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A Modified Test Method for Measuring Resistance
to Dichlorvos Vapour
F. H. KHATTAT 1 & J. R. BUSVINE2

The growing use of dichlorvos as a residual fumigant implies the need for a test for
possible resistance to dichlorvos vapour by mosquitos and other insects. A tentative method
described by the WHO Expert Committee on Insecticides involves the use of S-litre flasks,
but these are inconvenient for field use. The present paper describes a modification ofthis
test with more compact equipment. Two plastic Petri-dish halves are heldfacing together
in a Perspex ring and separated by nylon mosquito gauze. The dichlorvos vapour is emitted
from a small measured drop of a dilute solution in one half of the apparatus and the toxic
effects are judged from rate of knockdown of insects confined in the other half.

This simple test method has been tried out under various conditions of temperature and
humidity. Relations between vapour emission and leakage were studied by bio-assay, to
find a suitable solvent mixture and concentration. In its final form, the method gives satis-
factory results with three kinds of mosquito, the housefly and a blowfly.

The increasing use of dichlorvos as a residual
fumigant implies the need for a test for possible
resistance to it in mosquitos and other insects. A
tentative test method is described in the thirteenth
report of the WHO Expert Committee on Insecti-
cides (1963), but a disadvantage of this method is
the use of 5-litre glass flasks, which are highly
inconvenient for field use. A recent paper by Sun
& Johnson (1963) describes a method of bio-assay
with dichlorvos vapour (inter alia) using only Petri-
dish halves. The method as described was found
unsatisfactory (e.g., too slow) for use as a resistance
test, but it was thought that it might be rendered
practical for this purpose by modification. This
report describes the development of the modified
method.

APPARATUS AND PROCEDURE

The final form of the apparatus is quite simple.
It comprises two plastic Petri-dish halves (8.9 cm
in diameter and 1.5 cm deep) in one of which is
glued a metal paper clip. The rims of these dishes
(slightly wider than their bases) fit snugly in an
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0.5-cm thick Perspex ring, 2.5-cm wide, which is
used to hold them together during testing. Before
assembly, one of the dishes is covered with a 20-cm
square of nylon mosquito netting, pulled tight by
gathering the ends underneath. A batch of 10 insects
(flies or mosquitos) can be introduced under the
netting by temporarily raising one corner to admit
a sucking tube or test-tube. The covered dish is then
pushed into the Perspex ring.
A small 2 x 1 cm piece of glass-fibre filter-paper

is fixed in the paper clip of the other dish and a drop
of dichlorvos solution applied to the centre of the
free edge of the filter-paper by a " Drummond
microcap" applicator. This consists of a set of
small glass capillary tubes of known capacity
(1 ,ul upwards) which can be fixed in a tubular holder
fitted with a teat with a hole. The selected capillary
fills itself when the tip is immersed in any (not too
viscous) liquid. The liquid is expelled by squeezing
the teat, with a finger over the hole.
When the dichlorvos solution is thus applied, the

second Petri dish is then pushed into the plastic
ring until it meets the net-covered rim of the first
dish. The whole unit is then placed on edge against
a support, with the insect-containing dish outwards
so that effects on the insects can be seen. At suitable
intervals an observer records the numbers knocked
down.
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EFFECTS OF VARIOUS FACTORS AND OF

MODIFICATIONS

Methods of study
Maddock et al. (1961) and Maddock & Sedlak

(1961) have shown that the lethal concentrations of
dichlorvos vapour for flies and mosquitos are very
low, being about 0.1 ,ug/l to 0.2 ,ug/l for half an hour,
which is 1/10 000 saturation concentration. The
volume of the Petri-dish halves is 150 ml so that a
lethal concentration would contain less than 0.03 ,ig
dichlorvos. Such a small quantity would be difficult
to measure, despite the excellent methods available.

Accordingly, bio-assay methods using normal
young female houseflies were employed to assess
the effects of various factors on the dichlorvos
concentration. From the curves relating time and
percentage paralysed in the average of two to five
replicates, the 50% knockdown (KD50) times were
determined. Unless otherwise stated, all tests were
done at 25°C and approximately 45% relative
humidity.

Type of Petri dish

In preliminary tests, glass Petri-dish halves were
used. Since these are fragile and rather heavy,
plastic (disposable) dishes, as employed in many
bacteriological laboratories, were then tried. In
several replicate tests, they gave the same results
and accordingly they were adopted for subsequent
experiments.

