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Abstract: Modeling of air pollution of the industrial zone of Kemerovo city using a special module of the ERA
software complex. The complex index of air pollution by priority pollutants (nitrogen oxides, sulfur dioxide,
carbon monoxide and polycyclic aromatic hydrocarbons, including benzopyrene and suspended solids) was
calculated using the modeling data. It is determined that the zone of maximum pollution from emissions sources
reaches 4 km in the prevailing wind direction. Anatomic and morphological characteristics of common birch
Betula pendula (Roth.) leaves affected by emissions of the industrial zone of Kemerovo city were investigated.
The maximum changes in these  characteristics  were identified at a distance of 1 km from the industrial zone.
The most clear negative changes appeared as the reduction in the thickness of the cuticle and width of the
lower epidermis cells. A statistically  significant increase in the thickness of the pallisade and spongy
mesophyll, thickness of a lamina and thickness of the upper epidermis tissue were determined as the adaptive
changes. There are significant correlations of the complex index of air pollution with anatomic-morphological
characteristics of  birch  lamina:  thickness  of lamina, thickness of the lower epidermis, thickness of pallisade
and  spongy  mesophyll. The study results revealed the significant effect of emissions of industrial zones on
the anatomical and morphological transformations of the lamina of Betula pendula (Roth.).
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INTRODUCTION serve  as   the  appropriate environmental  indicators of

The industrial zone of Kemerovo city including in the literature sources that chronic effect of air toxicants
Kemerovo Hydro power plant, Khimprom Ltd. and Koks causes the serious changes in the anatomical structure of
Ltd., is the general  source  of  air  pollution in the city. plant leaves and needles [2, 3].
This zone is located on the border of Central and Therefore, the aim of our study was to examine the
Zavodskoy districts of the city close to the residential anatomic and morphological characteristics of leaves of
zones. Nitrogen oxides, sulfur dioxide, carbon monoxide Betula pendula (Roth.) and their relationship with the
and polycyclic aromatic hydrocarbons, including total air pollution in Kemerovo city affected by industrial
benzopyrene and suspended substances are general emissions.
emissions of these industries. To fulfill the objectives, the conditions of pollution

It is known that  the  wood plants characterize by were modeled on the test sites and anatomic-
high sensitivity to anthropogenic load, therefore, can morphological signs of leaves of Betula pendula (Roth.)

the  conditions  of  the  urban  territories  [1].  It  is noted
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were studied. This work was supported by the integration
project no. 84 of Siberian Branch, Russian Academy of
Sciences.

MATERIALS AND METHODS 

Six  test  (monitoring)  sites  (MS)   located    along
the  flame  trail  of distribution of  emissions from
industrial zone  were   selected   for    monitoring   (MON)
(according   to    southwestern    wind       direction)
(Fig.1).

Studies were conducted during summer of 2009–2011.
To estimate the average parameters over a long period of
air pollution in Kemerovo city, a special module of the
ERA software complex developed at the Voeikov Main
Geophysical Observatory (St. Petersburg, Russia) was Fig. 1: Location of the test sites for monitoring on the
used to verify the conformity of the short- and long-turn map of the Kemerovo city.
models [4-5]. ERA complex can be applied for standard
calculations of the air pollution (www.logos-plus.ru) and The inventory data from the materials of the
allows the use of standard databases accumulated in the consolidated volume of maximum permissible emission
formats of the ERA software complex, easy and developed (MPE) of Kemerovo city [6] of priority emissions of the
interface and all text and graphics capabilities for enterprises of the industrial zones, nitrogen oxides,
representation of the results (including creation of the sulphur dioxide, carbon monoxide, benzopyrene and
digital and raster maps). For linear and site sources, there suspended solids (ash, soot, etc.) were also used in
is a procedure of integrating with step depending on calculations.
remote point distance from the source and a step is limited Conditional  dimensionless  complex  index (CI) of
by 3% computational error. total average annual air pollution was calculated during

The general ratio for calculation of the average value modeling, CI= C / MPC a  + C / MPCa  +......+ C /MPCa ,
over a long period of concentration of C in the point with where C is the average ground concentration, MPCa-
polar coordinates (r, ) relatively to the source is: average daily maximum permissible concentrations (MPC),

(1) This indicator is not hygienic standard criterion therefore

where M (g/s) is average emission from the source over anthropogenic load” created by the industry through
period of averaging. Description of definitions and atmospheric  transport  of  pollution on the certain
formula for the integrand function q and the effective territory of the city.
height of the source H  are presented in [5]. The equation Betula pendula (Roth.) served as the object ofe

