Table VI.

Relationship Between Position of a Methyl Group and Toxicity to

Two-Spotted Spider Mites

Compound LDgs,P.P. M.
|
CICH;CH,—0SO— CHCHZO-—Q—CH(CHg)z 20
CH,
I
CICHZCHZ—OSO—CHQCHgo—Q—C(CH3)3 50

due to chlorine is roughly equivalent
biologically to the same increase due to
an alkyl radical.

As in the long-chain alkyl series, there
is a nice relationship between structure
and activity in the aryloxy alkyl sulfites.

Table VII. Effect of Ring Substitu-
tion on Toxicity to Two-Spotted
Spider Mites in a Series of Aryl-
oxyisopropyl 2-Chloroethyl Sulfltes

i _
ClCHzCHzO—-SO—CHCHO < §

CH3

LDgs,

R P.P.M.
H 600
$-CH; 100
b- CH(CH;;)Z 20
O-CH(CHs)z 20
$-CH(CH;)C,H; 10
£-C(CHy), 10
$-C(CH3).CH; 16
#-Cyclohexyl 25

From the simplest member of the series
to the most active there is approximately
a 125-fold increase in activity. Many
other types have been tested; although
many are very toxic to mites, none is
more toxic than 2-(p-fert-butylphenoxy)
isopropyl 2-chloroethyl sulfite, which is
marketed commercially as Aramite (7).

O

I
(CHg)gC~C>——OCHZCH—OSO——CHQCHQCI

CH;

The great activity of this compound
on many species of mites, coupled with
its low toxicity to predatory insects, its
low mammalian toxicity (oral LDs;, for
rats and guinea pigs, 3.9 grams per kilo-
gram of body weight), its high ovicidal
activity, and its safety on plants makes it
an ideal miticide.

While many sulfites are extremely
toxic to the two-spotted spider mite,
many others are not. Almost any of
the simple symmetrical ones which a
chemist would tend to try first are so
inactive that they would not pass a
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Table VIIII. Effect of Ring Chlorine

Substitution of Aryloxyisopropyl

2-Chloroethyl Sulfites on Toxicity
to Two-Spotted Spider Mites

o)
i a
ClCHgCHg—-OSO—CHCHzO< §
\'
CH,
Ci, LDgs
H 600
#-C 60
2,4- bicl 20
2 ,4,5-Tri-Cl 50
Penta Cl 150

screening test. Some others which are
active cause injury to a wide variety of
plants at the dosage required to kill
mites. It is, therefore, necessary to try
several members of a series
before a valid conclusion can
be reached.
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EMPHASIS ON CHEMICAL REPELLENTS
as a means of reducing damage by
rodents and other animal pests has been
increased in recent years, though the
deterrent approach to rodent control is
not new.

The need for such protective ma-
terials is generally recognized. It has
been estimated that the annual economic
loss due to rats and other rodents in the
United States may amount to between
one and two billion dollars. Part of this
is loss to orchards, field crops, poultry,
and other farm products, part is loss to
buildings and equipment, and a consider-
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able portion involves damage to or con-
tamination of packaged goods in transit
or storage.

The most satisfactory method for pre-
venting these losses would be the elimina-
tion of the rodent populations through
extermination campaigns and by use of
rodent-proof construction. The impor-
tance of these measures cannot be mini-
mized and every effort should be made
to increase their application where
feasible. However, such methods may
not be completely successful in all cases
and may be impossible or impractical to
carry out in the vicinity of temporary
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storage dumps or the wharf areas of
large ports. The supplementary use of
rodent-repellent containers would be of
material advantage in reducing the eco-
nomic loss due to rodent depredations on
packaged goods.

