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ABSTRACT

Relevance. Modern urbanization processes in Kharkiv are accompanied by an increase in anthropogenic pressure on the natural
component, compaction of buildings and reduction of green areas. The concept of green infrastructure is used in many countries
around the world; it is the best way to reorganize urban space into modern cities.

The purpose of the article is a determination of quality changes of water runoff after passing through of green roofs in
Kharkiv, Ukraine.

Material and methods. A green roof is the roof of a build, partially or completely covered with vegetation and soil layer.
Green roofs are divided into “intensive” and “extensive” types. In the research was studied the frequency of use of green roofs in
construction and landscaping on the example of Kharkiv, was conducted an inventory of green roofs in Kharkiv. As the number of
green roofs in Kharkiv is rather small, is optimal to choice the particular test sites for research. For chemical analysis, were taken
samples of snow, surface runoff from the flat, and sloping green roofs and roof without greening for the content of pollutants. Chem-
ical analysis of the samples was performed by the Laboratory of Analytical Ecological Research of V.N. Karazin Kharkiv National
University. The laboratory has the attestation and certificate of ISO 10012:2005 Ne 01-0155/2019. The study determined the follow-
ing indicators: pH, nitrites, nitrates, transparency, smell, turbidity, chlorides, general rigidity, total alkalinity, ammonia, zinc, copper,
manganese, cadmium, total iron, chromium. Two types often represent green roofs in Kharkiv: parking roofs and cellars. Points of
samples are located at Shevchenkivsky and Kholodnohirsky districts.

Results and discussion. Results of a study of snow and runoff sampling after a green roof and a roof without landscaping show
that most water quality indicators improve after water passes through green areas. Thus, at points the pH, general rigidity, alkalinity,
concentration of chlorides, chromium are decrease. The green roof of the first point (parking) also reduces the concentration of ni-
trites, ammonia, zinc and manganese. The concentration of iron also decreases in the second point. However, there is an increase in
the concentration of heavy metals in the water due to their accumulation in the substrate of the green roof. The results of the study are
can be used by the Post-Soviet countries, as previously the impact of surface runoff was considered only in terms of the flow of pol-
lutants from storm sewers to water bodies.

Conclusion. The results of the study indicate that green roofs contribute to the treatment of runoff, natural replenishment of
surface water bodies and groundwater and reduce the load on municipal wastewater treatment plant.

Keywords: green infrastructure, green roofs, stormwater regulation, urban water, surface runoff.
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Introduction. Green urban space in Post-
Soviet Union countries is a disparate network of
linear and planar plantations. At the same time, the
modern practice of construction, especially in large
cities with a population of more than 1 million peo-
ple, has a continuous using of “grey” solution. Ur-
banization is leading to more frequent floods in ur-
ban areas. Municipal stormwater collection and
sewerage systems do not cope with the anomalous
amount of precipitation and have an outdated mate-
rial and technical fund. Researches of green infra-

structure objects were conducted in different coun-
tries of Europe and Ukraine (Kuzyk, 2017; Kuzyk
and Tsaryk, 2020). Ukrainian legislation on urban
landscaping is based mainly on GBN B 1.1-14
(GBN 1.1-14, 2012). In previous studies, we also
studied both the theoretical features of the organiza-
tion of green infrastructure and landscape urban
planning (Maksymenko, Burchenko, 2019; Klieshch
et al., 2017; Bezliubchenko et al. 2011) and its par-
ticular objects (Maksymenko et al., 2021; Burchen-
ko, 2021).
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Green areas in cities provide a number of bene-
fits: improving the quality of living space, atmos-
pheric air, regulation of temperature and microcli-
mate, regulation of surface runoff, adaptation to
climate change, etc. The concept of green infrastruc-
ture is used in many countries around the world; it is
the best way to reorganize urban space into modern
cities. Using of green infrastructure in urban condi-
tions contributes to the development of spatial pro-
cesses, planning and management of which draws
special attention to the impact of non-environmental
solutions generated by the urban context (Shkaruba
etal., 2021; H. Skryhan et al., 2020).

A green roof is the roof of a build, partially or
completely covered with vegetation and soil layer.
This green space created by the addition over tradi-
tional roofing system additional layer of fertile soil
and plants. A green roof is also called an ecological
and/or living roof.

Flat roofs are considered to have a slight slope,
but not less than 2%, and sloping roofs can have a
slope of 20% or more. The flat roof returns less than
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Fig. 1. Intensive type of green roof

Extensive green roofs are roofs with a thin
plant carpet of low grass, moss, lichens and other
low and unpretentious plants. This type of green
roof can be created independently on an existing
house; as usual, the house does not require signifi-
cant reconstruction (Fig. 2).

