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ABSTRACT 
 
Pesticides are widely used in pest control and crop protection, but due to its biological activity and its permanence in the 
they may cause serious effects on human health, either under its exposure or by consuming foods that contain them. This paper 
presents the results of the development of a predictive algorithm, with a model of binary logistic regression classification,
determines whether a person can have damage to the renal system by consuming specific amounts of different pesticides, as (Chlor
Chlormequat (CCC), Propamocarb, Mepiquat, 2,4
was based on a study by the Environmental Research Institute of Sweden to family that usually did not consume organic food. T
work can create an early warning of possible effects on human health, by the consumption of pesticides in food.At the same ti
a precedent about the importance of studying the collateral damage that the use of these chemicals can generate in chronic di
humans. 
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The use of pesticides for pest control has increased considerably in recent 

performance to a specific area of land
Institute, which does the follow-up of safety and efficacy of the products in accordance with current regulations. 
However, different studies have determined overuse of pesticides in crops, and the effects they may cause on 
humans [11, 12, 4, 9]. 

As a result of exposure to these pe
with the immune, endocrine and neurological systems.
with the pesticide, by genetic events can cause damage as hereditary disease
generations, [1,3]. 

The reproductive system is one of the systems at constant risk, 
future illnesses; being manifested 
systems. It was determined by work 
between the effects, exposure and indirect consumption of pesticides 
not exist. Magnarelli demonstrates the need for progress on the identification of early damages due to exposure 
to pesticides and mixtures of these i

The most used pesticides are organophosphates and carbamates, due to its low cost and its u
only in pest control, but also in eliminating parasites and insects. The system of public health surveillance 
(SIVIGILA) in Colombia in 2012 reported 9,197 cases of pesticide poisoning, which is the main type of 
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Pesticides are widely used in pest control and crop protection, but due to its biological activity and its permanence in the 
may cause serious effects on human health, either under its exposure or by consuming foods that contain them. This paper 

presents the results of the development of a predictive algorithm, with a model of binary logistic regression classification,
ermines whether a person can have damage to the renal system by consuming specific amounts of different pesticides, as (Chlor

Chlormequat (CCC), Propamocarb, Mepiquat, 2,4-dichlorophenoxyacetic acid (2,4-D), 1,2,3-Trichloropropane (TCP)). The algorithm 
was based on a study by the Environmental Research Institute of Sweden to family that usually did not consume organic food. T
work can create an early warning of possible effects on human health, by the consumption of pesticides in food.At the same ti
a precedent about the importance of studying the collateral damage that the use of these chemicals can generate in chronic di

INTRODUCTION 

The use of pesticides for pest control has increased considerably in recent years; in 
specific area of land [17].The use of these products is regulated by the Colombian Agricultural 

up of safety and efficacy of the products in accordance with current regulations. 
However, different studies have determined overuse of pesticides in crops, and the effects they may cause on 

of exposure to these pesticides, minor and major effects have been expressed, m
immune, endocrine and neurological systems. It’s not only the person involved who has direct contact 

with the pesticide, by genetic events can cause damage as hereditary diseases and malformations in future 

The reproductive system is one of the systems at constant risk, affecting the function
 through infertility and deficiency in the function of the above

It was determined by work [16, 14] that, although there is no scientific evidence on possible direct link 
between the effects, exposure and indirect consumption of pesticides it does not mean that the relationship does 

exist. Magnarelli demonstrates the need for progress on the identification of early damages due to exposure 
es of these in human health [5]. 

pesticides are organophosphates and carbamates, due to its low cost and its u
only in pest control, but also in eliminating parasites and insects. The system of public health surveillance 
(SIVIGILA) in Colombia in 2012 reported 9,197 cases of pesticide poisoning, which is the main type of 
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presents the results of the development of a predictive algorithm, with a model of binary logistic regression classification, which 
ermines whether a person can have damage to the renal system by consuming specific amounts of different pesticides, as (Chloride 

