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APPLICATION OF MATHEMATICAL MODELSFOR THE
SIMUL ATION OF THERMAL COMFORT CONDITIONSIN
) ALIVING ROOM _ )
MATEMATISKO MODELU LIETOJUMI DZIVOJAMAS TELPAS
TERMISKA KOMFORTA APSTAKLU M ODELESANAI

STANISLAVS GENDELIS, ANDRIS JAKOVICS

Laboratory for mathematical modelling of environmental and technological processes,
Faculty of Physics and Mathematics, University of Latvia
Zellu Street 8, Riga, LV 1002, Latvia
Phone: + 371 7033783, fax: + 371 7033781, e-mail: stasis@ modlab.lv, http://www.modlab. v

Abstract. The paper deals with the distributions of temperature and averaged turbulent airflows in living
rooms in 2D and 3D approximations using Ansys/Flotran and Ansys/CFX software respectively. The distributions
are calculated depending on the placement and temperature of heaters, heat transfer coefficients of the building
structures and ventilation conditions. The authors analyse the influence of these factors on the air circulation and
the related heat flows through building structures. The thermal balance of a room and its dependence on various
external factorsis also considered. As thermal comfort conditions' parameters are analysed, the airflow velodities
and indoor temperatures with itsgradients. It is shown that it is possible to save heating consurmption, at the same
time maintaining the conditions of thermal comfort in the room

Keywor ds: Mathematical modelling, thermal comfort conditions, living rooms, temperature, airflows,
heating, heat consumption, heat losses.

Introduction
The placement of the heaters and their operating temperature essentially influence the
distribution of temperature in the living rooms. Such a distribution strongly depends on the
behaviour and intensity of airflows, which determine the thermal convection, controllable and
uncontrollable heat fluxes through the openings of ventilation and gapes in the room’s walls (e.g.
crannies in window-frame), as well as heat transfer through windows, floor and ceiling. Under
such conditions the heat consumption for maintaining thermal comfort increases essentially,
which, in turn, leads to an increase in the heat transfer coefficient U (W/n?K) of heat transfer
through boundary constructions, especially through the external wall [1].
Heat transfer in a thermal boundary layer essentially increases with growth of heat flux through
structure and airflow intensity near it. As a result, the thermal resistance (R) of boundary layer
can considerably differ from the standardized value [2] for vertical indoor boundary layer R =
0,13 m?K/W. It is possible to regulate the intensity of airflows at the vicinity of boundary
surfaces and corresponding thermal resistance by choosing an appropriate placement for heating
facilities and ventilation openings, as well as by adding windowsills to the windows.
In such a way it is possible to reduce the coefficient of heat transfer and the total heat leakage of
the building at a fixed heat transfer coefficient of the building structure. However, in case of
great heat conductivity of walls and delayed air circulation (e.g. room’s nooks), heat exchange
there may be reduced, what is the reason for a decrease of the surface temperature — the dew-
point and water condensation can be achieved there. Adverse thermal comfort conditions in a
room are notably defined by uncontrolled airflows from openings in the window-frame; this
usually is the cause of increased total heat losses.
Person’s feeling of comfort is fundamental impressed by welocity of airflows, absolute
temperature and amplitude of the vertical temperature gradient in the room. The optimal
arrangement of heaters, accordant packing of window-frames and installation of controllable
venting system allows maintenance of thermal comfort in the living room with reduced heat
consumption. Influence of above mentioned factors is effective and detailed analysed by use of
mathematical modelling approach.

11
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M aterials and methods
The calculations have been performed for the room shown in Fig. 1 filled with air. Only one of
the walls (W,) has a window and a boundary with the exterior air. Heat transfer coefficient for
outer wall is 0,35 W/m?K and it corresponds to building requirements established in Latvia [2],
but for window it is 2,5 or 6,0 W/m?K depend upon modelling variant. The problem is simplified
assuming that the considered room is one of many, i.e., the heat flow through the side walls is
practically absent. On walls convection boundary conditions are set with according surface heat
transfer coefficients [2]. The temperature in the room above and below the floor is chosen from
the condition of thermal comfort, T=20°C, while the temperature behind the wall W3 is chosen
essentially lower: T=15°C (e.g. in the hallway). The exterior temperature behind the outer wall
W, corresponds to winter conditions, T=-10°C. The surface temperature of the heater (W) is set
to constant 50 or 60°C. Crannies in window-frame (Wo1) and ventilation system’s opening
(Wo2) as well as windowsill is geometrically created only in several modelling variants and there
opening boundary condition with constant pressure is defined.

Wz\

Wory

W4H\VV

Fig. 1. Layout of building structures in a room and illustration of discretisation

6 m

3m

K

/ll

Wy

The airflow in the room depends both on the convection created by the temperature difference

and on the air exchange between openings in building structures (openings, ventilation system,

etc.). To determine airflow characteristics, the following dimensionless numbers are employed

[3]:

o Reynolds number, Re=v,L/v (Vo is the characteristic velocity, L is the characteristic size

and v is the cinematic viscosity). Simple calculations show that in our case the Reynolds

number is approx. 10%, which corresponds to the turbulent airflow character;

o Peclet number, Pe=11/a (a is the temperature conductivity). In current model it is
approx. 10°, which means that in the heat exchange there dominates convection;

o Prandtl number, Pr=v/a. In the case of turbulent airflow the turbulent number (Pry)
should be used. Inour calculations Pry = 0,85 was used.

To describe the quasi-stationary behaviour of temperature and averaged turbulent flows,

traditional differential equations are employed [4]:

o Reynolds averaged momentum equation;

o continuity equation;

e  equations for specific turbulence energy k and dissipation rate of this energy ¢;

o energy conservation equation.

The turbulent viscosity vt is calculated by using the k- turbulence model under traditional

boundary conditions [5]: v, = cvkz/g, where ¢, = 0,09 is anempirical constant. The temperature

distribution should be determined both inside the room and in the building structures, because

12
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the convection type boundary conditions A-0T/on = a(T-T.) are set for the temperature at the
outer boundary of these structures. The solar heat radiation through the window is ignored in
order to simplify the model. In the case of a model with openings there is airflow from/to the
outside thanks to pressure boundary conditions at openings. For all surfaces, except openings,
non-slip boundary conditions (v = 0) are used.

For the numerical modelling the software package Ansys/Flotranand Ansys/CFX was applied to
obtain both the stationary temperature distribution and averaged airflows in the approximation of
the k—¢ turbulence model. The discretisation was performed with triangular elements of varying
size; boundary layers are discretised with smaller hexagonal elements. The size of finite
elements is from 10 cm in the middle of the room till 1 mm in the vicinity of the heater and the
openings in the walls. Therefore, the total number of elements depending on geometry and the
modelling variant varies from 0,5 to 1,2 millions. An example of finite elements discretisation
near the heater and wall is shown in Fig. 1.

The boundary conditions of the third type (convection from walls to the outside and to other
rooms) for temperature on all surfaces of building structures and the low viscosity of air
essentially worse the convergence of iteration process. The time required for calculations with a
3 GHz computer for 2D variant is 15-25 hours and for 3D variants — up to 80 hours. The
difference between the heat amount from heater and the heat losses from the outer surfaces and
openings of the building decreases below 10% during each simulation.

Results and discussion
Some variants of the modelling should be considered, which evidently show the impact of
particular changes in the geometry and heat exchange conditions on the physical fields,
characteristic values of temperature and airflows. In this way thermal comfort conditions can be
analyzed.
1. Adding the windowsill and reducing of heat conduction (variants 1-1 and 1-2).
In a room without windowsill and great heat conductivity of window (U=6,0 W/m"K, one-glass
window analogue) the airflow from the heater is directed upwards (Fig. 3a). In this modelling
variant (1-1) heat transfer coefficient for window is chosen very high to qualitatively illustrate
the exchange process. As one can see, the flow of warm air from heater’s surface with
temperature of 60 °C is moving to the window where the intensive heat exchange takes place
thanks to low temperature near the window. Characteristic thermal comfort factors and according
heat losses is shown in Table 1 — the average temperature in this room with relatively high
heater’s temperature is about 18 °C and average velocity in whole room is up to 25 cm/s. As one
can understand, the highest values of airflows are close to inner surface of the window, in the
middle of the room flows are about some centimetres per second. In its turn, the greatest heat
leakage is connected with outer wall and window — approx. 80% of the total losses. It is clear
that in this type of rooms the thermal comfort conditions as well as economy of heating power is
not reached.
One of the ways to reduce the heat losses is to increase the thermal resistance of the wall and the
window, thus reducing the temperature gradient and thermal losses. Another way is to change
the geometry in such a manner that the airflow was mechanically deflected from external
boundary structures. For example, it can be realised by employing of windowsills.
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A

Fig. 3. Stationary distribution of the ve

b)

locity modulus in the modelled room.

I mages (a) and (b) correspond to variants 1-1 and 1-2 respectively

Distribution of airflows and their behaviour in the variant with the windowsill and better isolated
wall and window (1-2) is shown in Fig. 3b. The windowsill now serves as a mechanical barrier
for the airflow and provides flow of the warmair in the centre of the room. A high velocity ofair
is observed near the surface of the window, which is attributed to the high horizontal gradient of

temperature OT /ox in this place, as the window is the most powerful heat conducting element in

this model. Considering the motion of the air at the upper part of the convector, one can see that
it is directed to the centre of the room, but relative inactive masses of warm air are present
directly under the windowsill. Distribution of temperature in the area of the windowsill is shown

inFig. 4.
Table 1.
Characteristic factors and heat losses for different modelling variants

é _ | ® Q\{ircaigtge Heat losses through surface Q
- | 2858 | e S y (normalized to 1 m width room) [W]
c L = | g c v [m/S]
S| 9% |50 >2
S | g 2 |E2 S E . |5
o | 23 |8 25 3=
S |5 |Ee| SE|8el22
% 2 % ; o % § E E E) g W1+W2 W3 W4 W01+W02 Total
= s 8 ? o ¥ | o &

28|18 |z |2 |E

= g = | e
1-1 - 18 0,25 - - 14 27 | 156 - 186
1-2 - 26 0,15 - - 8 28 | 118 - 154
2-1 22 0,1 0,13 | 0,10 6 6 80 34 126
2-2 5 15 0,32 2,3 | 0,47 -50 -10 | 19 337 295

If the heat transfer coefficient of the window is high and airflow is deflected from it, e.g., by the
windowsill, then the temperature of the inner surface of the window can considerably decrease,
as a result, the temperature difference between this surface and the air in the room increases thus
leading to a risk of condensate formation.
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As the flow of warm air deviates from the
window, where the greatest thermal losses
are observed, the average temperature in the
room also increases. The temperature in this
variant is 26°C (against 18 °C in variant
1-1). Thus, the general thermal requirement
is also reduced (Table 1) — heat losses
through external wall and window become
only 75% from losses in variant 1-1. The
mentioned temperature cannot be considered
comfortable for people; however in real
living rooms it is lower owing to convective
thermal losses by air exchange. The
maximum air velocity in the middle of the
room is changed in comparison with variants
without a windowsill and it not reaches
15 cms.
Detailed analysis of modelling results for living rooms with different boundary constructions’
heat transfer coefficients, varying heater surface temperature, geometry configurations and
corresponding comparison of heat balances is scribed in publication [6].
2. Convective heat exchange through openings in the walls (variants 2-1 and 2-2).
In the previous variants a closed room without openings for air exchange was considered.
However, in reality, rooms are not isolated from environment and the airflows compensate the
consumed oxygen that is necessary for breathing. Therefore, the following designed models
include openings in the boundary structures (Wo1 and Wo3 in Fig. 1.) which provide the air
circulation. Thus, there are also additional thermal losses that have not been taken into account in
the variants considered above.
To demonstrate influence of crannies in low-quality windows packing on total balance and on
thermal comfort conditions, two air exchange modelling variants with different boundary
conditions are considered and analysed:
o with 0 Pa pressure difference, which is the case when between the opposite walls of the
roomthere is no pressure difference;
o with 5 Pa pressure difference. A case is considered when outdoor air pressure is higher
than in the ventilation opening. This is frequent situation for real buildings.
The location of two outer openings in the model is between the window and the wall. The sizes
of openings should be small to correspond to the real room situation. In the model, 5 mm
openings are employed. In the opposite wall one more opening is modelled which corresponds to
a 2,5 cm wide ventilation system’s opening. On the lines in openings that delimit the room from
the environment, the pressure values are taken 0 and 0 or 0 and 5 Pa respectively, as well as the
temperature equal to T=-10°C on Wo; and T,.=15°C on Wq, assumed for the corresponding
surface under third type boundary conditions. To allow flowing of air through openings, non-slip
conditions are not used on these lines.
In contradistinction to previous models with one-glass window, in variants 2-1 and 2-2 window
with two glasses is used (U=2,5 W/m?K) and no window-sill is created. As a result heat
conduction losses trough it are reduced, hence total heat losses to outside decreases too
(Table 1). Although cold outer air flows through crannies in window-frame exists even in case
with 0 Pa pressure difference, thermal comfort conditions (temperature about 22°C and maximal
airflow intensity in the openings is less than 15 cm/s) in a room are reached with heater’s
constant surface temperature 50°C. It is very essential that in this case, when conditionally calm
weather outside room is set up, the fresh air flow necessary for breathing is provided; at the same
time openings do not generate extra heat losses by convection.

263.159
269.808
276.457
283.106
289,755
296,404
303.053
309.702
316.351
323

JODENEEN

Fig. 4. Temperature distribution near heater
and windowsill in modelling variant 1-2
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However, situation radically changes in model with AP=5 Pa (variant 2-2). In this case maximal
airflow velocity in openings reaches 2,5 m/s and they are also intensive near heater. At the same
heater’s temperature (50°C) heat convection from its surface is increased more than 2 times
thanks to high velocities of airflows in the room and significant low average temperature in it —
only 1,5°C at outside air temperature -10°C (Table 1). Heat conduction losses through walls in
this variant are only 7% and the room is heated by neighbouring rooms with constant
temperature 20°C. Except for grown heat consumption, comfort conditions in this room become
absolutely unsuitable for human living.

Moreover, character of air circulation between the outer wall and the heater radically changes —
in case with insignificant air inflow (variant 2-1) there dominate upward airflows. However in
variant 2-2 downward cold air flows from crannies in window-frame are determinant (Fig. 5).
Such character of airflow substantially amplify vertical temperature gradient in the room in
comparison with variant 2-1 — the floor is additionally cooled, but relatively warm air layer is
remained only near the ceiling (Fig. 6); in this case thermal comfort conditions in the room are
explicit uncongenial. Above mentioned analysis shows how conditions in the room are affected
by uncontrolled air inflows trough crannies in the window-frame, e.g. temperature and airflows
inside the room can be radically changed by the wind intensity and direction outdoors.

Velocity
(vector 1}
2.88%e-001

Velocity
(vector 1}
2.656e+000

1.6308-003

2 F1Re-005

1.0002-008
[m sh1]

1.0002-008
[m sh1]

|F
I
f
L

!

) b). iR it

Temperature Temperatre
Canmowr 1) iCormowr 1)
2. 99104002 2.78164002
2.9892+002 2.779e4 :
29861002 277504003
2.984c4002 2
2 581e4002
2.978e+002

2.975.002
7 973003

95704002
2.955+002
2.952e4002
2.94%¢4002
2.94754002 2.737e+002
2. 54404002 2.734c4002

a) 2 9ats.003 b) 2.731e+002
Fig. 6. Temperature distributioninaroom invariants 2-1 (a) and 2-2 (b)

Summary of characteristic average temperatures in the whole room (include air in the openings)
and corresponding heat requirements for all modelling variants are shown in Fig. 7. As one can
see, heat requirement in variant 1-2 is reduced at the same time average temperature in the room
grows compared to variant 1-1. But 5 Pa pressure difference in variant 2-2 critical levels down
the temperature and increases necessary heat amount up to 2 times in comparison with variant
2-1.
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3.3D modelling

3D modelling, which is more

numerical capacious for calculus 350 30
than 2D modelling, allows to >
realize more exac? model and |E 300 ¢ 255
accurately disclose and analyse the | o 250 * 20‘%
heat exchange processes in a real | £ 2 a8
room. In a spatial modelling it is | § 200 15%
possible to visualize some effect § 150 10%
that is not possible in 2D models- | & 3
e.g. air inflow distribution through | § 100 5 7
crannies in the window-frame is | T Q required @ T average ¢ 3
noticeably spatial. The outside 50 ‘ ‘ 0
pressure value is set to 1 Pa in this 11 1-2 21 22
modelling variant (3-1) and on  Fjg. 7. Characteristic average temperature and
ventilation it is set to 0 Pa, thereby velocity in the middle of a room

total pressure difference AP is

1Pa, what agrees with real natural conditions with slow breeze outdoors. Because of outdoors
overpressure the air flows in through 5mm tight opening and the its velocity reaches 1,5 m/s. The
velocity decreases farther from wall and is less than 10 cm/s in the middle of the room —
isosurface with absolute velocity value of 0,55 m/s is visualized in Fig. 8a.

The window-sill greatly blocks hot airflow from heater, thereby air temperature near window’s
surface with heat transfer coefficient U=2,5 W/m’K is noticeably lower than surface temperature
of wall with U=0,35 W/mPK. The temperature near air inflow area is considerably lower —
isosurface with temperature of 7°C demonstrates that lowest temperatures exist in lower corners
of window where greatest air velocities (Fig. 8b) are present. Relatively dense air after inflowing
through opening continues to move down along edges of the window-sill.

Fig. 8. Isosurfaces of v=0,55 m/s (a) and T=7°C (b) for modelling variant 3-1

The air exchange intensity near the upper part of window is noticeably lower — this is due to
impact of two processes. One of them is aforesaid pressure difference that promotes outdoor’s air
inflow. Other process is determined by convective airflows along window surfaces:

o indoors warm air becomes cold near window with great heat conductivity and moves down
along its surface, in that way it generates traction for cold outdoors air inflow trough
crannies in the lower part of window-frame;

o at the same time outdoors air becomes warm near outer window surface and moves up,
what helps to create additional traction for air outflow in the upper part of the window.

17
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

If there is not an extra pressure difference then typical vertical temperature distribution develops
in a window, as well as air outflow appears in the upper part of openings and inflow appear in
the lowest section. Aforementioned situation may change if there is no window-sill present
which helps to prevent direct airflow from the heater.

Conclusions
The 2D and 3D calculations of airflows and temperature distribution in a living room show the
influence of rearrangement of structural elements of a room on the character of airflow velocities
and its directions in this room. As shown, it also influences the temperature field distribution,
because of the heat exchange variation conditions near the building structures.
Openings in the room’s walls lead to convective heat losses, which through pressure difference
radically change the physical fields’ distribution in the room. In this case additional convective
heat losses arise, which are usually greater than those by heat conduction. The distribution of
heat losses for rooms is confirmed by measurements of such parameters as airflow velocities and
temperatures in different places of the room.
The above-mentioned modelling method enables to choose (in the design stage) appropriate
structural elements adequately - either of the building or its separated rooms — that have the
desired values of thermo-technical parameters. The model of a separated room shows the
influence of various kinds of factors on the resulting distributions of thermo-physical parameters
in the room that are directly related to the conditions of thermal comfort. Since the model allows,
at the same time, the heat consumption to be reduced, its use may help to reduce energy
production and the related pollution.
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Abstract. The paper presents the problem of the minimization of an uneven function of several variables

F .R™ — R". In general, the minimization of an uneven function is difficult in terms of numerical application,
especially when there is no information about the character of the unevenness of the function or any precise data
about the distribution of observation errors. This paper presents two algorithms for the minimization of an uneven
function by means of neural networks: solutions to an overdetermined system of linear equations according to the
criteria of the norm |, and according to the criteria of thenorm | (the Chebyshev norm) with the use of a square

and exact penalty function. The results of particular solutions have been compared with the solution via the method
of the least squares. The equalization tasks have been performed with minimumrestrictions of extents of freedom.

Keywor ds: minimization of an uneven function in the norm 1 and Ioc.

Introduction

In a wide class of technical and scientific problems, especially in terms of the equalization of
geodesic observations, the most frequent procedure for the estimation of the components of the
parameters vector of linear models (Gauss-Markov models) is the method of the least squares.
The use of the average-square solution to systems of linear equations with a specific redundancy,
optimum in terms of the norm |, is closely connected to the assumption that observation errors
are subject to the Gauss distribution.

Although, the average-square solution often effectively leads to the solution in other norms [3],
research into robust statistics proves [5] that for the distribution of errors subject to uniform
distribution, the most suitable criterion for minimization is the residuum norm //v//, called the
Chebyshev norm, and for the Cauchy distribution the optimum minimization criterion is used in
the form /v Jj. Moreover, the norm J/v j; is preferred when there is not enough information

about the distribution of errors.

£(x)

—0 O
a

1/(2a)

X

Fig. 1. The density of a uniform distribution

A uniformdistribution (fig. 1), within the range of [ - a, a] is called distribution density.
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f(x)=~  for|x <a )
2a
and
f(x)=0 for | x|>a )
The desity of probability for the Cauchy distribution centered at the origin of the system has the
form
1t
f(x)=————, (—oc<Xx<+oc) (3)
Tt +X

where t >0 is the scale parameter. The diagram of the density of the Cauchy distribution (fig. 2)
resembles the diagram ofa normal distribution, but it approximates the x axis very slowly.

35

30 f(x)

25

20

15

10

5

0

X
-5

-50 40 -30 -20 -10 0 10 20 30 40 50

Fig. 2. The density of the Cauchy distribution

Because of the fact that it is difficult to determine the distribution density of the probability of
the random vector which burdens the observation vector, the alternatives to the method of the
minimization of the sum of the squares of corrections to the observation are the method of the
minimization of the sum of modules (the minimization of the norm j/v J;) and the method of
minimax (the minimization of the Chebyshev norm // v/t ). Up till now the abovementioned
methods have been used mainly in procedures for the estimation of parameters of non-
differentiable functions.

The purpose of this paper is to show the possibilities of determining the estimator X of the
vector of parameters x and the residuum v = AXx—1 of the linear model Ax =| by means of
neural networks according to the criterion in the form of the minimization of the norm //v J; and

the norm J/v /..

Formulation of the problem
First, let us cosider the general problem of solving an overdetermined system of linear equations
Ax=1+v where A is the linear representation assigning the observation vector

I € R™ (m>n) to the parameter vector x € R" according to the norm criterion J/v jf, defined
in the form of an objective function inthe form [2]

Fo(x)=1/kS/vi(x)f  for (1<k<ex), (4)

n
i=1

The solution to the problem of the minimization of the function F, (x) boils down to the
implementation of a set of differential equation
d; __ OR(x)

dt i 0X;

©)
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where x; >0 (j=12,..n) is the learning coefficient.
The process of the minimization of the function F,(x) is a stationary process, where the change
of the direction of the function gradient vector F,(x)

VF, (%)= FFK (x) OFu(X)  F(X)

6)

Xy 0X, oX,

is dynamic in character, and the components of the vector gradient are activation functions in the
form
9/, (X)] =/, (x)[ sgnfv,(x)]., (7)
and
1  for vi(x)>0

sgn[v; ()] = {_ L for v(0<0 (8)
The procedure for the minimization of the function F(x) according to the criterion in the form
of the norm || v//, and according to the criterion in the form of the norm J/v|, is a little
different. According to the criterion of the norm J/vjj, the system of differential equations (5)
for k=1 (cf. formula (8)) is

dx

s ()] (=12,..m) @)

where the activation function is the sign function.

X
o) .

° °| ama2 Ve (X)
9('m)

Fig. 3. The block diagram of signal flow in a neural network
for the solution to the task of minimization according to

the criterion of thenorm // v/, (1<k < oc)

The process of the estimation of parameters in the form of the block diagram of the signal flow,
corresponding to the system of differential equations (9), has been illustrated in fig. 3.

Hence, it can be seen that the coordinates of the input vector are the coordinates of the column
vectors of the matrix A and the coordinates of the vector of free terms /. The correction vector
v is calculated on the basis of the approximate values of the coordinates of the parameter vector
X, then the value of the signum activation function w/x), whose sign corresponds to the

direction of the correction of the function F, (x) atthe point x is also calculated. The following
steps are in compliance with the method of the greatest descent, bearing in mind the scalar
learning coefficient i, (the step coefficient) ( j =1.2,..n).
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Thenorm j//v||, - the Chebyshev norm as the criterion
for the minimization of the maximum absolute error
We set the task of such a choice of the coordinates x; (j =12,...,n) of the parameter vector X,
that the functional
V = max [[ (x)/] Vi (x)=23;x; (10)
i

1<i<m

which is the representation of each of the coordinates of the vector x separately, should reach
the minimum value. The problem of optimization will be formulated by the introduction of the
additional variable &, and the original problem will be transformed to the problem modified by
the minimization of the variable &, including the constraint

IV(Xx)] —8<0 (11)

Thus, the solutionto the problem of minimization according to the diagram in fig. 3, boils down
to finding the least

S =F (X" )>0 (12)

so that the following condition is fulfilled

Vi (x)]< 6" (13)

In order to minimize the value & we will use, according to [7], the method of the square and
exact penalty function [4], used in non-differentiable minimization. For the square penalty
function, the energetic function (objective function) is:

F(X,5)=ad +ﬁ;§1{[5 N (X + [5 =V (X)) } (14)
where

[W/]_ = min{O,w} (15)
The penalty coefficients « >0, > 0 specify the participation of the penalty component.
Ifwe mark as

C,=0+Vv,(x) (16)

C, :5_Vi(x) 7

and the following steps will depend on the gradient strategy as the activation function f(C,;, ),

which assumes only two binary values 0 and 1, then according to the condition (15) we can
write

f(C,)=0 if 6+v,(x)>00r 6-v,(x)>0 (18)
f(Cyp,)=11if 5+v(x)<0oros-v,(x)<0 (19)

The problem of the minimization of the value & boils down solving the system of the two
differential equations (after the initial values of the coordinates of the vector x, the coefficient
o and the penalty coefficients « and g have been adopted).

? _ _n{%+ L5+ (X)H(C, )+ (3-vi(X)F(C I} (20)
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dx.

=R A8 [+ (X)T (Co )= (Vi (X)) (C )1 (21)

When the exact penalty function [4] is used, the energetic function is defined as
F(X0)=ab=BXA[6+V(X)] +[6-Vi(X)] } (22)

The parameter & and the coordinates x; ( j =1.2,..,n) of the parameter vector x are obtained
from the solution to the set of differential equations

dé = |a =n

5- 77{ FRDICE f(ciz)]} (23)

dx. m

S=on Ear1(C,)- 1(Cy )] (24)
Vi(X)

Fig. 4. The graphical representation of the solution to
the task of the minimization of the function F(xs )

The forms of the differential equations (20), (21), (23) and (24) result from the partial derivatives
calculated and equated to zero of the energetic functions (14) and (22) with relation to the
coefficient s and the components x (i =1,2,...,n) of the parameter vector x. The solution to the

task of the minimization of the energetic functions (14) i (22) in compliance to the equation (11)
has been presented in fig. 4.

The analysis of the algorithms under discussion used for the estimation
of parameters of a vertical geodesic network

The abovementioned methods of estimation do not precisely determine the choice ofa method of
calculations. In the paper [9] the author clearly remarks that the method of the least squares is
used with the assumption that particular observations are in an independent normal distribution.
Also K.F. Gauss had his doubts about the optimality of this method and suggested an alternative
procedure according to the rule of the least modules [6]. The verification of the linear model
optimised via the method of the least squares requires a test concerning the normality of the
distribution of the observation vector / with an application of the adequate way of classification
of the random vector coordinates described in the paper [1].

In practice the minimization methods under discussion have been used for the assessment of the
displacement of a building founded on expansive soil (clay). The overdetermined system of
linear equations Ax=/+v put into a configuration of 17 lines (m=17) and 11 columns

(n=11) has been solved in four variants:
- inthe norm j/v//, (the standard deviation m, = 0,28 mm),
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- in the norm Jvj, (the coefficient of accuracy for the solution
m, =0,36 mm),

- in the norm //v//. with the use of a square penalty function (the accuracy
coefficient for the solution m, =0,29mm),

- inthe norm J/vj/. withthe use ofan exact penalty function (the accuracy
coefficient for the solution m, = 0,33 mm).

In all the four cases the accuracy indices for the solution reached almost identical values, but the
values of parameters estimated indicated certain differences. The best approximation to the
average square solution proved to be the solution in the norm | with the use ofa square penalty
function (fig. 5) because of the values of the accuracy indices for the minimization and because
of the value of the correlation coefficient r ofthe residuum vectors, which turned out to be equal

Co-vp = 0,96 -
The displacements specified via the solution to the task in the norm |, are different in value from
the displacements in the norms |, and | . The reasons for this discrepancy can be found in the

density of probability of the random variable / different from the density of probability of the
Cauchy distribution.
0,45

a) l,- norm ] b) exact penalty function

0,35 R
SN
! 1 \
R
, \
\
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Fig. 5. The diagram of the differences between the displacement
values obtained from equalizationinthe norm |, and |

and the results of equalization inthe norm |,

Conclusions

The problem of the minimization of absolute residuum values is the counterpart to linear
programming, similarly the ordinary method of the least squares can be regarded as a particular
case of square programming. The most important difference in the approach to the method of
minimization in the norm |, and the norm |, results from the form of energetic functions. The
results of the minimization of an energetic function in the norm |, are usually similar to the
results of the minimization of even functions [2]. The average values of parameters are obtained
from the solution to the task via the method of the least squares, and the parameters resulting
from the solution in the norm [, or in the norm | assume median values with the assumption
that the matrix A is a full rank. For this reason the square of the norm |, will always be greater
in value than the square of the norm 1,.

Optimization according to the criterion of the norm |_ which consists in the minimization of the
maximum values of a function, is suitable for observations without disturbances such as
impulses i.e. observations being in uniform distribution. The norm |_ becomes considerably
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important in the process of the approximation of a uniform function, specified within a certain
range or a discrete set of points, by means of the Chebyshev polynomials. The above example
and the opinions on this subject presented in publications prove that uniform approximations are
close to approximations via methods of the least squares [8].

o
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INSTABILITY MODELING OF FINANCIAL PYRAMIDS
FINANSU PIRAMIDU NESTABILITATES MODELESANA
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Abstract. The financia structures that make use of money flow for “ easy money” or cheating purpose are
called financial pyramids. Recently financial pyramidsintensively penetrates|T area. It is rather suitable way of the
fraud. Money flow modeling and activity analysis of such financial systems allows identifying financial pyramids
and taking necessary means of precautions. In the other hand even investing companies that function normally when
market conditions changes (e.g. interest rates eventually might become financial pyramid. Modding of financial
pyramids allows identifying signs of such instability.

Keywor ds: financial invesments, financial pyramids, limited resources, money flow modelling.

Introduction
Financial structures that use money flows for cheating purpose usually are called financial
pyramids or financial bubble. As well snow bowl, chain letters, games, matrix, multilevel trade
systems usually are called financial pyramids (FP). Recently financial pyramids intensively
penetrates IT area. We can see many different FP in the internet websites. Money flow modeling
and research of these systems, allows identifying signs of such instability.
There are several approaches towards mathematical description of FP in Literature.
Not giving a definition of a bubble the authors [1] mentioned that financial bubbles are
“movements in the price, apparently unjustified by information available at the time, taking the
form of a rapid grow followed by a burst or at least a sharp decline”. In the paper the
effectiveness of the market is assumed and a quite strong assumption is made: all market
participants have one and the same information after “announcement” of prices.
Others authors [2] the game approach is used. A financial bubble is being modeled as stochastic
incomplete information game between the Ponzi firm and population of individuals. It is
supposed that the Ponzi firm knows all its movies and movies of the population, but individuals
know only their own movies and of several their acquaintances.
S.V.Dubowsky [3, 4, 5] introduced a model of a financial bubble, in which different cases of the
growth of the outstanding total face-value of the bubble securities in circulation or total value of
current sales are given as scenarios, which are monotone growing functions of time.
The goal of our research is to analyze FP models, to introduce the mathematical models for its
recognition. This problem is very distantly researched. The object of the work is existing FP, its
methods and models. The paper is prepared using comparable analysis, mathematical analysis of
scientific literature and summing-up methods.
The authors describe FP of investment companies. Such companies often organize only the
capturing of money and promise high interest rates. At first the company pays these interest
rates, and at the end the loss of money follows.

The simplified model of financial pyramid
Money flows are complicated, and to generalize them into united model is rather complicate.
First we analyze a simple case of FP money flow [6]. Lets assume, that the Organizer of FP
collets money. He promises 20% of interest rate per month (792 percentages interest rate per
year). An investment can not be repossessed for 5 month. At first clients of FP put equal sums of
money a. Lets find when will be collected the biggest sum of money and when it will not be
enough of this sum to pay the percentages. S, presents the Sum of money, which Organizer will
collect after n months. Let’s do mathematical model of such activity and build a pyramid.
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Further are presented S, values after one, two, three and etc. months, till money theoretical be
enough for the percentage payment. The example presents for how long it will be enough of
accumulated money for percentage payment:

S=a

S =a+08a=18a

S, =a+08a+0,6a=24a

S,=a+0,8a+0,6a+0,4a=2.8a

S =a+08a+0,6a+0,4a+0,2a=3a

S, =a+08a+0,6a+0,4a+0,2a+0=3a

S, =a+0,8a+0,6a+0,4a+0,2a+0-0,2a=2_8a

S =a+08a+0,6a+0,4a+0,2a+0-0,2a-0,4a=2,4a

S =a+08a+0,6a+0,4a+0,2a+0-0,2a-0,4a—-0,6a=18a

S, =a+08a+0,6a+0,4a+0,2a+0-0,2a-0,4a—0,6a—-0,8a=1,0a

S, =a+08a+0,6a+0,4a+0,2a+0-0,2a-0,4a-0,6a-0,8a-a=0
An example shows that paying 20% per month the Organizer will run out of money per 11
month. This will not happen as all the money will be spent for paying interest. The maximum
sum he can reach on the 5thand 6th periods. But later on the sum is declining and becomes equal
to 0.

Accumulative money val ue dependence from time and returned per centage rate.

In this example we are investigating the members of money flow, which have a fixed size. Now

lets as each month S percentages (calculated by hundredth) from initial contribution are paid to
depositors. Then in n month cumulative sum will be:

S, =a+(1-pla+@1-28)a+..+(1-(n-1)p)a.
In the right of equality is arithmetic progression. Lets find the sum of firsts n members of
progressionand get S, value.

S, = ?(2 + pl-n)) @)

Here S, is a Cumulative Sum of money which the Organizer gets after n periods (months), a —
sum of money contributed in each period (month) start, f — active percentage (hundredth)
calculated from initial (principal) Sum.

With reference to formula (1) we found the cumulated capital dependence on accumulation time,
(in month), when p rate of percentages paid to clients are different.

This is obvious that when the paid percentage rate is growing then time of accumulation period
is declining.

Theoretically FP can exist till it has accumulated money (until S, >0). After solving the equation
S, :?(2+ﬂ(1—n))>0 (when n >0), we get that FP could exist for the following time period:

ng%_g_l. If we would assume that f=0.2 we would get that n<=11. That lets us to confirm our

calculations and results of the figurel.
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Fig. 1. The dependence of FP accumulated capital from the time, with different
interest rates

In the calculations accumulation of money was a discrete process. More natural and more
adequate process which represents real situations would be steady accumulation. Let variable n
let's be continuous. We note that formula (1) is equation of parabola. After making a

transformation of this equationwe got s = Mn_%nz.

The branches of the parabola are go down. The maximum of parabola coincide with its summit.
Based on known formula of parabolas summit abscissa calculation we find the biggest value of
function (1) which is equal to the variable n.

It this is the time when FP has accumulated the largest amount of money. For example, when
£=0.2 the largest sum of money will be accumulated after 5,5 month.
The same result we would get while analyzing the functions (1) extremums using fluxion.

FP with variable money flow members
Now let’s analyze the case when contributed money sums are not fixed [7]. After the firsts
largess interest payments the amount of contributions begins to change: to grow or decline.
The grow accumulation. Let’s discuss the case of grow accumulation. We can say that number
of contributions grow in geometric progression. At first lets assume that g>1. Then on the first
month the contributed sum will be a, that is § =a,
Onthe second month- s, —a+a(l-g)q

Onthe third s, =a+a(l-g)g+al-28)q’
At the end on month n the accumulated value is
S, =a+a(l-pg)g+all-28)q’ +..+a(l-(n-1)8)q™"

That could be writtenas s =aqqn _11—a-ﬂnzl“i-q‘ )
_ —

Ifg=1 (sums of contribution are fixed sizes) we would get formula (1) s = E{”‘ﬂniij
i=1

After analyzing the equation (2) (like on equation (1)), one more time we can see the instability
of FP.

The results of equation (2) are presented in the figure 2. There is shown the case when interest of
20% from principal value is paid for each period (month), and one contributed sums are fixed
size (g=1). When contribution is growing then maximum sum is accumulated in the same time
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period. The value of sum grows too. However lifetime of FP is going down, because
accumulated sums are parcel out to defray rather high interest rates.
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Fig. 2. The dependence of FP accumulated capital from the time, when interest rate 20%
(the grow of accumulation)

FP lifetime has two phases (stages):

1. inthe first stage accumulated capital is growing;

2. inthe second one — declining.

If g=1 then the grow phase and the decline phase are symmetric: terms of both phases are equal.
But if g>1 then the second phase becomes shorter than the first one.

Here we have got sudden conclusion: the bigger is the accumulated sum, the faster is it’s
overspend. FP which grows more quick, exists shorter than others, which principal grow is more
slow. When the denominator of geometric progression grow, then grows the skew of phases: the
second phase decline and conversely.

The declining accumulation. Based on the analysis of accumulation cases, we can make an
assumption that decrease of denominator of progression lets exist FP for longer time. Lets
denominator of progression be g<1. In the figure 3 is illustrated the dependence of accumulated
capital to the cumulated time, when the denominator of progression increase from 1 to 0.7. Here
the same as in earlier cases basic value of interest rate is 20 percentages (5 = 20 %) per month.
All contributions are fixed sizes (q=1). We saw that FP which has basic parameters exits for the
shortest time. When denominator of progression decline we saw the second phase of FP lifetime
sudden becomes longer. That means that such FP can exists very long time. Its lifetime in the

instance could be equal to investment companies lifetime period.
35
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Fig. 3. The dependence of FP accumulated capital from the time, when interest rate 20%
(the decline of accumulation)
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In all these cases we analyzed money flows and not value of time. Because FP simply doesn‘t
make any investment. Now let’s implicate the time factor.

Lets FP work like investing company which is investing the capital with interest rate of
month i. Here r = 1+i is coefficient of capital grow. Then (accumulated value) of future value
of FP we can describe like:

S,=a-r"+a(l-g)g-r"+a(l-28)q’ r"? +...+al-(n-1)B)q"*" -r +all-np)q" 3)

Here S, — future value of accumulated sum of money, n- cumulated number of periods, a —sum
of money contributed at each period beginning, f — active percentage calculated from principal
Sum (in this case could be dividend rate), g- coefficient of contribute size variation (grow,
decline), r- coefficient of invest contribution grow size with interestratei (r =1 +1i).

In this expression determinant value has proportion of coefficients g and r. It is not hard to see
that if g=r then equation (3) becomes equation (1) with further multiplier (factor) r". Then
accumulated sum we can write like:

S,=ay (1-mg)-g™r"™. @)
m=0

Here m is serial number of money flow member.

We analyze accumulating model (5) and find dependences of accumulated value to cumulated
time, when other FP parameters are different. Lets take fixed cumulated time equal to 50 periods

(n=50), the interest rate 10 percentages and fixed amount of contribute equal to one (a=1).
700
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300 ﬁ&//’ N—‘TT
00 \ ~_]

Capital
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0
I} 10 20 30 40 an
Titne, month

Fig. 4. The dependence of future value of accumulated capital fromthe time,
when a=1; r=1.1; n=50; f=10%

In the figure 4 we can see the dependence of future value of accumulated capital from time of the
cumulate when number of contributions is different. We note the shortest lifetime of FP is at the
period when number of contributions (q) is largest and is equal to coefficient of grow of amount
of contribution r (g = r = 1.1). In the case when number of contributions is fixed (g=1), the
amount of accumulated capital is slowly declining, because # value is rather high (5 =0.1). In the
third case FP becomes stable, when the number of contributions constantly declines (g =0.9). We
can maintain that FP becomes (usual, normal) investing company. Such company has quite
stable money.

There are image dependences of future value of accumulated capital from different number of
contributions. It is presented in the figure 5. In this case it is taken higher coefficient of
profitability. It is equal 20 percentages. Obviously that grow of profitability rise the stability of
FP. In this case only when coefficient g=1.1 FP is instable. But lifetime is signally elongated.
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Fig. 5. The dependence of future value of accumulated capital fromthe time,
when a=1; r=1.2; n=50; f=10%

When profitability grows FP becomes completely stable. We can see it in figure 6.
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Fig.6. The dependence of future value of accumulated capital fromthe time,
when a=1; r=1.3; n=50; f=10%

Here in all cases we saw stability of FP. It works stable and looses features which are
characteristic to FP. So it could be as normal investing company. We must mark that when
number of contributions declines then stability of system grows.

Conclusions

Financial structure that use money flows for cheating purpose are called financial pyramids (FP).

Information technologies let to make theoretical analysis of FP using mathematical models.

Money flow modelling and research of these systems allow identify signs of such instability. We

can make the following conclusions:

1.  Accumulated Capital in the FP is made of 2 phases. The first is growing of capital, other
declining of capital.

2. Accumulated Capital in the FP which members of money flows are fixed has equal term
phases.

3. Accumulated capital in the FP which members of money flows are not fixed the second
phase is variable. This phase is longer when intensity of accumulation declines and
conversely.

4.  When the coefficient of profitability of contribution grows and number of contribution like
as interest rate declines then FP works normally like investing company.

5. Mathematical models of FP it is possible to restructure into investment models and to
examine them.
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Abstract. This paper describes a method of rule extraction from trained artificial neural networks. The
statement of the problem is given. The aim of rule extraction procedure and suitable neural networks for rule
extraction are outlined. The RULEX rule extraction algorithm is discussed that isbased on the radial bas's function
(RBF) neural network. The extracted rules can help discover and analyze the rule set hidden in data sets. The paper
contains an implementation exampl e, which is shown through standalone IRIS data set.

Keywor ds: neural networks, rule extraction, RBF networks, RULEX algorithm.

Introduction

Nowadays a considerable effort is made to ,,write” and ,read” symbolic information into and
from artificial neural networks (ANN) [1, 2]. The motivation is multifold. ANNs have shown a
very good ability to represent ,empirical knowledge”, as the one contained in a set of examples,
but the information is expressed in a ,sub-symbolic” form - in the structure, weights and biases
of a trained ANN, not directly readable for the human user. So, an ANN behaves nearly like a
splack box”, providing no explanation to justify its decisions taken in various instances. This
forbids the usage of ANNSs in ,safety-critical” domains, which include the economic and
financial applications, and makes it difficult to verify and debug software that includes ANN
components. On the other hand, the extraction of the knowledge contained inan ANN allows the
Lportability” of the information to other systems, in both symbolic (Al) and sub-symbolic (ANN)
forms.

A direct way of converting neural to symbolic knowledge is through rule extraction. This process
provides a limited form of an explanation facility of how a neural network may classify any
given input pattern. Rule extraction is a process that discovers the hyper plane positions of the
input-to-hidden units and the hidden-to-output units of a neural network. These positions are
then formulated as IF..THEN rules with the most important input unit labels acting as the rule
antecedents. The discovery of the hyper plane positions can be found by a number of techniques
that analyze the weights and biases of the neural network. Rule extraction can be carried out
using a variety of neural network types such as multi-layer perceptions, Kohonen networks,
radial basis functions (RBF) and recurrent networks.

Rule extraction from RBF neural networks
The nature of RBF networks [3] makes them a suitable solution for rule extraction process. It is
possible to extract a series of IF. THEN rules that are able to state simply and accurately the
knowledge contained in the neural network. The RBF network consists of the feed forward
architecture with an input layer, a hidden layer of RBF “pattern” units and an output layer of
linear units. The input layer simply transfers the input vector to the hidden units, which form a
localized response to the input pattern. Learning is normally undertaken as a two-stage process.
The first stage consists of an unsupervised process in which the RBF centers (hidden units) are
positioned and the optimum field widths are determined in relation to the training samples. The
second stage of learning involves the calculation of the hidden unit to output unit weights and is
achieved quite easily through a simple matrix transformation. The radial basis functions in the
hidden layer are implemented by kernel functions, which operate over a localized area of input
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space. The effective range of the kernels is determined by the values allocated to the center and
width of the radial basis function. The Gaussian function has a response characteristic
determined by equation [3]:

2
X_
2,09 -exp(- 21
J
The response of the output unit is calculated as

y:ZVViij(X)

where: W - weight matrix, Z - hidden units activations, x - input vectors, u- parameter vector, c-
width of receptive field.
Rule extraction may be viewed in one of two ways. First, it can be seen as a technique for
determining how the neural network performs any given input to output mapping. Second, the
rule extraction process may often produce rules that are more accurate than the original neural
network. The local nature of each RBF hidden unit enables a simple translation into a single rule:
IF Feature; is TRUE AND IF Feature; is TRUE AND IF Feature, is TRUE
THEN Classy

where a Feature is composed of upper and lower bounds calculated by the RBF center pj
positions, RBF width o and feature steepness S. The value of the steepness was discovered
empirically to be about 0.6 and is related to the value of the width parameter. The values of p
and o are determined by the RBF training algorithm [3]. The upper and lower bounds are
calculated as follows:

Xiower= i - ©i+ S and Xupper= Wi + Gi- S

The rule extraction algorithm RULEX [4] can be seen below in Fig. 1:

Input: Hidden weights p (center positions)
Gaussian radius spread o
Steepness S
Output: One rule per hidden unit
Procedure: Train RBF network on data set
For each hidden unit:
For each p;
Xiower= Hi - Gi +S
Xupper: ui+ ci-S
Build rule by:
antecedent=[ Xjower, Xupper]
Joinantecedents with AND
Add class label
Write rule
Fig. 1. Rule extraction algorithm

Application example of rule extraction technique
The experiment performed was intended as an implementation of the RULEX algorithm that
would give an idea of rule extraction possibilities from neural networks. The main aim of the
experiment was to extract rules and test their quality. The software program is written in
MATLAB. The present paper is a continuation of the study presented in [5].
The experiment employed the well-known Fisher’s IRIS data set [6]. As known, it contains three
flower classes of 50 elements each: setosa, versicolor and virginica. Every flower has 4
attributes:
v' SL - sepal length;
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v’ SW - sepal width;
v’ PL - petal length;
v PW - petal width.
Table 1 shows data fragments of each class.

Table 1.
IRIS data fragment
Setosa Versicolor Virginica
SL] sSW [ PL | PW SL [ sw PL PW SL [ sw PL [ PW
51| 35 14 | 02 7.0 3.2 4.7 1.4 6.3 3.3 6.0 |25
49 1 30 14 | 02 6.4 3.2 4.5 15 5.8 2.7 51 |19
47 1 32 13 | 02 6.9 3.1 4.9 15 7.1 3.0 59 |21
46 | 31 15 | 02 5.5 2.3 4.0 1.3 6.3 2.9 56 | 18

Using the GhostMiner statistical package, data normalisation was performed and element
distribution by class as well as different statistical indexes were obtained (see Fig. 2 and 3).

zepal length zepal width ||:ueta| length ||:ueta| width |
Iinimum 1] 1] 1] 1]
bverage 14 56 876 15,9467 855333
b aximum 34 22 42 21
Yariance 908789 52,3447 160.762 454434
Std 9AR3304 723496 126792 674118
Mizzing wal. i ] i I

Fig. 2. Statistical indexes of the normalised Fisher’s IRIS database
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Fig. 3. Distribution of elements by class

For data visualisation, 2D projections can be used which show the distribution of particular
parameters with regard to each other. Fig. 4.a illustrates the distribution of petal length with
regard to sepal length, whereas Fig. 4.b depicts the distribution of petal width with regard to
sepal width.
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The tasks of the experiment were as follows:
1. To accomplish network training by the RULEX algorithm at different training sets,

namely:

—  Training set A - first 25 elements of every class;

—  Training set B - arbitrary 20 elements of every class;

—  Training set C - all 50 elements of every class.
2.  Toexamine the effect of parameter S on the quality of extracted rules.
In case A, first 25 elements of every class were used as a training set. For all training sets, the
values of parameter S were found experimentally. At each training stage, class centers and radius
values were calculated according to the RULEX algorithm. Based on those values, for each class
of training elements, Xjower and Xyper Were calculated as well as the antecedent parts
characterising the corresponding class. Then testing over the whole IRIS data set was made so as
to determine to which extent the found rules correctly described elements of each class. For each
class, the count of elements satisfying the rules was found as well as the percentage of elements
correctly describing the rules. For convenience, IRIS variables SL, SW, PL and PW were
denoted, respectively, as X1, X2, X3 and X4. Table 2 shows the results of the experiment,
whereas Table 3 represents the rules extracted at different S values.

Table 2.
Results of training set A (first 25 elements of every class)

Values of par ameter S

Corre | -09 [ -0.8 | -0.7 | -06 | -05 | -04 | -0.3 | 0.2 | -0.1 0 01 | 02 03 | 0.6
ct

I 50 49 49 49 48 47 44 40 32 19 12 5 0
I 50 50 50 49 49 48 45 44 40 36 28 20 10
1 50 50 50 50 49 49 49 48 47 44 43 42 38 21
% 100 | 99.3 | 993 | 98.7 | 97.3 | 96 92 88 | 79.3 66 | 553 [44.7 | 32 14
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Table 3.
Training set A: characteristics of the extracted rules
Parameter S=-0.9 Parameter S=0
Values of centers and radii | Class 1=5.03 3.48 1.46 0.25 Class 1=5.03 3.48 1.46 0.25
Class 2=6.012.78 4.31 1.34 Class 2=6.01 2.78 4.31 1.34
Class 3=6.58 2.93 5.64 2.04 Class 3=6.58 2.93 5.64 2.04
Values of radii = 0.33 0.64 1.09 Values ofradii= 0.33 0.64 1.09
Percentage of rules correctly 100 66
describing elements of
classes

Rule of Class 1 IF (X1>= 3.80 AND < 6.26 ) AND | IF (X1>= 4.70 AND < 5.36 ) AND
IF (X2>= 2.25 AND < 4.71) AND | IF (X2>= 3.15 AND < 3.81) AND
IF (X3>= 0.23 AND < 2.69) AND | IF (X3>= 1.13 AND < 1.79) AND
IF (X4>= -0.98 AND < 1.48) THEN | IF (X4>= -0.08 AND < 0.58) THEN
SETOSA SETOSA

Rule of Class 2 IF (X1>= 447 AND < 755)AND | IF (X1>= 5.37 AND < 6.65) AND
IF (X2>= 1.24 AND < 4.31) AND | IF (X2>= 2.14 AND < 3.41) AND
IF (X3>= 2.77 AND < 5.85) AND | IF (X3>= 3.67 AND < 4.95) AND
IF (X4>= -0.19 AND < 2.88) THEN | IF (X4>= 0.71 AND < 1.98) THEN
VERSICOLOR VERSICOLOR

Rule of Class 3 IF (X1>= 4.58 AND < 857 ) AND | IF (X1>= 5.48 AND < 7.67 ) AND
IF (X2>= 0.94 AND < 4.92) AND | IF (X2>= 1.84 AND < 4.02) AND
IF (X3>= 3.65 AND < 7.63) AND | IF (X3>= 4.55 AND < 6.73) AND
IF (X4>= 0.05 AND < 4.04) THEN | IF (X4>= 0.95 AND < 3.14) THEN
VIRGINICA VIRGINICA

In case B, 20 elements, arbitrarily selected from every class, were employed as a training set.
Table 4 demonstrates the results of the experiment, but Table 5 shows the rules extracted at
different S values.

