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ABSTRACT: 

A method was developed and validated for the estimation of Iprovalicarb (fungicide) residue 

in/on tomato fruit and grapes berries. The developed method was further used to study the 

persistence behaviour of Iprovalicarb in/on the selected food crops. Acetonitrile for 

extraction, C-18 and PSA for clean-up, gave Limit of Detection (LOD) 0.016 µg/Kg and 

Limit of Quantification (LOQ) of 0.05 µg/Kg in both matrices on analysis by instrument  LC-

MS/MS. Linearity curve of matrix match standards range 0.05 µg/Kg to 20 µg/Kg gave 

regression coefficient (r
2
) = 0.999. The recoveries study performed at n=3 and 3 spiking 

levels (1, 5 and 10 LOQ) produced good recoveries in range of 85-100 %, 84 – 97 % in 

tomato and grapes respectively. Relative standard deviation (RSD) of the method is less than 

10 % in both matrices. A WP formulation of 5.5 % active ingredient, Iprovalicarb sprayed on 

the tomato and grapes fruits, showed the dissipation fitting to the first order kinetics, with 99 

% dissipation from the original deposits. Calculated half life (T1/2 or DT50) of Iprovalicarb 

from the dissipation study is 2.5 days (grapes berries) and 2 days (tomato fruits). 
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INTRODUCTION: 

Fungicide provides the protection to the agriculture produce from the devastating effect of 

fungus attack, but their non-judicious use may often cause the pesticide residue problem. 

Presence of farm chemicals in the food is regularly monitored by governments through 

research laboratories across the globe. Iprovalicarb (IUPAC name: Isopropyl-2-methyl-1-

{[(RS)-1-p-tolylethyl]carbamoyl}-(S)-propylcarbamate), a systemic fungicide, Carbamate 

group, is actually a mixture of two diastereomers (SR) and (SS), in 1:1 ratio[1] (Figure 1). It 

has an excellent fungicidal activity against Plasmopara viticola, Peronospora vicia, 

Phytophthora sp., and Alternaria sp. in grapes, potatoes, tomatoes, tobacco and other fruits 

and vegetables [2]. 
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Figure 1: Two diastereomers of Iprovalicarb I (SR) and II (SS) 

Iprovalicarb controls fungus by its antisporulant activity inhibiting the biosynthesis of 

phospholipids and cell wall. Due to its systemic nature it gets distributed evenly in plants 

through translaminar and acropetal movement [3]. Literature review reveals availability of 

various methods for the estimation of Iprovalicarb residues in various food and environment 

matrices. Maity A. and Mukherjee I. reported the Iprovalicarb determination by HPLC in 

cabbage and its soil [4]. Elisa based detection of Iprovalicarb residues in crops and water 

samples was also published by Lee JK et.al. [5]. Methods of Multi-fungicide residue analysis 

by Gas Chromatophy - Ion Trap Mass Spectrometry (GC-ITMS) [6,7], Gas Chromatography-

Mass Spectrometry (GC-MS) [8], Gas Chromatography-Mass tandem (GC-MS/MS) [9], 

Liquid Chromatography-Mass tandem (LC-MS/MS) [9, 10] from various matrices like soil, 

water, wine. The technique of mass tandem spectrometry coupled with Gas or liquid 

chromatography is the most suitable for confirmation and quantification of several pesticides 

in a single run and at lower levels of concentrations [11-12]  

The study presented in this paper is upon the adoption of Quick Easy Cheap Effective 

Rugged and Safe (QuEChERS) method of sample processing and analysing the processed 

samples by LC-MS/MS instrument. Developed method has been used to study the dissipation 

kinetics of Iprovalicarb in Grapes and Tomato.  

 

MATERIALS AND METHODS 

Chemical reagents and equipments:  

HPLC grade solvents like - acetonitrile, methanol, water used in extraction and sample 

preparation are of Fisher Scientific and purchased from the local supplier. Analytical grade 

standard of Iprovalicarb (98.5%) was procured from Sigma Aldrich, Melody 5.5 % WP (in 

combination with propineb 61.25 %), received from the M/s Bayer, anhydrous sodium 

sulphate (Na2SO4), (Sigma Aldrich, 98.1 % purity) were procured from the local market. C-

18 (Bondasil), PSA (Agilent), anhydrous magnesium sulphate, Formic Acid (99%) and 

ammonium acetate (AR grade) are of Sigma Aldrich. Vortex (Spinix 3020), Bajaj home 

processor, Centrifuge (Remi), mini centrifuge (Tarsons), variable volume micropipettes 

(Tarsons),  
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Preparation of Standards: 

