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Abstract

Soil excavation represents a fundamental step in the construction and development of infrastructure. Despite the
widespread application of best practices and regulations, accidents in the construction industry are comparatively
higher than those in other industries. Deep excavations have the potential to cause adverse effects on the stability of the
soil and nearby structures. Thus, in addition to ensuring safety, it is necessary to assess and monitor the environmental
impact of deep excavations during construction processes. An eloquent example is represented by monitoring the
marble resources exploitation from the quarry located in the “Dealul Maria” perimeter, in the town of Ruschita,
through topographical surveys realized with a view to determine volumes, carried out quarterly, for a period of 5 years.
The achieved 3D modeling highlights the differences between the initial shape of the natural land before the start of
exploitation, the resulting shape of the land at different stages of the exploitation and the final shape as well as supports
a proposal to green the exploited area by restoring the exploited land to a form as close as possible to the original one.

Key words: 3D modeling, deep excavations, environmental impact, BIM, topographic survey.

INTRODUCTION problems at a low cost, increasing the quality
and level of trust for deliverables (they are
Building Information Modeling (BIM) involves uniquely connected to the 3D model, and the
a working methodology that uses digital risk of inconsistencies is practically null)
models of a building to record and consistent  (https://bimmda.com/en/what-is-bim).
manage the spatial information and data
relevant to its life cycle and the exchange
between the specialists involved (Pescari et al.,
2022).
BIM aims to provide improved visualization of
project variants, a significant reduction in
planning errors, and easier construction based Building
on  collaboration and  computer-aided P Miation
simulation. The BIM concept (Figure 1)
emerged as a need to improve the way
buildings are designed, constructed and
operated (Wu et al., 2015). The main problems
that this concept solves are: reducing design
time, eliminating the need for redesign,
improving coordination between disciplines,
the possibility of exploration and simulation
within the model in order to detect design

Conceptual design

Figure 1. BIM definition
(https://bimmda.com/en/what-is-bim)
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The main advantage of BIM is to increase the
level of coordination and collaboration between
the members of all the teams involved in the
project (architects, specialized engineers,
manufacturers, executors, beneficiaries)
throughout its duration (concept, technical
design, execution details, manufacturing,
construction, maintenance) (Badea, A.C. &
Badea, G., 2022).

Name: 06 MRT Sution
Dutc: 24/0972008
Location: The Intcrsection of

Project

—_—
Data

Thongheng Rd. and Minzu Rd.
3D Model w—> ~..Access
S
Building
Sl[r;lal[um Information
a Modeling
Analysis P
Data “aecosm
] dgn File
Monitoring —_— » =
ata

Figure 2. Data sources to be integrated in BIM
(Wu et al., 2015)

For the industry to converge to the use of three-
dimensional, object-oriented models such as
BIM, three essential elements need to work
together: computational power, a platform for a
common database, and a network with
sufficient bandwidth (Figure 2). The system
shown in Figure 2 is based on commercial
hardware and software comprising the Bentley
AECOsim Building Designer, which supports
visualization of a 3D model with some
capabilities for 3D object manipulation and
information query with Application
Programming Interfaces (API) for functionality
extensions (Wu et al.,, 2015). BIM can be
interpreted through the aspects that define it.

A first aspect concerns conceptual design as it
is commonly perceived. The conceptual design
is the most creative part of the design work and
brings into focus all aspects of the project in
terms of function, cost, construction methods
and materials, environmental impact, cultural
and aesthetic considerations and more. During
it, the entire knowledge and experience of the
members of the design team is activated and
put to use (Oprea et al., 2014).

A second aspect concerns the use of BIM for
the design and analysis of building systems.
Analysis means, in this case, the operations of
simulating and measuring the fluctuations of

12

the physical parameters that are expected from
the real construction (Kim et al., 2012).

The third aspect is the classical one, regarding
the use of BIM for the development of
construction information at the level of
execution details (Marcuta et al., 2020).

BIM provides detailed 3D visualization and the
ability to organize large volumes of building-
related data for management. Different scientist
(Hsieh & Lu, 2012) demonstrated that a
visualization system allows users to interpret
monitoring data effectively and intuitively,
reduces misinterpretation, improves
communication efficiency, and facilitates
effective decisions that are supported by
collected monitoring data. On the other hand,
other researchers (Kim et al., 2012) focused on
monitoring and visualizing aggregated and real-
time states of various energy uses represented
by location-based sensor data collected within
the city, in particular referring to building.
Design representations are no longer 2D
drawings. Instead, designers use 3D BIM
models that are assembled in the same manner
a building is constructed. BIM can be used in
construction companies to better reuse
accumulated management information (Oprea
et al., 2014) (Figure 3).

M Using software from different manufacturers
and neutral data formats

Open BI

. Using products from a single manufacturer and
Closed BIM proprietary interfaes/files

Using BIM for planning cooperation between
different disciplines

Big BIM
R

Little BIM Using BIM for a certain task

Figure 3. Different types of BIM

Employing spatial information within the BIM
model (Figure 4) enables everyone on the
project team to make better and more informed
decisions throughout the entire lifecycle of
construction and infrastructure projects.

L Project Data
Integration
- Building Information Modeling |
5 > (BIn)
Safety / Risk
jnaatcn Management

Figure 4. Logical diagram of a BIM-based monitoring
system development project (Wu et al., 2015)



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

In terms of understanding the current state of
safety planning in built-up areas, an in-depth
understanding of previous research studies is
summarized as safety planning practices related
to excavation pits in the construction industry.
Inadequacies in contemporary safety planning
have been addressed with advanced BIM-based
design for safety concepts. Research works on
rule-based safety planning and BIM are
thoroughly reviewed and the need for the
proposed  safety  rule-based  automated
excavation modeling approach is established
(Buza et al., 2001).

An eloquent example is represented by
automatic modeling of safety excavation,
regulatory compliance and safety best
practices, using visual programming and BIM
technologies for the safety management
process. The more specific objective of the
study was to develop an automated BIM-based
safety planning tool specific to construction
excavation that can identify potential hazards
related to falls, pits and safety exits together
with a 3D model visualized with a built-in
prevention solution for hazard recognition. As a
limitation it is mentioned that this solution does
not take into account the whole hazard related
to geotechnical activities. Therefore, the scope
of the study is limited to the major types of
potential hazards, including but not limited to
fall and exit hazards (Khan et al., 2019).

Thus, academic researchers as well as industry
professionals are currently paying vital
attention to ensuring construction safety even
from the project stage. To this end, various
algorithms to increase safety in the pre-
construction phase have been developed. These
algorithms focus on analysing potential risks,
checking the BIM model for fall risks and
limiting access to areas where masonry wall
constructions are being carried out. Using
programming languages, such algorithms
automatically generate geometric conditions in
BIM and visualize potential risks and adoption
of safety measures, along with quantity
calculation and optimized locations.

This paper presents the monitoring process of
the marble resources exploitation from the
quarry located in the "Dealul Maria" perimeter,
Caras-Severin County, Romania. This objective
represents an eloquent example of assessing
and monitoring the environmental impact of
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excavations which have the potential to cause
adverse effects on the stability of the soil and
nearby structures and could be successfully
further integrated into BIM. By implementing
such an approach, it brings added value to the

entire process of safety planning in
construction (Salagean et al., 2017).
MATERIALS AND METHODS
The purpose of environmental impact

assessment is to highlight both the negative, as
well as the positive effects of a planned activity
or an ongoing one (in the case of development
or modernization projects of  existing
capacities) on the environment.

From an administrative point of view, "Dealul
Maria" exploitation perimeter is located outside
the built-up areas of Ruschita locality, Rusca
Montand commune, Caras-Severin County, 2
km from Ruschita locality and 25 km northeast
of Otelul Rosu town (Figure 5). Access to the
exploitation perimeter is realized from
Caransebes - Hateg national road, on the
partially modernized county road Voislova -
Rusca Montana - Ruschita, then on an
industrial road to the exploitation perimeter
"Dealul Maria", at an elevation of +800 m
above Black Sea 1975 level.

Ruschita

i

Dealul
W\ ETIE]

@ ComunaRusca
Cascada Soimu Montana

Voislova

Poiana ghiocelului &

Ciresa

Magura

OteluRosu

Figure 5. Location of the “Dealul Maria” exploitation
perimeter (© Google Earth)

The exploitation activity in the "Dealul Maria"
quarry was expected to be in progress over a
period of 11 years (2010-2021). Thus, a
concession license for exploitation has been



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

issued by the National Agency for Mineral
Resources, as well as additional documents 2
and 3 to this license. The key deciding element
in what concerns the granting of the
exploitation licence is represented by the
accomplishment of the planned production
during the validity period of the license through
the systematization of the quarry in the

perspective of the continuation of the
exploitation beyond the year 2021.
Marble exploitation from "Dealul Maria"

deposit will be carried out on all 12 levels,
starting with level 1 and up to the last level
+780 m elevation, level 12, partially.

The total expected production for the period of
validity of the exploitation license will be
3,224,215 tons, respectively 39,401 tons of
industrial extraction in the first year of
exploitation, reaching 279,696 tons per year of
industrial extraction at the end of the license, in
the last year of exploitation (S.C. Omya Calcita
S.R.L. Bucuresti, Report, 2010).

The following types of waste result from the
activities that have been carried out within the
objective:

- plant (organic) waste, sawdust, plant
residues etc. derived from forest
vegetation clearing works;

- topsoil and technological  waste
resulting from the deposit discovery
works and exploitation losses;

- household waste.

Vegetable waste from vegetation clearing
works consisting of sawdust, wood scraps etc.
will be completely collected, ground and
utilized.

The topsoil will be stored separately from the
sterile rocks, in a temporary topsoil dump, so
that at the end of the exploitation license
period, respectively at the end of the
exploitation activity, it will be used for
environmental restoration works (Herbei et al.,
2021). The dump will be located in the northern
area of the exploitation perimeter, between
elevations +890 m and +910 m. The amount of
topsoil from "Dealul Maria" perimeter that is to
be stored in the landfill until the end of the
validity of the exploitation license is 20,000 m?
(1,176 m*/year).

The hydrographic network of the area is
represented by "Valea Morii" stream and
"Raci" stream, the left tributary of the
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"Padesului" valley. The rugged relief in the
area with steep slopes and narrow valleys, with
relatively poor vegetation, contributes to the
oscillating flow of the "Pades" River. The
closest watercourse to the site is "Valea Morii",
about 400 m away.

From a hydrogeological point of view, the
geological research carried out did not indicate
the existence of permanent or temporary
aquifer layers, holes or underground voids with
possible accumulations of water.

Forest soils are spread in the areas where forest
vegetation develops, the dominant type being
the Preluvosol, as a subtype-the typical
Preluvosol that appears on the highest, well-
forested ridges. Because of these soils’ weaker
physical and biochemical properties, compared
to chernozems and faeozems, they are much
more exposed especially to physical and
chemical degradation. Located in regions with
higher slopes, when the forest is cleared, these
lands are exposed to intense erosion. On large
areas, on steep slopes, due to the marked
degradation of the land, regosols-class
protosols (unevolved soils) developed on a
parent material originating from unconsolidated
rocks and maintained close to the surface by
slow and long geological erosion, but
especially the erodisols, are also found caused
by accelerated erosion.

From a geotechnical point of view, the land

shows no indications of geodynamic
phenomena existence that could affect the
stability of the site.

The final slopes of the quarry will have an
established slope so that, under normal
conditions, landslides will not occur.

The quarry is located far from towns, in an area
without traffic or permanent activity, without
industrial objectives or networks (electricity,
gas, water, roads) to protect.

Under these conditions, for 5 years monitoring
of the definitive slopes of the quarry, the
following measures have been taken:

- placement of levelling benchmarks at
the base of the definitive slopes;

- semi-annual monitoring by precision
levelling of slope stability combined
with GNSS planimetric measurements;

- recording the measurement results in a
special register.
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RESULTS AND DISCUSSIONS

In this section, the geodesy-specific
methodology and technology wused for
monitoring the marble resources exploitation
from the quarry located in the "Dealul Maria"
perimeter in the town of Ruschita, are
presented. The topographic surveys have been
realized quarterly, over a period of 5 years,
with a view of determining the volumes and
creating the 3D models of the terrain. The 3D
modeling will highlight the differences between
the initial shape of the natural land before the
start of exploitation, the resulting shape of the
land at different stages of the exploitation, the
final shape and a proposed model to green the
exploited area by restoring the land to a form as
close as possible to the original one.

The first measurements session was carried out
in October 2016 on the new area proposed for
exploitation.  The  measurements  were
performed after clearing of the mentioned area
initially covered by forest vegetation and
represent the basis for realizing the layout plan
and the 3D model of the terrain, which will be
considered as the reference for future
calculations. The equipment used for the
topographic surveys consists in a GNSS
receiver, STONEX S10A, using the RTK (Real
Time Kinematics) method; the services of the
ROMPOS (Romanian Position Determination
System) RTK system were used to determine
the detail points.

Topographic surveys have been realized in
adequate temperature and environmental
conditions. Processing of the measurements
with a view of obtaining the 3D model and
volume calculation of the exploited marble
implied using TopoLT and AutoCAD software.
The  reference  measurement  included
representation of forced slope change lines
required for 3D terrain modelling (Figure 6)
using the TopoLT software, consisting of
existing topographical details on the quarry site
such as: slopes, determined by slope shoulder
and slope foot, roadsides, ditches etc.

In addition to the studied area for the marble
exploitation, the area in the vicinity where dust
pollution from the cutting and sectioning
process could occur was also identified during
the first session of measurements.
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The area proposed
for exploitation.

Previously exploited area

Figure 6. The 3D model of the terrain resulting from
processing of the first measurement session carried out
on 30.10.2016

The preparation of the levelling plan (Figure 7)
necessary for the specialized works related to
the exploitation is based on generating the
contour lines with TopoLT software.

i : i
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Figure 7. Layout plan of the marble quarry in the "Dealul
Maria" perimeter (First session of measurements)

Analysing the levelling plan, one can see that
the maximum elevation reaches 850 m starting
from 780 m, in the area where exploitations
have been previously realized. Also, another
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conclusion is that terraces are formed in the
exploited area with a 10 m level difference
between. In this measurement, the three
terraces are at an elevation of 800 m, 810 m,
respectively 820 m.

From the measured coordinates, we also
studied the positioning of the first locality near
the marble exploitation, which is less than 4 km
from the first inhabited houses. We have
identified the areas where air monitoring
sensors will be installed. The interest in this
aspect is increased and the results are
centralized to find solutions to reduce pollution.
Next, from all the quarterly measurement
sessions, session number 10 realized on
29.12.2018, respectively the last measurement
session, namely session 20 on 30.05.2021, have
been selected to be discussed in this paper.

Figure 8. The 3D model of the terrain resulting from
processing of measurement session no.10 carried out on
29.12.2018

Data processing has been performed in the
same manner as for the first measurements
session, realizing both the 3D models (Figure 8
and 11) and the layout plans (Figure 9 and 12).
Analysing Figure 9, one can identify the new
areas where marble exploitations have been
carried out. We noticed that the exploitation on
the 830 m contour line were expanded and the
topographic surveys were realized for the 840
m contour line. At this elevation (840 m), the
transverse profiles were made and the slope of
the ramp was identified. It was also found that,
in the northern part, the transition from the
contour line 820 m to 830 m was made without
keeping the buffer zone.

The volume calculation of the exploited marble
was carried out using the TopoLT software.
This application allows users to calculate the
volume Dbetween different measurement
sessions by computing the difference between
3D models.
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Figure 9. Layout plan of the marble quarry in the "Dealul
Maria" perimeter (measurement session no.10)

Figure 10 shows the volume calculation
between measurement session 1 and session 10.

Figure 10. Volume calculation between measurements
session 1 and session 10 and representation of the
exploited area

Figure 11. The 3D model of the terrain resulting from
processing of measurement session no.20 carried out on
30.05.2021
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"Dealul Maria" perimeter (measurement session no.20)

Figure 12 shows the exploited area at 840 m
elevation. From the resulting plan, the five
benches of exploitation and their interval by
elevation were also identified. The first step is
between +785 and 800 m, the second step
between 800 and 815 m, the third step starts
from 815 to 825 m, the 4th step is between 825
and 835 m, and the last step is identified at
+835 m to 845 m.

Figure 13. Volume calculation between measurements
session 10 and session 20 and representation of the
exploited area

In Figure 13 the volume calculation between
measurement sessions 10 and 20 is represented.
Table 1 summarizes the volume calculation
between the 3 surveying sessions which spread
over a S-year period. As it can be seen, the
value of the exploited marble is lower than the
initial estimated value of 279,696 tons per year
of industrial extraction.

Table 1. Volume calculation of the exploited marble

Measurement Volume calculation Volume calculation
. [m? [tons]
Sess10n 1 +93,427.87 252,255.249
Session 10
Session 10 +80,928.88 218,507.976
Session 20
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A future exploitation is proposed for the final
period of the license, in the sense of greening
the area simultaneously with the marble
excavation process. Slope excavation is
established between the slope foot lines of the
existing steps, in order to avoid filling works in
view of minimal greening costs. In other words,
following the proposed exploitation, the quarry
will be directly greened (Figures 14 and 15).

Figure 14. 3D model after greening the exploited area

Figure 15. Marble volume calculation remaining to be
exploited according to the greening proposal

CONCLUSIONS

Despite the vital development of BIM
technologies for construction safety planning,
the current practice of excavation safety
planning is still manual and based on
conventional methods. To address this problem,
both internationally and in Romania, automatic
excavation safety planning tools must be
developed and tested.

The topicality of this research is given by the
fact that assessing and monitoring the
environmental impact of excavations which
have the potential to cause adverse effects on
the stability of the soil and nearby structures
can be successfully further integrated into BIM.
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The implementation of such an approach also
brings added value to the construction process,
as optimal decisions can be adopted with regard
to streamlining time and costs.

The potential of BIM for excavation safety
planning and modelling in the pre-construction
stage has been ascertained and confirmed
through real case studies (Herbei et al., 2022).
Various studies have demonstrated the
usefulness of a BIM of deep excavation
projects to integrate a 3D model and relevant
spatial information regarding the retaining
walls, excavation and adjacent buildings; and
then visualized all the analysis and assessment
results to present the likely locations and
degrees of risk and safety in different
situations. These facilities enable users to
interpret monitoring data effectively and
intuitively, reduce misinterpretations, improve
communication efficiency, and facilitate
effective decisions that are supported by the
collected monitoring data.

As regards "Dealul Maria" objective, its
exploitation consisted in carrying out the
activity of extracting the marble reserves from
the quarry fronts, loading the material into
dump trucks and transporting it to the primary
crushing plant located outside the exploitation
perimeter. At the end of the activity, works will
be carried out to close the objective in order to
return to the initial environmental conditions,
which will consist of: evacuation of machinery
and equipment, proper evacuation and storage
of any waste, correcting the slopes and
covering the horizontal surfaces of the quarry
with topsoil and seeding with grass the surfaces
covered with vegetable soil, applying fertilizer.
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Abstract

The shear strength parameters, internal friction angle (p [°]) and cohesion (c [kPa]) represent derived values,
according to the methodology of Eurocode 7 and NP 122. They are determined by processing the pairs of normal stress
(0) - tangential stress (t) values resulted from direct shear or triaxial compression tests. The paper presents 5 methods
of determining the characteristic values, following the direct processing of ¢ and c¢ values or indirectly, by processing
pairs of o-t values, resulted from direct shear tests. The characteristics values of shear strength parameters are
required for the geotechnical design in the case of various geohazards and for foundation solution. A series of
conclusions are drawn based on the legislation in force.

Key words: characteristic values, cohesion, derived values, internal friction angle, shearing strength parameters.

INTRODUCTION parameters is the dependence on the state of
stress in which the soil is at a particular
From a geotechnical engineering perspective, moment and more than that, on the history of

there are two types of parameters which are the loading states.

essential in analysing the mechanical behaviour =~ The current paper analyses the fit of usage for
of soils: the parameters governing the relation five methods of computing the characteristic
between stresses and strains (compressibility  values of the shearing resistance parameters, by
and consolidation parameters) and the analysing the current technical norms in use
parameters governing the development of  and prior methods prescribed by the legislation
plastic strains which lead to failure. in Romania. For that, several direct shearing
Préstings et al. (2019) said that the lack of  tests have been employed, analysing the results
harmonisation between reliability-based design from the point of view of the safety the five
and the partial factor method in Eurocode 7 is methods provide.

preventing the widespread introduction of a  The methods used in this paper are based only
risk-based concept in geotechnical design. on the stochastic approach, without using any
The current paper deals with the determination other numerical methods for analysing the
of the values to be used for design, namely the fitness of the methods.

inferior characteristic values of the shearing

resistance parameters, as used in Mohr- MATERIALS AND METHODS

Coulomb constitutive model.

The choosing of the characteristic values is Using following notations:

anything but trivial, due to the highly hetero-  Xj - measured values, with i€[0,n];

geneous nature of soils and the variation of the Xm - average of the measured values Xj;
parameters with respect to the method used for ~ sx — standard deviation of the measured values
analysing the shearing resistance, in particular. Xi;

Another particular property of soils that Vi - coefficient of variation;

increase the difficulty in choosing the
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Xk - characteristic value (there will be a

superior value and an inferior value);

to - statistical coefficient derived from STAS

3300/1-1985.

Computation procedures considered are:

- According to NP 122-2010

The average of the measured values

computed using equation (1):
n

X, i=o Xi

The standard deviation of the measured values
is computed using equation (2):

_ ?zo(Xi _Xm)z
Sx = n—1

is

Q)

(@)

The coefficient of variation is computed using
equation (3)
Ve = X,
The superior and inferior characteristic values
are computed using equation (4). The statistical
coefficient k, is determined using Table 3.2
from NP 122-2010.
Xk_sup = Xm(1 + knVy)
Xk_inf = Xm(1 — kpVy)
The previous computation procedure was
applied in two different hypotheses. The first
hypothesis determined the values of the shear
resistance parameters for each of the direct
shearing tests performed and applied the
previously described procedure to compute the
characteristic values of the shear resistance
parameters.

The second hypothesis considered the
maximum shearing stress determined from the
direct shearing tests (the normal stress for each
test was imposed). The characteristic values for
maximum shearing stresses were determined
for each of the imposed normal stresses and the
shearing resistance parameters were determined
using the pairs of the characteristic shearing
stresses and the imposed normal stresses.

(€))

“

- According to NP 122-2010 Appendix A.4

In appendix A.4 of NP 122-2010 certain values
are recommended for the coefficient of
variation Vx, depending on the analysed
parameters. For the current case, the
recommended coefficient for the internal
friction angle ¢’, applied on the tangent of the
angle is 0.1. Similar, the recommended value
for the drained and undrained cohesion is 0.4.
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- According to NP 122-2010 Appendix A.5
The procedure uses a regression line, having
the equation t=c tan ¢ +c and the characteristic
values are obtained based on the statistical
coefficient ta.

Y = agx +b x t,s,
te =f(n—1)

As a result, the correlation that gives the
characteristic value is parallel to the regression
line calculated by the least squares method.
Therefore, only the cohesion value is
underestimated, and a characteristic value is
provided, while the internal friction angle has
the same value, from the regression line.

(&)

- According to the procedure from STAS
3300/1-1985 Appendix A

Before the entry into force of Eurocode 7 and
NP 122, the calculation values of the geotech-
nical parameters are determined according to
STAS 3300-1/85 which contains distinct
procedures for independent parameters (p, w,
Eoed) and correlated parameters (¢ and c).

The procedure described in STAS 3300/1-
1985, that can be fully applied because it uses
mathematical statistics relationships, is based
on the following equations:

Yk = QX + by, (6)
ar =an(1t tan,a)
m
b, = b, (1% tabs—:lb)
te = f(n—2)

As a result, both the internal friction angle and
the cohesion are underestimated (inferior
characteristic values are obtained).

The coefficient of variation, through the
recommended maximum values for physical
characteristics of  soil, underlies the
delimitation of geological strata (Olinic, 2014).

RESULTS AND DISCUSSIONS

For obtaining the input data for the current
paper, 36 direct shearing tests were performed.
The tests were conducted with imposed normal
stress (12 tests with an imposed value of
121.37 kPa, 12 tests with an imposed value of
216.75 kPa, and 12 tests with an imposed value
of 312.12 kPa). The maximum shearing stress
was recorded for all the 36 tests and presented
in the Table 1.
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Table 1. Measured maximum shearing stresses for the X7 25.39 0.475 83.63
performed direct shearing tests [kPa] Xs 19.34 0.351 120.08
o1 - - Xo 23.38 0.432 73.25
Measured values 121.37 216.75 312.12 X0 182y 0:254 1214%
Xii 24.35 0.453 59.96
T1 T2 13
Xi 132.66 159.12 187.23 X 21.69 | 0398 | 117.01
% 5500 TG EoTRD Minimum values, Xmin 14.27 0.254 59.96
X 148.92 20101 242,62 Maximum values, Xmax 26.16 0.491 121.48
X 130.56 172.90 208.00 Average values, Xm 21.47 0.395 94.90
Xs 148.92 166.29 212.50 . .
Xe T FE 223.10 The (?btalned values were plptted in a ¢-c
X VIRE 186.67 231.66 coordinate graph presented in Figure 2.
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The measured results were plotted in an 6-t

coordinates graph, presented in Figure 1.
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Figure 1. Measured values plotted in 6-t coordinates.
From the measured stresses, the shearing
resistance parameters were derived. The

obtained values are presented in Table 2.

Table 2. Derived values of the shearing resistance

parameters
dcu tan ¢cu ccu
Derived values

° kPa
Xi 15.96 0.286 97.67
X2 20.96 0.383 109.39
X3 26.16 0.491 91.34

X4 22.25 0.409 82.01
Xs 18.44 0.333 110.31
X 25.47 0.476 72.62
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Figure 2. Derived shear resistance values plotted in ¢-¢
coordinates.

Following the computation procedure described
in the previous section, using the provisions of
NP 122-2010, the following characteristic
values were derived (Table 3).

Table 3. Derived values of the characteristic shearing
resistance parameters

Number of selicted X; values, 12 12 12
Standard deviation, sy 3.84 0.0767 20.8
Coefficient of variation, Vy 0.179 0.194 0.220
ky for Vyunknown 0.51 0.51 0.51
X sup = Xm(11+Kn Vi unknown) 23.44 0.434 105.55
Xic int= Xm(1-kn Vi unknown) 19.51 0.356 84.24
deu kint 19.59

The derived values were plotted in a -t graph,
together with the measured values for stresses,
showed in Figure 3.

The same computation procedure was applied
for the values of the measured stresses. The
characteristic values that were obtained are
presented in Table 4.
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Figure 3. Derived characteristic values for the shearing
resistance parameters using NP 122-2010 together with
the measured values plotted in 6-t coordinates.

Table 4. Characteristic values of the shearing stresses
using NP 122-2010 and derived characteristic shearing
resistance parameters

Number of selected X; values, n 12 12 12
Standard deviation, sy 16.20 15.25 18.00
Coefficient of variation, Vy 0.114 0.085 0.083
Ky for Vunknown 0.51 0.51 0.51
Xic sup = Xm(1+kn Vi unknown) 150.57 187.82 226.82
X int= Xin(1-Kn Vy unknown) 134.00 172.22 208.40
Ocu kinf 21.31
Ceukinf 87.00
The derived characteristic values of the

shearing resistance parameters were plotted in a
o-t graph, together with the measured stresses
(Figure 4).

300

< (kPa)

.
loe o = 21,312, okt = 87 kPa &
.

100 [

o

300 400 o(kPa) 500

Figure 4. Derived characteristic values for the shearing
resistance parameters from the characteristic derived
stresses using NP 122-2010 together with the measured
values plotted in -t coordinates

Using the computation procedure described in
NP 122-2010 Appendix A.4, the coefficients of

22

variation Vy for the tan(¢) and c were
considered 0.1 and 0.4 respectively. With these
values, the derived characteristic values for the
shearing resistance parameters were computed,
using the values presented in Table 2. The
results are presented in Table 5.

Table 5. Derived characteristic values of the shearing
stresses using NP 122-2010 Appendix A.4

Number of selected X values, 12 12 12
n
Standard deviation, sy 3.84 0.0767 20.8
Coefficient of variation, Vy 0.179
K for Vmknonn 051 0.51 0.51
Xicsp = Xl 1K Vi unknown) 23.44 0415 114.31
X ine= Xl 1K Vi unkaonn) 19.51 0375 75.48
¢CU kinf 2055
The  characteristic ~ shearing  resistance

parameters obtained using the appendix A.4
were plotted in a o-t graph, together with the
measured stresses (Figure 5).

lowin = 20.55¢, ckint = 75.48 kPa

100 =

0

200 300 400 o (kPa) 500

Figure 5. Derived characteristic values for the shearing
resistance parameters using NP 122-2010 Appendix A.4
together with the measured values plotted in c-t
coordinates

Following the computation procedure described
in NP 122-2010 A.5, the trendline was derived
from the measured stresses. The trendlines and
values obtained are presented in Figure 6.
Applying the procedure described in STAS
3300/1 - 1985 to improve the results obtained
from NP 122-2010 Appendix A.5, new
trendlines are obtained. The results are
presented in Figure 7.
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Figure 6. Derived characteristic values for the shearing
resistance parameters using NP 122-2010 Appendix A.5
together with the measured values plotted in 6-t
coordinates
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Figure 7. Derived characteristic values for the shearing
resistance parameters using NP 122-2010 Appendix A.5,
improved with the procedure from STAS 3300/1-1985
together with the measured values plotted in 6-t
coordinates

Table 6. The characteristic inferior values of the shearing resistance parameters obtained through the five methods
described in the current paper

Characteristic inferior

NP 122-2010 -

INBPPEJ IR NP 122-2010 - [N@WPEeIi] NP 122-2010
values of the shearing [SEEREEREIIES inferior values App A4 - App A5 - Appendix A.5+STAS
resistance parameters — Method 1 for stresses - Method 3 Method 4 3300/1 -1985 -

Method 2 Method 5
dcuking 19.6° 21.3° 21.5° 19.3°
CCU kint 84.2 kPa 87.0 kPa 68.1 kPa 83.8 kPa
300
©
&
= o
$ /
200 9
: E e
® Measured values
: ——Method 1
' ——DMethod 2
ot Method 3
—Method 4
J ——DMethod 5
100 +— -
0
0 100 200 300 400 o (kPa) 500

Figure 8. Mohr-Coulomb failure lines plotted using the inferior characteristic values of the shearing resistance
parameters determined using the five methods described in the paper

CONCLUSIONS

The current paper analyses the use of five
different methods of computing the inferior
characteristic values of the shearing resistance

23

parameters (Table 6), using the Mohr-Coulomb
constitutive model formulation. If considering
the results plotted in Figure 8, the first
conclusion is that Method 2 doesn’t provide
sufficient reliability to be used.
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On the other hand, considering that Mohr-
Coulomb  constitutive model is  highly
dependent on the normal stress applied, and
considering that all the other methods (except
for Method 2, of course) provide results that are
inferior to most of the measured stresses —
smaller than 95% of the obtained results, the
choice of the method used relies rather on the
designer.

The recommendation of the authors is to
choose the usage of Method 4 for the situations
where the normal stresses are low enough (up
to 200 kPa) and Method 5 for normal stresses
higher than 200-250 kPa.

Methods 1, 3 and 4 are prescribed by the
current design norms and choosing any of them
will be in accordance with the laws in use. As
one can observe in Figure 8, all of them
provide sufficient reliability.

More tests on more types of materials can
provide with a better understanding of the
methods for determining the characteristic
values, considering that different types of
materials might provide improved results.

24

ACKNOWLEDGEMENTS

This research was financed by the University of
Agronomic Sciences and Veterinary Medicine
of Bucharest (Grant number: 1068/15.06.2022,
Acronym: GeoRoots).

REFERENCES

NP 122 - 2010. "Normativ privind determinarea valorilor

caracteristice si de calcul ale parametrilor
geotehnici".
Olinic, E. (2014). The influence of geotechnical

investigations magnitude on characteristic values of
soils parameters. [International Multidisciplinary
Scientific GeoConference: SGEM, 2, 915.

Prastings, A., Spross, J.,, Larsson, S. (2019).
Characteristic values of geotechnical parameters in
Eurocode 7. Proceedings of the Institution of Civil
Engineers - Geotechnical Engineering, 172(4), 301—
311, https://doi.org/10.1680/jgeen.18.00057.

STAS 3300/1 - 1985. "Teren de fundare. Principii
generale de calcul".

SR EN 1977-1:2004. Eurocode 7: Geotechnical design -
Part 1: General rules, Romania, 2004.



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

BIO-REINFORCEMENT OF SLOPES

Tatiana OLINIC!, Ana Maria STANCIU?, Ana Cornelia BUTCARUS3, Vasilica LUCHIAN*

"University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Land Reclamation and Environmental Engineering,
59 Marasti Blvd, District 1, Bucharest, Romania
2University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Agriculture, 59 Marasti Blvd, District 1, Bucharest, Romania
3University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Research Centre for Studies of Food and Agricultural Products Quality,
59 Marasti Blvd, District 1, Bucharest, Romania
“University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Horticulture, 59 Marasti Blvd, District 1, Bucharest, Romania

Corresponding author email: olinictatiana@gmail.com
Abstract

The influence of vegetation on mechanical soil behaviour represents a significant factor to be considered in erosion
control. This type of erosion control process is named bio-reinforcement and it is an environmentally friendly
engineering method for shallow slope stabilization. The mechanical reinforcement made by roots has effect in shallow
soil, where the most root biomass exists. Vegetation plays an important role in stabilizing settlements and
infrastructures from hazards produced by water energy. The new trend named sustainability has forced engineers to
rediscover vegetation as an engineering solution for shallow slope protection. This review paper presents various
species of plants with an important role in slope stabilization applications. The need for a sustainable future creates a
new engineering discipline, named Eco-geotechnics, which integrates knowledge from soil mechanics, botanics,
engineering geology and atmosphere science.

Key words: slope stability, bio-reinforcement, vegetation, roots tensile.

INTRODUCTION occur by: splash erosions (or raindrop erosion),
sheet erosion, rill erosion and gully erosion.

In order to prevent soil erosion on slopes it is Sheet erosion is the soil particles movement
very efficient to use bio-reinforcement using from the upper part of the soil mass or topsoil
living plants. The utilization of vegetation as an produced by raindrop impact; along the slope
environmentally friendly method to increase and close to the base water will detach sheets
the stability of natural and artificial slopes is and layers of soil from all the surface area.

well known all over the world. In the scientific Rill erosion represents small channels produced

literature there are many papers on this topic, by runoff water concentrated down a slope. If
especially papers with authors from Asia the channel is up to 0.30 m it is rill erosion; if it
(China, Indonesia, Malaysia, India, etc), is deeper, it is about gully erosion.

Europe (Italy, Spain, France) and South Gully erosion appears when the water flow is
America (Brazil, Peru). strong and can detach and move the soil

The erosion process occurs when rainfall particles. Gully erosion is visible on site and

appears, especially on steep slopes that have a ~ has a negative effect on soil productivity,

poor cover of vegetation or on non-vegetated roads, buildings, land and fences.

slopes (Figure 1) besides the rainfall intensity, Splash erosion or raindrop erosion is caused by

the erosion process depends on: relief, soil the splash of falling raindrops; and appears due to

erodibility, water flows, climatic area and the rough splashes of water.

vegetation cover. Erosion produced by water = According to Touze-Foltz and Zanzinger

(which presents interest for our paper) can (2016), an important achievement when we
speak about surface erosion control on

25



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

construction sites (steep slopes human made,
fences, embankments, slopes around roads) is
to stabilize soil and seed on slopes until the
seed can germinate and fix in the topsoil.

MATERIALS AND METHODS

This paper it is a review article, which present
the influence of bio-reinforcement made by
vegetation on shallow slope stability
applications, it was used some conclusions
from a series of experiments from the scientific
literature. The materials and methods used in
various papers are presented below.

Raindrop Erosion
Sheet Erosion
Rill Erosion

Sully Erosion e

Channel Erosion \.P P
\rﬂ.»m»w =

- e
bt o

Figure 1. Types of soil erosion (Rimoldi, 2016)

The type of vegetation

Singh et al. (2021) studied trees and woody
shrubs stabilization by their reinforcing
properties and they concluded that the root
systems transmit stability to slopes, subjected
to mitigate soil erosion or landslides. The heart-
root system of the shrubs and grass-roots
provide a more significant increase in soil
cohesion than tap-root system; the grass-roots
protect the topsoil and reduce shallow
landslides.

For a right solution of bio-stabilisation, it is
important to take into account natural
vegetation which can be found on site. These
plants are naturally adjusted to the climate and
soil from the region.

Woody plants used in studied papers are:
Chimonobambusa sp. (it is a small bamboo of
about 1.10 m height), Pseudosasa japonica (a
type of bamboo, perennial, with a height of
about 1.00 m), Indigofera amblyantha (a
perennial deciduous shrub with a horizontally
developed root system), Ligustrum vucaryi (a
shrub with roots of 0.50-0.70 m), Fumana
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thymifolia (a shrub, medicinal plant which can
grow to 30 cm tall), Tamarix canariensis (a
shrub or small tree up to 4 m tall), etc.

Grass used in studied papers are: Cymbopogon
sp. (Lemongrass - a tropical perennial grass
with a length of roots of 0.35 m), Chrysopogon
zizanioides (Vetiver grass is a common used
plant in bio-stabilisation; it is a graminaceous
plant, the roots can grow to 1.00 m in 3
months), A4 fruticosa (a plant used for
ecological restoration for tailing ponds),
Limonium supinum (it is a perennial herb, very
common in saline areas from Iberian Peninsula;
it is a plant used for the restoration of arid
zones), Stipa tenacissima (it is a common plant
from Mediterranean countries; it is very
efficient in ecological domain because prevents
desertification), etc.

The most common plant used for bio-
reinforcement is Medicago sativa, also called
alfalfa. It is a widespread perennial flowering
plant; it is a forage crop in many countries from
the world. Once it is established, this plant
doesn’t require cultivation, being a sustainable
solution on slopes where it is difficult to reach
with agricultural machinery. The root system
reaches a depth of 3.00-5.00 m. According to
Wang et al. (2022), the deep and root system of
Medicago sativa go into the soil; the root
system creates spaces and channels in depth
allowing water infiltration.

Figure 2. The climatic areas in Romania (GE 027-1997)

In Romania, the bio-reinforcement of slopes
with different plant is made depending on the
climatic areas. In National Guide 027-1997, the
surface of Romania is divided into 3 main
areas; for each area it is proposed a mixture of
perennial plants in order to protect the slopes
for erosion (Figure 2).
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The proposed mixtures for vegetalization of
slopes are composed by the following plants:
Bromus  inermis,  Agropyrum  cristatum,
Medicago sativa, Dactylis glomerata, Festuca
pratensis and Trifolium pratense. These plants
are known to have beneficial effects in erosion
control, but unfortunately Bromus inermis and
Agropyrum cristatum seeds are no longer
produced and sold in Romania.

According to De Baets et al. (2009), in a study
from Mediterranean part of Spain, the root
characteristics to predict the erosion-reducing
potential of vegetation depend both on the site
conditions and on the erosion process of
interest. In order to prevent rill and gully
erosion it is mandatory to prevent the initiation
of concentrated flow erosion.

Soil used in studies

In many laboratory studies, the soil was chosen
in order to be a very erodible one or a difficult
foundation soil. In the category of very erodible
soil are coarse sands, fine sands, silty sands or
silty soils. Difficult foundation soils used in
analyzed scientific papers are: loessoid soils
and expansive soils.

Preparing the samples

A series of studies were carried out on samples
remodelled in the laboratory, samples in which
vegetable fibbers were added (Figure 3).

Vertical root Horizontal root Complex root

Soil samples

Figure 3. Samples remodelled in laboratory (Badhon et
al., 2021; Guo et al., 2020)

The most relevant studies are those carried out
on soil samples where the plants grew, where
the roots are naturally distributed in the soil
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mass (Figure 4). The relation between roots and
soil can be schematic view in Figure 5.

75 mm

75 mm

150 mm

v

Figure 4. Preparation of undisturbed rooted soil samples
(Badhon et al., 2021; Wang et al., 2020)

Sail-atmosphere interactions:
evaporationantal
Soll-plant-atmosphere Inieractions:

oot Water plake

oot
ystom

Gyindrical root architecture

Figure 5. A schematic 3D root system (Ng et al., 2022)

Rainfall tests

In laboratory studies, have been used rainfall
simulator with nozzles in order to apply various
rainfall intensities for different period of time.
In the case of field experiments, rainfall was
measured using automatic weather stations
installed in the vicinity of the experimental
plots.

Strength parameters

Researchers Waldron (1977) and Wu (1979)
made the first attempts to quantify soil
reinforcement due to roots using a simple
perpendicular root model. This model in well
known as Wu/Waldon Model - WWM and
show that the increase in soil shear strength
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appears as an increase in soil cohesion, c;
(kPa). The roots cohesion it is expressed as:

cr=0.4 (sind + cosd * tang’) * T * RAR

where: & - shear distortion angle of roots, ¢’ -
effective friction angle of soil; T: - root tensile
strength and RAR - root is ratio.

In a simple manner, the effect of root
reinforcement on slope stability can be
measured directly in terms of the additional
shear strength given by plant roots in
reinforced soil (Gao et al., 2020).

According to Wu (2013), for woody plants it
can be measured the Young’s modulus (E) and
tensile strength. The tensile strength provided
by the roots in soil mass (or) can be measured
by performing a tension test on a root segment.

RESULTS AND DISCUSSIONS

A study from South-East part of Spain, made
by De Baets et al., in 2009, presents a visual
interpretation on the impact of 25 species of
grass, forbs, reeds, rushes, shrubs and trees on
slope stabilisation, erosion control, sediment
obstruction potential or bending by water flow.
They grouped the plant species into 8
categories; depending on the bio-stabilizing
function they perform (Table 1).

Table 1. Plant species grouped according to their
effect on bio-stabilization (De Baets et al., 2009)

Bio-stabilization effect
Concentrated flow erosion - low resistance

Plants used in tests

Fumana thymifolia
Teucrium capitatum

Sediment obstruction potential - low
Bending by water flow - not resistant
Improve slope stability - no potential

Nerium oleander
Rosmarinus
officinalis

Slope stabilization - low potential
Prevent erosion by concentrated runoff -
medium potential
Bending by water flow - high resistance
Sediment obstruction potential - medium

Anthyllis cytisoides
Retama sphaerocarpa
Salsola genistoides
Tamarix canariensis
Atriplex halimus

Slope stabilization - high potential
Bending by water flow - very resistant
Sediment obstruction potential - low
Potential to prevent concentrated flow
erosion - medium to high

Thymus zygis
Artemisia barrelieri
Lygeum spartum
Avenula bromoides
Piptatherum
miliaceum

Prevent erosion by concentrated runoff -
medium to high
Slope stabilization - low
Sediment obstruction potential - medium
Bending by water flow - low

Stipa tenacissima
Thymelaea hirsuta
Dittrichia viscosa
Ononis tridentata
Dorycnum
pentaphyllum

S lope stabilization - low
Prevent incision by water flow - low
Bending by water flow - medium to high
Sediment obstruction potential - low

Plantago albicans

Prevent concentrated flow erosion -
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Limonium supinum
Helictotrichon
Sfilifolium

medium to high
Slope stabilization - low
Sediment obstruction potential - high

Brachypodium
retusum

Prevent concentrated flow erosion - high
sediment obstruction potential - high
Bending by water flow - medium

Juncus acutus

Bending by water flow - medium

Phragmites australis | Sediment obstruction potential - medium

Prevent concentrated flow erosion - low

The effect of the root characteristics in the
reinforced soil according to Guo et al. (2020)
shows that the values of cohesion of the soil-
root system increase under consolidated -
drained and consolidated - undrained condition,
under unconsolidated - undrained condition it
presents a complicated change. By the fact that
the plant roots can be fully in contact to the soil
particles it is registered an increase of the
contact area while the root content increases.
Some studies have shown that for an optimal
root content the shear strength increases with
root content until a peak value is achieved.
When the root content continues to increase,
the plant roots are not effectively connected
with the soil particles and plant roots are in
contact to each other’s; in this case, the lateral
restraint of the root system in the soil is no
longer strengthened.

Studies on tree roots shows that the tensile
strength reaches values of 5 to 60 MPa and the
Young’s modulus is between 200 to 600 MPa
(Wu, 2013). In the same time, experiments
made on woody roots shows that root tensile
strength decrease exponentially with increasing
root diameter.

A relation between shear strength and shear
deformation is shown by Meijer et al. (2022).
The experiments show that peak root
reinforcements occurred at large shear
deformations; this has a significant indication
for the definition of the root reinforcement
peak value. Peak root reinforcement is always
defined as the difference between the peak
shear strengths of rooted and bare soils and is
named “apparent reinforcement”. If the root
reinforcement is calculated by WWM, it is
called “actual reinforcement” and the author’s
shows in Figure 6 that it is a major difference
between apparent and actual reinforcement
(measured vs. estimated).

Experiments performed in direct shear test
made by Badhon et al. (2021), on samples with
and without Vetiver roots, shows that adding
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roots increases the shear strength of soil

. P 50
(F igure 7). The used soil in tests was a sandy - 17.037 kP, pedl 85
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Figure 8. Eco-geotechnics - a sustainable discipline (Ng et al., 2022)
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Using vegetation for shallow slope stability
application is a sustainable method and creates
a new discipline in Geotechnical Science.
According to Ng et al. (2022), Eco-geotechnics
is an emerging discipline and has gained
recognition in the field of sustainable
development in recent years. Eco-geotechnics
should integrate knowledge from soil
mechanics, ecology, rock mechanics, botanic,
engineering geology and atmosphere science
(Figure 8). In this context, geotechnical
processes and ecological behaviour are inter-
related to achieve overall sustainability.

For an efficiency of bio-reinforcement it is
recommended to use geosynthetic materials for
erosion control. These materials provide a
protection for the topsoil cover, until the
germination process occurs. According to
Rimoldi (2016), some of geosynthetics are
biodegradable materials or photodegradable;
other geosynthetics remain in place for an
extended period, or even permanently, and
work in concert with the vegetation that grows
up through them.
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Abstract

The paper aims to analyze the influence of the stand characteristics in two areas of the Lunca Muresului Natural Park,
on the main greenhouse gases in the atmosphere (O3, NHs, NO>). In the first part, an extensive bibliographic study was
carried out, regarding similar research referring to greenhouse gases in generally and O3, NH; and NO; in specially,
and the relation of these greenhouse gases to forest vegetation. The working method regarding data collection in the
period 2014-2019, the types of gases analyzed, the types of collection pads used, the exposure times of the collection pads
were presented, together with the working method for data processing. The results were obtained by analyzing relation
of certain characteristics of the stand (age, volume, stand density) with concentration of studied greenhouse gases on
vegetation season from the period 2014-2019. The obtained results were discussed in the context of other current research
in the field and the most important aspects were presented as conclusions at the end of the paper.

Key words: atmosphere, stand composition, forest age, height of trees.

INTRODUCTION infrared active gases (IR) - mainly water vapor,
naturally present in the atmosphere, they absorb
Atmospheric emissions of greenhouse gases the radiation, the atmosphere being heated by

have increased dramatically in recent decades, this mechanism. (Ledlez et al., 1999).
compared to the last century, due to At the global scale, NH3 (ammonia) and their
technological development (George et al., deposition on vegetation is considered the most

2021). This leads to climate change and global important, among all N (nitrogen) gases in the
warming, which affects people's living standard atmosphere (Krupa, 2003). Among others,
(Jeffry et al., 2021). The greenhouse effect has agriculture is a significant contributor to
two aspects: the main effect that has existed for ~ emissions of NHj in the atmosphere (Duxbury
thousands of years and gives the planet Earth its 1994). NH3 can contribute to the formation of
hospitable temperature, and the secondary effect atmospheric aerosols, particles that decrease the
that has existed for only 250-300 years and is amount of light available for plant
caused by the increase in the concentration of  photosynthesis (Templer et al., 2012).
greenhouse gases (Tucket et al., 2019). Nitrogen dioxide (NO3) is a concern pollutant in
Ozone is the air pollutant of major concern for  the urban areas, related to fossil fuel burning,
forests and is also recognized as a significant  including transportation,  generation of
greenhouse gas. Current Oz levels in the electricity and residential and industrial
Northern ~ Hemisphere  have increased activities (Restrepo, 2021). Although NO: is not
approximately 2-4.5 times since pre-industrial actually a greenhouse gas, it is in fact a precursor
times (Paoletti, 2008). Currently, tropospheric for formation of a greenhouse gas - tropospheric
ozone (0O3) is the third most important ozone (Paraschiv et al., 2020).

greenhouse gas after carbon dioxide (CO»). Forests and woodlands represent a substantial
(Ehhalt, 2001). Ozone (O3) together with stock of carbon that is contained in soil, trees
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and other vegetation (Morison et al., 2012).
Management of forests for mitigation of
greenhouse gas emissions assumed conservation
management options as slowing deforestation,
protection and conservation of forests (Brown,
2012).

Relevant changes of the balance of greenhouse
gases in the forest sector are related to forest
management. To have a sink of carbon,
increment of wood need to exceed harvested
timber volume (Baritz and Strich, 2000), but it
needs to be considered that mechanized
operations on forest harvesting activities are
sources of greenhouse gas emissions (Berg and
Karjalainen, 2003).

The paper aims to analyse the relation between
some stand characteristics in two areas of the
Lunca Muresului Natural Park, and the content

of some greenhouse gases in the atmosphere
(03, NH3, NO»).

MATERIALS AND METHODS

This paper analyzes the relation of stand
characteristics of forest and greenhouse gases
from Lunca Muresului National Park on two
points in the vicinity of forest administrated by
Tuliu Moldovan Forest department (Figure 1):

- Point A - Bezdin: located in U.P.
(production unit) I, near management units 54A,
54B, 54C, 54D, 54E, 54F, 54G, 54H, 55A, 55B,
55C, 55D, 55E, 55F - close to Munar village,
Secusigiu community;

- Point B - Ceala: located in U.P. V, near
management units 18A, 18B, 18C, 18D, 18E,
18F, 18G, 18H, 18I, 18 J, 18K, 21A, 21B, 21C,
21D, 21E - close to Arad municipality.

o
Point A

-9 points

Figure 1. Location of Point A and B where greenhouse gases concentration was measured (Google Maps)

In the above-mentioned points, O3, NH3 and
NO: concentration was measured using passive
samplers (Ogawa & CO): Oz (PS-114), NH;
(PS-154), NO2 (PS-134) monthly exposed in the
field, in the vegetative season, in the period July
2014 - September 2019. Each month measure-
ment was duplicated in the field, results of the
monthly analyses being obtained by the average
of the results for the two duplicates samples. For
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each year, result of O3, NH3 and NO> analyses
was obtained using the average for the entire
sample period on the year.

The concentrations of the greenhouse gases
mentioned above and captured in the passive
samplers during the specified period, were
determined in the chemistry laboratory of
INCDS "Marin Dracea" - Campulung
Moldovenesc Research Station. Results of



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

analyses for the ozone, ammonia and nitrogen
dioxide concentrations were expressed in parts
per billion (ppb).

Management units considered in this study,
from vicinity of A and B points (Figure 1) are
the closest forest area delimited by parcel lines,
being part of Bezdin and respectively Ceala
forest. Based on a bibliographic data, stand
characteristics were analysed using data from
management plan of production units 1 and 5
from Tuliu Moldovan Forest department, namely
data corresponding for management units from
vicinity of point A and B - greenhouse gases
passive sampler location. For each stand,
elements from each management unit, and the
following stand characteristics were considered

for analyses: age, species, diameter, height,
stand density, volume.

The relationship between the above mentioned
characteristics and the concentration of O3, NHj3
and NO; was studied in the period 2014-2019.

RESULTS AND DISCUSSIONS

The determinations expressed in ppb regarding
the concentrations of O3, NHz and NO: in the
Bezdin and Ceala locations were made by
analyzing the passive samplers exposed monthly
in these locations (Figure 1). The results of the
analysis, summarized by each analyzed period,
and standard deviation for the analyzed samples,
are shown for Point A - Bezdin in Table 1.

Table 1. O3, NH; and NO; content on collection pads exposed on Point A - Bezdin

Analysed period | Os content Standard NHj; content Standard NO; content Standard
(month, year) (ppb) deviation (%) (ppb) deviation (%) (ppb) deviation (%)
Jul. 2014 33.38 2.20 1.87 4.42 1.46 0.36
Aug. 2014 38.48 5.79 1.82 1.23 1.85 6.45
Sept. 2014 28.15 0.83 1.26 4.85 0.26 5.47
Apr. 2015 29.55 0.00 2.16 5.04 1.39 0.12
May 2015 42.71 0.00 3.09 11.12 1.91 3.13
Jun. 2015 38.94 0.00 3.19 0.90 1.83 3.98
Jul. 2015 31.46 0.12 3.86 0.14 1.25 0.13
Aug. 2015 43.54 0.14 3.05 2.01 1.82 2.31
Sept. 2015 37.74 0.30 5.25 0.14 2.80 0.17
Apr. 2016 39.17 1.87 2.13 6.98 1.57 1.68
May. 2016 40.59 3.53 1.98 1.97 1.24 3.12
Jun. 2016 38.39 0.53 2.89 1.42 1.12 4.86
Jul. 2016 36.69 5.22 2.54 3.55 1.35 2.46
Aug. 2016 31.64 30.11 3.52 0.97 1.77 5.84
Sept. 2016 23.36 5.22 11.20 14.45 1.97 9.07
Apr. 2017 35.18 2.18 3.10 8.49 1.81 15.03
May. 2017 30.73 0.54 4.03 10.08 1.23 0.54
Jun. 2017 44.44 1.28 2.66 0.20 1.64 1.55
Jul. 2017 22.45 2.08 3.87 0.36 1.39 11.16
Aug. 2017 26.51 0.99 223 14.76 1.67 0.00
Sept. 2017 26.86 1.90 4.11 5.70 3.62 1.60
Apr. 2018 40.66 1.97 243 8.51 1.62 78.61
May 2018 37.34 1.61 2.12 7.23 2.18 77.42
Jun. 2018 33.13 3.32 2.73 0.91 1.86 71.02
Jul. 2018 33.96 0.66 2.10 8.99 1.95 87.81
Aug. 2018 35.19 0.38 231 4.17 2.48 40.69
Sept. 2018 28.91 1.03 3.16 5.52 2.53 38.40
Oct. 2018 25.55 1.71 2.23 2.06 3.16 5.67
Apr. 2019* - - 5.13 1.85 2.10 0.14
May 2019 23.99 5.41 2.30 13.63 6.66 0.90
Jun.2019 28.90 0.77 4.72 0.65 1.31 12.32
Jul. 2019 23.61 0.76 3.31 433 1.22 1.88
Aug. 2019* - - 1.30 7.04 1.79 0.95
Sept. 2019 20.65 2.07 0.12 11.69 1.98 0.84

*Data are missing due to filter contamination
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For Point B - Ceala, the results of greenhouse
gases analyses in vegetation seasons from the

period July 2014 - September 2019 are shown
on Table 2.

