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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 i s  brought out to  show th a t the commercial sodium a rse n ite  

used in  c rick e t con tro l probably co n sis ts  of a  mixture of meta sodium, 

several d e riv a tiv es  o f pyro sodium a rs e n ite , and free  arsenious oxide. The 

several d ilu en ts  under t r i a l  were found to be in e r t  when used in  connection 

w ith c rick e t dusts and the  uniform ity  of the  dust cloud was found to depend 

la rg e ly  on the s ta te  of subdivision of the p a r t ic le s .  A uniform product of 

sodium a rse n ite  and d iluen t could be obtained a f te r  very short period  of 

mixing. In  add ition , the ja r r in g  o f containers did not appreciably a l t e r  the 

concentration of sodium a rse n ite  and d iluen t e ith e r  on the  top or bottom of 

the con ta iners.

In  tre a tin g  Mormon c r ic k e ts , sodium a rse n ite  was found to  be 

e ffe c tiv e  when app lied  e ith e r  as a  contact o r stomach poison and to be le s s  

e ffe c tiv e  when applied  to the t a r s i  only. I t  was also found th a t an increase  

in  temperature would enhance, the k i l l in g  p ro p ertie s  o f the dusts both in  

the case of mature and immature c r ic k e ts . The removal o f dusts from the  

c rick e t body even a f te r  $0 minutes has lapsed, a ffe c ts  the m o rta lity  

obtained. Evidence was also  p resen ted  to show th a t c ric k e ts  become in ac tiv e  

a f te r  a  short time on the surface o f  a  body of water and i f  allowed to 

remain there  death may occur.
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INTEODUCTIOH

During the  past two years the contro l of Mormon c rick e ts  (Anahrus 

simplex Said..) in  Montana as well as in  a  number of neighboring S ta te s , has 

been one of the major entomological problems. Although Mormon c rick e t 

outbreaks have been recorded in  e a r l ie r  tim es, the  f i r s t  a c tiv e  contro l 

campaign in  which a rsen ica ls  were used to any extent was in  1927. In 

general the a rsen ica l dusts used during the p a s t two years were the same as 

those employed in  the 1927 campaign. The p rin c ip a l d ifference  has been the 

change from hydrated lime to diatomaceous ea rth  as the d ilu e n t, the l a t t e r  

m ateria l causing le s s  discomfort and i r r i t a t i o n  to the dust gun operators.

Nine hundred tons of mixed sodium a rse n ite  dusts were used in  

s ix  western S ta tes during the 1937, and approximately twice th a t amount 

during the 1933 Mormon c rick e t campaigns. Nearly h a lf  of the e n tire  amounts 

re fe rre d  to above were used in  Montana.

An emergency campaign of th is  type n ecessa rily  leads to many, 

problems concerning the in se c tic id e s  used, th e ir  p ro p e rtie s , p repara tion , 

and ap p lica tio n . Some of the more important problems included a need fo r 

a  c le a re r  understanding of the chemical composition of the a rsen ic a ls  used, 

the physical p ro p ertie s  o f the dusts , and th e ir  possib le  e ffe c ts  upon the 

in se c t.

The following paper i s  divided in to  two sections. The f i r s t  

section  includes a discussion of the chemistry of sodium a rse n ite  and the 

physical p ro p ertie s  o f a  number of dusts. The second section  deals with 

the mode of ac tion  of the dusts on the Mormon c rick e t (A. simplex H ald.) 

and the fac to rs  which may influence th e ir  to x ic ity .
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EEVIEW OP PEZVIOUS WOEK

One of the f i r s t  papers to  appear on the use of sodium a rsen ite  

in  Mormon c ric k e t contro l was th a t of Shotwell and Cowan (7 ). This paper 

s ta te s  th a t when dusting c ric k e ts  w ith s tra ig h t sodium a rse n ite  powder 

excellen t k i l l s  were obtained in  every instance up to and including twenty 

fee t from the po in t of ap p lica tio n . I t  fu rth e r po in ts  out the  in ju rio u s 

e ffe c ts  to vegetation , wherever p resen t, i f  s tra ig h t sodium a rse n ite  i s  

applied .

Cowan (2 ), a  year l a t e r ,  s ta te d  th a t of a l l  the m ateria ls  te s te d  

powdered a rse n ite s  o f sodium and calcium proved the most e ffe c tiv e . He 

fu rth e r s ta te d  th a t e ith e r  of these m ateria ls  mixed w ith hydrated lime 

in  the  proper proportions and dusted over the swarms was very e ffec tiv e  

®5®i-0-st th is  in sec t in  almost any stage of i t s  development, th a t re s u l ts  

could he seen in  from twelve to  twenty-four hours a f te r  a p p lica tio n , and 

th a t the m orta lity  among c ric k e ts  a t the end of a four-day period  ranged 

from 75 to 100 per cent.

Schweis and Burge (6) ,  in  connection w ith th e ir  work on Mormon 

c ric k e ts  in  Nevada, s ta te  th a t upon contact w ith the in sec t the lime and 

sodium a rse n ite  se ts  up an i r r i t a t i o n ,  causing the c ric k e t to attempt 

cleaning i t s  antennae and fo o tp arts  by passing them through i t s  mouth.

In th is  way the arsen ic  i s  taken in to  the stomach, re s u ltin g  in  a slow 

death which usua lly  occurs between 24 and 43 hours, a  c e r ta in  percentage 

requ iring  as high as 170 hours. They fu rth e r  s ta te  th a t m oisture in  the 

atmosphere appears to increase  e ffec tiveness of the poison, apparently 

increasing  i t s  i r r i t a t i n g  q u a lity .
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Bales (I)  published work on su b s titu tin g  diatomaceous earth  for 

hydrated lime as the d ilu en t. He s ta te d  th a t an equal volume (2 pounds) 

o f diatomaceous ea rth  had been su b s titu ted  for the lime and encouraging 

re s u l ts  had been obtained. B e tte r  d isp e rsa l w ith quicker k i l l  was possib le  

than in  the case where lime was used. He fu rth e r s ta te d  th a t in  

experimental cages 100* k i l l  had been obtained with 2 pounds of white 

sodium a rse n ite  and 5 'pounds of diatomaceous ea rth . The ra p id ity  with 

which the poison k i l le d  was g re a tly  increased  w ith tem peratures above 90®F.

Glover (J) in  h is  work w ith the American cockroach (P erip laneta  

—e r i cana (L )), showed th a t sodium a rse n ite  penetra ted  the integument of 

cockroaches much fa s te r  than arsenious oxide. His r e s u l ts  showed d e f in ite ly , 

however, th a t a rsen ic  would p en e tra te  through the integument o f a cock­

roach to some extent in  e ith e r  form i f  enough time was allowed. When ra th e r  

high concentrations are b u i l t  up in  the cockroach body, a rsen ic  may be 

recovered in  a l l  p a rts  and t is su e s . Such concentrations were found when 

sodium a rse n ite  was applied  as the to x ican t, while w ith the much le ss  

soluble arsenious oxide the  d is tr ib u tio n  of arsen ic  was p ra c t ic a l ly  lim ited  

to the d igestive  t r a c t  and the p a r ts  and tis su e s  near the po in t of 

ap p lica tio n .



SECTION I

CHEMISTBY OP SODIUM AESENI TE

Soditua a rse n lte  in  the dry s ta te  may e x is t as a  tru e  compound 

in  any one of the following molecular combinations: Ortho sodium a rse n lte

(Na^As O j), Pyro sodium a rse n lte  (NaijAsgO^), o r Meta sodium a rse n lte  

(NaAsOg). These substances a re  believed to  ion ize  when in  so lu tion  in  the 

following manner; meta (NaAsO2^NatAssOi ) ;  ortho (N a^A sO jJN at-AsOj" ); 

Pyro (Nai1A sgO j^tea+A sgO 5" -  ̂ .

Several methods for the production of sodium a rse n lte  are  known 

and employed. The p a r t ic u la r  compound used in  c rick e t con tro l i s  produced
V

by the arsenious oxide -  sodium hydroxide method. The d if f ic u l ty  in  knowing 

p rec ise ly  what form of sodium a rse n lte  i s  being produced may be read ily  

understood by a study of figu re  I  along w ith i t s  subsequent d iscussion .

Pigure I  embodies the r e s u l ts  of stud ies made by F.A.H. Shrien- 

maker and W. C. deBaat as described by Mellor (4) on the system Na2O-As2 

O3-H2O a t 30eC. Here "a" denotes the s o lu b ili ty  o f As2Oj in  H2O; the 

region abA, the supersaturated  so lu tion  with As2O  ̂ as the so lid  phase; 

bcB, o f the so lid  phase NaAsO2 (meta sodium a rs e n lte ) ;  cdC, o f the so lid  

Nai1As2Q j1SH2O (hydrated pyro sodium a rs e n lte ) ;  deD, o f the so lid  

NaioAsliPl l l SCH2O (a  hydrated d e riv a tiv e  of pyro); efE, o f the so lid  

Nai1As2Oj (pyro sodium a rs e n l te ) ; and fgF o f  the hydrated NaOH1H2O1 The 

s o lu b ili ty  curve ab shows the rap id  increase  in  the s o lu b ili ty  of As2Oj 

as the proportions of a lk a li  increase .

