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Abstract: Tarnów is a medium size industrial centre. The field of pollution immission in the�region
of Tarnów is controlled mainly by emission from the chemical plant ‘Zakłady Azotowe’ (Nitrogen
Works), and from some smaller plants and transportation emission which are growing in importance.
The relative heights within the area of the town in the E−W transect reach ca. 60 m while in
the�NW−SE transect – 180 m. Anticyclone synoptic situations add up to degradation of the�sanitary
conditions of the air. However, they can have a positive influence on the distribution of air
pollution in the town during the non−heating season. Location of the town at the outlets of
the�valleys and the occurrence of the urban heat islands, during the periods of air stagnation,
leads to the development of nocturnal systems of gravitational winds which can cause a decrease
in the concentration of pollution in the centre.
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1. Introduction

Tarnów has ca. 120,000 inhabitants. It is a medium−size industrial centre with
a�developed chemical industry as well as machine, food−processing and building
materials industries. The town is also an important railway and road network node.
The�town is located in the Sandomierz Basin and is adjacent to its southern border
(Fig. 1). The western and central parts of the town are located in the Dunajec valley and
its tributary – the Biała Tarnowska river. The valley floor is at the heights from 190 to
210 m a.s.l. The eastern part of the town is on the Tarnów Plateau which reaches an
elevation over 250 m a.s.l., slightly to the north of the quarters of the apartment houses
named Jasna and Westerplatte. The relative heights from west to east reach approximately
60 m (Fig. 2). At the south, Tarnów reaches the Ciężkowice Foothills. A well−marked
scarp descending to the Sandomierz Basin is marked there. The height difference from
Marcin Mt. (384 m a.s.l.) to the Biała valley floor is ca. 190 m, but towards the town centre
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Fig. 1. Schematic map of relief features in the region of Tarnów

Fig. 2. Topographic transect (W−E) across Nitrogen Works and in Tarnów
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– ca. 170 m. The relative heights occurring in this region favour the local wind systems
that form under conditions of high pressure systems.

The predominate direction of the wind in Tarnów during a year is W (20.4%, value
for 1970−1999). The Nitrogen Works ‘‘Zakłady Azotowe” (ZAT), the largest industrial
plant and simultaneously the main emitter of pollution in the town, is located in its
western part (Fig. 2), not too far from the centre (ca. 4−5 km) and from the large living
quarters at Jasna and Westerplatte (ca. 6−8 km). Also other larger sources of pollution
such as, for example, the heating plant ‘Piaskówka’ (MPEC), ‘‘Tarnów” Mechanical
Works and Asphalt Mass Factory RDP have an unfavourable location – to the west and
south−west of the inhabited areas of the town. In general, there are no natural barriers to
the air pollution in Tarnów. Moreover, the compact forest complexes, which could
separate the industrial areas from the inhabited terrains, are not located there as well.

The studies on the aero−sanitary conditions in a town (e.g. in Cracow or in
Silesia region) point to the degradation of the air quality during the anticyclonic synoptic
situations, especially during the winter season or the so called heating season (Niedźwiedź,
Olecki 1994; Niedźwiedź, Ustrnul 1989). The distribution of air pollution during
the�anticyclonic synoptic situations is controlled, to a significant degree, by autochtonous
properties of the temperature and wind distribution (Lewińska 1991; Kühne 1999).
The�thermally or orographically induced modifications of the temperature and wind
fields develop, in principle, in a similar manner during various types of high pressure
synoptic situations, regardless of the season. The conclusions drawn from
the�measurements in one type of the anticyclonic synoptic situation may be generalised
for the situations of other types with the restraint that in summer a slightly weakened
orographic influence on the urban heat island is observed as opposite to winter (Kühne
1999).