Table 2. O3, NH; and NO, content on collection pads exposed on Point B - Ceala

Analysed period | O3 content Standard NHj3 content Standard NO; content Standard
(month, year) (ppb) deviation (%) (ppb) deviation (%) (ppb) deviation (%)
Jul. 2014 33.16 1.89 3.81 1.27 1.90 2.15
Aug. 2014 36.56 7.04 3.15 0.46 2.61 4.20
Sept. 2014 30.37 1.40 3.01 2.44 3.05 4.73
Apr. 2015 30.72 0.00 3.79 0.12 2.09 2.52
May 2015 43.20 0.00 6.50 1.38 2.96 2.24
Jun. 2015 40.95 0.00 5.12 1.17 225 0.29
Jul. 2015 30.75 0.13 4.12 0.15 1.87 6.35
Aug. 2015 47.18 0.13 3.98 0.40 2.81 0.19
Sept. 2015 40.88 0.28 3.19 1.74 3.82 3.24
Apr. 2016 39.34 2.46 3.13 0.04 2.49 0.17
May 2016 40.30 2.11 3.61 2.96 2.27 4.54
Jun. 2016 41.12 2.71 5.54 9.23 2.20 6.18
Jul. 2016 38.17 3.19 5.77 6.20 2.76 0.63
Aug. 2016 51.66 21.39 6.32 0.12 2.75 7.79
Sept. 2016 24.05 7.03 6.26 0.46 2.93 0.57
Apr. 2017 32.19 4.98 4.62 0.36 3.02 0.20
May 2017 31.78 9.00 5.09 2.04 1.99 0.09
Jun. 2017 47.86 3.88 6.37 8.79 291 0.06
Jul. 2017 24.13 322 6.06 9.80 2.32 0.38
Aug. 2017* - - - - 2.71 0.30
Sept. 2017* - - - - 3.85 0.57
Apr. 2018 38.37 5.24 3.88 3.94 3.02 0.45
May 2018 36.07 2.13 5.01 12.30 3.34 1.88
Jun. 2018 28.09 1.02 8.85 0.82 1.98 1.50
Jul. 2018 31.12 0.04 4.12 1.42 2.88 0.47
Aug. 2018 35.03 2.14 341 8.11 3.82 0.31
Sept. 2018 27.67 1.13 3.76 5.67 4.71 1.89
Oct. 2018 23.41 3.42 4.20 4.19 4.96 2.17
Apr. 2019* - - 5.92 4.17 2.76 1.59
May. 2019 25.04 0.56 6.24 1.77 1.82 1.76
Jun. 2019 24.82 9.34 11.10 0.52 2.36 421
Jul. 2019 22.94 0.49 7.90 5.95 2.35 5.54
Aug. 2019 30.75 1.79 9.45 0.32 3.20 0.14
Sept. 2019 19.02 4.28 4.26 2.71 3.07 1.80

*Data are missing due to filter contamination

As it can be seen in Figure 2, O3 concentration
is similar for the entire period between the two
analyzed points, showing that between the two
points from the vicinity of stands with different
characteristics there are not differences on O;
concentration. This fact leads to the hypothesis
that the different characteristics of the stand,
such as the age and the volume of woody mass,
do not lead to differences in terms of the O3
concentration in the immediate vicinity.
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Regarding NH3 it can be observed a higher
concentration in Point B — Ceala in the majority
of analyzed periods (Figure 2). The same
situation can be observed also in the case of NO2
where in almost all the analyzed periods the
concentration of this greenhouse gases is higher
in the Point B - Ceala compared to Point A -
Bezdin (Figure 2).
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Figure 2. Greenhouse gases (O3, NH3, NO») concentration in Point A - Bezdin (blue) and Point B - Ceala (red)

The two forests from vicinity of greenhouse
gases sample points are similar in terms of
specific composition, the main forest species
being Pedunculate oak, Turkey oak, European
ash, Field maple, Poplar.

In terms of age, the forest from vicinity of Point
B - Ceala is older than the forest from vicinity of
Point A - Bezdin. Also, the younger forest
(Bezdin) has a greater stand density in
comparison to the older (Table 3).

Table 3. Stand characteristics in the vicinity of Point A - Bezdin and Point B - Ceala, where analyzed greenhouse gases
has been gathered

Monitori UP, Age Stan_d Volume Monitori UP, Age Staqd Volume
ng point manageme (years) density per Pa ng point manageme (years) density per ha
nt unit (%) (m’) nt unit (%) (m3)
1, 54A 35 90 229 V, 18A 80 70 244
1, 54B 5 50 1 V, 18B 80 70 266
I, 54C 25 90 151 V, 18C 25 60 107
I, 54D 30 90 189 V, 18D 60 70 195
I, 54E 35 90 210 V, 18E 80 70 244
I, 54F 20 80 51 V, 18F 20 90 68
A - I, 54G 25 80 81 V, 18G 80 70 250
Bezdin I, 54H 15 80 45 B- V, 18H 10 60 2
I, 55A 35 80 217 Ceala V, 181 80 80 280
1,55B 70 80 463 Vv, 18] 5 70 1
I,55C 10 90 46 V, 18K 5 60 1
I, 55D 20 80 64 V,21A 70 80 269
I, 55E 10 90 33 V,21B 20 100 105
I, 54F 20 80 64 V,21C 60 70 181
V,21D 5 60 1
A’l;:;z;lée 25 80 132 S— V,21E 80 70 307
Average 48 72 158
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As it can be seen, in term of stand age, forest
from the vicinity of point A — Bezdin have an
average of 25 years old, being younger than the
others which have an average age of 48 years
(Table 3, Figure 3).

100

80

[=A]
(=]

Stand age (years)
=
(=]

[l
o

o ’H ||||||I| i[» I..."|'.||

In terms of stand density and volume per ha,
relations between the two areas are shown a
higher stand density for the youngest forest and
a higher volume for the older one.

management units (u.a.)

M Bezdin M Ceala

Figure 3. Stand age on the management units from the vicinity of points where analyzed
greenhouse gases has been gathered

Based on Figure 2, Table 3 and Figure 3, we can
observe similarities between NH; and NO:
greenhouse gases concentration and forest age.
Concentration of these greenhouse gases is
higher on areas where forest age is higher. This
fact shows that the low age of the stands and the
increased growth capacity could lead to the
reduction of these greenhouse gases.

Regarding stand density, it can be observed that
high density of the youngest forest area (Bezdin)
can lead to a reduction of NH; and NO»
greenhouse gases concentration. High NH;3
losses from soil are possible in condition of high
temperature, forest floor and soil with pH
between 5 and 6 and air steadily moving on the
soil surface (Watkins et al., 1972). High stand
density can contribute to temperature reduction
and reduction of air circulation and by these
mechanisms, NH3 from the atmosphere are
reduced.

The contribution of high stand density to NO2
reduction is also confirmed by other studies that
show that Absorption of NO» into plant leaves
contribute to improving urban air quality (Yli-
Pelkonen et al., 2020).

CONCLUSIONS

There are not differences on O3z concentration
regardless the differences between age, stand
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density and volume per ha between the two areas
from the vicinity of greenhouse gases gathering
points.

Similarities between NH3 and NO> greenhouse
gases concentration and forest age, have been
observed, concentration of these greenhouse
gases being higher on areas where forest age is
higher.

Low age of the stands and an increased growth
capacity of stand could lead to the reduction of
NH3 and NO: on the atmosphere.

High stand density can lead also to a reduction

of NHz and NO; greenhouse gases
concentration.
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Abstract

It was determined that the sewage sludges of the sewage treatment facilities of a million-plus city and the industrial
center in the north of Ukraine, after the final aging on sludge sites, according to agroecological indicators, are suitable
for their use as a local organic raw material to produce innovative types of complex organo-mineral fertilizers. The
composition of complex organo-mineral fertilizers based on sewage sludge with mineral additives of various origins
was developed and new types of organo-mineral fertilizers of prolonged action for multi-purpose use were obtained.
When studying the effectiveness of new types of organo-mineral fertilizers in a field experiment, it was established that
on gray forest soil under the conditions of the northern Forest-Steppe of Ukraine, fertilizers of the first type were not
inferior to traditional and non-traditional organic fertilizers in terms of effectiveness in the year of direct action when
the main application was made in optimal doses under corn for silage and complete mineral fertilizer in equivalent
doses. New organo-mineral fertilizers of the second type were not inferior to organic fertilizers in terms of direct-action

efficiency.

Key words: effectiveness, organic-mineral, mineral additives, sewage sludge; Ukraine.

INTRODUCTION

At the present time, a serious problem in
megacities, large cities and industrial centers is
the rational disposal of sewage sludge
(hereinafter - SWS) of municipal sewage
treatment plants.

Among the organic wastes, SWS of sewage
treatment facilities (hereinafter - SWTF) of
these cities, belongs to a special category, it is
contaminated with toxic substances and
harmful microorganisms and therefore is
mostly not suitable for direct use as non-
traditional organic fertilizers in agriculture.

The main volumes of such SWS after
technological treatment at the SWTF as a waste
of IY-Y hazard classes (low-toxic substances)
are placed at waste storage facilities (GOST
12.1.007-76).

Storage of SWS in sludge storage facilities is a
dangerous method of its disposal and causes
significant economic and ecological losses for
society due to environmental degradation,
violation of the natural state of large areas, loss
of useful substances, negative impact on the
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health of the population (Dregulo et al., 2012;
Ospanov et al., 2014; Nasirov et al., 2015).

At the current rates of urbanization and
agglomeration and the lack of innovative
methods of final disposal of SWS, there is a
threat of significant accumulation of these
multi-tonnage organic wastes and catastrophic
environmental pollution.

Some scientists believe (Merzla, 2006) that it is
possible to stabilize the situation with the final
disposal of SWS only by implementing new
technologies  for  wastewater  treatment,
sediment treatment and processing them into
complex organic-mineral fertilizers of the new
generation (hereinafter - OMF), which will
ensure a decrease in energy consumption and a
sharp reduction of land areas for the
arrangement of storage facilities for the
disposal of SWS.

At the same time, in connection with the low
efficiency and danger of the assortment of
mineral tuks, the urgency of creating a new
generation of OMF  with increased
agroecological  value efficiency is
increasing.

and
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The work (Melnikov, 2007) proposed a concept
that substantiates the need to revise the existing
fertilizer policy in favor of the production and
use of ecologically safe organic, organo-
mineral fertilizers using for this purpose
mineral-raw resources, waste, and substances
of humus nature. Agricultural scientists predict
(Bambalov et al., 2020) that in the XXI
century, there will inevitably be a gradual
replacement of fast-dissolving forms of mineral
fertilizers by fertilizers with a prolonged effect,
including OMF, and in the second half of the
century, fertilizers with a programmed release
of nutrients will become the dominant forms.

In the literature (Doroshkevich et al., 2002;
Stepanova et al., 2003; Pyndak et al., 2010)
there are data on the creation of new complex
OMF based on the SWS of large cities and
industrial centers of the Russian Federation
(Volgograd, Ulan-Ude, Orla) with mineral
additives (mineral tuks, natural sorbents -
zeolites, glauconites, etc.).

In Ukraine, technology and a technological line
for the production of organo-mineral mixtures
(hereinafter - OMM) have been developed on
the basis of SWS of large cities (Zaporizhia,
Dnipropetrovsk) with industrial waste-lignin
and phosphogypsum (Shevchuk et al., 2001).
New complex OMF were created on the basis
of the SWS of the megacityand municipal solid
waste (Malyuga et al., 2005), as well as on the
basis of the SWS of the megacity with mineral
additives (mineral tuks, natural sorbents -
agroperlite, expanded vermiculite) (Patents,
2017; Dyshlyuk, 2022) and others. New types
of OMF have higher agronomic, ecological,
energy and economic efficiency indicators than
standard complex mineral fertilizers, which
indicates the prospects of using man-made
organic raw materials for the production of new
generation of fertilizers.

In Ukraine, the problem of the final disposal of
accumulated SWS in cities with a population of
more than 1 million inhabitants, primarily in
the capital, industrial centers, etc., has not been
solved. bridge. For more than 30 years, there
has been an acute problem of disposing of the
accumulated SWS of the million-plus city in
the north of Ukraine (hereafter - the
megalopolis), which threatens the country's
largest city with an ecological disaster, as well
as all the settlements adjacent to the Dnipro.
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Every day, 3,000 tons of liquid SWS are
produced at the city's SWTF, which are placed
on sludge sites (area 272 hectares). Their
capacity has already exceeded three times -
instead of the 3.5 million tons provided, they
hold 10 million tons of SWS (dry matter -
hereinafter DM).In 2013, there was a breach of
the dam, but then it was possible to prevent an
environmental disaster that could have occurred
due to the spill of liquid sewage into the Dnipro
(Bortnytsky Aeration Station Problem..., 2018).
The problem of utilization of the accumulated
SWS of the megacity is one of the important
environmental tasks that requires an immediate
solution.

The goal of the work:

- to study the quality indicators of the SWS of a
megacity in the north of Ukraine and to find out
the feasibility of using them as a local organic
raw material for the production of a new
generation of OMF;

- to create new OMF for use in agriculture on
the basis of the SWS of the megacity;

- to evaluate the effectiveness of new OMF
based on the specified SWS in the year of their
direct action on soils of the eluvial type of soil
formation.

MATERIALS AND METHODS

The object of the study: megacity SWS of the
long-term storage, formed under the conditions
of technogenesis in the pre-crisis period.

The study of the effectiveness of non-
traditional organic fertilizers (SWS) and their
processing products (new OMF) was carried
out in a temporary field experiment located at
the experimental site of the State Institution
"Central Scientific Research Laboratory of
Water and Soil Quality" of the Institute of
Water Problems and Land Reclamation of the
National Academy of Sciences, in the
conditions of the northern Forest-steppe of
Ukraine.

The experiment studied the effectiveness of the
direct action of non-traditional organic
fertilizers in the form of SWS at different rates
of their application per unit area of arable land
(in a dose of N (a1, equivalent to 220 and 300
kg/ha), of the above-mentioned fertilizers in
combination with mineral fertilizers
(respectively in a dose of N a1, equivalent to
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150 kg/ha + PooKoo) to balance the ratio of the
main nutrients in the soil, processing products
of SWS - 4 types of experimental fertilizer
composites (OMM), in particular, mixtures of
the first type, which are based on the organic
matter of anthropogenic origin (SWS) and
mineral fats and natural sorbents (OMM 1 and
2 in a dose, equivalent to NisoP9oKo) and,
accordingly, the second type, which is based on
SWS and only mineral additives (natural
sorbents) (OMM 3 and 4 in a dose of Niotal,
equivalent to 150 kg/ha).

The rates of application of the studied
substrates into the soil were established based
on the content of total nitrogen in them. The
following plots of the experiment were
accepted as control options: without fertilizer
(control 1), with the application of traditional
organic fertilizer (cattle manure) (in a dose of
Niotal, €quivalent to 150 kg/ha) (control 2) and
complete mineral fertilizer (in a dose Niso Poo
Koo) (control 3).

Experiment scheme:

1 - without fertilizers (control 1);

2 - SWS in a dose of N tora1 300 kg/ha;

3 - SWS in a dose of N oa1 220 kg/ha;

4 - SWS in a dose of N (ota 150 kg/ha + PooKoo;
5 - Cattle manure in a dose of N (ota 150 kg/ha
(control 2);

6 - Complete mineral fertilizer in a doseN1s0 Poo
Koo (control 3);

7 - OMM 1 based on the dose Ni50P90Koo;

8 - OMM 2 based on the dose Ni50PooKoo;

9 - OMM 3 based on the dose on Nt
150 kg/ha;
10 - OMM 4 based on the dose on N
150 kg/ha.

The following fertilizers were used in the
experiment: semi-rotted cattle litter manure,
SWS of long-term storage (8-10 years), mineral
fertilizers: nitrogen (ammonium nitrate),
phosphoric (simple superphosphate) and potash
(potassium-magnesium), 4 types of new
fertilizer mixtures: OMM 1 (SWS + mineral
tuks (nitrogen, phosphorus, potassium) +
natural sorbent (agro perlite), OMM 2 (SWS +
mineral tuks (nitrogen, phosphorus, potassium)
+ natural sorbent (vermiculite), OMM 3 (SWS
+ natural sorbent (agro perlite), OMM 4 (SWS
+ natural sorbent (vermiculite).

The experimental group of OMM was obtained
by mixing the specified components in certain
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ratios and the subsequent physical and
physicochemical interaction of activated
organic matter and the elemental composition
of SWS with mineral components. Protection
documents from Ukraine were obtained for the
method of production of OMM based on SWS
with mineral additives (Patents, 2017).

The study of the effectiveness of fertilizers and
the rates of their application was carried out in
the chain of fodder crop rotation: corn for
silage - winter wheat - annual grasses. The area
of the sown plot is 10.8 square meters (3.6 m x
3.0 m). The location of options is single-tiered,
and the repetition of options is four times with
randomized placement of plots.

Agrotechnics of growing crops is zonal, with
the exception of the studied factors. Fertilizers
were applied to the soil in one application in a
continuous way (scattered) under the main
tillage for the first crop of the crop rotation
chain - maize for silage (hybrid Kolektivny
205). The soil of the research area is gray forest
light loam. When establishing the experiment
and conducting research, generally accepted
methods were used. Soil samples for research
were taken from the 0-20 cm layer in the spring
and at the end of the growing season.
Agrochemical, physicochemical, and
ecological-toxicological =~ parameters  were
determined in the samples of cattle manure,
SWS, and OMM 1-4 according to regulatory
documents.

The assessment of the degree of contamination
of SWS and OMV 1-4 with toxicants was
carried out according to DSTU (2013), the
level of provision of soil with microelements
according to the Methodological Guidelines
(1976), the level of soil contamination with
toxicants and the suitability of plant products
for feeding farm animals on the content of
heavy metals according to Departmental
Regulatory Documents (1999).

This report presents the results of research on
establishing the effectiveness of OMM 1-4 in a
year of a direct action of fertilizers in a field of
corn on silage.

RESULTS AND DISCUSSIONS
It has been established that SWS of long-term

storage is characterized by sufficiently high
fertilizing  properties. Their composition
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contains a high content of total nitrogen and
phosphorus, but the content of potassium is
insignificant.

Among the mobile nutrient forms, P20s (0.35%
per DM) prevails in SWS, the content of
mineral forms of nitrogen (N-NH4+ N-NO3) is
0.21% per DM, KO is contained in an
insignificant amount (0.02% per DM). The
agrochemical indicators of SWS meet the
requirements of the regulatory document
(DSTU, 2013) (Table 1).

Table 1. Agrochemical composition of SWS
(average data)

Indicators Content! | Norm?

Mass fraction of dry matter 50.94 -

Mass fraction of organic matter 39.30 not>40

Mass fraction of total carbon, C | 19.12 -

total

Mass fraction of total nitrogen, | 2.84 not>1.5

N

Mass fraction of total | 4.90 not>0.7

phosphorus, P>Os

Mass fraction of total potassium, | 0.29 -

K,O

pHHzo 6.5 6.5-7.5

Correlation C: N 8.2 -
1-in% per DM

2 - norms of agrochemical indicators of SWS according to DSTU 7369.

SWS is characterized by a high content of total
carbon (19% per year). The SWS has a
narrower C:N ratio (8 units vs. 12 in cattle
manure) and a higher total nitrogen content
(2.84% vs. 2.16% in cattle manure), which
indicates a higher fertilizing effect of SWS than
cattle manure.

SWSis characterized by high remedial
indicators. Thus, the content of water-soluble
calcium in SWS varies between 17.00 and
25.44 meq/100 g of substrate (compared to
1.02 meq/100 g in cattle manure), the Ca:Na
ratio in the salt composition of SWS is 75-77
units, (in cattle manure - 0.5 units). SWS
contains a significant amount of organic matter
(39% per DM).

The carbon content of humic acids in the
composition of organic matter of SWS prevails
over the carbon content of fulvic acids
(respectively, 1.58% versus 0.93% per DM).
The type of humus formation in SWS is
fulvate-humate. In the  granulometric
composition of the SWS, the content of
physical clay is in the range of 38-48%,
including silt (coarse and fine) and colloids -
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23-29%. The number of fractions with a
particle size > 0.05 mm (fine, medium, and
coarse sand) varies between 14 and 30%. The
number of fractions participating in soil
structuring as passive material (coarse, medium
and fine dust) is 46-57%. According to the
classification of soils according to the
granulometric composition of SWS with a
physical clay content of 38-48%, it can be
conditionally equated to a soil characterized by
medium, and heavy loam granulometric
composition.

As a result of the assessment of the quality
indicators of the SWS and its properties, we
came to the conclusion that these wastes can be
characterized as organic raw materials with a
complex of agronomically valuable features.
The substrate has high fertilizing and
ameliorative properties (high soluble calcium
content, high calcium activity), which is
important for soil improvement, reducing the
acidic reaction (pH of the soil - 5.3-5.6) and
enriching the soil-absorbing complex with
calcium. SWS can be used as a material,
capable of performing the functions of a
geochemical barrier in the path of toxicants.
However, SWS has an unbalanced ratio of the
main nutrients (N:P:K 1:1.70:0.10), and
increased concentrations of certain heavy
metals (hereafter HM), which according to their
systematic agriculture application may cause
soil contamination by HM.

It should be noted that at the present time,
newly formed SWS contains permissible values
of HM in connection with the decrease in the
share of industrial wastewater in the city-wide
runoff, which conditions the prospects of their
agricultural application (Delalio et al., 2003).
Therefore, due to the indicated disadvantages
of long-term storage, from an ecological point
of view, it is more appropriate to use it as a
local organic raw material for the production of
new OMF.

New OMM 1-4 are characterized by high
fertilizing properties (especially OMM 1-2),
high cation exchange capacity, and prolonged
action, as well as the ability to transfer mobile
forms of HM into a fixed state.

OMM 1-2 differ from the original SWS by a
more optimal ratio of the main nutrients (OMM
1, ratio N:P:K = 1:1.20:0.90; OMM 2, ratio
N:P:K 1:1.10:0.70), a higher content of
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mobile nutrients and their longevity, a wide
range of macro- and microelements, better
physicochemical properties. Agrochemical
indicators of OMM 1-2 generally meet the
requirements of the normative document
(DSTU, 2013) (Table 2).

Table 2. Agrochemical composition of OMM 1 and 2
(average data)

Indicators OMM 1 [ OMM 2
Content'

Mass fraction of dry matter 75.14 71.93
Mass fraction of organic matter 34.00 34.50
Mass fraction of total nitrogen, 4.74 4.64
N
Mass fraction of  total 5.58 5.12
phosphorus, P,Os
Mass fraction of total potassium, 4.18 3.14
K,O
pHHzo 5.60 5.70
Correlation C: N 3.6 4.6

1 - in % per dry matter

The new OMM 3-4 differ from the original
SWS by a more balanced ratio of the main
nutrients (OMM 3, ratio N:P:K = 1:1.30:0.40;
OMS 4, ratio N:P:K = 1:1.50:0.50), a higher
content of mobile nutrient elements and their
prolongation, the presence of a wide range of
macro-and  trace elements and  better
physicochemical properties, but they are
inferior to OMM 1-2 in terms of the content of

general and mobile forms of NPK.
Agrochemical indicators of OMM 3-4
generally meet the requirements of the

normative document (DSTU, 2013) (Table 3).

Table 3. Agrochemical composition of OMM 3 and 4
(average data)

Indicators OMM 3 | OMM 4
Content!

Mass fraction of dry matter 87.31 82.02
Mass fraction of organic matter 35.61 36.90
Mass fraction of total nitrogen, N 2.23 2.29
Mass fraction of total 2.88 3.44

phosphorus, P,Os

Mass fraction of total potassium, 0.87 1.23

K>O

pHuzo 6.0 6.1

Correlation C: N 8.1 7.2
1-in% per DM

Samples of new fertilizers (OMM 1-4) have
low moisture content (25-28%), which is
important for saving costs for their

transportation, and reduces technological costs
for application to the soil and storage.

In a field experiment, we established that the
main application of OMM 1-2 under corn in the
fodder crop rotation chain provided an increase
in plant production of standard quality in the
range of 27.1-29.5 t/ha (silage mass) in the year
of direct action of fertilizers compared to the
control without fertilizers (yield on control -
28.5 t/ha) and in terms of efficiency were not
inferior to organic fertilizers (traditional, non-
traditional) and full mineral fertilizer in
equivalent doses.

OMM 3-4 were inferior to OMM 1-2 in terms
of efficiency, but also provided an increase in
plant production within the range of 15.5-
16.5 t/ha of silage mass and were not inferior to
organic fertilizers in terms of efficiency.

CONCLUSIONS

New OMM 1-4 based on SWS with mineral
additives are characterized by increased
agrochemical and agroecological  value
compared to sewage sludge.

The use of 1-4 natural sorbents in the
composition of OMM, thanks to their high
exchange and sorption capacity, makes it
possible to consider them as an effective means
for optimizing the fertilizing and reclamation
properties of fertilizers, reducing non-
productive losses of nutrients (nitrogen) of
plants, preventing toxicant contamination of
plant products and environmental components.
New OMM 1-2 on the basis of SWS with
mineral additives for the main application
under corn for silage in the year of their direct
effect was not inferior in effectiveness to
complete mineral fertilizer, organic fertilizers
(traditional, non-traditional) in equivalent
doses.

With a science-based approach, the SWS of
urbanized areas can become a constantly
renewable source of local raw materials for the
production of qualitatively new, highly
efficient OMF.
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Abstract

The climate impact on sessile oak ecosystems may be measured by means of the HYPE climatic software. The climatic
modelling software is employed to predict future temperatures and precipitations across the studied teritory. After
interpreting the data provided by the software, we can predict how forest ecosystems will be influenced by climate
change in the future. Different plots across the Banat Mountain range have been studied in order to determine the
future existence of oak forest ecosystems. Consequently, two simulations have been designed, leading to two different
Sfuture climatic scenarios. To begin with, the first scenario there is a moderate increase in green house gases (rcp-4.5)
whilst in the second scenario there is an accentuated increase (rcp-8.5). The analysis which resulted from the data
processing from within all three sessile oak stands reveals the fact that the Moldova-Noua and Paltinis stands will be
the most vulnerable ones and the Bocsa-Romana stand the less vulnerable one. The importance of these results is
closely related to how local forest administrators can use such findings in order to apply the best management
measures.

Key words: climate change, forest ecosystems, sessile oak, Banat Mountains.

INTRODUCTION 2019) and Norway spuruce (Murariu et al.,
2021; Dinca et al., 2019). Beside trees (Dinca
Intergovernmental Panel on Climate Change et al., 2020; Ducci et al., 2021; Kutnar et al.,
(IPCC) made climatic projections with 2021), there is also a negative impact regarding
increased seasonal temperatures and decreased  region landscape (Fedorca et al., 2020),
amounts of summer rainfall in certain regions wildlife (Fedorca et al., 2021) or even logging
across the temperate zone (Christensen et al. (Cantar et al., 2022).
2007). There is recent scientific research in In this article we used a software "HYPE" wich
Europe in which authors studied effects of  is a climatic model developed by the Swedish
climate change on species distribution for Meteorological and Hydrologic Institute
beech (Fagus sylvatica) and silver fir (4bies because it has a high resolution for estimating
alba) (Baumbach et al., 2019; Garcia-Duro et data in areas where no data are available.
al., 2021). The program has good results and easy in use
For the next decades changes of temperature unlike older models (Harper, 2008) wich they
and precipitation patterns will reshape forest = were generated errors (Dickinson et al., 1989)
ecosystems as well as future forest or being time consuming (Edwards, 2010).

management (Allen et al., 2010; Bonan, 2008; The present research paper aims to analyze 3
Lindner et al., 2010). sessile oak forest ecosystems which are
In Romania climate changes affected forest  representative for the Banat mountains
ecosystem of pines (Constandache & Dinca, regarding the future climate changes in the next

2019; Silvestru-Grigore et al., 2018; Vlad et al., 80 years. (Figure 1).
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Oak Paltinis

Oak Moldova Noud

Figure 1. Location of oak plots in Banat Mountains
MATERIALS AND METHODS

The "HYPE" model and its software menus
have been used in the current study with the
purpose of introducing entrance parameters.
Therefore the coordinates of points, the
indicator type as well as the wanted climatic
scenario have been introduced.

As a result, global warming is estimated to vary
between 1 and 3.7°C, by means of the
representative concentration pathway (RCP).
Subsequently, simulations show that the
database (present day 1986-2005) will be
exceeded with values between 1.0 (RCP 2.6)
and 3.7°C (RCP 8.5) by the end of the 21st
century (Quante and Colijn, 2016).

There is a number of three scenarios that the
HYPE software offers: there is a low growth in
greenhouse gases ("Low - RCP 2.6"), there is a
moderate growth ("Moderate - RCP 4.5") or a
high growth ("High - RCP 8.5") (Figure 2).

Europe Chimate Change

Figure 2. "HYPE" program menu

Following the choice of the scenarios, a
convenient timeframe needed to be established
(in our case 2100) and then we had to
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download the file from the "Download data"
submenu.

Microsoft Excel was used to transform the
obtained data into table form in order to
represent monthly values. There are three
sessile oak stands situated in the Banat
Mountains that have been used to extract the
data.

The HYPE Software belongs to a family of
regional climatic models. The name REMO
2009 is related to a regional atmospheric model
(REgional MOdel) which was originally
developed by the Max Planck Institute for
Meteorology (MPI-M) in Hamburg.

The reason for which the REMO 2009 model
was chosen is because it is the most recent
hydrostatic version (Jacob & Podzun, 1997,
Jacob, 2001). To obtain average monthly
values for the studied period (1971-2100)
Microsoft Excel was used to process data.

RESULTS AND DISCUSSIONS

The results provided by the HYPE modelling
program have been introduced in Microsoft
Excel. The data processing shows both the
mean annual precipitations and the mean
annual temperatures for each stand up to the
year 2100. Each scenario is represented in a
graphical form: i.e. an average growth of
greenhouse gasses (rcp-4.5) and a high growth
of greenhouse gases (rcp-8.5). Also, there is a
set of wvalues for precipitations and for
temperatures corresponding to each installed
stand.

A problem that we have also faced in the
analysis of the stands in the Transylvanian area
(Crisan et al., 2021a; Crisan et al., 2021b) as
well as in the area of the Moldavian plateau
(Crisan et al., 2022) will be the productivity of
the stands within the conditions of changing
climatic factors.

In order to better explain the effects that these
changes in climate data values have on the
species and implicitly the forest ecosystems,
we will refer to the ecological data sheets of the
species taken from the Dendrology textbook
(Sofletea and Curtum, 2008) (Table 1).

Thus, the sessile oak is not very particular
about the summer heat, preferring a transitional
climate from the Atlantic to the continental. It
is a mesothermal, mesophytic species and its
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ecological optimum in terms of precipitation is
between 600-800 (850) mm/year. Sessile oak
are located in the ecological optimum at the age

of 100 years reach a productivity of 6
m?/year/ha (Stanescu et al., 1997 in Sofletea &
Curtu, 2008).

Table 1. Ecologic card (Stanescu et al., 1997) Quercus petraea (Matt.) Liebl.

. Values or states of ecologic factors
Ecologic factors — - - - - -
Variation of the species’ biologic potential based on ecologic factors
Averageannual | 5 | | 0 1 2 3 4 5 6 7 8 9 |[10] 11
temperature

(°C) 1 s s 0 0 0 s

Average annual | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 1500
precipitations
(mm) s 0 0 0 s 1 1

where "1" represents the limit, "s" the suboptimum and "o" the optimum

The data from Table 1 represents the time
period in which the annual average level of
temperature and precipitation is representative
for oak species. According to the future
climatic scenarios there will be periods of time
when the annual averages will exceed the
species existence interval.

The first sessile oak stand under study in the
area of the Banat Mountains is the one from
Bocsa Romana Forest District from Caras
Severin County. It can thus be seen in Figure 3
the arrangement of the trees inside the sample
surface.

Even if the basic species in this area is the
sessile oak that forms the floor of the dominant
and codominant trees, the existence of a sub-
floor of vegetation corresponding to the trees
and shrubs of several species can be observed
as well. In this case, the hornbeam has a fairly
consistent presence of approximately 34%
(Figure 4) and this can give us an indication of
how the composition of this forest ecosystem
could evolve in increasingly limiting climatic
conditions for the existence of the main
species, namely the sessile oak.

Also, this composition represents a challenge
for the management of this stand, as it is
necessary to maintain a balance between the
optimal development of the dominant trees,
valuable from the forestry and economic point
of view, and the gradual extraction of the less
valuable trees, avoiding the sudden reduction of
the stand's consistency.

For the sessile oak area installed at Bocsa
Romana Forest District, the annual average
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temperature shows an increasing trend in the
case of both climate scenarios (Figure 5).
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Figure 3. Tree positions for Bocsa Romana plot
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Figure 4. Forest composition for plot Bocsa Romana
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Figure 5. Climatic scenarios for the sessile oak plot from Bocsa Romana

For this location, in terms of annual mean
precipitations in both rcp 4.5 and rcp 8.5
scenarios there does not appear to be any major
problems in the future time frame, with most
values falling between the extremes of the
species range, for both climate scenarios. These
stands will be less impacted in the next 80
years.

In the case of the annual average temperature in
the first climate scenario rcp-4.5 there will be
years in which stands will suffer from the
increase in annual average temperatures.

In the case of the rcp-8.5 scenario in which
greenhouse gases increase significantly from
the year 2068, problems begin to appear, the
average values of temperatures exceeding the
endurance limit of the species and this will not
change before the end of the analyzed time
interval, namely the year 2100 .

The second experimental area was installed
within the Paltinis Forest District, forest unit V-
111 C and represents the second area studied
where the sessile oak is found as the main
species in the Banat mountains. The layout of
the trees can be seen in Figure 6.

It can be observed within this surface the small
proportion of secondary species of the South
European flowering ash and the European
hornbeam (Figure 7).
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Figure 6. Tree positions for Paltinis plot

The sessile oak tree located in the area of
Paltinis Forest District seems to encounter
higher temperatures and precipitation values
with a negative effect on the growth and
development of the trees than the one in Bocsa
Romana Forest District.

The prediction of the program for both climate
scenarios (rcp-8.5 and rcp 4.5) in the case of
precipitations shows us that the sessile oak
stands in this area will be slightly impacted
with only 6 predicted exceedances of the lower
thresholds in the next 80 years in the case of
the rcp 4.5 and rcp scenarios 8.5 (Figure 8).
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Figure 7. Forest composition for plot Paltinis

From the point of view of the evolution of the
average annual temperatures, there will be very
serious problems for the trees that grow in this
area. Thus, in the case of both climate
scenarios, there are more than 70 years in
which these trees will be subjected to
temperature stress. This situation is all the more

worrying since towards the end of the time
interval the average annual temperatures will
exceed by 6°C or even 7°C the limit value of
the existence of the species (as the stands are
very strongly impacted).

The experimental area 7 was installed within
the Moldova Noua Forest District, IV-7B
united forest and represents the last sessile oak
area within the Banat Mountains. The layout of
the trees can be seen in Figure 9.

Even if the basic species in this area is the
sessile oak that forms the floor of the dominant
and codominant trees, the existence of a sub-
floor of vegetation corresponding to the trees
and shrubs of several species can be observed.
In this case, the sorbus is present in a
proportion of 12%, field maple 10%, hornbeam
7% and ash 2% (Figure 10). This can give us an
indication of how the composition of this forest
ecosystem could evolve in increasingly limiting
climatic conditions for the existence of the
main species, namely the sessile oak.
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Figure 8. Climatic scenarios for the sessile oak plot Paltinis

The surface located within the Moldova Noua
Forest District is the last surface analyzed in
the Banat Mountains area, being made up of
almost 70% of sessile oak (Figure 10).

It can be seen that the arboretum will have
problems not so much because of the lack of
precipitation as because of the increase in
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average temperatures throughout the half of the
21st century (Figure 11).

Thus, the sessile oak from Moldova Noua
Forest District will be very strongly impacted
unlike (Bocsa Roména forest plot) the first
stand analyzed (the one from Bocsa Roméana)
and like the stand from OS Paltinis, having 75
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and 74 wvalues that will exceed the heat
tolerance threshold of the species.

In the case of both climate scenarios, rcp-4.5
and rcp-8.5, from the point of view of average
annual precipitations, the sessile stands will be
slightly affected, so in this area there will be no
problems in the water supply from
precipitations even if the darkest scenarios of
climate change are met.
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Figure 9. Tree positions for Moldova Noua plot

S7 Go Moldova Noua

CA. 7%

SB; 12%

GO; 69%

Specie

Figure 10. Forest composition for plot Moldova Noua

In the case of the rcp-4.5 climate scenario, the
impact of average annual temperatures will be
medium and very strong in the case of sessile
oak stands. In the case of the rcp-8.5 climate
scenario, the impact of average annual
temperatures will be strong and very strong in
the case of the sessile oak.
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Figure 11. Climatic scenarios for the sessile oak plot from Moldova Noua
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CONCLUSIONS

The research study analyzed three oak forest
ecosystems from the Banat mountains in
future climatic scenarios characterized by
the increasing effects of greenhouse gas
concentrations. Over the next 80 years, the
climatic scenarios have been analyzed in the
context of moderate and significant changes.
Depending on the changes that can be
anticipated regarding changes in
temperature and precipitation regimes on
ecological indicators, periodic evaluations
and studies are needed to determinate their
spatio-temporal variability. At the same
time, by capitalizing on and improving a
database, forecasts of the impact of
destabilizing climate factors on forest
ecosystems can be issued.

Moreover, forestry must take into account
the future changes in the ecological
conditions of the species so that, through the
accumulation of silvotechnical works,
decision-makers can intervene promptly and
efficiently.

At the same time, a rethinking of both
regeneration solutions and the choice of
species for afforestation can significantly
contribute to the creation of stands much
more resistant to future climate changes.
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Abstract

Climate change is the biggest global challenge of our times. If, at all levels of society and organisation, we can work
together to reduce carbon emissions while also planning how to adapt to change, we can prevent climate change from
making our planet uninhabitable. Romania is committed to fighting climate change and pursuing low carbon
development. Therefore, the Government of Romania, through the Ministry of Environment and Climate Change
(MECC), has requested the World Bank to provide advisory services to help meet this commitment. To reduce the
carbon footprint of the infrastructure is essential to assess the carbon embodied in the materials and construction
methods, plus the operational carbon emissions of the resulting asset.

Carbon Management in Infrastructure provides a national framework for these assessments and can be directly applied
to the water industry as it needs to engage the whole value chain to achieve the net zero commitments.

Key words: Carbon Management, climate change, emissions, net zero carbon.

INTRODUCTION

Some of the global problems humanity is
facing are water scarcity, water quality
degradation and changes in the water cycle in
the context of climate change. Human activities
and economic development exert pressure on
water resources, which are unevenly distributed
over the Earth's surface. In addition, rapid
urbanisation, the development of municipal
water supply and sewerage facilities plus
climate change are all contributing to increased
consumption, making water ever scarcer. In
general, in the context of water scarcity,
socially and politically, wastewater
management receives less attention compared
to the water sector, although the two are
intrinsically linked. Wastewater has a negative
impact on the sustainability of the water supply
system, human health, the environment and
economy. Increased discharges of improperly
treated  industrial wastewater, untreated
municipal wastewater and sewage seepage have
led to water quality degradation worldwide.
Thus, Wastewater Treatment Plants (WWTPs)
are an important part of the water cycle and in
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achieving the concept of circular sustainability
by integrating the three dimensions:
environmental, economic and social.

The primary objective of the WWTPs is to
remove pollutants from wastewater to ensure
the protection of the receiving water body
(Fighir et al.,, 2019). In Europe, urban
wastewater treatment is regulated by the
Council Directive 91/271/EEC concerning
urban wastewater treatment (UWWTD).
Limited importance is attached to the ways in
which these pollutants have been removed or
the energy used to remove pollutants from
wastewater or the number of emissions of
greenhouse gases (GHG) produced. Research
has shown that sewage treatment plants are an
undeniable source of man-made greenhouse gas
emissions that lead to global warming and
climate change (Larsen, 2015; Sweetapple et
al., 2014). Wastewater treatment can account
for about 1-2% of total global greenhouse gas
emissions to the atmosphere (Langing et al.,
2022). Another important issue is the
management of sludge from the treatment
process, which comprises most of the pollutants
present in wastewater (Shao et al., 2019).
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Today, a different vision of sewage treatment
plant design based on multiple criteria is
needed and GHG emissions produced in the
treatment process, can no longer be ignored.
Wastewater treatment plants have the potential
to be an integral component of -circular
sustainability through embedding both resource
and energy capture during safe water
production. The transition to the circular
economy embraces all areas of the economy,
even the water (Sandu & Virsta, 2021) and
wastewater sectors (Smol, 2023).

Climate change is forcing us to place carbon
management at the forefront of every approach
to water solutions (e.g. reducing carbon
footprint to net neutrality and ultimately to zero
net carbon emissions). These measures shape
the circular economy, the heart of a sustainable
future.

The primary aim of the paper is to provide an
overview regarding the importance of the
carbon emissions concept in wastewater
treatment plants.

MATERIALS AND METHODS

The methodology applied to achieve the goals
of the research incorporated a mapping to
theoretical frameworks (specific elements of
sewage treatment plant carbon emissions) of
interest. In the initial stage of this study, the
importance of WWTPs was highlighted. This
comprised a review and assessment of the
different levels of wastewater treatment
processes and an analysis of urban wastewater
production and treatment in Romania. In the
second phase of this research, carbon emissions
from wastewater treatment plants were
correlated with GHG emissions from the
municipal wastewater treatment plants during
operation.

This study was conducted wusing the
documentary research method, which implied
collecting information from available resources
accessible in existing published scientific
databases, websites and libraries. Primary
research literature has been retrieved from full-
text academic databases like Elsevier, Web of
Knowledge, Wiley Online, Google Scholar,
Multidisciplinary Digital Publishing Institute
and European Union statistics (Eurostat).
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RESULTS AND DISCUSSIONS

Wastewater Treatment Plants

The mixture of municipal wastewater, runoff
from streets and paved surfaces as well as
industrial ~ wastewater is called urban
wastewater.  Untreated, this  wastewater
contaminates rivers, lakes, groundwater, seas
and can create serious public health risks. In
Europe, most wastewater ends up in the sewer
system from where it is transported to a
wastewater treatment plant to reduce the
concentration of pollutants The treated water is
then released into the environment, usually into
lakes and rivers. When pollution control at
source fails, urban wastewater treatment is the
ultimate opportunity to prevent pollutants from
entering the environment, is an "end-of-pipe"
measure.

Wastewater treatment refers to the physical,
chemical, and biological processes used to
eliminate pollutants from wastewater. It also
includes the transformation of water into an
effluent that can be cycled back into the water
system. Once the effluent is returned to the
water cycle, it has an acceptably low impact on
the environment or is used for other
applications. Different levels of processing can
be carried out, usually covering the following
(Figure 1).

Urban wastewater treatment UWTPs produces
sewage sludge, which is usually processed to
meet the sludge's suitability for its intended use
or disposal (Figure 2). Wastewater carries
valuable resources. These include not just water
alone, but also heat, nutrients like phosphorus
and nitrogen, as well as energy as well and
other valuable resources which may be
obtained from sewage sludge. In some areas of
Europe, processed sewage sludge is prized for
the nutrients and organic matter it contains in
agriculture,  although  worries regarding
contamination, mostly chemical, limit its
application potential. From this point of view,
the most efficient plants can fulfil the
environmental thresholds for discharge and
producing at minimum enough energy for their
own energy demands. Through imposing
requirements on the quality of incoming
effluent until resource recovery, these "resource
centres" could support a circular economy.
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*Process: physical separation

Treats: debris, grit, fibres, sand, oil, grease

*Typical technologies: screening, sedimentation, flotation

*Process: physical separation
*Typical technologies: sedimentation, flotation
*Treats: suspended solids, oils

*Process: physical separation, biochemical degradation

*Typical technologies: activated sludge process, trickling filters, sequential batch reactor, moving bed biofilm reactor,
membrane bioreactor, oxidation ponds/lagoon-constructed wetlands

*Treats: organics, partial treatment of nutrients, microorganisms

*Process: physical separation, chemical degradation, biochemical degradation

*Typical technologies: disinfection, activated carbon filtration, advanced oxidation, advanced biological treatment,
reverse osmosis, coagulation, microfiltration, ultrafiltration

*Treats: microorganisms, nutrients, highly biologically active and difficult to biodegrade substances (micropollutants)

RN

Figure 1. Wastewater treatment processes
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Figure 2. Urban wastewater treatment plan (EEA, 2022)

Carbon emissions in the WWTPs

It is mandatory to know the carbon emissions
of the WWTPs, as measures to reduce GHG
emissions are linked to measures to improve
the energy efficiency of plants and lead to
better plant management. Carbon emissions
from wastewater treatment plants are emissions
related to the collected, treated and final
disposal of treated wastewater and the resulting
sludge (Figure 3).

The main sources of emissions from
wastewater treatment plants include "energy
consumption and biological, chemical and
biochemical processes to achieve effluent
quality" (IPCC, 2014).

According to Parravicini et al. (2016), GHG
emissions can be classified into two major
categories: direct and indirect emissions.
Wastewater treatment plants' direct greenhouse
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gas emissions refer to emissions generated at
wastewater collecting and discharging points.
Indirect greenhouse gas emissions result from
the consumption of electricity, the use and
transfer of chemicals, sludge handling and
stabilisation processes. Total GHG emissions
are the sum of direct and indirect emissions
(Parravicini et al., 2016; Masuda et al., 2015).
Greenhouse gases of concern from wastewater
treatment plants are:

- carbon dioxide (COy),

- methane (CHa),

- nitrous oxide (N20) (Shahabadi et al., 2009).
CO; emissions are linked to two major drivers:
the treatment process and electricity
consumption. In the anaerobic treatment
process, BODs from wastewater is embedded in
biomass or transformed into CO2 and CHs. Part
of the biomass is transformed into CO; and
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CH4 by endogenous respiration. Additional decomposition of organic matter in the
CO; emissions are from sludge digesters and activated sludge phase and, in part, by primary
digester gas flaring. During the aerobic phase, clarifiers (Taseli, 2017).

carbon dioxide is generated by the
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Figure 3. Carbon accounting in wastewater treatment
(Langing et al., 2022)

Wastewater together with sludge constituents  removal from wastewater, as it is a by-product
are capable of generating CHy if they degrade of both nitrification and denitrification
in an anaerobic manner. About 72% of these processes (Wu et al., 2009; Fighir et al., 2019).
CH4 emissions occur in the anaerobically = Because water and other resources are
digested sludge line (Campos et al., 2016). withdrawn for reuse from wastewater, these
According to Gupta & Singh (2015), the operations generate costs associated with
amount of CH4 production depends in the first energy consumption and greenhouse gas
place on the type of treatment system, the emissions. There is no other part of water
amount of degradable organic matter and the infrastructure that is considered to be more
temperature of wastewater. As the temperature energy intensive per unit of treated water than

rises, so the rate of CH4 generation increases. wastewater recovery, and it is the sector with
This is especially important in non-controlled  the greatest capacity to become carbon neutral.
systems and a warmer climate. Carbon footprint may be reduced to a minimum

N20 is linked to the nitrogen constituent’s  through energy and chemical inputs into
degradation in wastewater (proteins, nitrates treatment processes and maximising
and urea). Household wastewater comprises  wastewater energy generation through carbon
human wastewater combined with other  and heat capture (Pagilla, 2022).

domestic wastewater, possibly containing  The embedded carbon or embodied carbon
effluent from washing machines, sinks, shower footprint of WWTPs includes the total amount
drains, etc. Wastewater treatment facilities can of greenhouse gas emissions from their
incorporate a variety of technologies, starting construction, maintenance and disposal (Nayeb
with lagoons to tertiary treatment technologies et al., 2019).

to remove nitrogen constituents. Once At a basic scale, the energy contained in
processed, the effluent treated usually is wastewater and its extraction in a utilizable
released into receiving water. Nitrous oxide form creates possibilities for reductions in the
generation is related to biological nitrogen  carbon footprint of WWTPs. Inputs of energy
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for treatment represent costs that contribute to
the carbon footprint. Maximising opportunities
and minimising inputs by optimisation are the
formula for achieving net zero carbon in
WWTPs (Pagilla, 2022).

Net zero refers to the balance between the
quantity of greenhouse gases produced by a
company and the quantity removed from the
atmosphere through mitigation measures. Net
zero is reached when the amount we add will
not be greater than the amount removed.
Improvements in urban wastewater treatment
have been made since the 1990s. These have
led to the prevention of significant methane
emissions due to efficient and centralised
wastewater collection and treatment (EC, 2020).
As a result, emissions have steadily decreased
reaching 17,351 kt CO; equivalent (COze) in
2019. This reduction is seen only in CHy
emissions, which have fallen by more than half
from 1989. Nitrous oxide emissions decreased
very slightly from 2000, to 6,100 kt COze per
year (EEA, 2023b). The fossil fuel use for elec-
tricity generation and for drying and transport-
ting sewage sludge represent indirect emissions
from UWWTPs (Zheng & Ma, 2019).
Greenhouse gas emissions from wastewater
treatment may be minimised in a number of
ways, starting with optimising operation and
ending with modifications to the plant.

In European countries, improvements have
been made to sanitation systems in recent
years. Today, municipal wastewater is treated
at the tertiary level in most EU countries. Still,
there are countries where less than 80% of the
population is connected to public municipal
wastewater treatment systems (EEA, 2022).
Countries with high percentages of population
hooked up to wastewater treatment plants are
Luxembourg, Netherlands, Malta, with Croatia
and Romania at the opposite end (Smol, 2023).
Different tools have been developed in order to
identify and reduce GHG emissions from
WWTPs.

A first tool is called the Energy Performance
and Carbon Emissions Assessment and
Monitoring (ECAM), which is an open-source
software. This tool has been developed to
collect essential information for energy
performances of installations at operational
level within a WWTP, with main purpose to
identifying critical areas for GHG emission
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reduction, for increasing energy savings where
possible, and improving the overall efficiencies
for costs reduction. This tool can be applied
and useful for all key stakeholders involved in
the water and wastewater sector, for service
management and planning regarding GHG
emission and energy performance assessments
and resulting suitable and operative perspecti-
ves for limitation of the overall carbon dioxide
emissions (http://wacclim.org/ecam/v1/).
Another tool for -calculating the carbon
footprint for wastewater treatment plants has
been developed in the project "Calculation of
the carbon footprint from Swedish wastewater
treatment plants" (SVU 12-120). This tool is an
Excel file, containing 13 sheets, in each sheet
different data and information are saved and
calculated, grouped on different categories,
such as:

- Group 1: input data (important information
regarding the process within the selected
WWTP, chemicals used, energy data,
information on basic transports of the sludge,
destination routes, resulted waste, etc.)

- Group 2: represents results of the simulation
and calculations;

- Group 3: emission factors for electricity
production, heat production, biogas use, etc.
Global Warming Potentials (GWP) and diffe-
rent conversion factors, as well as constants
used for the calculation; and the last group is

- Group 4: includes appropriate references and
input data for the use of the tool.

It is a complex tool offering interesting and
solid results for the carbon footprint of a
WWTP.

Urban wastewater production and treatment
in Romania

In households and certain industries in
Romania, 20.0 million p.e. of wastewater are
generated every day. This amount of
wastewater is treated in 642 plants before being
discharged. Thus, depending on the type of
treatment applied there are 434 biological
treatment plants, 174 biological treatment
plants with nitrogen and phosphorus removal
and 34 primary treatment plants.

Only 12% of urban wastewater in Romania is
treated in accordance with UWWTD
requirements and this is well below the EU
average of 76% (Figure 4).
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Figure 4. The proportion of urban wastewater that meets all requirements of the UWWTD
[Romania (europa.eu)]

According to the latest report by the specialists
of the National Administration "Romanian
Waters" on the "Status of urban wastewater
treatment works and capacities in execution

According to EEA greenhouse gases - data
viewer (2023b), emissions of greenhouse gases
by the urban wastewater treatment sector in
Romania have decreased by 25.9% between

and put into operation for human
agglomerations in 2020", a level of connection
to collection systems (sewerage networks and
appropriate individual systems) of 66.15% and
to treatment systems (treatment plants and
appropriate individual systems) of 63.58% was
assessed for urban agglomerations with more
than 2,000 inhabitants equivalent.

The annual production of wastewater sludge in
Romania was over 247,760 tons in 2018. Based
on data reported up to 2018, Figure 5 shows a
significant range in the uses of sewage sludge:
53.5% were landfilled, 18.7% of sewage sludge
was used in agriculture, 0.3% was incinerated,
and 27.5% was disposed of in other ways
(EEA, 2023a).

2010 and 2019 (Figure 6).

" Landfilling ® Dispose another way

MRe-use in agriculture M Incineration

Figure 5. The proportion of wastewater sludge from
treatment plants reused or disposed (EEA, 2023a)
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Figure 6. Greenhouse gases emissions generated by the urban wastewater treatment sector in Romania
(EEA greenhouse gases - data viewer, 2023)
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CONCLUSIONS

In 2021, 36 billion tons of carbon dioxide were
emitted globally. As the amount of carbon
dioxide increases, the planet continues to
warm. Thus, devastating effects such as
increased flooding, extreme heat, drought and
worsening forest fires are increasingly being
felt by millions of people around the world. In
2020, Romania emitted 71.48 million tons of
CO;, according to Our World in Data
(Romania: CO2 Country Profile - Our World
in Data). The figure represents 0.21% of the
total issued globally. In the same year,
Romania registered 3.72 metric tons of CO»
emitted per capita. CO; emissions from
industrial processes in Romania are relatively
high, even if they decreased by 64% between
1989 and 2011, due to the reduction of
industrial activity after the communist period.
In the same interval, transport emissions (17%
of the total) increased by 67%, exceeding a
55% increase in greenhouse gas emissions,
according to Climate Analytics (Romania -
1.5°C Pathways for Europe: Achieving the
highest plausible climate ambition - Oct 2021
(climateanalytics.org)). Romania has ratified
and transposed into national legislation two of
the most important international treaties
regarding climate change: the United Nations
Framework Convention on Climate Change and
the Kyoto/Japan Protocol. In order to achieve
the goal of the Paris Agreement (The Paris
Agreement | UNFCCC), the EU is working to
achieve "net zero" emissions by 2050. The goal
of the agreement is to limit global warming to
less than 1.5 degrees Celsius compared to pre-
industrial levels. The Earth is already
approaching this value, with temperatures
already reaching the threshold of 1 degree
Celsius.

Regarding the necessary measures to achieve
the goal of "net zero" by 2050, the European
Commission recommended that Romania
increase the level of ambition for 2030. Among
these necessary new measures is a plan to
decarbonize the environment by increasing the
share of energy from renewable sources by at
least 34%.

Wastewater treatment plants have the capacity
to generate valuable water resources, energy,
and new secondary raw materials, which can be
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utilized across various sectors such as
municipalities, industries, and agriculture. In a
world where the demand for fresh water is
continuously increasing, and existing water
resources face growing pressures from over-
extraction, pollution, and climate change, it
would be imprudent to overlook the
opportunities that arise from improved
wastewater management. Successful resource
recovery from wastewater contributes to the
principles of the circular economy and fosters
long-term sustainable development. However,
achieving a shift from merely removing
pollutants to actively recovering resources
necessitates a paradigm shift. Resource
recovery should be a strategic objective
incorporated into the earliest planning stages of
new investments whenever feasible. Recent
developments in EU regulations indicate an
increasing support for resource recovery and a
growing momentum for change, although a
comprehensive approach has yet to be fully
embraced.