The intermediate type between extensive and
intensive green roofs is quite popular. These are
roofs where it is possible to grow garden crops, ac-
cessible for small group of visitors and as a recrea-
tion area. It is important that these areas do not in-
teract directly with the earth’s surface and may con-
sist of different types of soil. They play an important
role in the regulation of surface runoff, life and de-
velopment of urban flora and fauna, provide protec-
tion against overheating of buildings, noise and cold

1% of moisture to the atmosphere. A thin layer of
vegetable soil 10 cm thick, covered with grass,
holds up to 20% of precipitation. Green roofs can
hold up to 80% of rainwater, which reduces the load
on the city’s sewage system, which often does not
cope with rainwater volumes and cause flooding
(Miniailo and Filonenko, 2015).

The existing types of architectural and planning
solutions for green roofs can be reduced to several
main types (Miniailo and Filonenko, 2015):

a) grass roofs in low-rise construction;

b) gardens on terraces;

c) gardens on the roofs of outbuildings (garag-
es, shops);

d) gardens on the roofs of high-rise buildings.

According to the type of structure, green roofs
are also divided into “intensive” and “extensive”.
Intensives are large enough facilities that typically
require relatively complex engineering solutions
(Fig. 1). Such roofs can accommodate even small
ponds, swimming pools, trees and large recrea-
tion areas such as cafes or gyms.

Plants

—— Drainage

. Insulation

—— Waterproof

—— Structural desk

Fig. 2. Extensive type of green roofs

and forming a comfortable microclimate (Bronz,
2017).

Green roofs are divided into sever and contain-
er types. However, the sever type of coating retains
precipitation and provides wastewater treatment bet-
ter than modular. And the calculation of the content
of surface runoff can be carried out (Culligan et al.,
2014) as ratio of the amount of runoff during the
study period to the surface of the green roof.

In addition, it is necessary to pay attention to
the need to fertilize the extensive green roof with
fertilizers, which can come with runoff to nearby
reservoirs (Gilmore et al., 2012).

For example, green roofs are actively used in
Lviv, Ukraine on private builds, business centres,
study and research institutions.
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Retention of surface runoff by greenery, in par-
ticular green roofs, is confirmed in various studies
(Talebi et al., 2019; Minova and Vranayova, 2020).

Drainage attenuation depends on local precipi-
tation characteristics and individual roof design, but
can reach up to 90% for intensive roofs. The peak
flow is maintained for 15 minutes, which means
relief for the sewer system. Because the green roof
drain is filtered, the water can be used to feed
groundwater or as tap water on the farm (NWRM
project).

For example, green roofs in Geneva, Switzer-
land have been installed on the roof of a hospital
(0.55 ha) to reduce flood risks in urban areas. In-
deed, this green roof is designed to retain about
30.25 m?® of water per day in the soil and plants and
prevent it from running off (NWRM project).

A pilot research project on the benefits of green
roofs was developed in Finland. Were studied the
impact on the quality of wastewater, pollinating in-
sects, the survival of Finnish endangered arid mead-
Ow species on various types of substrates, etc. Obvi-
ously, one green roof or several scattered roofs have
little or no effect on stormwater regulation. Howev-
er, simulations have shown that there are potential
benefits for large-scale rooftop greening projects in
urban areas (NWRM project).

The ability of plants to survive on green roofs
depends on certain factors, such as plant species,
solar radiation, rainfall, average annual tempera-
tures. It was found (Lonnqvist et al., 2020) that
spontaneous vegetation has a higher survival rate
and performs ecosystem services than the vegetation
chosen for the green roof.

The type of vegetation also affects the water re-
tention efficiency of green roofs. The efficiency of
water retention in almost does not depend on in-
creasing the capacity of the substrate (Talebi et al.,
2019).

However, the retention of water by the sub-
strate and the filter layer affects the maintenance of
temperature depending on the thickness of the layer
(Tanetal., 2017).

On the negative side, it is determined (Raimon-
do et al., 2015) that green roofs are a very unfavour-
able environment for plant growth due to the small
depth of the substrate, high temperatures and light,
as well as the effects of wind. As a result, there is a
need for a very precise selection of vegetation for a
green roof. This in turn will reduce operating costs,
ensure all the benefits of a green roof and extend its
service life.

According to statistics, the total area of existing
greenery in Kharkiv is about 15.4 thousand hectares,
which is 44% of the total area of the city (which is
35.0 thousand hectares). However, almost half of all
greenery has a significant age threshold. In other

words, the level of landscaping in Kharkiv is not
more than 25% - 30% with a regulatory value of
45%. In this research were studied, the frequency of
use of green roofs in construction and landscaping,
the quality of surface runoff after passing through
the substrate of the green roof, on the example of
Kharkiv.

Material and methods. In the course of the re-
search was conducted an inventory of green roofs in
Kharkiv by field survey and with the remote sensing
and GIS (QGIS 3.16, SAS Planet). Samples were
taken for chemical analysis of surface runoff sam-
ples from flat and sloping roofs, as well as analysis
of snow samples for the content of pollutants. Was
performed chemical analysis of surface runoff water
from green roofs by the Educational Research La-
boratory of Analytical Ecological Research of V.N.
Karazin Kharkiv National University. The laborato-
ry has the attestation and certificate of ISO
10012:2005 Ne 01-0155/2019.

