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Abstract This study describes the development of a 
web-based system that collects all data generated in 
the research conducted to set pre-harvest residue 
limits (PHRLs) for agricultural product safety control. 
These data, including  concentrations of pesticide 
residues, limit of detection, limit of quantitation, 
recoveries, weather charts, and growth rates, are 
incorporated into a database, a regression analysis of 
the data is performed using statistical techniques, and 
the PHRL for an agricultural product is automatically 
computed. The development and establishment of 
this system increased the efficiency and improved the 
reliability of the research in this area by 
standardizing the data and maintaining its accuracy 
without temporal or spatial limitations. The system 
permits automatic computation of the PHRL and a 
quick review of the goodness of fit of the regression 
model. By building and analyzing a database, it also 
allows data accumulated over the last 10 years to be 
utilized.  
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1 Introduction 

1.1 Research background 

According to Jeong et al. (2004), pesticides are 
indispensable in modern agriculture; they clearly 
increase agricultural productivity by protecting 
agricultural products and improving their quality. 
However, compounds used in agriculture to 
effectively prevent a variety of diseases, insect pests, 
and weeds have diverse chemical structures and, 
depending on the environmental conditions, may 
remain in the environment and in agricultural 
products themselves (Jeong et al. 2004). Because 
consuming agricultural products with excessive 
pesticide residues may cause health problems, a 
Maximum Residue Limit (MRL) for agricultural 
products is set, managed, and supervised by the state. 

According to Kim et al. (2010), the pesticide 
safety standards are set by calculating MRL values 
for each food according to the intake amount of that 
food. The theoretical MRL for a food is based on the 
acceptable daily intake of pesticides that a person 
receives through food, and it is based on various 
toxicity test scores that are submitted for safety 
evaluation as part of the pesticide registration process. 
To control the safety of pesticides, the Rural 
Development Administration reviews these toxicity 
test score reports and limits the acceptable daily 
intake of the pesticide. In general, the theoretical 
MRL value for a food is computed by multiplying 80% 
of the acceptable daily intake of the pesticide by the 
mean weight of the population and dividing by the 
daily intake per person (Kim et al. 2010).  

For preventive agricultural product safety 
control, the National Agricultural Products Quality 
Management Service sets a pre-harvest residue limit 
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(PHRL) in connection with the pesticide MRL of the 
Korean Food and Drug Administration so that the 
possibility of producing and distributing unsuitable 
agricultural products is reduced, thereby ensuring a 
safe supply of agricultural products. According to 
Choi et al. (2000, 2002), Kim et al. (2002), Seong et 
al. (2004), and Lee et al. (2008), the National 
Agricultural Products Quality Management Service 
sets the PHRL for the purpose of assuring 
agricultural product safety in the production stage. 
Furthermore, it evaluates the safety of agricultural 
products in the production stage according to the 
PHRL, investigates the amount of  pesticide residues 
sprayed during the pre-harvest period, predicts the 
amount of pesticide residues at the time of harvest by 
computing the biological half-life and the decay 
constant, and prevents the distribution of unsuitable 
agricultural products that may exceed the MRL. 

1.2 Study goals 

Because collaboration among multiple specialized 
research institutes with expertise in the 
characteristics of residual toxic substances in crops is 
essential to setting the PHRL, the PHRL computation 
process uses statistical techniques to analyze data 
collected from approximately 25 research institutes 
each year. In addition, reviews and evaluations are 
conducted to increase the accuracy and reliability of 
the results. However, if general-purpose software, 
such as Microsoft Excel, is used for the data 
collection and PHRL computation, longer processing 
times and an extensive amount of data are required 
and simultaneous processing becomes impossible. 
This study therefore attempted to develop an 
automated PHRL computation system that uses 
statistical techniques to analyze the data collected 
from each research institute during the process of 
establishing the PHRL. Furthermore, we established 
a web-based database to make data access and 
statistical analysis possible without temporal or 
spatial limitations (i.e., wherever there is an internet 
connection).   

