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Abstract: Because the nitrogen dioxide has noxious effects to human health and also to the environment, the European
and the national laws in environmental field impose strict norms to the large polluters. According to these laws, they are
obligated to optimize the plants performances in order to reduce the pollution. The case study presented in this paper
describes the simulation of the nitrogen dioxide dispersion phenomenon in Timisoara city atmosphere, with the help of
analytical-experimental methods. The objective is to establish the influence of micro-plants an also of the two thermal
power stations, that make the thermal energy supply of the population, to nitrogen dioxide pollution level, in down town,

into a reference point.
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1. Introduction

The nitrogen dioxide has noxious effects to human
health and also to the environment. The most noxious
action of nitrogen dioxide is his indirectly contribution to
the global heating and the greenhouse effect [1]. As a
result, the European Union imposed as nitrogen dioxide
limit values the guide values of the Health World
Organization (OMS). Romania adopted into the national
laws these values.

The study of the influence that have different pollution
sources to the atmospheric pollution and also the modeling
of the phenomenon witch accompany the nitrogen dioxide
dispersion in its cycle in nature is current and of a
particular importance. This fact leads to the development of
some series of mathematical models that allow the
estimation and study of the main parameters that influence
the degree of pollution with nitrogen dioxide and with
other pollutants. [2-7]

In this paper was studied the influence that different
pollution sources have on to the nitrogen dioxide pollution
measured in a certain reference point — Mihai Viteazu
Boulevard, the residence of Timisoara Environment
Protection Agency. The main nitrogen dioxide pollution
sources existing in Timisoara municipalities are: two
thermal power stations that make the thermal energy supply
of the population — Center CET and South CET, the road
traffic and micro-plants — in this class are included:
apartment micro-plants, the ones in the industrial sector
and gas heaters.

2. Experimental

The parameters taken into account for the elaboration
of this study were: nitrogen dioxide emissions coming from

the two thermal power stations (Center CET and South
CET), from the micro-plants, the wind speed and direction,
the cartesian coordinates of the reference point related to
the emission sources, the height of the pollution sources.

The experimental data were obtained on the basis of
the legal documents supplied by: Distrigaz Nord, Colterm
Timigoara, Timisoara Weather Center, and Timisoara
Environment Protection Agency.

Colterm Timisoara supplied the daily NO, emissions
for the months January, April, July, October 2004, for all
the boilers and CAFs that exist at Center CET and South
CET, according to Romanian legislation [8,9]. The
parameters taken into consideration in the -calculus
algorithm were: gas composition, black oil composition,
emission factor for NO, sulfur retention degree, gas fuel
humidity, general data on the boiler, CO, and O,
concentration in the burning gases.

Distrigaz Nord supplied the daily consumption values
of natural gas in Timisoara for the months January, April,
July, October 2004 and gas chromatographic analysis
bulletins, made according to STAS 12001-81, for the same
period. Based on this data it was calculated the nitrogen
dioxide emission coming from the micro-plants of the city
according to an algorithm developed based on the literature
data. [6]

The data received from the Timisoara Weather Center
contained the daily values of the weather parameters: wind
speed and direction for the same period of the year 2004, in
Timisoara municipality.

Timisoara Environment Protection Agency supplied
the daily values of the total nitrogen dioxide concentration,
measured in a certain reference point — Mihai Viteazu.

Based on the data received from the abovementioned
institutions, the values of NO, concentrations in a certain
reference point (Mihai Viteazu Boulevard, the residence of
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Timisoara Environment Protection Agency) were obtained
by analytical-experimental methods. In the end of the
study, the influence of each pollution source to the total
pollution in this point was establish.

3. Results and discussion

In order to simplify the approach of this study the
following simplifying hypotheses were formulated:

e all micro-plants were considered as Hermann type, which
is a medium class micro-plant, without filters and with a
functioning efficiency of 90%;

e because we don’t know the number and the distribution
of the micro-station in the city, these were assimilated to
5 stationary sources. The location of the pollution sources
and of the reference point in Timisoara municipality is
presented in figure 1.

Figure 1. Location of the pollution sources and of the reference point

1 — north micro-plants; 2 — south micro-plants; 3 — east micro-plants; 4 —
west micro-plants; 5- center micro-plants; 6 - Center C.E.T.; 7 — South
C.E.T.; @ —reference point

e Center CET and South CET have been considered two point-like
sources though each has several emission chimneys.

In order to determine the x and y Cartesian coordinates
of the stationary pollution sources in relation to the
reference point, it was taken into account the wind
direction in each day from the studied months. The z
Cartesian coordinate of the reference point was considered
equal to 3 m which coincides to the height at which the
NO, sensor was placed. Regarding the height of the
pollution sources, in the case study the following values
were considered: north micro-plants — 10 m, south micro-
plants — 14,5 m, east micro-plants — 8 m, west micro-plants
— 4 m, center micro-plants — 11,5 m, Center CET — 54,2 m,
South CET- 160 m.

