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SYNOPSIS 

The authors describe a study of the change in suspensibllity 
of two series of 75 % DDT water-dispersible powders during storage 
in simulated commercial packages at 27·C, 50·C and 65·C and as 
" shelf" samples at ambient temperatures. All the products tested 
in both series were made under the conditions of regular commercial 
production, and all those in the second series were prepared in 
1954 under contract to the International Cooperation Administra
tion (lCA) and according to lCA specIfications. 

The results showed that: (a) a high initial suspensibility is no 
criterion of" shelf" life; (b) the suspensibility after the so·called 
u tropical storage pre-treatment U is no criterion of stability, except 
perhaps in the case of very poorly formulated products; (e) periodic 
observations, made over a period of a month or more, of the 
suspensibility of powders stored ill commercial or simulated com· 
mercial packages at 500C and 65°C wili provide an indication as 
to the probable long-term stability of tbe products in question; 
and (d) It seem~ likely that a reasonable estimate of long-term 
storage stability at ambient temperatures could be obtained by 
subjecting the samples to high temperatures for a very short perio" 

In the preceding paper, Pearce, Gooden & Johnson l presented some 
background information on the use of DDT water-dispersible powders 
in malaria control programmes sponsored by the International Cooperation 
Administration (lCA) and the World Health Organization (WHO). The 
present report concerns studies of the effect of high-temperature storage 
on the suspensibility of the DDT powders generally available in the USA 
in 1954-55, including a series manufactured under ICA contract. As 
indicated by Pearce et al. land Johnson 2 the ability to stay in suspension 

.., Paper submitted to WHO Expert CommIttee on Specifications and Chemistry or Pesdcldes. Novem
ber 1958 

1 See artiele on page 913. 
:I Johnson, D. R. (I953) Agric. Chem" :8. No.3, p. 97 
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for a substantial period of time is a prime requisite of powders to be used 
in malaria control programmes. This property is commonly referred to as 
suspensibility and will be used as the principal measure of the stability of 
the powders under study in this report. 

Significance of Snspensibility Valnes 

Before presenting the data on storage, it seems desirable to establish 
some guides for interpreting suspensibility values. These values are deter
mined by a highly empirical procedure in which the amount of DDT 
remaining in suspension in an aliquot taken at the mid-point of a graduated 
cylinder is detennined after allowing a thoroughly mixed suspension 
containing 2.5 g of DDT per 100 ml (i.e., 2.5% weight/volume) of water 
of a specified hardness and temperature to stand for 30 minutes. Both the 
WHO Expert Committee on Insecticides 1 and the rCA 2 require that 
1.5 % DDT or 60% of the original concentration of a 2.5 % suspension be 
present in the aliquot. 3 In addition, the ICA requires a suspensibility of 
1,2, or 48 %, after" tropical storage pre-treatment" and WHO 4 a suspens
ibility of 1.25 %, or 50 %, after similar treatment. Although these mhrimum 
:cequirements are arbitrary, experience indicates that an initial suspensibility 
of 1.5 for a product is sufficiently high for practical purposes. The WHO 
Expert Committee on Insecticides 5 bad originally suggested a value of 
2.0, which is hard to meet without adding substantially to the cost. More
over, it has been generally observed that products with a very high sus
pensibility are usually very difficult to re-suspend once they have settled. 
Assuming then that 1.5 is a satisfactory practical standard so far as manu
facture and use are concerned, the question arises as to what is the lower 
limit that can be tolerated in the field. In this connexion it is noteworthy 
that practically all of the products used in overseas malaria control pro
grammes that,have been referred to the Technical Development Laboratories 
(TDL), Savanuah, Ga., USA, because of poor suspensibility have given 
values of less than 1.0 in suspensibility tests. This suggests that a suspensi
bility of 1.0 may be taken as the limit below which difficulties will begin 
to be experienced in use. A product which does not deteriorate in suspensi
bility during long storage in tropical areas below 1.0 could be expected to 

1 World Health Organization, Expert Committee on Insecticides (19.52) Wid Hlth Org. lee/m. Rep. Ser., 
54. 18 

:i In1ernational Cooperauon Administration (1~S6) 1J1JT~ 7S percent. watcr-dispewble powder, Washing
ton, DC (ICA Specification No. S!O:;6~ 1Q August 1956) 

'In tbls paper. " suspenslbility .. will be expressed as a number representing the weight to volume per
centage of DDT m sus-pension. "Percentage suspenslblhly"~ which IS commg into use, represents the 

percentage of the original amount of DDT remaining in suspension-ror-example; 21.5
5 

X 100= 60 % suspensi-
bdity. ... . 

