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ABSTRACT

In this study, we investigate the changes in the concentrations of suspended particulate matter (PM,; and PM, ,)
and selected gaseous pollutants (VOCs, H,S) in the atmospheric air inside and outside a 9-story building, which
is intended primarily for the teaching activities. The purpose was to determine whether the air quality inside the
building is directly dependent on the outside air quality. The analysis also included the influence of the height of
the building, its location and environment, as well as meteorological conditions. No clear correlation was found
between the measured parameters inside and outside the building. The height above ground (the floor on which
the measurements were made) was found to have a significant influence on the concentration of each pollutant.
Wind direction was also found to have a very important impact on the air quality inside the building. A strong
relationship was observed on the leeward side between the concentration of impurities on the inside and outside

of the building.
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INTRODUCTION

The concentration of suspended particulate
matter is one of the basic parameters used to as-
sess the air quality. Directive 2008/50/EC cate-
gorizes particulate matter into small (PM, ) and
very small (PM,,) particles. According to the
World Health Organization, PM is one of the
most harmful air pollutants [World Health Or-
ganization 2013]. They are generated mainly by
anthropogenic factors and are particularly perva-
sive in large human clusters, such as urban ag-
glomerations and highly industrialized regions
[Frankowski, 2020; Cichowicz et al., 2020]. Sus-
pended particulate matter may contain harmful
heavy metals, for example as a result of burn-
ing fossil fuels during the heating season or by
industry [Lewandowska et al., 2018; Widziewicz
et al., 2018], as well as microorganisms such as
bacteria or molds [Frak et al., 2014]. Pollutants
of this size may enter not only the human lungs,
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causing allergies and respiratory disorders [Ham-
ra et al., 2014; Pira & Piolatto, 2013; Qiu et al.,
2014], but also the bloodstream, having detrimen-
tal effects [Fuks et al., 2011; Nawrot et al., 2011].
Other hazardous substances that may occur in
the air are gaseous pollutants such as hydrogen
sulfide, sulfur and nitrogen oxides, carbon mon-
oxide, and volatile organic compounds (VOC)
[Suetal., 2013].

Volatile organic compounds (VOCs) are
a diverse group of organic chemicals that are
ubiquitous in most urban environments. For
example, benzene is a group 1 carcinogen, ac-
cording to the classification of the International
Agency Research on Cancer [IARC, 2016]. Due
to the ease with which gaseous pollutants can
enter into buildings, and living organisms via
the lungs, they pose a significant health risk
[Wu et al., 2017]. For this reason, as part of
control and prevention, the concentrations of
these pollutants should be monitored constantly
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in order to assess the state of air quality [Zeger
et al., 2008; Fang et al., 2020]. In the event of
hazardous air conditions, it is recommended to
stay indoors, at homes, schools, or offices, and
to avoid excessive contact with the outside air.
However, the question arises whether houses,
workplaces, and schools are in fact safe from
external pollution, and if there may be a direct
relationship between the air quality inside and
outside buildings [Su et al., 2013].

A large proportion of the city population
in Central and Eastern Europe (42.3%) lives in
multi-story buildings located on housing estates.
These are dominated by two types of buildings:
tenement houses and blocks with 4-5 stories and
skyscrapers between 8 and 11 stories high. Urban
buildings of different heights cause the formation
of air corridors and swirls, as well as under- and
overpressure zones, depending on the direction
and speed of the wind [Hong et al., 2017; Cicho-
wicz & Wielgosinski, 2015b]. When assessing
the impact of external conditions on the indoor air
quality, the surroundings of the building, includ-
ing its distance from green areas, other buildings,
and transport routes, should also be considered
[Tong et al., 2016; Cichowicz & Wielgosinski,
2015b]. Relative altitude may therefore also have
an effect on the concentration of the indoor air
pollutants.

In this study, we investigated the effects of
altitude above the ground level on the concentra-
tions of dust and gas pollutants outside and inside
a building. We also analyzed the influence of the
local surroundings, wind direction, and wind-
speed on the concentration of pollutants in the air.

