Parasite Epidemiology and Control 18 (2022) e00259

Contents lists available at ScienceDirect ~  PARASITE
EPIDEMIOLOGY
ANDCONTROL

Parasite Epidemiology and Control

pssir : >
ELSEVIER journal homepage: www.elsevier.com/locate/parepi

@@L

Insecticidal effectiveness of naphthalene and its combination with
kerosene against the emergence of Aedes aegypti in Ika North East,
LGA, Delta State, Nigeria

Chioma C. Ojianwuna, PhD, Victor N. Enwemiwe -

Department of Animal and Environmental Biology, Faculty of Science, Delta State University, Abraka, Nigeria

ARTICLE INFO ABSTRACT
Keywords: Despite the substantial progress achieved in the search of nonchemical alternatives to insecticidal
Aedes aegypti larviciding on mosquitoes, more work is still required to unravel the potency of viable substances

Delta state

in order to attend to several pest and disease problems. Insecticidal effectiveness of naphthalene
Insecticidal effectiveness

and its combination with kerosene against the emergence of Ae. aegypti in Ika North East, LGA,

Kerosene . . .
Larvicides Delta State, Nigeria was assessed. Immature stages of Ae. aegypti were collected and left to ac-
Naphthalene climatize for 6 h in standard laboratory conditions. Naphthalene measured in 2 g and its com-

binations with kerosene in 50:50 were emptied in 400 ml, 200 ml and 100 ml of water which
resulted in 0.005%, 0.01% and 0.02% concentrations respectively. Water alone served as control
for the experiment. Twenty third instar larvae and pupae were sorted into containers before
exposure to treatments. Experiment was done in triplicates and observed for 10, 15, 20, 30, 40,
50, 60, and 80 min coinciding with WHO protocol for Aedes exposure. Mortality was highest in
larvae exposed to 0.02% kerosene and naphthalene, and was also high in 0.02% naphthalene.
Lowest mortality was recorded in pupae exposed to 0.005% of naphthalene. Significant differ-
ences in toxicity was recorded (p < 0.05). Mortality increased with time in larvae and pupae.
Highest mortality in pupae and larvae was recorded in 0.02% kerosene and naphthalene mixture
at 80 min post exposure time respectively. LCso and LCos of naphthalene exposed to Aedes larvae
and pupae was between 0.002 and 0.018% and 0.021-0.051% respectively. Similarly, for
naphthalene with kerosene was between 0.002 and 0.007%, and 0.015-0.035%. Pupae exposed
to 0.005% naphthalene had more adult emergence than in others and the differences were sig-
nificant (p < 0.05). Field trial is required with optimum concentrations.

1. Introduction

Interventions targeting mosquitoes and diseases they cause have been on the rise lately with the principal aim of reducing
transmission burdens, particularly in places where vector resistance is on the increase. Even with these, resistance to interventions
either in the form of vector or drug resistance threaten the successes achieved for mosquito-caused diseases in many areas (WHO,
2015). For instance, Mali and Uganda reported mosquito resurgence for the first time after many years of low abundance and dis-
tribution (Jagannathan et al., 2012; Coulibaly et al., 2014). Mosquito resurgence is a serious implication to wide range intervention
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since they now become ineffective due to vector changes caused by behavioral responses. Mosquito intervention involved using in-
secticides recommended and impregnated into bed nets and sprayed inside houses, even other forms of insecticidal impregnations such
as insecticide-treated clothing, repellents, treated window screens and other insecticide treatable materials (Ekerette and Ebere, 2018).

