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Abstract:

Evidence is brought out to show that the commercial sodium arsenite used in cricket control probably
consists of a mixture of meta sodium, several derivatives of pyro sodium arsenite, and free arsenlous
oxide. The several diluents under trial were found to be inert when used in connection with cricket
dusts and the uniformity of the dust cloud was found to depend largely on the state of subdivision of
the particles. A uniform product of sodium arsenite and diluent could be obtained after very short
period of mixing. In addition, the jarring of containers did not appreciably alter the concentration of
sodium arsenite and diluent either on the top or bottom of the containers.

In treating Mormon crickets, sodium arsenite was found to be effective when applied either as a contact
or stomach poison and to be less effective when applied to the tarsi only. It was also found that an
increase in temperature would enhance, the killing properties of the dusts both in the case of mature
and immature crickets. The removal of dusts from the cricket body even after 90 minutes has lapsed,
affects the mortality obtained. Evidence was also presented to show that crickets become inactive after
a short time on the surface of a body of water and if allowed to remain there death may occur.
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- ABSTRACT

Evidence is brought out to show that the commercial sodium arsenite
used in cricket control probably consists of a mixture of meta sodium,
several derivatives of pyro sodium arsenite, and free arsenious oxide. The
geveral diluents under trial were fouhd to be inert when used in connection
with cricket dusts and the uniformity of the dustbcloud was found fo depend
largely on the state of subdivision of the particles. A uniform product of
sodium arsenite and diluent could be obtained after very short period of
mixing. In addition, the jarring of containers did not appreé;ably alter the
concentration of sodiun argenite end dlluent either on the top or bottom of |
the contalners.

In trééting mOrmon-crickets. sodium arsenite was found to be
effective when applied either as a contact or stomach‘poison4and to be less
effective when applied to the tarsi only. It was also found that an increase
" in temperature would emhance the killing properties of the dusts both in
the case of mature and immature crickets. The removal of dusts from the -

. cricket body even after 90 minutes hds lqpsed, affects the mortality
obtéined. Evidence was alsd presentéd to show that crickets become inacti%e
after a short time on the surface of a body of water snd if allowed to

remain there death may occur.
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INTRODUCTION

‘During the past two years the control of lormon crickets (Anabrus
simplex Hald.) in ﬁontana as well as in a number of heighboring States, has
béen one of the major entomological problems. Although Mormon cricket
outbreaks have been recorded in earlier timeé. the first active control
gajpaign in wﬁich arsenicals were used to any eitent was in 1927, In
genéral the arsenical duéts used during the past two years were the same as
those employed in the 1327 campaign. The priﬁcipal difference has been the
change from hydrated lime to diatomaceous earth as the diluent, the latter
materlial causing less discomfort and irritation to the dusf gun operators.,

Nine hundred tons of mixed sodium arsenite dusts were used in

six western States during the 1937, and approximately twice that amount
| during the 1938 Mormon cricket'cgmpaigns. Nearly hglf of the entire amounts
referred to above were used in Montana.

An emergency campaign of this type necessarily leads to many!
problems concerning the 1nsect1ciées uséd. thelir properties, preparation,
and application. Some of the more 1mportanf problems included a need for
a clearer understanding of the chemiqal composgition of the arsenicals used,
the physical properties of the dusts, and their possidle effécts upon the
insect. 7 ‘

‘The following paper is divided into two sections. The first
section includes a discussion of the chemistry of sodium arsenite and the
physical properties of a number of dusts. The second section deals with
the mode of action of the dusts on the Mormon cricket (é. simplex Hald,)

and the factors which may influence their toxicity.
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REVIZW OF PREVIOUS WORK

One of the first papers to appear on the use of sodium ersenite
in XYormon cricket coﬁtrol was that.of Shotwell and Cowan (7). This paper
states that ﬁhen dusting crickets with stralght sodium arsenite powder
excellent kills were obtained in every instance up.to and 1n¢1uding twenty
feet from the point of application. It further points out the injurious
effects to vegetation, wherever present, if straight sodium arsenite is
epplied, , )

Cowén'(Z). a year later, stéted that of all the materials tested.
powdered arsenites of sodium and calcium proved the most éffectiie. Hé :
further stated that either of these materials mixed with hydrated lime
in the proper proportions and dusted over the swarms was very effective
against this insect in almost any stage of its develoPment that results_
could be seen in from twelve to twenty-four hours after application, and
that the mortality among,crickets at the end of a four-day period ranged
from 75 to 100 per cent. '

'Schweis and Burge (6), in connection with their work on Mormon

crickets innNevéda. state that upon contact with the insect the lime end
sodium-arsenife sets up an irritation, causing fhé cricket to attemp£
cleaning its antennae ahd‘footparts.by rassing them through its mouth.
- In this way the arsenic is taken into the stomach, resulting ip a slow .
death which usuallyroccurs between 24 and U8 hours, a certain percentage
requiring as high as 170 hours.. They further state that moisture in the
atmosphere appears to increase effectiveness of the ﬁoison. apparently

increasing its irritating quality.
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Bales‘(l) published work on substituting diatomaceous earth for
hydrated lime as the diluent. He statéd that an equal volume (2‘pounds)
of diatomaceous eérth‘had been substituted for éhé lime and encouraging
results had been obtained, Better dispersal with quicker kill was possible-
than in the case where lime was used. He further stated that in
experimental cages 100% ki1l had veen obtained with 2 pounds of white
sodium arsenite andv5ipounds of diatomaceous earth. The rapidity with
vhich the poison'Iilled was greatly increased with temperatures above 90°F,

Glover (3) in his work with the American cockroach (Periglanet;
americana (L)), showed that sodium arsenite penetrated the integument of
cockroaches much faster than arsenious oxide.- His results showedvdefinitely,
however, that arsenic would penetrate tkrough the integument of a cock-
roach to some extent in either vform if enough time was allowed. When rather
high concentrations are built up iﬁ the cockfoach body, arsenic may be
recovered in all parts and tissues. Such concentrations ﬁere found when
sodium arsenite was applied as the toxicant, while with the much less
soluble arsenious oxide the distribution of arsenic was practically limited
to the digestive tract and the parts and tissues near the point of

application.
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SECTION I

CHEMISTRY OF SCDIUM ARSENITE

Sodium arsenite in the dry state may exist as a true eompou.nd
in any one of the following molecular combinations: Ortho sodium arsenite
(NasAs 03), Pyro sodium arsenite (NauAs205). or Meta sodiun a.i‘senite
(NaAsO5). These substances are believed to ionize when in solution‘ in the
following manner: meta (NaAs0,S -.>Na+A502 ): ortho (Na3A503‘::3Na+As03 -);‘
pyro (NayAs05%5 )-LNa+As20 -‘h). i '
Several methods for the production of sodium arsenite are lmown
and employed. The particular compound used in cricket control 1is produced
by the arsenious oxide ~ sodium hydroxide method. The difficulty in knowing
precisely what form of sodium arsenite is being produced may be readily |
understood by a study of figure 1 aléng with its subsequent discussion.
Figure 1 embodies the results of studies made by F.A.H. Shrien-
maker and W. C. deBaat as described by Mellor (4) on the system Nap0-Aso
03-H0 at 30°C. Here ”a” denotes the solubility of Asz03 in H0; the
reglon abi, the supersaturated solution with A3203 as the solid phase; '
..ch. of the solid phase NaAsOa (meta sodium arsenite); cdC, oi‘ the solid
NauA8205.9HEO (hydrated pyro sodium arsenite); deD, of the solid
NajoAs017.26B0 (a hydrated derivative of pyro); efE, of the solid
xsrauiszo (pyro sodium arsenite); and fgF of the hydrated NaOH.E-0. The
solubility curve ab shows the rapid increase in the solubility of As;;_03

as the proportions of alkall increase.