MATERIALS AND METHODS

Measuring apparatus and sampling location

The analysis of the air quality inside and out-
side the building was performed using specialized
equipment for measuring PM , PM, ., H,S and
VOCs. The eight-sensor measuring and sampling
module for the measurement of dust and gaseous
pollutants in atmospheric air is equipped with the
following sensors: PM , PM, ., and PM, (10,000
Particles/Sec, sensor type: Laser Scattered), H,S
(Bppb-1ppm, sensor type: EC), organic sol-
vents (Ethanol, Iso-Butane, H,, 0-500 ppm, sen-
sor type: MOS), O, (0.2-100 %, sensor type: EC
— Electrochemical), SO, (0.5-2000 ppm, sensor

type: EC) and odors (0.5-1000 ppm isobutanol,
sensor type: MOS). The sensors are connected to
the system for filling the laboratory bag with air
and the ground station.

Air quality analysis was carried out in a build-
ing belonging to the Faculty of Civil Engineer-
ing, Architecture and Environmental Engineering
at Lodz University of Technology, located in the
city of Lodz in Poland, in Central-Eastern Europe.
The city of Lodz is the third largest city in Poland
in terms of population, with 67,9491 inhabitants,
an area of 293.25 km?, and a population density
of 2,318.6 people/km?. The city is dominated by
4-5-story buildings, with some taller ones. Build-
ing “B6” is located on the “B” campus of Lodz
University of Technology. It is a 9-story build-
ing, used mainly for the teaching activities. The
top floor is intended for the technical purposes.
Story 0 (ground floor) and each story (1-8) is
about 3.5 m high. The building is surrounded to
the north and east by a wooded park, up to the
height of 14 m. At a distance of about 15 m from
the west, there is a 4-story faculty building, “B7”,
and at a distance of 30 m from the south the ana-
lyzed building (B6) adjoins the 4-story “B9” fac-
ulty building (Fig. 1). Within a radius of 300 m,
there are skyscrapers of similar height to the ob-
ject of analysis.

Measurements were made inside and outside
building B6, on stories 0, 2, 4, 6, and 8 on the
north and south sides (Fig. 2). These points were
selected to observe the possible impact of the sur-
roundings and the altitude on the concentrations
of selected pollutants. In order to eliminate the in-
fluence of direct human factors on the concentra-
tion level, measurements were taken on the dates
when few students and employees were present
in the building, and their impact was therefore
negligible.

METEOROLOGICAL DATA OF
MEASUREMENTS

Meteorological conditions are an important
consideration for an air quality analysis. Using
the available resources, the wind speed and direc-
tion, precipitation, temperature, and atmospheric
pressure were recorded. Table 1 presents the se-
lected representative measurement series/days,
illustrating the typical meteorological conditions
over the analyzed period. The article presents
three series of measurements: A, B and C. Series
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Fig. 1. Location and surroundings of building “B6” on campus “B” of Lodz
University of Technology (photo source: www.google.com/maps)

A, B and C were conducted consecutively. Series
C differs from the A and B series not only in terms
of the meteorological conditions, but also due to
the renovations that were taking place inside the
building.

RESULTS AND DISCUSSIONS

The first of the three series of measurements,
Series A, was performed on the north side of the
building adjacent to the park. This series of mea-
surements, which was carried out on 01/24/2020
from 8:00 a.m. to 4:00 p.m., represents typical
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meteorological and weather conditions for this
period and location. The conditions, with a domi-
nant south-westerly wind with a moderate speed
of 7 m/s, little cloud cover (23.6 %), and no pre-
cipitation, were conducive to the displacement
of particulate matter pollutants. Figure 3A shows
the changes in the PM,j and PM, , parameters in
relation to the height of the measurement points
inside and outside the building from the park side
(north side). The changes are clearly more intense
outside the building than inside. Up to a height of
about 16 m above the ground level inside the fa-
cility, the parameter values do not change signifi-
cantly. The concentration of pollutants decreases

Sout side

Fig. 2. Location of measurement points on the elevation view south
and north (photo source: www.google.com/maps)