Training set B: characteristics of the extracted rules

Table 4.
Results of training set B (arbitrary 20 elements of every class)
Values of par ameter S
Col[09[08[]-07[]-06[-05[04[-03[]-02[-01] 0 [01T]o027]O037]O06
rre
ct
I | 49 [ 49 [ 48 [ 48 [ 45 [ 40 [39 [27 [ 14 ] 9 [ 2 T oo o
50 |4 [ 49 | 48 | 45 | 44 | 40 [ 36 | 28 | 20 | 10 | 3 0 0
M| 49 | 49 | 48 | 47 | 45 | 43 | 43 | 42 | 39 | 35 [ 29 | 23 | 16 0
% [987 | 98 [96.7 [953 | 90 [847 [813 [ 70 [ 54 [427 [273 173|107 0
Table 5.

Parameter S=-0.9

Parameter S=0

Values of centers and radii | Class 1= 5.04 3.45 1.49 0.25 Class 1= 5.04 3.45 1.49 0.25
Class 2= 5.99 2.77 432 1.35 Class 2= 5.99 2.77 432 1.35
Class 3= 6.54 2.95 5.44 1.94 Class 3= 6.54 2.95 5.44 1.94
Values ofradii= 0.19 0.43 0.73 Values of radii=  0.19 0.43 0.73
Rules correctly describe 98.67 42.67
elements of classes (%)
Rule of Class 1 IF (X1>= 3.95AND < 6.13) AND | IF (X1>= 4.85AND <5.23) AND
IF (X2>= 2.36 AND < 4.54) AND | IF (X2>= 3.26 AND < 3.64) AND
IF (X3>= 0.40 AND < 2.59) AND | IF (X3>= 1.30 AND < 1.69) AND
IF (X4>= -0.84 AND < 1.34) THEN | IF (X4>= 0.06 AND < 0.44) THEN
SETOSA SETOSA
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Rule of Class 2

IF (X1>= 4.66 AND < 7.32 ) AND
IF (X2>= 1.44 AND < 4.10) AND

IF (XI>= 556 AND < 6.42 ) AND
IF (X2>= 2.34 AND < 3.20) AND

IF (X3>= 2.99 AND < 5.65) AND | IF (X3>= 3.89 AND < 4.75) AND
IF (X4>= 0.01 AND < 2.68) THEN | IF (X4>= 0.91 AND < 1.78) THEN
VERSICOLOR VERSICOLOR

Rule of Class 3 IF (X1>= 4.91AND <8.17) AND | IF (XI>= 581 AND < 7.27) AND
IF (X2>= 1.33 AND < 4.58) AND | IF (X2>= 2.23 AND < 3.68) AND
IF (X3>= 3.81 AND < 7.06) AND | IF (X3>= 4.71 AND < 6.16) AND
IF (X4>= 0.31 AND < 3.57) THEN | IF (X4>= 1.21 AND < 2.67) THEN
VIRGINICA VIRGINICA

In case C, all 50 elements ofevery class served as a training set. Table 6 shows the results of the
experiment, but Table 7 represents the rules extracted at different values of parameter S.

Table 6.
Results of training set C (all 50 elements of every class)

Values of par ameter S
Co|-09|-08]|-07]|-061|-05]/|-04]-03]-02]-01 0 0.1 02 | 03 | 06
rre
ct

I 50 49 49 48 48 45 40 40 27 15 10 4 0 0
1 50 50 50 49 49 47 44 42 37 32 25 16 9 0
1] 50 49 49 49 49 a7 47 14 12 41 36 32 26 6
% | 100 | 98.7 | 98.7 | 97.3 | 97.3 | 92.7 | 87.3 | 84 | 70.7 | 58.7 | 47.3 | 34.7 | 23.3 4
Table7.
Training set C: characteristics of the extracted rules
Parameter S=-0.9 Parameter S=0
Values of centers and radii | Class 1= 5.01 3.42 1.46 0.24 Class 1= 5.01 342 1.46 0.24
Class 2= 5.94 2.77 426 1.33 Class 2= 5.94 2.77 4.26 1.33
Class 3= 6.59 2.97 555 2.03 Class 3= 6.59 2.97 555 2.03
Values ofradii= 0.30 0.61 0.87 Values ofradii= 0.30 0.61 0.87
Rules correctly describe 100 58.7
elements of classes (%)
Rule of Class 1 IF (X1>= 3.80 AND < 6.21 ) AND | IF (X1>= 4.70 AND < 5.31) AND
IF (X2>= 2.21 AND < 4.62) AND | IF (X2>= 3.11 AND < 3.72) AND
IF (X3>= 0.26 AND < 2.67) AND | IF (X3>= 1.16 AND < 1.77) AND
IF (X4>= -0.96 AND < 1.45) THEN | IF (X4>= -0.06 AND < 0.55) THEN
SETOSA SETOSA
Rule of Class 2 IF (X1>= 4.42 AND < 7.45) AND | IF (X1>= 532 AND < 6.55) AND
IF (X2>= 1.26 AND < 4.28) AND | IF (X2>= 2.16 AND < 3.38) AND
IF (X3>= 275 AND < 5.77) AND | IF (X3>= 3.65 AND < 4.87) AND
IF (X4>= -0.19 AND < 2.84) THEN | IF (X4>= 0.71 AND < 1.94) THEN
VERSICOLOR VERSICOLOR
Rule of Class 3 IF (X1>= 4.82 AND <836 ) AND | IF (X1>= 572 AND < 7.46) AND
IF (X2>= 1.20 AND < 4.74) AND | IF (X2>= 2.10 AND < 3.84) AND
IF (X3>= 3.78 AND < 7.32) AND | IF (X3>= 4.68 AND < 6.42) AND
IF (X4>= 0.26 AND < 3.80) THEN | IF (X4>= 1.16 AND < 2.90) THEN
VIRGINICA VIRGINICA

The data obtained prove that parameter S plays an essential role in the application of the RULEX
algorithm: the greater the negative value of S is, the more the lower boundary of rule
performance range, Xiower, decreases at the same time raising the upper boundary, Xypper, Of the
range. That causes the enlargement of the cluster describing antecedent part and thus increases
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the value of the area in which the extracted rule is fulfilled. For training sets A, B, and C, the
dependence of the total count of elements, correctly describing rules, on parameter S is shown in
Table 8 and represented as a graph in Fig. 5.

Table 8.
T he dependence of the total count (%) of rule satisfying elements on S

Values of par ameter S

% || 09 [-08|-07]-06|-05]|-04](-03]|-02]-01 0 01 | 0.2 0.3 | 0.6
A || 100 | 993 | 993 [ 98.7 | 97.3 | 96 92 88 | 793 | 66 |[553 |44.7 | 32 14
B 987 | 98 | 9.7 9.3 | 9 |[847 (813 | 70 54 | 427 | 273 | 17.3 | 10.7 0
C || 100 [98.7 [ 98.7 | 97.3 | 97.3 | 92.7 | 873 | 84 | 70.7 | 58.7 | 47.3 | 34.7 | 23.3 4

0 i i i i i X
-09 -0,8 -0,7 -0,6 -05 -04 -03 -02 -01 0O 0,1 02 03 0,6
Parameter S

Fig. 5. Dependence of the count (% ) of elements correctly describing rules on parameter S

Conclusions

The aim of this study was to continue the experiments described in [5]. In this paper a rule-
extraction algorithm is shown which is based on the radial basis function (RBF) neural network
classifier. After training the RBF classifier, the rules will be extracted through analyzing the
parameters of the classifier. One hidden unit corresponds to one rule. Before extracting rules, the
weights connecting the hidden units with output units are simplified. Then the interval for each
input in the condition part of every rule is adjusted with a view to obtaining high rule accuracy
by iteration steps. This rule extraction technique is shown through IRIS data set experimental
results.

The extracted rules can help discover and analyse the hidden knowledge in data sets further.
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SOLVING TRANSFER PROBLEMS OF MULTI —SUBSTANCES

s IN HORIZONTAL LAYER
VIENKARSU ALGORITMU IZSTRADE DAUDZKOMPONENTU
MATERIALU PARNESES PROBLEMAI HORIZONTALA SLANI
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Abstract. We consider the simple algorithms in the modelling of the transfer problem of different substances
(concentration, heat, moisture, and e. c.) in plate. The approximations of corresponding initial — boundary value
problem of the system of the partial differential equations (PDE) is based on the finite volume method. This
procedure allows oneto reduce the 2-D transfer problem described by a PDE to initial value problem for a system
of ordinary differential equations (ODE) of the first or second order. In the stationary case the exact finite —
difference vector schemeis obtained.

Keywor ds: 2-D heat transfer problem, finite — volume method, finite — difference scheme, diffusion of heat
and moisture.

Introduction
By means of the differential equations of parabolic type (for example, the equations of heat
conductivity 6(K6u/ax)/8x+ F(x,t)=cpou/ox) and equations of Poison type
U, +U, = f(XYy), (xy)eD considering them with boundary and initial conditions become

possible the mathematical modelling of many theoretical and practical problems. Their solutions
serve not only as theoretical base for the further researches, but also are decisions of many actual
practical problems.

For example, it is possible to estimate the heat-shielding properties of protections of the
equipment at influence of a fire, to calculate of dynamics of dangerous factors ofa fire in a room
[9]. The calculation of heat transfer in a ground layer and in an atmosphere [10] is possible. It is
possible to find out the algorithm for describing the temperature changes depending on time for
surfaces on fibbers glasses at its heating without radiation [3] and with radiation [4,5], the
algorithm for calculation of a temperature mode in a wall of a building with linings taking into
account an opportunity of there heating [6,7].

Here it is very important to find simple algorithms for engineering - technical calculations, which
are characterized by the sufficient accuracy of calculations, by the simplicity of calculations
(with an opportunity of use of mathematical systems of a high level, for example, Mathematica,
Maple, Matlab, etc.), by the universality of algorithm (the decision not only the given problem,
but also an opportunity of its application for the decision of wider class of adjacent questions).
One of ways of the decision of the named problem is the reducing of a differential problem to
system of the ordinary differential equations using thus, for example, a method of final volumes
[2].

Continuing beforehand mentioned subjects we shall consider the forming of simple algorithms
for modelling of the transfer problem of different substances (concentration, heat, moisture, and
e. c.) inplate.
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M aterials and methods
M athematical model
Let’s consider transfer problem of m substances (m>2) in the plate
Q= {Os X<|,—oc< Yy <+ o0, — o< Z< + oc} with thickness |. We shall consider the initial —
boundary value problem of system m PDE -s for vector — function (vector — column)
u=u(xt) = {u(l)(x,t),u(z)(x,t),...,u(”‘)(x,t)}T in the following form
ou |, o°u

GEZ LW—Q(X,t), (11)

where G is quadratic — matrix mx m with constant elements g (det(G) = 0), L is quadratic,
positive definite matrix mxm with constant elements 19 >0, Q is vector — column mx1
with elements g™ (x,t),i, j =1,m. The boundary conditions on the surfaces x=0,x=1 are

ou(0,t) _ aullt) o
S ox =a;(T, —u(l,1), (1.2)

where «,,, are the positive definite matrix (transfer matrix) with constant elements

ao(u(O, t) _To)’ L

alV oV, T, T, are known vector — functions with constant elements T?, T, j =1, m.

For the initial conditions for t =0 we give

u(x,0) = p(x), (1.3)

where o(x) is vector — column with elements ¢ (x), j =1, m.

If the elements of matrix «,,«, are equal infinity, then we have the first kind boundary
conditions in the form

U(O, t) = TO’ U(I 1 t) = TI (14)
The vector transfer equation (1.1) can be presented in the following form
o%u
L—=F, 1.5
pv (1.5)
ou

where the vector column F =Gu+Q, 055' If u=0 and Q=Q(x), then we have the

stationary vector boundary — value problem (1.2), (1.5).
The exact vector 3 — points finite difference scheme in the stationary case

We use the method of finite volumes [2-2] for approximation of the differential problem (1.1) —
(1.4). We consider N +1 grid points in the x - direction 0< X, < X, <...< X, =| with steps

h, = X, — X, k=1, N. The exact vector finite — difference scheme for given vector — function
F canbe obtained in similar [2, 5] form

th_l(ul - uo)_ ao(uo _To)= ﬁg
th;l-l(ukﬁ-l - uk)_ Lh{l(uk - uk—l): ﬁk' k=1,N-1, (2.1)
Q (TI — Uy )_ Lh@l(uN - uN—l): ﬁrﬁ

where u, =u(x,t)=u,(t), R =R +R,k=L,N-1, R" =GR +1;, R =GR +1,,
o1 . L1 .
R = J = (e RO =1 [ (s = X (x. e
K Xe_q K+1

X1

L :hi T(X— X QU )X, 1 :hi .[(Xk+l —xRAx, t)dx

K X1 K+1 %

are the vectors — column of m order.
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If Q is the constant vector, then integrals are in form |, =0.5h,Q, I, =0.5h, ,Q.

In the non-stationary case (u #0,Q :Q(x,t)) we must do integrals RS approximately with
corresponding quadrate formulas. Now we shall discuss only 3 grid points x, =0 x, =h,,
X, =l=h+h, (N=2).

The 3 - grid points problem and approximation of integrals

The vector finite — difference scheme (o, =oc- the elements of matrix «, are equal to infinity or

in the first boundary condition (1.2) u(0,t) =T,) is in the form

Lh; (u, —u,)- Lh*(u, - T,) =GR + R )+ 1, (3.1)
(T, —u)~ LA (U, ) = GR; + 13 |

where |, =17 +1,, R =hilja—x)J(x,t)olx:thl R, = Ij(x—hl)](x,t)dx=h2JZ :
2y hy

&

(_l
o'—.»a

= | (1= XV, (X)dX , J, :ji\/z(i)di : X=(x-h)/h,  V,(X)=u(h +Xh,,1),

h1 1
R :E'[xu(x,t)dx: hJ, , J, =I$€\/l(>~<)di , X =x/hy, V(%) = u(Xh,,t).

In the non-stationary case (uk # O), using initial — value problem for system of ODE one must do

integrals R, R, R, approximately with quadrature formulas contained the derivatives of the
first and second order in following way:

= A"V, (0) + ANV, () + AV, (1) + BIV;(0) + BV, (1) + 1, k =1,2 3.2)
J; = Ai(S)Vl 0)+ A§3)Vl @+ Bl(g)vlﬂ(o) + B§3)V1"(1) +1; (33)

5 4
where T, =%850(§k,t)/8xsck, Eelh,llk=12,r, =%64U(§k,t)/8x4c3, & eloh],

are the vectors — error terms, A, B C, (j,k =1,2,3) are the indefinite coefficients.
The coordinates of vectors J,,k =1,2,3, V,(0), V,(0), V;(2), V,D), V,(1), V,(0), V/2), V,(0),
V,(1) are independent of the coefficients of quadrature formulas and we can determine the

coefficients using the scalar power functions V,(X) = X',i = 0,4, V,(X) = X',i =0,4. We get the
system of linear algebraic equations for A", B{ in the form

Ui +1)i +2)= AP0 + AD +iAD +i(i - )(Bl(l)O' 2 4+BY); (3.4)
Ui+2=A?0 + A? +iA? +i(i -1)(B?0? + B? ) ; (3.5)
1(i+2)= Af3)0' + AP +i(i —1)B®0"? + BP); (3.6)

where 0' =1, j <0.

The solutions of these systems are

AY =7/30, AY=4/15, AP =-(1/10)B® =—(1/180),B{" =—(1/72), A® =1/15,
A? =13/30, A®=-(1/10), B®=-(1/360) B® =1/90, A®=1/6, A®=1/3,
B® = _(7/360), B{® =—(1/45).

Constants C, in the residual r, (k :1,_3) are determined from (3.2), (3.3) if
V,(X)=X*, V,(X)=X":

C, =—(13/630), C, = —(4/315), C, =1/10.
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Results and discussion
By means of the considered algorithm it is possible to receive the following results:

1. In the case of ¢, #oc We can in the formula (3.3) add the term A®V/(0) and in the formula
(3.6) the term iA®0™"; then A® =4/15, AP =7/30, A®=1/10, B® =1/72,
B{® = —(1/180), C, =13/630, r, =O(h});

2. Ifthe formula (3.2), (3.3) contains the derivative of the first order (Bl(k’ =B = O), then

AY = AD =174, AP =-(1/12), C,=1/20; r,=0("), A?=1/12, A®=5/12,
A® =_(1/12), r, =0O(hd), A® =1/6, AP =1/3, C, =—(1/12), r, =O(h?).

3. If the integrals J, are approximated without the derivatives (Agl) =B® =B{V = 0), then from
(3.4) we obtain [7, 8]

AY =1/3, AV =1/6, C, = —(1/12); r, =O(h2)

4. If the integrals J, (similar J,) are approximated without the derivatives of second order and
a, #oc (inthe formula (3.3) we have term A{®V/(0)) then from (3.6) we obtain

A® = A =174, AP =1/12, C, = —(1/20); r, =O(K});

5. In the case of «, #oc we have by (3.1) adding from (2.1) vector difference equations

th_l(ul_uo)_ao(uo_TO)ZGRf;+|gv
hy
where R} =%J'(hl—x).](x,t)dx:hlJ0 g =

replace vector T, by u,. Then
Jo = ANV (0)+ ANV, (D) + APVI(0)+ BIPVLT0) + BV + 1,

(1- XV, (X)dX - and in the first equations (3.1)

O ey

where r, :%?85u(§0,t)/8X5Co, & eloh]

In this case we have the equations for A® B© inthe form

/(i +1)i +2)= A0 + A® +iA®0 +i(i ~1)B® 0 + B® ) i = 0,4,

where A® =13/30, A” =1/15, A® =1/10 B =1/90, B{"’ = —(1/360).

If V,(X) =X°, then C, =4/315.

Using the vector difference equation (3.1) and the right — side integral approximation (3.2), (3.3)
with the neglected error terms r,, k=123, the approximate numerical solutions — vectors

u, (t), u, (t) at every time moment t >0 can be found by solving the following vector system of
ODE - s of second order (u, = U, =0, o, =o):

Gh, (AY0, + APU, — h, AP L e, u, + W2BPLHQ(h,, t) + 60, )+ h2BPLHQ(, t) + 6, )+

o, (A%, + B0, + FBOLHQ(M, 0 + 60, )+ 1, = L 1, - )~ -1,) >
Gh,(A?u, + A?u, — h, A2 L ey, + 2 B@LHQ(h,, 1) + 6, )+ hZBPLHQ(I, 1) + 6, )+
+1, =¢ (TI _uz)_ thl(uz _u1)

The initial conditions are

U (0) = o), u,(0) = (1), 4,(0) =G (Le"(h) -Q(h.0)),

0,(0) = G (Le"(1) - Q(1,0) (3.9)
Here one should take in account that from (1.1 - 1.4) follows: V,(0) =u,, V,(1) =u,, V,(0) =u,,
V, (1) = u,, V,(0) = hou(0,t)/ ox = hou'(0,t) /ot = h L e 1,

V(1) = hau'(1,t) /8t = —h, L ey, V,(0) = h20%(0,t) / 0x? = hZL (G, +Q(0, 1))

(3.8)
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Vi) = 2L (GU, + Q(hy, 1)), V(0) = h2abu(hy 1)/ ox* = 2L (GU, + Q(h, 1),

V(1) = 2L (G, + Q(h,, 1)), where u’ = du/ éx.

The uniform grid in the 3 — points problem

If h, =h, =h, then we can approximate both integrals R =R+ R and R, inequations (3.1),

in the form
2

R/h=J, =j>~<V(i)di+f(2—i)/(x)d>?, R, /h=1, =j(i—1)x/(i)d>~<, X=x/h,  where
V(X) = U(iﬁ,t), l l

J. = AV (0)+ AV (D) + AV (2) + AMV'(2) + BMV"(0) + BMV(1) + BOV(2) +1,,  (4.1)

ro=(h" 17o"u(&, 1) /1ox'C, & €[0,1] k=1,2.
Using the power functions V(X) = X',i =0,6 in the expression (4.1) we obtain the solutions of
two systems of 7 linear algebraic equations [8] in the form

A =AY =11/252, AP =115/126, A" =0, B = B’ = —(13/15120)

B® =313/7560, A =5/204, AP =13/252, AP =221/504, AP =—(2/21),

B® = —(19/30240), B{¥ = —(37/30240), B{” =269/30240, C, =0, C, = —(16/315).
Therefore r, = (h®/81)a°u(&,,t)/ox*C, and C, =59/1890.
Here from V(0)=u,, V(1)=u, V(1) =0,, V'(2)=-hL"—gu, V"(0)=h>L*(G,+Q,),
V(1) = WL (G, +Q, ), V"(2) = h*L(Gu, + Q, ) follows the system of ODE - s in the form
Gh*(A®u, + APy, + AP, + WL (BO (G, + Q, )+ BY (G, + Q, )+ BO (G, +Q, )))

4.2
+hl, =L(u, —2u, +T,) (4.2)

Gh?| AP, + AP, + AP, — hAD L au, + hﬁ_—l( B{" (Gt + Q)+ BY” (G, + Q1)+J
B (G, + Q) (4.3)

+hl;" = he, (TI - uz)_ L(uz - ul)

The following initial conditions are in the form (3.9).

If ¢y =a, =oc, u,=T,, Q=const, then 1, =0, =0, then U, =0, =0, Q=0 and from (4.2)

follows the ODE of second order

Gh>AlPu, + h*BOPGL'GU, + h’Q = L(T, —2u, + T,) (4.4)

If in the formula (4.1) are only the values V(0),V (1) used, then we have the system of ODE —s

of first order

h?((2/3)Gu, + Q)= L(T, —2u, +T,). (4.5)

If in the formula (4.1) are the values V(0),V (1), V(2) used, then we have the following system

of ODE -s of first order with error term O(h*) [7, 8]

h*((5/6)Gu, + Q)= L(T, —2u, + T,). (4.6)

Application examplel

Let us consider the case Q=0, T,=T, =0, ¢(x)=(sin(zx)sin(zx))", 1=1, h=05,

10 10
L:(O J, G:(1 1), then the exact solution of PDE problem (1.1), (1.3), (1.4) is

u(x,t) = (e’”z‘ sin(zx), e’”zt(1+ 7z2t)sin(7zx))T or u, =u(h,t) = (e’”zt,e’”zt(l+ nzt))T. (4.7
From the first order ODE — s (error O(h*)) follows the initial — value problem Gu, = -12u,,
u,(0) = (1,1)" with the solutions u, = (e, e (1+9.6t)) . (4.8)
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Therefore in the (4.7) the value 7 is replaced with 12.

Fromthe ODE - s (4.6) (error O(h*)) follows the equations Gu, = —9.6u, and the solution is
u, = (e, e (1+9.6t) (4.9)

therefore in the (4.7) the value 7?2 is replaced with 9.6.

From the second order ODE - s (4.4) (error O(h®)) follows the initial — value problem

{blGZl'jl +a,Gu, +u, =0

, 4.10
u,(0) = (L), 4,(0) = -G (2%, %) = (- 72,0 (419

10 1 0
where G? :(2 } Glz( j a, =h’A"/2, b =h*B" /2, AV =115/8.126,

1 -1 1
B =313/32.7560, b =1/32, a, =1/8.

Let denote ul =y, ul® =z, then we have the initial — value system of two ODE - s of second
order

{blw ay+y=0y0)=1y0)=-2"
bZz+az+z=-2by—-ay,z0)=1 20)=0
The solution is

{Y(t) =D, eXp(ﬂlt)"' D, eXp(ﬂzt)

z(t) = Dl(l_ ;ult)exp(/ult)"' D, (1_ ﬂzt)exp(ﬂlt)'

where 11, =—a, /(2b)++/(a, /2b, ) ~1/b, , 4, =-9.87, p, =783,

D, = (,uz +772)/(/J2 _/Jl)' D, = _(7[2 +,u1)/(/12 _/Jl)'

Using the approximation u”(h,t) ~ Au, = —h™2u,(t) (the method of lines with error O(h?)) we
get first order ODE —s Gu, = —8u, and the solution is

u =(e* e®(1+8t)), (4.12)
therefore in the exact solution (4.7) the value 7?2 is replaced with 8.

Using the approximation u’(h,t) ~ Au, —(h? /12)p*u(h,t)/ox* = Au, — (h? /112)J LG )G, (the
method of lines with error O(h*)), we have the problem (4.10) with b =(h4/24)=1/384,
a, = (h?/2)=1/8, and the solution s in the form (4.11).

The results of calculation obtained by MAPLE are seen in the Table 1 and Table 2, where wu,, v,
- exact values of u®, u® from (4.7); u,,, v,, - values with approximation O(hz) from (4.8);
U, V,, - values with approximation O(h“) from (4.9); u, Vv, - values with O(hs) from
(4.11); u,,, v,, - values with O(hz) from (4.12) (method of lires); u,,, v,, - values with O(h“)
from (4.11) (method of lines).

(4.11)

Y

Table 1
The values of u(0.5,t) in order of time
t U* V* up8 VpS up4 Vp4
0.1 372708 .740556 372696 .740546 .383 .750
0.2 138911 413111 .138902 413092 147 482
0.3 .051773 .205068 .051768 .205052 .056 218
0.4 .019296 .095475 .019294 .095464 021 104
0.5 .007192 042682 .007191 042676 .008 .048
45
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Table 2
The values of u(0.5,t) inorder of time

t up2 sz U, Vio U, Via

0.1 301 663 449 .809 .366 737
0.2 .091 308 202 525 133 402
0.3 027 126 .091 308 .048 195
0.4 .008 .048 041 171 017 .088
0.5 .002 017 .018 092 .006 .038

Application example2

In [1] by modelling textile package are considered the equations for diffusion of heat and
moisture in the following form

a,0C/ot—boT /ot = c,0°C/lox?

{— b,dC /6t +a,dT /6t = C,0°T /x>
where a, =1+y0, a,=1+¢w, b =y@, b,=¢0, ¢, =gD,, ¢, =K/(cp), y=[L-V)/vp,
e=¢q/c, M =const+oC—a@T - the amount of moisture absorbed by unit mass of fibre, T -
the temperature, C - concentration of water vapour in the air space, o, @ - constants, D, -
diffusion coefficient for moisture on air, v - fraction of the total volume of the package is
occupied by airand 1 — v by fibre ofdensity p., g - factor of fibres orientation, c - the specific
heat of the fibres, K - the heat conductivity of the package, p - the density of the package, q -

the heat evolved when the water vapour is absorbed by the fibres.
The systemof two PDE —s (4.13) is in form (1.1), where

(4.13)

- 0
Q=0, u=(C,T)" - vector—column, G:[_aéz at:l} L:((;l Czj, ¢, >0,c¢,>0,

det(G) = a,a, —bb, =1+ yo 1+ @) - ymweo =1+ yo + ew > 0.
The boundary conditions in the element of textile package are in the form (x = I)

au(l,t)
LT = —a,(—u(l,t) + U, )’ (4.14)

u(0,t) =U,

where U, =(C,,T,)", U, =(C,,T,)" are given vectors — column, ¢, - diagonal — matrix

0
The 3 — point finite — difference scheme is (3.1) and following system of ODE - s is in form

-1
(3.7), where L™ = (CS 0 j

a 0 . -
[ © ] where ¢, ¢, - corresponding transfer coefficients.
a7

c,'
The vector ¢(x)=(C,(x),T.(x))" is the initial distributions of C and T in the package by
t=0.
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Conclusions
The aim of this paper was to continue and improve the methods described in [2-2-5-8]. The
approximations of initial — boundary value problem of the system of the partial differential
equations (PDE) to initial value problem for a system of ordinary differential equations (ODE) of
the first or second order is considered. The described method is based on the finite — volume
method. It is possible to solve transfer problems of m> 2 different substances (concentration,
heat, moisture, and e. c.) in plate due to the obtained finite — difference vector scheme. The
computations were processed by mathematical system MAPLE. The accuracy of obtained
method was verified in the example 1 (due to the exact solution of PDE (4.7)). The most precise

results are achieved from (4.11) with the error O(hs): 3 -4 signs of accuracy (Table 1) and from
(4.11) (method of lines) with the error O(h“): 1- 2 signs of accuracy (Table 2).

Taking advantages of computer technique and appropriate mathematical approach now it is
possible to deal with such theoretical and practical problems, solutions of them in the past was
impossible (example 2).
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Abstract. The article presents problems connected to the use of radial basis networks for the approximation
of the ground surface. The main goal of this paper is to research into the predsion of topographic profile
representation with relation to the transfer functionsapplied. The paper contains a description of the structure of a
radial basis network and a description of networks learning by means of the hybrid method with the use of the
notion of the Green matrix pseudoinverse. Special attention was given to the problem of a choice of transfer
functions: the Gauss function, the exponential function, the Hardy function, the spliced function of the third and
fourth degree as well as bicentral functions with an independent slope and rotation. the result of this article is an
exampl e of the operation of a network with relation the transfer functions under discussion.

Key wor ds: radial basis networks, transfer functions, topographic profile representation.

Introduction

From the mathematical point of view multilayer sigmoidal neural networks play the part of the
approximation of stochastic functions with several variables, which represent the set of input
variables x € RN onto the set of output variables y e RM [3]. The representation of the input set
onto the output set is effected by adjusting an approximation function of several variables to the
values assigned i.e. stretching over the learning set of a multidimensional hyperplane, which best
adapts to the vector assigned.

Basis networks, in which a hidden neuron realizes a function changing around a chosen center
c, are networks with radial basis functions ¢ = (|x— d|). The role of the hidden neuron boils

down to the radial representation of the space around one point assigned or a group of such
points as a cluster.
The simplest radial network (fig. 1) operates on the basis of multidimensional interpolation,

which consists in adopting p hidden neurons of the radial type and specifying a representation
function F(x) for which the conditions of interpolation are satisfied.
F(x)=d, @)

Fig. 1. The general radial network form

48
ISBN 9984 — 779 - 06 - 8


mailto:m.mrowczynska@ib.uz.zgora.pl�

Environment. Technology. Resources. 2005

The generalization properties of a network are degraded when the number of radial functions is
the same as the number of learning data. In this course of action i.e. with the assumption that the

number of centres equals the number of coordinates of the input vector (q =X, i=1..., p), the
model adapts to the learning data, because the number of extents of freedom for the system ( the
number of equations — the number of unknown quantities)

Oy P r P | W d,
it B T @
Por P2 -+ Ppc || Wi dp

is zero. From the above, the generalization quantities of a network are obtained when the
condition K < p is fulfilled, where K is the number of centres c, (i =1,2,...,K), and p is the

number of learning standards (x,d). The vector x is an input vector, and the vector d is an
assigned vector.

M aterials and methods
It has been proved [3] that the adoption of a sufficient number of hidden neurons representing
radial functions ¢(x) makes it possible to solve the task by means of only two network layers:
the hidden layer realizing the function transfer vector ¢(x) of the i™ neuron and the output layer
with one neuron, whose signal is the function of a linear weighted adder.
The architecture of radial networks is analogous in structure to the structure of a multiplayer
neural network with one hidden layer and a linear output neuron. The argument of a radial
function is the distance between the input signal x;and the centre c, and the role of hidden
neurons is played by radial basis functions.
The most frequently used radial function is the Gauss function. With the assumption that its
centre is inpoint ¢ the function has the form (reduced):

¢%n=¢mX—q)emx}L7§£ 3)

where §, is the parameter which determines the width of the function. Apart from the Gauss
function a radial exponential function is used [3,5]

o[- )= —= @)

\/Hx - c||2 +o?

olx—c))=|x-cf"* (n=1.2....) 5)
The diagrams of the abovementioned functions have been presented in figures 2a— 2c.

and a radial linear function
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Fig. 2-a. The Gauss function (3) Fig. 2-b. The expntial function (4)
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Fig. 2-c. The linear function (5)
Fig. 2. Diagrams of radial basis functions

Apart from the abovementioned radial basis functions, in particular cases other function
definitions are used [1], such as for example a spliced function of the second degree

o(jx~ )= (ox~cf Ino|x~d]) (6)
a circular spliced function of the third degree
o’ +3O'2(O'— r)+ 30'(0'— I’)2 +3(0'— r)3 forr<o
ol|x—df)= 4:;2 (20 1) for o<r<2c ©)
0 for 20 <r

and a circular spliced function of the fourth degree
-2r’+3c° for r<o

ol|jx—d|)= 2(172 (20-r) for c<r<2c (8)
0 for 2o <r

where r = |x—c|. Diagrams of the functions (6), (7), (8) have been presented in figures 3a — 3c.
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Fig. 3-c. The spliced funcfn of the fourth degree (8)
Fig. 3. Diagrams of radial basis functions
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Another group of functions used in the learning process of radial networks are bicentral
functions [1], which result from a combination of two sigmoidal functions. The simplest
bicentral function is defined as the product of two sigmoidal functions in the form

Bi(x,c,b, )= 3 5(exp(s )x (x, — ¢ + explt )L 5(exp(s )x (x ¢ —exp))) (@)

i=1
where:

P I —

(L+exp(~x))’

c - centre,
b= max(x )2_ min(x) _ broadening,
s —slope

. /7%’” “\\“‘{%\\ ;‘
. it WA
o SR AN

e
OIS

Fig. 4-a. b:[5§ 5]and s=[3 3] Fig. 4b. b=[5 5] and s=[1 1]
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Fig.4c. b=[5 2]and s=[0.3 3] Fig.4-d. b=[L 1]and s=[05 0.5]
Fig 4. Examples of bicentral functions for the broadening value b and
the slope of the transfer functions

The form of the bicentral function B (x,c, b,s) can be changed by changing the position of the

centre point c, changing the broadening b and specifying the slope s. Examples of bicentral
functions with relation to the values assumed b and s have been presented in fig. 4a — 4d. The
broadening b and the slope s as independent parameters make it possible to represent more
complicated surface contours than do the Gauss functions [1]. An increase in the accuracy
representation by means of bicentral functions is also possible because of the use of two centres
c +exp(b) as well as ¢ —exp(b), which is different in the case of radial base functions

localised around one centre |x—cj|. Another way of changing the form of a bicentral function is
the use of two independent slopes s and s, which increases the adaptation flexibility of the

functions estimated. The adoption of two independent slopes s and g leads to the definition of
a bicentral transfer function as:

Bi2s(x,c,b,5) = " 5(exp(s)x (x G +explb )i~ o(exp(s)(x —G ~exp(n))  (10)

i=1
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One of the learning algorithms for neural networks with radial basis functions is the hybrid
algorithm, where learning consists in choosing a suitable number of parameters of radial

functions (p(”x— (,1|) and weights w; so that the goal function is minimized to the form

=3 Swellx e - )}2 an

With the assumption that the parameters of radial functions are known the minimization of the
goal function boils down to solving a set of linear equations with relation to the weight vector w
in the form

Gw=d (12)
where G is a matrix containing the values of radial basis functions called the Green matrix in
the form:

_§011 = (“X.Z - CJ”) P, = (“XJ - Cz") v P = (“XJ - CK”)_
Py = (“)(2 - 01”) P = (“XZ - cz||) Pk = (“)(2 - CK”)

[P = (”Xp N clH) P =p2 Q‘Xﬁ - CZH) TPk T Q‘Xﬁ N CKH)_
The first stage of the hybrid algorithm is the specification of the weight vector w by means of the
notion of the pseudoinverse G ofthe matrix G as

w=G"d (13)
One of the ways of specifying the pseudoinverse G* of the matrix G is the Gram-Schmidt
method of ortogonalization, where the matrix G is decomposed into the matrices Q and R [2].
The matrix Q is a matrix with ortonormal columns with the dimensions px K, and the matrix
R is an upper triangular matrix with the dimensions K x K . According to this method the
pseudoinverse is specified from the relation

G'=R'Q" (14)

In the second stage, with frozen values of input weights, centres and widths of radial basis
functions are adapted with the use of gradient optimization methods, most frequently the method

of the greatest fall. For the goal function defined by the formula (11) the adaptation of centres ¢
and widths of basis functions o is achieved according to the formulas

ok

¢(n+1)=c,()-n-— (15)
o, (n+1)= 0, ()~ (19)

where n — present interaction, (n+1)- subsequent interaction, 7 - learning coefficient.

Results and discussion
Radial basis functions including the transfer functions mentioned in this article have been used
for describing topographic profile. The learning set consisted of 2000 points (X, Y, 2), generated
as dispersed points, whose heights were within the limit of 80+210 m. The assessment of the
quality of neural networks with radial basis functions with relation to the transfer functions used
has been expressed by means of the learning error - RMSE (Root Mean Sguared error) and
presented in fig. 5.
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Fig. 5. The learning results of a redial network with relation to
the transfer function used

The best learning result of a radial network was achieved when the Gauss function (1) was used
as a transfer function, for which the learning error was RMSE=0.09m (fig. 6), and the greatest
error RMSE=0.46m (fig. 7) occurred when a radial linear function was used (3). Learning was

effected by means of the hybrid method in a learning set, which consisted of 2000 points and 500
test points, the number of neurons in the hidden layer was 20 [4].

Fig. 7. A representation of the terrain surface by means of a linear function
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Conclusions

While solving tasks by means of radial basis networks the basic problems are the right choice of
initial parameters and as well as the most suitable transfer function for a particular problem. The
use of a random choice of these parameters increases the probability of stopping the process of
learning at a local minimum. Therefore, it is better to choose initial parameters by means of
procedures based on information in the learning set, and parameters of radial functions obtained
in this way are adopted as initial values. An advantage of radial networks is a simple learning
algorithm and precise network architecture, which is a condition for the starting point to be
closer to the optimum solution in comparison to the algorithm used in sigmoidal networks.
Moreover, the hybrid approach to the specification of parameters of radial functions and the
weight vector simplifies and quickens convergence to the solution of the task of approximation.
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Abstract. This paper is focused on the devd opment of intelligent decision making model which is based on
the application of artificial neural networks (ANN) and swarm intelligence technologies. The proposed model is
used to generate one-step forward investment decisions. The ANN are used to make the analysis of historical stock
returns and to calculate one day forward possible profit, which could be get while following the model proposed
decisions, concerning the purchase of the stocks. Subsequently the Particle Swarm Optimization (PSO) algorithmis
applied in order to sdect the , global best” ANNSs for the future investment decisions and to adapt the weights of
other networks towards the weights of the best network. The experimental investigations were made considering
different number of neural networks, moving timeintervals and commission fees. The experimental results presented
in the paper show that the application of our proposed methodology letsto achieve better resultsthan the average of
the market.

Keywor ds: Stock Markets, Artificial Intelligence, Artificial Neural Networks, Swarmintelligence.

Introduction

The continuing improvements of computer technologies, telecommunication services' grow
make a big influence on the globalization of stock markets and more efficient its information
processing tools are required. The complexity and ,,noisiness” of stock markets cause difficulties
in making real time analysis of it and forecasting its changes in the future. Before, in stock
markets the importance of decisions making was given to the stock market experts, as experts are
able to provide rule and experience based solutions for well-defined systems. The situation is
changing as the complexity of stock markets is growing. It was proved that having complex
systems a collection of individuals often solves a problem better than an individual - even an
expert [1]. Individuals acting within ,a swarm” interact with each other in order to solve a global
objective ina more efficient manner than a single individual could [4].

Recently, working with stock markets’ prediction the bigger importance is given to the artificial
intelligence tools then to the statistical once. It was proved by scientists, that the application of
ANNSs can give promising results in the stock markets prediction. The main objective of this
paper is to develop the decision making model, based on the application of artificial intelligence
tools: ANNs and swarm intelligence technologies (PSO).

The PSO is closely related to evolutionary computation and artificial life (A-life) in general [3].
The same as evolutionary programming it is highly dependent on stochastic processes. The
optimizer which is used in the PSO algorithm, while making adjustment towards ,,local” and
»global” best particles, is conceptually similar to the crossover operation used by genetic
algorithms [5, 6]. As well PSO includes fitness function, which measures the closeness of the
corresponding solution to the optimum. The same function is included in other paradigms of
evolutionary computation. The main difference of PSO concept from the evolutionary computing
is that PSO is the only evolutionary algorithm that does not incorporate survival of the fittest,
which features the removal of some candidate population member [10].

The problem of stock markets forecasting was analyzed by many researchers in the past.
Considerable efforts have been put into investigation of stock markets changes and creating its
forecasting systems. But there are not so many examples of Swarm Intelligence applications. The
swarm intelligence approach seems to be relatively new in the field of Computer Science.
However, the published examples of swarm intelligence applications seem to be promising and
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give good results. In paper [7] there is proposed the forecasting methodology for the daily
exchange rates of Japanese Yenagainst the US Dollar and of the US Dollar to the British Pound.
The proposed forecasting methodology includes clustering technology, ANNs and evolutionary
computing. In contrast to this paper we focus on the formation of recommendations while
making investment decision in stocks' markets. As well we are working with a large data set that
lets us to propose more stable investment decision system. In paper [2] the authors are focusing
on adapting PSO to dynamic environments. This paper is more focused on the modifications of
PSO algorithm, while our goal is to introduce the investment decision making methodology
where PSO will be only one constituent of it.

First of all in the paper there is introduced the proposed decision making model. After, the
presentation of experimental investigations is made and the main conclusions of the work are
presented.

Proposed decision making model

The analysis and forecast of stock markets is stickler, because of its complexity and noisiness.
Various economics activities and psychological factors affect the rise and fall of daily stock
returns [8]. There is not enough to use conventional techniques to conduct the stock markets
predictions, as its changes are influenced by stochastic human factors, non-linear, multivariable
and temporal nature of stock price transitions. The use of artificial intelligence had made a big
influence on the forecasting and investment decision making technologies and it was proved that
the efficient results can be obtained. In this paper we are proposing a decision making model,
which could be applied for stock trading processes. The scenario of proposed decision making
model is presented in Fig.1.

Swarm of Sorted
Daily Stock ANN Recommendations
Returns (SP500)
R1,1,R1.2---R1,L
Particle Swarm Optimization Algorithm
RZ,LRZ.Z---RZ,L
Evaluate the Profit estimation
historical | Select the best ANN per(fg"’r‘snfg:; of
f i " "
sart | o R31RazRaL B et AN ("global best”) " global best"
(day :=1) ANN
>

Adjust ANNs weights

towards the weights

of " global best" ANN
RM,;L,RNLZ"'RMlL ‘
T
|
|
——————————— feedback— — — — — — — 4 — — —

day :=day +1

Fig. 1. Scenario of decision making model

The introduced decision making scenario (Fig. 1) presents a realization of the model, which is

made every day and its result is one day forward decision (buy, sell and hold). The scenario

could be described in several stages:

1. At first, the data set of 350 stocks (from S&P500 group) is formed. This data set includes
the information about daily stock returns for the time period of 12 years (01/Oct/91-
01/0ct/03).
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oo

The data set is passed to the ANNSs. The net result is a linear combination of each of the
weighted input vectors.

=D wp, @)

Here w; represents the weights, and p; - the changes of stocks price.

The ANNS' weights are initialized randomly at the beginning of the procedure according to
the formula:

w=rand(n,k)-0.5 @)
Where n is randomly initializes weights of ANNs and k corresponds with the number of
used ANNS. The random numbers are kept relatively small.
Further, for each day, and each stock the recommendations are calculated using different
number of ANNSs. The net result is passed to the hyperbolic tangent function and the
recommendations for the stocks' trading are calculated according to the below presented
formula:

2

1+e™
The recommendations (R) represent the relative rank of investment attraction to each stock
in the interval [-1,1]. The values -1, 0 and +1 represent recommendations: sell, hold and
buy respectively.
After the recommendations are calculated, all the stocks are sorted (according to these
recommendations) in the descending order.
Fromthe sorted list of stocks, three stocks with the highest recommendation are selected.
Further, the decision concerning the stock returns is made, according to the chosen stocks’
returns and applying sliding windows.
Before the next iteration of the model the training of ANN is made. For the training of
ANN there is applied PSO algorithm (see Fig.1). The training of all ANNS is made through
the adjustment of ANNs weights towards the weights of “global best” ANN on a current
day.

R= -1 3)

For experimental investigations we were considering two different kinds of ANN (see Fig.
2 and Fig. 3):single layer ANN (linear case) and two layers ANN (non- linear case).

Fig. 2. Single layer ANN

While applying single layer ANN we are checking what results can be achieved while having the
simplest cased of the decision making model. The non-linear case of ANN lets to check if the
more advanced case of decision making model is correlated with the improvements of the
results.
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—>R1

+1

Fig. 3. Two layers ANN

As it was mentioned before, the expected return is calculated using the idea of sliding window.
Anexample of sliding windows is presented in Fig.4.

| time period i
| 1
1 3027
training decision
Window 1 | : :
1 100 101
training decision
Window 2 | | |
2 101 102
training decision
Window n | } |
2927 3026 3027

Fig. 4. Sliding window

As it can be seen from the Fig. 4, the sliding window is divided into two parts: training and
decision making. In the training part there are selected the particles with the best performance
(the highest total profit for the selected sliding window) and the ,,worst” particles are trained
towards the behavior or these selected ,,global best” particles. It is important to mention, that the
data, which was used for the calculation of recommendations it is not further used for the
training of ANNs (it becomes out sample data).

Experimental investigation
The realization of the proposed decision making model was made using MATLAB software
package. The experimental investigations were divided into three parts:
1. The first part was focused on the selection of sliding window size and number of ANNS
(the detailed experimental investigation is presented in article [11])
2.  The second part of experimental investigations focuses on the analysis of learning rate (see
article [11]).
3. The third part was dedicated for the evaluation of decision making model (linear and non-
linear cases).
All the experimental investigation were run according to the above presented scenario (see Fig.
1) and were focused on the estimation of possible returns, which could be got while applying our
proposed decision making model. In all the cases the expected returns were calculated
considering transaction fees that are unavoidable in the stock markets. The analysis of the
commission fees of different e-brokers showed that the commission fee in real trading process is
usually between 0.15 % - 0.3 %. For example, such transition fees are provided by the company
of Interactive Brokers [9]. Having bigger selling and buying volumes this fee could be even

58
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

smaller - 0.1 %. Based on that for the further investigations we are considering the commission
fee which is equal to 0.15 %. We are making an assumption that each day we are paying 0.15 %
of commission fee for buying new stocks. The value got on the last investigated trading day is
considered as the profit. The profit is calculated as a sum of stock returns (%):

Pend

Pos = )P @)

Where:
K. ,—-K
Ry ==t —*100% (5)

t

Here P, represents the profit at time period t+1. Ifat the moment t there were bought stocks for
the price K,, when the price of these stocks after some time period (year, month etc.) will be

K,,, and the profit (%) will be equal to the value of P,_,.

In all experimental investigation the training of ANNs was made through the adjustment of
ANNs weights towards the weights of ““global best" ANN. For the adjustment of the weights
there was chosen the learning rate of 0.05. Such value was selected based on the experimental
results which are presented in the article [11]. As well it is important to mention, that for all
experimental investigation, the sliding window of 100 days was used. The results of
experimental investigations are presented in Fig. 5.
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Fig. 5. Comparison of the results

In Fig. 5 there is presented the comparison of the results while having three cases: conservative
investment approach (investments are done into S&P500 index by buying and holding it for all
time period), and decision making model (linear case) application and decision making model
(non-linear case) application. The presented results in the Fig. 5 show, that the application of
PSO algorithm and training of ANNSs towards the performance of the “"global best" ANN give
quite good results. Compare to the conservative approach the proposed decision making model
lets to achieve almost 5 times better results (having the linear case of the model). The reason of
that is that every day the investment decisions are made using the “"global best" particle and at
the same time all other particles are slightly moved towards it. Such training of ANNSs ensures
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the movement towards the best decision. In the case of non-linear decision making model the
results are not so good. That lets us to make an assumption, that in complex systems the more
advanced decision making model not necessarily give better results. Non-linear case of decision
making model is too complex and its different realizations can have big variations (see Fig. 6).
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Fig. 6. Non-linear decision making model (5 realizations)

As it can be seen from Fig. 6, different realizations of non-linear decision making model give
quite contradictory results. That let us to come to the conclusion, that non-linear decision making
model is too complex for decision making in very noisy systems. The big variations of its
different realizations show, that the non-linear decision making model is not stable and it can not
ensure good results in decision making in stock markets.

Conclusions
In this paper we proposed the decision making model based on the application of ANN and PSO
algorithm. The model was applied in order to make one-step forward profit estimation
considering historical data of stocks returns fluctuations. The evaluation of the model showed
that:
1.  The linear decision making model can give quite good results (4-5 times better than in the
case of conservative investment into S&P500 index).
2. The non-linear decision making model is not stable and it is too complex for decision
making in noisy systems.
In the future we intend to make more detailed analysis of the proposed decision making model.
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Abstract.. The article discusses a number of important changes of influence of information technologies on
human factor within the organization. The focus of the artide is on human factor and IT using problem According
to the theoretical and empirical material of IT influence on human factor, aspects of information technology are
analyzed.

Keywor ds: information technologies, organization, management, human factor.

Introduction

New scientific knowledge, informatization, and the high level of assimilation of information
resources are becoming the basis for the existence of highly effective and competitive
organisations. An analysis of research related to the information technologies’ (IT) influence on
the human factor, demonstrated that IT, while making the transformation of organization
resources, make the transformation of employee’s behaviour inside the organization as well.
During the recent years, the majority of organizations in the whole world, and especially in
countries with transition economics, place increasing importance on the formation of the
methods of work that would allow for activity in the context of new economical conditions
created by a rapid process of globalization, business automatization, and the use of information
technologies. A number of companies choose virtual environment for their business [15, 10],
where they form not only qualitatively new relationships with the external environment, but also
organize conventional working relationships. Thus the influence of the human factor in
symbiosis with information technologies creates a creative factor in the organization. Therefore
the priority of development and maintenance of competitiveness in modern organizations is the
search for a new approach to the complex of the main factors of an organization (capital,
personnel, management structure, and finances), this approach being based on information
technologies.

Today we can see an increasingly prominent tendency when direct communication between
people in both personal and working relations is replaced by communication mediated by
information technologies, from mobile phones to computer networks. This tendency has a certain
effect on the human factor, their development, and maybe even existence, at least in the
traditional sense. Therefore organizations that want to remain viable and not to lose the human
factor now face a real challenge related to the achievement of these goals. This was also
confirmed by empirical studies. One of the important consequences of the usage of information
technologies is the disappearance of traditional boundaries between work, recreation, learning,
information, and activity [16]. The Internet and other information technologies are seen by many
authors as “revolutionary” and are compared to the industrial revolution of the 18" — the 19"
centuries. On the individual level this revolution is associated with the social effect of
information technologies, including new forms of relationship between people and maintaining
social contacts [12].

The problem of influence of information technologies on human factor, and its management
under is not sufficiently disclosed, and there are not enough systemic studies in this field.
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The object of the article - the influence of information technologies on the human factor.

The goal of the article is to analyze the tendencies of influence of usage IT on human factor.
The methods of the study. The analysis of the theoretical premises of IT influence on human
factor was performed when employing general scientific research methods: analysis of scientific
literature, synthesis, abstraction, induction, and deduction.

The empirical study was performed using the quantitative research method — questionnaire-
based inquiry and quantitative analysis of the obtained findings (methods of mathematical and
statistical data processing with the help of SPSS software padkage).

Technol ogy and people at work

There are many factors to which the organization must respond. One of the most important is
that technology, for as technology increases, organization finds itself bombarded with change
[5]. The relation ship of technology to people at work is known as socio technical system, and
modern managers are finding that they must give increased attention to this technical-human
interface.

Information technologies have an effect on people at work for two reasons. First, IT is causing a
change in people values, which they bring to the workplace with them. Second, information
technologies is leading to changes in the work environment, from the machines people use in
creating output and making decisions to the way in which their offices and workstations are
designed. R.M.Hodgetts [5] in analyzing this people-work environment-technology interface,
considered five areas:

- changing organizational cultures;

Organizational culture is the environment in which people work. When this environment
changes, people must learn to adapt, to learn new jobs, create new skills of employees’ interact
and communication.

- alienation in the workplace;

Alienation is the one of the most important behavioral implications of information technologies.
This concept incorporates (1) powerlessness, (2) meaninglessness, (3) isolation, (4) self-
estrangement.

- the fear of replacement by machine;

Employees’ fear, that they will be replaced by machines, is another problem created by
technology. This fear is typical among people who are not highly skilled or who are performing
paperwork functions.

- how employee’s feel about there jobs;

- the quality of work life issue.