The purpose of this paper is an attempt to explain the characteristic features of the
field of the air pollution immission in Tarnów in the anticyclonic situations, developed
under the influence of local microclimatic conditions, based on micro−climatological
studies during the so called radiation weather night (cloudless, with intensive radiation
outgoing from the Earth’s surface). The immission field during the period 1994−1999
has been concluded based on the diurnal mean concentrations of SO

2
 (S

24
), suspended

dust (by the reflectometry method) and NO
2
 which are determined in two air pollution

monitoring networks functioning in the town (the networks of the ‘Zakłady Azotowe’ –
ZAT, and of the Regional Sanitary−Epidemiology Station – WSSE). Moreover, the
averaged concentrations of the aromatic hydrocarbons: toluene and benzene have been
analysed. The ZAT network comprises 5 recording stations (Komorów, GOŚ, Jaskółka,
Klikowa, School No. 18) while the WSSE network – 7 stations (Zbylitowska Góra,
Klikowska, Mościckiego, Narutowicza, Westerplatte, Swimming pool, and Lwowska).
Unfortunately, the layout of the stations does not ensure a systematic coverage of the�town
area (cf. Fig. 6). The years taken for calculations are homogenous as to the methodology
of sampling and identification of pollutants, in both the networks. In the microclimatic
studies the ‘patrol recording method’ discussed below has been used.

The anticyclonic situations (comprising all the directions of advection) occur over
the upper Vistula drainage basin (period 1970−1999) during the whole year, for 51.5% of
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the days on average, while in a summer period (here: May−October) reach the frequency
of 52.4% (based on the updated calendar of synoptic situations, Niedźwiedź 1988).

2. Method of microclimatic studies

The permanent networks monitoring the air pollution in towns are usually
characterised by a low density of recording sites. Difficulties in application of the data
received from the monitoring to the detail studies of the urban climate of the town arise.
Such data provide only an approximate spatial pattern of the distribution of the pollution
concentration. The setting−up and running of a temporary recording network in a studied
area, which would ensure the sufficient density of recording sites, would be too time−
consuming and too expensive. Because of that, microclimatic patrol recordings in typical
synoptic situations are recommended in order to supplement the aero−sanitary studies.
The patrol recordings allow to examine autochtonous features of the local climate which
modify the immission field in a significant manner. In the patrol studies, the recording
vehicle is a car with the appropriate equipment.

At the height of 2 m a.g.s.* , on the roof of the car, instruments for measuring
temperature, humidity and wind (Photo 1) have been installed. The thermometer and

hygrometer have been covered by white
tubes protecting it against direct solar
radiation. The electric fans ensured an air
flow with a constant speed of 5 ms−1.
The�measurement of the wind direction
and speed was performed using cap
anemometers with a flag of the wind speed.

The positioning of the instruments
at the height of 2 m a.g.s., was meant to
avoid ‘s direct influence of the underlying
surfaces of friction, heating or cooling
(Weischet 1991), on the readings of the
sensors when measuring the temperature
and humidity of the air. The wind speed
and its direction have been measured
during 20−minute long stops by the car
along its chosen route. In doubtful cases,
the estimation of the wind parameters based
on the direction and speed of the smoke
from the smoke producer and soap bubbles
supplemented the anemometric records.

The route leading through
the�selected, representative areas allows
the obtained results to be extrapolated to
the larger spatial units. The densely built−
up fragments of the living quarter,* above ground surface

Phot. 1. Recording instrumentation installed
on the roof of the car
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the�industrial areas or forest in the vicinity of the living quarters, water bodies, and, first
of all, slopes without forest or with scarce high vegetation and the valleys within the�town
area can serve here as an example. The chosen route is the result of the numerous
compromises effected by the need for the information to be gathered, time−consumption
of the recordings, vehicle velocity and the ability to drive through the cart roads and
streets.

