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ABSTRACT 
A supervised field trial was conducted to study the persistence and therefore to evaluate the risk assessment of trifloxystrobin and 
tebuconazole residues on onion. A combined formulation of trifloxystrobin 25 % + tebuconazole 50% (Nativo 75WG) was applied on 
onion crop @ 300 and 600 g ha-1, which resulted in active application  @ 75.0  and 150.0 g.a.ha-1 with respect to trifloxystrobin and @ 
150.0 and 300 g.a.ha-1 with respect to tebuconazole. The average initial deposits of trifloxystrobin on onion were 0.52 and 0.82 mg kg-1 
following three applications of Nativo 75 WG at the recommended and the double of the recommended dose, respectively. Similarly, the 
average initial deposits of tebuconazole were 0.76 and 1.32 mg kg-1 at the two dosages, respectively.  The residues dissipated more than 
60% at both dosages after 3 days. The half-life (t1/2) of trifloxystrobin was 1.86 and 1.18 days, while for tebuconazole 2.13 and 1.98 
days, for single and double dosages, respectively. Mature onion collected at harvest did not reveal the presence of trifloxystrobin or its 
metabolite, CGA 32113, at a detection limit of 0.05 mg kg-1. An assessment of the intake of trifloxystrobin and tebuconazole, resulting 
from the consumption of onion, and its comparison with acceptable daily intake revealed that recommended application of Nativo 75WG 
(trifloxystrobin 25%+ tebuconazole 50%) is quite safe from the consumer point of view. 
Keywords: ADI, Dissipation, Half-life, Trifloxystrobin, Tebuconazole. 

1. INTRODUCTION 
 Onion (Allium cepa L.) is one of the most important 
bulbous crops in the world. Out of 15 vegetables listed by the 
Food and Agricultural Organization (FAO), onion falls second 
only to tomato in terms of annual world production. India is the 
second largest producer of onion in the world.  Onion is an 
indispensable part of the diet in India [1, 2]. Dehydrated onion 
powder is in great demand in the international market also. 
Unfortunately, this crop suffers heavily due to diseases, causing a 
major problem for onion growers.  Some fungal diseases cause 
heavy losses to the crop and remain in the soil for decades, 
revealing themselves only when onions are planted. In agricultural 
operations, fungicides are used to protect the crops plants from 
fungal pathogens [3]. Despite global concerns and restrictions on 
chemical development and usage in food production, such 
limitation has tended to give impetus to the development of 
fungicides of new chemistry and delivery systems [4]. 
Strobilurins are the most important class of synthetic agricultural 
fungicides [5], having a mechanism of action similar to natural 
strobilurinA, which is produced by different species of fungi [6]. 
The fungicidal activity of strobilurins is the inhibition of 
mitochondrial respiration by binding at the Q0 site of cytochrome 
b, located in the inner mitochondrial membrane of the fungi [7, 8]. 
Trifloxystrobin methyl - (E) – methoxyimino - {(E) – a - [1- 
(a,a,a- trifluoro – m - tolyl) ethylideneaminoxyl] -o-toly} acetate, a 
strobilurin fungicide, belongs to the new class of substancescalled 
Quinone outside inhibitors’ (QoI) fungicide groups. It shows 
outstanding biological activity by controlling diseases, including 
grape and cucurbit powdery mildew, apple scab, powdery mildew 