Although there is a definite relation-
ship between the physical hardness or
toughness of a barrier and its resistance
to rodent attack, additional resistance
may be afforded by an effective chemical
repellent. Such material should pre-
vent or minimize damage by rodents
upon paperboard, fabrics, or other
materials impregnated, coated, or other-



Since just before World War Il increased importance has been placed on the use of
chemical repellents for reducing damage by rodents, deer, rabbits, and other
mammals that damage orchards, agricultural crops, and seed and seedlings in reforesta-
tion. Emphasis has been placed on repellents for commensal rats and mice to minimize
damage to food packages, textiles, electrical wiring, and other materials in storage and
transit. Approximately 4000 chemicals have been examined by a procedure involving
food-acceptance tests, barrier tests, and simulated and actual field tests. Amines, nitro
compounds, disulfides, and other classes containing nitrogen, sulfur, or halogens have been
found repellent to the Norway rat, and efforts are being made to establish the most
effective material and optimum methods for its application. Of compounds tested,
actidione, an antibiotic, has been by far the most effective, but its toxicity, limited availa-
bility, and high cost make it useful only as a standard of comparison for other potential
repellents. Complexes with trinitrobenzene, principally the aniline and o-anisidine
derivatives, have been particularly effective. Other promising compounds include com-
mercially available materials such as zinc dimethyldithiocarbamate—cyclohexylamine
complex, thivram disulfide, and hexachlorophene. Potentially, chemical repellents offer
the chemical industry an outlet for many new products.

wise treated with the candidate chemi-
cal. The requirements for such a sub-
stance are rigid and may be summarized
as follows:

It must have a low order of toxicity and
be nonirritating, or capable of application
in such a manner that its use does not in-
volve hazards to personnel handling the
finished product.

It must not have adverse effects upon
bacteriostatic and fungistatic properties of
the treated article, nor upon other desirable
qualities such as strength, resiliency, or
durability.

It must be free of objectionable odors or
taste under the conditions of use.

It must be capable of application under
conditions normally encountered in the
fabrication of paperboard and other pack-
aging materials.

It must be sufficiently stable to ensure
continued efficacy under varied conditions
of handling, shipping, and storage.

It must be available at a price that will
not unduly increase the cost of articles to be
protected.

The studies conducted by the Fish and
Wildlife Service under grants from the
Office of the Quartermaster General have
as their immediate objective the dis-
covery of materials meeting these require-
ments, with specific reference to protec-
tion of packaging containers, plastics,
electrical insulation, and similar ma-
terials.

The ultimate test of the efficacy of any
material as a rodent repellent would in-
volve measurement, or comparison, un-
der field conditions, of the protection
afforded cartons or other materials
against rodent attacks. However, be-
cause such tests are difficult to perform
and require considerable time and effort,
it would not be feasible to examine large
numbers of materials in this manner.
As little or no information concerning the
possible composition of potentially suc-
cessful repellents was available at the
start of these studies, it was necessarv to

devise an effective screening and testing
program. As carried out by the Fish
and Wildlife Service, this involved four
distinct phases: (1) food-acceptance
tests in which large numbers of samples
are screened with a view to eliminating
inactive substances and obtaining in-
formation on the possible correlation be-
tween chemical composition and repel-
lent activity, (2) barrier tests to deter-
mine the efficacy of repellent materials
when applied to test panels of paper-
board, (3) exposure tests under carefully
controlled conditions simulating those
encountered in commercial warehouses
to determine the degree of protection to
test cartons, and (4) field tests to appraise
the effectiveness of these materials when
exposed to rodent populations under
normal conditions. To facilitate this
program initial screening of candidate
compounds is carried out at the Services
Patuxent Wildlife Research Laboratory,
Laurel, Md. Materials found promising

are then sent to Denver for further evalue
ation. Techniques developed have been
described in detail (7, 2, 6, 27) and are
summarized here.

Food-Acceptance Tests

In the initial or screening operation
the candidate repellent is mixed with
ground laboratory chow to form 2% of
the total weight of the material. Indi-
vidually caged laboratory rats are given
two food cups, one containing 20 grams
of this treated food and the other, 20
grams of similar untreated food. Food
consumption is determined daily during
a 4-day period and the repellent activity
of the compound is expressed numeri-
cally according to the formula:

1
Repellency (K) = 100 — 100w X

(871 + 4T, + 2T3 + T,) X
(Uy + Uy + 2U; + 4U, + 8X)

Table I.