Consider the area 'ch. whereln the so0lid materisl NaAst exists.



o 20 40 S 60 NaOH 80 150
H,0 H,0 Na,0

- Figure 1., Equilidbrium Diagram for the System Xa-0-
A5203 - H50 at 30°C. (From Mellor (M? ).
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Any concentrations of the components under equilibrium conditiéns
‘which fall within this'area may be expected to combine to form NaAsO,
(meta sodium arsenite). Any point within this area represents the
concentrations of the three components, Aszoz. Nax0, and Hzo, necessary
for the production of NaAsO,. Take the péints X and Y within the afore-'
mentioned area. At equilibrium the concentration of the three components
are as follows; at X, Asx03 L0%, Nao0 20%, HEx0 40%; at ¥, 45204 60%,
Nax0 208, HX 20%. Only under equilibrium conditions is it possible to
obtaln the pure compound as indicated in the shaded areas. Otherwise,
mixtures of unknown proportiogs may te obtained.

A. Stavenhagen, according to Mellor (4), produced sodium arsenite
NajAsO3 by heating finely powdered Asg0s with an excess of an alcoholic
solution of NaCH, and B, L. Vanzetti made sodium.ortho arsenite by reacting
on Aszo3 with sodium mefhoxide in accordance with the following equation:
A3203 + 6§a0 033 = é Na3A903 + 3(053)20., Neither of the above meihods ere
used to any extent in the production of sodium arsenite for insecticidal
purposes. |

The finely powdere§ oxide (Asgos) is not easily wetted by water,
but a solution can be prepared by bqiling."It also dissolves in warm sodium
bicarbonate solution, with evolution of COg. end formation of either or both
the meta and ortho sodium arsenites, NaBAsO3 or NaAsO, respecti#ely. depend-
ing on the equilibrium conditions. .

The sodium bicarbonate method is used for the preparétion of
the sodium arsenite employed in the étandﬁrd‘stock'dip against Rddky

lountain spotted fever tick (Dermacentor andersoni). It is not known




-ll-
whether the product obtained is ortho or meta or a mixture of the two
sodium arsenites; The exclusive use of this product in dipping stock may
possibly be dué to the fact.that it has proven successful in coﬁtrolling
ticks without injury to the stock. Also, with the poséibility of serious
injury to stock from burning in mind, work with sodium arsenite manufactured
by other methods has not been undeftakeh. .
In evaluating sodium arsenite for 1nseét1c1da1 purposes, it is
customary to consider the 4s203 content. On.the basis of equivalents the
sodium arsenite comeunds.so far mentioned in thisg paper contain the
following percentages of As03: . ortho sodium arsenite (NajAsoj) 73.84%;
meta sodium arsehite (Naas0o) 76.15%; pyro sodium arsenite (Na@&szo5) 61.49%;
hydrated pyro sodium arsenite (NahAszos 9H20) 41.254; and the solid
(Na1048,0;;.268,0) 34.38%.
The specifications for the dry sodium arsenite used in the recent

N cricket’campaigns called for not less than 80% 15203 content. By reference
to the previous discussion of A3203 contents of sodium arsenite compounds,
it will be seen that none of the established formulae of the true chemical
compounds contain such a high percentage of As203. The pure meta sodium
arsenite comes nearest to meeting the specifications, but in view of the
fact that the sodium arsenite manufactureﬁ.ror crickef dust is a mixture of
the several sodiunm arsenites, all containing less than 76.15% As 03, 1t 1s
reasonable to assume that the additional &5203 content is added as A5203
to meet the required specifications.

| With reference to L. C. Glover's (3) work on the penetr;tion of

certain arsenical compounds 1nto the body of the American coc&roach
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(Periplaneta americana (L) ), wherein he showed the highly insoluble Asy0z

to be much less permeadble to the insect‘integu.ment than sodium arsenite,
it would appear that the value of arsenious oxide as a dust is qnestionable.»
One may assume then that the A3203.'as-such. when added to cricket dust
strengthens the insecticldal powers of the materiai”ohly~very slightiy.

A letter received fron the Chipman Chemical Company, from whom
the greatest portion of the sodium arsenite used in the 1938 cricket campaign
vas purchased, describes their product as follows: "Mestly NaZHuAsu09 with
possibly some NaHoAsz0g. . . . . Our product is thought to be largely the.
ortho arsenite but containing an excess of Asx0; over the normal ortho
product®,

No doudbt these formulae were derived from an analysis of the product.
However, in deriving them from a mixture of sodium a.rsenite and 55203' it
appears more probable. that the baslic material is the meta rather than the
ortho sodium arsenite. Starting with the meta arsenite NaAsO, and adding
one molecule of A3203 and one molecule of H-0, the formla NaHEAssoe
resolves itself.  Likewise, starting with NaAst‘and adding another molecule
of thig cempound pius one moleeule of Aszpjvplus two mblecules of water,
the compound NapH)ds)Og 18 obtalned.  No evidence can be found to show that
Nazﬂuksuog is a true compound. In ail probability 1t is a mixture of

meta sodium arsenite, 43203, and water.

TIME OF MIXING

A modification of the standard iodine titration method for

determining arsenic was used (5). Since it was not possible to ascertain
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the exact chemical composition of‘the sodium arsenite employed in the
experimentst tﬁe;value of the standard iodine was oelculated in‘terms of
sodium arsenite instead of the Asaos.oooteot. This necessiteted repeated
standardizatiops‘throughout the entire series of experiments.

‘To determine the effect of the diluents on the titration procedure,
a‘series'of weighed samplesrof sodium arsenite were iatimately mixedeith ,
the carriers and titrated. Table I embodies the results obtained. The
amount of sodium arsenite recovered in each titration proves the method to
be well within experimentalierror. o

The question has oiten arisen as to the leogth of time necessary
to mix sodium arsenite and carrier to obtain a uniform mixture. |
To obtain an indicetion of the uniformity of the dust used in
the field;‘eleven samples of 1 gram each were removed from drums of mixed
dusts and titrated. The dust had been mixed for 20 minutes in a power mixer,
and the original proportions introduced were approximately 3 to 1
-diatomaceous earth and sodium arsenite. The samples showed the following
proportions 124 weight of the diatomaceous earth t6 one part of sodium
arseniteo 3, h2 3.35, 3.11, 3.13, 2.78, 2.34, 3. 2h. ,.us 3.62, 2.01, 3. 68.
The average for the 11 samples was 3. 07

.Table II shows the results obtained when 1 gram samples of dust
were removed irom each of two different types of mixers, ball mill and field
mixers, at stated 1nterva1s and titrated. The ball mill was the common
laboratory type of one gallon capacity which revolved at the rate of 66
revolutions per minute.r The field mixer was a power driven custom built
drum which was set on an ecoentric. The drum revolved 15 times per,minute

end had a capacity of approximately 400 pounds.
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TABLE I.-Results of the determination of a lmown quantity of
sodium arseniie in the presence of a 3:;1 mixture of various dusts, by the

ti‘tration ﬁ:ethod.

