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Abstract  
In this study, silica nanoparticles (SNPs) were prepared by sol-gel technique. Chlorpyrifos (40.8% 
EC) was loaded on the SNPs by immersion loading method. The Specific surface area (SBET) of 
nanosilica was characterized by BET�and recorded 102.24 m2/g. Loading efficiency of chlorpyrifos-
loaded in silica nanoparticles (Ch-SNPs) was measured 86.79% using UV-VIS spectrophotometer. 
According to FT-IR results, chlorpyrifos properties remained intact after loading on nanosilica 
because of physical adsorption process of the insecticide in the pores. The residual toxicity of Ch-
SNPs was assessed against two stored product insect species, Rhyzopertha dominica F. and Tribolium 
confusum Jacquelin du Val. on Petri dish, galvanized steel, mosaic and concrete surfaces. Residual 
toxicity was evaluated 7, 15, 30, 45 and 60-day post treatment. For each post treatment, the mortality 
was counted after 6, 24, 48 and 72 h of exposure.� The mortality increased with increasing 
concentration of insecticide and time exposed to each concentration. According to the results, the Ch-
SNP was effective against the both pest species, but the toxicity varied depending on the surface 
material. Ch-SNPs provided long-term protection on petri�dishes against the pests, whilst concrete 
followed by mosaic surfaces with less protection. For instance, R. dominica mortality percentage after 
24 h exposure to Petri dish, galvanized steel, mosaic and concrete treated with 0.2 mg cm-2 Ch-SNP 

was 100, 82.8, 40 and 1.4%, whereas the mortality was 100, 97.1, 20 and 18.5 % for T. confusum at 
60-day post-treatment, respectively.   
Keywords: Chlorpyrifos, controlled release, insecticidal efficacy, silica nanoparticles, sol-gel 
technique. 
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Introduction 

Residual insecticides have been used for protection of storage facilities. They are 

easily applied, lacking specialized equipment and compatible with international grain trade. 

They are also cost-effective products that successfully control a wide range of stored 

product insect pests (Obeng-Ofori, 2010). The application of organophosphate insecticides 

(pirimiphos-methyl, dimethoate, etc.), pyrethroids (cypermethrin, deltamethrin,  

b-cyfluthrin, etc.), insect growth regulators (IGRs) (methoprene and pyriproxyfen), and 

neonicotinoids (thiamethoxam) have been studied for protection of stored products in 

structures (Andric et al., 2014; Arthur, 2004; Athanassiou et al., 2011; Athanassiou et al., 

2015; Ghimire et al., 2016; Velki et al., 2014).  

Application of nanopesticides containing inorganic nanoparticles (e.g.,�silica, titanium 

dioxide) has been recently tested for controlling pests (Kah and Hofmann, 2014). The large 

surface area to volume ratio of nanoparticles makes them more toxic against insect pests 

(Goswami et al., 2010). There have been considerable researches on insecticidal efficacy of 

silica nanoparticles (Barik et al., 2012; Debnath et al., 2012; Debnath et al., 2011; Rouhani 

et al., 2012; Sabbour, 2013). The insecticidal mode of action of silica nanoparticles is 

reported as desiccation and absorption of wax layer of insect cuticle and also cell lysis 

resulting in insects� death. According to International Agency for the Research of Cancer 

(IARC), amorphous silica belongs to group 3; and not rated as carcinogen (Barik et al., 

2012). Nanopesticides seem to be environmentally friendly (Jiang et al., 2010); however, 

several factors such as types of nanocarriers used in their formulation, size and release 

profile of nanoparticles, transport, relocation, and bioavailability of an active ingredient 

(AI) influence their environmental fate (Kah and Hofmann, 2014). 

Porous hollow structure of silica nanoparticles (PHSNs) makes it as a good carrier 

material for slow and controlled release of active substances such as pesticides (Wang  

et al., 2014), enhancing pesticides bioavailability and reducing their toxicity to the 

environment leading to the optimization of synthetic pesticide applications (Liu et al., 

2006). PHSNs have been provided as a carrier for the slow release of avermectin by a 

simple immersion loading method (Li et al., 2006; Wen et al., 2005).  
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The aims of the current study was to synthesize silica nanoparticles as a carrier to 

study loading efficiency and residual toxicity of chlorpyrifos-loaded silica nanoparticles 

(Ch-SNPs), as structural treatment on galvanized steel, mosaic and concrete surfaces for 

controlling adults of Rhyzopertha dominica F. (Coleoptera: Bostrychidae) and Tribolium 

confusum Jacquelin du Val. (Coleoptera: Tenebrionidae). 

