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Abstract

In this work, features of an arrangement and localization of the main sources of soot emissions on the
territory of Krasnoyarsk city are considered. It is shown that under the conditions of the complex orogra-
phy, the circumstances to forming high urban air pollution levels by dust, soot and black carbon are
created. Thus, the stationary sources of Krasnoyarsk city throw out in air 129.8 thousand t of the polluting
substances a year. Emissions from the largest enterprises amount to 91.9 % of total amount (47.2 % —
RUSAL Krasnoyarsk OAO and 44.7 % — Heat Electropower Stations Nos. 1, 2, 3). The proportion of soot in
the total amount of emissions amounts to 3 %. But despite this, features of the emission sources arrange-

ment on the territory of the city can form a considerable human health risk level
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INTRODUCTION

Krasnoyarsk is one of the largest cities of
Russia with the population of more than 1 mil-
lion [1]. There are 649 industrial facilities and
almost 6086 stationary sources in the territory
of the city. Starting with 1986, the inventory
count of emissions in atmospheric air includes
more and more the polluting substances.

The emissions inventory into atmospheric air
of Krasnoyarsk in 1986 consisted of only 80
polluting substances [2], in 2005 — 203 and in
2012 [3] — already 248. Herewith, maximally
permitted concentrations were established for
611 substances [4]. Thus, the implementation
of new techniques of performing measure-
ments of the polluting substances in enterpris-
es emissions leads to the information emergence
on emissions of “new” substances while all these
“new substances” initially were already present
in them.

[0 Mikhailuta S. V. and Lezhenin A. A, 2016

The environmental measures implemented
from the federal and regional budgets are aimed
at reducing the negative impact on atmospheric
air from the industrial sector and in some cases
this leads to a decrease in emission volumes
(Table 1).

It can be seen that for a number of sub-
stances (sulphur dioxide, carbon oxide, sus-
pended matters, and gasoline) a steady decrease
in amounts of emissions is observed. But, at
the same time in 1986 in inventory count of
emissions completely there was no information
on amounts of emission of nitrogen dioxide,
nitrogen oxide, methane and soot. The observed
sharp increase in emissions of kerosene (from
28 to 161 t/y) and soot (from 500 to 3798 t/y)
between 2005 and 2012, during reducing num-
ber of the entities, is connected not with a pro-
duction growth in volumes, and with the next
revision of techniques of inventory count of
emissions.
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TABLE 1

Change of emission for the main polluting substances
and soot in Krasnoyarsk

Nos. # Air pollutant Emissions volume, t/y
1986 2005 2012

1 0301 NO, - 19496 17 209
2 0330 SO, 54 211 40795 35296
3 0337 CO 277170 101778 73738
4 2908 PM 99 356 40 620 22168
5 0328  Soot - 579 3798
6 0304 NO - 2301 2595
7 0410 CH,4 - - 2002
8 2704 Gasoline 838 219 109
9 2732 Kerosene 84 28 161

This monotonous process of the development
of ideas about emissions, in all cities of Rus-
sia, and substances coming to the urban atmo-
sphere with emissions, requires development of
new approaches to the solution of urban air
quality management problems. Measurements
of concentration and reasonable evaluation
methods of urban air pollutant dispersion esti-
mations shall be the cornerstone of these deci-

TABLE 2

Amount of the burned coal in a year in Krasnoyarsk

Sources of emissions Coal, ths. t/y
Heat Electropower Stations Nos. 1, 2, 3 2675
KrasTEK OOO, Local boiler houses Nos. 1-12 135

KrasCOM OOO Local boiler houses Nos. 1-10 40

Regional Thermal Company 70
KraMZEnergo 130
All others 94

Total, ths. t/y 3144

sions. Under control shall there are not only the
main (the dominating on amounts), but also all
substances capable to human health risk. At the
same time amounts of emission of these sub-
stances can make less than 1% of the total
amount of emissions.

This article describes the distribution of
emission amounts of soot on the basic sources
of Krasnoyarsk.

RESULTS AND DISCUSSION

The soot proportion in the total amount of
emissions for Krasnoyarsk amounts to about 3 %.

