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ABSTRACT 

The existing methodological approaches allows performing acoustic 
assessment in the territory with the allocation of zones of acoustic discomfort by 

-96) and by criteria of risk to public health 
(MP 2.1.10.0059-12). However, the zoning of the urban area is of a population 
nature and does not reflect the individual scenario of the development of noise 
events. This study examined the possibility of using the method of establishing an 
individual dose of noise as a measure of human contact with the noise factor. An 
individual dose of noise is one of the stages of assessing the risk to the health of the 
population with an estimate of the daily weighted average daily noise level (Lden), 
which includes the main normalized periods of human life (during the day (Lday) 
and at night (Lnight)). The proposed methodological approaches are tested on the 
example of pre-school institutions of a large urban settlement, including the 
influence of the main sources of industrial and traffic noise. According to the results 
of the study, it was established that the population
namely, pre-school educational institutions, do not form significant levels of noise 
exposure. The highest levels of noise exposure are formed in the residential area, in 
the zone of direct influence of transport infrastructure facilities. At the same time, 
the weighted average daily level of equivalent noise is formed at a high level, which 
is caused by the occupancy of the groups of preschool institutions and the level of 
noise generated by groups of people. In general, the influence of noise from certain 
factors of industrial, domestic or transportation origin requires justification in terms 

establish the main organs and systems exposed to noise, as well as to establish the 
age limit for the transition from one risk group to another under the conditions of 
the existing level of noise exposure. The results obtained make it possible to 
conduct timely assessments and develop an action plan to reduce the levels of the 
formulated public health risk in the context of dense urban development. 

Keywords: noise dose, noise exposure estimate, noise risk assessment, daily 
average noise dose, weighted average equivalent noise level.    

 

 



 
INTRODUCTION  

In recent years, the urgency of issues related to high noise pollution is 
increasing every year, which is primarily due to the growth of the motor vehicle 
fleet, an increase in railway transportation and passenger air traffic. The 
development of industry and enterprises has the opposite character, aimed at 
reducing the emitted noise at the source, which is associated with the introduction 
of the best available technologies ensuring maximum noise exposure reduction at 
the source, in the room, on the territory. The need to reduce the generated noise 
levels in the regulated areas is also explained by additional complaints to the 
regulatory authorities [1] and judicial appeals in case of exceeding the established 
hygienic noise standards [2]. In this regard, transport is a fundamental factor in 
acoustic environment formation in both small and large urban settlements. 

In 2017 on the territory of the Russian Federation according to the State reports 
"On the state of sanitary and epidemiological well-being of the population in the 
Russian Federation in 2017", in the structure of complaints of the population about 
poor living conditions, the largest share is noted for noise (58%), affecting the 
human environment [1].   

In the majority of cases, the population living under a certain level of noise 
exposure serves as an indicator of unfavorable environment creation due to noise 
factors according to the acoustic zoning results of the study area [3].  However, such 
an assessment is individual in nature and does not reflect the individual 
characteristics of human stay in different conditions and situations associated with 
the noise exposure. An individual noise dose, which might lead to possible creation 
and aggravation of diseases of cardiovascular and nervous systems, as well as 
hearing organs, has been used as an individual assessment of noise exposure. 

 a review of the scientific literature on the effects of 
noise pollution on human health and the development of scientifically based 
recommendations to protect public health from the adverse effects of noise [4].  The 
facts of public health disorders living under the influence of noise factor are found 
in many studies [5], [6]. 

Taking into account the current need to assess the impact of noise factor on 
public health, the scientific studies aim to obtain and study real information 
concerning the levels and dynamics of noise impact on the population in terms of 
spatial and temporal features of the acoustic situation. The existing methodological 
approaches to the development of noise maps of residential areas enable to assess 
the complex impact of noise from all territory sources, as well as to perform 
situational modeling and estimation of noise levels in different scenarios of urban 
environment [7]. Mathematical models of noise impact on health, including 
dynamic ones, make it possible to assess risks to the exposed population [8].    

