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Evaluation of organophosphorus and synthetic pyrethroid insecticides
against six vector mosquitoe species

Domingo Montada Dorta*, V. Vasuki**, A. Rajavel**

DORTA, D.M. et al. Evaluation of organophosphorus and synthetic pyrethroid insecticides against
six vector mosquitoe species. Rev. Sailde Publica, 27: 391-7, 1993. Three organophosphorus
compounds- malathion, folithion and temephos- and two synthetic pyrethroids- alphamethrin and
deltamethrin- were used for monitoring the susceptibility status of larvae and adults of six vector
mosquitoe species: Culex quinquefasciatus (Filariasis) and Aedes albopictus (Dengue) (both
laboratory and field strains); laboratory strains of Aedes aegypti (Dengue), Anopheles stephensi and
Anopheles culicifacies (Malaria), and Culex tritaeniorhynchus (Japanese encephalitis) in India. From
the LC,, values obtained for these insecticides, it was found that all mosquito species including the
field strains of Cx. quinquefasciatus and Ae. albopictus were highly susceptible Except for Cx.
quinquefasciatus (field strain) against malathion, 100% mortality was observed at the discriminating
dosages recommended by World Health Organization. The residual effect of alphamethrin,
deltamethrin, malathion and folithion at 25 mg (ai)/m? on different surfaces against six species of
vector mosquitoes showed that alphamethrin was the most effective on all four treated surfaces (mud,
plywood, cement and thatch). Nevertheless, residual efficacy lasted longer on thatch than on the
other surfaces. Therefore, synthetic pyrethroids such as alphamethrin can be effectively employed in

integrated vector control operations.
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Introduction

The use of chemicals to control insects possibly
dates back to classical Greece and Rome. In the
twentieth century, after the insecticidal potential
of DDT was discovered and insecticidal organo-
phosphorous compounds were developed, a new
era of insect and pest control began (Hassalll4,
1982). Unfortunately problems relating to the use
of insecticides have arisen, some of them serious
and causing considerable concern in scientific as
well as in lay circles (Beroza®, 1970). The devel-
opment of resistance in mosquitoes to a wide va-
riety of conventional insecticides has posed a seri-
ous problem for wvector control program
(Georghiou et al.!213, 1966; 1973; Das and Raja-
gopaland, 1980; Ariaratnan and Georghiou3,
1975). To overcome these problems, the search for
new compounds with insecticidal effect has been
undertaken throughout the world. A new group of
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compounds known as synthetic pyrethroids, less
toxic and comparatively safer, are promising tools
for future vector control program (Elliot et alll,
1978; Darwazeh et al.b, 1978; Poister et al.!s,
1981; Kottkump et al.!é, 1981).

The present study compares the susceptibility
status of larvae and adults of six vector mosquito
species viz. Culex quinquefasciatus (Filariasis),
Anopheles stephensi and Anopheles culicifacies
(Malaria), Aedes aegypti and Aeds albopictus
(Dengue) and Culex tritaeniorhynchus (Japanese
encephalitis) in India (Manson-Bahr and Belll7,
1982) to three organophosphorus compounds and
two synthetic pyrethroids, using both laboratory
and field strains of mosquito.

Material and Method

Malathion (50% EC), folithion (50% EC), te-
mephos (50% EC), deltamethrin (Technical grade
99.9%) and alphamethrin (10% EC) were used for
monitoring the susceptibility status of adults and
larvae of Cx. quinquefasciatus, An. stephensi, Ae.
aegypti, Ae. albopictus, An. culicifacies and Cx.
tritaeniorhynchus, maintained at the insectories,
Vector Control Research Centre, Pondicherry. In
the cases of Cx. quinquefasciatus and Ae. albopic-
tus field collected strains were also used. Insecti-
cide impregnated papers for monitoring the adult
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susceptibility (Busvine’, 1958) and standard solu-
tions for assessing the larval susceptibility
(WHO?2, 1981) were prepared in different concen-
trations at the VCRC, The procedures followed for
determining the susceptibility status of larva and
adult are the same as described by WHOQ?324,
1981). From the percentage mortalities resulting
from different concentrations, LCs, and LC,, val-
ues were obtained by probit analysis (Sokal and
Rohlf?!, 1981). Control mortality, if any, was cor-
rected by using Abbott's formula (Abbott!, 1925).
To evaluate residual activity, a bioassay was
carried out in accordance with WHO methodolo-
gy (WHO%, 1981), modificd at VCRC (Rajavel
et al'?, 1987). Malathion (5% WP), alphamethrin
(5% WP), deltamcthrin (2.5% WP) and folithion
(50% EC) were sprayed at the rate of 25 mg (ai)/
m? on different surfaces viz. cement, mud, thatch
and plywood. The mosquito were cxposed 1o
trcatcd surfaces for 1 hour and after 24 hours
mortality was recorded at weekly intervals until
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50% mortality was observed. All the experiments
were carried out at 27+2°C and 70-80% relative
humidity.

