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ABSTRACT 
 
Summary- Pesticides are often used as solution for crop diseases, pests and certain harmful organisms affecting food production. 
These chemicals are regulated in their exposition and application, for both humans and other biological beings, due to their high 
toxicity associated.For this some studies should be conducted, in order to identify the type of pesticide, the concentration,
parameters with which it is allowed establish, if the use of some kind of pesticide is permitted, and concentrations applied a
the limits stipulated by the regulatory authorities.The identification of pesticides can be a complex task to perform, re
for analysis. Therefore, it is exposed as a result of this work, an algorithm based on artificial intelligence for identifyin
pesticides in gas chromatography. 
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Organochlorine pesticides are widely used to control pests on food crops primarily. These compounds are 

part of one of the group most persistent organic pollutants because they are resistant to environmental and 
metabolic degradation[1], generating alerts worldwide by environmental pollution caused by its toxicity

Exposure to organochlorine residues from past applications can become chronic for human health 
Residues have been found in different habitats in different organisms [5], from plankton to whales and polar 
animals, checking the capacity of bio

This kind of pesticides have the ability to accumulate and be stored in fat
fats and lipoproteins that circulate in the body [7]. 
known and used in food crops, its associated toxic effects are affectations in genetics, liver and reproductive 
system [1]. 

For all the above, it has seen the need to monitor the biology activity of organochlorine pesticides, for 
damages and harmful effects which are currently 

Today there are a variety of methods and techniques for the identification, 
toxicity analysis and extraction and detection of residues of major pesticides used in agricultural food 
production [9], [10]. 

Some of the methodologies used in the detection of residues are solid
extraction, solid phase extraction, and
alternative for the analysis of multiple compounds are chromatographic 
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Pesticides are often used as solution for crop diseases, pests and certain harmful organisms affecting food production. 
ls are regulated in their exposition and application, for both humans and other biological beings, due to their high 

toxicity associated.For this some studies should be conducted, in order to identify the type of pesticide, the concentration,
arameters with which it is allowed establish, if the use of some kind of pesticide is permitted, and concentrations applied a

the limits stipulated by the regulatory authorities.The identification of pesticides can be a complex task to perform, re
for analysis. Therefore, it is exposed as a result of this work, an algorithm based on artificial intelligence for identifyin

organochlorine pesticides, chromatography, artificial intelligence, neural networks, retention time. 

INTRODUCTION 

Organochlorine pesticides are widely used to control pests on food crops primarily. These compounds are 
part of one of the group most persistent organic pollutants because they are resistant to environmental and 

, generating alerts worldwide by environmental pollution caused by its toxicity
Exposure to organochlorine residues from past applications can become chronic for human health 

different habitats in different organisms [5], from plankton to whales and polar 
animals, checking the capacity of bio-amplification and bioaccumulation in living organisms [6].

pesticides have the ability to accumulate and be stored in fat-rich tissues transported through 
fats and lipoproteins that circulate in the body [7]. With exposure to DDT, one of the organochlorine most 
known and used in food crops, its associated toxic effects are affectations in genetics, liver and reproductive 

For all the above, it has seen the need to monitor the biology activity of organochlorine pesticides, for 
damages and harmful effects which are currently [8]. 

oday there are a variety of methods and techniques for the identification, quantification, classification, 
toxicity analysis and extraction and detection of residues of major pesticides used in agricultural food 

Some of the methodologies used in the detection of residues are solid-liquid extraction, supercri
and microwave assisted extraction. However the methods that provide the best 

ysis of multiple compounds are chromatographic [11]. Among them liquid and 
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Pesticides are often used as solution for crop diseases, pests and certain harmful organisms affecting food production. 
ls are regulated in their exposition and application, for both humans and other biological beings, due to their high 

toxicity associated.For this some studies should be conducted, in order to identify the type of pesticide, the concentration, among other 
arameters with which it is allowed establish, if the use of some kind of pesticide is permitted, and concentrations applied are within 

the limits stipulated by the regulatory authorities.The identification of pesticides can be a complex task to perform, requiring more time 
for analysis. Therefore, it is exposed as a result of this work, an algorithm based on artificial intelligence for identifying organochlorine 