and brown patch of turf grasses and peanut leaf spot [8, 9]. 
Trifloxystrobin usually degrades rapidly (hours to days) in most 
soils and aquatic environments.  
Tebuconazole (RS) -1- p - chlorophenyl - 4, 4 – dimethy l – 3 - 
(1H - 1, 2 ,4 – triazol -1- ethyl) pentan-3-ol  is a systemic 
fungicide of the triazole group which like other triazole 
fungicides, interferes in the metabolism of fungal pathogens, 
mainly by inhibiting ergosterol biosynthesis. It is effective against 
powdery  mildews, loose smuts and rusts of both legume and non-
legume crops,  soybean rust, various smut and bunt diseases of 
cereals such as Tilletia spp., Ustilago spp., and Urocystis spp., leaf 
spots (Mycosphaerella spp.); leaf rust (Pucciniaarachidis); black 
leaf streak (Mycosphaerellafijiensis)  in bananas; stem rot 
(Sclerotiniasclerotiorum); stem canker (Leptosphaeriamaculans); 
blister blight (Exobasidiumvexans)  in tea; powdery mildew 
(Podosphaeraleucotricha) white rot in apples 
(Botryosphaeriadothidea) and powdery mildew (Uncinulanecator)  
in grapevines [5,10]. 
 Combinedformulations of fungicides are available in the 
market and popular among the farmers due to their broad spectrum 
activity. A combinedformulation Nativo 75 WG (trifloxystrobin 
25%+ tebuconazole 50%) is used to control various diseases of 
vegetables. But studies on the environmental fate of trifloxystrobin 
and tebuconazole are limited. In this context an experiment was 
conducted to investigate residual behaviour of trifloxystrobin and 
tebuconazole on onion crop and to work out safe harvest period 
with the ultimate goalof consumer safety. 
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2. EXPERIMENTAL SECTION 
2.1. Chemicals and reagents.  
 The organic solvents, including ethyl acetate, 
dichloromethane and acetone (GR grade), were purchased from 
Merck (Darmstadt, Germany). Before use, these solvents were 
redistilled and their suitability was ensured by running reagent 
blanks before and along with actual analysis. Activated charcoal 
(LR grade), Sodium chloride (ACS reagent grade >99.9%) and 
anhydrous sodium sulfate (AR grade) were obtained from S.d. fine 
chemicals (SDFCL, Mumbai, India). The technical grade pesticide 
trifloxystrobin (99.6% purity), its metabolite CGA321113 (96.3% 
purity), Tebuconazole (97.4% purity) and its formulation Nativo 
75WG, were obtained from M/s Bayer Crop Science Limited.The 
stock solution of insecticide, containing 1000 µg mL-1 of analyte 
was prepared using acetone as the solvent and kept at -20 0C. 
Working standards of 0.05, 0.1, 0.5, 1.0 and 5.0 µg mL-1 
concentrations were prepared by serial dilutions and stored at 4 0C.  
2.2. Field trial.  
 The field trial was conducted during February 2011 to May 
2011 at Entomological Research Farm, PAU, India. The crop (var. 
PR0-6) was raised according to recommended agronomic practices 
and experiment was laid in randomized block design (RBD). Each 
experimental plot was 50 m2 and each treatment, i.e. untreated 
control, single dose (300 g ha-1) and double dose (600 g ha-1) was 
replicated thrice. Foliar application of Nativo 75WG was done 
with a knapsack sprayer equipped with a hollow cone nozzle at 35 
days after sowing. Two more applications of insecticides were 
made afterwards at 10 days intervals.  The untreated control plot 
was sprayed with water only.  Samples of whole onion, including 
leaves, were collected randomly from each treatment at 0, 1, 3, 5, 
7, 10 and 15 days after the last application, ensuring that the 
samples were representative of the whole field area. Onion 
samples were packed in polyethylene bags and transported to the 
laboratory where they were macerated in a high speed blender and 
a representative 10 g was taken for analysis.  
2.3. Extraction and clean up.  
 The extraction and cleanup of onion samples for the 
estimation of trifloxystrobin, its metabolite and tebuconazole was 
carried out as per the previously developed methodology [11]. The 
whole 500 g onion samples were macerated in a high speed 
Waring blender (Blixer 6 V.V. Robot coupe, France) and a 
representative 10 g sample was dipped overnight into 50 mL 
acetone in an Erlenmeyer flask. The extract was filtered into 1 L 
separatory funnel, diluted with 600 mL brine solution and the 
contents were partitioned twice into 75 and 75 mL 
dichloromethane and twice into 75 and 75 mL ethyl acetate. Both  