Possible contamination of the exposure dish
Presumably some of the dichlorvos vapour is

adsorbed on the interior of the Petri dishes and on
the nylon netting. In view of the high insecticidal
potency of this compound, it was thought desirable
to investigate the amount of contamination. Sur-
prisingly enough, no contamination could be de-
tected. Dishes used to expose flies until all were
paralysed were emptied and immediately fixed
against other dishes containing normal flies. No
flies were affected up to 24 hours later. The actual
exposure dish itself had no ill effect on flies put into
it after a short airing. One further possibility was
tested. In the original tentative method (WHO
Expert Committee on Insecticides, 1963) the insects
were exposed in a nylon-net cage, whereas in this
modified test they can contact the floor of the Petri
dish. Tests were therefore conducted in which this
was prevented, by fixing a layer of nylon netting
just above the Petri-dish floor. In comparative tests,

the introduction of this extra netting did not affect
the knockdown time.

Carrier solvent
In the first series of tests, di-octyl phthalate (DOP)

was used as a carrier solvent for the dichlorvos.
Subsequently, experiments were conducted with
ethyl methyl ketone (EMK), the volatile solvent
which has been proposed for use in WHO topical
application tests. Finally, as will be seen later,
various mixtures of the two were investigated.

Size of the filter-paper evaporation base
At first, a whole filter-paper was tried (as in the

Sun & Johnson test) but the knockdown was toon
slow (90-100 minutes for KD50 of normal flies).
Accordingly, the piece of filter-paper used was
reduced in size until a satisfactorily rapid action
was obtained with a piece of 2 x 1 cm, which was
held in a metal clip attached to the centre of the
vapour-generating dish.

Subsequently some unsatisfactory variation from
one replicate to another was traced to the position
of the drop on the filter-paper piece. It was found
that a drop placed near the edge caused knockdown
in about half the time of a drop placed in the middle.
(This was clearly due to the increased evaporation
due to the edge effect.) In nine replicates using
Aedes aegypti, the coefficient of variation was 10°/
with the drop near the edge and 17% with a central
drop.

Since a quick effect with normal insects was desired
and since the edge treatment was certainly no more
variable, this was adopted in all future tests.

Nature of the filter-paper: effects of humidity
In order to determine the effects of relative

humidity, tests were done in large desiccators, con-
ditioned to 20% and 90% relative humidity by
sulfuric acid solutions. It was found that, with
normal Whatman filter-papers, longer exposures
for KD50 were necessary at the higher humidity.
This was especially marked with EMK solution as a
carrier (up to 75% increase), and a mixture of
EMK: DOP in the ratio 40: 1 (see below) showed a
similar trend.
Although we cannot be sure of the reason for this,

we presume that it is connected with the absorption
of water by the cellulose fibres of the filter-paper.
(Conceivably the very thin layer of undiluted
dichlorvos left on the fibres after EMK evaporation
might be hydrolysed under these conditions.)
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TABLE 1
KD50 VALUES (MINUTES) FOR NORMAL HOUSEFLIES EXPOSED AT DIFFERENT HUMIDITIES

TO DICHLORVOS IN DIFFERENT SOLVENTS ON GLASS-FIBRE OR CELLULOSE
FILTER-PAPERS

Solvent Conc. Volume 20 % relative humidity 90 % relative humidity
° (il) Cellulose Glass-fibre Cellulose Glass-fibre

DOP 0.3 3 32 48 37 50

EMK 0.3 1 17 14 30 14

EMK 0.1 3 19 14 22 14

2 EMK
+ 0.3 1 27 34 29 31

I DOP

40 EMK
+ 0.1 3 15 27 19 27

1 DOPI

Accordingly, we tried some glass-fibre filter-paper
and found that there was now no difference at the
two humidities (Table 1). In this respect, then, the
latter variety of filter-paper was the more satisfactory
and4it was adopted for most of the subsequent tests.

Effects of variation of volume of solution
The effects of variation of volume of solution

applied were studied by using an 0.1% dichlorvos
solution in DOP, EMK and a 1:2 mixture of the
two. The two lowest volumes were applied with a

microsyringe as described by Busvine (1962); other
volumes were applied with a " Drummond micro-
cap ". The results are set out in Table 2.
6 A complete (inverse) correlation between volume
applied and biological effect would be indicated by a

constant product of volume and KD50. In all cases,

however, the smallest volumes are the most efficient
in relation to their effects, the difference being
greatest with DOP, least with EMK and interme-
diate with the mixture. The biological effect is
probably inversely proportional to concentration
(c.t = k is a fair approximation of the effects of
many fumigants on insects; see Busvine, 1957,
pp. 146 and 169). On this assumption, the larger
DOP volumes are less efficient in dispersing dichlor-
vos vapour than the smaller ones, and all are less
efficient than EMK in this respect.