164



Journal of Ecological Engineering Vol. 22(1), 2021

Table 1. Meteorological data for measurement series

Series A B C

Date 24.01.2020 31.01.2020 07.02.2020
Parameters Unit Min Max Average Min Max Average Min Max Average
[Tzempaegﬁgzn " °C -1.08 | 2.81 1.8 6.38 | 8.19 7.6 0.07 | 146 0.95
[F;er':t;"foy:g"r']‘i']ty % 61 89 69.0 79 94 86.1 35 66 44
';,";22 iza[kﬂes"f]' hPa | 1021.7 | 10262 | 1023.9 | 9965 | 1002.9 | 9991 | 10293 | 1030.9 | 1030.0
Total Precipitation
(high resolution) [sf] | ™™ 0 0 0.0 0 0.2 0.0 0 0 0
Total Cloud Cover % 0 56 236 100 | 100 100 0 0 0
mnriigi‘j‘i ond] kmh | 1846 | 3175 | 2513 | 3243 | 37.02 | 3526 | 10.18 | 18.09 | 14.19
Wind Direction o
[10 m above gnd] . . 240 ) ) 281 ) ) 43
Wind Direction
[10 m above gnd] ) ) ) wsw ) ) WNW ) ) NE

only on story 6, by about 13% compared to the
other measurement points. This can be explained
by the air turbulence outside the building, which
was caused by the surrounding buildings with
heights of 4 to 8 stories. The fall in the concen-
tration of pollutants is most marked in the exter-
nal measurement data. Above 15 m (4 stories),
the outdoor particulate matter concentration in-
creases by an average of 18%, then decreases by
as much as 35%. It finally increases by 20% at
a height of 30 m. The highest concentrations of
PM,, and PM, , were recorded on floor 0. Overall,
the concentration of particulate matter pollution
fell along with the altitude outside the building.

It should be emphasized (Fig. 3A) that, as
in other studies [Lim et al., 2011; Romagnoli et
al., 2016], the concentration of pollutants inside
the building was lower than the concentration
outside, by an average of 36% for PM,  and by
42% for PM, .. The most important purpose of
this study was to analyze the correlation between
the concentration of pollutants inside and outside
the building. The values for the adjustment coef-
ficient R? presented in Table 2 at levels from 0.55
to 0.69 do not enable a direct correlation to be
drawn between the concentrations of dust inside
and outside the building in relation to the height.
Other researchers have arrived at similar conclu-
sions [Meier et al., 2015]. However, a strong cor-
relation can be inferred between the data, with the
Pearson’s ‘r’ values above 0.50.

Th second series of data, series B, consists of
measurements taken during cloudy weather with
more than 10 km/h stronger windspeed (com-
pared to series A) These factors translated into

much lower concentrations of the analyzed pol-
lutants than in the previous series, with an almost
eightfold decrease (Fig. 3B). The curves for the
changes in the values of PM,, and PM,  inside
and outside the building in relation to the height
were similar. However, the concentrations in-
side the building were lower than those outside,
which is in line with the results of other studies
[Romagnoli et al., 2016]. For PM, ,, the highest
value was 20% greater, and the lowest value for
PM,, was lower by 17% in relation to the exter-
nal concentration. A similar dependence was re-
corded in the previous measurement series, but
the differences were larger. Taking into account
the influence of altitude, to a height of 16 m the
concentrations of the measure pollutants outside
the building decreased by up to 50% (PM,, in
relation to the concentration at a height of 2 m)
and then increased from the height of 30 m. In-
terestingly, the concentration of pollutants inside
the building decreased from 2 to 16 meters, by
about 60% (PM, ). A further change in height did
not significantly change the concentration. This
can be explained by the meteorological condi-
tions—strong winds and high humidity. During the
period in which the measurements were taken, the
particulate matter pollution occurred mainly at
lower altitudes, which translated into higher con-
centrations of particulate matter inside the build-
ing relative to the external conditions. This phe-
nomenon has also been reported by [Monlar et al.,
2007]. Our results show a high coefficient of de-
termination of 0.90—0.93 and a strong correlation
from 0.949 to 0.964 between the concentrations