Aqueous pH was determined using a pH meter.
This method, in contrast to paper or special strips,
allows to set the acidity and/or alkalinity of the lig-
uid to the nearest hundredths.

The turbidity of the water is determined using a
filter. First step is weighing the filter and second —
weighing the filter after passing the sample of water
through it, then dry the filter and weighing again.
The difference in the mass of the filter will indicate
the proportion of suspended solids in the water.

The transparency of the water is determined by
the Snellen method, with the help of a glass cylinder
with a flat bottom 30 cm high. The water must be
mixed and poured into the cylinder to its full height.
Under the bottom of the cylinder, it is necessary to
put a paper with a standard font. Then, looking
through the cylinder at the inscription, drain the wa-
ter from it until the font becomes clear. The height
of the water, expressed in centimetres, will indicate
transparency.

To determine the smell at room temperature
+ 20°C, first shake the water well in a test tube,
cover it with glass and then remove the glass and
inhale the aroma through the nose.

Alkalinity was determined by acid-base titra-
tion within 24 hours after sampling. Previously, the
acidity was measured using a pH meter. Next, water
samples were titrated with HCI solution with methyl
orange indicator. The methyl orange color change
indicator indicates total alkalinity.

The general rigidity was determined by titration
with a solution of disodium salt (Trilon B and com-
plex 111) in an alkaline medium using the indicator
chromogen black.

Heavy metals, namely zinc (Zn), iron (Fe),
manganese (Mn), copper (Cu), cadmium (Cd), chro-
mium (Cr) were determined by atomic absorption
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spectrometry and optical emission spectrometry.

Ammonia, or ammonium nitrogen, was deter-
mined using a photo-electro-colorimeter instrument
ULAB 102UV under laboratory conditions. This
device automatically determines the intensity of the
image by comparing the selected water and standard
solution with a known concentration of solution.

Nitrites were determined by the Gris method in
the laboratory.

Nitrates were determined in the laboratory us-
ing a photo-electro-colorimeter.

The concentration of chlorides in water was de-
termined in the laboratory by titrometric method.

Results and discussion. In the city of Kharkiv,
the green infrastructure is represented mainly by
parks, gardens, squares, linear plantings along roads
and special purpose plantations (sanitary protection
zones, green areas of enterprises and organizations).
Green roofs are not very popular among architects
and owners, so their number in the city is quite
small. Green roofs in Kharkiv are often represented
by two types: parking roofs (fig. 3) and cellars (fig.
4). The latter type is quite common, due to the tradi-
tions that have historically developed in the area.
Cellars are used for storage of vegetables and can-
ning and are located mainly near apartment build-
ings.

The first sampling point was parking at the Ba-
kulina street near the residential complex (fig.3).
The area is located in the yard of the private sector
and plays the role of the roof of the parking. The
area is 10 square meters (0.001 ha) with an angle of
25°, this position plays a role in the rate of water
runoff from the surface. The lowest point of the roof
is at a distance of 40 cm from the ground, the high-
est reaches about 4 meters. Vegetation is grown on
the site artificially on a specially selected substrate
(soil mixture), the ecosystem itself is up to 3 years
old. The thickness of the surface layer is up to 10
cm of soil mixture. According to the Ukrainian leg-
islation, for functional purposes, this area is for spe-
cial use, i. e. access by unauthorized persons is pro-
hibited.

The second sampling point for sampling was
the area of the surface of the cellars at the Heroiv
Pratsi street (fig.4). The plot is located near the gar-
ages in the courtyard of residential buildings. The
green roof has an area of about 50 square meters
(0.005 ha), with an angle of 0-3°. The height above
the ground averages 1 meter. The roof is a typical
soil of urban soil, which grows ruderal vegetation.
The age of this ecosystem is about 20 years.

The third sampling point for comparison was
the roof of a private house without landscaping at
the Kholodnohirsky district of Kharkiv.

In the field, two samples were taken from each
area. The first sample was water from the surface,

namely melted snow, the second sample — water
soaked through the surface of the green roof and
taken from the drain. In the third sample, snow and
melt water were taken from the drain. The study
determined the following indicators: pH, nitrites,
nitrates, transparency, smell, turbidity, chlorides,
general rigidity, total alkalinity, ammonia, zinc,
copper, manganese, cadmium, total iron, chromium.
Comparison of samples of surface and drainage wa-
ter from the first point at Bakulina street (table 1).
All indicators do not exceed the norm of maximum
permissible concentrations according to State Sani-
tary Norms And Rules 2.2.4-171.10 “Hygienic re-
quirements for human water consumption”, but the
percentage of chemicals changes when passing
through the soil mixture of the green roof. There-
fore, the following changes can be observed:

e pH of surface water after impregnation
decreased by 5.3%, nitrites by 50%, chlorides by
6.2%, general rigidity decreased by 39.5%, total
alkalinity decreased by 21.30%, ammonia by
75%, zinc decreased by 13.6%, manganese by
69.3% and chromium by 100%.

