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Table 1. Assay of screening optimal surfactants for cypermethrin with xylene as a solvent

Code Surfactant 1 HLB Surfactant 2 HLB Appearance Appearance after 24 h
1 Nonylphenol 13.3-14 Sodium dodecyl sulfate (SDS) 40 Transparent solution Transparent
Polyethylene Glycol
Ether (Kenon 10)
2 Nonylphenol 13.3-14 Sodium lauryl sulfate (SLS) 40 Transparent solution Transparent
Polyethylene Glycol
Ether (Kenon 10)
3 Nonylphenol 13.3-14 Sorbitan monooleate (Span 80) 4.3 White, turbid Destabilization
Polyethylene Glycol
Ether (Kenon 10)
4 Polysorbate 16.7 sodium dodecyl sulfate (SDS) 40 White, turbid Destabilization
20 (Tween 20)
5 Polysorbate 14.9 Sorbitan monooleate (Span 80) 4.3 White, turbid Destabilization

60 (Tween 60)

The ratio of surfactant 1 to surfactant 2 was 1:4.
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Table 2. Melting-freezing stability studies of microemulsion formulations containing 150 and 250 g a.i./L of cypermethrin.

Cypermethrin Smix type Oil: Smix: High temperature Low temperature Freeze thaw cycles Approved
content (g a.i./L) H,O stability stability [rejected
150 Kenon10+ SDS+1- 20:40:40 Gelly Gelly and Frozen Turbidity Rejected
Butanol,
Ratio 4:1 30:30:40 Transparent Transparent, no Transparent Approved
precipitate
10:25:65 Transparent The biphases with the Turbidity Rejected
milky turbid at above
250 Kenonl10+ SDS+1- 20:40:40 Transparent Transparent The biphases with the Rejected
Butanol, milky turbid at above
Ratio 4:1 30:30:40 Transparent Transparent Transparent, no Approved
precipitate
10:25:65 Gelly The biphases with the Turbidity Rejected
milky turbid above

a.i.= active ingredient
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Fig. 1. Phase diagram of cypermethrin with surfactants including (A) Kenon 10 and SDS, (B) Kenon 10 and SLS, (C) Kenon 10 and
Span 80, (D) Tween 20 and SDS, (E) Tween 60 and Span 80. Surfactant to cosurfactant (1-butanol) ratios were 1:1, 2:1, and 4:1, and

xylene was used as a solvent.
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Fig. 2. Transmission electron microscopic (TEM) images of the microemulsion system containing (A) cypermethrin 150 g a.i. /L, and
(B) cypermethrin 250 g a.i./L, including: cypermethrin: Smix (Kenonl0+SDS+1-butanol): water with a ratio of 30:30:40. a.i.= active

ingredient.
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Table 3. The mean (+ SE) droplet size, zeta potential, conductivity, and pH of different formulations of cypermethrin

Cypermethrin Smix type, (surfactant:co-surfactant) Mean droplet size ~ Zeta Potential ~ Conductivity pH Dye
content (g a.i./L) ratio (nm) (mV) (ms/cm)

150 Kenon10+SDS+1-Butanol,Ratio 4:1 33.00+4.07 -0.096+0.083  0.656+0.011 5.923+0.02 oW
250 Kenon10+SDS+1-Butanol, Ratio 4:1 12.50+2.34 -0.11+0.049 0.915+0.008 6.323+0.03 Oo/w
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Table 4. Mean mortality percentage (+ SE) of Aphis gossypii, 24 h after exposure to 1000 and 2000 ppm of different formulations of

cypermethrin.
Formulation code Concentration (ppm) ;
1000 2000 0

F, 11.66 + 3.07 Bc 21.66 + 3.07 Ab 2.301
F, 16.66 + 2.10 Bc 28.33 + 3.07 Ab 3.130
F; 30.00 + 3.65 Bb 45.00 £ 2.23 Aa 3.503
Fy 51.66 + 3.07 Ba 56.66 + 3.33 Aa 1.103
Fy 34.848 28.862

