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Abstract: The larvicidal efficacy of conventional form (non-capsulated) and different nano-
encapsulated formulations of Temephos and Imidacloprid were evaluated against Anopheles stephensi. 
Biocompatible and biodegradable polymer, Polyethylene glycol (PEG) has been used as carrier and act 
as nano-dispersion capsules loaded with insecticide, Temephos and Imidacloprid. The nanoformulations 
were prepared by melt-dispersion method in different ratios of temephos (1%-16%) and imidacloprid 
(1%-8%). Studies have demonstrated that the larvicidal potentiality of PEG with optimum loading of 8% 
temephos have LC50 values 0.163, 0.113 and 0.024 mg/L and LC90 values 0.834, 0.356  and 0.149 mg/L 
after 24, 48 and 72 hrs were more effective as compared to their other nano-formulations. The amount 
of temephos released at LC50 and LC90 were 0.013, 0.009, 0.001 mg/L and 0.067, 0.028 and 0.012 mg/L 
after 24, 48 and 72 hrs of exposure period which is lesser than their conventional counterpart. The 
temephos loaded nano-capsules were able to rapidly resolve in the aqueous solution and with mean 
size of 129.5 nm. The preparation method of nanopesticides was mild, simple, low cost and ecofriendly. 
The results reveals that nanopesticides are more economical and ecofriendly due to controlled slow 
release. Thus, nanoencapsulation technique can be considered as an innovative alternative approach to 
combat mosquito vectors.  
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INTRODUCTION 

Nanotechnology has brought enormous amount of manufactured nanoparticles in the various 

areas of science, mainly due to its widespread application in a broad range of subjects including 

engineering, medicine, agriculture, chemistry, biology to applied sciences (that is electronics 

and materials). In recent years, there has been considerable interest in exploring the potential 

of nonotechnology in encapsulation at nanoscale (1nm=10ς9 m) that is nanoencapsulation. 

Nanoencapsulation is a process of coating or encapsulation of nanoparticles such as an 

insecticide using biodegradable polymeric matrix material (Bhattacharyya et al. 2010)1.  

Nanoparticles have a major challenge due to the extremely small size, high surface energy, and 

high surface area. These characteristics could comprise possible advantages as faster 

dissolution, improved penetration, reduced active amount or better distribution of small 

amounts of active substances over larger area (Hack et al. 2012)2.  

Mosquitoes are the oldest human enemy and pose the greatest threat to public health because 

of their ability to act as vectors of pathogens causing dreadful diseases that afflicts millions of 

people worldwide (Fakoorziba et al. 20153; Bhan et al. 20134). An. stephensi (L.) is the potential 

vector of malaria, one of the most prevalent diseases in the tropical world. This species prefers 

to breed in small synthetic water collections and is responsible for frequent outbreaks of 

malaria, particularly at construction sites in urban areas (Kovendan et al. 2011)5. Different 

Anopheles species are responsible for malaria transmission, depending on the region and the 

environment (Burfield and Reekie 2005)6 and in India it is transmitted by six vector species, in 

which An. stephensi is recognized as a major vector for urban areas in India (Senthilkumar et al. 

2009)7. Malaria has been considered as the ninth largest cause of death and disability globally 

(WHO 2008)8. This life-threatening disease is caused by four Plasmodium parasites viz. P. 

falciparum, P. vivax, P. malariae, P. ovale. Recently, fifth plasmodium species, P. knowlesi has 

been identified. In India, the most common and deadliest species is P. falciparum causing about 

52% of the total malaria cases in 2010 (Dua and Acharya 2012)9. It is a serious scourge inflicted 

upon humanity as it causes human mortality and morbidity along with great financial loss 

(Salunkhe et al. 2011)10. Despite considerable worldwide efforts made in recent years to control 

malaria, the disease is still a major public health problem with nearly 250 million cases and 

about one million deaths each year.  

Extensive insecticidal applications has provoked undesirable effects, which results in the 

inevitable transport of these chemicals and their degradation products to surrounding non-

target organisms, fostered environmental and human health concerns (Santhoshkumar et al. 