Wastewater treatment plants, which consume
significant amounts of energy and produce high
carbon emissions, have the potential to
transition into substantial energy producers and
generators of recycled organic and metallic
materials. This transformation can effectively
contribute to broader sustainable development
objectives, the circular economy, and the
interconnected systems of water, energy,
sanitation, food, and carbon.

The WWTPs plant operations and process
optimization role is essential not just to meet
water requirements and plant quality goals, but
also to achieve resource and sustainability
recovery goals or outcomes. The carbon
footprint for an existing plant is the operational
activities and therefore the potential to achieve
net zero carbon.

Understanding the carbon footprint of WWTPs
is  essential to  comprehending their
environmental impact. Through quantification
of emissions, plants can identify areas for
improvement and implement specific strategies
to reduce their carbon footprint.
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Abstract

The process audit is an analysis for the operation of an equipment, to establish its performance and to make proposals

for measures to increase production, decrease consumption and improve product quality. The objective of the process
audit is to establish the actual state of operation for the cement grinding plant (the degree of loading with grinding
bodies, the air speed in the mill, the granulation of the material at the entrance and the exit, the wear of the shields,
energy consumption) and is the basis for proposing measures for optimization. The audit from a grinding plant is
carried out in the following situations: upon commissioning (to record the initial condition of the equipment) afier
modernization/modifications of the equipment in the composition of the grinding plant whenever there are deviations
from the expected performance as a routine test, at least once a year, to appreciate the real condition of the equipment.
The paper presents some determinations made at a cement mill from a Romanian cement factory, the sampling method
to carry out analyses and recommendations for improving production.

Key words: grinding ability, grinding chart, grinding efficiency, process audit, particle size analysis.

INTRODUCTION dations are made to optimize the plant through
capital investments.

The audit process is intended to estimate  For example, an energy audit of the dry rotary
whether the process requirements specified in ~ kiln system operating in a cement factory in
operating instructions, procedures, and rules for Turkey showed that approx. 40% of the total
the conduct of the manufacturing process are input energy is lost through the hot flue gases
suitable for achieving quality objectives. (19.15%), the cooling stack (5.61%), and the
The audit can be performed by a person or  furnace casing (15.11%, convection plus
team, depending on the complexity of the  radiation). Following the audit, some ways to
operation under examination and the need for = recover heat losses were presented, and the
skills outside the training of the technical staff  findings noted that approx. 15.6% of the total
on the production flow. input energy can be recovered (Engin & Ari,
The technical audit is more important as it is 2005; Garba et al., 2010).

one of the effective tools for reducing  The methods of carrying out the technical audit
production costs (Ciobanu et al., 2020; Engin involve the monitoring of working, electrical
& Ar, 2005; Krishnamoorthy et al., 2018; and maintenance practices in different sectors

Ramesh et al., 2013). of the cement factory, as well as of the
Cement plants and process technical managers exploitation operations, the condition of the
are often asked to examine, "the big picture" in instrumentation,  environmental  pollution
a production/operations environment. control techniques, etc. (Khan et al., 2012;
The audit process is a procedure that helps www.cementequipment.org).

technical staff determine not only what is wrong, For example, for the assessment of ball mills,
but also what is right in an industrial activity. maximum production, energy consumption,
The cement plant audits assess its performance system air flow and material flow, separator
against a criterion of corresponding reference, performance, and the operational variables to
and after a detailed assessment, recommend- be monitored include: temperature, at the inlet
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and outlet of the mill, the inlet pressure in the
mill, the differential pressure, energy consump-
tion, mill vibrations and other process
parameters. In the paper are presented some
determinations made at a cement mill from the
formation of a cement factory in Romania, the
method of sampling to carry out analyses and
recommendations for improving production.

MATERIALS AND METHODS

The following methodologies and measuring
devices were used to perform the mill audit:

a) The method was chosen to determine the
specific surface area (SSB) of the grinding
material (https://thecementinstitute.com).

The Blaine procedure is applicable to all
cements defined in the standard SR EN 196-6:
2019.

The fineness of the cement shall be measured
in the form of a specific surface, expressed in
cm?/g, which is based on determining the time
of a fixed volume of air at known temperature
to cross a layer of compacted cement, using the
Blaine device.

b) A TESTO 920 type of device was used to
measure the temperature at the main points of
the installation.

c) The relative static pressures and flow rates at
the main points of the grinding system were
performed with the TESTO 400 to which a
Pitot tube and a pressure transducer were
connected.

d) For the chemical and granulometric analysis
of the clinker, limestone + slag, gypsum and
cement samples taken from the cement mill, an
apparatus was used to perform the chemical
analysis of the NovAA 400 grinding material.
The spectrometer is fully controlled by the PC
for the flame and graphite technique, with
transversely heated graphite furnace, single and
double beam mode, and automatic turret with 6
lamps. Precise measurement of trace elements
over a wide range of concentration is achieved
by high precision at the high-performance
optical drive, high-sample speed, and nucleus —
transversely heated graphite furnace.

e) For the analysis of clinker granulometry,
Mastersizer 2000E and CILAS - Delcita 715
are used (https://www.n8equipment.org.uk/).
There are three distinct ways to measure a
sample with the Mastersizer 2000E:
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1) The sample is prepared and dispersed to the
correct concentration and then sent to the
optical drive. Sample preparation is the most
important step in making a measurement. If the
sample is poorly prepared (unrepresentative or
poorly dispersed) then the basic data will be
incorrect.
2) Capture the spreading pattern from the
prepared sample - measurement. The detector
machine has a "snapshot" of the spreading
pattern. Obviously, this snapshot only captures
the scattering pattern in the particles passing
through the analyser beam at that time. Taking
a single snapshot may not get a representative
view of the spreading pattern. Mastersizer takes
many snapshots (known as snaps) and averages
the result. Typically, more than 2000 snapshots
are taken per measurement at a 1 ms interval.
3) Once the measurement is complete, the raw
data is analysed by the machine's Malvern
Software. After the data has been analysed, the
information can be displayed in various ways.
The possibilities of investigation of the
equipment are: Measuring the granulometric
classes in the range of 1 + 192 um in a wet
environment on any type of powdery material.
Interpretations of analyses:
« graphical presentation of the weight on 16
granulometric classes located in the range 1
- 192 um;
e tracing the granulometric curve of the
analysed powder;
» determination of the average diameter.
f) Optical microscopy apparatus Carl Zeiss
AXIO IMAGER Alm and component
determination by mineralogical analysis on
natural raw materials: clay, marne, limestone,
tiles, bushes and synthetic products such as
cement clinker. It allows examination, both
with transmitted light and reflected light
(current 220 V, 15 A and frequency 50 Hz).

RESULTS AND DISCUSSIONS

The sampling and measurements necessary for
the audit were carried out according to the
schedule of determinations agreed with the
factory representatives.

The cement produced was CEM II/A-LL
42.5R, with clinker, limestone, gypsum and
dust from the furnace electrofilter (CKD). The
grinding additive GTA 140 (dosage 300 g/t)
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was used for grinding, for increasing
production, and SYNCRO 206 (dosage 600 g/t)
for reducing chromium.

The cement mill was stopped for the purpose of
evaluating the interior equipment and taking
samples for drawing the grinding diagram.

The audit includes information about the main
process parameters recorded in the factory
control room and measurement results (sam-
pling for chemical analysis, granulometric ana-
lysis of materials introduced in the cement mill,
determination of the grinding fineness of the
cement expressed by specific surface Blaine and
determinations in the air flow of the ball mill).
The stages of the process audit are as follows:

1. Submission of observations on the process
parameters of the ball mill;

2. Presentation of observations on grinding
efficiency;

3. Measurements in the air flow of the ball mill
(measurements of temperatures, pressures and
flows), as well as observations from the
measurements made;

4. Determinations on materials (clinker, slag
and limestone, gypsum, mixture, cement);

5. Inspection of the interior of the mill (interior
equipment of the mill) for determining the
filling degrees and specific consumption of
electricity;

6. Tracing and analysis of the grinding
diagram;

7. Separation efficiency by sampling points of
the dynamic separator: Separator supply,
separator fine output, separator output grid, and
Tromp selectivity curve drawing based on laser
granulometric distributions.

The main process parameters, recorded in the
control room, are summarized in Table 1, and
the grinding efficiency is synthesized by the
parameters expressed in Table 2.

Table 1. Process parameters in the control room

Characteristic Value
Assortment of cement produced 11 AS32.5
Raw mixture, Dosage (wet), %
Clinker 69.52
Slag + limestone 23.63
Gypsum 6.85
Moisture mixture at the entrance to the mill, % 1.29
Mill production: wet/dry 75.2/74.2
Specific electricity consumption (dry), kwh/t
cement mill 325
factory 41.6
Cement characteristics
specific surface, cm*/g 3,174*
SO; content, % 3.33

*determinations mean in CEPROCIM laboratory
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Remarks:

- the mill production and the dosage of
the mixture were calculated based on the hourly
indications of the component meters (clinker,
limestone + slag, gypsum);

- the moisture of the mixture was
calculated weighted, based on the moisture of
the components, determined in the factory
laboratory;

- the specific surface of the cement
represents the average of the determinations
made by the CEPROCIM laboratory.

Table 2. Milling efficiency

Parameter Val. Observations
Production (dry), t/h 74.2 | - low production
Cement grinding finesse, cm*g | 3174 |- appropriate finesse
N . ) - possibility of increasing
Finesse filter dust, cm®/g 3598 the air speed through mill
Electricity consumption (dry),
kwh/t P 32.6 |- relatively good
actory 7
. 41.6 |consumption
cement mill

Recirculation coefficient 1.51* |- low value
Air speed above the charge, 078 | speed outside the usual

mis| range (1-1.5 m/s)
Diameter max/min balls, mm, | 90/60

CC& 50/18 |- appropriate structure
Degree of filling, % 29.27 |- degrees of filling

CI 27.08 calculated from H measured

CII . with material in the mill
Average ball weight in CI, kg 1.40 . L
Average ball weightin CIL g | 4844 | relatively low weights
Grinding chart, % ;ngs(;(;gc\gzizle (rggg:d r\I)t/llltlh

Rysmm at the mill wall | 1.99 rciently
material)

Mill speed, % of critical speed | 76.40 |- appropriate speed

*calculated from feed and grit flows

Determinations in the air flow

Using the portable equipment of CEPROCIM,
measurements of temperatures, pressures and
flows were made in the air flow. Thus, Table 3
shows the air temperatures and relative static
pressures measured at the main points of the
grinding plant, respectively the average air flow
values, calculated based on dynamic pressure
and temperature measurements.

Table 3. Process parameters on air flow

. Relative static .
. Air tempe- Air flow,
Measurement point o pressures, mm 3
rature, °C H.O Nm®/h
2

Mill outlet pipe 87-95 111-127 24,042
Fan inlet of separator 78-80 223-233 114,301
Entrance to the mill 78-80 242212 33315
dedusting fan
Filter basket and 64-65 02-2.6 25,489
attachments
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Remarks:

- for the air flow of 24,042 Nm3/h measured
at the mill outlet, the maximum air speed
through the mill (0% false air) is 0.97 m/s.
Considering the false air infiltration at the exit
of the mill of ca. 20%, the actual air speed
through the mill becomes 0.78 m/s, value
outside the range (1-1.5 m/s);

- the value of air infiltration on the mill outlet
- mill deburnout filter basket is 9,273 Nm’/h
and represents approx. 27% of the air
discharged to the basket.

Determinations on materials

During the audit, clinker, limestone + slag,
gypsum and cement samples were taken, on
which the following determinations were made:

Table 5. Granulometric characteristics of the materials

Parameter Clinker | Slag +1i Gypsum | Mixture
Rosmm, %0 14.87 0.8 32.85 12.77
dsoy, mm 22.0 4.0 31.00 19.50
dsge;, mm 11.9 2.5 16.50 6.50
Remarks:

- the particle size of clinker, gypsum and
mix is well above the recommended value,
while the particle size of the slag is very good
compared to the recommended value (Rasmm <
5%).

Determination of cement

The grinding fineness of the cement expressed
by the specific surface of Blaine, Rooum, Reaum
was determined in the CEPROCIM laboratory,
and the results are presented in Table 6.

v' Clinker determinations (CEPROCIM
determinations) Table 6. Grinding finesse of cement
The chemical analysis_of clinker performed in CEPROCIM residucs Specific surface area
. . : A
the CEPROCIM laboratory is presented in Hour Blaine, cm’/g
Ropums % Reum% | Factory | CEPROCIM
Table 4. 10 2.04 8.36 3,250 3,270
11 2.04 8.40 3,250 3,250
Table 4. Chemical composition of materials g ??{g gig ;?(2)8 g?;g
Chemical and Slag + 14 2.12 8.16 3,230 3,220
dul position |  CHRKEr | jinest Gypsum 15 2.04 8.52 3.080 3,280
Humidity*, % 0.01 4.06 4.72 16 2.12 8.48 3,000 3,150
Constitution water, % 0.72 4.02 13.6 17 2.16 8.44 2,850 3.060
SiOsiol, % 20.03 33.11 14.38 Average 2.09 8.30 3,098 3,174
Ca0, % 65.37 4761 25.57
0 .
?61283,02 ;gg 110‘13; ‘:‘;2 Remarks: the specific surface values of the
203, . . . . .
MgO, % 141 2.0 1.6 cement determined in the CEPROCIM
ngﬁv "/3)/ 13(;‘ 022 28.23 laboratory are like those determined in the
AV free, . - -
Insoluble re[sidueo,% 0.18 0.77 factory laboratory.
Ms; 213 - The proportion of limestone (dry) in cement
Fs’; 9154734 - was estimated by selective component
CS.% 65.02 - determination on the average cement sample.
CaS. % 9.07 - The scale ratio is approx. 2.15%.
CA% 8.04 - Th . lae in th
CJAF. % 11.65 . " e proportion of slag in the cement was
€O, % - - 4.56 determined by optical microscopy on the
CaSC(”C' (Z)HZO?’ % - - ?8'23 Hourly samples.
al 3, - - .. .
Clay substamesf'% - - 2322 The proportion of slag + scale calculated from

*determination carried in the factory laboratory

Remarks:

- potential alite and belite contents
favourable to obtaining cements with low
energy consumption.

The granulometric analysis of the mean clinker
sample, respectively slag + scale, is shown in
Table 5.
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the counters was 23.63% (wet) and 22.97%
(dry), respectively. CEPROCIM determinations
indicate an average slag value of 21.9% (dry)
and 2.15% (dry), with total slag + limestone
being 24.05% (dry), higher than the one
calculated based on the metering of the supply
flows of the mill. The measurements were
made from hour to hour between 10:00 +
17:00.
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Temperature measurements on the mill

input/output material are shown in Table 7.

Table 7. Mill inlet/outlet temperature

Temperature, °C Value
Clinker at mill inlet 80.0-86.5
Slag + limestone al mill inlet 27.6-33.0
Gypsum at mill inlet 7.7-8.4
Cement belt conveyor 73.0-78.5

Inspection of the interior of the mill

The inspection of the interior of the cement
mill was aimed at:

- free height measurement (H), for determining
the degree of filling with grinding bodies;

- assessment of the condition of the interior
equipment of the mill;

- sampling to draw the grinding diagram; the
samples were taken in three directions from 0.5
to 0.5 m.

The measurement of the free height (H) above
the load with grinding bodies was done without
emptying the material mill, and the initial
structure of the load with grinding bodies is
shown in Table 8.

Table 8. Cement mill - loading and filling grades

(Cement IT AS 32.5)

Mill | Production, Speed, |Length, Inner Blaine,
t/h rpm m diameter, m | cm?/g

MC 74 16.0 10.5 4.2 3174
Chamber| Length, | Inner | Balls |Critical| Mill H*

m diameter, |density, | speed, | speed, % |measured,
m /m? rpm | of critical m
speed

1 3.81 4.08 431 |20.94 76.40 2.717
11 6.04 4.08 4.80 |20.94 | 76.40 2.792

*measured with material in mill

Based on the measurements of free H, the
filling degree and the specific -electricity
consumption were calculated (relation Slegten),
Table 9.

Table 9. The filling degree and the specific electricity

consumption
Parameter Chamber I | Chamber II Total mill
Degree of filling, % 29.27 27.08 -
Specific electricity
consumption, kWh/t 127 19.8 326

Remarks: the specific electricity consumption
of the mill is relatively good.
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The internal equipment of the mill - Chamber I

Figure 1. Aspects at the entrance to the mill - material
level and cascade armours for chamber I

Remarks: armours in good condition.

Figure 2. Broken balls, deformed balls (detail),
respectively the partition wall, the ventilation ring, the
material level and the cascade shields - chamber I

Observation: Material below the ball level,
missing material on the left side of the mill and
broken and deformed grinding bodies and the
presence of grinding bodies from chamber II.

Figure 3. Cascade shields (detail) and slots in the
partition wall with ventilation ring (detail) - chamber I

Observation: Field armour in good condition.
The internal equipment of the mill - Chamber 11

Figure 4. Partition wall, self-sorting shields, the material
level and the slots in partition wall (detail) - chamber 11
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Figure 5. Balls distribution and self-sorting shields
(detail) - chamber 1T

Figure 6. The slots in the mill outlet wall (detail) and
mill outlet grate (detail) - chamber 1T

Remarks: the shields in the partition wall and
those at the mill outlet are in good condition,
but the material is below the level of the balls.
In addition, there are balls wedged between
armours and slots partially blocked with balls.

The grinding diagram

To perform the grinding diagram, the cement
mill was instantly switched off. Material
samples were taken from 0.5 m in 0.5 m, in
three directions along the mill, by CEPROCIM
personnel. On the material samples, the
residences were determined on the 5 mm,
2.5 mm, 1 mm, 200 pm, 90 pm sides of the
eye, 64 um and 32 um and specific Blaine
surfaces (room II) in the CEPROCIM
laboratory and then the grinding diagram was
drawn. The results are shown in Figures 7 and
8.

Assortment cement CEM IVA-LL 42 5R

Cumulative residus, % -
N sE8sEE88AABRBRE

Cement mill length. m

Figure 7. Cement mill. Milling diagram. Three-way
sample average

Assortment cement CEM IVA-LL 42 5R
I

ue, %

g

I
|
i
"m.. -
—t— e
-
-

Cumulative resid

*

W@ em s

3 e 0 7m0 84
Mill chamber length, m

Rim 38 421 473 82 se G

Figure 8. Cement mill. Residues evolution and Blaine
specific surface area (SSB) in chamber 11

The analysis of the grinding diagram highlights

the following aspects:

Chamber I:

v well prepared material in room I - R 5mm =
1.99% at the partition wall, in conditions of
a mill insufficiently loaded with material.

Chamber II:

v active grinding along the entire length of
the chamber;

v" Ropum when leaving the mill (separator
supply) cca 8%.

Efficiency of separation

For the characterization of the separation
efficiency, samples were taken from the
following grinding plant points:

v mill output material (separator supply);

v’ separator output for fine material;

V' separator output for grout.

The following determinations were made on
the materials taken:

v resided (Rooum and Reaum);
V' specific Blaine surfaces;
V' laser granulometric distributions.

The values of the residuum and characteristic
parameters of the grinding-separation process
are shown in Table 10.

Table 10. Grinding-separation process parameters

Characteristics Value
Recirculation coefficient, - 1.48
Fine material volume, % 67.65
Grit volume, % 32.35
Degree of fine material separation, % 75.34
Degree of grit separation, % 13.17
Separation eficiency, % 62.17
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Remarks:
- R - the separator feed material resin —
on the 90 um and 64 pum sieve, %;
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- Rg - the semolina resin - on the 90 um
and 64 pm sieve, %;

- R - the fin resin on the 90pum and 64um
sieve, % respectively;

-k - the recirculation coefficient;

- Vs - the volume of fine resulting from
separation, %;

- Vg = the volume of semolina resulting
from separation, %;

- f - the degree of separation of the fin
(fine to fine), %;

- g - the degree of separation of the
semolina (fine to fine), %;

- E - separation efficiency (f - g), %.

Have been found: good separation of the fin;
poor separation of the semolina; relatively good
separation efficiency; low value of recirculation
coefficient.
The efficiency parameters of the separator were
also calculated based on the laser granulometric
distributions; the Tromp selectivity curve being
drawn (Figure 9).

Tromp curve

Fine recovery grade

Separation characteristics
I coefficient 1.4

Volume of fine, % 807
Volune of erist, %
Fine efficiency at 30
Fine efficiency 12 61 . %
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Grist In fine ot 30 pam, % 01|
7 | Grist i fine at 64 jum, %| 460
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Figure 9. Tromp curve. Characteristics of separation at
the cement mill

It was found that the recirculation coefficient,
calculated from the results of the laser
granulometric  analysis, was within the
recommended range (2-2.5), with positive
implications on production, but the degree of
recovery of the fin (f) was relatively low
(approximately 42%). However, the degree of
wheat recovery (g) was very good (99.5%).
Also now, the efficiency parameter values are
characteristic of the third generation of
separators.

Compared to the 2nd and 3rd generation
separators, the WEDAG mill separator is
presented in Table 11.
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Table 11. Parameters of the cement factory separator

Separator parameters Generation IIT Generation | WEDAG
11 Separator
Coefficient of recirculation >2 >2 1.23
Tromp curve characteristics
By-pass, % <10 10-35 8.30
imperfection, - <0.310 0.30-0.45 0.40
acuity limit, pm <15 15-20 333
The slope of the RRS line, - >1 0.85-1.0 0.90

It can be said that the efficiency parameters of
the separator are favourable, located between
those specific to the second and third
generations of separators, under the conditions
of low recirculation coefficients.

CONCLUSIONS

Following the audit of the mill, the following

recommendations were proposed:

At the grinding:

- increasing the load of the mill with
material, respectively increasing the degree
of recirculation;

- increasing the degree of filling of the mill
with grinding bodies to the maximum level
allowed in both chambers, in order to
increase productivity;

- increasing air speed through the mill by
increasing aeration;

- increasing the weight of the average ball in

room I;
- periodic inspection of the interior of the
mill and intervention at the slots,

diaphragm, wall exit mill, armour, etc.

- periodic cleaning of the bulkhead slots and
the wall at the outlet of the stuffed ball mill,
as well as the exhaust screen around the
spray nozzle.

At the separation:

- periodic inspection of the interior of the
separator;

- the value of the by-pass is within the range
specified by the literature for the
manufacture of this type of cement (5-
15%);

- the slope of the RRS right indicates a
narrower distribution of particle sizes in
cement, which may be beneficial for the
final strength of the cement. For this type of

manufactured cement, the literature
mentions the range of 0.85-1.15 for the
slope of the RRS right.
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Abstract

Land degradation is a worrisome phenomenon that is closely related to climate change, contributing to the
accentuation of climate change and at the same time being caused by it. Land degradation is mainly caused by human
activities that lead to soil pollution or degradation, by agricultural practices, by forestry management, urbanization but
also by extreme weather phenomena such as floods and droughts. Desertification is also a land degradation
phenomenon that is caused by climate change and that contributes to intensifying climate change. This study aims to
summarize the main causes leading to land degradation and which have a major contribution to the exacerbation of
climate change, but also to identify the appropriate measures to avoid, reduce and reverse land degradation. At the
same time, this study identifies the main direct and indirect impacts of land degradation on people's way of life.
Regarding the impact of climate change on land degradation, the study identifies ways in which climate change

accentuates land degradation processes.

Key words: climate change, land degradation, impact.
INTRODUCTION

Land degradation is a global problem that
threatens economic and social development all
over the world. Land degradation is a rather
complex process, caused by various
anthropogenic activities but also by climatic
conditions that reduce the productive potential
of the land, at the same time reducing much-
needed agricultural production in the context of
the continuous increase in the global
population. At the same time, in certain areas
where agriculture is the main occupation of the
people, land degradation increases the
vulnerability of farmers to food shortages,
possibly jeopardizing even the possibility of
people's survival. Land degradation is a
complex process to define, with results that are
difficult to quantify, but which represents in
general terms a permanent or temporary loss or
reduction of the productivity of natural capital
in various forms, followed by a loss or
reduction of the economic value of the land.
According to the study carried out by UN
Environment, in partnership with the Global
Environment Facility (GEF), one-third of the
Earth's land surface is degraded, affecting more
than 2.6 billion people and costing us as much
as $10.6 trillion every year in lost ecosystem
services. The pressure on agricultural land will
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increase significantly in the next period, until
the year 2050 an increase in the need for food
is presumed to increase by approximately 50
percent, and ensuring this need will represent a
major challenge. (United Nations et al., 2017).

During the Conference of the Parties to the

United Nations Convention to Combat
Desertification (UNCCD), held on 9-10
September 2019 in New Delhi, it was

emphasized that desertification/land
degradation and drought undermine health,
development and prosperity in all regions and
the effects of degradation of land and drought
are felt most by vulnerable people. Also, within
this conference organized under the United
Nations Decade on Ecosystem Restoration
(2021-2030), it was proposed as a Sustainable
Development Goal to achieve the neutrality of
land degradation by promoting practices that
conserve and restore land and soil affected by
desertification/land degradation, drought and
floods. (United Nations et al., 2017).

MATERIALS AND METHODS

The purpose of this study was to summarize the
main causes of land degradation and how
climate change contributes to land degradation,
but also how degraded land exacerbates climate
change. In order to carry out this study, a
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literature review was carried out to provide a
better understanding of these phenomena and
the intensity of them at a global level. At the
same time, the research also focused on how
land degradation affects people's livelihoods,
but also on an identification of the main
measures that could be taken to prevent land
degradation and to restore degraded land.

RESULTS AND DISCUSSIONS

Land degradation leads to a temporary or
permanent loss of the productive capacity of
the land, manifested by a reduction in biomass,
a loss of current or potential productivity of the
land, a loss of biodiversity and even a loss of
organic soil content (Kemalo et al., 2021)
Anthropogenic activities that cause
degradation are the following:

- Deforestation leads to the degradation of
forest land and is considered the main cause
leading to the loss of biodiversity (loss of
habitats and species).

According to the data presented by FAO,
forests have an uneven global distribution and
occupy over 31 percent of the global land
surface, and represent 4.06 billion hectares, or
approximately 5000 square meters per person.
Forests are not equally distributed around the
globe, the first 10 countries with the largest
areas covered by forests at the global level
owning two-thirds (66 percent) of global
forests (Table 1) (FAO and UNEP, 2020).

land

Table 1. Global distribution of forests showing the ten
countries with the largest forest area, 2020
(FAO and UNEP, 2020)

Country _F(_)rcst area % of world
(million hectares) forest
Russian Federation 815 20.1
Brazil 497 12.2
Canada 347 8.5
United States of America 310 7.6
China 220 54
Australia 134 33
Democratic Republic of Congo 126 3.1
Indonesia 92 2.3
Peru 72 1.8
India 72 1.8

Deforestation to convert land to agricultural
land or other uses can lead to land degradation.
Since 1990, it is estimated that approximately
420 million hectares of forest have been lost
through conversion to other land uses, with the
expansion of agriculture continuing to be the
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and forest
agriculture.

main cause of deforestation
degradation, being large-scale
(FAO and UNEP, 2020)

The average annual rate of forest area change,
which considers forest expansion and
deforestation (Figure 1), decreased from -7.84
million ha/year in the period 1990-2000 to -
4.74 million ha/year in the period 2010-2020
(FAO and UNEP, 2020).

Forestexposon I Defresoon

MILLION HA/YEAR

W 15

1990-2000 200-2010 0215 2152020

Figure 1. Global forest expansion and deforestation,
1990-2020 (FAO and UNEP, 2020)

- Land use changes - are accelerated by
economic development and population growth
in certain areas, especially in developing
countries. Thus, a permanent pressure is
exerted on agricultural lands in the vicinity of
human agglomerations, by converting them
into buildable land for residential areas,
industrial areas or for the development of
infrastructure. As a result of these pressures,
arable land is decreasing dramatically,
representing a major threat to food security.
(Yuzhe et al., 2011).

Agricultural land refers to the share of land
area that is arable, under permanent crops, and
under permanent pastures. In 2020, globally,
agricultural land occupied an area of
approximately 47,388,929 sq. kilometres
according to the World Bank collection of
development indicators. This area represents
around 36.5 percent of the world's land area.
(The World Bank Group, 2023)

- Unsustainable land management, includes
agricultural over-exploitation that reduces the
supply of soil organic matter as well as its
resistance to erosion.

- Soil erosion - is a major problem faced by the
land under the action of various environmental
factors. Erosion and transport of soil material is
mainly caused by water through precipitation
or erosion due to runoff or seawater erosion.
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Along with the eroded soil, the water also picks
up various residues of pesticides and organic or
inorganic fertilizers applied to the soil. Other
causes are wind erosion and various human
activities. Erosion reduces soil fertility and
implicitly its economic value, and the intensity
of the phenomenon is proportional to the
degree of vegetation coverage of the soil. Soil
erosion is also accentuated on recently
deforested sloping land where the vegetal
carpet is not sufficiently developed (Figure 2).
Wind erosion is a phenomenon that cannot be
neglected. According to some studies, during a
storm, up to 15 tons of soil can be lost from one
hectare, which represents a decrease in the
thickness of the soil layer by up to 1 mm
(Alam, 2014).

Figure 2. Soil erosion after deforestation
(Poiana Horea, Cluj County, Romania, 2021)

Land degradation through erosion also has an
impact on other long-distance environmental
factors, such as the aquatic and marine
environment, and on human health (through
wind erosion). Eroded soil is not only a loss of
resources but can also be a source of pollution,
especially of air and water (Alam, 2014).

- Desertification - is a phenomenon of extreme
long-term land degradation in arid, semi-arid,
and dry sub-humid areas, known as drylands,
produced by human activities and climatic
conditions, which leads to the loss of at least
one of the characteristics of the land: biological
productivity, ecological integrity, or economic
value. Invasive plants also contribute to the
phenomenon of deforestation (Assennato,
2020; Mirzabaev, 2019).

- Land salinization - occurs naturally in
drylands regions of the world, as a result of
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hydrological changes in the soil, by increasing
the mineralized groundwater level, which leads
to an increase in the salt content of the soil.
This phenomenon also occurs due to
anthropogenic causes because of improper
irrigation of the land (Mirzabaev, 2019).

- Land compaction - occurs because of
agricultural works carried out with heavy
equipment that change the structure of the soil
leading to its compaction, the reduction of soil
porosity and its hydraulic properties resulting
in the reduction of plant root growth followed
by the reduction of soil productivity by up to
50 percent (Shaheb, 2021).

- Urbanization - is an important trend
especially in developing countries. The
expansion of residential areas around cities
reduces the areas occupied by agricultural land,
produces changes in the vegetation that
naturally occupies the soil, changes the degree
of soil compaction and aero-hydric properties
of the soil. The topsoil is mixed with the lower
organic matter-poor layers and is often mixed
with various building material scraps and
waste. Microclimatic conditions in urbanized
areas often change and the level of pollutants in
the soil increases.

- Grazing is also associated with soil
compaction depending on its intensity (heavy,
moderate, or light) and overgrazing. A study
published in 2020 showed that compared to un-
grazing, the heavy and moderate grazing
significantly increased soil bulk density and
penetration resistance and reduced soil organic
carbon and total nitrogen. Heavy grazing
significantly decreased nitrate (NO3’), water
content, and microbial biomass carbon. All this
study concluded that light grazing significantly
increased soil organic content and NH4" (Lai et
al., 2020).

- Agricultural practices have an impact on soil
degradation. Inadequate agricultural practices
can lead to the reduction or elimination of the
vegetal cover, reducing the ability of the soil to
store water, which thus becomes vulnerable to
erosion if measures are not taken to reduce the
rate of water runoff on these lands (Alam,
2014).

- Industrial land use can lead to an impact on
environmental factors, especially by increasing
the areas occupied by various types of waste,
but also by increasing the level of air pollution,
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which is a vector for the transfer of pollutants
into the soil.

- Natural disasters such as earthquakes,
volcanic  eruptions, landslides, floods,
avalanches and tsunamis are direct causes of
land degradation, leading to land deformation
and topsoil degradation (Sharma, 2019).
Climate change exacerbates land degradation in
the following ways:

- Increasing global temperature intensifies
land degradation processes. As global
temperatures increase, the hydrological cycle
also intensifies, thus producing more intense
precipitation, which is an important factor in
the intensification of erosion phenomena
(Olson et al., 2019; Sandu et al., 2014). The
increase in global temperature increases the
risk of wildfires, which are also responsible for
intensifying the phenomena of desertification.

- Thermal stress is accentuated because of
climate change that produces more intense and
more frequent heat waves, which lately most
often coincide with periods of soil drought,
increasing the temperature and decreasing the
air humidity. The decrease in air humidity can
modify human heat stress which sometimes
produces serious effects on human health
(Wouters et al., 2022).

- Sea level rise because of climate change
affects coastal areas by intensifying erosion,
but also by intensifying the salinization of
groundwater through seawater intrusion.
(Mirzabaev et al, 2019). Sea level rise can lead
to the permanent loss of large areas of land.

- Changing precipitation patterns caused by
climate change play an important role in a
multitude of processes occurring at ground
level. Agricultural and ecosystem productivity
is closely related to soil moisture levels, soil
biogeochemical processes are influenced by
temperature and soil moisture (Roque-Malo et
al.,, 2017). Changing the precipitation regime
can distort the distribution of precipitation
globally, intensifying erosion phenomena in
some areas, substantially changing the water
supply of the soil in other areas, all these
effects leading to land degradation. Changing
rainfall patterns may lead to more frequent and
more intense flooding. At the same time, the
change in the rainfall regime can have an
impact on agriculture, which will be affected
by the lack of water in the soil in some areas of
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the world and which will develop in other areas
where the rainfall regime will be higher. The
intensification of drought phenomena in some
areas diminishes the vegetation of the land,
intensifying the phenomena of erosion and
leading to the depletion of nutrients in the soil.
The impact of climate change on agriculture
can manifest itself differently globally by
decreasing agricultural productivity in some
areas and intensifying agriculture in other
areas, which can cause soil degradation in areas
not affected by such phenomena in the past
(Olson et al., 2019).

- Intensification of cyclones is a likely cause of
climate change, leading to intensification of
rainfall and wind intensity along coastal
regions associated with increased relative air
humidity in these areas, as well as
intensification of flooding and land erosion
phenomena in coastal areas (Sarkar, 2022).

- Permafrost thawing is also considered a
threat to the integrity of polar and subpolar
infrastructure. This impact is often linked to
anthropogenic global warming. Infrastructure
damage was observed in up to 80 percent of
buildings in some cities in Russia and about 30
percent of some road surfaces in the Qinghai-
Tibet Plateau. It is estimated that these
damages will continue in the next period, until
2050, 30-50 percent of critical circumpolar
infrastructure thought to be at high risk (Hjort

et al., 2022).

How land degradation affects people's
livelihoods:

- Affect the standard of living

The number of people whose livelihood

depends directly on natural resources for
subsistence, food security and income, and who
depend on degraded land is estimated at 1.5
billion worldwide. Land degradation reduces
the productivity of the land and increases the
workload of managing the land, leaving people
vulnerable to extreme climatic events, with
consequences such as poverty and food
insecurity, and in some cases to migration,
conflicts and the loss of cultural heritage
(Olson et al., 2019).

- Problems at the political level

Public decision-making authorities in areas
affected by land degradation are often held
responsible for making wrong decisions or not
making certain decisions in time. All of them
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are subject to pressure from the public who are
increasingly aware and concerned about the
causes and effects of climate change and are
also responsible for integrating climate change
adaptation and mitigation measures into
national, regional and local level plans and
programs. As the effects of climate change
become more evident and natural disasters
become more intense and frequent, causing
major effects especially on agriculture, people
will suffer, especially in poor countries, all of
which may cause riots and political instability.

- Social and economic

The social and economic consequences of land
degradation are associated with the low
economic development of the areas occupied
by such lands but also with the high
environmental costs for adaptation to present
and future conditions. Economic instability and
the reduction of the means of subsistence of the
local community can lead to the migration of
the population from the traditional lands from
which they will no longer be able to secure
their daily livelihood.

To reduce the areas affected by land
degradation, the following measures can be
taken:

- Land restoration has the main purpose of
accelerating the natural recovery rate of
degraded lands. Reforestation of deforested
areas can reverse the trend of biodiversity loss,
but it is also an effective method of capturing
carbon from the atmosphere, but it can also
bring economic advantages. Some researchers
have shown that investments in environmental
protection can lead to an increase in Gross
Domestic Product per capita over time (Todea,
2018).

- Land revegetation prevents erosion and
desertification, also leading to the improvement
of soil quality over time. Agricultural
management measures based on agroforestry
can also be promoted because it is well known
that agroforestry improves soil conditions.

- Conservation tillage and replenishment of
soil organic matter can restore poor soils.

- Restoring the natural hydrology of rivers can
increase the frequency of floods in river
floodplains, the deposited silt increasing soil
fertility.

- Public involvement in decision-making. In
large brownfield restoration projects, it is
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absolutely necessary to involve the local
community from the early stages of planning,
to identify and resolve potential conflicts, to
take into account possible conflicting points of
view and to present to them the main objectives
of the restoration project. The local community,
which has a key role in the sustainable and
long-term restoration of degraded land, can
often be composed of the local population,
public government authorities, NGOs, the
academic community, and may have different
interests, goals and knowledge about local
ecosystems, which must be taken into account
(Santini, 2022).

CONCLUSIONS

Land degradation is a worrying phenomenon,
closely related to climate change, which
manifests itself over large areas worldwide, the
effects of which are not fully quantified
economically in terms of lost productivity.
Land degradation is mainly caused by
anthropogenic activities, but also by natural
causes, the phenomenon of degradation being
accentuated by climate change, but in turn,
degraded land contributes to intensifying the
intensity of climate change. Land degradation
affects people's well-being but can also cause
political, economic and social disturbances in
areas strongly affected by these phenomena.

In the context of the intensification of climate
change, for the well-being of future
generations, it is necessary to identify and

preserve lands unaffected by degradation
phenomena, and to apply management
measures in order to preserve their

productivity. At the same time it is vital that we
restore our degraded land, and prevent further
damage, by adopting sustainable management
practices now.
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Abstract

The introduction of areas with a different use into the forest fund is relevant for several reasons considering the area of
the forest fund in our country which is below the European average. In recent decades, silvo-pastoral systems,
represented by common pastures with partially afforested meadow, have undergone a series of transformations. In a
great measure they have been abandoned, which is why successions of pioneer species, with low ecological and
economic value, have been triggered on these surfaces. As a result, the utility of these silvo-pastoral systems has been
reduced considerably, in some cases their introduction into the forest fund being opportune or even necessary. The
current legislation regulates the possibility of introducing into the forest fund some areas occupied by forest vegetation
in compliance with some functional and administrative conditions - the consistency index > 0.4, the necessity to
prepare a forestry management plan, the observance of the forestry regime, etc. The works necessary for the
introduction of the silvo-pastoral systems into the forest fund involve a series of specific activities, namely precise
delimitation and spatial positioning of the related areas, their mapping and evaluation, the establishing of the
complexity of necessary silvotechnical interventions and, last but not least, the ensuring of their ecosystem stability. As
a consequence, these works will be executed in stages, depending on the complexity of the conditions characteristic to
these activities.

Key words: forest fund, forest vegetation, silvopastoral systems, silvotechnical interventions, succession of pioneer
species.

INTRODUCTION result, a series of such land exploitation
systems were abandoned, unjustifiably, by the
The agroforestry and silvopastoral systems owners, and currently, for their optimal
represent complex land exploitation systems exploitation, a series of mapping works are
that are suitable simultaneously for agricultural  needed (Bodog & Crainic, 2016) and
crops, horticultural crops, forest crops and, maintenance (Crainic, 2017), correlated with
respectively, for raising animals (Nair, 1993). the specifics of the land exploitation system.
As aresult, these complex systems of vegetable This category also includes a series of partially
crops (Crainic & Stamate, 2009) and animal wooded pastures (pastures on which biogroups
production, present a series of peculiarities, with forest vegetation are installed), which
depending on the geographical area on the were used especially for raising animals, and
world map, thus highlighting a series of such  from the biogroups of trees, the wood had
systems, for the specific conditions of all various uses for the proprietary communities
continents (Cubbage et al., 2012). from the area.
The silvo-pastoral systems represent complex In the last three decades, the interest in raising
opportunities for diversified exploitation of the animals in individual households has
productive potential of the land, respectively  considerably reduced, and silvopastoral
the cultivation of trees from forest species of = holdings have largely degraded, as a result,
national and local interest, and the raising of = successive processes related to forest
animals. Although the agroforestry, vegetation (successions between pioneer and
agrosilvopastoral and silvo-pastoral systems fundamental forest species) have been
present a series of advantages, after 1989, in  highlighted on the respective surfaces.
many areas in Romania, their maintenance and In Romania, the area of the forest fund related
promotion were unjustifiably abandoned. As a to the number of inhabitants (population) is
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0.27 ha and is below the European average
(Florescu & Nicolescu, 1996; Nicolescu, 2009).
In this context, for a series of lands, which are
not used in accordance with the category of
use, in the case of pastures undergoing
afforestation, the necessary steps are taken to
introduce them into the forest fund, private or
state property, depending on the situation.

In the last two decades, in Romania, the area of
land that has been forested has increased
significanthly =~ (Abrudan et al.,, 2003;
Willoughby et al., 2008). As a result, a series of
degraded and/or unsuited lands for agriculture
were included in the national forest fund
(Abrudan et al., 2003).

A particular situation is the introduction into
the forestry fund of the Dobresti Territorial
Administrative Unit (municipality),
administered by the Codrii Camadrii Forestry of
the Autonomous Management (A.M.) of an
area of 7.60 ha, which comes from a
silvopastoral system, respectively a wooded
pasture.

The necessary administrative acts (documents)
were drawn up for this area, to be included in
the forest fund, and respectively for the change
of the use category.

The introduction of this area of 7.60 ha into the
forest fund requires a mapping, an analysis and
an elaborate study, regarding the situation on
the ground (the actual state) of it, in order to be
able to establish on a scientific basis the
complex of necessary measures, which they
will impose.

For the various works specific to the forestry
sector, technical norms are currently being
developed, depending on their specificity. In
the case of lands with a different category of
use than forestry, namely wooded pastures
(degraded silvopastoral systems), a series of
works to introduce them into the forest fund,
present  different  particularities, mostly
transitory. As a result, the design,
implementation and completion of these
specific - transitory works must be carried out
professionally, in some situations requiring
particular solutions, based on local experience.
Currently, on a European level, a series of
studies have been carried out regarding the
forest management model, which would satisfy
the requirements of the current society
regarding forest products and services
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(Duncker et al., 2012). In this context, several
models of forest management have been
proposed, which satisfy certain requirements,
very clearly established, depending on the
geographical area and, respectively, the
silvoproductive potential of the habitat.
Consequently, the process of introducing into
the forest fund some areas from similar use
categories (areas related to agroforestry,
silvopastoral, agrosilvopastoral systems), must
include a series of legal, technical and
economic aspects.

Currently, in Romania, as part of the National
Recovery and Resilience Program (P.N.R.R.),
on December 12, 2022, the Guide to financing
afforestation through the P.N.R.R. was
launched, thus creating legal and technical
codes, for the introduction into the forest fund,
of lands that are not suitable for agriculture, or
that have been abandoned and on which
complex systems of exploitation, with specific
agroforestry or silvopastoral, functioned in the
past.

As a result, by introducing into the forest fund
some areas on which complex exploitation,
agroforestry and/or silvopastoral systems have
been organized, the importance of these
complex land exploitation systems is not
diminished, but the introduction into the
productive system within the forestry sector is
aimed at, of these areas, which are not suitable
for high-performance agriculture, with all the
advantages that arise from this complex process
(carbon storage, environmental protection,
increase in the area of the forest fund, etc.).

MATERIALS AND METHODS

The present study was carried out on an area of
7.60 ha, from the property of the Territorial
Administrative Unit (T.A.U.) Dobresti, Bihor
County (Figures 1 and 2), which was included
in the forest fund administered by the private
Forest District of Codrii Camarii Autonomous
Management (A.M.). This surface was used as
wooded pasture, and was introduced into the
forest fund, based on a land exchange, carried
out by National Agency Romanian Watershed
Crisuri Oradea with T.A.U. Dobresti, in
compliance with the legislation in force.

The research and studies started in the spring of
2013 and continue partially even today.
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As research methods were used: bibliographic
documentation, analysis and study of the forest
management and forest map in the areas
adjacent to the location, analysis of acts,
documents and records within the forestry unit

that will manage the respective area,
observation on the itinerary, stationary
observation, experiment, comparison,

simulation, spatial positioning, mapping, digital
recording of representative images.

Figure 1. General location of the study
(https://pe-harta.ro/bihor/)

Figure 2. Location of the studied area
(https://maps.google.ro/maps?hl=ro)

To establish the type of forest resort, the type
of soil, the type of indicator flora and
respectively the type of forest, maps were
carried out on the ground and a comparative
analysis was carried out, taking as a reference
the forest ecosystems in the immediate vicinity,
which are even adjacent to the analyzed and
studied surface.

The positioning of the characteristic contour
points of the surface that will be the subject of
the introduction into the forest background and
the respective case study, the GPS system was
used, within the G.N.S.S. technology, using
dual frequency receivers, model TRIMBLE
R10 (Crainic, 2011; Pica et al., 2022) (Figure
3).

®
e

Figure 3. Positioning of details with the GPS system
through the RTK method

The working method used was R.T.K. -
respectively kinematic positioning in real time,
with obtaining the coordinates of the points
positioned on the ground, in real time. The
Trimble Controller program was used to collect
field data and process it (Crainic, 2011).

The MapSys 10 program was used to report the
coordinates of the contour points. The
orthophoto plan of the work area was also used,
for appropriate information regarding the
spatial position of the studied surface (Crainic,
2011).

The work of mobilizing the soil, making the
terraces, and digging the pits in which the
saplings with bare roots were planted, was done
with the mountain hoe (Figure 4).
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Figure 4. The mountain hoe used for mobilizing the soil
and building the terraces (original photo)

Chainsaws, power tools and tools were used to
carry out the land preparation works, depending
on their specifics. The woody vegetation was
removed using the "STIHL" MS 180
mechanical chainsaw, and the Stihl F.S. 310,
and Strauss motor tool (Figure 5).

Figure 5. The cutter Straus

The sequence of works was staggered by
vegetation seasons, depending on the state of
the forest crops and the biogroups of the pre-
existing usable seedbed, respectively on their
rate of growth and staged development.

RESULTS AND DISCUSSIONS

The area of 7.60 ha that will be included in the
forest fund, and is the subject of this case study,
was positioned with the GPS system, and the
coordinates of its characteristic contour points,
which were determined in real time, were
reported in the plan with the MapSys 10
program and superimposed on the orthophoto
plane related to the respective area (Figure 6).
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Figure 6. Spatial location of the study area

Also, a series of biogroups with usable pre-
existing seed from the Quercus cerris species,
which will be included in the future arboretum,
were positioned, and mapped (Figure 7).

Figure 7. Biogroups with specimens of the Quercus
cerris species, which were integrated in the artificial
regeneration, in the plot that will be introduced into the
forest fund

The research, studies and analyzes carried out
in the plot of the silvopastoral system, with an
area of 7.60 ha, which was included in the
forest fund, led to the obtaining of some results
regarding the soil, habitat, and vegetation,
which are presented below.

The identified soil type is luvic brown, with the
code 240, which occurs on substrates poor in
calcium and  ferromagnesian  minerals,
respectively on clays, silicic shales, quartzites,
mica shales, alternations of sandstones with
clays, on gently sloping slopes or plateaus. The
acidity varies between 5.3-5.8. It is intensely
humiferous on the surface, with a humus
content of 11.3-4.5% per 10 cm thickness. It
shows the degree of saturation in bases of 59%
in the El horizon and 72-76% in Ao and Bt is a
mesobasic soil.
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The creditworthiness is superior for beech, oak
and hornbeam - on a soil with a large edaphic
volume and shaded slopes, and medium in the
other cases.

The type of resort that was identified in the area
where the studied area is located is 5132 - Hilly
of oaks Bm, medium edaphic luvosol, with
mesophytic flora with grasses +/- Luzula. The
relief is represented by a moderately undulating
slope, with South-West exposure, sunny.

The identified forest type is 5131 - Coastal
oaks with Graminee and Luzula luzuloides, of
medium productivity (m), on the border with
forest type 7112- Hill oaks (with Quercus
cerris) of medium productivity (m).

Because the studied location is positioned in
the phytoclimatic floor corresponding to the
stands that have in their composition the
species Quercus cerris L., Quercus petraea
(Matt), Liebl., Fagus sylvatica L., Fraxinus
excelsior L., Acer pseudoplatanus L., Prunus
avium L., in the forest culture that will be
installed on the surface of 7.60 ha, which is
introduced into the forest fund, the future
arboretum will have these species in its
composition.

As a result, the afforestation formula, which
was used for the installation of forest
vegetation on the studied and analyzed surface,
in accordance with the type of soil, the type of
forest, the type of habitat and the technical
norms in force, is the following: 60%Quercus
petraea + 20%Fagus sylvatica + 20Acer
pseudoplatanus/Fraxinus excelsior/Prunus
avium.

Also, the use of forest vegetation that has
settled naturally, in biogroups, belonging to the
species Quercus cerris, Quercus petraea,
Fagus sylvatica, and various mixed deciduous
species, characteristic of the respective habitat,
will be considered.

The works required for the introduction of a
plot of 7.60 ha into the forest fund, from a
silvopastoral system, are similar to a series of
silvotechnical ~works, but the working
conditions are specific to agroforestry and/or
silvopastoral systems. As a result, these works
must be established, designed, executed and
received rigorously, in order to obtain very
good results, with minimal expenses.

After the spatial positioning and respectively
the mapping of the surface that will be
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introduced into the forest fund, the works were
established and carried out, staged, depending
on the dynamics of the installation process,
growth and development of the artificial and
natural regeneration (where it is installed).
The proposed and executed works
represented by:

-cleaning the land of grassy and woody species;
-manual cutting of bushes, shrubs and thin trees
without removing the root;

-the mobilization and preparation of the soil in
order to establish the forest vegetation;

-the installation of forest vegetation, through
plantations, in previously prepared land;
-completion of artificial regeneration through
plantations;

-removing the overwhelming grassy vegetation
from and between the rows of saplings,
mechanized, with a power tool, using the disc
as an active organ;

-removal of the overwhelming grassy
vegetation on and between the rows of
saplings, mechanized, with a power tool, using
mechanical shears as the active organ.

These works are presented in detail, with the
specific peculiarities of the time and production
norms, related to the forestry sector (Table 1).
To prepare the land to mobilize the soil and
install forest vegetation, the land was cleared of
grassy and woody species, by mechanized
cutting of bushes, shrubs and thin trees without
removing the roots. As a result, light power
saws, disc power tools and power shears were
used.

To avoid the reduction of the area to be
introduced into the forest fund, the plant
material that resulted from the soil preparation
works was removed from this area, and later it
was used differently. After the removal of the
grassy and woody plant remains, the
mobilization of the soil became relatively easy.
The mobilization and preparation of the soil for
the installation of forest vegetation was done
manually, with a mountain hoe, in continuous
strips, having a width of approximately 70-80
(100) cm and a depth of 10-15 cm respectively.
For a good location on the field of the prepared
and mobilized bands, they are materialized on
the field, by stretching some strings between
the stakes (stakes) which are placed on
alignments of approx. 50 m.

arc
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The mobilized strips were oriented on the level slope (Figure 8). In 2013, an area of 4.00 ha
curves, to prevent water runoff from was mobilized, and in 2014, the difference in
precipitation along the line with the highest  surface area of 3.60 ha.

Table 1. Evidence of the works carried out in 2013, for the introduction into the forest fund, of the parcel analyzed and
studied related to the silvopastoral system

Work done
Code . . Time norm Production
(standard symbol) The specifics of the work Unit N.T.. standard N.P.
C.1IIB Cleapmg the land of grassy and woody 100 square 0.68 11.83
species; meters
C4AD Manual cutting of bushes, shrubs and thin 100 square 263 304
T trees without removing roots; meters ) )
Prepared land in simple terraces 70-80 cm meter of
C.18.Al.a.2 wide, with skeleton content below 25% (50- terrace 0.17 46.39
60 cm)
Prepared land in simple terraces with a width meter of
C.18.A.1b of 70-80 cm, with a skeleton content of 25- terrace 0.26 30.20
50% (50-60 cm)
C241b1 Dltch storage of three-year-old deciduous 1.000 021 38.84
saplings; pieces
Planted seedlings in prepared soil in pits of 1000
C.281.Ab 30x30x30 cm in medium conditions - icces 45.55 0.176
grouped norm; P
C58.1b The discovery o.f forest species of herbaceous 100 square 116 6.90
and woody species meters

artificial regeneration was not carried out
(installed) in optimal conditions.

The seedlings were planted in previously
prepared land, in pits of 30 x 30 x 30 cm, in a
rectangular device, using 5,000 seedlings per
hectare at 1.0 m per row and respectively at 2.0
m between rows (Figure 9). The working
conditions were average, and for the economic
evaluation of the work done, the use of the
grouped norm was considered.

200 zﬁ 200 200 200 éﬁ 200

Figure 8. Orientation of the mobilized bands on the level —— ?B 200 'r 200 'r 200 ?B o f
curves E E 8 E E

- éB - g - g - QB B g
The forest vegetation installation works on the Y S [N Y S NS S N S
studied surface were carried out by planting N T .
forest saplings with bare roots, started in the g g g g g
spring of 2013, and were staggered over a o e @ @z
period of five years. In the spring of 2013,
integral plantations were carried out on an area Figure 9. Placement of the saplings that will be planted
of 4.0 ha, and in the spring of 2014, the area in a regular device - the shape of a rectangle

difference of 3.6 ha was completed with

integral afforestation works (Tabel 2). Also, Fagus sylvatica saplings were procured from
from the spring of 2014 until 2017, works were ~ the Codrii Camarii Forestry District A.M. the
carried out to supplement the forest vegetation, village of Dobresti, from a tree registered as a
through plantations, on the surfaces where the  source of seeds, following the agreement of the
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Territorial Inspectorate of Forestry and Hunting
(I.T.R.S.V.) Oradea, based on the regulations in
force. The saplings from the other species were
purchased against cost, based on official offers,
from authorized nurseries, which had available
the necessary biological regeneration material.

Table 2. Record of the surfaces on which integral
afforestation works and additions were carried out, for
the introduction into the forest fund, of the analyzed and
studied parcel related to the silvopastoral system

Surface (ha)
Year with integral with aditions to total with
afforestation afforestation afforestation
works (I) works (C) works
2013 4.0 0.0 4.0
2014 3.6 0.8 44
2015 0.0 1.5 1.5
2016 0.0 0.9 0.9
2017 0.0 0.4 04
Total 7.6 3.6 11.2

In 2013, 12,000 seedlings of the Quercus
petraea species, 4,000 of the Fagus sylvatica
species (Figure 10), 2,000 of the Prunus avium
species (Figure 11) and 2,000 of the Fraxinus
excelsior species were planted (Table 3). In
total, in 2013, a number of 20,000 saplings on
an area of 4.00 ha were planted in the form of
biogroups of approximately 25 - 50 specimens
of the same species.