Consider the area  bcB, wherein the so lid  m ateria l HaAsO2 e x is ts .

- 8 -
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A As* O1

NaAsOz

Na4 Asz O5

9 so NaOH so 
Hz O

fig u re  I .  EqiU ililrium  Liagrssi fo r  the System EapO- 
As2O  ̂ -  H2O a t  30°C. (from E e llo r (Uj ) .
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Any concentrations of the components under equilibrium  conditions 

which f a l l  w ithin th is  area  may he expected to combine to form NaAsOg 

(meta sodium a rs e n ite ) . Any poin t w ithin  th is  a rea  rep resen ts the 

concentrations of the th ree  components, As^Oy and E^O1 necessary

fo r th e  production of NaAsOg. lake the po in ts  X and Y w ithin the a fo re­

mentioned a rea . At equilibrium  the concentration of the th ree  components 

are  as follows: a t X, AsgO^ Uo$, NagO 20#, EgO 4o#; a t  Y, As2Oj &)#.

NagO 20#, HgO 20#. Only under equilibrium  conditions i s  i t  possib le  to 

obtain  the pure compound as ind ica ted  in  the shaded a reas . Otherwise, 

m ixtures of unknown proportions may be obtained.

A. Stavenhagen, according to Mellor (4 ), produced sodium a rse n ite  

NajAsOj by heating  fin e ly  powdered AsgOj w ith an excess of an alcoholic  

so lu tion  of NaOH, and B. L. V anzetti made sodium ortho a rse n ite  by reac tin g  

on AsgO^ with sodium methozide in  accordance w ith .the follow ing equation: 

As2O3 + 6NaO C2j ■ 2 Na3AsOj + 3(C2j)gO. N either o f the above methods are  

used to any extent in  the production of sodium a rse n ite  fo r  in se c tic id a l 

purposes.

The f in e ly  powdered oxide (AsgOj) i s  not e a s ily  wetted by water, 

but a so lu tion  can be prepared by b o ilin g . I t  a lso  d isso lves in  warm sodium 

bicarbonate so lu tion , w ith evolution of COg, and formation of e ith e r  or both 

the  meta and ortho sodium a rse n lte s , Na3AsOj or NaAsO2 resp ec tiv e ly , depend­

ing on the equilibrium  conditions.

The sodium bicarbonate method i s  used fo r the p repara tion  of 

the sodium a rse n ite  employed in  the Standard stock dip against Hocky 

Mountain spo tted  fever t ic k  (Dermacentor anderson i). I t  i s  not known



whether the product obtained i s  ortho or meta or a  mixture of the two 

sodium a rse n ite s . The exclusive use of th is  product in  dipping stock may 

possib ly  be due to the fac t th a t i t  has proven successful in  co n tro llin g  

tic k s  without in ju ry  to the  stock. Also, with the p o s s ib i l i ty  o f serious 

in ju ry  to  stock from burning in  mind, work w ith sodium a rse n lte  manufactured 

by o ther methods has not been undertaken.

In evaluating sodium a rse n lte  fo r  in se c tic id a l  purposes, i t  i s  

customary to  consider the AsgO^ content. On the b asis  o f equivalents the 

sodium a rse n lte  compounds.so fa r  mentioned in  th is  paper contain the 

following percentages o f AsgO^: ortho sodium a rse n lte  (Na-^lsO3) 73.S4$;

meta sodium a rse n lte  (NaAsOg) 76.15#; pyro sodium a rse n lte  (NatyAsgO^) 6l.4g#; 

hydrated pyro sodium a rse n lte  (NaljAsgO5.SH2O) 41.25#; and the so lid  

(Nai0As4On . 26H20) 34.38#.

The sp e c ifica tio n s  fo r the dry sodium a rse n lte  used in  the recen t 

cricket campaigns c a lle d  fo r not le s s  than SO# As2O3 content. By reference 

to the previous discussion of As2O3 contents o f sodium a rse n lte  compounds, 

i t  w il l  be seen th a t none of the e stab lish ed  formulae o f the  tru e  chemical 

compounds contain such a  high percentage of As2O3. The pure meta sodium 

a rse n lte  comes nearest to meeting the sp e c if ica tio n s , but in  view of the 

fac t th a t the sodium a rse n lte  manufactured fo r  c rick e t dust i s  a  mixture of 

the several sodium a rse n ite s , a l l  containing le s s  than 76.15# As2O3, i t  is  

reasonable to assume th a t the ad d itio n a l As2O3 content i s  added as As2O3 

to meet the required  sp e c if ica tio n s .

With reference to L. C. G lover's (3) work on the p ene tra tion  of 

c e rta in  a rsen ica l compounds in to  the body of the American cockroach

- 1 1 -
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(P e rlp lan e ta  amerlcana (L) ) ,  wherein he showed the highly  Insoluble JLsgO-j 

to he much le s s  permeable to the in se c t Integument than sodium a rse n ite , 

i t  would appear th a t the value of arsenious oxide as a  dust i s  questionable. 

One may assume then th a t the AsgOy as such, when added to  c rick e t dust 

strengthens the in se c tic id a l  powers of the m ateria l only very s lig h tly .

A l e t t e r  received from the Chipman Chemical Company, from whom 

the g rea te s t p o rtio n  of the sodium a rsen ite  used in  the I 93S c rick e t campaign 

was purchased, describes th e ir  product as follow s: "Mostly Na2Hi4As1̂Og with

possib ly  some NaH2AsjQg. . . . . Our product i s  thought to be la rg e ly  the 

ortho a rse n ite  but containing an excess of As2Oj over the normal ortho 

product".

No doubt these formulae were derived from an analy sis  of the product. 

However, in  deriv ing  them from a  mixture o f sodium a rse n ite  and As2Ojl i t  

appears more probable th a t the  basic  m ateria l i s  the meta ra th e r  than the 

ortho sodium a rs e n ite . S ta rtin g  with the meta a rse n ite  NaAsO2 and adding 

one molecule o f As2Oj and one molecule o f H2O, the formula NaH2AsjOg 

resolves i t s e l f .  Likewise, s ta r tin g  with NaAsO2 and adding another molecule 

of th is  compound p lus one molecule o f As2Oj p lus two molecules of water, 

the compound Na2Hl4Asi4Og i s  obtained. • No evidence can be found to show th a t 

Na2Hl4Asl4O9 i s  a  tru e  compound. In  a l l  p ro b a b ility  i t  i s  a  mixture of 

meta sodium a rse n ite , As2O j1 and water.

TIME O I  MIXINO

A m odification of the standard iodine t i t r a t i o n  method fo r 

determining arsen ic  was used C S ). Since i t  was not poss ib le  to  a sce rta in



the exact chemical composition of the sodium a rse n ite  employed in  the 

experiments, the value o f the standard iodine was ca lcu la ted  in  terms of 

sodium a rse n ite  in stead  of the AsgOj content. This n ecess ita ted  repeated 

standard iza tions throughout the e n tire  se rie s  of experiments.

To determine the e ffec t o f the  d iluen ts on the t i t r a t io n  procedure, 

a  s e r ie s  of weighed samples of sodium a rsen ite  were U ltim ately mixed with 

the c a r r ie rs  and t i t r a t e d .  Table I  embodies the re s u l ts  obtained. The 

amount of sodium a rse n ite  recovered in  each t i t r a t io n  proves the method to 

be w ell w ithin experimental e rro r .

The question has o ften  a risen  as to  the length  of time necessary 

to mix sodium a rse n ite  and c a r r ie r  to  obtain a uniform m ixture.

To obtain  an in d ica tio n  of the uniform ity o f the  dust used in  

the f ie ld , eleven samples of I  gram each were removed from drums of mixed 

dusts and t i t r a t e d .  The dust had been mixed fo r  20 minutes in  a power mixer, 

and the  o rig in a l proportions introduced were approximately 3 to  I  

diatomaceous earth  and sodium a rs e n ite . The samples showed the follow ing 

proportions by weight of the diatomaceous earth  to one p a rt of sodium 

a rse n ite : 3.U2, 3.35. 3.11. 3.13. 2.78, 2. 34, 3 . 24, 3.48, 3. 62, 2.01, 3. 68. 

The average fo r the 11 samples was 3.07.

Table I I  shows the re s u l ts  obtained when I  gram samples o f dust 

were removed from each of two d iffe re n t types o f mixers, b a l l  m ill and f ie ld  

m ixers, a t s ta ted  in te rv a ls  and t i t r a t e d .  The b a l l  m ill was the common 

labora to ry  type of one gallon  capacity  which revolved a t  the r a te  of 66 

revo lu tions per minute. The f i e ld  mixer was a power driven custom b u i l t  

drum which was se t on an eccen tric . The drum revolved 15 times per minute 

and had a capacity  o f approximately 400 pounds.

