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ABSTRACT 
 
The use of pesticides he has seen increased in 
crops. However, the use of these in areas where dairy cattle feeds and constantly remains, has created a concern because pest
residues found in this product daily intake for humans. For the study of residues in food of these chemicals, it uses optimization 
techniques for artificial intelligence, for estimating parameters difficult to obtain. As a result of this work, the estimate
dose in humans of organochlorine pesticides due to consumption of commercial milk is presented, the estimation method consists of an 
artificial neural network trained by the technique of particle swarm optimization.
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Pests, weeds and different diseases, have been a major problem for food crops such as grains and 

vegetables. Affecting from seed to fruit, however this has been neutralized with the implementation of 
pesticides, [1]. 

These products can be used in many applications, mainly in agriculture due to the toxic effect of different 
organisms including humans. Because of its chemical and biological properties, they are bio
biomagnified in the food chain, increasing the po
are distributed in the environment, it is common to find them in human tissues, 

The application of pesticides is one of the most effective tools in the fight 
appropriately, [3]. But in spite of the benefits provided in the control and crop protection, pesticides such as 
organochlorines, relate to environmental damage and deterioration in human healt
central nervous system, endocrine disruption,
carcinogenic in humans, [5]. Consequently, it can be chronic 

It is not well known or studied pesticide residues in people who are under constant exposure. Therefore, 
studies are needed to this specific population, in order to
likewise identify the main reason which can cause either by improper application, or any existi
protection tools, [7]. 
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The use of pesticides he has seen increased in recent years, this in order to protect and improve agricultural practices especially in food 
crops. However, the use of these in areas where dairy cattle feeds and constantly remains, has created a concern because pest

aily intake for humans. For the study of residues in food of these chemicals, it uses optimization 
techniques for artificial intelligence, for estimating parameters difficult to obtain. As a result of this work, the estimate

of organochlorine pesticides due to consumption of commercial milk is presented, the estimation method consists of an 
artificial neural network trained by the technique of particle swarm optimization. 

Commercial Milk, Artificial Intelligence (Ai) 

INTRODUCTION 

Pests, weeds and different diseases, have been a major problem for food crops such as grains and 
vegetables. Affecting from seed to fruit, however this has been neutralized with the implementation of 

ucts can be used in many applications, mainly in agriculture due to the toxic effect of different 
organisms including humans. Because of its chemical and biological properties, they are bio
biomagnified in the food chain, increasing the potential risk to human health, because although these substances 
are distributed in the environment, it is common to find them in human tissues, [2]. 

The application of pesticides is one of the most effective tools in the fight against pests and d
. But in spite of the benefits provided in the control and crop protection, pesticides such as 

organochlorines, relate to environmental damage and deterioration in human health, such as alterations in the 
system, endocrine disruption,[4], including some of these, they are classified as possible 

Consequently, it can be chronic the exposure to residues from its use over time, 
It is not well known or studied pesticide residues in people who are under constant exposure. Therefore, 

studies are needed to this specific population, in order to determine the associated residues
likewise identify the main reason which can cause either by improper application, or any existi
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aily intake for humans. For the study of residues in food of these chemicals, it uses optimization 
techniques for artificial intelligence, for estimating parameters difficult to obtain. As a result of this work, the estimate of the exposure 

of organochlorine pesticides due to consumption of commercial milk is presented, the estimation method consists of an 

Pests, weeds and different diseases, have been a major problem for food crops such as grains and 
vegetables. Affecting from seed to fruit, however this has been neutralized with the implementation of 

ucts can be used in many applications, mainly in agriculture due to the toxic effect of different 
organisms including humans. Because of its chemical and biological properties, they are bio-accumulative and 

tential risk to human health, because although these substances 

against pests and diseases, using 
. But in spite of the benefits provided in the control and crop protection, pesticides such as 

h, such as alterations in the 
, including some of these, they are classified as possible 

the exposure to residues from its use over time, [6]. 
It is not well known or studied pesticide residues in people who are under constant exposure. Therefore, 

e the associated residues exposure, and 
likewise identify the main reason which can cause either by improper application, or any existing fault in 
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To estimate human exposure to pesticides, it is used to biomonitoring, either by analyzing the 
concentrations that remain in the environment, such as water, air, fruits and vegetables, or analyzing residues in 
human tissues and fluids. This research is really useful for the study of estimation of residues by multiple routes 
of exposure, [8]. 