E.Turban, E.Mclean, J.Wetherbe [19] also assume that the use of IT has brought many changes
to organizations. These changes are being felt in areas like structure, authority, power, and job
content; employee career ladders and supervision; manager’s job. IT affects individuals in
various ways:

- job satisfaction;

- dehumanization and psychological impacts;

- information anxiety;

- impacts on health and safety.

To prevent the spread of above mentioned bad 1T influence on human factor aspects, R.Hodgetts
[5] suggested steps for the managers that can be followed to help with the personal challenge:

- become familiar with jobs people are doing;

- be aware of the negative impact technology can have;

- get employees input regarding how to use technology;

- keep employees apprised of what is going on;

- be hones with employees.

63
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

Organization structureand I T
A.Majchark, Q.Wang [8], E.Turban, E.Mclean, J.Wetherbe [19] analyzed the concept of
networked organizations, where organizational structures are related by computer networks and
are supported by information systems. Table 1 shows the major characteristics of the networked
organization and compares them with the characteristics of the hierarchical organization.

Table 1.
Networked versus hierarchical organization
Classical/Hierarchical organization Networ k ed or ganizati on
Forma EEEE—— Informal
Highly structured —_— Loosely structured
Manage —_— Delegate/lead
Control _— Ownership/participation
Direct - Empower
Employees a cost —_— Employees an asset
Information manage ment — owned —_— Information shared ownership
Hierarchical organizations _— Flatter/manageable organizations
Risk avoidance —_— Risk management
Individual contributions Team contributions

The hierarchical and networked approaches to management obviously present significant
contrast, and each has its successes and failures. However, today some organizations are turning
away from the hierarchical organization toward the networked organization. This trend is being
brought about by the evolution from an industrial-based economy to an information-based
economy. And in this case, in nowadays most people do knowledge work, in which the
intellectual content of the work increases to the point where the subordinate often has more
expertise than the “hierarchical” supervisor [19]. Employees inan organizational network are not
just “cogs” in a hierarchical machine. Each employee that does knowledge work has special
expertise and information.

Figure 1 shows the continuum from the hierarchical approach to the networked approach.

/ \

Use of authority by the manager

Area of freedom forthe subordinates

f 1 1 f f f

1 2 3 4 5 6 7

Manager makes decisions and announces or “sell” it.

Manager presents ideas and invites questions.

Manager presents tentative decision subject to change.

Manager presents problem, gets suggestions, makes decision.

Manager defines limits; asks group to make decisions.

Manager permits subordinates to function within limits defined by superior.

Manager allows situational leadership to occur based upon which node of the network is best
equipped to solve problem.

N| o gf A Wl N

Fig. 1. The roles of managers and subordinates in the different types of
organizations (by [19]).
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According to W.Niepce, E.Molleman [14], J.A.F.Stoner, R.E.Freeman, D.Gilbert [18], the
design and reorganization of organization could help to make successful transformation inside
the organization and to make its proper compatibility with surrounding environment. There is
highlighted employees “plugging” into the network concept, when the majority of organization
management functions are moved to the information systems level and an employee becomes a
member of information storage, distribution and processing IS, which is created and integrated in
the organization. In such case for him becomes accessible not only information by itself, but as
well its processing tools. There is applied the participants principle, when an employee is
involved in all the processes in real time — “here and now”. At the same time there are applied
the classical logistics principals: right information, right processing tools, right complex of
relations, for the right employee, on the right time and with the right characteristics that
corresponds with the position, competence, responsibilities and humans personal characteristics
[1]. Such principal is very good for the formalization of relations — employee is always in the
working state and he physically has no time for non work activities.

It is stated, that this transformation changes the work of organization irreversibly — organization
is approached not through the separate functional units and its relations, but it is approached as
united operating system, with its own information sources, its own users and internecine multi —
level relations.

The transfer of employees’ communication into IS base lets to make real evaluation of systemic
view bases in the organization, when the organization starts to work synchronically and in real
time. This causes synergy effect and lets either to save time and expenditure, or to reach better
results in the same time and with the same expenditure.

Unfortunately in many cases the employee is suffering — intensive working environment fatigues
the person, especially if he is older [20, 11]. Because of this reason, it is important to understand
(especially for the managing level) that the part of surplus value, created in synergy principle by
the IS structure and its communications links, has to be returned to the employee, especially in
the recreation form [2, 3].

After moving organization activity into IS base, in the personnel relations point of view, it can be
disaffirmed many vices and syndromes, which are related to human factor — the personnel
relations become more formal, the probability of conflicts is decreasing [9]:

- there are the irregularities;

- the discrimination of employees, which appear form the middle level managers, disappears;
- the whole history of employees’ actions inside the organization can be seen.

After making theoretical evaluation of information technologies influence on human factor, it
was determined, that this action strengthens the need of employees responsibilities, initiative,
self action, as well it raises new requirements in the point of view of organization. Information
technologies, while making the transformation of organization resources, as well make the
transformation of employee’s relations inside the organization. The result of such is the
transformed output of organization (for example: the higher quality production, services,
wellness of the organization, higher quality external relations etc.).

After making an analysis of literature a on information technologies relation to human factor and
after making empirical investigations [13, 16, 7, 12, 6, 4, 17], it was determined, that all the
investigations are concentrated on the following aspects of people social life: leisure time,
singleness, day agenda (working day and weekend), communication, unemployment level. In
these investigations there is missing a viewpoint of IT usage appearance in the working activity.
While at the same time, in the after work time, IT influence reaches much bigger level and make
much bigger influence on the social human activity.
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IT influence on human factor in Lithuanian organizations

The organization of the research. The employees and managers of Lithuanian organizations
related with the use of information technologies were interviewed in the process of the research.
The organizations were selected according to the kinds of activity, listed in the catalogue of
companies “Visa Lietuva”.

The total number of questionnaires sent comprised 700; 663 responses were received; 23 of them
were unduly filled inor not filled in at all. Therefore, the data of 640 questionnaires were used in
the research. The respondents represented 35 organizations. The questionnaire response rate is
91,4 per cent.

Results of the research

In order to check the assumptions created in the way of theoretical analysis, there was created the

following question:

. How the use of information technologies in the work place conditions the betterment of
employees relations?

In order to test this question, it was analyzed by using respondents” answers to the following

questions:

. How much time do employees spend using IT?

. How many IT do they use for the work?

. How employees use the possibility (in percent) to exchange informal information by using
IT?

. Do employees like to participate in the events organized by an organization?

. Do employees care about each other?

. Do employees share knowledge received at their workplace with their colleagues?

. Are employees satisfied with employees’ relations?

. Do IT have influence on relations with colleagues?

. Do employees want to work in virtual workplace?

Certain statistically important correlations were determined in Table 2.

Table 2.
Correlation between relations with colleagues and level of using | T

Relation between the
quantity and level of IT
usage

Relation between IT
application for informa
information exchange and

Relation between
satisfaction with
employees' relations and

IT usage level IT usage level
Attribute (IT usage level) Relation strength Relation strength Relation strength
Number of e-mails sent 0,417** 0,429** 0,339**
Number of Internet using 0,323** 0,490** 0,291**
hours
Number of 0,213** - -
telephone/mobile telephone
calls made
Number of messages sent 0,138** 0,354** -

**p<0,01

The %2 (chi-square) criterion was used to investigate the independence of two attributes (Table

3).
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Table 3.
Independence between attributes
Attribute “What IT do “How “What isthe “What isthe “What isthe “What isthe
employees use employees use | average number | average number | average number | average number of
attheir the possibility of e-mailsyou of hoursyou of hoursyou messages you
workplace?” (in percent) to send per day?” | use Intemet per speak on send per day”
exchange day?” telephone/mobile
informal telephone per
information by day?”
using IT”
Do employees” like p=0,001 p=0,000 p=0,000 p=0,000 p=0,000 p=0,000
to participate in the
events organized by
an organization?”
Do employees care p=0,979 p=0,000 p=0,232 p=0,000 p=0,482 p=0,865
about each other?
Do employees share p=0,921 p=0,000 p=0,001 p=0,000 p=0,001 p=0,028
knowledge received
attheir workplace
with their
colleagues?
Do employees’ want p=0,007 p=0,218 p=0,031 p=0,027 p=0,427 p=0,687
to work in virtual
workplace?
- independent attributes.
Discussion

The results of investigation show, that higher level of IT usage conditions variety of IT used.
Thus, it is possible to admit, that employees’ need for interaction with other people realises
through various IT tools. Especially it is important for employees, who can contact with
colleagues working in other places. On the other hand, it conditions requirement of interaction
with other people” face to face”, without technical promotion.

The investigation shows, that the most popular are IT intermedia - internet, e-mail and
communication tools - mobile telephones. Those tools are usually used by respondents for
individual requirements, i.e. e. for informal communication with people. Mostly these informal
communication exchange methods are used by 22 - 30 year old respondents, most rarely by
41 - 50 year old respondents and older. Also specific software, data bases, programs and safety-
net are used. Interesting fact, that actually 21,7 per cent. of respondents overall do not use IT for
their needs. This means, that they do not know how to use IT or prefer communication without
technical promotion.

The answers of respondents also proved that higher IT usage level conditions higher intention to
participate in the events organized by an organization. Consequently, by using IT employees can
exchange informal information more and faster, find out new information, news, make
arrangements, and it conditions higher need to meet people “face to face”.

Respondents emphasized the importance of employees’ attendance. The results of investigation
showed, that higher possibilities to exchange formal information by using IT, provided for
employees better possibilities of attending their colleagues. And this on its turn conditions the
betterment of employees’ relations.

This hypothesis is proved by respondents’ satisfaction with employees’ relations in the aspect of
higher usage of IT and the influence of IT on relations with colleagues.

Having started to use IT for doing work, certain changes in the employees’ communication
sphere, ie. e. in relations with employees, appeared. 72 per cent. of respondents think, that
changes exist and they influence the relations with employees. According to them, it is
communicated in more modern ways, which improves communication and information
exchange, giving new communication opportunities (video conferences, contact with colleagues
working ina geographically different area, do work on-the-job, there is no need for “face o face”
communication with managers, etc.), it is possible to suppress reactions, when negative
information is received, to exchange with work results faster, to use new mind/idea expression
opportunities and encourage informal interaction. On the other hand, people face troubles while
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conveying their moods or feelings and danger of a too formal communication tone appears,
besides, invisible real speaker reaction, too high amount of information, it may also appear
competition and antagonism among those who are able to soak up IT and those who are
incompetent, too high control possibility, a feeling of insecurity for personal information sending
and checking, extra tiredness, staying too long at silly works. Also, subject to IT using style,
relations can be more formal and vice versa. 28,1 per cent of respondents pointed, that IT do not
make any influence on relations or this influence is very small.

It is emphasized in the answers that working with IT employee does not stand behind computer
advance. Also, it is determined by the investigation, that IT usage helps to share knowledge,
which is received in the process of work with employees (p=0,055). Consequently, employee
having higher possibilities of using IT, creates favourable relations for himself and for otaher
employee, because he can more simply and informally perform different kinds of communication
functions.

It was determined in the process of investigation, that employees, spending more hours on the
Internet, sending more e-mails, do not reject a possibility to work in the virtual workplace (44,2
per cent. - "pro*, and 40,3 per cent. - “con®). In conclusion, the influence of IT usage level on
employees® relations is dynamic, because respondents almost equally estimate possibility to
work partially isolated from colleagues and at the same time speak against this form of work
Generalizing the results of the study, the following conclusion can be made: higher level of the
usage of information technologies influences the positive transformation of relations
between employees’ and at the same time on employee human factor.

Conclusions

. The evaluation of the theoretical principles of changes of human factor in the process of
transformations of organizations showed that these changes are conditioned by changes in
the socio-technical system of the organization. An emphasis is placed on the concept of the
employee’s “plugging” into the network, where the majority of the management functions
in the organization are transferred to the level of information systems. Thus, the employee
of an organization becomes a member of the integrated system of data accumulation,
distribution, and processing.

. The theoretical evaluation of information technologies influence on the human factor
showed that this influence increases the need for such employee’s features as
responsibility, initiative, and independence; in addition to that it raises new requirements
for the organization’s attitude to its employee. When influencing the input of the
organization, information technologies at the same time transform the relationships
between employees within the organization, which, in turn, result in an altered output of
the organization (e.g. higher quality production, services, viability and wellness of the
organization, higher quality external relationships, etc.).

. The empirical investigation showed, that the higher level of the usage of information
technologies influences the positive transformation of relations between employees’ and
human factor. This let to make the conclusion, that the higher use level of information
technologies conditions the improvement of employees’ relations with each other.
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Abstract. This study aims to extend and deepen a survey of modern extensions of probability theory
represented in [6, 7]. The classical probability theory possesses rather limited possibilities and cannot cope with
situations of partial ignorance. Other approaches are required allowing one to solve tasks of that kind. The given
paper considers the generalised approach to modelling partial ignorance and its interpretation in the terms of
upper and lower probabilities, second order probabilitiesand belief functions.

Keywor ds: belief functions, focusing, partial ignorance, revision, second order probabilities, upper and
lower probabilities.

Introduction

Artificial intelligence (Al) is commonly treated as different methods of knowledge

representation and processing. The present study considers knowledge both as information

obtained from objective sources (measurements, observations, and database) and subjective
evaluations, judgements and experts’ findings. The size and quality of actual knowledge in the

context of the specific task solution may vary from complete knowledge to total ignorance [7]. A

situation when some knowledge about the subject area is available but it is not complete and/or

reliable will be called a situation of partial ignorance. In order to model and process partial
knowledge successfully, it is necessary to have a clear idea about the sources and reasons of

partial and total ignorance. Those sources and reasons can be divided into three large classes [5].

1. Incompleteness of knowledge represents situations when values of certain variables of the
task are unknown. For example, when a database of a group of individuals is being created
it might be known that a certain individual is a student, whereas his name might be
unknown. In this situation the value of variable Individual’s Name is unknown.

2. Imprecision of knowledge relates to the case when values of all or some variables cannot
be determined with the required extent of precision. In the above mentioned task of
database creation, what is only known regarding the value of variable Age for a specific
individual is that he is over 30 years.

3. Uncertainty of knowledge covers the situations when propositions are not certainly true.
For the case of database construction, a proposition Individual X is a student - made on the
basis of the evidence of the person not sure about that - can serve as an example of
uncertain proposition.

4.  The concepts of knowledge incompleteness, imprecision and uncertainty have to be strictly
distinguished from the concept of uncertainty (randomness) of various processes of the
actual world. The external uncertainty exists objectively and does not depend on human
consciousness. Uncertainty in Al represents the incompleteness and uncertainty of our
knowledge (information) about real world events and processes. For example, assigning
chances of random event occurrence might turn to be a troublesome problem for an
individual though he/she might clearly imagine the character and structure of those events.
Situations are however possible when an individual has no clear ideas about the nature and
structure of random events or processes. The uncertainty of that kind - related to the
absence of complete and reliable knowledge is examined in this paper.
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For a long time, probability theory served as the only means for managing uncertainties of the

actual world. Probability theory proves to be a very effective mathematical apparatus, however it

can be used in the presence of these two conditions:

5. Acomplete space of random events is specified.

6. To each event a unique number is attached that evaluates its chances and is called
probability.

As soon as one of those conditions is broken, probability theory stops being an adequate

mathematical apparatus for dealing with uncertainty [3, 6]. Other - more suitable approaches to

modelling knowledge incompleteness and uncertainty are becoming necessary. Some of

approaches of that kind are discussed in the present paper.

General requirements to the approaches to modelling partial ignorance

In case if the available knowledge about the real world subject area is not reliable and/or certain,
our first task is to model such knowledge. Before considering specific approaches to solving that
task, let us formulate general requirements that have to be satisfied by any of those approaches.
It is evident that the main requirement is an adequate representation of the actual state of things
in a form that could help quantify our extent of ignorance. (Qualitative approaches to solving
that task exist, for example, nonmonotonic logics, default logics, theory of potential surprise, etc.
However, they are not considered in the present paper). In [1, 2] the requirements are represented
in the most developed and justified form. Let there be a set of propositions Q about the actual
states of the subject area of the actual world. Consider a subset R(g) < Q of that set. If complete
and true knowledge is available, the subset R(g) can be easily divided into two subsets : 1(g) =
{gi=T}, 0(g) = {gi = F}, where symbols T and F denote the truth or falsity of the respective
proposition. If our knowledge is not complete, we can distinguish two subsets of propositions
(g) € R(g) and 0*(g) € R(g), regarding whose status of truth or falsity we are certainly sure,
and a subset of propositions V(g) = R(g) \ (t*(g) n 0*(g)), about the truth/falsity status of which
we are not certainly sure. Then a subset t*(g) U V(g) will contain the propositions which are
certainly true (a subset 1%(g)), and propositions gi € V(g), which are possibly true. Similarly, a
set 8*(g) U V(g) will contain the propositions which are certainly false (a subset 0*(g)) and
propositions gi € V(g) which are possibly false.

How to model such a state of partial ignorance? Assume that we are able to construct a function
¢, which attaches the number equal to 1 to all elements from of 7#(g); the number equal to O to
allelements 0f0*(g) and some number a € [0,1] to all elements from V(g). Whatever function ¢
is, it has to meet the following requirements:

—  the value {(gi v gj) must be determined by values {(gi) and {(gj) only;

—  the value {(gi A gj) must be determined by values {(gi) and {(gj) only;

—  the value {(—gi) must be determined by {(gi) only.

If some probabilistic function stands for function C, {(gi v gj) = {(g) + {(gj), if and only if gi, gj
€ 1(g) and gi, gj are probability independent. In general case, function {(gi v gj) is not a
function of {(gi), {(gj). Similarly, function {(gi A gj) is not a function of {(gi), {(gj). The only
requirement the probability function of that kind satisfies is {(—gi) = {1 (gi). From this it follows
that no probabilistic function whatever could model partial ignorance in general case. Two
evaluation functions are needed for that. Suitable for that purpose are functions of this kind:

1,ifg e t™(g),
sN@g = {

0, otherwise.
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1,if g e t*(g) v V(Q),
st = {

0, otherwise.

The interpretation of these functions is simple enough and is logically validated. SN(g) = 1
means that g is a certainly true proposition, whereas SI1(g) = 1 means that g may potentially be a
true proposition, though it is not excluded that it might be false. Such an interpretation of SII
function represents our partial ignorance regarding the truth status of proposition g. Functions
SN and SIT are partially compositional with respect to operations of logical intersection, union
and negation:

SN(gi A gj) = min (SN(gi), SN(gj));

STI(giv gj) = max (SII(gi), STI(g)));

SN(g) = 1 - STI(—Q).
Function SN, however, cannot be compositional regarding the disjunction of propositions and
function STI is not compositionl with regard to the conjunction of propositions.
It is easy to check that SN(g) = 1 = SII(g) = 1, and that g € V(g), ifand only if SN(g) = 0 and
STI(g) = 1. From this it follows that the truth status of proposition g is correctly modelled by a
pair of figures:

(SN(g)=1, STI(g) = 1) — g is certainly true;

(SN(g) =0, STI(g) = 0) — g is certainly false;

(SN(g) =0, STI(g) = 1) — the status of g is not known for sure (the state of partial ignorance).

In what follows we will discuss possibilities of function SN and SIT interpretation in the context
of existing approaches to modelling states of partial ignorance.

Interpretation of functions SN and SII
Upper and lower probabilities

Upper and lower probabilities are used to model those situations of partial ignorance when
ignorance is related to the probabilistic structure. A complete knowledge about the space of
random events is available, but due to the absence of reliable information it is only possible to
assign a set of probability distributions P = {Pi} in this space. Any distribution Pi € P can be a
true distribution and there is no reason to prefer some Pi € P with respect to all other
distributions in P. The maximum entropy principle for selecting single distribution —
recommended by some authors- is not a valid choice criterion in general case. Insuch a situation,
functions SN and SII are naturally interpreted as follows:

SII(P) = supP P P:

SN(P) = infPeP P.
Despite the clear and unambiguous interpretation, operating upper and lower probabilities is
fairly complicated. A more detailed information on possible techniques of managing
probabilities of that kind can be found in [8].

Second order probabilities

Using upper and lower probabilities to model partial ignorance related to the probabilistic
structure provides rather limited possibilities to the user. If possible, it would be more suitable to
introduce a structure in the set of probabilistic evaluations, which would allow one to represent
conclusions regarding the relative plausibility of particular evaluations. Such a structure might be
introduced in different ways. One of the techniques is to treat a set of probabilistic evaluations P
as a fuzzy set and form the membership function p(P) in that set which would represent
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subjective judgements of the individual about the plausibility of particular evaluations. Another
way allowing not to exceed probability theory is to form and employ a second-order probability
distribution. This distribution is formed in the set of probabilistic evaluations and represents
uncertain judgements of the individual about plausibility extent of particular evaluations. The
second-order probabilities are frequently called metaprobabilities. Metaprobabilities are not
suitable for modelling uncertain judgements in the set of objective probability evaluations. A
structure of that kind represents the objective state of things. The only proper tool for removing
uncertainty is acquiring additional objective information. Using metaprobabilities proves to be
appropriate in the cases when a set (interval) of possible probabilistic evaluations is obtained in a
subjective way and the individual has some reasons to consider certain evaluations to be more
plausible than others. It should be noted that the application of mathematical expectations of
second-order probability distributions does not remove the prior uncertainty and only masks it
(see, for example, [4]).

Bdief functions

The theory of belief functions - also known as Dempster-Shafer theory - has been developed to
model a specific kind of partial ignorance, with which probability theory cannot cope in
principle. The conceptual statement of probability theory is represented by a condition that the
space of random events is specified completely and uniquely, and that each event is assigned a
probabilistic evaluation. In case if probabilities can only be assigned to certain subsets of events
from the general space, probability theory cannot be employed in principle to modelling such a
specific kind of partial ignorance.
According to the theory of belief functions, to each subset X < Q, belief mass m(X) can be
assigned that represents the extent of the individual’s support of truth X. Then the total amount
of support in favour of the truth of subset A < Q is expressed by a belief function as follows:

bel(A) =) F#XcA m(X).
The values of belief functions are interpreted as probabilities in the original Dempster-Shafer
theory. Belief functions possess the following features:

bel(©) =0;

bel(QQ)=1;

bel(Al U A2 U...u An) =Y ibel(Ai) - Yi>j bel(Ain Aj) - ... - (-1)nbel(Al N A2 N...n
An).
(Note, that the last expression also holds for the classical probabilities with the change of sign >
to strict equality =).
Plausibility extent of subset A, pl(A), quantifies the maximal quantity of potential support which
could be given to A:

pI(A) =X XNALZ m(X) = bel(Q) — bel(A).
Using the general approach to partial ignorance modelling discussed in the previous section, one
can correctly state that function bel(A) is interpreted as function SN(A), whereas function pl(A)
is interpreted as function STI(A).
The theory of belief functions is a widely recognised tool for managing a specific kind of partial
ignorance. Ph. Smets has developed his own version of that theory assuming that no probability
distribution exists in the space of random events Q. He has simply examined beliefs at the so-
called credal level. He has called his version of belief functions transferable belief model. The
mathematical apparatus of the transferable belief model at the credal level considerably
corresponds to that of Dempster-Shafer theory. The so-called pignistic transformation of beliefs
represents the benefit of transferable belief models. As a result of that transformation, belief
evaluations at the credal level are transformed into the so-called pignistic probabilities, which
could be manipulated using general rules of probability theory. The pignistic probabilites can be
successfully applied for decision analysis and choice under risk. It should be noted that the
pignistic probabilities in no case can be interpreted as usual probabilities. They represent specific
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evaluations obtained by artificial transformation of probabilities and show all signs of
probabilistic evaluations. As a matter of fact they are not probablities in the commonly accepted
sense.

Problems of probabilistic reasoning in situations of partial ignorance

In most common sense, knowledge (complete and incomplete) can be divided into two large
groups [1]:
1)  based on factual evidence; and
2) generic knowledge.
Factual evidence ensures knowledge about the state of the actual world in the specific situation.
This evidence might have different nature and its truth degree can vary within very wide limits.
Generic knowledge relates to some subject area as a whole and does not refer to particular
situations. Generic knowledge can be represented in the form ofa set of plausible rules, different
relationships (functional, stochastic etc.), probability distributions and so on. To give an idea of
different kinds of knowledge, let us consider the physician’s knowledge. His generic knowledge
consists in generalised links between the symptoms and the diseases and includes data on the
disease frequency (distribution) in the population. Factual evidence for the physician consists in
the the symptoms and results of laboratory investigation of the pacient.
Conditioning the existing knowledge on the basis of new data (evidences) is an important step
for removing partial ignorance. Two principally different types of conditioning are represented
by focusing and revision [1]. The essence of focusing is conditioning generic knowledge by the
factual evidence. In the above example with symptoms and deseases, focusing might yield a
change of the reference class of diseases, which became possible in the presence of symptoms
observable at the pacient. In general probability theory, focusing is accomplished by using
Bayes’ theorem.
Unlike focusing, revision is either conditioning the generic knowledge by another piece of
generic knowledge (G-revision) or conditioning the factual evidence by another piece of factual
evidence (F-revision). In the above example with diseases and symptoms, the result of G-
revision might consist in modifying the physician’s knowledge about disease-symptom links by
using new medical knowledge (say, publications inspecial journals or statistical data). F-revision
might consist in the change of the physician’s beliefs about a disease, say, by learning the results
of laboratory investigation.
In probability theory, both G- revision and F-revision are implemented by means of Bayes’
theorem. Thus, the same mathematical apparatus is employed both for focusing and revision in
probability theory. The implementation of focusing on the basis of Bayes’ theorem seems to be
quite justified. A classical task of re-evaluation of probabilities of hypotheses can be considered
as a standard focusing task. The recalculation of the posterior probabilities of the hypotheses in
the presence of new evidence is successfully accomplished using Bayes’ theorem. As regards
revision tasks, the use of Bayes’ theorem does not seem to be so evident. Let us consider general
statement of Bayes’ theorem.

P(A/B) =P(B n A)/P(A).
The advocates of standard Bayesian approach assert that as a result of using that rule a change of
reference class A does not occur. They treat the posterior distribution P(B/A) as a result of
reduction of reference class from the whole space of events up to subset A. That interpretation
coincides with the definition of focusing, but not revision, as it is stated frequently.
Now let us discuss approaches to solving tasks of focusing and revision under partial ignorance.
In belief function theory, revision is carried out on the basis of Dempster combination rule. That
rule actually combines the conjunctive revision of data under partial ignorance with Bayesian
normalisation rule [1]. The essence of Dempster rule of conditioning can be expressed as relating
the available belief masses mi for focal elements Ei € Q to subsets Ei » A, where A is a new
portion of information, with further re-normalisation of belief masses in those extended subsets.
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The expected degree of potential support of B provided that A is true, can be calculated as
SIT (B/A) = SIT (A n B) / SIT (A).
That rule can also be set in the general context of upper and lower probabilities as follows:

SIT(B/A) = sup {P(A N B)/P((A), P < SIIL, P(A) = SIT (A)} (1)

The last expression represents the essence of revision under partial representation technique of
that kind.
An alternative conditioning rule can be given in this form:

SITA(B) = SII (A N B) / (SIT (A N B) + SN (A~ B)). )

That rule represents focusing. The underlying idea is to calculate possibility of B under the
assumption that A is true not making any propositions as to how the set of probabilities will be
revised.

In [1] it is shown that function SITA (B) is generally less informative than function SIT (A / B)
and can even be less informative than the initial function SIT (A). This result seems to be a
paradox. It is, however, easy to explain it. Let a set of probabilities P represent our partial
knowledge about the actual value ofprobability P. Hence SIIA (B) is a degree of potential belief
that B is an element (subset) of A, which can be treated as the modification of generic
knowledge (focusing). On the other hand, the value of SIT (A / B) is simply a modification of the
initial information, which is a typical revision. SITA (B) can broaden the interval of probabilities
of SIT (A). The process of focusing can be justified in terms of functions STIA(B) only, and
SITA(B) can be viewed of as the upper limit of a family of belief functions derived by
transferring the belief masses mi to subsets Ei n A. The latter provides an explanation of the
above result of function SITA(B) informativity decrease. Due to that result, an important remark
has to be made. Belief function theory has been developed in order to combine uncertain
evidences. In other words, it was designed to implement F-revision only. Any attempts to apply
that theory to solving focusing tasks lead to unsatisfactory results.

Conclusions
Active research and development of new approaches to modelling partial ignorance was seen
lately. That is caused by practical needs. Currently it is widely accepted that classical probability
theory possesses limited possibilities regarding modelling and processing incomplete and
uncertain knowledge. To quantify the degree of ignorance, two values are required. In the most
general case these can be represented as the values of necessity function SN and of possibility
function SII. The interpretation of functions SN and SII depends on the specific approach to
partial ignorance modelling. By upper and lower probabilities partial ignorance related to the
probabilistic structure is correctly modelled. Belief and plausibility functions are successfully
employed to model partial ignorance that refers to the structure of random event space. Using
metaprobabilities is an attempt to structurise partial uncertain knowledge in the space of
probability evaluations.
The classification of probabilistic reasoning tasks into tasks of focusing and revision helps
correctly evaluate the suitability degree of each specific approach to modelling incomplete
knowledge. Inclassical probability theory all kinds of probabilistic reasoning tasks are solved on
the basis of Bayes’ theorem. Its use for solving focusing tasks seems to be quite justified,
whereas its application to revision tasks is not so evident.
Belief function theory faces serious difficulties when it is employed to solve focusing tasks. It is
much better adapted to solving revision tasks as was planned by its founders.
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Abstract. In the article the main requirements for sustainable economic development management system
were formed using theoretical approach. According to the collected theoretical material, approaches of sustainable
management of economic systems from the viewpoint of principles of sustainability are reviewed. The article
evaluates the content and issues related to the environmental indicators, including the environmental space and the
ecological footprint concepts, applied in sustainability measurement, aswell.

Keywor ds: devel opment, environmental indicators, management, sustainability.

Introduction
The main attention in the paper are given to the process of the management of sustainable
development and to analyze the indicators of sustainable development.
The theoretical principles of management of socially and ecologically oriented economic
development realization and the content of environmental indicators, including concepts of
ecological space and ecological footprint are critically investigated in the paper.

T he essence of the sustainable development concept and management principles

The today”s dilemma of the world, mostly governed by economic powers, lies in the following:
at what scope sustainable development could be adequately analyzed and realized, referring to
contemporary economic theories. It should be noted that economic development orientations and
concepts, valid in the previous century, cannot satisfy the humanity”s needs and they have only a
limited application spectrum in environmental protection studies. The situation supposes the
necessity to propose new approaches and to define the essence of economic theory, its potential
role and tasks, in solving issues related to critical human existence and civilization survival in
the future.

It is obvious that unlimited growth is impossible in a limited system, i.e. economic growth
beyond the limits of biosphere capacity would necessarily cause the environmental collapse, as
there is no feedback mechanism to guarantee unregulated marke economy would never exceed
its ecological capacity of the environment [2]. Thus, economic theory should eventually
recognize the basic principles of science, entropy among them, and admit that economy is no
longer a perpetual engine, but a one-way process. It can be more effective but it cannot be
reversible.

The basic idea of sustainable development is a firm understanding that all resources,
renewable as well as non-renewable, are limited. Human activities should not exceed the
buffering capacity of the earth”s ecosystems.

It can be stated that alternative approach to economics was evolving as a standpoint of
relationship of complex natural-ecological systems, economic organizations and human
communities, hoping that modern world could be transformed into a better one from
ecological and humanitarian point of view.
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It is worth noticing that the economy of steady state can develop qualitatively, but cannot
grow quantitatively. In case of sustainable development, the economy can improve from the
standpoint of knowledge, organization, technical effectiveness and wisdom. Development
without growth is what we call sustainable development.

Though the essence of the sustainable development concept is clear enough, the exact
interpretation and definition of sustainable development has caused strong discussions. It is
possible that the terminology problem occurs in the dual nature of the sustainable
development concept, covering development as well as sustainability.

But the problems of precise definition of sustainable development term and content in the
economics, in the management theory can be considered as advantage, because in all levels
leaved the space for the discussions, the variety of the possible models of development.

In the analysis of consequences of society development it is possible to distinguish a)
ecological dimension, b) economic dimension, c¢) social dimension. So, in order to achieve
sustainable development the three corner stones of sustainability, i.e. economy, ecology
(environment) and society, must be considered. Also it is possible to distinguish three
society sustainable development management approaches: a) economic, b) ecological, c)
social.

Taking into consideration these three society sustainable development management
approaches, it is possible to formulate generalized principle of management of sustainable
development (complexity principle), which require to analyze sustainable development as the
interface of three systems — ecological, economic and social.

Thus, the sustainable development concept merges two urgent goals: a) fo ensure appropriate,
secure, wealth life for all people - its is the goal of development, and b) to live and labor in
accordance with bio-physical limits of the environment — it is the goal of sustainability. These
goals might seem contradictory but, despite that, they have to be achieved in unison.
Sustainable development, as elaborated in Agenda 21, has three explicit dimensions, the social,
the economic and the environmental one, and implicitly a fourth, the institutional one. (The
ignorance of this dimension is one of the biggest shortages of management of implementation of
society sustainable development). This can be visualized by the “prism of sustainability” (Fig.
1).

Institutional

Economic

Environmental

Social

Fig. 1. The four dimensions of sustainability [8]

Since the concept of sustainability becomes relevant only as we understand the non-
sustainability inherent in the current activities of society, it is logical to design principles for
sustainability as restrictions, i.e. principles that determine what human activities must not do it
under to avoid destroying the system.

Additionally, redirecting our societies and economies towards sustainability is a task that cannot
be attributed to any subgroups of society, but one needs to involve society as large if it is to
mastered effectively.
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Management without yardsticks is not possible. If we don”t can to measure society”s sustainable
development targets, it is impossible to govern. Therefore if we want to manager sustainability,
the society is in charge of formulating sustainability objectives, which should be constantly
review and assessed. Sustainable development indicators can successfully measure the degree of
objective implementation.

By using a set of well-defined indicators it becomes easier to communicate Sustainable
development, and in particular, the Local Agenda 21 implementation process. Using the Prism of
Sustainable Development model in this process enforces prioritizing, by reducing the number of
indicators down to 12 to 15 (each connected with targets), while at the same time supporting a
broad and balanced coverage of environmental, social, economic and institutional issues.
Together with indicators for the four sustainability dimensions so-called inter-linkage indicators
are needed, that link progress towards the four dimensions together.

M easurements of the Sustainability M anagement

The contemporary indicator of economic development is considered to be Gross National
Product (GNP). But GNP cannot serve as a feasible indicator for evaluating the economic
growth. Therefore [3] calculated an “Index of Socio-Economic Welfare” (ISEW). ISEW makes
different adjustments to GNP from MEW, including giving consideration to resource depletion
and environmental damage, so the two indices are not strictly comparable.

Indicator — is the measure, differentiating from other values with its specific objectives,
outreaching everything what could be directly measured. Indicators of sustainable development
should concentrate the attention on the start of the development cycle, such as energy, resources,
chemicals and other development sources and measures.

An optimal quantity of environmental indicators should be selected in order to improve the
current indicator system and to assess competitive tendencies and system requirements.

In order to find a feasible answer how to evaluate sustainability goals of economic development,
the two concepts of “the environmental space” and “the ecological footprint” can be applied.
The “environmental space” is a more complex approach where various important resource
sectors are being analyzed on the national level. Thus, the “environmental space” faces
application difficulties in practice, comparing it to the “ ecological footprint” concept, where
resources are brought together into a single indicator at the desirable aggregated level. Besides,
the ecological footprint makes the sustainability challenge more transparent.

It is known that those current projects, which applied the environmental space and ecological
footprint concepts, have not presented a thorough developed scenario for securing sustainability,
but have only produced presumptive framework of directives and major implementation
principles. In the future this evaluation should be supplemented by actual figures, assuming the
quantity of resources the world could utilize in sustainable way.

The basic idea of the ecological footprint concept, developed by W. Rees and M. Wackernagel
[7], predisposes every individual process, activity and region as influencing the utilization of the
Earth”s resources, waste accumulation and consumption of nature”s services. This complex
impact caused by utilization of resources and the environment can be converted into a one-
dimensional measure (that is where the substantiality of the method comes into force), namely
into a biologically active land plot which should be presented in a calculated form.

Applying this method to land distribution per person demonstrates that the average ecological
footprint in the world would amount to about 1.8 hectare per head. The ecological footprint in
most developed countries reaches 3- 5 hectares per head. Bearing in mind the fact that most
developed regions exceed the ecological footprint limits of local ecological capacities, this
inevitably leads to claiming extra ecological capacity from the global fund [1].

Some critique can also be found towards the ecological footprint concept. How could the
calculation of the ecological footprint be improved? On the first hand, the actual figures, not
hypothetical should be used in comparing two types of ecological footprint, which would reflect
actual sustainable and non-sustainable land utilization per person. On the other hand, more
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flexibility should be allowed in the ecological footprint calculations. Probably it would be best to
use the scenario method, which permits to research complex processes under the circumstances
of big changes. The modeling method, not the accounting one, should be selected to realize
economically valid conclusions.

The ecological space concept constitutes that at any time there are limits to the degree of
environmental pressure, the Earth”s ecological systems could cope without irreversible damage
to these systems. (Fig. 2).

4 Overconsumtion . .
Ceiling — maximum
Available % permitted use of ES per
environmental ﬁ@ﬁ@ capita
space per Sustainable Lifestyles
capita ﬁ
1
fin
Need Flopr — minimum
socially necessary use
- % of ES per capita

Fig. 2. Living with our Environmental Space

Mechanisms of progressive resource taxation based on the environmental space as a “threshold
concept” should be considered as a necessary instrument for the enforcement of sustainable
development.

It is beyond any doubt that it will not be possible to prepare further strategies of effective
environmental protection without clarifying, how much ecological space we have globally.

Thus, the amount of the ecological space is limited in its nature and at least it can be measured
guantitatively up to some degree. In addition, the environmental space concept offers an
opportunity to determine, how much environmental space of one country is used by inhabitants
of the other one, by comparing the global utilization of an individual resource, expressed as the
average per person in national consumption.

Economic System Change I nfluence on Environmental M anagement Processes

During independence restoration and economical independence gaining processes it was stressed
the importance of environment. The big activity of those days society also determined that the
problems of environmental quality improvement would be integrated beside other immediate
problems. It is believable, that market economy system would be much more superior solving
ecological problems that have reached the crucial limits. The centralized ruled system will be
estimated as unable operatively, flexible and effective co-ordinate the relations between
economical enlargement and environment. But the idea to pass the solution of ecological
problem to market was too much optimistic and not rational at all. The experts with great
experience [5] indicated that market economy is ecologically blind enough and socially deaf
enough. So rational solution of economical enlargement and environmental quality relations is
possible only actively functioning State regulation.

Emphasizing that economical transformation is a very complicated processes, it is indicated that
in the first stage it consists of three elements: liberalization, macro economical stabilization and
systemic transformation. The systemic transformation at first is understood as privatization.
Private propriety is a basis of market economy functioning; privatization is a foundation — stone
of transformation. The estimation of effectiveness of privatization processes in Lithuania is not
synonymous. Naming its negative sides it is necessary to specify that it be not used the
possibilities of ecological situation improvement in companies during the process of
privatization. The problems of privatization and diminution of negative influence of companies
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to environment were successfully solved in some neighbor countries, which fulfilled the
transformation. In Lithuania it was not tried to do it in case of overdue estimation of such
possibility or in case of other reasons.

On the basis of monitoring system in Lithuania it was tried to compare the gathered information
about main polluting materials throwing out to environment — common emission in millions of
ton per year with Gross National Product tendencies (Fig. 3).
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Fig. 3. GNP and general pollution emission in Lithuania

The calculations shows, that even if there is such diminution of the pollution economical damage
for anthropogenic pollution makes about 1,7 milliard Lt., or it is about one tenth of GNP.
Comparing with other European countries analogical indexes it is possible to state that ecological
stability as one of three sustainable development components is in operatively improvable
situation.

The period of economical systems transformation in Lithuania matched with global sustainable
development tendencies development, with the solution of its localization problems. Quickly
becoming clearer the advantages of sustainable development coordinating the questions of
economical development and environment it becomes one of the most important problems of the
country.

Analyzing the process of economical transformation it was stressed that there was a lack of
comprehensive and effective strategy of this question. For the first five transformation years
environmental reforms also were accomplishing without clear strategic goals. Just in autumn
1996 the Lithuanian environmental protection strategy was confirmed. The project that got
juridical power was prepared by Lithuanian and foreign experts, who tried as accurate as
possible to foresee and to ground tendencies of environmental changes till 2010. Every strategy
has to include three main elements: purposes (at first permanent), activity directions, and
resources necessary for achieving the purpose. The weakest link in country”s environmental
protection strategy is the third element. In strategy formation group worked investments group
was often unable to defend its suggestions based on economical calculations. Probably, that if
there was a more real consideration to the demands of the third strategic element, the strategy
would be more precise.

At this time it is more often used the concept “preparation for the European Union integration”
that means in environmental usage respect that Lithuania in this field must be able to solve
problems the way European Union directives demand. Estimating the dilemma of to join or not
to join European Union in environmental usage respect, the merits are very bright. At first, the
country in a short time would adopt what is accumulated in the solution of most progressive
economical development and environmental quality keeping problems. Secondly, it would
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appear a possibility to Lithuania using the support of European Union rapidly to realize
ecological projects. In conformity with the goals of EU the main Lithuanian projects would be
connected with waters cleaning, with diminution of air pollution and with waste regulation.
Analyzing the environmental usage evolution in the period of centralized ruled economy it was
stressed the importance of information about environmental quality changes. EU directives
especially stress the significance of such kind of information and present the rational system of
sustainable development indicators. This indicators system includes integrated sustainable
development indicators that reflect the interaction of environmental, economical, social aspects.
Basing on such information it will be possible to compare operatively the changes of
environmental quality, to estimate the rapidity of acting progress. At this time in Lithuania
functioning monitoring system will have to be corrected according to the demands of stabile
environment indicators system.

Trying to estimate economical changes in the period of economical transformation, it is
purposeful to periodize it. Estimating the period of integration into EU its positivism to the
outlook to environmental quality stabilization and improvement becomes apparent. It is
believable that realization of integration demands to environmental usage and stabile
development in Lithuania will let to state the approach to the end of the period of economical
system transformation. Also it should be a further development to stabile social — ecological
market economical system.

One of the most important reasons determined the crisis environmental state in the period of
centralized economy market was insufficient investments to environment. In last years of
centralized economy period there were prepared the projects of ecological situation improvement
of the whole country and its separate regions. These projects had a very indefinite and not-
concrete financial background.

The restoration of the independence is connected with today and from the distance of time real
enough estimated euphoric outlook to the rapid increase of environmental investments of that
time. The wish to start using market economy mechanism instruments in environmental
management as quickly as possible did not correspond with the situation of that period. In the act
of law of Environmental Protection, passed in the beginning of 1992, it is indicated that
ecological and economical interests of the State are coordinated applying economical mechanism
of environmental protection. This mechanism consists of taxes for nature resources and
environmental pollution, subsidies and credits of the State, State regulated tariffs and customs
system, system of economical stimulation sanctions and compensation.

Sustainability will be won on the market — or not at all. We are needing a new approach, which
would have to be an integral part of the market economy where self-interest would drive
ecological improvements yielding profits rather than generating added costs by government
edict. In market economy ecological taxes are very important instrument of environmental usage
processes management. On the basis of these taxes collected means are returning to environment
as the investments influencing balance of economical and environmental processes. Countries
that are progressively developed in market economy use different kinds of ecological taxes. It is
the taxes for nature resources usage, taxes for environmental pollution, taxes for ecologically
dangerous production, compensational payments for diminution of nature resources quality, etc.
The insufficiency of income collected from ecological taxes, the inefficiency of other sources of
investment was noticed in the first year of market formation. When the State strategy of
environmental protection was started to be prepared, in which project preparation group also
participated the author of this text, one of the main accents was the determination of eventual
sources and the size of investments necessary to strategy realization.

Estimated the environmental conditions and calculated costs necessary for its improvement it
became clear that in the next decade till the year 2005, to which the realization of this strategy
was orientated, it will be impossible to solve the most important ecological problems for the
same as earlier reason — the lack of the financial resources. Optimistic regulations that during
economical systems changing period, which is never followed with rapid speed of economical
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growth, it would be possible to solve effectively ecological problems, were denied. Referring to
results of internal and external experience and trying to keep the equilibrium between the
optimistic and pessimistic poles of economical development perspectives, strategically necessary
investments were assigned following to priority directions.
The priorities of environmental investments were grouped into two blocks: environmental
quality keeping and environmental protection in economical activity sphere. Such kind of
management of investment corresponds with general investments theory propositions that firstly
the blocks of investments are divided, later on their base investments politics is formed and made
decisions of possible sources of investments [4]. The priorities investment directions of the first
block in State environmental protection strategy were named the cleaning of flowing waters, the
stabilization of air pollution and gradually diminution, the regulation of waste. Effective
investments in these directions would improve environmental quality till necessary standards,
which were approved while Lithuanian orientating to European Union demands.
The second block of priorities investments direction includes environmental problems salvation
in economical activity sphere, the necessary condition of effective investments is to create such
kind of legal-economical system for minimizing contradictions between economical qualitative
growth and its influence to environment. Environmental policy here must orientate at first to
preventive means, which give an opportunity to realization sustainable development principles.
With this main direction directed the goal of the State environmental protection strategy
indicating that strategy strives for “making a presumption for sustainable development of the
country keeping clean and sound nature environment, saving biological and landscape variety
and optimizing nature usage”. The State environmental protection strategy in this block of
priorities presents the detailed activity programs for separate economical branches.
Finally, legal and other instruments, suitable new institutional arrangements — among many other
things — can be developed with the common goal to approach sustainability in the most reliable,
transparent and systematic way possible. Sustainable environmental management can make use
of economic policy mechanisms, but in the final analysis needs to be cognizant of the
fundamental laws of nature, as much as those of economics.
And it is clear that corporate philosophy and responsibility will face crucial changes. Increasing
demand for sustainable development during the last decades has initiated actions from firms.
Firms have expanded the scope of corporate responsibility to include environmental issues in all
levels of their operation, and a major development of environmental corporate strategies, as well
as a green-washing of industry has been observed in the world [9,10], and in Lithuania too. M.
Porter and C. van der Linde [6] suggest corporate strategy changes to enhance environmental as
well as business performance of firms. But despite all these preventive actions a continuous
increase in environmental impact has been observed.
Sustainable development is currently one of the leading driving forces for the greening of
industry. Within the sustainability framework, the substance chain management manages the
economically and ecologically oriented cooperation between companies in production or value —
added chain.

Conclusions

According to theoretical presumptions of various theoreticians, three major groups of sustainable
development management approaches — economic, ecological and social — can be interpreted and
identified, which allows sustainable development to be analysed as the interface of ecological,
economic and social systems.

Sustainable development, as elaborated in Agenda 21, has three explicit dimensions, the social,
the economic and the environmental one, and implicitly a fourth, the institutional one. The
“ prism of sustainability” can visualize this.

In search for solutions of adequately evaluating the achievements of sustainability in economic
development, the concepts of “the environmental space” and “the ecological footprint” can be
applied.
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Change of economic system was linked with basic positive changes in environmental processes
management. Passing ecological problems solution to market was too optimistic and not rational.
Experience of developed countries emphasize that market economic is quite blind and deaf in
ecological meaning. General pollutions were compared to gross national product. There were
decreases of both these indicators in Lithuania in the years of 1990 — 1994. Later, until the year
of 2000 both gross national product and general pollutions increased.

Economical development performs insufficiently taking into account influence to environment
and trying to reduce it. Decrease of influence to environment increasing influencing activities at
the same time is possible only establishing more perfect technologies and defining regulations of
environmental quality. It is easier because of coincidence of economic systems” transformation
period in Lithuania with global evolution of sustainable development principles and solution of
sustainable development localization problems.

Sustainable development localization meets with some difficulties like un — ecological finance
markets, economical indicators prevailing over environment, distortional system of subsidies,
lockage of financial means, scantiness of local administrations” authority.

Sustainable development should be a core value in any business organization because it supports
a strategic vision of firms surviving over the long term. And, if businesses are serious about the
concept of sustainable development, then many of the sacred tenets of doing business will have
to be re-examined.
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RACIONALA ZALAUGU BIOLOGSKAS DAUDZVEIDIBAS
|IZMANTOSANA KVALITATIVAS LOPBARIBAS IEGUVEI
RATIONAL USE OF HERBAGE BIOLOGICAL DIVERSITY FOR
HIGHT-QUALITY FORAGE PRODUCTION
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Abstract. Research goa — information of floristically rich and hight — productive agrocenosis for the
production of qualitative forage. Long — termfield experiments were established on two types of soilsusing species
of grasses with biological and economic traits different from forage legume and grass families.Persistence,
productivity and quality of forage grasses have been determined in mixed swardsin different utilization regimesand
on different fertilizer backgrounds. It was stated that the rational use of the forage grasses gene fund as wdl as
aperies and varieties of grasses introduced into Latvia can contribute to the formation of night — productive
meadows and pastures with the average dry matter (DM) yield 8.5 — 14.0 t ha™. The produced grasses may he
helpful in making top — quality hay and silage which, by their quality parameters (protein, amino adds, mineral
substances, ADF and NDF content) are fully corresponding to standards set in high — productive animal feeding.

Key wor ds: herbage, productivity, grassforage, quality.

levads
Lopbaribas razoSanai Latvijas agroklimatiskajos apstaklos vispiemerotakie ir daudzgadigie
zalaugi. Tiesi tie nodroSina dzivniekus ar nepiecieSamam baribas vielam, energiju un
vitaminiem. Zemnieku saimniecibas Latvija ap 80% no zalaju s€jumu struktiras sastada zelmeni,
kurus veido sarkana abolina un timotina maisjjumi.[1] Par&jo zalaugu genétiskie resursi un
biologiskas 1ipaSibas tiek izmantotas salidzino§i maz Tapéc zalaju zelmenu biologiskas
daudzveidibas paplaSinasana, produktivitates paaugstinaSana un kvalitates uzlabosana ir Iloti
aktuala problema.
Lopbaribas razoSanai v&l salidzino§i maz tiek izmantotas lucernas, austrumu galega,
auzenairenes. PlaSaka lopbaribas taurinziezu un jaunako stiebrzalu sugu izmantoSana dazadas
lopbaribas razoSanas sist€mas, it pasi organiskas, veicina videi draudzigaku saimniekoSanu, lauj
ieveérojami samazinat mineralméslojuma normas. [2, 3]
Edinat liellopus saskana ar vinu prasibam nepiecieSams ne tikai vipu veselibas un optimalas
pelnas del, bet arT, tapec lai samazinatu atkritumu uzkrasanas apkart€ja vidé. Lai apmierinatu
dzivnieku vajadzibas, p€c iesp€jas precizak jazina uzpemamas baribas vertibu. Baribas
energetiska vertiba ir visnozimigakais faktors, kas nosaka baribas devu pasizmaksu.
Petjumi dazadu barbbas sagatavoSanas veidu ietekmi uz aminoskabju sastavu parada, ka
skabbaribas sausna tris limit€joSo aminoskabju — lizina , metionina un triptofana , ka ari serina
un glutaminskabes daudzuma izmainas, salidzinot ar zalmasu, ir niecigas.[4,5]
Petjumu mérkis — noteikt labakus taurinziezu- stiebrzalu un stiebrzalu séklu maisfjumus
augstrazigu zelmenu veidosanai un kvalitativas lopbaribas ieguvei.

Materiali un metodes

Par izm&ginajumu bazi kalpoja plasie lauka izm&ginajumi par taurinziezu un stiebrzalu dazadu
zalaju agrofitocenozu noturibu un produktivitati, kuri bija ierikoti uz lesivétam briinaugsném
(pPHkc1 6.7, P-52, K-128 mg kg, organisko vielu saturs 21-25 g kg™ augsnes).