The World Health Organization (WHO) recommended for use insecticides in different forms, after over 50 years of relying on
dichlorodiphenyltrichloroethane (DDT) which is in the form of wettable powder. But with so many issues that arose from their use,
many insecticides such as wettable powders, suspension concentrate, capsulate suspension and other forms of recommended in-
secticides within four classes of chemical insecticides were discovered, and recommended for trials in residual spraying of houses
(WHO Pesticides Evaluation Scheme (WHOPES), 2007). Adult mosquito resistance to one or more of these recommended insecticides
has been reported in WHO endemic regions. It is in considering this resistance that vector control intervention now clamours for not
only newer technologies targeting mosquitoes but also the combination of recommended insecticides with other insecticide classes to
boost the effectiveness and even the use of synergists (piperonyl butoxide) and integrated approaches (Ononamadu et al., 2020;
Chukwuekezie et al., 2020; Ojianwuna et al., 2021a, 2021b). Other new control technologies include: the use of the transfer of genetic
elements (Bourtzis et al., 2016), exploring the potentials of the bacterium Wolbachia through testing the compatibility of the mosquito
cytoplasm especially Aedes (Lees et al., 2015; Yakob and Walker, 2016), eco-friendly sterile techniques (Lees et al., 2014) and their
breeding sites through the introduction of mosquito-eating fishes; Gambusia sp. (Mischke et al., 2016), Pseudomugilid: Pseudomugil
signifer and Perciformes: Hypseleotris galii and Pseudogobius sp., and the exotic G. holbrooki (Griffin, 2014).

It is quite unfortunate that some observations have been made on the ineffectiveness of synergist in some parts of Africa, probably
due to many factors related to harsh environmental conditions that averted the possibility of vector susceptibility in these areas. These
harsh environmental conditions due to oil spillage in breeding sites, agricultural pesticide run off, spraying insecticides indoors with
windows opened leading to escape of mosquitoes intended to be killed and irregular use of recommended control options. Anopheles
complexes, Culex complexes and Aedes complexes are the major genera reported with insecticide resistance in several studies (Ono-
namadu et al., 2020; Chukwuekezie et al., 2020; Ojianwuna et al., 2021a, 2021b). Majority of which are domicile in WHO African
regions. Sibling species of these three mosquito genera with resistance and causing persistent diseases have been reported in most of
Anopheles gambiae complex (Yakub, 2011). Mosquitoes could be urban or rural dwellers or rural species (Tikar et al., 2011). In total, up
to 4000 of mosquitoes are known worldwide, over 500 are Anopheles, Aedes and Culex. In 2020, yellow fever outbreak was reported in
Tka North East LGA, Delta State (WHO, 2017). This virus was reported in several communities in the Local Government Area. Yellow
fever virus has a long history in Africa and their prevalence dates as far back the late 90’s (Garske et al., 2014). Africa suffers over
400,000 cases with over 100,000 deaths and this extends to Nigeria where the virus occurs in every states in country’s region (WHO,
2017). Case management and diagnosis of yellow fever is pricy. Interventions directed towards the vectors in their immature stages
using locally available substances would be profitable.

Not much resistance has been reported in the culicine mosquitoes (Nelms et al., 2013). A few Aedes species include Aedes aegypti,
Ae. barbirostris, Ae. albopictus amongst other subspecies. This mandated the search for bio-active alternatives that can be used to control
the immature stages in their natural breeding sites before they emerge into adults. Different substances have been applied to control
the larvae and pupae of mosquitoes in endemic areas. These including petroleum products on the growth and development of Aedes
and Anopheles mosquitoes (Ekedo et al., 2019; Ojianwuna et al., 2021a), and many other methods involving the manipulation of
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Fig. 1. Map of Ika North East (Google Earth Map).
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physicochemical parameters of breeding sites as key in controlling adult abundance. Physical control through removal of breeding sites
close to human dwelling has also been recommended (WHO, 2013). Some studies have outlined the effectiveness of insect growth
regulators and bacteria agents (Msangi et al., 2011; Belinato et al., 2013; Mulamuli et al., 2016; Lawler, 2017). However, these control
agents are pricy in terms of acquisition and are not locally available to local residents in endemic communities. One of the main reasons
why mosquitoes may keep constituting problems may be that successful laboratories based control interventions are not translated for
industrial application and use. This probably because, mass production may be very expensive and materials may be unavailable for
purchase. Naphthalene and kerosene are two locally available substance globally and are quite affordable substances. They have been
tried on other insects with great successes (Enwemiwe et al., 2020; Ojianwuna and Enwemiwe, 2021), hence their use for this study.
Naphthalene is also a naturally occurring organic substance and kerosene is one vital mineral oil in Nigeria. These substances were
chosen due to their availability, affordability and that they have been proven to cause toxicity in some insect species (Ojianwuna et al.,
2021a; Ojianwuna et al., 2021b). Naphthalene acts by the activation of cytochrome P450 enzyme in neuronal channel which triggers
acute toxicity of neural cells (Li et al., 2011). The mechanism of action of kerosene differs from naphthalene in that, they induce
inflammation, suppress the insect immune system, reduced oxygen supply to tissues, imbalances in hormones and enzymes etc.
(Maiyoh et al., 2015). Hence, this study reported the insecticidal effectiveness of using naphthalene and its combination with kerosene
against the emergence of Ae. aegypti in Ika North East, LGA, Delta State, Nigeria.