Organochlorine pesticides are widely used to control pests on food crops primarily. These compounds are 
part of one of the group most persistent organic pollutants because they are resistant to environmental and 

, generating alerts worldwide by environmental pollution caused by its toxicity[2].  
Exposure to organochlorine residues from past applications can become chronic for human health [3], [4]. 

different habitats in different organisms [5], from plankton to whales and polar 
amplification and bioaccumulation in living organisms [6]. 

ich tissues transported through 
With exposure to DDT, one of the organochlorine most 

known and used in food crops, its associated toxic effects are affectations in genetics, liver and reproductive 

For all the above, it has seen the need to monitor the biology activity of organochlorine pesticides, for 

quantification, classification, 
toxicity analysis and extraction and detection of residues of major pesticides used in agricultural food 

liquid extraction, supercritical fluid 
. However the methods that provide the best 

[11]. Among them liquid and 
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gaschromatography, they have been fitted as mass spectrometry techniques to improve efficiency in recent years 
[12], [13]. 

In [14], a method of extraction of 16 organochlorine pesticides in bird feathers as a means of monitoring 
where pesticides as α-, β- and δ-HCH, Lindane, Aldrin, Dieldrin, Endrin found developed, Endrin aldehyde, 
Endosulfan I and II, p, p'-DDT, DDD, DDE. 

Some related to the identification, quantification and analysis of pesticides, work consisted mainly in 
developing optimal methods for the detection of residues either in organic systems, biological organisms in food 
and the environment in general. In [15], it worked on the optimization and validation of an analytical method 
mufti-residue in the detection of organophosphate pesticides in six different plant some potatoes, onions, tomato 
and lettuce; Resulting in an efficient, economical and low environmental impact, for routine analysis of 
organophosphorus pesticides in food process. A study of concentration and distribution of organochlorine 
pesticides in the air, was developed in [16], finding a spatial distribution of these chemicals. In agricultural areas 
a high concentration of endosulfan was found, while in urban areas a higher concentration of chlordane was 
found. Similarly in [17], the residual of organochlorine contamination was determined in shrimp on the beaches 
of Colombia, obtaining residual concentrations lower than the maximum limit. In [18], organochlorine 
pesticides was identified and quantified in commercial milk by gas chromatography, it was found that 100% of 
the samples exceeded the maximum residue limit established by the World Health Organization. 

The development of an algorithm based on artificial intelligence is presented as objective of the present 
work for identifying organochlorine pesticides from chromatographic analysis in MATLAB. 

 
Methods: 

A study in Risaralda, Colombia on standardizing a method for quantification of organochlorine and 
organophosphorus pesticides in soil by gas chromatography, was used for the development of this work. In [19] 
gas chromatography performed where organochlorine pesticides were identified as Aldrin, Dieldrin, Endosulfan 
I, Endosulfan II, among others was presented. Three pesticides, Lindane, Aldrin and dieldrin were selected. 

The data associated with each pesticide chromatography is shown in Table 1. 
 
Table 1: Chromatography Data 

Pesticide (ppm) TR Intensity 
Lindane 0,05 12,822 125000 
Lindane 0,1 12,814 100000 
Lindane 0,5 12,814 350000 
Lindane 0,7 12,824 500000 
Lindane 1 12,814 650000 
Aldrin 0,05 17,487 175000 
Aldrin 0,1 17,485 300000 
Aldrin 0,5 17,487 1100000 
Aldrin 0,7 17,493 1600000 
Aldrin 1 17,482 2000000 
Dieldrin 0,05 21,782 140000 
Dieldrin 0,1 21,78 240000 
Dieldrin 0,5 21,783 800000 
Dieldrin 0,7 21,785 1150000 
Dieldrin 1 21,786 1100000 

 
New chromatograms were generated with retention time and intensity from chromatograms of the above 

study. Those were loaded into MATLAB, for reading, graphics and analysis. 
In Figure 1, the first chromatogram to 0.05 ppmconcentration appears. 

 
 
Fig. 1:Chromatogram at 0.05 ppm. 

 
The following chromatogram for a concentration of 0.1 ppm, is shown in Figure 2. 
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Fig. 2: Chromatogram at 0.1 ppm. 

 
In figure 3 the third chromatogram at 0.5 ppm is presented. 
 

 
 
Fig. 3: Chromatogram at 0.5 ppm. 

