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Abstract—some time ago, the use of the computation was

operating alone. In the 1970s there is a change in the mindset of
companies and organizations. Are recognized continuously
recorded data as the raw material that would lead position in the
market. The needs changed, requires additional storage capacity,
data processing, new tools to address the information available.
One such tool is known as Knowledge Discovery in Databases
(KDD).
In this paper we shall describe the main difficulties encountered
in the discovery process either inherent fears or make a change
that arise in data from different data sources. Finally, we present
a practical application using data from Air Quality in the city of
Santiago de Chile from the years 2000-2012, recorded at different
monitoring stations intended for this purpose, and seek to
establish a relationship between materials PM10 and PM2.5
particulate concentrations for 24 hours.
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1. INTRODUCTION

The work is intended to apply the tools of Knowledge
Discovery in Databases and emphasizing the importance of the
process of acquiring new knowledge in order to support
decision-making in companies, organizations and institutions,
and create the conditions to improve the decision-making
process.

In the project development explains the sequence of steps
to be executed for the purpose of exploiting the data, different
algorithmic approaches that are part of the process

The work devotes more attention to one of the data mining
techniques, which corresponds to the Rules of Association,
explaining the different types of rules that exist, ending with
Fuzzy Association Rules, indicating its importance at the time
of search association rules in databases, in which the values of
their attributes are numeric and categorical

KDD application applies to data collected by the
measurement stations of air quality in the city of Santiago de
Chile.

In the work is made a practical application of KDD process,
with data collected from the RED MACAM (Automatic
Monitoring Network Air Pollutants), from which we obtained
data from the years 2000-2012 of various air pollutants,
including particulates, troposphere ozone, and carbon
monoxide. With data mining tool Clementine, using a MySQL
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database, you work with the data to establish a relationship
between particulate materials through scatter plots, and other
graphical tools.

II. WORKDEVELOPMENT

A. Objectives of the work

Emphasize the importance of information in today's society
and the benefits provided by the use of tools such as
Knowledge Discovery in Databases to perform exploratory
data process generating benefits studied research field.
Similarly, applying the tools provided by data mining in the
process of acquiring and generating knowledge.

To achieve these objectives, we made a practical
application of data mining on a data set from the Metropolitan
Health Service Environmental (SESMA) indices corresponding
to level of contamination detected in the city of Santiago de
Chile, captured at stations Air Monitoring in the years 2000-
2012 using the data mining software called Clementine and
MySQL database storage level of detected contaminants.

The purpose of the application is to extract association rules
from data stored in a MySQL database that records information
related to environmental pollution levels of various pollutants
and seeks to establish a relationship between particulate
materials capable of determining the level of relative hazard of
PM2.5 to PM10.

B. Problem
The pre-emergencies in Chile are established when the
pollution levels exceeds the values indicated in the

environmental law, this has a serious impact in the commerce,
and in some critical cases it could become a sanitary
emergency, because it’s dangerous to the people’s health,
therefore it’s needed to count with methods capable to study
the historical situation of the Santiago’s basin, which have
characterized for having trouble with the pollution and the dust
in suspension, and so to predict anomalous ventilation
situations, that permits the authorities to act efficiently.

C. Current Prediction and measurement model

Currently, a predictive model created by Joseph Cassmassi
is used the model was developed from the air quality
information measured by the Automatic Monitoring Network
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of air quality (MACAM II Network) and the tall
meteorological information from the central zone of the
country.

The forecasting methodology of MP10 concentrations is
based in calculus algorithms developed by applying statistical
techniques of multiple regression variables, focused in find
relations between possible predictor variables and a variable to
predict. The possible predictions include observed weather
variables, observed weather condition indexes, observed
concentrations and expected variations in rates of emissions.

The Cassmassi model forecast the maximum value of
average concentration in 24 hours of breathable particulate
material (PM10), forecasted for 00-24 h period of the following
day, expressed in (ug/m3), in each one of the stations of the
MACAM 2 Network classified as PM10 Monitoring Stations
with demographic representatively (EMRP). These are: Av. La
Paz, La Florida, Las Condes, Parque O’Higgins, Pudahuel,
Cerrillos and El Bosque, according with the resolution
N°11481 of 1998 from SESMA

The forecasted concentration for the next day is calculated
by different equations for each air quality monitoring station.
The required variables for the equation solving are obtained
from the related information with the expected conditions
shifting by day of the week, from the PM10 concentrations
measured in the MACAMII Network, from tall meteorological
information obtained from the radio probes realized by the
Weather Direction of Chile and the weather conditions of
synoptic and regional observed and forecasted scale for the
region.