2. Materials and methods
2.1. Study area

This study was carried out in the Insectary/Entomology unit, Department of Animal and Environmental Biology, Delta State
University, Abraka. Wild mosquito larvae and pupae were obtained from four communities in Ika North-East Local Government Area;
Owerre-Olubor (Lat. 6.287218°N and Long. 6.340842°E), Umunede (Lat. 6.270005°N and Long. 6.302945°E), Ute-Okpu (Lat.
6.094311°N and Long. 6.182455°E) and Owa-Ofie (Lat. 6.208433°N and Long. 6.177915°E) (Fig. 1). Mosquitoes were left in the
laboratory to acclimatize at temperature of 28 + 3 °C and relative humidity of 78 + 5%.

2.2. Mosquito collection method

Immature stages of Aedes mosquitoes were collected from potential breeding sites including plastic containers, cellophane with
ability to hold water, and abandoned tyres close to human habitation. WHO method of larval collection was applied using 350 ml deep
ladles, scooping spoons, pipette, and buckets. Ladles and scooping spoons were used for immature stages collection, pipette was used
for sorting larvae from pupae in the field and laboratory, as collections were kept in the transparent bucket to be transported to the
laboratory. The Aedes larvae were cultivated in the laboratory under standard laboratory conditions to acclimatize and attain the third
instar larval stage in larval holding trays which was properly netted. Mosquitoes in the larval tray was fed with low fat biscuit and yeast
prepared in a ratio of 1 biscuit to 10 yeast tablets before exposure.

2.3. Toxicity assay

Naphthalene and its mixture with kerosene were used for the bioassay. Naphthalene was measured in 2 g (g) while its combinations
was done in 50:50 (1 ml of kerosene in 1 g of naphthalene). The measured substances in single and mixtures were emptied in 400 ml,
200 ml and 100 ml of water which resulted in 0.005%, 0.01% and 0.02% of the test concentrations respectively. The effectiveness of
these concentration in single and mixed forms were tried by introducing Aedes mosquitoes (third instar larva and pupae) into the
concentrations. Mosquitoes exposed to water alone served as control for the experiment. Twenty third instar larvae and twenty pupae
were sorted accordingly in separate plastic containers before exposure to treatments. The experimental set up was observed for 10, 15,
20, 30, 40, 50, 60, and 80 min respectively. The exposure time was adopted from the recommended WHO protocol for mosquito
larviciding (WHO, 2013). The experimental set up was done using plastic containers in triplicates and were fed with biscuit and yeast
as mentioned earlier before exposure.

2.4. Statistical analysis

Mortality and emergence inhibition data of Aedes mosquitoes were entered into MS Excel, 2013 and checked for possible errors.
Total or mean emergence inhibition were calculated on the basis of the number of third instar larvae exposed. The overall emergence of
adult mosquitoes were calculated using the formula by World Health Organization (2005):

Tx100
IE (%) = 100-( XC )
Where T = percentage survival or emergence in treated batches and
C = percentage survival or emergence in the control.
Where adult emergence in the control was <80%, the test was discarded and repeated. Whereas, where the percentage was between
80% and 95%, the data was corrected using the Abbott’s formula
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X-Y
Mortality (%) = ~ 100

Where X = percentage survival in the untreated control and Y = percentage survival in the treated sample. ANOVA test was used to
compare mortality, adult emergence and time mortality. Results were presented in mean + standard error and in tabular forms.
Significance was set at o = 0.05. Tukey’s test was used to separate means while 50% and 95% of lethal concentration and emergence
inhibition was computed using Probit analysis. Mean and standard error, lower and upper bound confidence interval (CI), emergence
inhibition and lethal concentrations were computed using XL Stat version 2020.

