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ABSTRACT

The susceptibility of adult females of Culex pipiens fluinquefasciatus to malathion,
dichlorodiphenyl trichloroethane (DDT), and 1 - (- dimethylaminobenzylidene) - 3 -
methylthiotriazene (DBMT) was assessed by residual application using the World
Health Organisation's (WHO) standard susceptibility test method on .the Main
Campus, Ahmadu Bello University, Zaria. Also the susceptibility and contact bioassay
studies were carried out on the larvae of this species for malathion and DBMT.

The results obtained indicate that DBMT has insecticidal property on both larval
and adult C.p. quin quetescis tus. Of the three insecticides tested, malathion was the
most effective at high concentration while DBMT was the most effective at low
concentration. C.p. quinquets scistus has high resistance to DDT. The larvae were
more susceptible to malathion than DBMT, the latter being poorly larvicidal. The
results of the residual application test on a concrete wall surface indicate that
malathion is much more stable than DBMT.

INTRODUCTION 1971 - 1975). It is now known that a
large number of mosquito species which
are less susceptible to DDT are being
controlled by the use of organo-
phosphates and other new brands of
chemicals.

Little is known on the susceptibility of
mosquitoes in the Sudan and Sahel
Savannas to the spectrum of the many
and widely used insecticides in these
areas. The work of the World Health
Organization (WHO) teams in Kaduna,
Kano and Sokoto States of Nigeria has
by far been the information source on
this problem (WHO Technical Reports,

With increase in chemical pest
control activities in the savannas, there
may be the tendency for insects to
develop resistance to the conventional
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INSECTICIDESproducts. It is a priority that the efficacy
of these chemicals as well as their
effects on the ecosystem be monitored
as part of the operations (Koeman et
a1., 1971) and also as important
laboratory research topics. The purposes
of this research, therefore, is to
comparatively assess the potency of
DDT and malathion as insecticides
against the ubiquitous and all season
mosquito species - Culex pipiens
quinquefasciatus (= Culex pipiens
fa tiga ns Weid) and to affirm any
insecticidal effect of DBMT (1 - (-
dimethylaminobenzylidene) -3-
methylthiotriazene, a new chemical
synthesized in Chemistry Department of
the Ahmadu Bello University by
Professor F. Stansfield and his students)
on this insect.

MATERIALS AND METHODS

The study was conducted in Zaria
(11.2oN, 7.8oE) located in the Sudan
Savanna zone of Nigeria, in 1978 and
1979. The blood-sucking adult females of
C.p. quinquefasciatus resting on wall
surfaces of students' bedrooms,
bathrooms, verandas and toilets were
collected using aspirators as detailed in
WHO (1970) Expert Committee report.
The area of study was last sprayed with
chemical insecticide before 1976. In
collecting insects for the tests, special
preference was given to mosquitoes that
gave indications of having had blood
meals or gravid females; these were kept
in holding tubes and brought to the
laboratory to be acclimatized at room
temperature for a pretest holding period
ranging from one to three hours. This
allowed for selection of only healthy
insects for test purposes.

In residual application, DBMT (powder)
was dissolved in acetone to give the
concentrations 0.05%, O.l%, 0.2%, 0.4%,
0.8%, 1.6%, 2.0%, 4.0% and 8.0%.
Malathion (50% solution) was diluted to
0.12%, 0.25%, 0.5%, 1.0%, 2.0% and
4.0% using water as diluent. Both
impregnations were done on Whatman
No. 1 filter paper. DDTjOlive oil
impregnated papers supplied from WHO
Headquarters in Geneva were used in
various concentrations of 0.125%, 0.25%,
0.5%, 1.0%, 2.0% and 4.0%.

For larvicidal tests, 1.0%, 0.1%,
0.01% and 0.001% were made from a
stock solution of 2% malathion and of
DBMT in accordance with the Elliot
(1968) larval test method.

INSECTICIDAL TEST

Adult mosquitoes were transferred from
holding tubes and exposed to the various
concentrations of chemicals in the
exposure tubes for a standard period of
60 minutes. Exposures were generally
carried out in the morning when the
insects were less active. Tubes
containing olive oil impregnated paper,
acetone impregnated paper, and
unimpregnated paper were used as
controls for DDT, DBMT, and
malathion, respectively. Mortality counts
were carried out after 24 hours of
holding periods.

In the case of larvicidal tests, 3rd
and 4th stage larvae were exposed for 60
minutes in the above conditions and
again acetone was used as control for
DBMT. The larvae were then thoroughly
washed in tap water. To do this, water
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containing the larvae was poured
through a net constructed locally of
muslin sheet (pore size = 0.5 mm) and
wire. Then, clean water was repeatedly
poured onto the larvae, before the
larvae were transferred into recovery
cups containing 100 ml of water. Some
yeast and Farex were sprinkled as larval
food and mortality counts were made
after a recovery period of 5 hours.

