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Abstract  Based on the monitoring data of the Central 
Lab of Estonian Environmental Research Centre, the 
statistical parameters and temporal variations of the fine 
particulate matter PM10 concentrations in the ambient air of 
North Estonian cities Tallinn, Kohtla-Järve and Narva have 
been analyzed. Variation trends of pollution levels have been 
identified. The fine particulate matter PM10 average 
concentrations in the ambient air of the industrial cities of 
Northern Estonia have decreased on the average 0.1–0.2 
μg/m3 per month in the past 5 years. The level of monthly 
maximum average concentrations over 24-hour period has 
decreased particularly quickly with a decrease rate of 0.3 to 
0.7 μg/m3 per month. It is shown that there are considerably 
strong correlation between the fine particulate matter PM10 
average concentrations and monthly maximum average 
concentrations over 24-hour period in the ambient air; the 
linear correlation coefficient is between 0.6 and 0.9. The 
created frequency distributions of fine particulate matter 
PM10 concentrations allow assessing the probabilities of 
development of hazardous pollution situations. 
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1. Introduction 
Chemical compounds that exist in the ambient air affect 

human health significantly. The nature of this effect depends 
on the physical and chemical properties of these compounds, 
their concentrations in the air and the time of exposure. The 
main reason of air pollution is human economic activity, 
especially industry, transportation, energetics and agriculture 
[1]. 

Air pollution is systematically reduced in the European 
Union, short-term and long-term objectives are formulated 
for reducing emissions and levels of the most significant 
pollutants. Significant air pollutants in the European Union 

(EU), including Estonia as a member state, are fine 
particulate matter (PM), ground level ozone (O3), sulphur 
dioxide (SO2), nitrogen oxides (NOx), ammonia (NH3), 
volatile organic compounds (VOC) and methane (CH4) [2, 
3]. 

The study of pollution conditions allows to design actions 
for reducing the ambient air pollution and also to evaluate the 
efficiency of the measures applied. The objective of 
monitoring the air pollutants is to identify the distribution of 
pollution levels over time and space and thus assess potential 
hazards to people’s health. 

2. Materials and Methods 
Fine particulate matter is part of the air pollution that 

affects people the most and determined to be a significant 
ambient air pollutant by the World Health Organization 
(WHO) [4]. The effect of particulate matter depends on 
their chemical composition and also on the particle size. 
The finer the particles, the more hazardous they are for the 
environment and human health. Finer particles linger in the 
atmosphere for a longer time and penetrate the human 
respiratory tract more easily. On the basis of diameter fine 
particulate matter is usually divided into fractions PM10 and 
PM2.5, where the index shows the maximum particle size in 
micrometers. PM10 are particles with aerodynamic diameter 
below 10 μm. Most of the particles coming from 
anthropogenic combustion processes belong into this 
fraction. 

In Estonia, the ambient air pollutant monitoring is 
performed by the Central Lab of Estonian Environmental 
Research Centre. The air pollution data is stored in the 
databases of Statistics Estonia (SE). Statistics Estonia 
(http://www.stat.ee/en) collects and stores data according to 
international classifications and methods. The monitoring 
data of gaseous pollutants in different Estonian cities are 
stored in SE databases since 1992. The measuring data of 
fine particulate matter exists since 2006 for Tallinn and 
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since 2009 also for the other industrial cities of Northern 
Estonia. 

In view of the effect of fine particulate matter and the 
fact that there is relatively few data about the fine 
particulate matter concentrations in Estonia, the objective 
set for this research is to analyse the dynamics and 
statistical parameters of fine particulate matter PM10 levels 
present in the ambient air of industrial cities of Northern 
Estonia, based on the data from Statistics Estonia. SE 
databases contain data about monthly average pollutant 
concentrations CMA, monthly maximum pollutant 
concentrations CMM and the number of times when the 
pollution level exceeded the limit value in a given month. 

The calculation of the monthly average pollutant 
concentrations in the air CMA is based on average 
concentrations over 24-hour period. The monthly maximum 
pollutant concentrations in the air CMM are calculated on the 
basis of average measured concentrations over a 24-hour 
period during a month. The monthly number of times when 
the pollution level limit value (LV) was exceeded shows 
how many times the permissible level has been exceeded 
during a month. In Estonia the permissible limit value of 
fine particulate matter PM10 average concentration over a 
24-hour period is LV24 = 50 μg/m3 [5]. 

The pollution situation monitoring concentrates on 
Tallinn, Kohtla-Järve and Narva (Figure 1). Tallinn is the 
capital of Estonia with ca 430 thousand residents and where 

the major part of Estonian industrial enterprises is 
concentrated. In the surroundings of Kohtla-Järve oil shale 
is mined. Kohtla-Järve is an industrial city where many oil 
shale processing enterprises are located. Narva is the 
third-largest city in Estonia with ca 65 thousand residents. It 
is important to mention that two biggest oil shale burning 
thermal power plants in the world are located in the vicinity 
of Narva (Narva Power Plants). Narva Power Plants give 
approximately 95% of the total energy production of 
Estonia. 