3. Results
3.1. Mortality records of Ae. aegypti

The acute toxicity of Ae. aegypti larvae and pupae exposure to naphthalene and its combination with kerosene at various con-
centrations is presented in Table 1. Mortality was highest in larvae of Aedes exposed to 0.02% kerosene and naphthalene, and this was
closely followed by 0.02% naphthalene. The lowest mortality was recorded in pupae of Aedes exposed to 0.005% of naphthalene
(Table 1). Significant differences in toxicity was recorded in the various concentrations of treatments exposed to pupa and larva of Ae
aegypti (p < 0.05).

3.2. Mortality time record

The mean mortality time records of Ae. aegypti pupae and larvae exposed to naphthalene, and naphthalene with kerosene at
different concentrations is presented in Tables 2 and 3. Generally mortality increased as time of exposure of larvae and pupae
increased. In the pupae exposure group, the highest mortality time was recorded in 0.02% kerosene and naphthalene combination at
80 min post exposure time. Remarkably, mortality recorded in 0.02% naphthalene at 60 and 80 min equates 0.01% kerosene and
naphthalene at 50, 60 and 80 min respectively. Within naphthalene exposure, no mortality was recorded in all concentration from 10
to 20 min. Furthermore, no mortality was recorded in Aedes pupae exposed to 0.005% of kerosene and naphthalene at 10 min. Within
naphthalene and kerosene exposure, mortality observed in Aedes mosquitoes exposed to 0.005% was equal to the mortality recorded at
0.01% in 15 min, mortality recorded at 0.005% in 30 min was equal to the mortality recorded at 0.02% in 15 min while the mortality
recorded at 0.01% was equal to the mortality recorded at 0.005% in 50, 60 and 80 min of post exposure period. The differences
between the mortality time was significant (p < 0.05) (Table 2)

Aedes mosquito larvae exposed to 0.02% of kerosene and naphthalene recorded the highest mortality in 80 min and this was closely
followed by the mortality recorded at 0.02% of naphthalene in 80 min exposure period. Across the treatments, mortality recorded at
0.02% of naphthalene in 20 min equaled mortality recorded in 0.01% kerosene and naphthalene at 40 min. Mortality recorded at
0.005% of naphthalene and kerosene in 50 min was equivalent to mortality recorded at 0.02% naphthalene in 15 min. Mortality
recorded at 0.005% of naphthalene and kerosene in 60 min was equivalent to mortality at 0.005% of naphthalene in 50 min. The
mortality recorded at 0.01% of naphthalene and kerosene in 80 min was equivalent to mortality at 0.02% of naphthalene in 40 min.
Mortality recorded at 0.005% of naphthalene in 40 min was equivalent to mortality at 0.02% of naphthalene and kerosene in 40 min of
exposure. No mortality was recorded in 10 min at all concentrations of naphthalene and 0.005% of naphthalene and kerosene in 10
min. Similarly, no mortality was recorded at 0.005% and 0.01% of naphthalene in 15 min and 0.005% of naphthalene and kerosene in
15 min. The differences between mortality were significant (p < 0.05) (Table 3).

