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Resume “

This study dealts with the population fluctua-
tion of Chilo suppressalis from the cépture
. record of light trap at Kusatsu (Shiga Pref.) for
sixteen years, in relation to the condition of host
plant and the meteoro]ogrcal factors. .

. First of all, the -date at which half of the
individuals is entrapped and the population in
first generatron are both correlated with these in’
the second generatxon of the precedmg year Such
relations are not {ound between both generatxons
in a year, ‘ o ‘
the
influenced by

) second
the

meteorologi'cal conditions in Ju]y, the average of

The population entrapped‘ in

generation is remarkably

maximum air temperature in the second and last

- entrapped

!

mo22 -1
. . . ;
decades, the average of air temperature of the
second decade and the amount of precipitation of -

"the third five-days.

* influenced by the population entrapped in the later

period of the hrst generation, and the ]atter is
determmed by the 9524 entrapped date. )
The reproductwe rate in the first generation,
which is Dpretty correlated with the populatlon
in the second generatron, 1s “not’
vcorrelated wrth the arr temperatures in Ju]y, but
. remarkab]y influenced by the rainfall in the"
especially the- arnount ,
of precipitation of the last ‘decade’in July. This '
rate correlates straightly with the height of rice
plant for the fifth five-days in July, which pro-
“ tects the larvae from the heat caused from sun
The relation that the reproductive rate

second and last decades,

shine.

- has remarkable mmus correlat:on with the rate of

- stalk elongation rn September is very complex to

the host. plant. ’ .
The reproductive rate in the second generation

has considerable minus correlation with the rate
in the first generatron The ;simi]ar minué corre~ ,
lation thh the parent population makes  clear
that the effect of popu]atron densrty is operative
in the second generatron where a little external ’

environmental, resistance is observed

’ On the

Toxicological Studies on the Joint Toxic Action of Insectlcrdes IV. Seiroku SAxaAr
Yoshimichi. AstkA (Institute for Agricultural Chlemlcals,

Carncr Effrcrency and Jomt Toxie Achon of [nscchcldal Solvents. Insect

and
Yashima Chemical Industry Co.,

Ltd., Kawasaki). Received Nov. 10, 1956. Botyu-Kagaku, -22,. 113-138, 1957,
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' Fundamental studie’s on the pe'rmeabxhty of

insect* cuticle were investigated by -numerous
workers!,2,5-7,9-16,30,22-21,% 2832

anelyticél knowledg'e\ ‘of - insecticidal solvents

. concerned in cuticular permeabxllty. ) )
" Fulton & Howard® studxed the effect of addi- -

. tion of oil on the toxxcxty to plant bugs of derris . .

-and other ‘insecticides and pointed out that vege-
table oils were said to be the more. efficient
msectxcxdal carriers. The oil solvents available as

msecncxdal solvents, whether vegetable or mineral,

have higher lipo- solublhty and destructwe power -

of inscct cuticule and are effective in increasing
the permeability of insect cuticle. 4
Hurst™ obscrved that the addition of paraffins

-and cycloparaffins to lindane were effective to the

control of Cimex. He dtscovered that kerosene
penctrates the cuticle of Calltphora larvae slow]y

‘and a polar solvent such as ethyl alcohol can

penetrate rapidly. A mixture of apolar and polar

. solvent was cffectlve in mcreasmg the permecability

of Calliphora larvae. Thus the effect of the

kerosene has been interpreted as the destruction:
of lipoid from its normal structural combination
witlx protein in the lipoprotein mosaic of. the’
Calliphora cuticle 'and 'the effect of the ethyl.

alcohol as increasing the permeability of hydro-

philic parts. Considering the results obtained by’

Hurst™, alcohol, ketones, fatty acids, amines,
or phenols will aid the penetratxon of kerosene.
'When the speed of permeabthty to blowfly larvae

was examined, Hurst found that butyl and amyl

alcohol have carrier ef{xcxency, whereas the hxgher‘

alcohols are too surface active to be effectrve in

this aspects. o : S
Slmllar analysis . of the effect of. the solvent on

_the rate of penetratxon by the contact insecticides .

have been examined?%,%,30-3%,

Webb & Green®® found that the addmon of 1/
of certain solvents: to an msectlcxdal powder
dxphenylamme greatly reduced

. Webb

containing 0. 2527
the time of death in Melophagus ovinus.

& Green pointed out,that the abxhty of the

14 P

but we have little

" assistance - during the - course "of

" adults of the oriental garden cricket,

solvent to induce such an increase in rate of action

: was presumably due to an enhanced rate of pene-

tration of insecticide through the sheep kid’s

cuticle and was termed the- carner effxcxency of

the solvent
Recently, 1mproved formulatxons to DDT and
BHC emulsions such as Systron (composed of
15/ lindane, and 852 solvents and detergents)
are apphed to. the crop fields in ]apan
Concerning the improved formulations of chlo-

rmated orgamc msectlcxdes, Kaneko!” studied

" the action of fifteen solvents on the effectiveness

of lindane emulsions and found the higher carrier

‘efficiency of the mixture between methylnaphtha-

lene ‘and ketones solvents.
The present mvest1gat10n was undertaken to
demonstrate the joint action between organic

solvents and lmdene ‘and to observe the effects of

7" fifty elght solvents on the penetranon of lindane

powders independently to the work of Kaneko.

" The authors wish'to express their gratitude to
Prof. S. Utida, Kyoto University and Prof. K.
Iyetomi, Nagoya University, for their help and

' adovice given them during the course of the
: prescnt investigation. The ziuthors are also indebt-
“ed to President O. Kamada, Yashima Chemical
. Industry -Co. Ltd.

,. for his help and to Prof. K.

Koidsumi, Gifu University, Assist. Prof. T.
Yamasaki, Tokyo University, Assist. Prof. Y.
Yasue " Okayama Umversxty, Assist. Prof. T.

Kono, and Dr. S. Nagasawa, Kyoto University, '

. the colleagues at our institute for their helpful

suggestions and to Miss. Yukiko Saito for: her
.the present
Thanks are also due to Dr. M.

Sherman, ~Associate Prof. at the Umversxty of

mvestxgatlon

. Hawaii for his kindness of correcting the orrgmal

manuscript,

Methods and techniques .

"The msect used were the adults of the common
housfly, ‘Musca domestica vicina Macq. and the
Gryllus

s . : \
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muratus de Saussure. The houseflies used in this
experiment were the progeny of the flies which
have been reared for three years by inbreeding
a small number of normal flies collected at Kozu,
Kanagawa. ¥ The liquid of dried milk plus a
small amount of sucrose was used as food for
the adult and the mass culture medium for larval
ec ' “QOkara”, the residual
424 dried yeast,
i 4 pepton, and 10/ dned rice stem by weight.

rearing consisted of 8525
" product of bean-curd making,‘

The insects were raised under a.constant .tempe-
rature of 30° and a relative humidity of 5022

The cricket_s> -used in the experiment were

collected at a pear orchard near Futago, Kawasaki.

f _i Cabbage leaves and dried fish powder were used
as food. '

~ The Fifty-
eight insecticidal solvents were tested. The dust

insecticide adopted was lindane. -

carrier mixture consisting of 6-parts clay and 4-

. parts talc (300 mesh) was applied to the dust.

formulatlons
In the case of the fly test, about 50 housefhes

at 3—4 days old after emergence were anaesthetized

by carbbn dioxide and p]aceci on filter paper in a
Petri dish provided with a covering of salan netting.
The air-vacuum dust apparatus consisted of a
glass jar, 15cm in inner diameter and 22cm h}g}i,
with a glass plate covering its Tower opening.

The
supported above the bottom of the glass_jar. Air

Petri dish containing about 50 Tlies was

in the glass jar was produced by a rotary vacuum
pump. 200 mg of the powder to be tested was
placed in a glass'tube with wire nettmg on its
bottom. The glass tube was connected thh the
top tube of the jar. Then,” 200mg of powder
was dusted into the apparétué under vacuum
« through the round hole of the top tube.

The flies were exposed to a cloud of dust for

30 seconds. After dusting, the insects were kept at _

a temperature of 28°. The number of paralysed
flies were counted and the mortality was usually
determined after 1, 2, 3, 4, 5, 18 and 24 hours.

In the case of the cricket test, the tarsus of the

¥ We arc indebted to Mr. K." Kojima,
Agricultural Chemicals Co. Ltd.,
of the original houseflies cultured for these
tests. —

"introduced into 20cc Erlenmeyer flask,-

Towa -
for the supply -

cricket’s hind. leg was nnmcrscd into the test
solutjon for 30 seconds. The test solution consisted
of 0.124 lindanc and 99.925 After the
treatment, the insect was placed quickly on filter

solvent,

paper in the Petri dish and then the insect was

“at once transferred to the room-surrounding. The -

time for paralysis after treatment was observed.
The adults of the housefly were crushed thh
a small g]ass stxck and then . the dry matter
extracted with ether for 24 hours, 22 6/ yellow-
ish hpoxds per total fly by weight was obtained.
The extract of lipoids was prepared for the:

'expenments for_ the. action of solvénts on the N

‘housefly’s lipoids. In order to measure the solu-

bilities of the lipoids of the housefly to the
solvents, one small drop (0.006g) of the fly ‘h'povid

“was placed in the Petri dish, 9cm in diameter-

and 2 cm high. As soon as 5cc of the sqlvents ’

. for the experiments were poured slowly in. the
" Petri dish,

fully dissolved, was observed by the microscope.

Y

time in minute at which fly lipoid was : -

The beeswax was also utilized for the experi-

ments on the relationship between the carrier;
efficiency and the solubility of solvents to beeswax
from the vidwpoint of physiological sigriffic:ince. )
In order to measure the solubility of beeswax to
solvents, one drop (0.02g)’ of liquid beeswax was

Scc of solvents used for the experiments were

poured in the Erlenmeyer flasks. The Eilenmeyet

flask containing the solid beeswax and the solvent

was at once shaken by an electric shaker. at the
rate of 167 shakes per minute. The time necessary ‘
for the solution of beeswax was observed

. The surfacé tensions of the solvents and the, .

lindane-saturated solvents were measured by Du
Nouey’s surface tensions apparatus under a con-
stant tem‘pcrature of 30°. ‘

The solubility of lindane in the solvents at a’

-then the _

constant temperature of 30° was measured by,

weighing the lindane after the solvents'evéporated\

and similar methods were used to measure “the

* solubility of beeswax in solvents.

The effects of solvents of lindane
. on the mortality to the housefly

-Using the housefly as a test ins'éct, and applying

' 115
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to the cuticle insecticidal dust containing - 0.12%
lindane as the toxic agent, we o‘bsefveél that the
additions of 1 and 225 of certain o;ganié solvents
greatly varied the time nécéssary for paralysis to
occur. - _ h ‘

Although we thought at first that the. experi- .
ments for the effect of solvents_ on -the permea-
bility ' of lindane should be -carried out the
‘ the

experiments for the  liquid formulations,

* analysis of the results obtained by the liquid

-{ormulationv-'is so complex 'that water in the

.

o B ¥ .22 s—T

emulsions tested is probably more limiting factor
than the solvents in the emulsions.
In order to exclude the factor of water, we

carried out the experiments an'the dust formula~

tions.

The results of the exf)eriments on the relation .-
between time and per cent paralysis in the fly for
the solvents applied alone and’ with -the -lindane

. dusts added to the solvents ax;e given in Tables 1

to 2. E ) )
As shown in Table 1, the addition of 225 organic

- - - . . s/
_Tablel. ' The relation between time and per cent paralysis in the fly when 0.127 lindane dust
added 12 and 22 solvents respectively against the adult of the housefly, Musca domestica
vicina ~(the -averaged values of ‘3 replicated ‘trials). " The number of fly tested: about’

14,000. 28°C.