• World Health Orgaruzation (1953) Spccificatlons for pesticides. Geneva. p. 106 
I World Health Organization, Expert Committee on Insecticides (1951) JYld Hlrh Org. ,edm. Rep. Ser .• 
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give little trouble. However, it should be pointed out that difficulties can 
and have been experienced with powders which give higher values than 1.0. 
The major difficulties encountered with such products appear to be ex
cessive caking with failure of the caked material to disintegrate readily 
on exposure to water and/or the presence of some comse aggregates which 
tend to clog the spray nozzles. The latter difficulties do not appear to have 
been experienced with products made to ICA specifications. 

Storage Exper!wents 

The tropical storage stability of DDT water-dispersible powders has 
been considered extensively by the WHO Expert Committee on Insecticides. 
The general opinion of the Committee seemed to indicate that storage of 
these powders under the high temperatures frequently encountered in 
tropical and semi-tropical areas was likely to produce serious deleterious 
effects, especially on the suspensibility characteristics. In view of the fact 
that little or no direct experimental or field observational data were available 
to evaluate this factor, it was recommended that TDL undertake some 
storage studies on representative commercial products. Accordingly, two 
series of samples were tested for storage characteristics. The first series 
was a group obtained in 1954 mainly through the co-operation of the 
National Agricultural Chemicals Association and its membership.l In the 
request to formulators for products to be used in the study, it was indicated 
that both experimental and production-line materials would be acceptable; 
but it was specified that all products be made in reguim production 
equipment. Although 75 % DDT powders were preferred, it was also 
indicated that some 50% and 67% DDT products would be of interest. 
Since only a very small number of the latter were received, the present 
report will be limited to 75 % products. 

The second series of samples was obtained in 1955 from production-line 
materials supplied under ICA contracts and meeting the ICA specification.2 

Thus, this series represents material actually purchased under the specifica
tion and sent overseas. 

Experimental method 

All products were received packaged in 100- or ISO-pound (45 or 70 kg) 
fibre drums with sealed plastic liuers. In Series I, the amount of each 
sample received varied from about 300 to 1000 pounds (135-450 kg) and 
in Series II single 100-pound drums of each sample were supplied. 0ne-

1 The folIowing: eompanies contributed materials for Series: I: E. I. duPont deNemours &. Co.: General 
Chemical Division; Michigan Chemical Co ; NIagara Chemical D1VISIOnj Stauffer Chemical Co.; Oeigy 
Agricultural Chemicals. 

:t The- following companies supphed products for Series IT: Diamond Alkali Co.; Geigy Agricultural 
Chemicals; :Michigan Chemical Co ; Monsanto Chemical Co.; NIagara. Chemical Division; Pesticide Export 
CofPorationj Stauffer Chemical Co. 
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to two-pound (about 0.5-1 kg) laboratory reference samples were taken 
from each product on receipt. All products. were repackaged and tested 
for storage qualities by the following procedure: 

Samples of each product weighing approximately 8-10 pounds (3.5-
4.5 kg) were placed in mailing-tubes-outside diameter, -4 inches (10 cm); 
length, 36 inches (90 cm)-with a plywood end and a polyethylene bag 
liner. The powder was tamped to a weight-to-height rano equivalent to 
that in the original drum container when received, ,the bag liner was sealed 
and the samples thus repackaged were placed in storage cabinets held at 
three different temperatures: ambient (approximately 27·C), 50·C, and 
65°C. At intervals of one week or longer, a tube was removed, opened, 
and examined for visible changes; and samples were taken from the top 
and bottom and tested for suspensibility by the lCA method. l 

Experimental results 

Summaries of the suspensibility data on the cylinder-stored samples 
and on shelf-stored samples for Series.I and Series n are preseutea in Tables 
1 and 2, respectively. The values for the cylinder-stored samples are aver
ages of the values obtained on samples taken from the top and bottom of 
each cylinder when opened. The values for" As received", " After tropical 
storage pre-treatment" and " After shelf storage" were all determined on 
the shelf samples taken at the time of repackaging into the cylinders. In 
the case of Series II (Table 2), insufficient amounts of the original samples 
were available for sets of cylinder-packaged samples to be stored at ambient 
temperature. However, enough of Samples 228, 229, 230 and 231 was 
available to place one cylinder of each in storage at ambient temperature, 
and these were held for one year before examination. 

