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Parameters Affecting the Performa nd 

Storage Stability of DDT 75% Water-
Dispersible Powder 4 

Techic41 Ovtipmenl Laboratories 
N~tl~nq'' ,'d ' b b~n alnter 

JOHN F. DONAHUE, MARY B. GOETTF,, Lo _X VMIE 

Technical Development Laboratories, National Communicable Disease Center, 
U. S. Department of Health, Education, and Welfare, Savannah, Ga. 

DDT powder for use in malaria eradicationprograms must 
be highly suspendtblo to be used in hand spraying equip
ment and must withstand transport over long distances and 
storage for long periods in tropicalclimates. Several factors 
may affect the performance of DDT powders in the fieId 
after long term storage. Introductionof atmosphericmois
ture through small tears in the package did not affect the 
powder, but excessive amounts of clay diluent in the formu
lation are detrimental;a safe limit is about 3% clay. Com
paction of DDT powders has an adverse effect upon their 
suspensibility when tested after accelerated storage treat
ment and aftcr long term storage at ambient temperatures. 

T he most widely used insecticide in public health programs is DDT 
75% water-dispersible powder. It is used in large quantities by the 

Agency for International Development (AID) World Malaria Eradica
tion Program and by the domestic Aedes aegypti Eradication Program. 
In the malaria program, the powder must be shipped to remote areas of 
the world, where it is frequently stored for long times under tropical 
conditions. Therefore, high surpensibility after long term tropical storage 
becomes an important factor in producing a satisfactory formulation. 
Good suspension characteristics must be maintained for at least 1 year 
and preferably 2 years since it is often this long before the powder is used. 

Miles et al. (1) conducted experiments showing the effect of mois
ture, pressure, and temperature on suspensibility. In each case, critical 
increases had an adverse effect. In the present work, three experiments 
were carried out to determine the effects of moisture, inert diluent compo
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108 PESTICIDAL FORMULATIONS RESEARCH 

sition, and compaction on the suspensibility. Suspensibility values were
determined by the procedure outlined in the current AID Specification
No. 2373-5 for DDT 75% water-dispersible powder. To conduct this test,
sufficient powder is weighed and dispersed in a 100-ml. graduated cylinder
to prepare a 2.5% suspension. The graduated cylinder is placed in a 
water bath and held at 30'C. for 30 minutes. After removal from the 
bath, a 25-mI. aliquot is taken at the 50-ml. mark of the graduate. The 
amount of DDT in the aliquot is determined, and from this the suspensi
bility is calculated. The AID specification requires that the above test 
be conducted on the powder in distilled water without pretreatment and
in hard water after an accelerated storage treatment. The accelerated 
storage treatment was designed to indicate as nearly as possible the effect 
of 1 year of storage in tropical areas. In this treatment a test tube contain
ing 5 grams of powder is heated for 2 hours in an oil bath maintained 
at 70°C. To meet the specification, the DDT in suspension in the aliquot
taken from the center of the graduate must not be less than 1.75% for 
the sample before pretreatment or not less than 1.625% for the sample 
after pretreatment. 

Moisture 

The first experiment was designed to study the effect of ambient 
moisture under conditions simulating defective packaging. DDT water
dispersible powder is required to be packaged in hermetically sealed 
polyethylene bags enclosed in cardboard boxes for shipment. However,

during the period frori packaging to use, the bags may develop holes or
 
tears, allowing the contents to be exposed 
 to ambient moisture which
 
could adversely affect the formulation.
 

To determine if ambient moisture has any effect 
on powders storedin damaged bags, eight 40-lb. boxes of fresh DDT 75% wettable powderwere obtained from commercial sources. The boxes were numbered 1-8
and paired. They were then opened and sampled. The bags were examined for existing holes, and if any were found, they were sealed. Boxes 1,2 were used as controls with no openings in the bags. A piece of glass
tubing was secured in the open end of each of the other bags to expose
the contents of the bag to the ambient conditions within the box. Tubing,2 rm in diameter, was used in Bags 3, 4, tubing 1/2-inch in diameter inBags b,6, and tubing 2 inches in diameter in Bags 7, 8. The boxes weresealed and stored for sampling every 4 months. During the 12-monthsstorage period the temperature ranged from 160 to 98"F. The average
temperature was 65 0F., and the average relative humidity was 75%.Results of suspensibility tests conducted in the aged samples are given,n Table I. After 12 months in storage, there was no significant difference
in suspensibility of the exposed samples compared with the control.

