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ABSTRACT 
 

Recommended application was done by spray regime of two pesticides (fenpyroximate and imidacloprid) 
using different types of formulations on tomato fruits for two consecutive years (2009-2010) at Kalubia 
governorate. Data indicated the great influence of different formulation types on the residue levels on and in 
tomato fruits. Fenpyroximate when used as EC formulation type showed higher persistence compared to another 
formulation type SC at all intervals during the two studied seasons. The obtained pre-harvest intervals (PHI’s) 
were 14 and 20 days after application in 2009 for SC, EC pesticide formulation types, respectively. While in 
2010, the PHI’s were 14 days for SC and 22 days for EC. The initial deposits for the four types of imidacloprid 
formulations (SC, SL, WP and WDG) were attributed to the variation in the physical and chemical properties of 
the formulations. As expected the degradation rate of SC formulation type was more than that in other 
formulations during the rest of the experiment. This indicated the corresponding and recommended pre-harvest 
intervals (PHI) of 6 days for SC, 24 days for WDG, 16 days for SL and 22 days for WP formulation type in the 
season of 2009. On the other hand, in 2010 PHI’s were 5, 23, 13 and 21 days for the same formulation types, 
respectively. This also indicated that tomato fruits could be safely marketed according to the formulation types 
that contain the same active ingredient.  
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Introduction 

 
In the past most formulations were based on simple solutions in water (SL), emulsifiable concentrates in a 

petroleum-based solvent (EC), or dusts (DP) and wettable powders (WP). The presence of petroleum- based 
solvents in EC formulations and dusty powders in DP and WP formulations can lead to safety hazards in use and 
a negative impact on the environment. Most government and regulatory authorities are now demanding 
formulations which are cleaner and safer for the user, have minimal impact on the environment, and can be 
applied at the lowest rates. All of these benefits are increasing pressure on the development of improved 
formulation and adjuvant technologies. However, formulations based on the older technologies are still available 
and represent the greatest volume of products applied to crops (Alan Knowles 2008). 

In recent years, the number of new formulation types such as O/W Emulsions (EW), Suspoemulsions (SE), 
Microemulsions (ME) and Water dispersible granules (WG) have increased enormously to meet the needs for 
operator as well as environmental safety or to improve the activity and persistence of the active ingredient (Alan 
Knowles 2008). 

It is important to respect the PHI so that the maximum residues limit (MRL) for a given crop is not 
exceeded. Residues found in excess of the MRL on food would constitute a violation of the Food and Drug 
Regulations and could also pose a risk to consumers’ health. In such situations; the harvested crop could be 
seized, destroyed or forbidden for export. Use pesticides only for the crops and pests listed on the product’s 
label and make sure to follow the application rates, number of applications and PHI stated on the label. 
(Anomynous 2007). 

So, the study of pesticides persistence and residual behavior gives an idea about the pre-harvest intervals 
(PHI) that should be followed after pesticide application and harvesting. These waiting periods should be 
recommended to be sure that residues are below tolerance levels before marketing the produce in order to 
minimize the health hazards. 

Different pesticide formulation types for the same active ingredient may lead to differences in pre-harvest 
intervals (PHI's) values due to the nature of additives affecting the product and their physico-chemical 
properties as well as their behavior on the plant after treatment. For example, two types of chlorpyrifos 
formulations (EC-WDG) were used on tomato fruit, a difference was observed in the PHI values of the two 
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formulation types which were 10 days for EC formulation type while the WDG formulation type was 15 days 
(FAO 2007). 

Hence, the present study focused on the relationship between different types of formulations for the same 
active ingredient and their residue levels on tomato fruits. 

 
Materials And Methods 

 
1. Pesticides used.  
 
1.1. Fenpyroximate.  
 
Chemical structure: 

 

 
 

Chemical name (IUPAC): 
 
It is a systemic acaricide with quick knockdown activity against larva, nymphs and adults, mainly by 

contact and ingestion. It is used for the control of important phytophagous mites. It is effective against 
tetranychidae (spider mites) in fruits and vegetables (Sherif et al., 2012). Two formulations SC and EC are 
available at the same concentration and rate of application; they are as follows: 

 
Trade name: - 1- Ortus 5 % SC.  
2- Ortus super 5 % EC. 
 