Errors of application of volume

To obtain some estimate of the probable error of
application when a microcapillary applicator is

TABLE 2

KDso VALUES (MINUTES) FOR NORMAL HOUSEFLIES
EXPOSED ON GLASS-FIBRE FILTER-PAPER

TO DICHLORVOS AT 0.1 % IN VARIOUS SOLVENTS
AT DIFFERENT VOLUMES

Dichlorvos in
Dichlorvos Dichlorvos mixture of

Volume in DOP in EMK DOP & EMK
(Ml) 1:2

KDso v.t. a KDso vtj a KF5o v.t a

0.35 180 63 95 33 155 54

0.70 150 106 70 49 116 82

1.50 130 195 27 41 62 93

3.00 120 360 12.5 37 45 135

6.00 70 420 8 48 23 138

a v.t= volume x KD5o.

used, a series of applications of DOP were weighed
on a micro-balance. The results of 20 weighings
gave a mean weight of 3.6 + 0.24 mg, so that the
coefficient of variation was 6.6%.

Effects of variation of dichlorvos concentration

These were studied by varying the dichlorvos
concentration from 0.03 % to 1.0% and using
applications of 0.4 I-l, 1.0 [L and 3.0 ,l. The results
are given in Table 3. Once again, the EMK solu-
tions cause more sensitive changes in KD50 in
relation to concentration differences than DOP.
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TABLE 3
KD5o VALUES (MINUTES) FOR NORMAL HOUSEFLIES

EXPOSED ON GLASS-FIBRE FILTER-PAPER
TO DICHLORVOS APPLIED AT VARIOUS

CONCENTRATIONS AND VOLUMES

DOP EM t DOP: EMK
Conc EMKIat (1:2)

M 3,4 I, lid at I tid

KD5o c.t a KD5o c.t a KD5o c.t. KD5o c.t a

0.03 250 7.5 380 11.5 250 7.5 230 7.0

0.10 125 12.5 125 12.5 42 4.2 76 7.6

0.30 45 13.5 70 21 15 4.5 46 14

1.0 25 25 36 36 8 8 10 10

a c.t = concentration x KDso.

As before, the 1: 2 DOP: EMK mixture is inter-
mediate.
Within the range tested, the lowest concentrations

in DOP are the most " efficient "; but with EMK,
intermediate levels give the lowest c.t. products.

Effects of build-up of vapour and leakage
Differences in biological effects of dichlorvos in

DOP or EMK can be explained by the rate of
emission of the vapour from the two solvent applica-
tions. After a drop of the non-volatile DOP is
applied, the vapour is emitted relatively slowly.
In contrast, when EMK is used as a carrier, the
solvent evaporates very quickly, leaving undiluted
dichlorvos, which vaporizes more quickly.
These facts were demonstrated by exposing

houseflies to dichlorvos vapour emitted from drops
of the two solvents (and mixtures of them) using
3 ,u of 0.1%Y dichlorvos throughout. Flies were
exposed to the vapours emitted immediately after
application or at various periods afterwards. In the
latter case, the flies were introduced into the assem-
bled apparatus through a small hole in the insect-
holding dish, plugged with a bung covered with
metal foil.
Comparisons of the KD50 times are shown in

Tables 4 and 5 and in the accompanying figure.
These results suggest that the vapour of dichlorvos
is emitted slowly but persistently from DOP, so that
the KD50 falls (and is continuing to fall slowly even
between 4 and 24 hours). In contrast, dichlorvos
applied in EMK builds up a high concentration
rapidly, but this tends to leak away so that the KD60
slowly increases.

TABLE 4
KD5, VALUES (MINUTES) FOR NORMAL HOUSEFLIES
AT VARIOUS TIMES AFTER APPLICATION OF 3 ul
OF 0.1 % DICHLORVOS IN VARIOUS SOLVENT
MIXTURES ON GLASS-FIBRE FILTER-PAPER

Solventio Pre-exposure time

EMK: DOP 0 min I hr 4 hr 24 hr

0:1 125 50 37 32

2:1 61 47 42 -

4:1 50 44 40 -

8:1 42 33 35 -

20:1 35 27 33 -

40:1 28 24 30 42

80:1 25 22 30 -

160:1 21.5 23 29 -

320:1 20 22 28 -

640:1 14 14 31 -

1:0 12 15 24 55

TABLE 5
KDso VALUES (MINUTES) FOR NORMAL HOUSEFLIES.
EXPOSED AT VARIOUS TIMES AFTER APPLICATION

OF DICHLORVOS SOLUTIONS ON GLASS-FIBRE
FILTER-PAPER a

Conc. Pre-exposure time
and Solvent

volume 0 min 1 hr 4 hr 24 hr

DOP 50 34 25 22

0.3 %; EMK 8 10 12 17.53 idl

+1 EDMOP 22 11 13 20.5

DOP 250 - - -

0.03 %; EMK 17 25 35 953jul

40 EMK 44 32 50 73

a For 0.1 % concentrations refer to Table 4.