Casual inspection of the data in Tables I and 2 indicates that deteriora
tion in suspensibility occurred with all products and at all temperatures, 
the degree of deterioration increasing as the storage temperature increased. 
In general, the largest drop in suspensibility tended to take place in the first 
week or month. It is noteworthy that some products withstood the 50·C 
and 65°C storage temperatures remarkably welL See, for example, Samples 
52, 105, and 227 (Table 1) and Samples 228, 231 and 234 (Table 2). There 
seems to be no relation between initial suspensibility and storage stability. 
Compare 51 and 227 (Table 1) and 228 and 232 (Table 2), for example. 
Also, the suspensibility after tropical storage pre-treatment is not indicative 
of storage stability. Apart from the foregoing observations it is difficult 
to draw any general conclusions from the data in Tables 1 and 2 without 
further analysis. If one plots suspensibility against storage time for each 
sample at a given temperature the ·trend is towards the production of a 

1 International CooperatLon A<'l.mioistration (1956) DDT. 75 percenf, waier~dispersible powder. Wash-
ington. D.C.·(ICA Spccmcation No. 8105(j, 10 August 1956) ~ 
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Sample 

No. 

51 

52 

50 

104 

105 

106 

I 
171 l 
227 

STORAGE STABILITY OF WATER-DlSPERSIBLE DDT 

TABLE 1. EFFECT OF STORAGE TEMPERATURE ON SUSPENSIBILITY 
OF 75% DDT WATER·DISPERSIBLE POWDERS, SERIES I 

Suspenslbility 

after TS after cylinder storage 
as 

received pre-

925 

after 
4 years' 

shelf treatment * 
°C I 1 I 3 I 4 Yz I 6 I 9 I 12 storage ** month months months months months months 

27 1.65 165 1.55 1.65 150 1.50 

1.90 1.85 50 1.10 1.15 1.10 1.05 1.30 105 0.30 

65 080 0.60 0.50 040 0.40 0.20 

27 175 170 180 1.60 1.70 '1.65 

1.95 1.70 50 120 1.35 1.20 1.45 1.55 1.35 150 

65 075 0.65 050 0.50 0.45 0,45 

27 1.65 1.55 1.70 165 1.45 1,45 

1.70 150 50 1.55 100 075 035 035 035 065 

65 025 0.15 0.10 0.10 0.05 005 

27 170 1.65 1.70 1.50 1.55 1.45 

1.90 185 50 1.30 1.20 1.45 105 0.95 090 050 

65 0.45 0.25 030 035 020 020 

27 165 1.70 1.65 1.70 1.60 1.70 

2.00 1.95 50 135 1.00 1.00 0.85 0.65 080 1.80 

65 1.40 050 0040 040 030 035 

27 165 1.55 

I 
lAO 1.55 1.50 1.40 

1.50 1.40 50 090 0.55 

I 
0.70 080 0.80 065 0.90 

65 0.70 040 0.35 030 030 0.30 

27 1.35 1.30 1.40 125 1.35 I.S0 

1.30 1.40 50 1.15 1 25 125 1.30 1.25 1.30 0.55 

65 1.10 095 0.70 060 0.80 0.55 

27 1.50 1.45 1.40 140 140 1.35 

1.50 125 50 1.10 1.25 1.30 125 1.20 130 1.35 

65 095 095 0.95 0.90 0.90 0.95 

+ TS pre-treatment= tropical storage treatment; which consists in heating a saMple with a 
specified weight on it ior 2.0 hours at 55°C. . 

**" One-to two-pound samples1akenfromthe original drums as receIVed were placedln common 
storage, dUring which the t-emperature vaned approximately from 15°C io 40°C, probablY ... veragmg 
about 3Q"C. 

