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A w - M o s q u i t o  coils with the active ingredient d-allethrin (0.2% wlw); and d-trans allethrin (0.1% 
WIW) together with blank coils were tested in the laboratory against Aedes aegypti (Linn.) and Culex 
quinquefasciatus Say of different ages and physiological condition, using a test method of the Standard and 
Industrial Research Institute of Malaysia (SIRIM). Results indicated that Ae. aegypti wasmore susceptible 
than Cx. quinquefmciatus. The blank coil caused neither significant knockdown nor mortality of 
mosquitoes, while coils containing either d-allethrin or d-trans allethrin provided adequate knockdown of 
mosquitoes, but with low mortalities for both Ae. aegypti and Cx. quinquefmciatus mosquitoes below 10 
days of age. The susceptibility of mosquitoes increased with age as indicated by a decrease in KTa and 
increase in mortality of female mosquitoes tested for both species This study also indicated that blood- 
engorged mosquitoes were more difficult to be knocked down, but easier to kill than non bloodengorged 
mosquitoes However, susceptibility of mosquitoes to coils was not affected by oviposition. The sunrivors of 
mosquito coil exposure were used for sublethal effects studies, concentrating on the longevity and fecundity 
of treated individual and progeny sunrival. The longevity of both species decreased more than 40% after 
exposure to mosquito coils containing either d-allethrin or d-trans alkthrin. The percentage of blood- 
engorgement activity for Ae. aegypti and Cx. quinquefasciatus was reduced to less than 55% and 15%. 
respectively after a 20 minutes exposure to coils containing either one of the active ingredients 
Furthermore. Cx. quinquefmciatus also showed a decrease in bloodengorgement ability (~400h) af€er beiig 
exposed to a blank coil. Nevertheless, the number of eggs oviposited by the treated females, egg 
hatchability, pupation rate and adult emergence rate were not affected if the mosquitoes were still able to 
bloodengorge. 

INTRODUCTION 

Information from industrial sources indicates that the mosquito coil is the most commonly used 
household insecticide product in Asia. As of 1994, annual worldwide consumption of mosquito coil 
was estimated at 22,000 million pieces with a total retail price of approximately US$650 million. 
Consumption in Asia constituted about 90% of this figure. The popular usage of coils in this area is 
due to their low cost (cheapest among existing major household insecticide products), ease of usage 
(without electricity requirement) and high consumer accceptance (traditional and cultural practice 
of using smoke to repel mosquitoes). Yap & Foo (1984) showed that the highest usage of mosquito 
coils is in rural areas (71%) compared with its usage in urban (46%) and suburban areas (47%) on 
Penang Island, Malaysia. 

Mosquito coils have been shown to repel and disrupt the host-seeking activity of mosquitoes, 
followed by knockdown (MacIver, 1964; Fales et al., 1968; 1971; Mace, 1969; Teshima, 1993), 
although the mortality of mosquitoes caused by mosquito coils may be low (Smith & Chadwick, 
1964; Smith & Obudho, 1967; Smith et al., 1973; Mosha et ,al., 1989). Field trials on several 
formulations of mosquito coil in a suburban squatter area in Penang, Malaysia, demonstrated that 
the mosquito biting activity can be reduced by more than 70% when using coils containing either 
d-allethrin (0.20% and 0.3W wlw) or d-trans allethrin (0.1W and 0.15% wlw) (Yap et al., 1990). 

Although numerous studies have been reported on the performance of mosquito coils, there has 
been no study on the sublethal effects on mosquitoes induced through the use of these products 
This study was initiated to determink the efficacy of two mosquito coil formulations containing 
either d-allethrin or d-trans allethrin against female mosquitoes of Aedes aegypti and Culex 
quinquefasciatus of different age groups, nutritional and physiological conditions. Further studies 
were conducted using the survivors from mosquito coil exposure to determine the sublethal effects 



178 H. H. YAP, M. P. LIM, N. L. CHONG AND C. Y. LEE 

on blood-engorgement activity, egg production, egg hatchability, pupation, progenies adult 
emergence and longevity. 