1.2. Imidacloprid. 
 

Chemical structure: 

 
 
Chemical name (IUPAC): 

1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine.  
 
Imidacloprid is a systemic, chloronicotinoid insecticide, which kills insects via ingestion or contact action 

(Lagadic et al., 1993). It causes a blocking in a type of neural pathway leading to an accumulation of 
acetylcholine, a neurotransmitter and resulting in the insect’s paralysis and eventual death. It is used for 
controlling sucking insects such as aphids, thrips and whiteflies and is also effective against soil insects, termites 
and some species of biting insects. (Farm Chemical Handbook, 2000). There are 115 active registered products 
containing imidacloprid, registered under a wide variety of trade names, e.g. Admire, Advantage, Gaucho, 
Merit, Premise, Provado, Imicide, Imisol and Touchstone (California Department of Pesticide Regulation, 
2006). It is a systemic pesticide with physical/chemical properties that allows residues to move into treated 
plants and then throughout the plant via xylem transport and translaminar (between leaf surfaces) movement 
(Buchholz and Nauen, 2002).  There are many types of formulations containing Imidacloprid such as 
conventional pesticide formulations [wettable powder (WP), soluble concentrate (SL) and granules (GR)], and 
new generation pesticide formulations [suspension concentrate (SC) or flowable concentrate (FC), water 
dispersable granules (WDG) as well as seed treatment powder (WS and FS)]. The pesticides used in this study 
were as follows:- 
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Trade name:  
 

1. Admire 20 % SC.  
2. Best 25 % WP.  
3. Imidamex 70 % WDG. 
4. Imidor 20 % SL. 
 

2. Experimental work: 
 
2.1. Residue analysis: 

 
Analysis of examined pesticides were carried out in the Central Agricultural Pesticides Laboratory, (CAPL), 

Agricultural Research Center (ARC). 
 
2.1.1. Sampling: 

 
Representative samples from tomato fruits were taken at random after one hour and 1, 3, 7, 10, 15, 21 and 24 

days from treatment for pesticides residue analysis.  
 
2.1.2. Sub-sampling: 

Sub-samples were prepared where three representative samples of 15 g of treated tomato fruits were taken. 
Sub samples were kept in a clean teflon tube and stored at -20˚c in a deep freezer until the time for residue 
analysis. 

 
2.1. 3. Extraction and clean-up processes: 
 
were done by new technique methods (QuEChERS). 
 
New technique QuEChERS method of pesticide residue analysis: 

 
The method is known as the quick, easy, cheap, effective, rugged and safe (QuChERS) method for pesticide 

residue analysis in food. It has several advantages over traditional methods of pesticide residue analysis, as 
follows: high recoveries (>85%) , very accurate (true and precise, high sample throughput of about 10–20 pre-
weighed samples in 30–40 min can be achieved; solvent usage and waste are very small, and no chlorinated 
solvents are used, a single person can perform the method without much training or technical skill; only a single 
reusable piece of lab ware (a 50 mL Teflon centrifuge tube) is used per sample, which is very easy to clean, 
despite its speed and ease, the method is still quite rugged because extract cleanup is done to remove fatty acids 
and other organic material. 

The tomato fruits samples were prepared similarly to the original QuEChERS method Anastassiades & 
Lehotay (2003).  

The procedure involves the extraction of the sample (tomato fruits), which entailed the following steps: (i) 
homogenize around 500 g tomato sample (ii) weigh 15 g of thoroughly homogenized sample into a 50 mL teflon 
centrifuge tube; (iii) add 15 mL acetonitrile (ACN); followed by a liquid–liquid partitioning step performed by 
adding (iv) 4 g anhydrous magnesium sulfate (MgSO4) plus 1 g sodium chloride (NaCl) (v) shake the sample 
vigorously for 1 min by hand; and (vi) centrifuge the tube at 3000 rcf (relative centrifugal force) for 5 min. 
 
Cleaning-up process: 

 
The primary secondary amine (SPE) cleanup was done for the three tested pesticides as follows: transfer 1 

mL of the extract (the upper layer) to a mini-centrifuge tube containing 1.5 g anhydrous MgSO4 + 0.5 g PSA + 
0.5 g graphitized carbon black (GCB); mix the extract with the sorbent/desiccant for 20 sec. Centrifuge the tube 
at 3000 rcf for 5 min; and then filter through 0.45 µm filter. Then the extract was ready for analysis. 