These results tell us that the vegetation and
substrate of the green roof do retain most of the
chemical elements and clean the surface runoff. But
instead there are indicators of the percentage of con-
centration which has increased:

e  The smell of drainage water was 100%
stronger than the surface and had a woody hue.
The reason for this was the remains of leaves at
the point of runoff.

e Heavy metals — cadmium and iron in-
creased by 10 and 19 percent, respectively. The
reason for this was the accumulation of chemical
particles in the soil due to the constant inflow of
surface water

In addition to variables, there are also those that
remain at the initial concentration after water seep-
age through the surface of the green roof: copper
(0.003 mg / dm?®), nitrates (0 mg / dm?), turbidity
(1.5) and transparency (25).

Summarizing the analysis of the first samples
and their changes, it can be argued that the green
roof on Bakulina Street plays an improving role as a
surface runoff. Due to the fact that surface water
concentrations of chemicals are initially within
normal limits, even a small percentage increase in
heavy metals is imperceptibly true for the quality of
drainage water.

The study area at the Heroiv Pratsi street had
the following results (Table 2):

e the concentration of impregnated water
decreased compared to the surface at the follow-
ing percentages: pH by 8.5%, chlorides N 4.2%,
general rigidity ~ 87.8%, total alkalinity
81.5%, iron ™~ 1.6 %, chromium ~ 100%;
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e the concentration increased after drain-
age through the green roof in the following indi-
cators: smell by 100%, turbidity by 15%, in
heavy metals — zinc (7 9%), copper (7 75%),
manganese (7 77%), cadmium (7 50%).

Fig. 4. Cellar

The increase in the content of heavy metals af-
ter the infiltration of water through the surface, oc-
curred due to their accumulation in urban soil. Es-
pecially that the ecosystem has existed for about 20
years and is constantly under anthropogenic interfe-
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Table 1
Comparison of samples of surface and drainage water from the first point at Bakulina street
Sloping sur- | Drain after -
Units of face with passing Changing in | The percent-
. Standard the concentra- | age change
Indicator measure- grassy vege- | through . -
value - tion of the of the indica-
ment tation (green | the green
substance tor
roof) roof

pH - 6.5-8.5 8.266 7.83 X 5.30 %
Nitrates (NOs) mg/dm?3 <50 0 0 - 0

Nitrites (NOy) mg/dm? <3.3 0.004 0.002 X 50.0 %
Transparency sm >30 25 25 0

Smell point 2 0 1 A 100 %
Turbidity <1 1.5 1.5 - 0

Chlorides (CI) mg/dm?3 <250 196 184 X 6.2 %
General rigidity mmol/dm?® | <7 (<10) | 1.3 0.8 ) 39.5%
Alkalinity general | mg/dm? 0565 [1.65 1.3 X 21.3%
Ammonia (NH3) mg/dm?® <2 0.08 0.2 X 75.0 %

Zinc (Zn) mg/dm?3 <1 0.0432 0.0373 X 13.6 %
Copper (Cu) mg/dm?® <1 0.0003 0.0003 — 0
Manganese (Mg) mg/dm?® <0.05 0.00065 0.0002 X 69.3 %
Cadmium (Cd) mg/dm?® <0.01 0.00045 0.0005 P 10.0 %

Total iron (Fe) mg/dm?3 <0.2 0.01935 0.0217 A 19.0%
Chrome (Cr) mg/dm?3 <0.05 0.0003 0 X 100 %

rence (for example, the roadway for vehicles or

trampling). But if comparing the numerical values,

ter in a suspended state.

even an increase in heavy metals corresponds to the
norm State Sanitary Norms And Rules 2.2.4-171.10
“Hygienic requirements for human water consump-
tion”. Only one indicator — turbidity, was initially
not in the normal range and after drainage its value
did not increase. This was due to the presence in the
soil of various fine residues that remained in the wa-

e The concentration remained unchanged
after impregnation: nitrates (0 mg / dm?), nitrites
(0.001 mg / dm?®), transparency (25), ammonia
(0.08 mg / dm?3).

