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Atmospheric air contamination holds the first place among priority factors which determine environmental 

risks for sportsmen's health at open-air sport facilities. Training processes especially those aimed at aerobic 
endurance development and improvement are inefficient under ecologically unfavorable conditions. Our re-
search goal was to assess atmospheric air quality on territories where open-air sport facilities were located in 
Kazan. Our initial materials were data on contaminants emissions on Kazan territory, results of instrumental 
research on air quality, data taken from state Reports on natural resources and environmental protection issued 
in Tatarstan in 2006–2016. 

We examined impacts exerted by meteorological conditions on dispersion and accumulation of emissions 
from stationary sources and automobile transport in close proximity to open-air sport facilities. We charted all 
the open-air sport facilities and enterprises and assessed mutual influences by various city districts on each oth-
er depending on prevailing winds which determined contaminants transfer from place to place. Our analysis on 
winds repeatability from May to September over 2006–2016 revealed that North-West wind prevailed in July, 
and West wind, in May, June, August, and September. Conditions which were favorable for contaminants disper-
sion were observed only in 30.9 % of months over the examined period; partially favorable or even unfavorable 
ones occurred in 69.1 % of time. So, natural-climatic conditions existing in Kazan create specific qualitative 
composition of city air and contaminants are present in atmospheric air above open-air sport facilities in con-
centrations exceeding maximum permissible ones. It causes potential risks for sportsmen' s health. The obtained 
data give grounds for air monitoring planning at periods when sport events take place; for organizing work at 
priority enterprises when meteorological conditions are unfavorable; they can also be applied when changes are 
made into architectural and design plans for the city territory including transport routes development; or when 
activities aimed at environment protection are developed and implemented. 

Key words: atmospheric air, contamination sources, natural climatic conditions, contaminants, open-air 
sport facilities, sportsmen's health. 
 

 
 

 Atmospheric air contamination holds 
the leading place among priority factors 
causing environmental health risks for 
sportsmen at open-air sport facilities [1–4]. 
Breathing speed of a sportsman under max-
imum loads during 20-30 minutes can 
reach 100-120 breaths per minute [5]. Such 
an increase in ventilation is provided by 

greater breathing frequency and volume, 
and here frequency can rise to 60-70 
breaths per minute, and breathing volume, 
from 15 to 50% of the lung vital capacity. 
As per data taken from various research, 
training process efficiency under unfavora-
ble environmental conditions is very low. 
It is especially true in case of a training 
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process which is aimed at "aerobic endur-
ance" developing and improving. Unfavor-
able ecologic conditions don't exert such a 
drastic impact on training speed and 
strength physical qualities related to "an-
aerobic endurance". It is caused by the fact 
that aerobic capabilities which have been 
developed in a highly qualified sportsman 
are a specific reserve for their own self-
recovery [6–8]. 

Industrial enterprises (stationary) 
and motor transport (moving) are basic 
sources causing atmospheric air contami-
nation above open-air sport facilities in a 
big city [9]. A peculiarity of stationary air 
sources is that contaminants emitted by 
them can be distributed over large territo-
ries due to emissions mostly occurring at 
big heights. Moving air contamination 
sources have their own peculiarities, name-
ly, they are located at the surface (at 
breathing zone level), they are distributed 
over territories with boundaries which are 
hard to define, and they constantly move 
from place to place.  

Kazan, Tatarstan capital city, is a 
large industrial center. A lot of open-air 
facilities are located on its territory. Given 
the fact, that training and competitions first 
of all involve more frequent breathing, we 
can assume that contaminants enter a 
sportsman's body with the atmospheric air 
in quantities which are always greater than 
in case of any average statistical person 
living near an open-air sport facility. 
Therefore, an issue of air contamination 
above open-air sport facilities becomes tru-
ly vital for Kazan.  

Our research goal was to assess 
atmospheric air quality on territories where 
open-air sport facilities were located.  

Data and methods. We based our 
analysis of atmospheric air quality in a dis-
trict where an open-air sport facility was 
located on data on total contaminants emis-

sions; these data were obtained from re-
ports on air quality, social-hygienic moni-
toring system, State reports on natural re-
sources and environmental protection is-
sued in Tatarstan in 2006–2016.   

