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Introduction

Since the chemical structures of the insecticidal

principles of natural pyrethrins were elucidated

by La Forge et al,u, a number of studies on

analogues of chrysanthernic acid esters have

been conducted, and many insecticidal synthetic

pyrethroids such as allethrin", tetramethrirr",

resmethrhr", Iuramethrln", proparthrin'" etc. were

discovered. A synthetic pyrethroid consists of

'four isomers, (+) cis, (+) trans, (-) cis and

(- )trans, originating from the chrysanthemic

acid moiety, and the insecticidal activity of

each isomer of several pyrethroids was reported

by Gcrsdorff et al.7,sl , Elliott et al.sl , and

Nishizawa\01, etc.

Phenothrin!", which has the following structure,

is a more recent addition to this group of

synthetic pyrethrolds.

/CH3

O -G
CHzOC·CH-CH' CH = C -,

o 11,/ CH3o /C,
CHJ CHJ

3-phenoxybenzyl chrysanthernate
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Fujimoto et al.12l reported that this pyrethroid

was more effective than pyrethrins against

houseflies, and was more stable than resmethrin

to irradiation. Miyamoto et al.13l studied the

insecticidal efficacy of each isomer of phenothrin

and showed that the highest efficacy was

exhibited by (+)trans followed by (+)cis, (-)cis
and (- ) trans in that order.

We evaluated the joint toxic action of (+ )trans
and (+) cis isomers of phenothrin to houseflies,

and the most effective combination was found

to be a mixture of 2 parts of (+) cis with 8 parts

of (+) trans isomers. Hereafter, this combination

will be referred to as d-phenothrin.

This paper presents the experimental results

on the joint toxic action mentioned above, and

also discusses the results of evaluations of

d-phenothrin in comparison with resmethrin and

natural pyrethrins, with respect to insecticidal

efficacy and application methods.

Materials and Methods

I. Test Insects. The following stock colonies of

houseflies, mosquitoes and cockroaches were

reared in this laboratory 'at 27±1'C and at 60±



~J.j .tlt f-l ~ in 41 ~-I

596 in relative humidity.

(1) Houseflies (Musca domestica)

Susceptible strain; Lab-em-f-ern, NAIDM,

CSMA or Sumitomo (hereinafter referred to as

SK), diazinonresistant strain; 203d were used.

(2) Mosquitoes; susceptible strain of Culex

pipiens pallens was used.

(3) Cockroaches; susceptible strain of Blattella

germanica and Periplaneta fuliginosa were used.

II. Chemicals. The following chemicals were

used in this study.

d-Phenothrin; 2 to 8 (cis to trans) mixuture

of 3-phenoxybenzyl- (+) -chrysanthernate was pre

pared in this laboratory. The purity was 97.796.

Physical and chemical properties are presented

in Table 1.

(± )trans-Phenothrin (98.696 pure), (±)cis

phenothrin (96.896 pure), (+ )trans-phenothrin

(98.796 pure), (+) cis-phenothrin (97.296 pure)

were prepared in this laboratory.

Allethrin; technical grade (91% pure) of 2

allyl-3-methylcyclopent-2-ene-l-one-4-yl-chrysan'

themate (Pynamin®, Sumitomo Chemical Co.,

Ltd.) was used.

(+ )trans-Allethrin (90.996 pure) was prepared

in this laboratory.

Resmethrin; technical grade (91. 696 pure) of 5

benzyl-3-furylmethyl chrysanthernate (Chrysron®,

Sumitomo Chemical Co., Ltd.) was used.

Tetramethrin; technical grade (93.396 pure) of

N-(3, 4, 5, 6-tetrahydrophthalimido)-methyl chry

santhemate (Neo-Pynamin®, Sumitomo Chemical

Co., Ltd.) was used.

Pyrethrins: 20.3596 pyrethrin extract (Pyrethrin

I 10.7796: Pyrethrin II 9.5896) supplied by Dai

nippon Jotyugiku Co., Ltd. (Cockthrin®).

III. Testing Methods.

(1) Topical application method

An appropriate amount of acetone solution of

each chemical was applied topically with a

microsyringe to test insects which had been

temporarily paralysed with carbon dioxide as

follows:

Housefly: a group of 3 to 5 days old 10 each

male and female adults were used. Various

concentrations of the test chemical in 0.5 pi of

act one was applied to the dorsum prothorax of

the insects.