2010)11. Moreover, the poor solubility of pesticides in water and use of various organic solvents 

for their dissolution causes more environmental contamination by the solvent itself (Weber et 

al. 201012; Hayward et al. 201013). The recent advancements in nano-scale techniques hold the 



Research Article                                   CODEN: IJPRNK                                         ISSN: 2277-8713                                                       
C. N. Srivastava, IJPRBS, 2015; Volume 4(4): 261-277                                                     IJPRBS 
 

Available Online at www.ijprbs.com 
263 

promise of controlled release and targeted delivery of various macromolecules for enhanced 

plant growth, pest control, and nutrient utilization (Nair et al. 201014; Ghormade et al. 201115). 

Despite their efficacy and potential beneficial effect on the environment nanoformulation of 

pesticides is not particularly common, research on nanopesticides is still in its infancy.  

There is a need to fight the vectors using methods that would not be so aggressive to the 

environment around their breeding sites. The delivery of pesticide in nano-form could be a 

contemporary way towards controlling mosquito vectors and a preventive measure to reduce 

the discharge of more toxic substances to the environment. In the present study, toxicity of 

nano-temephos and nano-imidacloprid were assessed against An. stephensi and compared with 

its pure form. 

MATERIALS AND METHODS 

Materials  

Temephos (50% EC) from Bayer, Imidacloprid (17.8% SL) from Cohigan and Polyethylene glycol 

6000 (PEG) were purchased from Merck. Deionized water was used for conducting all 

experiments. Other chemical reagents used were commercially available and were of analytical 

grade. 

Rearing of Test organisms 

The malarial vector, An. stephensi was reared in the laboratory, maintained continuously at 

27±2º C and 70-80% relative humidity under a photoperiod of 14:10 h (light/dark) without 

exposure to pathogens or insecticides. The larvae were continuously supplied with powdered 

ōǊŜǿŜǊΩǎ ȅŜŀǎǘΦ CǊŜǎƘƭȅ ƳƻƭǘŜŘ оrd instar larvae were collected for the larvicidal bioassay. 

Synthesis of non-capsulated synthetic pesticides 

The stock solutions of Temephos and Imidacloprid of 10 and 100 mL/L were obtained by 

diluting 0.01 and 0.1 ml in 1000 ml of deionised water. Test concentrations for both pesticides 

of 250 ml were prepared ranging from 0.002 to 0.01 mL/L for temephos and 0.005 to 0.04 mL/L 

for imidacloprid in 500 ml capacity of Borosil beakers by further diluting these concentrations 

for the experiments. 

 Synthesis of Nanoencapsulated synthetic pesticides 

Nanoparticles were prepared by using melt-dispersion method (Peng et al. 2008)16. Different 

parts of PEG (6000) viz. 49.5, 49.0, 48.0, 46.0 and 42.0 g were heated separately at 65º C. To 

these molten PEG, different parts 1%, 2%, 4%, 8% and 16% (w/v) of temephos were mixed and 

stirred gently with the help of glass rod to ensure even distribution of the mixture. The mixtures 
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were allowed to cool at room temperature and the solidified mass was grounded completely in 

a mortar and sieved using a 200 mesh sieve. The resultant powders were finally placed in 

airtight, self-sealable polyethylene containers and stored at 25º C in desiccators containing 

calcium chloride to prevent moisture absorption prior to further experiments. Similar 

procedure was depicted for nano-imidacloprid formulations by melting four different parts of 

PEG (49.5, 49.0, 48.0 and 46.0 g) mixed with 1%, 2%, 4% and 8% (w/v) of imidacloprid 

respectively. 

The nanopesticides stocks were prepared by diluting 0.025 g in 50 ml of deionised water to 

obtain 500 mg/L stocks independently. The different 1%, 2%, 4%, 8% and 16% formulations of 

nano-temephos were diluted independently to obtain test concentrations ranging from 0.5 to 5 

ppm, 0.5 to 2.5 mg/L, 0.2 to 1.5 mg/L, 0.07 to 0.6 mg/L and 0.1 to 0.5 mg/L. Similarly, nano-

imidacloprid formulations of 1%, 2%, 4% and 8% ratios were diluted independently to obtain 

test concentrations ranging from 0.5 to 5 mg/L, 0.5 to 2.5 mg/L, 0.2 to 1.5 mg/L, 0.07 to 0.6 

mg/L and 0.1 to 0.5 mg/L.  