P < 0.001 < 0.001

Means followed by the same upper case letter in cach row are not significantly different using independent sample t test at 2> 0.05. Means followed by the
same lower case letter in each column are not significantly different using the Tukey test at 2 > 0.05. F;: Cypermethrin 150 (g a.i./L), F,: Cypermethrin
250 (g a.i./L, F3: Kenon+ SDS+ cypermethrin (150 g a.i./L), F;: Kenon+ SDS+ cypermethrin (250 g a.i./L). a.i.= active ingredient.
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Table 5. Mean mortality percentage (+ SE) of Aphis gossypii, 48 h after exposure to 1000 and 2000 ppm of different formulations of

cypermethrin.
Concentration (ppm)

Formulation code i

1000 2000
F, 21.48 + 3.56 Bc 30.40 + 3.65 Ac 1.746
F, 32.19 +2.25 B¢ 41.10 £ 2.39 Ac 2.712
F; 44.68 + 1.78 Bb 60.74 + 2.25 Ab 5.582
F, 69.66 + 3.29 Ba 83.94 + 2.39 Aa 3.508
Fy 54.00 74.149
P < 0.001 < 0.001

Means followed by the same upper case letter in each row are not significantly different using independent sample t test at 2> 0.05. Means followed by the
same lower case letter in each column are not significantly different using the Tukey test at 2 > 0.05. F,: Cypermethrin 150 (g a.i./L), F,: Cypermethrin

250 (g a.i./L), F3: Kenon+ SDS+ cypermethrin (150 g a.i./L), F;: Kenon+ SDS+ cypermethrin (250 g a.i./L). a.i.= active ingredient.
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Fig. 3. Mean mortality percentage (+ SE) of Aphis gossypii, 24 and 48 h after spraying shrubs with 2000 ppm of different formulations of
cypermethrin. Means followed by the same lowercase letter are not significantly different using the Tukey test at P > 0.05. F;:
Cypermethrin 150 (g a.i./L), F,: Cypermethrin 250 (g a.i./L), F;: Kenon+ SDS+ cypermethrin (150 g a.i./L), F;: Kenon+ SDS+
cypermethrin (250 g a.i./L). a.i.= active ingredient.
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Abstract

A microemulsion is a stable, homogeneous pesticide formulation, based on an aqueous solvent, which is considered a suitable alternative
to emulsion formulations. In this study, microemulsion formulations of cypermethrin insecticide were designed to control Aphis gossypii
Glover (Hemiptera: Aphididae), one of the important pests of many crops and ornamental plants. Xylene was selected as a suitable
solvent based on the higher solubility of cypermethrin. Pseudo-ternary phase diagrams were constructed by the water titration method.
The microemulsion system using mixtures composed of cypermethrin, Kenon 10+SDS surfactants, and 1-butanol cosurfactant had the
highest microemulsion surface, and the ratio of 50:30:20 was chosen for further experiments. The physical and chemical properties of the
obtained microemulsions were also evaluated. Microemulsion formulations were synthesized with 150 and 250 g/L a.i. (active ingredient)
of the cypermethrin. The appearance of the microemulsion compounds was transparent and the droplet size of all samples was less than
35 nm. Foliar spraying of compounds including cypermethrin technical material (150 and 250 g a.i./L), cypermethrin microemulsion
(150 and 250 g a.i./L), under greenspace conditions on Hibiscus rosa-sinensis L. (Malvaceae) caused 25.05, 37.54, 60.74, and 83.94%
mortality on third instar nymphs 48 hours after treatment, respectively. Therefore, microemulsion formulations had significantly more
insecticidal activity against A. gossypii compared to the technical material. In this study, an environment-friendly microemulsion system
was designed to improve the efficacy of cypermethrin for controlling populations of A. gossypii. However, further research could be
performed to assess the behavior and ultimate fate in the environment prior to commercialization.

Keywords: Hibiscus rosa-sinensis, formula design, pseudo-ternary phase diagram, Surfactant
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