We examined influence exerted by 
meteorological conditions on dispersion 
and accumulation of emissions from sta-
tionary sources and motor transport as per 
data taken from the Kazan city official 
weather archive [10, 11]. In particular, we 
analyzed data on the following values and 
phenomena: wind speed and direction, 
temperature inversions and fogs, precipita-
tion during periods from May to September 
2006-2016. Applying the above mentioned 
data, we built wind roses and calculated 
meteorological coefficient for air self-
cleaning. This coefficient was calculated as 
per a conventional procedure developed by 
T.S. Selega [12]. 

Results and discussion. Air con-
tamination above an open-air facility in a 
large city depends on stationary sources 
locations, emissions from motor transport, 
contaminants distribution (movement) 
around a city (district) area, as well as on 
natural-climatic conditions.  

Along with admixtures concentrations 
in the air which are always present near 
specific objects, background air contami-
nation also occurs in a city; it happens due 
to mutual overlap and mixing of emissions 
from many sources. In relation to that high 
toxicants concentrations in the air can oc-
cur even on territories which are not direct-
ly influenced by specific objects. Back-
ground air contamination caused by mete-
orological conditions can be observed 
above the whole city during a day; when 
emissions from enterprises are constant, it 
can enhance or weaken under weather con-
ditions influence [13, 14]. 

16 large open-air sport facilities are 
located in Kazan: 5 objects in Vakhitovsliy 
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district; 5, in Privolzhskiy district; 2, in 
Novo-Savinovskiy district; 2, in Sovetskiy 
district; 1, in Moskovskiy district; 1, in 
Aviastroitelniy district. large indutrial en-
terprises which are stationary air contami-
nation sources are also located in the same 
districts (Figure 1). 

Motor transport makes the greatest 
contribution into contamination of air 
above open-air sport facilities in Kazan, its 
share on average being equal to 70%; other 
contamination sources are such enterprises 

as Kazanorhsyntes PLC, Heating plant 1, 
Heating plant 2, Heating plant 3, Kazener-
go, and Kazan reinforced concrete struc-
tures plant LLC. Annually about 80.2 thou-
sand tons of contaminants are emitted into 
air in Kazan by motor transport, and about 
30.6 thousand tons, from stationary 
sources. Contaminants emissions dynamics 
comprising substances being emitted into 
the atmosphere in Kazan both from sta-
tionary sources and motor transport is 
shown on Figure 2. 

 
Figure 1. Open-air sport facilities and industrial enterprises location in Kazan 

1 is "Tasma" stadium, 2 is "Rubin" stadium, 3 is "Raketa" stadium, 4 is a football stadium at "Olymp" sport com-
plex, 5 is "Kazan-Arena" stadium, 6 is "Centralniy stadium", 7 is "Dinamo" stadium, 8 is "Trudovye reservi" stadi-
um, 9 is "Miras" stadium, 10 is "Vodnik" stadium, 11 is "Electron" stadium, 12 is Rowing center, 13 is "Field hock-

ey center" stadium, 14 are open tennis courts at Tennis Academy, 15 is 'Burevestnik" stadium, 16 is a stadium at 
s"Tulpar" sport complex, 17 is Heating plant 1, 18 is Kazan medical-instrumental plant, 19 is "Tochmach" Kazan 

plant, 20 is "Nephis Cosmetics" PLC, 21 is Kazenergo, 22 "Kazan plant Electropribor" PLC, 23 is "Santechpribor" 
PLC, 24 is State Gunpowder Plant, 25 is Chimgrad, 26  is Heating plant 3, 27 is "Kazanorgsyntes" PLC, 28 is Ka-
zan helicopter plant, 29 is Heating plant 2, 30 is Kazan silicate building panels plant, LLC, 31 is Kazan reinforced 

concrete structures plant, 32 is Kazan aviation plant. 
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Figure 2. Dynamics of contaminants emissions into the atmosphere  

in Kazan  over 2006–2016. 
 