This study presents the experience of assessing the risk of possible health 
disorders under the influence of noise, based on the noise exposure, established 
taking into account the individual noise dose, on the example of the child population 
staying in a preschool institution.    



THE AIM OF THE STUDY 

The study aimed to assess the individual noise dose of children while staying 
in preschool institution in a large urban settlement, associated with high traffic 
congestion, to assess the risk of possible health problems resulted from noise factor. 

The object of the study was the territory of three preschool institutions in Perm 
city (the total population of city amounts to more than 1 million inhabitants). The 
territory was characterized by high congestion in all modes of transport: 
automobile, railway, air. 

METHODS OF THE STUDY  

The assessment of the impact of the noise factor on the preschool population 
was based on the methodology for estimating the dose noise load based on 
instrumental measurements of noise levels for individual periods of time or 
individual noise events according to the methodological recommendations 

Medical and Preventive Health Risk Manage
proposed methodological approaches are based on the calculation of average 
weighted daily dose level according to the formula 1: 

, (1) 

where  

ND d.ave. is the average daily noise dose (Pa2); 

n is the sound pressure of the actual measured equivalent sound level for a 
certain period (Pa); 

tn is the time (period) of the impact of the measured noise level (noise event) 
(h); 

T is the total time counted - day (24 hours) (h). 

pden is the sound pressure of the average weighted daily noise level 
characterizing the daily dose (Pa). 

As part of the study, in three kindergartens, from February to August 2018, 
more than 300 instrumental measurements of the equivalent noise level inside and 
on the territory were carried out in order to assess the generated levels of transport 
noise and establish the connection between children's health disorders. The noise 
exposure level was assessed in the following areas: 

 Municipal Autonomous Preschool Educational Institution "Kindergarten No. 
370", Perm city (Perm city, Parkovy Ave., 26) (hereinafter referred to as 
kindergarten No. 370). The location of the kindergarten is characterized by the 



 
acoustic silence zone and is characterized by the general background influence of 
city noise (This kindergarten No. 370 is selected as the control territory).

 Municipal Autonomous Preschool Educational Institution "Kindergarten No. 
80", Perm city (Perm city, Motorostroiteley street, 14) (hereinafter referred to as 
Kindergarten No. 80). The location of the kindergarten is characterized by the 
acoustic impact zone of the railway line passing through the entire city in the valley 
of the Danilikha river at a distance of about 250 meters from the kindergarten. In 
addition, at a distance of about 330 meters, there is one of the largest highway in 
the city - Stakhanovskaya-Chkalova, which forms the general background pollution 
in the area where kindergarten No. 80 is located. 

 Municipal Budgetary Preschool Educational Institution "Savinsky 
kindergarten "Sozvezdie"" (Perm district, village Vanyuki, Zelenaya street, 29) 
(hereinafter referred to as kindergarten "Sozvezdie").  The location of the 
kindergarten is characterized by the acoustic impact zone of air transport and is 
located under the elevations of the take-off and landing zones of civil and state 
aircraft at a distance of about 500 meters from the runway course and at 1,400 
meters from the runway strip (hereinafter referred to as RWY). 

Instrumental measurements were carried out on weekdays during the daytime 
(7.00  19.00 (Lday)) to assess noise levels when children are staying in the 
kindergarten. In addition, it was assumed that in the evening (19.00-23.00 
(Levening), rest at home) and night (23.00-07.00 (Lnight), sleep at home) children 
were in conditions of permissible noise exposure level according to CH 
2.2.4/2.1.8.562-96 [2], with a noise exposure level of 40 dBA and 30 dBA 
respectively. 

The public health risk assessment at the control points was based on the 
calculated equivalent average weighted daily noise (Lden), which was introduced 
by the European Commission Directive 2002/49/EC dated June 25, 2002 [9]. 3 time 
intervals were taken into account: daytime (Lday), evening (Levening) and night 
(Lnight), when calculating average weighted daily noise level.  