distilled acetone. A representative 50g soil sample were taken for 
analysis and processed as per the method described above without 
any charcoal cleanup. 
2.4. Analysis.  
 The analysis of the processed extract containing residues of 
trifloxystrobin, CGA321113 and tebuconazole were estimated 
using a gas liquid chromatograph equipped with Electron Capture 
detector (ECD), at 3000C. Chromatographic separation was carried 
out using a capillary column Rxi-5 Sil MS (30 m x 0.53 mm i.d, 
and 1.5 μm film thickness), held at 240 0C. Nitrogen was used as 
the carrier gas with makeup flow of 30 mL min-1. The injector port 
temperature was held at 300 0C. Under these operating conditions, 
the retention time of trifloxystrobin, CGA321113 and 
tebuconazole were found to be 8.92, 17.36 and 18.90 mins, 
respectively (Figs. 4 and 5). 
2.5. Method of validation.  
 In order to evaluate the efficiency, consistency and 
authenticity of the methodology described above, onion and soil 
samples were spiked with the two pesticides being studied, at three 
concentration levels (0.50, 0.25 and 0.05 mg kg-1). The precision 
of the method was determined by repeatability studies of the 
method and expressed by RSD values (Relative standard 
deviation). Quantification was accomplished by standard curve of 
pesticide standard solution at concentration ranges between 0.05-
1.0 µg mL-1. The limit of quantification (LOQ) for trifloxystrobin, 
CGA321113 and tebuconazole was calculated to be 0.05 mg kg-1. 
This was determined on the basis of the nanograms (ng) of 
standard injected, which gave a response of 10% of full scale 
deflection, as well as the sample weight in mg injected so that the 
base line of the instrument remained stable and no noise was 
observed. No control sample showed any evidence of 
chromatographic interference. The half-life of trifloxystrobin and 
tebuconazole was calculated by using the Hoskin formula [12] and 
residues were estimated by comparison of peak height/ peak area 
of the standards with that of the unknown or spiked samples, run 
under identical conditions.  
2.6. Risk assessment.  
 A risk assessment of trifloxystrobin and tebuconazole 
residues on onion was made on the basis of its total intake through 
consumption, comparing it to its acceptable daily intake (ADI). 
Theoretical Maximum Residues Contributions (TMRC) were 
calculated by taking maximum residue level of trifloxistrobin and 
at recommended and double the recommended dose and compared 
with ADI, to evaluate the risk to the consumer for the 
trifloxystrobin and tebuconazole, on onion. 

3. RESULTS  
3.1. Efficiency of the analytical method.  
 The recoveries of trifloxystrobin, its metabolite and 
tebuconazole at three concentration levels of 0.05, 0.25 and 0.50, 
were found to be consistent and more than 85%.  RSD below 6% 
confirmed a good repeatability of the method. The RSD for 