 
The last chromatogram at 0.7 ppm is shown in Figure 4. 
 

 
Fig. 4: Chromatogram at 0.7 ppm. 

 
The identification algorithm based on artificial intelligence, was the implementation of a neural network 

trained with the input characteristics of the first three chromatograms presented above, the test of the algorithm 
is executed with the last chromatogram at 0.7 ppm, identifying the three pesticides. 

To ensure a good efficiency in the algorithm, preliminarily normalizing the data network is performed in a 
range of 0 to 1. 

In Table 2, characteristics of the network are presented. 
 
Table2: Neural Network Characteristics. 

Neural Network Characteristics 

Inputs 285 

Outputs 1 

Characteristics 2 

Hidden Neurons 90 

Global Error 0.05 

Particles 12 

Maximum Epoch 20 
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The algorithm searches the best solution from the mean square error (1). 
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This is obtained from the desired output and the output of the network, the latter is defined by the activation 

function (2) for output. 
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Activation function for hidden neurons it is defined by (3). 
 

��	���� = � !ℎ(#�$)          (3) 
 

Analysis of Results: 
 
The results obtained in this study are shown below. 
The weights obtained for the first input intensity in the chromatogram, are presented in Table 3. 

 
Table 3: Weights input intensity. 

Weights input intensity 
iw0.00 iw0.01 iw0.02 iw0.03 iw0.04 iw0.05 iw0.06 
-0.011 1 1 -1.5 0.58 1 -1.5 
iw0.07 iw0.08 iw0.09 iw0.10 iw0.11 iw0.12 iw0.13 
1 -1.5 -1.5 -0.41 -1.33 -1.5 1 
iw0.14 iw0.15 iw0.16 iw0.17 iw0.18 iw0.19 iw0.20 
-1.5 1 0.13 -1.5 -1.5 -1.5 -1.5 
iw0.21 iw0.22 iw0.23 iw0.24 iw0.25 iw0.26 iw0.27 
-1.05 -1.5 -1.5 -1.5 -1.5 -1.5 -0.82 
iw0.28 iw0.29 iw0.30 iw0.31 iw0.32 iw0.33 iw0.34 
-1.5 0.17 1 1 -1.5 1 -1.5 
iw0.35 iw0.36 iw0.37 iw0.38 iw0.39 iw0.40 iw0.41 
-1.5 1 -1.5 -0.25 -1.5 -1.5 -1.19 
iw0.42 iw0.43 iw0.44 iw0.45 iw0.46 iw0.47 iw0.48 
1 -1.5 -1.5 0.45 0.91 -0.24 -0.86 
iw0.49 iw0.50 iw0.51 iw0.52 iw0.53 iw0.54 iw0.55 
1 1 -0.92 1 1 -1.5 -0.61 
iw0.56 iw0.57 iw0.58 iw0.59 iw0.60 iw0.61 iw0.62 
1 -1.5 -1.5 -1.5 -1.5 1 1 
iw0.63 iw0.64 iw0.65 iw0.66 iw0.67 iw0.68 iw0.69 
-0.35 1 -0.34 1 -0.77 0.37 -1.5 
iw0.70 iw0.71 iw0.72 iw0.73 iw0.74 iw0.75 iw0.76 
-1.5 0.78 -1.5 1 1 -1.5 1 
iw0.77 iw0.78 iw0.79 iw0.80 iw0.81 iw0.82 iw0.83 
-1.5 -1.5 -1.5 1 1 1 -0.02 
iw0.84 iw0.85 iw0.86 iw0.87 iw0.88 iw0.89 - 
-1.23 -1.5 -1.44 -1.5 1 -1.5 - 

 
Table 4 shows the weights of the input retention time.  

