IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

Analysis of the state of the air environment in Krasnoyarsk based on
atmospheric pollution indexes

To cite this article: AV Tokarev and N Ya Shaparev 2019 IOP Conf. Ser.: Mater. Sci. Eng. 537 062055

View the article online for updates and enhancements.

This content was downloaded from IP address 223.215.103.236 on 13/10/2019 at 04:57


https://doi.org/10.1088/1757-899X/537/6/062055

MIP IOP Publishing
IOP Conf. Series: Materials Science and Engineering 537 (2019) 062055 doi:10.1088/1757-899X/537/6/062055

Analysis of the state of the air environment in Krasnoyarsk
based on atmospheric pollution indexes

AV Tokarev ? and N Ya Shaparev %3

! Federal Research Center Krasnoyarsk Science Center of the SB RAS, 660036,
Krasnoyarsk, Russia

2 Institute of Computational Modeling SB RAS, 660036, Krasnoyarsk, Russia

% Siberian Federal University, 660041, Krasnoyarsk, Russia

E-mail: tav@icm.krasn.ru

Abstract. This study examines the state of the atmosphere in Krasnoyarsk in terms of sustainable
development, and based on atmospheric pollution indexes API-5, AQI. The data presented in
state reports on the state of the environment from 2007 to 2017, as well as monitoring data
obtained from automated observation posts located in the city territory were used.

1. Introduction

Being a natural mixture of surface layer gases, the atmospheric air is an essential component of the
environment. During the active industrial activity, large quantities of pollutants are emitted into the
atmosphere, the transfer and transformation of which depend on meteorological conditions, atmospheric
circulation, prevailing winds, terrain aeration, etc.

According to WHO, about 7 million people worldwide died of the air pollution in 2012 [1], which is
about 2 times higher than the previous showed estimates [2] and confirms that the air pollution is
currently the world's largest environmental health risk.

This study examines the state of the atmosphere in Krasnoyarsk in terms of sustainable development,
based on the analysis of data presented in State Reports "On State and Protection of the Environment in
the Krasnoyarsk Territory" for the period from 2007 to 2017, and data obtained from automated
observation posts, located in Krasnoyarsk.

2. Object of Study
Krasnoyarsk was founded in 1628 in the valley of the Yenisei River, partly framed by mountain ranges.
The favorable geographical location and presence of rich natural resources predetermined (since 1934)
the intensive development of industries in the city, which eventually led to a large amount of
atmospheric emissions. The city’s security from the winds additionally worsened the ecological situation
and led to occasional appearance of the city smog.

Currently, the city is located on both sides of the Yenisei extending for 25 km along the river, its size
in the transverse direction is about 10 km. According to the Krasnoyarskstat for 2018, the city’s
population is about 1 million.

3. Methods and Tools of Research
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3.1. Indicators of Sustainable Development for the Atmosphere
There are several systems of indicators of sustainable development in the world practice, among them
one of the most comprehensive in terms of coverage is the UN system of indicators of sustainable
development (132 indicators) [3].

The indicators of sustainable development to protect the atmospheric air (recommendations of the
UN Commission) are determined by the following indicators [3]:

¢ Input impact:
o Emissions of gases causing the greenhouse effect (CO,, CHa4, N>O); measured in gigagrams
(Go).
o Emission of sulfur oxides (SOx); measured in tons / year per person.
o Emissions of nitrogen oxides (NOx); measured in tons / year per person.
o Consumption of ozone depleting substances; measured in tons / year.
o States:
o Concentration of pollutants in the city’s atmosphere (ozone, carbon monoxide, suspended
solids, sulfur dioxide, nitrogen dioxide, nitrogen oxide); measured in mg / m®.
e Management:
o Expenses on the air pollution abatement; USD.

3.2. Indexes Used to Study the Air Pollution in Russia

In practice, two atmospheric pollution indexes are used: API for each substance and integrated API-5,
which examines the air pollution by five prior for the city substances [4]. Indexes characterize the level
of the air pollution during the year.

The API calculation is based on the assumption that at values on the level of the maximum
permissible concentrations (MPC), all harmful substances are characterized by the same effect on
humans, and with further increase in concentration, their degree of harmfulness increases at different
rates, depending on the substance hazard class. The API value for a single substance li and a complex
APl indicator for m substances | (m) are calculated by formulas (1).

i = () ki 1(m) = 51, () K (1)

where q; is the average annual concentration of the i-th pollutant; MPC; is its daily average maximum
allowable concentration; K; is a dimensionless coefficient showing the degree of danger of the i-th
substance in comparison with sulfur dioxide. K; values are 0.85; 1.0; 1.3; 1.5 for 4-, 3-, 2- and 1-st hazard
classes of substances, respectively.

The API 1;< 5 corresponds to a low level of pollution, 5 < I; < 8 —to an elevated level, from 8 < l; < 15
to a high level. Index I; > 15 characterizes a very high level of the air pollution.