 

Materials and methods 

Insecticide  

Commercial formulation of chlorpyrifos 40.8% EC (Agriphar, Belgium) was applied 

for the experiments.  

 

Materials  

Ethanol (99.9%, Merck), C16TAB (Hexadecyl Trimethyl Ammonium Bromide; 

Merck KGaA- Germany), ammonium hydroxide (28%,�Wako), and TEOS  (Tetraethyl 

orthosilicate; 99.9%, Sigma-Aldrich).  

 

Nano silica preparation  

The SNPs were prepared by sol-gel process by the method of Rao et al. (2005) with 

some modifications. At the first step, C16TAB (0.22 g) was added to the ethanol medium 

(deionized water 133 ml: ethanol 1 ml), as a surfactant, to increases the pore size of 

nanosilica. Ammonium hydroxide (2 M, 11 ml) was added, as a catalyst, to promote the 

condensation reaction to sodium acetate (0.034 g) and the solution was added to the ethanol 

medium and stirred for 10 min with the speed of 200 rpm. Then, TEOS as an organic 

source of silica, was added dropwisely to the solution and stirring followed for 2.5 h to get 

a white turbid suspension. The gel suspension was washed in a filter paper with deionized 

water to remove impurities. All the preparation steps were conducted at room temperature. 

The gel was dried in an oven set at 70ᵒC for 5 h. The C16TAB and other organic 

impurities were removed by calcination at 560ᵒC at 1ᵒC per min for 5 h. Silica 

mesoporous material were prepared and kept in the desiccator until use. Specific surface 

area (SBET) of SNPs was measured from N2 adsorption using BET (Brunauer - Emmett - 

Teller) method by Sorptometer Kelvin 1042 and was obtained 102.24m2/g. 

 

Characterization of SNPs 

Chlorpyrifos loading 

Chlorpyrifos loading was performed using immersion loading method described by 

Wen et al. (2005) with some modifications. Chlorpyrifos dissolved in acetone (100gkg−1) 

and mixed with SNPs at a chlorpyrifos: nanosilica weight ratio of 4:1 and vortexed for 48 h 
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in a shaker with the speed of 400 rpm at room temperature. The material was washed with 

deionized water and 30% ethanol solution via centrifugation using centrifuge (S 2100 

SUV) at 13000 × g, 5° C for 10 min to remove the entrapped chlorpyrifos. The supernatant 

was stored to determine loading efficiency of chlorpyrifos in SNPs. The powder was then 

dried in a vacuum oven at 60°C for 6 h and Ch-SNP was prepared.  

Loading efficiency of chlorpyrifos was measured using UV-VIS spectrophotometer 

(UNICO Model 2100 series). Chlorpyrifos was dissolved in distilled water (100 ppm) as a 

control group. Unloaded SNPs was washed with deionized water and ethanol (30%) via 

centrifugation and the supernatant was applied as a blank for basic correction. The emission 

spectrum was collected at the range of 200�400 nm. The absorbance of chlorpyrifos in clear 

supernatant liquid was determined by UV spectroscopic method. For chlorpyrifos, Makino 

et al. (2009) reported two absorption maxima (229 and 290 nm) within the 210‐400 nm 

range. However, 290 nm was considered for analysis in our study. The process was 

replicated three times. Loading efficiency was calculated by using following equation (Liu 

et al., 2005): 

LE = (A-B)/A × 100 

Where A = the total amount of added chlorpyrifos, and B = the free amount of the 

chlorpyrifos.  

 

Fourier Transform Infrared Spectroscopy (FT-IR)  

FT-IR spectrum of pure SNPs and Ch-SNPs was recorded on the FT-IR (VERTEX 70) 

spectrometer (Bruker, Germany). About 2 mg of each substance was mixed with KBr 

powder and ground to approach fine particles. Powder was pressed into a pellet for 

recording the IR spectrum at the range of 400-4000 cm-1. FT-IR spectrum of chlorpyrifos 

was obtained from Material Measurement Laboratory of National Institute of Standard and 

Technology (NIST, 2016).  