Pesticides tend to accumulate in the body as residues, bytheir lipophilic nature, [9]. Specifically 
organochlorines are resistant to environmental degradation and metabolic substances, due to the chemical 
structure of the molecule, this is manifested in its persistence in the environment, [10]. 

Although the degradation of organochlorines in the atmosphere is slowly, often bio-transformed extending 
their stay in the environment, these are normally stored in rich fat tissues are transported by fats and lipoproteins 
present in the body, [11]. 

Some studies, [12] revealed evidence of the presence of organochlorine pesticides in human adipose tissue 
and blood serum, finding dependence between factors such as sex, origin and age of the person. In other studies 
as in [13], the amplification levels of pesticides were applied where shown. Related work [14], [15], [16], show 
both domestic and hospital admissions records on the presence of organochlorine pesticides in bovine milk, 
finding pesticides such as DDT, Endrin and Endosulfan higher percentage. 

This work aims, the implementation of an artificial neural network, trained by the optimization method 
Particle Swarm for estimating the exposure dose of organochlorine pesticides in humans, by consumption of 
commercial milk. 
 
Methods: 

The current work is based on the study of an adult population of Cartagena Colombia, [17]. The aim of the 
study was to estimate the exposure of adult people, to organochlorine compounds from pasteurized milk intake. 
Gas chromatography was the technique used for the analysis of residues in milk. In turn, the frequency of 
consumption of dairy products was investigated to estimate potential and acceptable daily intake and with this, 
evaluate the risk to intake of organochlorine pesticides. 

As inputs of artificial neural network, the following parameters were selected: concentration of the 
pesticide, possible daily intake (PDI), acceptable daily intake (ADI) and the relationship between the above 
(PDI/ADI), with which the risk is assessed. As mentioned above the network output is the value of the estimate 
of the exposure dose (ED) associated with consumption of commercial milk. 

The algorithm imports data for training and testing the network, a preliminary step to training, is the 
standardization of parameters for both, input and output of the network, this is relevant to the efficiency and 
accuracy of the algorithm, normalization or parameters are set from 0 to 1, given that one will be the maximum 
value of the input or output to normalize. 

The input and output parameters of the artificial neural network implemented in this work are presented in 
Table 1. 

 
Table 1: Input and output parameters of the network. 

Pesticide mg/g PDI ADI PDI/ADI ED 
a-BHC 0,00001 0,003 0,0523 0,0600 0,029 
b-BHC 0,00001 0,003 0,0523 0,0600 0,029 
y-BHC 0,00263 0,828 0,0523 15,8100 7,707 
d-BHC 0,00005 0,016 0,0523 0,3000 0,147 
Heptacloro 0,00002 0,006 0,0327 0,1900 0,059 
Heptacloro epóxido 0,00001 0,003 0,0327 0,1000 0,029 
Aldrín 0,00002 0,006 0,0065 0,9600 0,059 
Dieldrín 0,00002 0,006 0,0065 0,9600 0,059 
y-Clordano 0,00012 0,038 0,0327 1,1500 0,352 
a-Clordano 0,00090 0,283 0,0327 8,6600 2,638 
DDE 0,00001 0,003 1,30889 0,0023 0,029 
D.D.D 0,00001 0,003 1,30889 0,0023 0,029 
Endosulfan I 0,00004 0,013 0,3926 0,0300 0,117 
Endosulfan sulfato 0,00000 0,001 0,3926 0,0000 0,003 
Endrín 0,00003 0,008 0,0130 0,6500 0,006 
Endrín Aldehído 0,00001 0,028 0,0130 2,1600 0,079 
Endrín Cetona 0,00004 0,013 0,0130 1,0100 0,264 

 
The characteristics of the network and the optimization parameters are set. 
In Table 2, characteristics of the network are presented. 
 