In 2014, saplings were planted on the surface
difference of approx. 3.6 ha. As a result, a
number of 11,000 saplings of the Quercus
petraea species, 3,000 saplings of the Acer
pseudoplatanus species, and 4,000 saplings of
the Fagus sylvatica species were planted.

On the area planted in 2013, part of the planted
saplings was displaced (pulled out) by the Sus
scrofa attila L. species, and it was necessary to
complete the artificial regeneration. As a result,
a number of 4,000 Quercus petraea saplings
were planted. In total, in 2014, a number of
22,000 saplings were planted on an area of 4.40
ha.

In 2015, works were carried out to complete the
artificial and natural regeneration, on an area of
1.50 ha. Thus, a number of 5,000 saplings of
the Quercus petraea species were planted, and
respectively 2,500 saplings of the Acer
pseudoplatanus species. In total, in 2015, a
number of 7,500 saplings were planted on an
area of 1.50 ha.

In 2016, works were carried out to complete the
artificial and natural regeneration, on an area of
0.90 ha. A number of 3,000 seedlings of the
Quercus petraea species, 0,500 seedlings of the
Fraxinus excelsior species, 0,500 seedlings of
the Acer pseudoplatanus species, and 0,500
seedlings of the Larix decidua Mill species
were planted. The species Larix decidua was
introduced (planted) in the upper part of the
slope - where the wind frequently blows, with
the main objective of strengthening the
ecosystem stability of the future stand, under
the action of the dominant wind. In total, in
2016, a number of 4,500 saplings were planted
on an area of 0.90 ha.

In 2017, works were carried out to complete the
artificial and natural regeneration, on an area of
0.40 ha. A number of 1,000 Quercus petraea
saplings and 1,000 Quercus rubra saplings
were planted. In total, in 2017, a number of
2,000 saplings were planted on an area of 0.40
ha.

The surfaces on which there are biogroups with
natural regeneration, from the species Quercus
cerris, Fagus sylvatica, Prunus avium,
Fraxinus excelsior, Acer pseudoplatanus,
Malus sylvestris, Pirus piraster, etc., have been
integrated into the artificial regeneration
currently being installed, and which will form
the future arboretum.

The total number of saplings, which were
planted between 2013 and 2017, in the plot that
will be included in the forest fund, is 56,000,
on an efectiv total area of 1120 ha, seven
species being used (Tables 3 and 4).

Table 3. Records of saplings by species and years, which were planted, for the introduction into the forest fund, of the
analyzed and studied parcel related to the silvopastoral system

Species (thousands of pieces)
Year Quercus Fagus Prunus Fraxinus Acer Quercus Larix Total :
N N " N (thousands of pieces)
petraea sylvatica avium excelsior pseudopl. rubra decidua
2013 12.0 4.0 2.0 2.0 - - - 20.0
2014 15.0 4.0 - - 3.0 - - 22.0
2015 5.0 - - 25 - - 7.5
2016 3.0 - 0.5 0.5 - 0.5 4.5
2017 1.0 - - - - 1.0 - 2.0
Total 36.0 8.0 2.0 2.5 6.0 1.0 0.5 56.0
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Table 4. Evidence of saplings by species, specific to afforestation works and years, which were planted, for the
introduction into the forest fund, of the analyzed and studied parcel related to the silvopastoral system

Planted seedlings of the species (thousands of pieces)

Quercus ‘ Fagus ‘ Prunus Fraxinus Acer ‘ Quercus ‘ Larix Total seedlings

petraea sylvatica avium excelsior pseudopl rubra decidua planted
Year (thousands of

Saplings planted, specific to afforestation works, Integral afforestation, C-completions (thousands of pieces) picces)

1 C 1 C 1 C 1 C 1 C 1 C 1 C
2013 12 - 4 - 2 - 2 - - - - 0 0 0 20
2014 11 4 4 - - - - - 3 - - 0 0 0 22
2015 - 5 - - - - - - - 2,5 - 0 0 0 7.5
2016 - 3 - - - - - 0,5 - 0,5 - 0 0 0,5 4,5
2017 - 1 - - - - - - - - - 1 0 0 2
Total 23 13 8 2 - 2 0,5 3 3 0 1 0 0,5 56

Figure 10. Specimen (seedlings) of the Fagus sylvatica
species, planted in the spring of 2013

Figure 11. Prunus avium specimen, planted in the spring
of 2013
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The percentage distribution of saplings planted,
by species, for introduction into the forest fund,
of the analyzed and studied parcel related to the
silvopastoral system, is shown in the Figure 12.
From the analysis of the data in the diagram
presented in Figure 12, the Quercus petraea
species has the highest share, over 60%.

2% 1%

B Quercus petraea

B Fagus sylvatica

W Prunus avium

B Fraxinus excelsior

® Acer pseudoplatanus

W Quercus rubra

W Larix decidua

Figure 12. The percentage distribution of saplings

planted, by species, for introduction into the forest

fund, of the analyzed and studied parcel related to
the silvopastoral system

The regeneration maintenance works installed
in the plot are presented below.

An opportune work to be carried out within the
experimental device is represented by the
removal of overwhelming woody and grassy
vegetation, respectively the uncovering of the
seedbed.

This intervention aims to protect the seed
immediately after its installation, against weeds
that endanger its existence or that can prevent
its development.

The work is carried out only on the portions on
which there is a danger of overwhelming the
seed, establishing the effective surface through
observations and the placement of test squares.
The removal of the overwhelming vegetation
will be carried out once or twice a year, the first
intervention being done one month after the
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beginning of the vegetation season - that is, the
end of May, the beginning of June, so that the
saplings can be fortified before the arrival of
the hot season.

The second clearing is carried out at the end of
September - the beginning of October, only if
there is a danger that the grasses, weeds,
shrubs, shoots due to their height and density
will cause the saplings to lie down under the
impact of snow. The vegetable mass resulting
from the clearing is stored so that it does not
disturb the installed seed.

In the present case study, the overwhelming
grassy vegetation is represented by the fern
Dryopteris filix-mas (L.) Schott, which shows a
very active vigor of growth and development,
in some places even luxuriant. Also, the
mulberry species - Rubus fruticosus L., is
present on some surfaces, overwhelming the
biogroups  with  artificial and natural
regeneration.

Considering the particularities of the season
and of the grassy and woody vegetation related
to the studied site, the following intervention
options were proposed:

-removing the overwhelming vegetation from
and between the rows of saplings with a motor
tool, using the disc as an active organ (Figure
13);

-removing the overwhelming vegetation from
and between the rows of saplings with the
power tool, using the mechanical scissors as the
active organ (Figure 14).

On the reception of the completed works, the
specificity, quality and quantity of the
completed works were checked and
respectively analyzed, in the plot that was
included in the forest fund.

Figure 13. Removal of overgrown vegetation from
planted seedling rows with a Strauss disc harrow
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Figure 14. Biogroups with regeneration from the species
Fagus sylvatica, overwhelmed by the species Dryopteris
filix-mas

The reception of the soil preparation and
mobilization works was carried out following
the passage of the surface on which these
works were carried out, thus verifying
compliance with their characteristic elements
(the way in which unwanted grassy, shrubby
and woody vegetation was removed, the way of
placing mobilized strips, their width and depth,
the distance between them, the degree of soil
fragmentation). Following the receptions, it
was found that the works were carried out
properly, in accordance with the technical rules
in force, for the activities in the forestry sector,
and as a result, these works were settled (paid)
to the executor.

For the reception of the afforestation works and
the completion of the regeneration, it is
necessary to place some trial areas in this sense.
In accordance with the Technical Norms for
carrying out the annual control of
regenerations, for the regenerations in the II
stage (natural, mixed and artificial), a series of
common aspects are considered with the
activity of performing the reception of the
forest vegetation installation works on the road
natural, artificial and/or mixed.

For the area of 4.0 hectares, which was planted
in 2013, 16 test areas of 200 sqm were placed,
which represents 8% of the culture area under
control (for areas under 5 ha), totaling 3,200
sqm, in accordance with the technical rules in
force.

For the area of 3.60 hectares, which was
planted in 2014, 13 test areas of 200 sqm were
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placed (which represents 8% of the culture area
under control, for areas under 5 ha), totaling
2600 sqm, in accordance with the technical
rules in force.

The shape of these test areas is rectangular,
with dimensions of 20 m x 10 m, and the
practical location on the ground is made using
an imaginary rectangular grid of rectangles,
with the large side on the contour line. The
establishment of this network is carried out in
relation to the first control surface, which is
fixed in a corner of the regenerated surface.
Since the control surfaces are permanently
maintained in the initial location, until the
massive state is achieved, it is necessary that
they be materialized on the ground, through
terminals. In the case of quadrangular surfaces,
the terminal is located in a corner that remains
the same for all control surfaces, the other
corners materializing through stakes firmly
driven into the ground.

The bollard is made of wood, having a
thickness of 8-10 cm, and a length of 1.20 m -
1.50 m (of which 0.6 - 0.8 m is buried in the
ground). For easy identification, the upper head
of the bollard will be painted red over a length
of 10-15 cm and will bear an order number that
will correspond to the registration in the field
book (Figure 15).

Figure 15. Sample area made for the reception of
afforestation works, and respectively for the annual
control of regenerations, stage I, on the area of 4.00 ha

The test areas, which were placed in the field at
the end of the afforestation action, are used for
the technical reception of the afforestation
works, and will also be used as annual control
areas, for the regenerations carried out by
artificial and/or mixed means.

&3

On the reception of the afforestation works and
the completion of the regeneration, it was
found that they were properly carried out, and
the payment of their consideration to the
executor was accepted.

The reception of the works to remove the
overwhelming vegetation was carried out at the
completion of the work, checking the entire
surface that was covered with this work (Figures
16 and 17). After the completion of the recep-
tion, it was found that the works were carried
out properly, and as a result the settlement of
these works was ordered the executor.

Figure 16. Removal of the overwhelming vegetation near
the specimens from Quercus petraea species, which
were planted in the spring of 2013

Figure 17. Removal of the overwhelming vegetation near
the specimens from Quercus petraea species, which
were planted in the spring of 2014
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Starting with 2018, the plot on which it was
planted, and on which regeneration mainte-
nance works were carried out, was included
(included) in the forest management (manage-
ment plan), being numbered number 60.

Also, based on the analysis of the data from the
field, it was found that the mixed regeneration
tends towards biological independence on at
least 80% of the plot surface, and as a result, it
is considered that the conditions for the
achievement of the massif status are met. As a
result, a series of care works specific to young
stands were established and proposed,
generically called care cuts or typical cultural
operations.

CONCLUSIONS

The introduction of some land surfaces,
belonging to the silvopastoral systems in the
forest fund, presents a series of peculiarities,
due to the specific seasonal (vegetation)
conditions and the way of exploitation of these
complex exploitation systems.

The preservation and introduction of bio-
groups with usable regeneration, installed on
the surface of silvopastoral systems, in the
future arboretum, ensures regeneration in an
optimal period, and determines the outline of a
diversified structure, which can contribute to
the consolidation of its ecosystem stability.

The species used for the installation of a stand,
on the surface that will be introduced into the
forest fund, must correspond to the
fundamental natural type of forest, which was
identified in the bordering (neighboring)
stands, to properly use the silvoproductive
potential of the station (of the conditions of
environment).

To carry out the works to complete the natural
regeneration, the species that were used were
available at the time of planting, thus ensuring,
from a technical point of view, all the
prerequisites for their complete success.

The use of the Larix decidua species, in the
upper part of the slope, was justified by the fact
that this species develops a deep rooting
system, which confers an increased (increased)
resistance to the action of the dominant,
destabilizing winds.

To ensure a suitable protection of the
arboretum that has been installed in plot 40, it
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is necessary to make a suitable fence of it,
especially to avoid the negative impact
produced by the fauna of hunting interest,
represented by the species Sus scrofa attila,
Capreolus capreolus and Cervus elaphus.
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Abstract

The aim of the present study was to provide a comparative analysis related to the concentration of heavy metals (Cd,
Pb, Ni, Cr) in the tissues (stem, leaves, panicle) of the common reed (Phragmites australis). The reed samples were
collected from 10 different sampling stations located in Danube Delta Reservation Biosphere, 2 sampling station from
Lake Brates and 2 sampling station situated on a tributary of the Danube River (Chineja River), Romania. The
concentration of heavy metals varied depending on the location, the lowest values were found in plants located on the
course of the Chineja River. As well, depending on the plant structure, was observed that the panicle contained the
lowest concentrations of the chosen heavy metals for the experiment.

Key words: bioaccumulation, common reed, heavy metals.
INTRODUCTION

Reed is a perennial plant that can be found in
temperate and tropical regions, especially in
areas with high humidity. It spreads in all
environments with water levels close to the soil
surface (irrigated and drained agricultural or
non-agricultural  areas, swamps, ponds)
(Vymazal, 2013).

The plant is dominant mainly in Europe, but
also widespread in North America and various
regions of South America and Australia
(Srivastava et al., 2014; Mykleby et al., 2016).
Common reed (Phragmites australis (Cav.)
Trin. ex Steud.), has a resistant rhizome system
with high propagation capacity and long
growth period, increased adaptability to
different environmental conditions and strong
resistance to pollution (Fraser et al., 2004; Liu
etal., 2012).

The reed stem can grow up to 6 m with the
ability to survive in high concentrations of
toxic contaminants (Bragato et al., 2009).

The way in which reed adapts to environmental
conditions (water depth, pH, salinity,
pollutants, extreme climate) is through changes
in the physiological, morphological, and
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behavioural characteristics. With diverse
patterns in regard to the reproductive and
physiological adaptations, Phragmites australis
can be used successfully in phytoremediation
of depredated wetland ecosystems (Qin et al.,
2022)
Heavy metals and other pollutants end up in the
Danube Delta, after being collected from the
entire hydrographic basin, which represents
over 800,000 km?. The reed is an integral part
of the ecology and economy of the Danube
Delta by creating an important habitat and by
phytoremediation of the Danube waters.
Phytoremediation represents the remediation of
contaminated soil, sediments, or water using
plants. Compared to other chemical and
physical methods of cleaning up, phytoreme-
diation is more environmentally friendly.
Depending on the mechanism of heavy metals
removal, phytoremediation can be classified
into:

¢ phytoextraction - heavy metals are
stored in the leaves of plants (Lee, 2013);

¢ phytostabilization - toxic pollutants are
transformed into nontoxic or less toxic
substances (McSorley et al., 2016);
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¢ phyto immobilization - the mobility of
heavy metals is reduced by sequestering them
within the rhizosphere (Yadav et al., 2018).
The species selected for phytoremediation must
have the ability to accumulate a vast range of
heavy metals, a high tolerance and a high
growth rate (Darajeh et al., 2017; Kushwaha et
al., 2018).
Phragmites australis is a macrophyte well
known for the capacity to uptake, translocate,
and accumulate heavy metals in the plant
tissues, both from water and sediments (Bonanno
& Giudice, 2010; Huang et al., 2018).
Southichak et al., 2016, reported that reed
biomass is an effective biosorbent with high
sorption performance even if the heavy metals
are found in low concentrations.
The current study presents the heavy metals
(Cd, Pb, Ni, Cr) concentrations measured in the
leaves, stems and panicles of Phragmites
australis, sampled from the Danube Delta,
Brates Lake and Chineja River.

MATERIALS AND METHODS

In order to evaluate the concentration of heavy
metals from reed, plant samples were collected
from 10 locations in the Danube Delta, 2
locations were in the Brates Lake, and 2
locations were on the course of a tributary
river, Chineja River (near the villages of
Tulucesti and Foltesti), that flows in the Brates
Lake and connects it to the Danube.

The coordinates of the sampling points and the
codes used to identify them are presented in
Table 1. In Figure 1, the sampling points are
represented on the map, to present their spatial
distribution.

Reed stems, leaves and panicles were collected
from the selected sampling points, during the
autumn harvest campaign of October 2022.
Plant material was harvested from a 100 m x
100 m area in each location, and homogenous
samples were obtained from randomly selecting
stems, leaves, and panicles from each location.
In order to assess the heavy metals quantity in
the organs of common reed, the samples
digestion is done beforehand. The digestion
process is achieved using the digestion oven
Topwave Analytikjena Germany. Teflon
containers with the samples were subjected to a
digestion protocol specific to plants.

Heavy metals were determined from the matrix
resulted after the samples digestion. An
ANALYTIK JENA ContrAA 700® was used,
which is an atomic absorption spectral
photometer. Samples were analysed in
triplicate and the results are express as average
+ standard deviation.

One-way classification variance analysis and
ANOVA tests were used, to highlight statistical
differences. When differences were statistically
significant (p < 0.05), Tukey's post hoc test was
applied to identify which group differs.

Table 1. The coordinates of the sampling points and the codes used to identify them

Coordinates Danube Delta Coordinates Brates Lake Coordinates Chineja River
Nr. Code Code Code
Latitude Longitude Latitude Longitude Latitude Longitude
1 45°09'32.4"N 29°30'57.6"E DDa 45°27'45.0"N 28°05'52.5"E BLa 45°34'19.7"N 28°03'15.2"E CRa
2 45°09'00.0"N 29°25'55.2"E DDb 45°30'17.0"N 28°02'30.3"E BLb 45°43'59.9"N 28°0427.7"E CRb
3 45°10'48.0"N 29°25'22.8"E DDc - - - - - -
4 45°07'55.2"N 29°3122.8"E DDd - - - - - -
5 45°1026.4"N 29°2822.8"E DDe - - - - - -
6 45°19'45.7"N 29°24'28.8"E DDf - - - - - -
7 45°03'06.0"N 29°29'42.4"E DDg - - - - - -
8 45°06'07.9"N 29°38'31.2"E DDh - - - - - -
9 44°59'57.9"N 29°24'08.7"E DDi - - - - - -
10 45°15'14.9"N 29°12'47.9"E DDj - - - - - -
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RESULTS AND DISCUSSIONS

Cadmium was found, generally, in the highest
quantity in the reed leaves, followed by stems
and panicles. The highest concentration of
cadmium was present in the samples from the
Brates Lake (BLa and BLDb), with the lowest
concentration in the samples from the Chineja
River (CRa and CRbD).

This trend is observed in all the vegetal parts of
the reed. In the Danube Delta, the highest
concentrations of cadmium were found in the
sampling points closest to the river flow
(DDe>DDb>DDc>DDj>DDa>DDd>DDi>DD
h>DDf>DDg).

There were no significant differences between
the locations from Chineja River, or the
locations from Brates Lake (p > 0.05).

In the Danube Delta, there were significant
differences between all locations for all plant
organs (p < 0.05), phenomenon explained by
the considerable distance between some of the
locations, the flow regime of the river,
proximity to  human  settlements or
transportation lanes. Table 2 presents the data
obtained following the analysis for cadmium.
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Figure 1. Map representation of the sampling points and their spatial distribution

DDj

Table 2. Cadmium concentrations in the organs of
common reed, Phragmites australis, present in the
sampling locations of the experiment

Cadmium

re/g Stems Leaves Panicles

DDa_|0.70399+0.00018  |1.07435+0.00087 | 0.64935+0.00025
DDb_ [0.56465+0.00046  |1.27301+0.00074 | 0.74599+0.00030
DDc  |0.42208+0.00033  [1.12328+0.00038 | 0.68247+0.00042
DDd  |0.78989+0.00051 1.00977+0.00050  |0.52130+0.00054
DDe  [0.9781040.00020  |1.28461+0.00044  |0.75758+0.00023
DDf [0.3943240.00011  {0.84665+0.00055  |0.19883+0.00031
DDg  |0.48828+0.00037  [0.70770+0.00029  |0.17904+0.00053
DDh_ [0.444794+0.00017  {0.89962:0.00038 | 0.30804+0.00025
DDi_ [0.45650+0.00026  {0.95462:+0.00011  |0.35827+0.00019
DDj  |0.78449+0.00040  [1.08430+0.00068  |0.68019+0.00022
BLa |1.023894+0.00032 | 1.49960+0.00057 | 0.86777+0.00049
BLb _ [1.08836+0.00026  |1.52588+0.00033  |0.93618+0.00010
CRa_ [0.2931440.00037  {0.45532+0.00044  |0.25523+0.00072
CRb_ |0.271684+0.00039  |0.42615+0.00056 | 0.21535+0.00081
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Data is presented as average + standard deviation

Lead presented a similar trend of phytoaccumu-
lation as cadmium (leaves>stems>panicles),
presented in table 3. The highest concentrations
were found in the samples from Danube Delta
(DDe>DDd>DDc), even though the samples
from the Brates Lake had higher concentrations
of lead than some locations from the Danube
Delta. The lowest concentrations of lead were
found in the samples from the Chineja River,
for all the plant organs.
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Table 3. Lead concentrations in the organs of common
reed, Phragmites australis, present in the sampling
locations of the experiment

/ Lead

hels Stems Leaves Panicles

DDa | 2.01140+0.00044 | 2.98431+0.00076 | 1.49850+0.00025
DDb | 2.04583+0.00034 | 3.13357+0.00086 | 1.77173+0.00029
DDc 3.46320+0.00055 | 5.61640+0.00028 | 2.39464+0.00031
DDd | 4.42338+0.00021 | 6.35179+0.00064 | 1.95976+0.00025
DDe | 3.65075+0.00036 | 6.60013+0.00033 | 1.61186+0.00019
DDf | 1.57729+0.00030 | 3.03514+0.00094 | 0.66278+0.00036
DDg 1.67411+0.00041 | 3.94997+0.00061 1.30208+0.00022
DDh | 2.300614+0.00011 | 4.261364+0.00055 | 1.13489+0.00030
DDi 2.64638+0.00027 | 3.87382+0.00077 | 1.57638+0.00025
DDj 2.77918+0.00036 | 5.95602+0.00024 | 1.70474+0.00031
BLa 2.50954+0.00022 | 4.02576+0.00050 | 1.65289+0.00035
BLb 2.55138+0.00029 | 4.06382+0.00085 | 1.79135+0.00029
CRa 1.46570+0.00017 | 1.95137+0.00066 | 0.55050+0.00019
CRb 1.32943+0.00013 | 1.89554+0.00019 | 0.48392:+0.00017

Data is presented as average + standard deviation

There were no statistical differences between
the samples from Chineja River (CRa and
CRb), or the samples from Brates Lake (BLa
and BLb), p > 0.05. There were significant
differences between all locations for all plant
organs in the Danube Delta (p < 0.05).

Nickel is the metal with the highest
concentration, from the analysed 4 heavy
metals, measured in the biological samples.
The Brates Lake has the highest concentration
of nickel in the tissues of common reed, more
than twice the amount measured in the Chingeja
River. There were no significant differences
between the locations from the Chineja River
(CRa and CRb, p > 0.05), and significant
differences for nickel found in the reed leaves
and panicles from the locations in the Brates
Lake (p < 0.05). In the Danube Delta, the
differences varied greatly with statistical
significance, p < 0.05.

Table 4. Nickel concentrations in the organs of common
reed, Phragmites australis, present in the sampling
locations of the experiment

Chromium was found with the lowest
concentration in the samples from the Chineja
River (CRa and CRD), with no significant
differences between locations, for all reed
organs (p > 0.05). The leaves of Phragmites
australis accumulated the highest concentration
of chromium, followed by stems and panicles.
The highest value measured for the
concentration of chromium was in the leaves of
common reed from the location BLb. The
highest concentrations of chromium from stems
and panicles were also measured in the same
location BLb. Data collected from the Danube
Delta presented significant differences between
locations, for all the vegetal organs (p < 0.05).

Table 5. Chromium concentrations in the organs of
common reed, Phragmites australis, present in the
sampling locations of the experiment

/e Chromium
Stems Leaves Panicles

DDa 2.34663+0.00049 | 3.49591+0.00082 1.39860+£0.0001 1
DDb 1.39116+0.00057 | 3.81904+0.00076 0.65274+0.00011
DDc 1.29870+0.00066 | 3.36984+0.00093 0.59866+0.00024
DDd 2.05371+0.00022 | 3.42020+0.00021 1.17586+0.00019
DDe 2.58594+0.00035 | 3.86349+0.00050 1.12830+0.00005
DDf 1.89274+0.00041 | 3.67412+0.00068 0.79533+0.00038
DDg 1.39509+0.00021 | 3.29164+0.00034 0.81380+0.00019
DDh 1.22699+0.00010 | 2.99874+0.00028 0.64851+0.00016
DDi 1.32319+0.00061 | 2.49032+0.00071 0.85985+0.00024
DDj 1.38959+0.00013 | 3.35980+0.00015 0.85237+0.00011
BLa 2.60992+0.00022 | 3.92512+0.00025 1.85950+0.00029
BLb 2.75292+0.00010 | 4.16285+0.00033 1.90047+0.00021
CRa 1.17256+0.00011 | 2.40168+0.00048 0.25023+0.00009
CRb 1.16014+0.00017 | 2.37629+0.00061 0.24012+0.00009

ugle Nickel
Stems Leaves Panicles

DDa | 3.60375+0.00055 7.33288+0.00059 | 2.59740+0.00046
DDb | 5.31915+0.00068 7.63807+0.00046 | 3.82320:+0.00022
DDc | 4.87013+0.00081 8.84583+0.00019 | 3.35249+0.00047
DDd | 4.26540+0.00063 8.30619+0.00031 2.48236+0.00096
DDe | 4.86766+0.00044 9.65873+0.00032 1.77305+0.00055
DDf | 2.99685+0.00071 5.91054+0.00048 1.59067+0.00025
DDg | 2.37165+0.00040 5.43120+0.00017 1.62760+0.00033
DDh | 2.45399+0.00033 5.99747+0.00019 1.29702+0.00043
DDi_| 4.96196+0.00040 6.64084+0.00044 | 2.14961+0.00055
DDj | 4.29510+0.00028 8.70495+0.00088 | 3.06853+0.00018
BLa | 5.11945+0.00013 9.86312+0.00093 7.85124+0.00010
BLb | 5.18659+0.00027 10.11699+0.00077 | 8.00593+0.00066
CRa | 2.83369+0.00009 4.25298+0.00006 | 0.90081+0.00028
CRb | 2.77594+0.00042 4.01019+0.00011 0.84668+0.00031

Data is presented as average + standard deviation
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Data is presented as average + standard deviation

Heavy metals decreased in the order leaves >
stems > panicles, in all the locations selected
for the experiment. This trend was also
observed by Vymazal and Bfezinova (2016),
Parzych et al. (2016), Rzymski et al. (2014),
Ganjali el al. (2014).

The heavy metals uptake by the organs of P.
australis were: stems Ni>Pb>Cr>Cd, leaves
Ni>Pb>Cr>Cd and panicles Ni>Pb>Cr>Cd.
Bonanno, 2013, found more Pb and Cr than Ni
in the stems and the same order in leaves, when
comparing the capacity of heavy metals
removal by P. australis.

These results are like those obtained by Astel et
al. (2014), Jiang et al. (2018), Dan et al. (2017).
The strategies used for the uptake of heavy
metals are dependent on several factors: pH,
metal type, temperature, and depth of the
contamination (Ashraf et al, 2017, da
Conceigdo et al., 2016).
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Phragmites australis is a valuable plant that can
be used successfully for the phytostabilization
of trace metals due to the high bioaccumulation
capacity, the ability to translocate these metals,
and limited mobility. This is because of the
different accumulation levels and transport sys-
tems, with very specific metal-affinity patterns
(Klink, 2017; Pérez-Sirvent et al., 2017).

The capacity of P. australis to bioaccumulate is
also dependent on the season, as observed by
Grisey et al., 2012.

CONCLUSIONS

The present study confirms that P. australis is a
suitable candidate for biomonitoring of heavy
metals pollution in aquatic environments. As
well, the capacity to bioaccumulate heavy
metals in the tissues above the ground and the
resistance to metal toxicity, makes this plant a
perfect solution for phytoremediation of
contaminated environments.

The heavy metals uptake by the organs of
P. australis were: stems Ni>Pb>Cr>Cd, leaves
Ni>Pb>Cr>Cd and panicles Ni>Pb>Cr>Cd.
Further studies should be conducted in an
integrated manner, considering different biotic
and abiotic components of aquatic environ-
ments to obtain a clear view on heavy metals
accumulation, transfer and dispersion in water
systems.
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Abstract

Pharmaceuticals are part of the emerging pollutants class found in aquatic ecosystems. The presence of these
contaminants in the aquatic ecosystem can have harmful effects on living organisms due to their toxicity and ability to
accumulate in tissues. In this study, water samples taken from stations located in the Lower Danube River Basin were
analysed in order to identify and quantify some classes of pharmaceuticals. To confirm the presence of pharmaceutical
traces in surface water samples, a High-resolution UHPLC-MS/MS was used. The obtained results demonstrated that
the most frequently identified pharmaceutical residues in the water samples were: caffeine > carbamazepine >
metformin > sulfamethoxazole > trimethoprim > clindamycin > ketoprofen > diclofenac > clarithromycin. The highest
recorded concentration was 118.52 ng/L for caffeine possibly due to the presence of this compound especially in drinks
and food and to a lesser extent also in medicines and the lowest value was 0.36 ng/L for trimethoprim.

Key words: surface water, pharmaceuticals, emerging pollutants, Danube river.

INTRODUCTION

The pollution of the Danube River Basin is a
topic of interest especially for scientists,
governments and residents of the riverside
cities, because it is the second longest river in
Europe, has a wide variety of fauna and flora
and is an important source of drinking water
(Popescu et al., 2022; Woitke et al., 2003).

Pharmaceutical  substances (PhACs) are
considered emerging pollutants that are
continuously discharged into the aquatic

environment (Hejna et al., 2022). Until now,
this class of pollutants is not regulated by law,
but some of these compounds are on the Watch
List adopted by the European Commission
(EU) 2020/1161. The latest version of the
"Watch List" was revised in 2020 and contains
the following pharmaceutical compounds for

human use: amoxicillin, ciprofloxacin,
sulfamethoxazole, trimethoprim, venlafaxine
and  o-desmethylvenlafaxine = (Commission

Implementing Decision (EU) 2020/1161).

The main sources of surface water pollution
with this class of contaminants are: the
pharmaceutical industry, wastewater from
hospitals and homes, surface runoff from
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agricultural land and animal farms (Gaw et al.,
2014; Vatovec et al., 2021).

The presence of pharmaceutical residues in
aquatic ecosystems has toxic effects on aquatic
biota. Depending on the class to which they
belong and the concentration in which they are
found, pharmaceutical substances can cause the
physiological and behavioural disorders in
certain  fish  species. = For  example,
contraceptives can cause feminisation of fish
(Gross-Sorokin et al., 2006), antidiabetics have
potential effects of disrupting the endocrine
system in fish, antibiotics determine the
development of antibiotic resistance and
analgesics cause damage to some organs in fish
(Khan et al., 2020; Patel et al., 2019).

The main aim of this study is to determine the
occurrence of some classes of pharmaceuticals
in the Danube River Lower Basin water.

MATERIALS AND METHODS

In order to determine the presence of
pharmaceutical residues in the water of the
Danube River Lower Basin, 500 mL of water
were collected from 6 sampling stations located
near the Galati city in 2021 (Figure 1).
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Figure 1. Map of sampling stations

Extraction of target compounds was performed
using the Dionex AutoTrace 280 Thermo
Scientific automated solid phase extraction
instrument (Figure 2). After conditioning the
Branchia C18 cartridges, 500 mg/ 6 mL with
5 mL methanol followed by 5 mL water,
loading of 100 mL water sample adjusted to pH
3. Elution of the analytes was performed with
6 mL methanol. The eluate was concentrated
by evaporation in a nitrogen atmosphere of
purity 5.0, at a temperature of 42°C using the
Reacti-Therm Heating Thermo  Scientific
equipment (Figure 3). The eluate was
redissolved with 25 pl of methanol and 225 pl
of water (Chitescu et al., 2015).

Figure 2. Extraction of pharmaceuticals from water
samples
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Figure 3. Concentration of eluate under a N flow

Analytical standards purchased from Sigma-
Aldrich were used for the identification and
quantification of pharmaceutical residues in the
analysed water samples for the following
compounds: caffeine, ketoprofen, diclofenac,

carbamazepine, = metformin,  clindamycin,
sulfamethoxazole, trimethoprim and
clarithromycin.

The identification and quantification of the
compounds was carried out with the Vanquish
Flex UHPLC Systems equipment coupled to
the Orbitrap Exploris 120 mass spectrometer -
Thermo Fisher Scientific (Figure 4).

Figure 4. Identification and quantification of analytes

The column used to separate the compounds
was Accucore C18 (100 x 2.1 mm, 2.6 um).
The mobile phase consisted of 2 solvents A -
ultrapure water with 0.1% formic acid (98% -
100% LC-MS grade) and B - methanol (LC-
MS grade) with 0.1% formic acid (98-100%
LC-MS grade).

The detection of the compounds was carried
out with the Orbitrap Exploris 120 mass
spectrometer at a high resolution of 120,000
(FWHM) at m/z 200. To confirm the presence
of the compounds in the water samples,
MS/MS analysis were performed.
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RESULTS AND DISCUSSIONS

In order to identify and quantify the
pharmaceutical compounds present in the water
samples, the standards of the compounds
tracked in the samples were analysed. Table 1
and Figure 5 show the retention times and
chromatograms obtained for each analysed
compound.

RT 0.0020 01
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Table 1. Retention time of analyzed pharmaceuticals

RT
Compound Formula Adduct m/z Time
(min)

Metformin C,H; N5 +H 130,1087 0.44
Trimethoprim C14HsN4O5 +H 291,1452 3.21
Caffeine CsH;oN4O, +H 195,0877 3.38
Sulfamethoxazole CioH11N3058 +H 254,0594 3.69
Clindamycin Ci3H33CIN,OsS +H 425,1871 491
Carbamazepine CisH;pN,O +H 237,1022 5.72
Clarithromycin C33HgoNO 3 +H 748.,4842 6.50
Ketoprofen CsH1403 +H 255,1016 6.65
Diclofenac C:H,,CLNO2 +H 296,024 8.03
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Figure 5. Chromatograms of analyzed pharmaceutical residues

Metformin is an anti-diabetic drug used by
people with type 2 diabetes (Oosterhuis et al.,
2013). This compound was registered in 5
sampling stations. The lowest value was 0.74
ng/L (S2) and the highest value was recorded
for station 1.83 ng/L (S3) (Figure 6).
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Figure 6. Spatial distribution of metformin concentration
concentration

Trimethoprim is an antibiotic that belongs to
the diaminopyrimidine class (Straub, 2013).
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The values of trimethoprim concentrations are
in the range of 0.36 ng/L - 9.17 ng/L (Figure 7).

Trimethoprim

=

e 10

£

c

2

% 5

H

@

g 0 —_— . . .

o S1 52 S3 S4 S5 S6

Sampling stations

Figure 7. Spatial distribution of trimethoprim

For the caffeine, values were recorded in all 6
sampling stations. This alkaloid is one of the
most consumed psychoactive  substances
worldwide. It is found in food, drinks and
medications (Edwards et al., 2015). The highest
concentration was 118.52 ng/L, in station S3
(Figure 8).
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Figure 8. Spatial distribution of caffeine concentration

Sulfamethoxazole is part of the sulfonamides
class and is one of the most prescribed
antibiotics (Patrolecco et al., 2018). The
concentrations of sulfamethoxazole in surface
waters were detected in the range 3.57 ng/L -
4.36 ng/L (Figure 9).
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Figure 9. Spatial distribution of sulfamethoxazole
concentration

Clindamycin is an anti-bacterial drug used to
treat various acute and chronic infections
(Koba et al., 2017). This compound was
detected in 4 of the 6 sampling stations, the
lowest value was 3.32 ng/L (S4), and the
highest concentration was 3.54 ng/L (S3)
(Figure 10).
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Figure 10. Spatial distribution of clindamycin
concentration
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Carbamazepine is an anticonvulsant used
especially as a treatment for epilepsy
(Cunningham et al., 2010). Based on the results
obtained, it was observed that this compound
was detected in all 6 sampling stations.
Carbamazepine concentrations varied from
0.16 ng/L in station S2 to 9.07 ng/L in station
S1 (Figure 11).

Carbamazepine

[y
o

Concentration (ng/L)

(=R S A -]

51 52 S3 S4 S5 S6
Sampling stations

Figure 11. Spatial distribution of carbamazepine
concentration

Ketoprofen is a  non-steroidal  anti-
inflammatory drug (NSAIDs) used especially
to relieve inflammation and pain (Alkimin et
al., 2020). Figure 12 illustrates that only 2
values were obtained for this pharmaceutical
residue, respectively 5.55 (S3) ng/L and 5.37
ng/L (S5).
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Figure 12. Spatial distribution of ketoprofen
concentration

Diclofenac belongs to the category of non-
steroidal anti-inflammatory drugs (Peters et al.,
2022). For this pharmaceutical compound, only
one value was recorded, in the water sample
taken from station S3 (Figure 13).
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Figure 13. Spatial distribution of diclofenac
concentration

The macrolide antibiotic clarithromycin
(Baumann et al., 2015) was also analyzed in the
water samples, but was not detected at any
sampling station.

CONCLUSIONS

The method applied to determine the pharma-
ceutical compounds tracked in the analyzed
water samples proved to be suitable for their
identification and quantification.

The most frequently detected compounds in the
water samples were caffeine and carbama-
zepine, while the antibiotic clarithromycin was
not detected in any of the 6 sampling stations.
Also, the obtained results highlight the fact that
the fewest pharmaceutical compounds were
identified in sampling station S6. Considering
the fact that one of the major sources of
pollution with pharmaceutical substances is
municipal waste water, the most pharma-
ceutical compounds were identified in the
stations that are located near the urban
agglomeration of the Galati city (S1, S3, S5).
To confirm the identity of each analysed
compound, at least two fragment ions with the
appropriate ion-ratio were detected.
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Abstract

LiDAR is one of the most promising technologies in the forestry industry. The LiDAR scanning methods help to improve
and to drive sustainable forest management. The main purpose of this paper is to apply the UAV LiDAR scanning method,
to identify and measure the tree volume calculation along a road section. The flight was made using a UAV octocopter
and a Lidir LiDAR system. To determine the forestry volume several steps of postprocessing were applied. Therefore we
create a 3D point cloud reconstruction of large forest areas. After the preliminary post-process, we apply a segmentation
for the study area and track individual trees, to create an inventory for the detected trees. Determining the tree volume
helps to make a correct financial estimation of the elimination of this from a new road or area that changes its destination.
On the overhand, automated methods like LIDAR scanning of forestry and terrain, and automated tree volume calculation
helps to improve the time spent confronted with traditional taxation methods.

Key words: LiDAR, UAV, Forestry segmentation, Point cloud classification.

INTRODUCTION

The essence of the technology reveals its name:
LiDAR from English Light Identification
Detection and Ranging - light detection and
range determination. It works as follows: the
optical system sends a light signal, and based on
it receives and processes information about
distant objects - and, using this data, creates a
three-dimensional image of the scanned object
(Burt et al., 2019). The history of the technology
began in the 1960s of the 20th century - LIDAR
was used to track satellites and military
targets(Fryskowska & Stachelek, 2018). Over
time, technology has improved and its scope has
expanded. For example, today the LiDAR
scanner, among other things, is built into the
latest iPad Pro model.

One of the most widespread laser scanning
technologies has found its way into the forestry
industry. Since the early 2000s, LiDAR has been
used worldwide as an alternative to traditional
forest inventory methods. The advantages of
laser taxing over traditional approaches are
obvious: the method saves time and therefore
money.
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Most importantly, laser surveying makes it
possible to obtain the most accurate and
objective data on the condition of forests, down
to tree height and trunk diameter (Kukkonen et
al., 2021). The process consists of several
stages. The first is information gathering: an
aircraft or drone, with a LiDAR scanner
installed, flies over a certain territory, scanning
it. Penetrating through the forest canopy to the
ground, the laser beam encounters many
surfaces along the way and is reflected from
them. This reflection is captured by the scanner
receiver installed on the board of the UAV.
Since the scanner is capable of generating from
100 up to 500 thousand laser pulses per second,
depending on the used LiDAR model, and also
it can provide a very large amount of
information that is generated at the end of the
scan(Wang et al., 2020).

The next step is decryption. The data collected
by the LiDAR scanner is a so-called "point
cloud" - a dense field of points located in a three-
dimensional coordinate system. Each point in
the cloud has its class: soil; undersized
vegetation; vegetation of medium height; tall
vegetation; noise; water surfaces. To view this
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information and build 3D terrain models based
on it, special programs are used. The most
accurate results are provided by the additional
use of information from external geolocation
systems, terrain maps, and GNSS. The data
taken from them about roads, lakes, and rivers
serve as a kind of reference point for the creation
of accurate digital models of the relief, terrain,
and canopy of plantations.

The study area was chosen so that there are areas
sufficiently covered with trees.

The study area is situated in the western part of
Romania, rather than between 22°38'30" to
22°40'30" East longitude and 45°88'20" to
45988'67" (Figure 1).
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Figure 1. The mission flight path inside the study area
MATERIALS AND METHODS

To obtain point cloud data from aerial scanning
an octocopter UAV with a LiAir V70 LiDAR
sensor was used. The LiDAR sensor generates
up to 240 000 points for the first strongest return
and a total of 720 000 points for a triple return.
Additionally, the LiAir sensor has an optical
Sony A5100 camera with a 24-megapixel. The
range accuracy of the LIDAR unit is +2 cm with
an 70.4° (horizontal) field of view (Figure 2).
The flight plan has 1.7 km long with a 300 m
corridor width. The maximum speed allowed for
this data collection was 6 m/s. The total flight
time was above 50 minutes (Figure 3).

99

s

PPK GNSS

LiAir V70
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Figure 2. UAV platform and LiDAR sensor used for
flight and point cloud data collected

11 206815 0.00

Figure 3. Image footprint and flight path mission created
for the aerial survey

Additionally to the UAV platform, in the field
was made statical GNSS determinations of
ground control points (GCPs). The GCPs were
used for the point cloud georeferencing and
model calibration. The PPK technology was
used to align all the cloud points and trajectory
adjustments. The PPK GNSS observation post-
processing involves a process of differential
correction, which involves comparing the raw
GNSS data collected by the receiver with the
precise ephemeris data and carrier phase
measurements to obtain highly accurate
positioning information (Figure 4). The GCP’s
point was surveyed with a Hiper HR GNSS,
produced by Topcon.
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Figure 4. The precision GNSS static survey - image (a).
PPK equipment for trajectory adjustment linked to PPK
GPS mounted on UAV platform - image (b)

The overlapping of flight paths was 60 x 80%,
to have the best accuracy in point cloud
coordinate determination (Figure 5) (Arseni et
al., 2016). In this case, approximately all the
study area was scanned twice, and the
confidence level of the data was very high. The
UAV flight survey was performed in parallel
paths, trying to maintain a constant altitude, by
inputting a predefined Digital Elevation Model
(DEM) inside the UAV pilot memory. The
altitude of the flight was 80 m above the ground.

Figure 5. The UAV flight path with 60 x 80 overlapping
and displayed by GNSS time mode with applied shading
technique to enhance the visual contour effects

Thus, it was collected a dataset having an
average point density of 196 points/m?2. The total
covered area was 55.8 hectares with an amount
of 191 million points.

To post-process the surveyed point cloud data
was made with LiGeoreference software,
produced by Green Valley company (Liu et al.,
2022). The optional software LiDAR360, also
produced by Green Valley was used for the point
cloud classification and forestry determination.
The ground classification of the point cloud
from the collected UAV LiDAR data involves
separating the points that correspond to the
ground surface from other points such as trees,
buildings, and other objects (Zeybek &
Sanlioglu, 2019). This can be achieved through
several techniques, like height thresholding,
slope-based filtering, Canopy height model
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(CHM), or machine learning algorithms. For this
study, the ground classification was made by a
combination of the height thresholding
combined and slope filtering method (Figure 6).

Figure 6. The classification of point cloud data depends
on ground points to create a DTM model

To achieve the main purpose of this study,
namely to determine the forestry from a point
cloud database a flowchart was followed. If we
analyze the workflow from Figure 7 the
proposed approach includes two main phases:
the first step is the flight planning and LiDAR
scanning, and the second one is the post-process
step and Canopy Height Model (CHM)
derivation and extraction of tree parameters.

q PPK
I = I
v

Trajectory RAW DATA X
NS P -1
v
Boundary Noise
clipping reduction

Ground point
clasification v
- -

v
Clipping : Crown
II»I sample plot R [Seomentation| meg | onicur —‘
v

ndividual tree

information/

forestry area
coverage

v

Figure 7. The flowchart of the main steps to automated
segmentation and forestry determination from UAV
LiDAR data
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RESULTS AND DISCUSSIONS

To achieve the main purpose of this research is
necessary to resolve some problems of DTM
and DSM creation. These two results serve to
estimate the over parameters such as canopy
height, individual trees, or crown volume and
area. All these data are based on the collected

LiDAR measurements. The collected RAW data
was pre-processed, by trajectory adjustment,
elevation adjustment, and data filtering to obtain
a projected point cloud model (Figure 9).

The final result of the point cloud was cleared
by removing the outliers. It helps eliminate high-
level gross errors and low-level gross errors.

After the point cloud classification by ground
point with 20 m maximum building height and
88" maximum terrain angle, the DTM model
was created with 0.5x0.5 m pixel dimension.
The TIN interpolation method was used to
create the DTM model.

Digital Surface Model (DSM) created for the
study area refers to the digital representation of
the height of the surface including the buildings,
bridges, roads, and trees (Selim et al., 2022).
Compared to a DEM, a DSM contains more
elevation information for buildings, bridges,
forests, and other surface objects that don’t exist
in the DEM. The DSM was created with the
same pixel size, by using the TIN interpolation
method. DSM is based on DEM and further
covers the elevation of surface information other
than the ground. As is shown in Figure 9 the
DTM profile has only terrain points, while the
DSM has forestry information.

An important step for forestry determination
from point cloud data is to obtain the canopy
height model (CHM) by the subtraction of the
DTM from the DSM. Both digital models at 0.5
m spatial resolution will derive to CHM with the
same spatial resolution. This resolution is
optimal for tree crown delimitation and
statistical parameter calculation.
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Figure 9. The DTM (a) and DSM (b) at 0.5 m spatial
resolution with height variation between 313.38 to
386.93 m reference to the Black Sea Elevation Datum

To eliminate some negative values, the CHM
model was normalized by DEM (Figure 10). By
normalization, we remove the influence of
terrain relief on the elevation value of the point
cloud data.

This process is performed by subtracting the
corresponding terrain elevation of the DEM
from each point's Z value. The height of the
CHM model varies between 0 to 35.85 m
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Figure 10. The normalization by DEM of point cloud
data makes it easier to identify and separate the ground
points from other features in the scene

Extracting forestry information from LiDAR
point cloud data involves processing the data to
identify and analyze different features of the
forest. To make it possible is a need to make a
tree segmentation. Tree segmentation from
point cloud data is a process of identifying and
extracting the point cloud data related to trees in
a given environment. It is a crucial task in many
fields such as forestry management, urban
planning, and environmental monitoring. For
this research, it was used a canopy-based
segmentation. This method segments trees
based on their canopy shape. It assumes that
trees have a well-defined canopy shape that can
be detected using geometric or statistical
methods. The method uses algorithms such as
region growing, clustering, or graph-based
methods to segment points within the canopy as
trees. Canopy-based segmentation step was
based on dividing the point cloud data set into
tree-like objects based on the characteristics of
their canopies (Jakovljevic et al., 2019; Zeybek
& Sanlioglu, 2019). These basis algorithms used
for point cloud segmentation are described by
the next equation:

H,
where:
P, - the number of points per unit area within
the canopy;

H_ - the height of the canopy, typically measured
as the vertical distance between the highest and
lowest points within the canopy;
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W - the average width of the canopy, typically
measured as the horizontal distance between the
leftmost and rightmost points within the canopys;
T - a defined threshold value that determines
whether a given cluster of points represents a
single tree or not.

To achieve more accurate results is indeed apply
the above formula by first identifying clusters of
points that represent individual trees based on
their proximity to each other. For each cluster,
the point density, canopy height, and canopy
width are calculated. The formula then evaluates
whether the combination of these factors meets
a user-defined threshold value. If the threshold
is exceeded, the cluster is considered to
represent a single tree or tree-like object and is
segmented from the rest of the point cloud data
(Dai et al., 2022; Nasiri et al., 2021). For point
cloud segmentation in this research, a 2 m
distance threshold value was used, and a 1.5 m
height above ground value was applied to avoid
the influence of low vegetation (e.g., grass and
shrubs). The result of point cloud segmentation
is shown in Figure 11.

Figure 11. The point cloud segmentation and display by
height mode, the grey color represents the above the tree
area, under 1.5 m height

To visualize better the obtained segmentation
result the crown circle mode representation was
run. Each circle represents the crown tree size
diameter. Crown diameter is an important metric
for assessing the size and growth of individual
trees, as well as for estimating forest canopy
structure and biomass. Figure 12 shows the
result of the crown size diameter classification.
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Figure 12. The crown tree representation of the entire area (a - image) and zoom-in clipped sample data from the left
(b - image), and the right part (c - image), to visualize the crown size distribution

To identify and adjust the tree segmentation the
manual seed identification method was used,
The seed point allows selection points within the
point cloud that represent the tops of trees and
adjust if necessary. Once the seed points have
been identified, the ALS seed point editor was
used to delineate the individual tree crowns
within the lidar data. This is accomplished using

algorithms that connect the seed points with
neighboring lidar points to create a three-
dimensional representation of the tree crown
(Schmohl et al., 2022) (Figure 13). The resulting
tree crown delineation can be used for a variety
of applications, including forest inventory and
management, biodiversity assessments, and
carbon accounting.

Figure 13. The seed points tool application to represents the 3D model of the tree crown

The total volume of tree crown calculated by
point cloud segmentation for the entire surveyed
area was amount 300 thousand tons. By
applying the segmentation algorithm it was
identified 12160 trees. The histogram of height
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shows that the average tree height is 13.73 m
(Figure 14).

The maximum height of the tree was 35.855 m
and the minimum was 1.73 m.
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Height and crown diameter are two important
metrics for characterizing the size and structure
of individual trees. The positive and significant
results are given by Pearson statistic correlation.
The linear relationship between crown diameter
and tree height shows that taller trees tend to
have medium or smaller crown diameters.
Different research studies describe this result as
an anomaly, given by the sun missing in the
forestry area. So, where the light of the sun is
missing the end of the trees is to grow up straight
and with minimum crown diameters (Figure 15).
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Figure 14. The histogram representation of the height of
the tree distributed into 7 classes

-
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Figure 15. The Pearson correlation between crown
diameter and trees height for the entire scanned area

A 3D statistical surface plot is used to represent
a three-dimensional graphical surface that is
constructed using the crown diameter, crown
area, and crown volume parameters. The plot
was created by fitting a linear mathematical

function to this set of data and then using this
function to generate the 3D surface that
represents the relationship between the variables
in the data set. In Figure 16 can be observed the
relationship between the 3 variables. If a tree
has a larger diameter then the area and volume
also are bigger, and vice versa.

6£6

PERE N

Figure 16. The 3D surface plot representation of
dependence between forestry parameters

The forest metrics indicator shows the results of
the quantitative measures. This indicator is
important to assess various aspects of forest
ecosystems, such as their structure, composition,
and function. These metrics are used to evaluate
the health and condition of forests and to inform
management and conservation decisions. The
result of the more than 1.5 m canopy cover is
presented in Figure 17.

Figure 17. 15 m x 15 m pixel raster representation of
canopy cover from the study area

Table 1 shows the summary statistics about the
forest from the LiDAR-scanned study area.

Table 1. Summary statistics about forest parameters processed by the CH model

Valid N % Valid obs. Mean Sum Minimum Maximum
Tree Height [m] 12160 100.0000 13.7 166968 1.7 35.9
Crown Diameter [m] 12160 100.0000 39 47527 0.8 41.7
Crown Area [sqm] 12160 100.0000 17.1 207335 0.5 1367.9
Crown Volume [cm] 12160 100.0000 69.1 839830 0.6 5498.8
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CONCLUSIONS

The practice shows that data collected based on
LiDAR not only provides a more accurate
estimate of wood stocks but is very useful for
statistical assessment and different prediction
models for forestry management. The
information also allows us to better plan the
harvest work, right down to selecting the
necessary equipment and its placement.
However, LiDAR inventory of forest areas is
only one of the applications of laser forest

scanning.
Today, the possibilities of LiDAR are
increasingly discussed in the context of

sustainable forestry. With the help of LiDAR
scanning, it is possible to track the growth
dynamics of tree trunks, crowns, and their
undergrowth, and detect outbreaks of pests and
forest diseases promptly. In addition,
researchers use LiDAR to measure the amount
of carbon that forests in a given area can absorb.
Crown diameter is an important metric for
assessing the size and growth of individual trees,
as well as for estimating forest canopy structure
and biomass. Lidar (Light Detection and
Ranging) is a remote sensing technology that
can provide high-resolution, 3D point cloud
representations of the forest canopy, including
the crown of individual trees.

The main purpose of this research was to
estimate crown diameter from a lidar point
cloud, several methods have been applied, like
DEM computation, CH model, or Point Cloud
Segmentation. One common approach was to
use a point cloud segmentation algorithm to
identify individual tree crowns in the point
cloud. Once the crown segments have been
identified, the diameter can be calculated from
various metrics, such as the maximum or
average width of the crown segment.

By accurately identifying and measuring
individual tree crowns, the ALS seed point
editor can help improve our understanding of
forest ecosystems and their response to
environmental change.

For statistical analysis, the Pearson correlation
was used. The R factor shows that the
correlation between tree height and crown
diameter is (r = 0.1154). It shows that the forest
from the study area was of high density and the
crown is smaller overwise the tree height.
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However, as mentioned earlier, tree crowns can
have different shapes, such as irregular or multi-
stemmed, and different formulas or methods
may be needed to estimate their volumes
accurately. Additionally, tree volume can be
affected by many factors such as the tree's age,
health, and site conditions, so accurate
measurement and estimation of tree volume
require careful consideration of these factors.
Overwise, the result shows that the canopy
coverage is 25% reported to the entire study
area.

Overall, lidar point cloud representations offer a
powerful tool for accurately and efficiently
estimating crown diameter and other important
forest metrics. These estimates can be used to
inform forest management decisions and assess
the health and productivity of forest ecosystems.
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Abstract

The development of biofilms of micro-organisms on the surface of buildings, in addition to the negative impact and risk
to the health of the population, leads to their degradation and the need for continuous sanitation operations. Inducing
superhydrophilicity and self-cleaning performance of cement surfaces by adding TiO: nanoparticles to the composite
matrix, as a result of photoactivation reactio. This method, can become an effective for the production of new materials
in order to increase the durability of buildings and to increase the degree of hygiene, due to the ability of these new
materials to inhibit the growth of microorganisms. Experimental results have shown that in case of contamination with
two types of moulds (Aspergillus niger, Penicillium notatum) and four types of bacteria (Escherichia Coli,
Pseudomonas Aeruginosa, Staphylococus Aureus, Streptococus Pyogenes) respectively, the development of harmful
biofilm is inhibited. This performance was monitored using the dimensional development of the specific inhibition halo
as a quantifiable indicator. It can be said that it is influenced by the type of contaminant and the nanoparticle content of
the cementitious composite matrix, but is manifested in all cementitious composites containing TiO, nanoparticles
photoactivated under laboratory conditions.

