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A PRELIMINARY STUDY OF THE CONCENTRATIONS 
AND MASS SIZE DISTRIBUTIONS OF PARTICULATE MATTER 

IN INDOOR SPORTS FACILITIES  
BEFORE AND DURING ATHLETE TRAINING 

The mass size distribution of five fractions of particulate matter inside most popular types of 
closed sports facilities before and after athlete training were compared. In all the facilities, the concen-
trations of particles were higher during the training than before it. Their values depended on the type 
of flooring and cubic capacity of the rooms. Particle mass size distribution importantly affects the par-
ticle deposition rate in the respiratory tract. The results of the work indicate the necessity of further 
investigating the relations between the physical properties of particles and the effects of inhaling them 
during training in various sports facilities. 

1. INTRODUCTION 

Even short-term intense breathing air saturated with particulate matter (PM) is 
harmful – it can cause inflammation of the lower respiratory tract and raise the level of 
fibrinogen in blood [1, 2]. Particulate matter deposited in lungs can stimulate the for-
mation of anionic hydroxyl radicals and superoxides, reactive oxygen compounds that 
can cause lung tissue necrosis by damaging lipids, proteins, or DNA in the cells. The 
chronic presence of these compounds in the lungs can cause pneumonia, pulmonary 
fibrosis, chronic obstructive pulmonary disease, and asthma [3, 4]. 

At the same elevated PM concentrations, the health hazard from PM to training 
athletes is greater than it is to people at rest. In intensively training humans, the greater 
oxygen demand enhances mouth breathing [5, 6] and, consequently, inhalation and then 
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deposition of PM in the lower respiratory tract [1, 7]. The fine PM deposits in alveoli 
impair gas exchange between the lungs and blood [8, 9] and reduce the training effec-
tiveness. Active athletes breath more intensively not only while doing exercise. Their 
general oxygen demands are greater and their respiratory minute volume can be even 
twenty times greater than the one in an average person [9, 10]. 

During the last two decades, the awareness greatly increased in the society of the 
role physical exercise plays in keeping the body in good physical shape and health. 
Various sports facilities have arisen, and both the new and old ones are now important 
elements of the local social infrastructure. The number of people visiting those facilities 
has been growing significantly. They spent there several hours several days a week. 
Being at strenuous effort, they are exposed to uncontrolled indoor PM concentrations. 

The goal of the present work is to determine the mass size distribution of PM. This 
feature of PM is decisive for the efficiency of the PM deposition in the respiratory tract, 
in various kinds of closed sports facilities before and during athlete training. According 
to our knowledge, this is the first approach to comparing the indoor PM mass size dis-
tributions in such facilities before and during training. 

2. MATERIALS AND METHODS 

The concentrations of five PM fractions, PM1, PM2.5, PM4, PM10, and PM100, were 
measured in 8 closed sports facilities: athletic gym, covered school gym, fitness room, 
fencing room, wrestling rooms 1, 2, and 3, and tennis court (under a bubble dome). The 
facilities differed greatly from each other in cubature, floor area, floor surface finish, 
ventilation, etc. (Table 1). In each facility, in March 2017 and in October 2017, 25 con-
secutive measurements of one-minute concentrations of each PM fraction were done 
both before and during athlete training. The concentrations were measured at about 
1.5 m above the floor, not closer than 2 m to training people, each time at the same place 
inside. In this way, for each fraction, two 50-element sets of one-minute concentrations 
were received at each site: the fraction concentrations before and during training. The 
arithmetic means and standard deviations for all these PM concentration sets are pre-
sented in Table 2. 

The PM concentrations were measured using a DustTrak 8534 DRX Aerosol Mon-
itor, a sampler allowing simultaneous real-time measurements of mass concentrations 
of PM1, PM1–2.5, PM2.5–4, PM4–10, and PM10–100 in the range of 0.001–150 mg/m3. The 
sampler was calibrated systematically using a standardized dust sample (Arizona dust); 
zero calibration was performed using high-efficiency particle air filter before each 
measurement. The accuracy of the sampler was 5%. A more detailed description of the 
used measuring technique is available in [11]. 

The mass median aerodynamic diameter (MMAD) and the geometric standard de-
viation (GSD), two parameters characterizing the particle size distribution (PSD), were 
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determined. If dp denotes the diameter for which p% of the total mass of particles are 
smaller than dp, then MMAD for a PSD is d50. The GSD is computed as the ratio 
d84.1/d50 = d50/d15.9 for unimodal PSDs and as square root of the ratio d84.1/d15.9 for bi-
modal PSDs [12, 13]. MMAD and GSD were calculated using regression lines from the 
log-probability graph of PM size versus cumulative mass distribution [12]. 