In order to estimate in the reference point the nitrogen
dioxide concentrations, resulting from each of the 7
stationary sources it was used the Gaussian dispersion
formula [10,11]:

(D

Where:

C(x, y, z) — pollutant’s concentration in point (X, y, z)
[ug/m’];

u— wind speed [m/s];

Q — emitted debit of pollutant [g/s];

oy, 6, - standard deviation of the concentration on the
direction y and z, in the wind’s direction [m];

H — effective height from the ground level until at the
center of the pollutant cloud [m]

The calculus expressions of the standard deviations are
presented in the relations 2, 3 and 4 [12]:

o, = ax” @)

o, =465.11628 (tan(@)) 3)

© =0.017453293(c - d In(x)) (4)

where:

x — distance between the pollution source and reference
point, [km]

a,b — constants, whose value depends on x and on the
atmospheric stability class.

c,d — constants whose value depends on the atmospheric
stability class.

The effective height from the ground level until the
center of the pollutant cloud is deduced with the help of the
relation (5):

H =h+4h (5)

h — height of the chimney [m]
Ah — height of the pollutant cloud [m].

The height of the pollutant cloud is deduced based on
the algorithm presented in the diagram 2 [13]:
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Figure 2 Logical diagram with the calculus algorithm of height of the
pollutant cloud

The abovementioned calculus method was applied for
each day from the four considered months: January, April,
July and October. Using the daily values of the nitrogen
dioxide concentrations in the reference point, resulted from
the 7 stationary sources, were calculated the monthly
averages. These values are presented in table 1.
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TABLE 1. Nitrogen dioxide concentrations in the reference point, resulting from the 7 stationary sources

. Total
Concentration from the micro-plants [pg/m®] Concentration 3f rom CET concentration
[hg/m’] from the
Month .
stationary sources,
North South East West Center Center CET | South CET | into the reference
point [ug/m’®]
January 1.023E+00 1.172E-02 1.833E-02 1.027E+00 1.447E+00 3.487E+00 4.552E-02 7.0588
April 7.223E-10 6.958E-02 2.883E-02 9.329E-02 4.999E-05 4.916E-01 1.064E-02 0.6940
July 1.748E-09 1.273E-02 1.791E-03 1.082E-01 5.387E-06 1.654E-03 5.342E-04 0.1249
October 5.506E-09 4.606E-01 2.654E-01 2.441E-01 7.641E-04 1.119E+00 0.000E+00 2.0899

The values of the nitrogen dioxide concentration
generated from the 7 stationary sources, into the reference
point, measured in the four months are presented in figure
3. (see table 1).

Concentratie, [ug/m?]

ianuarie

aprilie
iulie

octombrie
centru

Sursa CET centru
CETsud

‘n octombrie @iulie maprilie Oianuarie ‘

Figure 3 Values of the nitrogen dioxide concentration result from the 7
stationary sources, into the reference point

The nitrogen dioxide concentration resulted from the
road traffic was obtained by the following algorithm:
= we made the sum of the nitrogen concentration results
from the stationary sources;
= we subtracted this sum by the total nitrogen dioxide
concentration measured in a certain reference point — Mihai
Viteazu boulevard.

The monthly average values of the total nitrogen
dioxid concentration and also of the nitrogen dioxid
concentration resulted from road traffic are presented in the
table 2:

TABLE 2. Total nitrogen dioxide concentration and the nitrogen
dioxide concentration result from road traffic in the reference
point

Month Total nitrogen dioxide Nitrogen dioxide
concentration in the reference | concentration result from
point [pug/m3] road traffic [ug/m3]
January 79.2810 72.2222
April 45.1384 44.4444
July 25.1249 25
October 35.4232 33.3333

The weight of stationary nitrogen dioxide pollution
sources in relation to the total pollution from the reference
point is presented in figure 4.

The weight of stationary nitrogen dioxide
pollution sources
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O the weight of north micro-plant B the weight of south micro-plant [ the weight of east micro-plant
DO the weight of west micro-plant M the weight of center micro-plant E the weight of Center CET
I the weight of South CET

Figure 4. The weight of stationary nitrogen dioxide pollution sources in
relation to the total pollution from the reference point

4. Conclusions

The nitrogen dioxide concentrations emanated in
January from Center CET, are maximally. From all the
stationary sources Center CET has the highest weight to the
center town pollution.

The micro-plants with the biggest influence on
nitrogen dioxide pollution from the center of the city are
the ones located in the north, west and center of the city.

In April, from all the 7 pollution sources, the highest
contributions fall on Center CET and West micro-plants.

In July and October the stationary sources has an
insignificant action on the nitrogen dioxide pollution in the
center town. This is do to the elevated atmospheric
temperatures from those months, witch means that the
micro-plants weren’t used.

Comparing the influence of the stationary and mobile
sources on the pollution with nitrogen dioxide in the
considered reference point, it was found that the mobile
sources have an overwhelming weight in relation to the
stationary ones (>90 %).

In the reference point considered we found that the
predominant nitrogen dioxide pollution source is the street
traffic. It causes 90 — 95 % of the total nitrogen dioxide
pollution from center town.
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