" Solvent , ; : s : Numerical values of the
tosted nglzzg: . | Per cent »paralysxs in the fly at the elapsed time experimental curves
. 2% in w/w - Nj2%  T* N[2T*
.Code no. ° lhr. 2hr. . 3hr. 4hr. 5hr. 18hr. 24hr. (minute)
K: Ketones (aliphatic, \
_ aromatic & cyclic) '
K-1 Acetone Y1y © 18.5° 17.1 22,8 23.7| 10.0 100.8 - 0.099
. 225 | ‘ 20.3° . 38.7 43.z 421 19.4 103.2 _0. 188-
. K-2 ‘Acetophenone 12 (19.9-31.0  31.1 325 35.5 355 381| 17 8 528 0.387 ..
. 228 32.8 32.4 36.1 46. 3 45.0 45.0 - 47.5] 23.0- 43.2 0.532',
,K-3 Acetonylacetone 122 |29.0 20.7 2L.2 23.7 24.1 27.9 27.6| 120 3L2 0.385 .
Co ’ -~ 2% 25.7 255 6 25.8 34.0 30.5 34.3 355 15.3 26.4 0.580
K-4 Cyclohexanone 125 48.8 35.6 36.0. 37.0( 18.1 50.4 '0.361°
T o ’ 22 - L . 49.8 44.5, 42.1 42.7| 21.4 - 57.6 0.372
K-5 Diacetonealcohol 12 |19.6 '23.6 21.7 '22.6 248 248 262]| 124 40.8 0.304 .
_ R R 296 {23.3-24.1 '24.8 30.9 28.0 282 27.8| 14.0 240 0.583
"K-6 Di-ecthyl ketone 12z - 26.8 22.9- 28.4 37.3 35.7 36.1 37.8| 18.4 36.0 0.511
B . - 224.13lL1 36.4. 38.8 40.0 40.3  42.4 44.5( 20.2 36.0 0.561
" _K-7 Di-iso-butyl ketone 125 [ 20.0 23.5. 22.6 30.4 28.1 28.8 28.8| 14.1 52.8 0.267
o N0 2% |29.7 36.6 37.5. 37.5 40.8 40.8 4L9| 20.4 36.0 0.567
" K-8 Mcthylethyl ketone 122 29.4 48.8 44.3 -45.7 43.9 41.9 43.8| 21.9 48.0 0.452
. ' o 2% 53.0 63.0 .60.8 .64.9 65.2 - 68.9 65.5| 32.5 " -19.2 1.693
k-9 Methyl-iso-butyl 124 11.9 10.5 8.6 1.3 14.2  14.2 15.5 7.1 - 3.0 0.197
. ' ketone' 22 32.6 45.1 46.9 62.1 64.2 70.2 72.8| 34.0 69.6 = 0.489
p: Primary "alcohols ' . X =
p-1 ‘Methyl alcohol . 1% 26.2 29.9 '31.1 ,32.0('16.0 ' 98.4 0.163 -
. . 22 -'27.8 - 26,8 33.6 34.9 ‘ 16.5  98. 4, 0. 168
p-2 Ethyl alcohol - 1% . 249 28.5 28.5 28.5| 14.3 ' 76.8 .0.186
B b 226.125.0 30.0 30.0 325 35.5 35.0 350 17.5 336 0.521
p-3 n-Propyl alcohol 12z | 19.4 43.3 .38:.8 39.7 39.0 " 39.3 37.9| .19.4 ' 67.2° 0.289
. ) 224 : 29.3 41.4- 41.2 46.0 45.4 46.9 ' 48.51 23.0 48.0 0.479
p-4 iso-Prop)"] alcohol 1% . 33.0 "34.4 339 354 176 8.4 0.204
) : ‘22 ; 24.5 30.4 -32.3 32.3| 16.2 112.8 0.143
‘ oy . . . ‘
p-5 n-Butyl alcohol . l2s -1 33.6 34.3 33.6 33.7 354 34.0] 17.0 24.0  0.708
o 224 40.8 53.6 53.9 . 56.1 55 6 55.1| 28.0 43.2  0.650 5
p-6 iso-Butyl alcohol 12 39.7 45.7 . 47.3 45.4 44.5 50.2 48.3|( 23.0 28.8 0.799
. 22 45.6 63.4 61.9 69.8 721 T74. 8 75.5| 36.5 43.2 0.845
p-7 iso-Amyl alcohol log 123.0 29.0 23.9, 20.2.22.3- 22.3 23 3| 11.7 . 24,0 0.488
.. 225 134.6 38.9 33.5 34.6 34.4 36.0 39.6| 18.0° 22.0 0.818
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‘p-8 Benzyl alcohol 12 |26.1 356 321 324 206 29.8 30.1| 14.8 33.6 .
. 225 35.6 39.9 40.9 41.6 44.7 47.0 46.8] 23.0 312 ) 0.737 .
.p-9 Cyclohexanol 125 34.8 -50.5 49.2 47.0 40.7 4.1 ‘41.5 | 20.6 26.4 0.780
22 |55.8 69.8 66.2 68.9 68.6 72.3 669 34.5 240 1.438
h: Halogenated - . ,
: hydrocarbons
h-1 Chloroform " 1l2 38.3 48.5 46.6 49.8 46.7 42.5| 23.6 * 24.0, 0.983
. 2% 55.0 63.8 65.7 67.6 67.7 .59.8) 33.6. 22.0 1.527 -
h-2 Carbon tetrachloride 127 | 26.3 “33.0 32.2 35.6 36.0 33.0/[ 18.0 31.2 0.577 -
. . v 225 31.1 40.6 39.7 40.8  40.9 37.7) 20.2 30.0 0.673
h-3 Ethylenedichloride 125 {33.7 42.4 417 43.5.41.9 40.8 41:1{ 21.0 '40.8 0.515
. 225 46.6 54.8 - 53.4 '56.0 56.5 61:5 '58.7| 29.0 33.6 0.863
‘h-4 Trichloroethylene . 127 | 28.6 39.3 38.0 38.2 37.4 40.5 40.5| 20.2 43,2 0.468
_ 222 39.6 50.8 49.4 48 2 47.9 58.8 58.3} 26.0 33.6 0.774
h-5 Tetrachloroethane 127 |(19.3 27.3 27.3 27.5 30.3 33.1 33.4| 160 36.0 0.444 .
: 225 | 32.7 42.9 , 42,5 41.1 41.6 456 45.1{ 21.8 33.6 0.649°
s: Aliphatic esters . .
s-1 Ethy] acetate 124 ‘41,2 38.0 36.0 37.0) 18.7 103.2 (.181
o ‘ 224 . 28.8 28.6 33.9 36.2| 16.4 96.0° 0.171
s-2 iso-Propyl acetate 124 18.8 14.4 152 16.5 17.7° 17.8 20.7 8.9 3.2 0.277
) L, 225 33.2 39.6 359 '40.1 40.3 359 36.3| 18.0 - 24.0 0.750
s-3 Butyl acetate 12 .30.7 32,56 '31.0 33.7| 16.2 91.2 * 0.178
: 225 . . - 385.5 36.2 .37.4 381 185 79.2 0,234
s-4 ‘iso-Amyl acetate 125 39.5 45.1 42.6 42.6 42.6 42.4 46.4| 36.3 48.0 0.756
' . 225 51.2 65.9 62.4 65.0 67.1 67.1 67.2} 33.6 33.6 - » 1.000
g: Glycols and its derivatives| . - :
g-1 Methyl cellosolve 124 9.4 '17.2 18.6 18.9 19.9 20.7 23.5 9.9 72.0 0.138
Ty . 2% 35.1 39.9 36.0 42.9 40.1 40.1 425} 20.1 33.6 0.598
g-2 Ethyl cellosolve 12 7.7 13.2 12.6 ,'12.7 13.6 13.4 14.8 7.0 50.4 0.139
: 224 20.1, 25.8 23.3 - 28.8 27.2 27.7 30.7| 14.0 36.0 0.389
g-3 Butyl cellosolve 12 17.3 185 20.2 24.8 22.3 355 25.4]| 11.2 40.8 0.275
225 24.6 358 37.2 39.5 4.9 43.9 43.6| 21.9 ~48.0 0.45
g-4 Ethylene glycol 12 41.3 56.0 49.3 49.9 48.8 457 46.6 | 24.4- 24.0 1.017
225 36.3 46.1 44.4 46.5 46.0 ' 50.2 49.4 ’23. 0 40.8 . 0.564
g-5 Propylene glycol' 12 16.0 21.7 30.4 321 157 156.0 0.101
= ) 225 21.8 20.9 27.3 29.1 ] 14.1 96.0 . 0. :147
g-6 Butoxy propylene * 124 24.9 35.2 41.2 42.6| 19.0 1320 0.144
, © glycol 292 12.6 1.6 17.6 21.7| 85 1320 0.064
b : Aromatic h};drocarbons and '
aromatic unsaturated '
hydrocarbons
b-1 Benzene 125 27.0 - 271 30.3 31.3} 14.8 72.0 0.206
- 22z . 25.1 33.0 380 40.0| 185 960 '0.193
b-2 - Monochlorobenzene 122 | 16.7 17.9 22,3 22.8| 10.1 96.0 :0.105
) . % X 38.0 340 360 380 180 720 0.250 °
b-3. Nitrobenzene 25 34.0 42.8  40.3 43.2 431 39.2| 21.0. 312 '0.652
: . ’ 22 |38.1 46.7 45.1 . 46.5 - 50.5 43.6 22.6 19.2 1.177
b-4 Solvent naphtha 122 28.7 ¢ '32.6 32.7 -36.1| 16.3 -120.0 '0.136
25 35.0 3.8 37.2° 36.3| 184 720 0.256
b-5 Toluene 25 30.7 28.4 30.4 33.6} 14.7 96.0  0.153
' 225 24.6 . 3.5 34.4 353 1?. 3 96,0 0.180
b6 “o-Chlorotoluene 122 |18.3 28.5 31.4 3L:0 33.4 33.5 '33.4| 16.7 '43.2 '0.387
25 16.4 21,6 19.1 25.6 29.7 738.0 41.0| 19.8 72.0 : 0. 275
b-7 Xylene 127 12.0 3.8 31.2- 321 15.8° 192.0 0.083
. $74 46.7 42.2 42.6 43.0| 21.9° 60.0 0.365
b-8 Tri-cresol 125 35.2 34.2 30.0 3.0 321 357 364 17.2 28.8 0.597
) : ’ 41.0 '62.2 620 717 61.1 62.3 53.3]| 310 48.0 0.646
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32.2| 16.0 " 45.6 0.250

, 25.5 27.5 31.0 28.8
296 ' 30.3 37.0 32.1 40.3 34.7 352 43.0| 17.5. 3L2 0.561
b- 10 Alpha pmene 1% |20.8 32,1 331 351 360 26.4 26.7| 182 48.0, 0.379
29 | 32.3 42.8 40.2 49.9 45.0 46.0 '47.8| 23.1 - 36.0'' 0.642
. vb-11 Camphor oil 1% 59.2 39.1 36.0 37.0| 18.3 96.0 0.191
o : 22 26.8 27.6 26.0 39.6| 18.9. 48.0 0.594
. :  Aromatic ethers o L : . :
. e-1 Dioxane . 1% C 2.7 30.9 31.3 32.1| 154 840 -0.183
S 295 ~ 32.7 © 325 '34.9 “36.7| 124 72.0. 0.172
: .
Lindane 0.125. .~ 29,25 32.61 33.16 '33.16 33.16 33.16 33.16
Carricr mixed with o S 1a - . .-
Clay and Talc. 1.16 1.16 1.16 1.16 -1.16 3.33 _7. 16 :

% See § Mathematlcal determination of the steady mortality.

0

Table2 The relat:onshlp between time and_ per cent para]y51s in the fly when
carrier powders mixed with 124 and 2% solvents respectively against the adult of the
housefly, Musca domestica vicina (the averaggd values of 3 replicated trials). 28°C," *°

.- Coodfetﬂg. Solvent = Per cent paralysed fly at the elapsed time
’ content ‘ -

S}
=
o

.18 hr.

[\
N
jad

solvents ' ofinw/w ' 1k  2hr. - B8hr.  4hr

o
(=3

k-1 1% -
i 22
k-2 1%
225

k-3 1%
. ’2%
k-4 125
2%

k-5 1%

_ 22

k-6 1%

22

k-7 1%

L 22

k-8 1%

2%

k-9 1%
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" In the case of the addition of 1% solvent, the

‘higher viscosity such as glycols interfere with
the cuticular penetration of lindane.

122
200

e-1

solvent was generally more  effective than the
obtained because it seems that the solvents of

addition of 124. Contrary results were - sometimes
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higher . carrier efficiencies of the solvents,” “in

descending order of effectiveness, were as follows: .