Weighed amount of Mg, of sodium

" Diluent ~ Sodium Arsenite arsenite determined Average
- inmg, by titration
100 99.65
100 100.40
- 100 99.65 -
100 99.95
Sodium Arsenite 100 99.57 99.94
100 100.45
.100 100.06
- 100 98.61
Sodium Arsenite 100 - 97.89 98.73
+ Diatomaceous 100 99.09
Earth . 100 99.33
‘ - 100 99.95
Sodium Arsenite 100 100.25 99.88
+ Celite 100 99.95
- 100 99.35
. 100 98.90
Sodium Arsenite 100 99.00 99.21
+ Hydrated Lime 100 89.00 :
s ) 100 99.95
, 100 99.65
Sodium Arsenite- - 100 99.65 - 99.91
+ Calcium Carbonate 100 100.10
_ 100 100.25
_ R : 100 100.53 IR
Sodium Arsenite 100 99.33 99.57
+ Bentonite 100 - 99.09 :
. ' 100 99.33
o - 100 - 91.%0 \
Sodium Arsenite 100 - 101.20 98.11
+ Volcanic Ash 100 98.40
- 100 96.55




TABLE II.-Proportion by weight of diatomaceous earth to one part
of sodium arsenite as determined by one gram samples taken from mixers at

the time intervals noted.

Time in - = Proportions by weizht of D. earth to 1 part sodium arsenite
minutes , : Ball Mill - Field Mixer
] Sarple 1 Samle 2 -~ Sample 1 Sample 2
10 . 3.28 ’ 317 S 2.78 3.0 .
15 3.54 - 354 1.96 - 3,18
20 - 3.50 3.72 ' 2.56. o 3.04
25 3.58 3.&1 ‘
0 Je52 3+49
Lo o34 3.45 o
50 3.40° 3.28 T
60 3.36 357

It ﬁill be noted that a fairly constant mixture was obtained in-
‘Samples teken from the ball mill aféer a ten-minﬁte period. Samples from
the field mixer proved to ie somewhat more erratic, although with the
exception of one sample all epproached a 3 to 1 mixture after five minutes.
This indicates that prologged periods of mixing are ﬁ§£ necessary to obtain

a reasonably uniform product.

- CARRYING PROPERTIES OF DILUZNTS 7
One of the problems to be éonéidéfed‘in”connectibn with field
‘appliéatiohs of dusts was the width of swath within which an epproximate
3 to 1 concentration of diluent end sodium arsenite existed. The wind .
velocity as well as the force applied at fhe nozzle would, of course, have
a direct influence oh the problem. - Inert ma£erial added to the sodium

arsenite had been thought to act both in the role of carrier for the active

PR e
TIN o w
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ingredient and 2s a diluent. Also, any part of the dugt cloud was
considered to contaln an approximate 3 to 1 mixture. The errors in these
conceptions will be pointed out in the following work.

A serie§ of experiments was planned with the object in mind of
obtaining a clearer picture of the role of the_inert’ihgredient, as ﬁéll as
some definite knqwledge as to the.concentratioﬁ of sodium arsenite throﬁgh;t
out the dust cloud. The work was done in a room approximately‘ZE féet long
and 10 feet wide which was tightly closed to eliminate ary possidle effecfs
from air currents other than those caﬁsed by the small dust nozzle. IJrom
observations made on the dust cloug. other air currents preseht»appearéd,
1nsign1f1cant.

Mixed dusts were blown out f:qm a nozzle held two feet above and
one foot back of the first of a series of petrie dishes, placed one foot
apart for a distance of 1Y feet, o |

The dust nozzle which was used applied the principle of the.
Venturi tube. It was constructed of a 12-inch piece of 6 mm. glass tubing
constricted in the center at which p1ace a piece of 3 mm. glass tubing was
sealed. A constant air pressure was applied to the larger tube; thus
creating a vacuum in the smaller one. During dusting 0perati§ns the end
of the small tube was kept immersed in a vessel of the dust. 4 quite uniform
finely divigded dust>¢10ud vwas obtained. ;

After a heavy cloud had been blown out over the petrie dishes,

- the dust was allowed to settle until the alr was clear. The samples
vobtained in this manner were then welghed and titrated to determine»the
froport}ons of sodium arsen;te and inert material.

The original concentration by weight of the material as it left
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the dust nozzle was in the proportion of three parts inert ingredient to
one part commeroial sodium arsenlte.

Table III, represented graphically in flgures 2 and 3, embodles
the results obtained from the foregoing.eiperimepts. Table IV lists some.
physical aspects of the diluent used. Photomicrographic pictures of each
diluent will be found in figure U,

Consider the curvedfor diatomaceoos’earth as shown in figure 2.
It will be noted that & number'of samples near the nozzle contained a higher
proportion of sodiunm arsenite'than'ofhthe inert ingredient; thus indicating
that a large'percentage of the sodium arsenite hed fallen out of the mixture
near the source. A 1 to 3 mixture of sodium arsenite and inert ingredient
was obtained at a point anproximately JL feet from the nozzle. From this
point out the curve rises abruptly showing a very dilute dust. as a -
consequence of previous rapid settling of sodium arsenite.

Compare the curve for diatomaceous earth with that of celite
in figure 3 It will be noted in the case of celite that a 1 to 3 mixture
was not obtained in any of the samples taken but was approached in the
finelesample. All the samples taken were more highly concentrated than the
original mixture of 1 to 3. It was presumed that the theoretical portion
of the curve as continued from the final sample,' would rise abruptly in
view‘of the fact that the greater portion of sodium arsenite had fallen out.

The two substences.thus far ooneidered have nearly the same
densities, end these densities more nearly approach that of sodium ersenite-
then any of the other inert ﬁaterials used.  This may be seen by reference

to Table IV. 1If the density of the inert ingredient was the factor in
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TABLE III.-Proportions by welght of the diluent to one part of
sodium arsenite as determined from samples collected at various distances

from the dust nozzle.

" Distance Diatomaceous Celite Volcanie Hydrated Benton- Calcium

in feet earth ash _ lime  1ite carbonate
1 1.52 0.88 1.36 1.68 2.89 0.90
2 0.55 1.21 1.69 . 1.89 2.53 0.97
3 0.49 1.50 2,33 2.19 2.16 0.91 -
an 0.71 1.68 3.55 2.22 3.17 1.83
5 0.97 1.49 L.32 2.26. 3.73 2.83
6 2.21 1.26 4.16 2.27 3.94 3.57
7 1.20 1.&8 4.21 2.33 3.84 L.73
g 1.83 1,44 3,84 3.14 3.71 4,23
9 1.03 1.87 4.02 2,67 371 4.39
10 - 1.79 - 3.54 1.99 3.47 4,32
11 3.04 2.09 3.36 2.22 3.63 4,37
12 8.11 .23 3.12 1.87 3.57 4,20
13. 9.12 2,61 2,76 2,16 4,12 k.01
L 12,90 2.62 2.36 1.63 3.58 4,03

TABLE IV,-Some physical aspects of the diluents used.