Table 1
Acute toxicity of Ae. aegypti larvae and pupae exposure to naphthalene and its combination with kerosene at various concentrations.
Treatment Conc. (%) Log dose Mean + SE Lower bound 95% CI Upper bound 95% CI
Larvae
Water 0.00 0.00 0.00 £ 0.0a —-1.87 1.87
Naphthalene 0.005 —2.301 12.50 + 0.88cde 10.59 14.41
0.01 —2.000 14.50 + 0.88def 12.59 16.41
s 0.02 —1.699 19.00 + 0.88 fg 17.09 20.91
Kerosene and Naphthalene 0.005 —2.301 13.50 + 0.88cde 11.59 15.41
0.01 —2.000 16.00 + 0.88efg 14.09 17.91
0.02 —1.699 20.00 £ 0.88 g 18.09 21.91
Pupae
Water 0.00 0.00 0.00 £ 0.0a -1.87 1.87
Naphthalene 0.005 —2.301 5.50 £+ 0.88a 3.59 7.41
0.01 —2.000 7.00 + 0.88ab 5.09 8.91
0.02 —1.699 11.00 + 0.88bcd 9.09 12.91
Kerosene and Naphthalene 0.005 —2.301 9.00 + 0.88abc 7.09 10.91
0.01 —2.000 11.00 + 0.88bcd 9.09 12.91
0.02 —1.699 15.50 + 0.88defg 13.59 17.41

Note: CI means confidence interval. Means of the same superscript letter do not differ significantly between treatments (p < 0.05) using Tukey’s test.



Table 2

Mean mortality time records of Ae. aegypti pupae exposed to naphthalene, and naphthalene with kerosene at different concentrations.

Treatment Conc. Time mortality (minutes)
(%)
10 15 20 30 40 50 60 80
Pupae
Water 0.00 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a
Naphthalene 0.005 0.00 + 0.88a 0.00 + 0.88a 0.00 £ 0.88a 2.50 + 0.88abcd 3.50 + 0.88abcde 5.00 + 5.50 + 5.50 +
0.88abcdefgh 0.88bcdefghi 0.88bcdefghi
0.01 0.00 + 0.88a 0.00 + 0.88a 0.00 + 0.88a 4.00 + 0.88abcdef  5.00 & 6.50 + 7.00 + 7.00 +
0.88abcdefgh 0.88bcdefghij 0.88cdefghijk 0.88cdefghijk
0.02 0.00 £+ 0.88a 0.00 £+ 0.88a 0.00 + 0.88a 4.00 + 0.88abcdef 6.50 + 9.50 + 0.88 ghijklm 10.50 =+ 0.88ijklm 11.00 + 0.88jklmn
0.88bcdefghij
Kerosene & 0.005 0.00 + 0.88a 4.50 + 4.50 + 0.88abcdefg ~ 7.50 + 8.00 + 0.88efghijk 9.00 + 0.88 fghijkl 9.00 + 0.88 fghijkl 9.00 + 0.88 fghijkl
Naphthalene 0.88abcdefg 0.88defghijk
0.01 1.50 + 0.88ab 4.50 + 0.88abcdef 6.00 + 9.00 =+ 0.88 fghijkl 10.00 =+ 0.88hijklm 10.50 + 0.88ijklm 11.00 =+ 0.88jklmn 11.00 + 0.88jklmn
0.88bcdefghij
0.02 2.50 + 7.50 + 8.50 + 0.88efghijk 9.50 + 0.88 12.00 + 0.88aklmn 14.00 + 0.88lmn 14.50 + 0.88mn 16.00 + 0.88n
0.88abced 0.88defghijk ghijklm

Means of the same letter do not differ significantly between treatments (p < 0.05) using Tukey’s test.
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Table 3

Mean mortality time records of Ae. aegypti larvae exposed to naphthalene, and naphthalene with kerosene at different concentrations.