 
2.2. Determination of active ingredient: 
 
2.2.1. Fenpyroximate: 

 
Hewlett Packard 6890 series gas chromatography system equipped with the specific detector for each 

compound was used as follows: 
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Electron capture detector (ECD) was used for the determination of fenpyroximate residues at the following 
operating conditions: Column: DB-17 (15 m×0.32 mm× 0.52 µm film thickness). Temperatures were 220, 320 and 
3200 C for column, injector and detector, respectively. Gas flow rate of nitrogen was 4 ml/ min. At these conditions, 
the retention time (Rt) of fenpyroximate was 6.92 min. 

 
Weigh 15 g of Sample (50 mL Teflon-Tube) 

Add 15 mL Acetonitrile 
Shake Vigorously 1 min 

Add 4 g MgSO4 and 1 g NaCl 
 Shake Vigorously 1 min 

Add ISTD-Solution 
Shake Vigorously 1 min 

Centerifuge for 3000 rcf for 5 min. 

1 mL of extract (the upper layer) 

1.5 g anhydrous MgSO4+ 0.5 g PSA + 0.5 g (GCB) 
Mix for 20 sec 

Centrifuge the tube at 3000 rcf for 5 min. 
 

Fig. 1: Outline of the QuEChERS method used in the study. 
 

2.2.2. Imidacloprid: 
 
Determination of Imidacloprid residues was done by HPLC Agilent 1100 equipped with diode array 

detector under the following operating conditions: 
Column: Zorbax SBC18 (30m×0.32 mm× 0.25 µm film thickness). 
 Mobile phase: acetonitrile/water. (90/10.V/V). 
 Flow rate: 1 ml/min. 
 Injection volume: 20 µl. 
Wave length: 230 nm 
Retention time: 4.7 min. 
 

Results and Discussion 
 
Residues of imidacloprid (insecticide) and fenpyroximate (acaricide) on tomato fruits in Kalubia 

governorate were determined for two consecutive years (2009-2010) using randomized block design with three 
replications under normal field conditions at different intervals after application with the recommended rates for 
the tested pesticides with different formulation types. 
 
Persistence of Fenpyroximate (SC, EC) on tomato fruits: 

 
A comparative study was conducted on the persistence of Fenpyroximate 5% with two different types of 

formulations namely Ortus 5% SC and Ortus Super 5% EC on tomato fruits at the recommended rate 50 cm3 / 
100 L water. 

Data in table (1 and 2)  indicated that Fenpyroximate when used as EC formulation type showed higher 
persistence compared to another formulation type SC at all intervals during the two studied seasons. The initial 
deposits one hour after application in 2009 were 3.72 ppm for SC formulation type and 4.94 ppm for EC 
formulation type showing a loss difference of 24.69%. On other hand, the initial deposits in 2010 reached 3.37 
ppm (SC) and 4.35 ppm (EC) with a loss of 22.52%. 
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The residue levels were decreased showing 2.73, 1.93, 0.85, 0.5 and 0.18 ppm and the percentage loss 
reached 26.6, 48.1, 77.1, 86.5 and 95.1 for SC after 1,3,7,10 and 15 days, respectively. In the same way, the 
residue levels were also decreased to 3.85, 2.56, 1.78, 1.30, 0.72 and 0.22 ppm for EC, the corresponding 
percentage of loss reached 22.0, 48.1, 63.9, 73.6, 85.4 and 95.5 after 1,3,7,10,15 and 21 days, respectively after 
treatment in 2009. 

At the same intervals of 2010, the residue levels were decreased to 2.45, 1.60, 0.71, 0.45 and 0.15 ppm, 
showing the percentage loss of 27.2, 52.5, 78.9, 86.6 and 95.5 ppm for SC. On the other hand, the residue levels 
were also decreased to 3.49, 2.18, 1.57, 1.03, 0.60 and 0.18 ppm for EC, showing the percentage loss of 19.7, 
49.8, 63.9, 76.3, 86.2 and 95.8%, respectively. 