Lauka un laboratorijas izm&ginajumus veica ar vienkomponentu, divkomponentu un
daudzkomponentu zelmeniem. Tajos bija ieklautas taurinziezu sugas: hibrida lucerna (Medicago
varia.), austrumu galega (Galega orientalis.), baltais abolins (Trifolium repens) un 7 stiebrzales:
plavas lapsaste (Alopecurus pratensis), kamolzale (Dactylis glomerata), ganibu airene (Lolium
perenne), plavas auzene (Festuca pratensis), sarkana auzene (Festuca rubra), plavas skarene
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(Poa pratensis) un timotin$ (Phleum pratense) P&étfjumus veica ar 30 austrumu galegas -
stiecbrzalu, 30 balta abolina — stiebrzalu un 30 lucernas - stiebrzalu un 30 sticbrzalu séklu
maisijumiem. Zelmenu izmanto$anas biezums vegetacijas perioda bija 3- reiz€ja un 4- reizkja
plausana. Abi zelmenu izmanto$anas varianti bija ierikoti uz diviem slapekla mésloSanas foniem:
N -0unN - 90 (45445 kg ha "1 Kopgjais petamo variantu skaits lauka izm&ginajumos i - 480.
2002. gada tika ierikoti lauka izm€ginajumi uz velénu podzoletam augsném (pHkcy 7.1, P-253,
K- 198 mg kg, organisko vielu saturs 31 g kg™ augsnes) ar 8 auzenpairenu un airenu hibridu
Skirném no Danijas, Vacijas un Lietuvas. Par kontroli kalpoja Latvija selekcionétas skirnes.
Zelmeni tika veidoti izmantojot ganibu airenes Skirni ,,Spidola”(kontrole), auzenairenu $kirnes:
» Perun” (Lolium multiflorum x F. pratenss), , Punia” (Lolium multiflorum x F. pratenss),
, Lofa” (Lolium multiflorum x F. arundinacea), ,, Felina” (Lolium multiflorum x F. arundinacea),
» Hykor” (Lolium multiflorum x F. arundinacea) un hibridu airenu skirnes: ,, Tapirus” (Lolium
multiflorum x L. perenne), ,, Ligunda” (Lolium multiflorum x L. perenne). Zelmenu mésloSanai
pielietoja sekojoSas mineralméslojumu normas: P 79, K 90 un divas N normas N 1200+40+40) UN
N 180(s0+60+60) kg hat. Visiem zelmeniem, kurus izmantoja ka plauSanas ta arT ganiSanas rezima
pirma plavuma zalei ir noteikts botaniskais sastavs unrazas kvalitate.

Neitrali skalotas ( NDF) un skabi skalotas(ADF) kokskiedras frakcijas un baribas energgtisko
vértibu noteica péc Van Soesta (1980),aminoskabju saturu un sastavu ar aminoskabju analizatoru
AAA339, buferkapacitate péc Zubrilina (1967), fermentacijas koeficientu aprékinaja péc
formulas FC=DM+8*WSC/BC (Weip et.al.,1998)

Rezultati
Zelme nu produktivitate. Lai nodro§inatu biologisko lopbaribas razoSanu sisttmu ilgsp&jigumu,
nepieciesams atrast augu baribas rezima nodroSinajuma alternativus risindjumus. Viens no tiem
varétu biit taurinziezu plasaka izmatoSana zalaju zelmenu struktiira, sakara ar to spéju saistit
atmosferas slapekli.
Misu pétjumos noskaidrots, ka taurinziezu - stiebrzalu zelmeni augstas zalmasas un sausnas
razas nodroSina pat ekstremali sausos gada laika apstaklos. Tas ir izskaidrojams ar loti dzilu un
specigi attistitu saknu sisttmu taurinzieziem. Sp€cigi attistitd saknu sist€ma palidz izmantot
tideni no augsnes dzilakajiem slaniem un veicina razas veidoSanos
Austrumu - galegas stiebrzalu zelmeni. Lesivéta brunaugsné austrumu galega tirsgja, playjot to
divas reizes vegeticijas sezona, nodro§indja vidéji augstas zalmasas razas un 8.1-9.13 t ha’
sausnas ieguvi.(1.tab). Divkomponentu austrumu - galegas stiebrzalu zelmenu produktivitate
vid&ji bija 7.98 t ha™ sausnas bez slapekla m@slojuma izmanto$anas un 7.31 t ha™ pielietojot
slapekla mineralméslojumu dalita veida vegetacijas sakuma un p&c pirma plavuma. No ta var
secinat, ka augstrazigi zelmeni veidojas s€jot austrumu galegu maisjjumos ar dazadam stiebrzalu
sugam ar1 bez slapekla méslojuma pielietosanas, ieklaujot s€klu maistjuma lidz 60 % stiebrzalu
seklu no maisijuma kopéjas izséjas normas. Visaugstakas sausnas razas ieguvi — 8.15 t ha’
nodros§inaja lielaka dala daudzkomponentu séklu maisjumu. RaZigakie no daudzkomponentu
maisjjumiem bija tie galegas — stiebrzalu zelmeni, kuri veidoti no divu - Cetrkomponentu seklu
maisfjumiem - vid&ji 7.80 — 8.15 t ha™* sausnas. Loti augstrazigs bija zelmenis — austrumu galega
40 % + timotins 20 % + plavas skarene 20 % + sarkand auzene 20 % - 10.72 t ha't sausnas.
Kamolzale un sarkana auzene, ka komponenti maisjjumu sastava, ir visnoderigakie sausajos
gados, jo tam ir salidzinosi specigi attistita saknu sist€ma. Komponentu skaita palielinasana lidz
5-6 butiski neietekméja austrumu galegas- stiebrzalu zelmenu razas limeni salidzinajuma ar 2 - 4
komponentu zelmeniem.
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1.tabula
Austrumu galegas-stiebrzalu zelmenu sausnas razas atkariba no komponentu skaita
maisijuma, t ha™ (videji 2001 - 2004)

Zelmena sastavs, (Fc)

Komponentu skaits maistjuma

Plausanas  Slapekla austrumu Videéji  Vidgji Vidgji
rezims(Fa) meéslojums, galega (Fa) (Fs)
kg ha™ (Fg) tirscja divi tis  etri  pieci  sesi v05=0.28  y05=0.15

DivreizEja N-0 9.13 9.95 10.30 10.29 10.35 9.97 10.00 8.24
plausana N-90 8.17 851 834 88 873 851 852 9.26 7.42
& o N-0 7.14 6.62 622 666 615 6.13 6.49

etrre1zeja
plausana N-90 7.07 6.11 597 680 571 625 6.3 6.40
Vid&ji(F¢) y05=0.13 7.88 780 771 815 773 772 1.83

Mineralslapekla méslojuma pielietoSana kopuma negativi ietekmgja austrumu galegas-stiebrzalu
zelmenu produktivitati. Sausnas raza samazinajas vidgji par 1.25 t ha™. Tas izskaidrojams ar
austrumu galegas Tpatsvara samazinasanos ar slapekli méslotos zelmenos.

Pie divreiz€jas zelmenu plauSanas rezima lielako razas dalu 60 % no zelmena gada razas
nodro§inaja pirmais plavums, bet otrais - 40 procentus. Vidgji no cetriem plavumiem Saja
izmantosanas reZima ieguva 6.49 t ha™ sausnas bez slapekla mineralméslojumu pielietoanas.
Ar1 pie So zelmenu izmantoSanas rezima lielaku sausnas razas dalu — 51 % sastadfja pirmais
plavums, otraja plavuma ieguva 27.3 untreSaja — 21.7 % no kopgjas razas (1.att.)
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l.attels. Austrumu galegas - stiebrzalu zelmenu sausnas razas sadalijums pa plavumie m, %

Hibridas lucernas - stiebrzalu zelmeni. Petijumos ar hibrido lucernu noskaidrots, ka tas razibu
mazak ietekmé meteorologiskie apstakli- gaisa temperatira un nokrisnu daudzums.

Ipasi labi, salidzinot ar citiem taurinzieziem, lucerna pacie$ sausumu. Sausumizturiba lucernai
palielinas tas zelmenu izmantoSanas gadu gaita, kad saknu sist€ma paliek arvien attistitaka un
specigaka.

No hibridas lucernas tirs€jas zelmeniem Cetros izmantoSanas gados pie trisreizjas plausanas, bez
slipekla m&slojuma piclictosanas vidgji &etros gados ieguva 11.04 t ha™ sausnas. (2. tab.)
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2.tabula
L ucer nas-stiebrzalu zelmenu sausnas razas atkariba no komponentu skaita
maisijuma, t ha™ (videji 2001 - 2004)

Zelmena sastavs, (Fc)

Komponentu skaits maistjuma

PlauSanas  Slapekla hibrida Videji  Vidgji Vidgji
rezims(Fa) méslojums, lucerna (Fa) (Fe)
kgha'(Fg) tiséja  divi tis  detri pieci  sesi 705=0.32  y05=0.16

Trisreizsi N-0 11.04 1145 1094 1143 1164 1121 11.29 9.87
risreiz€ ja _9Jof

plausana N-90 10.83 11.20 1089 1147 1056 11.13 11.01 11.15 9.70

% .. N-0 8.59 846 832 830 856 856 846

Cetrreizeja

plausana N-90 8.67 825 814 830 857 844 840 8.43

Vid&ji(F¢) yo5=0.14 9.78 9.84 957 9.87 983 9.83 979

Plaujot hibridas lucernas tirs€jas zelmenus Cetras reizes vegetacijas perioda, razas limenis
ieverojami samazindjas un sastadija tikai 8.59 t ha™! ar slapekli nem@slotos variantos un 8.67 t
ha™! sausnas méslojot zelmenus ar slpekli. Jaukto lucernas - stiebrzalu zelmenu vidéja sausnas
raza sastadija 9.87 t ha™! bez slipekla m&slojuma un 9.70 t ha™ ar slipekli méslotos zelmenos.
Razas limenis bija loti atkarigs no séklu maisjumu sastava. Divkomponentu zelmenu
produktivitate vidgji sastadija 10.76 t ha™ sausnas, plaujot tos trfs reizes Vegetacgas sezona.
Produktivakie bija zelmeni: hibrida lucerna 40 % + kamolzale 60 % - 12.02 t ha™* un hibrida
lucerna 40 % + plavas lapsaste 60 % - 12.37 t ha*sausnas. No daudzkomponentu zelmeniem
visproduktivakais bija maisfjjums, kura bija ieklauti sekojosi komponenti — Aibrida lucerna 40 %
+ganibu airene 20 % + timotins 20 % + sarkana auzene 20 % - 11.68 t ha ! sausnas.

50,00 - 50,00
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4000 =
8 4000 n? plﬁ\'ums W | plavums
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03 plavums = O 3 plavums
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2.attels. Lucernas - stiebrzalu zelmenu sausnas razas sadalijums pa plavumie m, %

Zelmenu biezaka izmantoSana negativi ietekméja lucernas — stiebrzalu zelmenu produktivitati,
vid&ja sausnas raza pie &etrreizéjas plausanas sastadija tikai 8.43 t ha™t jeb par 2.73 t ha* (24.4%)
Zemaka, salidzinot ar trisreiz€ju plausanu.

Zelmenu sausnas razas sadalifjums pa plavumiem atkariba no komponentu skaita maistjuma un
slapekla meslojuma paradits 2. attela. Pie trisreiz€jas zelmenu plausanas lielako razas dalu, vidéji
43.3 % ieguva no pirma plavuma, otraja- 37.3 %, bet tresaja — 19.4 %.(2.att.)

Pie Cetrreizgjas plauSanas sausnas razas sadaljums pa plavumiem bija vienmerigaks, bet arT Seit
otrais plavums bia produktivaks. Vid€jais hibridas lucernas - stiebrzalu zelmenu razas sadaljums pa
plavumiem bija sekojoss: pirmais plavums — 42.9%, otrais plavums — 28.3 %, treSais plavums 16.5
% un ceturtais plavums — 12.3%.
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Balta abolina — stiebrzalu zelmenu razas veidosanu vairak ietekméja mainigie laika apstakli,
neka galegas un lucernas zelmenus. Sakara ar to, ka baltajam abolinam i sekla saknu sist€ma, ta
zelmeni loti cieta no parmeriga sausuma.Pie trisreiz€jas izmantoSanas, bez slapekla meslojuma
piclictoganas vidgji ieguva 5.85 t ha™ sausnas. Mineralslipekla m&slojums N 9045445 kg ha™
palielindja razas limeni lidz 6.63 t ha™. ( 3. tab.)

3.tabula

Balta abolina-stiebrzalu zelmenu sausnas razas atkariba no komponentu skaita
maisijuma, t ha‘(videji 2001 - 2004)

Zelmena sastavs, (Fc)

Komponentu skaits maistjuma

Plausanas Slapekla baltais Videji  Videji Videji
rezims (Fa)  méslojums,  abolins (Fa) (Fe)
kgha' (Fg) tiséa  divi tis  Cetri pieci  sedi v05=0.24  705=0.12
L. N-0 5.85 6.66 651 651 6.72 6.80 6.51 6.28
Divreizeja —_—
plausana N-90 6.63 736 762 743 761 7.60 7.38 6.94 6.97
& .. N-0 5.77 586 6.17 645 599 6.10 6.06
etrre1zeja
plausana N-90 6.04 6.33 6.69 7.05 640 6.83 6.56 6.31
Vidg&ji(Fc) y5=0.11 6.08 6.55 6.75 6.86 6.68 6.83 6.62

Plaujot balta abolina tirséjas zelmenus Cetras reizes vegetacijas perioda, razas Iimenis sastadija
5.77 t hat ar slapekli nem@slotos variantos un 6.04 t ha™ sausnas méslojot zelmenus ar slapekli.
Jaukto balta abolina - stiebrzalu zelmenu vidéja sausnas raza sastidija 6.28 t ha™ bez slapekla
méslojuma un 6.97 t hat ar slapekli méslotos zelmenos.
Balta abolina - stiebrzalu produktivitati vidéja sausnas raza pie Cetreiz€jas plauSanas sastadija
6.31 tha™, jeb par 0.63 t ha™! zemaka, salidzinot ar trisreizgju plausanu.
Stiebrzalu zelmeni salidzindjuma ar taurinziezu stiebrzalu zelmeniem bija ieverojami mazak
produktivi. Tie vairak cieta no parmeérigd sausuma. Bez slapekla meslojuma pielietoSanas vidéji
ieguva 1.06 t ha™ sausnas. Mineralslipekla méslojums N 90(ss+45 kg ha* palielindja razas limeni
lidz2.70 t ha™, tatad slapekla méslojums veicindjis sausnas razas pieaugumu stiebrzalém vidgji
par 1.64 t ha™* (4. tab.).

4. tabula

Stiebrzilu zelmenu sausnas raZas atkariba no komponentu skaita maisijuma,t ha™
(videji 2001 - 2004)

Zelmena sastavs, (Fc)

Plausanas Slapekla Komponentu skaits maisjjuma Videji  Videji Videji
rezims (Fa) méslojums,  sticbrzales (Fa) (Fe)
kg ha' (Fg) tirsgja divi tris  Cetri  pieci v05=0.20  y05=0.11

L N-0 0.77 1.00 098 102 104 0.96 1.06
Divreizeja _—
plaugana N-90 2.21 249 190 244 260 233 1.65 2.70
“ .. N-0 1.32 120 104 115 113 117
Cetrreiz€ja
plausana N-90 3.18 291 315 288 321 3.07 2.12
Vid&ji(F¢) y05=0.09 1.87 190 177 187 200 188

Kopgjo razas limeni pa vegetacijas sezonu loti btiski noteica 1. plavuma raza. Pie trisreizéjas
zelmenu izmantoSanas daudzkomponentu zelmenu produktivitate bija lielaka un sastadija vidgji
2.12 tha sausnas.

Auzenairenu un hibrido airenu raza pirmaja zelmenu izmantoSanas gada bija loti augsta un
sastadija vidgji 13.4-17.6 t ha™ sausnas .
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Botaniska sastava dinamika Zelmenu botanisko sastavu ietekméja vairaki faktori, svarigakie no
tiem bija: zalaugu konkurétsp€ja, zelmenu izmantoSanas biezums un slapekla meéslojums. Lucernas -
stiebrzalu zelmenu botaniskais sastavs atkariba no mintajiem faktoriem bija ieverojami
atskirigaks neka austrumu galegas - stiebrzalu zelmeniem. Pie trisreiz€jas plausanas, bez slapekla
méslojuma, hibridas lucernas patsvars sastadija 42.8 %, stiebrzales - 17.9 %, citas sugas, tai
skaita platlapji - 39.4 %, bet ar slapekli méslotos variantos 41.3 %, 30.6 un 28.1 % attiecigi.
Cetrreizgja hibridas lucernas -stiebrzalu zelmenu plauSana veicinaja lucernas attistibu un
palielinaja tas tpatsvaru ar slapekli nem@slotos variantos vid€ji Iidz: 77.4 %, bet ar slapekli
méslotos variantos 64.3 procentiem. Austrumu galegas - stiebrzalu zelmenos vidgji pie
trisreiz€jas plausanas bez slapekla meslojuma galegas ipatsvars sastadija 45.1%, stiebrzales -
17.8 %, citas sugas, tai skaita platlapji- 37.1 %, bet ar slapekli méslotos variantos 38.3%, 34.3
un 27.6 % attiecigi. Biezaka, Cetrreiz€ja zelmenu plausana veicindja stiebrzalu attistibu un
savvalas augu ievieSanos zelmenos, palielinot to Ppatsvaru ar slapekli neméslotos variantos. Sajos
zelmenos austrumu galega videji sastadija 41.9 %, stiebrzales - 34.1 % un citas sugas, tai skaita
platlapji- 24.2 %, bet ar slapekli méslotos variantos 48.7 %, 30.3 un 21.0 % attiecigi.
Lopbaribas kvalitate. Taurinziezu - stiebrzalu zelmenu razas kvalitati bitiski ietekmé&ja to
botaniskais sastavs, zalaugu attistbas faze un plauSanas biezums. GaniSanas reZima
izmantojamiem zelmeniem vidéjais kopproteina saturs bija 157 — 197 g kg * sausnas, NDF —
369 - 438, ADF — 274 - 372 g kg ! sausnas. PlauSanas reZima izmantojamo zelmenu pirma
plavuma vidgja razas kvalitate bija sekojosa: proteina saturs — 127 — 143 g kg *, NDF —
469 - 552, ADF — 329 — 387 g kg ! sausnas.
Baribas pilnvértigumu raksturo ari kop&jo aminoskabju un atsevisku, paSi neaizvietojamo
aminoskabju Tpatsvars kopproteina. Visaugstakais kop&o aminoskabju limenis tika konstatets
balta abolina-stiebrzalu(74.1%) un austrumu galegas (73.2%) zelmenu raza. Neaizvietojamam
aminoskabém bagataka bija austrumu galegas sausna - atkariba no vegetacijas fazes to daudzums
bija no 97.6 lidz 79.1 g kg!, balta abolina-stiebrzilu — 74.1-54.1 g kg'. Zemakais
neaizvietojamo aminoskabju saturs (37.8 g kg’ ) konstatsts jaukto stiebrzilu zelmenu
kopprotea. Atsevisku aminoskabju koncentracijas izpéte ziedpumpuru veidoSanas faze visu
analizéto zelmenu kopproteina visvairak konstatéts aizvietojamas glutaminskabes (6.6-10.6 %)
un asparaginskabes (5.5 -6.9 %). Austrumu galegas zelmenu kopproteina, salidzinot ar pargjiem,
augstaks bija arT neaizvietojamo aminoskabju lizina (4.8%) leictna ( 7.0 % ) un arginina (6.2%)
Ipatsvars.
P&édgjos gados Latvija atgremotaju dzivnieku barbas deva ziemas perioda pieaug skabbaribas
Ppatsvars. Riipigi sagatavota skabbariba baribas vértibas zina ir neparspéjama salidzinot ar sienu.
Zalmasas ieskab&Sana ir loti atkariga no zelmenu botaniska sastava, zalaugu attistibas fazes,
sagatavoSanas tehnologijas, glabaSanas laika uzturétas anaerobas vides un sekojosas
fermentacijas. Par skabbaribas fermentacijas kvalitati visparigi sprieZ péc fermentéto skabju un
amonjaka, kas radies, noardoties proteinam, attiecibas. Vislabak zalmasas skab&jamibu raksturo
fermentacijas koeficients. Musu pétjumos taurinziezu tirs€jas masai bija konstateta zema
skabg&jamiba, fermentacijas koeficients vidgji izmainijas 33-40 robezas. lev@rojami labak
ieskabst taurinzieZu-stiebrzalu un jaukta stiebrzalu zalmasa kur fermentacijas koeficients bija
55-64.
Secina jumi
1. Lucernas - stiebrzalu un austrumu galegas - stiebrzalu zelmeni ir salidzinosi maz paklauti
meteorologisko apstak]u ietekmei. Tiem ir palielinata produktiva ilggadiba un tie nodro§ina
augstas zalmasas un sausnas raZzas ieguvi (vidgji.5.85-11.04 t hal) ar augstu baribas
vertibu.
2. Stiebrzalu un balta abolina - stiebrzalu zelmenu produktivitate ir loti paklauta
meteorologisko apstak|u iedarbibai, tie biezi cie§ no sausuma vegetacijas perioda.
3. Auzenpairenes un hibridas airenes ir perspektivie zalaugi Latvija, to izmantoSana zalaju
zelmenu veidoSanai laus ieverojami paaugstinat So zelmenu produktivitati un iegit dazadus
zales lopbaribas veidus.
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4. Taurinziezu zelmenu sausna ir augsts kopprotema saturs ar palielinatu neaizvietojamo

aminoskabju daudzumu.

Summary

Field experiments were conducted during a 4-years period (2001-2004). Soils at the site were
stagnic luvisol (pHkcr 6.7, containing available P 52 mg kg™, K 128 mg kg™ of soil, organic
matter content 21 to 25 g kg'). Meteorological conditions greatly differed during the
experimental period. Binary- and multi-species seed mixtures were composed of fodder galega
(Galega orientalis) ,,Gale, alfalfa (Medicago varia) ,.Skriveru” and ,Vernal”, white clover
(Trifolium repens) ,,Priekulu 61 and 7 grass species: Alopecurus pratensis, Dactylis glomerata,
Lolium perenne, Festuca pratenss, Phleum pratense, Poa pratensis, Festuca rubra. The
botanical composition of the sward was determined at each cut for all treatments and chemical
analyse were done for inall treatments of all cutting regimes.
Fodder galega-grass swards. Our studies show that fodder galega, due to a slow growth pattern,
provided high green fodder and dry matter yields only in the third to fourth production years.
Inclusion of a grass species in a mixture resulted in yield increases by 26 to 32 % already in the
first production year. In 4 production years of pure galega, the following average yields of dry
matter (DM) and crude protein (CP) were attained in early flower: 8.17-9.13 t ha™* DM and 1.74
t ha™t CP .The productivity of binary fodder galega-grass swards was the following: the average
yield 7.98 t ha™* DM in swards receiving no fertiliser N, and 7.31 t ha™* DM in swards splitting
the fertiliser into two applications — at the beginning of the growing season and after cut 1.
Fodder galega-grass swards contributed to the crop yield and made N available for the benefit of
companion grasses.
Alfalfa-grass swards. Field experiments of pure alfalfa-grass swards were conducted during a 4-
years period. Without usage of nitrogen fertilizers and three cuttings per annum the average DM
yield was 11.04 t ha™*. The average DM yield of 9.87 t ha™ for mixed alfalfa-grass swards was
observed without usage of nitrogen fertilizers and 9.70 t ha* respectively for
swards having nitrogen fertilizers. For the current year the level of yield was also dependent on
the proportions of seeds mixtures.
White clover-grass swards. the average productivity for three-cutting mode without nitrogen
fertilizers have resulted in the average DM vyield of 5.85 t ha*. The average DM vyield has
reached 6.63 t ha* when the mineral nitrogen fertilizers were used in the amount of N 904545 kg
hat. For the pure white clover-grass swards with four cutting regime during vegetation period
the average DM yield was 5.77 t ha* for variances without using nitrogen fertilizers and 6.04 t
ha! accordingly for variances that have received nitrogen fertilizers. For mixed alfalfa-grass
swards without nitrogen fertilizers average DM vyield has reached 6.28 t ha™ and 6.97 t ha™*. The
productivity of white clover-grass- grass swards in four-cutting regime has reached the average
of 6.31 t ha™, which is 0.63 t ha® less comparing to the three-cutting mode.
Grass swards. The productivity of grass swards without usage of nitrogen fertilizers was on
average 1.06 t ha* of DM yield. Nitrogen fertilizers in the amount of N 904545 kg ha™* increased
the level of productivity and the average DM yield was 2.70 t ha™. For three-cutting mode the
productivity of multi-species swards was higher with the average DM yield of 2.12 t ha™. The
intensified use of swards has resulted in the double reduction of productivity indicators.
Dynamics of the botanical composition of swards. The proportion of grass components in the
determination of sward productivity was greatly dependent on cenotic activity and competition
ability of plant species. In the first production years the companion grasses, such as Dactylis
glomerata, Lolium perenne, contributed to the total yield of the sward. The proportion of
creeping grasses, such as Alopecurus pratensis, Festuca rubra, Poa pratenss, increased
beginning with 3rd, 4th production years. The proportion of grasses in mixed stands accounted
for 32.4-46.2% on average, in the 1st cut in treatments receiving no fertilizer N. Application of
fertilizer N resulted in the increase of grass species in swards 44.3 to 61.8 % and had a declining
effect on the competition ability of legumes. Legumes was always the dominating plant species
in cut 2 and cut 3. Inclusion of most competitive grasses, such as cocksfoot, meadow foxtail,
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perennial ryegrass as well as intensive cutting treatments essentially affected survival of legumes
in mixed swards as well as the productive longevity of these swards.

Indices of photosynthesis activity. In different legume-grass stands the average values of the leaf
area index were as follows: 8.25 for fodder galega-grass stands, 5.16 for alfalfa-grass, and 6.80
for white clover-grass stands. Indices of net photosynthetic productivity indicated that a large
leaf area during particular years resulted in a negative effect on the DM production. During the
growth period, net photosynthetic productivity accounted for 8.52 in fodder galega-grass stands,
8.61 in alfalfa-grass stands and red clover-grass stands 6.80 g m2 day . There was a negative
correlation between the leaf area and net photosynthetic productivity in most of the stands. The
maximum values of net photosynthetic productivity were achieved in early stages of sward
development in plots that received no N-fertiliser. The increase of leaf area significantly reduced
interception of light by plants, thus having a negative effect on the formation of sward
productivity.

Yield quality. The yield quality for legume-grass swards was heavily dependent on the botanic
content and cutting intensity. In the mode of pasture the average total content of protein was 157-
197 g kg ~* of DM, NDF-369-438, ADF-274-372 gkg ™ of DM. For the swards in cutting mode
the average quality indicators of first cutting are as follows: content of protein-127-143 g kg %,
NDF-469-552, ADF-329-387 g kg ™ of DM
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INVESTIGATIONAND USE OF THE LITHUANIAN FLAX

GENETIC RESOURCES IN THE BREEDING PROGRAMS
LIETUVAS LINU GENETISKO RESURSU IZPETE UN |ZMANTOSANA
AUDZESANA

KESTUTIS BACELIS, ZOFIJA JANKAUSKIENE

Upyte Research Station of the Lithuanian Institute of Agriculture
Linininky 3, Upyté, Panevézys district, 38 294, Lithuania
Phone: + 370 45555413, fax:+ 370 45555573, e-mail:soja@upyte. lzi. It

Abstract. The profusion, diversity and value of genetic resources significantly contribute to the success of
flax breeding. Of special value are genotypes of local origin, highly adapted to the local climatic and il
conditions. Storage of genetic resourcesin Lithuania was started in 1994-1995. During the period 1995-1997 25
flax varieties and local accessions were studied at the Upyté Research Station of LIA. In 1998-2000 we teded 21
varieties and breeding lines, in 2001-2002 18 accessions, in 2003-2004 12 accessions. The best genotypes were
included in flax breeding programs. About 50 genotypes have been transferred to the Gene Bank of the Lithuanian
Institute of Agriculture after assessment for biological-agronomical characters following UPOV descriptors.

Keywor ds: accession, breeding, breeding lines, genetic resources, fibre flax, Gene bank, genotype, variety.

Introduction

Collection, storage and investigation of plant genetic resources have become a very important
task in many countries [1, 3, 5, 7, 8]. Many authors report that plant genetic resources have a
national value for each country [2, 4, 5, 6, 7, 8, 10]. Different local varieties, accessions, and
breeding lines serve as a solid basis for the development of new plant varieties [1, 3, 4, 10].

The aim of the present study was to collect and store fibre flax varieties created earlier and
recently, different local accessions (landraces), valuable breeding lines as well as registered fibre
flax varieties in our Republic and to assess those accessions as a fibre flax Gene Fund of
Lithuania, describe them following the guidelines and criteria of international organizations, and
to transfer the evaluated and described accessions to the Gene Bank stationed at the Lithuanian
Institute of Agriculture.

M aterials and methods
Collection and storage of flax genetic resources in Lithuania was started in 1994. The
investigations were carried out in different stages: in 1995-1997, in 1998-2000, and in 2001-
2002. In 2003-2004 12 accessions consisting of fibre flax varieties currently registered in our
Republic and registered some time before were investigated.
The flax preceding crop was winter wheat. Conventional agricultural practices were applied. The
trials were conducted on a sandy loam Endocalcari-Endohyphgleic Cambisol. The main
agrochemical parameters of the arable soil layer were as follows: pHkc — 7.2-7.6, humus
content - 1.64-2.24 %, total nitrogen content — 0.12-0.16 %, available P,O5 — 145-205 mg kg™,
available K,O — 140-185 mg kg™.
All the investigated varieties and local accessions were compared to the standard varieties
registered in Lithuania at the time of the investigations (such as ,Belinka”, ,Baltu¢iai” (1995-
1997), ,,Ariane” (1998-2000 and 2001-2002), ,Hermes” (2003-2004).
Flax was sown ina 1 m wide band with 10 cm interrows, in three replication at the beginning of
May. The size of an experimental plot was 1 m® and the seed rate was 25 million viable seed per
hectare. Flax crop was treated with insecticides and herbicides.
The phenological stages were recorded during the growing period [9]. During the growing
season great attention was paid to flax lodging and disease resistance, plant height and length of
the growing season. At harvesting flax fibre quantitative (fibre content) and qualitative
parameters (fibre tenacity, flexibility, thinness) were determined [9]. For this flax plants were
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pulled up in the early yellow ripeness stage, threshed with a thresher of the “Eddi” type. Stems
were soaked in hot water, straw was breaked with a scutching tool SMT-200. Flax fibre was
hackled with combs Nb. 9 and Nb. 13. Quality of long fibre was determined in the laboratory:
flexibility — by a device G-2, tenacity — by a device DK-60, fineness — by measuring individual
fibres in a specific fibre sample [9]. The incidence of the diseases (Fusarium spp., Septoria
linicola, Colletotrichum lini, Plyspora lini etc.) was estimated on the natural background in the
field conditions [9].
Over experimental years (1995-2004) the weather conditions were diverse, which gave us a good
chance to estimate the performance of the varieties and local accessions under various
conditions.

Results and discussion
Storage of plant genetic resources in Lithuania was started in 1994-1995. In 1995-1997 25 flax
varieties and local accessions were investigated at the Upyté Research station of the Lithuanian
institute of Agriculture. In 1998-2000 the investigation of 21 varieties and breeding lines, in
2001-2002 - of 18 accessions, in 2003-2004 — of 12 accessions was carried out. The last 12
accessions will be tested for another year, and the data will be presented later. Tables 2 and 3
present the data of only some tested varieties.
Evaluation of Lithuanian flax Gene Fund during 1995-1997. Averaged data from three years,
show that the highest seed yield (131-141 g m®) was produced by the varieties ,,Belinka”, L-
1120-1, K-5497 and ,Vega 2”, a little lower yield (121-127 g m?) was obtained from the
following varieties: F-5-398-4, E-4-430-2, M-4-126-1, 777, K-5978, K-5583 (Table 1). High
seed yield is a valuable character of a variety or of a local accession. It depends on the length of
the growing season, crop resistance to lodging and diseases, and seed size.
The investigated varieties differed in plant height, too. The tallest plants (76-82 cm) were
identified for the varieties F-5-398-4, ,,Upyté 27, ,,Vaizhgantas, 1890-32, E-4-430-2, ,,Orshanskij
2”7, ,,T-107, ,L-1120", 1885-14, D-5-344-4. Varieties ,.Svetoch”, ,806/3”, K-5978, K-5497 and
K-5583 produced short plants (59-68 cm).
Varieties ,,Belinka”, 1660-40, L-1120-1, ,L-1120", K-5978, K-5497 and K-5583 are
characterised by a long growing season (92 days), varieties ,1288/12”, ,Svetoch” and
»Baltuchai” by a short growing season (85-87 days).
Lodging resistance is a very important character of the variety, because it is very difficult to pull
up lodged flax, and the lodged flax is of a rather poor quality [4, 9]. Averaged data from 1995-
1997 suggest that the following varieties were selected as lodging resistant: ,,Upyté 27,
»Belinka”, ,L-1120”, L-1120-1, ,Vega 2”, ,,Baltuchai’, D-5-344-4, M-4-126-1, E-4-430-2, F-5-
398-4, K-5978, K-5497, 1885-14, 1890-32 and K-5583. Non-resistant to lodging (7.9 points)
were flax varieties ,,Orshanskij 2”” and ,,806/3.
The largest seed (1000 seed weight 6.46-5.55 g) was produced by accessions L-1120-1, 1885-14,
,upyte 27, ,Vega 2” and ,L-1120". Varieties ,Vaizhgantas”, ,,Banga” and breeding line
Nb.1660-40 produced the smallest seed (1000 seed weight 4.78-4.52 g).
The chief quality parameters of flax fibre are tenacity, flexibility and divisibility (it shows fibre
thinness). Averaged data from 1995-1997 show that the highest fibre tenacity (18-19 kg f) was
identified for the accessions ,,Vaizhgantas”, ,806/3”, 1660-40, and K-5583 (Table 2). Accessions
»Vaizhgantas”, ,,Vega 2”7, ,Belinka”, ,,Orshanskij 2”, ,806/3”, ,,1288/12” and 777 were selected
as possessing the highest fibre flexibility (40-45 mm), and accessions ,Vaizhgantas”,
»Baltuchai”, ,,Belinka”, M-4-126-1, ,806/3”, K-5583 and ,,1288/12” — as having the thinnest
fibre (divisibility of which was 230-330 units).
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Table 1.
Characteristics of some flax varieties and breeding lines investigated in 1995-1997
Accession Country of | Linseed 1000 Plant | Growing Lodging
origin yield, g seed height, | period, resistance,
m weight, g cm days points

»ovetoch” RUS 94 5,01 68 86 8,1
»Vaizhgantas” LTU 112 4,52 79 91 8,2
,Upyte 27 LTU 103 5,62 80 90 9,0
,Vega2” LTU 131 5,79 74 89 9,0
»Baltuchai” LTU 120 5,13 73 87 9,0
(stand.)

,Belinka” (stand.) NLD 141 5,20 75 92 9,0
,Orshanskij 2” BLR 118 4,89 77 90 79
D-5-344-4 LTU 113 5,34 76 91 9,0
M-4-126-1 LTU 122 5,00 75 91 9,0
E-4-430-2 LTU 122 5,08 78 90 9,0
»Banga 48” LTU 115 5,09 75 89 8,6
,306/3” RUS 114 4,80 68 89 7,9
,1-107 RUS 121 5,10 77 88 8,1
»Banga” LTU 112 4,63 71 88 8,2
1660-40 LTU 111 4,78 70 92 8,6
L-1120-1 LTU 139 6,46 75 92 9,0
,L-1120” RUS 130 5,55 76 92 9,0
F-5-398-4 LTU 122 4,98 82 91 9,0
K-5978 LTU 126 4,88 61 92 9,0
K-5497 LTU 136 4,87 59 92 9,0
,1288/12” RUS 100 5,00 75 85 8,2
777 LTU 124 5,20 73 89 8,2
1885-14 LTU 109 5,61 76 90 9
1890-32 LTU 105 4,95 79 90 9
K-5583 LTU 127 5,31 62 92 9

Evaluation of Lithuanian flax Gene Fund in 1998-2000. The highest seed yield (130-150 g m'®)
was produced by the accessions ,Laura”, 0249-4, 1732-6 and 1959-7 (Table 3).

The tallest plants (70-77 cm) were obtained from the accessions 1959-7, 1953-20, ,,Ariane”,
»Mogiliovskij 2”, 0917-10 and 1687-24-23. ,Saldo”, and 01125-32 produced slightly shorter
plants (66 cm).

Over the experimental period the varieties ,Laura”, ,,Ariane” and 0861-42 were selected as late
ripening, and the accessions 0917-10 and 1687-24-23 were medium late (growing period 98
days).

Varieties with complete resistance to lodging were not found among the accessions investigated
in 1998-2000. The most resistant to lodging were plants of accessions ,,Laura”, ,,Ariane and
1547-11-7 — their lodging resistance was estimated as 8.0-8.3 points.

Accessions ,,Laura”, ,Saldo” and 1547-11-7 produced the largest seed (1000 seed weight 5.30-
5.38 ), accession 0861-42 — the smallest seed (1000 seed weight 4.53 g).
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Table 2.

Long fibre parameters of some flax accessions investigated in 1995-1997

Accession Country of Long fibre parameters
origin Flexibility, mm Firmness, kg f Divisibility, units
»Vaizhgantas” LTU 44,9 18,5 232
,Vega2” LTU 41,9 16,1 225
»Baltuchai” LTU 32,0 15,3 245
(stand.)
»Belinka” (stand.) NLD 42,0 14,3 325
,Orshanskij 2” BLR 45,6 13,2 234
M-4-126-1 LTU 36,8 13,4 294
,806/3” RUS 42,2 19,1 291
,1288/12” RUS 40,7 15,0 269
1660-40 LTU 33,8 18,9 218
777 LTU 40,5 16,6 199
K-5583 LTU 35,5 18,5 241
Table 3.
Characteristics of some flax varieties and breeding lines investigated in 1998-2000
Accession Country of | Linseed 1000 Plant Growth Lodging
origin yield, g seed height, period, resistance,
m weight, g | cm days points

»Ariane” (stand.) FRA 122 4,75 75 103 8,0
»Mogiliovskij 2” BLR 124 4,64 73 100 6,7
»Laura” NDL 141 538 70 104 8,3
,oaldo” EST 121 5,30 66 102 4,7
01125-32 LTU 114 4,86 66 100 5,7
0249-4 LTU 139 4,99 69 99 6,5
0861-42 LTU 121 4,53 69 103 6,0
0917-10 LTU 128 4,72 71 98 5,0
1687-24-23 LTU 121 5,09 71 98 6,0
1732-6 LTU 146 4,60 69 99 5,0
1826-5 LTU 126 5,22 68 102 7,8
1547-11-7 LTU 121 5,32 69 102 8,0
1959-7 LTU 138 5,01 77 100 6,3
1953-20 LTU 125 4,71 77 100 6,0

Accessions ,Ariane”, ,,Mogiliovskij 2”7, 01125-32, 0249-4, 0861-42, 0917-10 and 1826-5 were
distinguished themselves for high long fibre content — 26-28 %, and accessions ,,Laura”, ,Saldo,

1687-24-23, 1732-6, 1959-7 and 1953-20 — for low fibre content (22-24 %) (Fig.1).

Fibre quality parameters of the investigated accessions were different (Table 4). The most
flexible fibre (38.2-39.8 mm) was identified for accessions 1547-1-7, 1732-6 and 1959-7, and
finest fibre (divisibility 240-260 units) — for accessions 1959-7, 1547-11-7 and 1687-24-23.
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Fig. 1. Long fibre content of accessions investigated in 1998-2000

Table 4.
Long fibre parameters of some flax accessions investigated in 1998-2000
Accession Country of Long fibre parameters
origin Flexibility, mm Tenacity, kg f Divisibility, units
LYAriane” (stand.) FRA 34,0 12,0 200
0249-4 LTU 34,1 11,6 210
0861-42 LTU 38,8 12,9 199
0917-10 LTU 35,5 11,5 228
1687-24-23 LTU 35,9 11,8 266
1732-6 LTU 39,8 11,1 225
1547-11-7 LTU 39,2 11,8 260
1959-7 LTU 39,2 10,2 243

Evaluation of Lithuanian flax Gene Fund in 2001-2002. Averaged data from 2 testing years
revealed that the accessions ,,Alfa-B”, 0877-5 and 1827-30 produced the highest seed yield (98-
111 g m®) (Table 5). The lowest seed yield (98-111 g m'2) was produced by the accessions 0964-
12 and 1790-10. Flax stems of the accessions ,,Banga 2”, ,,Ariane”, 1790-10, 0964-12 were the
tallest. Growth period ofall tested accessions was very similar. Accessions ,,Ariane” and ,,Banga
2” had a little bit longer growing season period (90-92 days), and accession 01186-6 had the
shortest growing season (86 days). In terms of lodging resistance, the most resistant (9 points)
were accessions 1826-26, 1827-5, 1827-30 0877-5 01032-5 and 1790-10. The seed size was very
similar for all investigated accessions. Accessions 1910-5, 1463-43, 0877-5 and ,,Banga 2”
produced larger seeds (1000 seed weight 4.76-4.90 g).
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The highest fibre content (27.3-28.5 %) was obtained from the flax ofaccessions 1826-26, 1463-
43, 01032-5, 1827-5 and 1827-30 (Fig. 2).
Averaged data from 2001-2002 indicate that flexible fibre (41-44 mm) was specific to the
accessions ,,Alfa-B”, 0964-12, 1827-30 and 1951-5 (Table 6). Accession ,,Alfa-B” also had the
highest fibre tenacity (16.7 kg f). Fibre tenacity of the other investigated accessions was between
12-13 kg f. Fibre of accessions , Alfa-B”, 0964-12, 1827-5, 1827-30 and 1951-5 was thin
(divisibility 248-289 units).

Table 5.
Characteristics of some flax varieties and breeding lines investigated in 2001-2002
Accession Country of | Linseed 1000 Plant Growth Lodging
origin yield, ¢ seed height, period, resistance,
m weight, g cm days points
,Banga 2” LTU 87 4,76 80 90 8,9
LAlfa-B” LTU 98 4,33 71 87 8,8
0964-12 LTU 83 451 72 88 8,9
0877-5 LTU 111 4,87 67 87 9,0
01032-5 LTU 93 4,55 62 87 9,0
01186-6 LTU 90 4,28 69 86 8,8
01186-8 LTU 90 4,25 70 87 8,8
1463-43 LTU 88 4,78 70 87 8,3
1790-10 LTU 80 4,31 73 99 6,9
1826-26 LTU 91 4,48 68 87 9,0
1827-5 LTU 90 4,3 67 88 9,0
1827-30 LTU 104 4,68 66 89 9,0
1910-5 LTU 85 4,90 68 87 8,8
1951-5 LTU 91 4,36 67 88 8,8
LAriane” (stand.) FRA 88 4,70 75 92 9,0
Table 6.

Long fibre parameters of some flax accessions investigated in 2001-2002

Accession Country of Long fibre parameters
origin Flexibility, mm Tenacity, kg f Divisibility, units
LAriane” (stand.) FRA 35,7 12,6 146
»Alfa-B” LTU 41,6 16,7 255
0964-12 LTU 43,4 12,6 261
1827-5 LTU 37,5 13,6 248
1827-30 LTU 42,9 12,4 251
1910-5 LTU 37,3 12,3 212
1951-5 LTU 442 13,7 289
90
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Fig. 2. Long fibre content of accessions investigated in 2001-2002

Conclusions

Based on flax accessions testing carried out at the Upyté Research Station of the Lithuanian

Institute of Agriculture during the period 1995-2002, the following conclusions were drawn:

1.  Storage of genetic resources in Lithuania was started in 1994.

2. In 1995-1997 25 flax varieties and local accessions were investigated, in 1998-2000 21
varieties and breeding lines, in 2001-2002 — 18 accessions. In 2003-2004 12 accessions
were investigated and the investigation process will be continued for another year.

3. The main test parameters of flax Gene Fund were biologically and agronomically valuable
characteristics such as seed productivity, long fibre content and quality, plant height, length
of flax growing season, lodging resistance.

4. Intotal, 60 different flax genotypes were found to posses some valuable characters:

4.1.

4.2.

4.3.

44.
4.5.

4.6.
4.7.

Lodging resistance: ,,Upyté 27, ,Baltuchai”, ,Belinka”, D-5-344-4, M-4-126-1, E-4-
430-2, L-1120-1, ,L-1120", F-5-398-4, K-5978, K-5497, 1885-14, 1890-32, K-5583,
0877-5, 01032-5, 1826-26, 1827-5, 1827-30, ,Ariane”;

Highest seed yield: ,Vega 27, ,Belinka”, L-1120-1, ,L-1120", K-5497, ,Laura”,
0249-4, 1732-6, 1959-7;

Tallest plants: ,Vaizhgantas”, ,,Upyté 2”, E-4-430-2, ,L-1120", F-5-398-4, 1890-32,
»Banga2”;

Early maturity: ,,Svetoch”, ,,Baltuchai”, ,,1288/12”, 0917-10, 1687-24-23, 01186-6;
Late maturity: 1660-40, L-1120-1, ,L-1120", K-5978, K-5497, K-5583, ,Laura”,
0861-42, ,Ariane”;

Largest seed: ,,Vega 2”7, L-1120-1, 1885-14, ,Upyté 2", ,Laura”, 0877-5;

High fibre quality: ,Vaizhgantas”, ,,Vega 27, ,,Belinka”, ,Orshanskij 27, ,,806/3”,
,1288/12”, , Alfa-B”.
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10.

After investigation and description of the flax accessions the seeds of the above-mentioned
flax genotypes and description data were transferred to the Gene Bank of the Lithuanian
Institute of Agriculture for long-term storage.
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THE INFLUENCE OF MIXTURES OF GROWTH REGUL ATORS
AND FUNGICIDES ON THE SPRING RAPE SEEDSYIELDS

) AND QUALITY )
AUGSANAS REGULATORU UN FUNGI CIDU MAISIJUMU IETEKME

UZ VASARAS RAPSA RAZU UN TAS KVALITATI
LILIJA BOROVKO

Research Institute of Agriculture Agency of LUA Latvia
Zemkopibas institute 7, Skriveri— 1, Aizkraukles distr., LV-5126 Latvia,
Phone: + 372 5197639, fax: + 372 5197512, e-mail: borovko@e-apollo.Ilv

Abstract. Our trial aims at investigating the impac performed by the mixture of a growing-regulator and
fungicides upon summer rape productivity, the crop structure, and quality, to justify applying of agrochemicalsin
smaller doses thus eliminating environment pollution and winning labour-saving resource and financial applying
per unit of sowing- fields, and per unit of the gained production. In 2001 — 2003, Research institute of Agriculture
preparations during the trial were tested applying half doses (0,5 1 ha™), creating the preparation mixtures:
Moddust+ Folicur, Modus + Juventus, Cycocel + Folicur Cycocd + Juventus, through spraying them throughout
plant florescence-bud formation (GS 50). Owing to the mixtures of preparations, the number of side branches
increased, on average, for 1-2, the number of legumes on a plant — for 22-25, the number of seeds per legume for 2-
4, the mass of 1000 seeds: from 3,7 to 4,2 g, at the same time the length of rape” s stem” s shorted down to 10-20 cm,
and the branching heght to 5-14 cm. The highest efficiency, however, was reached when applying the mixture of
Cycocel and Juventus.On average, throughout all the three years, thanks to applying of growing-regulators and
fungicides the summer oilseed rape harvesting essentially increased, if compared to the Control. The increase of
harvest was 0,53-0,81 t ha —* (y0ps 0,24 t hal). During the trial-years the very best preparation mixture was
nominated, and it was the Cycocel + Juventus, which, on average, provided the seed harvest 3,31 t ha ~, and the oil
output11409 kg ha ™. Other mixtures ensured a related seed output — 3,03-3,15t ha ~*, and the ail output 1270-1302
kg ha™.

Keywor ds: spring oilseed rape, growing-regulator and fungiddes mixtures, oilseed yield.

Introduction

Plants grow and develop in a complex way interacting with phytohormones that stimulate
stretching and growing of cellules (gibberellins, auxins), and those hindering the above-
mentioned processes (growing-inhibitors, cytocinins etc.). Their concentration in plants is
determined by many causes including external environment conditions and the genotype of a
plant. The higher above sea level the place of growing, the less hormones; for instance, those
stimulating stretching of plants [2, 4]. All growing-regulators, applied currently in sowing-fields,
are enclosed in a gibberellins and auxins growing-hormone system. In the production branch
better are the regulators of azoli group that increase in plants the cytocinins, which inhibit in
plants the impact of gibberellins and auxins. The influence of the regulators of increase on the
harvest of seeds was studied in essence on the winter rape, for the purpose of the shortening of
the stem of plants, the stimulation of the formation of lateral flights and auxiliary buds, reduction
in the danger of lodging, quaranteesing the high content of oil and uniform ripening of pods on
the main and lateral flights [2, 3, 5]. For the first time under the conditions of Latvia, the
strengthening actions of azole-preparations (fungicides) were used compounded with the
regulators of increase on the basis of chlormequate and trineksapak-ethyl, for the purpose of
influence on harvest and quality of the seeds of spring rape. Our trial aims at investigating the
impact performed by the mixture of a growing-regulator and fungicides upon summer rape
productivity, the crop structure, and quality, to justify applying of agrochemicals in smaller
doses thus eliminating environment pollution and winning labour-saving resource and financial
applying per unit of sowing- fields, and per unit of the gained production.
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M aterials and M ethods

Field trials were conducted in soddy- podzolic sandy clay pH- 6,2, organic matter content 33
kg (method of Tiurin), phosphorus content (high) 195 kg ha ™, potassium content (medium)
147 kg ha ~* (DL method). The clay parameters fit for cultivating oilseed rape. Its predecessor is
autumn fallow. Conventional farming techniques were used. Prior to sowing spring oilseed rape
*Olga’, there were applied mineral fertilizers P,O5 70 kg ha inthe form of superphosphate, K,0
120 kg hat in the form of potassium chloride and nitrogen (N 120 kg ha™) in the form of
ammonium nitrate. In 2001-2003, Research Institute of Agriculture tested the following
preparations with the aim to expound the impact performed by the applied growing-
regulators/fungicide mixture onthe growth and development of rape, the elements that determine
harvest, seed quality and efficiency concernin% disease elimination: Folicur — active substance:
tebucanazole 125 g 1%, triadimephone 100 g 1, fungicides that hold a lasting, protective system
against diseases, in addition acting as plant-growing regulators.Juventus — natural substance:
metconazole- 60 g kg 1%, a system effectiveness fungicide, and a plant-growing
regulator.Moddus 250 e.k.: an active substance: trinexapac-ethyl 250 g 1%, a plant-growing
regulator. Cycocel 750- an active substance: chlormequate chloride 750 g 1%, a plant-growing
regulator. Preparations durin(lg the trial were tested applying half doses, creating the preparation
mixtures: Moddus (0,5 1 ha )+ Folicur (0,5 1 ha ™), Modus (0,5 1 ha ™) + Juventus (0,5 1 ha ™)
: Cycocel (0,5 1 ha ~!) + Folicur (0,5 1 ha %); Cycocel (0,5 1 ha ') + Juventus (0,5 1 ha ),
through spraying them throughout plant florescence-bud formation (GS 50). As a rule,
preparation effectiveness within mixtures increased. Data analysia for significante was done by
ANOVA [1]. Interactions between faktors were calculated using by dispersion analysis.
Meteorological conditions during the research period were extremely variable. In 2001,
meteorological conditions during vegetation stage were changeable. Owing to the lack of
precipitations the rape germination was belated. Frequent rainfalls with outrageous winds in June
brought drooping rape sowing-fields. During florescence period, the crop was badly affected by
frosts. Abundant precipitations during the final phases of florescence and ripening in July,
promoted increase in rape branching, consequently, florescence and seed ripening were delayed.
In 2002, the sow-period took place in congenial weather conditions. The optimal humidity
provision within soil was satisfactory ass well. Nevertheless, in the beginning of May and June,
the plants were short of humidity, and this obstacle left a harmful impact on the plant
development, and the formation of productive elements. Warm, humid weather conditions in
July promoted the extension of plant diseases. On rape leaves and legumes the dark leaf spot of
crucifers appeared. Rape ripened in the conditions of increased temperatures and was short of
humidity. During the test-year 2003, meteorological conditions were rather unfavorable for
summer rape growing. Rainy weather destructively affected growing of summer rape, as well as
its florescence and seed ripening. The rape was drooping; the ripening was slow and
heterogeneous, seeds in lower legumes started to germinate. Rape harvesting was troubled.

