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Toxicity of p,p'-DDT,o,p'-DDT and Their Mixtures Against Mosquitoes. R.L.KALRA
(National Malaria Eradication Programme, Delhi, India) Received September 25, , 1969~~Botyu­
](agaku, 34, 170, (1969).

'22. 1J1:.~'tQ p,p'-DDT, o,p'-DDT iaetai'(1);Hft#J(1,)$tt R.L.KALRA (National !-

Malaria Eradication Programme, 'Delhi): '44. 9. 25 ~l1I! \
I

Culex pipiens fatigans, Aedes aegypti, Anopheles subpietus 1~;t,fT 7.> p, jJ'-DDT, 0, p'-DDT

0),ul1J.1J;e dry film, oil solution, topical application ~l.>~lln.t:. 'CO)~m dry film $<:
l:t 0, p'-DDT 1;1: C. p.fatigans I~;t,fv p, p'-DDT J; I) ~£1t1Jj;;51il c, oil solution ;/0 J; 0: topical

application l*l.>I;I:, ~{t.g.4?&I;I:l;lIIfRJv~Q!1t1J;e~vt:. Aedes aegypti 1~~JVCI;l:, T«L'O)

1J1liJf:ll*<: p, p':"DDT 1;1: 0, p'-DDT J; I) ~£1t1Jj;;5JU <, Anopheles subpictus 1~:rJvL' 11IIfRJ v~
!1t1Jl.>.:b"?t:.,

p,p'-DDT C o,p'-DDT cO)iffifrl;l:;/JO)fJlGml~:rJV'C;l~1JfFmj;;mJ)i7tVJP. Aedes aegypti

;/OJ; V: Culex p.fatigans 0) p,p'-DDT,o, p'-DDT 1~:rJT7.>~~t1;e!t~·9z,c , A.aegypti 1;1:

p,p'-DDT 1~;t,fvL'~~M:j;;il"Jj<, o,p'-DDT 1i::rJvL'I;I:, ~filil~.:b;t I) r~~t1O).fffj;;tJP.

Yasutomi-" observed that the' 'joint action of

p,p'-DDT and o,p'-DDT was synergistic against

houseflies and body lice. Furthermore, technical

DDT has been found to be mote toxic than pure

p, p'-DDT, thereby suggesting the interaction of

the isomersl , I6,22l . Kalra 'and Joshpol studied the

toxicity of the mixture of p, p'-DDT and 0, p'­

DDT against the various species of mosquito

larvae. The joint action of the 'isomers was

found to be simple similar against Culex pipiens

fatigans and synergistic against Aedes aegypti.

The present communication summarizes the

results of the investigation 'on the relative toxi­

city of p,p'-DDT, o,p'-DDT and their mixtures

against the adults of various species of mosqui­

toes and the larvae of Anopheles subpicius,

Insect Material

179

Three to four' days old laboratory reared fe­

males of C.p.fatigans and Aedes aegypti were

used. Pupae of Anopheles subpictus were collected

from the areas around Delhi and hatched in the

laboratory. The female adult mosquitoes thus

obtained were used when 3-4 days old. All the

tests were done on glucose fed female mosquitoes.

Larvae of Anopheles subpictus collected from the

field were used as such.

Methods

Dry film method

The insecticides were applied in standard w/v

acetone solution to whatman filter papers No.1

(15cmxI2cm), 1.5ml., of the different concen­

trationsi of insecticidal solutions were pipetted

on the .papers -and.callcwed..to evaporate . com-
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pletely. The treated papers were rolled into the

plastic vials supplied in the WHO kit for asses'
sing the susceptibility of adult mosquitoes, linning

the sides completely. Twenty female mosquitoes

were exposed in each vial. Females of Aedes

aegypti were exposed for 4 hours to the treated

papers after which' those were transferred to the

holding tubes' and at-the end of 24 hours.of .holding
period the mor'talityi in them was recorded. In

the case oCC.p./atigans the mortality was re­

corded at. the\1.nd.. of .the continuous el'p.os1-\re. '\ .
for 24 hours, About 200 mosquitoes ·~.ere tested

at each concentration. ' .'