Summing up the sample of surface and drain-
age water at the Heroiv Pratsi street, it can be argued
that the green roof is more of a barrier to relatively
light chemical elements. Due to the long life and irr-
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Table 2
Comparison of samples of surface and drainage water from the second point at the Heroiv Pratsi street
. Sloping sur- | Drain after | . incin | The percent-
Indi Units of Standard face with passing the cor?ce?\tra- age I[():hange
ndicator measure- | grassy vege- | through tion of the of the indica-
ment vajue tation (green | the green 'on o
substance tor
roof) roof
pH - 6.5-8.5 | 7.292 7.252 X 8.5 %
Nitrates (NO3) mg/dm? <50 0 0 — 0
Nitrites (NO,) mg/dm? <3.3 0.001 0.001 — 0
Transparency sm >30 25 25 — 0
Smell point 2 0 2 2 100 %
Turbidity <1 15 2 P 15 %
Chlorides (CI) mg/dm3 <250 192 184 XY 4.2 %
General rigidity | mmol/dm® | <7 (<10) | 1.8 0.4 X 87.80 %
Alkalinity  gen- | mg/dm?3 0.5-6.5 2.8 0.8 X 81.5%
eral
Ammonia (NHs) | mg/dm?® <2 0.08 0.08 — 0
Zinc (Zn) mg/dm? <1 0.0417 0.0458 A 9%
Copper (Cu) mg/dm? <1 0.0001 0.0004 Dol 75 %
Manganese (Mg) | mg/dm?® <0.05 0.0001 0.0003 A 7%
Cadmium (Cd) mg/dm?3 <0.01 0.0002 0.0004 A 50 %
Total iron (Fe) mg/dm? <0.2 0.0066 0.0065 ¢ 1.6 %
Chrome (Cr) mg/dm? <0.05 0.0001 0 X 100 %

egular cleaning of the territory, the ecosystem can-
not be quickly renewed.
Comparing the role of the green roof in two ar-

eas, common features and differences were found:
e Cadmium and smell in both samples increased
in the water composition after drainage through

the surface;

e Concentration of indicators: pH, Chlorides, to- .
tal alkalinity, general rigidity, Chromium de-
creased after drainage in both samples;

o the values of Nitrates and transparency in both
cases remained unchanged after passing thro-

ugh the soil layer,;

Iron, Manganese and Zinc were the opposite. If
in 1 sample (Bakulina Street) the concentration
of zinc and manganese decreased, in the second
(Heroiv Pratsi Street) the opposite increased af-
ter drainage; lron in the first sample increased
and in the second decreased:;

Nitrites and Copper in the first sample de-
creased, in the second remained unchanged,
Copper and turbidity in the second sample in-
creased their concentration after drainage, in
the first were static.

Table 3
Comparison of samples of surface and drainage water from the third point at Kholodnohirskyi district
Sloping sur- | Drain after L )
Units of face with passing Changing in | The percent
- Standard the concentra- | age change
Indicator measure- grassy vege- | through . oo
value ! tion of the of the indi-
ment tation (green | the green
substance cator
roof) roof
pH - 6.5-8.5 6.185 7.685 2 24.25 %
Nitrates (NO3) mg/dm?® <50 0 0 - 0
Nitrites (NO2) mg/dm?® <3.3 0.001 0.001 - 0
Transparency sm >30 30 30 - 0
Smell point 2 0 0 — 0
Turbidity <1 15 15 — 0
Chlorides (CI) mg/dm? <250 184 200 A 8%
General rigidity mmol/dm® | <7 (<10) 1 2.0 Pl 50%
Alkalinity is general | mg/dm3 | 05-6.5 0.8 2.0 A 60 %
Ammonia (NHs) mg/dm? <2 0.2 0.08 XY 60 %
Total iron (Fe) mg/dm? <0.2 0.05 0.05 — 0
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Research area without landscaping at Kholod-
nohirsky district had following results:

* increase pH, Chlorides, general rigidity and al-
kalinity

» reduction of ammonia after passing through the
stormwater collection system

* indicators of nitrates, nitrites, iron, transparen-
cy, turbidity, smell remained unchanged.

Conclusion. The methods and forms of organi-
zation of green infrastructure are different in each
city according to geographical, environmental, so-
cio-economic conditions, the goals they pursue re-
main the same. Identification and expansion of
green infrastructure is one of the most important
strategies for implementing an ecosystem approach
to spatial planning. One type of green infrastructure
objects is a green roof.

Green roofs are the optimal urban green infra-
structure due to their multifunctionality: they can be
converted into existing buildings, they provide
space for urban wildlife, and they can enrich public
spaces for the city residents. In addition, green roofs
make previously unfriendly places pleasant, as well
as provide a new open space for office workers.

The main types of green roofs are extensive
and intensive, sedum and container. They also differ
from the typical vegetation and substrate. These fac-

tors will affect the maintenance of the green roof
before the maintenance and treatment of stormwater
runoff.

In the Post-Soviet countries, surface runoff
was considered as a pollutant, which was sent to
sewage treatment plants through the storm sewer
system or to the water bodies directly. Our study
shows positive aspect of green roofs on the qualita-
tive characteristics of surface runoff.

In this study, were identified two types of green
roofs — at the parking and typical for the Post-Soviet
countries at the form of a cellar.