Material o Degree of Subdivision Densit
Sodium Arsenite = - Very fine 1.87
Diatomaceous Earth " Moderately fine T - 71.96
Celite Very fine - : T 1.99
Hydrated lime . Very fine 2,20
Bentonite Moderately coarse _ 2.49
Volcanic 4sh - Coarse - - 2.59
Calcium Carbonate Moderately fine 2.70

determining its so-called carrying properties, one might then expect to
obtain a straight line, or nearly so, superimposed on the horizontal line
which represents a 1 to 3 mixture in figures 2 and 3. It is obvious that

this type of curve was not obtained in either the case of diatomaceous

earth or celite.



1R}
k2

PROPORTIONS BY WEIGHT OF SODIUM ARSENITE TO DILUENT

110

-19-

O————0 DIATOMACEOUS
o—~—-¢ HYDRATED LIME
o—-—e VOLCANIC AS8H

e,
..
-
-

O-====-0 PROBABLE CONTINUANCE OF

[#9 SN

4 S 6 7 8
DISTANCE IN FEET FRO

Figare 2. Settling curves for diatomaceous earth, hydrated lime,
and volcanic ash.




&

&

z

A

=20

o—o cELITE

¢-—--8 BENTONITE

6—-—e CALCIUM ‘CARBONATE
0----—0 PROBABLE CONTINUANCE

OF CUITVES

PROPORTIONS BY WEIGHT OF SODIUM ARSENITE T0 DILUENT
G

_6

2 3 4 S 6 7 8 9 10 il
DISTANCE IN FEET FROM DUST NoO2

12
ZLE

15

14

Figure 3. Settllng curves for celite, bentonite, and

calcium carbonate.



16

1 f_ .l%

Celite

«f 'V » > r4*

. 2W fU "'.-

Volcanic ash

\% V.-’ *.0
I B I | I --
e

Calci-ain carbonate

\VAR - -V AW ;o Vin #>
I> " C_
.. | ] ;v oo *

»
.V rt
e D i n
eV - .
oV*-
IRV
Vi

Diatomaceous earth

i
> **J
- :>
V-V >
J-Vo,L
'V . .
- V > . [ X X ! -
»* AN .. , -
%o . VV* v Vv A~
Bentonite
> VA I" *E<e > W
>
v %4 .
Se @ ° V, -
» & y, @
2 M -
* N oo
V [ ]
! f: N .
*X I
Im 1 f
> », -

>

Hydrated line

figure 4. ;hotomicrographs of the diluents.



. -22-

Consider the photomicrographs of these two substances in
figure 4. It will be noted that both substances contain irregular
particles of somewoat similar4pattern."With the,exceptioﬁ of particle
slze, both appear to be somewhat alike. The particles compoeing
vdiatomaceous earth are large and many of them flat, while thoee of celite
are considerably smaller and less flat in character. Both substances appear
extremely light and fluffy under a binocular microscope. Referring again
to the curves of the two substances in figures 2 and 3, it would appear that -
the larger flat perticles of diatomaceous earth were blown abruptly away
from the sodium arsenite particles for a short distance from the nozzle.
The remaindec of the dust cloud past the 9% foot point was consequently
composed largely of inert material which then seitled'out.‘ In the case of
the smaller,less flat particles of celite, the curve indicates that these
particles also blew eway from the sodium arsenite but did so less rapidly
and settled out more uniformly.

Before comparing the curves-for bentonite and volcanic agh, figures
2 and 3, a description of these materials will te given. Bentonite, a finelf
divided clay. was obtained in the vicinity of Hardin, Montana, and volcanic
ash, a finely divided product contalning a high per cent.of silica, was
obtained near Big Timber; iontana. Both substances have densities very much
alike, and their densities are half again greater than those of either celite,
diatomaceous earth, or eodium arsenite. - With reference to figure Y4, it will
be seen that volcanic ash is composed of extremely coarse sand-like
particles, irregular in size and shape. ' The bentonite, while only modefately

coarse, is also composed of irregular particles slightly less'aogular in
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character than volcanic ash.

It will be noted that there is a certain similarity in the two
curves. Both rise abruptly between 3 and 6 feet from the dust nozzle and
then tend to approach the 1 to 3 mixtures. It would appear froh the cﬁrve
for volcanic ash that the large heavy particles of this materiazl are blown
out away from the sodium arsenite particles only a very short distance.
The abrupt rise of the curve from the 3 foot point to a.cohcenération of
approximately 1 to 4.5 sodium arsenite to volcanic ash indicates a dilute
dust. Within this portion of the curve the inert material settles out quite
rapidly. At a point 12 feet from the nozzle, a 1 to 3.m1xture again occurs,
From here on out a concentrated mixture is obtzined, due to the fact that
the greater portion of:inért material has settled out before reaching this
point. The curve for the'soﬁéwhat more finely divided bentonite follows
the same general irend as that of volcanic ash. However, after the abrupt
rise the curve does not descend as rapidly as that of the former. This
indicates that a more uniform settling out of the inert material océurred
than in the case of the larger particles of volcanic ach. .

Now consider the settling curvé for calcium carbonate as shown
in figure 3. This material has the greatest density of any of the inert
materials under trial. It is composed of moderately fine, re;ulér. non-"
angular particles. and as shown in Table IV it is more finely divided than
volcanic ash or bentonite, which also have high densities. - E?om a study
of the curve for calcium carbonate. it will be seen that the mbderately
fine particles of the inert materials are blown avay from the sodium

ersenite for a distance of approximately U4} feet. The samples obtained
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showa l to 3 mixture at'about 5 feet from the nozzle. It may be seen
that the maximm settling out of inert material was somewhat farther from
the nozzle than it was in elther the case of rolcanic’ashvor bentonite.
The degree of.subdivision of the particles is held resnonsible for this
occurrence in view of the fact that the calcium carbonate is heavier than
either of the two above mentioned ‘diluents. All samples obtained from 6 to
14 feet from the nozzle were very dilute;"In view of this fact, the
theoretical portion of‘the curve is presumed to again approach a l to 3 :
mixture. o
| The last settling curve to be considered is that of hydrated lime.