. 
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TABLE 2. EFFECT OF STORAGE TEMPERATURE ON SUSPENSIBILITY 
OF 75% DDT WATER.DISPERSIBLE POWDERS: SERIES II 

S"spens,b,hly 

Sample after after cylinder storage after 
• No. as TS pre. S Xt years' 

. 

received shelf 

I treatment :.E- "G 11 week 11 month 14 months [6 months I 1 year storag.8·· 

27 - - - - 1.85 

228 2.00 200 50 1.70 1.75 1.35 1.20 - 1.30 

65 1.40 1.10 070 055 -

27 - - - - 0.95 

229 1.50 1.55 50 140 1.35 1.25 1.15 - 0.70 

65 085 0.95 0.40 0.35 -

27 - - - - 1.10 

230 1.50 1.40 50 1.45 1.10 080 080 - 1.00 

65 1.10 085 085 065 -
27 - - - - 1.05 

231 220 2.15 80 180 175 1.75 150 - 1.10 

I 65 1.85 1.95 175 165 -
50 1.45 1.35 100*** 095 -

232 2.35 2.00 0.30 
65 1.00 090 o 40 ~II* 0.30 -

50 1.85 1.70 160·· .. 140 -
233 1.70 1.70 080 

65 1.00 0.65 0.65 *"* 0.55 -

50 1.20 130 1.10·11-* 0.95 -
234 1.80 1.50 

1.10 
050 

65 105 1.10 .~. 075 -

"TS pre-treatment = -tropical storagE! treatment, which consists in heating a sample with 
a specified weight on it for 20 hours at 55°C. 

U One-to two-pound samples taken from the orlgTnal drums as received were placed in common 
storage, during which the temperature vaned approximately 1{om 159 C to 401'C. probably averaging 
about 30°C • 

.... 3· months' storage. 

parabolic curve. However, because of variations in the history of the 
samples, sampling errors and errors in suspensibility measurement, con· 
siderable deviation from a parabolic function is encountered for some 
samples. In an effort to arrive at some general observations, several methods 
of treating the data in Tables 1 and 2 have -been attempted. The one that 
seemed most informative and at the same time valid consisted in averaging 

I " 

• 

J 
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the suspeusibility values for all samples in a series, as received, after tropical 
storage pre-treatment and at each temperature and each storage period. 
Subsequently, the samples ill each series were grouped according to suspensi
bility after shelf storage. Group I in each series included all shelf samples 
with suspensibility values of 1.0 or above and Group 2, all samples with 
suspensibility values below 1.0. The results of treatment of the data in 
Tables 1 and 2 in this manner are presented in Tables 3 and 4, respectively. 
The average suspensibilities at each temperature and at each storage time 
have also been averaged and included in the tables. 

To illustrate the effect of storage temperature on suspensibility, the 
averages of all suspensibilities at each temperature and storage time have 
been plotted, using the average suspensibility of all samples as received as 
the initial or zero time. A graph of Series I data (Table 3) is presented in 
Fig. 1. The Series II data (Table 4) are similarly presented in Fig. 2. These 
figures illustrate rather clearly that deterioration in suspensibility during 

TA~LE 3. AVERAGE SUSPENSIBILITIES, DATA FROM SERIES I (TA~LE I) 

AfterTS After After cylinder storage 
As 4 years· 

received pre4reat- shelf 11 month 13 months I 4% I I I 12 ment* storage 'C months 6 months 9 months months 

All samples 

1.73 1.65 0.97 27' 1.61 1 57 1.58 1.55 151 1.48 

50' 121 109 1.09 1.01 1.01 0.96 

65' 080 0.56 048 0.44 0.42 038 

I I I Average I 1.21 I 107 I 1.05 I 100 I 0.98 I 0.94 

Samples grouped accordfng to shelf susp-ensibilibes 
Group 1 - Nos. 52.105, 227 ~ shelf suspenslbihty, 1.00 or above 

182 1.63 152 27' 163 1.62 1.62 1.57 1.67 151 

50' 122 1.20 1.17 1.18 1.13 1.13 

65' 1.03 070 0.62 060 0.55 0.55 

I I I Average I 1.29 I 1.17 I 1.14 I 1.12 I 1.08 I 1.09 

Group2- Nos. 51, 80, 104. 106, 171-shelf suspenslblllly, below 1.00 

1.68 1.66 0.65 27' 160 1.54 155 1.54 147 1.42 

50' 1.20 1.03 1.05 0.91 093 0.85 

65' 0.66 047 0.39 0.35 0.35 026 

I I I Average I 1.15 I 101 I 100 I 093 I 0.92 I 084 

"TS pl"e-1reatment= tropical storage treatment, which consists In heating a sample with a 
specified weight on it for 20 hours at 55'<'C. 
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FIG. 1. CHANGE IN AVERAGE SUSPENSIBILITY WITH STORAGE TIME 
FOR· SERIES I POWDERS STORED AT 27'C, 50'C AND 65'C 