The results of a study of snow and runoff sam-
pling after a green roof and a roof without landscap-
ing show that most water quality indicators improve
after water passes through green areas. Thus, at both
points the pH, general rigidity, alkalinity, concentra-
tion of chlorides, chromium are decrease. The green
roof of the first point (parking) also reduces the
concentration of nitrites, ammonia, zinc and manga-
nese. The concentration of iron also decreases in the
second point. The increase in the content of individ-
ual elements (smell, turbidity, iron, zinc, copper,
manganese, cadmium) is associated with the specif-
ic features of each area where the green roof is lo-
cated and do not have regular repetition.
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acrMpaHT Kadeapsl SKOJIOTHYECKOTO MOHUTOPHHTA M 3aII0BEHOTO JIeJIa,

Examepuna bozoanoena Ymxuna?,

K. TeOTp. H., IOLEHT KadeaAphl IKOJIOTHYeCKOl O€30MaCHOCTH U 3KOJOTUUECKOTO 00pa3oBaHus;

Mapzapuma Bacunvesna Byzaxosa,

MarucTpaHT KadeApsl HIKOJIOTHIECKOT0 MOHHUTOPHHTA U 3alI0BETHOTO JieNIa

CoBpeMeHHbIe POoIecChl ypOaHU3aIK B XapbKOBE CONPOBOXKIAIOTCS YCUIICHHEM aHTPOIOT€HHOTO JaBJIeHHUS Ha
MIPUPOAHYIO COCTABIISIONIYIO, YIUIOTHEHHEM 3/1aHUI M yMEHbIIEHHEM 3eE€HBIX 30H. KoHuenus 3eneHoi nappacTpyk-
TYpPBI HCIOJIB3YETCS BO MHOTHX CTpaHax MHpa, 3TO CaMbli JIyUIIHHA CII0CO0 peopraHi30BaTh TOPOJICKOE IPOCTPAHCTBO B
COBpEMEHHBIE YCTONUMBBIE ropoza. Llenbro ucciaeqoBaHus SBISIETCS ONPENEICHNUE KaueCTBEHHBIX U3MEHEHUN XUMUYe-
CKOTO COCTaBa MOBEPXHOCTHOTO CTOKA MOCIIE MPOXOXKIEHUS Yepe3 3€JIEHbIE KPBIIIK B XapbKOBE. 3€eHas Kpbllla — 3TO
KpBIIIA 3AaHUS, YACTUYHO WM HOJHOCTBIO MOKPBITA PACTUTENLHOCTBIO U CIOEM IpYHTA. 3€IE€HbIE KPBIIIH AEIATCA Ha
JIBa THIA: SKCTCHCUBHBIE ¥ MHTCHCUBHBIE. B nccnenoBaHny n3yvanaach 4acToTa MCIOIb30BaHUS U OCOOEHHOCTH 3elie-
HBIX KPBILI B 3eJeHON HHDPACTPYKType XapbKoBa, MPOBEACHA MHBEHTAPHU3aIHs 3€JIeHbIX KpbIll B XapbkoBe. [Tockoib-
Ky B XapbhKOBe€ JOCTaTOYHO HEOOJBIIOE KOJNUECTBO 3€JICHBIX KPBIII ONTHUMAIBHBIM SBIISETCS BEIOOD OTJEIBHBIX TECTO-
BBIX MOJIMTOHOB TS MIPOBEACHUS HcciaeqoBaHui. OToOpaHs! 00pa3nbl [UI XUMHYECKOTO aHAIN3a TOBEPXHOCTHOTO CTO-
Ka BOJBI ¥ CHETa OT IUIOCKHUX W HAKJIOHHBIX 3€JICHBIX KPBIII U KPHIIK 0e3 03eJIeHEHUs Ha COJepiKaHUe 3arpsA3HAIONINX
BeIIeCTB. XMMHUYECKIH aHAIN3 MpoO OBUT MPOBEIEH aTTeCTOBAHHOW J1a0OpaTopHel aHATUTHYECKUX IKOJIOTHUECKHX
uccinenoBanuil YHU sxonorun XappkoBCKOTO HallMOHaJIbHOTO yHUBepcureTra uMeHu B.H. Kapa3una, umeromas cepru-
¢ukar ISO 10012:2005 Ne 01-0155/2019. B xonme uccieqoBaHus ONpeACSUTUCH B BOJE CIIEAYIOMIKE MoKazaTenu: pH,
HUTPHUTHI, HUTPATHI, TPO3PaYHOCTH, 3alax, MYTHOCTb, XJIOPHJBI, OOIIas KECTKOCTb, OOIIas IEJIOYHOCTh, aMMHaK,
LIMHK, M€/1b, MapraHel], KaJMHii, oO1iee jxene30, XpoM. B XapbpKkoBe 3eeHble KB MPEACTaBIeHbI IPEUMYIIIECTBEHHO
JIByMsI TUIIAMH: MTApKUHT U rorpeba. CpaBHEHHE NPOo0 CHera M CTOKa IMOCiIe 3eJICHOW KPOBIIM U KPBIIIH 0e3 03eJICHEHHS
CBHUJICTENIBCTBYET O TOM, YTO OOJIBIIMHCTBO IOKa3aTeliel KauecTBa BOAbI YIy4IIaloTCs MOCIIe TPOXOXKACHHS Yepes3 3ele-
HBbIE HACAKIEHUs KpBII (CHIWKAIOTCS ToKa3atenu pH, oOmieil jkecTKOCTH, MIETOYHOCTH, KOHIEHTpaunus XJIOPHUIOB,
xpoma). 3eneHas KphIa MEePBOTO y4acTKa (MApKHWHT) YMEHBIIACT KOHIEHTPAIMIO HUTPUTOB, aMMHAaKa, IIIHKAa U Map-
raiua. Ha BTopoM ydacTke Takke yMEHbIIAETCS KOHLIEHTpaLUs XKele3a. YBEIMUEHUE CONEPKaHUS OTIEIbHBIX 3JIEMEH-
TOB (3amax, MyTHOCTb, M€/ib, MapraHel], KaIMHuii) CBA3aHO CO CHENH(YUISCKIMH 0COOCHHOCTAMH Ka)IOTO yJacTKa, I1e
pacrioyioXeHa 3eJieHas KphIlla ¥ He UMEIOT PETYJISIPHOTO MOBTOPEHM. Pe3ynpTaThl NCCIEIOBAHNSA MOTYT OBITH HCIONb-
30BaHbl IIOCTCOBETCKMMH CTPaHaMH, IOCKOJBKY paHee BIMSIHME MOBEPXHOCTHOI'O CTOKA PAacCMaTpUBAJIOCh TOJIBKO C
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TOYKHU 3PCHHUS MOCTYIUICHHS 3arps3HSIONIMX BCINCCTB M3 JTUBHEBON KaHANW3AI[MH B BOJHBIC OOBCKTHL. U YMEHBIIAIOT
Harpy3Ky Ha FOpPOJICKUE OUHCTHBIE COOPYKEHHUS.