The operational application of this methodology considers
two prediction algorithms for each monitoring station. A first
algorithm includes the index of meteorological potential,
forecasted for the next day. The second algorithm is based in
observations only (same day and previous day). That way, if
the first algorithm cannot be applied, the second one is used.

With the model previously described, environmental
measures are enacted according with the following table:

ICAP Level | Air Quality Enacted Measure
0-99 Good None
100-199 Regular None
200-299 Bad Environmental Alert
300-399 Critical Pre-emergency
400-499 Dangerous Pre-emergency
500 or more Exceed Emergency

Table I1.1: ICAP Levels and Environmental Measures

For example: on the level 299 is enacted “Environmental
laws during that day, however, the air quality in level 299 is
not very different that level 300. We believe that the different
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levels must be replaced by linguistic variables with pond rated
values by degrees of truth Warning”, but in 300 “Pre-
Emergency” is enacted (special and more restrictive). All this,
so the implemented system can become a decision-making
support tool at the time of enacting environmental measures.

1L

Application is done using the Clementine tool to apply the
methods, generate models and discover the relationships
among data, we used the management system MySQL database
in order to create a data warechouse that allows storing
operational data concerning Pollution Air of the City of
Santiago de Chile, from Automatic Monitoring network of Air
Pollutants in the period from 2000 to 2010, taking the
following metadata: CO - Carbon monoxide, PM2.5 -
particulate matter 2.5, PM10 - particulate matter 10 NOX -
Oxides of Nitrogen, O3 - Troposphere Ozone, SO2 - Sulfur
Dioxide.

APPLICATION OF KDD DATA TO AIR QUALITY

A. History

For several years there is continuous monitoring of the air
quality both in Chile and in other regions of the country. The
first air monitoring stations were established in 1964 in order to
calculate the particulate materials blackening and acidity of
gases, later joined by measurements of total suspended
particulates (TSP), sulfur dioxide and nitrogen dioxide, which
were done through a network of semi-automatic quality
monitoring. In 1988 he began to evaluate the PM10, CO, SO2,
NOX and O3 with automatic monitoring network of five
stations and a central data capture. In 1997, the network
expands to eight stations online, while monitoring is performed
with two portable stations, and based on the Basic Law
declares environment Santiago as saturated zone for PMI10,
TSP, CO and Ozone and SO2 latent area. For this reason they
are generating plans that help the decontamination time to time
adopted new emission control measures and restrictions on
certain activities.

B. Description of Pollutants

e Particulate Matter PM10

One of the pollutants that cause more damage to health
is PMI10 Particulate Matter, that reaches the
atmosphere through various sources, and whose degree
of risk varies depending on the source that emits.

e Particulate Matter PM2.5

The PM2.5 particulate matter causes more damage
than the MP10 due to its smaller size. He is responsible
for the deterioration of human health as a percentage of
between 50% and 70%. Its small size facilitates
entering houses remain suspended a greater amount of
time in the atmosphere, entering the lungs, damaging
the defense mechanisms of people causing respiratory
infections, cardiovascular disease and even causing
death.
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e Carbon Monoxide (CO).

Carbon monoxide is produced by incomplete
combustion of natural gas or carbon containing
products (kerosene, oil, etc.), Car engines, stoves, and
portable heating systems for indoor exhaust pipe cars,
trucks or buses etc. It causes thousands of deaths in
North America and is the leading cause of deaths from
poisoning by inhalation of this gas.Nitrogen Dioxide
(NOx)

Exposure to Nitrogen Dioxide generates acute and
chronic effects on the health of individuals, studies
confirm the WHO (World Health Organization) and
the Environmental Protection Agency (EPA). Damages
result in irritation of the lungs and / or reduced
resistance to respiratory infections in people with
overcoats asthmatic problems.

e Troposphere Ozone (O3)

This gas is generated on sea level, resulting from the
burning of fossil fuels (gasoline, natural gas or carbon,
etc.), so a greater volume is in large cities and
industrial areas, is injurious to health and the
environment, in times of high temperatures generated
by the so-called "photochemical smog" when
combined with car exhaust and factories.

e Sulfur Dioxide (SO2)

Exposure to this pollutant acute and chronic affects on
the health of people, so their environmental
emergencies concentrations defined in an hour, and in
areas surrounding the issue. This minimizes lung
capacity so that its effects are amplified with physical
activity, with hyperventilation when breathing cold,
dry air, or in people with bronchial hyperactivity.