 

Insects 

Laboratory population of R. dominica and T. confusum were supplied from a culture in 

Entomology laboratory-Shahid Chamran University for at least 2 years with no history of 

exposure to insecticides. Rhyzopertha dominica and T. confusum were reared on whole 

wheat (Chamran variety) and wheat flour plus 5% brewer yeast (by weight), respectively. 

All the species were cultured at 27�1˚C and 65�5% RH and held in continuous darkness. 

Adults with 7-14 days old and of mixed sexes were used in the experiments.  

 

Insecticidal bioassays 

The active ingredient of the Ch-SNPs used in the experiments was 23.6%. The 

concentrations of 0.01 and 0.2 mg cm-2 of Ch-SNP was tested against adults of R. dominica 

and T. confusum. According to the active ingredient of Ch-SNP, the used concentrations are 
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equivalent to 0.00236 and 0.0472 mg (a.i.) cm-2, respectively. Glass petri dishes with an 

internal radius of 8.8 cm and an area of 62 cm2 served as the exposure arena with nine 

replications. The concrete, mosaic and galvanized steel surfaces (30 cm length× 30 cm 

width) were used in three replications and each surface was treated with different 

concentrations of Ch-SNP. The dust was distributed uniformly on the surfaces by camel 

hair brush (No. 2). For petri dishes, 10 adults of each species were introduced in separate 

dishes and the dishes covered with lids. In the case of other surfaces, three plastic rings 

(4.5cm diameter and 7.5 cm high) were considered as sub-replicates. Each of the plastic 

rings was coated with a layer of paraffin on their inner surface to prevent insects crawling 

up the sides of the plastic rings. Whole wheat (2 g) for R. dominica and cracked wheat 

(Chamran variety) in the case of T. confusum was placed on each surface after dusting. 

Then, 10 adults of each species were placed on each ring. Surfaces treated with unloaded 

SNPs (at the same concentration) were considered as control. The surfaces were placed in 

incubator set at 28°C, 65% RH and continuous darkness. Residual toxicity of Ch-SNP was 

evaluated after 7, 15, 30, 45 and 60-day post treatment. The mortality was recorded after 6, 

24, 48 and 72 h of exposure. For each post treatment period, separate series of surfaces 

were prepared. When no leg or antennal movements were observed, insects considered 

dead. 

 

Data analysis 

There were no mortality in the control groups and no need to correct the mortality 

data. Mortality percentages were transformed to square root of arcsine to normalize the 

data, but non-transformed data are presented in the tables. The data was analyzed using the 

Multivariate Analysis of Variance (MANOVA) Repeated Measures. Tukey-Kramer 

honestly significant difference (HSD) test was used to determine significant differences 

between the two tested species at different post exposure times and time exposed to each 

treatment using SPSS software version 16.0 at P=0.05 (Sokal and Rohlf, 1995; Spss, 2007).  

 

Results 

Loading efficiency of chlorpyrifos  

The obtained spectra of chlorpyrifos and chlorpyrifos collected from supernatant 

liquid of Ch-SNPs are presented in Figure 1. The peak absorbance of chlorpyrifos was at 

209 nm. Loading efficiency (Mean ± SE) of chlorpyrifos in SNPs was obtained 86.79 ± 

0.77%. 

 

Fourier Transform Infrared Spectroscopy (FT-IR) 

FT-IR was performed to characterize chemical structures and intermolecular 

interaction of chlorpyrifos, SNPs and Ch-SNPs. The FT-IR features of chlorpyrifos showed 
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six peaks at 767, 844 1170, 1432, 1548, and 2990 cm-1. FT-IR spectrum of chlorpyrifos 

displayed C-Cl with 600�800 cm-1 and at 2990 cm-1 due to the stretching C-H (Figure 2a). 

For SNPs, there are peaks at the bands related to Si-O-Si bending at 467 cm-1, Si-O-Si 

symmetric stretching at 800 cm-1 and Si-O-Si asymmetric stretching at 1100 cm-1 (Figure 

2b). The IR of Ch-SNPs indicated that Ch-SNPs retained most of the major peaks of 

chlorpyrifos and SNPs. There was a substantial shift for P=S at 1592 cm−1 and C�Cl at 763 

cm−1 attributed to the chlorpyrifos adsorption onto the SNPs� surfaces (Figure 2c). 

