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Three formulations of pyrethrins with piperonyl butoxide were applied to natural kraft 
paper in order to determine comparative insect-proofing properties. The formulations- 
a wettable powder slurry, a petroleum oil solution, and an emulsion-were applied at 
three dosage levels. Samples of the paper were analyzed for piperonyl butoxide and 
were evaluated biologically immediately after, 6 months after, and 1 year after treat- 
ment. There was no loss of piperonyl butoxide during the 1-year period. Biologically 
the treated paper, regardless of length of time after treatment, afforded protection 
against boring insects for 2 months to more than a year, depending on the dosage and 
the type of formulation used. Untreated kraft paper, in comparative tests, was pene- 
trated by insects in an average of 5 days. 

HE INCREASED L-SE OF PAPER BAGS T and packages as containers for 
cereals and other foods during recent 
years has accentuated the ever-present 
problem of protection of these foods from 
insect contamination. The infestation 
and contamination of packaged foods by 
insects result in appreciable losses to the 
manufacturer and the consumer. In  a 
review of the problem Gray (8) has pre- 
sented results from a leading manufac- 
turer showing an average of 8,4Yc of hot- 
roll mix packages infested by insects over 
a period of 1 year, Jrith infestations as 
high as 14 to 19% in August and Sep- 
tember. The majority of these infesta- 
tions were caused b!- penetration of the 
packages by grain and cereal insects. 

Although correcr sealing of the con- 
tainers serves as one of the most impor- 
tant means of prevecting entry, it does 
not afford protection against the boring 
insects. As pointed out by Linsley ( 7 7 ) .  
the incorporation of toxic or repellent 
chemicals in the paper coverings of 
packages offers one of the most promising 
approaches to the problem. 

In an extensive study, Essig and his 
coworkers (5, 6) concluded that many 
so-called repellent chemicals showed 
promise of giving prctection against in- 
sect penetration. Cotton (3)  obtained 
good experimental resdts with potassium 
chromate applied to multiwall paper 
bags. Block ( 7 )  and Fri-igs (7) reported 
a number of inorganic salts, selected on 
the basis of “taste repellency,” to be very 
effective, and Chamberlain and Hoskins 
(2) found that some commonly used in- 
secticides, as well as certain dinitro com- 
pounds, gave exter.ded protection against 
insect penetrition when applied to paper. 

Jones, KerSey, and Incho (9) re- 
ce:-:tly reported on the use of a combina- 
tion of pyrethri:is and piperonyl butoxide 
for the insect-prcofing of paper and paper 
products, and Gray (8) has stated that 
this combination is one of the most prom- 
ising developments for preventing in- 
sect penetration of packaged food prod- 
ucts. The pyrethrins-piperonyl bu- 
toxide combination presents the added 
advantages of haviqg an excellent record 
of safety toward warm-blooded animals 
(72, 73) and of possessing pronounced 

residual life Ivhen held under normal 
storage conditions. The present labora- 
tory study was made to evaluate more 
critically the influence of formulation and 
dosage on performance over the periodpf 
a year. 

Methods and Results 

For the laboratory evaluation of paper 
treated with combinations of pyrethrins 
and piperonyl butoxide, 1-square-foot 
samples of machine-finished northern 
kraft having a basic weight of 80 pounds 
per ream \cere coated with these mate- 
rials in a \vettable poirder slurry, a petro- 
leum oil sa!ution, and a irater emulsion 
(10 sheets per treatment). The slurry 
was formulated by the addition of Ivater 
to a poirder containing 1.677, pyre- 
thrins, 16.6770 piperonyl butoxide, and 
6.66% petroleum oil impregnated on 
504; Barden clay and 25% Celite 209. 
The petroleum oil solution !vas made by 
dilution of a concentrate composed of 
6.67Y0 pyrethrins plus 66.6770 piperonyl 
butoxide and the water emuision by dilu- 
tion of a concentrate of 47,  pyrethrins, 
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40y0 piperonyl butoxide, lOYc emulsi- 
fier, and 5070 petroleum oil. 