Bioassay of non-capsulated synthetic pesticides 

The larvicidal toxicity of temephos and imidacloprid against 3rd instar larvae, An. stephensi was 

evaluated by using the WHO standard procedure (WHO 2005)17. Twenty larvae were collected 

and placed in a 250 mL beaker containing 200 mL of water. They were then transferred gently 

to different working test concentrations with a control individually. Controls were kept with 

Deionised water without any pesticide. Triplicates of all the experiments were arranged at 

ambient temperature (27±2º C) and 70-80% relative humidity. For nutrition larvae were fed 

with a small aliquot of yeast powder. Regular loss of water from experimental series was 

adjusted by adding required quantity of water up to the marking on the experimental beakers. 

Larval mortality in both treated and controls were observed after 24, 48 and 72 hrs of exposure. 

The larvae were considered dead if they were immobile and unable to reach the surface of 

water (Macedo et al. 1997)18. 

Bioassay of nanoencapsulated synthetic pesticides 

Larvicidal activities of different formulations of nano-temephos and nano-imidacloprid were 

performed against An. stephensi. The larvicidal tests were performed according to World Health 

Organization standard protocol (WHO 2005)17 with the same procedure as conducted for the 

conventional pesticides as depicted above. All the tests were arranged with control (blank) with 

unloaded nanoparticles (PEG) under the same test conditions.  
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Statistical analysis 

Probit analysis of each experiment was conducted on mortality data collected after 24, 48 and 

72 hrs of exposure period (Finney 1971)19. The experiments having more than 20% mortality in 

control were discarded and if mortality ranging 5- 20% in control, the mortality data were 

ŎƻǊǊŜŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ !ōōƻǘΩǎ ŦƻǊƳǳƭŀ (Abbot 1925)20 to remove the factors other than the 

nanopesticides. The lethal concentration for 50% and 90% mortality (LC50 and LC90) values with 

other statistical values were determined at 95% fiducial confidence intervals along with relative 

toxicity and chi-square. 

Size characterization of nanoparticles 

The morphology of the most potent nano-encapsulated form of temephos (8%) was 

determined by Transmission Electron Microscopy (TEM). For TEM studies, a small amount of 

nanotemephos was dissolved in deionised water. A drop of this solution was placed on a copper 

grid and allowed to dry in vaccum. The obtained Micrographs were analyzed using Philips 

Morgagni (M-268).  

The nanoparticles size and their distribution were analyzed with the Nanozetasizer (Malvern). 

Sample was diluted with deionised water with 0.5 g in 50 ml and filtered through a millipore 

filter to elude any contamination.  Each measurement was performed in triplicate to acquire 

accuracy of the size. 

RESULTS 

Characterisation of nanopesticides 

The average size of the nanoparticles of the most effective nano-encapsulated 8% temephos 

was 129.5 nm and their size distribution has been showed in Figure 1. The TEM study revealed 

that the nanoparticle predominates with spherical morphology and most of the nanoparticles 

were roughly shaped with smooth edges (Figure 2). 
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Figure 1 The particle size distribution histogram for polyethylene glycol (PEG) loaded with 

Temephos (Bhan et al. 2015a, b)35,36. 

 

Figure 2 Transmission electron microscopy image of polyethylene glycol (PEG) loaded with 8% 

Temephos (Bhan et al. 2015a, b)35, 36. 
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Bioassays  

The results reveal that the mortality rates of nano-temephos with 8% of imidacloprid have the 

highest efficacy amongst all nano-formulations and the conventional forms tested against 

anopheline larvae. 

Bioassay of non-capsulated synthetic pesticides 

The larvicidal efficacy of non-capsulated temephos and imidacloprid were evaluated 

individually. Results reveals that temephos was more effective than imidacloprid (Table 1 and 

Fig. 3). 