Table 2: Neuronal Network characteristics. 
Neuronal Network characteristics  
Inputs 4 
Outputs 1 
Hidden neurons 80 
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Particles 24 
Maximum epoch  200 

In  

Table 3, the optimization parameters are presented, [18]. 
 

Table 3: Optimization parameters. 
Characterization of EPO 
Inertia weight 0.729 
Cognitive weight 1.4944 
Social weight 1.4944 

 
With established characteristics allocation of training data and test is done, 85% of the data were selected 

for training, and the remaining percentage for the Test. 
Parameters selected for training, optimization algorithm starts getting the best from the best solution error. 
 

RESULTS AND DISCUSSION 
 
As a result of this work, it is presented below the graph of error for each iteration, as well as the weights in 

the training phase, output and error obtained in the Test. 
The graph of mean square error per iteration, in training is illustrated in Fig. 1. 
 

 
Fig. 1: Error Graph. 

 
As shown in the graph, the error decreases rapidly, and from iteration 20 is constant, reaching a minimum 

value of 0.0040 in the training phase. 
The weights of the first entry, for each of the neurons in the hidden layer are shown in Table 4. 
 

Table 4: Input ih0.00Weights. 
Input0.00Weights 
ih0.00 2.63 ih0.27 -1.99 ih0.54 -5.88 
ih0.01 -5.80 ih0.28 2.58 ih0.55 -1.36 
ih0.02 -2.63 ih0.29 -5.37 ih0.56 2.63 
ih0.03 2.12 ih0.30 2.63 ih0.57 -5.80 
ih0.04 2.63 ih0.31 -0.74 ih0.58 -5.80 
ih0.05 -5.80 ih0.32 2.63 ih0.59 -5.80 
ih0.06 2.63 ih0.33 -5.8 ih0.60 -5.80 
ih0.07 -5.80 ih0.34 2.63 ih0.61 -5.80 
ih0.08 -4.97 ih0.35 -5.8 ih0.62 2.63 
ih0.09 -5.80 ih0.36 -5.8 ih0.63 -5.80 
ih0.10 -5.80 ih0.37 -5.8 ih0.64 2.63 
ih0.11 -1.72 ih0.38 -3.93 ih0.65 -5.80 
ih0.12 -5.80 ih0.39 -0.48 ih0.66 2.63 
ih0.13 2.63 ih0.40 2.63 ih0.67 -4.88 
ih0.14 -5.80 ih0.41 -5.80 ih0.68 -5.80 
ih0.15 0.101 ih0.42 2.63 ih0.69 2.63 
ih0.16 -5.80 ih0.43 2.63 ih0.70 2.63 
ih0.17 2.63 ih0.44 -0.97 ih0.71 -3.50 
ih0.18 2.63 ih0.45 -1.94 ih0.72 2.63 
ih0.19 2.63 ih0.46 1.67 ih0.73 2.56 
ih0.20 2.44 ih0.47 -2.85 ih0.74 2.63 
ih0.21 -1.07 ih0.48 -3.66 ih0.75 2.63 
ih0.22 2.63 ih0.49 2.63 ih0.76 2.63 
ih0.23 -1.15 ih0.50 -5.47 ih0.77 -5.80 
ih0.24 2.63 ih0.51 -3.04 ih0.78 -1.91 
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ih0.25 2.01 ih0.52 2.56 ih0.79 -5.80 
ih0.26 2.63 ih0.53 -5.8 - - 

In  
Table 5,the weights of the second input, for each of the hidden layer neurons are presented. 

