
moiety from decomposition of the DDVP 
collects at the surface. To  eliminate the 
effect of humidity on the vaporizer 
surface, dry air was used in the empirical 
system for vaporization rate measure- 
ments described above. 

Some data have been obtained on the 
influence on vaporization rate by the 
factors mentioned, and are presented 
below. 

Effect of Concentration 

The vaporization rate of DDVP from a 
given surface will be directly propor- 
tional to the number of molecules per 
unit of surface. Thus. if the concentra- 
tion of DDVP in the formulation is 
doubled. the vaporization rate should be 
doubled. A limited amount of data 
obtained with DD\'P formulated in a 
base containing 50YG montan wax and 
5070 hydrogenated cottonseed oil indi- 
cates that this proportional relationship 
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rates were measured over a period of 
more than 30 days. 

The curves bhown in Figure 3 have 
been idealized somewhat because diffi- 
culties were experienced occasionally in 
maintaining a constant air-flow rate 
with the source available. 

The initial rate of vaporization at any 
temperature is high, and the rate changes 
over the first week to a much lower level. 
This behavior is to be expected Xvith a 
fresh surface because the number of 
molecules at the immediate surface is a t  
its highest point. As the number of 
molecules at a fresh surface is reduced by 
vaporization, new molecules must diffuse 
to the surface; and as time goes on, 
the diffusion rate becomes more and 
more the limiting factor. After about a 
week. the change in vaporization rate 
with time becomes very gradual. and it 
would seem that the diffusion rate is the 
major controlling factor from then on. 
However, eventually DDVP-impoverish- 
ment of the vaporizer will begin to have 
an  effect. The effect of temperature on 
the vaporization rate for this particular 
formulation is shown by the data in 
Figure 3. The rate approximately 
doubles for every 20' F. rise in tempera- 
ture through the range studied. 

> 0 

0 10- 

lo[ 

\ 

\ \  -- -_______ -- 
'\\ ._ --- ----- -.<- ----- ----- - - - - _ _ _ _ _ _ _ _  -i-- 
. -- 

I I I 1 1 

1 I AIR FLOW-I L ITERIMIN.  
SURFACE A R E A - 7  SO. IN. 

100°F 
90' F 

B O ' F  

_ _ - _  

' O ° F  i 

I 1 I 
0 5 10 15 20 25 30 35 

T IME (DAYS) 

Figure 3. Effect of temperature on rate of release of DDVP vapor 

holds true, a t  least approximately, when 
comparing concentrations of 25 and 50% 
DDVP. However, there may be rather 
wide divergence from this behavior in 
the case of other formulations. since a 
change in DDVP concentration may also 
alter the diffusion rate by changing the 
physical characteristics of the solid 
formulation. The effect of concentra- 
tion will need to be evaluated for each 
formulation of interest. Normally the 
vaporization rate would be approxi- 
mately proportional to concentration. 

Effect of Temperature 

Experience at  this laboratory has 
indicated that the volatility of DDVP 

varies rather widely over ambient tem- 
perature ranges-e.g.. 60" to 100" F. 

To  evaluate the effect of temperature 
variation on the vaporization rate of 
DDVP from a wax formulation, four 
solid cylinders 4 inch in diameter and 
2lj4 inches long 1% ere prepared from the 
following formulation: 37.5% montan 
wax No. 16 (American Lignite Products 
Co , Ione, Calif.), 3 7 . 5 5  hydrogenated 
cottonseed oil (Flake Gamma. manu- 
factured by \Yesson Oil and Snowdrift 
Co., Savannah, Ga.) ,  and 25% DDVP 
(Norda Essential Oil & Chemical Co.. 
New York 1,  N. Y.). One cylinder was 
placed in each of four different vaporiza- 
tion chambers (described above) held at 
different temperatures-i.e., 7O0, 80°, 
90°, and 100' F.-and the vaporization 

Effect of Formulation Ingredients 

From the start of this developmental 
work. it was believed desirable to obtain 
a solid formulation because liquid 
formulations would be too hazardous 
to use in practice on account of the high 
concentration of DDVP required to give 
a practical period of effectiveness. The 
montan wax would be the most practical 
hydrophobic carrier for reasons of 
economy, but when it was used alone 
with DD\'P, there was excessive crack- 
ing and crumbling of the formation as it 
aged, \vhich was deemed undesirable. 
The addition of cottonseed oil. hydro- 
genated cottonseed oil, phthalate esters, 
and other liquids usually eliminated this 
difficulty. Waxes, alone or combined 
with any of the other materials, produce 
vaporization rate curves similar in shape 
to those shown in Figure 3. However, 
the vaporization rate will vary. depend- 
ing on the ingredients, because in most 
instances the diffusion rate \vi11 be 
different. 