Treatment Conc. Time mortality (minutes)
(%)
10 15 20 30 40 50 60 80
Larvae
Water 0.00 0.00 + 0.00 + 1.59a 0.00 + 1.59a 0.00 + 1.59a 0.00 + 1.59a 0.00 + 1.59a 0.00 + 1.59a 0.00 + 1.59a
1.5%a
Naphthalene 0.005 0.00 + 0.00 + 1.59a 2.00 + 1.59abcde 4.50 + 1.59abcdefghi 7.50 + 9.50 + 11.00 + 12.50 +
1.59a 1.59abcdefghijkl 1.59abcdefghijklm 1.59defghijklmn 1.59ghijklmn
0.01 0.00 + 0.00 + 1.59a 3.50 + 1.59abcdefg ~ 5.50 + 10.00 + 12.50 + 1.59ghijklmn 14.50 + 1.59jklmn 14.50 +
1.59a 1.59abcdefghij 1.59bcdefghijklm 1.59jklmn
0.02 0.00 + 5.00 + 6.00 + 10.50 + 16.00 + 1.59klmn 16.50 + 1.591lmn 18.00 £+ 1.59mn 19.00 + 1.59mn
1.59a 1.59abcdefghij 1.59abcdefghij 1.59cdefghijklmn
Kerosene & 0.005 0.00 + 0.00 + 1.59a 1.00 + 1.5%a 1.50 + 1.59abcd 2.50 + 1.59abcdef 5.00 + 1.59abcdefghij  9.50 + 13.50 +
Naphthalene 1.59a 1.59abcdefghijklm 1.5%hijklmn
0.01 1.00 + 2.00 + 1.59abcde 2.00 + 1.09abcde 3.00 + 1.59abcdefg 6.00 + 11.50 + 14.00 + 1.59ijklmn 16.00 +
1.59a 1.59abcdefghij 1.59efghijklmn 1.59kImn
0.02 0.50 + 4.00 + 6.50 + 7.00 + 7.50 + 12.00 + 16.00 + 1.59klmn 20.00 + 1.59n
1.59ab 1.59abcdefgh 1.59abcdefghijk 1.59abcdefghijkl 1.59abcdefghijkl 1.59fghijklmn

Means of the same letter do not differ significantly between treatments (p < 0.05) using Tukey’s test.
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3.3. Toxic concentration assay

The summary of toxic concentration model of Ae. aegypti larvae and pupae exposed to naphthalene, and naphthalene with kerosene
in Table 4. Naphthalene exposed to Aedes larvae and pupae showed that LCsy and LCgs values between 0.002 and 0.018%, and
0.021-0.051% respectively. Similarly, LCsy and LCgs values of naphthalene with kerosene were between 0.002 and 0.007%, and
0.015-0.035%. This suggests that the concentrations in part per thousand were effective in the mortality of the mosquitoes.

3.4. Adult emergence and inhibition

Adult emergence in pupae exposed to naphthalene, and naphthalene with kerosene at different concentrations is shown in Fig. 2.
Apart from control where 100% emergence was observe, Aedes pupae exposed to 0.005% naphthalene had more adult emergence than
in others and the differences between the adult emergence were significant (p < 0.05). Model prediction of emergence inhibition of
pupae exposed to naphthalene, and naphthalene with kerosene at different concentrations is shown in Fig. 3. Mean emergence in-
hibition was 95.33 and standard deviation was 3.31. The likelihood of inhibition using Chi-square test was 7.77 and the difference was
significant p = 0.005. Emergence inhibition for 50% and 95% (EI5y and Elgs) was 0.001 and 0.008.

4. Discussion

This study examined the effectiveness of naphthalene and its combination against the activities of larvae and pupae of Ae. aegypti
mosquitoes in Ika North East LGA, Delta State, Nigeria. We found a pattern of increased mortality and reduced adult emergence in the
concentrations of naphthalene and its combination with kerosene, which is similar to that reported in their use on subterranean
termites in laboratory conditions (Ojianwuna et al., 2021a, 2021b). Similar observation of high effectiveness was made in the study of
Enwemiwe et al. (2020), where combination of kerosene and naphthalene was used in the treatment of flea lesions on the body of
heavily, moderately and mildly infected persons in Igbokoda, Ondo State, Nigeria. This is the first study reporting the effectiveness of
naphthalene and its combination on the activities of Aedes mosquitoes. However, one would expect that naphthalene which have a
long term history in their use as insecticidal substance would have studies reporting their trials. This deficiency may be traceable to the
toxic nature of this substance as perceived by many scholars. A study by Manoguerra et al. (2008) and Marwah and Marwah (2014)
have amongst other studies highlighted the levels of fatality when naphthalene is mistakenly ingested. The consequences of naph-
thalene and kerosene may be severe when mistakenly ingested, as they have been reported as toxic substances (Venkatesh et al., 2011;
Dayasiri et al., 2017). Ingestion is possible when these substances are used to fight against the activities of household insect pest where
children are present.