-1 3 -



TABLE I . -B esu lts of the determ ination of a  known quantity  of 

sodium a rse n ite  in  the presence of a 3:1 mixture of various dusts, ty  the 

t i t r a t i o n  method.

Diluent
Weighed amount of 
Sodium A rsenite 

in  mg.

Mg. of sodium 
a rse n ite  determined 
by t i t r a t io n

Average

100 99.65
100 100. 1«)
100 99.65
100 99.95

Sodium A rsenite 100 99-57 99.9%
100 99.70
100 100.45
100 100*06

■ 100 98.61
Sodium A rsenite 100 - 97.89 98.73
+ Diatomaceous 100 99-09

Earth 100 99.33

100 99.95Sodium A rsenite 100 100.25 99.88
+ C elite 100 99.95
— 100 99.35

100 98.90
Sodium A rsenite 100 99.00 99.21
+ Hydrated Lime 100 99.00

100 99.95

100 99.65
Sodium A rsenite 100 99.65 99.91+ Calcium Carbonate 100 100.10

100 100.25

. 100 100.53Sodium A rsenite 100 99.33 99.57+ Bentonite 100 *■ 99.09
- 100 99.33

100 97.50
Sodium A rsenite 100 101.20

SjCOO’

+ Volcanic Ash 100 98.40
- 100 96.55
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TABLS I I .-P roportion  "by weight of diatomaceoua earth  to  one p a rt 

of sodixun a rse n ite  as determined "by one gram samples taken from mixers a t 

the time in te rv a ls  noted.

Time in  
minutes

Proportions by weight of D. earth  to I  p a rt sodium a rse n ite
B all M ill F ie ld  Mixer

Sample I Sample 2 Sample I Sample 2
5 : 4.74 4.85 3.35 3.48

10 . 3.28 3 J 7 2.78 3.30
15 3.5% 3.54 1.96 3.18
20 3.50 3.72 2.56. 3.04
25 3-58 3.61
30 3-52 3.49 ' "
4o 3.44 3.45
50 3.4c 3.28 . ~
6o 3.36 3.57

I t  w ill "be noted th a t a f a i r ly  constant mixture was obtained in  

samples taken from the b a l l  m ill a f te r  a ten-m inute period . Samples from 

the f i e ld  mixer proved to  be somewhat more e r r a t ic ,  although w ith the 

exception of one sample a l l  approached a  3 to I  mixture a f te r  five  minutes. 

This in d ica te s  th a t prolonged periods o f mixing are  not necessary to  obtain  

a  reasonably uniform product.

CARRYING PROPERTIES OF DILUZNTS 

One of the problems to be considered in  connection w ith f ie ld  

app lica tions of dusts was the width of swath w ithin which an approximate 

3 to I  concentration of d iluen t and sodium a rse n ite  ex is ted . The wind 

v e lo c ity  as well as the fo rce  app lied  a t  the  nozzle would, of course, have 

a d ire c t influence on the  problem. In e r t m ateria l added to the sodium 

a rse n ite  had been thought to ac t both in  the ro le  of c a r r ie r  fo r  the a c tiv e
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ing red ien t and as a  d ilu en t. Also, any p a r t  of the dust cloud was 

considered to contain an approximate 3 to  I  m ixture. The e rro rs  in  these 

conceptions w ill  he pointed out in  the following work.

A se rie s  o f experiments was planned with the object in  mind of 

obtaining a  c le a re r  p ic tu re  of the ro le  of the in e r t  ing red ien t, as well as 

some d e fin ite  knowledge as to  the concentration of sodium a rse n ite  through­

out the dust cloud. The work was done in  a room approximately 25 fee t long 

and 10 fee t wide which was t ig h t ly  closed to elim inate any poss ib le  e ffe c ts  

from a i r  cu rren ts o ther than those caused by the small dust nozzle. IProm 

observations made on the dust cloud, o ther a i r  cu rren ts p resen t appeared 

in s ig n if ic a n t.

Mixed dusts were blown out from a nozzle h e ld  two fe e t above and 

one foot back Of the f i r s t  o f a  se r ie s  o f p e tr ie  d ishes, placed one foot 

apart fo r  a d istance of 14 f e e t .

The dust nozzle which was used app lied  the p rin c ip le  o f the 

Venturi tube. I t  was constructed of a 12-inch p iece of 6 mm. g lass tubing 

co n stric ted  in  the  center a t which p lace a p iece of 3 mm. g lass tubing was 

sealed^ A constant a i r  pressure  was applied  to  the la rg e r  tube, thus 

c rea tin g  a vacuum in  the sm aller one. During dusting operations the end 

of the small tube was kept immersed in  a  vesse l o f the dust. A qu ite  uniform 

f in e ly  divided dust cloud was obtained.

A fter a  heavy cloud had been blown out over the p e tr ie  d ishes, 

the dust was allowed to s e t t l e  u n t i l  the a i r  was c le a r . The samples 

obtained in  th is  manner were then weighed and t i t r a t e d  to determine the 

proportions of sodium a rse n ite  and in e r t  m ate ria l.

The o rig in a l concentration by weight of the m ateria l as i t  l e f t



the dust nozzle was in  the proportion  of th ree  p a r ts  in e r t  ing red ien t to 

one p a rt commercial sodium a rs e n ite .

Table I I I ,  represented g raph ically  in  figu res 2 and 3, embodies 

the re s u lts  obtained from the foregoing experiments. Table IV l i s t s  some 

physical aspects o f the d iluen t used. Photomicrographic p ic tu re s  o f each 

d iluen t w ill  be found in  fig u re  4 .

Consider the curve fo r diatomaceous earth  as shown in  figure  2.

I t  w ill  be noted th a t a  number of samples near the nozzle contained a higher 

p roportion  of sodium a rse n ite  than o f the in e r t  in g red ien t, thus Ind ica ting  

tha t a  large  percentage of the sodium a rsen ite  had fa l le n  out of the  mixture 

near the source. A l  to  3 mixture o f sodium a rse n ite  and in e r t  ingred ien t 

was obtained a t a po in t approximately fe e t from the nozzle. From th is  

po in t out the curve r is e s  abruptly  showing a  very d ilu te  dust, as a 

consequence of previous rap id  s e t t l in g  of sodium a rse n ite .

Compare the curve fo r diatomaceous earth  with th a t of c e l i te  

in  fig u re  3. I t  w ill  be noted in  the case of c e l i te  th a t a  I  to 3 mixture 

was not obtained in  any of the samples taken but was approached in  the 

f in a l  sample. A ll the samples taken were more highly  concentrated t Viat1 the 

o rig in a l mixture o f I  to  3. I t  was presumed th a t the th e o re tic a l po rtion  

of the curve as continued from the f in a l sample, would r i s e  abrup tly  in  

view of the fac t th a t the g rea te r p o rtion  of sodium a rsen ite  had fa l le n  out.

The two substances thus f a r  considered have nearly  the same 

d e n s itie s , and these d en s itie s  more nearly  approach th a t of sodium a rse n ite  

than any of the o ther in e r t  m ateria ls  used. This may be seen by reference 

to Table IV. I f  the density  of the in e r t  ingred ien t was the fa c to r  in

-1 7 -
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TABL3 111.-Proportions "by weight of the d iluen t to one p a r t  of 

sodium a rsen ite  as determined from samples co llec ted  a t various d istances

from the  dust nozzle.

Distance 
in  fe e t

Diatomaceous
earth

C elite Volcanic
ash

Hydrated
lime

Benton­
i t e

Calcium
carbonate

I 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 2.38 2.19 2.46 0.91
4 0.71 1.68 3-55 2.22 3.17 1.83
5 0.97 1.49 4.32 2. 26. 3-73 2.88
6 2.21 1.26 4.16 2.27 3.94 3.57
7 1.20 1.38 4.21 2.33 3.84 4.73
g 1.83 1.44 3.84 3.14 3.71 4.23
9 1.03 1.87 4.02 2.67 3.71 4.39IO — 1.79 3.54 1.99 3.47 4.32

i i 3.04 2.09 3.36 2.22 3.63 4.3712 8.11 2.23 3.12 1.87 3.57 4.20
13 9.12 2 .6 l 2.76 2.16 4.12 4.01
14 12.90 2.62 2.36 1.63 3.53 4.03

TABLE IV.-Some physical aspects of the d ilu en ts  used.

