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Abstract. The environmental problems of the road transport system in
Tashkent are analyzed in the article. Particulate air pollution is one of the
most serious problems. To reduce dust pollution in the air, it is proposed to
create protective screens along highways from lianas. It was proposed to
form screens from fragrant honeysuckle (Lonicera caprifolium) and ivy
(Hedera helix), which are evergreen in the conditions of Tashkent. The
study of the dust-absorbing capacity of the leaves of these plants showed
that ivy leaves are the most dust-absorbing, capable of holding up to 1.64
mg of dust per 1 cm? of the surface.

1 Introduction

During the years of independence, an intensive growth of motorization has been steadily
observed in Uzbekistan. Following this, the road network is constantly changing and
expanding. The development of the automobile and road complex, besides an undoubtedly
positive impact on the country's economy, leads to negative consequences in the form of air
and soil pollution with dust, gases, operating materials, and sound waves. Considering the
level of motorization in large cities (in Tashkent, for example, there are 168 cars per 1000
inhabitants [1]), the problem of pollution becomes catastrophic and requires urgent action.

Road transport is not the least factor in the climate change process, as cars emit
significant amounts of greenhouse gases (GHG), (various sources indicate the share of CO,
emissions from road transport from 13 to 27% of global emissions).

In 2004, transport contributed approximately 23% of total energy-related GHG
emissions, with CO, and N,O emissions of about 6.3—6.4 GtCO,-eq. CO, emissions from
the transport sector (6.2 GtCO,-eq in 2004) have increased by approximately 27% since
1990 and are fast growing in end-use sectors. Road transport now accounts for 74% of total
transport CO, emissions [2, 3].

Particulate air pollution presents a great danger during vehicle operations. Azarov et al.
[4] indicate that during the vehicle operation, as a result of wear during the service life of
the tire, the following average values of air pollution are emitted into the environment:

*Corresponding author: m.radkevich@tiiame.uz

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 264, 01034 (2021) https://doi.org/10.1051/e3sconf/202126401034
CONMECHYDRO - 2021

* from tires of passenger cars 1.4 - 1.9 kg;

* from tires of light and heavy trucks 3.2 — 4.0 kg and 12.7 — 17.7 kg, respectively.

The emission of particulate matter from tire tread wear in vehicles up to 3.5 tones is
0.051 g/km, which is approximately 5 times higher than the UNECE particulate matter
emission standards for engines installed on these vehicles.

Improving the environmental performance of the road complex is consistent with
sustainable development goals. The Resolution of the Cabinet of Ministers "On Measures
to Implement the National Goals and Targets in the field of Sustainable Development for
the Period until 2030" includes the task to ensure access to safe, affordable, and
environmentally sustainable transport systems by 2030 [5]. First, the stability of transport
systems must be ensured in large cities, such as the capital of Uzbekistan, Tashkent. While
transport is not a distinct aspect of sustainable development, it is directly related to the
Sustainable Cities and Human Settlements SDG. The concept of "stability of transport" has
long been used in foreign scientific publications [6, 7, 8]. And the goals of ensuring the
sustainability of transport for the target year 2030 include, in particular, such a task as
reducing emissions of particulate matter by 55-99% compared to 1990 level [8].

To solve this problem, various solutions are currently proposed: transition to alternative
fuels, changing the operational characteristics of the road surface, and creating sanitary
zones.

In Tashkent, some of these activities are also performed. In particular, compressed or
liquefied gas is increasingly used as fuel in road transport. However, the pace of the
transition to gas fuel is not too fast: to date, approximately 28% of the capital's vehicle fleet
was switched to gas [6].

There is practically no control of particulate matter emissions in Uzbekistan, and
scientific studies on the assessment and reduction of particulate matter emissions (PM10,
PMS5, PM2.5) are scarce.

It has long been known that greening can be effectively used to combat toxic emissions
and noise pollution generated by transport [9, 10]. In Uzbekistan, there is a departmental
normative document MKN 33-07 "Guidelines for the improvement and greening of roads,"
which specifies the requirements for creating strips of green spaces along the roads. Green
stripes appropriately designed capture a significant amount of pollution. Green spaces
reduce dustiness in the air during the growing season by about 42%, in the absence of leaf
cover — by 37 %. Trees and shrubs such as elm, linden, maple, lilacs have the greatest
capacity for dust retention due to the rough surface of the leaves.

Even small green areas increase the air humidity in the surrounding area by 20-30 %. In
addition, green spaces reduce wind speed by 50—80 % and climbing plants — by 43 % [10,
11]

The recommended construction of protective strips of green spaces following the
regulatory documents of Uzbekistan [12] is 30 — 40 m.

