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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 

i 7 4 .  
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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 



as per cent of initial malathion content. 
Those stabilizing agents that showed 
any promise, as indicated by the acceler- 
ated test data, were also tested for sta- 
bilizing efficiency during room tempera- 
ture storage. 

'The accelerated test condition used 
in this work was storage for 1 month 
at  40' C. The  determination of the 
relationship between rate of degrada- 
tion at room temperature and at  elevated 
temperatures was not feasible, since the 
rate changes with the carrier and stabi- 
lizing agent, However, it is estimated 
that for 5% of mahthion impregnated on 
attapulgite, degradation during 1 month 
of storage a t  40' C. is equivalent to 
that occurring during approximately 
3 months at room temperature. 

In most of this work, the stability of 
5'3; malathion dust was determined 
rather than that of 25% dust con- 
centrates. I t  was believed that 5% 
materials would show greater sensitivity 
to the test variables than 257, formulas. 
However, it is theorized that decomposi- 
tion data in a 25y0 dust concentrate 
can br directly related to that of a 5% 
dust; that is, approximately the same 
loss of malathion per unit of clay con- 
tent can be expected from the concen- 
trate as from the dilute dust, since clay 
is the limiting reactant in the decom- 
position reaction. Because of the higher 
clay content of the 5y0 dust. loss of 
malathion in the 570 dust will be higher. 
by a factor of 95/75, than in the 25% 
dust. 

'l'he analytical method used to de- 
termine the malathion content of formu- 
lated samples \vas provided by the 
American Cyanamid Co. ( 7 ) .  Mal- 
athion is decomposed by alkali in car- 
bon tetrachloride-ethanol solution to 
sodium 0.0-dimethyl dithiophosphate. 
sodium fumarate, and ethanol. The 
sodium 0,O-dimethyl dithiophosphate 
is then converted to the cupric complex. 
which is soluble in carbon tetrachloride 
with formation of a yellow color. The 
color intensity is proportional to the 
concentration of the cupric salt of O>O- 
dimethyl dithiophosphoric acid. and 
is mrasured colorimetrically at 418 mp. 
a maximum absorption peak. with a 
Klett-Summerson photoelectric color- 
imeter fitted with a KS No. 42 filter 
(400 to 465 mp). The corresponding 
amount of insecticide is then ascertained 
by comparison with a standard curve 
prepared from known amounts of pure 
insecticide carried through the pro- 
ced u re. 

Each of the malathion analyses was 
performed in duplicate. The reproduc- 
ibility of the analyses was good-the 
relative mean deviation ranging from 10 
to 20 parts per thousand for two. and 
in some cases three, analyses of a sample. 

Differences in results of duplicate 
for~nulations were observed. IVhen 
decomposition of malathion was high 

Table 1. Description and Properties of Carriers 

Carrier 
Identification 

.i Attapulgite LVM. 

B Attapulgite RVM. 

C Kaolinite 

D Kaolinite 
E Montmorillonite 

group 

F Diatomite 

G Kaolinite 

Attapulgite mined in Georgia and Florida; 
processed by crushing. drying to low volatile 
matter,* grinding with size classification by 
air separation 

. is  above, except dried to regular (intermedi- 
ate) volatile matter* 

Kaolinite mined in Georgia: refined by water 
washing to remove sand, mica and water- 
soluble salts; average particle size - 4.8 p 

As above, except average particle size - 1.5 p 
Extensively weathered and altered mont- 

morillonite mined in Georgia; processed by 
crushing. drying to low Lrolatile matter. and 
grinding to powder 

Diatomite mined in California: processed by 
dehydration of natural diatomaceous earth 

Kaolinite mined in South Carolina; processed 
by drying, pulverizing, and refining by air- 
flotation, average particle size - less than 
I P  

Oil  
Absorpfion 

(ASTM 

119 
D28 7 -3  I ) 

112 

34 

35 
70 

175 

33 

a LVM = Low volatile matter ( 6 4 %  VM);  RVM = Regular volatile matter (12-14% 

b Volatile Matter is ignition loss. mostly water. driven off when material is heated at 
VM). 

