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Abstract

In this study, data from 9 sampling stations distributed along the Valley of Aburra
region was analyzed, as reported by the regional air quality monitoring network
and the CALAIRE laboratory, between 2014 and 2015. Variations in ozone hourly
concentrations are presented, including those between sampling stations, showing
the average and maximum values, grouped by hour of day and by day of the week.
The total set of data and the peak-hour’s behavior were also analyzed. Correlations
were established with meteorological phenomena (sunshine, rainfall and cloud
cover). Out of more than 100, 000 hourly data values, only a 1.29% exceeds the
quality standard of 61 ppb. From this point of view, the situation should not be
considered as a serious one from the point of view of public health, although it
should be monitored and studied in relationship to climate and vehicular sources.
Quality Air indexes were also determined. Based in a comparative analysis with
25 cities in the world, it was also found that the average annual concentration of
ozone in Medellin is inferior to many other of the citiesstudied.
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Methodology

Pollution due to the presence of tropospheric ozone is an issue of
vital importance in understanding the atmospheric panorama of
the city of Medellin and its metropolitan area. The Regional Air
Quality Network has monitored ozone concentrations for several
years. For this study, data from 9 sampling stations located in the
city of Medellin (Universidad de Medellin, Universidad Nacional,
Universidad de Antioquia, Museo de Antioquia, Miraflores,
Villahermosa) and nearby municipalities (Barbosa, Bello, Itagiii,
Caldas), along the Aburra Valley, from the Parque de las Aguas in
Copacabana in the north, to the Corporacién Lasallista in Caldas,
in the south. Measurements went from January 1, 2014 to August
30, 2015. Data analysis was based on hourly measurements
throughout the day. Data sets were tabulated in days, hours and
parts per billion (ppb).

The study shows the variation of the ozone concentrations
throughout the day, as well as the variation between sampling

stations, showing the average concentrations and the maximum
concentrations, grouping the data by hour of the day and by day
of the week. It also shows a general average of all stations and an
analysis of the peak hours of ozone concentrations throughout
the valley. In addition, correlations were established with
meteorological phenomena (solar brightness, rainfall and cloud
cover), based on meteorological information from the Instituto
de Hidrologia, Meteorologia y Estudios Ambientales (IDEAM).
Information on ozone concentrations comes from the Air Quality
Laboratory (CALAIRE) of the Universidad Nacional de Colombia,
sede Medellin. The purpose of this study is to have a perspective
on the magnitude of the ozone pollution problem in the regién
and examine them from the point of view of publichealth.

Ozone forms in the atmosphere by photochemical reactions
in the presence of sunlight and precursor pollutants such as
nitrogen oxides (NOx) and various volatile organic compounds
(COVs). It is one of the main atmospheric pollutants present in
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highly industrialized urban areas and in cities with a high number
of vehicles such as the city of Medellin. Ozone formation occurs
most frequently in the morning and noon and begins to decrease
at the end of the afternoon [1].

At the beginning of the formation process, NOx (mostly NO,)
found in the air, decomposes into NO and into elementary
oxygen, in the presence of solar radiation of short wavelengths
(less than 430 nm),

NO,-> NO+0, (1)

Elementary oxygen ion is extremely active and is the one that
forms ozone, reacting with the oxygen present in the air.

0+0,- 0, (2)

However, ozone can also be decomposed by reacting with NO,
forming nitrogen dioxide and molecular oxygen.

2NO+0, > NO,+0, (3)

Now enters photochemical pollution, that occurs when the
photosynthetic cycle described in reactions (1), (2) and (3) is
altered either by events that consume NO or that favor the
production of nitrogen dioxide [2].

2NO,+0, > NO+0, (4)

From the previous reaction, it is observed that in hours of
maximum radiation (near noon) the highest levels of ozone occur,
while at night these levels are decreased. As can be seen later in
the data presented, this is what happens in the region.

Results and Discussion
Analysis of hourly data

Time measurements were available for more than 600 days,
which can be graphically displayed as data clouds as shown in
Figure 1. Table 1 shows the overall results of the study, based on
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the averages and standard deviations for all the hourly data of all
the stations studied.

In total, more than 100.000 data have been examined, with
more than 12.000 each in almost all the stations. The average
concentration was 15, 7 ppb, with a median of 11, 4 ppb and a
standard deviation of 14, 1 ppb. The standard deviation, which
indicates how wide the dispersion of data is, is on average similar
to the mean value.