Fig. 1. Sources of emissions of soot in the territory of Krasnoyarsk.
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TABLE 3

Sources of soot emissions in the territory of Krasnoyarsk

Sources of emissions

Volume of emissions,

Share from the total Stack height, m

soot, t/y amount, %

RUSAI Krasnoyarsk 1670 39.7 80
Heat Electropower Station No. 1 339.5 11.1 180
The same, No. 2 20.6 180
The same, No. 3 1054 275
KrasTEK OOO, Local boiler-house No. 1 855 6.2 85
The same, No. 2 60.8 80
The same, No. 3 137 45
The same, No. 4 104 45
The same, No. 5 57.8 50
The same, No. 6 34 23
The same, No. 7 30 18
The same, No. 10 20 31
The same, No. 11 12 40
The same, No. 12 241 60
Municipal Local boiler-house No. 1 455 3.4 45
The same, No. 2 413 24
The same, No. 3 22.6 35
The same, No. 4 86 24
The same, No. 5 25 18
The same, No. 6 26 14
The same, No. 7 2.8 23
The same, No. 8 32 20
The same, No. 9 46 30
The same, No. 10 42 18
Local boiler-house Ladoga 48 45
Engineering Plant, boiler-house 130.7 3.1 120
Regional Thermal Company 166.4 4.0 120
PharmEnergo 193.3 4.6 70
Railway Car Repair Plant, boiler-house 222.2 5.3 120
City vehicles 410.7 9.8 >1
All others 545.6 13 -
Total volume of emissions, t/y 4209

Herewith, the sources of emissions cover even-
ly, the entire territory of the city (Fig. 1).

In the territory of Krasnoyarsk, the enti-
ties of metallurgy, three large heat electropow-
er stations and more than seventy small boiler
rooms are located.

All together the enterprises of heat power
engineering of Krasnoyarsk burn more than
3 million t of coal a year (Table 2).

It can be seen (see Table 2) that the bulk of
the burned coal is the share of three largest com-

bined heat and power plants. At the same time
the amount of emissions of soot from these com-
bined heat and power plants makes only 11 %.

Consider the distribution of emission
amounts of soot on the basic sources of Kras-
noyarsk (Table 3).

It can be seen (see Table 3), the amount of
emissions of soot in the atmosphere of Kras-
noyarsk from stationary sources in a year makes
3798 t and nearly 411t from motor transport.
At the same time, about 40 % of this amount,
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Fig. 2. Relief structure of the Krasnoyarsk Region.

emissions of RUSAL Krasnoyarsk OAO make.
About 30 % fall to the share of the entities of
power system. At the same time, emissions of soot
from only one Heat Electropower Station No. 1 are
comparable to amount of emissions from all mo-
tor transport in the city (about 400 thousand cars).

Another important feature in many respects
determining the nature and degree of the neg-
ative impact of soot emissions and black car-
bon with it in the modern cities is the localiza-
tion of the enterprises and sources. Thus, con-
sidering heights of stacks of the main sources
of soot it can be seen that emissions almost
evenly fill all high-rise niches, on which the
living territories and socially important city fa-
cilities are located (Fig. 2).

Krasnoyarsk is located on both banks of the
Yenisei River in its mean current on a joint of
three geomorphologic areas: 1) valleys of Yeni-
sei, 2) the plateaus adjoining to it and 3) East-
ern Sayan foothills.

The valley of the Yenisei occupies the pre-
vailing part of the city. The minimum absolute
elevation marks of a bottom of valley are dat-
ed for the bed of the river and change from
130—135 m above sea level (see Fig. 2).

The maximum heights with absolute marks
270—300 m (the right bank) and 160—250 m (the
left bank) are dated for water separate massifs.
In the southeast (the mountain Bald) heights
reach 600—700 m above sea level.

Industrial sources of emissions of soot in the
territory of Krasnoyarsk are located on the
right bank of the Yenisei River on the lower
terrace (140 m above sea level), and on left —
are located on heights (320, 260, 180, 160 m
above sea level). In case of any wind in resi-
dential territories considerable concentration of
soot and other hazardous substances can form.
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Fig. 3. Distribution of emissions volumes by stacks heights
at the Krasnoyarsk city territory.



BLACK CARBON, SOOT AND DUST PARTICLES IN THE ATMOSPHERE OF AN INDUSTRIAL CITY 451

Fig. 4. View on the main sources of emissions of soot from the residential area in Krasnoyarsk (at the left stacks 80 m high —
Krasnoyarsk Aluminium Smelter, in the centre three stacks of the Heat Electropower Station No. 3, 275, 180 and 90 m high).

At the same time, stacks of small boiler rooms
have the height from 14 to 40 m, stacks of the
sources located in the territories of the entities
are 60—85 m, and only large combined heat and
power plants have the highest stacks, 120—275 m.

Only 5 stacks in the city have height from
120 to 275 m, and all other stacks are lower than

85 m. At the same time the based mass of soot is
thrown out from stacks 60—85 m high (Fig. 3).