2 Introduction of the PHRL setup 

2.1 Theoretical background 

The National Agricultural Products Quality 
Management Service analyzes whether toxic 

substances such as pesticides remain in agricultural 
products at various stages, including production, 
storage, and before shipment. Moreover, it applies 
the MRL according to the Food Sanitation Act to 
determine the safety of pesticides. This service 
allows farms to freely postpone shipments of 
unsuitable products that exceed the MRL, convert the 
usage of these products, or discard them entirely. 
However, it has heretofore been impossible to 
prevent the distribution of unsuitable agricultural 
products before consumption because the pesticide 
safety investigation that is conducted during the 
stages of market distribution and sales yields its 
results only after sales to the final consumer. The 
Food Sanitation Act of 1999 did not set the MRL 
separately for each investigation stage; as a result, 
there was an unacceptable increase in the amount of 
unsuitable agricultural products when the MRL was 
unilaterally applied at the time of investigation 
without considering the decrease in the amount of 
pesticide residues after spraying. Accordingly, the 
National Agricultural Products Quality Management 
Service set a reasonable PHRL that takes into 
account the decrease in the amount of pesticide 
residues in pre-harvest agricultural products and 
proposed it to the Ministry of Food, Agriculture, 
Forestry, and Fisheries. This contributes to the 
production and supply of agricultural products that 
are safe for human consumption. 

2.2 Principles of pesticide dissipation 

Pesticides dissipate through several routes. Although 
these routes differ depending on the environment, the 
main routes of pesticide dissipation are enzymatic 
decomposition, nonenzymatic decomposition, 
volatilization, photolysis, and simply being washed 
away. In the case of agricultural products, pesticide 
concentrations decrease as plants grow. Productive 
excretion, one of the defensive mechanisms of plants 
against external foreign substances, also contributes 
to their dissipation. In general, the rate of pesticide 
dissipation in a given space is known to follow a 
first-order reaction. This means that the reaction 
velocity is linearly proportional to the concentration 
of the reactant. When pesticide A disappears in a 
given space through a certain route, the dissipation 
velocity can be expressed as follows: 
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In Formula (1),  A /  represents the change 

in the concentration of pesticide A over time, i.e., the 
dissipation velocity; the dissipation velocity is 
linearly proportional to the concentration of the 
pesticide [A]. Here, k is the reaction constant, which 
represents a proportional constant. Formula (1) can 
be rewritten in the form of an equation by separating 
the two variables of concentration and time (t), as 
follows: 

 
 

 
Integrating each side yields Formulas (3) and (4), 

as follows:  
 

 

 
 

 
In Formula (4), C is the constant of integration. 

Formula (4) signifies that ln A , the logarithmic 
function of the concentration, is a linear function of 
time. C, the constant of integration, can be found as 
shown below. The initial concentration, which is the 
pesticide concentration when 0 in Formula (4), 
can be represented in terms of A  as ln A . 
 
 

 
Substituting Formula (5) into Formula (4) yields 

Formulas (6) and (7): 
 
 

 
 

 
In the more common form that includes two 

points, this relationship can be expressed as follows: 
 

 
Formula (6) is represented in exponential form 

as Formula (9). 
 
 

 
We designed this study in such a way that a 

researcher can compute the regression coefficient 
after automatically specifying Formula (9) based on 
the data entered in the system. 

2.3 Principles of the PHRL setup for agricultural 
products 

The persistence of pesticides in agricultural products 
differs depending on the conditions of pesticide 
processing, crop growth, climate, and the rate of 
residue decrease over time. The level of pesticides 
remaining in pre-harvest agricultural products shows 
irregular fluctuations due to pesticide spraying and, 
after the final pesticide application, a steady decline. 
The time window over which pesticides are used and 
the number of applications suggested by the Rural 
Development Administration in the Pre-Harvest 
Interval (PHI) for agricultural chemicals are set so 
that at their time of shipment, agricultural products 
do not exceed the MRL. The PHRLs also are set so 
that at their time shipment, agricultural products do 
not exceed the MRL established by the Food 
Sanitation Act. The rate at which the residual amount 
decreases depends on the decomposition 
characteristics of the pesticide under consideration. 
The PHRL is based on the number of days from the 
time a sample is collected to the time of shipment, 
thus reflecting the decrease in the residual amount 
following the last pesticide application. 