The t1/2’s for SC formulation type were 3.64 days and 4.26 days for EC formulation type on tomato fruits in 
2009, compared with 3.47 and 4.73 days in 2010, respectively. 

According to the EU 2010, the MRL for Fenpyroximate on tomato fruits was 0.2 ppm. The obtained pre-
harvest intervals (PHI’s) were 14 and 20 days after application in 2009 for SC, EC pesticide formulation types, 
respectively. While in 2010, the PHI’s were 14 day for SC and 22 day for EC. 

These results are in agreement with Sherif et al., (2012) who suggested that a waiting period of at least 3 
days is necessary before harvesting the citrus and grape fruits and 7 days for apple and 17 days for grape leaves 
after fenpyroximate application at recommended dose that may be considered quite safe from point of health 
hazards due to the toxic effect of residues. 

Reviewing the obtained results, it could be concluded that fenpyroximate when used as EC formulation type 
showed higher persistence compared to another formulation type SC at all intervals during the two studied 
seasons. So, it's safer to spray the SC formulation type for its low residues and shorter pre-harvest intervals 
which readily affects the export process. 

 
Table 1: Residue levels of fenpyroximate 5% (SC & EC) on tomato fruits under field conditions in 2009 

Interval (days) 
SC EC 
ppm % Loss ppm % Loss 

Initial 3.72 0.00 4.94 0.00 
1  2.73 26.6 3.85 22.0 
3  1.93 48.1 2.56 48.1 
7 0.85 77.1 1.78 63.9 
10 0.50 86.5 1.30 73.6 
15 0.18 95.1 0.72 85.4 
21 00.00 100.00 0.22 95.5 
24 0.00 100.00 0.00 100.00 
T1/2 (days) 3.64 4.26 
PHI (days) 14 22 
EU MRL 0.2 ppm 

T (1/2): Half life value       PHI: Pre-harvest intervals               MRL: EU 2008 

 

 
 
 
Fig. 2: Degradation lines of fenpyroximate 5% (SC & EC) on tomato fruits under field conditions in 2009. 
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Table 2: Residue levels of fenpyroximate 5% (SC & EC) on tomato fruits under field conditions in 2010. 

Interval (days) 
SC EC 
ppm % Loss ppm % Loss 

Initial 3.37 0.00 4.35 0.00 
1  2.45 27.2 3.49 19.7 
3  1.60 52.5 2.18 49.8 
7 0.71 78.9 1.57 63.9 
10 0.45 86.6 1.03 76.3 
15 0.15 95.5 0.60 86.2 
21 0.00 100.00 0.18 95.8 
24 0.00 100.00 0.00 100.00 
T1/2 (days) 3.47 4.73 
PHI (days) 14 20 
EU MRL 0.2 ppm 

T (1/2): Half life value       PHI: Pre-harvest intervals               MRL: EU 2008 
 

 
 
Fig. 3: Degradation lines of fenpyroximate 5% (SC & EC) on tomato fruits under field conditions in 2010. 
 

2. Persistence of imidacloprid with four different types of formulation on / in tomato fruits: 
 
Data in table (3&4) and shown as graphs in Figs (4, 5) demonstrate the analysis of imidacloprid residues 

with four different formulation types on tomato fruits up to 24 days after application. The differences in the 
initial deposits between the four types of formulations were attributed to the variation in the physical and 
chemical properties of the formulations. As expected the degradation rates of SC formulation type was more 
than that in other formulation types during the rest of the experiment. 

The initial deposits on tomato fruits were 2.52, 4.55, 3.11 and 3.40 ppm for SC, WDG, SL and WP 
formulation types of imidacloprid in 2009 season, respectively. While in 2010 the initial deposits were 2.30, 
3.68, 2.49 and 3.06 ppm for the same formulation type, respectively. 

The SC formulation type in the two seasons completely disappeared by the end of the experiment (24 days) 
compared with WDG, SL and WP which deteriorated till 0.51, 0.05 and 0.16 ppm, respectively in 2009. On the 
other hand, detected residues in season 2010 were 0.30 and 0.1 ppm for WDG and WP respectively. While SL 
formulation completely disappeared by the end of experiment in the same season. 

