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ABSTRACT 
 
Pesticides have been and are still being used in the agricultural industry, in order to make food production more profitable.
the effect on human health by contact, either under its physical exposure or ingestion has been studying hard in order to avoid rela
diseases. This paper presents the results of the design and development of an algorithm, which allows the prediction of damag
renal system in people exposed to contact or ingestion of pesticides, as Mepiquat and 1, 2, 3
contribution of this paper is to alert and emphasize the importance of having better control when using pesticides to prote
due to the major damage they cause over time, to organic systems in humans by their indirect intake.
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Pesticides are chemicals used in agriculture, with the aim of attacking organisms that are harmful to crops. 

They are considered potentially toxic to most living beings, including humans, 
In the last few years, in Colombia, 

expansion of cattle ranching, agriculture and the use on crops such as cotton, bananas, sugar cane, among others. 
As a result, the number of cases of intoxication

of the last 10 years, in 2005 (4,228) cases, 2006 (5219), 2007 (6266), 2008 (6,659) and for 2012 were reported 
(9,197) cases, [11]. 

Some works in the analysis of pesticides in food are
residues in milk at high levels were evaluated. This product is used as an indicator of the persistence of 
organochlorine pesticides in the environment,
were found when compared with the
in Colombia since 1985; however, they

Similarly, in [3] and [4], pesticide residues exce
samples of potato and tropical fruits. The study highlights the extremely high concentrations of Diazinon and 
Chlorpyrifos concentrating particularly on the inside of the potato.
implementation of good agricultural pract

In [15], pineapple fruit from Quindío in Colombia were analyzed. The 
pesticides were evident in the most external part of the fruit. Heptachlor epoxide was found in concentrations 
above the permitted level, according to the Codex Alimentarius. In turn, 
isomers were found near the MRLs.
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Pesticides have been and are still being used in the agricultural industry, in order to make food production more profitable.
ect on human health by contact, either under its physical exposure or ingestion has been studying hard in order to avoid rela

diseases. This paper presents the results of the design and development of an algorithm, which allows the prediction of damag
renal system in people exposed to contact or ingestion of pesticides, as Mepiquat and 1, 2, 3-Trichloropropane (TCP).The main 
contribution of this paper is to alert and emphasize the importance of having better control when using pesticides to prote
due to the major damage they cause over time, to organic systems in humans by their indirect intake.  

Pesticides, Logistic Regression, creatinine. 

INTRODUCTION 

Pesticides are chemicals used in agriculture, with the aim of attacking organisms that are harmful to crops. 
They are considered potentially toxic to most living beings, including humans, [19].  

in Colombia, there has been a significant increase in the use of pesticides, due to the 
expansion of cattle ranching, agriculture and the use on crops such as cotton, bananas, sugar cane, among others. 

the number of cases of intoxication has increased [8,7].This increase is reflected in the statistics 
of the last 10 years, in 2005 (4,228) cases, 2006 (5219), 2007 (6266), 2008 (6,659) and for 2012 were reported 

Some works in the analysis of pesticides in food are presented in [6,18], where the presences of
were evaluated. This product is used as an indicator of the persistence of 

organochlorine pesticides in the environment, [12]. High concentrations of endrin, chlordan
when compared with the maximum residue limits (MRLs). These substances have been prohibited 

they remain been employed. 
, pesticide residues exceeding the maximum limits (MRLs)

mples of potato and tropical fruits. The study highlights the extremely high concentrations of Diazinon and 
Chlorpyrifos concentrating particularly on the inside of the potato. The results show that the lack of 
implementation of good agricultural practices affects product quality, thereforerisking the 

, pineapple fruit from Quindío in Colombia were analyzed. The presence of different organochlorine 
evident in the most external part of the fruit. Heptachlor epoxide was found in concentrations 

, according to the Codex Alimentarius. In turn, pesticides such as
. 
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Pesticides have been and are still being used in the agricultural industry, in order to make food production more profitable. However, 
ect on human health by contact, either under its physical exposure or ingestion has been studying hard in order to avoid related 

diseases. This paper presents the results of the design and development of an algorithm, which allows the prediction of damage to the 
Trichloropropane (TCP).The main 

contribution of this paper is to alert and emphasize the importance of having better control when using pesticides to protect food crops, 

Pesticides are chemicals used in agriculture, with the aim of attacking organisms that are harmful to crops. 

ant increase in the use of pesticides, due to the 
expansion of cattle ranching, agriculture and the use on crops such as cotton, bananas, sugar cane, among others.  

reflected in the statistics 
of the last 10 years, in 2005 (4,228) cases, 2006 (5219), 2007 (6266), 2008 (6,659) and for 2012 were reported 

where the presences of pesticide 
were evaluated. This product is used as an indicator of the persistence of 

oncentrations of endrin, chlordane and endosulfan 
These substances have been prohibited 

eding the maximum limits (MRLs) were found in some 
mples of potato and tropical fruits. The study highlights the extremely high concentrations of Diazinon and 

The results show that the lack of 
affects product quality, thereforerisking the consumer’s health. 

presence of different organochlorine 
evident in the most external part of the fruit. Heptachlor epoxide was found in concentrations 

pesticides such as Endosulfan and their 
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Papers presented in [20,9] and [14], were performed to determine the risk involved in pesticide exposure in 
humans. In these papers, the existence of major impacts on pollution, the potential risk to human health, and 
global ecosystems were studied. 