C. Calidad del aire

Measuring the Air Quality Index for particulate matter
(ICAP) in Chile to measure air quality, for a long time was
considered the MP10 as the most important source of pollution,
in fact, their average concentrations exceed 24 hours in
Santiago often considered normal, however, new studies
indicate that PM2.5 is the most dangerous due to their small
diameter which allows you to have a greater presence in the
environment, and also easier to get into the bloodstream.

D. Data Collection

The collected data delivery rates air quality referred to
particles (ICAP), this comes from different monitoring stations
spread over different districts of Santiago de Chile, with
temporary archive and a measurement period variable
depending on the associated station. Also, the presence of
pollutants, determines the impact of contamination in the field
of measurement. These indices are not captured by all
monitoring stations.
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E. Preparation of the data

The data coming from different sources, require a
treatment to maintain consistency for further manipulation, the
process is carried out through Clementine software
functionality, which makes access to the data and brings
together in a single file, maintaining for each attribute its
original data type. Initially the data are recorded in a database
buffer, and then a series of transformations to the data,
populate the data warechouse created with historical data from
environmental pollution levels detected by the various
monitoring stations distributed in different districts of the city
Santiago de Chile, during the period 2000-2012.

To maintain relative normality of the data, these are
subjected to a validation process by the Metropolitan Health
Ministerial Secretary, who is running a background check of
the network stations (power outages, filter changes monthly or
bimonthly  telephone  network problems, preventive
maintenance and corrective maintenances, calibration of
analysis equipment, etc.) in order to obtain operational data
validated.

F. Visual Data Exploration

In the knowledge discovery process is important to have a
vision about the information they can provide data prior to
handling, which is why using tools to visualize data (scatter
plots, histograms, etc.).

1) Monitoring infrastructure.

For this purpose, generate graphs with Microsoft Excel
tool that allows visual comparison between PM10 and
PM2.5 Particulate Matter. Because in 2000 there was no
law that regulated the concentration of particulate matter
PM2.5, graphics include the current standard for the
material PM10 in micrograms per cubic meter, which as
explained above has to PM2.5 by considered all
aerodynamic diameter less than 10 microns.

Material Particulado MP2,5 en EML
Afio 2000
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Figure 1: Measurement of Particulate Matter PM2.5 in EML
Monitoring Station (L - Florida) for 2000.

This measurement generally remains within the
established standard for the pollutant reaching the highest
PMI10 concentration levels between mid-April and late
September, with peaks of overcoming norm between the
months of May and September.
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Figure 2: Graphic dispersion of pollution levels PM10 and PM2.5
Particulate Matter in Monitoring Station of Florida (L).

Figure 2 illustrates the greater danger of the PM2.5
particulate material of MP10 opposed reference to the
pollution levels regulated latter. It can be appreciated
that the agent reaches PM2.5 levels considered bad,
with indices below 25 g/m3, while the other requires
levels greater than 200 g/m3, and even with an amount
close to 50 g/m3 begin to appreciate a MP10
dangerous levels above 300 g/m3, the graph shows the
most dangerous of the material against the PM10
PM2.5.

This results, define a trend graph in each of the
monitoring stations, lower rates of contaminant
compared MP2.5 MP10, but with the same degree of
hazard.

3) Particulates relationship Pollution Levels and Moni-
toring Stations

In Figure 3 shows the graphs on regular days and
good days through MP2.5/MP10 rate, which shows
that it is higher in the good days unlike what happens
in the days when the level quality is considered
hazardous, it is repeated that the contamination levels
of both particulate materials reach a certain level of
similarity. According to the graphs shown, MP2.5
contamination levels are in a lesser degree in the
environment, unlike what happens with MPI10,
therefore when their concentrations are similar levels
of contamination are reached critical dangerous bad or
exceeded.

DIA DIA DIA DIA DIA DIA DIA

Bueno Critico Excede Malo NO MEDIDO

L-MP25/MP 10

Peligroso Regular

Figure 3: Relationship between particulates for Monitoring Station in
Florida
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4) Contamination levels Meshes

As can be seen in Figure 4, corresponding to that
recorded in the monitoring station of Florida in 2000, the
rates achieved during travel the regulated pollution levels,
however the good level is what is repeated more frequently,
and in the winter and summer months, which can be
explained by higher rainfall levels that take place in the
winter months, and decreased during the summer polluting
vehicles, keeping a lesser extent the concentration of
particulates.

Niveles de Contaminacién por Estacion de Afio.

Otofio

© Estacion@L_NIVEL

Figure 4: Levels of contamination by season in 2000.

Figure 5 shows the monthly record of concentrations
of particulate matter in 2000, shows that concentrations
"dangerous", "beyond", "reviews" and "bad" are repeated
throughout the year except in the month of November,
although in any month was a greater frequency of a certain
level of contamination.