The purpose of the evaluation performed afterwards is to obtain the pattern of
the�spatial distribution of the given element (e.g. air temperature), as detailed as possible.
During the patrol recordings, the particular recorded parameters showed the characteristic
properties in their diurnal course; thus introduction of the corrections to the obtained
recordings may not be avoided. When determining the temperature field, the air
temperature values are usually reduced for each recording site. The magnitude of
the�reduction results from the difference in the measured temperatures between
the�identically located first and last recording sites. The hypothetical air temperature
obtained by the reduction would exist, if the temperature differences were only
dependent on the diurnal course of the temperature without the influence of urban and
orographic climate−forming factors. A similar approach may be also used to the routes of
the patrol recordings which cross each other.

The following formula is used for air temperature (Kühne 1999):

where:
 ∆t

k−A
 = temperature difference between the recording site k and the calculated

value at the first/last site
t

k
  = recorded temperature at site k

t
A
 = temperature at the beginning of the patrol at the first/last recording site

t
E
 = temperature at the end of the patrol at the first/last recording site

n  = number of all the recording sites
k  = number of a given recording site

Then, the reduced values of the air temperature are compared with the so called
“reference site” selected from all the recording sites. Usually that is the site of the�lowest
temperature, located e.g. in the stagnation area of the cool air, where momentary
fluctuations in the air temperature are small. The obtained values of the temperature
have been marked on the map of the studied area. Connecting the points with the same
temperature deviations resulted in a map of isoanomalies (c.f. Bjelanovic 1967; Nübler
1979; Alexander 1988). Decisions upon the course of the anomalies have been supported
by the temperature records collected along the route and by the analysis of the land use
and density of the built−up area.

Classes of the wind speed have been treated in an approximate manner.
The�probability of recording a random value is higher in the case of the 2−minute average
wind speed, recorded at the height of 2 m a.g.s. than in the case of a recording at
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the�standard height of 10 m a.g.s. The wind direction given is that which has been
recorded most often during the scheduled stop of the car (frequency during the average
2 minutes). It means that these are not the average directions of the wind. The centroids
of the arrows of the wind, depicted on the map, illustrate the location of the appropriate
recording sites.

3. Patrol measurements

The measurements of the distribution of the air temperature and wind field in
Tarnów were carried out at night on 19/20 August, 2000. The upper Vistula drainage
basin was under the influence of the anticyclonic system with its centre over northern
Romania, which allows this synoptic situation to be assigned to the anticyclonic type
with the advection of air from the south−west (type SWa). The observations of the smoke
trails at the ZAT emitters (120 m and 80 m a.g.s.) showed S and SW directions of wind
persisting during the whole night at these heights.

Simultaneously with the patrol recordings, the 12−hour concentrations of SO
2
, NO

2,

suspended dust (R), benzene and toluene were measured in the selected permanent
monitoring sites of WSSE (Mościckiego, Westerplatte, Swimming pool, Lwowska,
Klikowska) and ZAT (Pump Station, GOŚ, Jaskółka, Klikowa) – c.f. Fig. 6. These
measurements were meant to compare the emission of pollutants during the recording
night with the emission calculated from the multi−year data. The current air temperature
and wind conditions were measured at the meteorological station in Tarnów (Tab. 1).

Tab. 1. Air temperature (t), wind speed (ff) and direction (dd) recorded at the meteorological
station in Tarnów on Pisakowa Avenue at night on 19/20 August, 2000

To determine the air temperature anomaly, the lowest temperature measured in
one of the sites in Biała village on the Dunajec River, located in the cool air stagnation
area, was accepted as the reference site. The highest measured difference in temperature
in the studied area was 6.3K. The temperature distribution allows three heat islands to
be distinguished (with temperature higher when compared to the surrounding area),
conventionally delimited by isoanomaly 5.0K: in the western part of the town within the
ZAT terrain, in the town centre and north−west of the centre in the Westerplatte quarter
(Fig. 3).