 Bioassay of nanoencapsulated synthetic formulations  

Table 2 shows the larvicidal potentiality exhibited by different nanoencapsulated formulations 

of temephos against An. Stephensi. Results illustrate that 8% formulation of temephos was the 

most effective than its other formulations. Further, the potentiality increases with the 

extending of exposure period (Fig. 4). 

Table 3 reveals the larvicidal toxicity of different nano-encapsulated formulations of 

imidacloprid against An. Stephensi. Results depicts that 4% formulation of imidacloprid was 

found to be the most effective than its other formulations. Further, the potentiality increases 

with the extending of exposure period (Fig. 5). 

Table 1 Bioefficacy of synthetic pesticides, Temephos and Imidacloprid against                           

An. stephensi. 

SE: Standard Error; UL: Upper Fiducial Limit; LL: Lower Fiducial Limit 

Synthetic 
Pesticides  

Exposure 
period 
(Hours) 

Chi-
square 

Regresion 
equation 

LC50 ±SE 
(UL-LL) 
mL/L 

Relative 
toxicity 

LC90 ±SE 
(UL-LL) 
mL/L 
 

Relative 
toxicity 

 
 
 
Temephos 
 
 

24 0.21 4.09x+11.54 0.0025±0.0004 
(0.0032-0.0018) 

7.2 0.0052±0.0009 
(0.0070-0.0033) 

9.04 

48 0.61 5.26x+13.61 0.0023±0.0003 
(0.0029-0.0017) 

5.65 0.0040±0.0006 
(0.0051-0.0029) 

8.00 

72 0.35 5.07x+13.58 0.0020±0.0003 
(0.003-0.001) 

5.00 0.004±0.0005 
(0.005-0.003) 

8.00 

 
 
Imidacloprid 

24 0.68 3.17x+7.33 0.018±0.003 
(0.024-0.012) 

1.00 0.047±0.013 
(0.072-0.021) 

1.00 

48 0.87 3.24x+7.89 0.013±0.002 
(0.018-0.007) 

1.00 0.032±0.007 
(0.047-0.017) 

1.00 

72 0.88 3.81x+8.79 0.010±0.002 
(0.015-0.006) 

1.00 0.022±0.004 
(0.031-0.013) 

1.00 
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Figure 3 Larvicidal potentiality of non-capsulated temephos and imidacloprid against                              

An. stephensi. 

Table 2 Larvicidal potentiality of different encapsulated formulations of Temephos against                      

An. stephensi 
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m
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Non-capsulated Pesticides 
24 Hours 

48 Hours 

72 Hours 

Amount of 
ingredients used 
in Encapsulation 
(%) 

Exposure 
period 
(hours) 

Chi-
Square 
 

Regression 
equation 

LC50±SE 
(UL-LL) 
mg/L 

Amount of 
pesticide 
released 
(mg/L) at 
LC50 
 

Relative 
Toxicity 

LC90±SE 
(UL-LL) 
mg/L 

Amount of 
pesticide 
released 
(mg/L) at 
LC90 

Relative 
Toxicity 

 
 
 
1(%) 
 

24 1.08 1.92x+2.09 2.49±0.49 
(3.45-1.53) 

0.025 1.00 8.94±4.34 
(17.46-0.43) 

0.089 1.00 

48 3.43 
 

2.46x+1.37 1.97±0.37 
(2.70-1.24) 

0.020 1.00 7.69±3.60 
(14.74-0.63) 

0.077 1.00 

72 
 

5.72 1.87x+2.77 1.54±0.32 
(2.18-0.91) 

0.015 1.00 7.46±2.92 
(13.19-1.72) 

0.074 1.00 

 
 
 
2(%) 
 
 

24 0.32 1.45x+3.04 1.44±0.22 
(1.87-1.00) 

0.029 1.73 4.01±1.48 
(6.82-1.21) 

0.080 2.23 

48 1.03 1.28x+3.74 0.19±0.09 
(0.37-0.03) 

0.003 9.96 1.26±0.44 
(2.12-0.39) 

