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ABSTRACT 

A Multi residue method (MRM) of pesticides in brinjal is performed in search for uncertainty factors. The estimation and 
identification of uncertainty factors allows laboratories to establish the accuracy of results and to maintain a balance 
between costly and time-consuming procedures6. The matrix effect is one of the uncertainty factors which can reduce or 
enhance the recovery of pesticides. Matrix match calibration is performed to overcome the matrix effect. Dry ice was 
used to lower the temperature during sample grinding. The experimental procedure involved extraction, cleanup and gas 
chromatographic-Electron Capture Detector (GC-ECD) analysis of the sample. 
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INTRODUCTION 
Brinjal is one of the most commonly grown vegetable crop of India. In 82 grams of brinjal the nutritional 
contents are 4.7 g carbohydrate, 828 mg protein, 156 mg fat, 2.8 g dietary fiber along with some vitamins 
and minerals. In this work there is a comparison of two processes for multi pesticide residue analysis in 
brinjal matrix. The mixture of five pesticides Chlorthalonil, chlorpyrifos, captan, endosulfan and 
fenvalerate are used for this study. The experimental procedure involved spiking of the pesticide mixture 
on the matrix and then grinding of matrix was done in a blender. The grinding was performed at two 
different temperatures i.e., one at ambient temperature and another at lower temperature. The lower 
temperature condition was provided by the use of dry ice. The extraction of pesticides was done with the 
help of acetonitrile. After extraction the column of charcoal and celite was used for cleanup of the sample. 
The quantitative analysis of the cleaned sample was done on the gas liquid chromatography.  
The efficiency of the sample processing was checked by taking the peal size of ground sample. It was also 
necessary to nullify the effect of matrix on pesticides. Unspiked matrix is processed through this 
methodology and before gas chromatography the mixture of pesticides (same amount as for experimental 
sample) was added in the cleaned sample. Further this prepared sample was compared with the 
experimental samples to observe the effect of matrix.    
 
METHODOLOGY 
Treating solution was prepared by dissolving 10mg of each pesticide in 2 ml acetone in a vial.  
Spiking of treating solution on food matrix 
Food matrix (Brinjal- Solanum melongena) was weighed (1.5kg). Each unit of food matrix was cut half in 
longitudinal section. The cut surface of each unit was placed on an aluminum foil and spiked with the 
treating solution on their upper surface. The matrix was kept for 45 minutes to allow the absorption of 
pesticide1, 2. 
Sample processing under ambient condition 
The treated units were placed in the bowl of a chopper and the chopping was carried out for 30 minutes 
at interval of 3 minute each. The matrix was stirred constantly in between the subsequent intervals of 
chopping and the homogeneity was examined visually taking the peal size (2-3mm). Size of the peel was 
estimated by diluting 2g of the chopped sample from the chopper in 1 L water. The peels were stirred and 
allowed to migrate to the surface. 
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Sample processing with dry ice 
The procedure applied for the processing of matrix with dry ice is as described in section 1.2. Dry ice (1 
kg) was added to the sample until a free flowing matrix was obtained. The amount of dry ice added in 
each interval of chopping was recorded. No water was added to the matrix processed with dry ice. 
Analytical portions  
From the chopper, three replicates each of 30 g analytical portion were sampled out in 250 ml beaker. 
Extraction of pesticide residues 
10 g of NaCl was added to each analytical portion. Measured amount of acetonitrile was then added to 
analytical portions (i.e. 60 ml acetonitrile to 30 g analytical portion). Beakers were covered immediately 
with aluminum foil to prevent volatilization of solvent. Further sodium sulphate was added to the 
analytical portion in the ratio of 1:1 (i.e. 30 g for 30 g analytical portion). Each analytical portion was 
homogenized for one minute [1,2]. The extract obtained after filtration was dried over rotatory 
evaporator. 
Clean-up of pesticide residues with charcoal- celite column 
Activated charcoal-Celite (1:4) mixture were packed in chromatographic column using solvent 
(acetonitrile: toluene: 3:1) [3]. A 2 cm sodium sulphate layer was added over the column and the rate of 
flow was adjusted to 1.5 ml per minute. Flat bottom flask containing dried up extract was rinsed with 10 
ml of solvent (acetonitrile: toluene: 3:1) and elute through charcoal- Celite column. 30 g analytical 
portions were eluted with 30 ml solvent.  The solvent collected was then completely dried over rotatory 
evaporator. 
Gas Chromatography (GC-ECD) Analysis 
Dried up extract in flat bottom was rinsed with ethyl acetate and collected in a glass vial. Further 2l of 
this extract was injected into Gas Chromatograph- Electron Capture Detector (GC-ECD) with the help of 
Hamilton’s micro syringe. The temperature of Injection port was 2500C while the detector temperature 
was higher than this and it was 3000C.The column temperature varies from   1800C to 2900C. Nitrogen is 
used as the carrier gas. To get the retention time for each pesticide we took equal amount of each 
pesticide and mixed it. Dissolved it in ethyl acetate and injected into the GLC. In a regular time difference 
(Retention Time-RT) the peaks of pesticide appear on the screen. 
 