To compare the data, the results of instrumental measurements of noise levels 
were associated with the results of acoustic calculations carried out on the model 
areas of kindergarten taking into account the contribution of transport noise. Model 
acoustic calculations were carried out within the district, where kindergarten is 
located, taking into account additional sources, transport noise in particular, to 
determine the formed background. The modelling was carried out with using 
geoinformation technologies (GIS) with the creation of shielding, nodal calculated 
points and calculated rectangles for visualization of acoustic discomfort zones. 
Acoustic calculations are carried out using the software package "Ecologist-Noise" 
version 2.4 ("Integral"), implementing the basic regulations on noise transmission 
through the territory [10]. 

As part of the data comparison, the results of acoustic calculations and the 
results of instrumental measurements were connected by establishing the 
correspondence coefficients between the two types of data in the control points of 
the territory, and further inter - and extrapolation of data according to the Delaunay 



method [11]. Using the data obtained, the average weighted daily noise level was 
calculated, which was assumed as the average annual noise level in the study area. 

Public health risk assessment was carried out according to methodological 

recommendations MP 2.1.10.0059-12 through the calculation of risk index (

) [8]. The methods is based on the average weighted daily level of equivalent noise, 
which characterizes a personal stay under specified noise conditions. These 
conditions of stay of children in kindergarten were adopted to assess the chronic 
effects of noise on humans with an assessment of the possible risks to public health 
with prolonged exposure to established noise levels. 

MAIN RESULTS  

Instrumental measurement results  

According to the instrumental measurement results, levels of noise exposure in 
stay of preschool children in the territory of kindergarten (indoor and outdoor) were 
determined. Noise level measurements were carried out during various activities 
corresponding to the day mode in kindergarten. Table 1 shows the measurement 
results in the three studied kindergarten. 

Table 1  The results of instrumental measurements in kindergarten No. 370, No. 
80, kindergarten "Sozvezdie" 

No. 

Day schedule of children staying in 
kindergarten 

(07.00-19.00, in accordance with p. 1-15) 

Duration 
of the 
event 
(hour) 

Average per period, dBA 

Kinder 
garten 

No. 370 

Kinder
garten 
No. 80 

Kinder 
garten 
"Sozve
zdie" 

1 The arrival of children to the kindergarten, 
free games, independent activities 

1 67 71 69 

2 Morning gymnastics 0.083 68 68 69 

3 Preparation to the  breakfast, breakfast 0.5 56 59 58 

4 Games, children's   independent activity, 
individual work with children 

0.417 60 63 65 

5 Organized  educational activities 0.667 56 56 61 

6 Second breakfast, preparing for a walk 0.167 59 62 58 

7 Walk 2 64 68 66 

8 Return from a walk, independent activities 0.25 66 71 69 

9 Preparation for the lunch, lunch 0.417 64 63 53 

10 Preparation for the nap, daytime nap 2.5 31 31 47 

11 Gradual waking up,   waking up gymnastics 0.333 50 46 48 

12 
Games, independent   and organized 
educational activities; individual work with 
children 

0.667 68 71 70 



 

13 Preparation for the   full afternoon snack, full 
afternoon snack 

0.333 55 57 59 

14 Games, children's   independent activity, 
individual work with children 

0.667 66 71 68 

15 Preparation for a walk, walk, going home 2 67 69 71 

16 Rest at home   19.00-23.00 4 40 40 40 

17 Sleep at home   23.00-07.00 8 30 30 30 

Summary results of instrumental measurements show that noise exposure 
levels up to 68 dBA, including outdoor activities, are observed for kindergarten No. 
370. Primarily, elevated levels of noise exposure might be associated with 
maximum number of children per group, which proportionally increases the noise 
exposure in the group in general, and affects the individual dose of noise in 
particular. It should be noted that background noise pollution in the area adjacent 
to the kindergarten amounted to 46.3 dBA. The total exposure level, taking into 
account the children's walk, amounted to 64 dBA. 