Results and Discussion

Larvicidal efficacy of deltamethrin, alphameth-
rin, temephos and folithion against six species of
mosquito is shown in tables 1-4. The LCs, values
given in Table 1 showed that deltamethrin was
more effective against Cx. quinquefasciatus (1ab)
than the other mosquito species tested. An. ste-
phensi was found to be the least susceptible. The
ficld strain ol Cx. quinquefasciatus was found to
be about 260 times less susceptible than the labor-
atory strain, when tested under similar condic-
tions, using decamethrin against Cx. quinguefas-
ciawus (lab.) and Ae. aegypti, it was found to be 24
and 12 times less susceptible respectively than the
same strains tested on this occasion. On the other

Table 1. Larval susceptibility status of six vector mosquitoes to deltamethrin.

Species LCss LCq Regression equation X2 95% Fiducial limits
(mg/1) (mg/1) (Y = a+b 1nX) LcL - ucL
Laboratory strain
Cx. quinquefasciatus 2.95x 106 7.45x 105 Y = 10.04+0.39 InX 2.39 4.12x105-1.40x 104
Cx. tritaeniorhynchus 1.32x 105 8.73x 105 Y = 12.62+0.68 InX 0.19 6.36x 105-1.20x 104
An. culicifacies 2.14x 108 2.62x 104 Y = 10.49+0.51 inX 0.41 1.69x 104-4.07 x 104
An. stephensi 5.25x 103 1.08 x 102 Y =14.29+1.77 InX 7.56* 9.54x103-123x102
Ae. aegypti 8.20x 106 7.17x 108 Y = 11.92+0.59 InX 10.77* 5.27x105-9.76 x 105
Ae. albopictus 4.57 x 106 6.49x 105 Y = 10.93+0.48 InX 751*  4.20x105-1.00x 104
Field strain

Cx. quinquefasciatus 7.77 x 104 1.07 x 103 Y = 33.55+3.99 InX 0.28 1.69x 104-1.17x 104
Ae. albopictus 9.69 x 106 6.41x 108 Y = 12.82+0.68 InX 457 443x105-9.28x 105
* - Heterogeneity.
Table 2. Larval susceptibility status of six vector mosquitoes to alphamethrin.

Species LCsp LCqo Regression equation Xxe 95% Fiducial limits

(mg/1) (mg/t) (Y = a+b 1nX) LcL - ucL
Laboratory strain
Cx. quinquefasciatus 2.29 x 107 6.58 x 107 Y =23.52+1.21 InX 3.21 5.39x 107-8.03x 107
Cx. tritaeniorhynchus 2.02x 107 5.86x 107 Y =23.55+1.20 inX 2.78 4.62x 107-7.43x 107
An. culicifacies 1.07 x 106 9.85x 106 Y = 12.94+0.58 InX 10.02* 8.55x 106-1,48x 105
An. stephensi 1.03 x 104 8.89x 104 Y = 10.45+0.59 InX 5.00 5.38x 104-1.47x 103
Ae. aegypti 1.81x 107 3.72x 106 Y = 14.40+0.65 InX 4.96 2.48x10€-558x 106
Ae. albopictus 3.31x 107 1.08 x 106 Y =22.30+1.17 InX 2.31 8.80x 10-7-1.33x 106
Field strain

Cx. quinquefasciatus 1.34 x 104 499 x 104 Y = 13.60+0.97 InX 0.90 3.80x 104-6.57 x 104
Ae. albopictus 3.69 x 107 1.10x 106 Y =22.35+1.17 InX 1.85 8.52x107-1.42x 106

* - Heterogeneity.
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hand, Cx. quinquefasciatus (field) and An. ste-
phensi where found to be twice as susceptible as
had been reported earlicr for the same insecticide
(Das and Kalyanasundaram 10, 1984),

Larval LCy, and LCy, valucs of alphamethrin
are presented in Table 2 and the results indicate
that Ae. aegypti was the most and Cx. quinque-
fasciatus (field) the lcast susceptible species. In
an earlicr study when alphamecthrin was tested
against Cx. quinquefasciatus, Ae. aegypti and An.
stephensi (Amalraj et al.2, 1987) it showed a po-
tency 600, 83 and 40 times higher respectively
than that here observed.