Trichloropropane (TCP)). The algorithm 
was based on a study by the Environmental Research Institute of Sweden to family that usually did not consume organic food. This 
work can create an early warning of possible effects on human health, by the consumption of pesticides in food.At the same time leave 
a precedent about the importance of studying the collateral damage that the use of these chemicals can generate in chronic diseases for 

order to obtain a better 
The use of these products is regulated by the Colombian Agricultural 

up of safety and efficacy of the products in accordance with current regulations. 
However, different studies have determined overuse of pesticides in crops, and the effects they may cause on 

have been expressed, mainly related 
It’s not only the person involved who has direct contact 

s and malformations in future 

function and development of 
of the above-mentioned 

that, although there is no scientific evidence on possible direct link 
does not mean that the relationship does 

exist. Magnarelli demonstrates the need for progress on the identification of early damages due to exposure 

pesticides are organophosphates and carbamates, due to its low cost and its usefulness not 
only in pest control, but also in eliminating parasites and insects. The system of public health surveillance 
(SIVIGILA) in Colombia in 2012 reported 9,197 cases of pesticide poisoning, which is the main type of 
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poisoning from chemicals. Unlike developed countries where the main cause of poisoning is by pharmaceutical 
products [15]. 

Due to the effects that the use, exposure and consumption of pesticides can influence on health human, 
there is a need for models of estimation and prediction of data, in order to identify early damage and prevent 
future damage. 

The purpose of the predictive models is to estimate future values through historical information obtained 
through a study. The model is built with data variables that are related to a response variable, the method 
represents the relationship of these variables [10]. 

Learning models and prediction of diseases such as neural networks, Bayes Theorem Classification, logistic 
regression and Cox proportional regression, are the most widely used as classification algorithms, for example 
applications of cardiovascular risk [8, 13] and prediction plant diseases [2]. 

The aim of this study is to predict possible damage to the renal system by eating pesticides as (2, 4-D, CCC, 
TCP and Mepiquat) in food, using a binary classification model based on learning algorithms. For this 
application, logistic regression with a multivariate model optimization (Simplex) was implemented, to minimize 
the error of the regression model. 

 
Methodology: 

The work is based on the study "Human exposure to pesticides from food"  [6]. It consists in the analysis of 
the consumption of pesticides, through organic and non-organic food in a family, composed of a father 40, 
mother of 39, 12 year old daughter, 10 year old daughter and 3 year old son.  

The measurements were carried out through urine tests, where different pesticide residues were detected 
(CCC, TCP, 2, 4-D, Mepiquat, Propamocarb, among others). At the same time, the creatinine level was 
determined, which indicates the proper functioning of the renal system. 

The study concludes that, despite the found doses are not critical to the involvement of the renal system of 
the family; there is evidence of decrease in these concentrations in the body, with the consumption of organic 
products. Not knowing about a direct relationship between the influences on human health of specific pesticides, 
it cannot be said that there is a greater effect if one is consumed alone or mixed with others. 

Because the amounts found were much lower than the maximum limit of consumption, a preliminary linear 
regression was performed to evaluate rates above normal limits of creatinine (Men 0.7-1.3 mg / L, 0.5- Women 
1.2mg / L), and identify the subject as possible risk of kidney damage. 

 

Table 1, shows the data obtained in the study of the family by eating non-organic food. 
 
Table 1: Data obtained in the study by eating non-organic products. 

Gender Age Day 2,4D CCC MEQ TCP Creatinine 
M 40 1 0,1 0,6 2 9,7 1,795 
M 40 3 1,2 2,9 7,4 5,9 0,922 
M 40 6 0,3 10 4,8 13,0 0,859 
F 39 1 0,5 88 23 32,0 0,488 
F 39 3 0,9 4,3 36 40,0 0,257 
F 39 6 0,6 323 48 66,0 0,344 
F 12 1 20,7 241 13 44,0 0,26 
F 12 3 29,5 57 8,5 63,0 0,258 
F 12 6 2 14 3,4 16,0 0,816 
F 10 1 2,8 6,7 2,7 12,0 0,866 
F 10 3 6 11 3,1 17,0 0,316 
F 10 6 2 13 2,1 30,0 0,573 
M 3 1 4,4 627 36 31,0 0,9 
M 3 3 7,2 675 95 89,0 1,12 
M 3 6 2,2 654 77 50,0 1,54 

 
The main pesticides found in foods such as grapes, oranges, coffee and different types of grains were 

selected. 
In Error! Reference source not found., are the estimated concentrations via linear regression to identify 

subject with kidney damage. 
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Table 2: Data obtained in the regression. 