MATERIALS AND METHODS 

Mosquito coil formulations 

All mosquito coils used in this study were provided by Fumakilla Malaysia Berhad, Butterworth, 
Penang, Malaysia with the following formulations: coils containing d-allethrin (d 1-3-allyl-2- 
methyl-4-0x0-2-cyclopentenyl d-cis trans chrysanthemate) (0.20?/0 wh), coils containing d-trans 
allethrin (d 1-2-allyl-4-hydroxy-3-methyl-2- cyclopenten-1-one ester of d-trans chrysanthemate 
monocarboxylic acid) (0. lo?! wlw) and blank coils (without active ingredient). The choice of the 
amount of two active ingredients used in this study reflects the normal amount used in mosquito 
coil formulations in Malaysia and Southeast Asia (SIRIM 1986a). The inert ingredients in the coils 
were essentially similar to those listed by the Standard and Industrial Research Institute of 
Malaysia (SIRIM 1986b), i.e., wood powder (34.5%), coconut shell powder (34.5%), incense 
powder (30?!), malachite green (0.5%) and sodium benzoate (0.5%). 

Before and after the completion of this study, chemical analysis using gas chromatography 
(Shirnadzu GC 12A) was performed to determine the exact amount of the active ingredient in the 
coil samples 

Mosquitoes 

The two species of mosquitoes used in this study were Ae aegypti and Cx. quinquefasciatu Both 
species, originating from Penang, Malaysia, have been reared in our laboratory since the 1980s The 
techniques for rearing these two species follow those of Chong et al. (1995). All adult female 
mosquitoes were collected within 24 hours of emergence and reared separately. These mosquitoes 
were then divided into three groups and reared under different physiologidnutritional conditions 
before being tested at the following ages: (1) sucrose fed group: 1-2 days, 4-5 days, 9-10 days, 
14-15 days and 19-20 days (2) sucrose-fed and blood-engorged group: 4-5 days (3) sucrose-fed, 
blood-engorged and oviposited group: 9-10 days. The mosquitoes were allowed to blood-engorge 
at day 4 and oviposited at day 8. 

Bioefficacy test 

The bioefficacy test used in this study follows exactly those of SIRIM (1986b). It was conducted in 
a glass chamber with aluminium frames (70x70~70 cm) under the conditions of 2622°C and 
65210% R.H. A small window (18x20 crn) with a sliding closure at the mid-bottom of the 
chamber door was used for the introduction of coils and mosquitoes into the chamber. A portion 
of 0.5020.003 g of the formulated coil was fixed on a stand and ignited at both ends inside the 
chamber. A small battery-operated fan was placed and switched on in the chamber while the coil 
was burning to ensure uniform dispersion of the smoke emitted from the coil inside the chamber. 
Immediately after the coil was completely burnt out, twenty mosquitoes were released into the 
chamber. Knockdown of the mosquitoes was recorded at 0.5 minute followed by 1 minute intervals 
for up toCTi(minutes for Ae. aegypti and up to 20 minutes for Cx. quinquefasciatus. Longer 
exposure time was needed for Culex mosquitoes to achieve total knockdown of the introduced 
mosquitoes Criteria for knockdown were that the mosquitoes no longer maintained normal 
posture and were unable to fly or were on their backs 

At the completion of each test, the inner wall surfaces of the chamber were thoroughly cleaned 
with detergent and water to remove any toxic residue present. The chamber was then air dried with 
an electrical fan before the onset of the next test. 

After the exposure, the mosquitoes were collected from the chamber and placed in a clean 
polyethylene cup and provided with a wet cotton bung containing 10% sucrose solution. The 
mosquitoes were kept under the environmental conditions mentioned above, and mortality was 