Application of the slurry to the paper 
surfaces was accomplished with a “rod 
coater,” while the oil solutions and water 
emulsions were sprayed on with a De- 
Vilbiss atomizing spray gun (No. 24) 
operated at  an air pressure of approsi- 
mately 2 pounds per square inch. Since 
the practical deposit found to be effective 
in preventing i-isect penetration of paper 
products was 5 mg. of pyrethrins in com- 
bination with 50 mg. of piperonyl bu- 
toxide per square foot, theoretical de- 
posits of this amount, as well as one half 
and two times tiiis amount, were applied 
(Tables I and 11). The treated paper 
samples were allowed to air-dry in the 
labordtorv for about 24 hours. During a 
portion of this drying period the treated 
surfaces \\ere exposed to artificial light, 
but upon drying they were stored in 
darkness between sheets of aluminum foil 
for the duration of the test period. A 
temperature of 80’ i. 2’ F. and a relative 
humidity of 50 It 570 were maintained 
in the laboratory throughout this study. 
Portions of the papers Jvere taken at  the 
specified intervals for biological and 
chemical tests. 

TI\ o methods of biological testing of 
the treated papers \yere used. For 

evaluation of the rate of knockdown of 
the various treatments “surface activity” 
tests using flour beetles were made. In 
this method red flour beetles, Tribolium 
castaneum (Hbst.), were confined to the 
treated surfaces under Petri dishes and 
observations made of the per cent knock- 
doivn at  various time intervals (Figure 
1).  Two replicates of 50 beetles were 
exposed to each treatmeiit and the 
average per cent knockdoivn was deter- 
mined after 2, 4, and 24 hours’ exposure. 
The tests were repeated after the papers 
had aged for 2 ,4 ,  6, and 12  months. 

The results of these tests (Table I)  
showed that, in general, the slurry treat- 
ment was superior to the oil solution and 
the water emulsion in knockdown effec- 
tiveness. Also, the papers treated with 
the oil solutions showed superiority in 
knockdown to those treated with the 
water emulsions except at  the highest 
dosage (10 mg. of pyrethrins plus 100 
mg. of piperonyl butoxide per square 
foot). Although the coatings at  one half 
the recommended dosage (2.5 mg. of 
pyrethrins plus 25 mg. of piperonyl bu- 
toxide per square foot) resulted in good 
initial knockdown after an exposure of 24 
hours, the surface activity of all treat- 
ments decreased after 4 months. At the 
recommended dosage of 5 mg. of pyre- 

thrins plus 50 mg. of piperonyl butoxide 
per square foot, both the slurry-type 
treatment and the oil solution retained 
good knockdown effectiveness for 12 
months, while that resulting from the 
water emulsion declined after 4 months. 
Treatments made a t  twice the recom- 
mended dosage all resulted in good 
knockdown throughout the 12-month 
aging period. 

For evaluation of the resistance of the 
treated papers to actual insect penetra- 
tion, the procedure followed was essen- 
tially the same as Method A adopted by 
the Technical Association of the Pulp and 
Paper Industry (74). In  this test a 
treated paper was placed on the top of a 
half-pint Mason jar, with the treated 
side outward, and the cap, from which 
the entire center had been removed, was 
placed on the jar. The jar was then in- 
verted in a metal tray containing a layer 
of wheat infested with approximately 200 
last instar cadelle larvae, Tenebroides 
mauritanicus (L) (Figure 2). About 40 
additional larvae were added every 10 
days. Five replicates were used for each 
sample of treated paper and daily ob- 
servations were made to determine the 
first attempted penetration and the first 
complete penetration of the paper by a 
cadelle larva. 