Time Required for Wild Rats to Penetrate Test Boxes Coated with

Active Repellent Compounds®

Repellent Coating

Untreated (control)
Z. A. C.-} in starch paste
Trinitrobenzene in starch paste

Trinitrobenzene-o-anisidine complex¢ in starch paste
Trinitrobenzene-aniline complex* in starch paste

Actidioned in starch paste

Actidione in starch paste
Actidione in starch paste

Repellent Av. No. of Days
Conen., No. of Until
G./Sq. Inch Test Penetrated
Box Surface Boxes by Rats
Co. 11 3.9
0.05 11 37.1
0.05 11 38.2
0.05 11 38.7
0.05 11 43.4
0.03 and 4 Undamaged at
0.01 4 months
0.005 2 92
0.0025 2 22

¢ Simulated warehouse tests. Boxes subjected to captive wild rats held under restricted
conditions. Supplemental food provided at intervals to prevent starvation.

® Supplied by B. F. Goodrich Chemical Co., Cleveland, Ohio,

¢ Supplied by Edwal Laboratories, Inc., Ringwood, III,

4 Supplied by Upjohn Co., Kalamazoo, Mich.
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under simulated warehouse conditions.

As shown, the two trinitrobenzene
complexes, zinc dimethyldithiocarbam-
ate—cyclohexylamine complex, tetrameth-
ylthiuram disulfide, and hexachloro-
phene were the most active of the test
compounds in affording protection
against rodent damage. Unfortunately,
all of these repellent compounds are not
compatible with both types of film and,
except in the case of zinc dimethyldithio-
carbamate-cyclohexylamine complex, a
comparison of the effectiveness of the
same repellent in both films was not
possible.  From the results obtained with
this compound it would appear that less
interference occurred when the repellent
was employed in latex film than in vinyl.

Under storage conditions a number of
repellent compounds bloom or sweat out.
The influence of this migratory property
on the activity of a compound in an im-
pervious film is not known, but indica-
tions are that it is beneficial. The chemi-
cal being held loosely on the surface of a
film allows for the direct contact of the
compound with the mouth parts of an
attacking animal. Compounds showing
the greatest rodent repellency in these
tests were those that have a tendency to
migrate,

Field tests with these commercially
prepared cartons indicate that all treat-
ments possess some protective properties.
Exposed for over a year now, these boxes
have resisted Norway rat penetration.
Considerable stripping of the film has

occurred on boxes where the poorer re-
pellents were employed and on those
bearing untreated vinyl and Hycar
films. Except for untreated boxes, none
has been penetrated by rats.

Further evidence of the resistance to
rodents of the trinitrobenzene complexes
and zinc dimethyldithiocarbamate—cyclo-
hexylamine complex has been obtained
in a series of tests in which these repel-
lents were incorporated in a 5-mil vinyl
film, at concentrations ranging from 25
to 45 mg. per square inch (28). These
films were applied to cartons as loose
wraps and successfully resisted rodent
attacks for several months under condi-
tions where untreated films were de-
stroyed within 2 weeks.

In recent field tests burlap bags treated
with these compounds have also shown
appreciable protective properties. In
these tests trinitrobenzene-aniline com-
plex applied at a concentration of 11 mg.
per square inch afforded most resistance
to rat attack. Zinc dimethyldithio-
carbamate—cyclohexylamine complex, at
somewhat higher concentration (16 mg.
per square inch), was less resistant but
also showed good results. Both treatments
exhibited significant protection when
compared to commercially available
repellent-treated bags and to untreated
bags (see Table IV),

The results of this test and others re-
ported herein are felt to be significant,
since efforts have been made in each
case to produce optimum conditions

Table III.