1800' F. 

(over 407,)> reproducible results were 
difficult to obtain with duplicate samples. 
There may have been variation in the 
activity of the carrier used. although an 
attempt was made to eliminate this pos- 
sibility in stabilizer \cork by using 
samples of the carrier from the same 
batch or lot for all formulations. 

To  eliminate possible variation in de- 
composition results. the effects of these 
following three impregnation methods 
were evaluated. 

Method No. 1. The samples were 
formulated by adding the stabilizing 
agent (dissolved in a suitable solvent if 
necessary) to the carrier while mixing in 
a Hobart mixer and blending for 20 
minutes. The malathion was then 
dripped into the mixture and blended 
for an  additional 20 minutes. 

Method No. 2 .  The samples were 
formulated by adding a solution (or 
dispersion) of stabilizer and malathion 
simultaneously to the carrier while mix- 
ing in a Hobart mixer. The formulation 
was then blended for an additional 20 
minutes. 

Method No. 3. In addition to the 
procedure in Method No. 2, the formu- 
lation was passed through a hammermill 
twice, and postblended on a roller mill 
for 30 minutes. 

Because of the lack of reproducibility 
of decomposition results between du- 
plicate samples. Method S o .  1 and, sub- 
sequently, Method So .  2 had to be 
abandoned. XIethod S o .  3 was used for 
the preparation of all samples described 
in this study. 

To minimize the effrct of small losses 
of ingredients through handling during 
sample preparation. rairly large samples 
were prepared (1 kg. or larger). Losses 
of malathion through volatilization could 
he serious if precautions were not taken. 
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Table II. Description and Sources 
of Commercial Additives 

Agent Dercripfion 

Union Carbide Corp. 
Carbowax 200 Polyethylene glycol 

polymer, molecular 
weight range 190-210 

polymer, molecular 
weight range 380-420 

polymer, molecular 
weight range 3000- 
3700 

Carbowax 400 Polyethylene glycol 

Carbowax 4000 Polyethylene glycol 

\Vest Virginia Pulp & Paper Co. 
Liqro \Yhole crude tall oil 
Indusoil M-28 Distilled tall oil 
Tallene Tall oil pitch 
Liqrene Tall oil pitch 

Arizona Chemical Co. 
Acintol C 
Xcintol R Tall oil rosin 
Xcintol D Distilled tall oil 
Acintol F-A2 
Acintol Heads Tall oil heads 

.kinto1 Heads Tall oil heads 

\\'hole crude tall oil 

Tall oil fatty acid 

1112 

2122 

In every run. the blended sample was 
immediate]) split and placed in a 1- 
quart jar. and two or more 2-ounce 
jars. fitted with screw-type caps. The 
sample in the 1-quart jar was reserved 
for the initial malathion analysis (and 
room temperature storage tests) ; the 
2-ounce jars were placed in the oven at 
the elevated temperature. In some cases, 
samples were tested at 2 weeks, 1 month, 
and 3 months; an undisturbed jar was 
removed from the oven for each test. 
'The jars were alloived to cool to room 
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" A  B C D E F Figure 2. Decomposition of malathion 5% on montmorillo- 
SAMPLE nite carrier-45, maximum; 33, average; 19. minimum 

Figure 1 
carrier-69, maximum; 64, average; 58 minimum 

Decomposition of malathion 570 on attapulgite 

Table 111. Stability of 5% of Mala- 
thion on Various Carriers 

loss on 
Malafhion 

When Sfored 
at 40' C. for 

Carrier 30 Days, % 
Attapulgite LVM 64.1 (6)a 
Attapulgite RVM 46.9 (2)a 
Montmorillonite (E)  32.4 ( 1 9 p  
Kaolinite (C)  14.0 
Kaolinite (D)  2 7 . 5  
Kaolinite (G) 2 8 . 5  
Kaolinite (G),  3 parts - 

diatomite (F) ,  1 part 17.4 
Kaolinite (G), 1 part - 

montmorillonite (E),  1 
part 63.6 (2)" 