The Nitrogen Works are located on an almost flat terrace at the junction of
the�Dunajec and Biała rivers, at the height of only ca. 7 m above the water table.
Formation of the area with the temperature higher than the surroundings is associated
there exclusively with anthropogenic heat emission. In other heat islands the orographic
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effects add to the increased temperature. The town centre is located ca. 15 m above its
adjacent parts, while the area of the Westerplatte quarter is located at the edge of
the�plateau whose scarp extends from the south−east to north−west and protrudes 40 to 60 m
above the Biała river valley floor. In the area of this heat island, the phenomenon of
orographic wind develops. The cooler air forming at night, due to radiation from
the�ground, flows gravitationally to a downward located terrain, and the air from the�upper
layers replaces it. The records of the wind components at the meteorological station
illustrated the development of this type of the down−flow of a small speed in the order of
0.1−0.3 ms−1 during the hours 23:30 to 01:00. The cool air gathers in depressions and
valleys. It might be observed especially well in the Dunajec and Biała valleys.
In the�section between the town centre and Nitrogen Works, cool air gathers which is
favoured by a small coverage of the terrain with high vegetation. The air temperature is
lower here than the highest temperatures in the heat islands by 4K. The local decline in
temperature in the outlet section of the Biała river causes a decrease in the air pressure
which, in turn, reinforces the orographic descent of the cooler air. The cooler air, forming
itself in this area or eventually inflowing to this area, is included within two thermally
induced centripetal wind systems whose centres are in the town centre and in the terrain
of the nitrogen works (Fig. 4). Moreover, the factor favouring the reinforcement of this

Fig. 3. Distribution of air temperature isoanomalies in Tarnów at night on 19/20 August, 2000
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type of local circulation is a weak wind either on a regional scale or calm (Lewińska
1991).

4. Emissions

The field of pollutant immission in the region of Tarnów is mainly controlled by
the emission from the Nitrogen Works and from some smaller plants (especially MPEC).
In the cold season of the year (i.e. in the heating season), the so−called municipal low
emission become more important. In recent years, the transportation related emission
has grown in importance as well.

The multi−year (reaching the 1970s) course of emission of the selected, so−called,
energetic pollutants in the Nitrogen Works is presented in Fig. 5. The maximum level
of emissions of CO, SO

2
 and dust is clearly visible in the mid−1980s and there is

a�secondary maximum of dust, NO
2
 and SO

2 
in 1989. The change to the market economy

at the beginning of the 1990s and the investments in environmental protection resulted
in a apparent constant decline in the emission of particular pollutants. Schematically,
the course of the magnitude of the emission of energetic pollutants has been presented
by means of a trend line for SO

2
 emission. The decrease in NO

2
 emission was interrupted

Fig. 4. Wind field in Tarnów at night on 19/20 August, 2000
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by its increase during 1995−1996 which reflected a temporary economic boom. Emission
of pollutants specific to ZAT, benzene and toluene, shows a large similarity: the maximum
was reached in 1986−1987, while the minimum was reached by the end of the 1990s and
its value declined to the level of a few per cent of the maximum. The comparison of
the�pollutants emission in MPEC (the second largest emitter in the area of Tarnów) in
1986 and 1997 indicates the decrease in this emission as well. In 1997 the emission of
dusts reached 50% and the gases totalled 67% of the emissions in 1986.

The emission of pollutants from the transportation sources increases which can be
inferred indirectly based on a permanent increase in the number of registered vehicles.
In the former Tarnów province the number of vehicles increased by 50% during 1990−
1997., i.e. from 128,800 to 188,200 vehicles.

5. Air pollutants

The mean annual concentrations of SO
2
 in particular years did not exceed

the�allowed concentrations D
a
 and reached 12−25% of the standards at given sites in

1999. The long term annual distribution of SO
2
 concentration in the air in Tarnów during

the days with anticyclonic synoptic situations (47.8% days in a year), presented in Fig. 6,
shows its bipolar structure. The long term annual mean concentrations above 15 µgm−3

are exceeded both in the centre and in the nitrogen works. Between the quarters of
Klikowa and the Nitrogen Works the concentration of SO

2
 has a value below 10 µgm−3.