In Tashkent, most of the streets do not have sufficient technical and pedestrian zones to
organize protective landscaping. Therefore, as a rule, streets and highways in the city have
only single-row plantings of shrubs and trees, and many streets have no landscaping at all.

It should be noted that the share of city streets and roads with two-sided landscaping is
one of the indicators of the environmental sustainability of transport [6]. In Tashkent city,
this share, according to the results of studies conducted at the Institute of Irrigation and
Agricultural Mechanization Engineers and the Institute for Design, Construction, and
Maintenance of Highways, is only 26.6 % [13].

Considering the above, we assume that landscaping of roads should be carried out using
lianas. This will create protective green screens in a very limited area, increasing the
percentage of streets with double-sided greening and protecting roadside areas from traffic
noise and emissions.
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Vertical greening with climbing plants (lianas) is widely used in the world to decorate
buildings and create a favorable indoor climate [14, 15, 16, 17]. However, lianas are not
used anywhere as protective roadside screens, although such proposals have already been
made.

At the same time, it is obvious that the shielding of roads with lianas has great
prospects: green screens can be formed of any thickness and height, depending on the level
of traffic pollution on a given road, and if there is sufficient territory, shielding can be done
in several rows.

The purpose of this article is to study the dust-absorbing ability of the leaves of some
climbing plants and to assess the possibility of their use for protective landscaping.

2 Materials and Methods

2.1 Research region

The studies were conducted for the conditions of Tashkent, the capital of the Republic of
Uzbekistan

Tashkent lies 457 m above sea level. The climate is moderately warm; according to the
Koppen-Geiger classification, it corresponds to the Csa type. The average annual
temperature is 14.1°C (with temperature fluctuations from -6.9°C in January to 35.6°C in
July). In winter, in Tashkent, there is more rainfall than in summer. The average annual
precipitation is 623 mm; the relative humidity ranges from 39% in July to 73% in January.
The average annual wind speed is 1.4 m/s.

In Tashkent, there is a permanent increased dust content of the air; according to the
website https://agicn.org/city/tashkent/ru/ the air quality is assessed as "unhealthy" and the
main pollutant is PM10 and PM2.5 particulate matter. Urban dust is characterized by the
presence of soot, formed as a result of combustion processes, and the total dust content in
the air in Tashkent exceeds the WHO standards by 2.05 times, the standards of the Republic
of Uzbekistan by 1.33 times [18].

2.2 Determination of dust protection characteristics of leaves

To establish the dust-collecting ability of the leaves, such climbing plants as fragrant
honeysuckle (Lonicera caprifélium) and ivy (Hedera helix) were chosen since in the
conditions of Tashkent city both of these species successfully grow on the streets and do
not shed their leaves in winter.

Dust collecting capacity was determined by the amount of dust settling on the leaves.
For this, the leaves were collected from the bushes of honeysuckle and ivy that grow near
highways and in residential areas. For the collection of leaves, 20 bushes of honeysuckle
and 20 bushes of ivy, growing in different parts of the city, were selected; at each site, the
leaves were collected in summer (June-July) since the dustiness of the air is maximal
during the summer period.

From each bush, the leaves were collected three times, 10 pieces each time. The dust
holding capacity was checked in two different ways. Half of the collected leaves were
placed in a container with 50 ml of water to wash off the dust. Then, water and dust were
poured onto a pre-weighed sheet of filter paper. After complete filtration, the filter was
dried and reweighed. The difference in weight was used to determine the amount of
contamination on the leaves. The specific dust capacity was calculated as the ratio of the
dust mass to the leaf area.
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The second part of the collected leaves was weighed immediately; then the dust was
washed off, the leaves were dried and weighed again to determine the difference in weight.
An analytical balance Radwag AS 220.R2 (made in Poland) with an accuracy of 0.1 mg
was used for weighing.

Based on the results of the measurements conducted by the two above methods, the
average values of the dust mass were determined.

In laboratory conditions, the maximum dust capacity of leaves was also determined. For
this, the collected fresh leaves were placed in an aeration pipe and blown with an air stream
of high dust concentration for 5 minutes. After that, the mass of dust collected by the leaves
was determined according to the above methods.

2.3 Determination of the size of the leaf plate and the density of the leaf cover

The protective properties of green spaces (the ability to trap noise, dust, and exhaust fumes)
depend on the size and roughness of the leaves and the foliage density. To determine the
size of the leaf plates, 100 pieces of honeysuckle and ivy leaves were randomly selected at
various sites in the city and measured using a millimeter grid.