RESULT AND DISCUSSION 
The estimation and reporting of uncertainty of the analytical results is a relatively new requirement. 
Multipesticide residue analysis is a challenging area of research as it involves complicated procedures, 
which leads to “uncertainty” and “variability” in results. Therefore there is a need to have a standard 
procedure to be adopted in all residue monitoring laboratories throughout the world to reduce the 
parameters that causes variability and uncertainty. Present study was an effort made in this area, to 
estimate the sources of variability and to analyze the efficiency of analysis also. This study also involves 
the observation of the reproducibility of the results as well as the effect of matrix on pesticide residues. 
The brinjal sample was spiked with pesticide mixture under laboratory conditions and it was processed 
and analyzed at different temperature conditions. There were variations in the recovery of different 
pesticides from the sample at same temperature condition. These variations may be because of the 
different reaction of the pesticide with various components of the matrix. Interaction of the different 
pesticides with each other might be the other cause of loss in pesticide recovery. 
The recovery of pesticide from the brinjal matrix was around 70-83% in ambient temperature 
experiment and it was 64-88% in lower temperature conditions. The recovery of pesticide at ambient 
temperature condition was lower than at lower temperature.    
Linearity 
The standard mixture of serially diluted pesticides was prepared and injected into the gas 
chromatograph. A three-point calibration graph was plotted between the concentration of pesticide and 
the peak area obtained by each injection. From the graph it was revealed that the chromatographic 
system produces a linear response with the increasing concentration of each pesticide in the standard 
pesticide solution. The regression (R2) lines for the response of each standard pesticide present in the 
mixture was drawn by using Microsoft Excel and equation of the line so obtained was used for carrying 
out the calculations for unknown samples. The regression (R2) is ranging from 0.95 for Endosulfan alpha 
to 0.99 for Fenvalerate A isomer. Figure 1 represents the calibration curves for each and every pesticide.  
On linear regression to the results with a limited number of degrees should be avoided. Linearity is 
controlled via two statistical methods: 
1) The calculation of calibration curve, based on linear regression and the correlation coefficient ‘R’ and 
2) Each point of the curve was tested on linearity by drawing a linearity plot. For this purpose, the 
individual response/mass ratios are calculated for each of the three points. The ratio of each calibration 
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point should not differ more than ±10% from the mean of the response/mass ratio of all points of the 
calibration curve. The linear regression method can be applied for a wide range of concentrations. 
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Figure: 1- Calibration graphs for different pesticides (a) Chlorthalonil (b) Chlorpyrifos 
(c) Captan (d) Endosulfan α (e) Endosulfan β (f) Fenvalerate A and (g) Fenvalerate B. 

 
Reproducibility 
Reproducibility of the analysis was estimated by percentage of coefficient of variance for analysis (CVA 
%). CVA% was the coefficient of variance for analysis and was calculated as – 
 
                                 CVA   = VA /R× 100 

Conc (ng/l) conc (ng/2 l) 
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Where VA is variance of analysis 
R is recovery of internal standard (Chlorpyrifos)   
The reproducibility lower than 5% confirms that there was homogeneous mixing of pesticides during the 
processing of sample. CVA% for analytical portion from dry ice experiment was lower than that at 
ambient temperature and this concludes that there was efficient processing and proper sampling of the 
replicates of each 30g analytical portion at low temperature. 
Figure 2 represents the reproducibility of 30g analytical portion at both the temperature conditions. The 
reproducibility was lower at both the temperature conditions. Lower reproducibility indicates the lower 
uncertainty and more precise results. In lower temperature condition it is 0.25 and in ambient condition 
it is 0.65. 
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Figure: 2- Comparison between  reproducibility at different temperatures. 

 
Comparatively CVA% was higher at ambient temperature condition than at low temperature condition 
because of non homogenous mixing of matrix at ambient temperature. This non homogeneity in matrix 
might be due to the water content of matrix which was not present during processing with dry ice.  
Greater the reproducibility greater will be the uncertainty and then the result will be more uncertain. 
Likewise lower the reproducibility lower will be the uncertainty and the result will be more precise. It 
was possible that in ambient condition the pesticides were not homogenously mixed with brinjal matrix. 
On the contrary the pesticide mixing would be more homogenous in lower temperature condition. 
Homogeneity and uncertainty in sample processing 
Coefficient of variance during sample processing (CVsp) determines the value of sampling constant (Ks). So 
the value of CVsp dictates for the efficiency of sample processing. Uncertainty in sample processing varies 
according to the Ks. 
The homogeneity of sample after processing at both the temperature conditions was estimated from the 
sampling constant. Sampling constant (Ks) indicates the efficiency of sample processing and its low values 
proves the precise grinding and mixing. The homogeneity of sample depends upon grinding equipment 
used and the type of matrix.  
Homogeneity was examined visually by taking the peel size (2-3mm). Size of the peel was estimated by 
diluting 2g of the chopped sample from the warring blender in 1L water. The peels were stirred and 
allowed to migrate to the surface. Fig 3 (a) and (b) shows the peel size of the food matrix used for further 
studies. The peal size was smaller in lower temperature processing than ambient temperature processing. 