repeatability ranged from 1.62-5.28 to 1.96-3.0 and 1.91-4.17 % 
for tebuconazole, trifloxystrobin and its metabolite CGA, 
respectively, at different spiking levels. Good linearity was 
achieved with a correlation coefficient of R2=0.99 for 
tebuconazole, trifloxystrobin and its metabolite, CGA 321113 
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(Fig. 1). So, the given method was found efficient, accurate and 
sensitive to determine trifloxistrobin and tebuconazole residues in 
onion.  
3.2. Persistence of trifloxistrobin and its metabolite in onion. 
 Three applications of Nativo 75 WG (trifloxystrobin 25% + 
tebuconazole 50%) @ 75 g a.i. ha-1 and 150 g a.i. ha-1 with respect 
to trifloxystrobin resulted in the initial deposits of 0.52 mg kg-1 
and 0.82 mg kg-1, respectively. More than 60% of trifloxystrobin 
residues dissipated after three days of last application at both the 
doses. The residues dissipated below LOQ of 0.05 mg kg-1 after 5 
and 7 days, respectively, at the recommended and double the 
recommended application dosages (Fig. 2). These findings were in 
agreement with earlier reported initial deposits of trifloxystrobin 
on chilli being 0.31 and 0.59 mg kg-1, following two applications 
of Nativo 75 WG @ 250 and 500 g ha-1at 10 day intervals [13]. 
Similarly, it was also reported to be 0.30 and 0.87 mg kg-1of initial 
deposits of trifloxystrobin at the recommended (175 g ha-1) and 
double the recommended (350 g ha-1) doses, respectively, of 
Nativo 75 WG on grapes [5]. Trifloxymetabolite CGA was not 
detected in onion at any time interval during the study period. 
Half-life of trifloxystrobin on onion was found to be 1.86 and 1.18 
days at single and double the dosages, respectively. Similarly on 
chilli the half-life of trifloxystrobin was reported to be 1.81 and 
1.58 days at single and double the dosages, respectively [13]. 
Mature onion samples collected at harvest time did not reveal the 
presence of trifloxystrobin or its metabolite CGA 32113 at the 
determination limit of 0.05 mg kg-1. 
3.3. Persistence of tebuconazole in onion.  
 Following three applications of Nativo 75 WG 
(trifloxystrobin 25%+ tebuconazole 50%) @ 300 g ha-1and 600 g 
ha-1 at 10 days interval, the average initial deposits of 
tebuconazole on onion were found to be 0.76 and 1.32 mg kg-1, 
respectively. Residues of tebuconazole dissipated below LOQ of 
0.05 mg kg-1in 7 days, in both single and double dosages (Fig 3). 
Similar results were reported in grapes where the initial deposit 
0.53 and 1.22 mg kg-1of tebuconazole at recommended and double 
the recommended dose, respectively, was observed following the 
application of Nativo 75 WG (trifloxystrobin 250+ tebuconazole 
500 g mg-1) at175 and 350 g ha-1 on grapes [5]. Similarly,  initial 
deposits of tebuconazole  on chilli were found to be 0.95 and 1.88 
mg kg-1, respectively, following  two application  of  Nativo 
75WG (Trifloxystrobin 25%+ tebuconazole 50%) @ 250 and 500 
g ha-1 [13]. However, three applications of tebuconazole on 
peppermint at 125 and 250 g.a.i. ha-1 resulted in detection of 
residues at 0.26 and 0.80 mg kg-1 in peppermint at harvest after 64 
days after the last application [14]. The slow dissipation of 
tebuconazole may be due to the small surface area of the substrate. 
Half-life of tebuconazole in onion was observed to be 2.13 and 
1.98 days at single and double the dosages, respectively, in the 
present study. It was also reported earlier that tebuconazole 
residues dissipated with half-life values of 1.37 and 1.41, 
respectively, for single and double the dosages on chilli [13]. 
Mature onion samples collected 43 days after last spray did not 
reveal the presence of tebuconazole at the determination limit of 
0.05 mg kg-1.  
 
 

3.4. Risk assessment.  
 ADI of trifloxystrobin and tebuconazole are 40 and 30 µg 
kg-1 body weight day- 1 [15].  

 
Figure 1. Linearity calibration curve for trifloxystrobin, 
CGA321113 and tebuconazole on GLC. 

 
Figure 2. Semi-logarithmic graph (dissipation kinetics) of 
trifloxystrobin on onion. Regression equation y = -0.172x 
+ 0.685 (single dose) and y = -0.198x + 0.942 (double 
dose). 

 
Figure 3. Semi-logarithm graph showing dissipation 
kinetics of tebuconazole on onion. Regression equation y 
= -0.186x + 0.898  (single dose) and y = -0.335x+ 1.591 
(double dose). 

 
Figure 4. Standard mixture of CGA, Trifloxystrobin and 
Tebuconazole. 

 
Figure 5. Onion sample spiked with CGA, Trifloxystrobin 
and Tebuconazole. 
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 Therefore, an average person weighing 55 kg can have an 
intake of 2200 μg of trifloxystrobin and 1650 μg of tebuconazole 
without any appreciable risk to life. TMRC has been calculated, 
assuming recommended consumption of onion as 80 g in Indian 
context [16]. The TMRC values were derived through maximum 
residue levels at recommended and double the recommended 

dosages, and were found to be 43.2 and 68  μg person-1 day-1 for 
trifloxystrobin; and  62.4 and 110.4 μg person-1 day-1 for 
tebuconazole, respectively. All these values were lower when 
compared to their ADI. So, the dietary exposure to trifloxystrobin 
and tebuconazole were within safe limits and no health hazard to 
the consumers is expected. 