1) ethylene glycol 2) chloroform 3) iso-butylal-

cohol 4) iso-amyl acetate 5) nitrobenzene 6)

cthylene dichloride 7)-cyclohexanol 8) trichloro-
cthylcne 9) n-propyl alcohol 10) butoxy propy]ene«

glycol .
In the case of the addition of 22 solvent, the

higher cfficiencies were expressed as follows.: 1).

iso-butyl alcohol - 2) cyclohexanol 3) methyl iso-
butyl ketone 4) chloroform 5) "iso-amyl’acetate_vﬁ)
7)  ethylene dichloride and n-butyl
alcohol 9) trichloroethylene 10) benzyl alcohol,

" tri-cresol

~ethylene glycol, acetophenone and n-propyl alcohol.

On adding the .values of order. obtélned with
s/both 124 and 22 of solvent,.the following dcs-

cending order of effectiveness was obtained T 1)

~ chloroform 2) iso-butyl alcohol 3) ethylene glycol -

4) methylethyl ketone 5) ethylene dichloride 6)
cyclohexanol 7) iso- amyl acetate ' 8) nitrobenzene
9) n- propyl alcohol 10) cyclohexanone

The above expression of order was obtamed
from the asymptotc of the time and per cent
paralysed fly-curve which was termed the steady

v

mortali ty.

" Mathematical determination of steady

mortality

As shown in Figure 1'the accumulated curve

representing the relation between time and per ‘

cent paralysis is a sigmoid curve (a-b-d curve
/ . -t .
such as Figure' 1) or ana-c-b-d curve such as

~Figure 1.~ -
‘ ‘ \ ;
n c k o E
| b _
N ‘af L ,
o) \ : : |
= i £ '
8 : o L
o R et 4N M3 iz
b4 y i P A
. ot [ v
! N N '
12 { ] e
1 1. 1 1 [}
1 ] ] i 1)
1 ] L] ] )
* i + k'3 i
Tty R 7T T %) t: g
» Time , o
Fig. 1.’ Schemanc graph ‘showing the
accumulated curve mdlcated the relation

bctween time and per cent paralysxs in the

fly. .-
- 120

greater carrier efficiency,

_cuticular penetration, -

2‘) ;é{a— I

For convemence, we regard- the a-c- b d curve
in the
The b d part of the curve is the

of narcotzc solvent as an a-b-d curve
present paper.

L part of steady mortality.

Although the data analysne of the present curves‘
were calculated by the calculation of the incom-
plete time-mortality curve of Bliss? a short cut
method was _applied as follows : - '

We applied the modification of Kono’s method“’
on the estimation of insect populatlon by time-
umt collecting. »

In the experiment on the relatlon between time
and per cent mortahty,

elapsed time ¢, and the accumulated mortality at

equation :
R

g a=NQ—c-aty = )

. where a is a constant representing the mortality

efficiency, N the steady -mortallty in a given

toxicant, which can be calculated by the following -

equation, derived from the eouation 1):

- : : s ,
‘ ny no—ns? o @)
ny+n2—2n3

- N=

where nt, nz and n3 are the mortality at the txme,

b, to and t3=1/2(t1+t4), respectwely.

n=N/2, dn/dt becomes the maximum velocxty,
thus when the steady mortahty is regarded as
1007 %>
then is the point of mflectlon

In the present. case, N, was calculated by

8 equation (1)’ and N/2 was obtained. The index

representing the slope of .a gwen curve was

' calculated as follows :

he index of the slope of. curve—iv— @)
. 2T
where T is time, ¢, at N/Z ‘
~ The index of the slope'is an 1mportant factor

_.in the cutlcular penetration but the values of the

index for the present expenments were not more
distinct than the values of the steady mortalxty.
-As we thought that the solvents with a higher
steady mortality value have the greater probability
to reach the action point of insect body by the
we took in the values
of the steady mortality as important factor on the

i

the relation between the

N/2 becomes the median lethal txme and

. time £, n can be represcnted by the following -



Bi o R o3

. The effects of solvents .on cuticular
permeability of lindane against. the
oricntal garden cricket - '

v

The results of the experiments for  the effects
of solvents on cuticular permeability of - lindane
against the oriental garden cricket are givefl_in
Table 3.

The resu]ts with the cncket dxffered from the -

: Tab]e3 * The tlme in minutes at Whlch the )
oriental garden crickets paralyse after treat-
ment with the mixture of 0.124 lindane and
99.924 solvents. The tarsus of-the cricket’s
hind leg was imnmersed into the test so]utie;i
for 130 seconds (the‘averaged values of 3
replicated trials). 38°C.

~

o Time in minutes
Codi fno. . at which crickets
paralyse after

Solvent : - .
teted e
. Female Male
k-1 - - 345 62
k-2 51 81
k-3 ey 366 - 250
k4 e 32 41
k-5 100. - 44
k-6 C 29 49
k-7 _ 30 29
k-8 46 23
k-9 T2 .
p-1 31 33"
p-2 \ 83 - 255
-3 C48 . 123
p-4 , 75 - ¢ - 125
p-5 ‘ © 208 © 179
p-6 . ' © 149 © 26
p7 . 115 31 -
" p-8. . 1,978 36
. p-9 B 21 - - 19
" p-10% 24 36
p-11% » © 61 627,
h-1 - .60 - 57
h-2 .12 416
h-3 ' 182 .80
" h-4 © 18 To48
h-5 31 | 358
s-1 256 198
s-2. ©o91 68
s-3 , 63 248
‘8.4 , ‘ 18 5
g-1 541 ‘ "~ 85
g2 1,068 2,779
g-3 " 29 36

g-4 148 o 238 °

RN

.effxclem:les of the solvents,

" of- effectzveness, ‘were as fo]lows

mo22 -l

results with the housefly in descendi.ng, order of
carrier efficicncy to the solvents.

In the case of the cricket, we observed that
the time taken for cricket paralysxs varied with
the kind of organic solvent. Usually paralnys was
more rapid with the female than with the male.

In the case of the male cricket,

1) benzene 2)

methyl iso-butyl ketone and am]me 4) iso-amyl

acetate - 5) dioxane ' 6) n- hexane,‘ 7 'cyc]ohexanol

‘and toluene 9) o- chlofotoluene 10) methyl.ketone, ... < -
"the higher .

In the case of the female- cricket, .
efficiencies were as follows :7.1) Velsicol AR-60

(methyl naphthalene oxls) 2) toluene 3) i ;so amyl

acetate, dioxane and trichloroethylene G) o-chlo-

g5, - 197 169
g-6 ‘o187 C 540
b-1 118 ‘ 1
b-2 : .33 96
b3 30 .87
b-a . 20 .7 .85
b-5 . 16 19
b6 L 19 - 22
b-7 39 43
~b-8 615 C42
b-9 \65 . 42
b-10 - . 57 31
L ‘b-‘ll : 24 235
b-12% . B2.. .54
b-13% A N . 33
b-14% - 58 . 64 -
b-15% 21 39
" b-16% T 27 11
e-1 : 18 7
a: Amines .
a-1 5 48 4
a-2 ' 45 26
Kerosene, k-1 25 " 48
Dimethyl \ :
phthalate, d-1 . 298 1719
o : Plant o:ls . - L
0-1% 95 > 146
b-2% , L 417 - . 415
% p-10 : octyl alcohol, p-11.: decyl alcohol, '

b-12 : Velsicol AR-50, b-13: Velsicol' AR-60,
b-14 : methyl naphthalene oil, - b-15: Penn
Drake oil, b-16 : n-hexane, -a-1: aniline, a-
2 : dimethyl aniline, o-1 : peanut oil; 0-2 :
sesame oil.- -

121
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the -higher '

in descendmg order ’
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rotoluene 7) solvent naphtha ‘8) cyclohexanol and

Penn Drake oils (methyl naphthalene oils) 10) n-

octhyl alcohol. | . . . ST

On nddmg the values of - order obtamed with
. both the male and female,
_dmxane 3) toluene 4)o- chlorotoluene 5) cyclohexa-

.ol 6) methyl iso- butyl ketone 7) Vel_slcol AR-60 8) -

1) iso- amyl acetate ‘2 -

n-hexane 9) Penn Drake oils 10)_trichloroethylene.

Combining . the values obtained for the cricket
with ‘that of the 'housefly resulted in the carrier
‘ effxcxencxes of the solvents, the followmg descend
ing order of effectiveness was obtamed

amyl ‘acetate 2) cyclohexanol 3) tnchloroethylene

1) iso- "

" attempted to find .,

- 4) methylcthyl ketone 5) cyc]ohexanone and methyl

iso- butyl ketone 7) iso- butyl alcoho] ‘o- -chloroto- -
luene and 7n-hexane 10) dioxane " 11) di-iso- butyl
ketone and'butyl cellosolve 13) "m'trlobenzene 14)
solvent naphtha a\nd diethyl ketone-16) chloroform’

and tolucne 18) iso-amyl ‘alcohol and ethylene

dichloride 20) acetophenone 21)xylene 22) camphor
oil 23) nspropyl alcohol 24)ethyl alcohol 25)methyl
alcohol 26) cthylene g]ycol 27) tricresol 28) alpha
‘pmene and benzene 30) tetrachloroethane 31) benzyl
alcohol 32) butyl acetate and-acetone 34) n- butyl

alcohol .and monochlorobenzene 36) iso- propyl

acetate 37)methyl naphthalene oil 38)carbon tetra- .

lchloride 39) diacetone alcohol and’ iso-propyl

alcohol 41)cthyl acetate 42)butoxy propylene glycol -

43)acctonyl acctone, 44) ethyl cellosolve. .

Considering the results obtained in' the overall =~

experiments with the flies and crickets on aliphatic

ketones, aliphatic aleohols, halogenated hydro- .

carbons, glycols and - its ‘derivatives;
- of acctic acid and the derwatxves “of benzene, it

was found that the derivatives of benzene -such'

" as o-chlorotoluene and benzene had the ‘high:_es't S
efficiency. Aliphatic ketones such as methylethyl .
ketone and halogenated hydrocarbons such; as_ ;

tnchloroethy]ene had moderate effu,tenmes -
. Generally spea_kmg,
- the esters of acetic acid ‘and aliphatic"alcohols
had low efficiencies. In the individual case of the

cricket,  the carrier efficiencies. of the, above

.glycol and 1t3»der1vatrves, :

.
-the - esters

groups tested, in descending order of effectweness,

were expressed as follows. 1) the denvatxves of
benzene 2) halogenated hydrocarbons. :3) ahphatxc

ketones 4) the esters of _acetrq acid 5)aliphatic alco-

R

ot

_in Figures 2 to 5.

‘indicated by a line"curved like a bowl,
" effective range stood about 110°.

" action of-1%5

w1
hol 6) glycols and its derivatives. In the individual

case of the housefly, ‘the order was as follows: 1)

halogenated hydrocarbons 2) the esters of acetic

' acid ‘and aliphatie alcohols 4) aliphatic ketones 5)

: the denvatlves of beuzene 6) glyco]s and 1ts deri-

vatlves. o

‘ Relahonshlp between carrier effxclcncy
. aud boiling point of solvents :
Ly

It has been stated that there is a general rela-

. tionship between the toxicity of a poison and its

We
the tendency in a. general

-boiling pomt by numerous investigaters.

relauonshrp between the carrier effxcxenCy and

the boiling pomt of the -solvent.

Accordmg to Webb & Green”’ the ‘solvents

) thh comparatxvely hxgh volatxhty have the lower

carrxer efficiency because such solvents reducc

the addxtmnal volume m the active dust by’ rapxd

evaporation of solvent and solvents with a compa-
ratlvely hlgh volatility would evaporate from the
cuticle surface, then would lose carrier effxcxency
,once thelr volume fell below that necessary to
" maintain the msectlclde in solution.-.

The consxderauons of the expenmental results

on this’ relatronshrp are md:cated in Tab1e4 and
. X .

As shown in. the case of the derivatives of

benzene, the solvents’ with the lower volanlxty

“beyond 156°-had ‘moderate “steady mortalities in
. the experiment on the effect of 22 dusts on the

housef]y and the results with 1/ dusts indicated
that the steady mortality mcreased from about
120°
of paralys1s gradual]y reduced with - the increase

In the. case of the male cncket, the speed

of box]mg pomt. In the case of the female cricket,
the relationship. between the ]oganthmxc value of
the speed of paralysis and the boxlmg . point are
thus the
In the case of
and 225 dusts to the housefly, aliphatic
ketones, were the curves with the peak of 102.7°
and 117°, respectiye]y. Aliphatic primary alcohols
indicated the typical curves with the maximum
effective range from 120 to 160°. r
12 and 2% dusts to the halogenated hydrocarbons,

't'he,ea-rrier efficiency gradually reduced with the

In addition of
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Tabled. The relatidhship between carrier efficiency and boiling point of solvents
against the oriental garden cricket and the housefly (3 replicated trials).