All samples for the following experiments were prepared in the laboratory. The formulation was typical of that used in commercial practice 
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Table I. Suspensibility of DDT Powder after Storage 
in Bags with Simulated Defects 

Suspensibility,% 

Initial Ambient Storage, months 
BASO AASb 4 8 12 

Control 1 
2 

2.02 
1.96 

1.96 
1.90 

1.96 
1.93 

1.73 
1.82 

1.72 
1.72 

2-mm. Tubing 3 
4 

2.02 
2.07 

1.86 
1.90 

1.91 
1.95 

1.73 
1.91 

1.74 
1.79 

1/2-inch Tubing 5 
6 

2.01 
2.04 

1.89 
1.91 

1.92 
1.88 

1.86 
1.70 

1.76 
1.74 

2-inch Tubing 7 
8 

2.02 
2.01 

1.85 
1.91 

1.96 
1.88 

1.79 
1.82 

1.72 
1.76 

"Before accelerated storage. 
' After accelerated storage. 

and had the following composition: DDT, technical, 75%; Hi-Sil 233 
(hydrated silica manufactured by Pittsburgh Plate Glass Co., Pittsburgh, 
Pa.), 18%; Attaclay (an attapulgus clay marketed by Minerals and 
Chemicals Corp., Menlo Park, N. J.), 3%; Marasperse N (a purified 
sodium lignosulfonate manifactured by the American Can Co., Marathon 
Products Division, New York, N. Y.), 2% and Igepon T-77 (a product 
containing 67% sodium N-methyl-N-oleoyl taurate manufactured by 
General Aniline and Film Corp., New York, N. Y.), 2%. Technical DDT 
was in powdered form and was aged for 12 months prior to formulation. 
The ingredients were mixed thoroughly and passed through a Wiley mill. 
The samples were then micronized in a 4-inch MicroMaster (Jet Pulver
izer Co., Palmyra, N. J.) air mill. This reduced the average particle size 
to the range of 1.5 to 2.0 t,, as determined by the Fisher Sub-Sieve Sizer, 
which is somewhat finer than most commercial powders. 

Percentage of Clay 

The second experiment was carried out to test the effect of various 
percentages of clay on suspensibility. For economy, the industrial prac
tice is to substitute diluent clay for Hi-Sil carrier. Up to this time the 
critical percentage of clay that can be added without adversely affecting 
the powder had not been well established. Combinations of diluent and 
carrier (see Table II and Figure 1 below) yielded results sufficient to 
establish this level. 

Suspensibility was not affected in any of the formulations tested 
prior to accelerated storage treatment, but after this treatment there 
was a steady reduction in suspensibility as the percentage of clay was 
increased. Based on after-accelerated storage data, it appears that 3% 
clay is the safe maximum limit to ensure long shelf life. 
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Table II. Suspensibility of DDT Powders with Varying Clay Content 

Suspensibility, % 

Clay, % Carrier,% BAS AAS 

0 21 2.36 2.16 
3 18 2.48 1.88 
6 15 2.43 1.62 
8 13 2.40 1.20 

11 10 2.40 0.78 

2.5[ 

1 

2.0
9
 

0 1.5 

I I I I I - f 
4 6 8 10 12 14 

% CLAY IN FORMULATION 

Figure 1. Change in suspensibility with clay concentration 

Compaction 

A third experiment was conducted to study the effect of compaction 
upon suspensibility. To reduce costs of ocean shipment, all industrial 
powders are compacted at the time of manufacture. Although the effects 
of compaction are unclear, the current practice is to compact immediately 
after air milling. Miles et al. (2) have shown that compaction decreases 
suspensibility when the formulation is subjected to conditions of tropical 
storage; however, their observations were made on aged formulations. 
This experiment, which is an extension of their work, used freshly ground 
powder to study the effect of the time interval between milling and 
compacting on suspensibility. 
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An instrument was designed to compact the powder on a laboratory 
scale. XR consisted of a piston and cylinder arrangement (see Figure 2).
By means of compressed air the piston was driven into the cylinder 
which was loaded with a weighed sample of the formulation. The piston 
and the bottom of the cylinder were perforated to allow air to escape.
Filter paper retained the powder. The cylinder was calibrated for 100 ml. 
To duplicate the AID specification for packaging of 75 lb./.8.24 gal., 
49.27 grams of powder were added to the cylinder and compressed to 
100 ml. After compaction, the presst, e was released, allowing the piston 
to return to its original position. The powder was then removed from 
the compaction cylinder by a wooden ram. 