Although mostly studies do not show a critical risk, in [17] it was highlighted, that pesticide residues in 
food should be an imperative topic, due to the possible effects in the long-term health. 

Adverse effects on human health are directly related to the concentrations found in these products in the 
body. Creatinine test are conducted in order to determinate the concentration of pesticides, as can be seen in 
[10,13,16]. The results of the test serve as indication whether a person has a risk factor for kidney disease [5] 

Based on the above, this paper presents the design and development of an algorithm for the prediction of 
renal damage associated with pesticides in food intake. The algorithm is based on a logistic regression model, 
along with a method of multivariate optimization (Simplex), 
 
Methodology: 

This analysis is based on a study by the Environmental Research Institute of Sweden, wherein the 
concentration of different pesticides in urine samples were studied from a family composed as followed: (Father 
40, Mother 39 years Daughter 12 years, daughter 10 year old and 3 year old son). 

The study was conducted for two weeks. Initially the family consumed non-organic products, and then in 
the second week consumed organic products. It can be seen that the highest concentration of pesticides, 
occurred in the first week to all members of the family, therefore, the related data was selected to train the 
algorithm. The data obtained in the study is shown in 

Gender Age Day MEQ TCP Creatinine 
M 40 1 2 9,7 1,795 
M 40 3 7,4 5,9 0,922 
M 40 4 15 15,0 0,318 
M 40 6 4,8 13,0 0,859 
F 39 1 23 32,0 0,488 
F 39 3 36 40,0 0,257 
F 39 4 211 18,0 0,22 
F 39 6 48 66,0 0,344 
F 12 1 13 44,0 0,26 
F 12 3 8,5 63,0 0,258 
F 12 4 60 91,0 0,177 
F 12 6 3,4 16,0 0,816 
F 10 1 2,7 12,0 0,866 
F 10 3 3,1 17,0 0,316 
F 10 4 2,9 18,0 0,628 
F 10 6 2,1 30,0 0,573 
M 3 1 36 31,0 0,9 
M 3 3 95 89,0 1,12 
M 3 4 33 116,0 0,799 
M 3 6 77 50,0 1,54 

.  
 
Table 1: Data obtained in first week. 

Gender Age Day MEQ TCP Creatinine 
M 40 1 2 9,7 1,795 
M 40 3 7,4 5,9 0,922 
M 40 4 15 15,0 0,318 
M 40 6 4,8 13,0 0,859 
F 39 1 23 32,0 0,488 
F 39 3 36 40,0 0,257 
F 39 4 211 18,0 0,22 
F 39 6 48 66,0 0,344 
F 12 1 13 44,0 0,26 
F 12 3 8,5 63,0 0,258 
F 12 4 60 91,0 0,177 
F 12 6 3,4 16,0 0,816 
F 10 1 2,7 12,0 0,866 
F 10 3 3,1 17,0 0,316 
F 10 4 2,9 18,0 0,628 
F 10 6 2,1 30,0 0,573 
M 3 1 36 31,0 0,9 
M 3 3 95 89,0 1,12 
M 3 4 33 116,0 0,799 
M 3 6 77 50,0 1,54 
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Two pesticides were selected to develop the algorithm,Mepiquat and TCP, due to their significant 
relationship tothe increased creatinine level.  

However, the concentrations found in the study, are not high enoughin order for the creatinine to increased 
to a level were a possible kidney damage can be generated. 

Therefore, it requires a preliminary regression, to find the relationship between the concentrations of 
pesticides and creatinine level. 

The study presents the results of four days of the first week, being the purpose of the prediction model to 
estimate the daily damage. By polynomial approximation the creatinine value was estimated for 8 days. 

Error! Reference source not found., shows the graph of daily creatinine and the curve of polynomial 
approximation for adults. 

 
Fig. 1: Graph adult daily creatinine. 

 
The level of daily creatinine for children and the approximation curve is shown in Fig. 2. 
 

 
Fig. 2: Graphic children daily creatinine. 

 
Based on the aboveTable 1, shows some of the collected data. This is the database for the prediction 

algorithm, where the amounts were changed randomly for some of the subjects by giving them higher levels of 
creatinine than normal (Men 0.7-1.3 mg / L, Women 0.5-1 2mg / L, Children 0,2-1mg / L). 

 
Table 1: Preliminary data obtained in the regression. 