A first way of to visualize how high the levels of pollution are,
is to compare against the limits established in the country (a
maximum allowable limit of 80 pg/m? (41 ppb) for intervals of 8
hours; and 120 pg/m3 (61 ppb) for an interval of 1 hour).

Table 1 and Figures 2-4 show the results for each station examined
from the point of view of the percentage of times in which the
time limit of 61 ppb is exceeded.

From another point of view, Figure 2 shows the frequency in
which daily hourly data exceed the limit of 61 ppb.

Out of total 9 samples, 1, 29% of the data exceeds the hourly
norm. In the Liceo Concejo de Itagiii station, this occurs for 4% of
the hourly data. From the point of view of the hourly standards,
the situation should not be considered as a serious one, rather
as a one that merits vigilance and study. This should be done
considering and analyzing the ways in which the city and the
region are subjected to climate impacts and affected by sources of
ozone pollution (which in this case are considered to be, primarily,
vehicular sources). It is observed that the stations located at the
city center (Museo de Antioquia) and at Universidad Nacional (a
zone of high traffic); register the lowest concentrations of ozone.
This can be considered surprising, since the ozone precursors are
mostly exhaust gases from vehicles and these areas are exposed
to high flows of traffic at different times of the day. The highest
values are found in the southern part of the valley (ltagli and
Caldas) and the lowest in the north (Parque de las Aguas, Bello). It
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Table 1 Hourly ozone average concentration in the sampling stations (ppb).

Average of
. . Standard % hourly data — -
Sampling station Hourly mean, M deviation, DS Max. ppb >61 ppb 1 % high value hourly 1 % high
values
Parque de las Aguas 16, 6 13,0 77,4 0, 10 46, 4 52,1
Bello-U San Buenaventura 15,7 13,5 124,0 0, 49 54,0 65, 2
Universidad Nacional 10, 5 11,7 124,0 0, 52 52,0 63,6
Tanques de Villahermosa 15,1 15,7 134, 2 1, 46 67,0 81,1
Museo de Antioquia 10,6 11,2 116, 2 0,57 50, 5 66, 1
Tanques de Miraflores 20,9 12,9 60, 0 0, 00 51,2 54, 4
Universidad de Medellin 14,8 13,7 100, 6 0,92 60, 0 69, 5
Liceo Concejo de Itaguf 20,1 18,7 115,0 4,03 77,0 87,0
Caldas-U Lasallista 17,1 17,0 101, 3 1,90 67,0 75,1
All stations 15,7 14,2 134,2 1,29 64,0 75, 3
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is worth noting that the winds have a prevailing tendency to blow
towards the south of the valley. Tables 2 and 3 show the result
according to the day of the week. It is observed that the results
are quite similar for the different days, showing the highest
values on Saturday and Sunday in all stations and the lower ones
on Mondays.

Table 3 shows the averages of the values that are within the
higher 1% of the data, that is, the averages of the high values,
for each day of the week. It can be seen that the days with the
highest concentrations in such high ranges are from Tuesday to
Thursday.

Table 4 shows the geographical positions of the stations with
respect to two directions: The position along the Medellin River,
which flows through the Valley in the south-north direction and
the perpendicular distance from the river in the (approximate)
east (-) and west (+) and compares them to hourly and maximum
ozone concentrations. The great urban accumulations of the
valley begin in Bello (about two km north of the second station,
Bello-U San Buenaventura) and they extend a great distance, all
the way to about two kilometers south of the Liceo Concejo de
Itagii station. Figure 3 shows the observed behavior.

It should be noted that the wind in the region tends to blow in a
north-south direction, coming from the north. It is observed the
values of ozone concentrations are higher, especially in the range
of the upper range concentrations, as the station is more urban,
reaching a peak towards Itagiii and then decrease slightly to the
south. This shows that the combined effect of human activities
and wind is related to ozone concentrations.

When performing the hourly study (Figure 4), it was observed

that the different sampling station have a similar behavior at the
peak of the day brightest hours, between 11 in the morning and
3 in the afternoon. If the average hourly values of each of the 9
stations are joined with lines as shown in figure 4, it can be seen
that a peak appears at hour 13 and a minimum towards hour 7.
This behavior is cyclical and similar for all sampling stations.