Contact bioassay was carried out by
spraying 4% solutions of malathion and
DBMT on a concrete wall area -larger
than 500 sq. em in a room for each
chemical. After the wall surfaces were
dry, conical exposure chambers (neckless
funnels of 10 ern diameter) were
attached to them. Mosquitoes were
exposed to the chemical deposits in
these chambers for a period of 60
minutes after which they were returned
to the holding tubes for 24 hours in dark
enclosures. Mortality counts were made
after this period and tests repeated daily
for a week, after which weekly
assessment was made.

RESULTS

Results from adult susceptibility tests
with malathion, DBMT and DDT are
presented in Tables 1 and 2, and Figure
1. Tests in which control mortality
exceeded 10% were discarded and
repeated and. for those that fell between
5% and 10%, Abbot's (1925) correction
formula was applied. The mean and
standard deviation of the results
obtained at each dosage level were
determined and the regression lines
plotted. The median lethal
concentrations (LC50s) and LC90s and
LC95s, as well as the gradients of the
regression lines (Fig. 1) were estimated

graphically.

The results obtained from
susceptibility tests with malathion
showed that the 4% dosage killed all the
adult mosquitoes (Table 1). At 0.125,
0.25, 1.0, and 2.0% (Table 1), mean
mortality rates were 27, 58, 80, 90, and
95%, respectively. The LC50, LC90 and
LC95 estimated from the regression line
(Fig. 1) were 0.23%, 1.0%, 0.23%, 1.0%
and 1.5%, respectively. The gradient of
this line was 0.638. Larvae exposed to
malathion showed marked susceptibility
at both low and high concentrations, and
consistent increase in mortality with
increase in concentration of the
chemical was obtained until 100% kill
was achieved at 50 ml /I (Table 3).

With DBMT, mortality at low
concentration was relatively high
compared with malathion. However, only
4% and 8% dosage levels gave 100%
kill. At 0.05, 0.1, 0.2, 0.4, 0.8, 1.6 and
2.0%, the mean mortality rates were 32,
39, 61, 71, 81, 90 and 96%, respectively
(Table 1). The LC50, LC90 and LC95
values were estimated to be 0.14, 1.2
and 2.0%, respectively. The regression
line (Fig. 1) had a gradient of 0.462. In
the larval tests, low kills were obtained
at all concentrations tested (Table 3). In
both malathion and DBMT tests, unlike
in DDT· tests, the mosquitoes were
mainly knocked down during the
exposure period.

In tests with DDT, the mosquitoes
were knocked down after the exposure
period, and the mortality rates
fluctuated considerably at all dosage
levels. For 0.25, 0.5, 1.0, 2.0 and 4.1Yf
concentrations, the mean mortality rates
were 18, 19, 22, 28 and 33~
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l{ Table 1. Percent mortality of Culex pipiens qui nquets scietus following exposure
to surfaces treated with malathion, DBMT, and DDT at various concentrations of the
chemicals (mortality ranges are indicated in brackets).

Percent mortality of mosquitoes exposed to:
Concen- Malathion" DBMT'" DDT'"
tration of
chemical Mean SD Mean SD Mean SD

%

0.05 32.2 16.6
(18.2 - 65.0)

0.1 39.1 14.5
(27.3 - 75.0)

0.125 27.1 12.9
(13.6 - 59.1)

0.2 60.8 20.7
(13.4 - 81.8)

0.25 57.7 23.2 18.4 5.9
(27.3 - 90.9) (13.6 - 31.8)

0.4 70.9 12.1
(45.5 - 85.0)

0.5 79.6 17.5 17.9 11.2
(54.6 - 100) (4.6 - 40.9)

0.8 84.4 11.5
(54.6 - 90.9)

1.0 90.0 10.0 21.7 9.5
(70.0 - 100) (4.6 - 31.8)

1.6 90.2 11.4
(75.0 - 100)

2.0 94.7 9.2 95.9 4.9 27.9 17.9
(70.0 - 100) (86.4 - 100) (13.6 - 59.1)

4.0 100 0.0 99.6 1.4 33.3 16.6
(95.5 - 100) (10.0-68.2)

8.0 100 0.0

'" Mean average mortality for 10 experiments.
SD Standard Deviation of the observed mortalities.
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respectively. No LC50, LC90 or LC95
values were' obtained from the
regression line (Fig 1), due to the
ineffectiveness of this chemical at all the
concentrations used in the tests. The
gradient of the line. was, however, found
to be 0.173.

Results of the contact bioassay
evaluating the duration of the residual

effects of malathion and DBMT on the
wall surface showed that high mortality
of C.p. quinquefasciatus caused by
malathion persisted for 41 days, whereas
DBMT was significantly active only for
the first two days of the tests (Table 2).
The mortality of mosquitoes caused by
DBMT then stabilized at low levels after
the second day.
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Figure 1. Mean mortality (%) of adult Culex pipiens quinquefascia tus following
exposure to various concentrations of malathion, DBMT, and DDT during co ntac:
bioassays,
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Table 2. Percent mortality of adult C. p. quinquefasciatus following exposures to
wall surfaces treated with malathion and DBMT for varying durations (ages) of the
residual chemicals.