Kaolinite (G),  1 part - 
attapulgite LVM, 1 part 71 . O  (2)a 
a Number of determinations included in 

average. 

temperature before removing samples 
for analyses. All initial analyses were 
conducted within 24 hours after the 
preparation of the dusts. The  2-ounce 
jars were placed in the oven at  the same 
time a sample was removed from the 1- 
quart jar for initial analysis. 

Malathion Decomposition on Carriers 

Malathion is relatively stable in 
neutral or moderately acidic media (76). 
In  the presence of moisture, the com- 
pound decomposes rapidly by base- 
induced hydrolysis (76). Almost all 
mineral carriers inherently possess one 
or more attributes, such as free moisture 
content, acid and base sites, and high 
surface area-properties that would 
provide ideal conditions for malathion 
degradation. Since the cited properties 
vary from carrier to carrier, it is reason- 
able to assumethat rate of decomposition 
of impregnated malathion will also vary. 

Comparative stability data for 5% 
malathion dusts using various carriers 

w 
-I 
~ 

45 

I 
0 5 10 15 20 25 30 35 40 45 50 

DECOMPOSIT ION,  */e 

Figure 3. 
nite carrier unstabilized and tall oil stabilized 

Decomposition of malarhion 5% on montmorillo- 

are given in Table 111. The results 
show that, of the samples tested, the 
attapulgite dusts were the least stable. 
These results substantiate the work of 
Yost et  al .  (75, 76). Approximatel\- 64% 
decomposition was obtained during the 
accelerated test for LVM attapulgite 
(carrier A ) ,  whereas for RVhl attapulgite 
(carrier B ) ,  there was approximately 
47% decomposition. The decomposition 
value for montmorillonite (carrier E )  
was 32%, based on an average of 19 
determinations. This will be discussed 
below. The kaolinites were less active 
than either the attapulgites or montmoril- 
lonite. 

Table I11 also contains decomposition 
data for mixtures of a kaolinite (carrier 
G) with a diatomite (carrier F), a mont- 
morillonite (carrier E) .  and an attapul- 
gite (carrier A ) .  'The combination of 
kaolinite with diatomite as carrier Tave 
the most stable dust of the three com- 
binations tested. However, flo\vability 
measurements as conducted in our 
laboratories indicated that this type of 

product exhibited very poor flow prop- 
erties. Poor flowability was also 
demonstrated by dusts produced by 
using kaolinite as the sole carrier. 

Figure 1 shows data for the decom- 
position of malathion impregnated on 
LVSI attapulgite. The clay samples 
were collected from production runs 
over a 2-year period ; the decomposition 
data reveal that the activity of the clay 
!vas reasonably constant. Figure 2 pre- 
sents data of 1 9  determinations on nine 
samples of a given montmorillonite 
(carrier E )  obtained at random through- 
out the country. The activity of this 
montmorillonite clay varied widely; 
the reason for this is unknown 

Use of Glycol as Stabilizer 

On the surface of mineral carriers, 
there are acid sites whose strength can 
be correlated with the decomposition 
of certain chlorinated organic insecti- 
cides (2? 3, 6, 9-77). The surface 
acidity was measured by a method of 
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Table IV. Glycols and Glycol De- 
rivatives as stabilizing Agents for 
5% of Malathion on LVM Afta- 

pulgite 

Additive, % 
Ethylene glycol, 2 

Ethylene glycol, 5 

Diethylene glycol, 3 
Diethylene glycol. 5 
Diethylene glycol, 7 

Triethylene glycol, 3 
Triethylene glycol, 5 
Triethylene glycol, 7 
Carbowax 200, 3 
Carbowax 400, 3 
Carbowax 4000, 3 
Propylene glycol, 3 
Methyl ether of ethylene 

