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ABSTRACT 
 
 This study aims to use the locally prepared surface active agents materials from locally raw materials and 
products as emulsifier for reworking the physically deteriorated pesticides, resulting in utilization of obsolete 
pesticides.  
1- To use the prepared surface active agents materials as emulsifier for reworking the physically deteriorated 
pesticide: vapathion 57% EC. The solubility of prepared surfactants in pesticides at different concentration was 
tested then emulsion stability test was tested for solublized surfactant in vapathion. The physicochemical 
properties were assessed to mixture successful in emulsion stability test such as the free acidity or alkalinity, the 
cold and accelerated storage. 
2- The physicochemical properties of spray solution were studied for vapathion alone and mixed with 
surfactants to physically compatible mixtures and also for successful mixing materials for reworking the 
pesticide vapathion 57% EC which were: surface tension, pH, conductivity and viscosity. 
3- The pesticidal efficiency was evaluated against the cotton leafworm according the Protocol of the Ministry of 
Agriculture to vapathion with completely dose plus the surface active agents materials in case of use as 
improved materials and the pesticide vapathion at before and after reworking with complete rate. 
 Results obtained showed that, all prepared non-ionic surfactants successful for reworking the physically 
deteriorated pesticide at concentration 2%. The results also obtained that the tested nonionic surfactants which 
were: DEGML, GML and GMS successful for improving physicochemical properties of spray solution of 
deteriorated pesticides which were surface tension, viscosity, conductivity and pH value. The bioassay indicated 
that DEGML gave the highest increase in average residual effect used as emulsifier for reworking the pesticide 
vapathion at 100% of the dose.  
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Introduction 
 
 Obsolete pesticides are defined as those pesticides that can no longer be used for their intended purpose or 
wanted to be used and therefore must be disposed off. They are decomposed into other chemical components, 
which are sometimes even more toxic than the original pesticides. Most pesticides expire two years after 
production, meaning they cannot be used unless they are tested and proved stable. 
 
Obsolete pesticides include: 
a- Those that have undergone physical or chemical changes that result in phytotoxic effects on the target crop, or 
an unacceptable hazard to human health or environment. 
b- Those that have undergone an unacceptable loss of biological efficacy.  
c- Those whose physical properties have changed to such an extent that it can no longer be applied with standard 
application equipment (Tetemke, 1998; Alemayehu, 2004 and Biratu, 2005).  
 The previous test indicated that the pesticide vapathion 57% EC failed to give successful emulsion therefore 
effort should be directed towards reworking this pesticide.  
 Improving emulsion stability is a solution for this problem which done by using chelating and polar solvent 
according to El- Attal and El- Sisi (1979), also by using locally available additives as organic solvents and 
surface active agents according to Ibrahim and Mohamed (2008), the first step in this work is determination the 
solubility of locally prepared nonionic surfactants at different concentration in deteriorated vapathion was done 
then the emulsion stability test was determined at rate 3, 5 % for insecticides alone and for it the solublized 
mixtures with surfactants. The other physico-chemical properties were determined for successful mixture in 
emulsion stability according to world specifications.  
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 The aim of this work is reworking the deteriorated pesticides which constitute a great loss to the companies 
working in this area and converted to valid pesticide and reduce environmental pollution by using locally and 
cheap materials.   
 
Materials and Methods 
 
Materials: 
 
 Locally prepared non-ionic surfactants were prepared according to (Wasfy et al., 2011) which used as 
emulsifiers were: 
1- diethylene glycol mono stearate          2- diethylene glycol mono laurate 
3- diethylene glycol mono oleate            4- glyserol mono stearate                 
5- glyserol mono laurate                         6- glyserol mono oleate                
 
Pesticide used: 
 (Vapathion 57% EC), produced by El Mustafa Treed Co. 
Production data: 3/ 2006 the recommended field rate 100 Cm3/20 litter water 
 
Methods: 
 
Physico-chemical properties: 
  
1- Solubility test: 
 
 Solubility test of the locally surfactants prepared in vapathion 57% EC at 3 and 5 % rate was determined.  
 