It is evident that the solar brightness affects the formation of
ozone, the luminous intervals of the day being associated with
the highest concentrations. The decrease of the concentrations
presents in principle when large COVs are generated, coming from
the high peaks of morning flow, which at that time occur with low
solar intensity. Ozone acts as an oxidant of COVs, thus causing its
consumptions and decreasing its concentrations, in the interval
of 5 to 7 (in the morning). Although it can be considered that the
industrial sector also generates some ozone and volatile and NOx
emissions that can favor the formation of ozone, given that these
sources tend to work continuously (furnaces and boilers), it could
be concluded that their impacts on ozone concentrations in the
region are small [3]. This taking into account that always every
day and season, very low ozone values are reported between 4
amand 8 am.

When examining the hourly data of each day for the nine sampling
stations, it is possible to appreciate a clear cyclic tendency in the
behavior of the concentrations, with the appearance of a peak
between 9 am in the morning and 5 pm in the afternoon.

Table 5a shows the percentages of hours in which the hourly
average standard of 61 ppb is violated for each station and for the
whole and the average values of the concentrations that exceed
said norm.

4 This article is available from: http://www.imedpub.com/environmental-toxicology-studies-journal/
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Table 2 Hourly ozone concentrations (ppb) according to the day of the week.

Average hourly values Mon. Tue Wed. Thu Fri Sat Sun Average
Parque de las Aguas 16, 4 16,3 16,1 16, 7 16, 6 17,1 17,2 16, 6
Bello-U san Buenaventura 15,4 15,4 15,4 15,7 15,4 16, 3 16, 8 15,7
Universidad Nacional 10,0 10,5 10,1 10, 2 10,0 10, 4 12,0 10,5
Tanques de Villahermosa 14, 8 15,8 15, 3 14, 6 14,9 15,0 15, 3 15,1
Museo de Antioquia 10, 2 10, 4 10,5 10, 4 10, 6 10,0 12,1 10, 6
Tanques de Miraflores 18, 8 21,5 21,9 22,4 21,7 21,2 19,4 21,0
Universidad de Medellin 14,6 14,6 14,3 14,5 14,4 15,4 16,1 14,8
Liceo Concejo de Itaguf 20,0 20, 2 19,7 20,4 19, 8 20, 8 19,9 20,1
Caldas U Lasallista 16, 6 17,0 17,1 17,7 17,0 17,3 17,1 17,1
Averages 15,2 15,5 15,3 15,5 15,3 15,8 16, 2 15,5

Table 3 Hourly ozone values (ppb) in the higher 1% for each day of the week.

Cutting value

Sampling station

atl1l%

Parque de las aguas 50, 3 55,4 50, 8 52,4 51,9 51,5 52,6 46, 4
Bello-U san Buenaventura 63,7 62,3 71,7 63,3 67,6 61,9 61,0 54,0
Universidad Nacional 61,6 67,1 66, 0 58,7 65,1 58,5 59, 2 52,0
Tanques de Villahermosa 80, 5 90, 0 81,7 74,1 81,9 75,0 74, 4 67,0
Museo de Antioquia 55,0 84,9 66, 1 61,1 68, 6 58,0 58,0 50, 5
Tanques de Miraflores 41,0 46,0 52,1 55,7 56, 2 53,7 54,7 51,2
Universidad de Medellin 66, 9 74,4 68, 5 73,6 67,8 68, 6 64,7 60, 0
Liceo Concejo de Itagui 88,0 87,3 85,3 85,8 84,8 87,5 79, 6 77,0
Caldas U Lasallista 72,7 73,2 79,5 72,9 74,6 73,9 75,3 67,0
Averages higher 1 % data 64, 4 71,2 69,1 66, 4 68, 7 65, 4 64, 4 64, 0

Table 4 Position of the stations and hourly and higher 1 % concentrations.