This substance consists of very finely divided regular, non-angular
material slightly heavier than sodium‘arsenite. Hydrated lime appears to
agglomerate somewhat and in doing 80 gives the material the appearance of
being composed of about an equal number of very fine and moderately fine
particles. The formation of these agglomerations leads to a pOssible
explanation of the curve as shown in figure 2. |

This curve more nearly approaches what may be considered the
ideal curve. a straight line superimposed on the horizontal line represent-
,ing alto 3 mixture, than any of the other curves in figures 2 or 2

Sincthhe hydrated lime is somewhat heavier than sodium arsenite,
it may be presumed that as the dust leawes the nogzle the large agglomerates
of inert material begin settling out simultaneously with the sodium arsenite.
The smaller particles of lime are then blown farther out from the nozzle
and do not begin settling out until most of the large agglomerates have
settled, The smaller particles thén start settling out at about the same

rate that the larger particles had previously settled out, thus keeping the
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samples rather uniform. Throughout the entire curve it may be seen that
the sodium arsenite settled out of the dust cloud slightly faster than did
the inert 1ngredientt

It 1s presumed that the theoretical portion of the curve would
rise above the 1 to 3 base line at~some point past'the place where the last
sample was taken., This rise may be attributed to the fact that a large
proportion of the samples were more concentrated than the original 1 to 3
mixture, and a cloud of very finely ddvided lime was suspended in the air
past the 14 foot point,

It may be seen ﬁy a consideration of the entire series of
settling curves that the proportion of sodium arsenite and inert ingredient
'does not remain the same throughout the whole of the dust cloud. The
- sodium arsenite and the inert 1ngredient apparently settle out 1ndependently
of each other, thus showinb the inert substance to act solely in the role
of a diluent. It is apparent that the density of the diluent does have some
effect on the ability of its particles to stay in suspension in air. It
is believed, however,'that the principle factor in determining the uniformity
of a dust cloud is the deeree of subdivision of the particles. Under certain
conditions, then, one may expect to obtain what is considered to be a
lethal dust in the case of diatouaceous earth only about as far from the

dust nozzle as the straight sodium arsenite could be dblowm.

JARRING EFTECTS ON MIXED DUSTS

Tables V and VI embody the results of experiments which arose from
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the need to determine the effect on the concentration of the dusts while
trucking drums ofﬂthe mixed substancesAfrom a central mining station to
vfield stations; Some workers in the field have presumed that the dust taken
from the top of the drum was more dilute than that obtained from near the
bottom.

An spparatus was constructed to as nearly simlate the Jarring
action of a moving>trnck as was possib}e. It was made in the following
manner. A 5 foot board was mounted on a platform, hinged at one end, and
rested on a piece of rubber spongevat'tne other end. An electric.motor
equipped with a hardwood eccentric wheel attached to the shaft was bracket-
ed to the nlatform. The eccentric wheel was allowed ‘to rest on the upper
side of the ﬁoard with sufficient pressure to cause a slight compression
of the rubber sponge. A sharp Jjarring motion was obtained with eech
revolution of the wheel., .The speed of the motor could be regulated as
desired. Uprights, to which two settling tubes 4 feet long and 5 cm. in
diameter could be secﬁrely clamped, were attached to the board.

The settling tubes were filled to a heignt of 2 feet with a
3t 1 mixture of the dusts. and the samples removed from the bottom of the
column at the time intervals noted in Table V. Two diluents. one very dense
and the other very light were used and the experiments done in duplicate.

| It will be noted that no appreciable change in concentration was
'found in any samples obtained even after Jarring had been continued for
one hour. |
- Table VI shows the results of titrations as obtained when 1 gram
samples of dnst were taken from the top‘of a column of dust after Jarring

for the time intervals noted. The same apparatus and dusts were used in
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TABLE V.-Proportion by weight of the diluent to 1 part of
gsodium arsenite as determined from samples taken from the bottom of a

column of dust after vibratioﬂ_for the time intervals noted.

Time in Proportions by weight of diluent to I part sodium arsenite
minutes Diatomaceous earth: Volcanic Ash
Sgﬂgle 1 Sgﬁgle e Sgggle 1 ~ Sgﬂgle 2
3- . i 09 - .
.- 10 ' 3.1 ) 3.0 ‘ , 2.9 2.9

15 3.0 2.9 2.9 2.9
20 - 2.9 2.8 2.9 2.8
25 2.8 2.8
20 2.8 2.7 2.8 2.8
35 2.8 2.7
Lo 2.7 2.7 3.9 2.3
50 2.7 2.6 2.7 2.6
60 2.6 2.6 2.8 2.8

TABLE VI.-Proportion by weight of the diluent to 1 part of
sodium arsenite as determined from samples taken from the top of a célumn

of dust after #ibration for the time intervals noted.

Time in Proportions by weight of diluent to 1 part sodium arsenite
minutes Diatomaceous earth Volcanic ash

Sample 1 Sample 2 Sample 1 Sagple 2 .
,===============gE;============222==============é35;=============gg£========

15 3.1 2.7 3.3 3.4
Eg g.& g.; 5.7 : 3.2

. . .9 S 31
60 2.0 3.6 2.5 g.o

this experiment as were used in the previous experiment except that liter

beskers were substituted for the settling tubes.

It will be noted that the results obtained in this experiment
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were somewhat more erratic than those of the previous one. However, the
samples-from thg top of the containers after prolonged jarring show no
tendency to becomé either more concentrated or more dilute to any great

extent.
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SICTION 11
PERMEABILITY AND ITS CONTROLLING FACTORS

In introducing the problems considered iﬁ the following section
of this paper, it is deemed adviséble to»entér into a brief discussion of
some of the possible facfo;s which may influence the results obtalned.

It 1s generally recognized that an insecticide, to exhibit toxic
effects, must egter the cells ofythe insect. The fo:egoing statement
applies to the so-called stomach poisons as well as to the contact poisons.
If the walls of the alimentary tract did nof permit the toxic‘materiél to

'enter fhe cells, the material would be expected tp pass through the insect
with no injurious effects. Tor instance, arsenious sulphide, a highly
insoluble but toxic material, when administered as a stomach polison,
exhibits no toxic effects whatever. Also, aréenic,Awhen used as an insecti-
cide, i1s known to attack the nervous éystem of»thg insect.  Therefore, it

| mast enter the cells, as the nervous system is not believed to be exposed,
elther on thelouter surface or in the aiimentary tract ofkfhe insect. If
the nervous system were exposed the material would still hafe to penetrate
a cell membrane in order to enter. f - |

A1l permeability control is presumed to lie primarily in the outer
plasma membrane of the cgll, The following is a 1list of some of the factors
which'are thought to influence the permegbility‘either act;ng collective1y>
or singly: chemical constitution, pore size, elect:ic charge. surface'
tension, adsorption, hydrogen iqn concentration. ege and pﬁysical condition

of tissue, presence of sufficient moisture for solution and ionization of
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the lethal material, and temperature.