M aterial Degree of Subdivision Density
Sodium A rsenite - Very fin e 1.87
Diatomaceous Earth Moderately fine I .96 ..........  -

C elite Very fin e 1.99
Hydrated Lime Very fin e 2.20
Bentonite Moderately coarse 2.49
Volcanic Ash Coarse 2.59
Calcium Carbonate Moderately f in e 2.70

determining i t s  so -ca lled  carry ing  p ro p e rtie s , one might then expect to 

obtain  a s tra ig h t l in e ,  or nearly  so, superimposed on the ho rizon ta l l in e  

which rep resen ts a I  to 3 mixture in  figu res 2 and 3* I t  i s  obvious th a t 

th is  type of curve was not obtained in  e ith e r  the case o f diatomaceous 

earth  or c e l i te .
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Consider the photomicrographs of these two substances in  

figu re  4. I t  w ill be noted th a t both substances contain ir re g u la r  

p a r t ic le s  of somewhat s im ila r p a tte rn . With the  exception of p a r t ic le  

s ize , both appear to  be somewhat a lik e . The p a r t ic le s  composing 

diatomaceous earth  are  la rge  and many of them f l a t ,  while those of c e l i te  

a re  considerably sm aller and le s s  f l a t  in  charac ter. Both substances appear 

extremely l ig h t  and f lu f fy  under a  binocular microscope. Referring again 

to the curves of the two substances in  fig u res  2 and 3, i t  would appear tha t 

the la rg e r  f l a t  p a r t ic le s  of diatomaceous ea rth  were blown abruptly  away 

from the sodium a rse n lte  p a r t ic le s  fo r a  short d istance from the nozzle.

The remainder of the dust cloud p a s t the foot po in t was consequently 

composed la rg e ly  of in e r t  m ateria l which then s e t t le d  ou t. In  the case of 

the sm a lle r ,le ss  f l a t  p a r t ic le s  of c e l i t e ,  the curve in d ica te s  th a t these 

p a r t ic le s  a lso  blew away from the sodium a rse n lte  but d id  so le s s  rap id ly  

and s e t t le d  out more uniform ly.

Before comparing the curves fo r  ben ton ite  and volcanic ash, figu res 

2 and 3, a  descrip tion  o f these m ateria ls  w ill be given. B entonite, a  f in e ly  

divided c lay , was obtained in  the v ic in i ty  o f Hardin, Montana, and volcanic 

ash, a  f in e ly  divided product contain ing  a  high per cent of s i l ic a ,  was 

obtained near Big Timber, Montana. Both substances have d e n s itie s  very much 

a lik e , and th e ir  d e n s itie s  a re  h a lf  again g rea te r  than those of e ith e r  c e l i t e ,  

diatomaceous ea rth , o r sodium a rs e n lte . With reference to  f ig u re  4, i t  w ill 

be seen th a t volcanic ash i s  composed of extremely coarse sand-like 

p a r t ic le s ,  ir re g u la r  in  size  and shape. The ben ton ite , while only moderately 

coarse, i s  a lso  composed of i r re g u la r  p a r t ic le s  s l ig h tly  le s s  angular in
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character than volcanic ash.

I t  w ill he noted th a t there  i s  a  c e r ta in  s im ila r ity  in  the  two 

curves. Both r i s e  abruptly  between 3 and 6 fe e t from the dust nozzle and 

then tend to approach the I  to 3 m ixtures. I t  would appear from the curve 

fo r volcanic ash th a t the large  heavy p a r t ic le s  of th is  m ateria l a re  blown 

out away from the sodium a rse n ite  p a r t ic le s  only a very short d istance.

The abrupt r i s e  of the curve from the 3 foot po in t to a concentration  of 

approximately I  to 4.5 sodium a rse n ite  to volcanic ash in d ic a te s  a  d ilu te  

dust. Within th is  po rtion  o f the curve the in e r t  m ateria l s e t t le s  out qu ite  

rap id ly . At a po in t 12 fee t from the nozzle, a  I  to  3 mixture again occurs. 

Prom here on out a concentrated mixture i s  obtained, due to the fac t th a t 

the g rea te r  p o rtio n  of in e r t  m ateria l has s e t t le d  out before reaching th is  

p o in t. The curve fo r the somewhat more f in e ly  divided ben ton ite  follows 

the same general trend  as th a t of volcanic ash. However, a f te r  the abrupt 

r is e  the curve does not descend as rap id ly  as th a t o f the former. This 

in d ica te s  th a t a  more uniform s e t t l in g  out o f the in e r t  m ateria l occurred 

than in  the case o f the la rg e r p a r t ic le s  of volcanic ash.

Now consider the s e t t l in g  curve fo r calcium carbonate as shown 

in  fig u re  3. This m ateria l has the g re a te s t density  o f any of the  in e r t  

m ateria ls under t r i a l .  I t  i s  composed of moderately f in e , regu la r, non- 

angular p a r t ic le s ,  and as shown in  Table IV i t  i s  more f in e ly  divided than 

volcanic ash or ben ton ite , which a lso  have high d e n s itie s . Prom a  study 

of the curve fo r calcium carbonate, i t  w ill be seen th a t the moderately 

f in e  p a r t ic le s  of the in e r t  m ateria ls  are  blown away from the sodium 

a rse n ite  fo r a d istance of approximately 4& fe e t .  The samples obtained



-2 4 -

show a I  to 3 mixture a t  about 5 fe e t from the nozzle. I t  may he seen 

th a t the maximum s e t t l in g  out of in e r t  m ateria l was somewhat fa r th e r  from 

the nozzle than i t  was in  e ith e r  the case of volcanic ash or ben ton ite .

The degree of subdivision of the p a r t ic le s  i s  h e ld  responsib le  fo r  th is  

occurrence in  view of the fac t th a t the calcium carbonate i s  heavier than 

e ith e r  o f the two above mentioned d ilu en ts . A ll samples obtained from G to 

14 fe e t from the nozzle were very d ilu te . In  view of th is  f a c t ,  the 

th e o re tic a l p o rtion  of the curve i s  presumed to  again approach a  I  to  3 

m ixture.

The la s t  s e t t l in g  curve to be considered i s  th a t o f hydrated lim e. 

This substance co n sis ts  of very f in e ly  divided, reg u la r, non-angular 

m ateria l s l ig h tly  heavier than sodium a rs e n ite . Ifydrated lime appears to 

agglomerate somewhat and in  doing so gives the m ateria l the appearance of 

being composed of about an equal number o f very f in e  and moderately f in e  

p a r t ic le s .  The formation of these agglomerations leads to a p o ss ib le  

explanation of the curve as shown in  figu re  2.

This curve more nearly  approaches what may be considered the 

id ea l curve, a  s tra ig h t l in e  superinposed on the h o rizon ta l l in e  rep resen t­

ing a  I  to 3 m ixture, than any o f  the o ther curves in  f ig u res  2 o r 3.

Since the hydrated lime i s  somewhat heavier than sodium a rse n ite , 

i t  may be presumed th a t as the  dust leaves the nozzle the la rg e  agglomerates 

o f in e r t  m ateria l begin s e t t l in g  out sim ultaneously w ith the sodium a rs e n ite . 

The sm aller p a r t ic le s  of lime a re  then blown fa r th e r  out from the nozzle 

and do not begin s e t t l in g  out u n t i l  most o f the la rg e  agglomerates have 

s e t t le d . The sm aller p a r t ic le s  then s ta r t  s e t t l in g  out a t  about the  same 

ra te  th a t the la rg e r  p a r t ic le s  had prev iously  s e t t le d  out, thus keeping the



samples ra th e r  uniform. Throughout the e n tire  curve i t  may he seen th a t 

the sodium a rse n ite  s e t t le d  out of the dust cloud s l ig h tly  f a s te r  than did 

the in e r t  ing red ien t.

I t  i s  presumed th a t the th e o re tic a l p o rtio n  o f the curve would 

r is e  above the I  to 3 base l in e  a t some poin t p a s t the p lace  where the l a s t  

sample was taken. This r is e  may be a ttr ib u te d  to the fac t th a t a  la rge  

proportion of the samples were more concentrated than the o rig in a l I  to 3 

m ixture, and a  cloud of very f in e ly  divided lime was suspended in  the  a i r  

past the 14 foot p o in t.

I t  may be seen by a  consideration  of the e n tire  se r ie s  o f 

s e t t l in g  curves th a t the  proportion  of sodium a rse n ite  and in e r t  ing red ien t 

does not remain the same throughout the whole o f the dust cloud. The 

sodium a rse n ite  and the in e r t  ing red ien t apparently  s e t t l e  out independently 

of each o th er, thus showing the in e r t  substance to ac t so le ly  in  the ro le  

of a d ilu e n t. I t  i s  apparent th a t the density  of the d iluen t does have some 

e ffec t on the a b i l i ty  o f i t s  p a r t ic le s  to stay  in  suspension in  a i r .  I t  

i s  believed, however, th a t the p r in c ip le  fa c to r  in  determining the uniform ity  

of a dust cloud i s  the degree o f subdivision o f the p a r t ic le s .  Under c e r ta in  

conditions, then, one may expect to  obtain  what i s  considered to be a 

le th a l  dust in  the  case o f diatomaceous earth  only about as fa r  from the 

dust nozzle as the s tra ig h t sodium a rse n ite  could be blown.
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JAEHING eitscts on mixed dusts

Tables V and 71 embody the re s u lts  o f experiments which arose from



the need to determine the e ffe c t on the concentration o f the dusts while 

trucking drums of the mixed substances from a cen tra l mixing s ta tio n  to 

f ie ld  s ta tio n s . Some workers in  the  f ie ld  have presumed th a t the dust taken 

from the top of the drum was more d ilu te  than th a t  obtained from near the 

bottom.