Key words: biocidal effect, photocatalysis, self-cleaning cementitious composites, TiOz nanoparticles.

INTRODUCTION having negative impact on the health of users
and is recognized worldwide as, manifesting
Today, worldwide, especially in developed itself in people who work, partially or totally,
countries, but not exclusively, there is a change inside buildings. They can be affected by depo-
in people's lifestyles, with more and more sits of microorganisms, as a result of the degra-
activities taking place inside buildings. Micro- dation of indoor air quality through contami-
organisms such as moulds, bacteria, viruses, nation with spores and toxins emanating
algae, lichens or mites, have a negative impact (Andersen et al., 2011; Baxter et al., 2005;
on building surfaces. This is known to have Zukiewicz-Sobczak et al., 2013; Haverinen-
negative effects on the health of the population Shaughnessy, 2012; Giannantonio et al., 2009;
if the growth occurs on the surfaces of indoor Sokmen et al., 2001; Sokmen et al., 2008). These
living spaces. Also, the growth of micro- mould spores, toxins emanating in the normal
organism films on the built surface has a life cycle of micro-organisms, or even the
negative effect on the durability and  micro-organisms themselves, reach the human
operational safety of buildings, accelerating body both through the air breathed in and through
their degradation and contributing on the  direct contact with contaminated surfaces.
degree of environmental pollution. Each tonne Cheap and handy antibacterial methods can
of manufactured cement (the main raw material become a very important method for the
used in the construction industry) is responsible development of simple, new types of materials.
for the release of 0.8-1.1 tons of CO; into the This issue is actual and very important because,
atmosphere because of fuel combustion and in recent years, damage caused by harmful
limestone calcination (International Energy microorganisms has become a serious social
Agency, 2009). "Sick building syndrome  problem (Yandav et al., 2016; Wang et al,,
(SBS)" (Farrag et al., 2021; Gawande et al., 2017). Exterior surfaces act as reservoirs for
2020; Sarkhosh et al., 2021; Wang et al., 2022; the development of microorganisms that could,
Gao et al., 2021; Huo et al., 2020) is known as in turn, lead to the spread of infections or
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become the main cause of various health condi-
tions (Kiihn et al., 2003). The conceptually,
simple and promising technology, in which
applications of the photocatalytic process of
TiO> nanoparticles (NT), generate an inhibition
in the growth of some microorganisms, moulds
or bacteria, becomes an alternative to the use of
chemical disinfectants (Druga et al., 2018;
Machida et al.,, 2005; Watts et al., 1995;
Jakubickova et al., 2020; Khannyra et al., 2022;
Wang et al., 2022). In general, NT is found as a
mixture of rutile and anatase (both being
crystallographic forms of TiOz). There is also
the situation where the crystallographic form
anatase is predominant (over 90%), and,
according to the literature, TiO, nanoparticles
could be added dry, by direct mixing with
cement powder, followed by the addition of
hydration water. Water does not chemically
react with any crystallographic form of
titanium dioxide, nor does a chemical reaction
occur between the photosensitive nanoparticles.
The hydration-hydrolysis phases of the cement
and the hydration-hydrolysis reactions are not
chemically influenced by the chemical reaction
(Quagliarini et al., 2012). The major influence
of these nanoparticles on the performance of
cementitious composites is to induce a
superhydrophilicity of the surface, with a
sustained self-cleaning capacity and also
increased resistance to the action of
microorganisms The developed materials could
also present an imparting a biocidal effect.

Under the action of UV rays, as a
semiconductor with a band gap of about 3.0 eV
and by absorbing energy, titanium dioxide
generates electrons (¢) and holes (h"). Ti (IV)
cation to the Ti (III) ion is reduced by the
above mentioned and holes oxidize Oz anions.
This process will release oxygen, creating
vacancies on the surface of the titanium
dioxide. This vacancies will allow the water
molecules to bind with the release of hydroxyl
groups (OH"). Literature indicates that, in the
case of  TiO-containing  cementitious
composite surfaces (Jakubickova et al., 2020;
Khannyra et al., 2022; Wang et al., 2022;
Matsunaga et al., 1988; Druga et al., 2018) that
photogenerated (h+) voids (holes) cause the
bond length within the TiO; structure to
increase bringing the surface into a metastable
state. Simultaneously with the formation of
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new hydroxyl groups and the release of a
proton, this allows the adsorption of molecular
water (Figure 1) (Zhang et al, 2010;
Matsunaga et al., 1988).

Using the energy provided by UV radiation,
simultaneously with the development of
superhydrophilicity, which is greater than the
valence band gap of TiO,, electron pairs ()
and holes (h") are generated. Those react with
0O and H20 forming anionic radicals (O2") and
(OH). These oxidative species (h*,-02) and
(OH) are all highly reactive and participate to
the destruction of microorganism cells (Haleem
Khan & Mohan Karuppayil, 2012). Research to
date has led to a number of hypotheses
regarding the biocidal effect indicating that the
cell membrane is photocatalytically destroyed
(Sunada et al., 2003). This is also supported by
reports by Oguma et al. (Oguma et al., 2002)
who propose a destruction mechanism
explained by both cell wall destruction and
induction of disruption at the cellular level
following contact of the microorganism with
TiO,, while Saito et al. (Saito et al., 1992)
propose the hypothesis of a destruction
mechanism explained by the inhibition of the
bacterial cell's respiratory function once in
contact with TiO».
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Figure 1. Sequential representation of the biocidal
mechanism

The aim of this paper is to analyse the biocidal
capacity of cementitious composites containing
with TiO; nanoparticles (NT).

MATERIALS AND METHODS
The samples were produced using NT-added

cement paste, with AEROXIDE® TiO, P25.
The TiO; nanoparticles were characterized by
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an average particle size of 21 nm, a specific
surface of 35-65 m?g and 99.5% purity,
containing more than 70% anatase, were
prepared for the experimental tests. The
composite cementitious paste was prepared and
conditioned as shown in Figure 2, with mixture
P1 as a control sample (0% NT).

According to literature references (Hope, 2013;
Rosen & Heseltine, 2009; Fisk et al., 2007;
Mudarri & Fisk, 2007; Jaakkola et al., 2005)
and based on preliminary research, since NT

has a low density and a necessity for water, it
was not possible to maintain a constant amount
of preparation water without affecting the
consistency and workability of the fresh
material. In order to determine the standard
consistency of the paste, the Tetmayer probe
was chosen as a constant parameter and the
mixing water was determined for each
individual cement/TiO; nanoparticles ratio. The
mix design ratio is presented in Figure 2, with a
water/cement ratio ranging of 0.45-0.5.

[

CEM52,5R,

NT quantity in relation to cement quantity

Amount of water in
relation to the amount

)

white cement:
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Figure 2. Methodology for the production of the test specimens

Cementitious composite specimens, made in
the form of 17.4 mm diameter discs and 24 mm
x 30 mm plates respectively, were photoacti-
vated by holding them for 24 hours under UV
light using a light source within the range of
400-315 nm UVA band. The lights were
displaced at a distance of 10 cm above the
specimen surface, resulting in a light flux
intensity of 860 lux.

For each contaminating microorganism (mould/
bacteria) an experimental stand was constructed
to eliminate the risk of cross-contamination.
For each case, the repeatability of the results
was demonstrated by repeating the tests for at
least 3 similar specimens.

The final result is expressed as the average of
the individual results. The contamination
material used consisted of pure cultures of
Penicillium  notatum (Fag19002) and
Aspergillus niger (FAg18003), obtiained from
USAMV Cluj-Napoca, respectively,
Streptococcus — pyogenes (ATCC  19615),
Pseudomonas  aeruginosa (ATCC 27853),
Escherichia  coli (ATCC  25922) and
Staphylococcus — aureus  (ATCC  25923)
commonly used in laboratory medicine
practice. Exposure to contaminants was
affected by applying solutions prepared from
mold/bacterial ~ reference  cultures  and
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introducing 2 colonies (2 loops
biological material into 1 ml saline.
Since there is no generally accepted standard of
analysis for evaluating the behaviour of
cementitious composites in the presence of
mould/bacteria, the antibiogram method was
taken as the starting point for testing. This
method is a common method, mainly used in
medicine. Consequently, the test specimens
were made, taking as indicative sizes the
samples used in laboratory medical practice
(Hernandez-Carnerero et al., 2021).

Petri dishes, ¢ 90 mm, were prepared for each
case analysed, in which nutrient substrate was
placed to grow bacterial cultures (agar for
Escherichia coli, Pseudomonas aeruginosa,
Staphylococus aureus, respectively blood agar
for Streptococcus pyogenes), or mould cultures
(Potato Dextrose Agar - PDA, 39 g/l) which
were also sterilised under UV light. In each
Petri dish the nutrient substrate was
contaminated uniformly over the entire surface
with 1 ml of the solution prepared as described
above. Then, the light-activated cementitious
composite specimen was placed centrally and
0.5 ml of biological material - mould/bacteria
suspension - was applied directly to the surface
of the specimen, after which the whole system
was closed and isolated. For each type of

of 1ul)
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mould or bacteria used samples were produced
and, subsequently, control samples (P0). The
control sample was considered as the sample
for demonstrating the viability of the
mould/bacteria spores in the suspensions used,
following the development of the culture,
which was also confirmed by rapid and intense
growth.

The growth systems prepared for testing were
placed under laboratory conditions at (30+2)°C,
constant temperature and (55+2)% relative
humidity. The systems were examined visually
and microscopically, at regular intervals, for
signs of growth/development of biological
material (colonies) and the
existence/development of the inhibition halo
was observed. Quantification of the resistance
of cementitious composites to the action of
microorganisms was achieved by identifying
the existence and measuring the inhibition halo
in the case of specimens exposed to a mould-
contaminated environment, and by assessing
the microbiological load of the system,
respectively, according to STAS 12718/1989 in
the case of specimens exposed to the action of
bacteria. The degree of development of
bacterial material in the system was recorded in
agreement with STAS 12718/1989 where the
following classes are specified: Class 0(-)
indicating no growth (sterile); Class 1(+)
indicating 1-10 colonies of microorganisms;
Class 2(++) indicating over 10 colonies of
micro-organisms; Class 3(+++) indicating areas
with confluent colonies and Class 4(++++)
indicating growth over the entire area.

The entire experimental testing process, i.e.
preparation of the cementitious composite
with/without the addition of NT, production of
test specimens (casting in moulds, demoulding
after 24 h, storage for 27 days in water for
maturation), 24 h UV photoactivation, creation
of a contaminated environment system in Petri
dishes (creation of specific substrate for mould
or bacteria growth, soaking with solution

containing  contaminating  microorganism,
placing photoactivated cementitious composite
test tube, applying solution containing

contaminating microorganism on the surface of
the test tube, closing and sealing the system),
were carried out once for each test tube in the
test batch. As specified, for each cementitious
composite and for each type of microorganism
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(2 types of mould and 4 types of bacteria) three
test specimens were made. Therefore, the test
batch was composed of: 8 types of cementitious
composite X 6 types of contaminant medium x
3 test specimens for each situation, i.e. 144 test
specimens, each of them contained in an
individual, closed, sealed test system (Petri
dish). After sealing the individual test system,
no additional photoactivation of the specimens
in the cementitious composite was performed
and the contaminant medium was not altered by
enrichment with additional volumes of solution
containing mould spores or bacteria. For the
identification and measurement of the
inhibition halo and for taking the example
photographs, the individual, closed, sealed
system was not opened, as these operations
may have been performed through the
transparency of the Petri dish lid. This mode of
operation allowed the same specimen to be
followed over time, in the same contaminant
environment, without inducing possible
elements of additional wvariation. Also, the
monitoring of the size of the halo of
indifference was carried out each time by the
same operator, with the same calibrated
measuring instrument. Therefore, it can be
appreciated  that  the  uncertainty  of
measurement remained constant throughout the
experimental test, for all the cases analysed.
The durability of the biocidal effect was
examined by analysing the maintenance of the
inhibition halo for 7 days under constant
temperature and humidity conditions and
natural lighting (natural day-night cycles),
without intervening with a new dose of UV
radiation.

Additionally, in order to compare the
production cost of the cementitious composites
with NT with that of the control cement
composite, based on the raw material mixture,
the cost/m® was calculated. Based on this cost
price, it was assumed that panels, with
dimensions 50 cm x 50 cm x 2 c¢m, are made of
concrete with NT content, class C20/25. These
panels will be used for wall cladding of a
building. In this hypothesis, it was calculated
how much the cost of making the coating
would increases for the use of cementitious
composite with the addition of NT, compared
to the situation of using a classic concrete. For
testing to demonstrate the biocidal effect of NT
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under  laboratory  conditions, a UV
photoactivation plant was used. Given the
intended use of these materials, i.e. outside
buildings, this photoactivation will take place
naturally, either from sunlight. If these
materials will be used inside buildings,
literature (Khannyra et al., 2022; Machida et
al., 2005; Kiihn et al., 2003; Matsunaga et al.,
1988) indicates that indoor light sources such
as neon bulbs, for example, or natural lunation
incident on the cement surface during the
period of ventilation of spaces by opening
windows, provide sufficient light radiation to
achieve this photoactivation process. Therefore,

the cost of electricity used by the
photoactivation system in the laboratory was
not included in the calculated cost.

Furthermore, the literature (Khannyra et al.,
2022; Machida et al., 2005; Kiihn et al., 2003;
Matsunaga et al., 1988) indicates that, in
cementitious composites, so, in the present
SiO2, NT photoactivation, once performed
under UV, is kept active for several days
without the need for a new UV dose.

RESULTS AND DISCUSSIONS

The results of the experimental investigations,
as shown in Figure 3 to Figure 8, showed a
number of aspects proving the biocidal ability
of NT-containing cementitious composites.

In the case of exposure of the cementitious
composite in an environment contaminated
with Penicillium notatum, Figure 3a). the
existence of the inhibition halo is observed in
all specimens of cementitious composite
material, including the control sample (P1-0%
NT). However, with regard to the test system
carried out with the control sample, a reduced
size of the inhibition halo is identified and,
after 3 days of exposure, its disappearance.

Regarding the behaviour of the photoactivated
NT-containing cementitious composite material
(P2-P8) in Penicillium notatum-contaminated
environment, the appearance and maintenance
of the inhibition halo throughout the test is
identified, even if, over time, this inhibition
halo undergoes reductions in diameter, which
means a reduction in the inhibition power of
the biological film development. After 4 days
of testing, it can be said that there is a tendency
for the phenomenon to stabilise, from a kinetic
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point of view (Figure 3a), since the decrease in
the diameter of the inhibition halo is much
smaller between two consecutive days
(measurements), compared to the situation
during the first 3 days of testing.

In the case of exposure of the cementitious
composite in an environment contaminated
with Aspergillus niger, Figure 3b) the existence
of the inhibition halo is observed in all
specimens of cementitious composite material,
including the control sample (P1-0% NT).

The maintenance of the inhibition halo, in the
case of this mould species, occurs during the
first 4 days of testing in all specimens,
including the control specimen, after which its
disappearance is observed both for the control
and for the cement composite specimens
prepared with the addition of 1% NT and 2%
NT. Even in the case of the 3% NT cement
composite, the mould film develops on the
nutrient substrate, covering it completely after
the 5th day of testing, but without any signs of
mould growth on the surface of the cement
specimen. Also, similarly to the behaviour of
specimens exposed to Penicillium notatum
contaminated medium, a tendency of
stabilization of the inhibition halo diameter is
observed in the last 3 days of testing, which
would suggest a stabilization of the
phenomenon from a kinetic point of view.

At the same time, by comparing the results
presented in Figure 3a) and 3b), it can be said
that Aspergillus niger species shows a higher
aggressiveness than  Penicillium  notatum
species. Both were based on the inhibition
diameters values and as a result of the ability of
this species to grow even when there are
composites with 1%, 2% and even 3% NT in
the system.

It is therefore considered that, in the case of
these mould species, frequently encountered in
everyday life, good protection could be
obtained by using quantities of at least 3% NT
as an addition to the cementitious composite, in
relation to the quantity of cement, provided, of
course, that a good cost/benefit ratio is
maintained. Based on the calculation made by
the simplified methodology, presented above,
under the current price conditions, it can be
said that the costs of cladding with concrete
panels increase by 6-20 euro/m? for the use of a
quantity of 1-3% NT in the cementitious
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composite, respectively by over 25 euro/m? if
the amount of NT used is at least 4% (relative
to the quantity of cement). The frequency and
complexity of decontamination, washing,
maintenance, etc. of surfaces will of course
vary from case to case, depending on the
characteristics of the construction, location,
intended use, etc. However, it is considered that
reducing the frequency with which these
maintenance operations are required will result
in a cost/benefit balance in favour of the use of
cementitious composites with added NT.
Despite this increase in the cost of the initial
investment, in the case of using NT-enhanced
material, as a result of biocidal capacity, the
costs of washing, sanitizing and surface
maintenance will decrease. Moreover, it is
appreciated that thus, indirectly, the impact on
the health of the population will improve, so
that possible treatment costs in the medical

60.00
50.00
Z 40.00
£30.00
A 2000
10.00
0.00

system will be reduced. No signs of mould
growth were observed on the surface of the
composite specimens for any of the species
used as biological aggressors (Penicillium
notatum/Aspergillus niger).

Significant examples in terms of inhibition halo
evidence are shown in Figure 9a) and 9b) for
for cases of exposure to mold, respectively,
Figure 9c) for the case of exposure to the
Escherichia coli bacteria.

Microscopic analysis revealed, for all test
systems in which the specimen was made of
cementitious composite with NT, 3 circular
areas of contamination and growth of
biological material (Figure 10 and Figure 11).
In the immediate vicinity of the specimen, the
inhibition halo is formed, with variable
diameter (D) depending on the amount of NT
in the composite and the type of contaminant
(mould/bacteria).

P1(0%Ti02) | P2(1%Ti02) | P3(2%Ti02) | P4(3%Ti02) [P5(3,6%Ti02)| P6(4%Ti02) | P7(5%Ti02) | P8(6%Ti02)
m2day m3day w4 day m5day m6day m7day

a)
50,00
240,00
£ 30,00
Z 20,00
A 10,00
0,00

D(mm) D(mm) D(mm) D(mm) D(mm)
P1(0%Ti02) | P2(1%Ti02) | P3(2%Ti02) | P4(3%Ti02) |P5(3.6%Ti02)| P6(4%Ti02) | P7(5%Ti02) | P8(6%Ti02)
m2day m3day w4day m5day m6day w7 day b)

Figure 3. Variation of inhibition halo diameter during 7 days of testing for specimens exposed to Penicillium notatum
(a) and Aspergillus niger (b) contaminated medium

50,0
400
30,0
200
10,0

0.0

D (mm)

0 1 2

minhibition halo diameter Escherichia Coli (mm)
= inhibition halo diameter Staphylococcus Aureus (mm)

36 4 5 6
%Ti02

w inhibition halo diameter Pseudomonas Aeruginosa (mm)
m inhibition halo diameter Streptococcus Pyogenes (mm)

Figure 4. Inhibition halo diameter for specimens exposed 2 days in medium contaminated with Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus
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Figure 5. The degree of development of bacterial material (Class acording to STAS 12718/1989)
in case of environment contaminated with Escherichia coli
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Figure 6. The degree of development of bacterial material (Class acording to STAS 12718/1989)
in case of environment contaminated with Pseudomonas aeruginosa

no growth (sterile)

1(+) 1-10 colonies of microorganisms
2(+H) over 10 colonies of micro-organisms
3+ areas with confluent colonies g

_ growth over the entire area

. 11 11 11 i1 1 i1 1
0 0 000 00000 00 0000 000 0 00000
PO P1 172

P3 P4 P5 P6 P7 P8

12718/1989

Bacterial load class, according to STAS

m2days m3days ®m4days =6days ~ 7days

Figure 7. The degree of development of bacterial material (Class acording to STAS 12718/1989)
in case of environment contaminated with Staphylococus aureus
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Figure 8. The degree of development of bacterial material (Class acording to STAS 12718/1989)
in case of environment contaminated with Streptococus pyogenes

Figure 9. Evidence of inhibition halo - example for sample exposed 3 days in medium contaminated with Penicillium
notatum (a), Aspergillus niger (b) Escherichia Coli (c) (P1 - P8, from left to right)

The inhibition halo is characterized, according
to STAS 12718/1989, corresponding to a
growth of maximum 1-10 colonies, or "sterile".
Subsequently, a transition zone is identified in
which biological growth begins to intensify,
reaching a maximum of intense growth, in
which independent units of biological material
can no longer be identified and reach
confluence.

As regards the behaviour of the photoactivated
NT-containing cementitious composite material
(P2-P8) in a Dbacterially contaminated
environment, some similarities and some
differences can be observed compared to the
behaviour in the presence of moulds. Thus, the
appearance of inhibition halos is identified
(Figure 4), which are much smaller in diameter
than in the cases of the two mould species, but
remain constant throughout the test.
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Microscopic analysis shows the appearance of
bacterial colonies on the surface of the nutrient
substrate, but not on the surface of the
cementitious specimen. As shown in Figures 5-
8, the biological load was quantified for each
test system (Petri dish with nutrient substrate,
with cementitious composite specimen and
with  biological  contaminant  material)
separately. Each type of bacteria has a different
degree of aggressiveness and a different
strength of resistance and growth in the
presence of the control or NT-enriched
cementitious composite. Thus, a graded
classification of bacterial aggressiveness can be
appreciated, with the most aggressive
behaviour  exhibited by  Pseudomonas
aeruginosa bacteria and the least aggressive by
Staphylococus aureus and Escherichia coli.
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Figure 10. Sample captures for microscopic analysis in
which the following can be identified: a). inhibition halo;
b). transition zone; c). zone of intense growth - sample
exposed 7 days in Penicillium notatum contaminated
medium

il ¢).

Figure 11. Sample captures for microscopic analysis in
which the following can be identified a) inhibition halo;
b) transition zone; ¢) zone of vigorous growth - sample
exposed 7 days in Streptococcus pyogenes contaminated
medium

Analysing the evolution of the biological load
in the system during the 7 days of analysis,
Figures 5-8, together with the fact that the
inhibition halo, although small, is also
maintained throughout the evaluation period, it
can be appreciated that the biocidal effect is
maintained over time and that an amount of
min. 1% NT, in relation to the amount of
cement, as an addition to the cementitious
mixtures, is sufficient. However, if this range
of concentration of photoreactive material (NT)
were to be analysed in conjunction with the
behaviour against mould aggressiveness, it is
estimated that the minimum NT required would
be 3%, relative to the amount of cement.

CONCLUSIONS

The aim of the work was to investigate the
ability of  TiO2  nanoparticle-enriched

115

photoactivated UV-enriched cementitious com-
posites to reduce the risk of mould and bacteria
growth on building surfaces. Thus, eight
cementitious mixtures were designed, based on
white cement, to which TiO> nanoparticles
were added in an amount of 0-6% of the
cement. For each of these situations, test speci-
mens were made and, after UV photoactivation,
exposed to media contaminated with
Aspergillus  niger,  Penicillium  notatum,
Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus — aureus or  Streptococcus
pyvogenes for a period of 7 days.

Based on the above, it can be considered that
the biocidal effect induced by the addition of
nanoparticles in the composite cement matrix
under UV photoactivation is manifested for all
cases analysed. However, the effectiveness of
this effect is influenced by the type of
contaminant and the species to which it
belongs. Also, this effect of increasing the
resistance of cementitious composite materials
to the action of microorganisms is influenced
by the amount of nanoparticles used as
additive. Although in the case of bacteria an
addition of 1% NT would be sufficient, as the
inhibition haloes would be maintained
throughout the evaluation, in the case of mould
species, a minimum of 3% NT would be
required, relative to the amount of cement.
Among the bacteria used as contaminants,
Pseudomonas aeruginosa was found to be
more resistant and aggressive, Staphylococcus
aureus and Escherichia coli were found to be
less resistant in the presence of NT-added
cementitious composites, and Aspergillus niger
was found to be more aggressive than
Penicillium notatum.

In terms of the durability of this effect over
time, it was found that, in the absence of other
influencing factors, under constant temperature
conditions and under daylight exposure
conditions corresponding to day-night cycles,
the growth of microorganism films is inhibited
without the need for additional surface
photoactivation over and above the initial one.
The experimental results obtained are
encouraging arguments for further research in
this area. At this stage of the research, the
number of experimentally obtained data is
insufficient to start a statistical analysis, which
is one of the directions for further research.
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Also, the encouraging experimental results lead
to a new research direction, namely a
cost/benefit analysis applied to the concrete
case of an existing building for which it is
proposed to finish the exterior with cladding
panels based on cementitious composite with

added NT, under specific climatic and
environmental contaminant exposure
conditions.
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Abstract

In this paper, we aimed to achieve the management of the manure taken from five localities near the county of lasi,
Romania. For this, two manure storage platforms with an area of 500 square metres will be built for its temporary
storage. The platforms will serve the small farmers in this area, consisting of the platform itself and a collection basin
located next to the platform, where the water from precipitation, animal urine and water for sanitising the platform
reaches. Thus, this paper describes the constructive elements of the platforms, calculates the volumes of water collected
from its surface and sizes the collection basin. The collection basin will have a volume of 120 m* and has been sized to
ensure a storage capacity for a period of 30 days of precipitation and all liquid fractions resulting from the composting

process.

Key words: collection basin, manure, management, storage platform.

INTRODUCTION

Manure is not only an agricultural waste but
also anorganic fertiliser resource. Applying
organic fertilisers is a feasible practice for
mitigating soil degradation caused by excessive
use of chemical fertilisers, which can affect
bacterial diversity and soil composition (Zhang
S. et al., 2020).

It is used on unstructured land, consisting of
humus-poor soils, improves water retention,
stimulates soil microbial activity, adds genetic
and functional diversity to soils, and improves
soil chemical and physical properties (Das et
al., 2019; Wang J. et al., 2019; Yost J.L. et al.,
2023; Koninger J. et al., 2021).

An important amount of the micro and macro
elements taken from the plants used in fodder is
returned to the soil through manure.

Applying manure and other organic fertilisers
is important both for the nutrients that are
embedded into the soil and for improving the
conditions for the growth and development of
plants (Wang J. et al. 2023). Since manure
results gradually, applying it is not done as
such. It is collected in platforms and
composted.

Manure composting can be done by several
methods. Commonly used methods are aerobic
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composting, anaerobic composting, and mixed
composting.

Applying manure before a minimum rainfall
period and applying manure by embedding
reduces the risks associated with nutrient loss
through surface runoff (Saha A. et al., 2023).
Manure can also cause pollution by introducing
toxic elements, for example, heavy metals,
antibiotics, pathogens and contributes to
nutrient losses.

Another additional risk of pollution from
manure results from the massive use of food
supplements for animals (for example, copper
and zinc supplements in raising pigs and
poultry) for the purpose of their intensive
breeding, supplements that end up in manure
(Moral et al., 2008; Provolo et al., 2018).

Soil organisms play an essential role in the
transformation of manure into soil and in the
degradation of any potentially toxic
constituents (Koninger J. et al., 2021).

Thus, manure is stored as far as possible from
households and water sources, at least 50
metres, to avoid air and water pollution. It is
recommended to place a platform specially
arranged for this purpose, on a higher ground,
so that rainwater does not collect at the base of
the material.
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Through the controlled storage of manure,
nutrient losses resulting there from are
mitigated and the product obtained can support
soil fertility and increase crop productivity
(Basit A. et al., 2019).

The purpose of this paper is to organise the
management of manure collected from an area
belonging to Iasi county and to size the
constructive  elements of the platforms
necessary for its controlled storage.

MATERIALS AND METHODS

The temporary storage of manure will be done
on two storage platforms. The first platform
will serve three localities, whereas the second
one will serve two localities.

The platforms will have the same surface and
will be located at least 500 m from the first
household in the locality.

The sizing of the collection basin located next
to the storage platform will be done considering
the types of water collected from the surface of
the platform. Thus, water from precipitation,
animal urine produced, drinking water wasted
by animals and/or people and water for
sanitation will be captured.

This volume is determined by the formula 1.
Vi=Vu + V, (year) 9]
where:

Vu is the volume given by animal urine,
drinking water wasted by animals and/or
humans and water for sanitation; according to
the provisions of the Code of Good
Agricultural Practices, 4-5 m?® for every 100
tons of fresh manure (Integrated Nutrient
Pollution Control Project, 2016) and the
amount of 81 tons/year of manure produced by
the 5 UVM held by the owner result:

Vu=5 -% (m*/year) )

where: Vu = 4.05 (m*/year)

Vp is the volume of water originating from
precipitation during the period of one year.

The volume of water from precipitation (Vp) to
be captured during a year, from the surface of
the manure platform, will be calculated by the
following calculation equation (Cojocaru et al.,
2021):
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v, =10000~§:(P,—El.)-(l—5)-o--Sp 0) 3)

i=1
where:
Pi is the height of precipitation dropped in
month i of the storage period, in an average
climatic year, (mm/month 7);
i - the month in the manure storages pan;
Ei - the value of evaporation from month i of
the storage period, in an average year;
o - the coefficient of leachate drainage from the
storage facility; we propose o = 0.95;
6 - the coefficient of precipitation retention in
manure; we propose § = 0.7;
Sp, - the area of the manure platform (ha).
Considering a degree of filling of 90% for the
drainable basin, the total volume of the
drainable basin is calculated by the equation:

Vbv = =2 (m?) @)
where:
Vp is the volume of water from precipitation.

RESULTS AND DISCUSSIONS

Considering the amounts of manure obtained
for the studied area, it is necessary to place two
manure storage platforms, each with an area of
500 square metres.

These platforms will be located on the public
sector and the distances from the last
households can be seen in the Figures 1 and 2.
The main elements that make up the two
manure platforms are: the concrete storage
platform, the semi-buried collection basin and
the water drainage system with gutters.

LEGEND:
N 26km distance fomihe ast hause o the manwe o (Sah Nou)

e 2 43 tancefm e lest house to e manuee platirm CiocaBoca)

e £ dstance romthe asthouse to e manre piaor P iana Scheis)|

fBoiana gehei

N\ 350 Gtance fomhefisthouse o the manure pitorm

[ patorm serve fr St 10y Gioca Boca and Poiaa Scheei

Figure 1. Location area of platform 1
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Figure 2. Location area of platform 2

The platform will be made of road concrete and
the walls of reinforced concrete. All elements
of the construction will be sized in such a way
as to withstand the specific load exerted by the
volumes of stored manure, machinery, external
forces as well as the accidental touching of the
walls by the machinery.

The platform will not have internal dividing
walls in order not to disturb the handling of the
machines and to allow the free disposal of the
manure piles.

The characteristics of the platform are
rectangular shape, walls on 3 sides (no front
side), top view dimensions: L x W x h = 20 x
25x2m.

In Figures 4-5, the main elements of the two
manure platforms can be seen.

When checking the sizing of the platform, the
maximum amount of stored manure must be
considered.

In Figure 3, a frontal view of the future
platform can be seen.

At the front of the platform, a concrete scraper
will be provided, necessary to ensure an area
for the movement and handling of machinery
and for the unloading/loading of manure from
the means of transport.

Along the entire length of the front plate
between the platform and the scraper, there is
an effluent collection channel covered with a
metal or reinforced concrete grate that
discharges into the basin.
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Figure 3. Manure storage platform

Sections through the two platforms are shown
below.

& Y
4

1 - Reinforced concrete foundation
2 - Manure platform

3 - Reinforced concrete wall

4 - Ballast layer

5 - Natural land

6 - Membrane for waterproofing.

Figure 4. Sections through concrete storage platform 1
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A view of the collecting basin is shown in
3 Figure 6.

L G, B

1 - Reinforced concrete foundation
2 - Manure platform

3 - Reinforced concrete wall

4 - Ballast layer In order to prevent pollution and to constantly

Z‘i’/{fr‘::rlaﬁ“}or waterroofi monitor the quality of the underground water,
i Tprooting: the inner surfaces of the walls and floor of the

Figure 5. Sections through concrete storage platform 2 platform as well as the collecting channel will
be waterproofed. Also, a waterproofing
membrane will be placed on the layer of earth
on which the platform is built to prevent the
infiltration of effluents from the manure storage
into the ground and into the groundwater in
case of damage to the platform.
In order to periodically monitor the quality of
underground water, two piezometers will be
installed both downstream and upstream of the
storage platform to be built.
The volume of water from precipitation during
a year that reaches the surface of the platform
was calculated by means of equation (3) and
the results obtained are presented in Table 1.

Figure 6. View of the collecting basin

A semi-buried basin of reinforced concrete
with a volume of 120 useful cubic metres will
be built, located in the immediate vicinity of
the platform with the role of collecting
effluents and rainwater. It has been sized to
ensure a storage capacity for a period of 30
days. The collection basin will be waterproofed
to prevent any possible infiltration of the liquid
fraction from the manure into the soil. For the
drainage of rainwater from the road surface
inside the composting platform, a unique slope
of 2% towards the sewer was provided.

There will be an empty tank trailer that serves

to handle the liquid fraction that accumulates in By then substituting in equation (4), it follows

the storage basin by turning it over the rows of  that the drainable basin must have a minimum
manure on the platform to maintain the | jume VH=79.28 m3.

moisture required in the composting process.
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containers

Piezometer

Figure 7. Elements of manure platform 1
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Figure 8. Elements of manure platform 2

Table 1. Calculation of the volume of water from precipitation (Vp)

Month 1 11 111 v \ VI Vil VIII IX X XI XII
P (mm) 32 31 31 53 63 101 83 56 48 25 35 31

E (mm) 0 0 13.66 | 5744 | 90.09 | 96.81 95.5 79.61 58.94 | 35.55 13.5 0
Pi-Ei 32 31 1734 | 444 | 27.09 [ 4.19 -12.5 -23.61 -1094 | -1055 | 215 31
c 0.95 0.95 0.95 0 0 0.95 0 0 0 0 0.95 0.95
3 0.7 0.7 0.7 0 0 0.7 0 0 0 0 0.7 0.7
Sp (ha) 0.0783 0.0783 | 0.0783 [ 0.0783 | 0.0783 [ 0.0783 | 0.0783 | 0.0783 | 0.0783 | 0.0783 | 0.0783 | 0.0783
Vi (mc) 16.66 16.14 9.03 0 0 2.18 0 0 0 0 11.19 | 16.14

Vu (mc/year) 71.35 mc/year

Considering the volume obtained, a standard
drainable basin with a volume of 120 m® will be
chosen, a sufficient volume if the platform is
expanded in the future.

CONCLUSIONS

Through the management of the manure in the
five localities, the quality of life will be
improved, the risk of affecting the citizens’
health will be reduced and the air hygiene will
be maintained in a suitable state of comfort.
Also, the soil will not be affected by pollution,
because the storage platform will be
waterproofed with a waterproofing membrane
to prevent the infiltration of effluents from the
manure storage.

And by collecting effluents and rainwater in the
collection basin located next to the platform,
possible infiltration into the soil is thus
prevented.
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Abstract

The paper aims to assess the air pollution level using one mobile low-cost measurement system versus in situ sensing
data from local air quality network stations. The measurements were performed during the winter of 2022 on the main
streets of Galati city, one of the largest cities in Romania. The main purpose of the measurements is to use mobile
measurements to capture the spatial and temporal distribution of important air pollutants such as NO»+0O3, CO, SO,
and PM o in large urban areas. For this study used a mobile air quality monitoring system Sniffer 4Dvl to record
spatial and temporal data on air pollutants on the street of Galati City. The data sets from local RNAQMN (Romanian
National Air Quality Monitoring Network) are compared with Sniffer 4Dv1 data to infer various limitations for each of
the two data sets.

Key words: air pollution, air quality, AQS in situ measurements, mobile measurements.

INTRODUCTION 2012; Rosu et al.,, 2020; Rosu et al., 2021;
Samad and Vogt, 2021).

Over the past few decades, air pollution has The most important air pollutants monitored in
become a major environmental concern on a urban areas are particulate matter (PM)
global scale. The most significant sources of air (Hamanaka and Mutlu, 2018; de Miranda et al.,
pollution are man-made and include industrial 2012), nitrogen dioxide (NO2) (Meier et al.,
activities, transportation, and energy 2017; Rosu et al., 2020; Rosu et al., 2022),
generation. In general, air pollutants are sulfur dioxide (SO2) (Constantin et al., 2020;
defined as significant levels of trace gases or Schwela, 2000; Zhao et al., 2018), ozone (O3)
particulate matter (PM) compared to natural (Bishoi, Prakash and Jain, 2009; Manes et al.,
ones, which can be detected using a variety of  2016), and carbon monoxide (CO) (Al-Ali,
methods and tools, each with pros and cons. Zualkernan and Aloul, 2010; Brienza et al.,
Stationary in-situ measurements, such as air 2015; Liu et al., 2012).

quality stations (AQS), can be utilized as a  In recent years a more thorough and up-to-date
measuring method since they can measure the data about air pollution are required to support

local variation of air contaminants (Guerreiro,  policy and public health decisions. This
Foltescu and De Leeuw, 2014; Iorga, 2016; practice led to a grow into the usage of low-
Maftei, Muntean and Poinareanu, 2022; cost sensors to monitor air pollution in urban
Nastase et al., 2018; Voiculescu et al., 2020). areas. Low-cost sensors are used today to

Another way of monitoring air pollution is to measure air pollutants such as particulate
use mobile measurements to cover broad  matter, nitrogen dioxide, and ozone for a
regions and capture the spatial distribution of  fraction of the cost of standard air monitoring
pollutants as well as the location of their equipment (including AQS). Research in Delhi,
sources (Constantin et al., 2017; Elen et al., India, for example, discovered that using low-
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cost sensors helped to detect high-pollution
locations and assess the success of pollution-
reduction strategies (Gulia et al., 2020).
Similarly, research carried out in Los Angeles,
California, USA, showed how low-cost sensors
may be used to monitor pollution trends and
pinpoint their origins, offering useful data to
decision-makers and neighbourhood
organizations. (Lu, 2022; Lu et al., 2022).

The main objective of the study is to test a low-
cost sensor monitoring system in the
quantification of the amount and distribution of
several air pollutants (NO>+0O3, SO2, CO, and
PMjg) in a large urban area in South East of
Romania. Also, we aim to identify the hot spots
of the concentration of these air pollutants and
identify the emissions sources. Another
objective is to evaluate the concentration values
recorded with the low-cost air quality system
with respect to the measured concentrations for
the same air pollutants provided by the national
air quality stations located in the same area.

MATERIALS AND METHODS

1.1. Study area and localization

For our study, we performed mobile air quality
measurements in the fifth largest city in
Romania Galati City (GL), with a population of
217851 (Anon n.d.-b). We choose Galati City
because the main emissions sources include
local industry, moderate car traffic, and
household heating (Rosu et al., 2020; Rosu et
al., 2022). The mobile measurements were
performed in the afternoon, from 12 -15 local
time (LT) on 19 January 2022 on the main
streets of Galati city by mounting the low-cost
air quality monitoring system  Sniffer
4Dv1(SN) on the top of a car (Figure 2).

The measured data were compared with the
local AQS data to verify the measurement
values. The route of the mobile air quality
system is presented in Figure 1 along with the
location of the local AQS.

27°57'40°E 27°59'30°E 28°1"20E

28°3'10°E

28°50°E 28°6'50°E

45°25°20°N 45°27°10°N 45°29'0°N 45°30'50"N

45°2330°N

27°57T40°E

28°1°20°E

27°59'30°E

28°3'10°E

45°29'0°N

7'10°N

| 2 Legend
Air Quality Station
| 2 H oLt

H o3
H o4

+ Rute of Sniffer 4D

45°2330°N

28°50°E 28°6'50°E

Figure 1. The track of the mobile measurements performed on 19 January 2022 in Galati city with the air quality system
Sniffer 4D v1 and the location of the AQS

1.2. Equipment and data used
1.2.1. Air quality stations from Galati City
(40S)

The local air quality monitoring network in
Galati City is administrated by the local
administrative office of the Environmental
Protection Agency from Galati (Agentia de
Protectia Mediului din Galati - APM GL). The
Galati city monitoring network consists of 4
stationary AQS that are located in different
parts of the city (Figure 1). Each AQS is
composed of a container that houses monitors
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and sensors that continuously measures
individual pollutants. The list of the parameters
measured by each AQS in Galati City includes
a large list of air pollutants and meteorological
data. The ones that interest us in our study are

(including the  determination  method):
particulate matter (PMio - Light Scattering
Particle),  nitrogen  dioxide @ (NO2 -

chemiluminescence), sulfur dioxide (SO, - UV
fluorescence analyser), carbon monoxide (CO -
Non-Dispersive Infrared), and ozone (O3 -
ultraviolet photometric analyser) (Anon, 2008).



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

The measurements are made in real time and
are transmitted to a central database that is free
to use (Anon n.d.-a). Details of the AQS from
Galati City are presented in Table 1. In Figure

1 and Table 1 it is presented graphically and
numerically the spatial extent of the maximum
spatial detection limit buffer of each AQS.

Table 1. Specifications of AQS network from Galati city

AQS type AQS code Limit of detection maximum (km) Limit of dezle(:;l)o 1 (decill:-:i;:t::gerees) (decIiJl‘:ll;%lltilelg:eeS)
Traffic GL1 0.1 0.01 45.41868 28.016577
Urban GL2 5 1 45.43146 28.054877

Suburban GL3 5 1 45.47377 28.033728

Industrial GL4 1 0.01 4541117 28.005526

1.2.2.  Air quality system Sniffer 4DvI (SN)

The air quality system Sniffer 4Dv1 is a very
lightweight (>350 g), compact, and portable air
quality system that uses various determination
methods via several sensors that can measure
up to nine air quality parameters, including
temperature and humidity. The system works
using pomp to bring external air to the sensors
via the frontal inlet. The sensors can be

mounted inside the main body of the monitor in
several combinations depending on
applications, this include personal exposure
monitoring, urban air quality monitoring, and
industrial emissions monitoring (Anon n.d.-d).
The sensor combination used for this study is
presented in Table 2 along with the technical
specifications of each sensor.

Table 2. Specifications of sensors of the air quality system Sniffer4D v1 used for the measurements performed on
19 January 2022 in Galati city (Anon n.d.-c)

Sensor type High-resolution NO,+O0; Inhalable Particulate Matter (PM 4o) High-resolution CO High-resolution SO,
Pollutant NO,+0O5 PM 10 (particle size 0.3~10 um) Cco SO,
Measurement Range 0-11 (ppm) 0-1000 (ug/m3) 0-10 (ppm) 0 -15 (ppm)
Detection Limit: 5 (ppb) 1 (ng/m3) 10 (ppb) 5 (ppb)
theoretical resolution 1 (ppb) 1 (ng/m3) 0.7 (ppb) 0.5 (ppb)
Sensor type Electrochemical Laser scattering/Light scattering Electrochemical Electrochemical

The air quality system Sniffer 4Dvl was
developed to be wused on-board mobile
platforms, specifically for UAVs (unmanned
aerial vehicles), but for our study we adapted it,
so it was mounted on top of our mobile
laboratory (Figure 2). In Figure 2 the inlet of
the equipment is pointing in the forward
direction, so the system will not measure the
direct emissions of our auto-laboratory. In
Figure 2 it can be noticed that we powered the
system via a 6S1P drone Li-Po battery. Also, it
can be observed the telemetry antenna which is
mounted on the back of the air quality system
Sniffer 4Dv1l, is used for real-time data
transfer, settings, and measurements startup
from a maximum distance of 2 km in urban
areas (Anon n.d.-c).

Our system houses a combination of several
sensors that can simultaneously collect real-
time data for NO»+03, SO2, PMi9, and CO.

The data from these sensors is collected and
processed using advanced algorithms to
provide real-time measurements of air quality.
The data is transferred via a 433MHz radio
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telemetry system to a laptop where the data is
recorded, analysed, and visualized in real-time
using the software SnifferdD Mapper (Figure
3).

The general specification of data sampling
from AQS and details of the track and sampling
specification for the air quality system Sniffer
4Dv]1 are presented in Table 3.

Table 3. Sample specifications for AQS and air quality
system Sniffer 4Dv1 during the measurements performed
between 12 -3 PM on 19.01.2022 in Galati city

Sniffer
track and
measurem

ents
characteris
tics

Instrument/
AQS
Sampling
specificatio
ns

AQS
GLI

AQS
GL2

AQS
GL3

AQS
GL4

Number of

10309 240 240 240 240

Average
Size of the
Grid (km2)

The total

detected
area (km2)

0.019 0.031 78.5 78.5

11.252 0.00031 78.5 78.5
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Figure 2. The setup of the air quality system Sniffer
4Dv1 mounted on top of the auto laboratory: a)
Positioning the system, the power cable, and telemetry
antenna b) Connection to the 6SP1 Li-Po battery used
as the power source. ¢) The laptop is used for real-
time data visualization and recording
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Figure 3. Print screen of the software Sniffer4D Mapper
interface during the real-time data recording and
visualization for the measurements performed in Galati
city on 19.01.2022

For the comparison of AQS with the data from
the Sniffer 4Dvl, we summed up the
concentration values for O3 and NO> recorded
at each AQS from Galati City. Also, we
excluded data from Sniffer 4D data for PM2 s
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because no data was available from all AQS at
the time we performed the measurement.

RESULTS AND DISCUSSIONS

Using the coordinates embedded in the Sniffer
4 Dvl data set we produced maps using
Geographic  Information  System  (GIS)
software. All the maps of the concentration’s
distribution of each air pollutant PMyo,
NO2;+0;, SO, CO, alongside with AQS
average hourly mean of the same air pollutant
are presented in Figures 4 to 7. The AQS value
was produced from all the hourly mean values
of each pollutant during the whole time we
performed mobile measurements (from 12:00 -
3:00 PM).

Firstly, we can observe in Figures 4 to 7 there
is a high difference between the values of SN
versus AQS and that could be a cause of the
sampling rates of the Sniffer 4Dvl, one
determination per second, and the AQS
sampling rate of one determination each minute
(the result is expressed in hourly mean value).
The Sniffer 4Dvl has a higher temporal
resolution and probably this influences the
results of the measurements into obtaining
more values and thus a higher overestimation
of the air pollution. Another cause of the high
differences is the determination method but
some of the studies presented that for similar
sensors the differences between the measured
values measured with chemiluminescence and
electrochemical sensors are small, especially
for CO, NO»+03 (Afshar-Mohajer et al., 2018;
Lin et al., 2015; Mead et al., 2013; Spicer et al.,
1994).

If we discuss on the area of the sampling of the
air pollution detection (pixel sampling size), on
the one hand, we can observe in Table 3 that
the SN has a sampling area of 0.019 km? per
measurement(pixel), on the other hand, the
AQS sampling area of detection ranges from
very narrow pixels (0.031 km?) to very wide
ones (~78.5) km?. Thus, GL1 and GL4 will
detect more localized emissions whereas GL2
and GL3 will detect far-away emissions and
will mediate them on the entire surface of the
detection limit as we can observe in the
pollutants values the maps presented in Figures
4to7.
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Also, the fact that we capture with our SN more
localized hot spots during the mobile
measurements could help us understand what
the major emissions sources for each air
pollutant are and where is concentrated
spatially within the Galati city boundary.

The circles represented with the black line in
Figures 4 to 7 represent the maximum limit of
detection of each AQS (Table 1). For AQS
GL1 the spatial buffer (radius around the AQS)
is 100 m, that’s the reason it is not visible on
the map.
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Figure 4. Distribution map of CO concentrations measured with SN
and recorded by AQS between 12-15 LT on 19.01.2022 in Galati city

In Figure 4 is observed that CO higher
concentrations measured by SN are
concentrated in the eastern part of Galati city
with values between 1.04-1.37 mg/m3. The
high values can be a cause of traffic
agglomeration on the main roads of the city, or
we believe it’s the wind-driven plume of an oil
factory that is located in that part of the city
(Rosu et al., 2020).

The fact that we believe it’s the oil factory is
that a similar value is recorded by the AQS
GL2 0.98 mg/m> which is located in the same
part of the city. Also, we should consider that
the AQS GL2 value has resulted from
averaging all the concentration values recorded
inside its buffer of the detection limit, and this
could explain the difference between SN, with
most of the lower values along the track and
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more localized for higher values. We could
notice that the value of 0.98 mg/m? recorded by
AQS GL2, even if it is an average hourly value
for the entire period when the mobile SN
measurements were performed, is similar to the
high values recorded close by the SN system.
This could mean that at each passing by the
SN, the system measured instantaneous values
of the plume that was passing that area and
produced the value recorded by AQS GL2.

A similar averaging effect can be seen in the
measured hourly value of CO concentrations
from all AQS where it can be observed that
practically the values measured by each AQS
can be described by the SN mobile
measurements inside each stations limit of
detection buffer trough a spatial mediation
effect of the mobile recorded values.



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

27°57°40"E 27°59°30°E 28°1°20°E

28°3

10°E

28°5'0°E 28°6'50"E

45°25'20"N 45°2710"N 45°29'0"N 45°30'50"N

45°23'30"N

45°29°0°N

2710°N

.QLegend

c &1 490000
|’ E@.aamxn
~ W nzazo000
in Sniffer 4Dv1 NO#0,(pgim?)

® 43.32-6245
p & =0

45°23'30°N

27°57°40"E 27*59'30"E 28" 1"20°E

283y

10"E

28'5'0°E 28" 6'50"E

Figure 5. Distribution map of NO, + O3 concentrations measured with SN
| and recorded by AQS between 12-15 LT on 19.01.2022 in Galati city

Figure 5 presents the measured values for the
sum of nitrogen dioxide and ozone
concentrations values recorded by SN and AQS
on 19.01.2022 in Galati City. As we can
observe the variation of the recorded values is
higher than in the case of CO. High values
between 92.21-226.60 pg/m* were measured in
the centre of the city and on the main roads
with an intensified car or heavy truck traffic,
e.g. the ring roads of the city or the highly
circulated roads that cross the entire city from
one side to another. The AQS GL1 recorded
averaged hourly values to a value of 112 pg/m?,
a value that is like the ones that SN recorded
instantaneously in the same area. The
explanation for recording a very similar value
is that the AQS averaged all the NO»+O3 values
within its buffer of the maximum range of
detection of 0.01 km. Also, the high values
could be explained by the fact that the plume of
pollutants NO2+Os3 remained in the same area,
or the area pollution is being caused by high
constant car traffic. If we look at the spatial
limit of the detection buffer (black line circle)
for the AQS GL2 and the average value for 12-
3 PM of 93.87 pg/m3we could say that the
value is similar to the ones that were recorded
by the SN inside the buffer of AQS GL2, most
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of the value recorded are between 43.82-91.88
pg/m3, followed by the high values between
112.81-226.60 pg/m3, which are less localized
and were detected alongside a small portion of
the main roads. This could only strengthen the
idea that the main source of the recorded values
are cars and heavy traffic. In Figure 5 it can be
observed that the AQS GL3 recorded a smaller
hourly average value of 71.51 pg/m? since it’s a
suburban station and as we can observe the
extent of the buffer it's more likely to measure
the emissions outside the urban agglomeration
and only a small portion of buffer covers the
city. This can be explained also if we observe
the values recorded by the SN we can say that
the AQS GL3 only detects the emissions
sources (car traffic) that reside in the Northern
part of Galati city and the suburban area. The
same thing can be noticed for the industrial
AQS GL 4 which measured an hourly averaged
value of 91.49 pg/m?® where high values
measured by SN ranged between 112.81 —
146.40 pg/m® and covered a small portion of
the buffer of the AQS GL4 and most of the
buffer was spatially covered by SN
instantaneous measured values ranged between
62.78-91.88 pg/m?.
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Figure 6. Distribution map of PMo concentrations measured with SN and recorded

by AQS between 12-15 LT on

The values for the measured concentrations of
PMjo by the SN system along the main streets
of Galati City are presented in Figure 6. The
values measured ranged from 1-113 pg/md.
High values between 56-113 pg/m® were
measured close to important crossroads or in
the areas where heavy traffic is usually present
(the North and North-East of Galati City).
Similar values of PMio concentrations were
recorded by each of the AQS if we consider the
spatial limit of the detection buffer and the

19.01.2022 in Galati city

location of each AQS. Values that are sustained
by the measured values with the SN system.
The highest hourly average value of 45.54
pg/m* was recorded by AQS GL2. Also, all
high values recorded by the SN system ranged
between 36-113 pg/m®* and were measured
inside the AQS GL2 buffer. The emissions
were measured at the cross of the main roads.
This could only indicate that the emissions of
PMio are most likely produced by car traffic
and heavy traffic.
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In the case of sulphur dioxide (SO2), we can
observe in Figure 7 that measured
concentrations with SN are very low and ranges
from 0.00 — 3.06 pg/m?. Similar averaged
hourly concentration values of SO were
recorded by all AQS. This could only underline
that the SN measured values are real and
comparable with AQS data if we take into
account the spatial distribution of measured
values of the SN system concerning the
detection limit range of each AQS. Also, it can
be noticed that hot spots of SO> measured by
the SN system are localized in the central area
and the north part of Galati City, near rural
areas or where more houses with household
heating based on fossil fuel burning (wood or
coal) are present. Anomalies of measured
values can be observed in the remote east part
of Galati City, where we believe measured
values of SO; are errors caused by the presence
of high concentrations of H2S due to a marshy
area (Khan, Rao & Li 2019). This finding
needs to be further analysed and studied with a
sensor of SN that can measure concomitantly
the H»S and SO> (Anon n.d.-c).

CONCLUSIONS

The results of the study showed that the Sniffer
4Dvl is a very complex and useful instrument
that can be used for air quality monitoring in
urban areas, as we presented in the results of
the measurements performed on January 19,
2022, on the main roads of Galati. The main
advantage of the SN is that it can detect and
measure real-time and simultaneous data for a
wide range of air pollutants, including nitrogen
oxides, sulfur dioxide, ozone, and particulate
matter, which were the main subject of this
work. By capturing instantaneous values of the
concentration of each air pollutant, we can
better observe the dynamics of air pollutants
and indicate the main sources, which we found
based on SN measurements to be industrial for
CO, industrial and car traffic for NO, and O3,
car traffic and heavy traffic PMjo, and
household heating for SO».

The comparison with the average hourly data
from AQS, for the entire period we performed
mobile measurements with SN, showed that the
SN  system measured more localized
concentration values (hot spots) around
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emissions sources, while the AQS measures
values from wide areas to narrow areas (0.031
km?), integrating and averaging all the values
recorded within its detection buffer. However,
the spatially compared data recorded at each
AQS for each air pollutant showed similar
values to those recorded by our SN system
inside the buffer of each AQS.