Standard stock solution of 100 mg/Kg of Iprovalicarb was prepared in acetonitrile and 

serially diluted in 10ml volumetric flask  to various concentrations of 10, 5, 1, 0.5, 0.1 and 

0.05  µg/Kg. 10 g of controlled sample on processing as per the method yields 1 ml of final 

volume which was dried over nitrogen gas flow. 1 ml of each calibration solution was added 

separately to reconstitute the six matrix match calibration standards, analysed for plotting 

linearity curve. The standard stock solution was also used in fortification of controlled 

samples in recovery studies. All standards solution dilutions were properly marked and stored 

in refrigerator at 4
o
C ± 1

o
C for not more than a week 

Field Experiments: 

Formulation of Iprovalicarb 5.5% WP (Melody) is approved for fungicide control in tomato 

and grapes.  Foliar spray application on tomato (Solanum Lycopersicum,Hybrid variety Pusa 

Rohini) and Grapes (Vitis vinefera, variety Perlette), was done during fruiting as per their 

recommended dose rate (T1) and double dose (T2), in triplicates. Control plots, T3 (no spray) 

are maintained at sufficient distance from the treated plots in order to prevent the 

contamination by air-drift. Crops of tomato sown in month November, plot size 3 x 7 m. 

Tube well ground water used for irrigating the plots through surface irrigation (furrow 

method). Knap Sack Sprayer used for the Foliar spray application of Iprovalicarb 3.5 Kg/ha 

(T1) and 7 Kg/ha (T2) after 30 days of tomato planting. Dose rate for the grapes was 0.245 

Kg/ha (T1) and 0.490 Kg/ha (T2).  Samples of tomato and grapes were collected as per 

randomized block design on 0, 1, 3, 5, 7, 10 and 14 days in triplicates. Samples were 

processed without any delay, as per the processing method.  

Sample Preparation: 

200 g of total sample thoroughly mixed by quartering technique and homogenized, 20 g of 

sample taken in 50 ml screw capped polypropylene centrifuge tube. 10 g anhydrous sodium 

sulphate for efficient partitioning of Iprovalicarb in to extracting solvent, was added and 

mixed by manual shaking with cap on. 10 ml of extracting solvent acetonitrile was added and 

mixed on vortex shaker (Tarson’s 3020 Spinix) for 2 minutes at its full rpm (3000 rpm). After 

completion of extraction phase centrifuge tubes were centrifuged at 5000 rpm for 10 minutes. 

It separates the matrix, water and extracting solvent. For clean-up of organic acids present in 

matrices dispersive solid phase extraction (d-SPE) was performed, 1.5 ml of top layer 

supernatant (i.e. extracting solvent) was taken in 2ml polypropylene eppendorf tube, 

containing pre-weighted C-18 (37 mg), PSA(37 mg) and anhydrous MgSO4 (112 mg). 

Mixture was vortex again followed by centrifuge. 1 ml of solvent from upper layer was 

filtered through 0.2 µm pore size, PTFE based syringe filter into instrument’s sample vial. 

Processed samples were stored in deep freezer at -4 °C ± 2 °C prior to instrumental analysis. 

Instrument Parameters: 

Instrument analysis was performed on Thermo Fisher LC-MS/MS (Model: HPLC-Accella, 

TQS-Quantum access) equipped with Hypersil Gold,  C-18 column, dimension 50 x 4.6 mm, 

particle size 1.9 µm, purchased from Thermo Scientific, Column Temperature 30°C, Sample 

loop 20 µL, injection in partial loop mode. Selective Reaction Monitoring (SRM); Precursor 

ion to product ion was monitored 321.20 m/z 91.14 m/z (Qualifier ion), CE (41v) and 

321.20 m/z 119.15 m/z (Quantifier ion) , CE (19v), Tube Lens Voltage 67, Resolution 0.70 

amu (FWHM on Q1 & Q3), Scan width & time–0.100m/z & 0.100s, HPLC grade Solvents: 

(A) Methanol  & (B) Water (0.1 % Formic acid & 40 mM of ammonium acetate). Total flow 
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rate 400 µl/min with gradient A-5% & B-95 % for upto 0.40 min, A- 95% & B-5% for 3-5 

min, A-5% & B-95% for 6-8 min. Total run time is 8 minutes with Iprovalicarb retention 

time of 3.6 minutes. Electrospray ionization (ESI) with positive ionization mode with Spray 

Voltage 3500 volts, Ion Sweep Gas 2.0 units, Ion transfer tube temperature 350°C, sheath gas 

(N2) 35 mTorr, Auxilliary gas (N2) 5 mTorr, and Collision gas (Ar) 1.5 mTorr. 