The spatial distribution of the SO
2
 concentrations is mainly affected by the location

of the emitters – ZAT in the west, other industrial plants at the town outskirts, so called
municipal low emission within the living quarters and in the centre. Apart from that,
the�nocturnal wind field in the town has a definite influence on the concentration of SO

2
.

Fig. 5. Emission of selected pollutants in the Nitrogen Works in Tarnów for 1976−1999
(relative to 1976)
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Fig. 6. Average distribution of SO
2
 concentrations (µgm−3) in the air in Tarnów on days with

anticyclonic synoptic situations for 1994−1999

First of all, the thermally induced centripetal wind fields obstruct the horizontal transfer
of the polluted air mainly along a west−east direction. On the one hand, the occurrence
of the fields with the maximum SO

2
 concentrations, and on the other, the formation of

the area of a relatively less polluted air between them may be stated. That results in
the�low average monthly concentrations of SO

2
 in the cold season at the recording site

GOŚ, representative for this area (Fig. 7). The remaining sites show a strong increase in
SO

2
 concentrations, characteristic of the heating season, associated with the increased

municipal emissions.
Based on the differentiated annual course of emission of SO

2
, whose magnitude is

much higher in the heating season, the general lower level of immission of this pollutant
can be stated during the anticyclonic synoptic situations. From May to October,
the�concentrations reach, on average, the level of 33.6% at all the recording sites when
compared with the period from November to April. Moreover, in summer
the�differentiation of these concentrations in the spatial distribution is two times smaller
and can be observed in the studied area when compared with winter. That has also been
confirmed during the examination at night on 19/20 August, 2000, when the mean area
value of SO

2
 immission, calculated from the concentration at all the sites, was only

2.7 µgm−3 (7.4 µgm−3 during 1994−1999). The differentiation of the concentrations reached
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11.4 µgm−3 (9.5 µgm−3 during the above multi−year period); excluding the outranking
value of 3.4 µgm−3 from the site Pump Station.

Such variations in the annual course of NO
2
 concentrations have not been stated.

The values measured in summer reach 91.6% of the winter values, during the multi−year
period for 1994−1995. The mean monthly concentrations of NO

2
 do not show a clear

annual course (Fig. 8). Immission of NO
2
 depends strongly on the sources from which

the pollutant emission either do not vary at all or vary to a small degree during a year
(industry, power generation plants, heating plants, street traffic). The permissible mean
annual concentrations (150% D

a
) were exceeded only at the recording site Narutowicza

in 1998 and 1999. At other sites they reach ca. 50−90% of the standard. The mean spatial

Fig. 7. Annual course of mean monthly SO
2
 concentrations (µgm−3) at selected monitoring

sites of air pollution in Tarnów (annual means for 1994−1999)

Fig. 8. Annual course of mean monthly of NO
2
 concentrations µgm−3) at selected monitoring

sites of air pollution in Tarnów (annual means for 1994−1999)
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distribution of NO
2
 concentrations during the multi−year period on the days with

anticyclonic synoptic situations (Fig. 9), shows a clear increase in concentrations in
the�area of the main downtown nodes or main streets with the accompanying built−up
areas (so called street canyons). If the concentrations in the town centre reach over
50 µgm−3, then they decline in places below 20 µgm−3 in outskirts of the town. The�furthest
extent of the higher concentrations of NO

2
 towards the peripheries (the course of the iso−

line 30 µgm−3) can be explained by strong car traffic on the streets with high density
built−up. Due to insufficient measurement data for the region of the Nitrogen Works the
analysis of the NO

2
 by means of the isolines has been neglected. The measurements for

the night of 19/20 August, 2000, allow to state that along the ventilation corridors there
is a definite transfer of the less polluted air towards the centripetal wind field located in
the town centre. The concentration of SO

2
 at Mościckiego Street reaches values similar

to those at the recording sites in outskirts of the town.
The mean annual concentrations of suspended dust (determined by

the�reflectometry methods) reached 5−60% of the allowed concentration D
a
 in 1999.