As for kindergarten No. 80, the highest measured levels were 71 dBA, taking 
into account the daily walk, which is characterized by the proximity of the railway 
line relative to kindergarten passing through the territory of the urban settlement. 
The average value of background noise in the area adjacent to the kindergarten 
amounted to 55.3 dBA. The total exposure level, taking into account the children's 
walk, amounted to 68 dBA. 

The measurement results in the kindergarten "Sozvezdie" were at the level of 
71 dBA in some periods of children's stay in the kindergarten. Background noise in 
the area adjacent to the kindergarten amounted to 52.6 dBA, the total exposure 
level, taking into account the walk, was 66 dBA. It is necessary to point out that the 
absence of elevated noise levels during periods of flight of state aircraft is caused 
by the absence of children on the territory of the kindergarten; the exposure inside 
the premises of the kindergarten is shown in the instrumental measurement results. 

Acoustic calculation results. 
To assess the noise exposure based on an individual noise dose, it makes sense 

to use the results of acoustic calculations, in addition to instrumental measurements, 
to assess the influence of external sources on indoor levels and to take into account 
additional noise sources as a background [12]. 

The location of the kindergarten No. 370 is characterized by the acoustic 
silence zone and by the general background influence of city noise. The 
kindergarten is located in the second zone of capital facility in terms of the nearest 
noise sources - city roads on the following streets: Parkovy Avenue, Podlesnaya 
street, Comissara Pozharskogo street, Zhelyabova street. The influence of railway 
transport in the territory of kindergarten is absent due to the significant distance 
from the railway lines. In addition, the background noise pollution is created from 
the flights of civil and state aircraft (hereinafter referred to as aircraft) near the 
kindergarten, the take-off and landing routes of which are located at a distance of 



about 1000 meters from the kindergarten. The acoustic calculation results are shown 
in fig. 1.

 

Figure 1  Acoustic calculation results of noise load in the area of kindergarden 
No. 370 

According to the acoustic calculation results, it was found out that during high 
intensity of road traffic (at the average up to 24336 cars pass through the busiest 
highways per day), the calculated noise levels in the territory of the kindergarten 
were at the level of 40  45 dBA, which meets the established hygienic standards 
for the territory of residential development [2]. 

The location of the kindergarten No. 80 is characterized by the acoustic impact 
zone of the railway line and background pollution because of largest highways in 
the city. The kindergarten is located in one of the central districts of the city in the 
valley of the small river Danilikha and bounded by Motorostoiteley and 
Marshrutnaya streets. There are no many capital facilities around the kindergarten, 
which eliminates noise shielding of transport infrastructure facilities on the 
kindergarten. The acoustic calculation results are shown in fig. 2a. 

    

a    b 



 
Figure 2 Acoustic calculation results of noise load in the area of kindergarden 

No. 80 (a) and "Sozvezdie" (b)

The acoustic calculation results have shown that during high intensity of road 
traffic (at the average up to 41520 cars pass through the largest highway 
Stakhanovskaya-Chkalova per day) and quiet intensity of railway traffic (up to 3 
trains per hour), the calculated noise levels in the territory of the kindergarten were 
at the level of 60  65 dBA, which does not meet the established hygienic standards 
for the territory of residential development [2].   

The kindergarten "Sozvezdie" is located on the territory characterized by the 
acoustic impact zone of air transport and is located under the elevations of the take-
off and landing zones of civil and state aircraft at a distance of about 500 meters 
from the runway course and at 1400 meters from the runway strip. The kindergarten 
is located in Vanyuki village, Perm district, Zelenaya street. There are no many 
capital facilities around the kindergarten, which eliminates noise shielding of 
transport infrastructure facilities on the kindergarten, flights of civil and state 
aircraft in particular. The acoustic calculation results are given in fig. 2b. 