Overall, we believe that the Sniffer 4Dvl
represents an advancement in air quality
measurement technology, enabling us to better
understand the complex dynamics of air
pollution in our urban environments. The
Sniffer 4Dvl is a valuable tool for
understanding the sources and impacts of air
pollution and for developing effective strategies
to reduce exposure and improve public health.
We propose doing more comparative studies to
identify the sensibility of the system by
measuring each air pollutant in different
conditions and with different equipment and
different measuring methods. Further studies
need to be done to say to validate the data
obtained with Sniffer 4Dv1 compared to data
from the best available technologies (BAT)
implemented at each AQS or by other
standardized instruments for air quality
measurements. The next studies will include an
analysis of time series variation using local
long-time measurements near AQS with a long-
range spatial limit of detection and AQS with a
narrow spatial limit of detection for the same
pollutants, this will give us an idea of data
consistency over time and on the evaluation of
error of detection for each pollutant (factory
versus experimental).
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Abstract

The paper aims to analyze the impact of logging activity on residual trees from logging yards from southwest Romania,
located in plain, hill and mountain area and covered with a large variety of silvicultural works-first-intervention
cuttings, preparatory and seed-cutting (shelterwood systems or selection systems), cuttings to increase light availability
for regeneration (shelterwood systems), final cuttings (shelterwood systems). The impact of logging activity on the
residual trees was analyzed based on the data obtained from the measurements made at the end of the vegetation
season of 2019 and the beginning of the vegetation season of 2020. Based on the data obtained, the total number of tree
damages in the variants studied on relief forms, the relationship between the number of tree damages and different
stand characteristics, and the damages distribution by their types in the studied variants, were analyzed. Trees damage
evaluation was done by determining damage indexes calculated as a ratio between the volume of damages found and
the volume of damaged trees. The most important conclusions have been discussed in the context of other researches in
the field.

Key words: tree damage, logging yard, barking wound, trees wound.

INTRODUCTION

However, in terms of serious injury, feeling of
Logging technologies must be correlated with  trees are the major source of this type of
treatments that are adequate to the essential damages (Fairweather, 1991). Stand damages
characteristics of stands in order to preserve the from this category can be reduced by a prior
protection potential of forests. This correlation  planning of felling direction (Tavankar et al.,
is mandatory for harvesting wood material as 2013). Frequency of felling damage is
well as for fulfilling the necessary conditions increasing with the level of timber removals
for natural regeneration and for creating and skidding damage is higher when the
healthy and valuable economically stands number of trees in adjacent area of skid trails is
(Damaceanu & Gava, 1991). Logging works high (Hartsough, 2003).
leads to soil compaction and damage to Regarding damages resulting from timber
saplings and trees (Whitman et al., 1997). Soil ~ transportation from harvesting place to the
compaction caused by logging machines has an loading point, most of them are within the root
important influence on seedling growth and/or collar and in the lower part of tree trunk
mortality (Picchio et al., 2019). (Cudzik et al., 2017).
Logging damage to residual trees is one of the The technique of timber harvesting can result to
potential difficulties of logging works in any important damages to residual trees and
stand (Clatterbuck, 2006). In this process, when seedlings, and also to timber products and soil,
harvested trees are moved and the residual but the logging damages can be minimized by
stand is dense, damage to residual trees are using a proper technique for harvesting (Eroglu
inevitable (Picchio et al., 2012). In order to et al., 2009). For a feasible harvesting system,
remove harvested timber from the stand, the machinery used in logging should be
repeated entries of machines in the stand are chosen based on their impact on ecosystem, not
necessary, but this activity increase the risk of  only based on productivity rate (Akay et al.,
damages to residual trees (Ficklin et al., 1997). 20006).
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The paper aims is to analyze the impact of
logging works on residual trees on logging
yards where different silvicultural works were
applied and to assess tree damages on
considered variants.

MATERIALS AND METHODS

The studied logging yards were chosen in
different relief areas to reduce the influence of
the  geomorphological and  vegetation
conditions and at different managers of the
forest fund, to reduce the influences given by
the logging technology, the machine system
available to a certain agent in the respective
area, the mode and working habits of the
logging teams. The layout of research in
variants and logging yards is presented as
follows:

* Variant V1 - logging yards where thinning
works were applied from the plains (OS (Forest
departmant) Bocsa Romana - UP (production
unit) II, u.a. (management unit) 58 A and UP
I, uv.a. 49), hill (OS Bocsa montana - UP VI,
u.a. 95A and OS Moldova Noua - UP III, u.a.
15B) and mountain (OS Baile Herculane - UP
II, wa. 23 and BE (Experimental base)
Caransebes - UP VI, u.a. 99A);

e Variant V2 - logging yards with first-
intervention cuttings, preparatory and seed-
cutting within shelterwood systems or selection
systems, from the plain (OS Bocsa Roméana -

UP [, v.a. 11C and UP II, v.a. 55 ), hill (OS
Bocsa Montana - UP IV, u.a. 62B and OS
Moldova Nouda - UP III, u.a. 212A) and
mountain (OS Valiug - UP VI, uv.a. 15A and
u.a. 16A);

e Variant V3 - logging yards where cuttings to
increase light availability for regeneration
where applied within shelterwood system at the
plain (OS Bocsa Romana - UP 111, u.a. 28B and
76A), hill (BE Caransebes - UP II, u.a. 30B and
OS Moldova Noua - UP III, u.a. 176A) and
mountain (OS Biile Herculane - UP 1I - u.a.
99A and 100A);

e Varianta V4 - logging yards where final
cutting within shelterwood system were applied
at plain (OS Bocsa Romana - UPI, u.a. 1E si
14A), hill (BE Caransebes - UP I, u.a 46D si
OS Moldova Noua - UP III, u.a. 162B) and
mountain (OS Baile Herculane — UP IV, u.a.
98A and BE Caransebes — UP V, u.a. 16A).
Along the collection paths, in each logging
yard, the research was carried out in three
sample areas of a 100 m long section along the
most representative collection path, arranged in
the upstream part, in the middle and
respectively in its downstream part (Figure 1).
Inside each logging yard, the research was
carried out in the initially installed surfaces,
namely for each parquet, in a circular sample
area of 2500 m? located in the middle area of
the logging yard in such a way that it does not
include areas of  collection  paths.
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Figure 1. The location of the sample areas (along the collection trails - left, inside the logging yard - right)
(FieldMap System)

The impact of logging works on the residual
trees was analysed based on the data obtained
from the measurements made at the end of the

vegetation season of 2019 (in logging yards
from mountain area) and the beginning of the
vegetation season of 2020 (in logging yards
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from plain and hill area) in the previously
presented sample areas.

The carried out field work followed:
identification of the tree, observation of the
status of the tree (dead/alive), identification of
each damage previously found based on its type
(galling (bark removed partially without
cambial lesions.) barking (areas with bark
removed up to the wood), splintering (areas
with bark and wood removed), breaking (the
trunk or the branches), uprooting (total or
partial), according to Knezevi¢ et al. (2018)).
Based on the data obtained, the total number of
tree damages in the studied variants on relief,
the relationship between the number of tree
damages and the different characteristics of the
stand, as well as the distribution of damages by
their types in the variants studied, were
analysed.

The evaluation of wound and damages caused
to trees through logging works was done by
determining damages indexes calculated as a
ratio between the volume of damage found and
the volume of damaged trees. Tree damage
indexes were determined for each type of
damage, for total trees and for each variant

separately, based on the relationship 1:
V.,

v

¥, x1000

a

)
where:

i - damage index;

Vy - damage volume (cm?);

Vav - damaged tree volume (m?).

In the formula 1, the volume of the damages
was determined based on their dimensional
characteristics as the product of the length,
width, and depth of each damage. In order to
determine the damage indexes, it was necessary

to relate the volume of damages at the volume
of damaged trees. The latter was calculated
using formula 2 (Giurgiu et al., 2004):

logV =a, +a,logd +a,log>d +a,logh+a,log’ h

2

where:
a,,a,,a,,a;,a, - the values of the regression

coefficients on species;

d - tree diameter (dbh) (cm);
h - tree height (m);

V - tree volume (m?).

RESULTS AND DISCUSSIONS

Results regarding the impact of logging
activity on trees

A total number of 1,237 damaged trees were
identified in all the sample areas of the logging
yards, distributed as follows: 537 trees in the
V1 variant, 254 trees in the V2 variant, 215
trees in the V3 variant, 231 trees in the V4
variant. Regarding the type of damages
compared to their total number, 1945 damages
were identified - many trees have multiple
damages - most of them being barking (78.9%),
followed in descending order by splintering
(11%), galling (7.7%), broken trees (1.8%) and
uprooting in a very small percentage (0.6%).
Analyzing the total number of damages in the
studied variants by categories of relief, the
most damages were recorded in the hills and
mountains in all the variants, with a maximum
of them in variant V1 - Thinning (Figure 2). In
the plain, the fewest damages were found in all
the variants. Here, relief energy plays an
important role in producing damages to trees.

Variant and relief form

Figure 2. The total number of tree damages in the studied variants, on relief forms
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There is a proportional relationship between the
total number of damages identified for each
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Figure 3. The relationship between the number of tree damages and different stand characteristics: (a) - the relationship
between the total number of damages and the slope; (b) - the relationship between the total number of damages and the
volume of the average tree; (c) - the relationship between the total number of damages and the number of trees per ha

The slope in the logging yards directly
proportionally influences tree damages number
(Figure 3a). The increase in the damages
number with the increase of the slope is
logarithmic, the slope in the logging yards
leading to a higher number of damages. The
slope makes it difficult to gather and caring the
wood material, it changes the trajectory of the
loads, inevitably leading to damage to the trees.
Large values of the volume of the average
logged tree led to a lower number of damages
(Figure 3b), registering an exponential increase
in the number of damages with the decrease in
the volume of the average tree. At high values
of volumes of the average logged tree, the
number of loads is lower and including
machine passes, skidder tractors are lower. At
low volumes, the loads are more, requiring

more runs to collect, thus resulting in a higher
number of damages.

The number of trees per hectare influences
directly and proportionally the number of
damages (Figure 3c). A large density of the
stands makes it difficult to collect and remove
the wood material, inevitably leading to
damage to the trees.

As previously analyzed, the negative impact of
logging activity on trees is related to the slope
of the land, the average tree volume and the
number of trees per ha. By analyzing the
number of damages for each variant separately,
it is observed that the most damages, both in
terms of their types and in total number, are
those in variant V1 - Thinning (Figure 4),
where the number of trees is the highest, this
being decisive for the occurrence of damages.
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Figure 4. The distribution of damages by their types in the studied variants

The most frequently identified damage, barking
(78.9% of the total number of damages) (Figure

4), shows the same trend as the total number of
damages, influencing it directly. The number of
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barking and also damages of other types, found
in thinning, is much higher than that of the
other variants, the dynamics of their production
being influenced by the same variables that
influence the production of all damages,
mentioned and discussed previously.

As for the galling, it can be seen (Figure 4) that
they are relatively evenly distributed in the
studied logging yards with a slight increase in
the thinning where the most damages are
recorded.

Splintering register an almost identical trend to
barking, and more serious damages (breaking,
uprooting) are found in all the studied variants
studied and in most of the logging yards.

The fewest braking and uprooting were
observed in variant V2 - First intervention
cuttings, and the most in variant V3 - Cuttings
to increase light availability for regeneration,
where the extracted volumes are larger and the

remaining trees are still in significant numbers
compared to the variant V4 - Final cuttings.

Assessment of tree damages

The method used to assess the impact of
logging activities on the trees, is based on
damage indexes, by damage types and total
damages, calculated as a ratio between the
volume of each tree damages and the volume of
injured trees based on the formula presented in
the material and method chapter. Considering
that the number of broken or uprooted trees is
very small and that most of them were
extracted from the logging yard, their diameter
and height not being able to be measured, the
calculations below refer only to galling,
barking and splintering. Tree damage indexes
were calculated for each damage type, for total
trees and for each logging yard. Damage
indexes thus calculated, are shown in Table 1.

Table 1. Indexes of tree damage by types of damage in the studied variants

. . Damage index
Variant Relief form - - —

Galling Barking Splintering Total

Plain 0.490 0.726 0.720 0.708

V1 - Thinning -

Hill 1.630 2.191 5.509 2.235

Mountain 0.035 1.318 0.889 1.218

Total V1 1.289 1.619 1.528 1.585
V2 - First Plain 0 18.327 45370 20.535
intervention Hill 0.0396 22.778 29.795 19.199
cuttings Mountain 0.019 1.894 4419 2217
Total V2 0.033 10.863 13.913 10.255
V3 - Cuttings to Plain 0.0006 10.972 12.297 10.987
increase light Hill 0.0278 17.962 0.089 14.504

availability for
regeneration Mountain 0.011 0.837 1.440 0.843
Total V3 0.019 9.080 3.380 7711
' Plain 0.011 28.378 15.775 26.222
Vé - Final Hill 0.0771 28.101 20.096 24272
cuttings

Mountain 0.024 3.196 5.860 3.289

Total V4 0.058 19.038 15.528 17.317

TOTAL 0.533 8.006 7.125 7313

As can be seen in Figure 5a and in Table 1,
galling has the highest values of the damage
index in the logging yards from the plain where
thinning works were applied. In this variant, the
impact of logging is minimal, galling being the
lightest damage produced by logging activities.
In these logging yards where thinning works
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were applied, the loads formed by trees with
small volumes, light but with little potential for
damages, led to a large number of damages in
this category.

The barking has the highest values of the
damage index in logging yards where final
cuttings were applied, where residual trees
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were subjected to the impact of loggings works
during relatively recent previous works (Figure
5b).

Splintering dislodges the largest volumes of
wood at the level of the damages, compared to
the volume of the trees, in the logging yards
from the V2 variant where first intervention
cuttings were applied (Figure 5c). Here, the
exploited volumes are significant, and the
number of trees during the cutting for opening
the regeneration areas is still high.
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Analyzing the damage index for all damages in
the studied variants (Figure 5d), high values are
observed in the case of variant V4 - Final
cuttings, for all three types of analyzed
damages. This a fact is determined by the small
number of trees remaining in the logging yard,
or that have reached the necessary diameter to
be included in the research, most of them
collecting damages from all the cuts within the
shelterwood system, that have taken place in
the last period.
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Figure 5. Damage indexes for trees by types of damage (a - galling; b - barking; ¢ - splintering; d - total damages)

CONCLUSIONS

Barking is the most common damage identified
in the repetitions from the studied versions
(78.9% of the total number of damages),
followed by splintering (11%) and galling
(7.7%). Ruptured and uprooted trees are
present only in a very small percentage. Results
from similar studies that were focused however
on animal logging, have also placed barking on
the first place (61.5%), followed by light
damages such as squashed bark (23.1%) and
small percentages for debarked and damaged
tree (15.4%). Unlike our study, the higher
percentage of light damages is caused by using
animal logging, an exploitation technology
from the reduced impact logging category
(Knezevi¢ et al., 2018). Other studies have
shown that, on average, logging damage
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affected 40% of residual trees, with 21% being
injured and 19% being dead trees (Bertault &
Sist, 1997).

The most damages were recorded in the hills
and mountains in all the variants, with a
maximum of them in variant V1 - Thinnings.
As for subsequent growths for trees damaged
through logging in thinning, Norway spruce
forests from nordic countries was applied the
whole-tree harvesting process that has caused a

significant decrease in volume growth,
especially in the following 10 years
(Helmisaari, 2011). Even though trees in

logging yards where thinning were applied are
young, some authors mentioned that the
cambial tissue never survives exposure. In this
way, even if some small bark pieces are
removed, the xylem is open to an invasion of
pathogen agents. Closing bark lesions varies on
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the quantity of removed bark, as well as on the
vigor and the species, while all damaged trees
will maintain rot pockets even after minor
damages and regardless of age. Heavier
damages will result in the following decades
inside the stem’s interior rot (Putz et al., 2008).
In order to protect the forest ecosystem, some
studies show that applying specific measures
can reduce with 25-33% the damages on
residual trees (Johns et al., 1996). These
measures must be feasible from a technical
perspective and acceptable from an economic
one (Jonkers, 2000).

The fewest damages found in all the variants
from the plain, lead to conclusion that the relief
energy plays an important role in producing
damages to trees. The slope in the logging
yards directly proportionally influences tree
damages number. Large values of the volume
of the average logged tree lead to a lower
number of damages. The number of trees per
hectare influences directly and proportionally
the number of damages. Similar results were
found in other studies, showing that residual
tree damage level is correlated to terrain slope,
density of stand and logging intensity
(Tavankar et al., 2015).

The barking have the highest values of the
damage index in logging yards where final
cuttings were applied and splintering dislodge
the largest volumes of wood at the level of the
damages, compared to the volume of the trees,
in logging yards where first intervention
cuttings were applied.
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Abstract

The paper presents a risk assessment for the management of contaminated sites. For defining the solutions for
management of petroleum products storage and distribution sites there were developed two main activities. The first
one consists in a detailed site investigation using a conceptual model to define its geological, hydrogeological
characteristics and surely the contamination level. The second activity is dedicated to the assessment of risk generated
by the soil, subsoil, air and groundwater contamination, by using a professional software applied to a real case study.
The results showed that for carcinogenic and non-carcinogenic compounds the risk is above the thresholds according
to the legislation. The conclusions of this analysis allow establishing the measures to mitigate this risk, based on a
feasibility study and on the best solutions for site remediation (soil and groundwater).

Key words: assessment, contaminated, deposits, risk.
INTRODUCTION

The management of contaminated zones is a
tool that prevents and reduces the negative
effects generated by these areas to the
environment and surely to human health (Bica
& Petruta, 2021). Among the analysis criteria
used to establish the management solution of a
contaminated area must be included two
general principles deriving from resource
management: minimizing future maintenance
needs, respectively regulatory requirements to
ensure the safe use of the area and reducing to a
reasonable level the constraints of the use of
the area (Bica & Petruta, 2021).

For contaminated areas, the risk assessment
defines the procedure by which the hazards
generated by contamination to the health of the
population or to the ecosystem are estimated
qualitatively or quantitatively (Bica & Petruta,
2021).

The qualitative assessment of the risk can be
subjective, based on the evaluator's experience
and with a high degree of generalization.

The quantitative assessment requires a high
degree of knowledge of the area, by collecting
information from the field, investigations
necessary to define the contaminated site.
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In the case of quantitative risk assessment
numerical data are used and provide the results
having an objective character.

In order to perform a quantitative risk
assessment, a detailed soil and subsoil
investigation plan was prepared of the product
storage and distribution site (warchouse),
taking into account the potential sources of
pollution and define the geological and
hydrogeological characteristics of the site, the
size of hot spot areas and the specific
contaminants.

The lithological section (Figure 1) of the
analysed site describes the fact that, down to
the depth of approximately 0.7 m, a non-
homogenous filling layer develops, consisting
of a clayey-sandy layer mixed with sands and
gravels (Petruta & Bica, 2021). Under these
layers, down to depths of 6.70-7.40 m, a
slightly ~ cohesive  formation  develops,
consisting of clayey sandy dusts, plastically
consistent (Petruta & Bica, 2021). Starting
from depths ranging between 6.70-7.40 m
down to depths of 9.30-9.60 m, a non-cohesive
formation develops, consisting mainly of wet
sands, and down to the depth of 10 m a dusty
clay layer, plastically hard, is identified
(Petruta & Bica, 2021).
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The phreatic aquifer is surrounded by the non-
cohesive formation, consisting of sands (Figure
1) and this aquifer is supplied particularly from

rainfall and from the nearby river (Petruta &
Bica, 2021).
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Figure 1. Lithological section

The general flowing direction of the phreatic
aquifer is from NV towards SE, more
particularly from the monitoring well FYPI,
located upstream of the facilities that have a
polluting potential, towards the wells FYP2 and
FYP3, located downstream of the specified
facilities, near the river course (Petruta & Bica,
2021). The phreatic aquifer surrounded by the
terrace deposits is supplied from rainfall,
whereas the one embedded in the plain is
supplied as much from the terrace discharge as
from rainfall and from the river (Petruta &
Bica, 2021).

MATERIALS AND METHODS
The physical and chemical properties of
contaminants was determined with the

investigation plan in terms of establishing the
sampling points, collecting the samples, and
establishing the methods to measure them.
Also, these properties control the transport of
pollutants into the underground environment,
determining the size of the polluted area (Bica,
2014). As regards the types of pollutants
specific to the distribution and storage oil
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industry, it is important to know and assess the
characteristics of chemicals, such as: water
solubility, density, boiling point, steam
pressure, volatilization of pollutants,
biodegradability (ARCADIS, 2019).

To assess the degree of horizontal and vertical
contamination of the site, 20 soil/subsoil
investigation drillings were conducted, out of
which 5 drillings (FYP1, FYP2, FYP3, FYP4,
FYPS) were turned into hydro-observation
drillings to assess the ground water quality
evolution in time (Figure 2) (Petruta & Bica,
2021). The drillings were placed in such a way
as to cover the entire site, but mainly focalised
on the potential pollution sources (judgmental
and systematic sampling designs) (Bica, 2014).

Following the investigations and the results of
laboratory tests, besides the soil pollution with
TPH, soil pollution with aromatic hydrocarbons
and concentrations of benzene, respectively,
was also identified, which exceed the alert
threshold in the drillings made in the tanks park
area and the railway platform towards the
southern part, FY16 and FY18, as well as the
intervention threshold in drillings FYP2, FY7,
FY18 (Petruta & Bica, 2021).
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Figure 2. Master plan of the warehouse, with location of technological items

After analysing the laboratory test results and
the isolines with the TPH and BTEX
(particularly benzene, ethylbenzene and xylene)
concentrations, it follows that there is a
contamination of the soil, especially at the
former facilities: pumping station, tanks and
vehicle platform in the northern part of the site,
settling tank, the railway platform spot and the
scavenge oil storage area (Petruta & Bica,
2021). Following the investigation stage, it was
identified a contamination of the soil down to
the depth of 4.5-5.0 m and, considering the
presence of the hydrostatic level of the
underground water at these depths, an active
influential and interdependence connection is
noticed between soil and groundwater (Petruta
& Bica, 2021).

The contamination of the soil on the specific
site represents approximately 67% of its total
area and the estimated pollution of the
groundwater covers approximately 82% of the
total specific site (Petruta & Bica, 2021).
Considering the soil permeability, the
groundwater was also investigated by using the
monitoring wells (Figure 3), following which a
significant ~ contamination = was  noticed
(according to Romanian legislation, Ministerial
Order n0.756/1997 for the approval of the
Regulation on the assessment of environmental
pollution).

It can be noted that the areas with significant
pollution are within the perimeter of the storage
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tanks, of the petroleum product unloading
platform and in the area between the railway
platform and the river (Petruta & Bica, 2021).
Significant pollution with petroleum products
was confirmed at site level for the aquifer, and
such contamination with petroleum products
tends to migrate beyond the site.

Considering the detailed investigation stage,
the potential exposure pathways taken into
account in the quantitative risk assessment are:
dermal contact with surface soil during the
execution of on-site works; dermal contact with
groundwater (thickness NAPLs), this pathway
is specific to people who could swim in the
river in the immediate vicinity of the site, but
this has a low probability of being achieved
because the river water is not contaminated in
this specific case; soil or water ingestion
(accidental); inhalation of particles/dust, on
medium and long term exposure route, during
the on-site construction works; inhalation of
volatile compounds during the on-site works, in
which the affected receivers could be the
permanent or occasional workers on the site
and residents in the proximity of the site (up to
25 m distance), especially in the dominant
direction of the wind; solubilization from the
soil in the groundwater, considering the results
of the water samples.

Also, we mention the fact that both the
population and the industrial area do not use
the water from the aquifer, there is a centralized
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Figure 3. TPH concentrations in the groundwater samples during the monitoring period

The quantitative risk assessment modelling
program RBCA Toolkit and RISC5 software
were used to run the input data, with the
hydraulic gradient value of the water-bearing
unit being 0.01.

The thickness of surface soil (outdoor air
volatilization factor) zone was set at 1 m and
the predominant wind direction is East South -
West East and the average annual speed was
2.5 m/s.

The hydraulic conductivity value entered in
software is 5.0E-1 (0.5) m/day; the maximum
value identified was used, considering it to be
the most unfavourable according to the
principle of data use.

Effective porosity of the soil varies from 37.5%
to 40%. The value of 0.38 was used in the
programs.

The flow rate of the aquifer water varies with
the hydraulic conductivity, for the risk
assessment process, the value of the
groundwater velocity was 5.0E-3 m/day. The
predominant direction of water flow is West-
East, but there are also local variations given by
the presence of buildings in the residential area,
by the physical characteristics of the soil that
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drain the water in randomly oriented secondary
directions.

The phreatic aquifer is contained in the non-
cohesive formation made up of sands. This
aquifer is fed mainly by precipitation and by
the nearby river. The water level in the site is
interdependent with the water level in the river,
according to the measurements during the
monitoring period of the water level in the
monitoring wells.

RESULTS AND DISCUSSIONS

The RBCA Toolkit for Chemical Releases is a
comprehensive modelling and risk
characterization software package (RBCA
Toolkit for Chemical Releases, 2007). The
RBCA combines contaminant transport models
and risk assessment tools to calculate baseline
risk levels and derive risk-based clean-up
standards for a full array of soil, groundwater,
surface water, and air exposure pathways (Bica
& Petruta, 2021).

Similar to the RBCA Toolkit, the RISC 5
software allows determining the values of
pollutant concentrations at the source to obtain
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a level of risk imposed on receptors; in this
way, the remediation levels that should be
obtained for the contaminated area are defined.

Similarly, the two RISC 5 and RBCA Toolkit
software have the same threshold values, in
accordance with international practice and
specialized literature; the cancer risk threshold
value used will be 10-5, and the threshold value
for non-cancer risk will be 1.

The RISC 5 software contains contaminant
transport models for estimating their
concentrations in  various  points  of
contaminated area.

Based on the introduction of the input data,
namely the definition of the pollution source,
the exposure routes and the way in which the
receptors could be affected, the source-path-
receptor relationship was defined.

In the first stage, are identified the chemical
substances of interest (constituent of concern in
each source area, soil and groundwater) and
they are chosen according to the database of
each program.

The RISC 5 software calculates the risk to
human health, separately for the unsaturated
zone and groundwater as output data.

In the first part of the software, the conceptual
model is defined by choosing the source,
respectively the unsaturated zone, this being the
main source of contamination on the site
(Figure 4).

© Homanbeain

" Ecoogial faodweb o ecocre]
Wheris (he exposure point (e recepton) ocated?

@ Souceares

 Dowgrgent

Define Site Conceptual Model

Figure 4. Exposure pathways identified for risk
assessment on human health — RISC 5 software

In the following, geological and hydrogeo-
logical parameters are characterized, specific
pollutants are defined, the contaminated area of
the site according to those requested to be
completed at the software level and adapted to
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the real conditions in the specific terrain of the
site. Within both programs, RBCA Toolkit and
RISC 5, the most unfavourable scenario was
considered, having the highest concentrations
of pollutants on the entire site.

Considering the input data in the RISC 5
program, the estimated value of the risk on the
health of the population (Figure 5) highlights a
non-cancerous risk for the soil, as an
environmental factor, through the following
exposure routes: soil ingestion and dermal
contact, in the case of contact with the
contaminated soil.
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Figure 5. Non-carcinogenic risk assessment in the
unsaturated zone - RISC 5 software

Regarding the carcinogenic risk generated by
the concentrations of the compounds identified
following the site investigation, namely
benzene, ethylbenzene, xylene, the risk does
not exceed the standardized limit value
according to Romanian legislation. The risk
generated for contaminated groundwater based
on the input data in the RISC 5 program,
demonstrates a carcinogenic and non-cancerous
risk through exposure to dermal contact with

contaminated groundwater (THP
concentrations  exceed the intervention
threshold limit according to the current
legislation).

The following figures show some captures
from the RBCA Toolkit software used,
showing its working mode, respectively the
data used for the risk assessment.

Figure 6 shows the identified exposure routes:
groundwater exposure (commercial receptors
on the site), surface soil exposure (commercial
receptors, workers on site) and air exposure in
open spaces (commercial receptors outside the
site, at 25 m).

Exposure factors are volatilization,
leakage/infiltration of polluting waters and
wind erosion (Figure 7). Exposure routes for
contaminated soil are dermal contact, ingestion,
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inhalation; the ways of exposure to air are:
volatilization and/or contaminated particles; the
exposure routes for contaminated groundwater
are: ingestion of groundwater or drinking
water.
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Figure 6. Exposure pathways - RBCA Toolkit software

The specific indicators of the soil pollutants on
the site (risk factors) are: THP, benzene,
ethylbenzene and xylene, and in the case of
groundwater, the pollutants identified following
the investigation are THP and benzene. In the
risk assessment, the sample with the maximum
concentration was considered without thickness
of the free phase of the oil product identified
during the measurements in monitoring
periods.

Benzene is a complex compound of BTEX and
difficult to degrade, with volatile properties and
high solubility in water, so it presents a
significant risk to human health (carcinogenic
risk) and to the environment.
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Figure 7. Exposure Pathway Flowchart - RBCA Toolkit
software

The type of soil was chosen with specific
parameters defined according to international
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literature, similar to the type of soil related to
the specific site, and in the case of geological
and hydrogeological data, the parameters was
defined through in situ measurements.
The next figure (Figure 8) shows the results of
the risk assessment for the warehouse.
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Figure 8. Carcinogenic and non-carcinogenic risk
assessment using RBCA Toolkit software

The results are structured by risk categories,
namely carcinogenic risk and non-carcinogenic
risk, and by exposure routes. The output data
highlight the following aspects:

- carcinogenic risk is identified for exposure by
air (in open spaces, outdoor air) and for
exposure through groundwater;

the risk generated by toxicity (non-
carcinogenic risk) is identified for the air
exposure route (in open spaces, outdoor air),
for the soil exposure route and for the
groundwater exposure route.

As a result of the risk assessment, it is required
that soil and groundwater to be decontaminated
on the specific site to reduce the concentrations
of pollutants to the acceptable levels for the
human health and for environment.

CONCLUSIONS

The quantification of the risk is represented by
the average daily dose that reaches the human
body (receiver) through the pathways exposure
(ingestion, dermal contact, inhalation, etc.) and
by the daily tolerance coefficient, present at the
level of the program in the database,
established by the WHO (World Health
Organization).

Considering the modelling results, a risk level
above the admissible limits can be predicted for
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the receptors identified and presented at the
level of the conceptual model site.
Carcinogenic and non-carcinogenic  risk
assessment is carried out by the two software,
RBCA Toolkit and RISC 5, and the results of
the risk assessment were different.

In the case of the site, the carcinogenic and
non-carcinogenic risk is significant in several
pathways’ exposure calculated by the RBCA
software compared to the carcinogenic and
non-carcinogenic risk calculated by RISC 5
software.

In order to explain this situation, the
similarities and differences between the two
software are presented below, starting from the
characteristic input data and output data.

From the point of view of the source of
contamination and of the transport routes, the
RBCA Toolkit software allows the assessment
of the risk when we have contamination in the
soil and in the groundwater and considering the
migration and infiltration of pollutants from the
unsaturated zone to the saturated zone. In the
case of the RISC 5 software, the risk
assessment is different, such that the risk is
calculated separated for the unsaturated zone
(soil) and the saturated zone (groundwater).

In terms of similarities, both software is using
almost the same types of chemical substances /
constituents of concern and allowed the
introduction the same concentrations. Also,
each software considers the homogeneous
conditions in the field, and have a database of
the properties of chemical substances, toxicity,
geological, hydrogeological conditions, etc.
The differences between the software are also
indicated at the level of the exposure pathways
for the unsaturated zone and saturated zone. In
the case of the RBCA Toolkit software, the
important routes of exposure for soil (which
could be selected as input data from the
software) are: ingestion, inhalation of particles,
volatilization and dermal contact; the routes of
exposure for groundwater, if they are
discharged into surface water: swimming and
consumption of fish from contaminated water.
In the case of the RISC 5 software, the
exposure routes for soil, specific for the site,
are: ingestion, inhalation of particles, dermal
contact, and in the case of groundwater, they
are ingestion, dermal contact, and inhalation of
particles.
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The RBCA software allows entering the
distance from the contaminated area to the
receivers (2 receivers outside the site) but also
mentions the receivers located at the site level,
such as the workers during the remedial stage
of the works.

The RISC 5 software allows entering the type
of receivers without defining the distance to
them; in this software, the sensitive receptors
are also included separately, children for which
the carcinogenic and non-carcinogenic risk
calculation is performed separately. In the case

of the RBCA Toolkit, the receivers are
generically  residential, including adults,
children, adolescents, without making a

difference between them, children for example.
Also, there are same differences between the
software in the case of geological,
hydrogeological and hydraulic parameters, for
which in RBCA ToolKit parameters are
defined for certain types of soil, while in the
RISC 5 software, they are not defined.

To explain this situation, I present one such
example, for which the RBCA software
includes data on geological and
hydrogeological parameters in the case of the
dusty-sandy soil specific to the warehouse; in
the case of the RISC 5 software this type of soil
was not found and a sandy soil was considered.
The RISC 5 software allows modifying the
parameters already defined by the program
depending on the need to reproduce the real
situation in the field as faithfully as possible.
Another difference is the fact that each
software presents risk assessment models and
implicitly somewhat different calculation
parameters considering the ways of exposure
and transport of pollutants in the geological
environment.
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Abstract

The present research reveals the difference between Romania and V4 in terms of the Greenhouse Gas Emissions Strategy
and establishes a machine learning (ML) - based modeling framework for improving the ability to reach zero GHG by
the mid-21st century. The ML tree-based algorithms, based on dual dimension environmental-economic nexus, revealed
that net greenhouse gas emissions (NGHGE) are mostly conditioned by greenhouse gases from agriculture (GHGA), a
fact valid both in the case of Romania (feature importance - FI = 0.41) and V4 (FI = 0.86). However, for V4, the 2nd
important predictor is identified as greenhouse gases from waste management (FI = 0.26), while in the case of Romania,
the national expenditure on environmental protection has a limited impact (FI =0.02) on NGHGE. Both integrated models
have good prediction accuracy (Rsq. 0.70, RMSE 0.53 for the model associated with the Romania database and Rsq.
0.76, RMSE 0.47 for the V4 model). It can be concluded that in terms of integrated GHG emissions management strategy,
Romania can merge with V4 to increase the environmental efficiency towards achieving the EU environmental goals.

Key words: machine learning, environmental modeling, GHG, environmental strategy, tree-based models.

INTRODUCTION emissions by 2050 (Virtual Workshop - UNFC
Europe: Ensuring Sustainable Raw Material
It is a reality that climate change impacts the = Management to Support the European Green Deal |
world's environmental heritage, a fact revealed =~ UNECE, n.d.). To achieve this goal, the EU has
by extreme weather conditions such as heat implemented various policies and initiatives.
waves of rapidly changing climate. Thus, the One of the most important initiatives in this area
European Union Commission responded to this 18 the EU Emissions Trading System (EU ETS),
environmental challenge by adopting European which is the world's largest carbon market. It
Green Deal and Intergovernmental Panel for ~ covers more than 11000 power stations and
Climate Change suggested a carbon neutrality industrial plants in the EU and regulates the
target by 2050 (EUR-Lex - 52021DC0240 - EN - emissions of carbon dioxide (CO2) and other
EUR-Lex, n.d.; Von Der Leyen, n.d.). Greenhouse GHGs. The EU ETS works by allocating a
gas emissions (GHG) are a major concern limited number of permits to each participating
nowadays and new EU joint countries are company, which allows them to emit a certain
making efforts to align with the established  amount of CO,. Companies that emit less than
desideratum. Thus, regional groups have been their allocated amount can sell their unused
created, such as Visegrad Group (V4), to  permits to companies that exceed their
encourage and sustain optimum cooperation allocation. Another important directive is the
between the countries, for the successful Renewable Energy Directive (RED), which
accomplishment of common goals, such as aims to increase the share of renewable energy
GHG reduction. in the EU's energy mix. It sets binding targets for
The European Union has been a leader in each EU member state to increase the share of
addressing climate change and reducing renewable energy in their final energy
greenhouse gas emissions. In 2019, the EU set a consumption by 2030. The RED also establishes
target to achieve net-zero greenhouse gas sustainability criteria for biofuels and blOllquldS,
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ensuring that only those with a high degree of
greenhouse gas emission savings can be counted
towards the targets. In addition, the Energy
Efficiency Directive (EED) sets binding energy
efficiency targets for EU member states, with
the aim of reducing energy consumption by 20%
by 2020 and 32.5% by 2030. The EED requires
member states to establish energy-saving
schemes for households, businesses, and public
buildings, and to carry out energy audits on large
companies. The EU has also adopted the Effort
Sharing Regulation (ESR), which sets binding
national GHG reduction targets for sectors not
covered by the EU ETS, such as transport,
buildings, and agriculture. The ESR requires
each member state to reduce its GHG emissions
by a certain percentage compared to 2005 levels.
The targets for 2030 range from 0% to 40%,
depending on the country's wealth and emissions
level. Finally, the EU has recently proposed the
Fit for 55 packages, a set of legislative proposals
aimed at achieving the EU's climate neutrality
goal. The package includes revisions to existing
directives such as the EU ETS, RED, and EED,
as well as new initiatives such as the Carbon
Border Adjustment Mechanism (CBAM), which
aims to ensure that the carbon cost of imports
into the EU is equivalent to the cost paid by EU
companies under the EU ETS. Overall, the EU's
environmental policies aim to reduce GHG
emissions, promote renewable energy, increase
energy efficiency, and achieve climate neutrality
by 2050. The directives discussed above are
some of the key tools the EU is using to achieve
these goals.

As a member state of the EU, Romania is also
subject to these policies and initiatives. In 2019,
Romania's greenhouse gas emissions were 181
million tons of CO> equivalent, which is a
decrease from 2005 levels but still above the
country's emissions reduction target. Romania
has implemented several measures to reduce its
greenhouse gas emissions, including promoting
energy efficiency and renewable energy sources,
improving public transportation, and reducing
methane emissions from landfills. On the other
hand, Visegrad Group (Poland, Czech Republic,
Slovakia, Hungary) was subject to infringement
proceedings by EC for failing to implement
emissions reduction targets under the Effort
Sharing Regulation. The Czech Republic had
first considered that the EU Green Deal is a huge
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threat to the country. It is considered that
Bioeconomy GHG emissions make up 11.99%
of GHG emissions in Slovakia, 15.15% in
Czechia, 21.69% in Poland and 24.63% in
Hungary (Lazorcakova et al., 2022). Slovakia,
the Czech Republic and Hungary have already
achieved the level of emission reductions
required by the Paris Agreement and can
contribute to the achievement of the EU target
(Tucki et al., 2021). In December 2020, Poland
announced its intention to achieve net-zero
greenhouse gas emissions by 2050, a significant
shift in its previous stance on climate change.
Overall, EU greenhouse gas policies and climate
change initiatives are closely linked, with the
aim of achieving net zero emissions by 2050 and
mitigating the impact of climate change.
Romania and the Visegrad Group are subject to
these policies, but there are varying levels of
commitment and progress among the member
states. The European Union (EU) has set a goal
to become climate neutral by 2050, which means
that the net greenhouse gas (GHG) emissions
will be reduced to zero. To achieve this goal, the
EU has implemented several environmental
policies, including European directives, aimed
at reducing GHG emissions and promoting
renewable energy sources.

The aim of the present study is to emphasize the
difference between Romania and V4 in terms of
GHG and to support decision management in
achieving the zero GHG goal by mid-21st
century, considering dual dimension
environmental-economic nexus, by using a
machine learning (ML) tree-based algorithm
framework. Therefore, the framework will be
used as a support tool for building a strategy
which will target to maximize the efficiency of
the decision process by using artificial
intelligence (AI) methodology. Also, the study
will reveal the main trend in GHG research in
association with both area of study and Al
methodology used to achieving the main goals.

MATERIALS AND METHODS

Bibliographic analysis

The analysis was performed using R code -
Bibliometric and Scientometric Python Library,
considering the following dimensions, within
WoS databse: GHG Emissions Romania, GHG
Emissions Visegrad, Environment - economics
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nexus, GHG machine learning, GHG economic
policies, GHG agriculture modeling, GHG
waste modeling, GHG industry modeling, GHG
energy modeling, GHG modeling, GHG neural
networks, GHG deep learning. Thus, during the
2011-2023 timespan, a number of 93 research
articles, 3 book chapters, 1 data paper, 45
proceeding papers and 4 review articles were
considered and analysed, counting 571 authors
with a collaboration index of 29.45. The
repartition of all analysed scientific papers, by
year publishing year, is presented in Table 1.

Table 1. Annual scientific production considering the
keywords-based, already established, analytical

framework

Annual scientific production
Year No. of articles
2011 3
2012 6
2013 8
2014 9
2015 7
2016 15
2017 11
2018 11
2019 23
2020 10
2021 18
2022 19
2023 6

Database descriptiton

Data provided by Eurostat, related to a number
of 10 indicators, between the years 2010-2022,
were taken into consideration for the analytical
framework: National expenditure on
environmental protection (mil. euros) NEEP;
Environmental protection investments of total
economy (mil. euros) EPITE; Total
environmental taxes (mil. euros) TET; Taxes on
Pollution/Resources (mil. euros) 7PR; Net
greenhouse gas emissions (tonnes per capita) -
NGHG; Greenhouse gases from agriculture
(thousand tons) GHGA; Greenhouse gases from
waste management (thousand tons) GHGWM,
Greenhouse gases from industrial processes and
product use (thousand tons) GHGIPP;
Greenhouse gases from energy sector (thousand
tons) GHGES; Research and development
expenditure (% of GDP). The indicators were
divided, firstly, into 2 groups: dependent
variable (NGHG) and predictors (the rest of the
indicators). Moreover, the predictors’ group was
divided into 2 dimensions, as follows: economic
dimension (NEEP, EPITE, TET, TPR, RDE)

and environmental dimension (GHGA,
GHGWM, GHGIPP, GHGES). The dependent
variable was firstly analyzed considering each
dimension parameters, separately, as the
independent variables.

Machine learning algorithms

Two machine learning supervised techniques
were used to develop the analytical frameworks
within the present study, as follows: random
forest tree-based algorithms (RF) and
generalized additive models (GAM). The RF
represents a machine-learning  algorithm,
consisting of many decision trees, each being a
regressor for the input data. Sampled data is used
as input, based on a subset of features randomly
selected. Therefore, RF involves bagging and
random selection of features, generating a
certain number of regression trees. The input
data is selected through bootstrap sampling,
while the features represent a random subset of
the original features.

Boosting and bagging are important concepts for
random forest models. Boosting represents the
combination of several weak learners into one
accurate prediction algorithm, while bagging
means that only a random subset of samples is
independently drawn from the training sample.
The randomly selected samples are used to grow
weak learners, dealing well with the overfitting
situation, the average prediction value being
chosen as the final prediction value. Random
forest is a very popular algorithm (Liu et al.,
2021; Wang et al., 2016) as it is accurate, robust
against noise and outliers, fast, and able to
perform feature selection. The parameter feature
importance is measured by calculating how the
overall score decreases when a feature is not
available. Thus, the predictor variables will be
ranked in terms of relative significance, by
calculating the decrease in node impurity
weighted by the probability of reaching that
node, probability that is calculated by the number
of samples that reach the node, divided by the
total number of samples. When the value is high,
the feature is more important (eq. 1) (Random

Forest Feature Importance Computed in 3 Ways
with Python | MLJAR, n.d.).

nyj = Wi = Wiepe() Clese() — Wrighe()Crigney (1)

where:
w;j = weighted number of samples reaching node

Js
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right (j) = child node from right split on node j;
nj; = represents the importance of node j;

Cj= the impurity value of node j;

left(j) = child node from left split on node j;

It is possible to calculate the importance for each
feature on a decision tree by using the following
formula:

_ Zj:nude Jj splits on feature i nlj

fii @

Ykeall nodes Mk
where:

fi; is the importance of feature 7;
ni;= the importance of node ;.
The values obtained from the above equation are
normalized (normfij), obtaining values between
0 and 1 by dividing by the sum of all feature
importance values:

Zjeall trees normfiij
T

The feature importance is the average over all

the trees. The sum of the feature’s importance

value on each tree is calculated and divided by

the total number of trees:

3

normfi; =

_ Yjeatt trees NOTMf Uy

RFfi; = T

C))

where:

T = total number of trees;

normfi;; = normalized feature importance for 7 in
tree j;

RFfi; = the feature i importance, calculated from
all the trees in the RF model.

The GAM is represented by the sum of different
functions specific to each feature, the
relationship between the dependent variable and
the predictors being different from the simple
weighted sum. The Thus, the linear regression
coefficients are replaced by spline functions
allowing the description of nonlinear
relationships. The GAM’s advantage is its
interpretability, as each predictor’s contribution
can be clear.

RESULTS AND DISCUSSIONS

Bibliographic analysis

The top journals revealed by the bibliographic
analysis that published papers related to the
search dimensions presented in the material and
methods section of the present research paper
are as follows: Energies MDPI (17
publications), Environmental Engineering and
Management Journal, Journal of Environmental
Protection and Ecology, Sustainability - MDPI
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(each with 6 research papers) and Journal of
Cleaner production (4 research papers
considered). Most relevant keywords are GHG
(30 appearance), followed by renewable energy
(13 appearance) and climate change - energy
(within 10 appearance each) (Figure 1).

0
ysnewa;ifgy  —
€02 emissions
ceey

Figure 1. Keywords occurrences network

Considering the keywords conceptual structure
(Figure 2) it can be stated that 3 main
dimensions are distinguished, as follows: the
environmental dimension (blue), the economic
dimension (red) and the environmental
economics impact dimension (green). However,
the red and green dimensions explain almost
40% of the data variance (Figure 2). Therefore,
it is necessary to include the 3™ dimension in
order to identify a trend within keywords usage
in order to elaborate a bibliometric framework
which will support the decision process.

'
om 1 (25.45%)

Figure 2. Keyword’s conceptual structure map

However, low search results are encountered
when Al concepts such as machine learning or
autoregression models are included in the search
structure. This reveals that there is a gap within
the scientific literature related to the use of new,
innovative techniques for generating decision-
support tools related to GHG emissions for both
Romania and V4 group. However, the if
analysing the total citations per country, it can
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be observed that Romania is on the second
position, after Italy, with a number of 551 total
citations - TC (average article citations - AAC
6.5) while the V4 is mostly represented by
Slovakia (4™ place) with 80 TC and 16 AAC,
followed by Poland (6" place) with 78 TC and
AAC 7.71, Hungary (17" place) with TC21 and
ACC 7 and the Czech Republic (25" place).
Most cited paper in the area of the study
presented in the present article is EDGAR v4.3.2
Global Atlas of the three major greenhouse gas
emissions for the period 1970-2012 (Janssens-
Maenhout et al., 2019) with 250 citations,
followed by Agroforestry creates carbon sinks
whilst  enhancing  the  environment in
agricultural landscapes in Europe (Kay et al.,
2019) with 79 citations and Oxy-combustion of
coal, lignite and biomass: A techno-economic
analysis for a large scale Carbon Capture and
Storage (CCS) project in Romania (Cormos,
2016) with 68 citations.

In terms of countries' collaboration for the
elaboration of research articles in the area of
interest for the present paper, Romania mostly
collaborates with Germany and Austria, while
from V4, it can be distinguished 3 clusters as
follows: Czech Republic - Slovakia, Hungary
(connected with Portugal, Greece and Finland)
and Poland (connected with France, Portugal
and Germany) (Figure 3).

S

»

.

e 9

»

#

®.0
@ @ %  romania

]

Figure 3. Countries' collaboration in the area of study
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GAM modelling framework

The environmental economics dimension
generates a prediction of NGHG related to RDE,
TET and MEEP (Figure 4A, 4C, 4D) revealing
that research and development spendings are
directly dependent on GHG emissions,
therefore, the increase of emissions generating a
similar increase of RDE, TET and MEEP in
Romania. Also, in terms of the NGHG-EPITE
relation, it can be observed (Figure 4B) that the
share of environmental protection investment
will increase as the NGHG increases, but with a
slower dynamic - however, the EPITE will
continue its increase more over the NGHG will
decrease to values. The TPR - NGHG relation in
Romania has a certain cyclicity as an increase of
TPR (between 9 -11 mil. euros) generates
positive effects on NGHG, while the variation of
TPR outside this interval is promoting high
values of NGHG in Romania (Figure 4E).

The Romania environmental dimension
emphasizes that the energy sector does not
impact the NGHG since an increase of GHGES
will generate a continuous decrease of the
predicted variable (Figure 5A). However, the
situation is different in the case of the waste
management sector where an increase in
GHGWM generates a direct and proportional
increase in NGHG (Figure 5B), a fact that
reveals the necessity of applying an optimized
waste management strategy in order to increase
the sustainability related to GHG emissions in
Romania.

The agriculture sector can be considered one of
the sectors where green measurements can
generate an increase of sustainability related to
NGHG, revealing its crucial importance, at least
in the first stages, in decreasing emissions by
acting as a substitute for other industries.
However, practising more intensive agriculture
(increasing productivity) as well as maximizing
production can generate a negative effect on
NGHG (Figure 5D).

Industrial processes are also an important source
of GHG and can influence NGHG especially if
the industry overcomes a maximum sustainable
production capacity point (Figure 5C).
However, if variated within the optimal range,
the industry can be a proper tool for controlling
the NGHG in the case of Romania.
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Figure 4. Romania GAM prediction models for the
NGHG dependent variable, based on several predictors
from environmental economics dimension
(A - RDE; B - EPITE; C - TET; D - NEEP; E - TPR)
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Figure 5. Romania GAM prediction models for the
NGHG dependent variable, based on several predictors
from the environmental economics dimension
(A - GHGES; B - GHGIPP; C - GHGWM; D - NEEP;
E - GHGA)

The environmental economics dimension for V4
generates a prediction of NGHG related to RDE
(Figure 6A) and reveals that research and
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development in the environment can be used in
order to decrease NGHG, at least during the first
layers of a resilience plan. However, RDE
cannot offer a linear relation in association with
NGHG and overusing this tool can have a
boomerang effect. However, TET and EPITE
can be used as efficient tools for decreasing
NGHG in V4 (Figure 6B, 6C) since their
increase will generate a decrease in the predicted
variable.

The NEEP can be an indicator that can be used
for monitoring the NGHG in the first steps of the
expansion of emissions since it has high
sensitivity (Figure 6D), a fact valid also is
considering TPR (Figure 6E). However, if the
increase in NEEP can be associated with a
slower increase in NGHG (Figure 6D), the
situation of TPR differs - a decrease in the
predicted variable is associated with the increase
in TPR.
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Figure 6. V4 GAM prediction models for the NGHG
dependent variable, based on several predictors from
environmental economics dimension
(A - RDE; B - EPITE; C - TET; D - NEEP; E - TPR)
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The V4 environmental dimension emphasizes
that the energy sector and agricultural sector can
be used as tools for decreasing the NGHG
(Figure 7A, 7D) since an increase of GHG
within these two economic sectors can lead to a
decrease of NGHG. However, the situation is
different in the case of GHGIPP (Figure 7B)
since this parameter can be used as a monitoring
tool in NGHG dynamics, being directly
correlated with the predicted parameter. The
waste management sector can be used as a tool
for decreasing the NGHG only if GHGWM
variates within an optimum interval (5600-5900
thousand tons) (Figure 7C).
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Figure 7. V4 GAM prediction models for the NGHG
dependent variable, based on several predictors from the
environmental economics dimension (A - GHGES; B -
GHGIPP; C - GHGWM; D - NEEP; E - GHGA)

Similar to other studies, also this study is subject
to several limitations. The main limitation is
related to the dataset time period since it covered
a period of 10 years. Thus, although the
accuracy of the prediction was high, increasing
the time associated with dataset collection will
explain better the complex relations between the
analytical framework parameters.

CONCLUSIONS

Summarizing the findings, it can be concluded
that in terms of integrated GHG emissions
management strategy, Romania can merge with
V4 to increase the environmental efficiency
towards achieving the EU environmental goals.
This can be due to similarities between several
relations which characterize NGHG within the
environmental economics dimension (NGHG -
TPR, NGHG - NEEP), but especially within the
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environmental dimension, where Romania is
closely align with the V4 strategy.

Future studies are recommended to be
performed in order to widen the number of
dimensions involved in the present analytical
framework and to perfect the decision support
tool based on in-depth observations.
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Abstract

The present study results are based on the application of XGBoost machine-learning algorithms and indicate that total
waste, as a dependent parameter, can be accurately evaluated considering plastic wastes (feature importance-FI =
1.53, Rsq.= 0.75, RMSE = 0.47) in the case of V4 group, while for Romania, the dependent parameters identified as
most reliable are chemical wastes (FI = 0.58) and industrial effluent sludges (FI = 0.04), with lower accuracy metrics
(Rsq. = 0.46, RMSE = 0.75). In terms of waste treatment (WT), the portable batteries and accumulators’ market
(FI=0.45) presents high reliability to be used as the main predictor (Rsq. = 0.80, RMSE=0.42) for V4 support tool,
while for Romania, the waste generation (FI = 1.57, Rsq.= 0.85, RMSE=0.36) highly explains the variability of WT.
However, batteries and accumulators waste (FI = 0.77, Rsq. = 0.82, RMSE=0.39) can be used as a reliable predictor
for WT variation in a more extended analytical framework, in the case of Romania. It can be concluded that waste
decision support management can be supported based on ML models which are different in the case of Romania,
compared to V4, emphasizing the regional importance when developing environmental modeling-based tools.

Key words: prediction models, waste treatment, waste decision support models, XGBoost, waste framework.

INTRODUCTION efficiency associated with already establish
regional groups could encourage their
The expansion of waste footprint is both extension and could optimize the
environmentally and economically environmental strategies, considering the
unsustainable. As a response, the European regional specificity.
Union (EU) has set a Waste Framework  Waste management is a critical issue in the EU,
Directive which regulates a series of concepts and the EU has implemented several
related to waste management, considering risks environmental policies to manage waste in a
linked to human health, water — air — plants — sustainable and environmentally friendly way.
animals pollution, as well as noise and odour These policies aim to promote a circular
pollution. In order to improve the capacity to economy, reduce waste, and improve resource
respond to different social, economic and efficiency (Single-Use Plastics Directive -
environmental challenges, regional interest  European Bioplastics e.V., n.d.). Some of the
groups have been created, such as the Visegrad  key FEuropean directives related to waste
Group (V4). A demonstrated increase in management in the EU are, as follows: Waste
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Framework Directive (WFD) (Implementation
of the Waste Framework Directive, n.d.),
Packaging and Packaging Waste Directive
(PPWD) (Packaging Waste, n.d.), Waste
Electrical and Electronic Equipment Directive
(WEEE) (EUR-Lex - 02012L0019-20180704 -
EN - EUR-Lex, n.d.), Landfill Directive (LD)
(Landfill Waste, n.d.)and Circular Economy
Package (CEP) (Circular Economy Policy -
Library, n.d.). The WFD establishes the basic
concepts and definitions related to waste
management and lays out a hierarchy of waste
management options that prioritize prevention,
reuse, and recycling over landfilling and
incineration. The directive requires member
states to take measures to reduce waste
generation and to ensure that waste is managed
without endangering human health or harming
the environment. The PPWD aims to reduce the
environmental impact of packaging and
packaging waste by setting targets for the
recovery and recycling of packaging waste.
Member states are required to establish systems
for the collection and recovery of packaging
waste and to ensure that a certain percentage of
the waste is recycled. The WEEE establishes
rules for the collection, treatment, and disposal,
which include electronic devices such as
computers, televisions, and refrigerators. The
directive requires member states to establish
collection systems and to ensure that the waste
is treated and disposed of in an environmentally
sound manner. The LD aims to reduce the
amount of biodegradable waste that is sent to
landfills, which are a significant source of
methane emissions. The directive establishes
strict standards for the operation and closure of
landfills and requires member states to reduce
the amount of biodegradable waste that is
landfilled. The CEP consists of several
legislative proposals aimed at promoting a
circular economy in the EU. The package
includes new initiatives such as the Circular
Economy Action Plan and the EU Strategy for
Plastics in a Circular Economy. The package
aims to increase the recycling and reuse of
waste, reduce waste generation, and promote
resource efficiency. Overall, the EU's waste
management policies aim to reduce waste,
promote recycling and reuse, and protect the
environment and human health (Virsta, 2020).
The directives discussed above are some of the
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key tools the EU is using to achieve these
goals.