Results

The results of field experiences confirm that the application of regulators of increase in the
mixture with the fungicides had a positive impact on the harvest of the seeds of spring rape. Our
summer rape research displays different harvests every year. This proves that meteorological
conditions every year occupied an important place among other harvest-affecting factors. In
2001 the productivity of rape varied from 2,59-3,18 t ha™*. Analysis of the results showed, that
actual the value oftest F = 2,38 < F¢it = 3,06 and P-value = 0,0982 > 0,05. It means between
average by harvest on the versions with the application of preparations there are no significant
differences (See Table 1).
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Table 1.
The influence of different of mixtures of growth regulators and fungicides on the
spring rape ,, Olga” yields (2001 - 2003)

Seed harvest t ha'™ QOil output kg ha™
variations | 5401 | 2002 | 2003 | " 2001 | 2002 | 2003 | Onaverage
average
Control 259 | 197 | 295 | 250 1050 | 862 | 1186 1033
Moddus + | 348 | 248 | 389 | 315 1248 | 1080 | 1579 1302

Folicur
Moddus + | 29 | 553 | 378 | 3.03 1135 | 1123 | 1551 1270
Juventus
Cycocel+ | 5 a4 | 279 | 361 3.08 1131 | 1267 | 1480 1293
Folicur
Cykocel+ | 516 | 280 | 303 | 331 1314 | 1286 | 1628 1409
Juventus

voos 0.34 0.24 0.53 0.24

Applying the mixtures of Moddus + Folicur — 0,49, and Cycocel + Juventus - 0,59 t ha 2,
essential increase of harvest was reached, if compared to Control data (yo 05 = 0,34 t ha ™). The
influence of the mixtures of preparations into 2002 wassuschestvennym (F = 18,55 > Fi; = 3,06;
P-value = 1,13 E-05 < 0,05). Increase in the harvest of seeds was 0,51-0,85 t ha™* ( to the smallest
essential difference yo s 0,24 t hat). Under the conditions 2003 influence of the mixtures of
preparations to the harvest were essential (F = 4,38 > F¢it = 3,06; P < 0,05). Increase in the
harvest it was 0,66-0,98 n ha™® (yo0s = 0,53 t ha™!). However, the highest seed-harvests every
year were achieved wherein Cycocel + Juventus was applied: in 2001- 3,18 t ha ~*, in 2002- 2,82
t ha~%, and in the year 2003 - 3,93 t ha™™. The oil output, respectively, was 1314, 1286, and 1628
kg ha ~*. In accordance with harvest data most outstanding was the year 2003 when as a result of
the applying of plant regulator/ fungicide mixture there was gathered the highest harvest, and the
highest harvest increase was achieved. In our experiences(2001-2003) the utilized mixtures of
preparations had inpractive idential influence on the harvest of the seeds of rape( F=0,81<
Fcrit=3,48; P = 0,54 > 0,05). On average, throughout all the three years, thanks to applying of
growing-regulators and fungicides mixtures the summer rape seed harvesting essentially
increased, if compared to the Control. The increase of harvest was 0,53-0,81 t ha -1 (v0,05 0,24 t
ha!). During the trial-years the very best preparation mixture was nominated, and it was the
Cycocel + Juventus, which, on average, provided the seed harvest 3,31 t ha™*, and the oil output
1409 kg ha™. Other mixtures ensured a related seed output — 3,03-3,15 t ha™!, and the oil output
1270-1302 kg ha*. Applying of the plant-regulators and fungicides mixtures influenced chemical
composition of seeds as well. It was different every year (See Table 2).
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Table 2.
Full protein and Full grease content in the spring rape seeds ,, Olga” (2001 - 2003)
Full protein, % Full grease, %
Variations | o001 | 2002 | 2003 | O | 2001 | 2002 | 2003 | ©N
average average

Control 2322 | 1986 | 2553 | 22.87 | 44.80 | 4758 | 43.70 | 45.36
l';’gil‘i‘t‘f* 2416 | 2002 | 2442 | 2287 | 44.06 | 4732 | 4413 | 4517
Moddus+ 2314 | 1978 | 25.06 | 22.66 | 44.21 | 48.24 | 4461 | 4569
Juventus

Eg'ﬁgﬁf” 2431 | 2089 | 24.68 | 2329 | 43.30 | 49.36 | 4457 | 45.74

Cycocel+
Juventus

23.68 20.18 | 24.49 22.78 44.92 | 49.56 | 45.04 46.51

On average, and every single year, depending on the applied mixture, full grease was 45,17 —
46,51 %. On average, every single year, full grease content increased most, when Cycocel +
Juventus mixture was applied. Among the plant diseases in rape sowing-fields, there prevailed
the false blight, Perenospora parasitica, and the dry spotting Alternaria brassica. The highest
efficiency while limiting the false blight, the dry rotting, Phoma lingam, and the white rotting,
Sclerotinia sclerotiorum, was achieved when applying the variation of mixture Cycocel +
Juventus (up to 80 %). Concerning the legumes, in order to limit the dry spotting and the dry
rotting, the uppermost biological efficiency (up to 70 %) was achieved when applying the
variation of Moddus and Juventus. The research proved: while applying the azoli preparations in
mixture with the preparations of chlormequate and trinexapac-ethyl junctions and employing
minified doses (Moddus + Folicur, Modus + Juventus, Cycocel + Folicur, Cycocel +Juventus),
there was observed the impact on rape plant development, and harvest-structure formation
elements (See Table 3).

Table 3.

Influence of mixture of growth regulators and fungicides upon the harvest-formation
elements of spring rape ,, Olga” (average figures, 2001 - 2003)

Height | Branching '\(l)??rbsfr Nur(?fber Number of | Mass of

Variations | of plant height, grade legumes seedsin 1000
cm cm legumes seeds, g
branches | on plant

Control 140 67 4 84 21 3,7
Moddus + 128 60 5 107 24 4.0
Folicur
Moddus +
Juventus 130 61 5 107 23 3,9
Cycocel + 126 62 6 106 24 40
Folicur
Cycocel + 120 53 6 109 24 4.2
Juventus

Owing to the mixtures of preparations, the number of side branches increased, on average, for
1-2, the number of legumes on a plant — for 22-25, the number of seeds per legume for 2-4, the
mass of 1000 seeds: from 3,7 to 4,2 g, at the same time the length of rape™s stem”s shorted down
to 10-20 cm, and the branching height to 5-14 cm. The highest efficiency, however, was reached
when applying the mixture of Cucocel and Juventus. Throughout the research period it was
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observed that plant-growing regulators if mixed with fungicides, provided evenness of
florescence and legume ripening.

S

Conclusions
Applying of fungicides and growing-regulators in mixtures, in minified doses, provides
evenness of florescence and legume ripening, and grants essential increase of rape harvest,
improving its quality as well.
The applications of the studied mixtures of preparations it ensured the addition of the
harvest of seeds 0,53-0,81 t ha™* and oil outlet on 237-376 kg ha™.
The applications of mixtures of Cucocel and Juventus it ensured the highest harvest of
seeds 3,3 t ha! and the significant addition of harvest 0,81 t ha™ (yo,05s = 0,24 t ha). The oil
outlet together 1409 kg ha™. Other mixtures ensured a related seed output — 3,03-3,15 t
ha®, and the oil output 1270-1302 kg ha™™.
The applications of mixtures of preparations positively it influence increase in the number
of legumes stems, number of pods on the plant, the number of seeds in the pod and mass
1000 seeds.
Biological efficiency of the mixtures of preparations concerning the limitation of plant
diseases is satisfactory in order to manage disease outspread in sowing- fields.
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BIOMASSASANALTERNATIVE PRODUCTION IN

AGRICULTURE
BIOMASA KA ALTERNATIVS LAUKSAIMNIECIBAS PRODUKTS
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Abstract. Utilisation of energy from renewable sources can bring great podtive ecological effects. The
greatest hope related to renewable sources of energy iswith biomass, the stocks of which present huge reserves of
energy. Biomass can be used for energy purposesin the process of direct incinerating of bio-fuels (timber, straw
seed, hay) or in the formof gas.

In this paper, described are the economical effects of pro-ecological enterprises dealing with energy. Described is
the exampl e of biomass application and presented isits efficiency.

Keywor ds: biomass, renewabl e sources, effecti veness of biomass.

Introduction

The agricultural products that are incinerated can be used in production of thermal power and
electric power. The sources of biomass can be willows (grown in plantations), hay or straw.
These products represent renewable sources of energy. They renew themselves every year,
unlike the traditional sources of energy. The resources of bituminous coal, lignite or oil are
limited and each year their volume decreases. In addition, the incineration of coal increases the
levels of carbon dioxide in the atmosphere, causing the global warming.

On awverage, the coal mined in Poland contains 22% of ash and 0.9% of sulphur, while
incineration of biomass creates the same way 3% of ash and 0.01% of sulphur [2]. The volume
of renewable energy that is used in Poland constitutes 2.6% of the total volume of energy
produced in Poland. The guidelines of the EU say that in 2010 the consumption of energy from
renewable sources should amount to 12% of the total energy produced. That concerns all
countries of the EU. According to the European Centre of Renewable Energy [3], the potential
resources of renewable energy in Poland amount to:

energy of water courses: 43 PJ (1 x 10%°J)
geothermal energy (of warm waters): 200 PJ

energy of wind: 36 PJ

energy of the Sun: 1340 PJ

energy of biomass and biogas: 895 PJ

Total: 2514 PJ

In 1998, the total consumption of energy in Poland amounted to 4070 PJ. Thus, energy that can
be potentially obtained from the renewable sources can constitute 62% of the currently
consumed one.

M aterials and methods
According to the European Centre of Renewable Energy, the structure of renewable sources of
energy in Poland is as follows [2]:
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Table 1.
Source of energy Number Power Production | Production
of of electric of thermal
installations power GWh | power TJ
Heat and power plants powered by
the wastes from the paper and
furniture industries 3 330.0 449.1 5,298.5
Heat plants incinerating timber
> 500 KW 150 600.0 - 9,633.6
Heat plants incinerating straw
> 500 KW 35 50.0 - 802.8
Boiler houses incinerating timber | 110,000 5,500.0 - 88,308.0
Boiler houses incinerating straw 150 45.0 - 722.5
Municipal and landfill-based bio
gas-works 46 54.8 81.5 352.0
Total 110,384 6580 531 105,117

The most popular are the boiler houses that incinerate timber. Currently, increased is the number

of the boiler houses that incinerate straw.

Below, described is an example of heating, using straw, of buildings of a school, local
administration and sports hall in the town of Trzebiechow in Lubuskie province. This town,
populated by 3500, is an agricultural centre of the area of 8100 ha. The boiler houses that were
used to provide heat and hot water (Qc) were incinerating coal and heater oil. As a result of
modernisation, constructed was one boiler house of 1000 KW; used were two incinerators for
straw; constructed was a heat distribution line of the length of 350 m and a straw storage house.
The heat was provided for the following buildings [1]:

elementary school: VV = 23,850 m®, area of 3525 m? and demand for heat of Q=350 KW and hot
water of Qc= 85 KW,

sports hall: V = 10110 m®, area of 1240 m?, Q = 150 KW, Q¢ = 110 KW

administration building: V = 6500 m?, area of 1044 m?, Q = 100 KW, Q¢ = 30 KW.

Until then, a total annual consumption of fuels amounted to 50 t of heater oil and 295 t of
bituminous coal. The cost of this investment project (in Euro) amounted to [1]:

technical design: 8,919.00 + VAT = 10,881.00

heat distribution network: 78,518.00 + VAT = 84,014.00

construction works: 65,849.00 + VAT = 70,459.00

boiler house equipment: 121,600.00 + VAT =130,113.00

electrical installation: 12,216.00 + VAT = 13,071.00
fire safety installation: 1,548.00 + VAT = 1,888.00
connection to the straw storage house: 15,384.00 + VAT = 16,461.00
heating installation in sports hall: 8,825.00 + VAT = 9,442.00
TOTAL: 336,329.00
The operational costs (EK) in the past and after modernisation (EN), in Euro:
Table 2.
COSTS EK EN
Costs of fuels 48,589.00 | 13,254.00
Costs of electric power 19,091.00|1,622.00
Costs of maintenance and renovations | 2,297.00 |1,892.00
Salaries for employees 9,065.00 |7,252.00
Ecological charges 1,333.00 |-
TOTAL 80,375.00 | 24,020.00

EK/EN = 3.35
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The cost of production of heat from straw is 3 times lower than with incineration of heater oil
and coal. In incineration of straw, outside cheap heat, one obtains the ecological effect, i.e. lower
pollution of air. During incineration of coal, heater oil and straw, one gets the following volumes

of pollution annually in Mg:

Table 3.
Pollution  |Coal Oil Total Straw Total/straw
SO, 4.248 0.335 4.583 0.767 5.97
CO 13.275 0.035 13.310 0.00 13.31
NO, 0.295 0.294 0.589 0.877 0.67
Dust 5.900 0.106 6.006 2.077 2.89
Conclusions
1) the usage of straw in heating of buildings and providing heat to installation of hot
water is 3 times cheaper than usage of coal and heater oil,
2) incineration of straw causes lower pollution of air with SO,, CO and dust than
incineration of coal and heater oil.
Refer ences
1. Herbut S. 2003, Niekonwencjonalne zrédla energii w Polsce, master’s thesis, Institute of
Environ mental Engineering, Zielona G6ra University, Poland.
2. Matecki A. 2003, Wykorzystanie biomasy na przykladzie kotlowni w Trzebiechowie, Natura No. 9.
Polish Association of Friends of Earth Sciences, Ziemia Lubuska Branch.
3. Ott. Z. 2003, Przyktady wykorzystania odnawialnych Zréodet energii jako narzedzie aktywizacji

gospodarczej regionu. Regional forum of renewable energy. Przysiek, Lubuskie province.

100

ISBN 9984 - 779 -06 -8



Environment. Technology. Resources. 2005

RELATIONSHIP BETWEEN FIBRE FLAX YIELD AND
DIFFERENT FORMS OF NITROGEN IN THE SOIL
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SLAPEKLA FORMAM AUGSNE
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Abstract. Research on fibre flax yield response to the amount of different nitrogen forms in the soil was
carried out at the Upyté Research Sation of the Lithuanian Institute of Agriculture (LIA). Humus content (as a
source of nitrogen) (%), total nitrogen (%), ammonium nitrogen (NH,") (mgkg™), nitrate nitrogen (NO3) (mg kg™),
total mineral nitrogen (Nnin) (Mg kg) were measured in the soil samples collected from the plough layer, and the
correlation between the mentioned - above soil variables and fibre flax yield was calculated. In most cases the
relationships were weak but significant. Seed, stem, and long fibre yields responded to the soil nitrogen differently.
The strongest correlation was established between flax yield and humus content.

Keywor ds: correlation, fibre flax, humus content, nitrogen, soil.

Introduction
Safe and clean environment is of paramount importance for the existence of life on our planet.
To minimize the hazardous effects of agricultural production on our natural environment we
have to be environment-conscious while planning agricultural inputs, especially those of
nitrogen. Our task was to study fibre flax yield as affected by different soil nitrogen forms so that
we could predict and advocate rational use of fertilizers.
The first research findings on how flax responds to the soil agrochemical properties in Lithuania
were reported in 1992-1996 [5, 6, 7, 8], where focus was placed on the effects of humus content
on flax yield. Increasing humus content (up to 2.6 %) increased seed, stem, and long fibre yield.
Research carried out with fibre flax during 1995-1997 revealed a relatively strong relationship
between fibre flax stem and long fibre yield and the content of mineral nitrogen in the soil
plough layer [3].
Further studies were focused on the impact of some soil agrochemical properties on linseed
yield, particularly the effects of humus, nitrate nitrogen, ammonium nitrogen, and total mineral
nitrogen contents. Linseed seed yield was positively influenced by nitrate nitrogen and humus
content and negatively — by the ammonium nitrogen in the soil. Stem yield for linseed increased
with increasing contents of nitrate nitrogen, ammonium nitrogen, total mineral nitrogen and
humus. Long fibre yield for linseed was positively influenced by increasing contents of nitrate
nitrogen, total mineral nitrogen, and humus [9].

M aterials and methods
The response of fibre flax yield to the amount of different forms of nitrogen in the soil was
studied at the LIA”s Upyté Research Station. The trial was conducted on a sandy loam Eutri-
Endohypogleyic Cambisol [1]. In 1996-1998 in the trial where different zinc sulphate rates
(0.35-4 kg ha') have been investigated soil samples taken from the 0-20 cm layer before flax
sowing (in 84 trial plots each year) were assayed for contents of humus, total nitrogen,
ammonium nitrogen (NH4*) mg kg?, nitrate nitrogen (NO3") mg kg*, total mineral nitrogen
(Nmin) mg kg, as wel as soil pH, content of P,Os and K,0. The content of P,Os in the soil arable
layer was 165-254 mg kg, content of K,0O — 143-170 mg kg (determined in A-L extraction),
pHkcr level — 7.3-7.5 (potenciometrically). Humus content was determined by Tyurin method,
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content of total nitrogen — by Kjeldahl method, content of nitrate nitrogen (NO3) and content of
ammonium nitrogen (NH4) — in 1 N KCl extraction by calorimetrical method and content of total
mineral nitrogen (Nmin) — by adding up the amount of nitrate nitrogen and ammonium nitrogen.

N1s5P20Kgo before flax sowing have been applied. Flax cv. Baltu¢iai was sown by a sowing
machine SNL-16 at a seed rate of 22 million viable seed per hectare with 10 cm row spacings. In
the field rotation, flax followed winter wheat. Herbicide Valinate 0.3-0.4 | ha was used to
control broad-leaved weeds, herbicides Fusilade (2 1 hal) or Agile (1 | ha') - to control grasses.
Insecticides Fastac (0.1 | ha') and Decis (0.3 | ha™) were used to control flea-beetles. Flax was
grown and the assessments were done following the standard methodology [11]. Flax was pulled
at the stage of early yellow ripeness, threshed by a MS thresher, stems were retted in warm (33-
37°C) water, then were breaked up by a machine tool SMT-200, threshed by a MS thresher, fibre
was hackled using combs number 9 and 13. Seed, stem and long fibre yield was established in
the plots and the correlation between fibre flax yield and amount of different forms of nitrogen in
the soil was calculated. More than 250 paired cases were used for the calculation of correlation.

Results and discussion
Variation of the contents of different nitrogen forms in the soil. Some authors report that the
content of nitrate nitrogen or ammonium nitrogen depends on soil pH level. In acid soils the
content of ammonium nitrogen is higher than that of nitrate nitrogen and in the soils having pH
reaction close to neutral, the content of nitrate nitrogen is higher than that of ammonium nitrogen
[3, 4, 10]. Inour trials the soil was slightly alkaline and close to neutral reaction.
The content of nitrate nitrogen varied slightly in the plots and via time — from 5.10 to 7.32 mg
kg, but the content of ammonium nitrogen varied more markedly (especially in different years)
— from 1.90 to 4.32 mg kg*. The content of total mineral nitrogen varied from 7.63 to 10.91 mg
kg™. According to the grading system [2] tested soils could be described as having low amount
of total nitrogen (up to 0.2 %). The amount of total nitrogen in the soil varied from 0.104 to
0.148 %. Humus content in the tested plots varied from 2.65 to 4.33 %, and tested soils could be
described as having high or very high humus content [2].
Seed yield. The seed yield varied (from 625 to 1120 kg ha™) between plots and years, therefore a
possibility to calculate the correlation occurred. Linear and quadratic correlations were
calculated, but in most cases the quadratic correlation had higher probability level. In most cases
the relationship between fibre flax seed yield and different soil nitrogen forms was weak, but
significant at the 95 % probability level.
Flax seed yield was affected by the content of ammonium nitrogen and total mineral nitrogen,
humus content and amount of total nitrogen in the soil and was not influenced by the content of
nitrate nitrogen. The equations of correlation and their probability data are presented; “r /n”

means coefficient of linear or quadratic correlation, “res/mges” — statistically significant

coefficient of linear or quadratic correlation at 95 % probability level. Statistically significant
cases are presented in bold (Table 1).

Seed yield increased with an increase in ammonium nitrogen content from 1.90 to 4.32 mg kg'*
and the content of total mineral nitrogen increased from 7.63 to 10.91 mg kg*. Total nitrogen
had different influence on flax seed yield. When the content of total nitrogen varied between
0.104-0.136 %, flax seed yield tended to decline. With an increase in the content of total nitrogen
from 0.136 to 0.148 %, the seed yield increased. Seed yield was increasing until humus content
had reached 4.06 %. From this point and onwards flax seed yield declined.

The strongest significant correlation (of the investigated nitrogen forms) showed ammonium
nitrogen and humus.

Stem yield. The stem yield varied in the plots from 3191 to 7624 kg ha™* (the main variation was
found between years). Linear and quadratic correlations were calculated, and in most cases
weak, but significant correlation was established (quadratic as well as linear correlations were
found to be significant). Stem yield was not affected by the content of nitrate nitrogen (Table 2).
The changes in the content of ammonium nitrogen and in the content of total mineral nitrogen
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affected stem yield differently compared with seed yield. Stem yield decreased with an increase
in ammonium nitrogen content from 1.90 to 4.32 mg kg* and the content of total mineral
nitrogen increased from 7.63 to 10.91 mg kg*. The increase in the content of total mineral
nitrogen from 0.104 to 0.148 % and the increase in humus content from 2.65 to 4.33 % had a
positive effect on flax stem yield.

The strongest significant correlation (of all investigated nitrogen forms) exhibited ammonium
nitrogen and total mineral nitrogen.

Table 1.
The influence of different soil nitrogen forms (x) on flax seed yield (y1, kg ha't)
N form X variation Equation r/n ros/
(x) MNos
N-NOs, | 6.21+1.106 | Yy1=955.52-15.39x -0.100 |0.135
mgkgt | 6.21+ 1.106 | yi= 969.66 — 19.77x + 0.3280x° 0.100 |0.135
N-NH, | 3.11% 1.207 | y:= 761.84 + 31.60x 0.223 | 0.135
mgkg® [ 311+ 1.207 y1= 686.24 + 67.70x — 3.2957x" 0234 |0.135
Nmin, 9.27+ 1.638 | y1= 720.18 + 15.09x 0.145 | 0.135
mgkg' [ 927+ 1.638 y1= 770.66 + 5.10x + 0.4756x" 0.146 | 0.135
Ntota, | 0.126 +0.0217 | y1= 875.81 — 125.34x -0.016 |0.135
% 0.126 + 0.0217 | y1= 1559.50 — 10585.74x + 0.170 | 0.135
38807.7895x”
Humus, 3.49+ 0.838 | y1= 740.70 + 34.22x 0.168 | 0.135
% 349+ 0.838 | y1=372.11 + 256.18x — 31.5254x° 0220 |0.135
Table 2.
The influence of different soil nitrogen forms (x) on flax stemyield (y2, kg ha)
N form X variation Equation r/n ros/
x) MNos
N-NOs, | 6.21+1.106 | Yy.=6020.75— 88.96x -0.080 | 0.135
mgkg' [ 621+ 1.106 | Y= 7223.02 — 461.21x + 27.8837%X 0.093 | 0.135
N-NHi, | 3.11+1.207 | y2=6485.27 —327.11x -0.321 | 0.135
mgkg' [ 311+ 1.207 yo= 8322.56 — 1204.60x + 80.0890x° 0.399 | 0.135
Nmin, 0.27+ 1.638 | y2= 7545.31 —224.06x -0.298 | 0.135
mgkg' | 927 £ 1.638 | y,= 868111 — 488.45x + 12.5854x7 0.306 | 0.135
Niota, | 0.126 +0.0217 | y>=4499.04 + 7701X 0.136 | 0.135
% 0.126 + 0.0217 | y»= 1556.17 + 52727.22x — 167044.7980x“ | 0.169 | 0.135
Humus, 3.49+ 0.838 | yo=4576.42 + 255.90x 0.174 | 0.135
% 3.49+ 0.838 | yo=6261.35—758.72x + 144.1104x" 0.196 | 0.135

Long fibre yield. During the experimental years the yield of long fibre varied from 368 to 1595
kg ha. The calculated quadratic and linear correlation was found to be significant at 95 %
probability level. The relationship between long fibre yield and content of nitrate nitrogen,
content of ammonium nitrogen and content of total mineral nitrogen, humus content in the soil
was established. The amount of total nitrogen did not affect long fibre yield of flax. Long fibre
yield decreased when the content of nitrate nitrogen rose from 5.10 to 7.32 mg kg*, the content
of ammonium nitrogen rose from 1.90 to 4.32 mg kg™ and the content of total mineral nitrogen
rose from 7.63 to 10.91 mg kg*. Humus content had a positive effect on long fibre yield of flax.
Long fibre yield increased with an increase in humus content from 2.65 © 4.33 %.

Humus content exhibited the strongest significant correlation (of the investigated nitrogen
forms).
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Table 3.
The influence of different soil nitrogen forms (x) on long fibre yield of flax (ys, kg ha‘l)
N form X variation Equation r/n ros/

(x) MNos
N-NOs, 6.21 +1.106 | y3=1422.89 — 78.09x -0.231 | 0.135
mg kg™ 6.21+1.106 | ys= 1444.96 —84.92x + 0.5118x" 0.231 0.135
N-NHg, 3.11+ 1.207 | ys= 133.47 —62.80x -0.203 | 0.135
mg kg™ 3.11+ 1.207 | ys= 1595.49 — 283.46x + 20.1398x" 0.282 0.135

Nmin, 0.27+ 1.638 | y3= 1534.95 — 64.38x -0.282 | 0.135
mg kg™ 9.27 + 1.638 | ya= 2061.34 — 168.56x + 4.9594x° 0.296 0.135
Niotal, | 0.126 £ 0.0217 | y3= 952.51 — 112.76x% -0.006 | 0.135

% 0.126 + 0.0217 | y3= 935.50 + 147.40X — 965.2154%° 0.007 0.135
Humus, 3.49+ 0.838 | ys=395.90 + 155.56x 0.348 0.135

% 3.49+ 0.838 | ys=555.33 + 59.55x + 13.6360x" 0.350 0.135

Conclusions

In most cases the relationship between fibre flax yield and different soil nitrogen forms was
weak, but significant at 95 % probability level.

In most cases the quadratic correlation had a higher significance level for seed yield and, while
for stem and long fibre yield the quadratic as well as linear correlations were found to be
significant.

Flax seed, stem and long fibre yield exhibited a different response to soil nitrogen. The changes
in the content of ammonium nitrogen and in the content of total mineral nitrogen had the same
effect on stem and long fibre yield, whereas they had a different effect on seed yield.

Flax seed and stem yield was not affected the by the content of nitrate nitrogen (when it varied
from5.10 to 7.32 mg kg?).

The correlation between long fibre yield and the content of total nitrogen (0.104 to 0.148 %) was
not found.

Only increasing humus content (from 2.65 to 4.06 %) increased all three kinds of flax yield
(seed, stem, and fibre).

The strongest significant correlation (of investigated nitrogen forms) for seed and stem yield
exhibited ammonium nitrogen and total mineral nitrogen, for long fibre yield humus content.
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DIFFERENT BIOLOGICALLY ACTIVATED SYSTEMS

5 RESISTANCE TO INHIBITION
DAZADU BIOLOGISKI AKTIVETU SISTEMU PRETESTIBA INHIBICIJAI
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Abstract. Biologically activated sorbent (BAS) are bdieved to be more efficient than separate conventional
activated sludge and sorbents systems in removing phenols and others persistant organic pollutants from
wastewater. These days, applications of biological activated systems treatment for various kinds of industrial
wastewater are attracting greater attention as one of the efficient technologies. But the process is not very good
understood, and there is not much parameter, which could describe stability and rdiability of system and which
could compare different BAS systems.
The aim of this study wasto investigate the resistance of different biologically activated sorbentsto inhibition using
respirometric measurements. To choose the most resistant to inhibition biologically activated system from five BAS:
BAS-A, BAS-B, BAS-C, BAS-D and conventional activated sludge for comparing. Also to evaluate potential
applicahility of respirometric method for monitoring bioactivity in BAS systems.
The pesticide 3,5-dichlorfenol was chosen as inhibitor compound for experiment. The respiratory inhibition
measurements were done with different biologically activated systems using different concentration of pesticide. The
experiment was accomplished using respiratory inhibition method which described in Lithuanian normative
document for environmental protection (Land 45-2001): activated sludge respiratory inhibition test. In parallel
saprophyte bacterial counts were determined by spread plate technique and cal culated as amount of saprophyte in
onelitter.
The results from both tests showed that the most resistance system to respiratory inhibition was BAS-A.
Respirometric method is applicable for monitoring bioactivity in BAS systens.

Keywor ds: biologically activated systems, respiratory inhibition, bacteria.

Introduction

Environmental protection needs are facing a new phase that is why wastewater management
requires a much higher purification level of industrial wastewater. These days, investigation and
applications of biological activated carbon (BAC) treatment for various kinds of industrial
wastewater is attracting greater attention as one of the efficient technologies [1, 2, 3, 6, 7, 8].
Wastewater usually contains various kinds of organic and/or inorganic pollutants and some of
them may inhibit the microbial activity. Therefore, it is necessary for the design/operation of
BAS systems to elucidate their resistance to inhibition. While the inhibition influence onto
conventional biological treatment systems, e.g. the activated sludge have been studied for a long
time, there are not so many studies carried in this area for the BAS systems [4, 5].
The aims of this study were: to investigate the resistance of different biologically activated
systems to inhibition using respirometric method, to choose the most resistant to inhibition
biologically activated system, to evaluate the potential applicability of respirometric method for
monitoring bioactivity in BAS systems. In parallel saprophyte bacterial counts were performed
by spread plate technique.

M aterials and methods
Five experimental BAS systems were studied:
Microorganisms immobilized on sorbent 1(BAS-A).
Microorganisms immobilized on sorbent 2 (BAS-B).
Microorganisms immobilized on Zeolite (BAS-C).
Microorganisms immobilized on Anthracite (BAS-D).
Conventional activated sludge

arwhE
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Experimental systems were prepared by placing certain amounts of the commercial media into
the preparatory tank.

During few months” adaptation and cultivation of BAS systems took place. In the tanks
continuous aeration was applied. Simulated composition wastewater prepared according [9] was
fed to the tanks. Once every 24 hours tanks were half emptied and new portion of simulated
wastewater was added.

After adaptation period respiratory inhibition experiment was performed using different
concentrations of pesticide 3,5-dichlorfenol as inhibitor. The experiment was accomplished
using respiratory inhibition test. In parallel BAS systems were evaluated performing saprophyte
bacterial counts by spread plate technique.

Respiratory inhibition test method

This method assesses the impact of pollutant on microorganisms under determined conditions.
Using different pollutant concentrations the intensity of respiration is measured. Usually this
method is used for activated sludge to evaluate inhibition effect of certain pollutant. In our
experiment resistance to inhibition of different biologically activated sorbent was evaluated.

As respiratory inhibitor pesticide 3,5-dichlorfenol was used. First 3,5-dichlorfenol concentration
interval for the experiment has to be determined.

In the experiment two control samples without pesticide addition are included. One control test is
performed at the beginning, another at the end of the experiment. Test results are reliable, if
respiratory intensity values in both control samples differ less than 15%.

For the better representation of respiratory process kinetics, method was modified and oxygen
consumption testing time was prolonged from 12 till 30 minutes. But in percentage value of
respiratory inhibition calculations was used 12 minutes of oxygen consumption interval, because
in that time oxygen consumption has linear profile.

The effect of respiratory inhibition of different kind of concentration and respiratory intensity
was countable by 2 control values of respiratory intensity average percentage part:

S= (1 - Lj x100 (1)

RKl + RKZ
Where:
S = percentage value of respiratory inhibition;
Rs = intensity of oxygen consumption, testing particular pollution concentration;
Rk1 = intensity of oxygen consumption in 1 control sample;
Rk = intensity of oxygen consumption 2 control sample.
Respiratory inhibition tests were performed in 1 litter glass beakers. Certain amount of BAS
system was transferred to the beaker. After adding nutrition media in form of synthetic
wastewater or nutrition media with 3,5-dichlorfenol and diluting to 500ml tested systems were
continuously aerated for 3 hours (Fig 1-2). Aeration was then stopped, pH value was fixed and
oxygen concentration change was measured every 6 min during 30 min period.
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Fig. 1. Respiratory inhibition experiment: 1 - preparatory tank for biological activated
sorbets, (1. Conventional activated sludge, 2. BAS-A, 3. BAS-B, 4. BAS-C, 5. BAS-D);
2 - respiratory inhibition experiment (contact time 3 hours).
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In addition to usual lab equipment for the experiment there were also used others instruments as
aeration equipment, pH-electrode and measuring equipment (HI 9025 microcomputer), air pump
(SLL-50), O, measuring instrument (Oxi 315i/SET).According method [9] recommended
biomass concentration in the sample mixture — 0,8-1,6 g/l. Biomass concentration was measured
using standard method [10]. Biomass concentration in the different biologically activated
systems was measured using method [11].

Experimental procedure for each BAS system was performed as follows:

1. First control sample mixture (K1). At the time ,0“ 16 ml of simulated wastewater was
diluted with 300 ml of distillate water, then placed 25 ml of BAS sample. Finally mixture
was diluted till 500 ml and aeration was started.

2. Sample mixture with 5 mg/l of 3,5 — dichlorfenol (C1). At the time ,1 minute* was
everything repeated as in the first control sample, only before diluting sample till 500 ml, 5
ml of 3,5-dichlorfenol solution was added.

3. Analogically were prepared samples mixtures with 10, 20 and 40 mg/l of 3,5 — dichlorfenol
(C2, C3, C4).

4.  Second control sample mixture (K2) was made last and the same as sample K1.

In parallel after 30 min of oxygen measurements from the tested systems samples for the plate

count test of saprophyte bacterial were taken.

Soread techniques for saprophyte bacterial counts

Standard plate count by Koch method was used during the experiment, in order to count

saprotrophic bacteria [12]. The quantity of saprotrophic bacteria can approximately show the

activity of biologically activated sorbent and active sludge. The major part of the procedure deals
with a series of successive dilutions of the original culture in sterile test-tubes with sterile water.

The diluted culture is poured into Petri dishes along with the nutrient agar. The number of

colonies is counted after incubation.

Experimental procedure: dilutions of the original culture in sterile test-tubes with sterile water;

diluted sample is spread on the surface of the nutrient agar in the Petri dishes; the plates are

incubated in the inverted position at 37°C for 24 hours; the number of colonies is counted after
incubation; only plates between 15 and 300 colonies are counted.

7 em?

Fig. 2. Dilutions scheme of sample by inoculatation microorganism”s suspension
surface method

The results obtained using a Plate Count Test are not an accurate assessment of total
heterotrophic microorganisms concentrations.
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Possible explanations: the presence of some bacteria in a viable but non-cultivable state; media
do not provide the complex nutritional requirements necessary for the growth of all heterotrophs.

Results and discussion
First 3,5-dichlorfenol concentration interval that is to be used in the main experiment was
determined . Results showed that under the contact time of 3 hours 100% respiratory inhibition is
reached then 3,5—-dichlorfenol concentration is higher than 70 mg/I. 1t was decided for the further
experiment to use lower pesticide concentrations - 5, 10, 20 and 40 mg/l. pH value of sample
mixture before respiratory intensity measurements was 7-7,5. Under such conditions pH don’t
give any negative impact for the intensity of biochemical process.
Figure 3 shows the oxygen consumption profiles of different BAS systems under several 3,5-
dichlorfenol concentrations.
In the BAS-A sample mixture without inhibitor after 24 min, oxygen concentration decreased by
95%. Increasing of inhibitor concentration to 5 and 10 mg/l the oxygen consumption was very
similar and reached 90%. When the concentration of inhibitor was 20 mg/l the oxygen
consumption was 75%. Under the 40 mg/l of pesticide concentration inhibition effect was high
and oxygen consumption was just 39%. That means 2,5 times less comparing with mixture
without inhibitor.
In BAS-B system control sample - without added inhibitor - during 24 minutes after stopped
aeration, oxygen concentration decreased by 90% comparing to the initial value. Then the 3,5-
dichlorfenol concentration was 5 and 10 mg/l inhibiting influence was not very obvious - oxygen
consumption was a bit slower and after the same period of time as in previous case it composed
71 and 75% of initial oxygen saturation. Pesticide concentrations — 20 and 40 mg/l make bigger
influence to the system. It”s resistance decreases and oxygen consumption by microorganisms
after 24 minutes was 45 and 22% respectively. This is 2-4 times less than in the system without
inhibition.
Control sample in the BAS-C system oxygen concentration within 24 minutes decreased by 88%
from the initial level. Under the inhibitor concentrations 5 and 10 mg/l, oxygen consumption was
78 and 60% respectively. After adding higher 3,5-dichlorfenol amount reaching - 20 mg/I,
oxygen consumption was slower and after 24 minutes composed 31%. Then inhibitor
concentration rose to 40mg/l almost no changes in oxygen consumption were observed. It means
that BAS-D system lost its resistance to inhibition at this concentration.
The BAS-D control sample during 24 minutes consumed period oxygen consumption reached
98%. Under the 5 and 10 mg/l of pesticide concentration oxygen consumption was slower and it
composed 88% and 70% respectively. Pesticide concentration - 20 mg/l make bigger influence to
the system. Oxygen consumption by microorganisms after 24 minutes was 42%. Reaching 40
mg/l of 3,5-dichlorfenol concentration inhibition of system was significant and oxygen was
consumed nearly 10% of the initial value.
As we can see from figure 3 the in activated sludge during 24 minutes period the oxygen
concentration decreased 90% in the control sample. Quite low negative influence on oxygen
consumption can be seen under 5 mg/l and 10 mg/l concentration of pesticide. Oxygen
consumption reached 80% and 85% respectively. But existing 20 mg/l and 40 mg/l of pesticide
concentration evidently effected activated sludge system and oxygen consumption during 24
minutes was only 27% and 8% respectively.
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Fig. 3. Oxygen consumption during 30 min by different BAS and with different amount
of 3.5-dichlorfenol concentration

Comparing between each other different systems it is obvious that systems with microorganisms
immobilized on (BAS-A and BAS-B) in general demonstrated higher stability than the other
systems, especially in the range of higher inhibitor concentrations. In comparison to the BAS-B

system BAS-A is more resistant to inhibition.

Table 1 gives values of oxygen consumption during 12 minutes in the different BAS systems,
under different 3,5-dichlorfenol concentrations. It was evaluated reliability of experiment results.
Results of experiment are reliable, if values of respiratory intensity in both control experiments

differ less than 15%. Values obtained satisfy such requirement.
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Table 1.
Values of oxygen consumption during 12 minutes in the different BAS systems

Oxygen consumption, mg/l during 12 min
3,5-dichlor fenol BASA | BASB | BASC | BAC-D | Activated
concentration., mg/l sludge
0-K1 (Controlsample) 3,9 5,0 4,4 4.8 3,8
5 3,7 4,4 34 4,1 3,7
10 34 4,4 2,7 3,0 3,2
20 2,0 3,6 1,5 2,0 1,3
40 1,2 1,9 0,2 0,3 0,5
0 — K2 (Control sample) 3,9 54 4,2 47 3,6
Percentage difference of
respiratory intensity
values in both control 0 8 S 2 2
mixtures

* Results of experiment are reliable, if values of respiratory intensity in both control experiments differ less
than 15%

Results presented in Table 1 were used to calculate percentage of respiratory inhibition for the
different BAS systems according equationl. Obtained values are presented in Figure 4. As it can
be seen from the Figure 4 percentage of respiratory inhibition calculated from the oxygen
consumption during first 12 minutes data showed the same tendency as oxygen consumption
curves in Figure 3 representing measurements during 30 minutes. Systems BAS-A and BAS-B
demonstrated higher resistance to inhibition than the BAS-C, BAS-D and activated sludge.
Higher percentage of respiratory inhibition in the latest systems show negative effect of 3,5-
dichlorfenol on microbial activity in these systems. Under the highest 3,5-dichlorfenol
concentration used in experiment percentage of respiratory inhibition for the system BAS-A
reached only 56%, BAS-B - 73% and for BAS-C, BAS-D and activated sludge it was 95, 92 and
89% respectively. Therefore it can be concluded that the media causes lower level of inhibition.
The fact that biologically activated systems with activated carbon media tend to reduce negative
effects of inhibition was also observed studying influence of heavy metals [5].
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Fig. 4. Percentage of respiratory inhibition for the different BAS systems
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As it was mentioned earlier in parallel to the respirometric measurements saprophyte bacterial
counts were performed in all inhibited systems by spread plate technique. It was noticed, that
increase of 3,5-dichlorfenol concentration causes decrease in number of microorganisms in all
tested systems (Figure 5). At the same time it is obvious that sensitivity to inhibition is not the
same. In BAS-C and BAS-D systems microorganisms cultures demonstrated low resistance even
to small concentrations of inhibitor. Under the higher concentrations - 20 and 40 mg/lI
microorganisms cultures in these systems were nearly gone. Activated sludge, BAS-A and BAS-
B systems appeared to be more resistant to inhibition than BAS-C and BAS-D. The most stable
and viable system is BAS-A, which is almost completely resistant to small doses of inhibitor.
Only concentration of 40 mg/l more noticeably affected vital functions of microorganisms and
their ability to multiply and to form colonies.

1,0E+06
9,0E+05 ~
8,0E+05 -
7,0E+05 -
6,0E+05 -
5,0E+05 ~
4,0E+05 -
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0,0E+00 -

H 5 mgll

E 10 mygl/l
020 mgl/l
B 40 mgl/l

Number of microorganisms

BAS-A BAS-B BAS-C BAS-D  Activated
sludge

Fig. 5. Saprophyte bacterial countsin all inhibited systems by spread plate technique

Comparing all the systems by their viability, number of multiplying microorganisms and
decrease in their number under the influence of rising inhibitor concentration shows, that the
most resistant to inhibition system is BAS-A.

Experimental results obtained by respirometric measurements and bacterial counts by spread
plate technique presented in Figure 4 and Figure 5 show the same tendency. It may be concluded
that respirometric method can be used for monitoring bioactivity in BAS systems.

Conclusions

1.  From tested five biologically activated systems the higher resistance to inhibition was
determined in systems with BAS-A and BAS-B.

2. BAS-A showed the highest resistance to inhibition. Percentage of respiratory inhibition
under 5 and 10 mg/l of 3,5-dichlorfenol was only 0 and 1% respectively. Concentrations of
20 and 40mg/I caused respiratory inhibition of 18 and 56%.

3. Results obtained by respirometric measurements and bacterial counts by spread plate
technique show the same tendency. Respirometric method is applicable for monitoring
bioactivity in BAS systems.
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IN BIOLOGICAL AGRICULTURE

MARUTA SPARNINA, SARMITE RANCANE

LLU agentiira “Zemkopias ZI”, Skriveri-1, Aizkraukles raj., LV-5126, Latvija
Talr.:+ 371 5197524, fakss: + 371 5197512, e-pasts: maruta_sp@ navigator. lv

GALINA LEBEDEVA, GALINA TELISEVA

Latvijas Valsts Koksnes kimijas instittts, Dzerbenes 27, Riga, LV-1006, Latvija
Talr.: + 371 7555916, fakss: + 371 7550635, e-pasts: ligno@edi.lv

Abstr act. Ecological friendly products increasing plant productivity, quality and resistance against
diseases are widdy used in biological agriculture many years. One of such products is lignosilicon. That is
developed by Latvian State Institute of Wood Chemistry on the basic of wood processing waste and patented.
However up to now effect of lignosilicon on the development of winter rye was not tesed. Therefore LLU agency
“Zemkopibas zindatniskais institits” (Crop-growing Research Institute) carried out investigation of lignodlicon
effect on the winter rye “ Duoniai “ cultivation on the certified biological field. In spring 2004 “ Lignosilicon” was
introduced in soil ( 120kg/ha) and red clover * Divaja “ wassown on the some field.

The harvest of grain and straw, length and diameter of stem, ear length, numbersand massofgrainin ear increased
on the background of lignosilicon.

Keywor ds: biological agriculture, lignosilicon, yield, winter rye.

levads
Biologiska lauksaimnieciba balstas uz dabas pasregule§anas procesu veicinasanu un augsnes
biologiskas aktivitates palielinasanu. Ta nepielauj kimiskas sintézes cela rtpnieciski iegutu
mineralméslu un pesticidu, ka arT genétiski modificéto organismu un to produktu lietoSanu.
Vairums cilvéku genomi ir saglabajusipielagoSanas sp€jas apstakliem un uzturam, kuri ir lidzigi
sencu dzives veidam, ka arT uztura tradicijam. Miisdienu dzives apstakli ievérojami atSkiras no
sen¢u dzives un tadel risks saslimt ar dazadam slimibam pieaug. Cilvéki dzivo loti atrauti no
dabas un lieto stipri parstradatus, ilgi uzglabajamus partikas produktus [1].
Tadel aizvien lielaka nozime tiek pieskirta biologiski razotiem produktiem. Lai biologiskaja
saimnieciba varétu sekmigi darboties, tiek piedavati un izm&ginati arvien jauni preparati.
Lignosilicija produkti ar dazadu silicija saturu tiek iegiiti no lignocelulozes, kas ir bioetanola
raZzoSanas blakusprodukts. Produkti ir patentéti un sertificéti /Produkta higi€niskais novertéjums
Ne 20, 2004. g. 25. februari/. Lignosilicija produkti nav toksiski, péc izmeginajumu rezultatiem
uz zurkam tie ierindoti 4-ja bistamibas klas€ [2].
Silicijs nepiecieSams pilnvertigai augu attistibai, ta ietekmé augi sp€j labak pardzivot stresa
situacijas. Savukart lignTnam piemit sp€ja aktivizé€t augSanu. Lignosilicija produkti palidz
atveselot arT augsni un sekmé fosfora un kalcija parverSanu augiem pieejama forma. Tadel to
iesaka lietot gan ka méslojumu, ganka biostimulatoru [ 2,3].
Lidz $im ir pétita Lignosilicija (LSP- silicija saturs 5%) ietekme uz dazadam graudaugu sugam
[4,5,6], bet nav datu par ta iedarbibu uz ziemas rudziem. Latvija rudzi uzskatami par vienu no
svarigakajiem kultiraugiem, tos audz€ galvenokart ka maizes labibu. Rudzi i ari vertiga
lopbariba un izejviela daudziem parstrades produktiem. No ieprieck§ minéta izriet, ka ziemas
rudzi ir viena no pamatkultiram, kas tiek ieklauta biologiskas lauksaimniecibas augu sekas. Lai
noskaidrotu, ka ziemas rudzu augSanu un attistibu ietekmeé Lignosilicijs, 2004.gada Skriveros
tika iekartoti razoSanas izméginajumi.
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Materiali un metodes
Izméginajumi iekartoti sertificéta biologiska lauka, kas paredzets zinatnes un séklaudzESanas
vajadzibam. Lauka izveidota 7 lauku augu seka ar viena lauka platibu 4,5 ha. Augsne vidgji
iekultivéta, pec pasaules aug$nu klasifikatora atbilst Orthieurtic Mollic Gleysol (GL euomo)
tipam, granulometriskais sastavs malsmilts. Aramkartas biezums 25 — 30 cm, tridvielu saturs
3,5%. Lauks drenéts ar slégto drenazu, pHkci 5,8, nodroSinajums ar kaliju vid€js- 155,0 mg kg'l,
ar fosforu zems- 84,4 mg kg, Ca saturs 1240,0 mg kg™.
Izméginajumi iekartoti viena augu sekas lauka, kur 2003.gada rudeni ieséti ziemas rudzi
,Duoniai”. Ta ir vid&ji intensiva tipa Skirne, augstraziga, uzrada labu ziemcietibu un noturibu
pret slimibam.
2004.gada agri pavasart 19.aprilt zem rudziem tika paséts vélais tetraploidais sarkanais abolin$
»D1vaja”. Dazas dienas péc abolina s€jas pirms ta sadigSanas 22.april1 0,25 ha platiba vienmerigi
izkliedgja un ar vieglajam ecésam iestradaja augsné Lignosiliciju, deva 120 kg ha™. Ertak batu
izs€t to reize ar sarkano abolinu, tomer tas nav iesp&jams, jo sarkana abolina s€klas ir sikas un to
daudzums neliels- izsgjas norma 8 kg ha™. Pargja rudzu lauka dala 4 ha platiba kalpoja ka
kontrole.
Ziemas rudzu varpoSanas faze (18.jiinija) tika vertéta saknu attistiba. No katra varianta tika
nonemtas 10 saknes, kuras skaloja ident, apzavéja uz filtrpapira un svéra.
Augu zalajam lapam spirta izvilkuma varposanas faz€ noteica hlorofila un karatinoidu saturu
péc A.Jermakova augu biokimisko petijumu metodikas [8]. Tika izmantots Perkin Elmer aparats
Lambda 25 UV/VIS Spektrometer.
Ziemas rudzu paraugi vert€Sanai tika nonemti ar ramiti graudu pilngatavibas fazé 18.augusta.
Katra variantd nonemti paraugi 4 atkartojumos.
Paraugiem tika noteikts produktivo stiebru skaits (gab. m), vidgjais stiebru garums, sticbru
diametrs, varpu garums, graudu skaits varpa, graudu masa varpa, 1000 graudu masa, ka ari
graudu un salmu razas lielums.
Ziemas rudzu biometrisko raditaju novertésanai katram paraugam tika meriti un analizéti 20
stiebri. leghtajiem izm&ginajuma rezultatiem veikta datu matematiska apstrade ar dispersijas
analizes metodi.

Rezultati un to izvérte jums
2003.gada rudeni biologiskaja lauka iesGtie ziemas rudzi ,Duoniai” labi sadiga, saceroja un
ziemoSana iegaja laba stavokli. ZiemoSanas apstakli rudziem bija apmierinosi.
2004.gada vegetacijas periods Latvija bija véss un lietains, bet, ta ka ziemaji nav siltumprasiga
kultiira, ziemas rudzu augSana un attistiba laika apstak]u de] netika trauceta.
Augu vegetacijas periods 2004.gada Latvija sakas 15.aprili, tas ir par dazam dienam agrak ka
citus gadus. Ménesa beigas naktis bija v&sas, 26. un 27.aprili noverotas salnas. Zem ziemajiem
pasétais sarkanais abolins diga lendm un nevienmérigi. NokriSnu daudzuma zipa aprilis bija
ceturtais vissausakais ménesis pédéjo 80 gadu laika.
Maijs Latvija bija nedaudz vesaks par normu. Gaisa un uz augsnes nereti tika novérotas salnas.
Vesa bija arT juinija II dekade, salnas Skriveros atzimétas vél 8. un 9.junija. Kopuma 23 no 30
ménesa dienam gaisa temperatiira bija zem normas. Jinijs bija lietains, pasi meénesa III dekade,
27.junija Skriveros nolija 62 % no ménesa normas.
Julija laika apstakli bija tuvu normai. Augusta un septembri bija méreni silts un lietains laiks.
Ar Lignosiliciju apstradataja ziemas rudzu sgjuma dala efekts bija pamanams jau péc 2- 3
nedélam. Lignosilicija fona aktiviz€jas fotosint€zes procesi Tas veicinaja augu pilnvertigaku
augSanu un attistibu, par ko liecinaja s€juma veseligais izskats, spécigie dzinumi un kos§i zala
lapu krasa. Pieauga rudzu noturiba pret slimibam, tika aizkavéta augu saslimSana ar séniSu
ierosinatajam infekcijam- miltrasu un risam. Vizuali vért€jot péc 10 ballu skalas stiebroSanas-
varpoSanas faze ar LSP apstradataja s€juma dala atzime bija 9,5 balles, kontroles varianta 7
balles. Rezultata stiebroSanas- varposanas faze, kad intensivi formejas graudaugu razas lielums,
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Lignosilicija pielictoSanas ietekmé rudzu sgums bija ieverojami sp&cigaks un veseligaks
salidzinajuma ar kontroles variantu.