 
Table 5: Input ih1.00Weights 

Input 1.00Weights 
ih1.00 2.15 ih1.27 2.63 ih1.54 2.63 
ih1.01 -5.80 ih1.28 2.63 ih1.55 -5.80 
ih1.02 -5.80 ih1.29 0.45 ih1.56 2.63 
ih1.03 -1.87 ih1.30 -5.80 ih1.57 2.34 
ih1.04 -5.80 ih1.31 -5.80 ih1.58 -3.33 
ih1.05 -0.20 ih1.32 2.63 ih1.59 -5.80 
ih1.06 -5.05 ih1.33 1.58 ih1.60 -5.80 
ih1.07 2.63 ih1.34 -5.22 ih1.61 -0.45 
ih1.08 2.63 ih1.35 2.63 ih1.62 -5.80 
ih1.09 2.36 ih1.36 -5.80 ih1.63 2.63 
ih1.10 -5.80 ih1.37 2.63 ih1.64 2.63 
ih1.11 -5.80 ih1.38 -5.80 ih1.65 -4.37 
ih1.12 -5.80 ih1.39 2.63 ih1.66 -4.20 
ih1.13 -4.93 ih1.40 -1.11 ih1.67 2.63 
ih1.14 2.63 ih1.41 -5.80 ih1.68 2.63 
ih1.15 -5.80 ih1.42 -0.92 ih1.69 -5.80 
ih1.16 -5.80 ih1.43 2.63 ih1.70 -1.60 
ih1.17 2.31 ih1.44 -1.92 ih1.71 -4.12 
ih1.18 -5.36 ih1.45 -5.80 ih1.72 -5.80 
ih1.19 -0.31 ih1.46 -2.08 ih1.73 -5.80 
ih1.20 2.63 ih1.47 -2.11 ih1.74 2.63 
ih1.21 -2.33 ih1.48 2.63 ih1.75 -5.80 
ih1.22 2.63 ih1.49 -5.80 ih1.76 -5.80 
ih1.23 -5.80 ih1.50 -5.80 ih1.77 -1.59 
ih1.24 2.63 ih1.51 -5.80 ih1.78 -5.77 
ih1.25 -0.66 ih1.52 -5.80 ih1.79 -5.80 
ih1.26 2.63 ih1.53 2.63 - - 

 
In Table 6, the third input weights are presented. 
 

Table 6: Input ih2.00 Weights 
Input  2.00Weights 
ih2.00 -5.80 ih2.27 2.63 ih2.54 2.63 
ih2.01 -5.68 ih2.28 2.63 ih2.55 -5.80 
ih2.02 -5.80 ih2.29 2.63 ih2.56 -2.24 
ih2.03 2.63 ih2.30 -5.80 ih2.57 2.63 
ih2.04 -5.80 ih2.31 2.63 ih2.58 -5.80 
ih2.05 -4.96 ih2.32 2.63 ih2.59 -5.79 
ih2.06 -1.57 ih2.33 -5.80 ih2.60 -5.80 
ih2.07 2.63 ih2.34 -5.80 ih2.61 -5.80 
ih2.08 -5.71 ih2.35 2.34 ih2.62 2.59 
ih2.09 -5.80 ih2.36 0.71 ih2.63 -5.80 
ih2.10 2.63 ih2.37 -5.80 ih2.64 1.27 
ih2.11 2.63 ih2.38 -0.27 ih2.65 -5.80 
ih2.12 -1.47 ih2.39 2.63 ih2.66 -5.80 
ih2.13 2.63 ih2.40 -5.80 ih2.67 2.63 
ih2.14 -0.34 ih2.41 -5.80 ih2.68 2.63 
ih2.15 -5.80 ih2.42 2.63 ih2.69 -2.35 
ih2.16 -5.80 ih2.43 -2.04 ih2.70 -5.69 
ih2.17 2.63 ih2.44 -2.59 ih2.71 2.63 
ih2.18 -5.36 ih2.45 -5.80 ih2.72 -2.31 
ih2.19 -0.31 ih2.46 -5.80 ih2.73 2.63 
ih2.20 2.63 ih2.47 -5.80 ih2.74 2.63 
ih2.21 -2.33 ih2.48 2.63 ih2.75 -5.59 
ih2.22 2.63 ih2.49 -4.78 ih2.76 -0.82 
ih2.23 -5.80 ih2.50 -5.80 ih2.77 2.63 
ih2.24 2.63 ih2.51 -5.80 ih2.78 -0.72 
ih2.25 -0.66 ih2.52 2.63 ih2.79 2.63 
ih2.26 2.63 ih2.53 -1.09 - - 

 
The weights of the last entry are illustrated in  
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Table 7.  
 