An apparatus was constructed  to as nearly  sim ulate the ja r r in g  

action  of a  moving truck  as was p o ss ib le . I t  was made in  the following 

manner. A 5 foot board was mounted on a  p latform , hinged a t  one end, and 

res ted  on a p iece of rubber sponge a t  the o ther end. An e le c tr ic  motor 

equipped with a  hardwood eccen tric  wheel a ttached  to the shaft was bracket­

ed to the platform . The eccen tric  wheel was allowed :to r e s t  on the  upper 

side o f the board w ith su ff ic ie n t p ressu re  to cause a  s l ig h t compression 

of the  rubber sponge. A sharp) ja r r in g  motion was obtained with each 

revolu tion  o f the wheel. The speed of the motor could be regu la ted  as 

desired . U prights, to which two s e t t l in g  tubes 4 fe e t long and 5 cm. in  

diameter could be securely  clamped, were a ttached  to the board.

The s e t t l in g  tubes were f i l l e d  to a  heigh t of 2 fe e t with a  

3 -to I  mixture of the  dusts, and the samples removed from the bottom o f the 

column a t . th e  time in te rv a ls  noted in  Table V. Two d ilu e n ts , one very dense 

and the other very l ig h t  were used, and the experiments done in  dup lica te .

I t  w ill  be noted th a t no appreciable change in  concentration was 

found in  any samples obtained even a f te r  ja r r in g  had been continued fo r 

one hour.

Table VI shows the re s u l ts  of t i t r a t io n s  as obtained when I  gram 

samples of dust were taken from the  top of a  column o f dust a f te r  ja r r in g  

fo r the time In te rv a ls  noted. The same apparatus and dusts were used in
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TABLE V .-Proportion "by weight of the d iluen t to I  p a r t  o f 

sodium a rsen ite  as determined from samples taken from the bottom of a 

column of dust a f te r  v ib ra tio n  fo r  the time in te rv a ls  noted.

Time in  
minutes

Proportions by weight o f d iluen t to  I  p a rt sodium a rse n ite
Diatomaceous earth Volcanic Ash

Sample I Sample 2 Sample I Sample 2
5 3-1 3-1 2.9 2.9 "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
30 2.8 2.7 2.8 2.8
35 2.8 2.7
4o 2.7 2.7 3-9 2.8
50 2.7 2.6 2.7 2.6
6o 2.6 2.6 2.8 2.8

TABLE 71 .-Proportion by weight o f the d iluen t to I  p a r t  of 

sodium a rse n ite  as determined from samples taken from the top of a cdlumn 

of dust a f te r  v ib ra tio n  fo r the time in te rv a ls  noted.

Time in  
minutes

Proportions by weight o f d iluen t to I  p a rt sodium a rse n ite
DiatomaceousI earth Volcanic ash

Sample I Sample 2 Sample I Sample 2
- 15 3.1 2.7 3-3 3-4

% 2-3 3.1 2.7 3.2
% 3.4 3.5 1.9 3.16o 2.0 3.6 2.5 3.0

th is  experiment as were used in  the previous experiment except th a t l i t e r  

beakers were su b s titu ted  fo r  the  s e t t l in g  tubes.

I t  w ill  be noted th a t the r e s u l ts  obtained in  th is  experiment
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were somewhat more e r ra t ic  than those of the previous one. However, the 

samples from the top of the containers a f te r  prolonged ja r r in g  show no 

tendency to "become e ith e r  more concentrated or more d ilu te  to any g rea t

ex ten t.
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S3C1I0N II

PEEmBILIIY MD ITS COUTEOLLING FACIOBS

In in troducing  the problems considered in  the follow ing section  

of th is  paper, i t  i s  deemed advisable to en te r in to  a  b r ie f  d iscussion of 

some of the poss ib le  fac to rs  which may influence the r e s u l ts  obtained.

I t  i s  generally  recognized th a t an in se c tic id e , to exh ib it tox ic  

e ffe c ts , must en ter the c e l ls  o f the in se c t. Ihe foregoing statement 

app lies to the so -ca lled  stomach poisons as well as to  the contact poisons. 

I f  the w alls of the alim entary t r a c t  did not perm it the tox ic  m ateria l to 

en ter the c e l ls ,  the m ateria l would be expected to  pass through the  in se c t 

with no in ju rio u s  e ffe c ts . For in stance , arsenious sulphide, a  highly  

inso lub le  but tox ic  m ateria l, when adm inistered as a  stomach poison, 

exh ib its  no tox ic  e ffe c ts  whatever. Also, a rsen ic , when used as an in s e c t i ­

c ide, i s  known to a tta c k  the nervous system of the  in se c t. Therefore, i t  

must en ter the c e l ls ,  as the nervous system i s  not be lieved  to be exposed, 

e ith e r  on the outer surface or in  the  alim entary t r a c t  o f the in se c t. I f  

the nervous system were exposed the m ateria l would s t i l l  have to p en e tra te  

a  c e l l  membrane in  order to en te r.

A ll perm eability  con tro l i s  presumed to  l i e  p rim arily  in  the ou ter 

plasma membrane of the c e l l .  The follow ing i s  a l i s t  of some of the fac to rs  

which a re  thought to influence the perm eability  e ith e r  ac tin g  c o lle c tiv e ly  

or singly ; chemical c o n s titu tio n , pore s ize , e le c tr ic  charge, surface 

tension , adsorption, hydrogen ion concentration , age and physical condition 

of t is s u e , presence o f su ff ic ie n t m oisture fo r so lu tion  and io n iza tio n  of



the le th a l  m ateria l, and tem perature.

Consider surface tension  alone and the numerous fac to rs  which 

might influence i t .  The suggestion has been made hy S e ifr iz  (7) th a t a  

high surface tension  would p resen t an in te r  fa c ia l  membrane made up of 

t ig h t ly  packed molecules between which substances could not pass re a d ily .

Low surface tension would mean a loose arrangement o f surface molecules and 

therefo re  a  more permeable membrane.

Hydrogen ion concentration  may also  be considered. I t  has been 

shown th a t the hydrogen ion concentration both o f the c e l l  contents and of 

the surrounding m ateria l has a d e f in ite  in fluence on the perm eability  o f 

th a t membrane, both to substances passing  in  and passing  out o f  the c e l l .  

S e ifr iz  (7) s ta te s  th a t experimental evidence is  av a ilab le  which shows 

th a t in  some cases sodium ions w ill  en te r the c e l l  more rap id ly  in  an ac id  

medium than in  an a lk a lin e  one, and th a t the  speed a t  which these ions en te r 

increases w ith a  corresponding increase  in  a c id ity . Unpublished data  by 

J .  H. Pepper and the author show the pH of the reg u rg ita ted  d ig estiv e  

Juices of Mormon c ric k e ts  to be 4.53 and th a t these d igestive  ju ices  are  

highly  buffered both on the ac id  and a lk a lin e  s id e . In  view of these 

findings i t  i s  believed tha t the perm eability  of the c e l ls  l in in g  the 

alim entary t r a c t  would not vary g re a tly  because of pH changes even though 

in se c tic id e s  of strongly  ac id  or basic  character a re  ingested .

Now consider the poss ib le  v a ria tio n s  in  perm eability  which might 

be brought about by d ifferences in  age and h e a lth  of the t is s u e . Since 

the process of aging i s  accompanied by a lo ss  in  water content of the 

protoplasm, i t  i s  obvious-that o lder tis su e  containing le s s  water i s  more

- 3 0 -
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impermeable than th a t o f young t is s u e . I t  would then he suspected th a t in  

an in se c t such as the Mormon c r ic k e t, th e  ea rly  in s ta r s  would he much more 

susceptib le  to a rsen ic a l dusts than the a d u lts . Any abnorm ality in  the 

functioning of the  c e l ls  would he expected to influence the perm eability  

of the protoplasm ic membrane. I t  w ill  then be seen th a t a disturbance of 

the normal condition due to e ith e r  sickness or in ju ry  would in  a l l  

p ro b ab ility  render the tis su e  more permeable than th a t of a  healthy  

ind iv idua l. Experiments have shown th a t any abnormal condition of the c e l l  

i s  accompanied by a rap id  decrease in  e le c tr ic a l  re s is tan c e  with a  

corresponding increase  in  perm eability .