Oil Sol~tion.. " ',:: "
The prinCiple.<?f Busvine and Nash m~t~od~l

was followed, .Fi)t~r • papers whatma~, t-{q. I,

15cm~ l~~p:,.~ere~imp'regnated with various con­

centrations; of the insecticides in. B. O;:C,. white

oil. Ethylene dichloride was used -as adiluent,

The papers were.dried for 24 hours after which

those were rolled in the .plastlc yiab supplied in

WIIO! kit. Twenty females mosquitoes were ex'

posed tn.each. ~al. Females of Aedes aegypti' were

exposed ito .the treated papers for 1 'hour after

which those were transferred to the holding tubes

and the mortality in them was recorded at the

end 'pf 24 hours of holding period. C. p./atigans

was exposed for 48 hours and the mortality in
them was recorded at the end of exposure. About

160-200 mosquitoes were tested at each concen­

tration.

Topical applicatio.n method.
1 pI of the different concentration of insecti·

cides in alcohol was topically applied on the thorax

of the anaesthetized insect by means of a micro­

meter syringe. The insects after application were

kept under observation for 24 .hours when mor­

tality in them was recorded. :,A.bout·150 mosqui·

.r toes were tested -at . each- ~al'!.centration of the
insecticide." ." ,. ",.

Larval susceptibility test. \1 .'

The toxicity of insecticides against mosquito

larvae was determlnediby.• ~eans of the W~O

standard method21).~,Lots -of 30 larvae were ex·, .

posed in :250ml' of water containing the. de~jre4, ~:":!'
concentration-of-the insecticides. TI:1.~.mQ\ta!itx:'.':

""'.. '.'of the larvae was recorded (after). 2t.hours.o.!

continuous exposure. About 300 larvae wer~

tested at each concentration .of the inse~*ide-,:

Statistical analysis: ,.' , ..: 1 • . j.

The results obtained were analysed ,by.Probit

method".. 'The' elucidation .of the [oint action

was done. by following Finney" and Sun and

Johnson-",

Method

Dry film

Table 1. Showing the toxicity of P,P'-DDT, oP'-DDT and their mixtures
against C. p./atigans.

'----Expo:-f:--q-u-a--:tiC-o-n-o....,f'""7;th-e-----------------
Insecticide sure -.1-1Itted··lc·pr· re-: . '. ""Regression Leao'

period gression line X
2
(d. f,) coefficient. (fiducial limits)

(IIrs.) y=

p, p'-DDT 24 0.1723+1. 57 log 102), .2.61(2)..L 57±O.18. ' .. 11•.9.per cent.i.,
. ' (8.9-15.8)

o,p'-DDT

p, P'~DDT+o, p'-DDT
, (80:20) '. (.: .

Topical P,:P'-DDT'
application ,.. , ,

\.,' :. o,p:-DDT

Oil ':, p,P'-:DDT .:
solution., .

, t-'

, l',:J ,i'o,P'-DDT
.' .' 1 •.-

'.;,:.,\, -p"P'-DDT+o, p'-DDT
j' \ (50:50) ,

(. :p,'P'-DDT+o',p'-DDT
._- . "(80:20) , • ,. .

24

24

48

48

48

48
.'

3.3316+2.59 log 102). 11.5(3) 2. 59±0. 28

3.0709+1. 73 log 102), 6.59(4) 1. 78±0.1O
.:

1. 1' 1

3.6156+ 1. 55 log 10), 1.68(2) 1. 55±0.17

3.1928+2.03 log 10), 4.68(2) 2.03±0.17

1. 6530+2. 44 log }O)' 7.73(1) 2. 44±0. 53

1.3027+2.44 log 10), 6.40(1) 2. 44±0.50

I

1. 2220+2. 44 log 10), 0.50(1) 2.44±0.20

1.5496+2.44 log 10), 3.30(1) 2.44±0.20
•· •• 4 I

0.044 per cent
(0.034-0.056)

O.12 per cent
(0.11-0.13)

0.78 N-t!mosq.
(0.67-0.92)

, 0.78 f1l-t!mosq.
(0.69-0.92) ,

2.36 per cent
(1.60-3.45).