Niveles de Material Particulado por mes

JULIO OCTUBRE NOVIEMBRE

SEPTIEMBRE

QL_NIVEL @ MES

Figure 5: Months of 2000 that are recorded pollution levels
considered "bad"

a) Mesh critical levels
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Figure 6: Months of the year that critics are recorded pollution
levels.
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According to the data recorded for the year 2000, in the
only months when there were no critical levels of
contamination were in the months of January, February and
November.

b) Mesh dangerous levels.

Niveles de Material Particulado por mes
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Figure 7: Months of 2000 that are recorded pollution levels
considered "dangerous"

During 2000, are recorded dangerous levels of
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contamination between the months of March to
December except for the months of October and
November.

c) Exceeds Levels of Particulate Matter

Figure 8: Level Exceeds Particulate Matter Pollution per month.

The extreme values of contamination occurred in
the period March to December with the exception of
the months October and November.

Niveles de Contaminacién por Estaciones
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d) Mesh stations contamination levels

Figure 9: Relation between levels seasons Pollution Monitoring
Station in Florida
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In the commune of Florida levels "good" of
contamination found during the summer.

IV. GENERATION OF ASSOCIATION RULES USING THE
CLEMENTINE SOFTWARE.

In order to generate association rules use the node
"Apriori" Clementine software, also defines a "medium"
and "low confidence" of the "rule" of 50%. Recall that is
the "support" that defines the frequency at which the items
appear together and is "confident" that determines the
cohesion of the data.

Minimum Support =50% rules
Minimum Confidence =50% rules
Maximum background =5

The Mobile Media concentrations of 24 hours is available for
both Particulate Matter (PM 10 and PM2.5) from the year 2001
which will be used as a basis this year to continue until 2012.
For testing purposes will apply Air Quality Standard of PM10
to PM2.5 particulate matter, so have a basis to regulate and
standardize the latter contaminant approximate.

Congecuente | Antecedente | % de sopotte | % de confianza
L_NIKEL= Bugnno Contaminantes = MP2,5 50,0 48 611
L_MIYEL= Bueno Estacion = Irvierno 52,804 98,048
L_MIVEL= Bueno Contaminantes = MP10 50,0 47414
Estacion = Inviermo Cortarninantes =MP10 50,0 52,804
Estacion = Inviermo Cortarninantes = MP2,5 50,0 52,804
Estacion = Irwvigrno L_MIEL = Bugno 98,714 52,446
Contaminantes = MP2,5 Estacion = Invierno 51772 50,621

L_MMEL = Bueno
Contaminantes = MP25 L_MIVEL = Buena 98,715 0,454
Contaminantes = MP10  Estacion = Invierno 92,804 a0,0
Contaminantas = MP2 & Estacion = Invigrnn 52,804 a0,0

Table 1.2: Association rules extracted from data recorded in Florida.

Higher levels of trust achieved in the first three rows.
The way to structure the data explains that the support of
the first and third rule matching in proportion, and that both
have the same consistent because both are governed by the
Air Quality Standard for particulate matter defined MP10,
if done comparisons between them makes the difference in
the percentage of confidence that the Apriori algorithm
assigns data.

From the above rules is the third rule that states "If the
contaminant is then the level of PM10 Air Quality in
Florida is good", which expresses a truth more tangible as it
has its own Statement of Regulatory Quality Air. For this
reason there is a certainty of more than 97% chance that
this is true for the contaminant represented, but "unknown"
if this will be as good for particulate matter PM2.5, since
we assume that this last and MP10 are governed by the
same rules. If the PM2.5 less polluting than the MP10 not
generate greater problem because the Trust is very close to
100% and the air quality is good, but if the same level of
support, own standard for Particulate Matter PM2.5 define
poor air quality, support almost 100% would take steps to
reduce pollution levels.
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V. CONCLUSIONS

With regard to the results, a relationship is established
between PM10 and PM2.5 particulate material, which
stresses that when the contaminant reaches a higher index
MP2.5 or close to 85 g/m3, the level of contamination of
the material PM10 particulate is considered bad, which
means that lower levels of this contaminant could be
causing health problems in people. Now, if this assumption
is compared with graphics relationship between these
particulate materials may be accounted for when the rate
shown MP2.5/MP10 similar to a straight line, the levels of
contamination are classified as "dangerous", "bad" or
"exceeds" and this is because the rates of particulate matter
PM2.5 to PMI10 approach, surpassing their threat and
almost reaching the contaminant than 10 microns in
diameter.
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