3.3. Air Quality Index (AQI)

For an integrated assessment of the degree of the air pollution in many countries, standardized indicators
are used, i.e. atmosphere quality indexes. Among them, the most widespread is the air quality index
AQI, developed by the US Environmental Protection Agency [5]. It provides information on the
atmospheric air pollution in a simple and visual form. AQI scale of values from 0 to 500 is divided into
a number of categories: Good, Moderate, Unhealthy for Sensitive Groups, Unhealthy, Very Unhealthy,
Hazardous.

AQI is calculated based on concentrations of several pollutants: suspended particles with a diameter
of less than 10 microns (PM1o) and less than 2.5 microns (PM.s), carbon dioxide CO, sulfur dioxide
SO, nitrogen dioxide NO- and ozone Os. Calculation of this index is carried out sequentially for each
substance according to the formula of piecewise linear interpolation [5]:

AQI = M (¢ 0 Y+ gy AQI" = max[AQI] 2

Chigh—Clow
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where C is the average concentration of the pollutant, [Ciow, Chign] are the limits of the concentration
interval, in which C falls, [liow, Inign] is corresponding AQI value interval. The table with intervals is
given in [5]. The integral index AQI* is calculated as the maximum value for all pollutants AQIk, where
k is the type of substance.

3.4. Air Quality Monitoring Network in Krasnoyarsk

Now there are 7 automated observation posts (AOP) in Krasnoyarsk and its suburbs, which make
automatic measurement of mass concentrations of contaminants in the atmospheric air and
meteorological parameters. The collected data comes into the regional departmental information and
analytical system on the state of the environment of the Krasnoyarsk Territory (RDIAS) [6].

The Institute of Computational Modeling (ICM SB RAS) conducts research and development of
software and hardware to control the level of the air pollution. Based on the geoportal software and
technological platform [7] a scientific and research monitoring block was created [8, 9]. The system
provides data collection from external sources, data storage and aggregation, automatic calculation of
derived indicators, data upload and presentation via the web interface.

4. Results
4.1. Analysis of Pollutant Emissions According to UN Indicators

The initial data on the emissions of pollutants into the atmospheric air of Krasnoyarsk were obtained on
the basis of public information presented in state reports on the state of the environment [10].
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Figure 1. Gross Emissions of Pollutants into the Krasnoyarsk Atmosphere.

The gross volume of pollutants is a total characteristic of the amount of pollution entering the city’s
atmosphere for the year. Figure 1 shows change in gross emissions from stationary and mobile sources
to the air in Krasnoyarsk for 2007—-2017. Dashed lines indicate the corresponding trend lines and forecast
for 2018. Since 2013, changes have been added to the methodology for estimating the air emissions
from the road transport which led to a decrease in estimates by almost 50% [11].

From 2007 to 2017, gross emissions from stationary sources almost continuously decrease by about
4 tons per year. Emissions from road transport increase by about 3 tons per year. In 2017, the
contribution from mobile sources to the total emissions was about 38%.
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Table 1 demonstrates the structure of emissions of various pollutants into the Krasnoyarsk
atmosphere from stationary sources for 2007-2017. The figures show both a gross value of emissions,
and the value per person. Approximately 50% of emissions come from carbon monoxide. Gross
emissions of nitrogen oxides remain approximately the same for the period under review.

Table 1. Dynamics and Structure of Emissions of Various Pollutants.

Total Emission (tons/year)  Tqtal Emission EMission (kg/person/year)

Populatio Emission (kg/person/yea solid
X

n (*10° (tonS)/year Solids SOx CO NO 0 s SOx CO NOx

Year

2007 9325 163.9 343 28.0 830 155 175.8 36.8 30.0 89.0 16.6
2008 9485 150.4 29.0 285 744 156 158.6 305 301 784 16.4
2009 963.2 149.3 274 282 725 164 155.0 284 29.2 753 17.0
2010 979.6 147.1 26.7 284 711 16.2 150.1 27.2 29.0 726 16.6
2011 979.6 140.1 249 259 703 14.8 143.0 254 264 717 151
2012 1017.2 146.3 260 299 698 164 143.8 256 294 68.6 16.1
2013 1036.6 145.6 221 271 691 236 140.5 213 26.1 66.7 22.7
2014 1053.2 129.8 200 26.3 654 14.1 123.3 19.0 25.0 621 134
2015 1066.9 128.7 201 26.7 625 14.6 120.6 18.8 25.0 58.6 13.7
2016 1082.9 127.3 196 254 613 1738 117.6 18.1 235 56.6 16.4
2017 1090.8 117.6 173 227 588 165 107.8 159 208 53.9 151

4.2. Analysis of the Air Pollution Index
Table 2 shows the dynamics of changes of the annual atmospheric quality indexes in Krasnoyarsk:

e API-5is a complex index of the air pollution according to five pollutants prior for the city;

e Substances are priority pollutants (F — formaldehyde, BaP — benzo[a]pyrene, SS — suspended
solids, NO; — nitrogen dioxide, NHs — ammonia, Eb — ethylbenzene);

e S| (standard index) is the highest impurity concentration divided by MPC maximum one-time,
from the measurement data for all impurities in the city during the year;

o NP isthe highest MPC excess repeatability according to the measurement data at all observation
posts for all detected substances.