4. CONCLUSIONS 
 The presence and persistence of fungicides in agricultural 
soils can cause adverse effects to soil organisms, such as 
earthworms and microorganisms, and the crucial functions these 
organisms are responsible for (e.g., the breakdown of organic 
matter, facilitating nutrient cycling).  The soil samples collected 

15 days after last application of fungicides did not reveal the 
presence of trifloxystrobin or its metabolite CGA 32113 and 
tebuconazole. Thus, the use of Nativo 75 WG (trifloxystrobin 
25%+ tebuconazole 50%) did not seem to cause any negative 
impact on health of agricultural soils. 
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ABSTRACT

A supervised field trial was conducted to study the persistence and therefore to evaluate the risk assessment of trifloxystrobin and tebuconazole residues on onion. A combined formulation of trifloxystrobin 25 % + tebuconazole 50% (Nativo 75WG) was applied on onion crop @ 300 and 600 g ha-1, which resulted in active application  @ 75.0  and 150.0 g.a.ha-1 with respect to trifloxystrobin and @ 150.0 and 300 g.a.ha-1 with respect to tebuconazole. The average initial deposits of trifloxystrobin on onion were 0.52 and 0.82 mg kg-1 following three applications of Nativo 75 WG at the recommended and the double of the recommended dose, respectively. Similarly, the average initial deposits of tebuconazole were 0.76 and 1.32 mg kg-1 at the two dosages, respectively.  The residues dissipated more than 60% at both dosages after 3 days. The half-life (t1/2) of trifloxystrobin was 1.86 and 1.18 days, while for tebuconazole 2.13 and 1.98 days, for single and double dosages, respectively. Mature onion collected at harvest did not reveal the presence of trifloxystrobin or its metabolite, CGA 32113, at a detection limit of 0.05 mg kg-1. An assessment of the intake of trifloxystrobin and tebuconazole, resulting from the consumption of onion, and its comparison with acceptable daily intake revealed that recommended application of Nativo 75WG (trifloxystrobin 25%+ tebuconazole 50%) is quite safe from the consumer point of view.
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	Onion (Allium cepa L.) is one of the most important bulbous crops in the world. Out of 15 vegetables listed by the Food and Agricultural Organization (FAO), onion falls second only to tomato in terms of annual world production. India is the second largest producer of onion in the world.  Onion is an indispensable part of the diet in India [1, 2]. Dehydrated onion powder is in great demand in the international market also. Unfortunately, this crop suffers heavily due to diseases, causing a major problem for onion growers.  Some fungal diseases cause heavy losses to the crop and remain in the soil for decades, revealing themselves only when onions are planted. In agricultural operations, fungicides are used to protect the crops plants from fungal pathogens [3]. Despite global concerns and restrictions on chemical development and usage in food production, such limitation has tended to give impetus to the development of fungicides of new chemistry and delivery systems [4].

Strobilurins are the most important class of synthetic agricultural fungicides [5], having a mechanism of action similar to natural strobilurinA, which is produced by different species of fungi [6]. The fungicidal activity of strobilurins is the inhibition of mitochondrial respiration by binding at the Q0 site of cytochrome b, located in the inner mitochondrial membrane of the fungi [7, 8]. Trifloxystrobin methyl - (E) – methoxyimino - {(E) – a - [1- (a,a,a- trifluoro – m - tolyl) ethylideneaminoxyl] -o-toly} acetate, a strobilurin fungicide, belongs to the new class of substancescalled Quinone outside inhibitors’ (QoI) fungicide groups. It shows outstanding biological activity by controlling diseases, including grape and cucurbit powdery mildew, apple scab, powdery mildew and brown patch of turf grasses and peanut leaf spot [8, 9]. Trifloxystrobin usually degrades rapidly (hours to days) in most soils and aquatic environments. 