of PM, ; and PM , respectively, measured outside

165



Journal of Ecological Engineering Vol. 22(1), 2021

A Qutside Inside
30 ¥ *
a5 I i
E . i
o 20 \ A
'g 3 %
2 15 f 4
E= 1 ]
=
10 i Fy
5 1 I
. L
BO 60 40 20 1] 20 40
Air pollution [pg/m"3]
- 35 -
B Outside Inside
30
n $
75 v I
] i
= 20 I [}
E | 1
B 15 LS 4
2 ~ \\
= 10 .
=L L . 1\
5 > o iy
~ ~
u -
o
10 8 & 4 2 L] 2 4 & 8
Air pollution [ug/m~3]
35
C Outside Inside
B -
25 il ll.]
= || r 4
E -
= 20 B
o - m=—-
2 15 Y
E= - 1
g rd
< 10 o
. ~
-
5 ~ T~_
h | n
8
15 10 5 1] 5 10 15 20 25 30 35 40 45
Air pollution [pg/m#3]
—8—PM 10 out ——PM 2.5 out = & =PM 10in - B =PM25in

Fig. 3. Comparison of the PM,  and PM, | parameters outside and inside the building on the
north side, depending on the height of the measurement point in three measurement series

and inside the building from the north (Table 2).
In this case, the north was the windward side.
Figure 3C presents the results of measurement
series C, during which renovation work consti-
tuted a large emitter of pollutants in the building.
On the sixth floor, the auditorium rooms were be-
ing renovated, generating significant amounts of
particulate matter. This translated into a 40% in-
crease in the concentration of pollutants compared
to the typical concentration at the height of 23 m
inside the building, to over 40 ug/m* for PM, .
This confirms the significant influence of internal
pollution sources on the concentration of PM, as
has also been observed by Zhu et al. [2005]. The
ongoing renovation work also contributed to high
concentrations of dust on the fourth and eighth
floors of the building. Given the low correlation
coefficients, of —0.285 and 0.049 for PM, ,; and

PM,, respectively, no regularity can be found
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between the measured data inside and outside the
building (Table 2). Only the high concentration
of dust pollutants at a height of 23 m corresponds
to the higher concentration measured outside the
building. This can be explained by particulate
matter escaping to the outside through the win-
dow joinery in the direction of the wind.

The next group of analyzed parameters were
gaseous air pollutants, including volatile organic
compounds (VOCs) and hydrogen sulfide (H,S).

Figure 4A shows that outside the building
on the north side, the concentration of H,S de-
creased with respect to height, whereas the con-
centration of VOCs increased. The explanation
may be that the density of H,S is higher than that
of air, whereas the density of VOCs is lower, so
the highest concentration for H,S was recorded at
the lowest altitude and the highest concentration
of VOCs was recorded at an altitude of 30 m. In
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Table 2. Coefficient of correlation and matching between the values outside and inside the building on the north

side for the PM, , PM, ., H S, and VOCs parameters for three measurement series
Series A B C
Parameters r R? r R? r R?

PM 10 0.741 0.550 0.964 0.930 0.049 0.002

PM 2.5 0.829 0.688 0.949 0.901 -0.285 0.082
H,S 0.588* 0.617* 0.853 0.728 0.289 0.0836
VOC 0.996* 0.992* 0.592 0.772 0.920 0.847

*without O floor — gastronomic point

the data collected inside the building, no similar
relationships were found. The highest concentra-
tions of VOCs were recorded on the ground floor,
which may be related to the operation during this
period of a catering point in the north-western part
of the building. It may also have been due to the
greatest number of people being on the ground
floor [Fromme et al. 2008]. On the next stories,
the concentration of VOCs decreased in relation

to the ground floor level by about 50% and re-
mained similar to a height of 23 m. Only on the
last stories did the level increase again, by about
45%. This may have been due to the VOCs float-
ing upstream. It should be emphasized that the
VOCs concentration inside the building was on
average 42% higher than that outside, excluding
the measurements on the top floor. Researchers in
Spain similarly observed a higher concentration
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Fig. 4. Comparison of the parameters H,S and VOCs outside and inside the building on the north side
depending on the height of the measurement point in the three measurement series, A, B and C
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of chemical compounds inside school rooms [Pal-
lares et al., 2019]. This may be due to the internal
pollution sources [Zwozdziak et al., 2013]. A very
close order of magnitude of the inside to outside
concentrations was measured for H S. A signifi-
cant exception was on the ground floor, where the
lowest concentration of H,S was measured inside
the building and the highest outside.