In this present study, it was observed that mortality was highest in larvae of Aedes exposed to 0.02% kerosene and naphthalene, and
followed closely by 0.02% naphthalene. The mortality recorded in this study could be explained following the mechanisms of actions
as described by Li et al. (2011) and Maiyoh et al. (2015). This explanations are linked to the observations made during the exposures
which pointed that the chemical constituents of these substances might have interrupted the functioning of the siphon, the respiratory
organ of the larva. Thus, probably causing larvae not to feed. It was also reported in this present study that low concentration of
naphthalene caused lowest mortality in pupae. Mortality of the Ae. aegypti pupae was generally lower compared to larvae in this study.
This could be due to that pupae case shielded them from the effect of the chemical substance in treatments. Significant mortalities were
recorded in the various concentrations exposed to pupa and larva of Ae. aegypti (p < 0.05). The effect of kerosene alone has also been
reported in the study of Ojianwuna et al. (2021a) and their efficacy was high causing complete mortality in optimum concentrations.
Naphthalene has been reported as potential substances against insects in several studies. Amongst these studies is the work of Fu et al.
(2015), which reported the toxicity of oil of naphthalene plant against the activities of the workers of red imported fire ant and the
toxicity occurred in a short time. Further to their use, the study of Obeng-Ofori et al. (1998) have shown the contact toxicity of
naphthalene (concentrations between 100 pg and 100 mg) on stored product insect pest with mortalities above 70% in maize weevil,
groundnut weevil, red flour beetle, and large grain borers. Growth and development activities of these insects were reportedly
inhibited in treated grains. Naphthalene in combination with other substances caused high mortality in lesser grain borer (Bekele and
Hassanali, 2001) and rice weevil (Rozman et al., 2006).

Table 4

Toxic concentration model of Ae. aegypti larvae and pupae exposed to naphthalene, and naphthalene with kerosene.
Treatments N Regression line Pearson XZ goodness of fit (p-value) LCsp (95% CI) LCos (95% CI)
Larvae
Naphthalene 40 Y = 87.16-0.18x% 14.17 (0.000) 0.002 (—0.009-0.006) 0.021 (0.016-0.036)
Kerosene and Naphthalene 40 Y =130.57-0.29x 19.23 (<0.0001) 0.002 (—0.006-0.005) 0.015 (0.012-0.025)
Pupae
Naphthalene 40 Y = 48.72-0.85x% 6.76 (0.009) 0.018 (0.013-0.037) 0.051 (0.034-0.176)
Kerosene and Naphthalene 40 Y = 59.20-0.44 x 9.52 (0.002) 0.007 (—0.002-0.011) 0.035 (0.025-0.080)

N: Total number of mosquitoes assayed; 50% and 95% lethal concentration, LCso and LCys, are in g for naphthalene and g/mL for naphthalene with
kerosene; 95% confidence interval CI; p > 0.05 suggests a well-fitting model, p < 0.05 suggests an invalid model population.
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Fig. 2. Adult emergence in pupae exposed to naphthalene, and naphthalene with kerosene at different concentrations. (p = means of the same letter
do not differ significantly between treatments (p < 0.05) using Tukey’s test). Note: CP means naphthalene, PUP = pupae, and CP + KS = naph-
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Fig. 3. Model prediction of emergence inhibition of pupae exposed to naphthalene, and naphthalene with kerosene at different concentrations.