 

 
Fig. 1. The spectra of chlorpyrifos and chlorpyrifos collected from supernatant liquid using UV-VIS 
spectrophotometer. The absorbance of chlorpyrifos was at 290 nm.   
 

Insecticidal bioassays 

The mortality of R. dominica and T. confusum after 6 h exposure at 7-day post 

treatment on petri dishes was 100% with no difference (P > 0.05). At the 15-day post 

treatment the mortality of T. confusum was 100% (P > 0.05), even for 6h exposure on petri 

dishes treated with 0.01 mg cm-2. At the 30, 45 and 60- day experiment, complete mortality 

was not observed at first hours of exposure to both concentrations of Ch-SNPs, but 100% 

mortality achieved overtime (Table 1). 

The mortality of R. dominica and T. confusum adults exposed on galvanized steel treated with 

Ch-SNPs is presented in Table 2. The lower concentration of Ch-SNPs was not very effective after 6 

h exposure at all post treatment periods. However, the mortality increased with increasing time of 

exposure. Results indicated that adults of T. confusum were more susceptible to the higher 

concentration (0.2 mg cm-2) of Ch-SNPs than R. dominica and high level of mortality was recorded 

after an exposure period of only 6 h. However, the toxic effects of Ch-SNPs on R. dominica was 

obtained after a 24 h exposure period during 60-day post treatment (Table 2).  
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For R. dominica and T. confusum exposed to 0.01 mg cm-2 Ch-SNPs on mosaic surfaces, the 

mortality was very low at all post treatment periods. For R. dominica, although the Ch-SNPs could 

not produce 100% mortality at any assessment periods, but the mortality increased with increasing 

time of exposure. However in the case of T. confusum, mortality was very low even after a long 

period of 72 h. The higher concentration of Ch-SNPs (0.2 mg cm-2) was effective after exposure 

periods of 24 h (Table 3). 

 

Fig. 2. FT-IR spectra of (a) chlorpyrifos, (b) SNP and (c) Ch-SNP 
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Table 1- Percent mortality (mean ± SE) of R. dominica and T. confusum on petri dishes treated with 
Ch-SNPs  
 

  Exposure time (h)  

Species 
Con. 

(mg cm-2) 
Post- 

exposure (d)     6    24   48   72   F 3,24 

R. dominica 0.01 7 100±0.0a 100±0.0a 100±0.0a 100±0.0 - 
  15 92.8±1.8abB 100±0.0aA 100±0.0aA 100±0.0A 15.0** 
  30 71.4±2.6cdB 98.5±1.4abA 100±0.0aA 100±0.0A 89.4** 
  45 31.4±2.6eC 57.1±2.8cB 94.2±2.0aA 100±0.0A 219.8** 
  60 28.5±4.0eD 42.8±1.8dC 82.8±5.6bB 100±0.0A 86.4** 

T. 
confusum 

0.01 7 100±0.0a 100±0.0a 100±0.0a 100±0.0 - 

  15 100±0.0a 100±0.0a 100±0.0a 100±0.0 - 
  30 80.0±4.3bcB 98.5±1.4abA 100±0.0aA 100±0.0A 18.1** 
  45 61.4±5.9dB 88.5±4.6bA 97.1±1.8aA 100±0.0A 20.6** 
  60 35.7±3.7eC 54.3±3.7cB 100±0.0aA 100±0.0A 156.6** 

F 9,60   85.2** 105.2** 7.56** -  
R. 
dominica 

0.2 7 100±0.0a 100±0.0 100±0.0 100±0.0 - 

  15 100±0.0a 100±0.0 100±0.0 100±0.0 - 
  30 95.7±2.9aA 100±0.0A 100±0.0A 100±0.0A 2.07ns 
  45 95.7±2.9aA 100±0.0A 100±0.0A 100±0.0A 2.07ns 
  60 95.7±2.9aA 100±0.0A 100±0.0A 100±0.0A 2.07ns 

T. confusum 0.2 7 100±0.0a 100±0.0 100±0.0 100±0.0 - 
  15 100±0.0a 100±0.0 100±0.0 100±0.0 - 
  30 98.5±1.4aA 100±0.0A 100±0.0A 100±0.0A 1.0ns 
  45 91.4±3.4aB 100±0.0A 100±0.0A 100±0.0A 6.3** 
  60 90.0±3.7aB 100±0.0A 100±0.0A 100±0.0A 7.0** 

F 9,60   2.50ns - - -  

Means followed by the same lower case letter within each column for each concentration and upper 
case letter in each row are not significantly different using Tukey-Kramer (HSD) test. **: significant 
at P <0.01, ns: non-significant.  
 