Distance alon Distance Average of
. . . € normal to river  Hourly ozone the higher 1%
Sampling station the river
(E to W), W+, average, ppb hourly values
Nto S km
(] ppb
Parque de las Aguas 0, 00 0, 20 16, 6 46,4
Bello-Universidad San Buenaventura 17,00 1,94 15,7 54,0
Universidad Nacional 23,79 2,43 10,5 52,0
Tanques de Villahermosa 23,92 -2, 82 15,1 67,0
Museo de Antioquia 25,29 -0, 94 10, 6 50,5
Tanques de Miraflores 27,77 -2, 85 20,9 51,2
Universidad de Medellin 28,07 3, 82 14, 8 60, 0
Liceo Concejo de ltagui 38, 29 2,98 20,1 77,0
Caldas-U Lasallista 44,75 0, 30 17,1 67,0

Figure 5 shows that those percentages tend to increase with  stations exceeded this limit. The closest case to the limit is that
wind direction, which is aligned with the distance N-S against the  of the Liceo Concejo de Itagui station with an average of the this
Medellin River. eight hour set of 38.7 ppb, 5.7% less than the value of the norm

Analysis of hourly data considering 8 hour averages (Table 6).

The standards for ozone are usually specified as values for a set Figure 6 shows the total data reported as cumulative mobile
of 8 hours, which will be referred to here as an eight-hour set ~Means of 8 hours. The averages of 8 hours that exceed the norm

concentration. Comparing the data for hours from 9 am to 4 pm  correspond to instances of violation of said norm. It is observed
which is the most severe of the 8-hour periods, against the eight-  that such a violation occurs with some frequency, but it is not
hour norm of 41 ppb, it is observed that, on average, none of the =~ something that happens constantly.

© Under License of Creative Commons Attribution 3.0 License 5
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Table 5 Statistics of values that violate the hourly maximum allowable value.

Percentage of values higher

LR than the allowable hourly

Average of values that violate

Sampling station

values value (61 ppb) the norm, ppb
Parque de las Aguas 14.360 0,14 67,4
Bello-San Buenaventura 13.529 0, 54 72,6
Universidad Nacional 13.897 0, 54 70, 4
Tanques de Villahermosa 12.072 1,52 75, 6
Museo de Antioquia 4.937 0, 65 75,6
Tanques de Miraflores 939 0, 00 ND
Universidad de Medellin 13.966 0,97 70, 3
Liceo concejo ltaguii 14.230 4, 08 72,7
Caldas U Lasallista 13.397 1, 96 69, 8
Total 101.327 1,35 72,2

Table 6 Statistical results for the eight hour set for 8 am to 5 pm.

Averages of eight hour set from 8 am to % of days violating the 41 ppb average 8 hour

Sampling station

5 pm (ppb) set norm
Parque de las Aguas 28,28 1,82
Bello-U San Buenaventura 28, 53 4,50
Universidad Nacional 21, 65 1,19
Tanques de Villahermosa 29, 63 11, 39
Museo de Antioquia 20, 66 1,40
Tanques de Miraflores 31,72 5,13
Universidad de Medellin 28,12 5,74
Liceo Concejo Itagui 38, 66 38, 94
Caldas-U Lasallista 33,92 21,48
All stations 29, 02 11,58

Table 7 Climate and ozone statistics.

Parameter Values

Ozone, daily average, M, ppb, all Sampling stations 15, 5+/-4,0
Cloudiness, daily average, octets 6, 7+/-1, 2

Sun brightness, daily average, sunny hours 5,3+/-2,8
Precipitation, daily average mm H20 3,8+/-7,8

w1

£
-

(28]
.

[
-
-
.
-

% of hourly values higher
than 61 ppb norm
L]
-

0 T T LU L Ak -

0 10 20 30 40 50
Distance in the N-S direction againts the river, km

Figure 5 Correlation between percentages of values higher than the allowable hourly value (61 ppb) and distance N-S against the

K river. j
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Figure 7 shows the relationship between the average 8-hour set
at critical periods at the nine sampling stations and their distances
in the north to south directions against the river. In similar
fashion with the average hourly concentrations, it is found that
the average data concentrations of 8 hours in the critical period
and the violation frequencies of the 8-hour norm tend to increase
with the distance from the north, which follows the predominant
direction of the winds. In the present case, the correlation is
even greater. This means that a certain cumulative effect of the
impact of vehicular activity is appreciated as the wind advances
north to south, in its passage through the metropolitan area. It
should be noted that to the north, from the Parque de las Aguas,
the cumulative concentration of vehicles is much lower, while it
reaches its highest rate of accumulated growth in Itagui.