 
Table 4: Weights input retention Time 

Weights input retention Time 
iw1.00 iw1.01 iw1.02 iw1.03 iw1.04 iw1.05 iw1.06 
-0.58 -1.5 -1.5 1 -0.75 -0.6 1 
iw1.07 iw1.08 iw1.09 iw1.10 iw1.11 iw1.12 iw1.13 
-0.87 -1.5 -1.5 -1.5 1 -1.5 -1.5 
iw1.14 iw1.15 iw1.16 iw1.17 iw1.18 iw1.19 iw1.20 
1 -1.5 1 1 0.97 -0.25 -1.5 
iw1.21 iw1.22 iw1.23 iw1.24 iw1.25 iw1.26 iw1.27 
-1.5 -0.98 -1.5 -0.66 -1.5 -1.04 -0.83 
iw1.28 iw0.29 iw1.30 iw1.31 iw1.32 iw1.33 iw1.34 
1 -1.5 -1.5 -1.05 -1.5 -1.5 1 
iw1.35 iw0.36 iw1.37 iw1.38 iw1.39 iw1.40 iw1.41 
1 -1.5 -1.5 -1.27 -1.5 -1.5 -1.3 
iw1.42 iw1.43 iw1.44 iw1.45 iw1.46 iw1.47 iw1.48 
-1.5 1 -1.5 -1.5 -1.1 -1.5 -0.37 
iw1.49 iw1.50 iw1.51 iw1.52 iw1.53 iw1.54 iw1.55 
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1 -1.5 1 -1.5 1 0.47 -1.5 
iw1.56 iw1.57 iw1.58 iw1.59 iw1.60 iw1.61 iw1.62 
-0.78 -0.69 1 -1.5 -0.88 -1.5 -1.5 
iw1.63 iw1.64 iw1.65 iw1.66 iw1.67 iw1.68 iw1.69 
-0.32 -0.38 -1.39 -1.5 1 -1.5 -1.5 
iw1.70 iw1.71 iw1.72 iw1.73 iw1.74 iw1.75 iw1.76 
1 -1.5 0.55 1 1 1 1 
iw1.77 iw1.78 iw1.79 iw1.80 iw1.81 iw1.82 iw1.83 
0.27 1 -1.5 1 1 1 -1.5 
iw1.84 iw1.85 iw1.86 iw1.87 iw1.88 iw1.89 - 
-1.41 1 1 -0.29 -1.5 -1.5 - 

 
Biase values of 90 neurons in the hidden layer, are shown below in Table 5. 

 
Table 5:Biase hidden layer neurons. 

Biase hidden layer 
b0.00 b0.01 b0.02 b0.03 b0.04 b0.05 b0.06 
1 -1.19 -1.5 -1.5 -1.5 1 -1.5 
b0.07 b0.08 b0.09 b0.10 b0.11 b0.12 b0.13 
-1.5 -1.5 1 -1.5 -1.27 -1.5 -1.5 
b0.14 b0.15 b0.16 b0.17 b0.18 b0.19 b0.20 
-0.71 -1.5 -1.5 1 1 -1.5 1 
b0.21 b0.22 b0.23 b0.24 b0.25 b0.26 b0.27 
-1.5 -1.5 -0.85 1 -1.5 1 -1.5 
b0.28 b0.29 b0.30 b0.31 b0.32 b0.33 b0.34 
-1.5 -1.5 -1.5 -1.5 1 0.04 -1.45 
b0.35 b0.36 b0.37 b0.38 b0.39 b0.40 b0.41 
-1.38 -0.51 -1.27 -1.5 -1.5 0.25 0.99 
b0.42 b0.43 b0.44 b0.45 b0.46 b0.47 b0.48 
0.88 -1.5 -0.67 -1.5 1 1 -1.14 
b0.49 b0.50 b0.51 b0.52 b0.53 b0.54 b0.55 
-1.04 -1.5 -1.5 1 -1.5 1 1 
b0.56 b0.57 b0.58 b0.59 b0.60 b0.61 b0.62 
-1.5 1 1 0.54 -0.86 0.12 1 
b0.63 b0.64 b0.65 b0.66 b0.67 b0.68 b0.69 
-1.5 -0.54 1 -1.21 -1.5 -1.07 1 
b0.70 b0.71 b0.72 b0.73 b0.74 b0.75 b0.76 
-1.5 0.04 -0.07 -1.5 -1.5 0.49 -0.05 
b0.77 b0.78 b0.79 b0.80 b0.81 b0.82 b0.83 
-1.5 -1.5 -0.99 -1.18 1 -1.5 -1.5 
b0.84 b0.85 b0.86 b0.87 b0.88 b0.89 - 
1 -1.5 -1.5 -1.5 -0.8 1 - 

 
In Table 6, the weights to the network output are presented. 