Knrwouesvie cnosa: 3enenas ungppacmpykmypa, 3efieHvle Kpbliul, JUGHES0e pe2yiuposanue, 2opoocKue 800bl, No-
8EPXHOCMHbLU CIMOK.
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Haoisn Bacuniena Makcumenko?,
. TeOTP. H., Ipodecop, 3aB. KapeIpu eKOIOTITHOTO MOHITOPHHTY Ta 3aII0BiHOI CIIPaBH,
IXapkiBchkuil HanioHanbHuit yHiBepeuter iMeni B. H. Kapasina, maiinan Ceo6ozu, 6, M. Xapkis, 61022, Ykpaina;
Csimnana Bonooumupiena Bypuenxo',
acmipaHT KadeapHu eKoJIOTIYHOTO MOHITOPUHTY Ta 3alloBiTHOT CIIPaBH;
Kamepuna Bozoaniena Ymrkina®,
K. TeOrp. H., JIOICHT KadeIpr eKOJIOTIYHOT OE3MEKHU Ta SKOJIOTIYHOT OCBITH;
Mapzapuma Bacuniena Byzaxosa’,
MaricTpaHTKa KageIpyu eKOJIOTi4YHOr0 MOHITOPUHTY Ta 3all0BIIHOI CIIpaBu