Gender Age Day 2,4D CCC MEQ TCP Creatinine 

M 40 1 2,4 32 27 5,0 1,172 

M 40 3 80 70 7,4 1,0 1,649 

M 40 6 0,3 10 4,8 15,0 0,637 

F 39 1 2,3 100 23 35,0 0,592 

F 39 3 45 43 47 23,0 1,505 

F 39 6 0,6 323 48 66,0 0,473 

F 12 1 20,7 24 13 44,0 0,405 

F 12 3 60 60 60 15,0 1,978 

F 12 6 53 75 34 16,0 1,529 

F 10 1 2,8 6,7 2,7 12,0 0,681 

F 10 3 6 11 3,1 17,0 0,625 

F 10 6 2 13 2,1 30,0 0,337 

M 3 1 7 627 36 13,0 1,470 

M 3 3 7,2 675 95 89,0 0,952 

M 3 6 2,2 654 77 5,0 2,184 
 
Error and other regression statistics are shown in  

Table 3. 
 
Table 3: Linear regression statistics. 

Linear regression statistics 
Multiple correlation coefficient 0,8190801 
Determination coefficient R2 0,67089221 
Adjusted R2 0,52462208 
Standard error 0,26719842 

 
The correlation coefficients for each of the independent variables corresponding to pesticides are shown in,  

Table 4. 
 
Table 4: Linear regression coefficients. 

Coefficients 
Intercept 0,83569891 
2,4D 0,00865422 
CCC 0,00046199 
MEQ 0,01452981 
TCP -0,01840491 

 
With the data presented above the algorithm is developed. 
The algorithm begins by obtaining a database of Excel, where it expects to receive (gender, age, dose of 

each pesticide to relate and if it is a subject to possible kidney damage). 
Because a type of binary classification method was implemented, the variable characteristics as gender, age 

and levels are numeric and as the predictor variable (0, 1), to identify a sick person. 
In this way, it would describe a male subject, of 40 years with a quantity of 2, 4-D 12, CCC 21, Mepiquat 

32, and TCP 53, with damage to the renal system, as shown in  

Table 5.  
 
Table 5: Male identification data. 

Gender Age 2,4D CCC Mepq TCP Damage 
0 40 12 21 32 53 1 

  
In  
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Table 6, a woman of 12 is identified with amount of 2, 4-D 21, CCC 31, Mepiquat 2, and TCP 1.3, without 
damage to the renal system. 
 
Table 6: Women identification data. 

Gender Age 2,4D CCC Mepq TCP Damage 
1 12 21 31 2 1.3 0 

 
After reading the data and store them in an array, the program normalizes the data of independent variables, 

scaling is done using the average and standard deviation. 
The normalized value is expressed in         

     (1), as follows: 

�� =
����

�	
              (1) 

 
X is the value to normalize, �� is the average and SD is the standard deviation of the data for the 

characteristic scale data. 
Fig. 1, shows the normalized data array. 

 
Fig. 1: Standardized data. 

 
Negative data values are below the average, greater than zero are above average. 
After normalization the program is divided into two phases. The first is a training phase, and the second to a 

test phase. 
The general matrix with the normalized data is sorted randomly, 80% of the information of the subjects for 

training is selected. At this phase the prediction model is created. The remaining 20% of the information is used 
for the test phase, where the accuracy of the model will be measured.  

The implemented logistic regression model was created from a linear model,    
         (2). Where x1, x2 ..., xn represent each of the characteristics of the 
subject, then the model is summarized in the sum of the multiplication of the weights associated with the 
characteristics and a constant of regression, b0. 

 

 = �0 + �1 × �1 + �2 × �2 + �� × ��             (2) 

 
The classification by logistic regression assesses this linear model in a more complex function,  

              (3). The sigmoid function has 
many uses in learning methods and is well known in applications with neural networks, this function is the basis 
of logistic regression model, [7]. 