The influence of the formulation in- 
gredients is well illustrated by the 
vaporization rate curves presented in 
Figure 4. These curves clearly indicate 
that the rate of vaporization can be 
varied rather widely, depending on the 
formulation ingredients. Of particular 
interest is that by substituting dibutyl 
phthalate for the hydrogenated cotton- 
seed oil (curve 3 us. curve l ) ,  the rate of 
vaporization was almost doubled. Pre- 
liminary studies of the diffusion rate of 
DD\'P in the two formulations repre- 
sented by these curves indicate that the 
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diffusion rate for the dibutyl phthalate- 
montan wax formula (curve 3) is very 
much higher than that for the hydro- 
genated cottonseed oil-montan wax 
formula (curve 1). I t  seems clear from 
the data in Figure 4 and the limited 
amount of diffusion-rate studies available 
but not presented here, that diffusion 
rate will be a ma.jor limiting factor in 
controlling vaporization rate. 

The  Porelon formulation (curve 4, 
Figure 4) is a distinct departure from 
the other formulations studied. Accord- 
ing to the manufacturer, this product 
has a microreticulated porous structure; 
and from curve 4 it is obvious that it 
releases DDVP at  a rate equivalent to 
the best wax formulations. 

Air Flow Rate over 
Vaporizing Surface 

In  practice, the air-flow rate would 
not seem to be of much importance 
except under extreme conditions of 
ventilation. I t  is, hoivever? of vital 
importance in considering a laboratory 
procedure for measuring vaporization 
rates of candidate formulations. For 
example, in the system described pre- 
viously and used to obtain the data given 
in Figures 3 and 4 the vaporization rate 
increased rapidly as the air-flo\v rates 
increased from 0.1 to about 0.8 liter per 
minute. Above this air-floiv rate, the 
vaporization rate became constant. 
Thus! any procedure for general labora- 
tory use will have to be carefully stand- 
ardized and both the volume and flow 
rate of air specified. 

Biological Performance 

The formulations under consideration 
here have been tested biologically to 
some extent in two major applications: 
the residual fumigant technique in 
anopheline mosquito control and sugar- 
water bait stations in housefly control. 
For the purposes of this paper, only a 
brief report is given on their perform- 
ance in these applications. Detailed 
reports will appear elsewhere. 

Residual-Fumigant Studies. The 
formulation of montan wax-hydrogen- 
ated cottonseed oil-DDVP (Figures 3 
and 4) has been tested extensively 
against adult Anopheles quadr imacula tus  in 
Peet-Grady chambers and in simulated 
primitive huts. Vaporizing units were 
molded in the form of cylinders l ’ i ~  
inches in diameter and 5 inches long. 
These units performed sufficiently well in 
tests in Peet-Gracly chambers so that 
tests in huts were deemed worthwhile. 
For hut tests, 1 to 9 units were used per 
hut (the huts were plywood with a total 
volume of about 1000 cu. feet) depending 
on degree of ventilation, and A .  quadri- 
macula tus  were exposed for 12 hours 
(8 P.M. to 8 A . M . ) .  The formulation 
gave 10070 kill under these conditions 

for periods up to 16 weeks ( 7 ) .  The 
concentrations of DDVP in the air were 
at  practical levels. ranging from 0.005 
to 0.35 pg. per liter. In  an exploratory 
experiment in native mud housing in 
\Vakara, Republic of Upper Volta, 
Africa, tests of cylinders of this formula- 
tion of the size described above indicated 
that a formulation which \vould produce 
vapor a t  a higher rate would be desirable. 
Studies of other possible formulations 
resulted in development of the montan 
wax-dibutyl phthalate-DDVP formula 
(Figure 4, curve 3). Tests of this 
formulation molded into units about l l / z  
inches in diameter and 6 inches in length 
gave results far superior to those ob- 
tained with the montan wax-hydro- 
genated cottonseed oil-DDL’P when 
tested in Peet-Grady chambers and in the 
simulated primitive huts using the same 
species of mosquito. This, of course: was 
in line with the results expected from 
examination of the comparative vapori- 
zation rate curves shojvn in Figure 4 
(curves 1 and 3).  .4fter 12 weeks: the 
units of the improved formulation Ivere 
still performing very effectively. 