: The boiling wl;;ggglttl;amnl:-' ‘ The steady
) Solvent point of formed the time of mortality
- tested solvent . " paralysis to ﬁf theﬂ
: oc ' the cricket : housetly
g ’ Female Male © 12 . 225
Acetophenone - ©. 205 0 L7076 '1.7076 35.5 46.0
.+ Acetone . 56.24 ' ' 2.5378 © L7924 . 20.0 38.7
Chloroform : 61.2 . - 11,7782 1.7559 - 47.2 67.2
Methyl alecohol = . J 64.7. - 1.4914 1.5185 32.0 33.0
n-Hexane - : .. 69.0 - 1.4314 1.0414 o g
Carbon .tetrachloride - U6.8 : 2.2833 2.5191 36.0 . 40.3
Ethyl acetate ‘ . 77.1 2. 4082 2.2967 - . 37.4 32.7
Ethyl alcohol o 78.4 1.9191 2, 4065 - 28.5 .35.0
Kerosene 80.0 : - 1.3979 1.6812 )
Benzene ‘ 80.1 . 2.0719 0. 0000 29.6 37.0
iso-Propyl alcohol = . 82.5 1.8751 © 2.0969 © 352 32.3
Ethylene dichloride . - . 83.5 - i 2.2601 1. 4771 41.9 58.0
Trichloroethylene - 87.2 1. 2553 . 1.6812 40.3 51.9
iso-Propyl acetate : 89.0 - 1,9590 1.8325 ' 17.7 35.9
n-Propyl alcohol’ . 97.0 1.8751 2. 0969 38.8 . 46.0
Dioxane. ‘ © - 100.8 1.2553 0.8451 30.8 34.7
Diethyl ketone 102.7 1. 4624 1.6902 - '36.7 40.3 -
iso-Butyl alcohol o - 109.0 . 12,1732 ¢ 1.4150 46.0 73.0
" Toluene ' ' 110.6 1. 2041 1.2788 . 29.4 34.5
n-Butyl alcohol 117.0 2.4742 2. 2529 - 34.0 58.0
Methyl-iso-butyl ketone 117.0 - 1.4150 0. 6021 14.2 68.0-
Solvent naphtha. : 120.0 1.3010 - 1.9294 32.6 136.7
Butyl acetate 125.1 . 1.7993 2,3945 T 32.4 37.0
Monochlorobenzene 13..7 - 1.5185 1.9823 "20.2 36.0
iso-Amyl alcohol 132.0 - © 1 2.0607 1. 4914 - 23.3 36.0
Ethyl cellosolve " 134.5 L 3.0286 3.4439 13.9 27.9
Xylene , 137.0 E 1.5911 1.6335 ,31.6 ... 43.7
iso-Amyl acetate 142.0 1, 2553 0.6990 - 42.6 - - .67.1
Tetrachloroethane : ~  146.3 . 1.4914 2. 5539 32.0 43.6
Alpha pinene . 155.0 : 1.7559 1.4914 . 36.4 . 46.2
Cyclohexanone o 155.0 : 1.5051 1.6128 . 36.2 42.8
o-Chlorotoluene . 159.5- . 1.2788 - -1.3424 ° 33.4 " 39.5°
Cyclohexanol . .~ 160.0 . - 1.3222 +1.2788 41.1 69.0
. Diacetone alcohol ~ : 164.0 2.0000 - 1.6435 24.8 28.0
Di-iso-butyl ketone ~ . 164.0, 1.4771 1.4624 . 28.1 40.8
Butyl cellosolve . 170.6 1.4624 - 1.4771 22,3 43.7
Methyl naphthalene oil 180.0 1.7634 1. 8062
Penn Drake oil + ©°180.0 1.3222 1, 6911
Aniline -/ , 184.4 ) 1.6812 0. 6021 : .
Tri-cresol 185.0 - 27118 16232 34.3 61.9
Propylene glycol 188.0 © 02,2945 2.2279 31.3 28.2
Dimethyl aniline 192.0 1.6532 1. 4150
Acetonylacetone 194.0 2. 5635 2.3979 24.1 30.5...
Octyl alcohol 194.0 1. 3802 1.5562 - )
Ethylene glycol 197.2° . .2.1703 - 2. 3766 48.8"° 46.0
Velsicol AR-50 199.0 - 17160 . 1.7324 o -7
Benzyl alcohol - . 205.2 3.2956 . 1. 5563 29.6 46.0
Nitrobenzene - ’ © 210.9 -1.4771 '1.9395 42.0 45.1.
Decyl. alcohol . 232.0 B 1.7853 1.7924 - ‘
Velsicol AR-60 ’ 238.0 ) - 0.4771 1.5185 o . )
Butoxy propylene glycol ) 300.0 ) - 2.2719 2.7324 - 38.0 17.0
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Figs. 2 to 5. Relation between carrier .
cfficiency and the boiling - point of solvents
against the housefly (Figs. 2—3) and the

"oriental garden cricket (Figs. 4—5).

Y-axis represents the steady mortality in
percentage at Figs, 2—3, and the logarxthmxc N
values transformed the time in minute of
paralysis at Figs. 4—5, X-axis. represents the
bonlmg point of solvents.” - -

Fig. 2 : The addition of 125 so]vent agamst
the housefly.
Fig. 3 : The addmon of 222 solvent against

the houseﬂy

Fig. 4 : The male of the cricket.
The female of the cricket. .
—O— Primary alcohols ~—@— Halogenated
hydrocarbons -~@— Aromatic hydrocarbons
—@— Aromatic ethers —®— Glycols and
its derivatives —g3— Esters —@®— Aliphatic,
aromatic and cyclic ketones '—@-— Anilines

124 . S

Fig. 5 :

2.

 with the housefly,

w2 %1
_progress of boiling point.-
" The relationship’ between cerrier efficiehcy' and
hox]mg point in the other so]vents was given m"
Table 4 and in F:gures 2 to 5.
At a glance, the lines to both sexes weré general; ’
ly ihdieated the line curved like hlbowl with the
_ exceptlon of some solvent- groups as shown in

Flgures 4to 5.

Relahonshlp belween carner ef fxclency

and solublhty of solvents to lindane.

‘The relatlonshlp between ‘carrier efficiency and

: the solubility of solvents to lindane is given m

table 5 ) _

We QOl:lld not recog\gnized a tendency toa gehcral
re]ationship between carrier efficiency and the
solubilit\y of solvents to lindane. Whereas the
solubility of soivents ‘to lindane involves the’
governable factors concerned in a practical formu-
lation, the lxndane-solublllty dlc_l not indicate a
clear relationship in the present éxperimenté. Al-
though there  were many unfavourable results in
this phase of the work, it seems that with  the
pnmary alcohols there was a slight relatxonshlp
in the case of the housefly In the experiments
the carrier efficiencies of the
.derivatives of ketone gradually increased'with the
iticreése Jin the 'solubility of ]mdane Such ,
relatxonshxps however, were not c]ear in thc case .
of the cricket.

o

\ Relhtionship between carier efficiency

and the solhhility of solvénts to beeswax.

It is well known that.the cuticle of an insect
_is essentially a two phase s&sfem of wax and
water with a definite interface between’ the two
layers. It may be 'su;;posed 'that the outer pro-

tective wax layer removed by solvents causcs

" increased susceptibility to insecticides.’

Starting with this conception, we attembted to
find a relationship between carrier efficiency and
solubility of. solvents to beeswax. The results

with the beeswax showed ‘a similar tendency as

N Y
- .
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Table 5.

The relationship between the solubility of solvents to lindane and the carrier

efficiency of solvents against the oriental garden cricket and the houscfly (3 repeated tests).

The solubility

The logarithmic values

transformed the time The steady

Solvent tested ;:,’ R‘mls;“‘; ?}iep:clrgﬂysis against ﬁﬁrfﬁﬁicﬁi
7 Ta00C ricket . .
Female T Male 13 224

Acetone : ' 59.1 2.5378 1.7924  20.0 38.7
Methyl ethyl ketone - 566 1.6628 1. 3617 .. 43.8 64.9
Dicthyl ketone -53.2 1. 4624 1. 6902 36.7 40.3
Cyclohexanone N 52.7 1. 5050 1. 6128 36.2 42.8
Ethyl acetate ' C . 50.4 2.4082 2. 2967 37.4 32.7
Acetophenone 45.3 . 1.7076 1.7076 _  35.5 46.0

- Methyl-iso-butyl ketone 42.4 "~ 1.4150 0. 6021 14.2 68.0
Benzene 4 42.3 2.0719 0. 0000 29.6 37.0
Butyl acetate 41.6 1.7993 2.3945 32,4 37.0
Acetonylacetone - , . 89.5 2.5635 2.3979 - 24.1 30.0
iso-Propyl acetate : ) 38.9 1.9590  1.8325 - 177 35.9
Toluene 38.0 1. 2041 1.2788 29.4 34.5
Nitrobenzene ' 36.7 1.4771 1.9395 /| 42.0 45.1
iso-Amyl acetate - 340 '1.2553 0. 6990 © 425 . 671
Xylene - 32.7 ©1.5911 1.6335° = 31.6 43.7
Monochlorobenzene v 3.9 1.5185 1. 9823 . 20.2 36.0
o-Chlorotoluene '80.2 1.2788 1.3424 *  33.4 39.5
Di-iso-butyl ketone” 27.0 1.4771 1. 4624 28.1 40.8

" Chloroform . 235 1.7782 1.7559 - 47.2 . 61.2
Tetrachloroethane ~ © 22,0 1.4914 2.5539 -+ 320 . 43.0
Methyl cellosolve - 21.2 2.7332 1.9291 19.8 40.1
Ethyl cellosolve ., . 2Lo 3.0286 ©3.4439 - 13,9 27.9°
Di acetone alechol . | 20.1 2. 0000 1.6435 . .24.8 - 28.0
Batyl cellosolve . . 19.4 2.1732 1.4150- . - 22.3 .- 43.7
n:Butyl alcohol ‘ 5.6 2.4742 2.2529° 34.0 56.0 -
Cyclohexanol ’ : 5.4 1.3222 1.2788 41.1 ~69.0
Methyl alcohol : ' 5.2 1.4914 1.5185 = 32.0 | 33.0
n-Propyl alcohol 5.0 1.6812 2.0899 . . 38.8 . 46.0 °
iso-Propyl alcohol 3.7 1.8751 2. 0669 -35.2° .. 32.3
Penn Drake oil S13.2 1.3222° ¢ 1.5911 - : )
Ethyl alcohol 2.8 1.9191 2.4065 28.5 35.0

the relation to the solubility of lindane.

The relationship between carrier efficiency and
the solubility of solvents to beeswax is given in

- Table'6 . ° B

Beeswax has_the genera;l property of the lipoids
of the insect cuticle but the chemical and physical
properiies of beeswax in detail differ with the
waxes of the Ixoﬁsefly. and the cricket. The

solubility of beeswax did not show a clear rela- 7

tionship. The unfavourable results of the relation

to beeswax were probably resulted from the

difference between the beesswax and the insect’s \

waxes tested. v
Webb & Green® pointed out that the ability
to penetrate wax, though essential to a. solvent

shbwing high carricr efficiency, is not the only
factor involved. ] ' .

‘In the casz of the present investigation, five
solvents showing comparatively’ high - carrier

efficiencics such as trichlorocthylene, 7-hexano,

. cyclohexanol, cyclohexanone and o-chlorotoluene

showed higher solvent action on beeswax.

Relationship between carrier efficiency

and the solubility of solvents to the
_ housefly’s lipoids

The results on the action of solvents on the
housefly’s lipoids were given in Table 7. In this
case, the solubility of houszfly’s  lipoids did not
indicate a clear relationship. However, the

solvents with the higher solvency such as tri-
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Table 6. The relationship between carrier efficiency and the solubility of solvents to
beeswax against the oriental garden cricket and the housefly (3 replicated trials).