Analysis of relationships between ozone
concentrations and some climatic phenomena

In addition to the study of the concentrations for the different
days of the week and the hourly study, a study of the impact of
some climatic factors was also carried out. The factors studied
were precipitation of rainfall, in mm of water; solar brightness, in
daily hours of sunshine (in the area the day has a fairly constant
duration throughout the year, which is 12 hours) and cloudiness.
The duration of solar brightness or heliophagy in hours,
represents the total time during which light strikes directly over
some locality, between dawn and dusk.). In the determination of
cloudiness, the sky is divided into eight parts, each of which is an
octet, an eighth of heaven. A normalized observation calibrates
the amount of sky covered by clouds and in this way the number
of octets of the moment is determined. Between zero and two
octets the sky is clear or little cloudy. From three to five, partly
cloudy sky, six cloudy, seven very cloudy and eight covered.

2017
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The data for these variables were reported by the meteorological
station located at the Olaya Herrera Airport, towards the center
of the Valley, in the same N-S distance as the station of the
University of Medellin, approximately. The following Figures 8-10
and Table 7 show the statistics of these variables during the time
of the ozonemeasurement.

It is seen, from Figures 8-10, that the relationships between
climate variables and ozone are not clear, at least as observed
from the statistical behavior in the study period. For the average
values, there are very slight influences of precipitation (higher
precipitation, lower average concentrations), solar brightness
(higher brightness, higher average concentrations) and cloudiness
(higher cloudiness, lower average concentrations). But they
influences of very low correlation.

An additional exploration of the data sets was made, organizing
them into three groups: days of high precipitation, days of
medium or low precipitation and days without precipitation.
Figures 11 and 12 show the results obtained, in which the
following behavior is observed, for the average daily ozone
concentrations. Average daily concentrations of ozone tend to
increase with solar brightness and average daily concentrations
of ozone tend to decrease with cloudiness. Both graphs show
that the lower the precipitation, the higher the concentrations. It
can be seen in Figures 11 and 12 that the slopes of the correlation
lines are similar for the different levels of precipitation, which
indicates that the influences of solar brightness and cloudiness
correspond to physical-chemical realities, as expected, given the
atmospheric reactions that largely govern the presence of ozone.
It should be noted, however, that when studying the maximum
daily values reported trying to correlate them with precipitation,
solar brightness and cloudiness, no consistent influences of these
variables are observed. This indicates that the maximum values
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correspond to special and specific circumstances of emissions  stations, which are not represented consistently by daily average
(vehicle flow) and with precipitation, solar brightness or measurements of the climate variables performed at the airport,
cloudiness associated with certain hours in the different sampling  a single point of the city.
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K Figure 12 Relations between daily average ozone and cloudiness, according to precipitation. )

10 This article is available from: http://www.imedpub.com/environmental-toxicology-studies-journal/
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Air quality indices (AQl) for pollution by ozone
according to the data studied

The local environmental authorities use air quality indexes (AQl,
called ICA locally) to contribute to the interpretation of the levels
of concentrations registered in the region and so understand
their effects on public health. For this, numerical ranges are
used, associated with colors. This index in Colombia has been
adopted based on existing one in other countries, such as the
ones generated by EPA, the Environmental Protection Agency of
the United States [4].

Figures 13 and 14 and Table 8 show the criteria used for the
particular AQI for ozone in its two categories (hourly values and 8
hour-average values).

In Table 8 two zones have been added to the table generated by
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local authorities, in each type of concentration analyzed, in order
to extrapolate to the extreme zones of the table, in which the
respective scale is not reported.

Figures 13 and 14 show the AQI (ICA) values for the two ways
of observing ozone during the period studied. From them it is
deduced that no really harmful situations have been recorded in
this period, even considering the situations of maximum hourly
concentrations.

The ozone concentrations of the city of Medellin
and the Aburra valley in the international context

Table 9 compares different cities in the world in the context of
pollution by ozone concentrations, [5-20].