2- Mixing the locally prepared surfactants with pesticide:  
 
 Direct mix method was done for the solubilized surfactants in pesticides at different concentration. Then 
emulsion stability was determined for the mixture to determine the successful mixture in emulsion stability after 
that the following physico-chemical properties were determined for the mixtures. 
 
a- Emulsion stability: 
 
 This property was measured according to guidelines of FAO/WHO, (JMPS, 2002) using CIPAC MT 32 
(2003). The standards of hard and soft water were used. hard water of 342ppm hardness was prepared by 
dissolving 4.0217 gm of calcium chloride (anhydrous) and 1.388 gm of magnesium chloride hexahydrate 
(MgCl2. 6H2O) in distilled water and make up to 1000 ml. Soft water was prepared by mixing one volume of 
hard water with five volume of distilled water to provide water hardness of 57ppm. The volume of self-emulsion 
formed by pouring 5ml of pesticides formulations of emulsifiable concentrates (EC) into a gradual cylinder 
containing 95ml of hard or soft water was recorded as spontaneity. The cylinder was inverted 30 times at the 
rate of complete cycle for two minutes. The contents were allowed to stand undisturbed for half-hour. The 
cream or oil layer found at either top or bottom of the cylinder and it was used as an indicator of emulsion 
stability. Amount of cream formed either at the top or the bottom of the cylinder for the successful formulation 
should not exceed than 2ml as total volume. 
 
b- Free Acidity or Alkalinity test: 
 
 It was determined according to FAO/WHO, (JMPS, 2002) using CIPAC MT 31 (2003).  By weighing 10gm 
of surfactant, 100 ml of distilled water were added if surfactant soluble or give emulsion in water, or added 25ml 
of acetone and 75ml of distilled water if surfactant insoluble in water.  
 The mixture was titrated immediately using methyl red as indicator depending upon the reaction of material 
either 0.02N NaOH or 0.02N HCl was used. A blank determination of 100ml of distilled water or 75 ml distilled 
water + 25 ml acetone was carried out. 
Acidity as % H2SO4 =volume of 0.02N NaOH ×0.0098 
Alkalinity as % NaOH = volume of 0.02 HCL ×0.008   
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c- Cold stability test:  
 
 It was determined according to WHO Specification, (1985); the method carried out by cooling 50ml of the 
EC in sealed glass container to 0.0 °C while stirring at intervals each ten minutes for one hour, after which the 
concentration was examined for any precipitation or sedimentation. 
 
Accelerate storage: 
 
 The method used is according to FAO/WHO, (JMPS, 2002) using CIPAC MT 46.1 (2003). 50 ml of the 
formulated EC was kept for 72 hrs at temperature of 54 ± 1°C in sealed glass container to avoid loss of volatile 
solvents. After storage period, each sample was cooled to room temperature, then, emulsion stability test was 
carried out in soft and hard water. Also, free acidity or alkalinity was determined as mentioned before. 
 
3- Determination of physico - chemical properties of spray solution at field dilution rate: 
 
 Physico-chemical properties for spray solution of insecticide or insecticide plus surfactants were determined 
as follow: pH value was measured by using a pH Meter “Model: Hanna Instruments pH 211 Microprocessor and 
Hanna pH electrode, surface tension using “Cole-Parmer-model 21”. USA by du Nouy method, a platinum-
iridium ring, conductivity was measured by Conductivity and Salinity meter “Thermo Orion model 115A+, 
USA”, Viscosity by ″Brookfield DV II + PRO″ digital Viscometer, (Brookfield, USA), UL rotational adaptor. 
As well as cold and heat stability test were determined according to the specification of WHO (1979).  
 
4- Effect of surfactants as emulsifiers on the pesticidal efficiency of Vapathion against cotton leaf worm: 
 
 The tested insecticide alone with complete rate or mixtures pesticide with different surfactants at 
concentration 2% were sprayed in separated treatment (each treatment has 3 row of 4 meter long). The trials 
were conducted according to Ministry of Agriculture protocol 1993 in cotton plants cultivated in Central 
Agricultural pesticides laboratory (CAPL) DOKKI, Giza, Egypt. Cotton leaves were collected from each 
treatment immediately after spraying and after 3, 6, 9 and 12 days post-treatment. The leaves were transferred to 
the laboratory for measuring the insecticidal toxicity against the 4th instars larvae of the cotton leafworm (field 
colony reared in the laboratory at 25 ± 2°c and 70% ± 5 R.H.). The larvae were exposed to the treated leaves, 
and then mortality percentages were determined after 24 hrs post- treatment. 

 
Results and Discussion 
 
1- Using of prepared non-ionic surfactants for improved emulsion stability and other physico-chemical 
properties: 
 
a. The Solubility of nonionic surfactants in pesticide: 
 
 Data in table (1) showed that, all prepared non ionic surfactants with pesticide vapathion soluble at 
concentration 5% except glycerol mono stearate and diethylene glycol mono stearate soluble at concentration 
3%.  
 