Mosquito: a group of 2 to 3 days old 20 female

adults were used. Various concentrations of the

chemical in 0.3 pi of acetone was applied to the

dorsum pro thorax of the insects.

Cockroach: a group of 20 to 30 days old 10 each

male and female adults were used. Various

concentrations of the test chemical in 1.0 pi of

acetone was applied to the dorsum thorax of

insects.

Five to 10 replications were made and the

mortality was recorded 24 hours (for Housefly,

mosquito) and 72 hours (for cockroach) after

application. The LD~o value was calibrated by

the Finney's graphic method.

(2)* Campbell's turn table method!"

(3)* Glass chamber method by oil spray

(4)* Aerosol test rnethod'v for flying insects

(5)* Immersion method for larva mosquitoes

The methods with *were described in the

previous paper (Okuno et al. 14» .

(6) Direct spray method for cockroaches

Ten cockroaches were released into a plastic

cup (9.5 cm in diameter and 4 cm in height) and

covered with a 16-mesh nylon net, and then was

placed beneath a glass cylinder 10cm in diameter

and 37 cm in height. Half a ml of an oil formula

tion was sprayed into the glass cylinder through

an atomizer at a pressure of 0.6kg/cm2• Then,

the glass cylinder was immediately coverd with a

glass lid. Twenty minutes later, the cockroaches

were transferred into a recovery container con

taining food and water, and kept for 72 hours

to observe the mortality. Three replications were

made. The LC~o was calibrated by the Finney's

graphic method.

(7) Immersion method for larva houseflies

Emulsifiable concentrate containing 596 of test

chemicals was diluted with water to various

concentrations. Eight ml of emulsion was poured

into a petridish (14 cm in diameter and 7 cm in

height) containing 30 full-grown larva houseflies.

Subsequently, the petridish was covered with a

glass lid. After 24 hours, the mortality was

recorded. Three replications were made, and the

LC~o was calibrated by the Finney's graphic

method.

(8) Thermal fogging method

(8-a) Peet Grady chamber method
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Around 5.8 ml of an oil formulation containing

the indicated amount of test chemicals was

introduced into the Peet Grady chamber-? by

use of an electrical thermal fog generator ("Insect

Foggerb" Model F-900, Burgess Vibrocrafters

Inc.) and a group of 50 each male and female

houseflies or 50 female mosquitoes were imme

diately released into the chamber. The number

of the knocked down insects were counted at 5,

10 and 15 minutes after the discharge of the oil

fog. Thereafter, the chamber was ventilated and

the knocked down insects, were collected into a

recovery container within 5 minutes. After 24

hours, the mortality was recorded.

(8-b) Semi-field test method

The test insects which had been held in several

'containers were placed on the fixed position of

a test room (28m3) as shown in Fig. 1. Around

56ml of an oil formulation containing the indicated

amount of test chemicals was introduced into the

test room by use of "Insect Fogger$" in the

same manner as described for the method (8-a).

The number of knocked down insects was counted

2 hours (for houseflies, mosquitoes) and 16 hours

(for cockroaches) after the discharge of the

I..E.Jlm
(M)

(F)

ill l1lJo

oil fog. Thereafter, the room was ventilated and

all the insects were transferred into a recovery

container to observe the mortality 24 hours (for

houseflies, mosquitoes) and 72 hours (for cock

roaches) arfet discharge. The test room was air

conditioned at 2SoC.

(9) Contact activity test method for cockroaches

(9-a) Confined contact method

Emulsions prepared in the same manner as

discribed for .the method 7 were uniformly applied

onto the surface of plywood panels (15x 15 em)

with a microsyringe at a rate of 50mllm2 (I, 125ml

per panel). The panels were tested at 2 hours,

I, 2, 3 and 4 weeks after treatment. During the

test period the panels were kept in the room at

25°C and 50 to 6096 in relative humidity.

Experiments were conducted in triplicate using

30 cockroaches. The insects were confined to the

treated surface of the panel for exposure for 24

hours. After the exposure time, they were,

transferred into recovery containers for mortality

counts at 72 hours.