As a result of these tests. the dibutyl 
phthalate formulation was selected for 
testing in a field operation in IVakara, 
Republic of Cpper Volta. Africa. The 
main objectives of this testing program 
\<ill be to determine Tvhether the residual- 
fumigant technique will reduce malaria 
transmission and to verify the safety to 
humans of DD\-P vapors for this purpose 
at the air concentration levels needed for 
destruction of anopheline mosquitoes. 
In  addition, the study \vi11 proiride a 
field evaluation of the formulation. 

The  formula- 
tions developed in this work not only will 
act as sources of DDVP vapor for 
producing insecticidally active atmos- 
pheres but also will produce insecti- 
cidally active water solutions when 
immersed in such solutions. 

Kilpatrick and Schoof (2. 3 )  have 
found DD\’P to be extremely effective 
against adult houseflies when used in 
aqueous sugar solutions. Excellent con- 
trol of flies in dairy barns \vas achieved 
by using specially constructed dispensers. 
One disadvantage to this method was 
that it was necessary for the user to 
measure liquid DD\’P emulsifiable con- 
centrate into the sugar solution each time 
the dispensers required recharging. If 
DDVP is incorporated in a solid wax 
formulation of the type described above, 
the toxicant will slowdy bleed out into the 
aqueous sugar solution to maintain an  
effective bait for a long time. 

In a limited field trial (7 ) ,  a dairy 
near Savannah, Ga., was treated with 
14 bait stations during the summer of 
1960. One-quart chicken-watering de- 
vices were used to dispense the liquid 
bait. Each unit was charged with a 
quart of lOy0 sugar solution and one solid 
cylinder of montan wax-hydrogenated 

Liquid Fly Bait Tests. 

cottonseed oil-DDVP (curve 1, Figure 4) 
was added. Each cylinder weighed 20 
grams and contained 5 grams of DDVP. 
Fly grill counts of 120 were observed on 
the day prior to treatment. The bait 
stations were operated for 10 weeks, 
during which the grill count never 
exceeded 16. The  dispensing units were 
refilled with sugar solution three times 
during the test period, but the same 
cylinders were used throughout the 
test. Fly control for the period was 
rated as satisfactory to excellent. 

Discussion 

The use of wax-based formulations of 
pesticides is not new. However, appli- 
cation of waxes to a volatile and rela- 
tively unstable insecticide like DDVP 
is believed unique and increases the 
potential usefulness of DDL’P very 
markedly. The major faults that appar- 
ently have limited the usefulness of 
DDL-P have been its poor residual life 
and its sensitivity to moisture decomposi- 
tion. Formulation in waxes corrects 
these faults to a great extent. In  any 
case, wax formulations have excellent 
potential for preparing spontaneous 
vaporizing units for DDVP that have a 
practical life for use in malaria control 
programs; this was the major objective 
of the present work. In addition, lvax 
formulations have been effective in fly 
control in water-bait stations. TVax 
formulations of DDVP are likely to prove 
useful also in controlling insects of both 
public health and agricultural impor- 
tance that breed in or feed upon liquid 
media-e.g., mosquito larvae-or that 
occupy confined spaces that can be 
treated with such formulations-e.g., 
clothes moths. Whether the formula- 
tions would have much potential for 
field use in agriculture is not known, 
but it would appear that insecticidally 
active amounts of DDVP vapor could be 
introduced into any reasonably quiet 
atmosphere. Thus, for example! treat- 
ment of a densely growing field crop with 
a coarse granular form of a DDYP-wax 
formulation might be feasible. as well as 
treatment of greenhouses with formula- 
tions designed specifically for that 
purpose. 