2.0,--------------------------,20 
SERies! • AVERAGE OF ALL SiJ.!'Pl:e:S - TABLE 3 

We 

65'0 ... " 

DAYS IN STORAGE 

FIG. 2. CHANGE IN AVERAGE SUSPENSIBILITY WITH STORAGE TIME 
FOR SERIES II POWDERS STORED AT 50'C AND 65'C 
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TABLE 4. AVERAGE SUSPENSIBILITIES: DATA FROM SERIES II (TABLE 2) 

After After I After cylinder storage 
As 

I received TS pre· 3 ~ years' 

I 1 week 11 month I m~jhs 16 months treatment ~ shelf stofage "C 

AI[ samples 

1.86 

I 
1.76 

I 
0.79 r 50' 

I 
1.52 

I 
1.47 

I 
1.26 

I 
1.15 

65° 1.15 1.07 0.81 069 

I I I Average I 1.34 I 1.27 I 1.04 I 0.92 

Samples grouped according to $helf suspensibnWes 
Group 1 - Nos 228. 230, 231 ~ shelf 5uspenslblhty. 1.00 or above 

1.90 

I 
185 

I 
1.13 

I 
50" 

I 
1.65 

I 
153 

I 
1.30 

t 
1.20 

65° 138 130 1.03 0.95 

I I I Average I 1.52 I 1.42 I 1.17 I 1.08 

Group 2 - Nos. 229, 232, 233, 234 - shelf suspenslb.hty, below 1.00 

184 

\ 

1.69 

I 
052 

I 
50' 

I 
1.43 

I 
1,43 

I 
1.?4 

I 
1.11 

65" 098 0.90 0.64 049 

I I I Average I 1.21 I 1.17 I 0.94 I 080 

'* TS pre-treatment= tropical storage treatment, which consists in heating a sample with a 
specified weight o-n It for 20 ho-urs at 55"C, 

storage follows the same pattern regardless of temperature-i.e., there is a 
relatively rapid loss in suspensibility within the first month of storage and 
thereafter the loss is very gradual. In other storage tests it has been observed 
that it takes about 3 to 7 days' cylinder storage at 50°C and 65°C for a 
substantial loss in suspensibility to occur. As indicated by the data pre
sented here, the higher temperature produces the more rapid deterioration. 
These data also offer an explanation as to why the suspensibility after 
tropical storage pre-treatment does not provide a good indication of the 
probable storage stability of a product-namely, that the heating period is 
too short (20-24 hours at 55°C). Thus, the average value after one year's 
storage at 2TC is about l.50 (Fig. 1) and this value is reached after about 
one week's storage at 50°C. One can also see from these curves that storage 
experiments at ambient temperatures should be started very soon after 
formulation or one is liable to be starting the tests with a product .which 
is already at or near the flat portion of the deterioration curve. . 

The graphs in Fig. 1 and 2 also indicate that one should be able to 
devise a high-temperature short-term exposure treatment which would be 
indicative of long-term storage stability at ambient temperatures. Experi-
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ments aimed at this have been started. If one plots the data employed in 
preparing Fig. 1 and 2 on semi-log paper, i.e., suspensibility against log 
of time, the curves obtained approximate to straight lines. The authors 
have attempted to work out equations for each temperature and then by 
extrapolation and interpolation estimate ho,w many hours at a given high 
temperature would be required to produce the same' suspensibility loss at 
ambient temperature after one year's storage. It became evident that such 
a procedure would introduce great errors and the only reliable way of 
arriving at a rapid laboratory high-temperature test was by actual experi
mentation. One ofthe major difficulties in using the present data as a basis 
for a very short high-temperature storage test is that the deviation from a 
straight-line semi-log function increases' as the temperature increases. 

One other point should be mentioned with regard to Fig. 1 and 2. The 
curves represent the average behaviour of a number of different formula
tions and, thus, cannot be applied directly to a given formulation. However, 
similar-type curves can be predicted for most formulations, although the 
precise storage properties for each should be determined experimentally. 