The concentrations of dust calculated from the multi−year period show the spatial
distribution comparable with that of SO

2
, as to a high degree they originate from the�same

Fig. 9. Average distribution of NO
2
 concentrations (µgm−3) in the air in Tarnów on days with

anticyclonic synoptic situations for 1994−1999
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sources (e.g. power generation plants, heating plants, municipal low emissions).
The�concentration of suspended dust for the anticyclone situations, averaged from May
to October, reaches 45.6% of the values from the remaining months (heating season) in
the whole area. In the town centre the measured dust concentrations are higher
(the�average for 1994−1999 is over 40 µgm−3, Fig. 10) which is conditioned by the higher
emissions in this area and by more frequent centripetal winds blowing towards the town
centre during the high pressure synoptic situations. During the heating season the polluted
air is sucked into the town centre, thereby helping the bad aero−sanitary conditions there
to deteriorate further. The mean summer concentration of dust for anticyclonic situations
in the centre (Mościckiego Street) reaches only 24.9% of the mean winter concentration.
The areas of formation of the cool air (especially slopes of the hills neighbouring the�town
centre, but also the valley floor between ZAT and Klikowa) have much smaller
concentration of dust; the annual mean is below 15 µgm−3. The low concentrations of
dust were also recorded in the whole studied area during the night recording
(19/20 August, 2000). Moreover, the dust concentration in the town centre (Mościckiego
Street) only slightly exceeded the mean−area value from the 12−hour measurement,
i.e. 6.0 µgm−3.

Fig. 10. Average distribution of concentration of suspended dust (R) in the air in Tarnów
on days with anticyclonic synoptic situations for 1994−1999
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The mean annual concentrations of aromatic hydrocarbons exceeded the allowed
annual standards D

a
 in particular years, and in the case of benzene reached 170−300% of

the standard at various sites in 1999. Similarly to NO
2,
 the variability from summer to

winter season is not observed in the annual course of the determined hydrocarbons.
On the days with anticyclonic situations, the summer values of benzene concentration
(7 recording sites, for 1994−1999) reach 85.8% of the winter concentrations, while in
the�case of toluene (2 recording sites), the summer average is even higher than the�winter
one and reaches 105.3% of its value. Due to the smaller number (maximum 7) of
the�permanent recording sites of hydrocarbons in the area of the town, the spatial
distribution of these pollutants might be inferred only approximately. The region of
the�occurrence of the highest annual concentrations of benzene is shifted to the west of
the town centre, with the maximum at the recording sites – Jaskółka and the School
(7.2�µgm−3). In the case of toluene, the highest mean is at the site of Jaskółka (12.8 µgm−3),
and the high value is also at site GOŚ (8.2 µgm−3) close to the Nitrogen Works. Such a
distribution of concentrations illustrates the local influence of intensive car traffic and
industry. The lowest values of hydrocarbons on the days with anticyclonic situations are
in the suburban areas (Klikowa and Komorów). The 12−hour measurements of
concentrations of benzene and toluene at night on the 19/20 August, 2000, indicate their
low values in the town. They confirmed, however, the above mentioned tendencies
manifesting themselves in the multi−year period: the highest concentration of benzene
was recorded west of the town centre at the Jaskółka site (7.8 µgm−3) while that of toluene
close to the ZAT at the site of the Pump Station (6.1 µgm−3).

6. Summary

Based on the patrol microclimatic examination, the paper attempts to determine
the autochtonous features in the distribution of air temperature which occur during in
the�anticyclonic synoptic situations in the town area of Tarnów. The results of the
performed examination allow one to understand better the characteristic properties of
the spatial differentiation of the pollutant emission in the town and enrich the immission
picture obtained from the stationary network monitoring the air pollution in the multi−
year period. The authors focused on the averaged concentration values for the multi−
year period, neglecting the aspect of their temporal year−to−year variability. The changes
in the political system, through the changes in ownership and altered industrial
technologies, contributed to the general improvement in the aero−sanitary conditions.