The residue levels of SC were decreased to 1.55, 1.02, 0.42, 0.27 and 0.11 ppm after 1, 3, 7, 10 and 15 days, 
respectively. The percentage losses were 38.4, 59.5, 83.3, 89.2 and 95.6%, respectively. In the same manner, the 
residue levels of WDG also decreased to be 3.14, 2.57, 2.24, 1.81, 1.12, 0.98 and 0.51 ppm with the respective 
losses of 30.9, 43.5, 50.7, 60.2, 75.3, 78.4 and 88.7% after 1,3,7,10,15, 21 and 24 days, respectively. While with 
SL formulation type, the residue levels were decreased to be 2.03, 1.60, 1.20, 0.84, 0.53, 0.33 and 0.05 ppm 
with the respective losses of 34.7, 48.5, 61.4, 72.9, 82.9, 89.3 and 98.3% after 1,3,7,10,15, 21 and 24 days, 
respectively. After the same intervals the residue levels of WP were decreased to 2.56, 2.35, 1.90, 1.51, 0.90, 
0.59 and 0.16 ppm. The percentage losses showed 24.7, 30.8, 44.1, 55.5, 73.5, 82.6 and 95.2%, respectively in 
2009. 
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At the same intervals in 2010, the residue levels were decreased to be 1.20, 0.79, 0.33, 0.12 and 0.07 ppm 
with percentage losses of 47.8, 65.6, 85.6, 94.7 and 96.9% for SC. On the other hand, the residue levels of WDG 
were also decreased to be 3.01, 2.50, 2.07, 1.65, 0.97, 0.73 and 0.30 ppm, with the respective losses of 18.2, 
32.06, 43.7. 55.1, 73.6, 80.1 and 91.8%.And for SL the residue levels were decreased to be 1.71, 1.48, 0.96, 
0.64, 0.36 and 0.22 ppm with percentage losses of 31.3, 40.5, 61.4, 74.2, 85.5 and 91.1%. While for WP the 
residue levels were decreased to be 2.37, 2.09, 1.73, 1.45, 0.78, 0.5 and 0.1 ppm with percentage losses of 22.5, 
31.6, 43.4, 52.6, 74.5, 83.6 and 96.7% 

From these data and according to Codex Alimentarius Commission (2010), the maximum residue limit 
(MRL) for imidacloprid in tomato fruits was 0.5 ppm. This indicated that the corresponding and recommended 
pre-harvest intervals (PHI) were 6 days for SC, 24 days for WDG, 16 days for SL and 22 days for WP 
formulation type in 2009. On the other hand, in 2010 PHI’s were 5, 23, 13 and 21 days for the same formulation 
types, respectively  

The estimated half-life (t1/2) values for the applied pesticides at 2009 were 2.81, 5.45, 3.53 and 6.36 days for 
SC, WDG, SL and WP, respectively. In 2010, the estimated half-life (t1/2) values were 2.29, 7.26, 4.55 and 6.45 
days for the same formulations type, respectively. 

These results are in agreement with those of Mahmoud (2000) who studied the persistence of imidacloprid 
on and in sugar beet and found that the residues decreased from 4.87 ppm one hour after application to 0.08 ppm 
6 days after application in vegetative parts of sugar beet plants. On the other hand, no imidacloprid residues 
were detected after one hour of application on roots then appeared after one day 0.004 ppm. To explain the 
reason of disappearance of imidacloprid on plants, Konrad and Fritz (1999) studied the photolysis of 
imidacloprid on leaf surface of tomato plants. The photodegradation experiments showed the presence of four 
compounds well known as imidacloprid metabolites in plants. Under field conditions, imidacloprid on tomato 
leaf surfaces was rapidly degraded, even under low light intensity conditions and it can be expected that 
degradation rates would be greater with longer exposure to light. The photodegradation of imidacloprid on leaf 
surface plays an essential global role. Similar findings were recorded by Dikshit et al., (2003) who sprayed 
tomato with imidacloprid , PHI was found to be 3 days after application, taking in to account an MRL of 0.5 
ppm for imidacloprid on tomato. 

In this respect, Mahmoud (2004) determined imidacloprid residues in broad bean. No residues were 
detected in plants after 15 days from application. Hence, the plants could be marketed and consumed safely after 
that period of time. The residue half-life values in leaves were 1.6 days and 1.3 days in green bean.  