Consider surface tension alone and the numerous factofs which
mighf influence 1t. The sugzgestion has been made by Seifriz (7) that a
high surface tension would present an interfacial membrane made up of |
tighfly packed molecules betweéh which subsfances could not pass feadily.
Low Qurface tension would mean a loose arrangenent of surface molecules and
therefore a more permeable membrane. |

“Hydrogen’ion c&ncentration may also be considefed; It has been
shown that the hydrogen ion concentration both of the:cell contents and of
the surrounding material has a definite influence on the permeability of
that membrane, both to substances passing in and passing out of the céll.
Seifriz (7) states that eiperimental évidehce is avallable which shows
that in some cases sodium ions will enter the cell'morg répidly in an acid
mediun than in an alkaline one, and that the speed at which these ions entér
increases with a cofresponding increase in acldity., Unpublished data by
-J. H. Pepper and the author ghow the pH of theAregurgitated digestive
Juicés of Mormon crickets to be 4.53 and that these digestive juices are
mghl;}' buffered both on the acid and alkaline side. In view of these
findings it is believed that‘the‘pgrmeability of the cells lining the
alimentary tract would not vary grgatly becﬁusg‘of PE changes eveh though
ipsectic{¢es of strongly acid or dasic charactér,are ingested.

bNow consider the possible va:iaxions in permeability which might
" be brought about by differences in age and hgalth of @he tisﬁue.‘ Since
thg process of ag;ng is accompanied by a loss in»watei content of the

protoplasm, it is obvious-that older tissue containing less water is more
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impermeable than that of young tissue. It would then te suspected that in
en insect such as the Mormon cricket, the early instars would be much more
susceptible to arsenical dusts than the adults. Any abnormality in the
functioning of the cells would bYe expected to‘influence the permeability
of the protoplasmic membrane. It will then be seen tnat & distarbance of
the normal condition due to either sickness or injury would in all
probability render the tissue more permeable than that of a healthy
individual. ZExperiments have shown that any abnormalicondition of the cell
is accompanied by a fapid decrease in electrical resistance with a

corresponding increase in permeability.

'VARIATIONS IN BIOLOGICAL MATERIAL

Keeping in mind the ability of biological material to exhitit
variations, exact duplication when using this material should not Ye
expected in experimental procedure. For example, during‘preliminary“
investigations in 1937, one lot of crickets coliected in the same locality
and treated apparently in theAsame manner as all‘the otherllots. showed
100 per cent mortality at all temperatures in less time than the lowest
- which appears in Table VIiI at 30°C. These variations are as yet largely
unexplainable and unpredictabdle. One may see readily, too, the extreme
difficulty of effectively controlling all but a few of the factors mentioned
vhich are thought to influence perneability. With these points in mind
'the irregularities in the action of sodium arsenite dusts which ere obvious

in the following experiments should not be viewed with alarm. Consider the
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variations in separate lots of immature crickets as apparent in Table VIII.
In the two iots of 1st and 2nd instar ineects. it will be noted that at
least twice as fast a kill was obtained at all temperatures with the second
lot than:ﬁith tﬁe first. ‘Also compare the first lot of 1st and 2nd instars
with tpat of the second lot of 2nd and 3rd instars. It will be noted that
in some cases four timee asicuick a kill was obtained with the latter than
with the former.

Temperature changes in a cold blooded animal such as the Morﬁon
ericket, affect a number of the variable factors iormerly mentioned. such
as surface tension, adsorption, solubility, and ionization. - For this reason
temperature changes are glven particular consideration in this paper even
though time may prove them to be lees important than some of the other factors.,

1

THE ACTION OF DUSTS WHEN APPLIED TO VARIOUS
REGIONS OF THE INSECT BODY

Table VII.‘represented graphically invfigure 5+ shows the results
obtained from stddies of the action of sodium arsenite dust when applied
to different parts of the body of adult crickets. A 3 to 1 mixture of
hydrated lime and C.P. meta sodium arsenite, NaAsOp, Was used, end constant
temperature and relative humidity were maintained throughout the entire
series, ‘ o
| A collar was devised (see figure 6) to prevent the cricket from
cleeoing any portion of ite body, thuspreventing any introduction of.toxic
material into the alimentary tract. 1In addition. a large protective shield

through which the anterior portion of the cricket protruded was provided
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TABIE VII.-Per cent mortality for ctickets dusted with a 3 to-l
mixture of hydrated lime and sodium ersenite at 36°C. and 50% relative
humidity, showing the action of thevdust when applied to different parts

of the cricket.

Time in Per cent Mortality

hours With collars  Without collars Tarsi dipped
3 2.5 2.5 "~ 0.0
L 11.0 8.0 0.0
5 25.0 20.0 0.0
8 - 81.0 66.0 25.0
10 92.0 85.0 4.0
12 95.0 97.0 58.0
14 : : 71.0
16 78.0
18 g4.0
20 g7.0

dnring dusting oﬁérationé to prgvent any direct applicatiop of dust to the
head and mouth parts. Each cricket was dusted separately with as uhiform
a coating of dust as was possidle Aﬁd.piaded~in thé femperature cabinet.
Five lots of twenty each were treated in this ﬁanner and the average per
.cént mortality computed. Undusted check lots both with and without
collars showed no mortality in twenty-four hours.

Five lots of twenty gach were dusted over their entire body
surface and placed in fhe temperature cabinet élong with an equal nuhber
whose tarsi only were dipped in the dﬁst.

The crickets whose movements were not hampefed by collars began

cleaning themselves immediately. No part of their body which could be
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figure 6. Korznon cricket shoeing collar
attached.
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reached was neglected; their antennae, tarsi, legs, ventral side of the abdomen,
as well as their ovipositors and claspers were all cleaned. In each of the
three types of treatment, the fi:ét symptom of effect from the poison was '
manifest in a ;enéral loss of coordination, followed then‘by a more severe
paralysis with considerable regurgitation of digestive jJuices and deposition
of fecal material., Succeeding this stage there appeared to be very little
movement except for spasmodic twitchings. The crickets were consideréd dead 1h
all the following experiments‘wheﬁ these spasmodic movements could no
longer be induced by éentle prodding.

‘It will be noted by reference to figure 5 that much the same effect,
both 1n’tim§ and percentégé kill, was obtained from the dust when it was
allowed to act either as a contact poison (collars attached) or as both a
contact and stomach poison (no collars attached to prevent ingestion of
dust). Thils indicates that the sodium arsenite dust was effective in either
mode of -entry. It further indicates that the lethal mate:ial could penetrate
the intersegmental membranes of the exoskeleton as well as it could the
tissue constituting the alimentary canal. 3By reference to figure 5 it will
also be noted that in the case of those crickets whose tarsi only had been
dusted, the time for an equal percentaze mortality was greatly increased :
as compared to the other two methods of application of dust. In addition,
the ultimate mor tality was somewhat lowered. Observations show that the
crickets do not all begin cleaning their foot parts 1mmediate1y after dust-
ing when only the foot parts have been dusted.