(1) includes three functions representing the density anatomical studies in average-age generative state,
distribution: wind direction p ( ); wind speed p (u); growing in the zone of the industrial emissions. Five trees1 2

dimensionless  parameter  of intensity of turbulent from each test site were used in experiment. One-year
mixing p ( ). For normative calculations, these shoots with leaves were collected from the middle part of3

distributions  that  determine  the behavior of  long-term the South side crown and fixed in the 60% ethyl alcohol
air pollution in the vicinity of the source were received solution. For anatomical studies, the middle part of each
together with the other parameters at the Voeikov Main leaf was transected and placed in glycerin. The study of
Geophysical Observatory. The function p ( ) was the anatomical and morphological characteristics of the1

obtained from the standard  8-rhumba  wind  rose by leaves was performed using a microscope Aksioskop-2+
interpolation, which is defined in [5]. (models ZEISSN HBO103 and N XBO75 (Germany)) with

1 1 2 2 n n

the indices 1, 2, 3,....n are the pollutants mentioned above.

only a part of the considered substances possess the
unidirectional effect on a man, which is “the total
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the data delivery software. The thickness of the lamina, More significant differences between the studied
cuticle, the upper and lower epidermis, pallisade and
spongy mesophyll were determined. The study results
were statistically processed using Statistica ver. 6.0
software. Reliability of differences in anatomical
parameters was determined by the Student t- test at a
significance level of 0,05.

RESULTS AND DISCUSSION

The values of the complex index (CI) of air pollution
on test sites are presented in Table 1. The data shows that
the CI values are distributed in the decrease order of the
distance from the industrial zone.

The  significant  difference  between  the  values  of
CI was noted between 1-4 test sites, at a distance of 4 km
from the pollution sources. CI values from 1 to 4 test sites
are distributed in following order 17,97 > 10,43 > 8,13 >
6,87. Significant differences in the CI values were not
observed from 4 to 6 test sites (at a distance 4-6 km from
the emission sources), as this indicator varies within the
range from 6,87-6,21.

It was determined that the changes in anatomy and
morphology of lamina of Betula pendula (Roth.) are
nonlinear and depend on the distance from industrial
zone.

parameters were observed at a distance 2 km from
emission sources at test sites 1 and 2 compared with test
site 6, which is the most distanced from the industrial
zone. Moreover,  there  are  negative and adaptive
changes found in Betula pendula (Roth.) A tendency to
reduction of the thickness of the cuticle and width of the
lower epidermis cells compared with test site 6 by 22 and
17 %,  respectively   was   observed   at   the distance 1 km
(test site 1) (Table 2).

The significant adaptive changes in anatomy and
morphology of Betula pendula (Roth.) were identified in
the adjacent zone to the industrial zone that, apparently,
provides the birch  with  high resistance to the pollution.
In particular, there was statistically significant increase in
the  thickness  of  the  pallisade and spongy mesophyll
(by 27 and 28 %), thickness of a lamina (by 22 %) and the
thickness of the upper epidermis tissue (by 19%) found in
the Betula pendula (Roth.) on test site 1 compared with
test site 6 (Table 2, Fig. 2). It is known that the leaf
mesophyll is a complex structure formed by different
tissues (pallisade and spongy cells) and filling internal
space of the leaf. The total surface of mesophyll cells
determines the rate of photosynthesis [7].

The studied parameters on the test sites 3 and 5
changed without clear tendency and their values were
insignificant compared with test site 6.

Table 1: The values of the complex index of air pollution in the tested sites

Number of test site Type of test site Complex index

1  park at the entrance of the hydroelectric power station 17,968
2  Gorkiy park (near sports complex) 10,429
3  territory of Yunatov station (Shakhterov street, 10) 8,132
4  territory of Zhuravlik sanatorium (Tereshkovoi street, 7) 6,871
5  Shakhterov park (between Shakhterov prospekt and Institutskaya street) 6,281
6  the yard of rural hospital (Avrory street, 12) 6,208

Table 2: The anatomical characteristics of the structure of the birch leaf lamina affected by industrial pollution of the Kemerovo city.

Number monitoring site
-----------------------------------------------------------------------------------------------------------------------------------

Characteristics 1 2 3 4 5 6

Thickness of lamina, ìm 176.1±8.0* 140.4±5.6 137.9±6.5 165.3±3.4* 148.1±1.3 144.2±4.4
Height of the upper epidermis cells, ìm 23.5±1.0* 21.6±0.5 19.6±0.7 29.4±1.4* 19.4±0.9 19.7±0.7
Width of the upper epidermis cells, ìm 22.1±1.0 19.9±0.9 22.4±0.7* 22.9±0.8* 22.8±0.9* 20.1±0.7
Height of lower epidermis cells, ìm 14.2±0.5 11.2±0.6* 10.6±0.4* 12.9±0.6 12.4±0.5 12.8±0.5
Width of lower epidermis cells, ìm 17.7±0.9* 20.1±0.9 21.8±1.1 20.0±0.9 19.8±0.8 21.3±0.8
Thickness of pallisade mesophyll, ìm 72.2±2.8* 49.7±2.3 48.3±2.1* 58.2±1.1 58.5±1.9 56.7±1.6
Thickness of spongy mesophyll, ìm 74.6±3.1* 62.7±3.1 60.0±2.2 66.6±2.1* 64.4±1.4 58.2±1.7
Width of cuticle, ìm 4.9±0.12 4.1±0.16 4.7±0.22 6.2±0.32 5.4±0.17 6.3±0.28