0.025 6.09 

72 1.13 1.93x+4.96 0.10±0.05 
(0.19-0.014 ) 

0.002 14.85 0.48±0.18 
(0.84-0.12) 

0.009 15.51 

 
 
 
4(%) 
 

24 0.78 1.38x+4.03 0.39±0.04 
(0.47-0.31) 

0.016 6.35 0.69±0.10 
(0.89-0.49) 

0.028 12.87 

48 0.14 1.42x+4.44 0.16±0.07 
(0.29-0.03) 

0.006 12.48 0.29±0.05 
(0.38-0.19) 

0.011 26.78 

72 0.59 2.43x+5.32 0.073±0.024 
(0.12-0.03) 

0.002 21.16 0.25±0.07 
(0.38-0.11) 

0.009 30.32 

 
8(%) 
 

24 3.88 1.88x+2.45 0.16±0.04 
(0.25-0.07) 

0.013 
 

15.26 0.83±0.39 
(1.61-0.06) 

0.067 10.73 

48 2.39 1.42x+3.85 0.11±0.03 0.009 17.45 0.36±0.09 0.028 21.59 
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SE: Standard Error; UL: Upper Fiducial Limit; LL: Lower Fiducial Limit 

A) 

 

B) 

 

Figure 4 Toxicity of different encapsulated Temephos nanoformulations with the amount of 

pesticide released at (A) LC50 and (B) LC90 against anopheline larvae. 
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 (0.17-0.06) (0.54-0.17) 
72 0.97 1.61x+6.00 0.02±0.01 

(0.05-0.002) 
0.001 64.37 0.15±0.05 

(0.26-0.04) 
0.012 50.06 

16% 24 0.62 1.91x+4.98 0.10±0.04 
(0.18-0.09) 

0.016 24.39 0.48±0.19 
(0.86-0.09) 

0.076 18.68 

48 0.77 2.84x+5.52 0.06±0.03 
(0.13-0.003) 

0.010 30.34 0.18±0.04 
(0.27-0.09) 

0.039 41.55 

72 1.35 2.05x+5.96 0.034±0.012 
(0.06-0.011) 

0.005 45.44 0.14±0.04 
(0.22-0.06) 

0.023 51.79 
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Table 3 Larvicidal potentiality of different encapsulated formulations of Imidacloprid against 

An. stephensi. 

SE: Standard Error; UL: Upper Fiducial Limit; LL: Lower Fiducial Limit 

 

 

 

 

 

 

Amount of 
ingredients 
used in 
Encapsulation 
(%) 

Exposure 
period 
(hours) 

Chi-
Square 
 

Regression 
equation 

LC50±SE 
(UL-LL) 
mg/L 

Amount of 
pesticide 
released 
(mg/L) at 
LC50 
 

Relative 
Toxicity 

LC90±SE 
(UL-LL) 
mg/L 

Amount of 
pesticide 
released 
(mg/L) at 
LC90 

Relative 
Toxicity 

 
1(%) 
 

24 2.11 
 

1.92x+2.09 3.30±0.83 
(4.94-1.66) 

0.033 1.00 15.39±7.79 
(30.66-0.13) 

0.15 11.04 

48 2.37 2.46x+1.37 3.01±0.63 
(4.24-1.78) 

0.030 1.00 10.01±3.59 
(17.04-2.98) 

0.10 1.00 

72 2.31 1.76x+2.70 2.03±0.53 
(3.07-0.98) 

0.020 1.00 10.89±5.39 
(21.45-0.34) 

0.11 1.00 

 
2(%) 
 
 

24 4.27 1.45x+3.04 2.23±0.63 
(3.46-0.99) 

0.044 1.48 16.99±8.53 
(33.72-0.26) 

0.34 1.00 

48 3.99 1.28x+3.74 0.95±0.29 
(1.54-0.36) 

0.019 3.17 9.45±4.74 
(18.73-0.16) 

0.19 1.06 

72 3.04 1.39x+3.98 0.55±0.18 
(0.89-0.20) 

0.011 3.72 4.57±2.00 
(8.51-0.64) 