According to the acoustic calculation results, it was found that during high 
intensity of road traffic (at the average up to 38280 cars pass through the highway 
Perm-Kultaevo per day), the calculated noise levels in the territory of the 
kindergarten were at the level of 55  60 dBA, wh ich meets the established hygienic 
standards for the territory of residential development (55dBA) [2]. 

Estimating an individual noise dose  

In the framework of this study and according to the developed methodological 
approaches, an individual noise dose in each kindergarten was calculated, based on 
the results of instrumental studies in places where children stay.  

As a result of the individual noise dose assessment calculated according to day 
schedule of children staying in kindergarten, the following results were obtained for 
the study areas:  

 in kindergarten No. 370, the excess of the average daily noise dose is 22.2 
times, which forms an equivalent level of average weighted daily noise of 61.1 
dBA;  

 in kindergarten No. 80, the excess of the average daily noise dose is 46.6 
times, which forms an equivalent level of the average  weighted daily noise of 64.3 
dBA;  

 
41.8 times, which forms an equivalent level of the average weighted daily noise of 
63.8 dBA. 

Public health risk assessment 

As part of the substantiation of the evidence of the harmful effects of noise 
factors on children, a procedure for assessing the risk to children's health attending 



kindergarten in accordance with MR 2.1.10.0059-
8] was carried out in the framework of this study.

According to the results of the hygienic study "Public health risk assessment" 
the following results were obtained: 

In children attending kindergarten No. 370 from 3 years old age and living (for 
the future) in the exposed territory throughout their life under equivalent level of 
the average weighted daily noise of 61.1 dBA, the following  risk levels are created:  
a moderate risk of cardiovascular disorders arises by the age of 52, with a transition 
to a high at 85 years, and an extremely high one at 87 years; a moderate risk of 
disorders of the nervous system occurs at 65; a moderate risk of hearing impairment 
is not formed. 

Kindergarten No 80. equivalent level of the average weighted daily noise of 
64.3 dBA was formed, which led to the following risk levels for person living from 
3 years old age and throughout their life: a moderate risk of cardiovascular disorders 
arises by the age of 25, with a transition to a high at 57 years, and an extremely high 
one at 66 years; a moderate risk of disorders of the nervous system occurs at 56; a 
moderate risk of hearing impairment is not formed. 

In children attending kindergarten "Sozvezdie" from 3 years old age and living 
(for the future) in the exposed territory throughout their life under equivalent level 
of the average weighted daily noise of 63.8 dBA, the following risk levels are 
created: a moderate risk of cardiovascular disorders arises by the age of 27, with a 
transition to a high at 60 years, and an extremely high one at 68 years; a moderate 
risk of disorders of the nervous system occurs at 57; a moderate risk of hearing 
impairment is not formed. 

Table 2 presents a summary table of the critical age points of risk transition 
from one category to another. It should be noted that for the risk assessment, the 
established individual noise dose is considered as a measure of human contact with 
the noise factor throughout life. 

Table 2  Critical age points of risk transition from one category to another. 

Point number 
Noise 
level, 
dBA 

Age of transition from 
low to moderate risk 

Age of transition from 
moderate to high risk 

Age of transition from 
high to extremely high 

risk 

Hearin
g 

CVS NS 
Hear-
ing 

CVS NS 
Heari

ng 
CVS NS 

1 2 3 4 5 6 7 8 9 10 11 

Kindergarten 
No. 370 61.1 - 52 65 - 85 - - 87 - 

Kindergarten 
No. 80 64.3 - 25 56 - 57 - - 66 - 

Kindergarten 
"Sozvezdie" 63.8 - 27 57 - 60 - - 68 - 

* A dash in the table "  " indicates that an unacceptable risk to the organ or 
systems is not created because of the noise factor.  