VARIA llOHS IH BIOLOGICAL MATERIAL

Keeping in  mind the a b i l i ty  of b io lo g ica l m ateria l to exh ib it 

v a ria tio n s , exact duplication  when using  th is  m ateria l should not be 

expected in  experimental procedure. Eor example, during prelim inary  

in v es tig a tio n s  in  1937. one lo t  o f c ric k e ts  co llec ted  in  the same lo c a l i ty  

and tre a te d  apparently  in  the same manner as a l l  the other lo ts ,  showed 

100 per cent m o rta lity  a t a l l  tem peratures in  le s s  time than the lowest 

which appears in  Table VIII a t  JO0C. These v a ria tio n s  are  as yet la rg e ly  

unexplainable and unpred ic tab le . One may see rea d ily , too, the extreme 

d if f ic u lty  o f e ffe c tiv e ly  co n tro llin g  a l l  but a  few of the fac to rs  mentioned 

which are thought to  influence perm eab ility . With these po in ts  in  mind, 

the i r r e g u la r i t ie s  in  the ac tion  of sodium a rse n ite  dusts which are  obvious 

in  the following experiments should not be viewed with alarm. Consider the
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v aria tio n s in  separate lo ts  of immature c ric k e ts  as apparent in  Table V III.

In the two lo ts  of 1 s t and 2nd in s ta r  in se c ts , i t  w ill  he noted th a t a t 

le a s t  twice as fa s t  a  k i l l  was obtained a t a l l  tem peratures w ith the  second 

lo t  than with the f i r s t .  Also compare the f i r s t  lo t  o f 1 st and 2nd in s ta r s  

with th a t of the second lo t  o f 2nd and Jrd  in s ta r s .  I t  w ill  he noted th a t 

in  some cases four times as- quick a k i l l  was obtained with the l a t t e r  than 

with the former.

Temperature changes in  a  cold blooded animal such as the Mormon 

c ric k e t, a ffe c t a  number of the v a ria b le  fac to rs  formerly mentioned, such 

as surface tension , adsorption, so lu b ili ty , and io n iz a tio n . For th is  reason 

temperature changes are  given p a r t ic u la r  consideration  in  th is  paper even 

though time may prove them to  be le s s  important than some of the other fa c to rs .
i

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

Table VII, represented g raph ica lly  in  fig u re  5, shows the re s u l ts  

obtained from stud ies of the ac tion  o f sodium a rse n ite  dust when applied  

to d iffe re n t p a rts  of the body o f adu lt c ric k e ts . A 3 to I  m ixture o f 

hydrated lime and C.P. meta sodium a rs e n ite , NaAsO2. was used, and constant 

temperature and re la t iv e  humidity were maintained throughout the e n tire  

se r ie s .

A c o lla r  was devised (see f ig u re  6) to prevent the c rick e t from 

cleaning any p o rtion  of i t s  body, thus preventing any in troduction  o f tox ic  

m ateria l in to  the alim entary t r a c t .  In  add ition , a  la rge  p ro tec tiv e  sh ie ld  

through which the a n te r io r  p o rtion  of the c ric k e t protruded was provided



TABLE VII . -Per cent m o rta lity  fo r  c ric k e ts  dusted with a  3 to  I  

mixture of hydrated lime and sodium a rse n lte  a t 36° C. and 50$ re la tiv e  

humidity, showing the ac tion  of the dust when applied  to d iffe re n t p a rts  

of the c ric k e t.

Time in  
hours

Per cent M orta lity
With c o lla rs Without c o lla rs Tarsi dipped

3 2.5 2.5 . 0 .0
4 11.0 8.0 0.0
5 25.0 20.0 0.0
6 45.0 37.0 10.0
8 81.0 66.0 25.0

10 92.0 85.0 44.o
12 95.0 97.0 58.0
14 71.0
16 78.0
18 84.0
20 87.0

during dusting operations to prevent any d irec t ap p lica tio n  of dust to the 

head and mouth p a r ts .  Each c ric k e t was dusted separa te ly  w ith as uniform 

a coating of dust as was po ss ib le  and placed in  the tem perature cab inet. 

Five lo ts  o f twenty each were tre a te d  in  th is  manner and the average per 

cent m orta lity  computed. Undusted check lo ts  both with and without 

c o lla rs  showed no m o rta lity  in  twenty-four hours.

J ive  lo ts  of twenty each were dusted over th e ir  e n tire  body 

surface and placed in  the  tem perature cabinet along w ith an equal number 

whose ta r s i  only were dipped in  the dust.

The c ric k e ts  whose movements were not hampered by c o lla rs  began 

cleaning themselves immediately. Ho p a r t  of th e i r  body which could be
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f igu re  6. Korznon c rick e t shoeing c o lla r  
a ttached.
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reach ed was neglected; th e ir  antennae, t a r s i ,  le g s , v e n tra l side  of the abdomen, 

as well as th e ir  ov iposito rs and c laspers were a l l  cleaned. In  each of the 

three types of treatm ent, the f i r s t  symptom of e ffe c t from the poison was 

manifest in  a general lo ss  of coordination, followed then by a  more severe 

p a ra ly s is  with considerable reg u rg ita tio n  of d ig estiv e  Ju ices and deposition 

of fec a l m ateria l. Succeeding th is  stage there  appeared to be very l i t t l e  

movement except fo r spasmodic tw itch ings. Ihe c ric k e ts  were considered dead in  

a l l  the following experiments when these spasmodic movements could no 

longer be induced by gen tle  prodding.

I t  w ill be noted by reference  to fig u re  5 th a t much the same e f fe c t ,  

both in  time and percentage k i l l ,  was obtained from the dust when i t  was 

allowed to ac t e ith e r  as a  contact poison (c o lla rs  attached) or as both a  

contact and stomach poison (no c o lla rs  a ttached  to prevent ing estio n  o f 

d u s t) . This in d ica te s  th a t the sodium a rsen lte  dust was e ffe c tiv e  in  e ith e r  

mode of en try . I t  fu r th e r  in d ic a te s  th a t the le th a l  m ateria l could p en e tra te  

the lntersegm ental membranes of the exoskeleton as well as i t  could the 

tis su e  c o n s titu tin g  the alim entary canal. By reference  to  fig u re  5 i t  w ill 

a lso  be noted th a t in  the case of those c ric k e ts  whose t a r s i  only hpa been 

dusted, the  time fo r an equal percentage m o rta lity  was g rea tly  increased  , 

as compared to the o ther two methods of ap p lica tio n  o f dust. In  add ition , 

the u ltim ate  m o rta lity  was somewhat lowered. Observations show th a t the 

c rick e ts  do not a l l  begin cleaning th e ir  foot p a r ts  immediately a f te r  dust­

ing when only the foot p a rts  have been dusted.

On the  b asis  of these find ings i t  i s  believed th a t the f ie ld  

p ra c tic e , whereby dust b a rr ie rs  are  la id  down in  the paths o f bands of



c ric k e ts  should not "be expected to  be too successfu l. A short d istance 

tra v e l by the band o f c ric k e ts  over vegetation  and earth  would in  a l l  

p ro b ab ility  brush o f f  a  la rge  p o rtio n  of the dust which the ta r s i  had picked 

up in  crossing the dust b a r r ie r .  There i s  a lso  the obvious danger to l iv e ­

stock where these heavy concentrations o f a rsen ic a l dusts a re  l e f t  exposed. 

When dust b a rr ie rs  are  used in  connection with furrows wherein the dust 

i s  p laced  in  the bottom o f these depressions, the case i s  somewhat d iffe re n t 

The in se c ts  u sua lly  become dusted over a large  p o rtio n  of th e ir  body e ith e r  

when en tering  the  furrows or upon leaving i t ,  due to f a l l in g  down the side 

w alls . The furrow may then be e a s ily  f i l l e d  w ith earth  to  elim inate danger 

to  liv e s to ck .

Schweis and Burge (6) s ta te  th a t lime and sodium a rse n ite  se t up 

an i r r i t a t i o n  causing the c rick e t to  attempt cleaning i t s  antennae and fo o t-  

p a r ts  and th a t m oisture in  the atmosphere appears to increase  e ffec tiv en ess  

of the poison, apparently  increasing  i t s  I r r i t a t i n g  q u a lity . Observations 

have been made by the author on the a c t iv i ty  of c ric k e ts  a f te r  they have 

been dusted with lime and sodium a rse n ite  dust and held  under d iffe re n t 

conditions of tem perature and hum idity. These observations in d ica te  in  

general th a t the c ric k e ts  begin immediately to  clean themselves a t 

tem peratures above 20eC. and continue to do so vigorously  regard less of

humidity conditions. At tem peratures under 20*0. they do very l i t t l e
" ,

cleaning o f dusted p a r ts  o f th e ir  bodies. Observations by the author 

a lso  in d ica te  th a t under conditions o f high humidity quicker k i l l s  are  

obtained. I t  i s  be lieved  th a t the quicker e ffe c ts  of the dust under 

conditions of high humidity i s  not due to  an Increase in  i t s  i r r i t a t i n g
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q u a lity  "but to the add itiona l m oisture aid ing  the so lu tion  and io n iza tio n  

o f the sodium a rse n ite . In th is  manner the le th a l  substance i s  believed 

to be rendered more e ffe c tiv e .

TSIvlPSBAIUHS EFFECTS OU ACTION OF. DUSTS

Previous statem ents have been made concerning the p o s s ib i l i ty  of 

tem perature changes a ffe c tin g  m o rta lity  when using  a rsen ica l dusts . Table V III, 

rep resen ted  g raph ica lly  by fig u re  7 . embodies the r e s u l ts  obtained from the 

follow ing experiments which were planned to  study these  tem perature e ffe c ts  

on m o rta lity  through each in s ta r  up to and including the ad u lt c r ic k e t.