T a b l e  1

Characteristics of sampling sites 

Facility Descriptiona Coordinates 

Athletic 
gym 

floor area of ca. 3665 m2 divided into four sectors differing with surface coat: 
team games  – synthetic surface, 
tracks for long and high jumps, pole vault – tartan, 
throwing – tartan, 
six-lane, 100 m long running tartan track ending with two pits for long jump, 
natural ventilation, stands for about 300 people on the mezzanine; 
PM concentrations measured before and after training  
of 16 volleyball players

52°1711.13 N 
20°5729.15 E 

School 
gym  

floor area of ca. 600 m2, wooden parquet; natural ventilation, 
stands for about 150 people on the mezzanine; 
PM concentrations were measured before and during gym classes 
of 25 and 28 pupils

52°1618.45 N 
20°5834.15 E 

Fitness 
room 

floor area of ca. 80 m2, synthetic floor, natural ventilation; 
PM concentrations measured before and during training  
of 6 and 5 students in March and October 2017, respectively

52°1620.57 N 
20°5843.34 E 

Fencing 
room 

floor area of ca. 243,6 m², carpet-like floor covering, natural ventilation, 
PM concentrations measured before and during fencing training  
of 6 persons on wheelchairs

52°1709.32 N 
20°572.92 E 

Wrestling 
room 1 

floor area of ca. 176 m², floor covered with mats, natural ventilation; 
PM concentrations measured before and during the training of 11 wrestlers

52°1709.32 N 
20°5724.92 E 

Wrestling 
room 2 

floor area of ca. 231 m², taekwondo mats on wooden parquet floor,  
natural ventilation; 
PM concentrations measured before and during the training of 8 wrestlers

52°1709.32 N 
20°5724.92 E 

Wrestling 
room 3 

Floor area of ca. 46.8 m², martial art mats on wooden parquet floor,  
natural ventilation; 
PM concentrations were measured before and during the training of 10 wrestlers

52°1709.32 N 
20°5724.92 E 

Indoor 
tennis 
court 

6 courts under bubble dome, floor area of ca. 5000 m2, 
floor covered with brick powder; 
PM concentrations were measured before and during tennis training  
of 4 and 5 players

52°1247.04 N 
20°5744.82 E 

aAll measurements were taken in March and October 2017.
 
Based on PM concentrations, the average 25-minutes inhaled doses of particles in 

the respiratory tract (RT) were calculated using the Eulerian multiple path particle do-
simetry model (MPPD V2.11, ARA, Inc.).  
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The deposited mass of PM was calculated for one breathing cycle including only 
inspiration (without expiration). The deposition was calculated using adults-specific sym-
metric lung model. The following exposure scenario was considered: upright body orien-
tation, nasal breathing under conditions of normal physiological activity and oral breath-
ing under conditions of training, 14 breaths/min before training and 28 breaths/min during 
training [13]. 

3. RESULTS AND DISCUSSION 

In each facility, except Tennis Court, the concentrations of all the PM fractions were 
higher during the training than before it (Table 2). Especially high they were during 
training in wrestling rooms 1, 2, and 3, reaching 114.7, 142.3, and 508.4 µg/m3, respec-
tively, for PM100. All these indoor concentrations strongly depended on how effectively 
the indoor activities stirred up and maintained particles airborne, but even stronger on 
the type of the flooring [14, 15]. The floor in wrestling rooms was padded with foam 
mattresses, what made it harder to clean than the floors in the other facilities because of 
slits between the mattresses from where the accumulated dust was easily stirred up dur-
ing training. The equally obvious factor that significantly affects indoor PM concentra-
tions was building ventilation [16, 17]. There was natural ventilation in all the facilities, 
but they were also aired by the frequent opening of windows (during training, too). The 
facilities differed in numbers of windows. The most numerous windows were in the 
athletic gym, less numerous in the school and fitness gyms, and least numerous in wres-
tling rooms situated in a basement. In the wrestling room 3, 10 persons could exercise 
by only one narrow window opened, while 4 windows could be opened when 5 persons 
exercised in the fitness gym. 

The number of simultaneously training persons during sampling, different in vari-
ous facilities (Table 2), does not seem to have affected the PM concentrations so signif-
icantly as the type of exercise, floor finish, ventilation, and the cubic capacity of the 
rooms. Wrestling rooms where the PM concentrations were highest were smallest, they 
were only about 2.2 m high. In the wrestling room 3, the PM concentrations (even those 
of PM1) exceeded 60 µg/m3 before training and the PM100 concentrations reached almost 
500 µg/m3 during training. The training on the tennis court did not affect the PM con-
centrations under the dome much, moreover, packing the court surface with clay powder 
before a training caused sometimes higher PM concentrations than the training itself. 

The rapidity of movements of exercising people caused rapid changes in all the PM 
fraction concentrations in all the facilities, but the concentrations of the coarser fractions 
(PM4–10, PM10–100) varied more dynamically during training than those of the fine ones 
(PM1, PM1–2.5). The greatest standard deviations were computed for the PM10–100 one- 
-minute concentrations occurring during training in the wrestling rooms 2 and 3. How-
ever, the greater health hazard arises from the high one-minute PM1 concentrations 
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(PM2.5 and PM4, too) because of the enhanced oxygen demands and breath intensity in 
exercising people [6]. 