 
The highest level of equivalent average weighted daily noise was formed in the 

kindergarten No. 80 and amounted to 64.3 dBA. Table 3 shows calculation of the 
risk of health problems in children staying in kindergarten No. 80 and subsequently 
residing in the exposed territory  

Table 3  Calculation of the risk of health problems in children staying in 
kindergarten No. 80 

Age 

Reported   
risk of 
hearing 

impairment 
caused by 

factor  

Reported   risk 
of diseases of 

the 
cardiovascular 
system caused 
by the factor 

Reported   risk 
of diseases of 
the nervous 

system caused 
by the factor 

Reported   risk of 
diseases of the 

circulatory system, 
nervous system and 

hearing organs   caused 
by the factor  

3 0.001 0.004 0.002 0.007 

4 0.001 0.005 0.003 0.009 
5 0.001 0.006 0.004 0.011 

10 0.003 0.014 0.008 0.024 

15 0.004 0.023 0.012 0.039 
19 0.005 0.033 0.015 0.053 
20 0.006 0.036 0.016 0.057 

25 0.007 0.051 0.020 0.078 
30 0.009 0.071 0.025 0.103 
40 0.013 0.131 0.034 0.172 

50 0.017 0.235 0.044 0.281 
55 0.019 0.315 0.049 0.361 

56 0.019 0.334 0.050 0.380 
57 0.020 0.354 0.051 0.400 
60 0.021 0.424 0.055 0.467 

65 0.024 0.577 0.060 0.612 
66 0.024 0.615 0.061 0.647 
70 0.026 0.799 0.066 0.817 

80 0.032 1.000 0.078 1.000 
90 0.038 1.000 0.090 1.000 
95 0.041 1.000 0.097 1.000 

CONCLUSION 

The study devoted to the assessment of impact of traffic noise on the health of 
children staying in the kindergarten, based on the developed methodological 
approaches to establishing an individual noise doses and the current methodology 
for public health risk assessment enables to draw the following conclusions: 

 at almost all stages of children's staying in kindergarten there were observed 
exceedances of the established maximum permissible limit [2].  The obtained 
results of instrumental measurements show and prove that the main source of noise 
in rooms is self-induced noise usual for a person or a group of persons;  



sources of urban noise form the background noise level, which impact on the 
local and inter-block territory does not create significant excess noise levels;

 assessment and management of noise exposure is purely individual in nature, 
associated with the mode of life of each person individually;  

 the proposed methodological approaches make it possible to assess and make 
a forecast of the development of the situation when a person is exposed to noise 
with a subsequent decrease or exclusion of a harmful effect on a person.  

According to the results of a hygienic study to assess the impact of noise factor 
on the health of the child population attending kindergartens, using the 
methodology for assessing an individual noise dose, the following conclusions can 
be drawn: 

 at all stages of the hygienic assessment according to the daily schedule of the 
kindergarten, there were observed exceedances of the established hygienic 
standards for rooms and sleeping quarters in the preschool facilities according to 
the CH 2.2.4/2.1.8.562-96, except for daytime sleep (for the kindergarten No. 370 
and No. 80) which is caused by the stay of children in the kindergarten, which is 
the main source of noise inside;  

 for individual territories, levels of background noise pollution on the territory 
of the kindergarten without the presence of children were formed within the limits 
of the established maximum permissible limits, and are 46.3 dBA and 52.6 dBA for 

respectively.  
Background noise pollution on the territory of kindergarten No. 80 was slightly 
exceeded and amounted to 55.3 dBA; 

 the cumulative level of noise exposure in the territory of the kindergarten 
(transport noise and children's stay) exceeded the established maximum permissible 
limits in all the studied territories: kindergarten No. 370 - 64 dBA, kindergarten No. 
80  68 dBA, kindergarten "Sozvezdie"  66 dBA;  

 the increased levels of noise exposure in kindergarten No. 370 are due to the 
maximum number of children per group, whereas in kindergarten No. 80 those are 
due to the proximity of the location of the railway. The absence of increased noise 
levels during periods of flight of state aircraft in the kindergarten "Sozvezdie" is 
due to the absence of children on the territory of the kindergarten during the period 
of flight of aircraft.  
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