(9-b) Semi-field unconfined contact method

As shown in Fig.2 (A), the shelters (filter

paper) and foods (solid mouse food or sugar

uu tar
(F)

Entrance

(M)

llilLE.I

Fig. 1. The positions of the containers in the test room 2.7 x 4.3 m
in area and 2.4 m in height

(M): mosquito cage a> (30 em diameter x 30 em height) containing
25 adults

(F): housefly cages? (same as above) containing 50 adults
L~ : open dish (14 em d. x 7cm h.) containing 10 B. germanica

adults
IBT: 1/5 opendish'v (same as above) containing 10 B.germanica

adults
lRJ : open dish (same as above) containing 10 P.fuliginosa adults

The mosquito or housefly cages were hung at 1.5 m above
the floor and the petri dishes containing roaches placed on
the floor.

a> covered with a nylon-net (16 mesh)
b> covered with a lid having a slit of 3 x 10 em
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A

wa s co un ted at vario us t ime int erval s for 2 h our s .

F ive rc p lica t ions we re mad e . The KT50 (50 5'6

knock d own t im e) wa s ca libra ted by t he Fi nne y's

g ra ph ic met hod.

(l O- b) lI ig h co ncun t rnt iou me t hod

A g ro up of 20 fe mal e mosq uit oe s were re lea se d

in t o a g la ss cha mbc r O. :1·1 m' in volume. Subse 

q ue ntly . ! J.(ra m o f a tes t co il prepa red by th e

a bove me t hod (l O- a ) wa s fi xe d on a s ta nd a t

th e ce nt re of th e c ha mber bo t t om and iJ.( n ited a t

t he bot h ends . T he number of k no cked d ow n

mosquit oes wa s co unte d a t va r io us t im e inte rv a ls

for 24 m inu tes to calcu la te KT50 • After t hc 24

m inu tes , t he knock ed d ow n mosq u it oes w e re

co llec te d a nd t ran s fe r red int o a recovery conta ine r

to o bse rve t h e mort al it y a ft e r 24 h ours . Fi ve

re pl ica t ions were ma de. T he KT50 w as ca li bra te d

by t he F inn ey's graphic me th od .

!{ rsu l t s a nd Ir is cu ss inn

F i!!: . 2. A : View of th e se m i-fie ld test a re a for

cock roa ch co ntact me t h od.
B : T he pos it ions of t he s hel te rs . food s

a nd te s t plyw ood pa nels in t he tes t

area .

s olutio n) were placed in t he tes t area w hi ch

were s ur round ed w ith plas t ic plates (5m2 in area

a nd 0. 25 m in he ig h t) w it h t he ins ide of t he

wal l coa ted w it h bu t te l'. A g ro up of a ro und 100

cock roac hes were re lea se d int o t he tes t a rea a nd

we re a llo we d to s ta nd ove rn ig ht for ac cli ma t iza 

t ion. Nex t . 20 pa nel s of the plyw ood t rea ted

w ith che m ica ls in the sa me ma nne r a s the a bove

met hod (9- a) we re place d in th e te st area as

s how n in Fi g . 2 ( B) . The numbe r of t he k nocked

d own a nd k illed coc k roa ches we re recorded a t

t he ind icated inte rv a ls for a w ee k .