CyuacHi nporniecn ypOanizarii B XapKoBi CYIIPOBODKYIOTHCSI TOCHICHHAM aHTPOIIOTCHHOTO THCKY Ha MPUPOIHY
CKJIaJIOBY, YIIUIBHEHHSM Oy/liBeNIb Ta 3MEHIICHHSM 3€JICHUX HacapkeHb. KoHIenmis 3eneHoi iHppacTpyKTypH BUKOPHC-
TOBYETHCS B 0araTboX KpaiHax CBiTy, IIe HaHKpamuii Crocid peopraHizyBaTH MICBKHH MPOCTIp ¥ CyYacHi CTaii MICTa.
Mertot0 HOCTiKEHHS € BU3HAYCHHS AKICHUX 3MiH XIMI9HOTO CKJIaay IOBEPXHEBOTO CTOKY IICIISl TIPOXOKEHHS 4epes3
3eJIeHi Jax¥ y M. XapKiB. 3eJeHnl 1ax — 1e Jax OymiBii, YaCTKOBO a00 TOBHICTIO BKPUTHI POCIIHHICTIO 1 IIApOM IPyH-
Ty. 3eJIeHi JaX¥ NOAUIIIOTECS Ha JBa THIA: €KCTEHCHBHI Ta IHTCHCHBHI. Y JOCIHIIPKEHHI BHBYAJaCsS 9acTOTa BUKOPHC-
TaHHS Ta 0COOJIMBOCTI 3€JICHUX JIaXiB y 3eieHii iHdpacTpykTypi M. XapkoBa, IpOBe/ieHa IHBEHTapU3allisl 3eJICHUX J1a-
xiB y XapkoBi. OckiJbkH, y XapKOBi JOCUTb HEBEJIHMKA KIIbKICTh 3€JEHHUX JIaXiB ONTHMAIBEHUM € BUOIp OKPEMUX TECTO-
BUX TOJITOHIB JUIsS MPOBEIACHHS MOCIiIKeHb., BimiOpaHOo 3pa3kul A XIMIYHOTO aHai3y MOBEPXHEBOIO CTOKY BOAM i
CHITY 3 IUIOCKHX 1 IIOXMJIMX 3€JICHHUX JaxiB, Ta Jaxy 0e3 03eJICHEHHs Ha BMICT 3a0pyIHIOIOUUX PEUOBHH. XiMIUHHMN aHa-
J1i3 po0 OyJI0 MPOBEICHO aTECTOBAHOO JTa0OPATOPI€I0 aHATITHYHKX eKoyoriyHuX mociimkers HHI exomorii XapkiBch-
KOTO HaIlioHanbHOTO YHiBepcutety iMeni B.H. Kapasina sika mae ceptudikar ISO 10012:2005 Ne 01-0155/2019. B xoxi
JOCTIKCHHST BU3HAYAINCH Y BOJI Taki MOKa3HUKH: pH, HITpUTH, HITpaTH, IPO30PICTh, 3aMax, KalaMyTHICTb, XJIOPHIH,
3araybHa XOPCTKICTh, 3arajlbHa Jy)KHICTh, aMiak, IMHK, MiJb, MapraHelb, KaJMiii, 3arajbpHe 3a1i30, XpoM. Y XapKoBi
3€JICHI TaX{ MPEJCTABICHO MEPEBAKHO JBOMA TUIIAMH: MAPKIHT i morpebu. [TopiBHAHHS MPOO CHITY Ta CTOKY IiCIs 3e-
JICHOTO Jlaxy Ta Jaxy 0e3 O3eJICHCHHS CBiA4aTh MO Te, M0 OUTBIIICTh MOKa3HUKIB SKOCTI BOAW TMOKPAILYIOTHCS ITiCIISA
TIPOXOJDKEHHS Yepe3 3eJIeHI HacaKeHHs 1axiB (3HWKYIOThCS IOKa3HUKK pH, 3aranbpHOT )KOPCTKOCTI, JTy>KHOCTI, KOHIIe-
HTpallis XJOPHUIIB, XpOMY). 3eJeHHU axX mepuiol JUISTHKH (MapKiHT) 3MEHIIYE TAKOXK KOHLEHTPAIiI0 HITPUTIB, aMiaky,
LMHKY Ta Mapradio. Ha apyriil AijstHIi Tako) 3MEHIIY€EThCsl KOHIIGHTpallis 3aj1i3a. 301UIbLIeHHs BMICTY OKPEMHUX elle-
MEHTIB (3amax, KaJJaMyTHICTb, MiJlb, MapraHellb, KaJMiii) MoB’s3aHe 31 CreuupiYHUMHU 0COOIUBOCTIMHU KOXKHOI JITHKH,
Jie PO3TALIOBAHO 3€JICHUH J]aX Ta HE MAalOTh PETYIISIPHOTO MOBTOPIOBaHHS. Pe3ynbraTu MOCHIHKEHHSI MOXKYTh OyTH BH-
KOPHCTaHI TOCTPaJITHCbKUMH KpailHaMH, OCKIJIbKH paHillle BIUIMB MOBEPXHEBOTO CTOKY PO3IIISAABCS JIUIIE 3 TOUKU 30pY
HAJIXO/KeHHsI 3a0pYJHIOIUNX PEYOBUH 13 3JIMBOBOI KaHaui3alii 10 BOAHMX 00’ekTiB. JlOCHIIPKEHHSIM JOBEICHO, IO
3eJIeH1 1aX1 CIPHUSIOTh OYUIIEHHIO CTOKY, TPUPOIHOMY ITOIIOBHEHHIO TOBEPXHEBUX BOJHMX 00’€KTIB Ta TPYHTOBHX BOJ
Ta 3MEHIIYIOTh HaBAaHTAKEHHS Ha MIChKi OYKCHI CIIOPYIH.

Knrwouosi cnosa: 3enena ingppacmpykmypa, 3eiieni 0axu, 31u6068e pe2ynio8anhs, MicbKi 600U, NOGEPXHeGUIl CINIK.

BHecoK aBToOpiB: BCi aBTOpM 3p06MAM PiBHUI BHECOK Y L0 poboTy Hagjiiwna 23 sepecHs 2021 p.
MpuitHaTa 19 anctonaga 2021 p.

° The publication was prepared in the framework of International Visegrad Fund project “GREEN &
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@ \/lseg rad Fu nd NECTING TO V4 EXPERIENCE”. Responsibility for the information and views set out in this

publication lies entirely with the authors.
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