. On the basiS‘éf these findings it is believed that the field

practice, ﬁhereby dust barriers are laid down in the paths of bands of
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crickets should not be expected to be too successful. A short distance
-trawel by the band of crickets over vegetation and earth would in all
probability brush off a large portion of the dust which the tarsi had picked
up in crossing the dust barrier. /There is also the obvious danger to live-
stoek vhere these heavy concentrations of arsenical dusts are left exposed.
When dust barriers are used in connection with furrows wherein the dust

is placed in the bottom of these depressions. the case 1s somewhat different.
The insects usually become dusted over a large portion of their body either
when entering the furrows or upon leaving it, due to falling down the side

" walls. The furrow may then be easily filled with earth to eliminate danger
to livestock. '

Schweis and Burge (6) state that lime and sodium arsenite set up
an irritation causing the cricket to atterpt cleaning its antennae end foot-
parts and that moisture in the atmosphere appears to increase effectiveness
of the poison, apparently increasing its irritating quality. Observations
have been made b& the author on the aotivity of crickets after‘they have
been dusted with lime and sodium arsenite dust.and held under different
condftions of temperature and humidity. These ooservations indicate in
general that the.crickets begin immediately to clean themselves at
temperatmres above 20°C. and continue to do so vigorously‘regardless of
humidity conditions. -At temperatures under 20°C. they do‘very little
cleaning of dnsted parts of their bodies; _Observations by the author
also indicate that under conditions of high humidity quicker kills are.
obtained. It»is believed that the quicker’effects of tne dust under

conditions of high humidity is not due to an increase in its irritating
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quality but to the additional moisture aiding the solution and ionization
of the sodium ersenite.A In this manner the lethal substance is belieted

to be rendered more effective.

TIMPERATUREY EFFECTS ON ACTION OF DUSTS

Previdue etatemente have been made concerning the possibility of
temperature changes affecting mortality_when using arsenical duets. Table VIiI.
represented graphically by figure 7. embodies the results obtained from the
following experiments which were planned to study these temperature effects
on mortality through each instar up to and including the adult cricket.

Chemically pure meta sodium arsenite, NaAsO,, and diatomaceous
earth in‘the ;ropoition of 1kte 3‘were used 15 the entifeteerieskof |
experiments. A dusting chamber, see figure 8, was constructed to ineure
reascnably uniform dusting of the separate lots. One gram of mixed dust wasg
epplied to each lot in the following manner. Four hundred fifty to five
hundred crickets were chilled for a few minutes at & temperature of
approximately 36°F. to prevent any cleaning process until put in cabinets,
placed in the dueting chamber, and dusted with the one gram of dust. They
were then chilled agaln, separated into four lots of one hundred each, and
’placed in the various temperature cabinets. The number of dead crickets
and'the time were ncted at regular intervals end from these figures the time
for a 50 per cent mortality was computed.

Check lots of crickets were treated in the same manner as described

above with the exception of dusting, and were placed in each of the



-35-

TABLE VIII.-Time required for 50% mortality for the various

nymphal instars and adult crickets at the temperature noted.

Temperature ‘ Time for H0% kill in Eours

(@]

gc. 22°c. 20°C. 1‘2'" T Instar

5.0 4.0 1420 20.0 1st and 2nd
1.5 2.0 7.0 g.5 1st and 2nd
3.0 6.5 1.5 10.5 2nd and 3rd
1.5 3.0 3.0 6.5 2nd and 3rd
2.0 2.0 4.0 6.0 3rd and Yth
3.5 6.0 10.0 12.5 2rd and Yth
8.5 8.0 11.0 18.5 Lth and 5th
5.5 6.5 13,0 - 20.0 . 5th and 6th
5.0 6.0 2.0 12.0 "6th and 7th
Average for
Instars 4.0 4.5 8.5 12,5
705 11.0 1900 - 31.5 Ad:ults
7.0 8.0 18.0 Adults
6.0 8.5 14,5 Adults
Average for
Adults 7.0 9.0 17.0 31.5
temperature cabinets. No mortality was noted other than that caused by

active crickets attacking and devouring those which were moulting.

It will be seen by reference to figure 7 that a definite decrezse

in time for a 50 per cent kill was obtained, both for the nymphal insters

and adults, with a corresponding increase irn temperature. This,thep,

indicates that some factor or factors which are influenced by

temperature

may be considered to play an important part in either increasing or

decreasing the permeability of the tissues with respect to sodium arsenite.

As was to be expected from previous statements, at all
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temperatures tried the time required to kill P0 per cent of the immature
crickets was considerably less than the time required to kill 50 per cent
of the adults. | |
Purther consideration of figure 7 will show that a decrease in
temperature appeérs to have a greatgr effect on the time for a 50 per cent
kill in the case of adults than in the case of the nymphal instars. This may

be due to a greater decrease in activity of the adults at lower temperatures

“than of the immature insects, or a decrease in bermeabllity greater in the

case of the adults than the immature stages, or to a combination of these
or other.factors. In all possibilitj the activity factor is the most
important, since the small cricket begins life in the early cool spring
temperatures. At this time periods of cold weather along with considerable
variations in temperature may be expected. It would therefore seem
reasonable to believe thét these younger crickets were more active at the
colder temperatures than the older ones which are accustomed to wérmer

summer temperatures.

'THE INERT NATURZ OF THT DILUENTS

The question has arisen as to whether or not any of the diluents

available for use with sodiunm arsenite would Stimulate or retard the lethal

action of this insécticide. One to three mixtures of éodium arsenite and
the following diluents were used: hydrated lime, celite, diatomaceous

earth, volcaﬁic ash, calcium carbOnaté. and bentonite. An equal quantity
by weight of each mixture was dusted on lots of 100 adult crickets and the

insects then placed in the 25°C. temperature cabinet. Part of the series
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was repeated for purposes of comparison,
- Insufficient differences.in time for a 50 per cent ki1l (see
Table IX) were considered to‘conétitute proof of the inert quality of all
the diluents used. In fact there was very little differenée in time for a
50 per cent kill considering the variations evident in the previous

temperature studies,

TABLZ IX.-Timé'required,for 50% mortality using equal quantities

of dusts made up from diluents as listed.

Time in Hours for 50°
Mortality at 25°C,.

Diluent Trial 1 - Trial 2
M

Diatomaceous Earth 4.5 3.0
Hydrated Lime 5.0 .0
Calcium Carbonate 4.0 3.5
Celite 5.0 ‘4.0
Volcanic Ash 4.5 -
Bentonite 5.0 -

LENGTH OF TIMZ DUSTS MUST RRUAIN ON INSZCT BODY

© Wet, dewj mornings at which‘time crickéts aie banded closely
together, thus making dusting easy, and frequent spring rains in some
localitiés'wherg crickets abound, have raised fhe question as to the length
of time éo@ium arsenite dusts must remain on the insect to prove effective,
The following expériments were devised to provide some definite information
. on the above problen.

Three hundred adult crickets were dusted in the dusting chamber
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with & 3 to 1 mixture of diatomaceous earth and chemically pure meta

sodium arsenite and thén divided into lots of one hundred each. One lot

of the crickets was placed in each of three température cabinets to be held
at 30, 25, and 20°C. Ten crickets from each cabinet were washed immediately
after dusting. pléced in rearing éans. and returned to their respective
cabinets. A thorough washing was accomplished by means of placing the"
crickets under runnipg‘fap water slightly below room temperature. Ten -
crickets were removed from each of the cabinets at fifteen minute intervals
for ninéty minutes, placed in rearing cans, washed, and returned to the
cabinets. Time for 50 per cent moftality was computed from the time the
dust was applied.