(I O) M osq u it o co il tes t meth ods

(I O-a ) Low conce nt ra t ion meth od

A g ro up of 50 fe mal e mosq u it oes we re released

int o t he Pcet G rad y c ha m be r 5. 8 m' in vol ume,

a nd elec t r ic fa n (20cm in d iamet er) cove red wit h

Ifi-m esh nylon net wh ich had been equi ppe d in

th e cha m ber. was tu rn ed on. S ubse q uent ly, 0. 8

g ram of a tes t coi l co nta ining a n ind ica ted a mount

of act ive ing red ien t wa s fixe d on a s ta nd at th e

ce nt re of th e c ha m be r bot t om an d i!!: ni ted a t th e

one en d . T he nu m be r o f knocked dow n mosqu ito es

I. .loint t ox ic act ion between eac h iso me r of

ph cn ot hr in aua ius t housef lie s

The tes t result s o f joi nt t ox ic a c t ion bet w een

(±)cis a nd (±)t ralls iso me rs, and betwee n (+ ) ci s

a nd (+) t ralls iso me rs of ph -nor hri n we re pre 

se nted in T a bles 2 an d 3, respect ively . Ta ble 2

showcs tha t t he co -to xic it y coe ffic ie nt va lues of

(±)ci s and (±)t ralls isome rs o f ph e not hr in are

a round 100 in a ny m ixed rat io, a nd t he joint

tox ic act ion of th ese iso me rs is eva lua ted t o be

"S im ila r ac tio n" acco rd ing t o S un' s ind ex " ' . Th is

tenden cy is th e sa me as th e ca se of a lle t h ri n as

d iscribed by G ersdor ff et ali?' , On t he ot he r

ha nd , co - to x ic ity coe ffic ient va lues w ere 123 and

138, w he n (+) cis a nd (+) t ra ils iso me rs we re

m ixed in rat io of 3 to 7 a nd 2 t o 8, resp ect ive ly

(T a ble 3) , joi n t t oxi c ac ti on o f t hes e m ixture is

hi zhcr th a n "S im ilar act ion". T hes e are ve ry

in te re s t ing result s and it is ta ke n that (-) iso me rs

ma y pla y an unkn own im po rt a nt ro le . On the

for eg o inJ.( re sult s , t he m ixture of 2 pa rt s of

(+) cis with 8 pan s of (+) t rail s iso me rs was

fou nd t o be t he most ef fec t ive a nd t h is mi xt ure

was na med d-phenothrin. In t h e ne xt 2, inse c t i

c ida l eff ica cy of d - p he not h r in is d iscussed in

com pa r is on w it h t h ose of res rn et h rin a nd pyre 

t hr ins , in terms of formula t ion an d ap pl ica ti on

me th od .
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Table 1. Physical and chemical properties of d-Phenothrin.

Item Outlines of properties

Empirical formula
Molecular wclaht
Appearance

Specific $1ravity
Melting point
Viscosity
Vapor pressure

Solubility

Stability

C231Ir.03

350
colorless clear liquid

d:: 1.016
below -20·C
86.4 c. p, at 30·C
1. 64 mm Hg at 200·C (Gas chromatographic determination'?') lower
than allethrin, resmethrin and pyrethrins I, and almost the same as
tetramethrin.
in water: 2 ppm at 30·C
in organic solvent: miscible with almost all of aromatic or aliphatic

hydrocarbons, chlorinated hydrocarbons and other organic solvents.
under storage conditions: stable at room temperature for 2 years and

at 60·C for 3 monthes.
under irradiation: more stable than allethrin, resmethrin, tetramethrin

and pyrethrins.
in organic solvents: stable in alcohols, esters, ketones, aromatic hydro

carbons, aliphatic hydrocarbons and chlorinated hydrocarbons at
40·C for 3 monthes,

in inorganic diluents: stable in inorganic mineral dlluents such as talc,
bentonite and diatom-earch at 40·C for 3 monthes.
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Table 2. The joint toxic action of (±) cis and (±) trans isomers of
phenotrin to houseflies (Lab-em-F-em strain).

Mixed ratio LDeo
J oint action

(±) cis : (±) trans (pg/f1y) Co-toxicity coclflclents?

10 0 0.222
7 3 0.218 97
5 5 0.215 95
3 7 0.192 103
2 8 0.202 97
0 10 0.190

Bl Calculated by the formula of Sun et al, (1960)191

Table 3. The joint toxic action of (+) cis and (+) trans isomers of
phenothrin to houseflies (Lab-em-F-em strain).

Mixed ratio LDeoBl Joint action

(+) cis : (+) trans (pg/f1y) Co-toxicity coefflcientt?
.._------

10 0 0.125 (0.111-0.140)
7 3 0.097 (0.086-0.109) 109
5 5 0.083 (0.075-0.093) 116
3 7 0.072 (0.065-0.081) 123
2 8 0.061 (0.056-0.068) 138
0 10 0.078 (0.071-0.085)

01 Calculated by the Bliss's method summarized in Botyu-Kagaku (1951)181
( ): Fiducial limit (Pr=0.05)

bl Calculated by the formula of Sun et al, (1960) 191



2. Insecticidal activities of d-phenothrin

2.1 Killing' activity

Killing activity of d-phenothrin against adult

houseflies, mosquitoes and cockroaches were

evaluated by topical application, turn table and

direct spray methods. Table 4 shows that the

activities of d-phenothrin to houseflies are 10-20

times superior to that of pyrethrlns and almost

the same as that of resmethrin (11-35 times

as potent as pyrethrins), Against cockroaches,

d-phenothrin is slightly superior to pyrethrins

and about equal to resrnethrin. On the other

hand, the activities of d-phenothrin and resrne

thrin against mosquitoes are 2.9 and 1. 8 times

as high as that of pyrethrlns, respectively.

Schechter et al.20) and Haskins et al.m also noticed

this point. According to the results, it can be

summerized that the killing activity of d-pheno

thrin is almost the same as that of resmethrin

against houseflies and cockroaches, and a slightly

superior to it against mosquitoes.