Gender Age Day MEQ TCP Creatinine 
M A 1 2,0 9,7 1,795 
M A 2 19,0 0,1 1,160 
M A 3 7,4 5,9 0,922 
M A 4 1,0 25,0 0,318 
F A 1 23,0 32,0 0,488 
F A 2 7,2 33,0 0,341 
F A 3 36,0 40,0 0,257 
F A 4 5,3 38,0 0,224 
F I 4 11,0 33,9 0,447 
F I 5 6,2 24,0 0,485 
F I 6 2,1 30,0 0,573 
F I 7 27,0 4,0 1,152 
F I 8 25,0 0,8 1,184 
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The algorithm imports a database from Excel which it is expected to receive the stated variables (age, 
gender, day, doses of each pesticide to relate and if it is a subject with possible kidney damage). 

Classificatory variables must be numeric, due to the method of classification implemented. For this 
application the age classification is defined in two groups (Adult/0 Child /1); the gender is classified as (Male/ 0, 
Female /1); day and dose are positive numerical values and predictor variable as (0/ 1) to identify a sick person. 

The normalization of the data matrix is very important in the development of the algorithm, because it will 
allow better accuracy and convergence. The developed algorithm normalizes the data by subtracting the 
minimum value of the matrix to each of the data, and dividing this maximum value remains in the matrix, thus 
the values are normalized from 0 to 1. 

Fig. 3, shows the flow diagram of the algorithm. 

 
Fig. 3: flowdiagram. 

 
RESULTS AND DISCUSSION 

 
The results of the training based on the data in Table 1, are shown inTable 2. Weights are related to each 

characteristic variable and the intercept of the regression. 
 

Table 2: Weights obtained in training. 
B0 -2.2397     
B1 2.4842    
B2 -0.7966 
B3 1.5602 
B4 0.7253 
B5 -2.2824 

 
The error of the best weights in each iteration, are shown inFig. 4. In this case the algorithm took about 4 

iterations to find optimal weights. 
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Fig. 4: Error best weights. 

 
Fig. 5shows the graph of the error for the second best weights per iteration. 

 
Fig. 5: Error second weights. 

 
Fig. 6corresponds to the graphic error of the worst weights. Unlike the previous graphs, the worst error 

decreases with a minor number of iteration because the optimization method consists in correcting the worst 
weights periteration. 

 
Fig. 6: Error worst weights. 

 
The decrease in error per iteration, of the weight groups and mainly in the worst error weights corroborates 

the operation optimization and prediction model. 
The results shown in  

Table 3, were obtained in the test phase. 
 
Table 3: Test Results. 

Error 0.0115 
Accuracy 0.8 

 
The error in the prediction was of 0.0115 and the accuracy obtained was 80%. 
To make a prediction of possible daily kidney damage by consuming pesticides in food, the algorithm 

required to select the variables adult / child, gender, date of consumption and quantities of pesticides associated 
with the analysis. 
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For an adult man with the amounts inTable 4, the probability of kidney damage in first day was of 0.0, on 
the eighth day the probability of damage was 0.4795. 
 

Table 4: New data for prediction. 
Gender  Age Mepq TCP Damage 
M  A 1.5 5 0.0 

 
InFig. 7, shows the graph of the daily damage to the subject described above.  

 
Fig. 7: Probability of daily damage. 

 
For an adult woman with quantities of  
Table 5, the chance of developing kidney damage in first day was of 0.0 and in the eighth day was 0.293. 

 
Table 5: Prediction in adult women. 

Gender Age Mepq TCP Damage 
F A 1.5 5 0.0 

 
Fig. 8shows the graph of the probability of daily kidney damage during the first 8 days. 
 

 
Fig. 8: Probability of an adult woman. 

 
The probability to a child with the amounts listed in  
Table 6 increased to 0.2 on the first day, and on the fifth day there was a probability of 1. 

 
Table 6: Data for the girl Prediction. 

Gender  Age Mepq TCP Damage 
F I 25 9 0.2 

 
The graph corresponding to the above prediction is shown inFig. 9. 
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Fig. 9: Daily prediction of a child. 

 
Finally, a prediction for under age boy with the characteristics in 
Table 7 was made. 

 
Table 7: Prediction child data. 

Gender Age Mepq TCP Damage 
M I 12 5 0.2883 

 
The probability of damage on the first day was of 0.28 and the fifth day it was expected to have a greater 

damage than 0.9, as can be visualized in Fig. 10. 

 
Fig. 10: Daily prediction of a boy. 

 
Conclusions: 

The prediction algorithm had an accuracy of 80% and an error of 0.0115 in the test phase. The algorithm 
can improve its performance with more accurate information, and could be implemented in different prediction 
models. 

A girl with concentrations of 25 and 9 Mepiquat and TCP, respectively,have a lower risk of 28.6% on day 
one of consumption, in contrast to a child with lower concentrations as listed in 

Table 7. From the fifth and up to the eighth day, both subjects have the same probability of damage. 
It was determined that an adult male has about 62.06% higher risk, with concentrations of Mepiquat 1.5 and 

TCP 5 with a probability of 0.47 on the eighth day, compared to an adult female which for the same 
concentrations of pesticides, on the eighth day has a 0.29 probability of damage. 

With the results presented in this study, it can be inferred, the affectation in time that the renal system may 
have when foods with pesticide residues are consumed, which serves as an alert to prevent future chronic 
diseases.  
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