Butyl ether of ethylene 

Di'butyl ether of ethylene 

glycol. 3 

qlycol, 3 

glycol. 3 

glycol, 3 
Methyl ether of dietl-iylene 

Diethvl cthrr of diethvlene 
qlycol. 3 

qlycol. 1 
Butyl ether of diethylene 

Butvl ether of diethvlene 
qlvcol. 2 

But\l ether of diethvlen~ 
glvcol. 3 

Dibutyl ether of diethvlene 
glycol. 3 

Methyl Ythcr. of triethylene 

Ethyl ether of triethvlene 
glvcol. 3 

q i y ~ o ~ .  3 

loss of 
Malathion 

When Stored 
of 40' C .  

30 Days,  % 
45.7  
46 .2  
33 .5  
38 .9  
48 .O 
2 9 . 6  
2 7 . 5  
22 .8  
51 . 8  
40 .9  
20 2 
26 .8  
40 .2  
3 8 . 5  
3 0 , 9  

51 . 2  

44 0 

51 . 0  
45 .7  

48 

62 9 

50 6 

28 5 

33 8 

44 8 

33 1 

Table V. Tall Oil Derivatives and 
Carboxylic Acids as Stabilizing 
Agents for 5% of Malathion on 

LVM Attapulgiie 

Additive, 70 
Liqro, 5 
Liqro, 10 
Acintol D, 5 

Acintol FX2. 5 

Acintol R ,  5 

Acintol C. 5 

Acintol Heads 1112, 5 

Acintol Heads 2122, 5 

Tallene, 5 

Liqrene, 5 

Pelargonic Acid, 5 

Stearic Acid, 5 

Indusoil M-28, 5 

loss of Mafothian 
When Stored ot 
40' C .  for 30 

Days, % 
40 .3  
25 .1  
21 .8  
2 6 . 6  
18 .5  
23 .8  
25 9 
23.9  
2 5 . 3  
26.9 
46.2 
48 .8  
43 .4  
46 .7  
53 .6  
51 .9  
51 .5  
52 .8  
32.6 
31 .9  
4 4 . 6  
4 5 . 7  
1 8 . 5  
2 0 . 7  

Table VI. lndusoil M-28, 57& as a 
Stabilizing Agent for 5% of Mala- 

lhion on LVM Aitapulgite 
loss of Mofothion 

When Stored a t  40' C .  
far  30 Days, % Test No. 

161 
182 
197 
199 
203 
282 
283 
300 
301 
302 
303 
335 
336 

2 1 . 6  
2 8 . 8  
21 .8  
18 .5  
25 .3  
22 .0  
2 8 . 5  
20 .7  
2 5 . 0  
21 .8  
22 .8  
2 1 . 6  
2 3 . 4  

Table VII. lndusoil M-28, 5%, as a 
Stabilizing Agent for 25% of Mala- 

thion on LVM Attapulgite 
Per Cent loss of Malathion 

Room temp., Room temp., 
Sample 6 mor. 12 mor. 

1 2 4  11 2 
2 6  10 8 

2 3 1  11 7 
3 0  11 8 

3 2 8  10 9 
2 8  10 8 

Walling (73) and Johnson (4) .  This 
test is widely used today to determine 
the completeness of neutralization of 
acid sites for the impregnation of these 
insecticides. This acid-site theory has 
also been proposed as the cause of de- 
composition of some thiophosphate in- 
secticides; namely, malathion, par- 
athion. and methyl parathion. Oxygen- 
containing compounds, such as glycols, 
reduce surface acidity (6). Such com- 
pounds have been proposed for use as 
stabilizers in dry formulations for phos- 
phate insecticides (72). although not 
on the basis of reducing acid sites. As 
will be shown below. merely neutral- 
izing these acid sites by this technique 
does not completel!- eliminate the decom- 
position of malathion impregnated on 
attapulgite. 