2.4 Necessity of improving the methods of data 
collection and analysis  

Considering that the periods of growth and 
development of subject crops are concentrated, 
whereas the area of cultivation is dispersed, the 
National Agricultural Products Quality Management 
Service and several specialized research institutes 
collaboratively conduct PHRL studies, draw 
conclusions, and report in writing to the Experiment 
Research Institute at the National Agricultural 
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Laboratory NAQS

Commodity Apple

Pesticide Cypermethrin

No. ti yi ln(yi) ti2 ti*ln(yi) ln(yi)2 ln(Yi) ei ei
2 SST(ln(yi)) SST(t)

1 0 0.769 -0.2627 0 0.0000 0.0690 -0.3192 0.0566 0.0032 0.9111 26.265625
2 1 0.652 -0.4277 1 -0.4277 0.1829 -0.4945 0.0667 0.0045 0.6233 17.015625
3 2 0.504 -0.6852 4 -1.3704 0.4695 -0.6697 -0.0155 0.0002 0.2830 9.765625
4 3 0.422 -0.8627 9 -2.5882 0.7443 -0.8449 -0.0179 0.0003 0.1256 4.515625
5 5 0.275 -1.2910 25 -6.4549 1.6666 -1.1953 -0.0957 0.0092 0.0054 0.015625
6 7 0.203 -1.5945 49 -11.1618 2.5426 -1.5457 -0.0488 0.0024 0.1424 3.515625
7 9 0.148 -1.9105 81 -17.1949 3.6502 -1.8962 -0.0144 0.0002 0.4808 15.015625
8 14 0.067 -2.7031 196 -37.8429 7.3065 -2.7723 0.0692 0.0048 2.2078 78.765625

sum 41 3.04 -9.7374 365 -77.0408 16.6317 -9.7378 0.0003 0.0247 4.7795 154.875
aver. 5.125 0.38 -1.2172 45.625 -9.6301 2.0790 -1.2172 0.0000 0.0031 0.5974 19.359375

regression equation ANOVA table

y=ae-bt
b = 0.1752 factor sum of squares degree of freedom variance F F(1,7;95%)

a = 0.7267 regression 4.7547 1 4.7547 1152.9817 5.59

sample regres
sion equation

y = 0.7267e-0.1752t residual 0.0247 6 0.0041 

R-square = 0.9948 sum 4.7795 7

s SSt D sm t t(6, 0.025) confidence interval of decay constant Min. of decay constant

value 0.064217178 154.875 1239 0.0052 33.9556 2.447 0.1752±0.0126 0.1626 

>>

Products Quality Management Service. This process 
utilizes a procedure in which files of Hangeul, a 
commercial program, or Excel, a general-purpose 
application from Microsoft, are compiled and sent 
without any promptness in the data collection process. 
The aggregate data is reviewed and checked for the 
purposes of improving its accuracy and reliability. 

Fig. 1 shows an example of a data file reported to the 
experiment research institute after the data were 
entered using Microsoft Excel and the minimum of 
the decay constant was computed. 

 

  
Fig. 1 Example of compiling using microsoft Excel

 
The manual process used to produce such data 

files carries an inherent risk of invalid results 
stemming from errors in data entry, and an absence 
of process validation is inherent in the manual 
process. Moreover, the issue of possible duplication 
of the data arising from researchers and the 
researcher-in-charge having different Excel files in 
the process of sending, reviewing, and modifying the 
data is an additional factor that delays the final 
conclusions of the study. Although a process is 
needed in which data collected from multiple 
research institutes participating in the research 
project undergo regression analysis and are 
confirmed and reviewed in person by the researcher-
in-charge, it results in decreased work efficiency 
because it is a repeatedly conducted, continuous 
manual process. In addition, in cases in which it is 
necessary to modify the experimental design  

 
according to weather conditions and/or the state of 
growth and development of the crop while 
conducting field experiments, it is possible to 
compute an incorrect value because of unintended 
mistakes occurring due to formulas or functions 
being deleted or modified. The accuracy of this stage 
of data analysis typically depends on the ability of 
the researcher to utilize the software in connection 
with the Microsoft Excel file distributed to each 
research institute. Thus, in the standard method of 
research assignment management, problems can arise 
from the use of Excel files for data collection and 
analysis. 

Consequently, this study intended to increase the 
efficiency of the research work and improve the 
accuracy and reliability by  managing a database 
based on a web-based device of statistical analysis 
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instead of using Excel files for data collection and 
analysis management. 