~~ 

Table 1. Surface Activity Tests of Kraft Paper Treated with Pyrethrins and Piperonyl Butoxide 

Type of Formulation 

Slurry 

Oil solution 

Emulsion 

Slurry 

Oil solution 

Emulsion 

Slurry 

Oil solution 

Emulsion 

Cntreated control 

(Red flour beetles. Averages of 2 tests of 50 beetles per test)  

Theoretical Deposif, 
Mg. /Sq.  Foot Exposure Average 70 Knockdown a t  

Piperonyl Period, Treatmenf Age  
Pyrethrins Bufoxide Hours 6 days 2 months 4 months 6 monfhs 12 months 

2 . 5  25 2 3 1 3  14 10 2 
2 . 5  25 4 31 . .  41 20 6 
2 . 5  25 24 9- 98 97 66 81 
2 . 5  
2.5 
2 . 5  

2 
1 

2 4  
2 5  25 2 
2 5  25 4 
2 . 5  25 2 1  
5 3  
5 . 0  
5 . 0  

50 
50 
50 

3 - 
4 

24 

3 11 16 
9 . .  3’ 

91 86 91 

6 1 
10 1 L) 
23 57 

4 3 6 0 0 
1- 14 2 1 
95 4- 46 8 1 

5 0  50 2 5 10 41 12 9 
5 0  50 4 42 74 38 21 
5 0  50 24 96 9’ 98 84 84 
5 0  
5 0  
5 0  

50 
50 
50 

2 
4 

24 
10 0 100 2 
10 0 100 4 
10 0 100 24 

10 0 
10 0 
10 0 

10 0 
10 0 
10 0 

1 on 
100 
100 

100 
100 
100 

2 
4 

24 

2 
4 

24 

21 4 
55 . . .  
94 89 

6 
1- 
95 

0 
4 

18 
48 49 85 78 39 
82 93 96 77 

100 100 100 100 98 
14 20 37 26 5 
48 66 54 34 
9- 98 98 90 86 

31 30 46 28 7 
68 89 60 33 
99 98 99 98 92 

0 0 0 0 0 
0 0 0 0 0 
0 0 1 0 2 

VOL. 1, NO. 20, D E C E M B E R  2 3 .  1 9 5 3  1201 



0.5 square foot, and analyzed separately 
employing the method described by 

-. . .  Jones and coworkers (70). The analvt- 
Table fl. fnsect Penetration Tests of  Kraft Paper Treated with Pyrethrins and 

ical figures reported in this study thus 
represent an average of two extractions. 
In addition, the Cueto-Dale method (4)  
for the determination of pyrethrins in 
paper coatings was used for evaluation 
of the approximate pyrethrins content 
after the treated papers had aged for 1 
year. Although no initial analyses were 
made by this method, the results oh- 
tained after 1 year of storage are roughly 
in agreement with the piperonyl butoxide 
values. 

The results of the chemical analyses 
given in Table I l l  show that no apparent 
loss of either piperonyl butoxide or pyre- 
thrins took place when the papers 

... "..__" ". ..̂" ,,I.." -._.._..,I.._ 
water emulsion formations in preventing 
insect penetration immediately following 
application and after aging for 6 months. 
It is significant that the treated papers 
were fully as resistant 6 months after 
treatment as when freshly prepared. 
Here, as in the surface activity tests, the 
slurry-type treatment was superior to the 
oil solution and water emulsion sprays. 
In  the tese of the fresh treatments t 
untreated papers were penetrated in i 
average of 3 to 5 days, while tho 
treated a t  the recommended dosage 
mg. of pyrethrins and 50 mg. of piperon 
butoxide per square foot) by the slur 
method had not been penetrated in ov 
1.5 years of continuous exposure. 1 

approximately the same dosage the I 

sdution and water emulsion trcatc- 
papers were penetrated in an average of 
ahout 4 months. 