Age of residue/chemical
(days)

Percent mortality of mosquitoes exposed to:

Malathion DBMT

o
1

2

3
4
5
6

7
15
20
41

100 96.0
100 76.0
100 32.0
100 40.0
100 36.0
100 48.0
100 52.0
96 40.0
96 32.0
100 44.0
96 36.0

Table 3. Percent mortality of C. p. quinquefasciaturs larvae immersed in pond
water with malathion and DBMT at various concentrations. 1

Concentration of chemical
(mg/ I)

% mortality (X) of larvae treated with;

Malathion DBMT
18.7 1.3

45.3 4.0
74.7 4.0
94.7 2.7
100 2.7
100 13.3
100 16.0

.01
.1
l.0

10.0
50.0
100.0
200.0

1Assessed by the Elliot (1968) larval test method.
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DISCUSSION

Results of the susceptibility tests support
recent reports that DDT is now an
ineffective contact poison for controlling
C.p. quinquets scis tus (Hamor. and
Mouchet, 1967; WHO, 1970; White,
1971; Graham et sl., 1972; Gadzama,
1978). These findings are also in
accordance with that of Davidson (1976)
that the insecticidal control of this urban
mosquito presents a problem in that the
natural tolerance level of this subspecies
is very high and resistance to
organochlorine insecticides is common.
Similar reports have also been made by
various workers (Brown and Pal, 1971;
WHO, 1984). As a result, the economic
use of this insecticide for the control of
both culicines and anophelines has
decreased drastically in many countries.
Resistance to this compound has been
documented in other 'vector insects
including blackflies (Simulium spp.),
bedbugs (Cimex spp.) , blowflies
(Pbaenicia and Pro topho rmie spp.)
and fleas (Xenopsylla spp.) in various
countries (WHO, 1970; 1984). It is
suspestect'that this resistance may
involve increased detoxication of the
compound by DDT-dehydrogenase
(DD'I'<ase l, oxidative degradation and or
reduced sensitivity of nerves to the
toxicant, depending on the species or
strain of the insect (Oppe no orth, 1976;
1984) .

The comparison of the median lethal
toxicity concentrations (LC50) of the
three chemicals suggests that DBMT is
tI-e most effective contact poison for
controlling C.p. quinquefa.sciatus at
low concentrations. However, the
gradients 0.638, 0.462 and 0.173 of the
curves for malathion, DBMT and DDT,

<. ~.

respectively indicate that malathion had
the highest rate or mortality with
increase in concentration. This latter
observation is supported by the LC90
and LC95 values of 1.0% and 1.5% for
malathion as compared to 1.2% and
2.0% for DBMT.

The insecticidal property of DBMT
is of interesting implication since it is
known that similar naturally occurring
plant products such as garlic have been
used to control Culex pipiens larvae.
This may be explained by the structural
similarity between their active
ingredients; allicin and methylthio-
sulphinate in garlic and DBMT,
respectively. More investigation is
required in this aspect of study. Like
most sulphur containing compounds
(Green et sl., 1977), DBMT can be
cheaply produced in large quantities
from inexpensive starting materials. It '
may well be cost effective for application
at high rates.

The behaviour of the mosquitoes to
malathion and DBMT reveals that
knock-down was mostly during exposure.
In contrast, with DDT, death commonly
occurred after the exposure. This
difference may not be entirely due to
the toxicity of the chemicals alone. A
nrobable factor may be resistance
(behavioural response) to DDT,
involving avoidance of contact with
residues and or shortening of the period
of contact with treated surface as
reported for anophelines (WHO, 1970).
Hadaway and Barlow (1966) have also
suggested the lipoid solubility and
partitioning properties of insecticides
through the cuticle to target sites within
the microenvironment in the insect as
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possible factors influencing the speed of
action.

The tests on larvicidal effects show
that DBMT is a poor chemical for the
control of C.p. quinquefascia tus at the
larval stage. This low potency may be
attributed to the aquatic environment of
the larvae.

In the presence of mild/ dilute acids
and at room temperature, DBMT
decomposes to amidines, nitrogen and
alkyl alkanethiosulphinates. After the
first day of spraying, mortality fell below
86%.

In terms of residual application
therefore, this chemical may be a poor
choice compared with malathion in
which mortality remained above 86%
throughout the test period. DBMT may
therefore be useful as a direct contact
spray insecticide in residential areas as
well as in stored products in view of its
rapid decay. However, more tests need
to be carried out before the proper
status of the chemical can be
ascertained. Synthetic polysulphides are
useful as fungicides (e.g. against
powdery mildews) and for control of
spider mites (Green et sl., 1977), It may

2 (
Rl

\C= NH + 2N2 + R2 SO.SR2
3 4 /R R N

be interesting to determine whether this
new sulphur-containing compound,
DBMT has similar properties.
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