3.27 per cent.
(2,1$-4.92)

3.52 per cent
(2.88-4.33)

2.59 per cent
(2;16""'3:'11)

171



Results

Toxicity of p,P'-DDT, o,p'-DDT and their mix­

tures against Culex pipiens fatigans:

The summarised data showing the toxicity of

p,p'-DDT, o,p'-DDT and their mixtures against

C, p.faUgans are presented in Table 1. The LCDO

of p, p'-DDT when tested by dry film method

was found to be 11.9 per cent. The LCDO of

0, p'-DDT in the parallel tests was 0.044 per

cent thereby, showing that it was considerably

more toxic than p,p'-DDT. However, both the

isomers were found to be almost equitoxlc when

~, tested by topical application and, 011 solution

methods,

The mixture of p,p'-DDT and o,p'-DDT when

tested by dry film method was found to be/'....

more toxic than pure p, p'-DDT but less toxic

than 0, p'-DDT. As the slopes of log concentra­

tion-problt (lc-pr.) regression lines were not

parallel, the cotoxicity coefficient was calculated

following Sun and Johnson'?'. The value of co­
toxicity coefficient was found to be 180, thereby

showing synergism.

Toxicological data obtained using oil solution,

however, indicated that the mixtures of p,p'­
DDT and 0, p'-DDT both in the ratio of 50 : 50.
and 80: 20 were as toxic as p,p'-DDT and o,P'-

DDT. The slopes Of lc-pr regression lines of the

individual components and mixtures also did not

depart significatiy from parallelism (F=0.97

with nt=3 and n2=8). The results, therefore,

indicated that the joint action of p, p'-DDT and

0, p'-DDT was simple similar against C. p.fati·
gans, adults when tested by oil film method.

Toxicity of p, p'-DDT, 0, p'-DDT and their mix­

tures against Aedes aegypti.

. The summarized data showing the toxicity of

p,p'-DDT, o'p-DDT and their mixtures against

Aedes aegypti are given in Table 2. The results

indicated that p, p'-DDT with LCDO of 0,0063 was

27 times more toxic th,a~o,p'-DDT when tested

by dry film method. By topical application me­

thod and oil solution also, p, p'-DDT was found

to be considerably mg~e,toxic than o,p'-DDT.
p, p'-DDT was found to about 9 times more·

toxic when tested by topical application and 45

times more toxic when tested by oil solution

method than o,p'-DDT.

The mixture of p,p'-DDT and D,p'-DDT was

found to be less toxic than pure p, P'-DDT when
tested by dry film or oil solution methods. The

LCao of the mixture was found to 0.078 per cent

as compared to 0.0063 of pure p,p'-DDT when

the insects were tested by exposing to dry de­

posit. The LCao of the mixture when tested by

InsecticideMethod

Table 2. Data showing the toxicity of p, p'-DDT, 0, p'-DDT and their mixtures
against Aedes aegypti.

---------------------
S
EuxrPeo- Equation of the fitted

I . li 2 (d f) Regression LCDO
Period c-pr regression me X •• coefficient (fiducial limits)
(Hrs.) y=

Dry film . p,p'-DDT 4 -0.5120+3.06 log lO'A 13.5(3) 3.06±0.32

0.6989+3.23 log lQ3A' 4.12(2) 3. 23±0. 36

1. 6800+2. 75 log lOA 16.85 (2) 2.75 ±O.58

0.0063 per cent
(0.0058-0.0073)

0.17 per cent
(0.13-0.21)

0.078 per cent
(0.072-0.084)

0.021 flg/mosq.
(0.019-0.025)

O. 19 pg/mosq.
(0. 18-0.20)

0.97 per cent
(0.89-1. 05)

44.4*per cent
(10.1-196.8)

1. 6 per cent
(1. 2-2.1)

0.22(2) 3. 82±0. 24

0.5(2) 1.08±O. 242.1411+ 1.08 log lOA

1. 2254+3.82 log lOA

-3.8465+3.06 log lO'A 3.34(1) 3.06±0.24

-0.9869+1.89 log 10'A 9.6(2) 1.89±0.32

-0.3428+2.34 log J03A 2.07(2) 2. 3HO. 31

4

4

1

1

1

p,p'-DDT

o,p'-DDT

p,p'-DDT+D,p'DDT
(50:50)

o,p'-DDT

D,p'-DDT

p,p'-DDT+0, p'-DDT
(5:95)

p,p'-DDTTopical

Oil
solution

* By extrapolation.
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oil solution method was found to 1. 6 per cent

as compared to 0.97 per cent of pure p, p'-DDT.
The cotoxicity coefficient of the mixture was

found to be 97 when tested by dry film method"
thereby indicating simple similar action. When

the mixture was tested by oil film method, the

cotoxicity coefficient of 117 was obtained. This,

however, could not be considered significant as

the concentration of p, p'-DDT in the mixture

that caused 50 per cent kiII in the adults of

.Aedes aegypti, did not differ significantly from

the LC&o of pure p,p'-DDT.