Table 1: The solubility of locally prepared non ionic surfactants in pesticide. 

surfactants Concentration %( wt./v.) Vapathion 
Glycerol mono laurate 5 Soluble 

Glycerol mono stearate 
5 
3 

insoluble 
soluble 

Glycerol mono oleate 5 Soluble 
Diethylene glycol mono laurate 5 Soluble 

Diethylene glycol mono stearate 
5 
3 

insoluble 
soluble 

Diethylene glycol mono oleate 5 Soluble 

 
b. Emulsion stability of pesticides alone and mixed with locally prepared non-ionic surfactants: 
 
 Data in table (2) showed that, the pesticide vapathion alone failed in emulsion stability at rate 5% in hard 
water since it gave precipitation increased than 2ml. Also, all prepared nonionic surfactants mixed with pesticide 
vapathion failed in improving emulsion stability at concentration 0.5% and 1% as they gave precipitation 
increased than 2ml in hard water. While all treatments successfully passed in emulsion stability in hard and soft 
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water at concentration 2%. After that the cream precipitations increased by increasing the concentrations of 
surfactants so stopping the concentration at 2%. 
 
Table 2: Emulsion stability of vapathion alone and its direct mixture with locally prepared nonionic surfactants at different concentration. 

Treatment Concentration of surfactants %( wt./v.) 
 

Emulsion stability (ml.cream.sep) 
HW SW 

Vapathion 0.0 3P Traces 

Vapathion +GML 
 

0.5% 
1% 
2% 

2.5% 

3.5p 
3p 
2p 

2.5p 
 

Traces 
Traces 
Traces 

1P 

Vapathion +GMO 
 

0.5% 
1% 
2% 

2.5% 

3.5p 
2.5 
2p 
3p 

Traces 
Traces 
Traces 

1p 

Vapathion +GMS 
 

0.5% 
1% 
2% 

2.5% 

3p 
2.5p 
2p 
3p 

Traces 
Traces 

1p 
1p 

 
Vapathion +DEGML 

 
 

0.5% 
1% 
2% 

2.5% 

4.5p 
3p 
1p 

2.5p 

Traces 
Traces 

0.0 
Traces 

 

Vapathion +DEGMO 

0.5% 
1% 
2% 

2.5% 

4.5 
3.5p 
1p 
3p 

Traces 
Traces 
Traces 

1p 
 

Vapathion +DEGMS 

0.5% 
1% 
2% 

2.5% 

3.5p 
3p 
2p 

2.5p 

Traces 
Traces 

1p 
1p 

 
P: precipitation 

 
c- Physical compatibility between the tested pesticide alone and mixed with the locally prepared nonionic 
surfactants: 
 
 Data present in table (3) indicated that, there was physical compatibility between tested pesticide and the 
prepared nonionic surfactants. Results in table (3) showed that, all prepared non ionic surfactants (esters) with 
vapathion were passed successfully through the emulsion stability test before storage in both hard and soft water 
compared with pesticide alone which is failed in emulsion stability test. Also, all prepared non-ionic surfactants 
with vapathion were passed successfully through the emulsion stability test after heat storage in both hard and 
soft water except of glycerol mono oleate, diethylene glycol mono oleate and diethylene glycol mono stearate. 
The results show that, all treatments passed through cold test. For free acidity or alkalinity, all surfactants 
increased free acidity of pesticide vapathion before storage. The glycerol mono laurate gave highest value of 
free acidity while glycerol mono stearate gave the lowest value. Also, after heat storage the free acidity of 
prepared nonionic surfactants with pesticides increased compared with pesticide alone except glycol mono 
laurate and diethylene glycol mono oleate. 
 
3- Physico-chemical properties of spray solution of pesticide alone and its mixture with emulsifiers: 
 
 Data in table (4) demonstrate the important role of surfactants to improvements the physicochemical 
properties of spray solution of pesticide. Result in this table showed that, all prepared nonionic surfactants with 
pesticide vapathion passed successfully in emulsion stability in hard and soft water. The all prepared nonionic 
surfactants decrease surface tension values whereas, diethylene glycol mono laurate gave highest decrease in 
surface tension in H.W. and S.W. (29.73 and 29.11 dyne/cm, respectively).On the other hand, all prepared tested 
surfactants caused decreased in conductivity in case of H.W. and S.W. Also, all locally prepared nonionic 
surfactants decreased pH in hard and soft water. For viscosity test all tested surfactants increased the viscosity of 
vapathion in H.W. and S.W. whereas, diethylene glycol mono laurate gave the highest increase of viscosity in 
H.W. and S.W. followed by glycerol mono laurate and glycerol mono stearate. 
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Table 3: Physical compatibility between Vapathion alone and mixed with the locally prepared nonionic surfactants at 2%. 
Accelerated storage 

Cold test 

Free acidity as% 
H2SO4 after 

preparation as 
H2SO4 

Emulsion stability 
(ml. cream. sep) Treatment Free acidity as 

%H2SO4 after 
heat storage 

Emulsion stability 
(ml. cream. sep) 