A very strong correlation of more than 0.5
was noted between the concentration of gas-
eous pollutants outside and inside the building
(Table 2). In series B, high VOCs concentrations
were measured at a height of 9 m both outside the
building and inside, which may have been due to
the wind direction. Similarly to the measurements
in series A, on the upper stories, up to 20-fold in-
crease in the VOCs concentration was observed
at the height of 30 m. The change in the H,S con-
centration in relation to the height was similar to
that in series A. Starting from the initial height
of 2 m, the concentration of H,S decreased to the
height of 9 m, and then increased to the last floor.
Inside the building, the change in the H,S con-
centration was smaller than that outside. In series
B, as in series A, a strong correlation was noted
between the values for gaseous pollutants inside
and outside the building (Table 2). The ongoing
renovation during the measurement series C also
influenced the concentration of H,S and volatile
organic compounds inside the facility (Fig. 4C).
The VOCs concentration at a height of 30 m in-
side the object was 24 times higher than that mea-
sured outside. Outside the building, the VOCs
concentration was at a low and almost constant
level. Only on the top floor, there was a 9-fold in-
crease in the VOCs concentration. Due to the fact
that the windspeed did not exceed 5 m/s during
the measurement period, the concentration of H,S
outside the facility from the park side reached the
highest value at a height of about 9 m. Above 9 m,
a decrease in the concentration of H,S was ob-
served. As in measurement series A and B, series
C also showed a higher concentration of VOCs
inside the object than outside, and the correlation
coefficient was close to 1 (Table 2). These results
are consistent with the those reported by Rayso-
ni et al. [2017], who suggested that the sources
of higher VOCs concentrations inside buildings
might include the use of cleaning agents, furni-
ture polishes, and materials used in arts and crafts.

On the southern side of the building, there
are numerous academic buildings. In series A,
the maximum concentration of particulate matter
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pollutants outside and inside was found at a height
of 2 m. Inside the building, on the upper floors,
the concentrations of PM  and PM,, did not
change and were lower than those on the ground
floor by approximately 27%. As on the north side,
the indoor concentration was lower, by an aver-
age of 39% and 44% for PM, and PM, ,, respec-
tively, compared to the conditions outdoors. In
series A, the southern side of the building was the
windward side. This could have been a cause of
the higher correlations between the PM concen-
trations measured inside and outside the building
(Table 3). The average determination coefficient
was 0.98, and the correlation coefficient was close
to 1. In addition, the particulate matter concentra-
tion was about 20% lower inside the building on
the south side than on the north side, depending
on the height, and there was also a lower concen-
tration of particulate matter outside.

The changes in the concentrations of particu-
late matter pollutants outside the building record-
ed in series B are similar to those recorded in mea-
surement series A. The highest concentration was
measured at a height of 2 m (Fig. 5B). The par-
ticulate matter concentrations outside the build-
ing tended to decrease with increasing altitude.
However, there are two points, at the heights of
16 m (fourth floor) and 30 m (eighth floor), where
the concentration suddenly increases. Inside the
building, there were no significant changes in the
concentrations of PM, , and PM  at these heights.
This can be explained by the ventilation zones,
which are related to the heights of the surrounding
buildings. On the leeward side (the southern side
in series B), the difference between the concentra-
tions of pollutants indoors and outdoors was only
around 8%. Inside the building, the concentration
of PM,, and PM  varied within a very narrow
range, similarly to the measurements in series A.
In the case of PM, , the concentration for stories
two and four increased by about 6% compared to
the ground floor, followed by a decrease of 9%
on the eighth story. Slight changes in the concen-
trations of particulate matter pollutants inside the
building relative to the significant changes occur-
ring outside led to a lack of correlation between
the data. This is evidenced by correlation coef-
ficients of close to zero, at 0.226 and —0.015 for
PM,, and PM, , respectively (Table 3).