Toxicity of p, p'-DDT, 0,p'-DDT and their

mixtures against Anopheles subpictus.

The summarized data showing the toxicity of

p, p'-DDT, 0,p'-DDT and their mixtures against

the females of Anopheles subpietus as obtained

by topical application method are given in Table

3. The results indicated that p,p'-DDT and

0,p'-DDT were ,equitoxic, the LD.o of 0.50pg/

mosquito was obtained. The ld-pr regression

lines of the individual components as weII as

their mixtures did not depart significantly from

paraIIelism (F=2.965l with nl =3 and nz=8).

Also the LD.o of the mixtures of p, p'-DDT and

0,p'-DDT when combined in the ratio of 80:20

and 50:50 were not found to differ significantly

from the individual components. The results,

therefore, showed that the joint action of these

isomers was simple similar.

The results obtained against the larvae of

A, subpictus are given in Table 4. Doth p,p'­
DDT and 0,p'-DDT were found to be equitoxic

even against the larvae of A. subpictus, Their

joint action was also found to be simple similar

as the LC.o of the mixtures did not differ from

the individual isomers.

Discussion

p, p'-DDT is known to be generally the most

toxic of DDT isomers against insects. Yasutcmi"?

and Sakai!" however, observed, 0,p'-DDT to be

more toxic than, p, p'-DDT against resistant

bodylice and turnip aphid respectively. The

Table 3. Data showing the toxicity of p, p'-DDT, 0,p'-DDT and their mixtures against
A. subpictus adults (Topical application method).

Insecticide
Equation of the fitted
ld-pr regression line XZ(d. f.)

Y=
Regression
coefficient

LD.o-/tg/mosquito
(fiducial limits)

p,p'-DDT

o,p'-DDT

p,p'-DDT+o,p'DDT
(50:50)

p,p'-DDT+o,p'-DDT
(80:20)

3.7531+1. 79 log lOA

3.7422+1. 79 log lOA

3.8679+1.79 log lOA

3. 7201+1. 79 log lOA

2.92(2)

1. 61(2)

0.43(2)

0.74(2)

1. 79±O, 20

1. 79±O,20

1. 79±O,20

1. 79±0. 20

0.50
(0.43-0.58)

0.50
(0.43-0.59)

0.43
(0.37 -0.49)

0.52
(0. 45-0. 59)

Table 1. Data showing the toxicity of p, p'-DDT, 0,p'-DDT and their
mixtures against A. subpictus larvae.

•..._-------------

Insecticide
Equation of the fitted
lc-pr regression line X2(d. f.)

Y=
Regression
co-efficient

LC&o (ppm)
(fiducial range) •

p,p'-DDT

P,P'-DDT

p,p'-DDT+o,p'-DDT
(50:50)

p, p'-DDT+0, p'-DDT
(80: 20)

3.5924 + 1. 55 log lOA

3.6794+1.55 log lOA

3.5781:+ 1. 55 log lOA

3.4629 + 1. 55 log lOA

8.46(2)

10.95(2)

1. 35(2)

4.93(2)

1.55±0.30

1. 55±3l

1. 55±0.10

1. 55±0.10

0.81
(0.66-0.99)

0.71
(0.53-0.95)

0.83
(0.80-0.97)

0.98
(0.88-1. 08)---------_.._ _-----------------------
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Larvae 0.8 ppm 0.02 ppm.

Studies on the joint action of p, p'-DDT and

0, p'-DDT against the adult mosquitoes did not

reveal any significant synergism. The. action

seems to be simple similar. The action was also

All the methods, however, indicated the same

order of toxicity of the isomers against Aedes

aegypti. Hadaway and Barlowvobserved the wide
variation in the ratio of intrinsic toxicity, deter­

mined by the topical application of solution and

the contact toxicity of dry crystalline deposits on

adult mosquitoes within a group of closely related

insecticides. However, Georghiou and Metcalf",

in general, observed a close relationship between

the two methods i. e. topical application and dry

film. The type of the deposit and the site of

application, therefore seem to be important for

the differential pick-up and absorption of the

different isomers in C. p.fatigans. Nevertheless

the factors responsible need elucidation.