Gaseous and volatile organic sub-
stances, nitrogen oxides, carbon oxide, hy-
drocarbons, and suspended substances, are 
basic contaminants which pollute the at-
mospheric air. At each period from May to 
September, 2006-2016, on average 695 
cases when pollutants concentrations ex-
ceeded maximum permissible levels were 
registered in Kazan, 108 of them being re-
lated to suspended substances; 72, to car-
bon oxide; 244, to nitrogen dioxide; and 
113, to formaldehyde.  

The detected excesses cause risks 
for sportsmen's health. Registered air 
quality allows us to predict unfavorable 
impacts on respiratory organs, eyes mu-
cous tunics, as well as specific immune 
disorders (including allergic reactions 
evolvement). The highest risks occur for 
respiratory organs, and it is vital, first of 
all, for sportsmen who participate in com-
petitions being held at open-air sport facili-
ties in the city. Maximum hazard index 
(HI) related to respiratory organs is pre-
dicted to be equal to 32.8 on Kopyilova 
street in a zone where a sport complex is 
located which is 30 times higher than the 
permissible level. Risk for respiratory or-
gans  higher than 10 HI is predicted in a 
zone close to "Rubin" stadium. 6-7 HI 

which can be estimated as high risks can 
occur under certain conditions in a zone 
where "Electron" stadium is located. 

The detected risks of acute inhalation 
impacts are caused by a set of admixtures, 
however, basic contributions are made by 
not more than 10 priority admixtures out of 
280 examined at an exposure assessment 
stage.  

We determined that risks for respirato-
ry organs is primarily caused by the fol-
lowing substances: nitrogen oxides, sodi-
um hydroxide, sulfur anhydride, and dusts, 
including fine-dispersed ones. Contribution 
made by nitrogen dioxide into hazard in-
dexes varies from 12.9% to 62.3% in dif-
ferent locations; nitrogen oxide, from 1.4% 
to 12.4%; dusts mixture, from 8% to 
73.7%; sodium hydroxide, from 2.65% to 
26.9%; sulfur dioxide, from 3.6% to 
20.7%; ammonia, from 0.38% to 6.9%; ni-
tric acid, from 0.59% to 19.6%. Totally 
these contaminants cause from 84% to 
97% acute inhalation impacts risks for res-
piratory organs in various city districts. 
Other admixtures contribution doesn't ex-
ceed 1%. Share contributions made by pri-
ority admixtures change depending on a 
sport object location; however, priority 
contaminants remain the same.  
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Natural-climatic conditions exert sub-
stantial influence on hazardous substances 
accumulation in the atmosphere. Such fac-
tors as weak winds, surface inversions, and 
calm weather, are well-known to greatly 
influence hazardous substances distribution 
in the atmosphere thus determining its ca-
pability to clean itself [2, 15]. A ratio of 
repeatability of conditions making for 
admixtures accumulation (weak winds and 
fogs) to repeatability of conditions which, 
in their turn, make for admixtures elimina-
tion (strong wings and precipitations) is 
called air self-cleaning coefficient [16].  
In our research we calculated air self-
cleaning coefficient during a period from 
May to September, 2006-2016, and detect-
ed that the air in the city has partially fa-
vorable capability to clean itself from May 
to August (C`m= 0.96–1.14), and favorable 
conditions for admixtures dispersion were 
detected in September  (C`m=1,27). Long-
term average air self-cleaning coefficient 
values indicate that partially favorable 
conditions for admixtures dispersion pre-
vail from May to September (Figure 3). 

According to our analysis, favorable 
conditions for contaminants dispersion 
were observed only in 30.9% months over 
the examined period; in 69.1%, conditions 
were partially favorable or even unfavora-
ble. Weak winds (0–1 m/sec) repeatability 
makes the greatest contribution into occur-
rence of unfavorable conditions for air self-
cleaning. On average, mild winds (less 

than 4 m/sec) or even calm weather is ob-
served on 27-30% days in Kazan [12]. 
Admixtures accumulation in the atmos-
phere enhances in case of fog. A number of 
foggy days varied from 8 to 29 per year on 
average, and a number of days when condi-
tions for contaminants dispersion were un-
favorable, from 58 to 128 per year (Table 
1). 