Fig. 3 and 4 have been prepared to illustrate that storage tests of the 
kind undertaken in this study will provide a good indication of the long
term storage stability of the water-dispersible powders in actual use. The 

FIG. 3. CHANGE IN AVERAGE SUSPENSIBILITY' WITH STORAGE TIME 
AT ALL TEMPERATURES: SERIES I 

,'r--------------------------------------------,1. 
SERIES! • AYERA-CEOF .oUL TEMPERATURES. TABLE 3 

16 
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'il 0 

* :;; 
z z 
w w 
~ ~ 
~ ~ 

~ 08 as ;;;: 

o GROUP I 

D., AI-l SAMPlES ... o GROUP2 
., 

• • • ,. .. ". 160 200 "" 2'" 32' 360 'DO 
VA YS IN STORACE 

ftI:) 91S, 

• Vafues for all sampfes and for samples grouped accordU:19 to sheJf suspel1slbllities 
are shown. 

G 

• 

,J , 



)t, 

STORAGE STABILITY OP WATER-DISPERSIBLE DDT 

FIG. 4. CHANGE IN AVERAGE SUSPENSIBILITY' WITH STORAGE TIME 
AT ALL TEMPERATURES, SERIES II 

"r-----------------------------------------,2. 
SERIEsn • AVERAGE OF M.L lEMPERATURES· TABLE.c 

o 

o 

o GROUP 1 

o GRQUPl 
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* Values for all samples and for samples groulled according to shelfsus:penslbllttles 
are shown. 
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average suspensibilities. at all temperatures and after each storage period 
were plotted against storage time, using the average suspensibility as received 
for each group as zero time. The data are taken from Tables 3 and 4 for 
Fig. 3 and 4, respectively. As pointed out earlier, there is reason for believing 
that products which show suspensibilities below 1.0 are likely to give trouble 
in the field. The products were therefore grouped according to whether 
their suspensibility after shelf storage was LO or above, or below 1.0. The 
three curves shown in Fig. 3 and in Fig. 4 represent the average of all samples 
in the respective series (middle curve), the average of all samples with a 
shelf suspensibility of 1.0 or above (top curve), and the average of all samples 
with a shelf suspensibility below 1.0 (bottom curve). This grouping of the 
samples clearly illustrates that relatively short-term storage behaviour at 
high temperatures will indicate long-term stability in use. The difference 
in the wrtical"spread within each set of curves is a reflection of the fact that 
Series II did not include samples held at ambient temperature in the cylinder
storage tests. 

The cylinder-storage method adopted in this study has been used for 
several years by TDL for evaluating the stability of water-dispersible 
formulations of both DDT and dieldrin. In practice it has been found that 
storage in cylinders at 50°C and 65°C for two to four weeks with analysis 

http:suspensibilities.at
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of samples at 3, 7, 14 and 28 days will provide a very good indication of 
the storage stability in the field. One of the most important observations 
made in connexion with storage tests is that individual batches of a given 
formulation can show wide variation in storage stability. This has been 
observed in the case of one formulation where data on both high-temperature 
storage at TDL and storage overseas were available. Why this should be 
is not known. There is some indication that it is caused by variation in 
the composition of the diluent employed. In any case, the use of a very 
fine and highly uniform diluent seems to correct this variation between 
batches if careful mixing and milling conditions are also maintained during 
manufacture. Improvement in the latter factors does not correct deficiencies 
due to poor quality diluents; however, it has been observed that careful 
mixing and ample milling are essential to the production of a uniform 
product. Sample or batch variation has been encountered in the present 
study. Note, for example, the storage data on Samples 51 and 52 (Table 1) 

, held at 50°C: after one month's storage these samples were lower in suspensi
biJity than they were after nine months' storage. As indicated by Pearce 
et aI.,1 the present rCA specifications are designed to include inspection of 
batches at the time of manufacture, in order to ensure maximum uniformity 
in the performance of all batches. 