Ch-SNPs at low concentration of 0.01 mg cm-2 failed to cause considerable mortality on 

concrete surface, losing its effectiveness by day 60 for T. confusum. The mortality was very low at the 

higher concentration (0.2 mg cm-2) at short exposure time of 6 h, but increased with increasing time 

of exposure (Table 4). 

 

Discussion 

The FT-IR results indicated that after loading process, SNPs retained its siliceous 

structure. The peaks indicated that the most chlorpyrifos adsorption in pores of SNPs is 

probably physical. Wen et al. (2005) stated that avermectin properties was unchanged after 

loading on PHSNs due to physically adsorption of the insecticide. (Liu et al., 2006) 

prepared PHSNs and loaded with water-soluble pesticide validamycin. The results of FT-IR 

indicated that all peaks in silica existed in silica-loaded with validamycin fungicide. They 

concluded that in loading process, the chemical properties of nanoparticles were maintained 

and validamycin was physically loaded in the nanosilica.   
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Table 2- Percent mortality (mean ± SE) of R. dominica and T. confusum on galvanized steel treated 
with Ch-SNPs  
 

   Exposure time (h)  

Species Con. 
(mg cm-2) 

Post 
exposure 

(d) 
     6    24    48    72   F 3,24 

R. dominica 0.01 7 21.4±2.6aC 65.7±3.7aB 100±0.0aA 100±0.0aA 272.** 
  15 14.3±2.0bD 37.1±1.8bC 74.2±3.7bB 88.5±3.4abA 141.5** 
  30 8.57±2.6bC 21.4±2.6cdBC 38.5±5.9cdAB 51.4±6.7cdeA 15.1** 
  45 1.4±1.4cC 4.3±2.0fC 25.7±3.7deB 44.3±5.3deA 33.9** 
  60 0.0±0.0cC 1.4±1.4fC 12.8±1.8eB 35.7±2.8eA 114.5** 

T. confusum 0.01 7 0.0±0.0cC 37.1±4.2bB 57.1±7.4bcAB 72.8±6.4bcA 34.4** 
  15 0.0±0.0cC 34.3±4.3bcB 65.7±4.8bA 72.8±5.2bcA 64.6** 
  30 1.42±1.4cB 18.5±2.6deB 40.0±6.5cdA 51.4±5.08cdeA 25.5** 
  45 0.0±0.0cC 5.7±3.7efC 31.4±7.6deB 64.3±7.1cdA 27.6** 
  60 0.0±0.0cC 1.42±1.4fC 21.4±5.0deB 42.8±4.2deA 35.6** 

F 9,60   26.46**  49.6** 27.0** 17.5**  

R. dominica 0.2 7 38.6±2.6cB 100±0.0aA 100±0.0aA 100±0.0A 554.0** 
  15 38.6±2.6cB 100±0.0aA 100±0.0aA 100±0.0A 554.0** 
  30 30.0±2.1cdB 98.5±1.4aA 100±0.0aA 100±0.0A 710.0** 
  45 34.2±3.6cdB 97.1±1.8aA 100±0.0aA 100±0.0A 247.7** 
  60 24.3±2.02dC 82.8±1.8bB 97.1±1.8bA 100±0.0A 458.7** 

T. confusum 0.2 7 97.1±1.8aA 100±0.0aA 100±0.0aA 100±0.0A 2.4ns 
  15 97.1±1.8aA 100±0.0aA 100±0.0aA 100±0.0A 2.4ns 
  30 97.1±1.8aA 100±0.0aA 100±0.0aA 100±0.0A 2.4ns 
  45 90.0±2.1aB 98.5±1.4aA 100±0.0aA 100±0.0A 13.6** 
  60 68.5±3.4bB 97.1±1.8aA 100±0.0aA 100±0.0A 62.5** 

F 9,60   156.9** 19.3** 2.40** -  

Means followed by the same lower case letter within each column for each concentration and upper 
case letter in each row are not significantly different using Tukey-Kramer (HSD) test. **: significant 
at P <0.01, ns: non-significant.  
 