In comparison, Cx. quinquefasciatus (field), Cx.
tritaeniorhynchus, An. culicifacies, Cx. quinquefas-
ciatus (1ab), An. stephensi, Ae. albopictus (1ab.), Ae.
aegypti and Ae. albopictus (field) were respectively
6, 66, 100, 13, 52, 13, 52, 13, 45 and 27 times less
susceptible to deltamethrin than to alphamethrin,

Larval LCs, and LC,, values presented in Table
3 reveal that Ae. albopictus from laboratory was
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the most susceptible, and An. stephensi the least
susceptible species to temephos. The susceptibility
status of Cx. quinquefasciatus, An. stephensi, Ae.
aegypti and An. culicifacies observed in the pre-
scnted study was 88, 40, 30 and 550 times higher
respectively than that reported earlier for the Pon-
dicherry strains of the same species (Das and Raja-
gopalan’, 1979; Das et al.?, 1980).

The explanation might be that the strains used
in the present study are from a laboratory colonies
which have been maintained for about 14 years. It
is therefore likely that even if the natural popula-
tion were resistant, this phenomenon night have
been reversed in the laboratory colony due to the
removal of selection pressure.

Susceptibility status was determined for larvae
of the same mosquito to folithion (fenitrothion).
The values showed that Cx. tritaeniorhynchu and
Ae. albopictus (field & 1ab.) were more suscepti-
ble than the other specics tested. American strains
of Ae. albopictus were also reported to be suscep-

Table 3. Larval susceptibility status of six vector mosquitoes to temephos.

Species LCso LCqo Regression equation X2 95% Fiducial limits
(mg/1) (mg/1) (Y = a+b 1nX) LcL - UCL
Laboratory strain
Cx. quinquefasciatus 9.10 x 105 1.03 x 104 Y =99.25+10.12InX  16.46* 1.00x 104-1.05x 104
Cx. tritaeniorhynchus 1.20x 106 5.30x 106 Y = 14.76+0.86 InX 3.66 3.79x 106-7.40x 106
An. culicifacies 3.44 x 106 9.17x 10 Y =21.45+1.31 InX 6.83* 7.48x 106-1.12x 105
An. stephensi 1.37 x 103 2.01x 103 Y = 26.82+3.31 InX 13.00* 1.87x103-2.16x103
Ae. aegypti 1.36 x 104 296 x 104 Y = 19.65+1.65 InX 2.69 2.36x104-3.70x 104
Ae. albopictus 6.81x 107 566 x 106 Y = 13.58+0.60 InX 3.30 4.09x106-783x 106
Field strain

Cx. quinquefasciatus 4.73x 10 4.11x104 Y = 28.05+2.40 InX 0.27 1.02x 104-1.29x 104
Ae. albopictus 1.57 x 106 1.11x 108 Y = 13.74+0.65 InX 0.95 7.22x106-1.71x 105
* - Heterogeneity.
Table 4. Larval susceptibility status of six vector mosquitoes to folithion,

Species LCgo LCq Regression equation X2 95% Fiducial limits

(mg/1) (mg/1) (Y = a+b 1nX) LcL - ucL
Laboratory strain
Cx. quinquefasciatus 4.30x 103 6.93x 103 Y = 19.58+2.68 InX 0.15 6.32x 103-7.60x 10-3
Cx. tritaeniorhynchus 2.25x 105 9.09x 105 Y = 14.82+0.92 InX 0.35 7.23x105-1.14 x 104
An. culicifacies 1.42x 103 4.18x 102 Y =7.48+0.38 InX 0.11 2.39x102-7.28x 102
An. stephensi 7.08 x 102 9.54 x 102 Y = 16.35+4.28 InX 0.15 6.32x102-7.60x 10
Ae. aegypti 2.57 x 10-3 4.37x 103 Y =19.41+2.42 InX 0.56 4.03x10%-4.75x 103
Ae. albopictus 2.38 x 105 1.00x 104 Y = 14.46+0.89 InX 0.80 7.90x 10-5-1.28 x 104
Field strain

Cx. quinquefasciatus 7.58 x 10-3 1.07 x 102 Y = 22.92+3.67 InX 0.80 1.06x 102-1.14x 102
Ae. albopictus 2.23 x 105 1.77 x 104 Y = 11.61+0.62 InX 0.003 1.11x104-2.83x 104

* - Heterogeneity.
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tible to malathion. Conversely to this, Ae. albopic-

tus resistant to folithion has been reported in Japan

and the USA (Wesson?2, 1990). In the present
study An. stephensi was found to be least suscepti-
ble to deltamethrin, temephos and folithion. An-
other interesting observation relates to the fact that
LCs, values determined in the current study are
considerable lower than the discriminating dosag-
es recommended by WHO for the insecticides test-
ed. This strongly suggests the need for determin-
ing the discriminating dose for different vector
species from different areas, so that some base line
data are made available for monitoring the resis-
tance/susceptibility status of the vector mosquitoes
in the field. Development of resistance cannot be
detected early, if the high discriminating dosages
recommended by the WHO are used.