Physical Condition of Stored Samples 

It was anticipated that various degrees of caking or gross agglomeration' 
of the products placed in storage, especially at 50·C and 65°C, were likely 
to occur. Observations of the condition of the samples on removal from 
storage showed that caking became more evident as the storage time 
increased. In determinations of the suspensibility of caked products, the 
cake was disintegrated by crushing with a spoon or hammer when necessary, 
care being taken to avoid any grinding action. Several degrees of hardness 
in the caking could be distinguished. The condition of the samples, which 
were taken from both the top and the bottom of the cylinders, was graded 
thus: 

A. Powder with or without soft agglomerates, usable as is for preparing 
suspensions. 

B. Soft cake or mass, easily disintegrated by mild crushing action with 
spoon. 

C. Firm cake, disintegrated by strong crushing action with spoon. 
D. Hard cake, diSintegration with hanrmer necessary. 

Products exhibiting conditions A or B would not cause difficulty in 
handling in tlie field. With some extra attention a product in condition C 

1 See article on page 913 
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STORAGE STABILITY OF WATER-DISPERSIBLE DDT 

TABLE 5. SUSPENSIBILITY AND PHYSICAL CONDITION OF 
75% DDT WATER-DISPERSIBLE POWDERS AFT~R TWELVE MONTHS' 

STORAGE: SERIES I 

933 

I Siorage at 27"C I Storage at 5O~C I Storage at 65<'C 
Sample No. 

$uspenSl- I condition I suspenSI- I I suspensi- I condition bility bllity condition "lilly 

~1 
Top 1.6 A 1.1 A 0.2 D 

Sollom 14 S 1.0 6 0.2 D 

Top 1.7 A 1.4 A 0.2 C 
52 

Bottom 1.6 B 1 S B 0.7 C 

80 
Top 1.5 B 0.4 B 0.06 D 

BoHom 1.4 B O.S C 0.05 D 
, 

104 
Top 1.5 A 1.1 A 0.1 A 

Bottom 1.4 6 0.7 6 0.3 C 

Top 1.7 A 06 A 0.4 S 
105 

Sottom 1.7 B 1.0 B 0.3 C 

Top 1.5 A 0.7 B 03 C 
106 

Bottom I.S 6 06 C OS D 

Top 1 2 A 1.3 A I 0.4 B 
171 

I Bottom 1.4 6 1.3 B 0.7 B 

227 
Top 1 5 A 1.45 A 0.95 B 

Bottom 1.2 B 1.15 B 0.9 8 

is believed usable. Products exhibiting condition D would be usable in the 
field only with great difficulty. 

A summary of the data collected on the samples at the end of the storage 
period, showing the condition grading along with the suspensibility value, 
is presented in Tables 5 and 6 for Series I and II, respectively. 

As might be expected, the data indicate a tendency for more or harder 
caking to occur at the bottom of the cylinders. However, there is no con
sistent correlation between caking condition and suspensibility, except 
possibly at the extremes. It is noteworthy that after storage at 50·C and 
65·C, most samples were found to be in condition A or B and that only 
six samples were graded as " D ". The variation in suspensibility between 
top and bottom exhibited here is more or less typical of all such data. An 
analysis of all top and bottom suspensibility results justified using averages 
of the two results for the data presented in Tables 1-4. 
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TABLE 6. SUSPENSIBILITY AND PHYSICAL CONDITION 
OF 75 % DDT WATER-DISPERSIBLE POWDERS AFTER 

SIX MONTHS' STORAGE: SERIES II 

Storage at 50'C Storage at 65Ii'C 
Sample No. 

suspenslblhty I .condltlon I suspenslbillty I condition 

228 
Top 1.2 B 0.5 B 

Boltom 12 B 0.6 C 

Top 1.2 B 0.3 

[ 
C 

229 
Bottom ! 1 B 0.4 C . 

230 
Top 0.7 B 0.6 C 

BoUom 09 B 07 B 

231 
Top 1 7 A 1.7 A 

BcHorn 1.6 B 1.6 B 

Top 09 B 03 C 
232 

BoUom 1.0 C 0.3 D 

233 
Top 1.5 A 0.5 A 

Bottom 1.3 B 0.6 B 

234 
Top 1.0 B 0.7 C 

l3oUom 0.9 C 0.8 C 

The observations with respect to top and bottom suspensibilities have 
a bearing on the tropical storage pre-treatment method. This procedure 
consists in heating a sample with a weight on it calculated to be equivalent 
to the pressure at the bottom of a IOO-pound drum. The fact that the 
suspensibility values of samples taken from the bottom of the cylinders 
were not consistently lower than those of samples taken from the top 
indicates that the use of the weight in the tropical storage pre-treatment 
procedure has no sigIrificance. However, in work now in progress it has 
been observed that removal of the weight in that procedure usually results 
in a decrease in suspensibility over that of the weighted sample. This 
phenomenon is being investigated. 