: T ey e The steady
Solvent tested beeswax .. the time of mOrt;lllty
Bomwim | pRL e oweny
‘ Female Male 12 2%
Methyl cellosolve 0.075 - . 2.7332 -1.9294 . 19.8 40.1
Methyl alcohol R .- 0,111 L4114 - - 1.518 32.0 : 33.0
Ethylene glycol 0.161 - 2.1703 2.3766  48.8 -  46.0
Aniline : 0. 162 . 1.6812 \0.6021 s C .
Acetonylacctone 0.195 , - .2.5635 1 '2,3979 24.1 .. 30.5
Methy lethyl ketone 0.199 . 1.6628 . . 1.3617 © 43.8 - 64.9
Ethyl cellosolve i 0.217 " 3.0286 3.4439 13.9 . 219
Dimethyl phthalate .. 0.231 | 2.4742 2.2529 ’
Ethyl alcohol 0.313 1.9191 2.4065 .  28.5 " 35.0
Penn Drake oil 0.335 . 1.3222 1.5911 .
Dioxane 0.594 1.2553 0.8451 . 30.8 34.7 .
Acetophenone ’ 0.850- 1.7076 1.707%6 - 35.5 46.0
7n-Propyl alcohol 0.931 1.6812 2.0899 38.8° 46.0
" Butyl cellosolve 0. 963 ‘ 1.4624 1.4771 22.3 43.7
iso-Butyl alcohol . 0.994 , 2.1732 . . 1.4150° 46.0 . 73.0
n-Butyl alcohol : 1.006 ) 2.4742 2.2529 . 34.0 56.0
iso- Amyl alcohol 1.247 2.0607. 1.4914 ~ 23.3 - .36.0
Propylene glycol 1. 295 B 2.2945 2, 2279 31.3 28.2
Methyl-iso-butyl ketone L 1.323 ’ 1. 4150 - .0,6021 . 4.2 68.0
iso-Propy] alcohol 1.367 /18751 . 2. 0969 35.2 - 32.3
Butoxy propylene glycol 1. 499 ' 2.27118 2.7324 . .38.0 .17.0
Butyl acetate : 1.571 1.7993 . 2.3945 32.4 37.0
iso-Amyl acetate , 2.052 , 1.2553 0. 6990- 42.6 67.1
iso-Propyl acetate -~ ‘ 2.775 -~ 1.9590 18325 177 35.9
Dimethylaniline © 2,97 - 1.6532 1.4150 :
Kerosene ' 3. 056 o 13979 1.6812 - -
Diecthyl ketone 3.229 1.4624 1.6902 36.7- *40.3
Nitrobenzene . . 3.438 1.4771 - 1.9395 42.0 45.1
Ethylene dichloride ' 3.472 2.2601 © .- 1.4771 ° 41.9 . 58,0
Di-iso-butyl ketone . 3764 - 1471 1.4624 - 28.1- 40.8
Solvent naphtha .. 4.5M ©1.3010 1.9294 ' . 32.6 36.7
Velsicol AR-50 ’ 5.460 1.7160 . 1.7324 .
Tetrachlorocthylene 5.896 1.4914 . 2.5539 ©32.0 . 43.0
Methyl naphthalene oil . 5.908 1. 7634 1.8062 ’ _
Alpha pincne ’ 6.123 1.7559 1.4914 '36.4 46.2
Acctone ) 6. 240 o 2.5378 1.7924 20.0. ~ . 38.7
.. n-Ilexane o 6.742 . 1.4314 ‘Lo _ .
o-Chlorotoluene . . 7.064 12788 . 1.3424 - 33.4 39.4
Cyclohexanone : 7.180 1. 5051 "1.6128 36.2 - 42.8
Cyclohexanol . C 7.674 1.3222 1.2788 41.1 69.0
Carbon tetrachloride 8.469 Y 2.2833 2.6191 316 . 43.7
Xylene : o 8.731 -1.5911 . 1.6335 - 20.2 36.0
Monochlorobeazene . 9.703 1.5185 1.9823 29.6 - 37.0
 Benzene, : . 13.528 ° 2.0719 0. 0000 29.4 3.5
Toluene . 15.361 . . 1.20d1 1.2788 40.3 . 51.9
Trichloroethylene 17.052 oo 1.2553 1, 6812 47.2 - 67.2
. Chloroform . : 18.171 ‘ 1.7782 1. 7559 29.6 46.0
Benzyl alcohol’ - 19. 660 3.2956 1. 5563 . 24.8 28.0

~ Di-acetone alcohol 24,206 2.0000 1.6435 3.0 °  40.3

7 - -
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Table7. The speed of solubility of solvents b-12 below 21 hr. 0.916
". to beeswax and the housefly’s lipoids. Approx.’ b-13 below 24 hr,

0.02g of Beeswax and 0. 006g of the {ly lipoids b-14 108.5 0.916

were examined to dxssolve into 5cc of solvents - b-15 - ‘below-24hr, - - 12.000° -

at 30°, ' b-16 below 24 hr. 0.333

Code no. Time in seconds " Time in hours el below 24 hr. above 48. 000
of  at'which one drop ‘at which.one =

solvent  Of the fly lipoids  drop of beeswax a-1 100.4 above 48, 000

" tosted dissolve into .dissolye into a-2 :115.0 , - 0.833
solvents N solvents = 1 92.6 1283

k-l “above 24 hr.’ "above 48.000: - L — .
k-2 f{ 8.8 above 48.000 d-1 above 24 hr. _above 48. 000

" k-3 -~ above 24 hr. - -above 48. 000 “o-1 above 24 hr. . above 48. 000
k-a v86.0 . 24.000° 0-2 above 24 hr.’ “above 48. 000
k-5 "+, above 24'hr. - * above 48. 000 -

k-6, ' 92.8 38.000 chloroethylene, - cyc]ohexanone, 0- chloroto]uene,_

k-7 117.3 4. 667 . di-iso-butyl kétone, butyl cellosolve and chloro-
k-8 . 89.6 labove 48 000 form had comparatively hlgher carrier efficiency -
k-9 . 205.6 : 36.000 * than the other solvents. ’
-1 above 24 hr. -above 48. 000 . ' '

p-2 above 24 hr. . -above 48. 000 } ,
" p-3 . above 24 hr. © - above 48.000 Relationship between carrier efficiency
-4 above 24 hr. .above 48. 000 o ; :

. 5_5 ‘ bove 20.r2 . Zbo:e 48. 000 axtd surfnce\teqsion of solvc?nts
p-6 - above 24 hr. - above 48. 000 ’ . : A
p-7 above 24 hr. . above 48. 000 The surface tension of solvents is  an important
p-8 below 24 hr. ‘above 48.000 factor in the cuticular penetratlon of 1nsectxc1des.
P'?O b : 2}13: 0 above 48.000 Any reduction of the surface tension will i mcrease
.p- above r. : .

p-11 below 24 hr. Vthe ability of the solvent to spread and wet the
i 5.8 0,050 - insect cuticle.

) h-2 : 55 0 0: 083 . The relationship Petween the surface tension of
h-3 87.0 1. 500 solvents saturated‘ withw ]indgne and “carrier
-h-4 71.0 0.083 efficiéncy is given in Table 8 and in Figures 6 to
h-5 67.0 0.167 9. ’ .

s-1 " above 24 hr. _ 36.000 ) . As shown in Table 8, the relationship between
s-2 100.8 " above 48. 000 - carrier efficiency and the surface tension against
s-3 111.6 36.000 the crickets was more obvious than the relation-
s-4 292.0 *26. 000 .

. St , - ship against the housefly. There were hawever,

. ﬁ; . ZEZZ: i: }}: ::g:; j: ggg many unfavourable results witl} both insects. k
g-3 1016 above 48. 000 _ In the case of the female cricket, the spced of
g-4 ., 430.0 “above 48. 000 paralysis gradually reduced with an increase of

. g5 above 24 hr. above 48,000 the surface tension of the aliphatic primary
©. g6 below 24 hr. above 48. 000 alcohols, aliphatic ketones and aromatic hydro~
2'1 below 24 hr. 8‘_ lg; carbons (the derivatives of benzene). In the case
. -2 66.0 .1 . .
: k
b-3 137.0 above 48. 000 of the male cricket, similar rcsplts to that female
b-4 172.5 “0.167 were "obtained with the aliphatic ketones,

b5 below 21 hr. 0.083 aromatic hydrocarbons, the esters of acetic acid °
b-6 83.0 0.083. | and ahphatxc aleohols, .

b-7 98. 4 0.083 . Whereas there were the shght relationships
b-8 above 21 hr. 36.000 b - d ¢

b-9 below 21 hr. 0.667 etween “carrier /e iciency and sur ace tf:nsmn
b-10 172.2 0.916 ~with aliphatic ketones and halogenated hydrocar-
b-11 130.5

bons to 22, dusts and with only the aliphatic
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Table8. The re]atlonshlp between carrier efficiency and the surface tension of so]vents
_ saturated with lmdane against the onental garden cricket and the housef]y @3 rephcated

trmls) ‘
. . The surface {;Zﬁ'sfgfg:; The steady
Solvent tested ;zrll::e(:xttls,o{:so" c " the {im.e, of n(l)(f)rtﬁléty
o e B o sousely
Female . Male 12 2%
n<Hexane 20.64 - - 1.4314 " ;1.0414 - ‘
iso-Propyl alcohol 22.14 -~ 1.8751 - 2.0969 35.2 .32.3
- iso-Butyl alcohol 24.56 2.1732 1.4150. 46.0 73.0
iso-Amyl alcohol 2491 2. 0607 1.4914 23.3 36.0
Methy! alcohol - 25,27 -~ 1.4914 ' 1.5185 32.0 - 33.0
n-Propyl alcohol: 25.41 .1.6812 2. 0899 38.8 " 46.0
. iso-Propyl acetate $25.98 1.959 | 1. 8325 17.7 35.9
Ethyl alcohol™” 26.34 . © - 1.9191 2. 4065 28.5 35.0
n-Butyl alcohol * "26.84. 2.4742 2.2520 31.0 56.0
Penn Drake oil T 2.69 1.3222 1.5911 .
Di-iso-butyl ketone 2705 0 L4771 . 1.4624 28.1 40.8
Methyl iso-butyl ketone 27,76 1. 4150 0. 6021 '14.2°. - 68.0
iso-Amyl acetate . .21.76 1.2553 - 0. 6990 42,5 67.1
Ethyl acetate 28.47 2.4082 2.2967 37.4 32.7
‘Butyl acetate 28.47 1.7993 2,395 32.4 37.0
Methy]ethyl ketone 28.83 . 1.6628 1.3617 . © 43.8 64.9
Kerosene 29.18 © . 1.3979 - 1.6812 SR ;
Alpha pmene 29.18 1. 7559 . 1.4914 36.4 46.2
- Acetone . 29.18 - 2.5378 1.7924 20.0 38.7
. Carbon tetrachlonde S . 2990 -+ 2.2833 - 2.6191 .36.0 40.3
Diethyl ketone 29.90 . - 1.4624 1. 6902 36.7 - 40,3
Butyl ‘cellosolve 30.61 1. 4624 1.4771 22.3 43.7
Chloroform . 31.25 ‘ 1.7782 1.7559 47.2 67.2
Xylene 31.32 S L5911 v 16335 31.6 43.7
" Ethyl cellosolve - ~8L39 . 3.0286 - -3.4439 | 13.9 27,9
Tolucne - 31.68 . 1.2041 '1.2788 29.4 34.5
Solvent naphtha 3203 . '1.3010 1.9294 32.6 36.7
Benzene . 32.03 - 2.0719 0. 0000 29.6 37.0
Trich]o;oethy]ené, - o .82.39 © 7 1.2553 1.6812 . . 40.3 ' 51.9-
_ Diacetone- alcohol  * ©33.45 2.0000.. '~ 1.6435 - 24.8 " 28.0
Butoxy propylene glycol 33.45 2.2718 2.7324 38.6 17.0
Velsicol AR-65 ' 34.17 1.8129 | 1.6232 32.0 34.9 .
Camphor oil T o34.52 - 0 . 1.3802 2.3711 36.5 37.8 -
Methyl cellosolve ! 34.81 . '2.7332 - 1.9294 19.8 40.1
o-Chlorotoluene '85.59 . - 1.2788 -, 1.3423 33.4 39.5.
Cyclohexanol . 35.95 °  © 1.3222 1.2788 = -4L1 69.0
Velsicol AR-50 36.23 1.7160 1.7324 S
Monochlorobenzene - 36.66 1.5185 1.9823 ~20.2 36.0
Ethylene dxch]onde 37.37 .. - . 2.2601 1.4771- 41.9 - 58.0
Dioxane 37.37 - . 1. 2553 0. 8451 '30.8 34.7
: Propylene glycol 38.37 . 2. 2945 2.2279. 3.3 28.2
Nitrobenzene 38.44 - 14771 1.9395 ‘ 42., 0 45.1
. Acetonylacetone 38.44- .2.5635 2.3979 . 24.1 30.5
Tetrachloroethane - 38.79 .+ 1.4914 2.5539 .38.0 43.0 -
. Tri-cresol " - 38.94 . 2.7118 ' 1.6232 34.3 61.8
Cyclohexanone - - 89.15 © L5051 - - 1.6128 - 36.2 42.8
" Benzyl-alcohol - 41.64 3.2956 1. 5563 29.6 46.0
Acetophenone . - 42,49 17076~ 1.7076 35.5 46.0
Dimethyl phthalate 43.42 - 2.4742 2.2529 L
Ethylene glycol 49.11 2.1703 2. 3766 48.8 46.0
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alcohols to 124 dusts against the housefly, the
surface tensions to the other solvents did not

generally indicate a clear relationships.