Par Lignosilicija pozitivo ietekmi liecina arT rudzu saknu attistiba varpoSanas faze. Ar LSP
apstradataja varianta rudziem veidojas lielaka saknu masa, kas 1ava augiem pilnvertigak izmantot
augsn€ pieejamas baribas vielas (skat. 1.att€lu).

Saknu masa palielindjas 2,2 reizes- vidgja saknu masa vienam augam kontroles varianta bija 9,2
g, ar LSP apstradataja varianta 20,0 g Saknu sausne lignosilicija fona salidzinajuma ar kontroli
attiecigi piecauga no 4,8 guz 10,9 g.

1.attéls. Lignosilicija (120 kg ha') ietekme uz Zemas rudzu saknu attistibu varpo$anas faze

Lapu analizes varpoSanas faze liecina, ka Lignosilicija fona, salidzinot ar kontroli, hlorofila un
karatinoidu saturs butiski nepalielinas. Tomer, spriezot pec lapu krasas, agrina attistibas stadija
hlorofila saturs bija paaugstinats. Lapas varpoSanas fazé palielinas polifenolu saturs, par ko
liecina UV spektru absorbcijas Iiniju intensitates paaugstinasanas: 1,4 reizes absorbcijai pie 270
nm, 1,3 reizes absorbcijai pie 366 nm un 1,2 reizes absorbcijai pie 374 nm. [7].

1.tabula
Ziemas rudzu ,, Duoniai” biometrisko analiZu rezultati pilngatavibas faze
Produktivo Stiebru Stiebru Salmu
stiebru skaits, garums, diametrs, masa,
gab. m? cm mm gm?
Kontrole 653 118 3,98 8,84
Lignosilicijs 120 kg 678 127 4,44 9,51
ha't
+/- salidz. ar kontroli +25 +9 +0,46 +0,67
% pret kontroli 104 108 112 108
RS.05 2129 45 0,18 25

Biometrisko raditaju analizes liecina, ka Lignosilicija ietekmé nedaudz palielinajas produktivo
stiebru skaits (gab. m?), batiski pieauga stiebru garums un stiebru diametrs Lignosilicijs
veicindja garaku un daudz izturigaku ziemas rudzu stiebru veidoSanos, kas nodroSinaja gan
salmu, gan graudu raZas pieaugumu. Salmu masa palielindjas par 0.67 t ha™ jeb 108 %
salidzinajuma ar kontroles variantu. (1.tabula).
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Lignosilicija fond s€ums veidojas ieveérojami spécigakiem stiebriem, tas garant€ja augstaku
veldres noturbu ari nelabvéligos laika apstaklos. Ipasi svarigi tas ir gadjumos, kad zem
graudaugiem paséti daudzgadigie zalaugi, kuri veldres gadijuma var tikt nomakti. Tada situacija
cietts ne tikai graudu raza, bet biis jaatjauno arT pasétais zalajs.

2.tabula
Ziemas rudzu ,, Duoniai” graudu raza un tas struktiirelementu analizu re zultati
Varpu Graudu Graudu 1000 Graudu
garums, cm skaits masa graudu raza,
varpa, varpa, g masa, g t hat
gab.

Kontrole 7,3 35,8 1,19 31,7 5,35
Lignosilicijs 120 kg ha™ 8,0 41,4 1,51 33,5 6,32

+/- salidz. ar kontroli +0,7 +5.,6 +0,32 +1,8 +0,97
% pret kontroli 110 116 127 106 118
RS.05 0,59 3,82 0,27 2,05 1,4

Lignosilicija klatbiitne sekméja ar1 butisku varpu garuma pieaugumu, bitiski palielinajas graudu
skaits un graudu masa varpa, attiecigi par 116 % un 127 % (skat. 2.tab.). Graudi veidojas rupjaki,
1000 graudu masa palielinajas par 1,8 g. Tas viss kopuma nodro§inaja graudu razas picaugumu
par 0,97 t ha™ jeb 118 % salidzinajuma ar kontroles variantu.

Secina jumi
Lignosilicija izmanto$ana biologiskaja lauksaimnieciba ziemas rudzu s€jumos aizkavé augu
inficéSanos ar séniSu ierosinatajam slimibam agras graudaugu attistibas stadijas, tada veida
pagarinot pilnvértigas razas formésanas laiku un nodroSinot augstakas un kvalitativakas graudu
razas ieguvi.
Lignosilicijs sekmé ziemas rudzu graudu un salmu razas pieaugumu, 1000 graudu masas
palielinajumu, ka arT butiski paaugstina stiebru garumu un diametru, varpu garumu, graudu
skaitu un graudu masu varpa.
Lignosilicija ietekmé veidojas rupjaki un stingraki rudzu stiebri, paaugstinas veldres noturiba,
tade] drosak var veikt daudzgadigo zalaugu pas€ju zem ziemas rudziem.
Lauka izméginajuma rezultati liecina, ka Lignosilicija pielictoSana biologiskaja lauksaimnieciba
rudzu s€jumos ir perspektiva.

Summary
Biological agriculture is based on the promotion of nature”s self-regulation processes and the
enhancement of the biological activity of soil. It protects against the mineral fertilizers and
pesticides obtained by the chemical synthesis way. To ensure a successful activity of the
agricultural economy, increasingly new preparations are proposed.
Lignosilicon products with different contents of silicon are obtained on the basis of the
lignocellulose raw material, a waste of bioethanol. The products are protected with a patent and
certified (Product sanitary assessment No. 20, 2004, February 25). Lignosilicon products are not
toxic; they are assigned to 4-hazard class from the results of tests on rats.
Up to now, the effect of Lignosilicon (LSP), a product with the silicon content 5%, on different
cereal species has been investigated, but there are no data on its effect on winter rye. In Latvia,
winter rye is one of the main cultures, which is included in biological agricultural crop rotation.
To elucidate, how the cultivation and development of winter rye is influenced by Lignosilicon,
production experiments were conducted in Skriveri in 2004.
The experiments were carried out in a certified biological field, designed for scientific and seed
growing purposes. A 7-field crop rotation with one field area of 4.5 ha has been formed in field
conditions. The soil was medium-cultivated, corresponding to the world soil classification type
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Orthieurtic Mollic Gleysol (GL euomo), granulometric content 3.5%. The field was drained with
a closed drainage, pHkcr 5.8, average potassium and phosphorus supplies were 155.0 mg kg
and 84.4 mg kg, respectively, Ca content was 1240.0 mg kg™

The experiments were conducted in one crop rotation field, in which the winter rye ,,Duoniai”
was sown in the autumn of 2003.

The winter rye ,,Duoniai” emergenced well, tillered, and wintering proceeded in a good state.
Wintering conditions for rye were satisfactory.

In the early spring of 2004, i.e. on April 19, late tetraploide red clover ,,Divaja” was sown below
the rye. In several days after the clover sowing, before its germination on April 22, a 0.25-ha
area was loosened evenly, and, with the help of a light harrow, Lignosilicon was dug into the soil
at the application rate 120 kg ha™.

In 2004, the vegetation period in Latvia was cool and rainy.

The effect of the Lignosilicon-treated winter rye sowing part was observed already after 2- 3
weeks. At the Lignosilicon background, the photosynthesis processes were activated. It favoured
a more wholesome growth and development, which was testified by a more healthy appearance
of the sowing, stronger shoots and bright green leaves. The resistance of rye against diseases
increased, and the plants” affection by fungi-induced infections such as mildew and canker was
inhibited. Visually, assessing by the 10-point scale, in the heading phase, the LSP-treated sowing
part”s mark was 9.5 points, and that for the control was 7 points. As a result, in the shooting-
heading phase, when the cereal crop yield is being formed intensively, owing to effect of
Lignosilicon, the rye sowing was much stronger and healthy in comparison with the control.

The favourable effect of Lignosilicon was testified also by the development of rye roots in the
earing phase — June 18. In the LSP-treated variant, a greater rye root bulk was formed, which
enabled a more wholesome use of the nutrients available in the soil by the plants.

The root bulk, in comparison with the control, increased 2.2 times, while the dry matter content
in roots at the background of Lignosilicon, in comparison with the control, increased from 52.2
% to 54.5 %.

An analysis of leaves in the earing phase testified that, at the Lignosilicon background, in
comparison with the control, the content of chlorophyll and caratinoide contents did not increase
essentially. However, judging from the leaf colour, at the early stage of development, the
chlorophyll content had been elevated. In the leaves in earing phase, the polyphenol content
increased, which was testified by an increase in the intensity of the UV spectra absorption curve:
1.4, 1.3 and 1.2 times for absorption at 270, 366 and 374 nm, respectively.

Lignosilicon promoted the formation of longer and stronger winter rye stems, which ousted the
weakly developed ones and ensured an increase in both straw and cereal crops. A somewhat
more rare sowing was formed, but with stronger stems, which ensured somewhat higher lodging
resistance also in unfavourable season conditions. It was especially important also in the cases,
when perennial grasses were sown below the cereals, which, in the case of lodging, can be
suppressed. In this case, not only the cereal crop would be affected, but the sown grass would
also have to be renewed.

An analysis of biometric parameters shows that, as a result of the Lignosilicon effect, the number
of the productive stems (pieces. m?) increased, and the stem length and diameter increased
considerably.

The presence of Lignosilicon also favoured essentially the ear length growth, the grain number
and mass in the ear increased dramatically by 116 % and 127 %, respectively. Stronger grains
were formed, 1000 grains” mass increased by 1.8 g. All this ensured a grain crop increase by
0.97 t ha* or 118 % in comparison with the control. The straw mass increase was 0.67 t ha™ or
108 % in comparison with the control.

The use of Lignosilicon in biological agriculture in winter rye sowings inhibits the plants
infection with fungi-induced diseases at early stages of cereal development, thereby prolonging
the wholesome crop formation time and ensuring an earlier higher-quality grain crop yield.
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The results of the field experiments testify that the application of Lignosilicon in biological
agriculture in rye sowings is promising.
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RAPSA SEK LU APSTRADESAR FOSFORU IETEKME
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DAUDZUMU UN RAZU
PHOSPHOROUS SEED COATING AFFECT TO GERMINATION,
PHOTOSYNTHETIC PIGMENTSAND YIELD OF RAPE
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Latgales Lauksaimniecibas zinatnes centrs / Scientific centre of agriculture of Latgale
LLZC, Jaunvilani, R€zeknes raj.
Talr.: + 371 4628140, + 371 9465004, e-pasts: aldisstr@apollo. v

K.JUKAMA, A.STALAZS, M.VIKMANE, U KONDRATOVICS
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Abstract. Rape (Brassica napus L. var. napug is long ago-known vegetable of Brassicaceae in agriculture.
It is important and valuable oil, forage, green-fertiliser and nectar plant. The experience of last years shows that
rape is suitable for growing in conditions of Latvia, but investigations about its cultivars and growing technologies
are not wide enough.
The phosporus-fertilizer adding in the rape plantationsis of great importance for increasing of its productivity. With
the aimto reduce the expenses the phosphorus treated rape seeds are made use.
In our investigations the vel ocity of seeds germination, germinating viability, germinating vigour, green pigments’
quantity in seed-lobes and seeds’ corp are studied. The conclusion is drawn that phosphorus treated seeds are of
elevated physiological activity and elevated quantity of chlorophyll in seed-lobes, the seed-corp isincreased for 3-
70%. The velocity of the seeds’ germination, germinating ability and germinat ing viability isincreasad too.
The making use of phosphorus treated seeds is of great effectiveness because it gives the possibility to prevent
phosphorus-lack in plants and to increase physiol ogical activity and productivity of plants.

Key wor ds: spring rape, mineral nutrition, seed germination, pigments of green plagids, yield.

levads

Rapsis (Brassica napus L. var. napus) ir piemérots mérena klimata joslai Tas ir sens un
nozimigs kapostu dzimtas (Brassicaceae) kultiiraugs. Rapsis ir audzgjams relativi zemas
temperatiiras, un ta attistbai nepiecieSams ieveérojami mazak siltuma neka citiem ellas augiem.
Pieprasijums p&c rapsa arvien pieaug, jo palielinds ta izmantoSanas iespgjas. No rapsa seklam
leglist augstvertigu partikas ellu, bet ta spraukumi ir laba, olbaltumvielam bagata lopbariba.
Papildus rapsi izmanto zalm@slojumam un ka nektaraugu. Latvija uzsakta rapSa ellas
izmanto$ana biodizeldegvielas razoSana.

Pedgjo gadu pieredze rada, ka rapsis ir piemérots audz€sanai Latvija [1; 2; 3; 4; 5]. Rapsa
audze€Sanas pamatnosacijumi nemainas, bet strauji mainas audzeSanas iesp&jas. Tas galvenokart
saistitas ar jaunu rapsSa $kirnu un audz&Sanas tehnologiju ienakSanu Latvija. Jaunas Skirnes ir ar
iesp&jami augstaku razibu, tas ir prasigas pret audzesanas apstakliem, pasi pret méslojumu. Liela
nozime rap$a razibas un tas kvalitates paaugstinasana ir fosfora méslojumam. Fosfors augam ir
loti nozimigs elements, jo tas ir tadu katrai dzivai $tnai bitisku komponentu ka nukleinskabju,
fosfolipidu un adenozintrifosfata (ATP) sastava. Fosfors ir gan dezoksiribonukleinskabes (DNS)
ka genétiskas informacijas neséja, gan ribonukleinskabes (RNS) ka genctiskas informacijas
realizétaja sastava. Neparvértejama ir fosfora savienojumu nozime Sinu energétiskaja
metabolisma. Fotosint€zes un elpoSanas gaita saistita ar ATP veidoSanos. ATP, nododot fosfatu
grupu citam savienojumam, to aktivé. Neorganiskajiem fosfatiem augu §tina ir loti liela
regulgjosa loma. Neorganiskais fosfors kontrole fermentativas reakcijas ka ar1 piedalas
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metabolisma celu regulacija, ietekmé fotosint€zes produktu parvietoSanos, cietes sint€zi un
uzkrasanos [6; 7; 8].

Fosfors ir otrais makroelements péc slapekla, kura visbiezak trikst augsné. Kopgjais fosfora
daudzums augsné var bt liels, bet svarigs ir augiem uznemama un pieejama fosfora daudzums.
Fosfors augsné ir gan organisko, gan mineralsavienojumu veida. Augsnes organiskos
savienojumus mineraliz€ augsnes mikroorganismi, veidojot fosfatus. Augsnes mineralie
savienojumi ir loti daudzveidigi, diemzel lielaka dala augsnes neorganiska fosfora ir neskistosu
savienojumu veida, kas augiem ir griti uznpemami. So apstiklu dé] aramzemé kultiraugiem
pieejamais fosfora daudzums ir nepietickams un, lai iegiitu labu razu, lieto mineralméslus.
Tomer sezond no ienesta fosfora méslojuma ap 80% klust augiem nepieejams, jo absorbgjas uz
augsnes dalipam, veido neSkistoSus salus vai mikroorganismu darbibas rezultata parversas
organiskos savienojumos [9]. Fosfora trikums ierobezo mikroelementu uznemsanu [7].

Tapéc mineralméslu izmantoSanai rapSa mesloSana ir jabut péc iesp&jas racionalakai, jo
meslojuma izmaksas i lielas, ka arT jasamazina mineralméslu pielietoSanas negativas sekas vide.
Viena no tadam pieejam, kas atlauj samazinat mineralméslu pielietosanu, ir speciali ar fosforu
apstradatu séklu izmantoSana. Ar fosforu apstradato s€klu pielictosana ir videi draudziga
tehnologija, uzlabo mineralméslu izmanto$anu, nepiesarpojot vidi [10], jo saistvielu kapsula
fosfors ir augiem viegli uzpemama forma [11, 12].

Darba meérkis: noskaidrot, ka s€klu apstrade ar fosforu ietekme rapSa s€klu digSanu, zalo plastidu
pigmentu daudzumu digllapas, ka ar1 seklu razu.

Materiali un metodes

Vegetacijas un lauka izméginajumos (2002. un 2003. g.) izmantota rapSa Skirne ,Mozart”. Ta ir
saturu. ,,Mozart” ir izturiga pret krustziezu sauso puvi Phoma lingam un gaisplankumainibu
Cylindrosporium concentricum. Skirnei ir augsta veldres izturiba [4].
Eksperimentos izmantotas Skirnes ,Mozart” seklas, kuras apstradatas ar pulverveida fosfora
méslojumu, kas nostiprinats pie séklim ar saistvielu. Apstrades metodes (iSeed '™) patents
pieder Somijas firmai “ Kemira Grow How”, bet saistvielu sastava patents — “ Kemira Grow
How” un* Fortum Oil and Gas” .
Petjumos izmantotas gan s€klas, kas apstradatas ar fosforu, gan seklas, kas ieglitas audzgjot
augus no ar fosforu apstradatam séklam. Tadejadi skaidrojot, vai apstrades ar fosforu ietekme
izpauZzas ar1 nakamaja paaudze.
Vegetacijas izméginajumos séklas diedzeétas +20°C temperatiira. Séklas ievietotas starp
filtrpapira ripam Petri traukos un novietotas tumsa. Lai s€klas neieziitu, katra Petri trauka
filtrpapira ripa ar filtrpapira tiltinu savienota ar destiléta Gidens trauku. Udens iztvaiko$anu
ierobezo Petri traukam uzlikts vacins, atstajot spraugu gaisa ventilacijai. S€klu digSana noteikta
ik pe€c 12 stundam. Atkartojumu skaits — 5. Katra atkartojuma 100 seklas. P&c digllapu
parad®anas Petri traukus ekspon€ gaisma, lai noteiktu zalo plastidu pigmentus.
Vegetacijas izméginajumos noteica:
1. Rapsu séklu digSanas atrumu, digtsp&u un digSanas energiju [13, 14]. Digtsp&ju izsaka
procentos, normali sadiguso seklu skaitu attiecinot pret kop&jo digtsp&jas analizé ieklauto seklu
skaitu. Seklu digSanas energiju nosaka digtsp&jas analizes laika, uzskaitot normali sadigusas
s€klas visintensivak digstosaja laika (1/3 vai 1/2 no digSanas perioda). To aprékina procentos,
sadiguso s€klu skaitu dalot ar vispar sadiguso s€klu skaitu attiecigaja varianta [13].
2. zalo plastidu pigmentu daudzumu digllapas — spektrofotometriski kop€ja pigmentu acetona
izvilkuma, nosakot skidumu optisko blivumu (D) gaismas vilnpu garumos, kas atbilst hlorofila a,
hlorofila b un karotinoidu absorbcijas maksimumiem.
Pigmentu koncentraciju (C - mg-I*) aprekina péc formulam [15]:

Chla = 9,784 D662 - 0,990 D644

Chib= 21,426 Dggs - 4,650 Dego

Ck = 4,695 Dayos - 0,268 C, + Cy
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Co =

Lauka izmégina jumus (2003.g.) iertko p&c randomizeto bloku metodes 4 atkartojumos. Laucina
kopgja platiba 2 mx 10 m =20 m?. Uzskaites platiba 1.6 mx 10 m= 16 m’. Izolacija starp
lauciniem 0.4 m, starp atkartojumiem 0.5 m. Izm&ginajumu kopéja platiba 1259 m?. Augsnes
tips: podzoléta glejaugsne. Organiskas vielas saturs augsné — 38 g kg*, pHkc—7.3, P-
36.2 mgkg ™, K—-75.6 mgkg ™. Priek$augs — melna papuve, pamatméslojuma “ Kemira Grow
How” kompleksais mineralmeslojums 18:9:9, papildméslojuma lietots amonija nitrats (devas
saskana ar metodiku).

Meteorologisko apstaklu raksturojums (2003.g.). Maija otraja un tresaja dekadge silts un mitrs.
PietickoSais mitruma daudzums labvéligi ietekméja rapSa séklu dig8anu. Jiinijs — sauss un karsts.
Julijja — nokri$nu daudzums 1.4 reizes parsniedza normu. Razas novakSanas perioda, augusta
treSaja dekade, nokrisnu daudzums 4.2 reizes parsniedza normu, kas negativi ietekm&ja razas
novakSanu.

Lauka izm&ginajumos noteikta rapSa séklu raza. Rapsis novakts atbilsto$i s€klu gatavibai ar
kombainu Sampo-130. A/S Rézeknes Dzirnavnieks laboratorija ar Infratex 1241 noteikts
kopégjais ellas saturs seklas.

Datu matematiska apstrade (vid€jo aritmétisko, reprezentacijas klidas, robezstarpibas aprekini)
un atte€lu izveide veikta ar datorprogrammu MS Excel.

Rezultati un to izvérte jums

Seklu digSanas procesa norise i saistita ar se€klu kvalitati [16; 13; 17]. Seklu kvalitati visbiezak
noverte, nosakot to fiziologiskas ipasibas — digSanas atrumu, digtspeju, digsanas energiju.
Ar fosforu apstradatu séklu digs§ana. S€klu digSanas sakuma vienlidz intensivi digst gan
kontroles varianta, gan ar fosforu apstradatas s€klas. Jau sestaja stunda péc s€klu sadigsanas, ar
fosforu apstradatas seklas, peéc digSanas atruma, par 3 % parsniedz kontroles varianta s€klas. Ar
fosforu apstradato séklu lielaku digsanas atrumu konstat€jam visa eksperimenta gaita (1.attels).
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1.attels. Rap$a Skirnes ,M ozart” séklu dig§ana
Fig. 1. Germination of the rape ,, M ozart” seeds

Iesp&jams, ka miisu eksperimenta, jau 35. stunda p&c ar fosforu apstradato seéklu sadigSanas,
fosfora anjoni ir nonakusi s€klas. Seko intensiva tidens uzpemsSana un s€klu digSana notiek
straujak. Literatira ir norades, ka palielinoties osmotiski aktivo vielu koncentracijai augu
dzivajas §iinas, tas intensivak saista tdeni [18; 6].

Séklu digtsp&ju un digsanas energiju apstrade ar fosforu nav bitiski ietekméjusi (2., 3.attels).
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2.attels. RapSa Skirnes ,M ozart” seklu 3.attels. Rapsa Skirnes ,M ozart” seklu
digtspeja digSanas energija
Fig. 2. Germination viability of the rape Fig. 3. Germination vigour of the rape
~»Mozart” seeds ~»Mozart” seeds

Kaut gan ar fosforu apstradato séklu digtsp&ja ir par 6 %, digSanas energija par 2 % liclaka, neka
kontroles varianta seklam, atSkiribas ir klidu robezas.

Zalo plastidu pigmenti. Septitaja diena, pec seklu sadigSanas, ar fosforu apstradato seéklu
digllapas hlorofila a un hlorofila b summa ir par 43 % liclaka, neka kontroles varianta s€klu
digllapas. Digllapas palielinas arikarotinoidu daudzums (4., 5 attels).

Dazu autoru darbos ir norades par pozitivu korelaciju starp hlorofila daudzumu un fotosinteézes
intensitati [19; 20; 21]. lespgjams, ka fosfora apstrades ietekmé digstos fotosint€ze notiek
intensivak un veidojas vairak energgtisko un plastisko vielu.

2.000 0500
2 1.500 T o 0400
(=) (=)
€ £ 0.300
£ 1.000 2
3 S 0200 -
E E
g 05007 S 0.100
0.000 ‘ 0.000 ‘
kontrole P kontrole P
varianti varianti
4.attéls. Rapsa Skirnes ,M ozart” seklu S.attéls. Rapsa Skirnes ,M ozart” seklu
apstrades ar fosforu ietekme uz hlorofila  apstrades ar fosforu ietekme uz karotinoidu
a+b daudzumu digllapas daudzumu digllapas
Fig. 4. The total amount of chlorophyls  Fig. 5. The total amount of carotenoid in flax
atb in flax cotyledons fromthe cotyledons from the phosphorus treated rape
phosphorus treated rape , M ozart” seeds »Mozart” seeds

Séklu apstrades ar fosforu pecietekme uz nakamas paaudzes s€klu digSanu. Otraja paaudze
s€klam (2003. gada seklu raza, kas iegiita audz€jot augus no ar fosforu apstradatam s€klam) ir
ievérojami intensivaka digSana, neka kontroles varianta séklam. Vislielakas atSkiribas starp
variantiem ir s€klu digSanas sakuma (6.att€ls).
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6.attels. RapSa Skirnes ,M ozart” 2. paaudzes seklu dig§ana
Fig. 6. Germination of the secend generation rape ,, M ozart” seeds

Ar fosforu apstradato seéklu digtspéja otraja paaudze ir tikai nedaudz lielaka par kontroles
varianta s€klu digtsp&ju, bet séklu digsanas energija ir par 39 % liclaka neka kontroles varianta
seklam (7., 8.attels).
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Fig. 7. Germination viability of the secend Fig. 8. Germination vigour of the secend
generation rape , M ozart” seeds generation rape , M ozart” seeds

Lauksaimniecibas zinatnu specialisti norada, ka paaugstinata digSanas energija, audzgjot augus
nelabveligos vides apstaklos, var bitiski ietekmét seklu digsanu [2, 13], nodrosinot strauju augu
augsanu agrajas attistibas stadijas, vienadu un izlidzinatu attistbbu ontogenéze. Ta rezultata augi
sp&j daudz efektivak izmantot savu razas potencialu.

Apkopojot izméginajuma rezultatus par fosfora varianta 2.paaudzes séklu digsanu, ir redzama
fosfora apstrades pozitiva pecietekme uz nakamas paaudzes seklam.

Zalo plastidu pigmentu daudzums otras paaudzes rapSa digllapas ir lielaks neka kontroles
variantam (9., 10.att€ls).
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Fig. 9. The total amount of chlorophyls  Fig. 10. The total amount of carotenoid in flax
at+b in flax cotyledons from the secend cotyledons from the secend generation rape
generation rape , M ozart” seeds »Mozart” seeds

Kopgjais hlorofila daudzums par 50 %, karotinoidu daudzums par 2.9 % parsniedz kontroles
variantu, bet karotinoidiem atSkiribas ir klidu robeZas.
Apkopojot izméginajuma rezultatus - séklu apstradei ar fosforu ir pozitiva ictekme uz zalo
plastidu pigmentu biosintezi arT nakamaja paaudzg.
Rapsa séklu razas analize. Lauka izméginajumos, rapsa skirni ,,Mozart” nodrosinot ar dazadu
slapekla, fosfora un kalija méslojumu, labak aug un attistas augi, kuru izaudz€Sanai izmantotas ar
fosforu apstradatas seklas. legiito razas datu analize liecina, ka variantos, kur lietotas ar fosforu
apstradatas s€klas, iegiita par 3-70 % lielaka seklu raza, salidzinot ar kontroli. Lielaka Skirnes
JMozart” seklu raza — 4.22tha! legiita no augiem, kuru audzeéSanai izmantotas ar fosforu
apstradatas séklas un lietojot mineralméslojumu N 120 (Ngs 18:9:9 250 kgha ™t + Nys-
220 kg ha ™' amonija nitrats + KCI). Fosfora ictekmé ellas saturs rapsa seklas ir paaugstinajies
par 0.2 Iidz 1.3 %.

1. tabula/ Table 1
RapS$a Skirnes , M ozart” séklu raza 2003. gada (Latgales Lauksaimniecibas zinatnes centrs)

The yield of rape , M ozart” in 2003 (in Scientific centre of agriculture of Latgale)

Meéslojuma varianti / Variants of fertilizer Raza/ Yield Ellas saturs seklas
Oil contentin rape
seeds
tha™ % %
1. kontrole — bez méslojuma (control — without fertilizer) 2.37 100 46.0
2. kontrole (control) + P s&klas (phosphorus treated seeds 2.43 103 47.3
(iSeeds™))
3. N12o (Ngo 18:9:9 - 500 kg ha™ + N3o — 88 kg ha™ amonija 3.04 128 46.2
nitrats (amonium nitrate)
4, N1 (Ngo 18:9:9 - 500 kg ha_l + N3 — 88 kg ha_l amonija 3.33 143 47.3
nitrats (amonium nitrate) + P s€klas (phosphorus treated
seeds)
5. N120 (N4s 18:9:9 — 250 kg ha™ + N5 — 220 kg ha™ amonija 3.84 162 46.9
nitrats (amonium nitrate) + KCI)
6. N12o (N5 18:9:9 — 250 kg ha™ + N75 — 220 kg ha™ amonija 4.22 170 47.0
nitrats (amonium nitrate) + KCI) + P séklas (phosphorus
treated seeds)
Y006=0.20

Literatira ir norades [22], ka rapSa s€klas esoSic proteini ir bagati ar neaizvietojamam
aminoskabém (lizinu, metioninu, cisteinu), s€klas satur arT nepiesatinatas taukskabes (oleinskabi,
linolskabi, linolénskabi), kas ir nepiecieSamas dzivnieku augSanai un labveligi ietekmeé to
produktivitati ka ar1 ir vertigs uzturlidzeklis cilvekiem. Tapéc seklu apstrades ar fosforu ietekme

124
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

uz rapSa Skirnes ,Mozart” seklu razu ka arT ellas saturu s€klas uzskatama par nozimigu.
Izméginajumu rezultatu novirzu ticamibas aprékini pierada, ka ieghtic rapSa séklu razas
pieaugumi visos variantos ir bitiski, iznemot 2. variantu — ar fosforu apstradatas s€klas bez
méeslojuma.

Ta ka fosforam ir bitiska loma visos auga notiekoSajos fiziologiski biokimiskajos procesos [18;
13; 6; 22; 4], ari musu pétjumos iegltic rezultati apstiprina fosfora butiskumu. Fosfora
izmantoSana s€klu apstradé nodroSinajusi labaku ta uzgemSanu un iesaistiSanu rapsa
metabolisma procesos, par ko liecina s€klu razas un ellas satura picaugums séklas augiem, kuri
izaudzeti no ar fosforu apstradatajam seklam.

Secina jumi

1.  Ar fosforu apstradato vasaras rapsa skirnes ,,Mozart” s€klu digsanas raksturojums ir $ads:

e  péc apstrades ar fosforu palielinas seéklu digsana;
o digtsp€jas un digSanas energijas izmainas nav bitiskas;
. fosfora ietekmé kopéjais hlorofila daudzums dig]lapas palielinas;

2. Rapsa seklu raza, kas iegita, izmantojot ar fosforu apstradatas s€klas un lietojot dazadu
slapekla, fosfora un kalija mineralméslojumu, ir palielinajusies par 3-70 %, bet ellas saturs
s€klas — par 0,2 -1.3 %j;

3. Seéklu apstrade ar fosforu pozitivi ietekmé nakamas paaudzes seklu fiziologisko darbibu:

e  paliclinas séklu digsana, digtspéja un digsanas energija;
. lielaks ir zalo plastidu pigmentu daudzums dig]lapas;

4.  Ar fosforu apstradato rapSa s€klu izmantoSana ir efektiva: palielinas seklu fiziologiska

aktivitate un séklu raza, tiek uzlabota fosfora izmantoSana un notiek vides saudz&Sana.

Summary
The experience within the last years demonstrate that rape (Brassica napus var. napus) is
suitable for growing in Latvian climate, however, investigations regarding its sorts and growing
technologies are rather insufficient.
Rape is grown in relatively low temperatures and it requires considerably less warmth than other
oil plants in their growth. The demand for rape increases simultaneously with widening usage
possibilities of the plant. Rape seeds are important and valuable oil source. Rape is qualitative
forage full of proteins. Besides that, it is used as green-fertiliser and as nectar plant. In Latvia
rape oil usage has been started in bio fuel production.
It is important starting from the seeds” germination up to their maturity. The plants use the
phosphorus that is in the seeds rapidly; later they absorb it from the environment. In most cases
the phosphorus that is found in the soil is difficult to use by the plants, as it creates insoluble
compounds. In order to have a great yield, the necessity for phosphorus is ensured by using
mineral nutrition. However, in the season about 80% from phosphorus-fertiliser used for the
plants become unavailable. In order to decrease the expenses for mineral nutrition as well as to
avoid pollution, the seeds treated with phosphorus powdered nutrition are introduced instead.
The nutrition is fixed to the seeds with the help of binding agent. The patent for this treatment
method (iSeed™) belongs to Finnish company "Kemira Grow How” but the patent for the
binding agent belongs to " Kemira Grow How"' and " Fortum Oil and Gas'.
Rape ,Mozart” was used in vegetationand field tests (in 2002 and 2003). It is highly productive,
medium summer 00 sort with excellent quality indicators and specifically high oil contents. The
»-Mozart” is rather resistant to different plant diseases. It shows high lodging consistence.
Vegetation tests were carried out in the Department of Plant Physiology, The faculty of Biology,
the University of Latvia but the field-tests in the Science Centre of Agriculture of Latgale.
During the tests the phosphorus treated seeds were used as well as the ones originating from the
plants that were grown from the seeds treated with phosphorus. This helped to determine
whether the phosphorus treatment is visible also during the next generation.
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During the vegetation tests the seeds were germinated at + 20°C in the Petri dish. The length of
experiment depended on the germination speed. Germination of the seeds was set up every 3
hours. The number of repetitions — 5. The number of seeds in every repetition — 100. As soon as
seed lobes appeared, the Petri dish was displayed in light in order to state pigments of green
plastids. We investigated germination dynamics, germination power and energy of rape seeds.
The field tests were organised according to the method of random blocks with 4 repetitions. The
total field space was 2 m x 10 m = 20 n?. The total space of the test was 1259 m?. The soil —
humus podsol gley soil. The contents of organic substances in the soil - 38 g kg*, pHker - 7.3,
P,Os - 85 mg kgt, K205 - 63 mg kg™. Pre-plant - bare fallow. Basic fertiliser - " Kemira Grow
How" complex mineral nutrition 18:9:9, plant-feeder — ammonium nitrate (dosage according to
methodology). The field tests demonstrated the yield of rape seeds. Rape was cropped according
to the seed ripening phase by seed combine harvester Sampo-130. The total oil contents in the
seeds was determined by Infratex 1241 in the laboratory of Rézeknes Dzirnavnieks.

The results show that when the seeds are treated with phosphorus their physiological activity
increases as well as the amount of chlorophyll in the seed lobes.

The field tests demonstrate that when the rape ,,Mozart” was fertilised with different nitrogen,
phosphorus and kalium fertiliser, the plants germ and grow better if the seeds were treated with
phosphorus. The yield analyses testify that the yield of the rape seeds increased by 3 - 70 %,
when the seeds were treated with phosphorus and nitrogen, phosphorus and kalium fertiliser
comparing to the control test. The greatest yield of the rape seeds ,,Mozart” - 4,22 t ha™ was
obtained from the plants that were grown from the phosphorus treated seeds and using mineral
nutrition N 120 (N5 18:9:9 -250 kg ha' + N5 - 220 kg ha’ amonija nitrats + KCl). The
phosphorus has influenced the contents of oil in the rape seeds; it has increased by 0.2 to 1.3%.
Treatment with phosphorus also influences physiological activity of the seeds in the next
generation: germination speed, germination power and energy increases, the amount of pigments
of green plastids in seed lobes is greater.

As phosphorus plays an essential role in all physiologically biochemical processes of the plant,
the results of the tests confirm the importance of phosphorus. Phosphorus usage in the seed
treatment has ensured its better absorption and involvement in the rape metabolism processes. It
demonstrates increase in the yield of seeds and oil contents in the seeds of the plants that were
grown from the phosphorus treated seeds.

The usage of phosphorus treated rape seeds is effective: physiological activity of the seeds
increases as well as the yield of the seeds. Besides phosphorus usage is improved and
accordingly, it contributes to better nature protection.
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EKOLOGISKI DROSAS MIEZU AUDZESANAS

TEHNOLOGIJAS BIOLOGISKAJA LAUKSAIMNIECIBA
ECOLOGICALLY SAFE GROWING TECHNOLOGIES FOR SPRING
BARLEY ON ORGANIC FARMING

AGRITA SVARTA, JANIS VIGOVSKIS

Latvijas Lauksaimniecibas Universitates agentiira “Zemkopibas Zinatniskais instittits”
Talr.: + 371 8353634, e-pasts: svarta@ inbox.lv

Abstract. Field trials were carried out on organic farming fields at the Research Institute of Agriculture of
the Latvia University of Agriculture (LUA). The content of nitrates in soil, the influence of previous plants (red
clover, winter rue, bare fallow, fallow and green manure), use of stable manure (60 t ha™ or without) and
harrowing (without harrowing, before shooting, at the stage of clustering, before shooting and at the gage of
clustering) on the yield and weediness of spring barley , Sends’ were tested during 2003-2004. The content of
nitrates in soil was 8-79 mg kgt Previous plants and stable manure influenced barley grain yidds. Harrowing
increased the yields of barley only after winter rye for green manure by using stable manure, but the time of
harrowing had no influence on the yield of barley. The quality of grain was satisfactory. 1000 thousand weight was
medium — 33.5-38.4 g, medium was also volume weight — 609.0-633.5 g. The content of total protein was
satisfactory to good — 9.6 — 11.7 %.

Keywor ds: nitrates, organic farming, quality, spring barley, yields.

levads
Biologiska lauksaimnieciba Latvija vél ir salidzinoSi jauns razosanas virziens. 2003.gada beigas
Latvija bija 550 sertificétas saimniecibas, kas nodarbojas ar biologisko lauksaimniecibu.
Biologiski apstradata zemes platiba bija 24 422 ha un sasniedza 1% no visas lauksaimnieciba
izmantojamas zemes [1].
Biologiskaja lauksaimnieciba ir vairakas nopietnas problémas: loti sarezgita ir augu baribas
vielu, it seviski slapekla, nodroSinaSana un nezalu ierobeZzoSana. Ja konvencionalaja
lauksaimnieciba §1s problémas risina ar mineralméslu un dazadu augu aizsardzibas Iidzeklu
lietoSanu, tad biologiskaja lauksaimnieciba tos izmantot nevar. Ir jamekI€ kultiiraugu audze$anas
tehnologijas, kuras nodro$ina augstu un kvalitativu razu ieguvi, bet tai pasa laika nenodara
kait€jumu apkartejai videi un cilvékam.
Biologiskaja lauksaimnieciba augu baribas vielu nodro$inasanu un nezalu ierobezoSanu
galvenokart veic ar augu seku. Latvija veikti daudzi petijumi par dazadu priekSaugu ietekmi gan
uz vasaras miezu augsanu un attistibu, gan nezalu ierobeZoSanu, piem., A. Lejina izméginajumi
Skriveru augu seku stacionara [2]. Pieradits, ka priekSaugs ietekmé séjumu nezalainibu vairak
neka graudaugu patsvars augseka [3]. Ierobezot nezales iesp€jams izmantojot zinasanas par
augu allelopatiskaja pasibam. Zinams, ka ziemas rudzi izdala vielas (piem., hidroksiamilskabes),
kas aizkaveé nezalu digS§anu un attistibu. [4].
Slapeklis ir viens no galvenajiem razas veidojoSajiem elementiem. Biologiskajas augu sekas
ieteicams ieklaut taurinziezus. Latvijas apstaklos ar guminbakteriju palidzibu no gaisa piesaistita
slapekla daudzums 40 t ha™ lielai taurinziezu masai sasniedz 150-180 kg ha™* tira skabekla. Bez
tam taurinziezi ar labi attistito saknu sisttmu uzpem augsnes dzilakajos slanos izskalotas augu
baribas vielas un péc So augu masas iestrades augsné uzpemtas baribas vielas klust pieejamas
pargjiem kultiraugiem ar seklaku saknu sistému. [5].
Efektivs slapekla meéslojums i kutsmésli, bet parmérigi augstu devu lietoSana, nepareiza
glabasana piesarno udenus, picaug nitratu saturs produkcija. Eiropas Savieniba piepemta Nitratu
Direktiva (1991/676/EEC), kuras merkis i noveérst idenu piesarnojumu ar lauksaimnieciskas
izcelsmes nitratiem. Programmas TstenoSanai planoti vairaki pasakumi, t.sk., augu mainas
ievieSana, kas laus pilnigak izmantot augsnes potencialo auglibu, minimalas vegetacijas
uztur€Sana “zalajas platibas” rudens-ziemas perioda, nodroSinot augsnes erozijas un augu baribas
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elementu izskaloSanas ierobezoSanu. Katra saimniecba slapekla mé&slojuma daudzums, ieskaitot
dzivnieku atstatos méslus, nedrikst parsniegt 210 kg slapekla uz hektara. [6].

Pétjuma merkis: izveidot videi nekaitigu miezu audzeSanas tehnologiju augstu un kvalitativu
graudu razu ieguvei.

Petijuma objekti un metodes
Pétjums veikts Latvijas Lauksaimniecibas Universitates agentiira “Zemkopibas Zinatniskais
institits” Skriveros laika posma no 2003. Iidz 2004.gadam.
Iekartots trisfaktoru lauka izméginajums, kur faktors A — priekS8augi (sarkanais abolin$ séklai,
ziemas rudzi, melna papuve, papuve + zalméslojums,), faktors B - nezaju ierobezosanas iespéjas
(bez ecesanas, eceSana pirms sadigSanas (EC 7), ece€Sana cerosanas faze (EC 23), ec€Sana pirms
sadigsanas un ceroSanas fazé (EC 7 un EC 23)), faktors C -meslojuma lietosana (bez
katsmesliem un kitsmésli — 60 t ha™).
Lauka izm&ginajums iekartots velenu podzolétas smilSmala augsnés. Augsnes pHkc - 6,75,
organisko vielu saturs 32.5 mg kg™, P,0s — 162 mg kg, K20 — 158 mg kg, N kop.— 1.1 g kg™,
P&tjjumu objekts — vasaras miezu Skirne ,.Sencis”.
Pirms s€jas graudi kodinati ar lapu koku pelniem (1,5 kg pelnu un 1,5 1 tdens uz 100 kg graudu).
Izsgjas norma 500 digstosas séklas uz m. Sgja veikta 19. maija (2003.) un 30. aprili (2004.).
[zméginajums iekartots 4 atkartojumos, laucini izvietoti randomizeti, laucina platiba 42 m2 un
uzskaites platiba — 26,18 m2. Raza novakta 11. augusta (2003) un 10. augusta (2004).
Nitratu satura noteikSanai augsné nemti paraugi no 0-20 cm dziluma divos atkartojumos miezu
digsanas (EC 11), ceroSanas (EC 28) un varposanas faze (EC 54). Nitratu saturs noteikts ar
jonizacijas metodi.
Miezu graudu raza noteikta pie standartmitruma 14 %. Noteikti graudu kvalitativie radaji:
kopproteina saturs, 1000 graudu masa, tilpumsvars
Lauka ar priekSaugu: papuve+ zalmeéslojums augsné iestradata ziemas rudzu zalmasa. Zalmasas
daudzums 2003. gada — 17 t ha, bet 2004. gada — 15 t ha’. Ta ka kiitsmésli ir plai lietots
mésloganas lidzeklis, izm&ginajuma ieklauts variants ar kiitsmésliem - katsmésli 60 t ha™.
Izméginajuma iestradati labi sadalfjuSies kutsmeésli no biologiski sertificétas govju fermas.
Kustmésli vienmerigi izkliedéti uz izméginajuma laucina pavasari un talit iearti augsné. Gan
kutsméslu, gan ziemas rudzu zalmasas sausnes kimiskais sastavs att€lots 1. tabula.

1.tabula
Zie mas rudzu zalmasas un kiits méslu kimiskais sastavs sausne
Raditaji Ziemas rudzu zalmasa Kutsmesli

2003 2004 2003 2004
Sausne, g kg™ 178.3 169.0 169.7 387.7
P,Os, g kg™ 6.5 6.0 8.8 6.4
K.0, gkg™~ 30.2 25.4 18.3 9.7
N kop, g kg™ 28.7 27.7 37.7 23.8
Nitrati, mgkg™ 1358.10 720.00 611.07 1203.78

Meteorologisko apstak]u zipa pétijumu gadi bija atskirigi. 2003.gads bija labveligs vasaras miezu
attistibai. Aprilis bija auksts un lietains, ka rezultata aizkaveéjas miezu s€ja (19.05.). Maija gaiss
iesila pamazam, naktls gaisa temperatiira pietwr€jas zem 10 gradiem, augsnes virskarta nakti
biezi bija salnas. Miezi atri sadiga un saceroja. Junija vidéja gaisa temperatira bija 0,7 gradus
zemaka par normu, savukart nokriSnu daudzums — 75 % no normas. Savukart 2004.gada aprili
bija videji 1,7 gradus siltaks par normu. Lai gan vidgji maija temperatiira bija tuvu normai, pa
dekadem ta loti atSktras. Maija 2. dekades temperatira bija 3,1 gradu, savukart tresa dekade jau
3,6 gradus zem normas. Sai laika gaisa un uz augsnes bieZi bija salnas. Visaukstakajas naktis
meéneSa vidi vietam salnu intensitate sasniedza -5...-6 gradus. Maijja nokriSnpu daudzums
kopuma bija 80 % no normas. Jiinijs bija 1,3 gradus v&saks par normu. Ménesa sakuma naktis
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gaisa Vel bija salnas Iidz -1 gradam. Junija nokrisSpu daudzums par 52% parsniedza normu.
Vislielakais nokriSnu daudzums — 223% no normas - bija ménesa tresaja dekade, bet diennakts
nokriSnu daudzums 27.junija Skriveros sasniedza 62% no meénesa nokriSnu normas. Jilija vidéja
gaisa temperatiira un nokri$nu daudzums bija loti tuvu normai. Augusta vidéja gaisa temperatiira
bija 1,7 gradus augstaka par normu. Vissiltakais laiks bija 1. dekadg, kas izradijas siltaka dekade
ne vien §1 gada augusta, bet ar1 visa §1 gada vasara. Miezi labi auga un attistjjas, ka rezultata
nodro§indja labu graudu razu.

Datu matematiskajai apstrade veikta ar Microsoft Excel datorprogrammu, izmantojot divfaktoru
dispersijas analizi.

Rezultati

Augi slapekli galvenokart uzpem nitratu veida. Lauka izm&ginajuma pétits nitratu saturs augsné
dazadas augu attistibas fazes.

Nitratu saturs augsné bija robezas no 8-79 mg kg' (vid&ji 2003.-2004.gada) un pa mieZu
attistibas faz€m atSkmas (l.att.). Nitratu saturu augsné visas miezu attistibas fazes butiski
ietekméja priekSaugs. Digsanas laika (EC 11) nelietojot kiitsmeslus nitratu saturs augsné butiski
augstaks mieziem pé&c sarkana abolina, bet lietojot kiitsmeslus - péc melnas papuves. PriekSaugu
ietekmes faktora Tpatsvars 32 % (n°a). Cerosanas fizé (EC 28) nitratu saturs augsné svarstas no
29-56 mg kg™. Nelietojot kutsméslus butiski augstaks nitratu saturs augsné bija mieZiem, ko
audz€ja péc sarkana abolina un ziemas rudziem zalméslojumam. Savukart lietojot kutsméslus
nitratu saturs butiski zemaks bija tikai péc ziemas rudziem. Miezu varposanas fazé (EC 54)
nitratu saturs zemaks ka pargjas miezu attistibas fazes — tikai 11-26 mg kg . Priek$augu
ietekmes ipatsvars bija 38 % (n%a). Viszemakais nitratu saturs konstatéts mieZiem péc ziemas
rudziem zalméslojumam.

-1

60

5y
o 50 B 0
5 40
2 30
$ 20
.g 10 -
3
EC 11 EC 28 EC 54 EC 11 EC 28 EC54
bez kiitsmésliem katsmeésli 60 t ha-1

miezu attistibas fazes

O péc sarkana abolina
M p&c ziemas rudziem

1.attels. Nitratu saturs augsné miezu dig§anas (EC 11), ceroSanas (EC 28),
varpoSanas (EC 54) faze atkariba no priekSauga un kiits méslu lietoSanas,
mg kg vidéji 2002. - 2003.g.

Atkariba no izméginajuma variantiem vasaras miezu graudu razas bija 1.56 - 3,85 t ha
(2.tabula).
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2. tabula

Vasaras miezu,, Sencis” graudu razas atkariba no priekSauga, kiits méslu lieto§anas un

eceSanas laika, videji 2002. - 2003.gada

PriekSaugi EceSanas laiks Katsmésli (faktors C)
(faktors A) (faktorsB) Bez kiits mésliem 60t ha”

1. sarkanais abolins | 1. bez 2.93 3.45
2.EC7 2.87 3.29
3.EC23 2.84 3.22
4, EC 7un EC 23 2.98 3.37

Yo,05 = 1.70t ha-L, 'Yo’o5B =0.49t ha-l, ’YO,OSC =0.35tha™
2. ziemas rudzi 1. bez 2.00 2.82
2.EC7 191 2.94
3.EC 23 1.83 2.78
4. EC 7un EC 23 1.85 2.76

Yo,05 = 050t ha-l, 'Yo’o5B =0.36t ha-l, ’YO,OSC =025t ha™
3. melna papuve 1. bez 3.01 3.46
2.EC7 2.89 3.41
3.EC 23 2.96 3.46
4, EC 7un EC 23 3.02 3.51

Yo,05 = 0.30t ha-l, 'Yo’o5B =0.21t ha-l, ’YO,OSC =0.15t ha™
4. papuve un 1. bez 2.85 3.01
zalméslojums 2.EC7 2.97 3.35
3.EC23 2.79 3.19
4, EC 7un EC 23 2.76 3.02

Yo,05 = 047t hahl, 'YO,OSB =0.34t ha-l, 'YO,OSC =0.24tha”

Izméginajuma rezultati uzskatami pierada kitsméslu ictekmi uz vasaras miezu graudu razu
(p-vértba < 0,0001). Graudu razas pieauga par 0.47-0.99 t ha® 20003. gada, bet 20004.gada -
par 0.33-0.87 t ha*. Lielako razas picaugums vidgji 0.92 t ha™’ bija novérojums mieziem, ko
audz€ja pec ziemas rudziem.

PriekSaugu ietekme bija bitiska (p-veértiba < 0.0001) un ta at$kiras pa gadiem (p-veértiba <
0.0001).

Augstakas razas 2003.gada tika konstatetas audz€jot miezus pé€c melnas papuves un péc papuves
+ zalméslojums gan ar kitsmesliem, gan bez tiem.

Savukart 2004.gada bitiski augstakas razas audz€jot mieZzus péc melnds papuves un sarkana
abolina abos variantos - ar un bez kiitsmésliem.

Ecesana ietekmé&ja graudu razas bitiski vienigi 2003.gada kad tos audzgja p€c papuves +
zalméslojums, tomer ec€Sanas lakkam arT $aja varianta nebija butiskas nozimes. 2004.gada
ecéSanas ietekme uz graudu razu nebija biitiska. 2004.gads bija bagats ar nokriSniem, tape&c miezi
attistyjas atri, veidoja biezu aplapojumu un labi nomaca nezales.

Tukstots graudu masa (TGM) vidgji 2003.-2004.gada svarstijas no 33.5-38.4 g un bija atariga no
prickSauga un kiitsmésliem. Biitiski augstaka TGM konstatéta variantos, kur miezus audz€ja péc
sarkana abolina un ziemas rudziem gan lietojot kiitsmeslus, gan audz€jot miezus bez tiem.
Katsméslu ietekme uz TGM bija bitiska (p-veértba = 0.0004 < 0.05), savukart kitsmeslu
ietekmes atsvars bija 33,6 % (CFo).
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3.tabula
Vasaras miezu,, Sencis” graudu kvalitates raksturojums (vide ji 2003. - 2004.gados)
PriekSaugs kiits mésli 1000 graudu Tilpummasa, Kopproteins,
(faktors A) (faktors C) masa, ¢ gl? %
1. Sarkanais Bez kiitsmesliem
aboling 34.76 622.63 10.
60tha™ 35.64 632.44 10.5
2. ziemas rudzi | Bez kiitsmésliem 34.42 623.31 0.6
60tha™ 35.82 628.44 9.8
3. Melna papuve | Bez kiitsm&sliem 34.40 619.31 111
60t ha™ 35.96 623.56 11.1
4. papuve+ Bez kiitsmésliem
zalm@slojums 34.48 617.62 11.0
60tha™ 34.90 619.81 11.4
Yoos= 1.42 Q; Yoos=9.50 g I'; Yoos= 1.16 %;
Yo.05 A=1.00 g, Yo.05 A=6.72 g I_l; Yo.05 A=0.83 %,
Yo.05 C=0.71 g, Yo.05 C=4.75 g I_l; Yo.05 C=0.58 %,
Yoos AC=1.41¢ Yoos AC=9.50g I | y00s AC=1.17 %
1

Tilpummasa varigja no 612.5-650.0 g I*. Analiz&jot 2003. un 2004.gada vid&jos raditajus,

tilpbummasu bitiski ietekm&ja gan priekSaugs (p-veértiba = 0.03 < 0.05), gan kiitsmeslu lietoSana

(p-vertba =0.04 < 0.05). PrickSauga ictekmes Tpatsvars bija 12.2 % (IjA), bet kiitsmeslu

lietoSanas - 7.1 % ((fc). Bitiski augstaku tilpummasu konstatgja variantos: sarkana abolina un

ziemas rudziem gan lietojot kiitsméslus, audz&jot miezus bez tiem.