 

In the study by Rumbos et al. (2016), Sitophilus oryzae (L.), T. confusum and R. 

dominica were exposed to wheat treated with pirimiphos-methyl. Adults of S. oryzae 

followed by T. confusum were more susceptible to pirimiphos-methyl and R. dominica was 

the most resistant species. In that study, the authors attributed high susceptibility of T. 

confusum to the unfitness of wheat kernels as a food source that reduces recovery and 

survival rates of this species. In addition, immature stages of R. dominica develop inside 

grain kernels and are not exposed to the insecticides. In the current study, adults of  

T. confusum showed more vulnerability  than R. dominica. Another possible explanation  

can be the larger body surface area of T. confusum which increases the contact surface of 

the insecticide particles resulting in high level of mortality. 

Our results indicated that the toxicity of Ch-SNPs was as follows: petridishes > 

galvanized steel > mosaic> concrete. Nayak et al. (2003) investigated structure treatment of 

concrete and galvanized steel surfaces with organophosphorus insecticides including 

azamethiphos, chlorpyrifos-methyl, fenitrothion and pirimiphos-methyl against three psocid 

species. They concluded that mortality was lower on concrete than galvanized steel. The 

low levels of mortality on concrete and mosaic surfaces could attribute to their structure; 

the surfaces with higher pores absorb more insecticide particles and lower the insecticidal 

potency.  
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Table 3- Percent mortality (mean ± SE) of R. dominica and T. confusum on mosaic treated with  
Ch-SNPs 
 

  Exposure time (h)  

Species 
Con. 

(mg cm-2) 

Post 
exposure 

(d) 
     6     24    48    72  F 3,24 

R. dominica 0.01 7 0.0±0.0aC 31.4±3.4aB 74.2±4.2aA 84.2±3.7aA 140.4** 
  15 1.4±1.4aC 25.7±2.9aB 54.2±4.3bA 62.8±4.7bA 60.7** 
  30 1.4±1.4aC 11.4±2.6bB 41.4±4.5bcA 48.5±3.4bcA 50.2** 
  45 0.0±0.0aC 4.2±2.9bcC 34.2±2.0cdB 51.4±4.6bcA 71.1** 
  60 0.0±0.0aC 1.4±1.4bcC 21.4±2.6deB 35.7±2.9cdA 66.3** 

T. confusum 0.01 7 2.85±1.8aB 4.3±2.9bcB 12.8±3.6efAB 22.8±1.8defA 11.9** 
  15 0.0±0.0aB 1.4±1.4bcAB 2.8±1.8fAB 8.5±3.4fA 3.32** 
  30 0.0±0.0aA 2.85±1.8bcA 5.7±2.9fA 8.5±2.6fA 2.8** 
  45 0.0±0.0aB 1.4±1.4bcB 5.7±2.0fB 27.1±4.2deA 26.7** 
  60 0.0±0.0aB 0.0±0.0cB 2.8±1.8fB 15.7±2.0efA 30.0** 

F 9,60   1.33ns 22.87** 60.55** 51.50**  

R. dominica 0.2 7 14.3±2.02bC 88.5±2.6aB 100±0.0aA 100±0.0aA 627.0** 
  15 12.8±1.8bcC 68.5±5.5bB 100±0.0aA 100±0.0aA 198.6** 
  30 0.0±0.0dC 70.0±6.1bB 98.5±1.4aA 100±0.0aA 218.7** 
  45 0.0±0.0dD 48.5±4.0cC 88.5±1.4bB 100±0.0aA 446.0** 
  60 0.0±0.0dD 40.0±3.0cC 75.7±2.9cB 100±0.0aA 413.7** 

T. confusum 0.2 7 58.5±5.5aB 97.1±2.8aA 100±0.0aA 100±0.0aA 42.4** 
  15 61.4±4.5aB 100±0.0aA 100±0.0aA 100±0.0aA 70.5** 
  30 2.8±1.8bcdC 48.5±5.0cB 97.1±1.8aA 100±0.0aA 259.6** 
  45 1.4±1.4cdC 35.7±2.9cdB 94.3±2.02abA 100±0.0aA 603.8** 
  60 0.0±0.0dD 20.0±3.8dC 75.7±3.7cB 98.5±1.4aA 285.6** 

F 9,60   90.9** 47.6** 28.1** 1.0ns  

Means followed by the same lower case letter within each column for each concentration and upper 
case letter in each row are not significantly different using Tukey-Kramer (HSD) test. **: significant 
at P <0.01, ns: non-significant.  
 