In series C, outside the building (southern
side) a slight decrease of about 13% in the con-
centration of PM,  was observed as the height
increased from 2 m to 23 m and a significant
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Fig. 5. Comparison of the PM,  and PM, ; parameters outside and inside the building on the southern
side relative to the height of the measurement points in three measurement series, A, B and C

increase of about 40% was found between the
heights of 23 m and 30 m (Fig. 5C). This can be
explained by the direction of the wind, which was
blocked by a 4-story building and by 6-8-story
buildings further away. These buildings presented
a barrier to the movement of dust in the light wind
(average wind speed about 5 m/s). The concentra-
tion of PM, pollution increased only above the
height of the buildings (over 23 m). In the case
of the lighter PM, , fraction, the changes outside
the building were not significant. The changes in
the particulate matter concentration in relation to
the height inside the building on the south side
were very similar to those recorded on the north

Table 3. Coefficient of correlation and matching between values for the PM

side. The highest concentrations of PM , over
70 pg/m?, were measured on the floor where reno-
vations were taking place (height 23 m). This also
caused a high concentration of PM at altitudes of
16 m and 30 m. Inside the building on the south-
ern side, more than 40% higher particulate matter
concentration was found compared to the north
side. The reason was the location of the audito-
riums under renovation, which are closer to the
south. From the southern side of the building, no
particulate matter pollution was blown outside,
as it was on the northern side. This can prob-
ably be explained by the direction of the wind,
as the southern side was leeward. Again, due to

PM

10° 2.5%

H.S, and VOCs parameters

outside and inside the building on the southern side over three measurement series

Series A B C
Parameters r R? r R? r R?
PM 10 0.990 0.981 0.226 0.051 0.009 0.00008
PM 2.5 0.989 0.977 -0.015 0.0002 0.311 0.0964
H,S -0.614 0.377 0.792 0.628 0.153 0.0235
VOC 0.938 0.879 0.638 0.991 0.335 0.1121
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the internal emitter of pollutants, there is no direct
correlation between the indoor and outdoor data.
The highest values for the linear determination
coefficient, at only 0.0964, and for the correla-
tion coefficient, at 0.311, were obtained for PM, ,
indicating no relationship between the analyzed
data (Table 3). Other researchers have made simi-
lar observations [Mohammadyan et al., 2017; Ro-
magnoli et al., 2016].

Similar changes were observed in the concen-
trations of gaseous pollutants outside the build-
ing on the southern side (Fig. 6A) to those on
the opposite side (Fig. 4A). However, the situa-
tion inside the building was strikingly different.
In series A, the concentration of VOCs decreased
about 6-fold from the height of 0 m to 16 m, and
then increased 35-fold, reaching the highest value
on the top floor. In the case of H,S, the concen-
tration inside increased with height, contrary to
the changes in the concentration outside. This
translates into a high correlation coefficients for
VOCs and H,S measurements outside and inside,

amounting to 0.938 for VOCs, and —0.614 for H,S
(Table 3). In series A, the concentration of VOCs
was higher inside the building than outside.

The change in the concentration of gaseous
air pollutants in series B was different from that
recorded in series A (Fig.6). The maximum VOCs
concentration inside and outside the building
was measured at a height of 16 m, not on the top
floor as it was in series A. However, it should be
emphasized that changes in the H,S and VOCs
concentrations with relative to the height on the
south side were consistent with the observations
on the north side of the building. The only dif-
ference was that the highest VOCs concentrations
on the south side were on the fourth floor, as op-
posed to on the second floor on the north side.
Dense cloud cover, 4-story buildings in the vicin-
ity, and the fact it was the heating period, may
have caused the high VOCs concentrations at the
height of 16 m. Again, strong correlations were
found between the inside and outside concentra-
tions of both H,S and VOCs, at 0.792 and 0.638,
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respectively (Table 3). In a previous study, Ray-
soni et al. [2017] also noted a strong correlation
between the concentrations of VOCs outside and
inside a building, at 0.63 <r < 1.00.