Statistical methods have been used to analyse the 
dynamics and specific characters of pollution levels [6]. 

3. Results 
The air pollution level is very variable over time, as it 

depends on many factors – pollution source location, 
emission dynamics, and meteorological situation (Figure 2). 
For that reason it is not possible to predict pollutant 
concentrations for a certain moment of time. However, it is 
possible to use data about pollution levels over a longer 
period to find parameters characterizing the changes of 
pollution levels with the help of statistical methods. That is 
to say every particular pollution situation may be regarded 
as a realisation of any potential pollution situations in a 
certain place with a certain probability of occurrence. 

 

Figure 1.  Map of Northern Estonia 
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Figure 2.  Changes in PM10  Concentration in the Air of Tallinn City Centre from July13 to 19, 2014 [7] 

The temporal variations of fine particulate matter PM10 monthly average concentrations and the temporal variations of 
maximum concentrations over 24-hour period are shown in the Figures 3 and 4 respectively. 

 

Figure 3.  PM10 Monthly Average Concentrations in the Cities of Northern Estonia in 2009–2013 



124  Analysis of Fine Particulate Matter Concentrations in the Ambient Air of the Industrial Cities of Northern Estonia  
 

 

Figure 4.  PM10 Maximum Average Concentration over 24-Hour Period in the Cities of Northern Estonia in 2009–2013 

Table 1.  Statistical Characteristics of Fine Particulate Matter PM10 Monthly Average Concentrations CMA, Monthly Maximum Concentrations over 
24-Hour Period CMM and Monthly Number of Times When The Pollution Level Limit Value (LV24) Was Exceeded In The Ambient Air in Tallinn, 
Kohtla-Järve and Narva In 2006– 2013. 

Statistical characteristic / City Tallinn Kohtla-Järve Narva 

CMA, μg/m3 

Minimum 4 6 1 

Average 20 16 15 

Median 19 14 14 

Maximum 49 46 30 

CMM, μg/m3 

Minimum 9 14 7 

Average 49 45 36 

Median 43 35 33 

Maximum 150 255 145 

No. of exceeding 
LV24 

Minimum 0 0 0 

Average 3 1 0 

Median 1 0 0 

Maximum 28 12 3 

 
First, we concentrate on the limits – both minimum and 

maximum – and the average (arithmetic mean and median) 
values of the changes in fine particulate matter PM10 
monthly average concentrations CMA, monthly maximum 
concentrations CMM, and the numbers of times when the 
limit values LV24 were exceeded (Table 1).In 2006–2013, 
the maximum value of fine particulate matter PM10 monthly 
average concentrations CMA was 49 μg/m3 in Tallinn. 
Maximum of PM10 average concentrations over 24-hour 
period CMM=255 μg/m3 has been measured in Kohtla-Järve; 
this value exceeds the permissible limit value more than 
five times. 

It appears that PM10 average concentrations show a 
decreasing trend. This decrease is described by a linear 
regression model 

 𝐶 = a ∙ 𝑛 + b, (1) 

Where n is the serial number of the month beginning with 
January 2009. The parameters of the regression model (1) 
characterizing the change in monthly average 
concentrations and maximum concentrations over 24-hour 
period are shown in the Table 2. PM10 concentrations have 
decreased 0.1–0.2 μg/m3 per month on the average. 
Monthly maximum concentrations over 24-hour period 
have also decreased with the time. This decrease, however, 
has been 3 to 5 times larger than the decrease of average 
concentrations. 

In addition to linear decreasing trend, the change of fine 
particulate matter concentrations also has a seasonal 
component. In the Figure 5 the annual cycle of PM10 average 
concentrations is shown. The highest PM10 pollution levels 
occur in April, May and July. The average concentration is 
the lowest in autumn, October and November. The seasonal 
change of PM10 pollution levels is similar in all the cities 
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included in this study. The average concentration is usually 
higher in Tallinn. 

The monthly maximum concentrations over 24-hour 
period are the highest in April and May (Figure 6). The 

maximum pollution levels are particularly high in the 
industrial city Kohtla-Järve in spring. Annual cycles of 
PM10 maximum concentrations in the cities of Northern 
Estonia do not significantly differ from each other. 