Relationship between carrier efficiency

and viscosity of solvents

The rate of spreading is dependent uponv- the
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Figs. 6 to 9. . Relation between carrier

efficiency and the surface tension of solvents
saturated with lindane against:the housefly
and the oriental garden cricket. X-axis,
represents the surface tension  of solvents
saturated with lindane. Figs. 6 and 7 indicate
the addition of 124 and 22 solvent, respec-
tively against the fly. Figs. 8 and 9 indicate the
male and the female of the cricket respec-
tively. o

Mortality
>

Time (min.) in logarithms

viscosity of the solvents. The viscosity ofl the
solvents bears nn\ invef_sc relationship té the
surface tension. Accordingly, the viscosity of
solvents is an important factor concerned - in
cuticular penetration. The relationship between

the viscosity of solvents and carrier efficiency at

‘a temperature of 20° are shown in Table 9 and

in Figures 10 to 13.

2%60p ' T [

S
L . L

0 1 2 3 4- 5 68

N C 8cp, 20°C
Figs. 10.to 13. Relation between carrier )
efficiency and the viscosity of solvents against
the housefly and oriental garden cricket. X- . -
axis represents the viscosity of solvents (c'p)
‘under the temperature- of 20°. Figs. 10 and
11 represent the addition of 125 and 22 solvent
against the fly respectively. Figs. 12 and 13
represent ‘the male and the female of the
-cricket respectively.

-
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-Table9. The relationship between carrier efficiency and the viscosity of Solvents against
the houscfly and the oriental garden cricket (3 replicated trials). !

Solvent tested:

The' viscosity ~

. of .
solvent, 20°C

Log. values
transformed
the time of
- paralysis to
the cricket

. The steady

mortality

‘ of .
the housefly

(cp) Female Male 1% - 2%
n-Hexane 10.320 | 1.4314 1.0414
Acetone 0.322 2.5378 - 1.7924 . 20.0 38.7
Ethyl acetate 0. 449 2.4082 2.2967 37.4 32.7
Chloroform 0.570 . 1.7782 L7559 . 4r.2 . 67.2
Propyl acetate 0.580 1.9590 1. 8325 17.7 35.9
" Trichloyroethylene 0. 580 1.2553 - . 1.6812 . 40.3. - 519
Toluene . ‘ 0.586 1.2041 1.2788 - 29.4 34.5
Xylene " 0.610 1.5911 . 1.6335 - 3.6 43.7 -
Benzene 0.650 2.0719 0. 0000 29.6 37.0
. Butyl ‘acetate - 0.732 1.7993 2.3945 ©32.4 37.0
Monochlorobenzene 0. 800 1.5185 1.9823 20.2 36.0
Carbon tetrachlonde . 0.970 2. 2833 2. 6191 36.0 - 40.3
Ethyl alcohol Vo 1.190 1.9191 2. 4065 28.5 35.0°
Dioxane ' : *1.260 1.2553 1.8451 30.8 34.7
Dimethyl aniline 1.410 1.6532 1. 4150 ‘
Tetrachloroethane 1. 750 1.4914 2.5539 - 32.0 43.0
Nitrobenzene 2.010 1.4771 1.9395  42.0 45.1
n-Propyl alcohol 2,200 1.6812 ' 2.0899 38.8 46.0
iso-Propyl alcohol 2,390 1.8751 2. 0969 35.2 32.3
iso-Amyl alcohol " 4.360 2. 0607 1. 4914 23.3 36.0
Aniline - 4.400 1.6812 0.6021 \ -
Cyclohexanol 68. Q00 - 1.3222 - 1.2788 4Ll 69.0

’

The results with the male cricket and the

houscfly trcated with 12 dusts show a fairly
clear relationship to the viscosity.

The carncr effxclency gradua]]y reduced w1th an

- increase in vxscosxty The results with the housefly o

treated with a 225 dust indicated a similar tendency
as the 123 dust with the exéeption of some
groups of -solvents. In the case’ of the female
cricket, the viscosity of solvents did not ‘indicated‘

any clear rclationship.

Relationship betwceen carrier efficiency
and some limiling factors governmg ‘the
) sululullty of solvents \
* As shown.by Kuwada®,

solvent action of solvents is influenced by some
physical factors suéh as polarity; dielectric con-
stant, dipole moment and the degree of association
" in the molecules - of the solvents. " However, it
may be difficult to interpret even the solvent
action of solvents as physwal action by only

above factors.

130

Furthermore, the carrier effxcxency

N

it seems that the

of solvents is such a ) complex biological action
that it may be difficult to interpret by the above
factors. o -

As Hurst!? pointed out, a mixture of apolar
and polar solvents was effective in increasing the
permeability of Calliphorid larvae. We attempted
to conéider the correlation between the efficiency
and the va]ues of the above factors reffered to
by Kuwata!®, The results concerning the cor-
relation are given in Tables 10 'to 13. The same
fa‘t.;torsk governing  solubility. affect the carrier
efficiency. of solvents but a clear relationship was
not indicated. - Therefore; further investigation is

necessary in order to determine the limiting factors

governing carrier efficiency.

" Relationship between carrier cfficiency
and the molecular structure of primary
alcohols - ) - ‘

It is well known that the biological activity in -

a series -of  alcohols tends to increase with an

'

increase in carbon' atoms. Thus it is interpreted
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Table10,  The rclationship between carrier- efficiency and the association degree of
molecule of solvents against the oriental garden cricket and the housefly (3 replicate
trials). :
The Log. values .
association transformed Thg ?;]e_z:dy
Solvent tested degree Off the time of m :) R4
molecule o paralysis to
solvent - the cricket the housefly
"Female Male 125 22
Nitrobenzene 0.93" 1.4771 1.9395 - 42.0 45.1
Benzene - 1.01 1 2.0719 0. 0000 © 29,6 37.0
Aniline , 1.05 1.6812 0.6021 :
Acetone ] 1.26 2.5378 1.7924 . 20.0 38.7
n-Butyl alcohol 1.94 2.4742 2.2529 34.0 56.0
Ethyl alcohol 2.7 2.9191 2. 4065 28.5 35.0
Ethylene glycol 2.92 2.1703 © 2.8766 48.8 46.0

Table 11.

The relationship between carrier efficiency and the dlelectnc constant of solvents

against the oriental garden cricket and the housefly (3 replicated trials).

Log. values The steady -

. The dlelectrxc
Solvent tested conztfant :}r;nsé;:én ngi ’ mo;tfallty
: o > solvent fﬁéa]c}; f:;i etf _ the \housefly_
) Female Male. 124 224
n-Hexane 1.85 1.4314 1.0414 7 7 : '
. Dioxane 2.23 1.2553 0. 8451 30.8 - .. 34.7
" Carbon tetrachloride 2.24 2.2833 2.6191 36.0 40.3
. Benzene 2.28 2.0719 0. 0000 . 29.6. .37.0
Toluene 2.39 12641 1.2788 29,4 34.5
Xylene ’ 258 | 15911 1.6335 . 31.6 43.7
Tnchloroethylene 3.40 1. 2553 1.6812 40.3 |, 51.9 -
iso-Amyl acetate . 4.81 1. 2553 0. 6990 . 425 67.1
* Butyl acetate - 5.00 1.7993 2.3945 -32.4 37.0
Chloroform 5.05 1.7782 1.7559 47.2 " 67.2
Monochlorobenzene . 5.90 - 1.5185 1.9823 20.2 36.0
Ethyl acetate’ 6.12 2.4082 . 2.2967 37.4 32.7
Aniline 7 7.00 1.6812 * 0.6021
Tri-cresol 10.10 2,7118 1.6232 34.3 61.9
iso-Butyl alcohol 18.90 2.1732 1.4150 46.0 73.0
n-Butyl alcohol 19.20 2.4742 2.2529 34.0 _ 56.0
'Acetone 21.40 2.5378 1.7924 20.0 38.7
Ethyl alcohol 25.80 1.9191 2. 4065 28.5 35.0
Methy! alcohol 33.20 1. 4914 1.5185 32.0 33.0
Nitrobenzene 35.70 1.4771 . 1.9395 42.0° 45.1

‘that the blologlcal activity results from the
increase or the decrease on the factors such as
volatility, viscosity, lipoid solubility or surface
activity. Hurst™®!? examined the effect of a
homologous series of normal primary al/co/ho]s and
He found that the

molecular acuvxty was. roughly proportional to

fatty acids on b]owfly larvae.

chain length. In injection tests, activity increased

as the chain length of carbon atoms in the

- after from Cj

alcohols incrcased from Cj to Cs;. In immersion
tests, activity increased from Cy to C; and there-
to Cs, a corresponding decrease
occurred. ‘ .

. We attempted',to consider- the effect of primﬁry\
alcohols tested against the housefly after a 225 -
sol;/ent-dust application. The results are given in

Figure 14, It is sho.w’n that the primary ‘alcohol

series shows an increase in the steady mortality -
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Table 12.° The relationship between carrier efficiency and the dipole moment of Solvents
against the oriental garden cricket and the housefly (3 replicated trials).

o <. Thedipole ossfommeq | 7" The steady -
Solvent tested - . moment of i - the time of mm(-)tahty .
- solvent ", paralysis to - the housefly
. e . e . . Female Male 12 32
Benzepe... . .. ... .. 000 . .20719 .0.0000 . . 29.6 37.0
Carbon tetrachloride  * 000 - 2.2833 2.6191 36,0 40.3
n-Hexane =~ ° - | 0.00 1.4314 1.0414 T
Xylene S o 03¢ 1591l 1.6335 3.6 43.7
"Toluene . - o -0.40 1.2041 1.2788 29.4 345
Dioxane | . . 0.45 1.2553 0.8451 . 30.8 . 34.7
Trichloroethylene .. . .. . 0.50 - 1.2553 Leslz . . 403  .5L9
Chloroform - 1.18 . L7782 1. 7559 47.2 67.2
Aniline 1%  les12  o.02l . '
Monochlorobenzene - - - . ..57 . . 1.5185. 19823 .. 20.2. ... 36.0. .
'n-Butyl alcohol B 1,66 . 2.4742 2.252 340  56.0
Methyl alcohol IR v 1664 1.4914 ° 1.5185 32.0° 33.0
Ethyl alcohol CL.69% 19191 24065 - 28.5 35.0
“#-Propyl alcohol ~ = 169 1.6812 2. 0899 38.8 46.0
“iso-Butyl alcohol ~ ;. 1790 - 2.1732 11.4150 - - A4.0 73.0
Ethyl acetate - L8l 2. 4082 2. 2967 3.4 327
_iso-Amyl actate . L8z 1.2553 0. 6990 2.6 67.1 -
iso- Amyl alcohol I 1.82 . 2.0607 1.4914 23.2 . 36.0
Butyl acetate : C L8 ~ 1.7993 2.3945 324 370
Acetone . 2.74 /-2.5378  1.7924 20,0 " 88.7
Nitrobenzene . o 3.95 14771 1.9395 42,0 45.1

Table13. The rqlationship between carrier efficiency and the orientation polariiation ‘of
‘solvents” against the oriental garden cricket and the. housefly (3 replicated trials).