 

RESULTS AND DISCUSSION. 

Linearity: 

 A six point matrix match linear curve, concentration range 0.05-10 µg/Kg (0.05, 0.1, 0.5, 1, 

5 and 10 µg/Kg) was plotted both for grapes and tomato matrix, used to calculate the residue 

concentration. A linear fit with 1/x weighting presented the correlation coefficient (r
2
) > 

0.999, for both transition ions, in both matrices. Figure 2 presents the Linearity curve of 

Iprovalicarb in grapes berries (a) and tomato (b) 

 

(a) 

 

(b) 

Figure 2: Matrix match Calibration curve of Iprovalicarb (a) grapes berries (b) tomato fruit 
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Recovery:  

Untreated Samples (T3) of both grapes berries and tomato fruits were fortified at three 

concentration levels (1, 5 and 10 LOQ) by standard stock solution, of Iprovalicarb. Samples 

were left undisturbed for 0.5 hour for sufficient interaction of analyte with its matrix, if there 

is any. Samples were processed as per the processing method mentioned above. Average 

recoveries at 3 replications and in 3 fortification levels ranges are 84-97% and 85-100% in 

grapes and tomato respectively. Table 1, presents the recovery in percentage. Equation 1 and 

2 were used to calculate the concentration of Iprovalicarb residue and its recovery percentage. 

In grapes berries fortification levels of 1 and 5 LOQ showed better recovery percentage as 

compare to its higher fortification level. In contrast to grapes, tomato matrix showed better 

recovery at the 10 and 5 LOQ levels of 100.53 % and 97.82 % respectively. Recovery of 

Iprovalicarb at 1 LOQ fortification level in tomato matrix was found to be 85%. None of the 

two matrices showed any kind of matrix enhancement effect.  

 

 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑒𝑠𝑡𝑖𝑐𝑖𝑑𝑒  𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒  µ𝑔/𝐾𝑔 

=
Peak area of sample

Peak area of standard
×

concentration of standard

weight of sample
× dilution factor 

Equation 1 

 

    𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 % =  
𝐶

𝐶°
× 100     Equation 2 

Where,  

C =   Concentration of Iprovalicarb in sample (µg/Kg); C° = Concentration of Iprovalicarb 

fortified in sample. 

 

Table 1: Recovery study of Iprovalicarb in Grapes berries & Tomato fruits 

Iprovalicarb Grapes Tomato 

LEVELS 

Concentration 

(µg/Kg) Recovery
(n)

 (%) ± R.S.D. Recovery
(n)

 (%) ± R.S.D. 

1 LOQ 0.05 96.78 ± 4.02 85.06 ± 6.80 

5 LOQ 0.25 94.90 ± 7.28 97.82 ± 1.90 

10 LOQ 0.50 84.44 ± 3.19 100.53 ± 4.11 

S.D. = Standard Deviation; R.S.D. = Relative Standard Deviation; (n) =number of replication 

3. 

Precision:  

Relative standard deviation (RSD) of recovery percentage in recovery studies, at n = 3, 

showed good precision at all three (1, 5 and 10 LOQ) fortification levels, and in both 

matrices. RSD values in all three spiking concentration levels (1, 5 & 10 LOQ) were < 10%. 
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RSD in Retention time and peak area of 6 injections from single vial of 0.25 µg/Kg 

concentration, was also calculated and found below < 0.01 %.  

Sensitivity & Selectivity:   

Instrumental method of analysis was observed both highly sensitive (Limit of Quantification 

0.05 µg/Kg and Limit of Detection 0.016 µg/Kg) and highly selective. Selectivity was 

checked in two stages one is formation of two product ions from the selected precursor ion 

and second is of the product ion confirmation ratio (i.e. Qualifier ion/ Quantifier ion) which is 

0.55 ± 10%. Figure 3, shows the Chromatogram of Iprovalicarb at LOD, showing minimal 

matrix effect for the analysis of Iprovalicarb residue in grapes (a), and tomato (b) 

 

 

(a) 

 

(b) 

Figure 3: LC-MS/MS Chromatograms of Iprovalicarb at 0.0165 µg/Kg (a) grapes berries (b) 

tomato fruit 
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Robustness: 

ANOVA based statistical analysis was employed to study the robustness of the method. 

Various parameters of processing like- Extraction time, centrifugation speed/time, extraction 

mode (manual shake and vortex) were varied and compared in residue results with the actual 

method (as mentioned above). Statistical analysis showed p-value < 0.05, indicating 

insignificant difference in residue results on varying the parameters.  