Table 2. Dynamics of the Annual Atmospheric Quality Indexes.

Year  API-5 Substances SI NP (%) Pollution level
2007 14.66 BaP, F, SS, NO; 12.8 27.7 very high
2008 1531  BaP, F, SS, NO,;, NO 18.0 23.3 very high
2009 18.56 BaP, F, SS 10.4 15.2 very high
2010 21.86 BaP, F, SS, NO; 20.4 23.2 very high
2011  23.75 BaP, F, SS, NO2, NHs 20.0 27.7 very high
2012 22.93 F, BaP, SS, NO; 17.0 29.0 very high
2013  17.05 F, BaP, SS, NO; 17.1 22.9 very high
2014  17.48 F, BaP, Eb 30.2 8.1 very high
2015 >7 F, BaP, SS, NO,, NO 18.5 18.0 high
2016 >14  BaP, F, NHs, NOy, SS 40.6 21.9 very high

2017 >14  BaP, F, NH3, NO>, SS 20.1 23.1 very high
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During the reviewed period, the level of pollution remains consistently very high. The main
impurities affecting the complex pollution index values are benzo[a]pyrene and formaldehyde.

4.3. Air Quality Index Analysis
For AQI calculation, the data on the level of the air pollution from 7 automated observation posts of the
RDIAS system were used. With regard to the AQI calculation, the source data set has several features:

e Ozone and dust PMio data are not available;
e Measurements on PM; s appeared only from the end of 2017,
e (aps in the data.

The full year 2018 was selected for analysis. The method of the AQI calculation uses the hourly data,
so the source data coming every 20 minutes was transformed into per hour statistics data. Since the
influence of individual components in the integral index was estimated, only hours containing data on
most of the available substances were selected, i.e. PM2s NO,, CO, SO.. The lack of data on suspended
particles PMso was compensated by data on PMz s, since they correlate and effects of the latter on health
are more significant [12]. To assess the city’s atmosphere state as a whole, the values were averaged at
all observation posts.
The processing results are presented in table 3, where:

e AQI" are average values for 2018;

e Components are average AQI values for each pollutant;

e Influence is the percentage of time when the corresponding pollutant was decisive for
calculating the total air quality index (the sum for all components may exceed 100%, if there
were moments in time when different substances had the same effect on the result);

e Number of hours is the number of hours for which there is data available on all pollutants.

Table 3. The Average AQI Values and the Effect of Individual Components for the Year 2018.

. Components Influence, % Number of
Month AQl “BMas NO; CO SO, PMss NO; CO SO,  hours
January 946 945 20.0 54 84 99.5 0.4 0 0.1 2280
February 118.1 117. 31.0 7.3 90 99.2 0 0 0.8 2381

8

March 80.7 78.2 29.6 42 1.7 91.0 8.8 0.1 0.4 2619
April 50.9 495 186 24 6.3 92.8 7.2 0 0.3 2722
May 388 378 118 23 86 94.2 2.8 0 3.4 2855
June 66.1 660 14.1 29 84 99.2 0.8 0 0 2443
July 845 842 139 3.7 29 98.7 14 0 0 2286
August 544 53.0 16.0 34 51 93.3 6.9 0 0.1 3405
September 53.7 505 233 44 4.0 855 14.8 0 0.3 2286
October 61.3 564 293 59 65 817 18.8 0 0.2 2534
November 579 539 233 6.0 738 76.3  20.7 0 4.0 3071
December 859 794 36.8 7.8 93 80.8 195 0 0.1 2131
2018 year 689 66.8 219 45 7.0 90.9 8.6 0 0.9 31013

The obtained data show that the main influence on the air quality index is caused by pollution by
suspended particles — 91%. A small contribution comes from nitrogen dioxide pollution — about 8.6%
and sulfur dioxide — less than 1% respectively.
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5. Conclusion

The analysis of the state of the atmosphere in Krasnoyarsk in indicators of sustainable development was
carried out on the basis of the data obtained from the State Reports "On State and Environmental
Protection in the Krasnoyarsk Territory" for 2007 — 2017. The results showed that gross emissions in
2017 from stationary sources amounted to 62%, and from mobile sources — to 38% respectively. The
structure of emissions of various substances in 2017 from stationary sources is as follows: carbon
monoxide — 50%, sulfur dioxide — 19.3%, solids — 14.7%, nitrogen oxides — 14%. From 2007 to 2017,
gross emissions from stationary sources almost continuously decrease by about 4 tons per year.
Emissions from road transport increase by about 3 tons per year. It should be noted that specific
emissions per person for all pollutants decreased during 2007 — 2017.

During 2018, the value of the AQI air quality index was determined online, based on the data received
from the RDIAS system and our calculations. The data on individual posts and on average in the city
showed that the determining component of the AQI value is the concentration of suspended particles
PMas.
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