When adults were exposed to the diagnostic
doses of malathion, folithion, alphamethrin and
deltamethrin recommended by WHO (1981%), a
100% mortality was observed in all species except
Cx. quinquefasciatus from field to malathion
(52.5%). However, adults of Ae. albopictus were
highly susceptible to malathion with LT, value of
6.65 min (Chi sq. 0.594). Earlicr studies had
showed that Cx. quinquefasciatus adults collected
in the field from Pondicherry were highly suscepti-
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ble to malathion (Das et al.?, 1980). The present
study has shown that Cx. quinquefasciatus has a
potentiality to develop resistance to this O.P. com-
pound. Malathion resistance in the adults of Ae. al-
bopictus adults has been observed in Sri Lanka and
Texas (Robert and Olson??, 1990; WHO2, 1986).

The residual effect of deltamethrin, alphameth-
rin, malathion and folithion at 25 mg(ai)/m? on
different surfaces against six species of vector
mosquitoes is presented in Fig. 1-4. In general
both pyrethroid compounds, deltamethrin and al-
phamethrin were more effective than malathion
and folithion,

As between the two synthetic pyrethroids test-
ed, alphamethrin show the highest residual activity
on all surfaces against all the mosquito species
tested, in accordance with the results reported ear-
lier (Amalraj et al2, 1987). However, the bioassay
conducted on mud, cement, thatch and plywood
showed that the residual efficacy of deltamethrin
and alphamethrin lasted longer (8-17 wks) on the
thatched surface than on the other three surfaces.
Earlier reports showed that the residual efficacy of
alphamethrin tested on the same surfaces at 100
mg(ai)/m? lasted for 20 wks against Cx. quinque-
fasciatus and An. stephensi, but it was more effec-
tive on the cement surface (Almaraj et al.2, 1987).
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Figure 1. Residual efficacy of Deltamethrin.
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Figure 3. Residual efficacy of Malathion.
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Figure 4. Residual efficacy of Folithion.

Malathion and folithion showed very low residual

activity on all surfaces and against all species of

mosquitoes tested.

Even though many alternatives are being sought
with a views to overcoming the problem of pesticide
use, insecticides continue playing a major role in
vector and disease control. It is concluded, from the
present study, that, of the insecticides tested, syn-
thetic pyrethroids, particularly, alphamethrin, can
be effectively used for controlling mosquito vectors.

In spite of above mentioned and although until
recently pyrethroid resistance has not been a seri-
ous problem, there have been various report of py-
rethrin resistance arising as early as 1956 (Kel-
ler'5, 1956). More recently, WHO?? (1991) has
reported that pyrethroids resistance was detected
in 15 mosquito species from 32 countries and in 9
other arthropods of public health or veterinary im-
portance in 27 countrics.

Hence, pyrethroids insecticides could be used
rationally, otherwise resistance problem to these
insecticides will be appear in the future.
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DORTA, D.M. et al. Avaliagdo de inseticidas organo-
fosforados e piretroides sintéticos contra seis mosquitos
vetores. Rev. Saiide Piblica, 27: 391-7, 1993, Trés com-
postos organo-fosforados - malation, folition e temefos -
e dois piretroides sintéticos - alfametrina e deltametrina
- foram usados para controlar o estado da susceptibili-
dade das larvas e adultos de seis mosquitos vetores na
India. Foram utilizadas cepas de laboratério e 4rea de
Culex quinquefasciatus (filariasis) e Aedes albopictus
(Dengue) e cepas de laboratério de Aedes aegypti (Den-
gue), Anopheles stephensi e Anopheles culicifacies
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(Maléria) e Culex tritaenorhynchus (encefalite japone-
sa). Os valores de Cl,, obtidos para esses inseticidas
mostram que todas as espécies incluindo as cepas de
4rea foram muito susceptiveis. Nos mosquitos adultos
das referidas espécies salvo na cepa da érea de Culex
quinquefasciatus com o malathion, observou-se 100%
da mortalidade as doses discriminatérias recomendadas
pela Organizagio Mundial de Satide. O efeito residual
da alfametrina, deltametrina, malation e folition a 25 mg
(ai)/m? em diversas superficies contra seis espécies de
mosquitos vetores evidenciou que a alfametrina foi a
mais efetiva em todas as superficies ‘ratadas (argila,
"plywood", cimento e palha).

Descritores: Controle de mosquitos, métodos. Insetici-
das, toxicidade. Insetos vetores.
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