Skirne ,,Sencis” ir alus miezu $kirne, kam raksturigs zems proteina saturs. Vid&jais kopproteina

saturs graudos (3. tabula) bija 9.6-11.4 % un tas bija atbilstoss Skirnei, To butiski ietekméja

priekSaugs (p-vertiba = 0.0038 < 0.05), pie kam prieckSauga ietekmes ipatsvars bija 76.4 %.

Bitiski augstaks kopprotena saturs graudos novérojams mieziem, kurus audzgja pé€c melnas

papuves un papuves + zalmeéslojumam, kopproteina saturs parsniedz 11 %. Zems proteina saturs

graudos noveérots mieziem audz&jot péc ziemas rudziem (kopproteina saturs 9.6-9.8 %).

Kitsmeslu lietosana un ec€Sanas laiks bitiski neietekméja kopproteina saturu graudos.

Izméginajumi turpinas un, veicot tre$a gada lauka izméginajumus, atseviski raditaji var

mainities.

Secina jumi

1.  Miezu graudu razas izméginajuma bija 1.56 - 3,85 t ha. Razas lielumu bitiski ietekméja
kﬁtlsméslu lietoSana. kutsméslu lietoSana paaugstindja miezu graudu razas vid€ji par 0.92 t
ha™.

2.  Ecesana bitiski ietekméja graudu razas vienigi 2003. gada, pie kam ecéSanas laikam nebija
biitiskas nozimes.

3. Kopproteina saturu graudos, 1000 graudu masu un tilpummasu bitiski ietekmeja
prieckSaugs. Augstaka 1000 graudu masa, tilpumsvars un kopproteina saturs tika noverots
mieziem, ko audz€ja pec sarkana abolina un ziemas rudziem gan lietojot kiitsméslus, gan
audz€jot tos bez kiitsmésliem.

4.  Nitratu saturs augsné bija 8-79 mg kgt un galvenokart bija atkarigs no priekSauga un
miezu attistibas fazes. Augstakais nitratu saturs augsn€ tika novérots miezu ceroSanas un
stiebroSanas faz€. VarposSanas faz€ slapekla saturs augsné samazinas un visus brivos
slapekla savienojumus patére kultiraugi razas veidoSanai.
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Summary

Field trials were carried out on organic farming fields at the Research Institute of Agriculture of
the Latvia University of Agriculture (LUA). The content of nitrates in soil, the influence of
previous plants (red clover, winter rye, bare fallow, fallow + green manure), use of stable manure
(60 t ha or without) and harrowing (without harrowing, before shooting, at the stage of
clustering, before shooting and at the stage of clustering) on the yield and weedness of spring
barley ,.Sencis” were tested during 2003-2004.

The aim of field trial is to work out environmentally friendly growing technologies for spring
barley.

The field trials were carried out on turf podsolic soil: pHkcl — 6.75, P20s — 16.2 g kg, K20 —
15.8 g kg™, organic matter content — 32.5 g kg™, Niota — 1.1 g kg™ The object of research: spring
barley ,Sencis”. Seed rate was 500 germinating seeds per m. Before sowing, grains were
treated with 1.5 kg of ashes of foliage trees and 1.5 | of water per 100 kg of grain. Sowing date
was 19.05.2003. and 30.04.2004. The number of replications was four, random plot layout, the
plot size - 42 m? and testing plot size— 26.18 m?. The harvest was in 11.08.2003. and
10.08.2004.

After previous plant fallow + green manure, 15 t ha™* (2004) and 17 t ha™* (2003) of biomass of
Wintfr rye were cultivated. In the trial, variants with stable manure were included (doses of 60
tha™).

The content of nitrates in soil at the growing stages: before shooting (EC 11), at the stage of
tillering (EC 28) and at the stage of earing (EC 54) was determinated.

Crude protein content was determinate by Kjeldahl method.

ANOVA (two factor with replication) was used for data analysis.

Results. The content of nitrates in the soil at the different growth stages of barley was 8-79 mg
kg. The previous plant influenced the content of nitrates at the all growing stages. At the stage
of germination (EC 11) in variants without stable manure the highest content of nitrates was
obtained after red clover, but in variants with stable manure — after bare fallow. At the stage of
clustering (EC 28) the content of nitrates was 29-56 mg kg*. In variants without stable manure
the highest content of nitrates was obtained after red clover and fallow + green manure. In
variants with stable manure the lowest content was determinated after winter rye and the content
of nitrates was significantly low. At the stage ofearing (EC 54) the content of nitrates in soil was
low — only 11-26 mg kg™. The lowest content of nitrates was in sowings after fallow + green
manure.

Depending on the variants, the yields in the field trial varied from 1.56 - 3,85 tha™.

The data demonstrate the influence of stable manure on spring barley — the influence was
significant. Grain yields have increased by 0.47-0.99 t ha'* (2003) and 0.33-0.87 t ha™* (2004) on
average. Use of stable manure for barley after winter rye provided the highest yield increase - by
0.92 t ha™ on average during 2003-2004.

The influence of previous plants on the spring barley was significant and differed during years.

In 2003 after different previous plants the highest yields were obtained after fallow + green
manure and after bare fallow in both variants, with stable manure and without it. In 2004 the
highest yields were obtained after red clover and bare fallow in both variants, with stable manure
and without it.

Harrowing increased the grain yields significantly only after winter rye for green manure with
stable manure, whereas time of harrowing had no significant influence on the grain yield in
2003. In 2004 the influence of harrowing was not significant. Excess precipitation and warm
weather in most part of the vegetation period favoured fast development of barley and
suppression of weeds.

Depending on the variants, the thousand grain weight (TGW) varied from 33.5-38.4 g and was
medium during the 2003-2004. The highest TGW was obtained after red clover and winter rye in
both variants, with stable manure and without it. The influence of the using of stable manure on
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the TGW was significant during 2003-2004. The specific weight of influence of the use of stable
manure was 33.6 % (n°c).

Depending on the variants, the grain volume weight varied from 612.5-650.0 g I'*. The influence
of previous plants and the use of stable manure on the spring barley were significant during
2003-2004. The highest volume weight was obtained after red clover and winter rye in both
variants, with stable manure and without it. The use of stable manure increased volume weight
by 6.65 g on average. The specific weight of influence of previous plants on the volume weight
was 12.2 % (n°a), but specific weight of stable manure — 7.1 % (n2c).

The crude protein varied from 9.6-11.7 % and was satisfactory to good for variety ,Sencis”
(malting barley) in 2003. The influence of previous plants ( n?a = 94 %) on the crude protein
were significant.
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EVALUATION OF LANDSCAPE ECOL OGICAL
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Abstract. To avoid antagonismin system nature-econonmy-society the concept of state territory management
has to be based on the principles of sustainable and balanced development. The strategy of econony development
should follow not only the criteria of economical effectiveness, but also the indexes of ecological stability of the
territory.

The extent of ecological polarization (measure of landscape stability) is conditioned by the combination of (1)
landscape geochemical sensitivity and (2) technogeochemical pressure defined in respective territorial units. With
respect to self-cleaning features of landscapes 7 levels of geosystem sensitivity were distinguished and mapped in
Lithuania territory. The largest part of the territory is occupied by averagdy and more than averagely sensitive
geosystems, the least area is taken by relatively insensitive and extremely sensitive geosystems. The
technogeochemical pressure was evaluated through the detailed analysis of landscape technomorphological
structure. Using the GIS data bases, in the technotopes di stingui shed the technogeochemical pressure was eval uated
according to the area of industrial and built-up territories, agricultural lands, road net density (adjusted by traffic
intensity), and dosmestic pollution (assessed according to the population density). Each of the agents was given
different weight coefficientsin regard to its pollution emissions. The layer superposition of the geosystem sensitivity
and technogeochemical pressure gave the emergence of cartoscheme revealing the distribution of areas with
different ecological polarization, divided into 5 tension leves. In order to diginguish the priority territories of land
management and optimization the polarization area net and the natural frame of Lithuania were superposed.
Knowledge of the ecological polarization areas allows the rendering of recommendations to economy units for their
economical activity organization that should be developed considering the means of landscape ecological stability
maintenance like increase of forest percentage, formation of geochemical barriers, proper distribution of land use.

Keywor ds: ecological polarization, landscape geochemical sensitivity, technogeochemical pressure,
territorial planning.

Introduction

In the contemporary conditions of the intense use of natural resources and technogenic pollution
the security of landscape ecological stability is especially important, because landscape is a
complex whole of inter-systemic links the functioning of which determine the sustainability of
man’s living environment.

In order to motivate the strategy of environment protection and rational use, it is important to
evaluate not only the actual extent of anthropogenic load but also natural-ecological landscape
potential (geopotential), that is determined by the landscape genetic possibilities to resist the
technogenic load without noticeable changes [1-3]. There are many theories explaining this
mechanism of landscape stability and self-cleaning, based on reversible negative links, stopping
the chain impulse conduction reactions by biogeoceonosis species composition, microorganisms
activity, hydrothermal factors [4-9] and the other indexes ensuring the landscape stability [9-11].
According to some scientists [12, 13], the highest self-cleaning ability is the mark to the
landscape territorial complexes that are characterized by the high intensity of matter circulation,
that strongly barrier or buffer the fluxes of pollutants or have dominance of dispersive fluxes.
The territories that accumulate pollutants, have weak barriers and slow biogeochemical
circulation are described by weak self-cleaning ability. These are the territories of low ecological
stability, sensitive to anthropogenic activity.
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The purpose of this work was to evaluate the ecological stability of Lithuanian territory by
distinguishing the areas of different ecological polarization, based on the ratio of landscape
technogeochemical pressure and sensitivity to chemical pollution.

M aterials and methods

Ecological polarization in landscape systems was estimated in three stages: (1) evaluated the

sensttivity of landscape systems to chemical impact, (2) determined the territorial distribution of

technogeochemical pressure, and (3) based on the result of the first two stages the classes of
ecological polarization in landscape systems distinguished and their distribution mapped. Bellow
is shortly presented methodology of all the stages.

Geosystem senditivity to chemical impact. Evaluation of landscape resistance, based on the

concept of geosystemic links, is very complicated. Therefore, for the environmental purposes in

order to standardize the use of natural resources, it is enough to evaluate the partial index, i.e.,

the sensitivity (vulnerability), that is understood as a short-term geosystem reaction to the outer

impact, estimated by the possible relative speed of structure degradation.

The determination of landscape system sensitivity to chemical impact was performed on the

grounds of the regularities of the heavy metals and organic pollutants migration [14], evaluating

(in grades) the potential geosystems possibilities to neutralize or in a relatively short time to

remove the toxic substances. Two different models were offered for evaluation of sensitivity to

chemical impact:

1. Landscape system sensitivity to soil pollution. In the process of this evaluation the soil
genetic type was taken as the main factor: the least sensitive are gleysols, the most sensitive
— arenosols. The sensitivity of soil in respect of granulo-metric composition rises in range
from rough sand to clay. According to relief influence, the least sensitive are geosystems
that disperse the pollutants — elevations, the most sensitive — concentrating pollutants —
hollows, etc. Besides that, factors of geochemical background, ground water depth, its
mineralization, annual precipitation, and soil temperature were taken into account.

2. Landscape system sensitivity to the pollution of ground water. In regard to granulo- metric
composition influence to the ground water pollution, the sensitivity grades rise in the range
from clays to sands (the lighter is the soil the higher is the sensitivity to ground water
pollution). The evaluation grades in regard to soil genetic type distribute in the same range
as in the evaluation of sensitivity to the soil pollution (the most sensitive are the least
geochemically active soils). In respect to the ground water depth, the higher is the level of
water, the higher is the sensitivity grades. The other evaluation factors were the intensity of
run-off, ground water mineralization.

Combination of the above mentioned evaluations gave the evaluation of integrated landscape
system sensitivity to chemical impact. It was corrected additionally (x30%) by coefficients
considering the impact of local factors (stabilizing factor — forests, destabilizing factors — long-
term industrial air pollution) [14]. As a result, with respect to self-cleaning features of
landscapes, 7 levels of geosystem sensitivity were distinguished and mapped in Lithuania
territory.

Evaluation of technogeochemical pressure. Technogeochemical pressure in landscape is caused

by emissions from industry and power production, agriculture, transport, pollution of domestic

waste. In order to evaluate the ecological polarization in landscape systems, it is important to
know the territorial distribution of the mentioned pollution sources. To determine directly the
actual pollution of each industrial plant, agricultural field or settlement is impossible at this time
due to the shortage or imprecision of the data. Statistical data given in reports only for
administrative districts and large cities is of insufficient preciseness to analyse the territorial
distribution of pollution. Therefore the method was offered allowing to qualitatively evaluate the
potential pollution in landscape using the term of so called technogeochemical pressure. In order
to evaluate the strength of technogeochemical pressure the earlier published [15] methods was
adapted. The technogeochemical pressure was evaluated in grades considering the total pressure
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being made by the mentioned pollution sources (industry and power supply, agriculture,
transport, and domestic waste). Every pollution source was given (by expert analysis) the
different maximum evaluation in grades, reflecting the relative weight of respective pollution
source in technogeochemical pressure (to compare: the industry and power supply got maximum
40 grades evaluation range, agriculture — 30, transport — 20, domestic waste — 10).
Technogeochemical pressure from industry & power production and agriculture was evaluated
according to their occupied part (in %) in the territory. Transport’s technogeochemical pressure
was evaluated according to the density of the main infrastructure elements (roads and railroads)
also taking into account the type and category of these elements, because these determine the
extent of pollution along the infrastructure lines. For evaluation of the technogeochemical
pressure created by domestic waste the population density indirectly showed the extent of
pollution. The main principle of evaluation was: the higher is the pollution source relative index
(percentage, density), the higher meaning of technogeochemical pressure it was given in a
respective territory. Finally the sum of all the pollution source evaluations made up the
integrated technogeochemical pressure evaluation in the territory. The calculation of the
mentioned relative dimensions was enabled by operations and analysis using various GIS data
bases (OCORINE Land Cover Lithuania data base, European Commision, Phare Programme,
1998; Topographical information LTDBK50000-V ©State survey of land managing and
geodesy, 1996; GDB200 ©GIS-CENTRAS, 1993-1999).

In order to do the analysis of the territorial distribution of technogeochemical pressure the
specific system of territorial units — technotopes (relatively independent territorial units of
landscape technogenic structure, characterized by specific techogenization type and landuse
features) — was chosen. In the whole territory of Lithuania nearly 2000 technotopes were
distinguished [16]. In the mentioned technotopes the relative measures of each pollution source
were calculated, converted to grades and finally summed up. The technogeochemical pressure
evaluation grades were classified into 5 levels from very low to very high technogeochemical
pressure.

Distinguishing of ecological polarization classes. The above described information layers
(sensitivity to chemical impact and technogeochemical pressure) were superposed using the GIS
software and too many (5 x 7 = 35) polarization classes were extracted. To simplify this
complicated polarization assessment, the polarization classification matrix was created allowing
to reduce the 35 polarization variants into 5 classes from very low to very high polarization
(Table 1).

Results and discussion

The main three groups of results were obtained out the above methodology application. As
mentioned, the landscape systems sensitivity to chemical impact of Lithuanian territory was
determined. According to the landscape potential for self-cleaning 7 levels of geosystem
sensitivity were distinguished and the map of their distribution in Lithuanian territory created (by
M. Jankauskaité). The largest area of extremely sensitive landscapes distinguished in Vilnius-
Kaunas belt. Here, as in all the Eastern and South-eastern Lithuania the luvisols soils are
dominating with a light mechanical composition, not having large buffer capacity. Long-term
and very intensive atmospheric pollution in this zone have changed the background of soils with
low geochemical activity. Much smaller areas of extremely sensitive geosystems are in the
middle valley of the Venta river (light luvisols and the long-term impact of MazZeikiai oil-
refinement plant). Extremely sensitive territories are also in Seashore zone and the region of
Saugai-Priekulé (sand with the lowest geochemical activity and influence of Klaipéda city).
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Table 1.
Distinguishing the classes of ecological polarization according to the combination of
geosystem sensitivity (categories 1 to 7 see fig. 1 caption) and technogeochemical pressure

degree (categories 1 to 5 see fig. 2 caption): i — very low, ii —low, iii — medium, iv — high,
v —very high
Sensitivity of geosystemns . TecgnogeocheBmicaI prezsure
5
1 i [ [ [ i
2 i [ i i i
3 i i i i i
4 i i i
5 i i iii
6 i i
7 i i

The results show that territorially the largest part (two thirds of Lithuania territory) is taken by
averagely sensitive (35%) and more than averagely sensitive (32%) geosystems. Not so common
is the level of less than averagely sensitive (16%), little sensitive (8%) and very sensitive (6%)
geosystems. Extremes (relatively insensitive and extremely sensitive geosystems) ocupy small
part of Lithuanian territory (1% each) (Fig. 1).

40.00

20.00

35 32
© [¢)
1 1
0.00 ,4__'_- . s I
1 2 3 4 5 6 7

% of the
territory

Sensitivity levels

Fig. 1. Percentage distribution of geosystems of different geochemical sensitivity in the
territory of Lithuania: 1 — relatively insensitive, 2 —little sensitive, 3 — less than averagely
sensitive, 4 — averagely sensitive, 5— more than averagely sensitive, 6 — very sensitive,

7 —extremely sensitive

In regard to technogeochemical pressure the highest grades belong to the technotopes with the
largest part of industrial territories (technotopes comprising Vilnius, Kaunas, Klaipéda, and other
large cities, some large industry and power plants). Such territories take up about 1% of
Lithuanian area. High evaluation was given to agricultural technotopes (especially in Middle
Lithuania plain), they are the most frequent (taking up 37% of the territory). The lowest grades
were obtained for technotopes in relatively natural Southeast sandy plain and other woody
territories (26% of the territory). Medium technogeochemical pressure values are applied to
Zemaidiy and Aukstai¢iy elevations, as they are averagely agriculturally cultivated (taking up
26%). Areas with low technogeochemical pressure occupy about 11% of Lithuanian territory
(Fig. 2). These data show that Lithuanian landscape under the conditions of intensive
exploitation experiences rather remarkable chemical load.

The third group of results reveals the distribution of the potential ecological polarization in
landscape. The mapped distribution of 5 level ecological polarization areas shows a very spotty
situation in this regard (Fig. 3). With growing landscape ecological polarization its stability
diminishes due to the changes of the features upholding the landscape inter-systemic self-
regulation potential and because of inability to keep the functioning equilibrium. Therefore the
map of ecological polarization also shows the areas of unequal landscape stability.
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Fig. 2. Percentage distribution of areas with different technogeochemical pressure in the
territory of Lithuania: 1 —very low, 2 — low, 3— medium, 4 — high, 5 —very high

Fig. 3. Distribution of ecological polarizationinthe Lithuanian landscape systems.
Ecological tensions: 1 —very low, 2 —low, 3 — medium, 4 — high, 5—very high

The areas of the highest ecological polarization, though occupying 4% of Lithuanian territory,
are more or less scattered across the whole country. The highest concentration of such a
polarization spots is located in the triangle of Vilnius-Kaunas-Kédainiai cities. This is the area of
the most sensitive geosystems and highest, longest-lasting technogenization. The causes of such
a situation are the proximity of the largest two cities (Vilnius and Kaunas), the arterial road
connecting them, large industrial and power enterprises. In North-western Lithuania the area of
very high ecological polarization, determined by extremely sensitive geosystems experiencing
high technogeochemical pressure, covers the city of Mazeikiai and its surroundings (some parts
of the Venta valley, oil refinement plant and railroad territories).
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Fig. 4. Percental distribution of ecological polarization classesinthe Lithuanian territory.
Class names see in Fig. 3 caption
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Fig. 5. Nature frame of Lithuania (A) [17] and its parts that fall into the areas of high and
very high polarization: B — geoecological divides, C —geoecological corridors, D —nodes of
geoecological stabilization.

Besides the mentioned large areas, there are several smaller spots with very high ecological
polarization worthy to mention: Klaipéda sea port, established on very sensitive seashore
geosystems, Radviliskis town with railroad node and Panevézys city creating very high
technogeochemical pressure for sensitive geosystems, etc. Percentage of polarization classes
distribution in Lithuanian territory is given in Fig. 4. Each of low, medium and high polarization
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classes occupy about one fourth of Lithuanian territory. Areas with very high polarization take
up 4%, very low — 17% of Lithuanian territory.

Discussion may rise regarding the practical application of the research carried out. To prove the
applicability of the results, the overlay operation was performed with the polarization map and
Nature Frame scheme (included into the National Plan of Lithuania [17]). The Nature Frame of
Lithuania (already acknowledged legally) distinguished according to the general geoecological
principles, consists of geoecological divides (functioning as entering windows of circulating
matter), migration corridors, and nodes of geoecological stabilization [18], most of them ranged
from microregional to international level (Fig. 5, A). The Nature Frame covers about 51% of
Lithuanian territory (divides occupy 24%, corridors — 10%, stabilization nodes - 17%). The
overlay operation with ecological polarization map revealed that some of these territories fall
into the areas of high and very high polarization (Fig. 5, B-D). Such territories (taking up 10% of
Lithuanian area and about 20% of Nature Frame) become the priority tasks for territorial
planning and landscape optimisation.

Knowledge of the ecological polarization areas allows the rendering of recommendations to
economy units for their economical activity organization that should be developed considering
the means of landscape ecological stability maintenance like increase of forest percentage,
formation of geochemical barriers, proper distribution of land use. Besides that, the research
results obtained can be interpreted in many other ways (like entropy, ecological planning, etc.)
therefore they can be applied for the further analysis of landscape systems in Lithuanian
territory.

Conclusions

1. Inorder to optimise the landscape destabilized by the contemporary intensive landuse, it is
important to evaluate the sensitivity of landscape systems, their technogeochemical load,
and by the ratio of the both to distinguish the problematical areas of potential ecological
polarization. These areas should be associated with the primary installation of environment
protection means. By application of methods evaluating the geosystems sensitivity and
technogeochemical pressure, using the cartographic, statistical and field research data as
well as GIS technologies, some important results were obtained: the cartographic models of
landscape systems sensitivity to chemical impact and technogeochemical pressure in
landscape technotopes; and finally, the overlay of the last mentioned two cartographic
models enabled creating the landscape ecological polarization map of Lithuania.

2.  The territory of Lithuania in regard to geosystem sensitivity to chemical impact is rather
contrasting, having the dominance of averagely and more than averagely sensitive
geosystems. Relativly insensitive and extremely sensitive geosystems cover a little part of
Lithuania (each for about 1%). The most sensitive are the Baltic highlands, especially in
the belt of Vilnius-Kaunas, characterized by intensive and long-term pollution, weakenning
the natural landscape self-cleaning features. Besides that, the rather large area of very
sensitive geosystems is located in North-western part of Lithuania (around Mazeikiai city).

3. Due to the broad agricultural areas in Lithuania the largest part of the country is occupied
by the technotopes with high technogeochemical pressure sharing its part with less frequent
technotopes experiencing low and medium technogeochemical pressure. Areas of very high
technogeochemical pressure mostly are related with intensive industrial and residential
built up and cover only about 1% of the territory.

4.  Various combinations of geochemical sensitivity and technogeochemical pressure allowed
to distinguish large variety of ecological polarization types, that were classified into 5 main
classes and mapped. The cartographic view shows a relatively high polarization of
Lithuanian landscape. The highest polarization is characteristic to the triangle area of cities
Vilnius-Kaunas-Kédainiai and the region of Mazeikiai city. The areas of the lowest
ecological polarization, i.e. the areas of the most stable landscape, are determined in the

153
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

a s wd

N o

10.

11.
12.
13.
14.
15.
16.

17.
18.

largest forested territories (South, East, South-western Lithuania). Areas of very high
ecological polarization occupy about 4% of Lithuanian territory.

The example of the applications of presented results can be the overlay of the polarization
and Lithuanian Nature Frame maps. It was estimated that about 20% of the Nature Frame
territories fall into the areas of high and very high ecological polarization. These territories
should become the priority tasks of territorial planning and landscape optimisation. Besides
that, the research results obtained can be interpreted in many other ways (like entropy,
ecological planning, etc.) therefore they can be applied for the further analysis of landscape
systems in Lithuanian territory.
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PILSETVIDES AINAVAS KVALITATE UN TO IETEKMEJOSIE

FAKTORI LATGALE
URBAN LANDSCAPE QUALITY AND FACTORS THAT HAVE INFLUENCE
ON LANDSCAPE QUALITY IN LATGALE REGION
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Abstract. The paper deals with urban landscape individualities in the cities and towns of Latgale region.
Also show facilities and methods of integrated assessment of urban landscape quality. Article providesinformation
about specifics of urban landscape and factors, that have influence on landscape quality. The paper presents the
results of Daugavpils and Rezekne urban landscape quality complex assessment, that have been realised in 2003-
2005. Thisresultsdon’t egablish significant disparities between quality of urban landscape among Daugavpils and
Rezekne. This method of urban landscape assessment makes possible to get bdieveable and precise information
about landscapes quality.

Keywor ds: landscape, urban landscape, factors of landscape quality, assessment of landscape quality.

levads
Ainava 1 formala izpausme attiecibam, kas eksist€ dotaja laika perioda starp individu vai
sabiedribu un topografiski noteiktu teritoriju, kas laika gaitd radusies dabas un cilvéka faktora
vai abu darbibas kombinacijas rezultata [1]. Ainava tiek uzskatita par ekonomiskai attistibai
labvéligu resursu un par dzives vides kvalitates raditaju. Ainava ir visur- gan pilsétas un laukos,
degradétas vai koptas teritorijas, seviski skaistas vai ikdieniskas vietas. Cilvéka darbiba var
veicinat nelabveéligas parmainas ainavas un tas uzliek individiem un sabiedribai pasas tiesibas
un pienakumus saglabat un mérktiecigi planot ainavas. [2]
Pilséta ir musdienu ainavas neatpemama sastavdala, kura atrodas sarezgitas telpiskas un
funkcionalas attiecibas ar apkartné esosajiem objektiem un procesiem. Pilsétvidei raksturigs
blivs vestures uzslanojums un Tpatn€ja vietas atmosfera, investiciju vilpiem izpauzoties ka
savdabigiem pils€tvides geologiskajiem nogulumiem.
Pilsetvides ainavas kvalitate i viens no svarigakajiem pilsétu ka maksligu ekosist€ému
raksturojoSajiem vides parametriem. Tas ir komplekss raditajs, jo sevi integré gan pilsétas
dabiskas pamatnes (reljefs, tdeni, klimats, vegetacija), gan antropogénas izcelsmes (ielu tikls,
€kas un citi artefakti) elementus. Tadejadi pilsétvides ainavas kvalitates novertgjuma janem vera
visplasako ainavu raksturojoSo parametru un uztveres aspektu kopumu. Pie tam nebiit netiek
noliegts ainavas novértéjuma subjektivais faktors, jo “geografija nav tikai preciza zinatne ar
universaliem likumiem, bet ar1 vietu individualo t€lu atrasanas, apraksta un interpretacijas
maksla” [3].
Pilsétas attistibu nosaka vesels komplekss visdaudzveidigako dabas faktoru, starp kuriem par
nozimigakajiem uzskatami geografiskais stavoklis, hidrogeologiskie apstakli, klimats, reljefa
Ppatnibas un vegetacija [4]. Tadéjadi pilsétas ainavas analiz€ vienmer japem véra pilsétas aréja
vide jeb dabiskais fons, kas lauj objektivi novértét pilsétas ekosisttma un lidz ar to ari
ainaviskaja telpa notiekosas izmainas.
Pilsétvides ainavas veidoSanas un transformacijas process ir nepartraukts telpa un laika, Iidz ar to
likumsakarigi mainas arT ainavas estetiska un ekologiska kvalitate. Ipasi strauji tas notiek pilsétu
ekonomiska uzplaukuma vai ari dazadu nelabvéligu faktoru izraisita pils€tu panikuma periodos,
kad bitiski mainas pilsétu ekonomiskais potencials un sociali demografiska situacija. Sajos laika
periodos notiek ieverojamas izmainas arl pils€tu vizualaja veidola, kas i ainaviskas telpas
domingjosais elements.
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Strukturalas parmainas tautsaimniectba un picaugosd iedzivotaju mobilitate ir izmainijusas
pils€tu attistibas perspektivas. Uz jaunam zinaSanam balstitas aktivitates i koncentrétas dazos
liclos pilsétu centros, bet lieli regioni, to vida arT Latgale, ar mazak konkurétsp&jigiem pilsétu
centriem atpaliek sava attistiba. Sajos apvidos ir nepiecieSsams nostiprinat pilsétu funkcijas, lai
aizkavetu migraciju starp regioniem, jo ta vél vairak samazinatu So teritoriju funkcionalitati un
apgrutinatu pakalpojumu sniegSanu pienaciga limeni [5]. Viens no dzives vides kvalitates
butiskakajiem komponentiem ir pievilciga ainava, kas liela méra ietekmé dzives vietas izveli.

Pec kardinalo politiski socialo izmainu izsauktas ekonomiskas krizes, kas misu valstl bija
verojama 20.gadsimtu noslédzosaja desmitgad€, ped€jos gados ar1 Latgales pils€tas veérojama
léna, bet noturiga ekonomiska augSupeja. Lidz ar to atsacies pilsétvides ainavas transformacijas
process, kas, domajams, seviski pastiprinasies lidz ar Latvijas pievienosanos Eiropas Savienibai
un globalizacijas tendencu strayjaku ienakSanu misu dzives telpa.

Lidz Sim Latvijas ainavu pétnieku uzmaniba galvenokart bijusi pievérsta lauku vides ainavas
izpetei un raksturojumam. Toties pilsétvides ainavas komplekss novertejums, vismaz Latgales
regiona, lidz $im nav veikts, tapéc likumsakarigi izvirzas jautagjums par pilsétvides ainavas
kvalitates noverte§juma nepiecieSamibu. 2003.- 2005.gada tika veikts pirmais mEginajums
kompleksi novértét Latgales pilsétvides ainavas kvalitati, ka izméginajumu poligonu izmantojot
novada lielpilsétas Rézekni un Daugavpili.

LidzS8ingja ainavu zinatnes un ainavu planoSanas praksé vismazak tikusi apzinata un véra nemta
ainavas uztvere taja dzivojoSo cilvéku apzina- pasi vietas parzinasana, izpratne, izjiita, izt€le un
vertejums [6], bet tiesi cilvekiem, kuri ilgstosi dzivo pilsetvideé un kuru uztvere speciali orientéta
uz pilsétas emocionali estetisko apguvi, piemit maksimali plaSa apkart§jas ainavas uztveres
kapacitate [7].

Arvien biezak ainavu faktors un ainavu telpa nonak sabiedribas un individa, ka arT attistibas
planotaju interesu sféra. Tadgjadi ainava kliist par valsts politikas objektu. Attistibas planosana
ainava ieglst ipasu nozimi ka savdabigs vietu un regionu attistibas resurss un priek§nosacijums,
jo katrai ainavai piemit Ipatn€jas iesp&jas, ko nosaka dabas apstakli un procesi, lidzSingja
izmantos$ana, saimnieciskas darbibas raditas slodzes un to ietekmes. Nevajadzetu ar1 aizmirst, ka
ainava kalpo par pamatu cilvéku identitates saglabasanai un veidoSanai [8].

Jaatzime, ka ainavas est€tiskais novertejums ir daudz plasaks neka vizualais novert&jums, jo tas
bez ainavas vizualas uztveres aspektiem ietver arl citas izjitas. Iek$€ja ainava papildus
vizualajam aspektam jaizmanto noverotaja citas sajitas: smarza, skanpa, droSias sajiita [9].
Ainavas estétisko novert€§jumu ietekmé arT pasa noverotaja etniska piederiba, izglitibas limenis,
profesija, socidlais stavoklis, vecums un citas individualas patnibas [10]. Tiek uzskatits, ka
novertéjot ainavas estétisko kvalitati, noteikti japem vera tas cie$a saikne ar apvidus
ckologiskajam Tpatnibam. Tadéjadi, ainavas estétiku iesp&jams pétit tikai ar kompleksu
ekologiski estétisko pieeju[11].

Ainavas noverté€Sana - vertibas pieskirSana atseviskai ainavai, tas tipam vai elementam atkariba
no specifiskiem krit€rijiem [1]. Tie var biit ainavas vizuali estetiska kvalitate, kultiirvésturiska
nozimiba, ainavas ka ekosistémas kvalitate iedzivotdju veseliga un droSa dzivesveida
nodro§inaSanai. Pasaule tiek pielietotas daudzveidigas ainavas kvalitates noverteéSanas metodes,
pie tam pielietojamie normativi ir visai atSkirigi, ko ietekmé gan geografiskas vides Tpatnibas,
gan petijuma merkis. Tadgjadi ainavas kvalitates petijumu metodes ir lielaka vai mazaka mera
lokalizetas un ir pielietojamas tikai noteiktu ainavapvalka tipu izp&tei.

Pilsétvides ainavas uzdevums ir gan optimali atbilst tai izvirzitajam sociali ekonomiskajam un
ekologiskajam funkcijam, gan ari bt apveltitai ar estetiskajam kvalitateém. Japiebilst, ka ainavu
estétiskais novertejums ir tikpat sarezgits jautajums ka ainavu klasifikacija.

Materiali un metodes
Latgales pilsétvides ainavas izpet€ prieksroka tika dota vizuali estetiskajai pieejai, galveno
uzmanibu veltot ainavas vizualajam veidolam, viegli saskatamam un novértégjamam pazimém. S1
ir saistoSa un viegli izprotama pieeja, tomer taja ir specigs subjektivisma faktors. Tomeér,
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iesaistot ainavas novertéSanas procesa ieverojamu skaitu dalibniecku un veicot ainavas
novertéSanu daudzos subjektivi izvEéletos skatpunktos, pie tam ainavu vert€jot atSkirigos
gadalaikos un meteorologiskajos apstaklos, var pienemt, ka ir iegiti pictickami objektivi ainavas
kvalitates vert€jumi dazados pils€tas rajonos un visa pilséta kopuma.

Ainavas kvalitates novertéSanai Latgales novada pilsétas tika izmantota raksta autora modific€ta
subjektiva ainavas uztveres kontroljautajumu anketa (skat. 1.tab.), kuru paredz€ts izmantot skatu
punktos, novertgjot attiecigo vizudlo ainavu un atzim&jot ar to saistitds asociacijas. No skatu
punkta tika vert€ta ainavas elementu optimala daudzveidiba un harmonija gan no kvantitativa,
gan no kvalitativa viedokla. Praktiski netika izmantots panoramas ainavas vérojums no kada
augsti pacelta, paSa skatpunkta, bet gan uztverta ta saucama pilsétas iekS€ja ainava, kurd
iesaistits pats verotajs.

1.tabula

Ainavas kvalitates kompleksa noverté juma tabula

[1, ar autora modifikacijam un papildina jumie m]
Alnavas parametrs Novertgjums (punkti)

1 2 3 4

Merogs Tuvs Mazs Liels Plass
Daudzveidiba Vienveidiga Vienkarsa Dazada Kompleksa
Harmonija Haotiska Nesaskaniga Balanscta Harmoniska
Kustiba Trakojosa Neesosa Dziva Mieriga
Krasa Vienkrasaina Neizteikta Spilgta Krasaina
Smarza Nepatikama Uzmacosa Neitrala Patikama
Skana Uzbaziga Traucgjosa Klusa Patikama
lespaids Nomacoss Nepievilcigs Pievilcigs Skaists
Izjitas Draudosas Nedro3as DroSas Patikamas
Izteiks migums Garlaicigs Neuzkritoss Interesants Aizraujoss
Unikalitate Parasta Neparasta Reta Unikala

Ainavas kvalitate tika noveértéta péc 11 parametriem (skat. 1.tab.). Katrs no tiem tika vert€ts péc
4 ballu skalas, tadgjadi ainavas kvalitates vert€jums teoretiski vargja atrasties 11- 44 punktu
intervala. legitie rezultati atradas robezas no 15 lidz 41 punktam. Statistiski apstradajot iegiitos
datus, radas iesp€ja izdalit 5 ainavas kvalitates pakapes: loti augsta (36-41), augsta (31-35),
vid&ja (26-30), zema (21-25) un loti zema (15-20).

Ainavas kvalitates vertejums katra skatpunkta tika noteikts, saskaitot iegtitos punktus. Savukart
pils€tas rajona ainavas kvalitates vid€jo vertgjumu iegust, katra skatpunkta punktu summu
izdalot ar skatpunktu skaitu. Papildus tika veikts ar1 pilsétvides kvalitates subjektivs ekologiskais
novertgjums pec 5 ballu skalas gan katra skatpunkta atseviski, gan pils€tas rajona kopuma. Tika
nemta vera vides sakoptia, piesarnojuma pakape ar sadzives vai ripnieciskajiem atkritumiem,
gaisa un tudens kvalitate. Ekologiskas kvalitates novértéjuma pakapes: izcila, laba, vid€ja, slikta,
katastrofala.

Ainavas novert€Sanas gaita tika izmantoti izdevniecibas “Jana s€ta” Daugavpils pils€tas plans
(merogs 1 : 25 000) un Reézeknes pilsétas plans (mérogs 1 : 15 000). Lai raksturotu Latgales
pils€tu ainavas kvalitati un to ietekm€joSos faktorus, tika izmantots plass pils€tvides dazadus
aspektus raksturojoss statistisko datu klasts, kas parsvara balstas uz LR Centralas statistikas
parvaldes apkopoto informaciju.

Ainavas kvalitates noveért€juma procesa tika iesaistiti Daugavpils Universitates un Re€zeknes
Augstskolas studenti, kuri 3 gadu laika dazados gadalaikos veica abu Latgales novada lielpilsétu
pilsétvides ainavas kvalitates kompleksu novertgjumu. Noverte§jumu atseviskos pils€tas rajonos
kopigi veica 2 - 3 cilveku lielas grupas, uz vietas saskanojot individualos subjektivos viedoklus.
lesaistot studentus - topoSos vides specialistus - pils€tas ainavas kvalitates novertésanas procesa,
vienlaikus tiek sasniegti vairaki mérki:
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1) iegits licls informacijas apjoms par pilsétvides ainavas kvalitati un tas teritorialo
diferenciaciju;

2) ainavas novertejuma iesaistiti pasi pilsétnieki, tiem piedavajot iesp&ju attistit sapratni par
ainavas kvalitates jautajumiem un iedzilinaties atbilstosaja problematika. Tas perspektiva
varétu sekmét aripilsétvides ainavas kvalitates uzlaboSanos.

Pilsétvides ainava tika fiks€tas fotoatt€los. Tadgjadi, veicot atkartotu ainavu inventarizaciju,

radisies iespéja izsekot ainavu dinamikas procesam. Tas ir seviski aktuali miisdienas, jo lidz ar

ekonomisko attistibu atsakusies strauja tradicionalas pilsetvides ainavas transformacija. Tas
seviski attiecinams uz lielpilsétam, kas i 1pasi labveliga vide investiciju piesaistei.

Rezultati un to izvérte jums

Latgales kulttirvésturiskaja novada atrodas 13 pilsétas, kas ievérojami atSkiras péc to geografiska
stavokla un dabas vides apstakliem, aiznemtas teritorijas un telpiskas struktiras, vesturiskas
attstibas gaitas, iedzivotaju etniska un konfesionala sastava, demogeografiskajiem un sociali
ekonomiskajiem raditdjiem un attistibas tendenceém. Tadejadi butiski atSkiras ar1 pilsétu
ainaviskais veidols, ka arTainavas estétiska un ekologiska kvalitate.

No dabas faktoriem par spécigako uzskatamas pilsétas teritorijas un tas apkaimes
geomorfologiskas un hidrografiskas ipatnibas. Ari vésturiski pilsétas radusas un izaugusSas
cilvéku dzivei un darbibai vislabvéligakajas vietas. Tas var bt saistitas gan ar izdevigo fiziski
geografisko stavokli, pieméram, Daugavpilij, Kraslavai un Livaniem attistoties tie$a nozimiga
Daugavas tidenscela tuvuma, gan ar transporta tikla veidosanos, pilsétam attistoties svarigu
tranzita celu krustpunktos, pieméram, Daugavpils, R€zeknes un Ludzas gadfjuma. Dzelzcela
liniju izblve i bijusi vitali svariga Karsavas, Zilupes un Vilanu attistiba, toties Preili, Dagda,
Balvi, Vilaka un Varaklani izaugusi ka viet€jas nozimes tirdzniecibas un amatniecibas centri
blivi apdzivotos lauku arealos. Latgales pilsétu ainava veidojusies ilgstoSa vestures procesa,
pakapeniski uzkrajoties parmainam ainavu telpa. S1procesa lidzsvarotibu izjauc krasas politisko,
ekonomisko un socialo apstaklu parmainas. Japiebilst, ka 20.gadsimta sakuma Latgal€ bija tikai
3 pilsétas- Daugavpils, R€zekne un Ludza. P&c Latvijas neatkaribas pasludinaSanas pilsetas
tiesibas tika pieskirtas vairrakiem Latgales miestiem [12]. Biitiskas izmainas Latgales pilsétu
iedzivotaju etniskaja sastava un ariainaviskaja veidola atstaja Otrais pasaules kars.

2.tabula
Latgales pilsétu ainavas kvalitati ietekméjoSie dabas un antropogénie faktori
Pilséta Paugu- | Daugava Videji Ezers Pils, parks, Dzelzce§ levérojama
rains lielaupe pilsdrupas, industriala
reljefs cietoksnis apbiive
Daugavpils X X X X X
Rézekne X X X X X X
Ludza X X X X X
Kraslava X X X X
Livani X X X X X
Balvi X X
Preili X X
Vilani X X
Varaklani X
Karsava X
Zilupe X X
Vilaka X X
Dagda X X

Sodienas ainavu raksturu liela méra nosaka tie apstakli, kas pastavéja padomju varas gados un
noteica cilvéka darbibas ietekmju veidus. Padomju gados ieveérojami augusas Latgales pils€tas-
gan iedzivotaju skaita zina, gan teritoriali. Ap lielakajam pilsétam izveidojusas ietekmes zonas,
kuras notiek izteikta lauku vides urbanizacija.
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Latgales pilsétas vl joprojam pastav no padomju laika mantotas un ta laika ietekmetas socialas
situacijas. Kaut ar1 sabiedriba ir sociali diferencéta un klist arvien diferenc€taka, tomer
geografiskaja telpa ta vl ir maz organizéta. Tomér pédéjos gados socialo situaciju maina sak
ietekmét ar1pilsétu fizisko struktiiru un ainavisko telpu, Ppasi liclakajas pilsétas. Mazpilsétas, kur
socialo grupu dazadiba i daudz ierobezotaka un sabiedriba nav tik elastiga, Sis process ir mazak
veérojams [13].

Pedgjo 15 gadu laika butiski nav mainijies dazada tipa un stavainibas maju ipatsvars Latgales
pils€tu ainavas telpiskaja veidola. Latgales pils€tu ainavas telpiskaja veidola doming individualas
majas, kuru Ipatsvars svarstas robezas no 49 % Karsava Iidz 85 % Livanos, pie tam abas novada
lielpilsétas Daugavpill un Rézekné individualo &ku patsvars ir identisks - 78 %. Tas parsvara ir
vienstava, retdk divstavu €kas. Savukart 5 un vairak stavu maju patsvars Latgales pilsétas i
neliels - tikai Daugavpilil un RE€zekné tas sasniedz 6 %, parejos rajonu centros atrodas robezas no
1,4 idz 4,7 %, bet mazpilsetas neparsniedz 1 % [14].

3.tabula
Latgales pilsétu teritoriala struktiira (procentos) un ielu tikls [15]

Pilséta Apbuvétas Zala Lauk- Udeni Citas zemes Ielu tikla

zemes Zona un saimn. blivums

meZi zemes (km/km?)
Balvi 61,5 12,2 23,5 2,0 0,8 6,0
Vilaka 31,2 5,8 37,7 25,3 - 3,0
Ludza 50,7 23,0 11,5 10,6 4,2 58
Karsava 49,9 6,8 34,0 0,8 8,5 5,7
Zilupe 19,1 42,1 28,6 0,7 9,5 54
Kraslava 52,2 21,0 21,8 50 - 58
Dagda 43,1 9,9 44,8 2,2 - 1,7
Preili 38,2 14,1 17,4 0,4 29,9 5,6
Livani 58,1 33,5 5,0 0,7 2,7 6,0
Vilani 67,4 18,7 12,4 15 - 7,9
Varaklani 50,7 9,8 39,3 0,2 - 49

Ka jebkuras vietas, ari pilsétas t¢la ideja ir plasaka par tradicionalo dabas morfologisko ainavas
trakt€jumu, jo taja butiska loma ir arT kultlirvésturiskajam un vizuali estétiskajam aspektiem,
starp kuriem minami vestures uzslanojums, vietas “atmosfera”, konfesionali etniska savdabiba.
Etnosocialas vides ietekme seviski spilgti izpauZzas Latgales pilsétu individualas apbiives rajonos,
vizuali iezimgjot pils€tnieku estetiskos prieksstatus un tradicijas, kas izpauzas eku arhitektiira un
krasojuma, biuvkonstrukciju materialu pielietojuma Tpatnibas, pagalmu un tuvakas apkartnes
sakoptiba.

Vel joprojam pilseétvides ainavu degrad€joss elements ir ta arl Iidz galam neuzbiivéto un
ekspluatacija nenodoto daudzstavu dzivojamo namu silueti. ArT ekspluat€jamas €kas pasas par
sevi ir nolietojusas, tam i nepiecieSama rekonstrukcija, bet iedzivotaju lidzekli to neatlay;.
Tapeéc daudzdzivoklu namu renovacijas darbi Latgales pilsétas praktiski vél nav sakusies, toties
pedgjos gados daudzviet ir uzsakta salidzino$i aktiva individualo privato €ku renovacija, kas
bieZi vien ir saistita ar namu ipas$nieku nomainu. Pie tam katrs ipaSnieks celtniecibas, parbuves
vai apdares darbus veic péc savas gaumes, sapraSanas un materialajam iesp&jam. Parasti tas
noved pie pilsétvides ainaviskas savdabibas zaudéSanas, diemz&l, dazkart ar1 pie ainavas
degradacijas. Savukart piepils€tu izpleSanas tendence rada aizvien pieaugoSu spiedienu uz
vertigam ainavam.

Ainavas kvalitate Iidz 2005.gada pavasarim tikusi novértéta 315 skatpunktos Rézekné un 86
skatpunktos Daugavpill. Ainavas kvalitates noverte€Sana ir uzsakta ar1 Kraslava un Preilos.
REzekné visaugstako novértéjumu guvusi ainava pilsétas Dienvidu rajona (skat. 4.tab.), kam
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raksturigs paugurains reljefs ar daudziem veiksmigiem skatpunktiem, kas paver iespgju iegut
panoramisku pils€tvides ainavu, tadéjadi butiski paaugstinot ainavas vizuali estetiska
novertg§juma limeni.

Viszemak tikusi novert€ta ainava pils€tas Ziemelu rajona, kam raksturiga padomju laika
industriala apbive un liels daudzdzivoklu dzivojamo namu masivs. Ziemelu rajons atrodas
atstatu no pils€tas centra un ainaviski veido bezpersonisku padomju laika standartarhitektiiras
paraugu, kam ar pilsétas tradicionalo veidolu nav nekada sakara. DiemZz&él zemu ainavas
kvalitates novert§jumu guvusi art KovSu ezera apkartne, kas potenciali var€tu bt nozimiga
rekreacijas zona. Tapat nesakopti un ainaviski nepievilcigi r R€zeknes upes krasti.

4.tabula
Reézeknes pilsétvides ainavas kvalitates novertéjums 2003. - 2005.gada
Pilsétas rajons Novertgjuma Videja ainavas Subjektivais vides
punktu skaits kvalitate (punkti) | kvalitates vértejums
(balles)
Pilsetas centrala dala 89 27,8 3,0
Dienvidu rajons 65 30,3 3,6
Vipinga 34 29,7 34
Jupatovka 36 27,8 3,0
Ziemelu rajona dzivojama 31 26,4 3,1
Z0na
Ziemelu rajona ripnieciska 29 25,0 2,6
Z0Nna
Makarovka 15 28,0 3,4
Kovsu ezera apkartne 16 25,8 3,5
Reézeknes pilséta kopuma 315 28,0 3,2

REzeknes pilsétas ekonomiskas attistibas stratégija 2001.- 2010.gadam ir ietverts nodoms

izstradat pilsétas labiekartoSanas un apzalumoSanas programmu. Strateégija uzsvérts, ka

pilsétvides ainavu un pilsétas infrastruktiras fizisko izskatu lield méra vel joprojam nosaka

ieprick$gjas sisttmas mantojums. Liela dala telpiskas (fiziskas) pils€tvides i nolietota stavokli

un nav humanizéta. Lidzekli pils€tas labiekartoSanai tiek pieSkirti péc atlikuma principa un

pilsétas labiekartoSana ir nesaraujami saistita ar ekonomiskas attistibas perspektivam un socialas

situacijas attistibu [16].

R&zeknes ainavas ekologiskais vértejums (3,2 balles) ir praktiski identisks ar novertejumu

Daugavwpili. Lai gan riipnieciskas razoSanas apjoms un transporta kustibas intensitate R€zekne ir

ieverojami zemaka neka Daugavpili, tomér negativo antropog€no iedarbibu uz RE&zeknes

pilsétvidi pastiprina vairaki faktori, starp kuriem minami:

o pils€tas atraSanas saméra noslegta reljefa pazeminajuma, kas apgritina piesarnojoso vielu
izkliedi apkarteja telpa un termalas inversijas apstaklos rada smoga iesp&jamibu,

. bliva apbiive (péc iedzivotaju blivuma R€zekne ir 2.vieta valstipéc Rigas),

e  pilsetas siltumapgade lidz §im parsvara tika izmantots mazuts ar lielu séra saturu,

. individualo maju apkure, bieZi vien ar zemas kvalitates kurinamo, rada ievérojamu lokala
meéroga piesarnojumu.

e  ieverojamu mezu masivu trikums Rézeknes apkaime.

Ta ka Rezekne ir salidzino$i blivi apbiiveta, ir iesniegti priekSlikumi pieguloSo pagastu

paSvaldibam par pilsétas teritorijas paplasinasanu lidz apvedceliem, jo tieSi neapbuvétas pilsétas

teritorijas robezojas ar pagastu teritorjam un to attistiba ir jaskata kompleksi detalplanojumu

izstrades procesa [16].
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Jaatzime, ka Daugavpils ainavas kvalitate (vidais raditajs - 27,6 punkti) kopuma biitiski
neatSkiras no attiecigd R&zeknes raditaja. Tapat ka ReEzekng, ar1 Daugavpili pastav visai
ievérojamas atskiribas starp atseviskiem pilsétas rajoniem.

Tadgjadi konstatets, ka Latgales novada lielpils€tu ainavai piemit vid€ji augsta estetiska
kvalitate. Turpinot iesaktos p&tjjumus, paredzets iegiit daudz plasaku informaciju tieSi par
atsevisku Daugavpils pils€tas rajonu ainavas kvalitati, ka arT paplaSinat ainavas kvalitates
pétjumu geografisko arealu, ietverot aricitas Latgales regiona pilsétas.

Secina jumi

1. Ainava ir viens no svarigadkajiem jebkuru teritoriju raksturojoSajiem elementiem, kur§
atspogulo ilgstosa attistibas procesa rezultatu telpa dotaja laika momenta. Tadejadi var
apgalvot, ka ainava ir sociuma kolektivas izteéles noturigs atspogulojums argja fiziskaja
vide.