 

Song et al. (2012) provided silica nanoparticles and loaded with chlorfenapyr to 

increase the insecticidal toxicity of chlorfenapyr-loaded nanoparticles. In our study, Ch-

SNPs were effective against both tested species even at the lowest rate of 0.01 mg cm-2. 

Wen et al. (2005) stated that PHSN was effective for controlled release of avermectin and 

can be recommended as a carrier of pesticides. Wang et al. (2014) also designed a novel 

hydrophilic delivery system through loading Abamectin with porous silica nanoparticles 

(Abam-PSNs). Abam-PSNs improve the chemical stability, dispersity, and the controlled 

release of Abamectin. 

Silica nanoparticles can serve as effective tools in pesticide delivery systems as they 

improve stability and controlled release of pesticides and decrease the recommended 

application rate. 
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Table 4- Percent mortality (mean ± SE) of R. dominica and T. confusum on concrete treated with  
Ch-SNPs  
 

    Exposure time (h)  

Species Con. 
(mg cm-2) 

Post 
exposure 

(d) 
     6     24     48     72  F 3,24 

  R. dominica 0.01 7 0.0±0.0bC 25.7±2.9bcaB 61.4±5.0aA 71.4±3.4aA 93.6**

  15 0.0±0.0bC 8.57±2.6bcB 15.7±2.0bA 18.5±1.4bA 21.2**

  30 0.0±0.0bB 1.42±1.4bcB 11.4±2.6bcdA 17.1±2.8bcA 15.8**

  45 0.0±0.0bB 0.0±0.0cB 5.71±2.0bcAB 10.0±2.1bcdeA 10.6**

  60 0.0±0.0bB 0.0±0.0cB 0.0±0.0dB 5.71±2.0cdeA 8.0**

  T. confusum 0.01 7 2.8±1.8aB 10.0±3.0bAB 12.8±1.8bcA 14.2±2.0bcdA 5.0** 

  15 0.0±0.0bA 2.8±2.8bcA 2.8±2.8cdA 4.3±4.3deA 0.37ns 

  30 0.0±0.0bA 2.8±2.8bcA 4.3±4.3bcdA 5.7±4.3cdeA 0.67ns 

  45 0.0±0.0bA 0.0±0.0cA 0.0±0.0dA 1.4±1.4eA 1.0ns 

  60 0.0±0.0bA 0.0±0.0cA 0.0±0.0dA 0.0±0.0eA - 

  F 9,60   2.4** 15.0** 55.7** 59.3**  

  R. dominica 0.2 7 21.4±2.6cC 68.5±4.0bB 91.4±2.6aA 100±0.0aA 165.7**

  15 12.8±2.8cdD 25.7±2.0cdC 57.1±1.8cB 91.4±3.4abA 181.0**

  30 2.8±1.8dD 14.2±2.0deC 71.4±2.6bB 80.0±2.1bcdA 322.7**

  45 0.0±0.0dB 8.5±1.4efB 71.4±3.4bA 77.1±3.5cdeA 248.9**

  60 0.0±0.0dC 1.4±1.4fC 48.5±3.4cdB 67.1±2.8eA 210.6**

  T. confusum 0.2 7 41.4±2.6bB 95.7±2.9aA 100±0.0aA 100±0.0aA 209.7**

  15 58.5±7.3aB 97.1±1.8aA 100±0.0aA 100±0.0aA 28.4**

  30 0.0±0.0dD 30.0±3.0cC 41.4±3.4deB 85.7±2.9bcA 168.8**

  45 0.0±0.0dC 28.6±3.4cB 32.8±2.8eB 75.7±3.7cdeA 117.0**

  60 0.0±0.0dD 18.5±2.6cdeC 35.7±2.9eB 68.5±2.6deA 151.3**

  F 9,60   54.4** 181.1** 97.1** 24.6**  

Means followed by the same lower case letter within each column for each concentration and upper 
case letter in each row are not significantly different using Tukey-Kramer (HSD) test at P = 0.05. 
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