0.09 2.38 

 
4(%) 
 

24 2.82 
 

1.38x+4.03 0.49±0.15 
(0.78-0.21) 

0.020 6.62 4.22±2.12 
(8.38-0.07) 

0.17 4.02 

48 2.21 1.42x+4.44 0.25±0.08 
(0.39-0.09) 

0.009 12.24 1.97±0.95 
(3.83-0.11) 

0.08 5.08 

72 1.21 1.57x+4.62 0.17±0.06 
(0.28-0.06) 

0.006 11.67 1.15±0.49 
(2.11-0.19) 

0.05 9.48 

 
8(%) 
 

24 1.78 
 

1.88x+2.45 2.25±0.59 
(3.41-1.09) 

0.180 1.46 10.83±4.67 
(19.99-1.68) 

0.87 
 

1.57 

48 1.26 1.42x+3.85 0.64±0.19 
(1.03-0.28) 

0.051 
 

4.71 5.07±2.57 
(10.10-0.33) 

0.40 1.97 

72 2.07 1.43x+4.65 0.17±0.06 
(0.29-0.06) 

0.014 11.6 1.38±0.64 
(2.63-0.12) 

0.11 7.92 



Research Article                                   CODEN: IJPRNK                                         ISSN: 2277-8713                                                       
C. N. Srivastava, IJPRBS, 2015; Volume 4(4): 261-277                                                     IJPRBS 
 

Available Online at www.ijprbs.com 
271 

A) 

 

B) 

 

Figure 5 Toxicity of different encapsulated Imidacloprid nanoformulations with the amount of 

pesticide released at (A) LC50 and (B) LC90 against anopheline larvae. 
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DISCUSSION 

Nanoparticles have become most vital field of research owing to their small size and large 

surface area and because they exhibit unique properties not seen in bulk materials. However, 

application of nanoparticles in insect pest management and mosquito control is still at 

rudimentary stage. Researchers are extremely paying attention in synthesizing nanoparticles of 

diverse importance employing many of the valuable metals like gold (AuNPs) and silver 

nanoparticles (AgNPs) against mosquitoes and pests. Synthesized silver nanoparticles (AgNPs) 

using Euphorbia hirta plant leaf extract has been tested against malarial vector, An. stephensi 

larvae (Priyadarshini et al. 2012)21. AgNPs using leaf aqueous extract of Tinospora cordifolia 

Miers against the head louse, Pediculus humanus capitis and fourth instar larvae of malarial 

vector, Anopheles subpictus Grassi and filariasis vector, Culex quinquefasciatus (Chidambaram 

et al. 2011)22.  

In recent years, biodegradable polymeric NPs have attracted considerable attention as 

potential pesticide delivery devices in view of their applications in the control release (CR) of 

pesticide, their ability to target particular organism. Our study represents the most outstanding 

contributions in the field of biodegradable polymeric nanoparticles used as pesticide delivery 

systems. The nanoformulations of temephos and imidacloprid were prepared by melt-

dispersion method, an easy and most economical method for preparing pesticide loaded 

nanoparticles (Peng et al. 2008)16. PEG has been selected in our work as a polymeric matrix as it 

possesses various outstanding properties including biodegradable, biocompatible, 

hydrophilicity and lack of toxicity (Yang et al. 2009)23. In addition, nano-encapsulation renders 

liquid form of pesticides into powdered form to prevent clumping and improve mixing and 

helps in occlusion of their odor (Soraf 2007)24. Thus, nanomodification of temephos and 

imidacloprid significantly enhance their pesticidal life, make them easily dispersible powders 

and also improves their specificity.  

The LC50 of nano-temephos (8%) were 0.163, 0.113 and   0.024 mg/L and for nano-imidacloprid 

(4%) LC50 values were 0.020, 0.009 and 0.006 mg/L after 24, 48 and 72 hr of exposure periods. 