2.2 Effect of synergists

Effects of synergists on killing actrvrty of

d-phenothrin against houseflies and cockroaches

were evaluated by the same manner as described

in 2. 1. Among the synergists used, piperonyl

botoxide was the most effective to enhance the

activity of d-phenothrin and resmethrin, however

the contribution of the synergist was not

remarkably high compared with the case of

pyrethrins (Table 5).

2.3 Larvicidal activity of emulsion formulations

The efficacy of emulsion formulation against

larva housefnes and larva mosquitoes was

evaluated by immersion method as shown in

Table 6, the activity of d-phenot~rin, resmethrin

and pyrethrins decreased in that order. d
Phenothrin was 1. 3 and 1.7 times as active as

resmethrin against larva mosquitoes and larva

houseflies, respectively. Buei22) reported that the

activity of d-phenothrin against larva mosquitoes

was 1. 8 times as high as that of resmethrin.

The author suggested in his report that the

relative activity might depend upon the differ

ences of strain of test insects.

2.4 Efficacy of oil formulations by spraying and

thermal fogging methods

The knock down effect of d-phenothrin against

houseflies and mosquitoes was much inferior to

that of pyrethrins (Table 7), in spite of higher

killing effects of the former (Table 4). The

combinations of a so-called killing agent and a

so-called knock down agent are generally used

in practical control of sanitary insects. Table 8

shows that the combinations of d-phenothrin

and a knock down agent exhibited almost the

same efficacy as the corresponding resmethrin

formulae and pyrethrins formula as compared by

spraying method. Therefore, it is recommended

that d-phenothrin be used in combination with

knock down agent such as tetramethrin and

(+ )trans allethrin in practical use. On the other

hand, the thermal fogging of oil formulation is

also a popular method for pest control. In this

application method, the insecticides have to be

thermo stable, because they are heated to 300 to

500·C. Tables 9 and 10 are the test results

obtained by the thermal fogging method at around

300·C. They show that d-phenothrin formulae

are as effective as resmethrin formula, DDVP

plus fenitrothion formula, and pyrethrlns formula

except for lower killing effect of pyrethrlns

formula against houseflies.

2.5 Efficacy of aerosol formulations to houseflies

and mosquitoes

Aerosl is the world wide formulation for

housefhold insecticides, because of its easiness

in handling. In this section, aerosol formulations

containing several kinds of pyrethroids were

subjected to efficacy tests against houseflies and

mosquitoes. The results show that the efficacies

of d-phenothrin were almost the same as those

of resmethrin against several strains of houseflies

and several species of mosquitoes, when they

were used in combination with tetramethrin as a

knock down agent (Tables 11 and 12). Table 12

also shows that these combinations exihibited

almost the same effect as OTA (Official Test

Aerosol of CSMA, USA). These results are

obtained by using exclusively the oil based

formulation. The insecticidal efficacy of the

water based aerosol formulation of d-phenothrin

will be published in our future report.

2.6 Residual contact activity against cockroaches

There are two application methods, direct spray

and residual contact, to control crawling insects,
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Table 4. Toxicity of d~Phenothrin to insects and mammals
ill comparison with other pyrethroids,

Toxicity"
Insects and mammals

Houseflies SK strain
CSMA strain
Lab-em-F-em strain
NAIDM strain

d-Phenothrin

0.022 (10.1)
0.022 (16.8)
0.050 (20. 0)
O. 056 (15. 9)

Resmethrin

Topical LD.o pg/fly

0.020 (11.2)
O. 015 (24. 6)
0.028 (35.7)
0.034 (26.2)

Pyrethrins

0.223 (1. 0)
0.370 (1. 0)
1. 0 (1. 0)
0.89 (1. 0)

Houseflies Lab-em-F-em strain
NAIDM strain

34.5 (8.7)
20.2 (8.5)

Turn table LC. o mg/l00 ml

22.0 (13.6) 300 (1.0)
16.5 (10.4) 172 (1.0)

Topical LD.o pg/insect

Mosquitoes (C. pipiens)
Cockroaches (B. germanica)

O. 0075 (2. 9)
0.89 (1. 3)

O. 0125 (1. 8)
0.80 (1.4) .

0.022 (1. 0)
1. 15 (1. 0)

Cockroaches (B. germanica)

Mice
Rat

Direct spray LC. o mg/100 ml

66 (1. 3) 80 (1. 1) 88 (1. 0)

Oral LD.o mg/kg

> 5000') 690b) 370b)

»iccco» >5OOOb) 2160b)

»icoco» >5OOOb) 1300b)
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( ): Relative toxicity (Pyrethrins = 1. 0)
a) From previous study (Miyamoto et al., 197313»

b) Read at the Conference on Human Health Effects of Newer Approaches to Insect
Pest Control sponsared by National Institute of Environmental Health Sciences
and Environmental Protection Agency (Junshi Miyamoto, Aug. 1975, North
Carolina, USA)

Table 5. Effect of synergists on several pyrethraids.