Chemically pure meta sodium a rse n ite , UaAsO2. and diatomaceous 

ea rth  in  the proportion  o f I  to 3 mere used in  the e n tire  se r ie s  of 

experiments. A dusting chamber, see figu re  8 , was constructed  to insure  

reasonably uniform dusting of the separate  lo ts .  One gram of mixed dust was 

app lied  to each lo t  in  the follow ing manner. Four hundred f i f t y  to  f iv e  

hundred c ric k e ts  were c h ille d  fo r  a few minutes a t  a  tem perature o f 

approximately 36*F. to prevent any cleaning process u n t i l  put in  cab inets , 

p laced  in  the dusting chamber, and dusted with the one gram of dust. They 

were then c h ille d  again, separated in to  four lo ts  of one hundred each, and 

p laced  in  the various tem perature cab ine ts . The number o f dead c rick e ts  

and the time were noted a t regu la r in te rv a ls  and from these fig u res  the time 

fo r  a  50 per cent m orta lity  was computed.

Check lo ts  of c ric k e ts  were tre a te d  in  the same manner as described 

above with the exception o f dusting , and were p laced in  each of the
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table VIII.-Tim e requ ired  fo r 50$ m o rta lity  fo r the various 

nymphal in s ta rs  and adu lt c ric k e ts  a t the tem perature noted.

Temperature Time fo r 50% k i l l  in  Hours
30WC. 25” C. 20” C. 15” C. In s ta r

5-0 4:0 14".0 20:0 1st and 2nd
1.5 2.0 7.0 8.5 1st and 2nd
3.0 6 .5 7.5 10.5 2nd and 3rd
1.5 l .o 3-0 6 .5 2nd and 3rd
2.0 2.0 4.0 6 .0 3rd and 4th

' 3.5 6.o 10.0 12.5 3rd and 4th
8.5 8.0 11.0 i s . 5 4 th  and 5th
5.5 6 .5 13.0 20.0 5th  and 6th
5.0 6.o 9 .0 12.0 6th and 7 th

Average fo r
In s ta rs 4.o 4.5 8.5 12.5

7.5 11.0 19.0  - 3 i.5 Adults
7.0 8.0 18.0 Adults
6.0 8.5 14.5 Adults

Average fo r
Adults 7.0 9 .0 17.0 3 i.5

tem perature cab inets . Ho m o rta lity was noted o ther than th a t  caused by

ac tiv e  c rick e ts  a ttack ing  and devouring those which were moulting.

I t  w ill he seen hy reference  to  fig u re  7 th a t a  d e f in ite  decrease 

in  time fo r a 50 per cent k i l l  was obtained, both fo r the nymphal in s ta r s  

and a d u lts , with a  corresponding increase  in  tem perature. T his,then . 

In d ica te s  th a t some fac to r or fa c to rs  which are  influenced by temperature 

may be considered to p lay an important p a rt in  e ith e r  increasing  or 

decreasing the perm eability  o f the tis su e s  with respect to sodium a rse n ite .

As was to be expected from previous statem ents, a t a l l
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Figure S. Dusting chamber.



tem peratures t r ie d  the time req u ired  to k i l l  f>0 per cent of the immature 

c ric k e ts  was considerably le s s  than the time requ ired  to k i l l  50 per cent 

of the ad u lts .

Further consideration  of figu re  7 w ill  show th a t a  decrease in  

temperature appears to have a g rea te r  e ffec t on the time fo r  a  50 per cent 

k i l l  in  the case of ad u lts  than in  the case of the nymphal in s ta r s .  This may 

he due to a  g rea te r decrease in  a c t iv i ty  o f the adu lts  a t  lower tem peratures 

than of the immature in se c ts , or a  decrease in  perm eab ility  g rea te r in  the 

case of the ad u lts  than the immature stages, o r to  a  combination of these 

or o ther fa c to rs . In  a l l  p o s s ib i l i ty  the a c t iv i ty  fa c to r  i s  the most 

im portant, since the small c ric k e t begins l i f e  in  the ea rly  cool spring 

tem peratures. At th is  time periods of cold weather along with considerable 

v a ria tio n s  in  temperature may be expected. I t  would th ere fo re  seem 

reasonable to be lieve  th a t these younger c r ic k e ts  were more ac tiv e  a t the 

colder tem peratures than the o lder ones which a re  accustomed to  warmer 

summer tem peratures.

THS IKERT KATURS OF TES DILUENTS

The question has a rise n  as to whether or not any o f the d ilu en ts  

ava ilab le  fo r use w ith sodium a rs e n ite  would stim ulate  or re ta rd  the  le th a l  

ac tion  of th is  in se c tic id e . One to th ree  m ixtures of sodium a rse n ite  and 

the follow ing d ilu en ts  were used: hydrated lime, c e l i te ,  diatomaceous 

ea rth , volcanic ash, calcium carbonate, and b en to n ite . An equal quan tity  

by weight of each mixture was dusted on lo ts  o f 100 adu lt crickets and the 

in se c ts  then placed In  the 25*0. temperature cab inet. P a rt o f the s e r ie s



was repeated fo r purposes of comparison.

In su ff ic ie n t d iffe rences in  time fo r a  50 per cent 2d . l l  (see 

T alle  IX) were considered to c o n s titu te  proof o f the in e r t  q u a lity  of a l l  

the d iluen ts used. In  fa c t th e re  was very l i t t l e  d ifference  in  time fo r a 

50 per cent k i l l  considering the v a ria tio n s  evident in  the previous 

temperature stu d ies .

TABLS IX.-Time requ ired  fo r  50$ m o rta lity  u sing  equal q u a n titie s  

of dusts made up from d iluen ts as l i s te d .

Diluent

Time in  Hours fo r  50® 
M ortality  a t  B1S0C.

T ria l I T ria l 2
Diatomaceous Earth 4.5 5.0
Hydrated Lime 5.0 4.0
Calcium Carbonate 4.0 3.5C elite 5.0 4.0
Volcanic Ash 4.5
Bentonite 5.0 -

LENGTH OF TIME BUSTS MUST BEMAIN ON INSECT BODY

Wet, dewy mornings a t  which time c ric k e ts  a re  handed c losely  

together, thus making dusting easy, and frequent spring ra in s  in  some 

lo c a l i t ie s ' where c ric k e ts  abound, have ra ise d  the  question as to the leng th  

of time sodium a rse n ite  dusts must remain on the in sec t to  prove e ffe c tiv e .

The follow ing experiments were devised to provide some d e f in ite  inform ation 

on the  above problem.

Three hundred adu lt c r ic k e ts  were dusted in  the dusting chamber



- 44-

wlth a  3 to I  mixture of d ia tomaceous earth  and chemically pure meta 

sodium a rse n ite  and then divided in to  lo ts  o f one hundred each. One lo t  

of the c rick e ts  was placed in  each of three tem perature cab inets to be held  

a t 30* 25, and 20*0. Ten c ric k e ts  from each cabinet were washed immediately 

a f te r  dusting, p laced in  rea rin g  cans, and retu rned  to th e ir  respec tive  

cab inets. A thorough washing was accomplished by means of p lac ing  the 

c ric k e ts  under running tap water s l ig h tly  below room tem perature. Ten 

c ric k e ts  were removed from each of the cabinets a t f i f te e n  minute in te rv a ls  

fo r n inety  minutes, placed in  rea rin g  cans, washed, and re tu rned  to the 

cab inets. Time fo r 50 per cent m o rta lity  was computed from the time the 

dust was applied .

Blank spaces appearing in  Table X in d ic a te  th a t a  50 per cent 

m o rta lity  was not apparent in  24 hours. I t  was observed th a t those c ric k e ts  

not dead in  th a t time showed l i t t l e  or no e ffe c t from the poison.

TABLE X .- Time fo r  50 per cent m o rta lity  a t  the various 

tem peratures fo r c ric k e ts  dustfed w ith a  3 to I  mixture of diatomaceous 

earth  and sodium a rse n ite , the dust being washed o ff  a t  the time in te rv a ls  

noted.

Time of washing 
in  minutes

Time in  hours fo r  50 per cent m o rta lity  
a t  the following tem peratures

30*0. _25»C. 20*0.
Washed immediately a f te r  dusting -

15 - 22 h rs .
3° 21.0
45 17.5 11.5 1560 15.5 8.0 3
75 16.0 11.0 1790 10.0 11.0 15

Not washed 6.5 6.5 9.5
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Somewhat e r r a t ic  r e s u l ts  were obtained; however, the d a ta  show 

th a t the removal of the dust from the "body surface even a f te r  one and one- 

h a lf  hours, slows down the time requ ired  fo r 50 per cent m o rta lity  (see 

Table X). Very l i t t l e  d ifference  i s  noticeab le  in  k i l l in g  time a t the 

in te rv a ls  between 45 and 90 m inutes. From Table X i t  i s  evident th a t i f  

the dust i s  removed previous to between J O  and 45 minutes le s s  in ju ry  to 

c ric k e ts  i s  to  be expected than i f  the dust was allowed to  remain on the 

in se c t body fo r a  longer period .