Blank spaces appearing in Table X indicate that a 50 per cent

mortélity was not apparent‘in 24 hours. It was observed that those crickets

not dead 1n that time showed little or no effect from the roison,

TABLE X.~ Time for 50 per cent mortality at the various
temperétures for erickets dustéd with a 3 to 1 mixture of diatomaceous

earth and sodium arsenite, the dust being washed off at the time intervals

noted.
Iime of washing Time in hours for 50 per cent mortality
in minutes i at the following temperatures
' - : 0°C. 25°¢. 20°C.
Washed immediately after dusting - - : -
. 15 - . - . ‘ 22 hrs.
30 - 21l.0 - : -
45 ; 17.5 11.5 15
60 15.5 - 8.0 : 3
75 16.0 11.0 17
%0 10.0 11.0 15
Not washed 6.5 6.5 9.5
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Somewhat errsatic results were obtained; however, the data show
that the removal of the dust from the body surface even after one and one-
half hours, slows down the time required for 50 per cent mortality (see
- Table X). Very little difference is noticeaﬁle in killing time at the
intervals between 45 and 90 minutes. From Table X it is evident that if
the dust is removed previous to between 20 and 45 minuteé less injury to

crickets is to be expected than if the dust was allowed to remsin on the

insect body for a longer period.

WATER BARRIERS

Aﬁéther question whaich has received.some attention in control‘w§rk
is the possibility of cricket bands advancing where a body of water, sﬁch as
a river or irrigation ditch, must be crossed. Large numbers of crickets
have appeared on the south side of the Yellowsfone River in Yellowstone
County, lontana, dgring the past few years, while very few have sppeared
north of the river. Residents along this rather large swift-flowing river
have éccasionaliy noticed crickets which they believed to have crossed from
the south side to.the north side of the river, | »

In the light of the following work their 1dentification of these
crickets as those which have crossed the river, may be correct. However,
it 1s believed that only a very small percentagé of those which entered
the water would manage to reach the other side. Observations show that
after one and one-half minutes on the surface of water, a large proportion
of the crickets become inactive and tend to sink and rise periédically with

t
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a consequent ingestion of a large quantity of water. If the currents in
the river were so that these crickets were carried across and deposited
on the far shore, in all probability they would recover completely. In
view of the inactive condition of the cricket, it is more reaeonAble to
believe that in a swift flbwing river the insects would be carried many
miles down stream beinb submersed periodically. and that only a very few
at the most would be deposited on the opposite shore out of the water far
enough to give them sufficient time to recover. Laboratory observations
showed that where crickets were pleced on the surface of a iarge vessel of
water, a high percent se after becominb inactive did not recover when
removed from the water until after a namber of hours, Table XI shows tﬁe
mortality which may be expected when cricke‘s ere totally submersed in
water for the time intervals noted 1t will be seen that after eight

minutes! submersion S0 per cent mortality was obtained.

TABLE XI.-Per cent mortality for crickets totally immersed

in water at 26°C. for the time intervals noted.

Time in Minutes : Per Cent Mortality

10
10
X0
0
B | 50
12 ’ " Lo
15 v . 50

RAFEFH

9
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~ Sodium arsenite used in cricket control is produced bv the
‘ arsenious oxide-sodium hydroxide method. - To produce a definite product
by this method, it is necessary to carefully control the conditions under
which the reaction is allowed to proceed. It is believed that the commercial
product now obtained is made up of a mixture of meta sodium arsenite. several
'derivatives of pyro sodium arsenite. and free arsenious oxide. The
insecticidal value of arsenious oxide. as such, when present in cricket dust
is believed to be doubtful

Uniform dusts were obtained from both a ball mill and field mixer
after approximately ten minutes' mixing time. Longer periods of mixing did
not improve the uniformity of the dusts sufficient to warrant this practice.
When mixing very 1arge quantities of dusts, fifteen minutes mixing time is
recommended. ’ |

| The following materials, ‘h,vdrated nme. ventonite, calcium

carbonate, celite. diatomaceous earth. and volcanic ash rhen added to
sodium arsenite. were found to act solely in the role of dilnents. KXo
indications were obtained that there were any physical or chemical |
attractions between the diluents and sodium arsenite. The uniformity of
a dust cloud was found to depend largely on the state of subdivision of
the particles. Other factors which could be correlated with the results
obtained were density and shape of the particles. 4

Prolonged Jarring of receptacles containing mixed dusts did not

alter appreciably the concentration either on the top or bottom of the
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containers. ‘It was concluded then that mixed dusts could be transported
from central mixing stations to field crews without changing the uniformity
of the dusts. .

It was proposed that an insecticide, to be effective, must-enter
the cells of the insect regardiess of 1ts mode of application. Chemical
‘constitution, pore slze, electrical charge,—surfaée tension, adsorption,
hydrogen ion concentration, age, physical condition, moisture, and
temperature were thoughf to influence the permeability of the outer plgsma
membraﬁe wherein permeability control is presumed to 1lie.

- Irregularities in experimentsl data which are obtained whep
using biologicél material are to be expected, due to variations within the
organism itself and to the numerous uncontrollable factors mentioned above.

In treating Mormon crickets, sodium arsenite dusts were found to
be effective when applied elther as purely contact poisons or as a stomach
and contact poison combined. 'Approximately the same results were obtained
both in time and percentage kill, thus indicating that the lethal material
could penetrate the intersegmental membranes of the,exoskelefon as well as
it could the tissue lining the alimentary canal. The similarity of the _
times for a 50 pér cént mortality indicate that a lethal dosege could enter
tﬁe tissues from ;he outer surface of the insect as quickly as it could
from the region of the alimentary tract. |

It was concluded that the presence of a high relative hnmidity‘
enhances the killing properties of cricket dusts. This would decrease the
evaporation from the surface of the membrezne, thus increasing the amount of

molsture avalladble- for solution and 1onizat16n of the lethal material, in
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vhich state this material is believed'to be most effective.

On the basis of kills obtained from lots of crickets wnose tarsi
only had been‘dusted. the practice of laying down dust barriers on the
‘gurface of the ground in the paths of moving bands of crickets was dis-
couraged Dust barriers when used in connection with furrows or trenches
are thought to bve much more effective.

An increase in temperature was found to bring about a correspond.
ing decrease in time for a 50 per cent kill both in the case of nymphal
instars and adults. Temperature changes were found to have a greater effect
on the kills obtained with adults than with the immature stages. This
'apparent trend was thought to be connected with the greater activity of the
immature stages atviower temperatures. |

Evidence was presented to show that each of the six diluents
studied were inert when used in connection with cricket dusts.-

If sodium arsenite dust is removed from the surface of crickets
previous to 45 minutes after dusting.‘a considerable decrease in percentage
mortality may be expected. Even after ninety minutes. the removal of dusts
may in some cases double the time necessary for a 50 per cent kill.

' Bodies of water. such as a river or ‘large irrigation ditch. may
constitute a barrier which only a small percentage of the criczets are able
to cross. In some cases where obstructions such as driftwood or brush are
present, a much larger percentage of crickets may effect a crossing. A
large percentace of crickets become inactive in less than five minutes
after being piaced on the surface of a body of water. A 50 per cent

“mortality may,be expected after eight minutes' total submersion.
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