The analysis of the pollution distribution in Tarnów during the anticyclonic
situations with advection from all directions (period 1994−1999), reflects the characteristic
features of the immission field:

 – areas of the increased mean concentration of dust and SO
2 
 comprise both the town

centre and the area of the Nitrogen Works, the least polluted are the terrains between
the ZAT and the southern outskirts of Tarnów;

– the mean spatial distribution of NO
2
 concentrations shows a definite increase of

the�concentrations in the town centre area, especially along the main transportation
trails with high built−up areas;
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−  the highest long term annual mean concentrations of aromatic hydrocarbons are
recorded both in the areas close to the Nitrogen Works and locally in the areas
subjected to the influence of car traffic.

The patrol recordings supplemented and broadened the above conclusions by
learning about the autochtonous properties of the local climate, that modify the field of
immission of pollutants during the period of anticyclonic synoptic situations. During
the�night patrol examination on 19/20 August, 2000, the formation of three heat islands
in Tarnów has been stated. The heat islands located over the Nitrogen Works and in the
town centre were accompanied by two centripetal systems of winds. Their formation
was favoured by high pressure weather overlapping with thermal and orographic factors.
The thermally conditioned wind, blowing towards the Nitrogen Works and the centre as
well as the weak southern wind on a regional scale, prevented the transfer of pollution
towards the town. The wind reaching the town’s interior had a beneficial influence on
the aero−sanitary conditions as the transported air had not been loaded with emission
from the heat production or from transportation in the areas adjacent to the town. Such
a�situation can occur in Tarnów during the high pressure weather during the non−heating
season, especially at nights. In winter, however, these winds can have a degrading
influence on the air quality in the centre as they transport the air already polluted in
the�peripheries, mainly by the municipal low emission, and local industrial emissions.
The non−managed fragment of the Biała valley, located between the ZAT and the�centre,
plays an important role in the ventilation of the town when there is an inflow of the air
masses from the north−west and north.

In order to better understand the complicated relationships between
the�autochtonous microclimatic conditions during the periods of high pressure situation
and the spatial distribution of immisions in Tarnów, it would be necesary to carry out
the�analogous patrol examination in the winter period when the pollution emission is
much higher and also under conditions of various types of anticyclonic situations.

The method of microclimatic patrol measurements, treated as a supplementary
one to the stationary aero−sanitary studies, can be used for evaluation of the local climate
for the purpose of municipal planning, especially for locating the living quarters and
transportation routes.
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Rozkład zanieczyszczeń powietrza i jego mikroklimatyczne
uwarunkowania, na przykładzie miasta Tarnowa

Streszczenie

Tarnów jest średniej wielkości ośrodkiem przemysłowym. Pole imisji
zanieczyszczeń kształtowane jest w rejonie Tarnowa głównie przez emisje z kombinatu
chemicznego Zakłady Azotowe i kilku mniejszych przedsiębiorstw oraz przybierające
na znaczeniu emisje komunikacyjne. Deniwelacje na terenie miasta w przekroju wschód−
zachód wynoszą do ok. 60 m, natomiast w kierunku NW−SE osiągają 180 m.
Antycyklonalne sytuacje synoptyczne sprzyjają pogorszeniu się stanu sanitarnego
powietrza. Poza sezonem grzewczym mogą jednak oddziaływać korzystnie na rozkład
zanieczyszczeń powietrza w mieście. Położenie miasta u wylotu dolin oraz występowanie
wysp ciepła prowadzi w okresach stagnacji powietrza do tworzenia się nocnych systemów
wiatrów grawitacyjnych, które mogą wpłynąć na zmniejszenie się stężeń zanieczyszczeń
w centrum.

Jarosław Gabała
Institute of Geography and Spatial Management
Jagiellonian University
Cracow
Poland

Olaf Kühne
University of Mainz
Mainz
Germany

Translated by LETTERMAN Ltd Translators and Interpreters