Our findings in this present study revealed that mortality increased with reduced time, high concentration favoured higher
mortalities and adult emergence were not common when naphthalene and kerosene was combined. This was reflected in the high
mortality recorded in 0.02% kerosene and naphthalene combination at 80 min post exposure time with Aedes pupae. Remarkable
correspondence was observed with mortality recorded in 0.02% naphthalene at 60 and 80 min and with 0.01% kerosene and naph-
thalene at 50, 60 and 80 min. This shows that the study of these substances are important in controlling populations of Aedes
mosquitoes and in reducing their activities in as they breed in their various habitats. In the naphthalene group where adult emergence
was observed, adults that came into contact with the floating clumps of naphthalene were suffocated to death and left floating with the
clumps. This observation may be linked to the mechanism of action reported by Li et al. (2011). With reference to the residual effect of
naphthalene and kerosene, the former had higher residual effect compared to the later. However, kerosene had quick action of
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blocking siphon of larvae since they had higher tendency of spreading throughout the surface of water. The study of Djouaka et al.
(2007) supported the observations made in this study. Another study by Maiyoh et al. (2015) explained in detail the mechanism of
action which could be linked to the observation in this study. There was no corresponding increase in the activity of larvae and pupae
exposed to the treatments as compared to the control. These observations suggest that while searching for alternative substance with
great potentials of reducing larval and pupal activities, naphthalene could be the best candidate as issues of eco-toxicity could be
reduced.

Furthermore, on the time mortality, no mortality was observed in larvae and pupae exposed to all concentration of naphthalene
from 10 to 20 min. Both treatments were immiscible. However, that naphthalene did not result in immediate mortality showed that
they lack the tendency of covering the surface of water. It also shows that these larvae maneuvered the clumps of floating naphthalene.
More so, no mortality was recorded in Aedes pupae exposed to 0.005% of kerosene and naphthalene at 10 min. No larval mortality was
equally recorded at 10 min in all concentrations of naphthalene and 0.005% of naphthalene and kerosene at 10 min. Similar trend was
observed in 0.005% and 0.01% of naphthalene at 15 min and 0.005% of naphthalene and kerosene at 15 min. It could also mean that
kerosene was not sufficient enough to cause siphon blockage and that pupal case interrupted effectiveness of treatment. Significant
time mortalities was recorded in larvae and pupae exposed to the various concentration of treatments at other time.

Lethal concentration of mortality (LCsg and LCys) showed that naphthalene exposed to Aedes larvae and pupae was between 0.002
and 0.018%, and 0.021-0.051% respectively. Which predict that higher concentrations would cause complete mortality. Similarly,
lethal concentration (LCsg and LCgs) of naphthalene with kerosene was between 0.002 and 0.007%, and 0.015-0.035%. This showing
that concentrations above 0.02 of naphthalene and kerosene mixture could be best to cause complete mortality in field trials. This did
not correspond to the observations made in the study of Bekele and Hassanali (2001) and Rozman et al. (2006). This may be due to the
fact that they were insect pests of stored products rather than mosquitoes and their resistant or susceptibility levels may be different.
The finding of this study corresponded to the lethal concentration reported in Ojianwuna et al. (2021a). Considering the inhibition of
emergence, Aedes pupae exposed to 0.005% naphthalene had more adult emergence than in other concentrations and the differences
between the adult emergence were significant (p < 0.05). Emergence was 100% in mosquitoes exposed to water (control) after five to
seven days in larvae and pupae. Emergence inhibition for 50% and 95% (El5y and Elgs) was 0.001 and 0.008. This suggests that
concentrations between this predictions would favour adult emergence inhibition.

5. Conclusion

This study has shown that higher concentrations of naphthalene singly and their combinations with kerosene caused high mortality
in larvae and pupae of Ae. aegypti mosquitoes. Larvae and pupae mortality being recorded highest after 80 min of post exposure. The oil
smear made on water surface by kerosene and clumps of floating naphthalene were remarkable traits for mortality in this study.
Therefore, adopting the treatment of potential breeding habitats of Aedes mosquitoes with these substances in field trials and

implementing sensitization programs involving the application of these substances would be key to bringing immature stages of Aedes
mosquitoes in this endemic area to reduction as well as the disease outbreaks.
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