Tebuconazole (RS) -1- p - chlorophenyl - 4, 4 – dimethy l – 3 - (1H - 1, 2 ,4 – triazol -1- ethyl) pentan-3-ol  is a systemic fungicide of the triazole group which like other triazole fungicides, interferes in the metabolism of fungal pathogens, mainly by inhibiting ergosterol biosynthesis. It is effective against powdery  mildews, loose smuts and rusts of both legume and non-legume crops,  soybean rust, various smut and bunt diseases of cereals such as Tilletia spp., Ustilago spp., and Urocystis spp., leaf spots (Mycosphaerella spp.); leaf rust (Pucciniaarachidis); black leaf streak (Mycosphaerellafijiensis)  in bananas; stem rot (Sclerotiniasclerotiorum); stem canker (Leptosphaeriamaculans); blister blight (Exobasidiumvexans)  in tea; powdery mildew (Podosphaeraleucotricha) white rot in apples (Botryosphaeriadothidea) and powdery mildew (Uncinulanecator)  in grapevines [5,10].

	Combinedformulations of fungicides are available in the market and popular among the farmers due to their broad spectrum activity. A combinedformulation Nativo 75 WG (trifloxystrobin 25%+ tebuconazole 50%) is used to control various diseases of vegetables. But studies on the environmental fate of trifloxystrobin and tebuconazole are limited. In this context an experiment was conducted to investigate residual behaviour of trifloxystrobin and tebuconazole on onion crop and to work out safe harvest period with the ultimate goalof consumer safety.





2. EXPERIMENTAL SECTION



2.1. Chemicals and reagents. 

	The organic solvents, including ethyl acetate, dichloromethane and acetone (GR grade), were purchased from Merck (Darmstadt, Germany). Before use, these solvents were redistilled and their suitability was ensured by running reagent blanks before and along with actual analysis. Activated charcoal (LR grade), Sodium chloride (ACS reagent grade >99.9%) and anhydrous sodium sulfate (AR grade) were obtained from S.d. fine chemicals (SDFCL, Mumbai, India). The technical grade pesticide trifloxystrobin (99.6% purity), its metabolite CGA321113 (96.3% purity), Tebuconazole (97.4% purity) and its formulation Nativo 75WG, were obtained from M/s Bayer Crop Science Limited.The stock solution of insecticide, containing 1000 µg mL-1 of analyte was prepared using acetone as the solvent and kept at -20 0C. Working standards of 0.05, 0.1, 0.5, 1.0 and 5.0 µg mL-1 concentrations were prepared by serial dilutions and stored at 4 0C. 

2.2. Field trial. 

	The field trial was conducted during February 2011 to May 2011 at Entomological Research Farm, PAU, India. The crop (var. PR0-6) was raised according to recommended agronomic practices and experiment was laid in randomized block design (RBD). Each experimental plot was 50 m2 and each treatment, i.e. untreated control, single dose (300 g ha-1) and double dose (600 g ha-1) was replicated thrice. Foliar application of Nativo 75WG was done with a knapsack sprayer equipped with a hollow cone nozzle at 35 days after sowing. Two more applications of insecticides were made afterwards at 10 days intervals.  The untreated control plot was sprayed with water only.  Samples of whole onion, including leaves, were collected randomly from each treatment at 0, 1, 3, 5, 7, 10 and 15 days after the last application, ensuring that the samples were representative of the whole field area. Onion samples were packed in polyethylene bags and transported to the laboratory where they were macerated in a high speed blender and a representative 10 g was taken for analysis. 

2.3. Extraction and clean up. 

	The extraction and cleanup of onion samples for the estimation of trifloxystrobin, its metabolite and tebuconazole was carried out as per the previously developed methodology [11]. The whole 500 g onion samples were macerated in a high speed Waring blender (Blixer 6 V.V. Robot coupe, France) and a representative 10 g sample was dipped overnight into 50 mL acetone in an Erlenmeyer flask. The extract was filtered into 1 L separatory funnel, diluted with 600 mL brine solution and the contents were partitioned twice into 75 and 75 mL dichloromethane and twice into 75 and 75 mL ethyl acetate. Both 

distilled acetone. A representative 50g soil sample were taken for analysis and processed as per the method described above without any charcoal cleanup.