3 System establishments  

3.1 Overview 

The newly developed system is composed of five 
parts. In the research assignment information entry 
part of the system, the data to be processed for the 
research year under study are entered by the research 
institute in charge. In the basic data entry part, the 
results of the research conducted by each research 
institute are entered in person by each co-researcher. 
In the regression analysis, the minimum of the decay 

constant is computed after executing a regression 
analysis using a predetermined algorithm and the 
entered research data, and the goodness of fit of the 
regression model is reviewed. In the PHRL 
administration part of the system, the daily PHRL is 
automatically computed using the minimum of the 
decay constant found in the regression analysis. 
Lastly, in the authority management part of the 
system, analysts and administrators are granted 
different levels of authority over the system. A 
system was developed that enables all data resulting 
from the study to be entered and analyzed on a web 
server. A diagram of the developed system is shown 
in Fig. 2. 

 
Fig. 2 Diagram of the system 
 

3.2 Research assignment information entry 

Prior to the development of the system described in 
this study, research assignments were conducted by 
the research institute in charge; this institute selected 
the crops and pesticides intended for each year’s 
research assignments and instructed the collaborative 

research institutes by means of an official document. 
However, the new system permits research 
assignments to be initiated as soon as the research 
institute in charge enters the research assignment 
information for the year under study and the 
designated research institute confirms it. In the 
research assignment information entry part of the 
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system, the research year, the experimental crop item, 
the pesticide, and the research institute are designated. 
In addition, the data accumulated over the last 10 
years are incorporated into a database that can be 
accessed by research year and research institute. 

3.3 Basic data entry 

The basic data entry part of the system was designed 
to enable the co-researcher designated during 
research assignment information entry to conduct the 
research assignment and enter all resulting data. The 
basic data entered includes information concerning 
the residual concentration, the recovery, limit of 
detection (intended for validation of the analytical 
method), the weight (intended for identifying the 
state of growth and development of the products of 
the experimental crop), and the weather conditions. 
Excel file uploading was enabled in an effort to 
lessen the burden of entering a large amount of data 
concerning the concentration of pesticide residues. 

3.4 Regression analysis  

The regression analysis part of the system consists of 
five parts: estimation of the regression coefficient of 
the regression model according to the results of the 
regression analysis; automatic calculation of the 
recovery and limit of detection; the rate of change in 
weight of the products of the experimental crop and 
the corresponding graph; the weather chart and its 
corresponding graph; and computation of the PHRL. 
This part of the system purports to compute the 
minimum of the decay constant through regression 
analysis and verify the goodness of fit of the 
estimated regression model. Hence, a web-based 
algorithm (SPSS version 18.0) was established. An 
algorithm was designed by means through which the 
basic data can be entered into the system and a 
regression analysis can be conducted; the minimum 
of the decay constant is computed automatically. A 
regression model is suggested for each experimental 
section and processed both at the standard rate of 
spraying of the pesticide and at twice the rate. To 
increase the reliability of the results, the mean and 
the standard deviation are computed. The process 
was designed in such a way that elements such as the 
intercept (the regression coefficient of the regression 
equation), the slope(the regression coefficient of the 
regression equation), the coefficient of determination 

(R-squared), the studentized residual (ri), and the p-
value are automatically calculated and displayed to 
evaluate the goodness of fit of the suggested 
regression model. The system was designed so that 
outliers that escape the range of the studentized 
residual set for the purpose of identifying outlying 
residual concentration values are marked in red. Also, 
the regression curve can be graphed to identify the 
rate of decline in the amount of a pesticide residue 
depending on daily fluctuations. The biological half-
life of the pesticide (the time required for the 
concentration of pesticide to decrease to half of its 
initial concentration) was computed by dividing the 
value of ln2 by the decay constant ( ). 

To find the regression equation A A e , 
the intercept term A , and the slope – (which are 
the regression coefficients of the regression equation) 
are obtained by least square estimation. The 
coefficient of determination (R-square) is 
automatically computed and identified as a measure 
of the goodness of fit of the estimated regression 
equation. To test the significance of the regression 
equation, its p-value was determined using an 
ANOVA table at the 0.05 significance level. 