SW HW SW HW 
5.39 Traces 3p passed 4.9 Traces 3P Vapathion 

4.41 1p 2p passed 7.84 Traces 2p 
Vapathion + 

GML 

6.37 2p 3p passed 5.88 Traces 2p 
Vapathion + 

GMO 

5.88 1p 2p passed 5.782 1p 2p 
Vapathion + 

GMS 

6.37 2p 2p passed 7.35 0.0 1p 
Vapathion + 

DEGML 

4.9 2p 2.5p passed 6.37 Traces 1p 
Vapathion + 

DEGMO 

6.37 1p 3p passed 6.86 1p 2p 
Vapathion + 

DEGMS 
H.W: Hard water                                S.W: Soft water  

 
Table 4: Physico-chemical properties of spray solution of vapathion alone and its mixture with additives at 2%. 

Physico-chemical properties 
Vapathion Vapathion + GML Vapathion + GMS Vapathion + DEGML 

HW SW HW SW HW SW HW SW 
Emulsion Stability (ml.cream 

separation) 
1p 0.5p 0.5p Traces 0.5p Traces Traces Traces 

pH 2.67 2.50 2.49 2.45 2.62 2.50 2.36 2.35 
Conductivity 875 397 854 370 833 336 865 377 

Surface tension (dyne/cm) 32.57 30.4 30.32 29.73 30.4 29.15 29.73 29.11 
Viscosity (mps) 10.24 10 10.73 10.35 10.26 10.07 10.76 10.43 

 
4- Effect of surfactants as emulsifiers on the pesticidal efficiency of some insecticides against cotton leaf worm:  
 
 Results in table (5) showed that, the spray solution of vapathion alone and with surfactants at complete field 
rate gave 100% initial larval mortality. All tested surfactants with vapathion at complete field rate increase 
average residual effect than pesticide alone at complete field rate. Whereas DEGML gave the highest increase in 
average residual effect. Data present in table (5) explained that, the all tested prepared nonionic surfactants 
successful in the improvement pesticidal efficiency of vapathion against 4th instars larvae of cotton leafworm. 
 
Table 5: Toxicity of vapathion alone and its direct mix with additives against 4th instars larvae of cotton leafworm. 

Treatment 
Rate of 

application 

Initial toxic 
effect % 

(mortalities) 

Residual toxic effect %mortalities after 
indicated days 

Mean residual 
effect(% 

mortalities) 

General 
effect(% 

mortalities) 3 6 9 12 
vapathion 1F 100 73.33 60 31.66 6.33 42.83 54.26 

vapathion + 
DEGML 

1F 100 87 79.66 59.33 32.33 64.58 71.664 

vapathion + 
 GML 

1F 100 85.66 77.33 53.33 21.66 59.495 67.596 

vapathion + 
 GMS 

1F 100 76.66 64.33 48.66 17.33 51.745 61.396 

F: complete rate 

 
 Field experiment was carried out to study the effect of prepared surfactants on the efficiency of tested 
pesticide against cotton leafworm. The prepared surfactants increased the efficiency of tested insecticide for 
control cotton leafworm. Whereas, the addition of local prepared surfactants to the tested pesticide changes the 
physico-chemical properties of tested insecticidal spray solutions. These changes lead to increase field 
performance and insecticidal efficiency. In case of direct mixtures of diethylene glycol mono laurate, glycerol 
mono srearate and glycerol mono laurate with tested pesticide. 
 
These effects may be due to: 
 The increasing of viscosity of tested insecticidal spray solutions would increase spray droplet size, which 
reduce the movement of the spray mixture from the target plants. These data agree with the result obtained by 
McMullan, (2000) and Spanoghe et al., (2007). 
 The lower surface tension of spray solution might increases the number of smaller uniformly deposited 
droplets, whereas better spreading on the leaf surface might also increase qualitative deposition, then increase 
the insecticidal efficiency (Gaskin et al., 2005). Also the decrease of surface tension leads to decrease the 
contact angle between the droplets and the epicuticular wax layer for better droplet contact and increase droplet 
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spreading properties, which results in improved quantity and quality of deposition of the spray target surfaces. 
These effects agree with Ryckaert et al., (2007). 
 Also, the decreasing of pH value of insecticide spray solutions lead to increase attraction between spray 
solution and treated plant leaves surface then lead to increase insecticidal efficiency (Green and Hale 2005). 
 The increase of electrical conductivity of spray solution would lead to deionization of pesticides and 
increase its deposit and penetrate in the treated plant surfaces, then increase with the pesticidal efficiency El- 
Attal et al., (1984). 
 The surfactants also enhance retention, uptake, and penetration of tested insecticides (Kudsk et al., 2007) 
and to increase the spread of spray droplet on target leaf surface. 
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