Degree of synergisms!
Composition

Houseflies Roaches
Insecticide + Synergist (1 : 5) (Lab-7-em strain) (B. germanica)

Topical Turn table Topical Direct spray

d-Phenothrin PBO·) 2.3 2.4 1.0 1.4

Sulfoxide'» 1.7 1.7
1.B. T. AO) 1.1 1.3
S-421d) 1.2 1.2

Resmethrin PBO 1.7 1. 2Cl 1.0 1.7

Sulfoxide 1.4 1. lr>

Pyrethrins PBO 10.9 4.4 2.1 2.8

a) a-(2- (2-butoxyethoxy) -ethoxy)-4, 5-methylenedioxy-2-propyltoluene

b) I, 2-methlenedioxy-4-(2- (octylsulf inyl) propyl)-benzene
0) Isobornylthiocyanoacetate
d) Octachlorodipropylether

e) Degree of Synergism = LD. o or LC. o insecticide alone
LD. o or LC. o insecticide & synergist

n SK strain: From previous study (Okuno et al., 196916»
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Table 6. Larvicidal activity of emulsion formulations against
mosquitoes and houseflies by immersion method.

LCDo (ppm)

Insecticides

d-Phenothrin

Resmethrin

Pyrethrins

Mosquitoes
(C. pipiens)

0.022 (2.8)

0.028 (2.2)

0.061 (1. 0)

Houseflies
(NAIDM strain)

0.54 (3.4)

0.91 (2.0)

1. 85 (1. 0)

( ): Relative efficacy (Pyrethrins=1. 0)

Table 7. Knock down activity of oil formulations against houseflies
and mosquitoes by glass chamber method.

KTDo (sec.)

Insecticides Cone.
(576) . Houseflies Mosquitoes

(Lab-em-7-em strain) (C. pipiens)

d-Phenothrin 0.5 345 319

Resmethrin 0.5 180 198

Pyrethrins 0.5 50 42

Table 8. Efficacy of oil formulation against houseflies
and mosquitoes by glass chamber method.

Composition KTDo (sec) - 576 Mortality at 24 hrs,

Insecticides Cone. (576) Houseflies Mosquitoes
(Lab-em-7-em strain) (C. pipiens)

d-Phenothrin 0.075576
129 86 119 95

Tetramethrin 0.2

d-Phenothrin 0.1
126 97 105 97

Tetramethrin 0.2

Resmethrin 0.075
127 95 129 95

Tetramethrin 0.2

d-Phenothrin 0.075
115 90 127 100

(+) trans-Allethrin 0.2

d-Phenothrin 0.1
130 95 125 100

(+) trans-Allethrin 0.2

Resmethrin 0.075
133 95 107 100

(+) trans-Allethrin 0.2

Pyrethrins 0.2
131 93 125 98

P.RO. 1.6
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Table 9. Efficacy of oil formulations against houseflies and mosquitoes

by thermal fogging method.

Composition Dosage 96 Knock down 96 Mortality
(ml/5.8m3) 5min IOmin 15min (20 min) at 24 hrs.

Houseflies (NAIDM strain)

d-Phenothrin/Tetramethrin/PBO 5.8 21 67 79 94 56
0.02596 0.0596 0.296

Resmethrin/Tetramethrin/PBO 5.9 18 53 74 87 58
0.02596 0.0596 0.296

R h . / (+) trans-/PBO 5.9 19 55 76 89' 60esmet nn Allethrin
0.02596 0.0596 0.296

Pyrethrin/PBO 6.0 25 63 81 87 17
0.0596 0.496

Mosquitoes (C.pipiens)

d-Phenothrin/Tetramethrin/PBO 5.8 61 87 95 98 95
0.02596 0.0596 0.296

Resmethrin/Tetramethrin/PBO 5.9 47 77 92 97 94
0.02596 0.0596 0.296

R h . / (+) trans-/PBO 5.9 45 83 88 97 91csmct nn Allethrin
0.02596 0.0596 0.296

Pyrcthrin/PBO 6.0 51 76 89 97 89
0.0596 0.496

Table 10. Efficacy of oil formulations against insects by thermal fogging

test method under semi·field conditions.