2.4. Analysis. 

	The analysis of the processed extract containing residues of trifloxystrobin, CGA321113 and tebuconazole were estimated using a gas liquid chromatograph equipped with Electron Capture detector (ECD), at 3000C. Chromatographic separation was carried out using a capillary column Rxi-5 Sil MS (30 m x 0.53 mm i.d, and 1.5 μm film thickness), held at 240 0C. Nitrogen was used as the carrier gas with makeup flow of 30 mL min-1. The injector port temperature was held at 300 0C. Under these operating conditions, the retention time of trifloxystrobin, CGA321113 and tebuconazole were found to be 8.92, 17.36 and 18.90 mins, respectively (Figs. 4 and 5).

2.5. Method of validation. 

	In order to evaluate the efficiency, consistency and authenticity of the methodology described above, onion and soil samples were spiked with the two pesticides being studied, at three concentration levels (0.50, 0.25 and 0.05 mg kg-1). The precision of the method was determined by repeatability studies of the method and expressed by RSD values (Relative standard deviation). Quantification was accomplished by standard curve of pesticide standard solution at concentration ranges between 0.05-1.0 µg mL-1. The limit of quantification (LOQ) for trifloxystrobin, CGA321113 and tebuconazole was calculated to be 0.05 mg kg-1. This was determined on the basis of the nanograms (ng) of standard injected, which gave a response of 10% of full scale deflection, as well as the sample weight in mg injected so that the base line of the instrument remained stable and no noise was observed. No control sample showed any evidence of chromatographic interference. The half-life of trifloxystrobin and tebuconazole was calculated by using the Hoskin formula [12] and residues were estimated by comparison of peak height/ peak area of the standards with that of the unknown or spiked samples, run under identical conditions. 

2.6. Risk assessment. 

	A risk assessment of trifloxystrobin and tebuconazole residues on onion was made on the basis of its total intake through consumption, comparing it to its acceptable daily intake (ADI). Theoretical Maximum Residues Contributions (TMRC) were calculated by taking maximum residue level of trifloxistrobin and at recommended and double the recommended dose and compared with ADI, to evaluate the risk to the consumer for the trifloxystrobin and tebuconazole, on onion.



3. RESULTS 



3.1. Efficiency of the analytical method. 

	The recoveries of trifloxystrobin, its metabolite and tebuconazole at three concentration levels of 0.05, 0.25 and 0.50, were found to be consistent and more than 85%.  RSD below 6% confirmed a good repeatability of the method. The RSD for repeatability ranged from 1.62-5.28 to 1.96-3.0 and 1.91-4.17 % for tebuconazole, trifloxystrobin and its metabolite CGA, respectively, at different spiking levels. Good linearity was achieved with a correlation coefficient of R2=0.99 for tebuconazole, trifloxystrobin and its metabolite, CGA 321113 (Fig. 1). So, the given method was found efficient, accurate and sensitive to determine trifloxistrobin and tebuconazole residues in onion. 

3.2. Persistence of trifloxistrobin and its metabolite in onion. 	Three applications of Nativo 75 WG (trifloxystrobin 25% + tebuconazole 50%) @ 75 g a.i. ha-1 and 150 g a.i. ha-1 with respect to trifloxystrobin resulted in the initial deposits of 0.52 mg kg-1 and 0.82 mg kg-1, respectively. More than 60% of trifloxystrobin residues dissipated after three days of last application at both the doses. The residues dissipated below LOQ of 0.05 mg kg-1 after 5 and 7 days, respectively, at the recommended and double the recommended application dosages (Fig. 2). These findings were in agreement with earlier reported initial deposits of trifloxystrobin on chilli being 0.31 and 0.59 mg kg-1, following two applications of Nativo 75 WG @ 250 and 500 g ha-1at 10 day intervals [13]. Similarly, it was also reported to be 0.30 and 0.87 mg kg-1of initial deposits of trifloxystrobin at the recommended (175 g ha-1) and double the recommended (350 g ha-1) doses, respectively, of Nativo 75 WG on grapes [5]. Trifloxymetabolite CGA was not detected in onion at any time interval during the study period. Half-life of trifloxystrobin on onion was found to be 1.86 and 1.18 days at single and double the dosages, respectively. Similarly on chilli the half-life of trifloxystrobin was reported to be 1.81 and 1.58 days at single and double the dosages, respectively [13]. Mature onion samples collected at harvest time did not reveal the presence of trifloxystrobin or its metabolite CGA 32113 at the determination limit of 0.05 mg kg-1.