This is an initial report and, therefore, 
is very limited in scope. These types of 
formulations will undoubtedly be useful 
\vith other volatile insecticides in addition 
to DDVP. Much fundamental work 
remains to be done on the properties of 
these formulations and on methods of 
evaluating them both biologically and 
chemically. Moreover, the development 
of improved versions of the formulations 
described may be expected. 
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STABILITY OF INSECTICIDE FORMULATIONS 

The Use of Stabilizing Agents to 
Decrease Decomposition of 
Malathion on High-Sorptive Carriers 

J. A. POLON and E. W. SAWYER, Jr. 
Minerals 8 Chemicals Philipp Corp., 
Menlo Park, N. J. 

Decomposition of malathion when impregnated on certain mineral carriers has long been a 
problem in the pesticide industry. Theories concerning the causes of decomposition are 
reviewed and discussed. A comparison is  made of the variability of catalytic activity 
of two high-sorptive carriers, an attapulgite and a montmorillonite. Comparative data are 
presented on rates of degradation on these carriers along with data on a few low- 
sorptive diluents. Comparative data are presented on the stabilizing efficiency of 
glycols, tall oil compounds, and other weak acids. Data indicate that tall oil compounds 
are slightly more effective in their stabilizing action than glycols. Use of tall oil as a 
stabilizing agent resulted in dust formulations that exhibited improved stability for 
short-term storage, although no additives have as yet been found to completely inhibit 
decomposition of malathion impregnated on the highly sorptive carriers studied, and 
under the test conditions used. 

UCH EFFORT has been expended on M the development of satisfactory 
dust formulations of phosphate-type 
insecticides since the introduction of 
these toxicants. Because of the inherent 
instability of the phosphates (5. 7ii) and 
their susceptibility to decomposition by 
the catalytic activity of’ surfaces of var- 
ious solids. the formulation of adequate 
dry-compositions hac: been difficult. 
This instability has been particularly 
evident on mineral carriers that eshibit 
high-sorptive capacity. This factor 
has resulted in the use or carriers Lvith 
lower sorptive capacities. and other less 
attractive properties, as the bases for 
dusts. Malathion, a ma,jor product of 
this type, has been prepared on many 
low-sorptive-capacity carriers ivhich 
give less decomposition. but demonstrate 
poor floLsability and application char- 
acteristics. 

To overcome this problem. consider- 
able work has been carried out to de- 
termine the cause of malathion decom- 
position (5, 75, 76) .  As a result of these 
investigations, studies have been made 
on additives that might be used to cor- 
rect mineral surface conditions connected 
with decomposition (7. 8, 72) .  
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The present stud>- \vas undertaken to 
obtain comparative data on the decom- 
position of malathion when impregnated 
on low- and high-sorptive carriers, and 
on the effect of various additives on de- 
creasing malathion decomposition when 
impregnated on high-sorptive carriers. 

Materials and Methods 

‘The carriers used in this work are 
described in Table I .  Some of the de- 
scriptions qiven in this table were taken 
from the ~ v o r k  of \Vatkins and Norton 

Chemical analysis. differential ther- 
mal analysis. and s-ray diffraction data 
indicate that the bentonitic clay from 
northern Georgia is an extensivel). 
leached and altered montmorillonite: 
markedly deficient in bases and en- 
riched in siliceous materials as a result 
of qeological iveathering. 

‘Technical-grade malathion containing 
a minimum contrnt of 95%: of 0,O- 
dimethyl dithiophosphate of diethyl 
mercaptosuccinate \vas the insecticide 
studied in this work. The stabilizing 
agents fell into two broad categories: 
glycols and tall oil additives. The 
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glycols included mono-, di-: tri-. and 
polyethylene glycols ; propylene glycol; 
and alkyl ethers of mono-, di-, and tri- 
ethylene glycols. The tall oil additives 
included crude and distilled whole tall 
oils and some carboxylic acids. The  
commercial additives tested are de- 
scribed in ‘Table 11. Materials were 
graded for possible use as deactivators, 
primarily because of their ability to 
stabilize malathion formulations on 
attapulgite. 

The samples were formulated by 
first adding a solution or liquid blend 
of the stabilizing aqent and malathion 
to the carrier \vhile mixing in a Hobart 
mixer. then thoroughly mixing for 20 
minutes. ‘The mixtures were next 
passed through a hammermill t\vice, 
and then thoroughly blended on a roller 
mill for 30 niinutes. 

The compatibility of each of the car- 
riers with malathion, or the effectiveness 
of a stabilizing agent, was determined by 
subjecting the formulated samples to 
accelerated decomposition conditions 
(elevated temperature), The samples 
were analyzed for malathion content 
before and after the accelerated test, 
and decompositions were calculated 