Log. values

. " The polarity , transformed The steady
Solvent tested . of = the time of ‘mo;tahty
| sobent - paras 1o the Fousey
‘ ) Female Male 12 29%.
Benzene ’ 0.0 -. -2.0719 0. 0000 '29.6 - 37.0
Carbon tetrachloride - 0.0 2.2833" 2. 6191 36.0 ©40.3
n-Hexane =~ ° : 0.0 L4314 - Logl4 -
. Toluene o 3.3 . 1.2041 1.2788 29.4. - 34.5
Chloroform 229 - . L7182 '1.7559 472 67.2
. Aniline o - Tas T 16812 0. 6021 . ,
Methyl . alcohol S © 586 14914 1.5185 -32.0 33.0
‘Ethyl alcohol: ..~~~ - 60.1 _ - 1.9191 2.4065 - 285 35.0
Monochlorcbenzene - - : ~. " 60.3 ".. 1.5185 1.9823 20.2 - - 360
Ethyl acetate - .~ 7 - " 2.4082 2.2967 87.4 - 32.7
. Acctone - : . 163.0. 2.5378 1.7924 20.0 38.7 .
' Nitrobenzene . 366.0 - 1.4771 1.9395 - 42.0

45.1 .
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Per cent paralysis in the fly
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Fig. 14. Graph showing the effect of the
series of primary alcohols' on lindane dust. -
Lindane dust contains 224 of alcohols. . The
insect used: the adult of the housefly.

from chain length Cito Cgand thereafter from Ca
to Cy, a corrcsponding decrease.

" Joint toxic action between insecticidal
solvents and lindane upphed as a dust
formulation

v

Sakai®™ studied the joint toxic.action between

contact insecticides. In‘the present investigation,

_ we attempted to examine several problems ‘unan-
The
point of the present paper is to determine whether

swered in the previous papers. important
the ‘interactions between the solvents and lindane
are due to independent joint action or the predo-
minant activity of lindane. The present experi-
ment could not determine whether or not there
was any' similar joint action between solvents and
lindane. . .

‘We examined to calculate the predominant
action of lindane alone .instead of the similar
joint action as follows.

The ratio of the predominant action of lindane
AY
The mortality due to the mixture
of lindane alone
The mortality due to lindane

The above ratio was calculated to the ‘mortality .

after 3, 5, and 18 hours, respectively.

We also examined to calculate the value of the
independent action as follows : ‘As proposed by
Bliss®, and Plackett & Hewlett®),

mortality to the independent joint action of mix-

the expected

ture is given by the following equations.
P=P+P:(1—P)(1-r) (4)
- where P is the expected 'moft'elity for the mix-

ture of two constituents, Py, P, the mortality -

.

for two constituents respectively wixen used sep-
arately, 7, the degree of association (the degree
of correlation).
When the mixture occurs a complete posmve
correlanon, if I’|>I’2, ‘thus 1f r=

P=p ®)
When the. m:xture occurs -a complete neganve
correlation, thus r=—1, - . '

(8

' P=P+P;
When the mixture occurs no correlation, thus
r=0, ; , ’ A
P=Pi+P(1-P) . (T)

If the mixture consists of three or-more consti-

" tuents when the mdependent joint action indicates

no corre]atxon,

P=1—(1—P)(1=P2)(1— P3)

PR P,) (3)

The present authors utilized equations(5), (6),
and (8).. When the equations (5) and (6) were
used, the mixture regard to consist of the lindane
and the solvent plus dust carrier.
Ihdependeﬁt joint action-ratios were calculated
by ‘the following equation : Indepcnden; joint

action-ratio

The observed mortality at the elapsed
__ time in hours, respectively :
The expected mortality of mdependcnt,
joint action at the elapsed time
in hours, respectnvely. ‘

The values cnlculated for the expected indepen-
dent joint action and for the p;edeminant action
to lindane were indicated in Table 14. '
_ In conclusion it may be stated that the joint
action between lindane and the solvents was
indicated by a slight increase to a slight decrease
of ihe carrier efficiency. )
" As’ shown in Table 14,
joint action-ratios

in_the case of the
independent applied - with
224 dust, the higher joint action,
order of ef[ectiveneee. were indicated at the time

1) iso-butyl alcohol

in descending

of 18 hours as follows :

. 2) cyclo-hexanol 3) methyl iso-‘butyl ketone 4)

."chloroform 5) tri-cresol 6) ethylene dichloride

-7 iso- amyl acetate 8)° tnchloroethy]ene 9)

methylethyl ketone . 10) mtrobenzene.
In the case of the predominant action-ratios of
lindane applied with 224 dust, the higher ratio,
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plus solvents to lindane alone. against the housefly.

OB TROR ¥ oW o2 5T
“Table 14. The theoretical values of the Iexpected'independent joint action between lindane
and solvents.and the calculated valves of the predominant action of the mixture of lindane

\

134

0.771- .0.718 -, 0.750

. Cod:fno. " - The theoretical vzi]ues of the expected The calculated
solvent independent joint action® vah:lés of the
- predominant
stgﬁiit No correlation* * . _Independent . ; S:gn;gl‘t’%ée ’ ?'Ct(iion to "
content, ' - joint action-ratio correlation - maane
2 inw/w 3hr. ' 5 hr. B 18hr.7 i h;. 5 hr. 18 hr. “5hr. 18hr. 3hr. 5hr. 18hr.
k-1 125 133.9, 35.2 38.0|0.545 - .0.486 0. 599 2 351 37.3(0.558 0.516  0.688 ‘
22, | 34.3 34.4 36.8|0.85 1.125 1.175|33.7 33.9 35.4]0.84 1.167: 1. 303
k-2 12 (33.7 34.2 35.6(0.895 1.038 0.995|34.4 - 33.6 33.5(0.938 1.071  1.068
C - 22 134.7 34.7 37.7(1.042 -1.298 1.169|34.3 34.3 36.7 1.» 089 1.357 1. 327
k<3 125°{34.7 *34.2 357 0.610 0.705 0.783|34.4 33.6 33.6|0.639 0.727 0.841
. 222 (34.7 34.0 37.210.743 ‘ 0.898 0.922 | 34.4 33.2 26.0]0.778 0.920 -1.034
k-4 122 | 34.5 34.0 -37.9|1.416 0.99 0.951[ 33.2 33.2 37.0|1.472 1.074 1.086
2% |36.2° 36.3 38.4|1.376 1.228 - 1.097(33.2 236.7 37.8(1.502 1.342 1.270
k-5 12 [33.9 35,1 037.110.631 0,707 0.669 | 3.4 34.9 35.8)0.654 . 0.748 0.748 -
22; 133.9 34.9 38.0(0.731. 0.802 0. 742_ 34.7 34.7 36.3|0.748 0.844 0.850
k-6 125 134.7 34.3 35.7|0.818 0.981 .1.011}34.4 33.8 33.7/0.856 1.061- 1.089
226 134.9 34.9° 36.4 (1. _111 1.154 1.166 | 34.7 34.7 234.7|1.170 1.285 1.279
k-7 125 |34.7 342 36.0|0.823 0.822" - 0.780 | 34.4 .33.6: 34.2 (0. 682 0.847 0.847
2% 1358  34.3 37.4|1.048 1.188 1.091 | 36.0 34.8 32.3(1.131 1.230 1.230
k-8 125 | 34.7- 35.1 "37.5|1.276 1.252 ..1.117 | 34.4 349 36.5|1.336 1.324 '1.264
25 1 36.9 37.4  49.4 | 1.671 . 1.741° 1.394|36.9 385 54.9|1.834 1.966 2.078
k-9 122136.4 37.4 38.1|0.511 0.379.  0.373(36.9 385 37.40.259 0.428°  0.428°
25 | 35.5 36.6 - 38.9 |1.323 '1.755 1.806|35.5 36.9 38.5|1.414 1.936 2.117
p-1 12£133.9 34.4 36.6|0. 772 0.869 0.849'( 33.2 33.9 35.1|0.790 0.902 .0.938
1226, 34.4 ..34.5 37.9)0.808 0.778 0.88833.9 34.1- 37.0(0.838 0.808 1,013
p-2 122 |34.5 34.4 37.1{0.721 .0.828 0.769 | 34.1  33.9 35.8|0.751 0.859 0.859
2251 35.4 355 3690818 1.0001 0.949|354 355 ,35.5(0.905 1.071 1.055
p-3 122 |34.5 34.5 40.6|1.126 1.131 0.969 | 34.0 34.0 34.0 [-1.170 1.176 1.185
. 2% 35.4 35.4 38.2)1.164  1.283 1.227 {35.4 35.4 37.6|1.242. 1.369  1.414
p-4 12,352 357 36.7|0.938 0.963 0.924 1135.1 '35.9 35.210.995 1. 037 1.022
22 | 34.8 34.4 37.0|0.704 0.884 0.874 | 34.5 33.9 35.60.739 -0.917 - 0.974
p-5 125 (35,1 35.1 . 36.410.958 0.961 0.972 | 34.9 34.9 34.81.013 1.016 1. 068
225 36.5 38.2 40.2 | 1.476 - 1.467 1.382 1 37.1° 40.0 40.7(1.625 1.692° '1.677
p-6 125 |34.6 34.6 36.0]1.366 1.286 ~1.393|34.2 342 34.2(1.426 1.342 1.514
- 222 (35.9 37.2 38.6|1.726 1. 939 1.940 | 36.1 38.1 -38.1(1.867 2,174 2.256
p-7 125 (34.4 = 35.3  37.1 }.0.695 " 0.633 0.606 { 33.9 35.2 35.9(0.721. 0.672 0.672"
2251350 "36.7 39.3}0.957 0.933 0.917} 36.2 -37.3 37.2 ’1. 010 '1. 032 1. 086
"p-8 124 |34.4 35.0 °'36.4|0.933 0.847  0.82033.9 34.7 34.7|0.968 ' 0.893 0.899
2% | 34.3 , 34.5 36.5. (1,191 1.295 1.288 1 33.8 - 34.1 34.9|1.233 1.348 1.417
p-9 125 | 34.5 35.6 '37.0(1.427 1.144 1.192 {1 34.0 35.7 35.7]1.48¢ 1.227 - 1.330
.22 136.2 37.0 39.2}1.829 1. 852 1.844 1 36.6 37.9 .39.1|1.996 2.069 2. 180
h-1 12 | 35.8 36.4 38.6|1.302 1.369 1.20936.0 369 38.2|1.405 1.502  1.408°
225 137.6 39.0 42.1]|1. 749 1.735 1.608 | 38.7 40.8 .43.6(1.981 2.039 2.042
h-2 122 {34.5 34.5 36.0]0.933 1.031° 1.001 |'34.1 34.1 34.1|0.971 -1.034 1. 086
) 225 1383.3 37.0 40.0}1.194 1.101 1.003 | 35.2 37.9 . 40.0 [ 1.197 1.230 1.233
© . h-3.12 | 34.8 34.8 36.8|1.198 1.204 '1.110|34.5 34.5 353 |1.258 1.264 1.230
E 2% 37.0 37.0 39.1]| 1. 442 1.528 - 1.571 1 37.8- 37.8 39.0(1.610 : 1.704 1.855
h-4 12 |34.6 355 '39.71.09 1.053 1.020|34.2 356 39.9|1.19% 1.128 1.221 .
2% .| 38.2 7 38.2 41.6(1.292. 1.253 1, 414_ 39.7 39.7 42.8(1.490 1.445 1.773
h-5 125 [ 37.0 34.4 '35.8§0.738 .-0.885  0.925]37.8 33.9 33.8|0.823 0.914 0. 998
. 225 | 37.6. 41.9 40.811.129,.0.992  1.119|38.8 453 41.5]|1.282 -1.255 1.375
s-1 125 | 34.8 " 33.0 37.8]'1.184  "1.150 0.952 | 3.5 33.2 33.8(1.242 1.146 1.086
22 | 37.4 8 45,2 .38.4 42.1 48.4(0.869 0.862 1.022
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" 82 12413852 351 37.3[0.432 0.504 0.478{35.1 350 26.1|0.458 0.534 0.537
, 22268 36.8 93.6(0.957 1.096 0.907|37.5 37.5 329.7|1.083 1.215 1.083
s-3 122|345 344 '359(0.800 0.945 0.863|34.1 339 24.0[0.926 0.980  0.935
225 [34.3 26.2 26.5|1.034 1.000 1,024 | 33.8 26.6 34.9|1.071 1.092° 1.128
s-4 127|381 451 37.5/1.118 0.945 . 1.120|29.5 34.9 ©26.5[1.285 1.285 1.279
2% {40.7 415 44.4 1524 1.615 1510 |43.4 44.7 47.2|1.882 2.024 - 2.024
g-1 1% | 355 349 -36.3|0.525 0.571° 0.570 {35.5 34.6  34.G|0.561 0.600  0.624
951847 34.4 35.8(1.037 . 1.166 1119|344 33.9 33.9(1.086 1.209 1.209.
g2 1251419 47.3 37.1|0.301-- 0.287 0.361 [44.2 38.3 ' 35.9|0.380 0.410  0.404.
22 |38/3 - 37.0 36.9|0.608 0.726 0.751 |40.2 39.8 35.4[0.703. 0.820  0.835
g-3 12 | 34.0 *34.0. 36.1[0.595 0.657 0.98333.2 33.2 34.3|0.609 0.672 1.071
296|339 339 .37.5[1.096 1.235 1.170|33.2 33.2 36.5|1122 1.264 1.324
g4 122|353 353 36.7]|1.399 1.384 1.246 (352 352 35.2|1.487 1.472 ~ 1.378 '
295 |37.6 38.2 '29.5|1.182 1.205 1.270 |38.7 39.6 39.6|1.339 1.387 1.514 -
g5 1% (345 345 36.2|0.464 0.628 0.840 [34.0 34.1 34.4(0.483 0.654 - 70.917
2% | 35.3 34.9 42.2|0.618 0.598 0.647 |35.2 34.7 43.7|0.657- 0.630  0.823 .
g-6 122|346 34.6 37.8[0.720 1.017 1'091{34.2 34.2 36.9|0.751 1.062 1.242
226351 34.8 '38.0(0.359 0.333. 0.463 |34.9 34.5 37.3(:0.380 0.350  0.531
b-1 12 |34.7 34.7 37.9[0.775 0.780 - 0.801 [34.4 34.4 37.0/'0.814 ' 0,817 0.914
29% | 34.6 359 39.8(0.725 0.919 0.955[34.2 '36.2 40.0{0.757 0.995 1.146
b-2 12 | 34.7 '36.4 37.3(0.481 0.492 0.597 | 3.4 37.2 26.2|0.504 0.540 0.672
22 385.1 36.6 39.4(1.082 .0.929 0914350 342 39.4|1.146 1025 1.08
b-3 122]353 359 36.6)|1.141. 1.203 1.177 [35.3 36.2 351 |1.215 1.303  1.300
; 226|353 380 37.9|1.277 1.2202 1.332(353 39.4 37.1|1.360 1.402 1523
- b-4 12 |34.6 346 37.3|0.829 0.942 0.876|34.2 36.7 36.2|0.865, "0.983  0.986
2% | 35.5 36.3 37.8[0.985 0.960 0.985|35.6 36.7.-37.9|1.055 1.049 1.122
b-5 125 [ 34.7 351 37.8|0.884 0.808 .0.805|34.4 350 36.9|0.926 0.856 0.917
225|370 38.2 41.5|0.664 0.824  0.828|37.9 39.7 32.7 |0.742 0.950  1.037
b6 12345 345 37.4/0.909 0.967 0.896|34.1 34.1 36.3{0.947 1.007 . 1.010
" 2% |34.8 347 37.7|0.549 0.857 . 1.009 [34.3 34.3 6.7 |0.576 0.896 1.145
- b7 125|355 37.2 39.0(0.338 0.961 0.800|35:5 38.2 388|0.362 1.08 0.941
- 226|857 387.7 '41.9|1.310 1.119 1018|358 38.9 43.2|1.408 1.273 -1.285
b-8 12 | 35.5 35.5 36.9|0.846. 0.905 . 0.968 | 35.5 35.5.-35.5[0.905 0.968 = 1.077.
. 226|381 355 39.2(1.162 1.720 1589 39.5 35.6 39.1|1.870 1.843 1.879
b-9 12| 35.8 37.0 42.2}0.704 0.837 0:.682|36.0 37.9 43.8 |0.769 - 0.935  0.869
22379 38.6 43.0 | 0.847 0.898  0.818 [ 39.2 40.3° 45.0 [0.968 1.046 . 1.062 -
'b-10126 | 36.2 34.6 35.9[0.915 1.038 1.114|36.6 34.2 34.00.998 1.086 1.098
225 (39,0 36,9 39.1|1.030 1.221 1.177|40.9 '37.6- 38.9 | 1.212 1:357 1.387
b-1112 | 34.3  34.3 36.4 | 1.727 ° 1:141 ~ 0.990 |'33.7 33.7 34.7 (1785 1.179 1.086
295 |50.2 48.9 50.1[0.534 0.564 0.719 |58.6 55.9 55.9 [0.808 0.833 - 1.086
el 124|347 351 36.8(0.855 0.881 0.850 | 34.4 34.9 35.4(0.806 0,932 0,944
: 225|347 351 35.9/0.942 0.927 0.972(34.4 349 34.0|0.986 0.930  1.052