However, the developed nano-temephos (8%) and nano-imidacloprid (4%) show delayed initial 

larvicidal activity at 24 but at 48 and 72 hr they show highest efficacy than their conventional 

counterparts. The amount of pesticides released in nano-temephos (8%) at LC50 was 0.001 mg/L 

after 72 hr which is much lesser than LC50 of temephos 0.002 mg/L after 72 hr. Likewise, 

pesticides released in nano-imidacloprid (4%) at LC50 was 0.009 and 0.006 mg/L after 48 and 72 

hr which is much lesser than LC50 of imidacloprid 0.013 and 0.010 mg/L after 48 and 72 hrs of 

exposure, respectively. The rate of release of pesticide (temephos and imidacloprid) from CRF 

was much slower than their conventional forms. It was also noted that the toxicity of the 

encapsulated nanopesticides gradually increased with increase in time as compared to 
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conventional pesticides. This observation is supported by the findings of Yang et al. (2009)23. 

The application of control release formulation regulates the supply of temephos and 

imidacloprid at the required rate for mosquito control thus reducing the amount of pesticide 

introduced in the environment and protecting it from its deleterious effects. Similar work has 

been observed for imidacloprid and isoproturon- controlled release formulations from alginate-

bentonite-activated carbon formulations (Herrera et al. 2006)25 and for the development of 

controlled release formulations of imidacloprid employing novel nano-ranged amphilic 

polymers (Adak et al. 2012)26. 

Further, similar work was observed by various workers. The relative larvicidal toxicity of nano-

encapsulated Temephos and Imidacloprid against Cx. quinquefasciatus (Bhan et al. 2014a)27. 

Entomotoxicity of silica nanoparticles were tested against rice weevil, Sitophilus oryzae and its 

efficacy was compared with its bulk form (Debnath et al. 2010)28.  Preparation of water 

dispersible nanopermethrin using solvent evaporation and they were investigated for its 

larvicidal property against Cx. quinquefasciatus. The results showed that the nanopermethrin 

was more potent in its larvicidal effect (0.117mg/l) than the bulk form of permethrin 

(0.715mg/l) (Anjali et al. 2010)29.  Comparison of six different types and concentrations of 

alginate for encapsulation of Lagenidium giganteum against Cx. quinquefasciatus larvae and 

found that fungus within the lower concentration alginate is more effective (Patel et al. 1990)30. 

Cashew gum (CG) nanoparticles as protective coating of a natural larvicide extracted from 

Moringa oleifera seeds and evaluated its larval activity against Stegomya aegypti with 98±3 % 

mortality (Paula et al. 2011)31. The toxicity of nano-imidacloprid was directly evaluated against 

the adult, Martianus dermestoides (Guan et al. 2008)32. The study of formulation and release 

kinetics of novel Imidacloprid nano-formulation in soyabean fields (Guan et al. 2010)33. 

Recently, Rai and Ingle reviewed the applications of nanotechnology in controlling and 

management of pests in agriculture (Rai and Ingle 2012)34. Photo and thermal sensitivity of 

nanoencapsulated Temephos and Cuscuta reflexa combination were studied on mosquito 

larvae, An. stephensi and Cx. quinquefasciatus (Bhan et al. 2015a,b)35,36.  The study on the 

bioefficacy of nanoencapsulated Aspergillus flavus and Cuscuta reflexa combination were done 

against anopheline and culicine larvae (Bhan et al. 2014b)37. 

The present work reveals that nanopesticides requires less of the pesticide, eliminates the 

ƴŜŎŜǎǎƛǘȅ ƻŦ ǳǎƛƴƎ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘǎ ƛƴ ǘƘŜ ŦƻǊƳǳƭŀǘƛƻƴΣ ŀƴŘ ǇǊŜǎŜƴǘǎ ŀ ƳǳŎƘ άƎǊŜŜƴŜǊέ 

method for mosquito control. Thus, pollution load from nanopesticides could be significantly 

reduced. Nanopesticides could serve as an environmental friendly and effective insecticide with 

selective toxicity to insect pests. In the tested target species, nanomodified pesticide caused a 

greater toxic response at lower concentration compared to their conventional counterparts. It 
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can be concluded that formulated nano-temephos with 8% loading can be used as a safe and 

effectual alternative to commercially available temephos formulation in mosquito control. 
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