 

Table 2.  Linear Regression Models of the Change of Fine Particulate Matter PM10 Monthly Average Concentrations CMA and Monthly Maximum 
Concentrations over 24-Hour Period CMM in The Ambient Air in Tallinn, Kohtla-Järve and Narva during the Years 2006–2013; n is the Serial Number 
of the Month Beginning with January 2009 

City Monthly average, μg/m3 Monthly average maximum over 24-hour period, μg/m3 

Tallinn CMA = -0,19 n + 20,8 CMM = -0.53 + 53.7 

Kohtla-Järve CMA = -0.15 n + 21.1 CMM = -0.71 + 67,5 

Narva CMA = -0.09 n + 17,8 CMM = -0.27 + 44.6 

 

Figure 5.  Changes of PM10 Average Monthly Concentrations during a Year. Indications: MA – Monthly Average; YA – Yearly Average 

 

Figure 6.  Annual Change of PM10 Monthly Maximum Concentrations over 24-Hour Period. Indications: MM – Monthly Maximum; YM – Yearly 
Average of Monthly Maximums 
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But what is the correlation between PM10 monthly 
average and maximum concentrations is a question of 
interest. It can be seen in the Figure 7 that the correlations 
between average and maximum concentrations are fairly 
strong. The strength and direction of a linear relationship is 
described by correlation coefficient R: 

𝑅 = ∑ (𝐶𝑀𝐴𝑖−𝐶𝑀𝐴�������)(𝐶𝑀𝑀𝑖−𝐶𝑀𝑀�������)𝑘
𝑖=1

�∑ (𝐶𝑀𝐴𝑖−𝐶𝑀𝐴�������)2𝑘
𝑖=1 �∑ (𝐶𝑀𝑀𝑖−𝐶𝑀𝑀�������)2𝑘

𝑖=1

          (2) 

where is the number of pairs of data. 
In the case of Tallinn the value of the linear correlation 

coefficient R (2) is 0.88, in the case of Narva where the 
relation is the weakest; the correlation coefficient R 
characterizing the correlation between average and 
maximum concentrations is 0.62. 

Since the pollution levels form as a result of several 
random processes, they can be looked upon from a 
statistical point of view. It means that the pollution levels 
can be seen to correspond to some kind of a distribution 
regularity, a definite concentration becomes reality with 

certain probability. By dividing the values of monthly 
average concentrations into intervals of 4 μg, the relative 
frequency distribution of existence of average 
concentrations can be found (Figure 8). It can be seen that 
the most probable monthly average concentration in the 
observed cities is 12–20 μg/m3. In the case of Kohtla-Järve 
and Narva the maximum of the frequency distribution is 
sharp; in the case of Tallinn the distribution is more even. 
Significant decrease occurs not until at the concentration of 
40 μg/m3. 

The frequency distribution of PM10 monthly maximum 
concentrations (Figure 9) shows that maximum 
concentrations over 80 μg/m3 are rare. The distributions of 
PM10 maximum concentrations in Narva and Tallinn are 
similar. 

The distribution of maximum concentrations in 
Kohtla-Järve is of steeper nature. This is due to the small 
size of the city, the location of monitoring station in relation 
to the location of factories, and meteorological conditions 
(especially the wind direction).

 

 

Figure 7.  Correlation between monthly average concentrations and maximum concentrations over 24-hour period in the cities of Northern Estonia.R – 
coefficient of correlation; R2 – coefficient of determination. A – Tallinn; B – Kohtla-Järve; C – Narva 
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Figure 8.  Frequency Distribution of PM10 Monthly Average Concentration Values in Intervals of 4 ug. 

 

Figure 9.  Frequency Distribution of PM10 Monthly Maximum Concentration Values over 24-Hour Period in Intervals of 8 ug 

4. Conclusions 
The fine particulate matter PM10 average concentrations 

in the ambient air of the industrial cities of Northern Estonia 
have decreased on the average 0.1–0.2 μg/m3 per month in 
the past 5 years. The level of monthly maximum average 
concentrations over 24-hour period has decreased 
particularly quickly with a decrease rate of 0.3 to 0.7 μg/m3 
per month. The decrease of the air pollution levels, 
particularly those of maximum concentrations has been 
possible due to modernisation of technologies used in 
industry, and the pollutants emissions control according to 
the environmental protection guidelines of the European 
Union [2, 3]. 

There is a strong correlation between the fine particulate 
matter PM10 average concentrations and monthly maximum 
average concentrations over 24-hour period in the ambient 
air; the linear correlation coefficient is between 0.6 and 0.9. 

Particular pollution levels depend on many factors and 
for that reason they may be considered as random values 

that become reality with certain probability. The frequency 
distributions of fine particulate matter PM10 average 
concentrations and monthly maximum average 
concentrations over 24-hour period present in the ambient 
air allow assessing the probabilities of development of 
hazardous air pollution situations. 

The results of the analysis of fine particulate matter PM10 
present in the ambient air of the industrial cities in Northern 
Estonia show the decrease of the pollution levels and imply 
that the development probabilities for hazardous air 
pollution situations (CMM> 50 μg/m3) are small. 
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