Kalar and JoshpO) earlier observed that 0, p'-
. DDT was more toxic than p, p'-DDT against the

larvae of C. p.fatigans. The dry film method

and larval test, therefore, gave comparable reo

suits against C. p. fatigans. Nevertheless, the

topical application method as well as the larval

test indicated both isomers equitoxic against

Anopheles subpictus. These results, therefore

further demonstrate that different species behave

differently.

Kalra et al l2J observed that the larvae of Aedes

aegypti were more susceptible to p, p'-DDT and

less susceptible to 0, p'-DDT as compared to the

larvae of C. p.fatigans.The present investiga­

tions indicated that the adults of Aedes aegypti
were also much more susceptible than C. p.fati·

gans to p, p'-DDT. Parallel tests with the adults

of C. p. [atigans and Aedes aegypti did not reveal

much difference in their susceptibility to 0, p'­
DDT (results given below):

LC60 values of o,p'-DDT.

present investigations indicated that 0, p'-DDT

was considerably more toxic than p, p'-DDT

against C. p. fatigans when tested by dry film

method. Both the isomers were, however, found

to be equitoxic when applied topically or as oil

solution. Tests against Aedes aegypti revealed

that p, p'-DDT was much more toxic than 0, p'­

DDT whereas both the isomers were equitoxic

against Anopheles subplctus.

The different order of toxicity of the isomers

as observed against C. p.fatigans and Anopheles

subpictus may be either due to species specificity

or selection of specific resistance in these strains

to p, p'-DDT. In the case of house flies specific

resistance to p, p'-DDT due to the presence of

DDT-ase has been demonstratedt-P'!", Kalra et

al l l'12) also observed the extensive metabolism

of p, p'-DDT to p, P'-DDE and practically insig­

nificant conversion of 0, p'-DDT to 0, p'-DDE

in C. p.fatigans. Kalra and Pal'" observed that

Anopheles subpictus also metabolized p, p'-DDT .

to p, p'-DDE. Anopheles subpictus used in the

present investigation was collected from the

areas where this species has already been re­

ported to be DDT resistantw'v. The adults of

C. p.fatigans were also resistant as the LC60 of

p, p'-DDT for this strain (2.36 per cent with 48

hours of exposure) was more than the estimated

base line value for the susceptible population of

this species (LCoo of p, p'-DDT 0.5-0.72 per

cent with 2! hours of exposurej.!? It, therefore,

appears more likely that the increased or same

level of toxicity of 0, p'-DDT in comparison to

p, p'-DDT was due to the intensification of the

defence mechanisms specific for p,p'-DDT in

the resistant strains of C. p. fatigans and Ano­

pheles subpictus used in the present investigation.

The data further revealed that dry deposit of

0, p'-DDT was considerably more toxic than the

oil solution. Georghiou and Giddens also observed

organochlcrine insecticides, dieldrin and DDT,

considerably more toxic as dry deposits than as

oil films and this was considered most likely due

to the difference in the availability of the active

ingredient to the test organism. The different

testing methods indicated the difference in the

relative order of toxicity of p, p'-DDT and 0, p'­

DDT against Culex p.fatigans.
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Adults

Aedes aegypti

Dry film 0.02 per cent

(24hrs exposure)

Topical

application 0.2 pg

C. p. fatigans

0.05 per cent

(24hrs exposure)

0.25 f1g
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found to be simple similar against the larvae of

Anopheles subpictus, Kalra and JoshpO) observed

the action to be of dissimilar type against the

larvae of Anopheles subpictus collected during

the month of November. The larvae used in the

earlier studies were highly resistant to p, p'-DDT,

the LCoo of p, p'-DDT was 27.5 ppm. Hewelett

and Placket!' suggested that apart from the "sites

of action" the "sites of loss" also play an impor­

tant role in the type of the joint action exhibited.