Table I\. presents data on the stabiliz- 
ing efficiency of mono-. di-. tri-) and 
polyethylene glycols ; propylene glycol ; 
and alkyl ethers of mono-: di-. and 
triethylene glycols. The results indicate 
that propylene glycol. Carbo\rax 200, 
and the butyl ether of diethylene glycol 
shoiv the most promise of all the glycols 
and glycol derivatives tested. 

It has been reported (6) and shobrn in 
this study that the use of 7y0 of diethylene 
glycol is capable of changing the surface 
acidity of LVhI attapulgite from less 
than 0.8 to 3.3, as measured by the 
method of IValling (73) .  Table IV 
sho\vs that the use of 7 7 ,  of diethylene 
glycol does not completely eliminate 
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the malathion decomposition. These 
results indicate that either diethylene 
glycol did not decrease the surface acid- 
ity sufficiently to prevent decomposition, 
or causes other than, or in addition to, 
surface acidity are responsible. 

Tall Oils os Stobilizers 

Because of the limitations shown by 
the glycol-stabilizing approach? it was 
decided that other possible causes of 
thiophosphate decompositions would be 
re-examined to determine other poten- 
tial remedies. Yost et a / .  (75, 76) re- 
ported the following inherent properties 
of malathion: 

It is stable to light, but undergoes some 
decomposition when held a t  tempera- 
tures much exceeding room tempera- 
ture. 

I t  decomposes slightly when stored for 
prolonged periods in the presence of 
iron. 

The presence of moisture and strong 
acids may induce chemical decomposi- 
tion. 

In  highly alkaline media it hydrolyzes 
readily but it is quite stable in neutral 
or e\en somewhat acidic media. 

Alkaline substances and divalent metal 
ions in qeneral catalyze or induce de- 
composition. 

Clay properties, other than surface 
acidity: which were likely to cause or 
support the decomposition of malathion 
were considered. The  presence of mois- 
ture in a carrier increased the rate of 
decomposition, but removal b>- drying 
the carrier did not eliminate decomposi- 
tion (76). .4n alkaline condition on 
the clay surface, as a cause of hydrol- 
ysis. is a possibility when the hetero- 
geneous nature of adsorbent surfaces 
is realized. LVM attapulgite shoirs 
surface acidity values (HJ of less than 
0.8 (3) when dry, but when slurried 
in water. it exhibits a pH of 7.5 to 9.0. 
Metallic salts (calcium and magnesium) 
could possibl>- provide the alkaline 
condition on the clay surface. There- 
fore, an alkaline-site theory is proposed 
as a cause of decomposition of the P-S-C 
linkage by hydrolysis. The  factors lend- 
ing validity to this theory were checked 
by treating LVhl attapulgite with a 
variety of agents kvhich, because of their 
structure and active groups, would tend 
to interact with alkaline sites or free 
alkaline materials. 

Over 100 different additives a t  var- 
ious concentrations were investigated 
for their stabilizing effects. Of the ad- 
ditives investigated, the tall oil com- 
pounds shoived the most promise, 
considering both cost and efficiency of 
stabilization. Table V presents stability 
data on some tall oil derivatives and car- 
boxylic acids. These materials were 
tested in an attempt to determine Lvhich 
portion of the commercial tall oil mix- 
ture was stabilizing the malathion dusts. 
Accordingly, crude tall oils, distillation 
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heads, distilled whole tall oils, distilled 
tall oils with high rosin acid contents, and 
distilled tall oils with high fatty acid 
contents were tested. Of the materials 
tested. the most efficient and most eco- 
nomical stabilizers were: two distilled 
whole tall oils, Indusoil M-28 and Acintol 
D ;  and Acintol FA2, a distilled tall oil 
fatty acid. Stability data are presented 
in Table VI on 5% malathion dusts made 
Xvith six different lots of LVM attapulgite 
using 5% of Indusoil M-28 as a stabiliz- 
ing agent. Comparison of the stabiliz- 
ing efficiency of Indusoil with diethylene 
glycol revealed that the lower-cost 
Indusoil was more efficient. However. 
as with glycols, the tall oil compounds 
did not completely inhibit the decom- 
position. 