In the Visegrad Group, waste management
policies vary among the member states. Poland
and Slovakia, for instance, have been criticized
for their lack of progress in waste reduction and
recycling compared to other EU member states
(Misik, 2019). Hungary has implemented
measures to promote recycling and improve
waste treatment facilities (Buczko, 2018), while
the Czech Republic has focused on waste
reduction and reuse (Fialova, 2019).

The EU's waste management policies continue
to evolve, with a focus on reducing waste
generation and promoting a circular economy.
Romania and the Visegrad Group are subject to
these policies, and while progress has been
made, some member states, particularly Poland
and Slovakia, face criticism for their lack of
progress in waste reduction and recycling.
Therefore, the aim of the present study is to
develop a series of prediction models which
target improving waste decision support
management, considering the specificity of
Romania, in association with V4 member
countries.

MATERIALS AND METHODS

Bibliographic analysis

The analysis was performed using R code -
Bibliometric and Scientometric Python Library,
considering the WoS database and the
following dimensions, within WoS database:
waste management modeling, waste
management  machine  learning,  waste
management neural networks, waste
management deep learning, waste management
Romania, waste management Visegrad, waste
treatment  modeling, households  waste
modeling and recycling modeling. Thus, during
the 2008-2022 timespan, a number of 101
research documents (64 articles, 1 book and 36
proceedings papers) were considered and
analysed, with an annual growth rate of 8.78%,
counting 285 authors with an international co-
authorship percentage of 9.90%.

The scientific papers publishing dynamics
(Figure 1) reveal a considerable increase in the
last 4 years of the analysed period, emphasizing
the upward interest trend related to the analysed
scientific areas.
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Figure 1. Annual scientific production dynamics
considering the keywords-based, already established,
analytical framework

Database descriptiton

Data provided by Eurostat, related to a number
of 14 indicators, between the years 2004-2020,
were taken into consideration for the analytical
framework: used oils wastes (tons) OUW,
chemical wastes (tons) CW; industrial effluent
sludges (tons) IES; health care and biological
wastes (tons) HCBW; plastic wastes (tons) PW;
textile wastes (tons) TW; batteries and
accumulators wastes (tons) BAW; household
and similar wastes (tons) HSW; total waste
(tons) TW; waste treatment (kg per capita) WT;
waste generated (kg per capita) WG; recycling
rates of packaging waste RRPW; portable
batteries and accumulators market (tons)
PBAM; wastes collected - Portable batteries
and accumulators (tons) WCPBA.

The dependent variables were considered as
being TW and WT. However, for TW, the
oUW, CW, IES, HCBW, PW, BAW and HSW
are considered predictors, while for WT, two
dimensions were considered as follows: DI
(including WG, RRPW, PBAM, WCPBA as
predictors) and D2 (including OUW, CW, IES,
HCBW, PW, TW, BAW, HSW as predictors).

Machine learning algorithms

For creating an in-depth machine learning-
based analytical framework, firstly, generalized
additive models (GAM) algorithms were used.
The generalized additive models (GAM) extend
the linear model with nonlinear functions of
each variable. Therefore, for GAM, the linear
component b.X; is replaced with a non-linear

fi(Xj)) function associated with feature j,
according to eq. 1. The functions are calculated
for each predictor having the contributions
added to the result. Based on dispersion
diagrams and by using cubic spline functions,

the fi functions are evaluated through
interpolation (eq. 2).

g HEYD = a+ filXy) + f(X2) +
(X)) e 1)

where:

& - minimized error;

E[Y] - the arithmetic mean of the dependent
variable Y;

a - point of origin of the trajectory;

g is the inverse of the function g, called the
link function;

fi1(X1),..., fa(Xs) - spline functions associated
with independent variables.

S(x) =a; + bix + ¢;x? +dix3, forVx €
-1, ;] 2)

where:

S:[a,b] = R;
fila,b] = R;

(x;) = S(x), i = 0,n.

According to underlying patterns in the data,
generalized additive models can provide an
understanding of the impact of the predictive
variables through linear or non-linear smooth
functions. Some of the best reasons for using
GAM in predictive problems (Murphy et al.,
2019) are, as follows: interpretability,
regularization and flexibility/automation. Thus,
GAM models provide a good balance between
the interpretable linear model and the "black
box" learning algorithms. For additive models,
the marginal impact interpretation of a single
variable is not related to the values of the other
variables. As a consequence, the model can
provide various insights into the effects of the
predictive variables.

For a GAM, it is possible to control the
smoothness of the predictor functions, avoiding
too many inflexion points, by adjusting the
level of smoothness (Khamma et al., 2020).
Also, even if the dataset contains noisy
relationships, a prior belief that predictive
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relationships are inherently smooth in nature
can be imposed.

The XGBoost algorithm was applied in order to
create prediction models based on a strong
classifier, using data from weak classifiers
(accuracy under 20-30%). The applied data
analysis framework is presented in Figure 2.
Sampled data is used as input, based on a
subset of features randomly selected. The
XGBoost - extreme gradient boosting uses
boosting for merging and combining several
models with low prediction accuracy in order to
generate a core model with high accuracy. The
algorithm target to set target outcomes for the
next models for minimizing the errors. Among
the unique features of XGBoost it can be
mentioned the following ones: regularization,
handling spare data, weighted quantile sketch,
block structure for parallel learning, cache
awareness and out-of-core computing. The
application of the algorithm provides several
advantages, as follows: high accuracy,
scalability, efficiency, flexibility,
regularization, interpretability and open source.

Initial | Feature -
database | - Model build up | |

Baseline

predictions

Validation |

based on | Feature

new data | importance
inputs |

Model use/

testing

Figure 2. Data analysis framework

Also, since the database is structured, the
XGBoost is considered to perform better,
compared to the random forest tree-based
algorithm (RF). Therefore, the XGBoost
represent an important background which can
be used in correlation with GAM in order to
develop a predictable analytical framework
which can be used, further on as bases for the
development of decision support systems.

RESULTS AND DISCUSSIONS

Bibliographic analysis

The bibliometric analysis revealed that the top
journals which had published articles framed
into the search profile described in the material
and methods section are Environmental
Engineering and Management Journal (15

publications) and Sustainability - MDPI (10
publications), respectively. Most relevant
keywords are wastes management (18
appearance), followed by the waste model (9
appearances), waste systems (8 appearances),
followed by waste impact, municipal solid-
waste and solid waste management (each with
6 appearances) (Figure 3). Waste management
appears mostly linked to waste recycling and
circular economy, within the first keywords
cluster (blue cluster within Figure 3), while
waste related to management, recovery,
sustainability, environmental economics and
households defines the 2" resulted keywords
cluster (the red cluster emphasized in Figure 3).
However, considering  the keywords'
conceptual structure map presented in Figure 4,
it can be observed that it explains over 65% of
the data variance. However, most of the red
dimension revealed by the conceptual structure
map is widened and, together with the green
dimension, can be used in order to create the
necessary roadmap for developing multiples
frameworks which can be used as a baseline for
developing high accuracy decision support
tools.

® [ ]
@
® @ ]
[} w%e < *—{ \
¢ i ré;ﬁng ot

o i economy....
3 *
waste management
P (]

®

®

Figure 3. Keywords occurrences network

Dm2 (27.6%)

oim 1 (38.48%)

Figure 4. Keywords conceptual structure map

No search resmethodologieslink waste and
waste management within Romania or V4 to
artificial  intelligence = methodology  were
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identified, a fact which confirms the novelty of
the present research structure and desideratum.
However, if analysing the total citations per
country, it can be observed that Romania is in
the 1% position (total citations - TC 815,
average article citation AAC 9.2), followed by
Italy (173 TC, 57.7 AAC) and Portugal (149
TC, 149 AAC). Reported to the V4, the
geopolitical group is mostly represented by
Poland (5™ place) with 8 TC and 8 AAC,
followed by Slovakia (6™ place) with 5 TC and
AAC 5 and the Czech Republic (7" place,)
with 3 TC and 3 AAC.

Most cited paper in the area of the study
presented in the present article is Synthesis and
characterization of new zeolite materials
obtained from fly ash for heavy metals removal
in advanced wastewater treatment with 200
citations, followed by Packaging waste
recycling in Europe: Is the industry paying for
it? with 149 citations, Introduction of the
circular economy within developing regions: A
comparative analysis of advantages and
opportunities for waste valorisation with 145
citations and Forecasting municipal solid waste
generation using prognostic tools and
regression analysis with 115 citations. In terms
of countries' collaboration for the elaboration of
research articles in the area of interest for the
present paper, Romania mostly collaborates
with Italy (Figure 5).

o !

grom nig

Figure 5. Countries' collaboration in the area of study

XGBoost prediction models

The results are based on the application of
XGBoost machine-learning algorithms and
indicate that total waste, as a dependent
parameter, can be accurately evaluated
considering plastic wastes (feature importance-
FI = 1.53, Rsq. = 0.75, RMSE = 0.47) in the
case of V4 group, while for Romania, the
dependent parameters identified as most
reliable are chemical wastes (FI = 0.58) and
industrial effluent sludges (FI = 0.04), with
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lower accuracy metrics (Rsq. = 0.46, RMSE =
0.75).

In terms of waste treatment (WT), the portable
batteries and accumulators’ market (FI = 0.45)
presents high reliability to be used as the main
predictor (Rsq. = 0.80, RMSE = 0.42) for V4
support tool, while for Romania, the waste
generation (FI = 1.57, Rsq. = 0.85, RMSE =
0.36) highly explains the variability of WT.
However, batteries and accumulators waste (FI
=0.77, Rsq. = 0.82, RMSE = 0.39) can be used
as a reliable predictor for WT variation in a
more extended analytical framework, in the
case of Romania.

GAM modelling framework

The GAM prediction models are made in order
to assist the decision-support process in
selecting the correct mechanisms for limiting
both the total wastes (TW), and also
maximizing and encouraging waste treatment
(WT).

The present study analysis both indicators in
various analytical framework scenarios, based
on supporting databases from a multitude of
relevant predictors, in order to reveal the
controlling mechanisms for both Romania and
V4 geopolitical group and to identify to which
degree the two analysed entities can merge in a
future globalization taskforce for improvement
of the resilience against the wastes in the
Eastern part of European Union (EU).
Therefore, if TW is targeted to be predicted,
and UOW, CW, HCBW, PW and BAW are
considered independent parameters, it can be
stated that used oil wastes, chemical wastes and
plastic wastes all significantly influence the
total wastes production and can be successfully
used as tools for minimizing the TW (Figures
6A, 5B, 5D). Thus, targeting to decrease the
quantity of the nexus used oils-chemical-plastic
wastes could be the solution for controlling the
TW in the case of Romania. However, it seems
that healthcare and biological wastes have a
reverse impact on TW since their increase
creates premises for the decrease of TW in
Romania (Figure 6C).

The batteries and accumulator’s wastes
increase until 38000 tonnes generate an
increase in TW, while a further increase, over
the previously mentioned value generates a
reverse effect on TW, decreasing the value of
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the predicted indicator (Figure 6E). This can be
because increasing BAW could represent the
beginning of a long-term strategy of increasing
the sustainability of several industries by
shifting to alternative sources which are more
sustainable (i.e., adoption of electric vehicles
powered by batteries and decreasing the
number of conventional engine vehicles). Thus,
the results of this strategy, in relation to TW,
will be visible after a long-term period,
therefore, explaining the prediction dynamics
presented in figure 6E.
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Figure 6. Romania GAM prediction models for the TW
dependent variable, based on several predictors
(A-OUW; B-CW; C-HCBW;D -PW;E - BAW)

The waste treatment indicator, in the case of
Romania, is predicted to increase as both the
waste generation and portable batteries and
accumulators market increase (Figure 7A, 7C).
Therefore, it can be observed that the
Romanian mechanism of waste treatment is
highly responsive to any increase in waste
generation due to the increase in the waste
generation products market, enhancing the
opinion according to which Romania has the
capacity to handle difficult scenarios which
could appear in the future, in terms of waste
management. Also, both recycling rates of
packaging wastes and wastes collected quantity
associated with  portable batteries and
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accumulators emphasize a Gaussian shape
prediction in relation to TW in Romania
(Figure 7B, 7D). This completes the finding
previously mentioned for WT prediction,
according to which the shifting to more
sustainable tools for accomplishing the
desideratum targeted by the EU Green Deal
(GD) had already started in Romania and this
will not imply immediate effects on WT,
instead, will induce positive long-term effects.

S(R_WG)
A
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Partial effect

Partial effect

Partial effect
Partial effect

-10- 1 e ' ' ey

300 4000 500 1500

0 3500
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1000
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Figure 7. Romania GAM prediction models for the WT
dependent variable, based on several predictors
(A - WG; B - RRPW; C - PBAM; D - WCPBA)

If targeting to develop a wider analytical
framework in order to predict the WT in
Romania, based mainly on the waste sources,
indicators such as OUW, CW, HCBW, BAW,
TW, IES and PW are to be considered. Thus, it
seems that after the application of GAM
algorithms, two groups were identified, as
follows: 1% group includes OUW, CW, TW,
PW and IES, while the 2" group includes
HCBW and BAW (Figure 8). Therefore, waste
treatment is highly responsive both to the
variation of total waste quantitative parameters,
but also to oil, chemical, plastics and industrial-
based wastes (Figures 8A, 8B, 8E, 7F and 8G),
an increase of these predictors generating a
relatively similar response in the evolution of
WT in Romania. However, the healthcare and
biological wastes and the batteries and
accumulators’ wastes confirm their reverse
impact on WT (Figure 8C, 8D), similar to what
they had done in relation to TW (Figure 6C,
6E).
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In the case of V4, the prediction relation
between TW, as a predicted variable, and
UOW, CW and HCBW as predictors, is similar
to that described in the case of Romania
(Figure 9A, 9B, 9C). However, if PW, IES and
HSV are considered predictors for predicting
the TW dependent variable, it can be stated that
their impact is the opposite, compared to the
Romania case (Figure 9D, 9E, 9G). Thus, an
increase in plastic waste and industrial effluent
sludges generates a decrease in TW, revealing
that in the case of V4 the industry sector is
more environmentally sustainable, compared to
Romania and the plastics wastes management
is more efficient, so the control of TW can be
done in a more generous way which can also
mean the increase of plastic wastes as a low
impact substitute of other high environmental
impact types of wastes which mostly compose
TW value within the analysed geopolitical
group. However, household wastes can be used
as a tool for detecting the TW as their increase
also generates an increase in predicted values
of this dependent parameter (Figure 9G). The
batteries and accumulators waste increases are
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related to TW decrease (Figure 9F), a fact
which can be associated with the green
technologies’ implementation status in V4 -
thus, if V4 had overcome the 1% state of
transition towards the extended use and
implementation of green technologies, this
could indicate that the initial investments for
shifting to EU GD desideratum were efficient
in achieving their goal.
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Figure 9. The V4 GAM prediction models for the TW
dependent variable, based on several predictors
(A-OUW;B-CW;C-HCBW;D-PW;E - IES;
F - BAW; G - HSV)

The WT prediction by considering the WG,
RRPW, PBAM and WCPBA as predictors
reveal some similarities between V4 and
Romania. Thus, in terms of using WG and
PBAM as predictors for predicting WT, the
situation between Romania and V4 is relatively
similar since an increase of both predictors can
relate to an upward trend of WT (Figures 10A,
10C, 7A, 7C). However, if considering RRPW
and WCPBA, the situations are different, both
indicating a Gaussian variation of WT
predicted values, revealing that V4 has not yet
reached maturity when it comes to recycling
and packaging wastes management, as well as
portable batteries and accumulators waste
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collection management (Figure 10B, 10D).
Predicting the WT in relation to a wide range of
predictors as revealed in Figure 11, concluded
some similarities between V4 and Romania if
considering UOW, CW, HCBW, IES and BAW
(Figures 11A, 11B, 11C, 11G, 11H, 8A, 8B,
8C, 8D, 8Q).
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Figure 10. The V4 GAM prediction models for the WT
dependent variable, based on several predictors
(A - WG; B - RRPW; C - PBAM; D - WCPBA)
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However, some indicators have a reverse
impact, such as PW (Figures 11F, 8F) on WT,
most probably due to the more advanced level
of V4 in terms of implementing sustainable
measurements in some waste-generating areas.
In accordance with other studies, also this study
is subject to several limitations. The main
limitation is related to the dataset structure and
time frame.

Widening the database by including other
relevant synthetic indicators, corresponding to
subgroups attached to the main waste manage-
ment indicators, can offer new mechanisms for
improving the management of waste. Also, a
time-series data frame could offer the
possibility of generating several forecasting
analytical frameworks, using algorithms such
as recurrent neural network LSTM.

CONCLUSIONS

The analytical framework of both Romania and
V4, in terms of predicting the total waste
production and total waste treatment, reveals
several similarities, as follows: the total wastes
can be predicted, with similar outputs, by using
oil, chemical, healthcare and biological, as well
as portable batteries and accumulators market
size as main predictors; predictors as total
wastes, oil, plastics and industry wastes, as well
as healthcare and biological wastes can be used
for predicting the waste treatment indicator,
with similar results between Romania and V4.
However, there are several peculiarities which
can be associated with each of both analytical
frameworks, and which reveal that V4 is more
advanced in certain areas involving the shift to
EU Green Deal desideratum, compared to
Romania, in terms of waste management.
Future studies should target widening the
number of analytical framework dimensions to
assure a more holistic approach.
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Abstract

Extensive monitoring plays a key role in environmental protection. This task, however, has many issues to solve,
communication and data collection being a difficult one. This paper focuses on the challenges of observing hard-to-
access areas, such as forests and wetlands. The performance of the possible solutions for this problem are compared,
focusing to sensor networking and Low-Power Wide-Area Network (LPWAN) technologies, and a drone-based solution
will be proposed. The presented method offers a robust, and reliable, yet simple data collection solution. The hardware
and software architecture, the communication protocol will be described, and the estimated performance of the system

is analysed.
Key words: data collection, environment, LPWAN, UAV.

INTRODUCTION

Sensor networks in environmental
monitoring

Sensor networks consist of nodes with sensing,
processing, and communication capabilities.
Their main application area is data collection,
especially on large areas or with large number
of points. In most applications the power
sources of the devices are batteries, since the
mains current is not an option. Since the
required lifespan of such a network is at least
2-3 years, the power budget must be highly
optimized.

One of the most promising classic sensor
networking applications was the monitoring of
remote, non-accessible areas (Corke et al.,
2010), such as rainforests (Wark et al., 2008;
Cama et al., 2013), volcanos (Werner-Allen et
al., 2006; Song et al., 2009) or glaciers
(Martinez et al., 2004; Martinez et al., 2005).
Most conventional sensor network-based
monitoring systems use a mesh routing
protocol to send all measurement messages to a
dedicated base station. In a typical setup the
sensor nodes have a limited amount of power
(most commonly batteries), while the power
source of the base is practically unlimited
(mains power or solar energy). These protocols
often apply Time Division Multiple Access
(TDMA), which relies on a tight time
synchronization. In such a system each
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message is relayed through multiple subsequent
nodes, which means extra energy consumption
each time. Another less obvious disadvantage
is, that nodes closer to the base relay more
packets, thus they consume more energy.
Another possible approach is to use one of the
modern Low-Power Wide-Area Network
(LPWAN) protocols (e.g., Long Range (LoRa)
(Ertiirk et al., 2019; Migabo et al., 2017) or
Narrowband Internet of things (NBIoT)).
Firstly, these solutions obviously requite a
working infrastructure. Secondly, they are
typically not designed to transfer large amount
of (measurement) data.

Wetlands

Wetlands are usually considered as a specific
biotope with high biodiversity potential located
on the edge of the solid surface and the
permanent or seasonal water covered areas.
The presence of the water causes saturation
into the soil due to the proximity of the water
table. The periodic oxygen-free status of the
ground results in anoxic hydric soils. Wetlands
occur in different forms such as swamps,
marches, estuaries, mangrove swamp, marsh,
moorland, or peatland. Wetlands play vital role
in biodiversity of vegetation and animal species
all over the world and maintain stable
ecosystems. There are many types of water in
wetland soils such as freshwater, seawater or
brackish water depending on the habitat’s
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location. The vegetation of the wetlands can be
woods, trees, shrubbery, reeds, cattails, or
sedges. Climate zones classified by Trewartha
define the type of wetlands (Belda et al., 2014).
Beside the importance in habitat protection
wetlands can be seen as natural water filters
which collect sediment and pollutants and
release almost pure water to the surrounding
areas. Furthermore, wetlands regulate water
floodings, climate change effects and can be
considered also as recreational areas and
cultural heritage (Mitsch et al., 2013).

Wetland are threatened by many effects, such
as eutrophication, pollution, sewage and
drainage problems, toxic contamination,
acidification or salinisation. These effects are
mainly caused by human factors and urban
development.

Wetlands are protected by ‘Ramsar convention
on Wetlands of International Importance
Especially as Waterfowl Habitat’ since 1971 in
which legal and institutional framework of the
wetland areas’ protection, conservation and
sustainable use was established (Belda et al.,
2014). The convention defined the list of
wetlands of international importance, for
instance Velence and Dinnyés Nature
Conservation Area, which is located in the
same geographical area as the So6stdé natural
reserve (Figure 1), is also on the Ramsar list.

Figure 1. The location of S6st6 natural reserve in the
Northen-West part of Hungary relative to Budapest and
Lake Balaton (Source: Google Maps)

The So6sté natural reserve

The So6std natural reserve (Figure 2) is located
only two and a half kilometres in the southern
direction from the downtown of Székesfehérvar
and can be considered as an organic part of the
city ("Sosté Természetvédelmi Teriilet és Sosto
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Latogatokozpont", n.d.). Székesfehérvar is
located halfway between Budapest and lake
Balaton. The wetland is located on 218 hectares
of which 121 hectares are nationally and the
rest is locally protected area. The visitor centre
is in the vicinity of the local football arena.

Figure 2. The map of the Sost6 natural reserve
(Source: https://sostoszekesfehervar.hu/turak)

In historic times Székesfehérvar was
surrounded by deep swamps until the middle of
the 19th century, since then the Sosto area was
partly drained and used as a recreational area.
Two deep wells were used as water supply but
after the Second World War 600 m® sewage
sludge were deposited yearly which caused fast
eutrophication and decay. The rehabilitation of
the Sost6 area was started in the 1990’s and in
2003 the area got a naturally protected status.
New educational trail was formed for
recreational and training purposes. The Sosto
biotope gives various possibilities to the flora
and fauna, many protected species can be found
there. The water supply of the wetland is
provided by local purified wastewater source,
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500 m? clear water feeds the lakes arrived by a
4 kilometres long pipeline.

MATERIALS AND METHODS

System architecture

The architecture of the monitoring system
consists of several independent measuring
nodes and a base station, which is attached to
an Unmanned Aircraft System (UAS), flying
over the measurement area at regular times,
allowing to download the collected data (Figure
3). The sensor nodes do preprogramed
measurements and store the collected data in
flash memory.

Figure 3. The architecture of the proposed system
(own image)

The proposed communication protocol

In the proposed monitoring system, the data
collector nodes have limited energy (they are
powered by batteries) similarly to regular
sensor networking applications. Using a mesh
protocol to collect the measured data, each
message would be sent by possibly many
sensor nodes. The proposed protocol uses a star
topology instead, which requires to send each
message only once, but on the other hand it
assumes direct connection (i.e., line of sight).
The speciality of the system is, that the base
station is absent in the huge majority of the
time and present only occasionally.

The goal of the proposed communication
protocol is to detect the presence of the base
station and transfer the collected data when the
conditions are given. The sensor nodes don’t
necessarily hear each other; therefore, collision
avoidance is the task of the base station.

The protocol utilizes the fast
acknowledgements of the 802.15.4 MAC layer.
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Instead of listening for some kind of beacon
messages transmitted by the base station, the
sensor nodes emit hello messages regularly and
wait for an ACK message. The time interval of
the hello messages is a design parameter of the
protocol.

The 802.15.4 ACK packet has 3 unused bits
(Figure 4), which are used to sign, when the
actual data transfer process is possible. Each of
the 8 combinations can sign different waiting
times. This way the base station can spread the
time slots of the nodes. The nodes turn off their
radio during waiting. Note that the nodes do

enabled  pending  required

Destination address ~ Frame version Source address
mode mode

not need to maintain  tight time
synchronization, for this task.

T

| FCF ESeq FCS
e L CLE T
| Frame type Sccurity Frame ~ ACK ~ PANID  Reser

1

Figure 4. The format of the 802.15.4 ACK
packet with the 3 reserved bits highlighted
in the frame control field (FCF)

During the actual data transfer each node send
the previously collected data divided into
packets. Each packet is sent tightly next to each
other, with acknowledgements by the base
station.

Sensor nodes

The hardware of the sensor node is based on an
Unicomp UCMote Proton B mote (Figure 5).
The base board has an 8-bit ATmegal28RFALI
Soc as the main controller. The microcontroller
core is running at 16 MHz, with an approx. 4
mA current consumption from 3.3 V. The
microcontroller has different sleep modes, and
can be stopped from program execution. When
stopped, the current consumption is reduced to
the approx. 0.1 mA range. Another important
parameter is the wakeup time, which is in the
range of microseconds. The SoC contains a 2.4
GHz radio unit, that supports the 802.15.4
range standard for low-power low-range
communication. This communication channel
is used only during testing for debug purposes
only, for two reasons. First the 2.4 GHz band is
not suitable for the proposed monitoring system
because of the high absorption of. Second, the
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board has only a low gain chip antenna
connected of the Soc.

The main board contains an additional
AT86RF212 radio chip, which operates in the
868 MHz ISM band. This radio chip can be
configured to use different communication
speeds from 20 to 1000 kbps according to the
link  conditions.  Depending on  the
communication  bandwidth  the receiver
sensitivity can be as good as -110 dBm. With
the +10dBm maximum power output the
achievable link budget can reach 120 dB,
which is well suits to the proposed system. This
radio is connected to an MMCX RF connector,
which allows to connect a high gain external
antenna.

Since the UAS is located above the sensor
nodes during the data download process the
usual quarter wave vertical antennas are not a
good choice for this purpose, given they have
very low gain in axial direction. QFH antennas
(Adams et al., 1974), however have good
overhead gain, therefore they are much more
suitable for the proposed system. The power
source of the proposed sensor node consists of
4 D type non-rechargeable lithium batteries,
providing 76000 mAh capacity at 3.6 V.

d’ id.u'

4
rdiv) @'TA @ 0D Soutn

Figure 5. The UCMote Proton B mote

The software of the sensor nodes is built
around the TinyOS. It is a component based
real-time operating system, especially tailored
for low-power applications. It has support for
different types of microcontrollers, radios and
sensors and the uniform interfaces make adding

new device drivers and communication
protocols possible.
TinyOS already supported the

ATmegal28RFA1 SoC with its microcontroller
core and automatically put it in low-power
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mode, when it has no task to run and no event
to process. The 2.4 GHz radio is also supported
and 802.15.4 standard packets can be sent and
received with a simple CSMA/CA MAC
protocol. The other radio chip (AT86RF212,
868 MHz) is also supported with the standard
CSMA/CA protocol, although the special low-
power mode had to be implemented.

To achieve this, the header, which contains the
source address, must be intercepted and the
time-critical background lookup must be
processed in parallel with the reception of the
remaining part if the packet, before the full
packet arrives (Figure 6) (Vakulya and Simon,
2013). Based on the result of the lookup one of
the reserved bits of the acknowledgement
packet is set of cleared, signalling the presence
or the absence of a pending packet.

ACK w/ NoCmdPnd ACK w/ CmdPnd Cmd
N

T [ R | R B
Data Data DACK
41 Awake |- - Awake |-
() (b)

Figure 6. The timing diagram of the ACK piggybacking
protocol (Vakulya et al., 2013)

UAS technology

The Chinese DJI company can be considered as
one of the leading UAV manufacturers in the
world. The DJI Phantom 3 Advanced UAV is
available since 2015 and beside its good
features cannot be considered as the latest
techniques (Udvardy et al., 2019).

The UAV weighs 1280 grams and has a 15.2V
4480mAh battery which allows maximum 23
minutes’ flight time. The onboard Sony
EXMOR 1/2.3” camera has 12 million pixels
and has a FOV of 94° with 20 millimetres focal
length. The ISO value changes between 100
and 3200 for video recording and 100 and 1600
for photographs. The shutter speed varies
between 8 and 1/8000 seconds. The resolution
of the video caption is 2.7K (301ps).

The camera is hanged on-board with the help of
a 3-axis gimbal which helps to stabilize the
camera during flight.
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For navigation DJI Phantom 3 UAV uses
GPS/GLONASS system outdoor and has a
vision  positioning system for indoor
positioning. The hover’s horizontal accuracy is
between 0.3 and 1.5 meters and the vertical
accuracy is between 0.1 and 0.5 meters
depending on the positioning method.

This UAV can reach approximately 3
kilometres distance outdoor from the home
point which is marked before the flight starts.
The ‘Go home’ function helps to find the hover
in case of being lost or invisible.

RESULTS AND DISCUSSIONS

Using the proposed system, several different
monitoring applications can be implemented.
The following 3 demonstrative examples show
measurement scenarios related to environment
monitoring and calculations to communication
settings and for the projected lifetime. Such a
system has to be designed taking into account
not only physical limitations but also legal
requirements. The last two subchapters discuss
these equally important aspects in terms of
frequency usage and UAV regulations.

Low density environmental data collection

In  this  scenario, slowly  changing
environmental parameters are monitored. The
sensor modalities are:

Soil temperature with 16 bit resolution,
one measurement every 5 minutes;

. Air temperature with 16 bit resolution,
one measurement every 5 minutes;

Ambient light intensity with 16 bit
resolution, one measurement every 5 minutes;

. Relative humidity with 8 bit resolution,

hourly;
. Soil moisture with 8 bit resolution,
hourly.

A total of 15 sensor nodes are installed in the
system. In each node a total number of 1776
bytes are generated each day. If the data is
collected every two months, approx. 100
kBytes of data is fetched from each node. With
a pessimistic 20 kbps bandwidth approx. 1
minute is necessary to download this data
amount from each node. A 1-minute beacon
interval for the sensor nodes would give a good
balance  between latency and  power
consumption. With these parameters the
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average flight time can be estimated to approx.
20 minutes.

The 802.15.4 packet has a 13 byte header
(including the preamble, physical and MAC
headers) and a 2 byte footer. The length of a
hello message with a 5 byte payload is 20
bytes, which requires 8 ms to send with 20
kbps. The length of the ACK packet is 11
bytes, which requires 4.4 ms of time. Another
approx. 1 ms is required to turn on and off the
radio and approx. 2 ms of gap time is required
between the two packets. This adds up to 15.4
ms. The actual data transfer requires approx. 60
seconds of time. The on time of the radio can
be calculated as follows for a year.

15.4

Tonannuat = 60 - 6 + 365 - 24 - 60 - -t =

8454(s] (D

Now the annual power consumption of the
radio can be calculated as follows:

Cannuai = on,annual * lradio,on =
8454[s] 2)
= 3600 - 20[mA] = 47[mAh]

Considering only the radio communication, one
D type cell would last for several years
(practically the self-discharge limits the
lifespan).

Pollution related monitoring

In this scenario, the focus is on pollution
related monitoring, specifically air quality
parameters. The sensor modalities and data
collection parameters are as follows:

. Particulate Matter (PM2.5) concentration
with 16-bit resolution, one measurement every
minute;

. Carbon Monoxide (CO) concentration
with 16-bit resolution, one measurement every
minute;

. Nitrogen Dioxide (NOz) concentration
with 16-bit resolution, one measurement every
minute;

Ozone (O3) concentration with 16-bit
resolution, one measurement every minute;
Ambient Temperature with 16-bit
resolution, one measurement every minute;

. Relative Humidity with 8-bit resolution,
one measurement every minute.
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In this scenario, a monthly data collection is
scheduled. Each day, 15840 bytes of data is
generated on each sensor, which means approx.
500 kBytes monthly. With 20 kbps bandwidth
the net data transfer time is 190 s. Now let’s
choose a 30 s beacon time. The annual on time
can be calculated as follows:

15.4

1000

3

Tonannuar = 190 - 12+ 365-24-60- 2 -
18468(s]

Now the annual power consumption of the
radio can be calculated as follows:

Connuai = Ton,annual * I‘radio,on = 4
= 854 00ma] = 102[man] P

3600
In this case, the overall annual power

consumption is twice as much as the previous
case, but the same D type battery would also
last for several years in this case. Note that only
the radio communication was taken into
account for the calculations. Powering the
sensors take additional energy.

Fine grain seismic monitoring

In this scenario a demonstrational example for
a fine grain environmental parameter (seismic
activity) is presented. Here the sensor modality
is a triaxial accelerometer with 16 bit resolution
and 12.5 Hz sample rate. A total number of 6
nodes are required for this experiment.

This measurement setup generates much more
data, than the previous example. Let’s use a
one-week interval for the data collection. The
total data amount during a week is 2.1 MB in
each node. In this case a higher data rate (250
kbps) is more suitable, which is only achie-
vable when the distance between the nodes and
the base station is smaller (the altitude of the
UAS is lower) and when no significant
obstacles (i.e. large trees) are present.

We can here choose similar beacon interval to
the previous example (1 minute). Note that the
nodes can use different data rates for the
beaconing and for the data transfer. The
calculated data transfer time is 472 seconds.
Based on the calculations the annual on-time is:

15.4

Tomannuat = 52 - 472 + 365 - 24 - 60 -
510198(s]

1000

(%)
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Now the annual power consumption of the
radio can be calculated as follows:

Cannuat = Tonannuat * Iradio,on = 6
= S99 50 1na] = 1822[man] ©

Considering a 19000 mAh battery capacity, the
lifespan of the system would be approx. 10
years. Note that only the radio communication
was taken into account.

Frequency usage

Although several frequency bands are referred
as unlicensed, they are under legal control as
well. The most well-known groups are the ISM
(Industrial, Scientific and Medical) bands and
the SRDs (Short Range Devices) (Loy, 2005).
Our case is focused to the former one.

ISM bands are regulated by the International
Telecommunication Union. Depending on the
geographical region, different bands are
allocated with different conditions. In several
cases, more different services share the same
band and, in general they either must tolerate
each other or priorities are defined.

The compliance with the regulations is
officially tested and validated as the part of the
Certification Process. Only certified
commercial off the shelf parts can be
distributed. In case of custom-built devices, the
certification is the task of the builder.

The 2.4 GHz band (from 2.4 to 2.5 GHz) is
generally available worldwide as ISM band.
The regulation of the UHF (specifically the 434
MHz, 868 MHz and 915 MHz) bands is
different between the regions. In Europe, both
the 433 and 868 MHz bands are allowed, with
different conditions (e.g. bandwidth, power and
duty cycle).

UAY regulations

In Hungary, the Unmanned Aerial Vehicle
(UAV) and Unmanned Aircraft System (UAS)
flight is regulated by strict law which is
harmonised with the European legislations
(Table 1), (EU Regulation 2019/947 on the
rules and procedures for the operation of
unmanned aircraft) (EUR-Lex — Access to
European Union Law, n.d.).
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Table 1. UAS requirements and limitations (https://www.easa.europa.eu/en/faq/116452)

Each UAS of which the weight exceeds 120
grams or has onboard data recording equipment
(i.e., camera) must be registered online first. In
the following step, the UAS operators also
must be registered together with their valid
third-party liability insurance linked to their
UAS at the Traffic Authority. The insurance
must cover between 12-15 thousand EURO
damage for a year (Légtér.hu Kft., n.d.) UAS
operators must get the so-called flight licence
and as a drone operator they get a unique
registration number which is valid in all EASA
(European Union Aviation Safety Agency)
member state. This flight open category licence
is available for those UAS’s which are less than
25 kilograms of maximum take-off mass
(MTOM), the maximum flight height is 120
meters from the above ground level (AGL), the
UAS must remain in visual line of sight
(VLOS) and the UAS cannot fly over assembly
people and cannot transport dangerous
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UAS Operation Drone Operator/pilot
Drone Remote pilot
Class MTOM Subcategory Operational restrictions Operator Remote pilot competence b
; ; minimum age
registration
Privately - No minimum
- no training needed
built age
] 2 No, unless
- may fly over uninvolved 16%,
camera / A
people (should be no minimum
1] . F Sensor on ; :
<250g avoided when possible) board and a age if drone is a
| Al - no fly over assemblies of drona Is Fot - read user’s manual toy
eople
Id'fg:z (can also fly in pEon a toy 16+
subcategory
(art. 20) A3)
- No expected fly over
uninvolved people (if - read user's manual
1 <900g happens, should be Yes - complete_ online tralrlmg 16*
reduced) - pass online theoretical
- no fly over assemblies of exam
people
; - read user’'s manual
- no fly over uninvolved B i
cople - complete online training
A2 P P ) - pass online theoretical
- keep horizontal distance
of 30 m from uninvolved iy
2 <4kg (can also fly in peoplé Yes - conduct and declare a 16*
If-practi ini
subcategory (it can be reduced to 5 m se pract.lcal training
A3) - T - pass a written exam at
if low speed function is A
. the CAA (or at recognized
activated) :
entity)
3 4
4
| - read user's manual
Privately =fly away from pecple - complete online training
- < 25kg A3 - fly outside of urban area Yes t Y 16*
built - - pass online theoretical
(150 m distance)
Legacy exam
drones
(art. 20) |

materials and cannot spread any materials to
the ground. This category contains A1-A3 and
A2 subcategories with the difference in UAS
weight, the minimum distance from and overfly
time of uninvolved persons and the horizontal
flight speed (Dronpilétak Orszagos Egyesiilete,
n.d.).

The competence exam is available and valid in
every EU states. In Hungary, the Austrian Al-
A3 exam is very popular as it is online and
free.

After the fulfilment of the legislative
background, the GoodID application for
identification purposes and MyDroneSpace ny
Hungarocontrol application right before flight
must be used. UAS operators must ask for
airspace usage permission for the exact time.
The official administrative deadline for the
permission is 30 days before flight but for
special stakeholders there is a simplified
procedure with 5 days lead time.
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CONCLUSIONS

Monitoring physical or natural parameters in
harsh environments (e.g., forests and wetlands)
has several challenges, getting the collected
data being one of the hardest one. Both
individual data loggers or classic wireless
sensor networks have major flaws. The former
requires frequent physical access to the
devices, while in case of the latter,
communication is the main issue. In this paper,
a novel data collection approach was presented,
using drone technology. The system design
with the sensor nodes’ hardware, software, the
communication protocol and the UAS
technology was presented.

The measuring devices are similar to the nodes
of a wireless sensor network, but instead of a
continuously maintained mesh topology
communication they use a direct connection to
an infrequently appearing base station. The line
of sight is provided by UAV technology,
which, at the same time results in low path loss,
high possible bandwidth, quick data transfer
and consequently a longer lifetime.

Three different demonstrative examples with
different data density were chosen to show the
applicability of the proposed system.

The first scenario is general, where most useful
application of the collected data is climate
research. Either long-term data analysis or
comparing different points in the same period
would be interesting. The title of the second
example can be misleading. Although the word
“seismic” is related to the motion of tectonic
plates, the vibrations, which can be detected by
accelerometers are most likely caused by
animals or vehicles. Monitoring both animal
and (forbidden) vehicle activity can be
interesting in such a protected area. The third
measurement scenario is related to the
monitoring of air pollution, the importance of
which cannot be overstated. Since this system
enables the simultaneous and long-term data
collection, it may facilitate locating the sources.
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Abstract

Global warming and climate change are the biggest problems of the world today. Agricultural irrigation plays a very
important role in both increasing production and reducing the potential risk of drought. However, excessive use of water
in agriculture (>10 000 m* ha'), very low irrigation efficiency (35-50%) and the effect of climate change cause a rapid
decrease in water resources.In adaptation to climate change, efficient use of water resources in agricultural production,
irrigation water productivity (kg m), economic productivity of water ($ m=3), farmers' net income ($ ha'') and total water
use (m*ha’!) should be considered for each irrigated area. Thus, both the farmers, the irrigation authority and the
decision makers can choose to implement possible deficit irrigation strategies and/or the most effective water use
strategies according to these parameters. Thus, the main categories might be identified under the sustainable resource
management, water management, technological developments, farm management, and farm production practices.
Adaptation strategies to climate change can be implemented, but the costs and benefits of these practices need to be well
understood.

Key words: climate change, irrigation, irrigation efficiency, sustainability, water productivity.

INTRODUCTION different ecosystems (Olesen and Bindi 2002;
Parry et al., 2004; Finger et al., 2011).

Global warming and climate change are the The most important sectors using water are
biggest problems of the world today. Climate  agriculture, industry and domestic use. In the
change also accelerates more frequent and  near future, both competition and water demand
severe  droughts, floods and extreme  among these sectors will increase. Moreover,
precipitation, melting of glaciers, reduction of  climate change will cause also increasing water
groundwater and deterioration of water quality demand (Bates et al., 2008; OcCC, 2007; 2008;
(Sidhu, 2022). Finger et al., 2011). Similarly, climate change will
On the one hand, there is uncertainty about the  bring along many economic and social problems
effect of increasing CO; on plant physiology and ~ faced by water management in agricultural areas
its effects on agricultural production with (IPCC, 2008; Iglesias & Garroteb, 2015).

climate change. Therefore, the impact of global On the other hand, water management in
climate change on agricultural production  agriculture is very complex. Options in agricul-
cannot be measured precisely at present (Gornall tural water management include a wide range of

etal., 2010). technical, economic, social and infrastructure
Agriculture is an important sector in arid and factors (Iglesias & Garroteb, 2015).

semi arid regions. The rain-fed crop systems are, =~ Aforementioned negativities caused by climate
thus, highly dependent on climatic conditions. change can only be met with adaptation and

For this reason, the rain-fed farming is sensitive sustainable use of resources. It is, thus,
to changes in precipitation and temperature that inevitable to take some precautions or
change or intensify due to global warming adaptation strategies to reduce the negative
(Gornall et al., 2010; Rosa et al., 2020). Thus, effects of climate change, especially on soil and
climate change is expected to affect agriculture water resources and agricultural production. In
differently in different parts of the world and in ~ this article, the relationship between climate
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change and irrigation and adaptation strategies
to climate change are discussed.

CLIMATE CHANGE AND IRRIGATION

The increase in population also demands more
food production. This gives irrigation an
important role in increasing land use. For this
reason, it is expected that irrigated agriculture
will increase rapidly in the future to provide
more production from irrigated agriculture since
irrigation provides higher yields than rain-fed
agriculture (Chartzoulakis & Bertaki, 2015).
On the other hand, the expansion of irrigation
areas increases the pressure on global freshwater
resources and often leads to their unsustainable
use. In order to meet food needs in the future, it
is necessary to adapt to climate and socio-
economic changes as well as to manage sustain-
nably soil and water resources in arid and semi-
arid regions (Harmanny & Malek, 2019). A
majority of countries have a priority for adapta-
tion in their climate change plans. For that reason,
climate change adaptation strategies have over
80% were water-related (Sidhu, 2022).
Adaptation is needed to ensure the
sustainability, resilience and reliability of soil
and water resources in agriculture. Irrigation
water demand and consumption are significantly
affected by climate condition, irrigation system
efficiency and crop type (Zhao & Boll, 2022).
Under climate projections, low  water
availability is a challenge water supply for
agricultural activities. Clearly, new management
strategies and water conservation are required to
overcome the effects of climate change on
agriculture, especially in arid and semi-arid
regions. In this issue, adoption and adaptation
are key factors. Adoption of innovative
approaches for future uncertainties, supportive
policies and financial support for stakeholders
can be considered as preventive actions (Zhao &
Boll, 2022).

As aresult, food demand and safety will increase
in the near future and these will become more
complex. Increasing temperatures due to climate
change will increase water demand in places
where precipitation decreases. Therefore, more
irrigation will be required for food security and
a sustainable life. In connection with these
issues, the effects of reduction in irrigation water
requirements will be significant in the near
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future so that further water conservation should
be considered at both a regional and global level
(Turral et al., 2011).

ADAPTATION STRATEGIES TO
CLIMATE CHANGE WITH IRRIGATION

The main user of fresh water resources on earth
is globally the agriculture sector. Because irriga-
tion significantly increases crop yield, water
productivity (irrigation water use efficiency)
and maximizing the farmer's economic return.
Agricultural irrigation plays a very important
role in both increasing production and reducing
the potential risk of drought. Irrigation can
increase crop yield 1 to 5 times depending on
crop variety, soil characteristics and other
agricultural practices in arid and semi-arid
regions although there are many different
applications in adaptation strategies to climate
change. On the other hand, increasing water
demand for domestic and industrial use and
environmental sustainability puts pressure on
the irrigated agriculture sector.

Figure 1 shows the relationships between crop
yield and irrigation water and other inputs. The
farmers often aim to achieve maximum yield.
This situation may require the use of excessive
irrigation water (Figures 1 and 2). In this case,
water use efficiency or irrigation water produc-
tivity decreases. Therefore, considering possible
drought and decreasing water resources, the
water-yield relationship of crops should be
known so that irrigation water savings, yield and
economic losses in possible irrigation water
shortages can be known (Figure 1).

Crop
vield Ry

Irrigation
water

Figure 1. Relationships between crop yield and irrigation
water together with other inputs
(Reinhard et al., 1999; Hong and Yabe, 2017)
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Figure 2. Yield response curve to irrigation
(Chartzoulakis & Bertaki, 2015)

The most countries have considered importance
to irrigation infrastructures and made significant
investments in the 1980s. However, use of
mainly surface irrigation methods and ignoring
the necessary technical applications for this
caused both excessive water use and
environmental problems (salinity, alkalinity and
drainage etc.). In the last quarter century, the use
of pressurized irrigation systems (drip and
sprinkler) has increased rapidly depending on
the developing technologies. These systems,
which are called modern irrigation systems,
have provided water saving about 20-40%, an
increase in yield and quality, and much less
negative environmental effects (Cetin, 2019).
For our future, the most important way of good
management of water used both in agriculture
and for other purposes is its sustainable use. In
addition, economic efficiency should be a
priority in water use and soil conservation. As in
the past, technological developments and
innovation will continue to be critical factors.
Water is a physically scarce resource. This is
particularly evident in North Africa, Central and
Western Asia, and the Middle East. Moreover,
the irrigation efficiency is quite low (35-50%)
(SUEN, 2022). Existing water management
systems have significant problems due to
increasing water demand, complexity of
regulations, and excessive consumption of
resources. For this, sustainable management
strategies based on environmental sustainability
in the management of scarce resources should be
applied.

In agricultural water use, increasing water use
efficiency, increasing the quality and quantity of
water source, and digitizing and optimizing
localized water management processes on a
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large scale should be the main objectives. Some
adaptation options, such as shifting sowing
dates, can be implemented by farmers at no cost.
In other options, the application of irrigation
technologies requires a certain cost and, in this
case, economy should be considered (Finger et
al., 2011).

Three categories, infrastructure, management
and agronomic issues, are important for
adaptation and risk reduction (Iglesias and
Garroteb, 2015).

Accordingly, sustainable water management
requires  appropriate  allocation  between
competing water sector demands and balancing
the financial and social resources needed to
support the required water systems.

In addition, methods of evaluating water
management practices should be, first, based on
the complexity of the problem and the efficient
and balanced use of resources for agricultural,
urban and natural systems.

Varela-Ortega et al. (2016) stated that water
availability may decrease and the impact of
drought will be more visible in severe climate
change projections. In this case, farmers will
have to adapt to lower yields and lower incomes.
For that reason, the various adaptation measures
should be considered such as modern irrigation
technologies and new crop varieties.

Some traditional and/or surface/flood irrigation
methods are still the mostly used in most of
counties, especially Middle East and Asian
countries.

However, the modern irrigation systems
(pressurized irrigation systems such as drip and
sprinkler) have increased year by year. Because,
these systems ensured higher irrigation
efficiency, less water use, no water erosion and
uniformity compared to surface irrigation
methods. For this, the Turkish government has
subsidized 50% of the total cost of pressurized
irrigation systems for the farmers who want to
use them.

One of the adaptation strategies is deficit
irrigation (DI) which is a strategy for optimizing
under yield reduction and some degree of water
deficit conditions.

During deficit irrigation, crops are exposed to
less amount of water required in a certain period
or the throughout growing period. The main
objective of DI is to water productivity of the
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crop by eliminating irrigations that have little
impact on yield.

Smart or precious irrigation can improve yield
and water productivity and save irrigation water,
consequently leading to improved food security
for the increasing population (Bwambale et al.,
2022).

Subsidization of pressurized irrigation systems
by governments, if well controlled and used

appropriately, is important for efficient and
sustainable use of irrigation water. However,
this subsidization should not adversely affect
other less costly irrigation water-saving
practices (Finger et al., 2011).

The problems and challenges in agricultural
irrigation related to climate change and some
solution suggestions are given in Table 1.

Table 1. Solutions and recommendations for climate change and irrigation related problems

Climate change and irrigation
related problems

Solutions and recommendations

Drought

Drought resistant plant breeding, deficit irrigation

Water scarcity

Use of drip irrigation and treated waste water, water harvesting

Excessive water use

Pressurized irrigation systems, use of water based on volumetric measurement, smart
irrigation, digitization, training,

Erosion in irrigation

Contour sowing-planting on sloping lands, use of pressure irrigation system
(especially drip irrigation)

Monoculture Polyculture

Evaporation from the soil

Mulching, subsurface drip irrigation

Salinity-Drainage

Prevention of excessive water use, installation of drainage systems

Inter-institutional cooperation | Increasing cooperation

Sanctions are insufficient

Imposing new regulations and sanctions

Lack of infrastructure

Improving irrigation infrastructures

Insufficient technical capacity

Increasing capacity building

CONCLUSIONS

Basic issues related to irrigation in adaptation to
climate change are; to increase water use
efficiency, water productivity and -capacity
building, reuse of marginal waters (reclaimed or
brackish) for irrigation, regulation of water
pricing, adoption of innovative irrigation
techniques and wider and more effective
participation. In addition, use of modern
technologies such as smart irrigation and
fertigation are also important. Extension and
training should be also associated with other
factors and applications.

In adaptation to drought and climate change,
efficient use of water resources in agricultural
production, irrigation water productivity
(kg m™), economic productivity of water ($
m™), farmers' net income ($ ha™') and total water
use (m*® ha') should be calculated and
considered for each region and all these data and
recommendations should be presented to users
as a guidebook. Thus, both the farmer, the
irrigation authority and the decision makers can
choose to implement possible deficit irrigation
strategies and/or the most effective water use
strategies according to these parameters.
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The use and dissemination of these modern
irrigation systems have been necessary for the
sustainable use of water resources, which are
declining due to the increasing population
demand and climate change. However, in
sustainable water use and adaptation to climate
change, besides the use of modern irrigation
systems, effective and continuous management,
raising awareness among users, education and
support policies are at least as important. In
addition, purification and reuse of domestic
wastewater and water harvesting are also
important in this respect.

As a result, Harmanny & Malek (2019)
identified some main adaptation categories such

as farm  production  practices, water
management, sustainable resource management,
technological  developments, and farm

management strategies. The results showed that
farmers have greater potential to adapt in rural
areas where have low rainfall and high
temperature. This is evidence that the socio-
economic effects of adaptation strategies may
also be different as spatial. On the other hand,
adaptation strategies to climate change can be
implemented, but the costs and benefits of these
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practices need to be well understood (Sidhu,
2022).
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Abstract

The major goal of this case study was to estimate the impact of two soil amendments on soil fertility, grain crops yield,
and quality. The greatest effect of increasing sweet sorghum biomass produced in loess like loam has been obtained
using sewage sludge (SS) at the rate of 80t/ha. Such a reaction has become appropriate to the introduction of nutrients
into the "young" soil. The SS applying by rate of 60 t/ha had little effect on the increase in the content of zinc and
copper in sunflower seeds in the experiment managed on black soil. Trace concentrations of lead and cadmium are
recorded. The addition of vermicompost and a solid fraction of digestate at a rate of 40 t/ha led to an increase in the
corn grain yield obtained on black soil at the 20.1 and 35.0%, respectively. The greater starting effect on urease
activity was recorded from the introduction of vermicompost compared to the solid fraction of the digestate. The
application of the solid fraction of the digestate had a positive effect on the activity of phosphatase in the topsoil in the

first part of the season of vegetation.

Key words: amendments, crops yield, heavy metals, marginal land, soil fertility.

INTRODUCTION

Increasing urbanization has led to a dramatic
rise in the amount of wastewater generated
globally (Wang et al., 2008). In the European
Union the policy framework for wastewater
management is based on the Water Framework
and the Urban Waste water Treatment
Directives (EC., 1991; Directive 2000/60/EC,
2000). The use of biosolids for fertilizer
manufacture can decrease sewage sludge
disposal costs and reduce reliance on mineral
fertilizers (Mtshali et al., 2014). The Circular
Economy principle can be implemented in the
wastewater sector aiming at a green and eco-
efficient community, by reusing and cycling
materials and creating a "closed loop" approach
(Sandu & Virsta, 2021). The sludge from
municipal wastewater processing includes
compounds of agrochemical value (nitrogen,
potassium, phosphorus, organic matter and
small quantities of magnesium, calcium, and
sulphur) as well as pollutants, including heavy
metals, pathogens, and toxic organic substances
(Iticescu et al., 2021). According to Amir et al.
(2010), sewage sludge is "rich in aliphatic and
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aromatic acids, polysaccharides, proteinaceous
material, and organic sulfonates". In
agricultural soils, it is necessary to treat sewage
sludge with a blend of dolomite and calcite to
increase the pH and prevent it from falling.
Such countries as France, Belgium, Denmark,
Ireland, UK, and Sweden use from 35 to 60%
of the collected sewage sludge directly on
agricultural land (Maisonnave et al, 2002;
Bondarczuk et al., 2016; Ekane et al., 2021). It
was shown that a 25 t/ha sewage sludge
application rate provided the highest
productivity of the wheat crop, while Cd and
Pb concentration levels in soil and wheat grains
were below the maximum values allowed by
regulation (Cocarta et al., 2017). Maximum
maize grain yield was achieved when the soil
was fertilized with 60 t/ha of slurry
incorporation (Elsalam et al., 2021). It was
recommended that application of 37.5 t/ha of
dewatered with calcium oxide sewage sludge
can be repeated each two years to get best corn
yield in low fertile soil (Delibacak & Ongun,
2016). It should be taken into consideration that
20, 10 and 5% of the organic N in the sewage
sludge is mineralized in the first, second and
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third year respectively (Gilmour & Skinner,
1999). It was showed also that sewage sludge
application 80 t/ ha yielded even higher than
those obtained with the equivalent NPK rate
applied as chemical fertilizer (Khan et al.,
2007). The recommendable rate is 40 t/ ha to
avoid the possible risk of metals uptake and
accumulation in the soil.