Because the above-mentioned regression model 
includes several assumptions (including 
homoscedasticity), these assumptions should be 
validated before interpreting the results of the 
regression analysis. For this reason, a residual 
analysis is necessary. In particular, because the 
studentized residual (ri) is typically distributed 
randomly between -2 and +2, the system enables the 
researcher to remove outliers from variables by 
marking in red those values for which the value of 
the studentized residual (ri) is outside the range of 
the absolute value of 2.  

The value that this study ultimately intends to 
compute is the decay constant, which is necessary for 
proposing the PHRL. Because the regression 
coefficient (– ) has the upper and lower bounds at 
the 95% confidence level, the system was designed 
to compute the decay constant by selecting the upper 
bound of the regression coefficient for the sake of the 
safety of consumers using the agricultural products. 

3.5 PHRL administration 

We designed the system in such a way that, once a 
specific assignment is designated to a co-researcher 
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Management Service in 2010 were used to compare 
the existing method with the newly established 
system. The results showed a difference in the third 
decimal place between the regression coefficient 
intercept computed by the standard data processing 
method using Microsoft Excel (0.3912) and the 
intercept computed by the newly established system 
(0.3944). However, because the intercept term does 
not affect the setup of the PHRLs, this is not 
problematic. This result seems to be due to the fact 
that the rounding method used in Excel differs 
somewhat from that used in the newly designed 
system. When computing the biological half-life of 
Fenarimol and its PHRL, the standard method 
presents the inconvenience of having to re-calculate 
according to a fixed formula in a different Excel 
sheet. Additionally, neither the studentized residual 
(ri) nor the p-value, parameters that must be 
determined to confirm the goodness of fit and the 
significance of the logarithmic function regression 
equation, can be computed in Excel. Hypothesis 
validation of a regression model in an Excel sheet 
requires the use of both the t distribution and F 
distribution tables, and this requires the preparation 
of six Excel sheets for each pesticide. Because 
PHRLs are set for approximately 100 pesticides each 
year, the number of Excel sheets the experiment 
research institute in charge needs to retain and check 
in a year is therefore approximately 600. The number 
of Excel sheets concerning the 681 PHRLs 

announced in the 2010 standard is in the thousands. 
However, the newly established system can resolve 
all of these issues; using the new system, the 
researcher need only enter the experimental results in 
order for all the calculations and regression analyses 
to be executed automatically. 

4.2 Web server publishing 

According to Choi and Han (2004), the National 
Agricultural Products Quality Management Service 
has been developing and managing the Laboratory 
Information Management System (LIMS) since 1999, 
pushing ahead with the investigation and analysis of 
agricultural product safety with efficiency and 
credibility. For this reason, the system developed in 
this study published a web server to be enacted in the 
LIMS. 

In the web server system, the research year and 
the research institute can be designated, and the 
experimental crop item and the pesticide can be set 
according to the experimental design of the year 
concerned. Fig. 4 shows a typical research 
assignment information entry and access screen 
showing research assignment information from 1999 
to the present. 

 

 
Fig. 4 Research assignment information entry and access screen

 
In this system, the co-researcher is able to enter 

research results, such as the concentrations of 
pesticide residues, after identifying the research 

assignment information entered by the researcher-in-
charge. Fig. 5 shows the basic data on residual 
concentration entered by the researcher. 
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Fig. 5 Basic data entry screen 

 
The system was designed so that the recovery 

and the limit of detection used to validate the 
analytical method are entered, and the entered data is 
automatically processed according to the 
computation formula set at the time of the regression 
analysis. 

 

 
In the weight and weather chart areas, the individual 
weight of the experimental crop’ products, humidity, 
temperature, precipitation, and other experimental 
parameters are entered according to the number of 
days elapsed since pesticide spraying. A typical entry 
screen is shown in Fig. 6. 
 