3.3. Persistence of tebuconazole in onion. 

	Following three applications of Nativo 75 WG (trifloxystrobin 25%+ tebuconazole 50%) @ 300 g ha-1and 600 g ha-1 at 10 days interval, the average initial deposits of tebuconazole on onion were found to be 0.76 and 1.32 mg kg-1, respectively. Residues of tebuconazole dissipated below LOQ of 0.05 mg kg-1in 7 days, in both single and double dosages (Fig 3). Similar results were reported in grapes where the initial deposit 0.53 and 1.22 mg kg-1of tebuconazole at recommended and double the recommended dose, respectively, was observed following the application of Nativo 75 WG (trifloxystrobin 250+ tebuconazole 500 g mg-1) at175 and 350 g ha-1 on grapes [5]. Similarly,  initial deposits of tebuconazole  on chilli were found to be 0.95 and 1.88 mg kg-1, respectively, following  two application  of  Nativo 75WG (Trifloxystrobin 25%+ tebuconazole 50%) @ 250 and 500 g ha-1 [13]. However, three applications of tebuconazole on peppermint at 125 and 250 g.a.i. ha-1 resulted in detection of residues at 0.26 and 0.80 mg kg-1 in peppermint at harvest after 64 days after the last application [14]. The slow dissipation of tebuconazole may be due to the small surface area of the substrate. Half-life of tebuconazole in onion was observed to be 2.13 and 1.98 days at single and double the dosages, respectively, in the present study. It was also reported earlier that tebuconazole residues dissipated with half-life values of 1.37 and 1.41, respectively, for single and double the dosages on chilli [13]. Mature onion samples collected 43 days after last spray did not reveal the presence of tebuconazole at the determination limit of 0.05 mg kg-1. 





3.4. Risk assessment. 

	ADI of trifloxystrobin and tebuconazole are 40 and 30 µg kg-1 body weight day- 1 [15]. 



Figure 1. Linearity calibration curve for trifloxystrobin, CGA321113 and tebuconazole on GLC.



Figure 2. Semi-logarithmic graph (dissipation kinetics) of trifloxystrobin on onion. Regression equation y = -0.172x + 0.685 (single dose) and y = -0.198x + 0.942 (double dose).



Figure 3. Semi-logarithm graph showing dissipation kinetics of tebuconazole on onion. Regression equation y = -0.186x + 0.898  (single dose) and y = -0.335x+ 1.591 (double dose).



Figure 4. Standard mixture of CGA, Trifloxystrobin and Tebuconazole.



Figure 5. Onion sample spiked with CGA, Trifloxystrobin and Tebuconazole.

	Therefore, an average person weighing 55 kg can have an intake of 2200 μg of trifloxystrobin and 1650 μg of tebuconazole without any appreciable risk to life. TMRC has been calculated, assuming recommended consumption of onion as 80 g in Indian context [16]. The TMRC values were derived through maximum residue levels at recommended and double the recommended dosages, and were found to be 43.2 and 68  μg person-1 day-1 for trifloxystrobin; and  62.4 and 110.4 μg person-1 day-1 for tebuconazole, respectively. All these values were lower when compared to their ADI. So, the dietary exposure to trifloxystrobin and tebuconazole were within safe limits and no health hazard to the consumers is expected.



4. CONCLUSIONS
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	The presence and persistence of fungicides in agricultural soils can cause adverse effects to soil organisms, such as earthworms and microorganisms, and the crucial functions these organisms are responsible for (e.g., the breakdown of organic matter, facilitating nutrient cycling).  The soil samples collected 15 days after last application of fungicides did not reveal the presence of trifloxystrobin or its metabolite CGA 32113 and tebuconazole. Thus, the use of Nativo 75 WG (trifloxystrobin 25%+ tebuconazole 50%) did not seem to cause any negative impact on health of agricultural soils.
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