Note: * - significant differences from test site 6
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(a) (b)
Fig. 2: Transversal section of a leaf of silver birch

growing affected by industrial emissions.  A, - test
site 1 (park at the entrance of the hydroelectric
power station), B, - test site 6 (the yard of rural
hospital). 1, - upper epidermis, 2, - pallisade
mesophyll, 3, - spongy mesophyll, 4, - lower
epidermis.

There are many papers in international literature on
the  effect  of  environmental  factors on the anatomical
and morphological characteristics of leaves of woody
plants. The literature analysis shows a great number of
contradictory data on the anatomical and morphological
transformations of the plants affected by technogenic
pollution of the environment that, apparently, is
determined by the species features of the trees and the
degree of anthropogenic impact. In particular, Bruno
Francisco Sant’Anna-Santos et al. [8] has investigated
the action of acid rain on the leaf structure of Genipa
americana L. and determined the necrotic spots on the
leaf lamina, the cuticular  ruptures  in the necrosis zone,
the destruction of the cells of the epidermis and pallisade
mesophyll and hypertrophy of the spongy mesophyll.
Liezel, M.M. et al. [9] have found the changes in the
length of the leaf  of Tithonia deiversifolia (Hemsl),
length of internodes, thickness and density of the
epidermis affected by transport emissions in Baguio city.
Kurteva M. and Stambolieva K. [10] have noted the
reduction of the linear growth of annual shoots and
leaves of Acer pseudoplatanus L., Acer platanoides L.
and Betula pendula (Roth.) affected by industrial
pollution  in  urban  zones  of  Sofia  city (Bulgaria).
Ksanen et al. [11] has revealed the negative impacts of
ozone and CO  on anatomical parameters of the leaves of2

@Betula pendula@ (Roth.) Higher concentrations of CO2

and ozone caused a reduction in the thickness of leaves
in particular; ozone raised a reduction of the thickness of
pallisade mesophyll. Riikonen et. al. [12] has found that
the influence of ozone and CO  on the birch reduces the2

size and density of the cells of the epidermis.

However, there are numerous studies, which describe
the adaptive changes of morphological, anatomical and
physical-chemical  characteristics of the plants affected
by unfavorable environmental factors, allowing them to
survive unfavorable conditions [13-19].

In our study, the results of the correlation analysis
revealed a significant relationship between anatomical
indicators of the birch leaves with CI of the air pollution
as well as with thickness of leaf lamina (r = 0,37, p < 0,05,
n = 82),  the  thickness  of  the  lower epidermis (r = 0,22,
p < 0,05, n = 106) and thickness of pallisade and spongy
mesophyll (r = 0,43, p < 0,05, n = 100 and r = 0,39, p < 0,05,
n = 100). This evidences the significant influence of
industrial emissions on anatomical and morphological
transformations of the leaf lamina of Betula pendula
(Roth.).

CONCLUSIONS

Modeling of air pollution in industrial zone of
Kemerovo city has revealed the zone of the maximal
pollution at the  distance  of 4 km from pollution sources
in wind direction. The changes of anatomic and
morphological  characteristics  of  the leaf lamina of
Betula pendula (Roth.) were determined in conditions of
industrial emissions of Kemerovo. The maximum changes
in anatomy and morphology of the birch leaves were
identified at a distance of 1-2 km from the industrial zone.
Among negative changes, we have determined the
reduction  of thickness of the cuticle and width of the
cells of the lower epidermis. The maximum adaptive
changes of the birch were revealed at the distance of 1 km
from industrial zone, which included a statistically
significant increase in the thickness of the pallisade and
spongy mesophyll, thickness of a leaf lamina and
thickness of the upper epidermis that, apparently, ensures
the high adaptation of the birch to pollutants.

The reliable correlation of the complex index of air
pollution with the thickness of the leaf plate, thickness of
the bottom of the epidermis, thick pallisade and spongy
mesophyll determined in our study, confirms the
significant impact of the emissions of the industrial zone
on the anatomical and morphological transformations of
the leaf lamina of Betula pendula (Roth.).
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