It should be noted that it is not an easy task to locate information

4 )
550
500
450
400 DANGEIROUS
350
§ 300
ER
§ 250 :AI:AGING
200 DAMAGING
w00 | ‘I MADDERATE
" ] ==
o =BT I } 4 |
<] 100 200 300 500 500 600 700
Ozono, ppb
A ws hourly ozono
m Aversge hourly values for all statiens Cone, O3, ppb = 15,7 AQI = 8,1 Good
& Average of hourly values in the higher 1 % Conc. 03, ppb = 75,3 AQI = 38,8 Good
& Maximun of all hourly values Conc, 03, ppb = 1342 AQ) = 112,6 Somewhat damaging (for suscaptible parions)
& Hourly average norm Cone, 03, ppb = 61,0 AQI = 31,4 Good
Figure 13 Relations between ozone in the study and AQl for hourly concentrations.
Table 8 Criteria for finding AQI for ozone in the region.
. - . Ozone hourly Ozone 8 hour average
Color code and air quality interpretation ICA (AQl) concentration ppb concentration
0 0 0
50 97 59
Moderate 51 99 60
100 123 75
Somewhat damaging 101 125 76
(por susceptible people) 150 164 95
Damaging (poor) 151 165 96
200 204 115
Very damaging (Bad) 201 205 116
300 404 374
301 405 375
400 504 467
Dangerous
401 505 468
500 604 559
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AQH (ICA)

L] 104 oo 300 4
Ozone. ppb
= AQ vs azone § hour average
B Average of § bour means for all stations (9 am-5 pm) Conc. O3, ppb = 9.0 ICA = 24.6 Good
o Mazimun for all § hour averages for all stations Conc. 03, ppb = 724 ICA = 91.7 Aoderate

Figure 14 Relations between 8 hour average concentrations ozone in the study and AQl.

- J
Table 9 Ozone concentrations in a sample of cities in the world. on ozone concentrations in different cities, which could for sure
be valid for comparisons, given the different ways in which such
City Ozone, ppb
data are reported.
Amsterdam 16, 3 i
Beijing 35 0 Table 9 sh.o.ws that Medellin shows lower values than the average
2 of thesecities.
Bogotd 9,7
Cochabamba 31,2 Conclusions and Recommendations
DT AR 39,1 It should be noted that the region has a fairly complete network
Guadalajara 39,0 of ozone measurement stations, which is very well operated.
Hong Kong 19,5 The data sets are available for scientific use and are regularly
Houston 25,7 presented on the website of the environmental authority. With
Yakarta 10,5 this, the region can develop greater awareness and maturity on
Judrez 23,2 its special environmental situations. It is expected that the work
1o 2 D here presented, based essentially on data collected by the air
: quality network, will help to develop novel and useful ways to
Lear Shy analyze such information. It is recommended that there be new
Lima 17,5 calculation routines that yield statistical information management
Los Angeles 49,2 such as the ones here present.
ifedid 28 When performing the hourly study, it is observed that the
Manila B different seasons have a similar behavior at the peak of the day
Medellin and Aburrd Valley 15,7 solar brightness, between 11 am in the morning and 3 pm in the
México 29,7 afternoon. It can be seen that there is a peak towards the 13th
Monterrey 27,6 hour and a minimum towards the 7th hour. The studied stations
Montevideo 20,9 have a similar behavior, of a cyclical nature.
Quito 22,1 It is evident that the solar brightness impacts on the formation
San Juan (AMSJ) 42,0 of ozone, the luminous intervals of the day being associated with
Santiago de Chile 14, 4 the highest concentrations. The decrease of the concentrations
Sao Paulo 18,0 must be presented in principle when large COVs are generated,
. — coming from the high peaks of morning vehicle flow, which at that
- time occur with low solar intensity. Ozone acts as an oxidant of
Average 25,9 COVs, thus giving rise to lowering the same and decreasing their
Medellin/Average 0, 60 concentrations in the interval of 5 pm to 7 am (in themorning).

12 This article is available from: http://www.imedpub.com/environmental-toxicology-studies-journal/
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In principle it has been found that the situation of environmental
pollution by ozone is, generally, within acceptable limits from the
point of view of public health. With some frequency, which is low,
situations occur above the established limits. Notwithstanding
the above, it is possible to maintain the AQl indices within the
category of good, with some small excursions into the moderated
category. The calculated air quality indices indicate that the
concentrations are within the permissible levels and do not
represent an immediate risk to human health.

It is advisable to make a more detailed study of the relationship
between mobile sources in the Aburra Valley region and ozone
concentrations, in order to characterize the different categories
of vehicles as generators of ozone precursors. As a result of this
analysis, restriction or control measures may be presented.

It is worth trying to make studies in the atmosphere trying to
correlate the concentrations and emissions of particulate matter,
NOx and HC to ozone. This will allow for better criteria on how
to control ozone concentrations. This is important as it is often
mentioned, in various environmental circles of the region,
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