It can be seen (see Table 3 and Fig. 3) that
more than 2000 t of soot a year are thrown
out from stacks less than 100 m high, from the
entities which are located at the heights of re-
lief from 140 to 160 m above sea level. Thus
the main emission of soot is performed from

Fig. 5. The directions of winds at the meteorological station and in urban areas of Krasnoyarsk (data from 1995—2010
are averaged). At the top left corner is the Krasnoyarsk meteorological station (Index WMO 29570) and the numbered
points are the city weather and air pollution monitoring stations in Krasnoyarsk City.
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heights of 150—250 m above sea level. It is al-
most regularly distributed on all relief terrac-
es on which residential districts of the city and
socially important objects are located (Fig. 4).

At the same time getting to the lower layer
of the urban atmosphere soot, fine particles
and other polluting substances are not carried
away from the city in the southwest direction
as it the wind rose on a meteorological station
Krasnoyarsk (the VMO index #29570) assumes,
and extends practically on all urban areas and
quarters (Fig. 9).

Figure 5 shows that when the meteorologi-
cal station has prevailing wind from sector 180—
270°, some points has only two prevailing (di-
rections with highest probability) sectors for
wind streams: 45—55° (northeast direction —
opposite to the directions of winds at the me-
teorological station) and 135—145° (southeast
direction). At the same time another point has
prevailing winds from the west and southwest
for all years, while the winds near Aluminum
Plant are mainly from the northwest.

On Krasnoyarsk right bank, in the obser-
vation points in the city building development,
discrete wind directions located in narrow sec-

tors are also implemented. Thus, for example,
in station #8, winds blow all year round from
the direction of 225—235° (southwest direction).
All the other directions in this point are ran-
dom events.

Analyses of seasonal and by months of the
year the variability of wind directions in the
built-up area of Krasnoyarsk for the period
from 1995 to 2005 showed that the detected
changes (see Fig. 5) were stable and not sensi-
tive to changes in the wind direction at the
weather station. Obviously, the observed “dis-
tortions” in wind directions are associated with
features of the local urban area morphology.

All of this, the arrangement of sources of
emissions and urban micrometeorological fea-
tures caused the homogeneous and increased
level of urban air pollution in Krasnoyarsk by
particles of dust and soot (Fig. 6).

It can be seen (see Fig. 6) that according to
the calculations of dispersion of emissions ex-
ecuted in summary volumes of the maximum
allowable emission (MAE) for Krasnoyarsk, the
concentration of soot is in all districts of the
city is at the level of MPC and this is besides
the fact that as shown above the amount of
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Fig. 6. Estimated isolines of the concentration of soot in the Krasnoyarsk Territory.



BLACK CARBON, SOOT AND DUST PARTICLES IN THE ATMOSPHERE OF AN INDUSTRIAL CITY 453

emissions of soot makes only about 3 % from
the gross amount of emissions.

A similar picture is observed and for many others
dangerous and cancerogenic polluting substances.

CONCLUSION

Thus, research of questions of urban air
quality management requires special measure-
ments for all pollutants.
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AnHoTanmusa

B pabore paccMOTpeHbl 0COOEHHOCTY PACIIONIOMKEHNA Y JIOKAJIVBAINY OCHOBHBIX MICTOYHVKOB DMIUCCUN CaKI
Ha Teppuropmuy KpacHosapcka. ITokazaHo 4TO B yCJIOBUAX CJIOYKHOM oporpaduy CO3AAI0TCA YCJIOBUA K (popMu-
POBaHMIO BKCTPEMAaJIbHO BBICOKVX YPOBHEN 3arpA3HEeHNA YacTUIaMM IIbLIN M YePHBIM yriepogoM. Tak, BeIOpo-
CBbI B BO3JIyX CTALMOHAPHBIX UCTOYHMKOB KpacHospcka mocturaior 129.8 ThiC. T 3arpA3HAIOIMX BEIIECTB B TOJI.
BriOpoc ot kpynHenmmx npennpuAaTuii coctasadeT 91.9 % ot obmero oovema (47.2 % — OAO PYCAJI Kpacao-
Apck u 44.7% — TOI 1, 2, 3). Jona casxku B obiieM obbeMe BBIOPOCOB gocturaer npumepHo 3 %. Ho ms-3a
0COOEHHOCTEN PACIIOJIOMKEHN MCTOUYHMKY DMICCUIM HYEePHOrO yIJIepofa M Casky Ha TEPPUTOPUM TOPOJa MOTYT
[IPE/ICTABJIATh 3HAUNTEJBHYIO YTPO3Y 3/I0POBBIO HACEJIEHMA BBUAY 3arPA3HEHVA BO3AyXa 3TUMM YaCTUIIAMIL

KmoueBble ciioBa: 4epHbI yIJIEpOJ, Caka, MCTOYHMKM BBIOPOCOB, paccesHue, 3arpsasHeHne aTMocdeps! roposa,

Ka4eCTBO BO3OyXa