Treatment of LVM attapulgite with 
varying amounts (up to 8%) of Indusoil 
had no effect on the surface acidity as 
measured by the method of Walling 
(73). This would indicate that the 
mode of stabilization is other than the 
neutralization of surface acidity, as is 
indicated for the glycol deactivators 
(6, 72). 

In Figure 3, data are presented on the 
stabilizing effect of Indusoil M-28 on 
5y0 malathion dusts made with two 
different samples of the same mont- 
morillonite (carrier E ) .  Claj samples 
were chosen having low and high activity 
as indicated in Figure 2. Data in Figure 
3 indicate that, although Indusoil was 
effective in decreasing decomposition 
of malathion with montmorillonite. com- 

mercial use of this technique may not be 
feasible. since decomposition is unpre- 
dictable because of apparent variations 
in the montmorillonite activity. The 
activity of attapulgite is believed to be 
consistent enough to predict the extent 
of decomposition in a specified period. 
Overages of the insecticide can then be 
impregnated so that the product will 
meet the analysis guarantee. 

Data are presented in Table T I 1  
on the stabilizing efficiency of Indusoil 
on 25Yc malathion-attapulgite dusts. 
Three different lots of attapulgite were 
used, and the samples were stored at 
room temperature (25’ C.) for 6 and 12 
months. Again. the data indicate that 
Indusoil is effective in reducing decom- 
position, and the extent of decomposition 
for a specified period of time is fairly 
consistent and predictable. 
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INSECTICIDE-SYNERGIST A N A L Y S I S  

Chromatographic Separation and 
Colorimetric Determination of Pyrethrins 
and Piperonyl Butoxide Mixtures 

H E  ISSECTICIDE referred to as pyreth- T rins is a mixture of lour organic 
compounds (I)? extracted from the dried 
floLvers of Chrysanthemum cinfradolium. 
Piperonyl butoxide (3,4-methylenedioxy- 
6-propylbenzyl) (butyldiethylene glycol) 
ether is a synthetic organic compound 
used as a synergist for pyrethrins and 
similar compounds. Pyrethrins are used 
either alone or with piperonyl butoxide 
for the control of household and stored 
grain insects because of fast knock-do\vn 
and relatively low toxicity to warm- 
blooded animals. The cost of pyrethrins 
sprays may be reduced with piperonyl 
butoxide since lower concrntrations may 
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be used without loss of over-all insecticidal 
potency. 

In the colorimetric determination of 
pyrethrins, color formation is inhibited 
by piperonyl butoxide. The reverse is 
true when determining piperonyl butox- 
ide. The quantitative determination of 
pyrethrins in samples containing piper- 
onyl butoxide has not been possible. 
High boiling hydrocarbons also inter- 
fere with the development of a clear- 
colored solution in the determination of 
pyrethrins or piperonyl butoxide. 

Information in the literature sug- 
gests that pyrethrins may be separated 
from piperonyl butoxide by partition 
chromatography, but no one has sug- 
gested this as a method for separate 
determination. 
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butoxide as a methylene dioxyphenyl 
compound. Jones’ method for the anal- 
ysis of piperonyl butoxide, with some 
variations, was used in this experimental 
work. Other colorimetric methods avail- 
able for the analysis of piperonyl butoxide 
are: Beroza‘s (2) method using chromo- 
tropic and sulfuric acids and Blum’s (3)  
method using gallic and sulfuric acids. 
These can lead to charring and inter- 
ferences when other organic compounds 
are present. 

Piperonyl butoxide may be separated 
from certain other insecticides by parti- 
tion chromatography (7).  Samuel (7) 
used the Harris (5) procedure for the 
analysis of certain chlorinated hydro- 
carbon insecticides and found that only a 
few compounds would interfere. He  
used the Jones method for colorimetric 
measurement of piperonyl butoxide. 
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