It will be appreciated that a constant concentra-
tion is required for adequate assessment of resist-
ance levels. A falling concentration will favour
resistant forms in relation to normal ones (and tend
to exaggerate resistance) while a rising concentra-
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KDso VALUES FOR FEMALE HOUSEFLIES EXPOSED TO 3 pl OF 0.1 % DICHLORVOS
IN VARIOUS SOLVENTS ON GLASS-FIBRE FILTER-PAPER

tion will tend, on the contrary, to conceal resistance.
Unfortunately, none of the solvents or mixtures
gave an absolutely constant effect. DOP alone was
best for long exposures, whereas EMK was better
at first but lost power (by leakage) in long exposures.
It was decided to compromise by choosing the
mixture giving the most constant effect over the first
four hours, thus allowing a comparison with the
normal insects and possible resistant straius. The
best range seemed to be mixtures between 20:1
and 80:1, and the 40:1 was finally chosen as a
standard.

TESTS WITH THE STANDARD SOLUTION

The standard method adopted now employed a
0.1% dichlorvos solution in 40: 1 EMK: DOP
solvent carrier. The following tests were done.

Effects of age, sex and nutrition offlies
Experiments were done with houseflies of different

ages, fed either on water and sugar or on diluted
milk and sugar. The results were as follows:

KD,o (min.) at age:
I day 5 days 10 days

Females (with milk)
, (without milk)

Males (with milk)
,, (without milk)

28
27
23
22

27
24
23
23

24
20
20
18

With both sexes, tolerance declined with age.
The addition of milk to the diet increased the
tolerance of older females but had little effect on
males.

Effects of nutrition of mosquitos

The following results were obtained with Aedes
aegypti females, five days old, at 25GC:

Fed only on sugar
Immediately after blood meal
One day after blood meal

KD,,
(mn.)
22
25
24

For comparison, the KD50 for males was 20
minutes.
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Detection of resistance

In these tests, resistant flies were used in addition
to the normal strain. The resistant colony used was
an American strain (Bethesda 45, obtained from
Dr R. W. Fay in 1962) with fairly wide resistance
to organophosphorus compounds. By topical
application tests, it showed a x 4- x 5 resistance to
dichlorvos (using solutions of dichlorvos in DOP
at 250C).

Tests were done at three temperatures and gave
the following results:

KD5, (min.) at temp.:
17.5°C 25°C 300C

Normal flies 42 28 20
Resistant ffies 108 68 50

Both strains showed increasing tolerance with
reduction in temperature, the KD5O increasing
about x 1.9 for a 10°C fall. The level of resistance
at all temperatures appeared to be about x 2.5.

Extension of test to other insects
The following KD50 values were obtained at 25°C:
Musca domestica (females) .... . 28 minutes
Chrysomyia putoria (females) . . 20 minutes
Aedes aegypti (blood-fed females) 25 minutes
Anopheles atroparvus (blood-fed

females) ... ...... . . . 23 minutes
Anopheles gambiae (blood-fed females) 22 minutes

Trials with Cimex lectularius, however, were
unpromising, as the KD6o exposure was very long
(>12 hours).

R1ESUMIt

Pour etudier plus aisement les propri6tes insecticides
du dichlorvos, les auteurs ont mis au point une version
* miniaturis6e)> de l'epreuve de resistance des moustiques
adultes, proposee par le Comite OMS d'experts des
Insecticides enf 1963.
Le dispositif d'epreuve ainsi modifie se compose de

deux moities de boites de Petri en matiere plastique.
L'un des recipients, recouvert de mousseline en nylon,
abrite les insectes d'experience. L'autre contient un
morceau de papier-filtre sur lequel une gouttelette de la
solution de dichlorvos peut etre deposee au moyen d'un
doseur microcapillaire. Pendant 1'epreuve, les deux
parties du dispositif sont maintenues en contact par
l'intermediaire d'un manchon en Perspex. La r6sistance
des insectes aux vapeurs de dichlorvos est mesuree par
le temps necessaire pour obtenir le #knockdown * de
50% des insectes (KD,O).

Les essais ont permis un certain nombre de constata-
tions. A condition d'etre aeres pendant quelques instants
apres l'emploi, les recipients d'exposition ne pr6sentent
aucun signe de contamination par les vapeurs d'insecti-
cide. L'emploi, en tant que papier-filtre, des fibres de
verre permet de negliger d'eventuelles variations du taux
d'humidite relative en cours d'experimentation. Enfin,
le maximum de precision dans la mesure des degres de
resistance est obtenu par l'exposition des insectes a un
volume de 3 mms d'une solution a 0,1% de dichlorvos
dans 40 parties d'ethylmethylcetone, solvant volatil, et 1
partie de phtalate de di-octyle, solvant non volatil.

Cette solution standard a servi aux epreuves de resistance
d'insectes normaux ou resistants. On a pu evaluer les
possibilites d'emploi de la methode et etudier l'influence
de facteurs comme le sexe et l'etat de nutrition des insectes
sur le degre de tolerance aux vapeurs de dichlorvos.
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