The toxicological data obtained during the course

of present investigations as well as the studies

reported so far on the metabolism of DDT in

mosquitoes, however, give sufficient indications

of the presence of specific sites of loss for p,p'­
DDT in the strains of C. p.fatigans, Aedes aegypti

and Anopheles subpictus. The relative importance

of detoxification, however, has not been estab­

lished so far. It is also likely that the toxico­

logical technique used was not sensitive enough to

manifest these differences when the mixtures

were tested to elucidate the type of the joint

action.

Summary

The relative toxicity of p, p'-DDT and o. p'­

DDT against the adults of Culex pipiens fatigans,

Aedes aegypti and Anopheles subpictus was de­

termined. Toxicological methods used were dry

film, oil solution and topical application. Dry film

method indicated that 0, p'-DDT was considerably

more toxic than p, p'-DDT against C. p.fatigans.

0, p'-DDT and p, p'-DDT were found to equitoxic

-when tested by oil solution and topical application

methods. Against Aedes aegypti p, p'-DDT was

observed to be considerably more toxic than 0, p'­
DDT by all the methods. .Both the isomers

were equitoxic against the larvae and adults of

Anopheles subpicius.

The mixtures of p,p'-DDT and 0, p'-DDT did

not indicate any significant synergism against

adult mosquitoes.

Comparative susceptibility of the adults of

Aedes aegypti and Culex p.fatigans revealed that

Aedes aegypti were much more susceptible to

p, p'-DDT whereas there was not much difference

in their susceptibility to 0, p'-DDT.
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Studies on Phenylphenol Derivatives with Biological Activity. Part V. Miticidal Activity

and Effect on Oxidative Phosphorylation. Hong-Ming CHEN01*, Morifusa ETO, Eiji TANIGUCHI,
Shozo KUWATSUKA2*. Yasuyoshi OSHIMAs* and Masaru KADO** (Department of Agricultural

Chemistry, Kyushu University, Fukuoka and **Kumiai Chemical Co., Shimizu, Japan) Received
September 26, 1969. Botyu-Kagaku, 34, 176, 1969.
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34~0)7:r. =-)v7:r. / -)vim1!lf1:~.g.J&.v, =-~7 ~ J':$I'=- Teiranychus telarius (Linnaeus)
Il:iJ-9" 7.> ;f:U' =-tt~t§!lH v t.:. "t CD~"l', 4-:7 0 )\1-2-7 x: =-)v 7 :r. / - )v;!O J: 116-.::. l- 0 -4-:7 0
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)\I~lO)t~~~t§!iHvt.:. 4-=- r 0-6-:7 0 )\1-2-7 :r. =-)\1 7 :r. / -)vl:t ATPase O)mtt~i'tH,/), Mit
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Introduction

Previous studies in our laboratories have de­

monstrated that several derivatives of phenyl­

phenols have not only herbicidal but also fungi­

cidal and bactericidal activities, indicating that

they have a broad spectrum of biological activi­

ties1-4). This paper deals with the relationship

between structure and miticidal activity of phe­

nylphenol derivatives. As a result, three of these

tested chemicals were proved to have relatively

high toxicity to the adults or eggs of Tetranychus

telarius (Linnaeus).

In view of the mode of toxic action of these

derivatives, it is of interest to study further the

effects on mitochondrial oxidative phosphorylation

and ATPase activity. It is well known that the

toxic action of dinitrophenols is attributed to

their abilities to uncouple the oxidative phos­

phorylation and to elicit ATPase activity in
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mitochondria". The present investigation also

reports that 4-nitro-6-chloro-2-phenylphenol and

4,6-dinitro-2-phenylphenol act on mitochondria

in the similar manner with unsubstituted di­

nitrophenol, indicating that o-aryl nitro- and

chlorophenols are the uncouplers of oxidative

phosphorylation.

Experimental

Miticidal activity tests

For adult mites: Each of test chemicals was

provided as a 10 percent wettable powder. The

. determination of miticidal activity was carried

out according to a dipping method. Thirty to

eighty adults of Tetranychus telarius were para­

sitized on the leaves of kidney beans (French

bean) which were cultured in a green house and

then were treated by dipping the leaves into a

O.1 percent test solution for a few seconds. Two

days after the treatment, the mortality of the

mites was determined. Only compounds whose

mortality values were above ninety percent were

further subjected to determine LC50 values.

For eggs: Ovicidal activity tests were also carried