Dissipation kinetics of Iprovalicarb in Grapes & Tomato: 

Persistence of a pesticide in/on the fruit, crop depends upon the nature of the molecule and 

the type of formulation, application technique, dosage and crop [13], various environmental 

conditions (like solar irradiation, temperature, and wind speed also have its own influence. 

[14] Pesticides of different chemical class mainly follow either first order kinetics or pseudo 

first order kinetics degradation in food crops, soil and water. [15-17] Iprovalicarb dissipation 

was observed to follow single first order kinetics (SFO), shown in the figure 4. In grapes 

berries initial mean deposit was 0.120 mg/Kg(T1) & 0.232 mg/Kg(T2), which dissipated by 

98 % at the end of 14 day. However, initial mean deposit of Iprovalicarb in tomato fruit was 

higher (due to higher application dose) 1.69 mg/Kg(T1) and 3.36 mg/Kg(T2) which 

dissipated by 99% in both T1 and T2 application dose. Table 2 presents days wise dissipation 

of Iprovalicarb residue in grapes berries and Tomato fruit. Figure 4 present the dissipation 

kinetics plots of Iprovalicarb in grapes berries(a) and tomato fruit(b) 

Table 2: Dissipation of Iprovalicarb residue in grape berries and tomato fruit 

Number 

of Days 

Residues in Grapes berries (mg/Kg)  Residues in Tomato Fruit (mg/Kg) 

M ± Std.Dev. 

(T1) 

M ± Std. Dev. 

(T2) 

Dissipation 

(%) 

M ± Std.Dev. 

(T1) 

M ± Std. Dev. 

(T2) 

Dissipation 

(%) 

0 0.120 ± 0.004 0.232 ± 0.016 - 1.687 ± 0.1320 3.356 ± 0.2628 - 
1 0.096 ± 0.007 0.193 ± 0.015 19.57 1.033 ± 0.0681 2.067 ± 0.1361 38.31 

3 0.036 ± 0.013 0.073 ± 0.027 69.44 0.817 ± 0.0551 1.624 ± 0.1095  51.51 

5 0.020 ± 0.001 0.043 ± 0.003 82.75 0.473 ± 0.0379 0.989 ± 0.0791 70.47 

7 0.011 ± 0.001 0.023 ± 0.002 90.31 0.183 ± 0.0503 0.363 ± 0.0997 89.16 

10 0.006 ± 0.001 0.012 ± 0.002 94.96 0.087 ± 0.0153 0.171 ± 0.0301 94.90 

14 0.003 ± 0.001 0.005 ± 0.001 97.98 0.014 ± 0.0042 0.029 ± 0.0083 99.14 

M = Mean values are the average of three replicates, Std. Dev. = Standard Deviation 

 

 

(a) 
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(b) 

Figure 4: Dissipation kinetic curves of Iprovalicarb, presents first order dissipation in grapes 

berries (a), and tomato fruit (b) 

 Half life (T1/2) or DT50, (equation 4) of Iprovalicarb were 2.5 and 2 days in grapes berries and 

tomato fruit respectively. Dissipation rate was almost similar in both matrices. Pre-harvest 

interval of Iprovalicarb with respect to the MRL (0.7 mg/Kg in tomato and 2 mg/Kg in 

grapes, EU MRL)[18] is 7 days for tomato whereas in grapes berries to be on more safer side 

it is just one day. 

 
Equation 3 and 4 was used to calculate the degradation rate constant, (k) and half life, (T1/2) 

respectively. 

𝐶𝑡 = 𝐶𝑜e−kt ,     Equation 3 

 

Where ‘Ct’ is the concentration of Iprovalicarb on Day ‘t’and ‘Co’ is the Concentration on 0 

Day i.e. initial deposit just after 2 hr of spray. 

𝑇1/2 =
𝐼𝑛  (2)

𝑘
     Equation 4 

 

CONCLUSION 

This study shows the Iprovalicarb (5.5% WP) as a non-persistence pesticide in/on the grapes 

berries and tomato fruit. It follows linear dissipation order at two different spray levels and in 

two different crops. Half life (T1/2) calculated were 2.5 days and 2 days in grapes berries and 

tomato fruit respectively. At present Iprovalicarb is not in the Codex system.  Existing MRL 

of European union for Iprovalicarb table grapes is 2 mg/Kg and for tomato 1 mg/Kg. 

Recently the European Food Safety Agency (EFSA) has recommendations of setting a 

revised MRL of 0.7 mg/Kg for Iprovalicarb in tomato. The method’s LOD and LOQ were on 

lower side and able to detect the residue even on the last day (i.e. 14
th

 day). The method 

developed in this study does have equal efficacy for the Iprovalicarb residue estimation in 

other fruits and vegetable.  
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