Conclusions 

The following comments are based largely on the data presented in this 
paper, but they are influenced to some extent by subsequent experiments 

,J 
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and general observations made on the performance of both bDT and 
dieldrin water-dispersible powders. 

Periodic observations, made over a period of a month or more, of the 
suspensibility of powders stored in commercial or simulated commercial 
packages at 50·C and 65°C will provide an index as to the probable long
term stability of DDT or dieldrin water-dispersible powders in the field, 
so far as suspensibility is concerned. In conducting storage tests, the 
cylinders described on page 924 may be used in lieu of the actual drum 
containers with sealed liners. In the case of products in short supply, data 
obtained on samples taken from a single package opened and resealed at 
each sampling may be satisfactory. The main advantage of using individual 
packages for each storage period is that the results will indicate the unifor
mity of the product. At present no standards of performance for stability in 
storage at 50°C and 65·C have been established. However, it is believed 
that products which show less than 20 % reduction in suspensibility after 
one month at 50·C and less than 40% at 65·C will probably possess good 
stability at ambient temperatures for long periods of time. Commercial 
products have been tested which show remarkable ability to withstand· 
these high temperatures for long periods. 

The study presented here clearly indicates that deterioration of the 
suspensibility of water-dispersible powders during storage tends to follow 
a parabolic function, but that there is a large difference in the rate of change 
of different formulations and often a marked variation in samples of the 
same formulation. The loss in suspensibility during storage is due primarily 
to change in particle size and this change can be accelerated by increasing 
the storage temperature. A rate phenomenon is indicated which suggests 
that a very short period of storage at high temperatures could form the basis 
of a rapid laboratory test for determining storage stability at ambient tem
peratures. This 'possibility is being investigated. 

A high initial suspensibility is not a criterion of shelf life. The suspensi
bility after tropical storage pre-treatment is not a criterion of stability, 
except possibly in the case of very poorly formulated products. Thus, 
products which show a severe drop in suspensibility after such pre-treatment 
should be looked upon with suspicion. 

RESUME 

Les auteurs ont ctudie les changements de I'aptitude it se mettre en suspension de 
deux series de poudres de DDT it 75% dispersables dans j'eau, soumises, en emballage 
commercial, ii des temperatures de 27', 50' et 65·C. 

Les observations periodiques, pendant un mois au plus, de la dispersabilite des poudres 
soumises a ces temperatures, donnent une indication sur Ie maintien de cette qualite apl'es 
1me longue conservatiou it la temperature ambiante, dans les conditions de la pratique. 
Jusqu'a present, on n'a pas ';tabll de normes de 5tabilit'; apres conservation a 50' au 
65'C. Tou!efois, on estime que les produits qui-presenten! moins de 20% de rednction de 
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leur dlspersabilite apres un mols it 50·C et mains de 40% 1i.·65°C possedent une bonne 
.tabilite it la temperature ambiante, durant de longues periodes. Certains produits commer
ciaux se sont reveles e"celleDts it cet egard. 

D'apres les etudes presentees dans cet article, 13 diminution au cours de la conserva
tion de l'aptitude.des poudres a se meltre en suspension, est une fonction parabolique, 
mais la vltesse it laquelle les modifications se produlsent est variable. n existe ausst de 
grandes differences entre Jos echantillons. Le changement dans 13 dimension des particules 
est la principale modification. Ii s'acceH:re a mesure que la temperature s'eleve. L'expe.. 
rience a montre que los resultats obtenus it la suite d'une conservation de courte duree it 
haute temperature peuvent .ervir de fondement Ii. un test rapide de laboratoire, permettant 
d'evaluer les qualites de conservation d'une poudre it la temperature ambiante. 

Un degre eleve de dispersabilite de la poudre fralehement pn;panie n'est nullement 
garant de sa stabilite it la suite d'une longue conservation en stock. Les'criteres actuelle
ment en vigueur pour Ie traitement avant emmagasmag. dans les conditions tropicales 
sont eventuellement it reviser. 
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