The paper samples treated a t  one half 
the recammended dosage with the slurry 
type formulation were penetrated in 
ahout 7 months, the oil solution in 2 
months, and the water emulsion in 1 
month. At twice the recommended 
dosape no penetration of the papers 

r_r_ ____,_ ._..._I "----I-.-" .-. 
made to determine the actual insecticide 
deposits applied by each of the treat- 
ments and as a further check on the loss 
of insecticide due to aging (Table 111). 
Analyses were made on freshly treated 
samples and on samples aged for 6.5 
months and Cor 1 year. To obtain a 
representative sample Cor chemical ass 
a narrow diaeonal svip was cut frr 

:t. These were COI 

lots, each representi 

~ 

he each treated sher 
In posited into two 
'se 
( 5  
Yl 

- . .  
treated with the slurry have occurred to 
date (580 days); the oil solution treat- 
ments were penetrated in 11 months and 
the water emulsion in 6 months. Rather 
conclusive evidence of the superiority of 
the slurry-type treatment may he seen in 
these tests, since the protection period 
with this treatment a t  one half the rec- 
ommended dosage was about equal to 
that of the water emulsion applied at 
twice the recommended dosage and ap- 
proximately 1.6 times as long as that of 
the oil solution treatment a t  the recom- 
mended dosage. 

. .  
treated with the three types of formula- 
tions were stored under laboratory con- 
ditions for 1 year. Because of the meth- 
ods of application employed, it was not 
possible to c o n h e  the sprays within the 
square foot area; consequently it is not 
surprising that the analyzed values for 
the oil solution and emulsion sprays were 
somewhat less than for the slurry treat- 
ment. These differences contributed to, 
but certainly did not completely account 
Cor, the superiority- of the slurry treat- 
ment. 

Summary and Conclusions 

ay of pyrethrins an 
ln were applied to n 
n- ern kraft a t  three, 
ng evaluated chemic 

In  laboratory tests three formulations . .  d oioeronvl butoxide . ,  
nachine-finished north- 
deposit levels, and then 
il ly and biologically a t  

Figure 1. Surface activity tests 
Red flour beetles canfixed to h a l e d  popcrr 
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whereas the water emulsion showed a 
pronounced reduction in effectiveness. 

The second technique, the penetration 
test, was designed to evaluate the various 
treatments against insects that actually 
bore through packaging materials. Em- 
ploying cadelle larvae, it was demon- 
strated that fresh wettable powder treat- 
ments were superior to the oil solutions 
or water emulsions by a greater margin 
than was noted in the surrace activity 
tests. When the treated papers were 
aged for 6 months, there appeared to he 
no reduction in effectiveness. Thus, at 
the recommended rate of application the 
wettable powder treatments have re- 
mained effective against cadelle larvae 
for more than 1 year, hut the untreated 
papers were penetrated in about 1 week. 
By comparison, the oil solution and 
water emulsion formulations remained 
pffwtiw fnr 4 months il period that in 

epresent more 
'e of packaged 

iig. Chcm., 43, 

rvals over a period of 1 year. A Samples of the same papers used for (1' 
:able powder, an oil solution, and a (3) Cottc 

37, 
(4) Cuetm :r emulsion were applied a t  r a t e  to 

Ch, ride theoretical deposita af2.5, 5, and 
ns. of pyrethrins plus 25, 50, and 100 signed to determine the immediate (5) ~~~i~ 

chemical assay were employed in two 
types of biological tests. The first of 
these, the surface activity test, was de- 

" r  ..:---"-..I l... '....:A,. --"-a"*:....?.. l,..""L,l" "a*"& -- :..".,"*" +L^* -:-L* ." 

inte 
wet1 
wat< 
pro\ 
10 n 
mg. Y. y'ycL""yL , l U L " h l " L ,  ' c " y c L ' L " c L y ,  

per square foot. 
Chemical analyses of these papers for 

piperonyl butoxide conducted a few 
days, 6 months, and 1 year after treat- 
ment showed that t!x actual deposits 
were reasonably close to the theoretical 
values when initially applied and that 
storage for 1 year resulted in little or no 
reduction. Determination or pyrethrins 
a t  the end of 1 year showed that there 
had been no appreciable loss during- the 
storage period 