Relative Resistance of Commercially Prepared Coated Boxes

to Rodent Attack®

(Evaluation carried out under simulated warehouse conditions)

Trectment

Trinitrobenzene-aniline complex?® in Hycar
latex film

Z.A.C.° in Hycar latex film

Trinitrobenzene-o-anisidine
Hycar latex film

Tetramethylthiuram disulfide? in vinyl film

Hexachlorophene® in vinyl film

Z,A.C. in vinyl film

Blank vinyl film

Rosin amine D-acetate/ in vinyl film

Tetramethylthiuram monosulfided in vinyl
film

B-Isothioureidopropionic acid®
latex film

Blank Hycar latex film

Rosin amine D/ in vinyl film

Sodium silicofluoride? in Hycar latex film

Sodium silicofluoride in vinyl film

Sodium silicofluoride in Hycar latex film

complex?® in

in Hycar

Rosin  amine D-pentachlorophenate/ in
Hycar latex film
Untreated

Dry Weight Percentile Score
of Repellent,  No. of (Norway ond
1b./1000 Series Roof Rats

Sq. Feet Tested Combined) Rank
8.3 19 70.4 1
6.7 19 67.0 2
8.1 19 64.6 3
10.3 19 62.2 4
10.4 19 61.1 5
7.7 19 56.9 6
. 19 56.6 7
9.3 19 53.2 8
9.3 19 51.2 9
7.6 19 48.3 10
. 19 46.8 11
7.3 19 45.1 12
8.9 6 43.7 13
17.1 19 35.9 14
9.3 19 35.2 15
7.7 19 30.6 16
. 14 23.4 17

@ Test V3-8 boxes prepared by Paulsboro Manufacturing Co., Philadelphia, Pa.
b Chemicals obtained from Edwal Laboratories, Inc.

¢ Chemicals obtained from B. F. Goodrich Chemical Co.

4 Chemicals obtained from Naugatuck Chemical. *

¢ Chemical obtained from Sindar Corp.

/ Chemicals obtained from Hercules Powder Co.
¢ Chemical obtained from Blockson Chemical Co.
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for rodent attack. Under less exacting
conditions greater protection may be
expected,

Application Methods
(For Rodent Repellents)

One of the basic problems in the study
has been the development of procedures
for application of repellents. Three
possible methods have been considered
for application to paperboard: impreg-
nation of the fibers, either in the beater
or through addition in volatile solvents
to the finished product; addition in the
glue lines; and surface coating in suit-
able carriers. For initial test purposes a
surface concentration of from 30 to 50
mg. of the repellent per square inch was
applied, although a lower concentration
would be necessary for commercial pro-
duction.

As summarized by James B. DeWitt
of this service, impregnation of the fibers
has been found impractical. Addition
in the beaters would involve considerable
waste of the repellent compound and
result in inferior papers. In fact, im-
pregnation at any stage seems to result
in nonreversible adsorption of the re-
pellent, with little or no activity.

Glue-line application has also met
with little success. Bonding properties
are decreased and the paperboard is
weakened. In addition, little repellent
effect is produced and it is assumed that
activity is masked by the adhesive or lost
as a result of burial in the paper plies.

Application as a surface coat appears
to be the most effective procedure.
In laboratory application, starch, lac-
quers, chlorinated hydrocarbons, plas-
tics, waxes, and latex formulations have
been used as carriers. Starch has ap-
peared to give the greatest activity of the
repellent. It is assumed that repelient
particles are occluded by some of
the other carriers, Some repellents are
incompatible with certain carriers, and
it has been necessary to vary procedures
accordingly.

Several lots of paperboard and cartons
have been prepared commercially using
wax formulations as carriers. No re-
pellent activity was apparent with ma-
terials applied in waxes, and it was ap-
parent that the technique of application
was faulty, or that the wax completely
masked the repellent effects. It is pos-
sible that changed techniques might
show that wax application could be
employed. Inasmuch as many paper
companies use wax-coating machines
in normal manufacturing practice, it
would be advantageous to adopt the
repellent treatment to existing practices.

In other studies, cartons have been
prepared commercially by roll-coating
paperboard with latex and vinyl films
containing 8 to 10 pounds of the repellent
per 1000 square feet. Such films have
been more satisfactory than waxes, but