 

 

Table 7: Input ih3.00Weights 
Input3.00 Weights 
ih3.00 2.56 ih3.27 2.63 ih3.54 2.63 
ih3.01 -5.80 ih3.28 2.34 ih3.55 -5.80 
ih3.02 -5.80 ih3.29 2.63 ih3.56 -5.80 
ih3.03 -5.80 ih3.30 -5.80 ih3.57 2.63 
ih3.04 -4.04 ih3.31 -5.80 ih3.58 2.63 
ih3.05 -5.80 ih3.32 -5.80 ih3.59 1.76 
ih3.06 2.63 ih3.33 -3.62 ih3.60 -0.58 
ih3.07 -5.51 ih3.34 -5.80 ih3.61 -4.21 
ih3.08 2.63 ih3.35 2.63 ih3.62 2.63 
ih3.09 2.63 ih3.36 2.63 ih3.63 -5.80 
ih3.10 2.63 ih3.37 -5.80 ih3.64 2.63 
ih3.11 -1.81 ih3.38 2.63 ih3.65 -5.80 
ih3.12 -5.80 ih3.39 2.63 ih3.66 -5.80 
ih3.13 -3.65 ih3.40 -4.69 ih3.67 2.63 
ih3.14 1.73 ih3.41 2.63 ih3.68 -5.80 
ih3.15 -5.80 ih3.42 -3.31 ih3.69 -5.80 
ih3.16 2.63 ih3.43 -5.80 ih3.70 -5.60 
ih3.17 1.95 ih3.44 1.96 ih3.71 2.63 
ih3.18 -5.80 ih3.45 2.63 ih3.72 -0.02 
ih3.19 -0.30 ih3.46 0.95 ih3.73 2.63 
ih3.20 2.63 ih3.47 -2.43 ih3.74 -5.45 
ih3.21 2.63 ih3.48 2.63 ih3.75 2.63 
ih3.22 2.63 ih3.49 -5.80 ih3.76 -3.89 
ih3.23 1.49 ih3.50 2.63 ih3.77 -5.80 
ih3.24 -5.66 ih3.51 -5.80 ih3.78 2.63 
ih3.25 -5.88 ih3.52 -1.70 ih3.79 2.63 
ih3.26 1.87 ih3.53 1.07 - - 

 
InTable 8, the value of Biase, corresponding to the 80 neurons in the hidden layer is presented. 
 

Table 8: h-Biase of Hidden layer neurons h-Biase. 
hBiase of Hidden neurons  
h0.00 -5.80 h0.27 -5.80 h0.54 2.63 
h0.01 -5.80 h0.28 -5.80 h0.55 -5.80 
h0.02 2.63 h0.29 -5.80 h0.56 2.63 
h0.03 2.63 h0.30 1.02 h0.57 2.63 
h0.04 1.70 h0.31 -5.80 h0.58 -4.73 
h0.05 -5.14 h0.32 -5.80 h0.59 -5.80 
h0.06 -5.80 h0.33 -5.80 h0.60 -4.48 
h0.07 -5.80 h0.34 -5.80 h0.61 2.63 
h0.08 2.63 h0.35 -5.80 h0.62 -5.80 
h0.09 -3.69 h0.36 2.63 h0.63 -5.80 
h0.10 -5.80 h0.37 -5.80 h0.64 2.63 
h0.11 2.63 h0.38 2.63 h0.65 -5.80 
h0.12 -5.80 h0.39 2.63 h0.66 2.63 
h0.13 -5.80 h0.40 2.63 h0.67 -0.62 
h0.14 2.63 h0.41 2.63 h0.68 1.19 
h0.15 -5.80 h0.42 1.06 h0.69 2.63 
h0.16 2.63 h0.43 -5.80 h0.70 -3.38 
h0.17 -5.80 h0.44 -5.80 h0.71 -5.80 
h0.18 -5.80 h0.45 -5.79 h0.72 -0.94 
h0.19 -5.80 h0.46 2.63 h0.73 2.63 
h0.20 2.63 h0.47 2.63 h0.74 -2.42 
h0.21 -5.80 h0.48 -5.80 h0.75 -5.80 
h0.22 -5.80 h0.49 -5.80 h0.76 2.63 
h0.23 2.63 h0.50 -2.77 h0.77 -5.80 
h0.24 -5.80 h0.51 2.63 h0.78 -5.80 
h0.25 -5.80 h0.52 -5.80 h0.79 -1.36 
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h0.26 -5.80 h0.53 2.42 - - 
 