L L L Y C L U Y I I I I  C L L S C I  u.. L.I>CCI> L11'lL " " ~ L L '  

crawl on treated papers. Results a t  the 
usually recommended dosage of 5 mg. of 
pyrethrins plus 50 mg. of piperonyl 
butoxide per square foot, employing the 
red flour beetle, showed that the wettable 
powder was the most effective treatment 
and the oil solution was nearly as effec- 
tive. When aged up to 1 year there ap- 
peared to be little or no loss in effective- 
ness of the wettable powder treatments. 
There was a slight loss of activity of the 
oil solution treatments a t  6 months 

Table 111. Chemical Analyses of Kraft Paper Treated with Pyrethrins and 
Piperonyl Buioxide 

(Averages of duplicate ana1y.e~ on 5 treoted samples1 

Theoreticol Deposit, Analyzed Piperonyl Butoxide Analyzed pyrethrins 
Mg.lSq. Foot Deposit, Mg./Sq. Foot, Deposit 1 Yeor 

After Treatment, at Treatment Age 

Formulation Pyrethrins butoxide 21 doyr 6.5 months 1 yeor Mg.lSq. Foot 
rype of Pip....yl 

Slurry 2 5  25 24 22 21 4 
5.0 50 58 56 60 7 

10 0 100 10- 108 114e 11 
20 18 20 4 

36 40 6 
10 0 100 74 80 84 10 

I. 

Oil solution 2 .5  25 
5 .O 50 3'1 

EIll"lSi0Il 2 . 5  25 17 20 18 
5 . 0  50 40 34 39 

is < 

10.0 
ne set < 

100 
-eared papers or 

4 
9 

80 80 88 14 

(9) 

Linsley, E. ti., Miche. 
A. E., and Smith, R. 
Econ. Entomol., 36, 822-9 

Frings, H., Ibid., 41, 413-16 
Gray, H. E., Tram. Am 

Cered Chem., 10, 50-8 (1' 
Jones, H. A,, Kerbey, G. 

Incho, E. J., Insecticid 
sion, 38th Mid-Year h 
Chem. Specialties Man 
-.- n ..-- T _ ^  D.^L._ 

, and Hoskins, 
W. M., Mlgardta, 19, 285-307 

in, R .  T., J.  Econ. Entomol., 
, 380-4 (1944). 
D, C., and Dale, W. E., Anal. 
rm., 25, 1367-9 (1953). 
, E. O., Modem Packaging, 18, 

(6) Essig, E. O., - - Hoskins, .... W. M., 
Ihacher, 

F., J.  
(1943). 
(1948). 
. Assoc. 
152). 
F., and 
e Divi- 
4eeting, 
ufactur- 

CLS ~ J S U L . ,  ILL, UUSLULL, Mass., 
1952. 

(10) Jones, H. A,, Ackermann, H. J., 
m d  Webster, M. E., J .  Assoc. 
Of. Agr. Chemist& 35, 771-80 
(1952). 

149). 

135-41, 182 (1945). 

~~ I 

nsley, 
37, 37; 

Moore, D. H., Am. J.  Trop. 
Med., 29, 151-66 (1949). 

Sarles, M. P. and Vandergrift, 
W. B., Am. J. Trop. Med. H y g . ,  
1, 862-83 (1952). 
ch. Assoc. of Pulp and Paper 
Industrv. "Insect Resistance of 

Sarles, N.. ~ ., --.~, .. . -., _..- 

(14) Te 

Packaghs, Paper and Paper- 
board," T473m-47. 

Receiwd f o r  reuiew S'ptember 75, 1953. Ac- 
cepted November 17, 1953. Presented before 
the Pesticide Subdiuision, Division of Food and 
Agricuiturol Chemirtry, at the 124th Meeting 
of the AMER~CAN CHEMICAL SocrEru,%Chi- 
cogo, Ill. Combinations of pyrethrins and p i -  
peronyl butoxide ere mmketed by'U. S. Indur- 
trial Chcmicolr Co. under the trode name Pyre- 
none. 

VOL. I ,  NO. 20 .  D E C E M B E R  23, 1 9 5 3  1203 