Houseflies
Compositional (NAIDM starin)

cage

d-Phenothrin/Tetramethrin/PBO
0.196 0.2~ 0.7596

d-Phcnothrin/Tetramethrin/PBO/S-421
0.196 0.2~ 0.3960.4596

Resmethrin/Tetramethrin/PBO
0.196 0.2~ 0.7596

DDVpb)/Fenitrothionc)

0.296 0.596

100 - 100

100 - 100

100 - 100

100 - 100

96 Knockdown -96 Mortality
Mosquitoes Cockroaches
(C. pipiens) (B. germanica) (P.fulliginosa)

cage 1/5 open dishopen dish open dish d)

100 - 100 100 - 100 80 - 100 90 - 100

100 - 100 100 - 100 70 - 100 100 - 100

100 - 100 100 - 100 60 - 100 80 - 85

100 - 100 100 - 100 100 - 100 100 - 100

a) Dosage: 56 ml/28 m3

b) DDVP: 0, Oe-dlmethyl-O> (2, 2-dichlorovinyl) phosphate

c) Fenitrothion: 0, O-dimethyl-O- (3-methyl-4-nitrophenyl) -phosphorothioate

d) This condition is a modification of roach harborage.
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Table 11. Efficacy of oil based aerosol Iorrnulatlons against'
houseflies by CSMA method.

~6 Knockdown
Composition Dosage

(g/1000ft3) 5min. 10min. 15min. (20min.)
96 Mortality
at 24 hrs,

Lab-em-7-em strain

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

0.1~6

0.•2~6

0.196
0.296

3.1

3.2

17

21

49

50

65

71

76

84

66

62

203 d strain

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

0.196
0.2~6

0.1~6

0.296

3.0

3.0

17

17

44

41

60

56

69

62

60

60

CSMA strain

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

0.196
0.296

0.196
0.296

3.2

3.1

25

22

58

59

73

73

79

81

890 >

920 >

Resmethrin O. 1~6
(+) trans-Allethrin O. 2~6

3.0 26 56 68 78

Tetramethrin
PBO

Pyrethrins
PBO

0.296
1.0~6

0.296
1.0~6

3.1

3.2

34

24

63

59

74

75

79

79

670 >

860 >

a> Total mortality: After the end of the exposure period, knocked down and unknocked

down houseflles were collected into a recovery container to observe

the mortality 24 hours later.
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Table 12. Efficacyal of oil based aerosol formulations againrt houseflies and
mosquitoes by CSMA method;

.Composition Dosage
(g/l000ft3)

96 Knockdown

5 min. 10min. 15min.

Houseflies (NAIDM strain)

96 Mortality
at 24 hrs.

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

OTAbl

0.196
0.2%

0.196
0.296

3.2

3.1

3.1

28

30

30

48

55

58

89

97

94

89

97

94

Houseflies (F58wel strain)

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

OTA

0.196
0.296

0.196
0.296

3.2

3.0

3.1

29

27

30

46

48

51

85

90

91

85

90

91

Mosquitoes (Aedes aegypti)

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

OTA

0.196
0.296

0.196
0.296

3.0

3.1

3.1

26

31

26

56

71

51

100

100

100

100

100

100

Mosquitoes (C. pipiens)

d-Phenothrin
Tetramethrin

Resmethrin
Tetramethrin

OTA

0.196
0.2%

0.1%
0.296

3.1

3.1

3.2

41

33

27

68

62

54

98

96

89

100

100

100

52

al Obtained at WARF Institute, INC., USA.

bl Official test aerosol of CSMA (Pyrethrins 0.2%. PBO 1. 696)

e) DDT-resistant strain

Table 13. Residual effect of emulsion formulations against German
cockroaches by the confined contact method.

96 Mortality at indicated weeks
Insecticldess!

0 1 2 3 4

d-Phenothrin 100 100 100 90 55

Resmethrin 95 90 75 48 5

Pyrethrins 100 100 80 68 43

al Dosage: 250 mg active ingredient 1m2



Table 14. Residual contact activity of emulsion formulations against German
cockroaches by the semi field test method.