 
Table 6: Output weights. 

Output weights 
ow0.00 ow0.01 ow0.02 ow0.03 ow0.04 ow0.05 ow0.06 
0.11 1 -0.4 1 -1.31 1 -1.5 
ow0.07 ow0.08 ow0.09 ow0.10 ow0.11 ow0.12 ow0.13 
-1.5 -1.5 1 0.35 -1.5 -1.14 -1.48 
ow0.14 ow0.15 ow0.16 ow0.17 ow0.18 ow0.19 ow0.20 
-1.5 -1.5 1 -1.5 -1.5 -0.99 1 
ow0.21 ow0.22 ow0.23 ow0.24 ow0.25 ow0.26 ow0.27 
-1.5 1 -1.5 -1.5 1 -1.5 -1.5 
ow0.28 ow0.29 ow0.30 ow0.31 ow0.32 ow0.33 ow0.34 
-1.5 -0.99 1 -1.5 -0.72 1 1 
ow0.35 ow0.36 ow0.37 ow0.38 ow0.39 ow0.40 ow0.41 
-1.5 -1.5 0.22 0.39 -1.5 -1.5 -1.31 
ow0.42 ow0.43 ow0.44 ow0.45 ow0.46 ow0.47 ow0.48 
0.42 0.59 -0.22 1 1 -0.83 -1.5 
ow0.49 ow0.50 ow0.51 ow0.52 ow0.53 ow0.54 ow0.55 
-1.5 -0.85 -1.19 0.76 -1.19 -0.87 -1.5 
ow0.56 ow0.57 ow0.58 ow0.59 ow0.60 ow0.61 ow0.62 
0.94 0.53 1 -1.5 -1.5 -1.5 -1.5 
ow0.63 ow0.64 ow0.65 ow0.66 ow0.67 ow0.68 ow0.69 
-0.49 -1.5 -1.5 -1.34 -1.5 1 -1.5 
ow0.70 ow0.71 ow0.72 ow0.73 ow0.74 ow0.75 ow0.76 
-1.5 -0.27 -1.5 1 -1.5 0.92 1 
ow0.77 ow0.78 ow0.79 ow0.80 ow0.81 ow0.82 ow0.83 



6 
 

 

-1.5 1 -1.5 -1.02 1 1 -0.22 
ow0.84 ow0.85 ow0.86 ow0.87 ow0.88 ow0.89 - 
-1.5 -1.5 -1.49 -1.5 -0.75 -1.5 - 

 
The output Biase was 0.5; Best Global error, in the training phase of the network was obtained a minimum 

value of 0.0418. 
The graph of mean square error in each iteration during the training phase is presented in Figure 5. 

 
Fig.1: Error graph. 

 
During the training phase, the error obtained was 0.0367, identifying 3 selected organochlorine pesticides. 
In Figure 6, the test chromatogram is displayed to a concentration of 1 ppm. With the red box pesticide 

Lindane, Aldrin with green diamondand purple circle dieldrin are identified. 

 
Fig. 6: Chromatogram with identification. 

 
Minimization and optimization of error in each iteration of the training phase and the error in the testing 

phase, validate the model identification developed and implemented in this paper, for Lindane, Aldrin and 
dieldrin pesticides, organochlorine pesticides analyzed through gas chromatography. 

 
Conclusions: 

The algorithm developed in this work, identify with a training error of 0.0418 and an error in the test of 
0.0367, 3 different organochlorine pesticides (Lindane, Aldrin and dieldrin), depending on the intensity and the 
retention time associated with gas chromatograms, in the analysis of residues in soil. 

The identification and classification of substances through tools such as artificial intelligence, reduces the 
time and cost analysis, optimizing modern methods for the quantitation and detection of pesticide residues in 
different means of accumulation, mainly on food crops. The development of new methods for multi-residue 
analysis of pesticides contributes to the prevention and control of this as practiced for the elimination and 
control of diseases and pests agricultural practice. 

For future work, the algorithm presented in this paper can be implemented for identifying different 
organochlorine pesticides, likewise can work for various types of pesticides such as organophosphates, 
carbamates, among others. 
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for the characterization and identification of residues of these toxic chemicals for most biological beings 
including humans. 
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