WATER BARRIERS

Another question which has received  some a tte n tio n  in  con tro l work 

i s  the p o s s ib i l i ty  o f c rick e t bands advancing where a  body of w ater, such as 

a  r iv e r  or i r r ig a t io n  d itch , must be crossed. Large numbers o f c ric k e ts  

have appeared on the south side of the Yellowstone River in  Yellowstone 

County, Montana, during the p ast few years, while very few have appeared 

north of the r iv e r . Residents along th is  ra th e r  la rge  sw ift-flow ing r iv e r  

have occasionally  no ticed  c ric k e ts  which they believed  to have crossed from 

the south side to the north side of the r iv e r .

In  the l ig h t  of the follow ing work th e ir  id e n tif ic a t io n  o f these 

c ric k e ts  as those which have crossed the  r iv e r ,  may be c o rre c t. However, 

i t  i s  believed th a t only a  very small percentage of those which entered 

the water would manage to reach the o ther s id e . Observations show th a t 

a f te r  one and one-half minutes on the  surface o f w ater, a  la rg e  p roportion  

o f th e  c ric k e ts  become in a c tiv e  and tend to  sink  and r i s e  p e r io d ic a lly  w ith
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a consequent ingestion  o f  a  la rg e  quan tity  o f w ater. I f  the curren ts in  

the r iv e r  were so th a t these c ric k e ts  were c a rr ie d  across and deposited 

on the fa r  shore, in  a l l  p ro b a b ility  they would recover completely. In  

view of the in ac tiv e  condition of the c ric k e t, i t  i s  more reasonable to 

be lieve  th a t in  a  sw ift fibwing r iv e r  the in se c ts  would be ca rr ied  many 

m iles down stream being submerged p e rio d ica lly , and th a t only a  very few 

a t  the most would be deposited on the opposite shore out of the water fa r  

enough to give them su ff ic ie n t time to recover. Laboratory observations 

showed that where c ric k e ts  were p laced on the surface of a  la rge  vesse l o f 

water, a high percentage a f te r  becoming in ac tiv e  did not recover when 

removed from the water u n t i l  a f te r  a  number of hours. Table XI shows the 

m orta lity  which may be expected when c ric k e ts  a re  to ta l ly  submersed in  

water fo r the time in te rv a ls  noted. I t  w ill be seen th a t a f te r  e ight 

m inutes' submersion 50 per cent m o rta lity  was obtained.

TABLE X I.-Per cent m o rta lity  fo r c ric k e ts  to ta l ly  immersed 

in  water a t  26*0. fo r the time in te rv a ls  noted.

Time in  Minutes Per Cent M ortality
1
2 
4 
6 
2

12

10
10
30
30

%



SUMMABI

Sodium a rse n ite  used in  c ric k e t con tro l i s  produced fcy the 

arsenious oxide-sodium hydroxide method. To produce a  d e f in ite  product 

hy th is  method, i t  i s  necessary to ca re fu lly  con tro l the conditions under 

which the reaction  i s  allowed to proceed. I t  i s  "believed th a t the commercial 

product now obtained i s  made up of a  mixture of meta sodium a rs e n ite , several 

d e riva tives of pyro sodium a rs e n ite , and free  arsenious oxide. The 

in se c tic id a l value of arsenious oxide, as such, when presen t in  c rick e t dust 

i s  believed to be doubtful.

Uniform dusts were obtained from both a  b a l l  m ill and f ie ld  mixer 

a f te r  approximately ten m inutes' mixing time. Longer periods of mixing did  

not improve the uniform ity o f the dusts s u ff ic ie n t to  warrant th is  p ra c tic e . 

When mixing very la rg e  q u a n titie s  of dusts , f i f te e n  m inutes'm ixing time is  

recommended.

The following m ate ria ls , hydrated lim e, ben ton ite , calcium 

carbonate, c e l i te ,  diatomaceous ea rth , and volcanic ash, when added to 

sodium a rse n ite , were found to  ac t so le ly  in  the fo ie  o f d ilu en ts . Ko 

in d ica tio n s were obtained th a t there  were any physica l or chemical 

a ttra c tio n s  between the d ilu en ts  and sodium a rs e n ite . The uniform ity of 

a  dust cloud was found to depend la rg e ly  on the s ta te  o f subdivision o f 

the  p a r t ic le s .  Other fac to rs  which could be c o rre la te d  with the  re s u lts  

obtained were density  and shape of the p a r t ic le s .

Prolonged ja r r in g  of recep tac les  containing mixed dusts d id  not 

a l t e r  appreciably the concentration  e ith e r  on the  top or bottom o f the
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con ta iners. I t  was concluded then th a t mixed dusts could he transported  

from cen tra l mixing s ta tio n s  to f ie ld  crews without changing the uniform ity 

of the dusts.

I t  was proposed th a t an in se c tic id e , to  he e ffe c tiv e , must en ter 

the c e lls  o f the in sec t regard less  o f i t s  mode of ap p lica tio n . Chemical 

c o n s titu tio n , pore s ize , e le c tr ic a l  charge, surface ten sion , adsorption, 

hydrogen ion concentration , age, physical condition, m oisture, and 

temperature were thought to in fluence  the perm eability  of the outer plasma 

membrane wherein perm eability  con tro l i s  presumed to l i e .

I r r e g u la r i t ie s  in  experimental da ta  which a re  obtained when 

using  b io log ica l m ateria l a re  to be expected, due to v a ria tio n s  w ithin the  

organism i t s e l f  and to the numerous uncon tro llab le  fa c to rs  mentioned above.

In tre a tin g  Mormon c r ic k e ts , sodium a rse n ite  dusts were found to  

be e ffec tiv e  when applied  e ith e r  as purely  contact poisons or as a  stomach 

and contact poison combined. Approximately the same re s u l ts  were obtained 

both in  time and percentage k i l l ,  thus in d ic a tin g  th a t . th e  le th a l  m ateria l 

could penetra te  the in tersegm ental membranes o f the exoskeleton as w ell as 

i t  could the tis su e  l in in g  the alim entary  canal. The s im ila r ity  of the 

times fo r a 50 per cent m o rta lity  in d ic a te  th a t a  le th a l  dosage could en ter 

the  tis su e s  from the outer surface of the in se c t as quickly as i t  could 

from the region of the alim entary t r a c t .

, I t  was concluded th a t the presence of a  high re la t iv e  humidity 

enhances the k i l l in g  p ro p e rtie s  o f c rick e t d usts . This would decrease the 

evaporation from the surface o f the membrane, thus increasing  the amount o f 

m oisture a v a ila b le  fo r so lu tion  and io n iza tio n  o f the le th a l  m ate ria l, in
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which s ta te  th is  m ateria l i s  be lieved  to "be most e ffe c tiv e .

Oa the "basis o f k i l l s  obtained from lo ts  o f c ric k e ts  whose t a r s i  

only had been dusted, the p ra c tic e  of laying down dust b a r r ie rs  on the 

surface of the ground in  the paths of moving bands o f c r ic k e ts  was d is­

couraged. Dust b a rr ie rs  when used in  connection with furrows or trenches 

a re  thought to be much more e ffe c tiv e .

An increase  in  temperature was found to bring  about a  correspond­

ing  decrease in  time fo r a 50 p e r cent k i l l  both in  the case of nymphal 

in s ta r s  and a d u lts . Temperature changes were found to have a  g rea te r e ffe c t 

on the k i l l s  obtained with ad u lts  than w ith the immature stages. This 

apparent trend  was thought to be connected with the g rea te r  a c t iv i ty  o f the 

immature stages a t  lower tem peratures.

Evidence was presented  to  show th a t each o f the s ix  d iluen ts 

stud ied  were in e r t  when used in  connection with c ric k e t dusts.

I f  sodium a rse n ite  dust i s  removed from th e  surface of c rick e ts  

previous to 4$ minutes a f te r  dusting , a  considerable decrease in  percentage 

m o rta lity  may be expected. Even a f te r  n inety  minutes, the removal o f dusts 

may in  some cases double the time necessary fo r  a  50 per cent k i l l .

Bodies of water, such as a  r iv e r  or la rg e  i r r ig a t io n  d itch , Tn̂ y 

c o n s titu te  a b a rr ie r  which only a  small percentage o f  the c rick e ts  are  able 

to  cross. In some cases where obstruc tions such as driftwood or brush a re  

p re se n t, a  much la rg e r  percentage of c ric k e ts  may e ffe c t a  crossing . A 

la rg e  percentage o f c rick e ts  become in ac tiv e  in  le s s  than fiv e  minutes 

a f t e r  being placed on the surface of a  body of w ater. A 50 per cent 

m o rta lity  may be expected a f te r  e igh t minutes* to ta l  submersion.
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