 

� =
�

�����
                (3) 

 
The prediction output indicates, the probability that the subject is in the classification of possible kidney 

damage. If the output is greater than 0.45 the output will be 1, otherwise it will be 0. 
Training initially calculated randomly 3 groups of initial weights associated with each of the independent 

variables. These weights are evaluated in the above model, and calculated the corresponding 3 errors. 
Later, the weight matrix is ordered considering the best, second best and worst error. After organizing the 

weights, the optimization algorithm starts, which aims to minimize the error using the Simplex method. 
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This method is based on the correction of the worst weight, calculating the centroid between the best and 
second best weights. Expansion, reflection and contraction are performed and the corresponding error is 
calculated, a comparison between the errors obtained between the worst and error of each of the transformations 
made. 

If the error of the transformation is best to worst error weights, the worst is replaced with the weights of the 
transformation, giving priority to the transformation in the following form: (expansion, reflection and 
contraction). 

If the error of the transformation is not better than the worst then, random weights are calculated. If this 
error is not less, the worst weights are replaced for an average between the best and worst weights. 

Finally, the algorithm stops when it exceeds the maximum iterations, or the error in the weight matrix is 
equal, this means that the algorithm converges. 

The optimized weights obtained by the simple x method during training, are evaluated with test data and the 
accuracy of the model is calculated,              
(4), with the number of correct results and the number of incorrect results. 
 

�������� =
�  !""� #

�  !""� #�� $% !""� #
              (4) 

 
According to the accuracy and test error, the model can be validate and predict further approximation. 

 
RESULTS AND DISCUSSION 

 
Table 7shows the result of training based of data in Table 2. 
 

Table 7: Weights obtained in training. 
B0 0.024944 
B1 0.051162 
B2 0.14204 
B3 -0.13432 
B4 0.14525 
B5 0.0024547 
B6 -0.089696 

 
The error per iteration of the best weights is represented in Fig. 2. 

 
Fig. 2: Error best weights. 

 
Similarly in Fig. 3, can be display the graph of the second best error weights per iteration. 

 
Fig. 3: Error second weights. 
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The graph of the worst error weights shows more changes in the error in contrast with previous ones, 
because the algorithm corrects the worst weights per iteration. 

Fig. 4corresponds to the graphic error of the worst weights. 
 

 
Fig. 4: Error worst weights. 

 
It can be seen in all graphs decreasing error per iteration, confirming the operation of the optimization. 
The results of the test,  

Table 8Error! Reference source not found., shows the error and accuracy during the test 
 
Table 8: Test Results. 

Error 0.01452 
Accuracy 1 

 
In this case 20% of the information corresponds to 3 subjects therefore the error in the calculation of 

prediction was of 0.014 and the accuracy of 1, which means that the 3 predictions were correct. 
For the prediction of possible kidney damage by consuming pesticides in food it is required to select the 

gender, age and amounts of pesticides associated with the analysis. 
For a man of 40 years with the amounts in  

Table 9, the probability of kidney damage was 0.11. 
 
Table 9: New data for prediction. 

Gender Age 2,4D CCC Mepq TCP Damage 
M 40 1.2 13 22 32 0.11 

 
The probability of kidney damage to a woman 12 years was 0.032, 

Table 10. 
 
Table 10: Data for a girl prediction. 

Gender Age 2,4D CCC Mepq TCP Damage 

F 12 1.2 13 22 32 0.032 

 
The probability of damage for a 40 year old woman with the related amounts in 

Table 11increased to 0.22. 
 
Table 11: Data for a woman prediction. 

Gender Age 2,4D CCC Mepq TCP Damage 

F 40 12 60 65 14 0.22 

 
Conclusions: 

For the same amount an adult male 40 years, has a 0.11 probability of damage, compared to a 12 year old 
girl who has a 0.032 probability. This represents a reduction in the probability of 70.9% for a female infant. 

At low concentrations of 2, 4-D, CCC and Mepiquat listed in Error! Reference source not found., the 
probability of damage is 11%, for a man of 40 years. Compared with a woman of the same age with higher 
concentrations of 12, 60 and 65 for 2, 4-D, CCC and Mepiquat respectively, the probability increases by 100%. 



32 

 

 

This work recognizes the importance of studying the use of pesticides in food intake because that could 
prevent future chronic diseases, especially in the immune, endocrine, neurological and reproductive system. 
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