The determination of the foliage density was done using a three-dimensional frame with
dimensions bxIxh =20x30x15 cm. The frame was placed inside the bush, and the leaves in
this volume were counted. Then recalculation of the foliage density per 1 m® was made.

3 Results and Discussion

Experiments have shown that the accumulation of dust on the leaves of climbing plants
varies depending on the place of growth. Leaves of plants in closed courtyards of
residential buildings turned out to be the least dusty. The data obtained as a result of
measurements and calculations are presented in Table 1.

Table 1. Average dust capacity of leaves, mg/cm®

Leaf area, In the roadside In a residential With artificial
cnt’ zone (10 m from area (300 m from saturation with
the edge of the the road) dust
road)
Ivy 23.18 1.46 1.38 1.64
Honeysuckle 14.93 0.25 0.22 0.27

The density of foliage varies greatly on different plants, which can be explained by
plant growth conditions (watering, shading). The results for foliage density are presented in

Table 2.
Table 2. Density of ivy and honeysuckle foliage
Foliage density, pcs / m’ Specific leaf
Minimal Maximal Average surface area
cm’/m’
Ivy 8753 11803 10079 233634.2
Honeysuckle 5703 11273 7825 116827.25

As can be seen, ivy leaves' specific dust holding capacity is much higher than that of
honeysuckle. This can be explained, apparently, by the rougher surface of the leaves and by
the thicker foliage (1.15 times more than that of honeysuckle). As is known from the results
of studies by other scientists [19], the property of plants to accumulate dust depends on the
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characteristics of the leaf apparatus and their biological characteristics: leaf pubescence,
stickiness, the presence of a wax coating, as well as climatic factors: the amount and nature
of precipitation, wind regime, etc. To a large extent, the amount of accumulated dust
depends on the distance from the source of pollution and the density of the leaf cover.

The data obtained are consistent with the results of other researchers [15, 19, 20, 21,
22]. In particular, Rai P, noted that the highest amount of dust is recorded for all plant
species in areas close to major highways and in residential areas dense with commercial
enterprises. The lowest pollution is in institutional areas with low vehicle density [20].

Studies conducted by Kabanov [19] on the dust holding capacity of birch also show that
dust retention by leaves largely depends on the location of plants and their condition.
Compared with Kabanov's data, the dust holding capacity of honeysuckle and ivy leaves
exceeds the dust holding capacity of birch leaves by 1.89 and 11.79 times, respectively.

When choosing plants for landscaping urban areas, it is very important to know how
much oxygen these plants can produce. It is known that gas exchange between the plant and
the environment occurs through the leaf stomata. The number of stomata on leaves of
Hedera helix L. ivy is 149.2 per 1 mm® [23], which is 2.2 times higher than that of
honeysuckle (about 68 per 1 mm?” according to [24]). Thus, it can be assumed that ivy also
has a higher ability to absorb gases in addition to its higher dust holding capacity.

According to [25], 1 m2 of green leaves produces 5 moles of oxygen per day of 10
hours with regard to the ability to produce oxygen. Half of this oxygen is absorbed by
plants during respiration so that the net production of oxygen is 2.5 moles of oxygen per m*
(or 5.6 ml per 1 cm?) leaves per day. Considering the average length of daylight hours in
Tashkent, 12.1 hours, and data on the area and density of leaves (Tables 1 and 2), it is
possible to calculate the amount of oxygen emitted by ivy and honeysuckle leaves. The
calculation results are shown in Table 3.

Table 3. The amount of oxygen released by leaves

The amount of O, released
One sheet, ml/day 1 m’ of crown, 1/day
Ivy 0.0157 1583.1
Honeysuckle 0.101 791.6

It can be seen that from the point of view of oxygen production, the use of ivy is also
preferred.

4 Conclusions

As a result of the research, it was found that climbing non-deciduous plants (ivy and
fragrant honeysuckle) have a high dust-holding ability. In the conditions of dry and dusty
air of Tashkent city, these plants can be successfully used for landscaping highways and
residential areas for the purpose of dust protection. Given the dense foliage of these plants,
it can be assumed that green ivy and honeysuckle screens can provide noise protection as
well.

In addition, the planting of ivy and honeysuckle along urban roads will increase the
value of such an indicator of the environmental sustainability of road transport as the share
of roads with two-way landscaping.

Based on the results obtained, it is possible to recommend creating green screens along
city roads from ivy since its ability to both retain dust and reproduce oxygen is much higher
than that of honeysuckle.
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