 
Fig. 1. PM mass size distribution in some sports facilities before and during training: 

a) athletic gym before training, b) athletic gym during training, c) school gym before training, 
d) school gym during training, e) fitness room before training, f) fitness room during training, 

 g) fencing room before training, h) fencing room during training 

The PM concentrations in the athletic gym before training were comparable with 
and during training a little higher than the outdoor PM2.5 and PM10 concentrations at the 
Warsaw center. In the school gym, fitness room, fencing room, wrestling rooms 1 and 2, 
they were lower before and higher during training than those at the Warsaw center. In 
the wrestling room 3, the PM10 concentrations were lower than those at the Warsaw 
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center before and higher during training, and the PM2.5 concentrations were higher both 
before and during training (Table 2). 

 
Fig. 2. PM mass size distribution in some sports facilities before and during training: 

a) wrestling room 1 before training, b) wrestling room 1 during training c) wrestling room 2 
 before training, d) wrestling room 2 during training e) wrestling room 3 before training, f) wrestling 
room 3 during training g) indoor tennis court before training, h) indoor tennis court during training 

The PM1 and PM2.5 concentrations during training in all the sports facilities were 
high compared to indoor PM concentrations of these PM fractions in some teaching 
rooms at Warsaw universities [18]. 

Although the measurement methods applied at the station at the Warsaw center and 
in the teaching rooms differed from those applied in this study, although the distances 
between the station and the facilities differed, and although a university teaching room 
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is hardly comparable to a closed sport facility hall, the data in Table 2 can give some 
view on how the intense human activity in closed sport objects affects the indoor air 
quality. The health hazard from indoor PM that is stirred up by exercising people in 
closed sports facilities proves to be high. 

The PM mass size distributions before training were similar in all the facilities and 
they differed extremely during training (Figs. 1, 2). In all the facilities, the indoor PM 
mass size distributions before training were the same as the outdoor ones (the effect of 
natural ventilation). All the before-training PM distributions were bimodal and their 
MMADs were between 0.89–2.21 µm. Their smaller modes were between 0.1–1.0 µm 
and the greater ones between 2.5–10 µm; the indoor PM mass size distributions resem-
bled the distributions in atmospheric air in Polish urban areas [19, 20]. Later, during 
training, the different indoor conditions caused different indoor PM mass size distribu-
tions [21]. The physical activity of exercising people caused resuspension of settled 
down coarser PM, what changed the PM distributions, therefore their MMADs and 
GSDs, too (Table 3). 

T a b l e  3

Mass median aerodynamic diameter (MMAD)  
and geometric standard deviation (GSD) 

 of particle mass size distributions (PSD) in examined sports facilities

Facility 
Before training During training 

MMAD GSD MMAD GSD 
Athletic gym 1.45 8.97 3.06 12.54
School gym 1.36 8.44 2.92 11.83
Fitness room 0.9 8.11 0.89 7.03
Fencing room 1.65 9.4 1.45 8.97
Wrestling room 1 1.16 7.88 15.06 28.4
Wrestling room 2 1.13 7.81 24.4 41.47
Wrestling room 3 0.89 7.57 98.29 82.21
Indoor tennis court 2.21 7.32 2.76 9.48

 
The PM mass size distributions during training were bimodal, too. Their MMADs 

were between 0.89 and 82.21 µm and, except for the fitness and fencing rooms, they 
were greater for the PM distributions during training than before it. The maxima of the 
density functions at the greater modes were greater than at the smaller ones, the smaller 
mode for the fencing room was between 0.1 and 1.0 µm and the greater one was between 
10 and 100 µm. In the wrestling rooms, the PM mass size distributions are typical of 
resuspended PM [22, 23]. 

Particulate matter mass size distributions changed during training in the tennis court, 
fitness and fencing rooms the least and in the wrestling rooms the most (Figs. 1, 2, Table 3). 
These changes reflect the differences between PM deposition in RT of athletes before 
and during training, in total RT (Fig. 3).  
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Fig. 3. PM deposition coefficients in the respiratory tract of users of selected sports facilities, 

 including periods before and during training 

In almost all sports facilities, the mass of dust deposited in the airways was at least 
two times higher during physical exertion than before it. Most probably, these changes 
themselves cause an increase in the deposition of PM in the upper respiratory tract 
[6, 24]. The greater maxima of the density functions in the diameter interval 0.1 to 1.0 
µm during training suggest that more PM reach the deeper parts of RT during than be-
fore training, also because the frequency and depth of the breath of exercising people 
are greater than those of the breath in normal circumstances [25]. 

4. CONCLUSION 

The presented results only signal the necessity of addressing the problem of air pol-
lution in sports facilities. Using a sampler measuring only 5 PM size fractions, we have 
shown that the PM mass size distributions before and during training differ and that they 
also differ among various facilities (types of exercise). A more comprehensive approach 
would need more advanced equipment and cover wider spectrum of sports activities and 
training conditions (e.g., the numbers of exercising people, here not differing much but 
seaming to matter). Although much more advanced study is needed to properly predict 
the health effects of PM inhalation in sports facilities, the presented study shows that 
rather adverse ones should be expected. 
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