A batch of powder was prepared according to the typical procedure 
given above and ground in the laboratory air mill. Samples were corn
pacted by applying varying amounts of pressure in the laboratory com
pactor. One series was compacted when the powder was freshly ground, 
another series after storage for 2 days, and a third series after 7 days. 
The samples were tested for suspensibility without heat treatment as well 
as after accelerated storage treatment for 2 hours at 70'C. They were 
then stored at ambient temperatures and tested again 3 and 5 months 
later. Data from these tests are presented in Table III and Figures 3 
and 4. 

!0
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Figure 2. Shop drawing and schematic diagram of laboratory compactor 

Compaction has little effect on the suspensibility of DDT powders 
when tested without accelerated-storage pretreatment; however, when 
tested after accelerated-storage pretreatment, the suspensibility decreased 
with increasing compaction. The aged powders, although tested without 
heat treatment, exhibited the same pattern of loss of suspensibility with 
increased compaction as did the fresh powders after the accelerated

http:lb./.8.24
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storage treatment. This is a good indication of the validity of the accel
crated-storage test. The data also show that aging of powders for up to 
one week after milling prior to compaction does not improve the sus
pensibility characteristics. 

Table III. Suspensibility Values of DDT Powders Subjected 
to Varying Degrees of Compaction 

Time in Storage, 
Lb./18.24 Lb./gal. Age Before Compaction,days months 

0 2 7 3 5 
BAS AAS BAS AAS BAS AAS 

40 2.19 2.42 2.28 2.46 2.40 2.43 2.28 2.42 2.33 
50 2.74 2.43 2.27 2.44 2.27 2.46 2.28 2.44 2.34 
60 3.29 2.43 2.17 2.47 2.27 2.47 2.25 2.42 2.28 
70 3.84 2.42 1.97 2.43 2.03 2.46 2.03 2.40 2.00 
75 4.11 2.41 1.80 2.46 1.79 2.46 1.92 2.19 1.93 
85 4.66 2.41 1.24 2.44 1.22 2.44 1.21 1.16 1.48 
95 5.22 2.41 1.03 2.44 0.82 2.38 0.79 0.68 1.24 

105 5.76 2.29 0.86 2.39 0.69 2.27 0.75 0.54 0.75 

3.0 

2.0 

o 	 (b) 

0 

U) 

U) I.00 

O----O 	 COMPACTED 2 DAYS 
AFTER MILLING 
COMPACTED 7 DAYS 
AFTER MILLING 

40 50 60 70 so 90 i1, 11 

WT OF 	POWDER IN LBS./18.24 GAL. 

Figure 3. Effect of compaction on suspensibility of DDT powder
tested before and after c ;celerated-storagetreatment. Series a was 
tested before accelerated-storage treatment. Series b was tested 

after heating for 2 hours at 70"C. 

http:LBS./18.24
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Figure4. Effect of compaction on suspensibilityof DDT powder
held in long-term storage compared with short-term accelerated 

storage 

Conclusions 

From the data qbtained on studying several variables in the produc
tion, packaging, and storage of high performance DDT water-dispersible 
powders, some practical conclusions can be drawn. The effect of small 
leaks and tears in the polyethylene bags has little or no effect on the 
quality of the powder in storage. The amount of clay diluent used in the 
formulation has a great influence on the quality of the powder. A safe 
limit for clay content appears to be about 3%. Although the data pre
sented here were based on results obtained with Attaclay, similar values 
were observed when Barden clay and Hydrogloss clay were added as 
diluents. 

Compaction of DDT powder has little effect on the suspensibility 
when the test is made on the fresh powder without a heat treatment; 
however, after accelerated-storage pretreatment at 700C. for 2 hours, 
there is a consistent decrease in suspensibility with incregsing compaction. 
Furthermore, compacted samples held in long-term storage exhibit the 
same pattern of loss of suspensibility as the samples subjected to acceler
ated-storage treatment. This is good evidence of the validity of the 
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accelerated storage test as an indication of the probable long-term storage
life of a given powder. These data also indicate that the present package 
volume is critical, and additional compaction would seriously affect the 
suspensibility after accelerated-storage treatment as well as after long
term storage. In fact, in the interest of good storage stability it would 
probably be prudent to increase the volume of the present container. 

Aging of the DDT powder up to 1 week after air milling but before 
compaction does not affect its storage characteristics. 
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