* The complete positive correlation between lindane and solvents was equal with the mortality

of lindane alone:

* % The theoretical value when the mixtura occurs no correlation, was calculated from the value

of lindane, solvent and dust carrier, separately.

in descending order of effectiveness, were 1)
i:o-Butyl aleohol 2)'c‘)rc]ohéxanol 3) chloroform
4) methylethyl ketone 5) tri-crgéo] 6) ethylene
dichloride 7) n-butyl alcohol 8) trich]oroethylehe
QI) alpha-pinenc  10) n-propyl aleohol; aeésto-

phenone and ethylene glycol. -
Discussion

In the authors’ opinion, the carrier cfficiency

of organic solvents may be an important factor

in insecticidal action from both a theoretical and

practical aspects.

It is interesting that the carrier efffciéncy of
solvents - is piobe;bly an essential factor in the
deménstrat_ion of ‘joint toxic action of insecticides. -

Considering the above fact, the present authofs
attqmpied to study the carrier action and the joint
toxic action of solvents, )

13
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" The. present investigation,  however, did not’

result in a determination of a clear r‘elationship' to

the carrier efficiency of solvents probably because

of the poor design of the experiments and from

" many unknown factors governing the carrier effi-
ciency. o .

Although the’ present mvestxgatmn was exammed

by the application -of dust formulation agamst

the housefly in order to exclude the problems

causcd by the use of water, further investigation

" should be made to examine these problems by such

means as topical application to individual insects

‘and “the use of the immersion test using liquid |

" formulation diluted by water. .

Further investigation should be attempted to
‘analyse the water -solvent- detergent Systems of
the active insecticides. )

Although the present investigation avoxded the
toxic action of lmdane vapour alone as a respi-
ratory poison, the next studyvshould consider the
interaction between cuticr.]ar penetratioh and
tracheal penetration of vapours.

As pointed out by Hurst!V, the combination of

solvents, such as the mixture of apolar and polar
solvents differs from a simple solvent by solvation.
" Therefore, the solvation between solvents should
be cxamined from * the

viewpoint “of insect

toxicology. . .

) " Summary

The present investigation attempted to demon-.
strate the \joint toxic action between organic
solvents and lindane and to examine the effects
of fifty eight solvents .on the _penetration of
" lindane powders.

The insects used were the adult of the common

houscfly, Musca domestica vicina Macq,, and the
/adult of the oriental garden cncket,
vmztratus de Saussure. ]

The insecticide adopted was iindane Fifty
exght 1nsect1c1dal so]vents were tested.  The dust
carrier mlxture consxstmg of 6-parts clay and 4-
parts talc (300 mesh) was applied to the dust
“formulatxons B .

. Air-vacuum dust apparath was utilized for
the dustmg of the housefly In the case- of the
cricket test, the tarsus of the cncket’s hmd leg

136
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toes

“iso-butyl ketone 7) iso-butyl alcohol,

.carbons were moderately efficient.

- solvent.

was immersed into the test solution for 230 seconds.-

The per cent paralysis in the ‘insects were ob-

\

served. . .

. \ . .- )
In the experiments on the relation between

‘time and per cent paralysis in the housefly for
‘the lindane dusts added to the solvents,

the
higher carrier efficiencies of the solvents hdopted,
in descending, order of effectiveness, were expre-
ssed, as follows: 1) chloroform. 2) iso-butyl
alcohol 3) ethy]ene glycol' 4) methylethyl ketone
5) ethylene drchlonde 7) iso-

amyl acetate 8) mtrobenzene 9) n- propyl alcohol

6) cyclohexanol

10) cyclohexanone. -

In the case of the oriental garden- cricket, 1)
4) o-
chlorotoluene 5) cyclohexanol 6) methyl iso-
butyl ketone 7) Velsicol AR-60 8) n-hexane 9)
Penn Drake oils 10) .trichloroethylene.

iso-amyl acetate 2) dioxane 3) toluene

Combmmg the values obtained for the crxcket

- with that of the housefly resulted in. the carrier

efficiencies of the solvents, the following descending

order of effectiveness was obtained : 1) iso-amyl

" acetate 2) cyclohexanol 3) tri-chloroethylene 4)
" methyl ethyt ketone 5) cyclohexanone and methyl

o-chloro-
toluene and n-hexane 10) dioxane. .
The aromatic hydrocarbons showed the effici-
ency. -Aliphatic ketones and halogenated .hydro-
Generally
speaking, glycols and itstderivatives, the . esters
of acetic acid and aliphatic alcohols had low
efficiencies. ' ‘

The present investigation also -attempted to

determine a tendency to a general relationship

between carrier efficiency and boiling point . of
At a glance, the line to the cricket

tested were generally indicated the line curved

" like a bowl.and the lines to the housefly tested

" to lindane, beeswax,

were generally indicated the line curved like a
mountain thh the exception of some solvent- groups.

Although a clear rclationship to the solubxhty‘
and the housefly’s hpoxds,

.was not~appérent, “the higher solubility to bees-
" wax and the housefly’s lipoids of solvents indicated

the comparatively higher carrier efficiency by

trichloroethylene, cyclohexanol, cyclohexanone,

o-chlorotoluene,
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The relationship between carrier efficicncy and
the surface tension of solvents saturated with
lindane against the crickets was more obvious
the
However, therc were many. unfavourable results
with both insects.

than the relationship against housefly.

There was a comparatively
clear relationship in the female cricket. The speed
of paralysis gradua]]); reduced with an increase
of the surface tension for the experimeénts of
aliphatic primary a]éohols,

aromatic hydrocarbons.

In the experiments for the relationship to the

viscosity of solvents at a temperature of 20°,
the results on the male cricket and the housefly
applied ‘with 122 dust gave the fairly clear
relationship to the viscosity.

The carrier_efficiency of - solvent was difficult

aliphatic ketones and

to interpret by some physical factors such as .

polarity; dielectric constant, dipole moment and

the association degree of molecules 'of the solvents.

Therefore, further investigation is necessary in
order to determine the limiting factors governing

carrier efficiency.

The primary. alcohol series tested show an

" increase in the steady mortality from chain length
C,to Cg and thereafter. from Ca to C;, a corres-
ponding decrease, )

In conclusion,’ it may be stated tHat the joint
actxon between lindane and the solvents tested
was indicated by a slight increase to a shght

decrease of the carrier efficiency. In the case of

the independent jojnt action-ratios applied with -

224 dust, the higher joint action, in descending
order.of effectiveness, were indicated at the time

of 18 hours as fol]ows : 1) iso-butyl alcohol 2)

cyclo-hexanol ' 3) methyl iso-butyl ketone 4
6) ethylenc dichloride .

chloroform  5) tri-cresol
7) iso-amyl acetate 8) trichlorocthylene 9) methyl-
cthyl ketone 10) nitrobenzene. In the case of the
predominant action-ratios to lindane npblied with
294 dust, the higher ratio, in descending order
1) is‘o-butly]
alcohol 2) cyclohexanol 3) chloroform 4) meéthyl=
cthyl ketone 5) tri-cresol 6) ethylene dichloride
7) n- buty] alcohol
pinene 10) n- propyl a]cohol acetophenone -and

of effectiveness, were as follows :

ethylene g]ycol

8) trichloroéthylene 9) alpha-- o

. 2), Beament, J. W L.:J. Exptl Biol.

B o 22 %1

The present investigation did not obtained a
clear relationship of - the ecarrier efficiency of

solvents probably because of a poor experimental

- design and from many actions- of complicating

factors goveming carrier efficiency. Therefore,
further mvest:gatxons are requxred to solve thesc
problems. -
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