In another residue study of imidacloprid, Azza and Nevein (2008) stated that the residue half-life of 
imidacloprid was 6 days on / in cabbage leaves, and the pre-harvest intervals was 8 days. 

Formulators need to take into account a number of interacting factors in the choice of the specific 
formulation type for each active ingredient. One of The main factors governing the choice of formulation is its 
physico-chemical properties. Many or all properties can be changed when the formulation is changed. Since the 
physical–chemical properties are very important parameters for the different aspects of the assessment, 
determination of all physical–chemical properties has to be done thoroughly as relevant information for the 
calculation of the efficacy and the side-effects of the new pesticide. Meijs (2008). 

Consequently, there are many factors influencing residue dissipation rates during application and the 
different rate of dissipation processes affecting residues level in / on the different parts of plant or plants of the 
same field. One of the most important factors was the formulation itself. The differences between pesticide 
formulation types of the same active ingredient may lead to differences in pre-harvest internals (PHI's) values 
due to the nature of additives affecting the product and its physico-chemical properties as well as its behavior on 
the plant after treatment. 

From the present work we should point out that it is necessary to use a formulation type that is convenient 
to use, more effective at much lower application rates, less toxic to non-target organism, with lower residue 
levels and a lower impact on the environment in general. 
 
Table 3: Residue levels of imidacloprid with different types of formulations on tomato fruits under field conditions in 2009. 

Interval 
(days) 

Admire 20 % (SC) Imidamex 70 % (WDG) Imidor 20 % (SL) Best 25 % (WP) 
ppm % Loss ppm % Loss ppm % Loss ppm % Loss 

Initial 2.52 0.00 4.55 0.00 3.11 0.00 3.40 0.00 
1 1.55 38.4 3.14 30.9 2.03 34.7 2.56 24.7 
3 1.02 59.5 2.57 43.5 1.60 48.5 2.35 30.8 
7 0.42 83.3 2.24 50.7 1.20 61.4 1.90 44.1 
10 0.27 89.2 1.81 60.2 0.84 72.9 1.51 55.5 
15 0.11 95.6 1.12 75.3 0.53 82.9 0.90 73.5 
21 0.00 100.00 0.98 78.4 0.33 89.3 0.59 82.6 
24 0.00 100.00 0.51 88.7 0.05 98.3 0.16 95.2 
T1/2 (days) 2.81 5.45 3.53 6.36 
PHI (days) 6 24 16 22 
codex MRL 0.5 ppm 

T (1/2): Half life value        PHI: Pre-harvest intervals            MRL: Codex 2010 
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Fig. 4: Degradation lines of imidacloprid with different types of formulations on tomato fruits under field 

conditions at 2009. 
 

Table 4: Residue levels of imidacloprid with different types of formulations on tomato fruits under field conditions at 2010. 

Interval (days) 
Admire 20 % (SC) Imidamex 70 % (WDG) Imidor 20 % (SL) Best 25 % (WP) 
ppm % Loss ppm % Loss ppm % Loss ppm % Loss 

Initial 2.30 0.00 3.68 0.00 2.49 0.00 3.06 0.00 
1 1.20 47.8 3.01 18.2 1.71 31.3 2.37 22.5 
3 0.79 65.6 2.50 32.06 1.48 40.5 2.09 31.6 
7 0.33 85.6 2.07 43.7 0.96 61.4 1.73 43.4 
10 0.12 94.7 1.65 55.1 0.64 74.2 1.45 52.6 
15 0.07 96.9 0.97 73.6 0.36 85.5 0.78 74.5 
21 0.00 100.00 0.73 80.1 0.22 91.1 0.5 83.6 
24 0.00 100.00 0.30 91.8 0.00 100.00 0.1 96.7 
T1/2 (days) 2.29 7.26 4.55 6.45 
PHI (days) 5 23 13 21 
codex MRL 0.5 ppm 

T (1/2): Half life value        PHI: Pre-harvest intervals            MRL: Codex 2010 

 

 
 
Fig. 5: Degradation lines of imidacloprid with different types of formulations on tomato fruits under field 

conditions in 2010. 
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