The Weights of the hidden layer to the output shown below, in  
 
Table 9.  
 

 
 

Table 9: Output Weights. 
Output Weights  
o0.00 -2.73 o0.27 -5.50 o0.54 -5.80 
o0.01 2.63 o.028 -1.99 o0.55 2.63 
o0.02 2.63 o0.29 -5.80 o0.56 -5.80 
o0.03 -2.81 o0.30 2.63 o0.57 2.63 
o0.04 2.63 o0.31 -5.80 o0.58 -5.26 
o0.05 -5.80 o0.32 2.63 o0.59 -5.80 
o0.06 -5.80 o0.33 -5.80 o0.60 2.63 
o0.07 2.63 o0.34 -0.07 o0.61 2.63 
o0.08 2.63 o0.35 -2.16 o0.62 2.63 
o0.09 -5.80 o0.36 -5.80 o0.63 1.68 
o0.10 2.63 o0.37 -5.80 o0.64 -5.80 
o0.11 2.63 o0.38 2.63 o0.65 -5.80 
o0.12 -2.57 o0.39 1.66 o0.66 -2.32 
o0.13 -5.80 o0.40 -5.80 o0.67 2.63 
o0.14 -0.28 o0.41 -5.80 o0.68 -5.80 
o0.15 -5.80 o0.42 2.63 o0.69 -2.02 
o0.16 -5.80 o0.43 2.63 o0.70 -5.80 
o0.17 1.50 o0.44 -4.71 o0.71 2.63 
o0.18 2.61 o0.45 -3.37 o0.72 2.63 
o0.19 -5.80 o0.46 1.57 o0.73 2.63 
o0.20 2.63 o0.47 -5.80 o0.74 1.21 
o0.21 -5.80 o0.48 2.63 o0.75 2.63 
o0.22 2.63 o0.49 -5.80 o0.76 2.63 
o0.23 -5.51 o0.50 -5.80 o0.77 -5.80 
o0.24 2.63 o0.51 -5.80 o0.78 2.63 
o0.25 2.63 o0.52 -1.79 o0.79 2.63 
o0.26 -5.80 o0.53 1.33 - - 

 
 

Table 10, illustrated the Biase of the output neuron. 
 
Table 10: O-Biase of Output neuron. 

oBiase -0.7105 

 
Best overall error for the training, is presented  

Table 11. 
 
Table 11: Global Error in Training. 

Best Global Error 
0.004 

 
For the parameters shown in Error! Not a valid bookmark self-reference., it was obtained as output 

estimate (E). 
 
Table 12: Output Test. 

I0.0 I1.0 I2.0 I3.0 E 
0.0456 0.0459 0.0250 0.0727 0.0532 
0.3422 0.3418 0.0250 0.5478 0.3761 
0.0160 0.0157 0.0100 0.0639 0.5220 

 
The root mean square error obtained in the test phase was, 5.0857e-4. 
 

Conclusions: 
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The techniques of artificial intelligence is a field of engineering which enables the solution of several 
biochemical systems, for their nonlinearity these always require a complex analysis, which hinder the process of 
getting results. This work can contribute in the study of estimation and prediction of parameters, with a 
minimum value of error in the approximation. 

With the present work is intended not only to obtain an estimation value of the exposure dose of pesticides, 
in turn pretend, generate an alert to the importance of control over the use of these chemicals on crops and in 
areas where cattle can eat them, and with this, residues of these can be consumed in consumer products such as 
milk and other dairy products, causing large and alarming concentrations of pesticides in the human body. 
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