% Knockdown and mortality
Insectlcldcsv -------

3 hrs. 6 hrs, 1 days 2days 3 days 5days 7 days

d-Phenothrin 21 35 67 81 88 97 98

Resmethrin 3 7 72 81 8t 84 88

Pyrethrins 20 37 44 47 50 53 57

a) Dosage: 625mg active ingredient/20 panels/test plot (5m2)

Table 15. Efficacy of mosquito coil formulations to mosquitoes.

Low cone. method High cone. method
Composition (Peet grady chamber) (glass chamber)

KTao (rnin.) KTao (rnln.) - 96 Mortaltity

d-Phenothrin 0.0596
15.0 9.5 - 55

Al1ethrin 0.35'6

d-Phenothrin 0.196
9.5 9.3 - 83

Al1ethrin 0.396

Resmethrin 0.0596
19.0 9.5 - 58

Al1ethrin 0.396

Resmethrin 0.1%
10.0 9.2 - 70

Al1ethrin 0.396

d-Phenothrin 0.396 40.0 17.1 - 63
0.6% 24.0 15.2 - 90

Resmethrin 0.396 29.0 14.3 - 80
0.65'6 20.5 11.6 - 100

Al1ethrin 0.396 26.0 10.0 - 47
0.696 -12.0 8. 7 - 73

Pyrethrins 0.3 27.5 14.0 - 53
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and oil, aerosol, dust and emulsion formulations.

are generally used for this purpose. In this

section, the lasting period of residual activity

against cockroaches were evaluated by using

plywood panels treated with emulsion formulation.

Cockroaches were confined to the plywood panels

which had been kept ·for I, ?, 3 and 4 weeks

after treatment· with the insecticide formulation.

The mortalities were recorded as shown in Table

13. Residual activity of d-phenothrin lasted for

the longest period, followed by pyrethrins.

Resmethrin rapidly lost the residual activity.

The residual contact activity ofpyrethroids were

also examined under a semi·field condition (Fig. 2),

and the results were -shown in Table 14 and

Fig. 3. Under this condition, cockroaches could

avoid the treated panels if they wanted to. The

results show that d-phe'hothrin was the most

effective, followed by resmethrin in residual

activity. Pyrethrins showed almost the same

activity as d-pheno~hrin at 3 and 6 hours, but it

became the least active after 1 to 7th day. The

reason why the efficacy of pyrethrins was lower

than others after 1 day, in spite of its strong

activity under confined conditions, has not been

experimentally clarified, but it may be possible

that biological properties of pyrethrins such as

repellency and biodegradability might be different

from the other pyrethroids tested.

2.7 Efficacy of coils to adult mosquitoes

Efficacy tests were conducted by using glass

chamber (for high concentration) and Peet Grady

chamber (for low concentration). The results

are shown in Table 15. Although knock down

effect of d-phenothrin or resmethrin was much

inferior to that of pyrethrins or allethrin, the

mixture of 0.396 allethrin with 0.05 to 0.196

·d-phenothrin exhibited almost the same effect as

0.6% allethrin.

Summary

The joint toxic action of (±)cis and (±)trans
isomers of phenothrin was identified as "Similar

action" in any mixed ratio against houseflies,

while that of 2 to 3 parts of (+) cis and 7 to 8

parts of (+) trans isomers gave high value than

that for "Similar action" according to Sun's index.

The mixture of 2 parts of (+ )cis with 8 parts

of (+)trans isomers was the most effective and

was named "d-phenothrin". d-Phenothrin is

chemically stable under various conditions and

has low mammalian toxicity in comparison with

resmethrin and pyrethrins. The insecticidal

activities of d-phenothrin against several kinds

of sanitary insects such as houseflies, mosquitoes

and cockroaches were examined. d-Phenothrin

·was inferior to pyrethrins in knock down effect,

but 8.5 to 20 times superior to it in killing effect

against houseflies, thus it was characterized as

so-called "killing agent" like resmethrln, It is

expected that d-phenothrin alone or together with

· a so-called "knock down agent", such as tetrarne-

100
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,q

80'E....
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::E
-e 60
c
~ 50
e
~ 400

-e
..:.: 30u
0
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:<: 20
~~ 10

~ d-Phenothrin

I .--x Pyrethrins
, -" .'-----,,-:/ .. --~/I.-

f,,,,,,,
I
I
P
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Time in days
Fig. 3. Residual ,contact activity of d-Phenothrin against

roaches by the semi-field test method
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thrin, and allethrin, will provide an excellent

active inzrcdlent for several kinds of formulations

such as aerosol, oil, emulsion and mosquito coil.
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