 

 
                                                              (a)                                                             (b) 

Figure: 3- Peel size after sample processing of Brinjal under (a) Ambient condition and (b) Dry ice 
condition. 

The uncertainty calculated from the recovery of internal standard i.e.chlorpyrifos estimates the efficiency 
of processing, extraction and analytical steps. The uncertainty from both the temperature experiment is 
compared and it indicates that overall uncertainty for the analysis was lower than 1%.The estimated 
uncertainty of sample processing varies according to the sampling constant values (Ks). The uncertainty 
for the samples processed under lower temperature condition is lower because of the homogeneous 
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mixing and also because at lower temperature the possibility of degradation of pesticides is very 
minimum. 
Percent recovery of each pesticide 
 Present studies of pesticide residue analysis represent lower percentage recoveries of most of pesticides. 
The factor leading to low recoveries of the pesticides include  extraction efficiency of solvent, higher 
affinity of the pesticide with some active group of matrix that produces matrix induced enhancement or 
diminishing effect4, non-homogeneity of pesticide in matrix and size of container in which the extraction 
is carried out. Overall recovery was ranging from 64-88%, comparatively lower temperature recovered 
higher percentage of pesticide residues than ambient temperature experiment. 
Chlorpyrifos 
The overall recovery of chlorpyrifos was compared and it was seen that the recovery was higher at 
ambient temperature condition than lower temperature condition. At ambient temperature the recovery 
of pesticide residue was about 77-78% and at lower temperature the recovery was around 64%. It shows 
that there was loss of pesticide during the processing and extraction of matrix.     
Chlorthalonil 
The overall recovery of pesticide chlorthalonil was found to be less which could be accounted as due to its 
lesser stability in the matrix [4]. Chlorthalonil is not a reactive compound; it is thermally stable at 
ambient temperature. Recovery of the pesticide was 78-80% and there was some loss of pesticide in the 
ambient temperature condition. The recovery was 69.4% in lower temperature condition. It is showing 
that there is loss in processing of the matrix and there would be some matrix diminishing effect 
prevailing. The overall recovery of chlorthalonil is around 75%.  
Captan 
 The recovery of Captan was better in lower temperature condition than in ambient temperature 
condition. The recovery of captan was 70.8% in ambient temperature condition and 81.5% in lower 
temperature condition. The loss of captan at ambient temperature condition may be due to the reaction of 
pesticide with matrix. Captan is less stable compound5. 
Endosulfan 
At lower temperature the recovery of pesticide is 80-86.3% and at ambient temperature condition 78-
80%. Endosulfan alpha was recovered around 79.5% in ambient temperature condition and 80.0% in 
lower temperature condition and it almost the same. While endosulfan beta was recovered around 78% 
in ambient temperature condition and 86% in lower temperature condition.The recovery of endosulfan 
beta was higher in the lower temperature condition than in ambient temperature. Homogeneous mixing 
and stability of pesticide in lower temperature can be the reason of higher recovery at lower temperature. 
Fenvalerate 
Pesticide Fenvalerate has two isomeric forms i.e. fenvalerate A and B are found in equal ratios (1:1). The 
study on two isomeric forms did not show any correlation in their respective recoveries. Recovery of 
Fenvalerate A in ambient condition was 73.0% and in lower temperature condition it was 85.1%. While 
Fenvalerate B was recovered around 82.9% in ambient temperature condition and in lower temperature 
condition the recovery of pesticide was 88.5%. As compared to other pesticides, both the isomeric forms 
of Fenvalerate show slightly better recovery in brinjal matrix.  
Testing the efficiency of processing and extraction steps 
Along with experimental set up i.e. processing of spiked matrix at two different temperature conditions, 
further test was performed to estimate the loss of pesticide residues during the processing and extraction 
steps. The test involved processing and extraction of blank matrix (unspiked) at both the temperature 
conditions and then spiking the whole processed matrix with pesticide mixture just before column 
chromatography (clean up). The test indicates that if there was any loss of pesticide residue during 
processing and extraction steps could be detected by comparison of residue level of pesticide from both 
the spiked (experimental matrix) and unspiked (test matrix i.e. spiked after processing and extraction) at 
both the temperature conditions. In ambient temperature the loss of Chlorthalonil, Captan & Fenvalerate 
is negligible and it is also evident that the recovery of Chlorpyrifos and Endosulfan for experimental 
matrix is lower than that of test portion experiment. 
 
CONCLUSION 
The use of dry ice in the experiment maintains the lower temperature. The processing of matrix at lower 
temperature is helpful in maintaining the stability of pesticides because there is heat generated during 
the grinding of matrix which can affect the recovery of pesticides. Heat can cause the degeneration of 
pesticides and hence the loss in recovery takes place. Along with this dry ice use is beneficial in better 
grinding of matrix. The matrix turns in powder form when we grind the matrix with dry ice. In this work 
it was concluded that recovery of pesticides was better in lower temperature processing and in the result 
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the uncertainty is very low. On the other side when we perform the experiment on ambient temperature 
the recovery becomes very low due the loss of pesticides during the processing and higher uncertainty 
was recorded. 
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