Fig. 6 Weight and weather chart entry screen 

4.3 Regression and data analysis 

As described above, the system was designed so that 
after all basic data are entered, the regression 
analysis is executed, and the results are computed 
automatically. The pesticide dissipation trend can be 
seen in the table data, which show the elements 
necessary to evaluate the goodness of fit of the 

automatically computed model, the minimum of the 
decay constant, and the regression curve graph 
according to the exponential regression equation. The 
elements for evaluating the goodness of fit of the 
regression model are computed automatically as a 
result of the regression analysis. The regression curve 
graph is shown in Fig. 7. 
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Fig. 7 Table and graphs computed automatically from regression analysis

 
The recovery, the limit of detection, the weather 

chart (including temperature, humidity, precipitation, 
and other factors), and a graph of the daily individual 
growth of the crop can be checked using the data 
entered previously. To establish and evaluate a 
database for the cultivation environment and the  

 

 
weather chart, which is an important part of carrying 
out the research assignment, the temperature and 
humidity can be graphed as shown in Fig. 8. In 
addition, because the crop's growth rate is sometimes 
the largest factor in pesticide dissipation, daily 
fluctuations in growth can be graphed in order to 
identify changes in the rate of growth. 

 
Fig. 8 Experimental crop screen showing a graph of temperature and humidity of the cultivation environment  
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Fig. 9 PHRLs access screen 

 
When standard Microsoft Excel software was 

used to manage the research results, a file that 
includes separate function formulas was used in 
order to compute the daily PHRL. When the system 
developed in this study is used, the PHRL is 
automatically computed for each day according to 
the algorithm defining the minimum of the decay 
constant computed from the regression analysis using 
the above-mentioned pesticide residue data. In the 
latter case, a PHRL renewal function was designed 
so that it can always be updated in accordance with 
the latest MRL for the food announced by the Korean 
Food and Drug Administration. Moreover, the 
system was designed so that the partial and complete 
yearly data from the PHRL Administration can be 
checked and used by anyone authorized to utilize and 
search the data. A screen showing the result of 
accessing the PHRLs is shown in Fig. 9. 

5 Conclusions 

The PHRL, which is computed automatically by the 
system described in this work, is a preventive 
standard that sets the residual amount of each 
pesticide permitted at a certain time before harvest so 
that the residual amount of pesticide at the time of 
harvest of the agricultural product does not exceed 
the MRL announced by the Korean Food and Drug 
Administration. About 100 new standards are created 
each year. The final proposal is made after estimating 
the regression coefficient of the regression model 
using regression analysis of results for individual 
pesticides and confirming the linearity and 
homoscedasticity of the computed regression 

equation. The PHRL, which is proposed scientifically, 
makes significant contributions both to consumer 
health and to preserving the producers’ income. The 
development of the web-based system described here 
for automatic computation of the PHRL is significant 
in that the first and only attempt in the world was 
made in Korea. 

As a result of developing and establishing the 
system described in this paper, the PHRL is 
automatically computed, and the goodness of fit and 
significance of the regression model are quickly 
confirmed through standardization and flawless 
maintenance the data. This results in increased 
efficiency and improved reliability of the PHRL 
research. The data accumulated over the last 10 years 
was also incorporated into a database and analyzed; it 
is therefore now possible to utilize it in setting the 
direction of future studies.  

A number of advantages in executing and 
managing research assignments are associated with 
the establishment of a web-based system for 
automatic PHRL computation. First, access through a 
web server using a computer with an internet 
connection permits analysis of the data as soon as it 
is entered without temporal or spatial limitations; this 
shortens the data collection time, facilitates sharing, 
and maintains data security by setting access 
authority. Second, duplicate Excel file generation due 
to repeated reviewing of data becomes controllable, 
and discordances caused by duplicate data are 
prevented. Third, the integrity and standardization of 
the research database is ensured through an error test 
of the data during the regression phase of the analysis. 
Fourth, because the regression analysis is carried out 
using a web-based statistical analysis system, 
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assessments of goodness of fit and significance for 
regression models such as regression analysis, 
studentized residuals, coefficient of determination, p-
values, and other measures can now be calculated 
automatically following a pre-defined process. 
Within this process, a warning message is displayed 
for data that do not conform to the preset standard, 
enhancing the reliability of the analysis.  

In general, a regression models make several 
assumptions, such as linearity, homoscedasticity, 
independence, and normality. Although this study 
established a system to test linearity and 
homoscedasticity, testing procedures for 
independence and normality were not designed, and 
this omission needs to be remedied. Further 
refinement of the system will also be necessary 
following modification of the experimental design 
for future collaborative research with related 
institutes such as the Rural Development 
Administration.  
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