Large volumes of manure applied directly to
the soil as fertilizer cause odor releases and soil
pathogen contamination. (Ogunwande et al.,
2008; Mortola et al., 2019). It was estimated
that up to 1.0 billion tons of manure from
chickens, whereas pigs and cattle were
produced every year between 2016 and 2019.
within EU-27 countries (Kovacic et al., 2022).
This is why the Nitrates Directive has set a
limit of 170 kg/ha/year of N from organic
manure, to give farmers exemptions if manure
disposal does not harm ecosystems.

The digestate is a by-product remaining after
the anaerobic digestion of biodegradable
feedstock (Simon et al., 2015). Recycling
organic matter and nutrients from digestate
back into the soil is seen as a low-cost means of
disposal and nutrient recovery for agricultural
systems. (Alburquerque et al., 2012).

The digester and media (soil) interaction
overlap the larger yield variations induced by
differences in composition between digestates
(Hafner et al., 2022). Increased concentrations
of Cu, Zn and Mn in digestates resulting from
co-digestion of pig and cattle manure raw
materials endanger the sustainability of
agricultural soils after repeated applications
(Nkoa, 2014).

Nitrogen use efficiency improved for chicken
manure digestate and cow manure digestate
compared to the first year of implementation
(Doyeni et al.,, 2021). The application of
digestate as an organic nutrient versus
granulated chicken manure led to positive
effects (Soleymani et al., 2022). Chicken
manure demonstrated the highest increase in
soil P content among the other manure types
(Afriyie et al., 2013). At the same time, the dry
fermented digestate vermicompost raised the
soil pH and consequently turned the soil much
more basic than manure and cow dung.

The major goal of this study was to estimate the
impact of two soil amendments on soil fertility,
grain crops yield and quality.
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MATERIALS AND METHODS

Field experiments on determining the reaction
of maize, sunflower and sweet sorghum
(Medovy hybrid) were laid in the spring of
2021 at the DDAU research station to
determine the effect of the treated with a
flocculant municipal sewage sludge (MSS).
Experiments with sunflower (SUR variety) and
maize (Duncan hybrid) were laid on two types
of soils: black soil and phytomeliolated loess
like- loam. Sweet sorghum reaction on sewage
sludge application was determined only on the
phytomeliorated loess like - loam. Otherwise,
the option of experiment with phytomeliorated
loess like - loam can be equated with an eroded
soil, which has a lower transitional horizon.
The humus content in the black soil was 3%, in
the phytomeliorated loess like - loam -1.3%.
That is why in the experiment on the
phytomeliorated loess like - loam, two doses of
MSS (40 and 80 ton/ha) were brought under
three grain crops.

The dose of sewage sludge 60 ton/ha in the
experiments on the black soil was recognized
as maximum, referring to the amount of humus
more than 2 times.

The effect of vermicompost and the solid
fraction of digestate on maize at a dose of 40
t/ha has been investigated. Solid fraction of
poultry litter digestate was obtained from MHP
Oril-Leader farm situated in Dnipropetrovsk
province in the south-eastern part of Ukraine.
Preparation of plant samples for chemical
analysis was made by conventional methods.
Analysis of concentrations of heavy metals was
performed by the method of atomic absorption
spectrophotometry. Soil enzymes (urease and
phosphatase) activity was determined for 2
pooled depths: 0-20, 20-40 cm.

The results obtained were processed by
statistical methods at a significance level 95%.

RESULTS AND DISCUSSIONS

The accounting data of field experiments
obtained on plots with a phytomeliorated loess
like loam to determine the impact of sewage
sludge application (at rates 40 and 80 t/ha) on
the yield of sweet sorghum and maize are
shown in Figurel.
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Adding sewage sludge at doses of 40 and
80t/ha led to an increase in maize grain yield by
18.6 and 31.1% and sweet sorghum - by
34.80% and 56.50%.

The results of determining the impact of the
introduction of two doses of SS on the
productivity of aboveground biomass of sweet
sorghum and maize are shown in Figure 2.
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Figure 1. Sweet sorghum and maize grain yield
in an experiment with sewage sludge made on
a phytomeliolated LLL

®40SSt/ha
1 80SSt/ha

Biomass increment,%

Maize

Sweet Sorghum

Figure 2. Sweet sorghum and maize biomass increment
in an experiment with sewage sludge settled on a
phytomeliorated LLL

The greatest effect of increasing sweet sorghum
biomass obtained from the addition of sewage
sludge has obtained at the rate of 80 t/ha. Such
a reaction has become appropriate to the
introduction of nutrients into the "young" soil
(Shewangizaw et al., 2018).

The accounting data of the field experiments
managed to determine the effect of sewage
sludge application in black soil at doses of
60t/ha on maize and sunflower seeds yield are
shown in Figure 3.
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Figure 3. Sunflower and maize grain yield in an
experiment with sewage sludge laid on black soil

It is obviously that sewage sludge impact on
maize in dose 60t/ha inferior to the results
obtained in the experiment with the
introduction of 80 t/ha to the LLL.

The results of determining the content of four
heavy metals in the grain, leaves and stems of
maize in the field experiment with SS added to
LLL are shown in the Figures 4 to 7.
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Figure 4. Zinc content in grain, leaf and stem of maize in
experiment with the introduction of sewage sludge into
LLL
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Figure 5. Copper content in grain, leaf and stem of maize
in experiment with the introduction of sewage sludge
into LLL
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Figure 6. Lead content in grain, leaf and stem of maize in
experiment with the introduction of sewage sludge into
LLL
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Figure 7. Cadmium content in grain, leaf and stem of
maize in experiment with the introduction of sewage
sludge into LLL

The results of the evaluation of the content of
heavy metals in sunflower seeds in the field
experiment with sewage sludge are shown in
Figure 8.
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" Yothe
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Metals content, mg/kg
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Figure 8. The content of Zn, Cu, Pb and Cd in sunflower
grain in experiment with 60t/ha of MSS laid on black
soil

The MSS applying by rate of 60 t/ha had little
effect on the increase in the content of zinc and
copper in sunflower grains in the experiment
managed on black soil.

Trace content of lead and cadmium are
recorded.The data obtained can be explained
with black soil high level buffer capacity to the
heavy metals (Kharytonov et al., 2007).
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The addition of vermicompost and solid
fraction of digestate at a dose of 40 t/ha led to
an increase in the of maize grain yield obtained
on black soil up to 20.1 and 35.0%,
respectively (Figure 9).

The dynamics of two soil enzymes (urease and
phosphatase) activity depending on kind and
rate of soil amendment (digestat and
vermicompost) are shown in Figures 10 to 13.

35
30

Maize grain yield,t/ha

control poultry litter vermicompost
Figure 9. Maize grain yield in experiment with digestat
and vermicompost laid on black soil

of soil
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poultry litter vermicompost
= 0-20 =20-40
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Figure 10. Urease activity in top and subsoil in June
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Figure 11. Urease activity in top and subsoil in
September

The greater starting effect on urease activity
was recorded after the introduction of
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vermicompost compared to the solid fraction of
the digestate.

The application of the solid fraction of the
digestate had a positive effect on the activity of
phosphatase in the topsoil in June.

It was fixed low impact of the emissions of
CO; and CHs from the field fertilized with
digestate from biogas plant on total emission
from agriculture (Czubaszek & Wysocka-
Czubaszek, 2018).
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Figure 12. Phosphatase activity in top and subsoil in June
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Figure 13. Phosphatase activity in top and subsoil in
September

There are prospects to cultivate maize and (or)
sweet sorghum as biomass for anaerobic
treatment in biogas complexes and to continue
restore low organic marginal lands by adding
organic matter and facilitating microbial
activity. Municipal sewage sludge can be used
also as soil amendment to get high grain crops
yields for bioethanol production (Kharytonov et
al., 2019).

The possibility of municipal and agri-waste
nutrients applying as fertilizer could become an
alternative to the use of conventional fertilizers
after  forthcoming ecotoxicological and
hygienic investigations.
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CONCLUSIONS

The MSS applying by rate of 60 t/ha had little
effect on the increase in the content of zinc and
copper in sunflower grains in the experiment
managed on black soil.

Trace concentrations of lead and cadmium are
recorded in seeds. The addition of
vermicompost and solid fraction of digestate at
a rate of 40 t/ha led to an increase in the maize
grain yield obtained on black soil at the 20.1
and 35.0%, respectively. The greater starting
effect on urease activity was recorded from the
introduction of vermicompost compared to the
solid fraction of the digestate. The application
of the solid fraction of the digestate had a
positive effect on the activity of phosphatase in
the topsoil in first part of season of vegetation.
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Abstract

In the current agro-economic context, for the rural development of Gorj County, it is important to identify new,
attractive, but also economically efficient businesses. Starting from the fact that the interest in Goji fruits has increased
significantly, along with their use in organic food and in traditional medicine, and the adaptation of this shrub to the
pedoclimatic conditions in Gorj County, if the culture technology is respected, this study present the possibility of
establishment and capitalization of a culture that is not specific to the area, but which, through its characteristics, can
adapt to the pedoclimatic conditions in Gorj County. Following the economic analysis, it is demonstrated that this
business has a positive impact on the sustainable development of the rural area of Gorj County, on the economy, on the
social life and on the environment, by capitalizing of agricultural land, creating jobs, promoting the area and

increasing the income of entrepreneurs.

Key words: culture, economic efficiency, Goyji.
INTRODUCTION

Goji berries have been known for over 2000
years, but interest in them has increased
significantly with their use in organic food and
traditional medicine due to their antioxidant
content.

Goji shrub has the advantage, being not
pretentious to environmental conditions, it
adapts easily, but it is preferable to plant it in a
sunny place and with enough space to grow.
The growth of the goji plant does not involve
difficulties, resisting low temperatures of -25°C
in the first two years and of -30°C in the
following years, as well as to peaks of up to
+40°C. (Bordes, 2008; Kourdi, 2011).

Goji has the scientific name Lycium chinese
and Lycium barbarum, being a shrub of the
Solanaceae family, originally from Tibet,
belonging to the same family as tomatoes,
potatoes and eggplants.

Both species produce many ellipsoidal fruits
with a bright red-orange colour.

The flowers are small, purple in colour and
appear in the summer between june and
september (Babuc, 2012; Sharamon, 2009)
(Figure 1).
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Figure 1. Lycium barbarum

The composition of dried goji berries/100 g is
as follows:
energy 1461 kJ (17%);
protein 12.1 g (24% more than cereals);
carbohydrates 57.82 g (60%);
fat 0.73 g (1%);
fibres 7.78 g (43%);
vitamin C (400 times
oranges);

- vitamins A (role in improving vision),
B1 (thiamine), B2 (riboflavin), B3, B6
(necessary for the biochemical processes of

than

more
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transforming food into energy, helps
metabolism), B12, E (prevents the occurrence
and evolution of atherosclerosis) (Sengiin &
Kadakal, 2021);

different amino-acids (L-glutamine and
L-arginine, important in improving growth
hormone levels and gluten, important in the
fight against free radicals, which turn in the
body into gluten peroxidase, a very powerful
antioxidant);

21 minerals (Ca, P, Zn, K);

21 microelements (Fe, Mg, K, With,
like, P, Zn, Ge, Se);

antioxidants (goji berries are the most
effective fruits);

29 fatty acids;

beta carotene (can be compared with
carrots, antioxidant and sun-protective effect);
phytonutrients;

betaine (beneficial in depression and
anxiety; protects the liver), zeaxanthin (with
protective effect on the retina), beta-sitosterol
(treating impotence and prostate diseases; anti-
inflammatory effect and significant role in
lowering cholesterol levels), physalin (active
compound that fights the main forms of
leukaemia), lutein (regeneration of DNA and
all body cells; antiviral effect), solavetivone
(strong antifungal and antibacterial effect),
cyperone (in cases of cervical cancer; blood
pressure control), anthocyanins and saccharides
(Donno et al., 2015).

The aspects for which account is taken in
setting up a Goji culture are as follows:

soil type (sandy, calcimorphic, luteous
or brown soils);

soil pH =7.1-7.5;

soil fertility (to determine the level and
type of fertilizers and the fertilization plan);
timing of the plantation care work;
technology of culture;

possibility of accessing European funds
to cover part of the expenses (since 2018, the
goji culture is eligible for financing with
European funds);

geographical area in which the
plantation is established (on flat or sloping
land, with rows oriented on the level curves);
location in an area with at least 8 hours
of sun/day, because the goji plant develops best
in the presence of the sun (avoiding shady areas
or with too much moisture);
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establish an efficient irrigation system
(to increase the yield of goji berry crop and
plant resistance);

surrounding the area (to ensure and
prevent investment safety issues);

market insurance (in Romania there is
only one collection centre for the members of
the association).

Goji blooms at the earliest in May and bears
fruit between June and November, with buds,
flowers, green fruits and ripe fruits on the same
branch. (Kulczynski & Gramza-Michatowska,
2016).

Production of 2-3 kg/plant occurs in plants over
3 years of age. The bearing fruit period of Goji
berries in plants obtained from seeds is after 2-
3 years, but from cuttings, from the first year.
For a production-efficient, qualitative and
quantitative culture with high yields, emphasis
is placed on spraying, watering, cutting,
fertilizer use and pesticide use. Cutting and
structuring the shrub is paramount for the
appearance, development and qualitative and
quantitative production. The traditional way of
shaping Goji shrub is in the form and structure
of canopy, through which the sun and wind can
pass, on 1, 2 or 3 floors. In this regard, cutting
is done in winter or early spring, when the plant
is in the vegetative rest period (Kogyigit &
Sanlier, 2017) (Figure 2).

Figure 2. Cutting the Goji shrub

MATERIALS AND METHODS

In order to highlight the economic efficiency
regarding the establishment and capitalization
of a Goji plantation in Gorj County, a plot with
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an area of 7,100 m? was identified, in the extra
village area, with the category of arable use.
Regardless of the planting scheme applied, it is
taken into account that the goji shrub needs a
distance between plants of minimum 1.5 m in
order to develop well, and the compliance with
the recommendations contained in the goji
shrub cultivation technology leads to an
increase in the quality and quantity of
production.

The technology for the establishment and
cultivation of Goji berries is based on the
following steps:

Land choosing

- the soil related to the land intended for
the establishment of the Goji plantation must
comply with the following conditions: good
fertility, medium texture, clayey, sandy or
loamy soil, permeable, pH = 6.1-8.1;

- existing water source nearby, for

phytosanitary treatments and irrigation in case
of excessive drought, during the months of
july-august.
To carry out the pedological study, soil samples
were collected from the land area and it was
demonstrated that the land identified for
planting has the following characteristics:

- texture = clayish on the surface (0-
24 cm, horizon AO) and clayey alluvial and
colluvial lutum, (in horizon Bt1, W, 58-75 cm);

- structure = finely porous;

- degree of compaction = medium;

- fertility = medium to low;

- pH = 5.4 (moderately acidic reaction);

- degree of saturation in bases (V%) =
moderately mesobasic;

- content in humus = small;

- mobile phosphorus content = medium =
8.86 ppm;

- mobile potassium content = low = 112

Land preparation
The technological works carried out for the
establishment of the Goji plantation in semi-
intensive system are as follows:

- delimitation of the land allocated to the
plantation;

- land levelling (modelling of areas of
land that favour water accumulation) (Figure

3);

- application of pesticides, with a role in
combating diseases, insects and nematodes
(Figure 4);

- fertilization with manure (in the amount
of 40 to 60 t/ha, given the low fertility of the
soil);

- basic fertilization with P and K (250 +
250 kg/ha or by the use of complexes);

- soil mobilization (50-60 cm deep, by
unclogging or by scarification, through two
perpendicular passes);

- plowing (at 27-30 cm);

- ploughing + levelling
perpendicular ways) (Figure 5).

(tWO ]

Figure 3. Levelling and fertilizing with manure

Figure 5. Soil plowing and ploughing
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Soil fertilization is carried out by correlating
agrochemical indicators with the requirements
of the goji plant, compared with the fertility
indicators for achieving an efficient production
qualitatively and quantitatively:

correction of moderately acidic pH =
5.4, when the crop is set up under plowing,
with 4 t/ha calcareous amendments;

organic fertilization, with 30-40 t/ha
manure and repeat at 4 years, with 20 t/ha
fermented manure applied on the plants row;
annual fertilization with complex
fertilizers of type N, P, K, at N80 P80 K120
kg/ha level, which is 400 kg/ha complex of
type N20 P20 K20;

foliar fertilization, with a
fertilizer, simultaneously with a treatment.

foliar

Land parcelling and marking

Land marking is necessary before planting, to
respect row and row distances and to have a
perfect alignment.

It is carried out using 2 m long rollers, painted
to be visible, 50 m long roulette and 0.5 m long
pickets (Figure 6).

4':“'"!‘1“1"|I" |'i‘-‘-'w'

Figure 6. Marking and planting Goji shrubs, autumn

Plant purchasing

Seedling materials are purchased from
authorized and experienced producers, who can
provide information and guarantees for the
administration of a Goji plantation; the
plantation with good quality Goji berry bushes
can form the genetic basis for their rooting and
multiplication (Figure 7).
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Figure 7. Certification label of the of Goji seed material

Shrubs planting

being a plant little spread in Romania,
the breeders did not work on the creation of
varieties, the species introduced in the country
are only of foreign origin: Ninxia NQI, Goji
berry, Lycium chinese species and Lycium
barbarum,

the optimal planting period is autumn
(the plant enters vegetation in spring, directly
in the field and time is gained in development)
or early spring (when the soil is moist); the
advantages of autumn plantings are: by spring,
the roots of the trees make close contact with
the ground, the shrubs start in vegetation 10 to
15 days earlier than those planted in spring, and
achieve growth by 20 to 30%;

the young plants should be 45-50 cm
tall, and the stem should grow straight, up to a
height of 1.5-2 cm;

planting distance depends on the crop
system: intensive (planting distance between
plants in row = 1.5 m and between rows = 2 m)
or semi-intensive (planting distance between
plants in row = 2 m and between rows
2.5 m);

the specific planting works are as
follows: digging holes at 30 x 30 x 30 cm;
preparing seedlings, by removing from
stratification; protecting seedlings, to avoid
dehydration, until planting, from sun and wind,;
root shaping and crown reduction; mud soaking
of roots; laying the young plant in the pit,
laying the ground in successive layers by foot
compaction; watering with 10-15 L water, if
there is not enough moisture in the ground
(Figure 8).
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Figure 8. Planting Goji berries and mounting the
dripping system

Maintenance of culture throughout the year
the culture should be cleaned of weeds and
unproductive shoots, which grow from the root
of the shrubs;

early spring and late autumn, shrubs sprinkle
with copper-based substances to protect the
plant from pests;

during summer and during flowering, can be
stimulated the development of plants, by foliar
sprinkle with various nutrients, which must
comply with a fertilization plan made by
specialists based on the carried-out soil tests;
depending on the variety, Goji berries begin
to bloom in May and bear fruit from June to
October-November; after they begin to bear
fruit, there are flowers, buds, unripe fruits and
ripe fruits on the plant; in the first year of
cultivation, emphasis should be placed on the
formation and development of shrubs and not
on fruiting; profit from the sale of Goji berries
is obtained from the third year of cultivation;

- the soil maintenance system can be: black
field (the soil is kept free of weeds and loose
throughout the period, by digging dig through
the plants) or grazing (on the interval between
rows and black field on the row of plants, by
manual weeding and weeding with Roundoup,
Glifogan herbicides);

maintenance works in the crown are aimed
at suppressing the main stem in the first 2 years
at 1 m height and in the following years at 1.5-
2 m, suppressing the side branches by
maintaining a maximum of 4-5 shoots and
removing the shoots from the base that develop
very quickly but do not bear fruit.
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Fruit harvesting

- Goji berries are harvested manually and
staggered, depending on ripening of the fruits
and can be consumed fresh or dry;

- Goji berries are perishable and require
increased attention to handling, because they
can easily oxidize;

- a shrub of over 4 years of cultivation
produces 3-4 kg of fresh fruit;

fruiting begins in the second year, but
production is obtained after the fourth year of
planting (Figure 9).

Figure 9. Harvesting Goji berries

RESULTS AND DISCUSSIONS

The investment required to set up 1 ha of Goji
plantation is about 10,000-15,000 euros, which
covers the purchase of the shrubs, the
preparation of the land and the actual planting,
taking into account that 3,000-3,500 shrubs are
required for lha. The cost for obtaining the bio
certification is 500-600 euros, which also
covers laboratory tests that prove that the land
is not polluted, and for shortening the
conversion period, another application is
submitted to the certification entity and new
soil tests will be carried out, which cost another
500 euros.

In order to highlight the economic efficiency of
initiating a  business  regarding  the
establishment and capitalization of a Goji
plantation in Gorj County, on a land area of
7,100 m?, are presented:

- the expenditure on setting up the Goji
plantation (Table 1);

- the expenditure on the materials necessary
for the establishment of the Goji plantation
(Table 2);
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- the expenditure on the maintenance of the
Goji plantation, up to the entry on the start
bearing fruit period (year I and II) (Table 3);

- the expenditure on the necessary materials
for the maintenance of the Goji plantation in
year I and II since its establishment (Table 4);

- the total expenditure on the establishment
and maintenance of the Goji plantation in year |
and II of growth, up to the bearing fruit period
(type of expenditure on establishment and
maintenance and total expenditure) (Table 5).

Table 1. Expenses for the establishment of the Goji plantation

Name of the agrarian work Value Value Value Total costs
workmanship workmechanical materials (let)
(lei) (lei) (lei)
soil mobilization (unclogging or by scarification) - 400 - 400
Plowing - 300 - 300
fertilization with manure (30-40 t/ha) - 100 3,000 3,100
application of pesticides (fighting diseases and pests) - 50 150 200
soil plowing twice (levelling + incorporation of fertilizers and pesticides) - 300 - 300
land marking (for planting) 60 - 598 658
digging holes (30 x 30 x 30) 125 - 50 175
distribution of tutors to pits 55 - 1,136 1,191
root shaping 67 - 30 97
mud preparation + mud soaking of roots 54 - 20 74
distribution of propagating material to pits 49 - - 49
planting seedlings + waterin, 135 - 13,682 13,817
tying the shrubs to the tutors 56 - 50 106
spilling of the stems 54 - 35 89
sowing herbs on the interval between shrubs - 150 750 900
TOTAL 655 1,300 19,501 21,456
Table 2. Expenditure on materials necessary for the establishment of the Goji plantation
Name of the material uM Amount Value (lei)
UM Total on the material
Goji seedlings pieces 1,136 12 13,632
Wooden pickets pieces 1,136 0.5 568
Manure t 30 100 3,000
Wooden tutors pieces 1,136 1 1,136
Binding foil kg 1 50 50
Barracks pieces 5 10 50
Hoes pieces 7 10 70
Scissors for trees pieces 2 15 30
Lime kg 4 5 20
Paint brush pieces 1 15 15
Roulette 50 m pieces 1 30 30
Pesticides pieces 2 75 150
Seed herbs (for grassing on intervals) kg 15 50 750
TOTAL 19,501
Table 3. Expenditure for maintenance of the Goji plantation until the first and second year of growth
Name of the agrarian work Workmanship Value of Material Total
value mechanical value costs
(lei) works (lei) (lei)
(lei)
Chemical fertilization (NPK = 300 kg/ha) 55 150 618 823
cutting (for crown forming) 180 - 100 280
phytosanitary treatments (at the vegetative resting period) 60 150 200 410
digging on the row of plants (2 works/year) 1,800 - 100 1,900
mechanical mowing (3-4 work between rows) 240 400 - 640
phytosanitary treatments (5-6 treatments during vegetation) 300 750 1,000 2,050
irrigation (400-600 m*/ha, 2-3 watering /year) 180 100 100 380
binding and driving of the stems and skeleton branches 567 - 150 717
(2 works/year)
TOTAL 7,200

192




Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

Table 4. Expenditure on materials necessary for the
maintenance of the Goji plantation in year I and year II
of its establishment

Name of the material UM The Value
amount (lei)
NPK complex fertilizers K 215 618
Different tools buc 10 200
Pesticides - 1,200
Materials for binding 150
TOTAL 2,168

Table 5. Total expenditure on the establishment and
maintenance of the Goji plantation in the first and second
year of growth, until entering on the fruit phase

Type of expenditure Value (lei)
Establishment of the Goji plantation 21,456
Materials necessary for the establishment of the 19,501
Goji plantation
Maintenance of the Goji plantation until the first 7,200
and second year of growth
The necessary materials for the maintenance of the 2,168
Goji plantation in the first and second year of its
establishment
TOTAL 50,325

For the expenses related to the establishment
and maintenance of the Goji plantation in the
first and second years after its establishment,
are presented for each type of agricultural work
carried out, its position in the normative, the
category of works, the value of the labour for
each work, the value of the mechanical works
carried out, the cost of the materials and total
expenditure on the establishment and mainte-
nance of the Goji plantation up to the entry on
the start bearing fruit period, i.e. the first and
second year of growth (Table 1 and Table 3).
For the expenditure on materials necessary for
the establishment and maintenance of the Goji
plantation in year I and II of its establishment,
Table 2 and Table 4 present the name of the
materials, the unit of measurement, the quantity
required, the value per unit of measure, Total
value for each material and total expenditure on
the materials necessary for the establishment
and maintenance of the Goji plantation in year I
and II since its establishment.

Analysing the data presented, regarding all
types of expenses necessary for setting up a
Goji plantation, on an area of 7,100 m? in the
Gorj County, it is noted that the initiation of

this business has economic efficiency,
contributes to the rural development of the
commune and to the promotion and

development of agro tourism in the area.

Goji plants enter on the fruit phase since the
third year of planting, but the economic
efficiency is achieved after the 4th-5th year.
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- Production potential = 2-4 kg/fruit/plant
- Estimated production = 1,600 plants/ha x 3
kg/plant = 4,800 kg fruits
- Price of valorisation = 50 lei/kg of fresh fruits
- Production value/ha = 240,000 lei
- Value of production at cultivated area of
7,100 m? = 170,400 lei
- Profit starting with year 4 income —
expenses = 170,400 — 50,325 = 120,075 lei

CONCLUSIONS

Goji berries have been known for over 2000
years, but interest in them has increased
significantly with their use in organic food and
traditional medicine due to their antioxidant
content

Goji berries can be eaten fresh or dried or can
be used in various food industry preparations.
The initiated business has a positive impact on
the sustainable development of the rural area of
Gorj County, on the economy, social life and
environment, by capitalizing on agricultural
land, creating jobs, promoting the area and
increasing the income of the entrepreneur.
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Abstract

The paper aims to have a look over the energy production over the time, and its specific nowadays, with the desire to find
alternative solutions, but taking into account the specifics of the way in which irrigation systems and schemes in Romania
are structured and used, and watering methods are distributed according to the plants, over the territory. Analysing the
Romanian Energy System for 2 different periods (winter and summer) and the distribution the energy sources, there are
comparisons between the evolution of energy production and energy needed for irrigation. In that manner it is possible
to conclude if and when solar energy has efficient utilization.

Key words: energy, solar, irrigation, consumption-demand balance, storage.

INTRODUCTION

Social and economic development implies an
increase in the energy need. Industrial evolution
was based, in its first phase, on fossil energy
resources (that have the advantage of a high
energy density): coal was the main source of
energy, quickly followed by oil (Figure 1).

| First energy level

SOLAR &pps: thermal, photovoltaics,
solar power plants

‘ Second energy level — derived from solar energy ‘

BIOM&SS Apps: biofuels, composting, anaerohicfermentation, thermal
WING and HYDRAULIC

‘ Third energy level - derived form biomass ‘

COAL QIL and NATURAL GASES

Figure 1. Energy levels depending on generation mode
and historical time

The primary energy received from the sun is
converted in a short time into wind, hydraulic
and biomass energy. The third level of energy
was due to natural biomass transformation
processes.

The energy density increases from the first level
to the last one, high efficiency applications
being made throughout the period of industrial
development. Hydraulic energy has developed
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throughout the entire mankind development
period due to the multiple advantages related to
efficiency and the possibility of storage.

The technology transfer and the society
development have led to the continuous increase
of the energy requirement with an unfavourable
effect on the environment.

The main ways of environmental impairment
caused by energy production are:

natural resources overexploitation, defores-
tation, change of land use, water resources
extensive and intensive use;

mining, oil extraction and processing;
tailings - associated land and water pollution;
carbon emissions, powders, other combus-
tion gases, atmospheric pollution.

In recent period, climatic changes were high-
lighted, the measured values show temperature
increases and precipitation regime changes,
these effects being closely related to the green-
house effect produced by carbon and powders
high concentrations in atmosphere.

In this context, a plan was proposed to modify
the energy field and re-technologically the entire
society, whereby the energy sources from level
3 (Figure 1) are gradually abandoned and the
necessary provision is made through the
resources mentioned at level 2 and 1, as seen in
the energy production evolution between 2010
and 2020 graph by source type (Figure 2).
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Figure 2. Production of energy by source type, EU,
2010-2020 (Source: Eurostat, 2021)

The directions of action are:

- increasing energy efficiency in all activity
fields;

giving up coal and oil (level 3);

energy provision from renewable sources
(level 1 and 2);

consumption and transport based
electricity and hydrogen;

balancing the demand-supply stages based on
natural gas and electricity storage systems
(through hydropower methods, hydrogen
production, integrated production-storage-
consumption systems) and intelligent
consumption systems.

The energy system transformation involves a
considerable volume of investments in which
both producers and consumers will have to be
engaged, through following methods:

changing the type of wused energy,
investments in electricity production, storage
and transport units;

car fleet replacement, entire transport system
restructuring;

processes optimization and automation.

on

THE CURRENT SITUATION OF ENERGY
IN ROMANIA

Nowadays, in Romania the main activities that
involve energy consumption are (INSS, 2018;
2019; 2020; 2021; 2022):

- transport consumption: derived from oil
(diesel, petrol and LPG): 300 1/year.consumer ~
2,400 kWh/year.consumer 6.6 kWh/
day.consumer (average values, considering the
reduced fuel consumption during the Covid
pandemic period);

- total electrical energy consumption: 5,000-
8,000 MWh/hour ~ 150 GWh/day = 8 kWh/ day
consumer;
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- consumption for heating in the cold period: 50-
150 W/m? = 50 kWh/day consumer;
consumption for domestic hot water
preparation: 50 1/day = 1.5 kWh/ day consumer.
Romanian data show that the largest share of
consumption is found in the heating sector, the
consumption of electricity and for transport
being at a low level.

In order to reduce energy consumption in
Romania, in accordance with the European plan
for reducing carbon dioxide emissions, the
following projects are underway:

- buildings insulation and thermal
rehabilitation;

- conversion to electric transport;

- electricity  production from renewable

sources;

increasing the processes energy efficiency;

biomass and biofuels projects development;

capture and recovery of thermal energy using
heat pumps.

Overall, the energy system modification and the

predominant of electricity use implies the

increase of this system by approx. 200-300 % in
all sections: production, transport, distribution.

To characterize the national electricity system

current situation, an analysis of production and

consumption was carried out for two periods:

June 18-25, 2022 (the longest day of the year)

and December 18-25, 2022 (the shortest day of

the year), resulting:

- production-consumption- balance and the
share of each category of energy in
production (Table 1);

- hourly evolution of solar and wind energy
production.

Table 1. Production-consumption balance for the
analysed periods

Period 18-25 jun. 2022 18-25 dec. 2022

GWh %* GWh Yo*
Consumption | GWh | 1175.09 | 100.00 | 1250.65 100.00
Production GWh | 1141.07 97.11 | 1333.40 106.62
Coal GWh | 250.70 21.33 | 217.05 17.35
Hydrocarbs GWh | 208.42 17.74 | 284.04 22.71
Hydro GWh | 361.16 30.73 | 412.40 3297
Nuclear GWh | 131.55 11.20 | 268.51 21.47
Wind GWh | 130.20 11.08 129.74 10.37
Photovoltaic GWh 48.45 4.12 10.71 0.86
Biomass GWh 10.61 0.90 10.97 0.88
Sold GWh 34.04 2.90 -82.74 -6.62

*percentage-weight of the total consumption

For the analysed periods, it turns out that the
share of renewable energy produced in the
national energy system is about 16% in the hot
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season and 10% in the cold season. The
differences are due to climatic factors that
especially affect solar energy, 4% weight in the
warm period and only 0.9% in the cold period
(Figure 3).

Figure 5 shows the significant production varia-
tions within the winter period and reduced values
compared to the summer period; the values pro-
duced in winter days can be of the order of per-
centages compared to warm season production.
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Figure 3. Evolution of solar and wind sources energy
production - period (18-25).06.2022
(processed data, Transelectrica, 2023)

It can be seen that on the 19th and 20th of June
the production of photovoltaic energy was
higher compared to wind energy. For the period
analysed it is found productions close for solar
energy, making predictable this category of
energy, depending on the weather forecast and
the evolution.

There are periods with low consumption and
high production originating from the wind
component. For these reasons, wind energy
sources require energy storage systems, while
predictable photovoltaic energy can be used in
the national distribution and consumption
system without the need for storage in
compensation, especially with hydraulic energy.
Figure 4 shows significant variations in the two
energy categories and the possibility of
correlation: large day-to-day differences in solar
energy can change wind energy production due
to changes in weather conditions, differential
heating and local or regional generation of air
mass movements in atmosphere.
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Figure 4. Evolution of solar and wind sources energy
production - period (18-25).12.2022
(processed data, Transelectrica, 2023)
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Figure 5. Comparative evolution of summer-winter
photovoltaic energy production
(processed data, Transelectrica, 2023)

The production evolution shown in Figure 6
indicates significant variations and the need for
compensation in the national system or the
creation of storage systems.
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Figure 6. Evolution of solar and wind sources energy
production - periods (18-25).06.2022 and (18-
25).12.2022 (processed data, Transelectrica, 2023)

Figure 7 shows the relatively constant daily
production but also the significant hourly
variations: about 4 hours/day the production is
at alevel of over 90% of the maximum value and
about 7 hours/day at a production of over 70%
of the maximum value. The obtained graph
shape coincides with the one described by
Victor, 2011.

The production uniformity during this period
makes predictable this type of energy produc-
tion, depending on the weather conditions.

The overlapping of the production during the
period of high consumer demand means that this
type of energy does not require storage units if
the introduction into the national energy system
is ensured.
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Figure 7. Hourly evolution of photovoltaic energy
production- period (18-25).06.2022
(processed data, Transelectrica, 2023)

Figure 8 shows the significant hourly and daily
variations of the photovoltaic energy production
during the analysed winter period.
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Figure 8. Hourly evolution of photovoltaic energy
production- period (18-25).12.2022
(processed data, Transelectrica, 2023)

The average value of the maximum daily pro-
duction at a value of 270 MWh is about 2.5 times
lower than that obtained in the summer period
analysed in Figure 5, where the average produc-
tion at the maximum of the day was 700 MWh.

SOLAR-PHOTOVOLTAIC ENERGY USE
FOR IRRIGATION

The irrigation systems are large energy consu-
mers; for example, the U.S. agricultural irriga-
tion consumed 60.6 TWh in 2018 and there is an
acute interest to diminish the energy footprint of
this activity (Sow & Dicataldo, 2022).

Climate changes affect the energy consumption
of irrigation systems, major adaptation needed
cause the fact that increasing water use
efficiency means intensifying energy use
through increasing pumping head (Daudin &
Weber, 2020).

The irrigation systems in Romania were created
to ensure the water requirements for large areas,
in the context of the state ownership of the
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respective areas. The plan for the irrigation
systems development envisaged investments for
3 million ha, an area that represents
approximately 20% of the country's agricultural
area.

The irrigation technology for these extensive
systems involves watering with high rates at a
time interval calculated or resulting from the
water balance for each irrigated plot.
Practically, the volume of active soil is
considered as the storage volume between the
minimum and maximum humidity (field
capacity), the technology involves soil
irrigation.

The energy requirement for pumping water for
large surfaces is high and optimization measures
are adopted in operation:

pumps high efficiency operation;

reduction of water losses form transport
channels and pipelines networks;

watering installations function at minimum
pressures

The transition to a new society organization led
to labour force reduction, which migrated to the
industry, more economically efficient, so the
irrigation systems were equipped with hydraulic
displacement equipment that requires higher
pressures at the pumping station (about 6-7 bar).
In these conditions, considering an irrigated
surface of 1 million ha with an average rate of
1500 m3/ha/month, the energy requirement only
for the pressurized stations is 570 MWh/h,
which represents approx. 10% of the current
capacity of the national energy system (Burchiu
et al, 2004):

1500
981X ————
pUwy =220 _ 30.X20.X3600 —0.57kW
n.pXn.me 0.8X0.9
where:

P - power of the pumping unit, Kw;
Q - pumped flux rate, m%/s;

H - pumping head, mCA;

n.p - pump efficiency;

n.me- electric motor efficiency.

The estimated value in this case is optimistic, the
energy consumption being higher due to:
energy losses during the transport and
transformation of electricity (approx. 10%);
infiltration and evaporation water losses in
transport systems;

energy consumed by pumping

and
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repumping stations (different, specific value
for each irrigation system and plot);

- ensuring the necessary irrigation norms in
dry periods (reaching values of 3000
m?/ha/month).

The previous analysis shows that for extensive
irrigation systems it is impossible to provide
energy from solar energy sources, the main
incompatibilities being:
high energy requirement for irrigation
throughout the day including during the night
(when watering is recommended to ensure
higher efficiencies);
high energy requirement for irrigation and
low solar energy density, the use of the
variant involving investments in photovoltaic
parks on large areas;
large hourly variations in the photovoltaic
energy production and the impossibility of
ensuring the necessary power on a constant
basis;
the lack of overlapping of the energy
production period with the efficient irrigation
application period;
the need to over-equip irrigation systems or
the use of other complementary energy
sources;
the high production price of photovoltaic
energy.
For agricultural production systems on small
areas, specific to horticultural farms, efficient
irrigation systems "at the plant", through drip or
similar systems, the option of using photovoltaic
energy can be adapted. On the same calculation
assumptions, the result for 1 ha is a photovoltaic
system of 0.57 kW x 20 hours = 12 kWh/day
with an area of 15- m?.
The watering norms application can be ensured
by oversizing the irrigation installation or by
storing energy in the form of electricity or
hydraulic, the last option requiring the
oversizing of the photovoltaic system depending
on the additional pressures required.

CONCLUSIONS

Photovoltaic energy production is variable both
seasonally and hourly, which makes it
impossible to ensure the necessary for domestic

198

and industrial consumers. To compensate for
hourly production, storage systems for high
production capacity are not justified; the
overlapping of production over demand implies
the injection of this photovoltaic energy directly
into the energy transport systems. Low-capacity
storage systems for the isolated individual
consumer can be considered cost-effective.

The advantage of solar energy is that it is
predictable in terms of production depending on
weather conditions and can be easily
compensated in the national energy system. In
the cold season, the production is variable in a
wide range, the share within the national energy
system being reduced.

Variable wind energy production requires
storage systems or extreme compensation
measures within the national energy system.
Photovoltaic energy can provide the necessary
for small surfaces irrigation systems with plant
watering, oversizing the watering system or
storing the energy in hydraulic form. For
extensive irrigation systems, photovoltaic solar
energy is not suitable due to the hourly non-
uniformity energy production and the reduced
production time.
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Abstract

The stations from the INCD URBAN-INCERC network are distributed throughout the country, including Bucharest, and
are located either in free-field conditions, in small buildings, in medium-height buildings or in boreholes. The interactive
map representation of the seismic stations and the automatic monitoring of their operation, based on the analysis of
received data, are currently carried out with the SeisComP sofiware. The paper exemplifies, as performance benchmarks,
some data processing obtained in 2022 within the permanent seismic monitoring system.

Key words: seismic data, seismic network, spatial analysis, semi-automatic generation of PGA maps.

INTRODUCTION

In a general context, the main objective of the
automation of the permanent seismic monitoring
system is to improve the understanding of the
structural behaviour of buildings and their
damage potential under the dynamic action of
earthquakes or of other vibration sources.

The capacity of the seismic network of INCD
URBAN-INCERC was developed in this
direction and a significant amount of data was
obtained through the permanent monitoring of
buildings such as that of the General
Inspectorate of Emergency Situations, IGSU,
the Ministry of Research, Innovation and
Digitalization, MCID, the Faculty of
Biotechnologies, BTH (USAMVof Bucharest),
the University Emergency Hospital, the VENUS
and the APATEL buildings, but also through the
temporary seismic instrumentation of a number
of 14 research and development institutes
premises.

This is an important step in the research for
increasing public safety, given that the obtained
records obtained will provide, in time, important
data for the:
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systematic and efficient verification of the
performance of the structures and the
identification of potential prerequisites for
future damage;

overall  vulnerability  assessment
instrumented/monitored buildings;
evaluation of dynamic characteristics as
reference data for the future instrumentation
of the same buildings, or for informing
retrofitting interventions;

identification of the level of ambient
vibrations in some urban areas and of the
peculiarities of recorded signals;
comparison and selection among different
operational modal analysis techniques for
identifying the structural behaviour from the
response analysis in the time and frequency
domains under low-amplitude ambient
vibrations;

semi-automatic generation of PGA maps
and highlighting of various patterns and
trends revealed by the recorded data;
enriching the existing records database by
acquiring real-time data transmitted through
the Romanian Special Telecommunications
Service network etc.

of



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

BUILDING RESPONSE MONITORING

Some aspects of advanced seismic monitoring
are presented in the following. The automatic
monitoring of seismic stations operation, the
generation of maps with the seismic stations that
transmit in real-time and, the advanced spatial
analysis of the seismic data and the calculation
of various parameters of specific earthquake
engineering significance represent some of the
main activities conducted in support to and
within the broader context of the assessment of
seismic risk in case of major earthquakes.

The interactive mapping, based on the analysis
of the data received from the stations, is carried
out using the SeisComP scmv module
(gempa.de). Figure 1 shows a map, generated by
the SeisComP system, with stations from the
INCD URBAN-INCERC seismic network. The
stations are distributed throughout the entire
territory of the country, including Bucharest,
devices/sensors being placed either in free-field
conditions, in small buildings, in medium-rise
buildings (for seismic monitoring) or in
boreholes.
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Figure 1.Representation in SeisComP of the seismic
stations from the INCD URBAN-INCERC network, with
the reference channels (vertical - HNZ) - detail for
Bucharest (with also BTH station)

Figure 2 shows the waveforms recorded at some
seismic stations of the network during the
earthquakes of July 16 and 18, 2022, using the
SeisComP scolv module. The waveforms show
the automatic identification of the primary ("P")
waves and, respectively, the secondary ("S")
wave’s arrivals. The advanced spatial analysis
of seismic data can be performed with the
SIGMA program, also developed by gempa.de
(Germany), as the SeisComP system. The
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program performs: interactive or automatic
analysis of seismic motions; generates maps of
modified Mercalli Intensity (MMI), peak ground
acceleration (PGA) and peak ground velocity
(PGV); computes earthquake engineering-
specific parameters such as, for example, the
Arias intensity and duration and allows the
selection, mapping and validation of ground
motion prediction equations (GMPE). The
computed values are stored in a database that
can be accessed report generation.
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Figure 2. Waveforms recorded at the stations of the
INCD URBAN INCERC network during the seismic
event of 16.07.2022. Representation generated by using
the scolv module of SeisComP

The waveforms in Figure 2, displayed for the
earthquake on 07/16/2022 (Mr=4.1), show
various times of arrival of P- and S-waves for
stations in Bucharest, including those recorded
at the Faculty of Biotechnologies (USAMV of
Bucharest) seismic station, code BTH.

In Figure 3, a map is displayed for another
earthquake, that of November 3, 2022 (ML =
5.4), with the recorded peak accelerations of the
soil (as resulting from the countrywide seismic
monitoring).
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Figure 3. PGA map for the earthquake of 11/03/2022
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RESULTS AND DISCUSSIONS

Processing of data recorded by seismic
stations. For each of the recordings, the desired
components can be selected and the response
spectrum, phase spectrum and power spectrum
can be computed and displayed, using different
options related to axes, corrections etc. Wave
forms recorded at the seismic stations can be
also represented using the scolv module of
SeisComP.
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Figure 4. Response spectrum of the earthquake recording
from 16.07.2022, INC6 station (INCERC Bucharest
branch), N-S component. Representation made with the
scolv module of SeisComP

Spatial analysis and advanced processing of
seismic data. In the following figures (5 to 8),
the application of the SIGMA program for the

Vrancea subcrustal earthquake of
17/18.07.2022is presented for illustration.
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Figure 5. Waveforms (corrected accelerations) recorded
in the pilot stations of the seismic network of INCD
URBAN-INCERC during the earthquake of
17/18.07.2022

The recorded amplitudes have important
applications in earthquake early warning, which
can be performed directly at station level, thus
gaining time in case of the exceedance of the
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preset levels (Marmureanu et al.,, 2021;
Tiganescu et al., 2022).
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SIGMA program for a pilot station of the seismic
network of INCD URBAN-INCERC, for the earthquake
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The role of seismic instrumentation. Up to
2022, 14 research and development institutes
have been instrumented by INCD URBAN-
INCERC, apart from another set of permanently
monitored buildings. The obtained results
contribute to the development of the existing
database and to the analysis of the differences
between the structural dynamic properties
determined by measurements and the results
from the application of the simplified formula

[T
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from the Romania seismic design code P100-
1/2013 (Figures 9, 10, 11).

Also, as the dynamic properties evaluated by
seismic instrumentation (under low-intensity
excitations) will likely not coincide with the
dynamic properties recorded under severe
earthquakes, arrange of frequently recorded
accelerations, is considered (Dragomir et al.,
2017; 2018; 2020).
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Figure 9. Average level of frequencies recorded from ambient vibrations and computed according to the
P100-1/2013 code, for 3-story buildings (including the BTH_USAMYV station)
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Figure 10. Average level of frequencies recorded from environmental vibrations, compared to those computed
according to P100-1/2013, for 7-story buildings
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Figure 11. Average level of frequencies recorded from environmental vibrations, compared to those calculated
according to P100-1/2013, for 10, 12, 13 and 15-story buildings

CONCLUSIONS

In the context of the applications of the seismic
instrumentation/monitoring activity, the
possibility of its integration into the new BIM-
Building Information Modelling approach, in a
multidimensional and multidisciplinary
relationship, for a new type of evaluation and
mitigation of seismic risk, should also be
mentioned, through the following aspects:

data of interest can be provided on the
characteristics of both the structural
elements and the non-structural elements of
a building, from the BIM model, correlated
with  the structural instrumentation/
monitoring data;

the structural health monitoring before and
after an earthquake can provide information
for a self-diagnosis in BIM;

structural instrumentation/monitoring to can
support the creation of an earthquake
emergency management hub within a
building management system;

estimation of structural seismic losses by
going through a few successive stages:
measurement of the structural dynamic
response from environmental vibrations and
subsequent identification of the
characteristics of the structural system only

from output data (operational modal
analysis);

— experimental and/or analytical structural
analysis;
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automatic analysis of seismic losses through
implementation in the existing BIM
application.

Regarding the semi-automatic generation of
PGA maps from seismic actions or other
vibrational sources and the rapid assessment of
the vulnerability of instrumented buildings, a
series of software modules necessary for the
automation of the permanent seismic monitoring
system, based on the use of the specialized
SeisComP software package, were previously
prepared, configured and implemented. Thus,
the following stages were completed in this
process:

installation and configuration of the program
core;

initial population of the database;

creation of the inventory of seismic stations;
definition of the seismic network
characteristics;

import of the characteristics of the seismic
recording instruments from the Nominal
Response Library database of the
Incorporated  Research Institutes for
Seismology, IRIS;

definition of data related to the seismic
stations (general characteristics of the
stations, device locations - geographical
coordinates, location within the seismic
station, characteristics of the channels);
generation and import of the XML file with
the data on the seismic network into the
SeisComP database;
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— configuration of online communication, in
real time, with the seismic stations in the
territory;

— configuration of connections with network
stations;

— configuration of local archiving of seismic
records;

— graphic representation of data recorded in
real-time (waveforms);

— representation of recorded data in real-time,
in a special format;

— real-time verification of the quality of the
operation of the seismic stations;

— access to files from the SDS archive;

— management of the station metadata file.

Shake maps can be also generated based on the

ground motion attenuation equations (laws)

selected by the user from a list provided by

SIGMA. Attenuation laws can be dependent on

PGA, PGV, or on the pseudo-spectral amplitude

(PSA) expressed at various period values (0.3s,

1.0s, 3.0s).
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Abstract

There is a need for safer constructed medium in order to respond to the constant necessity for raising the security level
of human society to earthquakes impact. In this respect the buildings monitoring in areas subjected to seismic site effects
provides the possibility of getting immediate and reliable information on the status of certain structures, which enables
decision makers to better allocate resources and to direct rescue operations. A procedure is implemented, which allows
to perform real-time data acquisition, data exchange and data analysis from structures exposed to seismic excitation or
under ambient vibration. The processed recordings are used to deliver information in real time about the seismic event.
Engineering seismology parameters are computed: maximum acceleration, spectral acceleration, corresponding
oscillation periods, etc., on both structures and free field. The output is conceived as a standard report on the
characteristic response of the instrumented building. In the paper such an approach is described in an extended and
thoroughly version, for two instrumented buildings, located in different areas, under the last year’s strongest seismic
event of 2022.11.03, M, = 5 that hit the Romanian territory.

Key words: near-real time seismic analysis, moderate Vrancea earthquakes, structures monitoring performance.

INTRODUCTION 1999; Takewaki, 2001; Todorovska, 2000; Wolf
& Song, 2002; Balan et al., 2020a). Other
Vrancea seismic region is the most important  studies are also focused on evolution of dynamic
source of the seismic hazard for almost the entire  characteristics of buildings during and after
country territory through its intermediate-depth earthquakes (Trifunac et al., 2001a; Trifunac et
earthquakes activity. There are also many  al., 2001b; Gallipoli et al., 2003a; Balan et al.,
superficial focal-depths seismic zones which, 2019; Balan et al., 2022a,b) with impact to urban
along with the Vrancea crustal one has their  risk mitigation.
local area of influence. The seismic events The aim has a many fold character, pursuing: -
belonging to the former location are the  to contribute at enabling a system of both
strongest that hit the Romanian territory during integrate observational and results in earthquake
centuries. Their hypocentres roughly located  engineering and seismological data to issue
deeper than 90 km, to 150 km or even more are  warnings (alerts); - to assess near-real-time (i.e.,
confined to a certain volume recently described  right after a potentially damaging event and/or
as consisting in an upper mantle seismic nest during its aftershock sequence) structure

(Ismail-Zadeh et al. 2012). response-based status; - to give a contribution to
Traditionally the main attention was given to the seismic risk assessment, based on data acquired
influence of the ground motion characteristics, from buildings network, in cities exposed to
its amplitude, duration and frequency content, different/various site effects.

on the potentially damage induced upon the These aims are to be accomplished by rapidly
constructed medium (Trifunac & Todorovska,  processing the recorded parameters of the

2000). With the more developing of the urban earthquake in order to generate useful
centres the interest was focused also on dynamic information about the seismic response, for civil
soil-structure interaction and soil-building  protection needs and earthquake engineering
resonance, important features being brought by  purposes. This will also contribute at rising the
new development of earthquake engineering  security level in densely populated cities to the
regarding nonlinear behaviour of soils, dynamic earthquakes impact and enable authorities to
of buildings and resonance implications  better allocate resources and to direct rescue
(Apostol, 2017; Bratosin et al., 2017; Lomnitz,  operations.
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SEISMOGENIC FEATURES
INVOLVED AREAS

OF THE

In this paper two urban areas are considered,
both strongly affected by the previous damaging
earthquakes generated by Vrancea-intermediate
seismic source, hence with a quite high level of
seismic hazard. The first town, Bucharest, the
capital of Romania, is located at distances
between ~120 and ~170 km from the epicentres
zone, is a highly urbanized metropolitan area
with a high risk posed by the constructed
medium, which suffered a lot of damage and
many human losses in the previous century as a
consequence of last destroying earthquakes
(Dilley et al., 2005; Bonjer et al., 2010; Kronrod
et al., 2013). The second city, Focsani is located
much closer to the epicentres, also exposed at
crustal earthquakes generated by the
neighbouring seismically active area.

Apart from the highly seismic risk of the two
cities, they are experiencing quite important site
effects, along with other seismic hazard exposed
areas, during last medium-to-strong seismic
events. The recordings, as well as data processed
and spectral characteristics, show large values
for the ground motion parameters and
amplifications (Marmureanu, 2016;
Marmureanu et al., 2021a; 2022).

A comprehensive background analysis was
previously undertaken using strong motion data from
earthquakes corroborated with observational damage
and considering the evolution of the three generations
of code-based spectral levels for the two cities (Balan
et al.,, 2019). Herein a case-study for two densely
populated Romanian cities (Focsani and Bucharest) is
presented, using data from a 5 Mw earthquake
(November 03, 2022, see Figure la). Its
characteristics were as follows: triggered time
06.50:25 local time, lat. 45.4949 N, long. 26.5166 E,
focal depth 148.8 km, 122 km and 48.33 km
epicentre distances for Bucharest and Focsani
respectively. The earthquake belongs to the
intermediate-depth Vrancea seismic region and
was felt with intensities about V on MSK scale
in the epicentre area and III-IV in both cities, as
well as in other cities over the country (Figure
1b). This seismic area has generated 11
earthquakes above 5 Mw in the last 23 years. The
earthquake was recorded with high quality data
at 132 accelerometers with North-East South-
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West directivity of the highest values, as well as
in the Eastern part of the epicentre with
maximum PGA = 48 cm/s> (INCDFP internal
seismic report, www.infp.ro, ROMPLUS,
2022).

BUILDINGS SEISMIC NETWORK AND
MONITORING PERFORMANCE

The improvement of the National Seismic
Network (RSN) was a constant concern at
National Institute of R-D for Earth Physics
(INCDFP). An increase of the performance of
seismic instruments was pursued, in order to
record in the wide range of frequencies from
very strong seismic movement to very weak
vibrations.

In the last couple of decades, RSN has seen a
remarkable development, so that currently,
Romania has one of the largest and most modern
seismic networks in Europe. Data recorded from
163 stations (Marmureanu et al., 2021b; Neagoe
et al., 2011) which cover the entire country
territory are transmitted in real-time to the main
location (Magurele).

In the last decade, the National Institute for
Earth Physics has deployed permanent
instrumentation with accelerometers at key
stories of six buildings in metropolitan cities
areas that recorded the seismic motion. This
activity was carried out and supported through
different  scientific  projects, cooperation
activities and research contracts (see, for
example: URban Seismology Project CRC461,
2003; Ritter et al., 2005; NATO Project 981882,
2008; TURNkey Project, 2019; Balan et al.,
2020b; Balan et al., 2022b). Within the
Department of Engineering  Seismology
structures behaviour was studied, to better
understand the influence of seismic movements
on constructions. The recorded data are
transmitted in real time to the National Data
Centre (NDC) (BRTT, 2018).

The monitored buildings are Institute of Atomic
Physics (TURN tower building, IFA), located in
Magurele area, a locality near Bucharest city,
completed in 1974 and partially damaged by the
1977 earthquake being retrofitted twice, and
Hotel Unirea from Focsani (FOCR), Vrancea
County, near to the Vrancea seismic source.
Both are tall reinforced concrete structures.
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