The third measurement series (Fig. 6C) on the
southern side shows similar results outside the
building to those recorded in series A (Fig. 6A).
The VOCs concentration was relatively constant
up to a height of 23 m. A significant increase
(more than 23-fold) in the concentration of VOCs
occurred at the height of 30 m. In contrast, the
concentration of H,S varied widely from about
5%10 ppm to 15*102 ppm. The changes in the
concentrations of VOCs and H_S inside the build-
ing relative to height recorded in series C were
different from those recorded in the other series,
due to the ongoing renovation work. However,
the VOCs concentration was again higher inside
the building than on the outside, and the concen-
tration of H,S tended to increase with height. Due
to the clear differences between the data, unlike
the other series, a weak correlation was found in
series C between the concentrations of gaseous
pollutants and VOCs measured outside and inside
the building.

CONCLUSION

In this study, we investigated the changes in
the concentrations of suspended particulate matter
(PM,, and PM, ,) and selected gaseous pollutants
(VOCGs, H,S) in the atmospheric air inside and
outside a 9-story building on a university cam-
pus. Significantly smaller fluctuations in the PM, |
and PM, , concentrations in relation to the height
were noted inside the building than outside. This
was due to the separation of the stories (despite
the existence of a staircases). The only exception
was when there were considerable pollutants in-
side the building, in this case due to renovations
which released large amounts of particulate mat-
ter into the air. Then, through passageways and
leaks, the particulate matter spread to other floors.
The concentration of gaseous air pollutants inside
the building increased with the altitude. There
were deviations from this dependence, resulting
from the influence of external conditions. For
example, due to a heavy cloud cover during the
heating season, high VOCs concentrations were
measured in series B on floor 2 on the north side
and on floor 4 on the south side. This was related
to the heights of the surrounding buildings. The

buildings located within a radius of 150 m from
the analyzed structure are 4-5 stories (14-17 m
high). The buildings mostly use gravity ventila-
tion, which causes gaseous pollutants to escape
from the rooms at the height of the roof.

No direct correlation was found on either side
of the building between the concentrations of par-
ticulate matter pollutants in the air outside and in-
side. The sides of the building should be consid-
ered individually, in relation to the wind direction
and the topography. There was a stronger corre-
lation on the windward side than on the leeward
side. It can be generally concluded that the higher
the average concentrations of particulate matter
pollutants outside the building, the higher the
concentrations inside. However, on typical mea-
surement days, the air quality inside the building
was better in terms of the particulate matter pollu-
tion than the air quality outside the building. The
concentration of PM ; and PM, , outdoors mea-
sured in series A exceeded the permissible level
of 50 pg/m’ for PM,  and 25 ug/m’ for PM, , by
up to double, on both sides of the building. In the
remaining series (B and C), the values were with-
in the acceptable limits. The particulate matter
concentration inside did not exceed the permis-
sible Threshold Limit Value (TLV) of 10 mg/m°.
This confirms the assumption that building parti-
tions and window frames constituted a barrier re-
ducing the amount of particulate matter pollution
entering the building interior. An exception to this
was when renovation work constituted an internal
pollutant emitter.

The conclusions regarding gaseous pollutants
are different. The data show a strong correlation
between the concentrations of H,S and VOCs out-
side and inside the building. Building partitions
did not constitute an effective barrier to these pol-
lutants. Moreover, inside the building, the VOCs
concentration was up to 24-fold higher than it was
outside. Unfortunately, there are no standards in
Poland regarding the permissible levels of VOCs
in the air. In the case of outside H,S, the permis-
sible level of 0.02 mg/m® was exceeded up to 15-
fold in all measurement series. However, inside
the building, due to the higher permissible con-
centration of H,S (TLV 7 mg/m’), the limit was
not exceeded.

The elements of the surroundings were not
found to have any direct influence on the concen-
tration of air pollutants inside the building. The
heights of the surrounding buildings and trees
were of greater importance. The data show clear
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changes in the concentrations of particulate mat-
ter and gaseous pollutants at the heights of the
fourth and eighth stories. This corresponds to the
average height of the buildings adjacent to the
analyzed object.
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