 

 
 

Figure 3. Air self-cleaning coefficient var-
iability over 2006–2016 in Kazan: 

 1 – C'm >1,2 means favorable conditions for air self-
cleaning; 2 – 0.8<C'm < 1,2 means partially favorable 
conditions for dispersion; 3 – C'm < 0,8 – unfavorable 

conditions for dispersion 
 
Wind direction also plays a considera-

ble role in contaminants transfer in the at-
mosphere surface layers. We analyzed 
winds repeatability from May to Septem-
ber, 2006-2016 and detected that north-
west winds prevail in July, and west winds, 
in May, June, August, and September 
(Figure 4). 

Table 2 contains data on mutual influ-
ences exerted by air flows in various Ka-
zan districts depending on wind direction. 

T a b l e  1  
Number of days when meteorological conditions were unfavorable for admixtures dis-

persion in the atmosphere and foggy days in Kazan over 2006–2016 

Number of days 
Years 

2006 2007 2008 2009 2010 2011 2012 2013  2014 2015 2016 

Unfavorable for hazardous substances dis-
persion 71 127 129 99 81 58 114 97 118 122 90 

Foggy 24 29 8 12 12 15 12 17 19 14 16 
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Figure 4. Wind rose in Kazan from May to 

September, 2006–2016 
 

As we can see from Table 2, contami-
nants can be transferred from Avi-
astroitelniy, Bakhitovskiy, Moskovskiy, 
Kirovskiy, and Privolzhskiy districts terri-
tory when north-west and west winds pre-
vail. West winds repeatability from May to 
September amounted to 24.6%, and north-
west winds, 16.6%. When winds blew in  
other directions relative to industrial enter-
prises and sport objects locations, contami-
nants were detected in the air above open-
air sport facilities.. 

Conclusions. So, natural-climatic prop-
erties in Kazan are responsible for peculiar 
chemical structure of the atmospheric air in 
the city. The atmosphere above sport objects 

is polluted due to contamination sources 
which are located in the same administrative 
districts as open-air sport facilities and also 
due to contaminants transfer from the neigh-
boring districts. Our analysis proves it is 
necessary to perform further examinations of 
environmental quality on areas where sport 
objects are located in a large industrial cen-
ter. Besides, all the accumulated data should 
be applied in: 

– planning air monitoring during peri-
ods when sport events are held; 

– organizing work of priority enter-
prises during periods when meteorological 
conditions are unfavorable in order to min-
imize health risks for mass sport events 
participants and guests; 

– making changes into architectural 
and design plans on the city territory in-
cluding transport routes development; 

– further development and implemen-
tation of environmental protection 
measures at industrial enterprises in the 
city as Kazan strives to provide healthy 
life-style for its population and hopes to 
welcome both Russian and international 
sport events on its territory. 

T a b l e  2  
Mutual influences exerted by Kazan districts on each other depending on wind directions   

Contaminated dis-
tricts 

Contaminating disricts 
Aviastroitelniy Vakhitovskiy Moskovskiy Kirovskiy Privolzhskiy 

Aviastroitelniy N, NE, E, ES, 
S, SW, W*,NW SE, S S, SW, W SE, S, SW S, SW 

Vakhitovskiy N, NE, NW N, NE, E, SE, 
S, SW, W, NW S S, NW SE, S, SW 

Sovetskiy NW SW, W, NW W, NW SW, W SE, S, SW 
Novo-Savinovskiy N, NE, NW SE, S, SW W, NW SW, W, NW SE, S, SW 

Moskovskiy E, SE NE, E, SE N, NE, E, SE, 
S, SW, W, NW SE, S, SW SE, S 

Kirovskiy N, NE, E E, SE N, SE, E, NW N, NE, E, SE, 
S, SW, W, NW SE, S 

Privolzhskiy N, NW N, NE, NW N, NW N, NW N, NE, E, SE, 
S, SW, N, NW 

Note: * means wind directions prevailing in Kazan from May to September;    means winds, which car-
ry potentially contaminated air masses. 
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