2.  Pilsétvides ainava ir nozimiga kultlirainavas sastavdala, kurai ir biitiska nozime vietas téla
veidosana un identitates nostiprinasana, ta var kliit arT par ekonomisko attistibu stimulgjosu
faktoru. Ainavas ka nozimigas kultiirvésturiska mantojuma sastavdalas saglabasana un
aizsardziba veicina arl novadam piemitosa rakstura un identitates saglabasanu, ka ari
nodro§ina pils€tas ka pievilciga turisma objekta vertibu.

3. Pils€tvides ainavas kvalitates kompleksa novérojuma rezultatd netika konstatStas butiskas
atSkiribas starp abu Latgales lielpils€étu pilsétvides ainavas kvalitativajiem raditajiem.
Tom@r jaatzim€, ka Rezeknes pils€tas ainavas kvalitates veért€§jums (videji 28,0 punkti) ir
nedaudz augstaks neka Daugawpili (vidgji 27,6 punkti). Tadejadi pils€tvides ainavas
kvalitate Latgales lielpilsétas kopuma uzskatama par viduv€ju, pastavot ieverojamam
atSkirbam starp atseviskiem pilsétu rajoniem. Pils€tu ainavas kvalitati bitiski pazemina
ieverojamais industrialas apbiives Ipatsvars un transporta, 1pasi dzelzcela, nelabveliga
ietekme uz vidi.

4. Prognozéjot talaku pils€tvides ainavas attistibu, iezim&jusas bitiskas atSkiribas starp
atseviSkam Latgales novada pilsétam. Pieméram, Daugavpili vérojama daudz intensivaka
ekonomiska rosiba neka RE&zekn€, kas rod izpausmi arl pils€tu vizualaja ainaviskaja
veidola. Daugawpilij raksturigs dinamisks pilsétvides transformacijas process, ko veicina
ieverojams investiciju pieplidums.

5. Ainavas kvalitates noverte§jumu veica nosaciti viendabigs novérotaju kopums- augstskolu
studenti ar Iidzigu specializacijas virzienu- vides zinatni. Tomer tika pamanitas atskiribas
ainavas kvalitates novertejuma starp cilvékiem, kuri veica savas dzimtas pilsétas ainavas
izpéti, un tiem cilvékiem, kuri dotaja pilséta dzivo tikai salidzino$i neilgu laiku.
Acimredzot, pastav psihologiskas atSkirbas pazistamas un nepazistamas vides ainavas
uztvere.

6. Ainavas noveértéSanas procesa izmantota metode layj giit saméra precizu un objektivu
informaciju par pilsétvides ainavisko kvalitati. Turpinot uzsaktos p&tfjumus, paplaSinot
izpetes arealu un pielietojot daudzveidigas ainavas izpetes metodes, var iegit rezultatus,
kam biitu praktiska nozime pils€tu attistibas planoSanas procesa, tadejadi veicinot dzives
kvalitates paaugstinasanos un nodrosinot pilsétu ilgtspejigu attistibu.

7. Svariga probléma ir pils€tas un to aptverosas lauku teritorjas mijiedarbiba un faktisko
robezu definéSana nepartrauktas ainaviskas telpas konteksta. Apkartgjas lauku teritorijas
ieglist no So pils€tu attistibas, tomér vienlaikus tas ir paklautas sadrumstalosanas riskam,
pils€tu teritorialajai izaugsmei iespiezoties dabas un kultirainavas, ka rezultata zad So
teritoriju lauku identitate. Lai to novérstu, ir javeic integréta pilsétu un lauku teritoriju
planoSana. Cerams, ka misu valstl realizéjama administrativi teritoriala reforma, kas
paredz novadu izveidi parsvara ap pils€tu ka novada centru, palidzes realiz€t arT pils€tu un
lauku sabalans€tu attistibu.
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Pateicibas
Autors izsaka pateicibu Daugavpils Universitates akadémiska bakalaura studiju programmas
»Vides zinatne” un REzeknes Augstskolas profesionala bakalaura studiju programmas ,Vides
inZenieris” studentiem par aktivo Iidzdalibu pilsétvides ainavas kvalitates kompleksa
novertéjuma procesa.

Summary
The paper deals with urban landscape individualities in the cities and towns of Latgale region.
Also show facilities of integrated assessment of urban landscape quality. Article provides
literary overview about specifics of urban landscape and factors, that have influence on
landscape quality. Complex character of urban landscape stressed equally impressive factors that
includes visual aesthetic, ecological and cultural historical aspects.
Until now, investigations of Latvian landscape deal with rural landscape characteristics, and only
in comperatively few areas, but integrated assessment of urban landscape, at least in Latgale
region, wasn’t realized.
This paper presents the results of Daugavpils and Rézekne urban landscape quality complex
assessment, that have been realised in 2003 - 2005. By continuing investigations, widening
research area and using another methods, we can get new results, which have practical
importance on process of urban development planning. Also, it is necessary to begin integrated
assessment of urban landscape in another cities and towns of Latgale region.
This results don’t establish significant disparities between quality of urban landscape among
Daugavpils and Rézekne. On the other hand, urban landscape quality in R€zekne (on average
28,0 points) is a little bit higher than in Daugawpils (on average 27,6 points). Hence we can
conclude, that urban landscape quality in the cities of Latgale region is almost normal, but
ecological condition on subjective valuation is quite normal.
Compratively higher quality of urban landscape in Daugavpils comes by outlying territories with
remarkable proportion of green and blue areas but the lowest landscape quality is in Soviet times
block housing estates.
In turn, in Ré€zekne higher quality of urban landscape is in southern part of the city, where
individual buildings and green areas dominates. Industrial territories and transport corridors,
especially railways, gives unfriendly influence on urban landscape quality.
This method of urban landscape assessment makes possible to get believeable and precise
information about landscapes quality. Another methods of investigations can be used: including
of new participants, investigations in different seasons etc. Therefore, we can get more objective
results of landscapes quality assessment.
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DABASLIEGUMA , LIELUPES PALIENU PLAVAS’

NOVERTEJUMS
THE EVALUATION OF THE RESTRICTED NATURE RESERVE
» LIELUPE FLOOD-PLAIN MEADOWS’

INGA STRAUPE, ALEKSANDRS ADAMOVICS

Latvijas Lauksaimniecias universitate, Liela icla 2, Jelgava, LV-3001,
e-pasts: inga.straupe@ llu.lv, aleksandrs.adamovics@ llu. lv

DINA ROMANOVA

Latvijas universitate, Kronvalda bulvaris 4, Riga, LV-1586

Abstract. The restricted nature reserve ,, Lielupe flood-plain meadows’ was formed to maintain the natural
meadows on the banks of theriver Lielupein the territory of Jelgava town. The varied complex of plant communities
are located in meadows of Pilssala, on the Lielupe’'s right and left bank and thus the nesting of rare and protected
meadow and waterbirds aswell asimportant rest area for migrating birdsis determined there. The restricted nature
reserve is proposed as Natura 2000 place, too. There are the medium moist, moist and wet meadows in the reserve
that are the habitats of EU Habitats directive. The biological value of the Lielupe flood plain meadows are currently
being endangered by overgrowing and eutrophication. To provide meadows management for maintaining botanical
and ornithological values, the inventory of natural meadows was done and proposals for management were
devel oped.

Keywor ds: vegetation, restricted nature reserve, flood-plain meadows, plant communiti es, management.

levads
Dabas liegums ,Lielupes palienu plavas” izveidots 1999.gada, lai saglabatu antropogéni
mazizmainitas dabiskas plavas Lielupes palieng. Kops 20.gadsimta 80 gadiem teritorija notiek
regularas caurcelojoSo putnu uzskaites pavasari un ligzdojoSo putnu novérojumi, tapeéc vietejas
nozimes ornitologiska lieguma statuss teritorijas dalai (162 ha platiba) pieskirts jau 1991.gada.
Tajas konstatéts vairak ka 135 putnu sugas. Regulari tajas dzivo un barojas 70-80 sugu putni.
Plavas ir nozimiga ligzdoSanas vieta tadam putnu sugam ka griezei Crex crex (L.) - 30-50 pari,
ormanitim Porzana porzana (L.) — 10 pari, gugatnim Philomachus pugnax (L.) — 5 pari,
melnajam ziripam Chlidonias niger (L.) — 10 pari, briinajai ¢akstei Lanius collurio L. — 3-30
pari, melnai puskuitalai Limosa limosa (L.) - 5-15 pari [4]. Lieguma teritorija ieklautas divas
papildus teritorijas (135 ha) augSpus Jelgavas pils€tas (1.att€ls) [11].
Dabas lieguma ,,Liclupes palienu plavas” pamatteritoriju (257 ha) veido tris savstarp&ji nodalitas
plavu teritorijas Lielupes krastos Jelgavas pilséta: Pilssala (4,5 km garu salu no Jelgavas pils
atdala Lielupes atteka Driksa, Lielupes laba krasta plavas starp Robezu ielu un lecavas upes
ieteku un Lielupes kreisa krasta plavas starp Vircavas un Platones upes ieteku (1.attels) [3].
Dabas liegums ,,Lielupes palienu plavas” atrodas Latvijas centralaja dala, Zemgales lidzenuma.
Pateicoties savdabigajam Zemgales lidzenuma novietojumam (amfiteatra veida nolaidenums),
visi tideni tek Jelgavas virziena [S]. Vidéjais nokriSnu daudzums Jelgavas apkartneé gada ir 600 —
650 mm, kas ir par apméram 100 mm mazaks neka vidgji valsti [10]. Vegetacijas periods ir
gardks neka paréjas republikas dalas un ilgst videji 200 dienas [5]. Saja teritorija pavasaris
iestajas agrak neka citos Latvijas rajonos, jo augsnes pilnigi atkiist jau aprila sakuma. Ar1 vasaras
Jelgavas apkartng ir siltakas [12].
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1.attéls. Dabas lieguma ,, Lielupes palienu plavas” teritorijas

Jelgavas apkartnes augS$nu pamata atrodas augSdevona ieZzi, uz kuriem kvartara nogulumu segas
biezums mainas no 10 — 20 m [5]. Liclupes palienes plavas biezas appliSanas rezultata veidojas
tadas reljefa formas ka noskalojumi un dazadi sanesumi [18]. Augsnes virs€jos slanus veido
Lielupes aluvialie nogulumi, kuru biezums mainas no daziem centimetriem [idz vairakiem
metriem. Sie nogulumi sastav no smilts, grants un aleirita [12]. Ta ka Lielupes palienes plavas
joprojam regulari appliist, tad mainas ar1 to aluviala nogulumu slapa biezums. Galvenokart
plavas konstatétas augligas aluvialas augsnes, kas veidojas no palu tidenu sanesta materiala [5].
Lielupes paliené dominé graudainas palienes augsnes, kas veidojas no organisko vielu bagatiem
malainiem sanesumiem. Organisko vielu daudzums var sasniegt 4 — 6,5 % [12, 18]. Zemakajas
un mitrakajas plavas uzkrajusies kidra [4]. Pladi pavasaros un vasaras un paaugstinatais
gruntsidens Iimenis plavas bitiski ietekmé lieguma abiotiskos un biotiskos apstaklus [5].
Galvenie biotopi Lielupes palienu plavas ir: plavas un ganibas (56,9 %) un mitraji — Gdensteces
(18,7 %), applustosas krastmalas (17,6 %) [16].

P&tjuma mérkis bija inventarizet dabas liegumu ,.Lielupes palienu plavas” un konstatet botaniski
vertigas plavas, raksturot un novertét tas, ka arl ieteikt nepiecieSamo apsaimniekoSanu. Lai
realiz€tu Eiropas Savienibas finans€tu projektu ,,Latvijas palienu plavu atjaunosana ES prioritaro
sugu un biotopu aizsardzibai” (Latvijas Dabas fonds, 2004. - 2008.g.), kura mérkis ir atjaunot ar1
aizaugosas Lielupes palienu plavu teritorijas un nodro$inat ilgstoSu paliegu plavu
apsaimnickosanu, lai saglabatu apdraudétas augu un dzivnieku sugas un biotopus, i Tpasi
nozimigs un aktuals lieguma plavu noverteéjums.

Materiali un metodes

Latvijas Dabas fonda projekta Plavu inventarizacija Latvija (2001. — 2002.gads) ietvaros
apsekotas botaniski vértigas plavas dabas lieguma “Lielupes palienes plavas” pamatteritorija. Par
katru apsekoto biologiski vertigo plavas nogabalu izpildita anketa un dati ievaditi Latvijas dabas
fonda datubazg [2, 13]. Plavas raksturojuma lapa ietvertas koku, kriimu un lakstaugu sugas un to
segums, informacija par plavas apsaimniekoSanu un apdraudoSie faktori. Plavu klasifikacija
izmantots Latvijas biotopu klasifikators [6, 8]. Lieguma teritorija esoSie zalaji aptver tris plavu
tipus — méreni mitras, mitras un slapjas plavas.
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Rezultati un to izvérte jums
Meéreni mitras plavas raksturigi vidéji bagati mitruma apstakli visu vegetacijas periodu. Te
doming augu sugas, kas pielagojusas augsanai saméra bagatas augsnés. Sajas plavas zelmenis ir
vairakos stavos [9, 21]. Méreni mitram plavam izdala sekojoSus apakstipus: vilkakilas plavas,
atmatu plavas un istas plavas [8]. P&c Brauna — Blanké fitosociologiskas klasifikacijas méreni
mitras plavas pieskaitamas pie klases Molinio — Arrhenatheretea [14]. Kopuma Lielupes palienes
plavas sastopami 11 mereni mitro plavu tipi visas tris lieguma pamatteritorijas.
Vilkakiilas Nardus plavas Latvijas teritorija sastopamas saméra reti, nelielas platibas [9, 22].
Vilkkakilas plavas ir veidojusas nabadzigas skabas augsnés un tajas ir loti dazadi mitruma
apstakli, ka rezultata veidojas loti atSkirigs sugu sastavs. Plavam raksturigs zems vai vidéji
augsts zelmenis. Vilkakilas plavas domin€ méreni mitru vietu augi, pieméram, balganais grislis
Carex pallescens L., aitu auzene Festuca ovina L., stava vilkakila Nardus stricta L., maza
mauraga Pilosella officinarum F.W.Schultz et Sch.Bip. Tas izmanto ganiSanai (Latvijas biotopu
klasifikators, 2001). Ja vilkakiilas plavas regulari tiek ganitas vai ar1 plautas, tad te veidojas
sugam bagatigs augajs [9]. ST ir vienigas no méreni mitram plavam, kuras péc Brauna — Blanke
fitosociologiskas klasifikacijas ir iedalamas cita klasé — Calluni-Ulicetea [14]. Vilkakilas plavas
ir Eiropas Savienibas prioritars aizsargajams biotops - sugam bagatas vilkakiilas plavas
smilSainas augsnés (kods 6230) [9].
Atmatu plavas Latvija sastopamas reti. Tas galvenokart veidojas upju ielejas vid€ji bagatas
smilts un malsmilts augsnés ar neitralu vai vaji skabu reakciju. STm plavam ir raksturigs blivs un
vid&ji augsts zelmenis. Tajas ir daudz sugu, kam lapas sakartotas rozet€ vai veidojas loznajosi un
gulo§i stublaji [8]. Sajas plavas dominé vidéji augstas graudzales — parasta smarzzale
Anthoxanthum odoratum L., parasta smilga Agrostistenuis Sibth., sarkana auzene Festuca rubra
L. STm plavam ir raksturigas ar tadas sugas ka parastais vizulis Briza media L., rudens vélpiene
Leontodon autumnalis L., maza zilgalvite Prunella vulgaris L., loznu abolin$ Trifolium repens
L.u.c. Sis plavas ir Eiropas Savieniba prioritars aizsargajams biotops - Sugam bagatas atmatu
plavas (kods 6270) [9].
Istas plavas Latvija sastopamas saméra bieZi. Tas ir méreni mitras plavas, sastopamas labi
aerétas un loti augligds augsnés, sastopamas uz upju ieleju teras€m, ka arT reti un islaicigi
applisto§as paliencs. Tam raksturigs samera augsts un blivs zelmenis vairakos stavos. Istajas
plavas biezak sastopamas vid&ji augstas graudzales — augsta dizauza Arrhenatherum elatius (L.)
J. et C. Presl., bezakotu zakauza Bromopsis inermis (Leyss.) Holub, plavas auzene Festuca
pratensis Huds., pukaina plavauzite Helictotrichon pubescens (Huds.) Pilg., plavas timotins
Phleum pratense L., parasta kamolzale Dactylis glomerata L. uw.c. Te ir arT liela divdigllapju
daudzveidiba. Tas tiek izmantotas siena ieguvei No stajam plavam visbiezak lieguma teritorija
sastopamas pikainas plavauzites Helictotrichon pubescens plavas. Istds plavas ir Eiropas
Savieniba aizsargajams biotops - méreni mitras plavas (kods 6510) [9].
Mitras plavas péc augsnes IpasSibam iedala loti augligas palienu plavas, plavas un ganias ar
augligu un mereni augligu augsni, méreni augligas plavas [8, 22]. Péc Brauna — Blanké
fitosociologiskas klasifikacijas §is plavas pieskaitamas Molinio — Arrhenatherctea klasé [14].
Lielupes palienes plavas parstaveti 11 mitro plavu tipi. No tiem lielaka dala atrodas Lielupes laba
krasta teritorija.
Loti augligas palienu plavas i reti sastopamas un veidojas upju paliengs, kur ir labi aer€tas,
neitralas augsnes [8]. Liclupes palienu plavas tas parstavétas ar plavas lapsastes Alopecurus
pratensis plavam. Plavas lapsastes plavas sastopamas reti, nelielas platibas un uz neitralam
aluvialajam augsném [22]. Tas ir izskaidrojams ar to, ka to pastaveéSanai nav nodroSinati
pietickami labvéligi apstakli (liclakai dalai Latvijas upju péc platibas ir mazas palienes terases).
Lapsastes plavas aug apméram 30 augu sugas, no tam domingjosa ir plavas lapsaste Alopecurus
pratensis L., raksturigas sugas ir bezakotu zakauza, purva skarene Poa palustris L., garlapu
veronika Veronica longifolia L., plavas kérsa Cardamine pratensis L., loznu varpata Elytrigia
repens (L.) Nevski, plavas guntina Lychnisflos-cuculi L., balta madara Galium album Mill., licla
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natre Urtica dioica L. u.c. [8, 22]. St plavas ieklautas Eiropas Savienibas aizsargajamo biotopu
saraksta - méreni mitras plavas (kods 6510) un upju palienu plavas (kods 6450) [9].

Plavas un ganibas augligas un mereni augligas augsnes sastopamas visa Latvijas teritorija,
lielakas platibas veidojot upju, t.sk. Lielupes krastos. St plavas veidojas mitras un periodiski
parmitras vietas [8]. Augligas un méreni augligas augsnés aug dazadas divdigllapju sugas, kur
parasti ir vairakas domingjosas sugas, pieméram, parasta vigrieze Filipendula ulmaria (L.)
Maxim., plavas bitene Geum rivale L., dazadlapu dadzis Cirsium heterophyllum (L.) Hill u.c.
Biezi vien $ajas plavas var sastapt retas augu sugas. Lielupes palienes plavas sastopamas cinu
grisla, plavas bitenes un parastas vigriezes plavas. Tas sastopamas palienes [22]. Cinu griSla
plavas sastopamas biezi. Te doming cinu grislis Carex cespitosa L. Sajas plavas sastopamas ari
tadas sugas ka meza zirdzene Angelica sylvestris L., purva purene Caltha palustris L., purva
cietpiene Crepis paludosa (L.) Moench., purva kosa Equisetum palustre L., purva madara
Galium palustre L. u.c. Plavas bitenes plavas dominé dazadas divdigllapju sugas — meza
zirdzene, dazadlapu dadzis, purva cietpiene, ziemelu madara Galium boreale L., plavas bitene,
zeltaina gundega Ranunculus auricomus L., kodiga gundega Ranunculus acris L. u.c. Parastas
vigriezes plavam raksturigs i tas, ka te veidojas parastas vigriezes tiraudzes ilgstosas
neapsaimniekoSanas rezultata. Plavas un ganibas augligds un méreni augligds augsnés ir
starptautiski aizsargajami biotopi - eitrofas augsto lakstaugu audzes (kods 6430) un un upju
palienu plavas (kods 6450) [9].

Slapjas plavas Latvijas teritorija ir maz izplatitas [22]. Tas atrodamas tadas vietas, kur gandriz
visu gadu virs augsnes ir tidens — reljefa pazeminajumos vai paliengs [8].

Augsto grislu plavas veidojas upju palienés uz slapjam ktdras augsném. Latvija tas sastopamas
bieZzi, nelielas platibas. Zelmenis ir augsts. Pé&c Brauna — Blanké fitosociologiskas klasifikacijas
$1 plavas iedala Phragmiti — Magnocaricetea klas€ [14]. Lielupes palienes plavas ir sastopamas
augsto grislu plavas — uz Pilssalas un Lielupes labaja krasta, apméram 0,5 km no Ozolpils. Tas
parstavetas ka slaida grisla, divrindu gri§la un parasta miezubrala plavas.

Slaida grisla plavas Latvijas teritorija sastopamas biezi. Tajas dominé slaidais grislis Carex
acuta L. Sis plavas veidojas upju krastos, visbiezak $aura josla, nelielas platibas. Slida grila
plavas ir slikta augsnes aeracija bagitigo mitruma apstaklu dél ST plavas tiek izmantotas
ganisanai [8]. Slaida grisla plavas pieskaitamas pie ES aizsargajamiem biotopiem - upju palienu
plavas (kods 6450).

Divrindu grisla plavas, salidzinot ar citam gri§lu plavas, sastopamas retak. Tas veidojas slapjas
vietas upju palienés [8]. Dominé divrindu grislis Carex disticha Huds. Kurzemé un Vidzeme
divrindu grila plavas praktiski nav sastopamas [22].

Miefubrdala plavas ar1 veidojas upju paliengs. Sts plavas visbiezak veido Sauru joslu gar upes vai
ezera krastu. Te domin&jo$a suga ir miezubralis Phalaroides arundinacea (L.) Rauschert.
Miezubrala plavas izmanto plausanai un ganiSanai [8].

Lielupes palienes plavas paklautas biitiskai antropogénai iedarbibai. Plavu teritorijas, kas atrodas
uz Pilssalas un Liclupes laba krasta, plasi izmanto rekreacijas vajadzibam. Gar Lielupes krastu
visas lieguma teritorijas notiek intensiva maksSkeré€Sana. Tas rezultata plavas veidojas taku tikls
un palielinas ari piesarnojums ar sadzives atkritumiem [4]. So faktoru ietekmé mainas plavu
sugu sastavs. Tom@r visbiitiskak Lielupes palienes plavu augu sabiedribas ietekme tadi faktori ka
aizaugSana, neregulara plauSana un maza ganiSanas intensitate.

Pedgjos gados Eiropa ir strauji palielinajusies zinatniska un politiska interese par mitrajam
plavam, kas galvenokart ir saistita ar biologiskas daudzveidibas saglabasanu starptautiska liment
[19, 20]. Lai saglabatu plavas esoSo biologisko daudzveidibu, nepiecieSami atbilstoSi
apsaimnicko$anas pasakumi. Eiropa efektiva plavu saglabasana balstdas uz vegetacijas
apsaimniekosanu (plavu ganSanu vaiplausanu), ierobezotu méslojuma lieto$anu un hidrolo gisko
kontroli, jo udens Iimenim plavas i liela nozime dazadu augu sabiedribu veidoSana.
Neapsaimniekotas plavas samazinas biologiska vértiba, jo te, péc dazadu Eiropas zinatnieku
pétjumiem, par domingjoSajam sugam kliist specigi konkuréjosas sugas, tadas ka augsta dizauza,
parastais miezubralis, skabenes Rumex sp. L., liela natre [20].
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Daudzviet Eiropa ir izstradatas dazadas plavu apsaimniekoSanas shémas, kas nosaka
apsaimnickoSanas atbilsto$u pielietojumu, pieméram, finansials atbalsts zemju paSniekiem un
plavu apsaimniekotajiem, lai nodro§inatu sekmigu plavu apsaimniekoSanu, pieméram, ganiSanu
[20].

Latvijas Biologiskas daudzveidibas nacionalas programmas uzdevums ir veicinat dabas resursu
ilgtspgjigu izmantoSanu, vienlaikus aizsargajot dabu. Lai nodroSinatu zalaju ilgtspejigu
izmantoSanu un aizsardzibu, sniegti sekojosi risinajumi: saglabat plavu platibas; apturét dabisko
plavu un ganibu aizaugSanu; saglabat raksturigas augu un dzivnieku sabiedribas dabiskajas
plavas [1, 19]. Lai novérstu turpmaku plavu platbu samazinasanos un atjaunotu biologisko
daudzveidibu tajas, nepiecieSams veikt atbilstoSu apsaimniekoSanas pasakumus [20]. Plavu
apsaimniekoSanas metodes jaizvélas, nemot Vvera plavas pasSreiz€jo un Vvesturisko
apsaimniekosanu, ka ariplavas tipu [8]..

Galvenas plavu apsaimniekoSanas metodes ir ganiSana un plausana. GaniSana ir pakapenisks
vegetacijas novaksSanas veids, savukart, plausana ir pek$ns vegetacijas aizvaksanas veids [21].
Katra plava ir svarigi saglabat vienu apsaimniekosanas veidu, lai veidotos augu sugas ar noteiktu
izturibu pret plausanas reZimu vai noganiSanu [15].

Ganot plava lopus, taja izplatas pret ganianu izturigi augi (zemie lakstaugi, cerveidigie augi).
Atkariba no ganito majlopu veida, rodas savdabiga zelmena struktiira un augu sugu izvietojums
[15]. Zelmena struktira i svariga bezmugurkaulnieku faunai, ka arT uz zemes ligzdojoSiem
putniem [21]. Izv@loties ganiSanu ka apsaimniekoSanas veidu, svarigi izvéleties piemerotako
majlopu veidu — aitas, kazas, liellopus vai zirgus.

Par apsaimnieko$anas veidu izveloties plauSanu, plavas veidojas viena augstuma zelmenis ar
vienveidigu augu sastavu. Bezmugurkaulnieku fauna $aja gadijjuma ir daudz nabadzigaka [21].
Plausanu vislabak pielietot tad, kad jasamazina nevélamo domin&joso sugu daudzumu,
pieméram, dizo tidenszali Glyceria maxima (Hartm.) Holmb., cinusmilgu Deschampsia cespitosa
(L.) P.Beauv. Plaujot plavas, ir jaievéro pareizs plausanas veids, kas lauj dzivniekiem izglabties
no plauSanas tehnikas [15]. Méreni mitram un mitram plavam bagatas augsnés svariga ir regulara
plausana. M@reni mitras nabadzigu augtenu plavas vislabaka ir ganiSana, jo tad te veidojas iss
zelmenis ar sugam, kuras pielagojusas ganiSanai [7]. PlauSanas ietekmé slapjas plavas veidojas
liela sugu daudzveidiba [7]. Dazadu plavu tipu piemérotakie apsaimniekoSanas veidi ir apkopoti
1.tabula.

1.tabula
Plavu apsaimniekoSanas veidi
Plavas tips Plausana GaniSana
laiks augstums laiks majlopi
Mgreni mitras julijs 5-10 cm junijs-septembris | jebkuri, atkariba no
floristiska sastava
Slapjas Pielieto, ja teritorija ir neliela ne atrak par juniju | liellopi, zirgi

Laika no 2004. - 2008.gadam Latvijas dabas fonds realiz€ projektu ,Latvijas palienu plavu
atjaunoSana ES prioritaro sugu un biotopu aizsardzibai”, kura meérkis ir atjaunot biologiski
vissvarigakas un paslaik aizaugosas palienu plavu teritorijas (16 vietas Latvija, t.sk. arT Lielupes
palienes plavas), ka arl nodroSinat ilgstoSu palienu plavu apsaimniekoSanu, lai saglabatu
apdraudétas sugas (pieméram, griezi, kikutu) un biotopus (upju palienu plavas, sugam bagatas
vilkakiilas plavas u.c.). Projekta ietvaros notiks zinatniski pamatotu dabas aizsardzibas planu
izstrade teritorijam, palienu plavu atjaunoSana lielakaja dala aizauguSo teritoriju. Plavas
paredzetas dazadas metodes, kas ieklauj krimu novaksSanu, kriimu saknu sist€mas izpostiSanu,
ierobezotus  hidrotehniskos  darbus, kontrolétu dedzinaSanu, pirmreiz€jo plausanu,
eksperimentalo gan®anu. Lai izv€l€tos piemerotako metodi katrai teritorijai, notiks informacijas
apmaina par palienu plavu apsaimnicko$anas metodém. Privato zemju Ipa$niekiem, kuru pasumi
koncentréjas Liclupes laba krasta teritorija, biis iesp&ja sagatavot pieteikumus agro-vides
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atbalstam, lai nodroS§inatu atjaunoto palienu plavu nakotnes apsaimniekoSanu. Projekta rezultata
tiks sagatavota plavu praktiskas apsaimniekoSanas rokasgramata.

Secina jumi

1. Dabas liegums ,Liclupes palienu plavas” izveidots, lai saglabatu daudzveidigas dabiskas
plavas Lielupes upes paliené, kuras barojas un ligzdo reti un aizsargdjami plavu un
tdensputni (konstat€tas 135 putnu sugas).

2.  Galvenie biotopi lieguma ir: plavas un ganias (56,9 %) un mitraji — tidensteces (18,7 %),
applistoSas krastmalas (17,6 %).

3. Lieguma teritorija esoSie zalaji aptver tris plavu tipus — mereni mitras, mitras un slapjas
plavas. P&c Brauna — Blanké fitosociologiskas klasifikacijas plavas pieskaitamas pie klases
Molinio — Arrhenatheretea, Calluni-Ulicetea un Phragmiti — Magnocaricetea.

4. Plavu inventarizacija konstatétas dabiskas plavas atbilst Eiropas Savienibas prioritariem
aizsargajamiem biotopiem: sugdm bagatas vilkakiilas plavas smilSainas augsnés (kods
6230) un sugam bagatas atmatu plavas (kods 6270) un aizsargajamiem biotopiem: upju
palienu plavas (kods 6450), eitrofas augsto lakstaugu audzes (kods 6430) un méreni mitras
plavas (kods 6510).

5. Lielupes palienes plavas paklautas bitiskai antropogenai iedarbibai, galvenokart,
rekreacijai. Visbitiskak tomér Lielupes palienes plavu augu sabiedribas ietekmé tadi
faktori ka aizaugSana, neregulara plausana un maza ganiSanas intensitate.

6. Regulara plauSana ir nepiecieSama apsaimniekoSana mereni mitram, mitram plavam

bagatas augsn€s un slapjamplavam.

GanBana i vispiemerotaka apsaimniekosana méreni mitras nabadzigu augtenu plavas.

8.  Laika no 2004. - 2008.gadam Latvijas Dabas fonds realizé projektu ,,Latvijas palienu plavu
atjaunos$ana ES prioritaro sugu un biotopu aizsardzibai”, kura meérkis ir atjaunot biologiski
vissvarigakas un paSlaik aizaugosas palienu plavu teritorijas t.sk. ar1 Lielupes palienes
plavas, ka ar1 nodro§inat ilgstoSu zinatniski pamatotu palienu plavu apsaimniekoSanu, lai
saglabatu apdraudétas sugas un biotopus.

~

Summary
The restricted nature reserve “Lielupe flood-plain meadows” was formed in 1999 to maintain the
natural meadows on the banks of the river Lielupe in the territory of Jelgava town (now the area
of reserve has reached 392 ha). The varied complexes of plant communities are located in
meadows of Pilssala, on the Lielupe’s right and left bank and thus the nesting of rare and
protected meadow and water birds as well as important rest area for migrating birds are
determined there (about 135 species of birds are recognized there). Regularly 70 — 80 bird
species live and feed there. The main habitats in the restricted nature reserve “Lielupe flood-
plain meadows” are meadows (56,9 %) and wetlands — streams (18,7%), flood-plain banks
(17,6%). The reserve is proposed as Natura 2000 place, too. In 2004 Latvian Fund for Nature has
started to manage a new project ,, The restoration of Latvian floodplains for EU priority species
and habitats”, financed by EU. Project will continue until 2008. The project includes all the best
floodplain meadows from all regions of Latvia, which hold significant nature values inter alia
Lielupe flood-plain meadows. The aim of this project is to restore the overgrowing meadows and
to provide sustainable meadows management for maintaining endangered plant and animal
species Main objectives of the project are to restore biologically most important and presently
abandoned floodplain areas and to ensure subsequent continuous management for the benefit of
species (e.g., Crex crex) and habitats (e.g., Species-rich Nardus grasslands, Fennoscandian
lowland species-rich dry to mesic grasslands). To provide management of meadows for
maintaining botanical and ornithological values, the inventory of natural meadows was done in
the frame of the project “The inventory of meadows in Latvia” (Latvian Fund for Nature, 2000-
2002) in the main territory of the restricted nature reserve “Lielupe flood-plain meadows”. The
information about the plant species and their cover, the meadows management and factors that
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have impact on the territory are registered. The meadows are divided according to Latvia habitats
classification. There are the medium moist, moist and wet meadows in the reserve. The meadows
are included in classes Molinio — Arrhenatheretea, Calluni-Ulicetea and Phragmiti —
Magnocaricetea by the phytosociological classification of Braun — Blanke. The medium moist
conditions during all vegetation period are characteristic for the medium moist meadows. The
plant species adapted to grow in medium rich soils dominate there. The sward of these meadows
is composed of several layers. The medium moist meadows are prior protected habitats of EU —
Species rich Nardus grasslands on siliceous substrates (code 6230), Fennoscandian lowland
species-rich dry to mesic grasslands (code 6270) and protected habitats of EU — Lowland hay
meadows (code 6510). The moist meadows have developed on the banks of the rivers in moist
rich and medium rich soils. The several plant species of dicotyledons dominate there. The moist
meadows are occurring mainly on the Lielupe right bank. The moist meadows are protected
habitats of EU — Lowland hay meadows (code 6510), Northern Boreal alluvial meadows (code
6450), and Hydrophilous tall herb fringe communities of plains and of the montane to alpine
levels (code 6430). The wet meadows are very rare in the territory of Latvia. These meadows are
located in lowlands or flood-plain areas that are filled with water all the year. The biological
values of the Lielupe flood plain meadows are currently being endangered by anthropogenic
influence - recreation and eutrophication. The negative factors of vital importance are
overgrowing, irregular cutting and grazing of low intensity. The proposals for management were
developed on the base of inventory of natural meadows. Regular cutting is necessary to manage
the medium moist, moist meadows in rich soils and wet meadows. Grazing is the most
appropriate management for the medium moist meadows in pure soils. The main actions in
restoring the Lielupe flood-plain meadows are to prepare site management plan for this reserve
and to conduct meadow restoration in most overgrown areas. Methods include shrub removal,
destruction of shrub root system, limited hydro-technical works, controlled burning, initial
mowing, experimental grazing. The obtained numerical data on target species and habitats before
and after management help to identify the best methods. Others of foreseen actions are also to
exchange information on floodplain meadow management methods. The production of ’best
practice’ management guidelines will be carried out. An important point is to assist individual
landowners in preparing applications for agri-environmental support to ensure future
management of restored floodplain meadows.
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Abstract. Persistent Organic Pollutants (POPs) are chemical substances that persist in the environment,

bioaccumulate through the food web, and pose a rik of causing adverse effects to human health and the
environment. The Sockholm Convention is a global treaty to protect human health and the environment from
POPs. In implementing the Convention, Governmentswill take measuresto diminate or reduce the release of POPs
into the environment. This study was donein order to evaluate tentative POPs|evelsin Lithuania.
Limited amount of PAHs and PCBs were analyzed in Sauliai air, in two biggest Lithuanian rivers — Nemunas and
Neris, and in one of the biggest waste landfill in Lapes. Sampling was done using semi permeabl e membrane devices
(SPMDs). The same procedure of sampling and analyses was used to ensure data comparability. In general, POPs
pollution level s were compared with resultsfromother studies.

Keywor ds: POPs, PAHs, PCBs, SPM Ds, environment, Stockholm Convention, air, water, landfill.

Introduction
Persistent organic pollutants (POPs) is a common name of pollutants group that are semi-
volatile, persistent and toxic to humans and wildlife [1, 2]. POPs remain in the environment for
long periods, become widely distributed geographically, and accumulate in the fatty tissue of
living organisms. This group of pollutants includes some of the most harmful chemicals such as
polycyclic aromatic hydrocarbons (PAHS), polychlorinated biphenyls (PCB), pesticides, dioxins,
etc.
The Stockholm Convention is a global treaty to protect human health and the environment from
POPs. POPs circulate globally and can cause damage wherever they travel. In implementing the
Convention, Governments will take measures to eliminate or reduce the release of POPs into the
environment [3, 4]. One of the first steps is estimation of current pollution. The aim of this study
was to evaluate the tentative levels pf POPs in Lithuanian environment.
PAHs are of special interest due to their toxicity, carcinogenicity, mutagenicity and wide
distribution in the environment [5]. Airborne PAH include substances which, when inhaled, are
believed can cause human health effects ranging from nausea and difficulty in breathing to lung
cancer [6]. Traffic, domestic heating, refuse burning, petroleum refining, coal coking, tar paper
production, aluminum smelting, thermal power, and wood preservation operation using creosote
are all examples of major human and industrial PAH sources [5, 7].
PCBs are the class of non-polar, non-flammable, industrial fluids with good thermal and
chemical stability, and electrical insulating properties that allowed their application as dielectric
fluids in transformers and capacitors, as heat-transfer and hydraulic fluids, as plasticizers in
paints, and in the formulation of lubricating and cutting oils, sealants and pressure-sensitive copy
paper [8, 9, 10].
Semipermeable membrane device (SPMD) is a passive sampling method commonly used as a
time-integrated measure of vapour or aqueous concentrations of persistent hydrophobic
chemicals, including PAHs, PCBs and pesticides [11, 12]. The SPMDs technique is based on a
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simple device which accumulates the compounds in a lipid phase after passage through a
diffusion membrane layer [13].

M aterials and methods

SPMDs were deployed during 21 days in air and water. At each site, one sampler that included
two or one standard SPMDs which were deployed on separate steel spiders inside a metal
umbrella, were hung up at about 2-3 meters height or put in stainless steel canisters and left in
water.
The umbrella was designed to protect the SPMDs from sunlight, rain, wind and direct particles
deposition. Stainless steel canisters were used to protect SPMDs from damages during the
sampling. Air was still able to pass freely under and around to the SPMDs.
Sampling sites.
Air. Four SPMDs were deployed in the Siauliai city. Samples were taken in residential area,
private houses area, and city centre, near heavy traffic, during autumn (10/09/2002 -
31/09/2002) and winter seasons (8/12/2002 — 30/12/2002). The average temperature was 7.7°C,
average air pressure was 749 mm Hg, average amount of rain was 1.64 mm during the sampling
period (21 day).
Rivers. Two Lithuanian rivers — Neris and Nemunas were investigated. The above-mentioned
sites in Neris and Nemunas rivers were chosen near various industrial factories in order to
estimate their possible influence on rivers pollution with organic pollutants. Sampling time in
Neris river was performed from 6/10/2000 — 17/1/2001 and from 6/10/2000 till 27/10/2003 in
Nemunas river.
Landfills. Leachate sampling. One standard SPMDs were deployed in Lapiu landfill leachate
storage reservoir and three membranes were deployed into landfills surrounding streams. The
mean water temperature in reservoir and surface waters during the exposure time was about
10°C.
The selected sites descriptions are presented in the Table 1.

Table 1.

Sampling sites descriptions

secondary school (S5w)
(1 SPMD)

heating, >300 m to a street;

Air Ri ver
Place name, number of Exposuresite Place name, number| Exposuresite
samples of samples
Siauliai, Baltupény str. Residential area, district Neris, Industrial area, Kaunas
(Sla), (1SPMD) heating (2 SPM Ds) city centre
éiayliai, crossroad of two City centre, heavy traffic, < 20 Nemunas, Downstream in_dustrial
main streets (S2a), m 1o the strleet ' (2 SPMDs) area (Kaunas city)
(1 SPMD) '
Siauliai, crossroad of two . .
main streets (S3a), 2'% Zi?iter‘Sh[?:;y traffic, <2 Landfills
(1 SPMD) '
Siauliai, Pabaliy str. 34 Private house area, no district | | M, Leachate reservoir
(S4a), (1SPMD) heating (1 SPMD)
Siauliai, Medelyno Residential area, central IS, Stream, about 100 m

(1 sediments sample)

from leachate
treatment plant

Siauliai, Medelyno kinder
garden (S6w), (1 SPM D)

Residential area, central
heating, >10 m to a street;

1M, 1S,
(LSPMDand 1
sediments sample)

Stream, about 250 m
from leachate
treatment plant

Siauliai, Pabaliu str. 34
(S4w), (1 SPMD)

Private house area, no central
heating, >20 m to a street;

M, 1S,
(1SsPMDand 1
sediments sample)

Marilé stream, about
300 m from landfill

Siauliai, Zvyro 34 (S7w),
(1 SPMD)

Private house area, no central
heating, >50 m to a street ;

IVM, VS,
(LSPMDand 1
sediments sample)

Marilé stream,
approximately 2 km
from landfill

Explanations: M — membrane, S — sediments;
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Sediment sampling. The sediments samples were collected into dark glass bottles with
aluminium folia under the lid to avoid contamination during transportation. After sampling the
sediment samples were stored in a freezer.

Field blank. Four SPMDs as a field blanks were used at sampling sites: two for air, one for
rivers and one for landfills. Standard SPMD was kept in air during deployment of membrane.
Such field blank account for the contamination of the SPMDs by transportation (e.g. airborne
chemicals). During analysis it was treated in the same way as deployed devices, with the
exception that it wasn’t exposed to water.

Before and after sampling, the SPMDs were stored at -18 °C in sealed solvent cleaned tin cans,
to avoid accumulation of contaminants from the outer surface into the membrane after the
sampling period was finished.

SPM Ds extraction, cleanup and analyses.

All solvents used in the study were of glass-distilled quality (Burdick & Jackson, Neuulm,
Germany).

In order to clean membrane surface from particles and lipids, SPMDs were washed in clean
water, n-hexane and 1 M HCI The membranes were carefully dried before dialysis. The
compounds were dialyzed with cyclopentane: dichlormethane (95:5) mixture for three times.
After extraction, three ?H-labeled PAH standards and eight *3C-labeled PCBs were added as
internal standard for a cleanup. The spiked extracts were fractionated by gel permeation
chromatography (GPC) technique as detailed in “ExposMeter” recommendations or Bergqgvist et
al. manuscript [13, 14]. Different columns were used in this investigation from those in the cited
study, namely a 300 x 22.5 mm Envirosep-ABC HR-GPC column and a 75 x 225 mm
Envirosep-ABC guard column. The GPC-fractions were followed by a silica column (10 mm
i.d.). Further, samples were eluted with hexane: dichloromethane (1:1) and were evaporated by
using rotary evaporator, for further evaporation - a stream of nitrogen. The known amount of 2H—
labeled dibenzofurane (Promochem, Kungsbacka, Sweden) was added just before instrumental
analyses and used as recovery standard (RS). PAHs and PCBs were identified by GC/MS as
described in “ExposMeter” recommendations or Bergqvist et al. manuscript [13, 14].

All results were corrected by using recovery values from the most structurally similar internal
standard. Recoveries of PAHs and PCBs standards are reported in Table 2.

Table 2.
| S recoveries (numbers are given in per cents)

'g 1))

§_ 7] A g

S lelslglslglalglgl=12]Z]|S|o]2[2]2 2|55
PAH, %

IS ACE 182 | 170 | 126 | 82 62 | 86 | 69 124 | 77 72 44 | 74 73 31 | 33 | 55 26 |29 |71

IS- FL 157 | 153 | 136 | 139 [ 62 | 86 | 69 124 | 108 | 104 | 55 | 104 | 103 [ 42 | 78 | 206 | 68 | 79 [ 73

I1S-BP 139 | 140 | 135 | 132 (99 | 85 | 113 | 98 105 | 81 29 | 53 133 | 17 | 6 194 1 91 [ 66 | 79
PCB, %

IS#28 97 85 9 6 54 62 | 57 15 107 | 147 | 50 | 101 | 93 35 | 86 | 92 87 | 89 | 85

IS #52 112 | 86 52 61 62 64 | 66 22 94 135 | 48 | 92 35 32 | 71 | 82 43 | 70 | 74

IS#101 52 49 66 41 52 60 | 58 61 84 154 [ 50 | 101 | 93 36 | 90 | 94 65 | 41 | 35

IS#118 128 | 102 | 112 | 80 79 92 | 81 88 122 | 158 | 54 | 105 | 99 40 | 99 | 105 | 69 | 71 |72

IS#105 91 78 74 61 73 | 85 | 78 81 117 153 | 53 [ 107 | 125 | 39 [ 99 | 102 | 69 | 77 | 79

IS#153 99 97 102 | 77 76 | 82 | 73 71 90 153 | 47 | 94 91 36 | 89 | 92 79 | 76 | 78

IS#138 124 |1 101 | 109 | 82 67 | 82 | 75 74 115 | 135 | 45 | 87 30 34 | 85 | 87 75 | 73 | 75

IS #180 105 | 95 | 103 | 77 |72 |83 [ 73 |79 | 113|116 |50 | 98 |23 |37 | 94 |93 | 70 | 63 | 64
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Sediments samples preparation. Sediments were dried in the oven for couple of days at 40°C
temperature until constant weight. Then 10-20% (about 1g) of each sample was dried in the oven
at 110°C until constant weight and dry weight of the samples was calculated, further, samples
were placed in the oven at 500°C over the night, to determinate total amount of the organic
carbon (TOC) in the samples. The portion of the solution of labelled **C compounds used for the
SPMD analyses as Internal Standard was added, and the sediment samples were extracted using
the Soxhlet extractor with 170ml of toluene for each sample over the night. The extract was
further cleaned with GPC-system and the silica gel column as described above.

Analysis. SPMD samples from landfills were prepared the same way as described above, but
different instrument was used. High resolution gas chromatography (HRGC)/low resolution mass
spectrometry (LRMS) - instrument system used in the analysis for landfill samples, included a
non-polar capillary column (J&W DB-5, 60 m* 0.32 mm i.d., 0.25-mm film thickness Folsom,
CA, USA) and a Fisons MD 800/GC 8000 operating in selected ion recording (SIR) mode. In the
mass spectrometry, an auto sampler injects 1ul samples into a split less injector. Inthe SIR mode
two most abundant ions of the native compounds and the standards are monitored. The
instrument detection limit (IDL) refers to the smallest signal above background noise that an
instrument can reliably detect (approximately 1 pg/injection). The analyzed compounds from the
sample’s chromatograms were identified by retention time. Recoveries of PAH and PCB
standards are reported in Table 2.

The amounts of investigated pollutants were calculated by using “ExposMeter
recommendations and reported in ng/m® for air, ng/l for water and ng/g dry weight for sediments
[13].

Results
>PAH;6 (US EPA) and XPAH,4 concentrations in landfill sediment samples varied, respectively,
between 53 — 293 ng/g d.w. and 63 - 408 ng/g d.w.; in atmospheric gas phase ranged between 48
- 275 ng/m® and 54 — 336 ng/m®; in rivers —were found between 16 - 23 ng/l and 20- 24 ng/I; and,
as was mentioned above, lowest PAHs concentrations were found in landfill streams water
samples, and varied between 4-12 ng/l (£PAH;s) and 5-15 ng/l (XPAH4) (Fig. 1).

ng/m® ng/L ng/g d.w.
A b R
o 327 336 Y N 408 A

300

O>PAH15

N
a1
o

B >PAH24

N

o

o
I

Concentration
=
a
=}

[y
o
o

a
o

OI[
> od Kod (e R o
PP F PSSPt OO \\\‘\AQ X SN RN

Q7 N7 N
& & & A\
Sampling site

Fig. 1. PAH concentrationsin air

PCB levels estimated are presented in Fig. 2. XPCBj; concentrations in landfill sediment samples
varied between 0.81 - 117.15 ng/g d.w.; in rivers and landfill streams water samples,
respectively, concentrations varied 1.02 — 1.3216 and 0.06 — 4.43 ng/l; XPCB;; concentrations in
atmospheric gas phase ranged between 0.19 — 0.27 ng/m°.
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Fig. 2. XPCB11 concentrations at sampling places
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Fig. 3. Concentrations of PCBs congener groups at sampling places

Discussion
PAHSs. It is surprising that relatively low PAHSs concentrations in landfill surrounding comparing
with PAHSs levels in Lithuanian rivers were detected. This presumably indicates that emissions of
PAHs to rivers from industry are quite high.
The total sum of 15 U.S. EPA PAHSs in landfill samples, showed a net decline in concentrations
going further from landfill, as it could be expected.
Naphthalene is one of the most volatile PAHs and therefore easy to loose in the analysis. It could
be that naphthalene calculated concentrations are too low; this should be taken into
consideration. Due to the chromatographic interferences the determination of fluorine in many
landfills samples was impossible. For this reason it was excluded from US EPA 16.
Phenanthrene was the most abundant individual PAHs in all samples, except sediment samples.
Concentrations in air samples ranged between 23 ng/m® and 109 ng/m?®, in river samples varied
from 3.27 to 7.69 ng/l, in landfill’s water samples concentrations were 0.64 — 5.81 ng/l, in
sediments — from 2.86 to 34.83 ng/gd.w.
PCBs. Elevated PCBs concentrations were found in water samples close to landfill leachate
treatment plant, going further from it PCBs concentrations in water samples decreases and
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increases in sediments. It is known that PCBs tend to be associated with particles or with and
organic carbon.

25 of 28 targeted PCB congeners were detected in Neris and Nemunas. The background site
values were exceeded by most of the PCBs congener concentrations in Nemunas river and vary
from 0,06 to 0,3 ng/L for each congener. In Neris concentration of PCBs#28 (0,43 ng/L) was
elevated compare with the concentration of other PCB congeners such as PCB#31 (0,24 ng/L),
PCB#44 (0,134 ng/L), PCB#52 (0,14 ng/L), PCB#110 (0,164 ng/L). Since the concentration of
PCB #28 and #31 was found to be elevated compared to the more chlorinated congeners, it is
suggested that the pollution in Neris might be recent, consist of fresh PCB and/or close to
ongoing effluent. Such PCB pattern might also be influenced by the highly chlorinated PCB
congeners tendency to be bound to dissolved organic matter and suspended particulate material
within the water column reducing their availability for membrane uptake.

The PCBs profile of congener group concentrations in 8 sampling places (S3a, S4a, S7w, | M, Il
M, Il M, I S, II'S) are dominated by Di-PCBs, followed by Tri-PCBs, Fig. 3. Concentration of
different PCB homologues decreased from PCB #15 to PCBs #180, indicating that there might
be fresh pollution of PCBs source, as these PCBs (di-, tri- ) are very volatile and their
concentrations tend to decrease significantly in a few years. Thereby, the strong temperature
dependence of vapor pressure, and the rate of evaporation from various environmental surfaces,
has been shown to affect the atmospheric concentrations of PCBs congener distribution [15, 16].
Temperature dependency is generally increasing with the degree of chlorination [17].
Consequently, results indicated high Di-PCBs concentrations in landfill surrounding streams
(fresh pollution source), but others PCBs congeners concentrations were relatively low compared
to PCBs concentrations found in rivers (Fig. 3). Concentrations in water close to landfill (M) and
in sediments (S) showed that there was a leak of PCBs from landfill (Fig. 1, 2, 3). Elevated PCBs
concentrations in sediments samples could be related to PCBs association with particles or
with/and organic carbon.

Significantly lower concentrations of PCBs were found in air winter samples than in air autumn
samples, this appearance could be related to lower temperatures and correspondingly less
volatilization (Fig. 2).
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Conclusions
In this screening study wide range of PAHs and some PCBs were analyzed from different
environmental medias. The highest PAHs concentrations were found in the air, because of their
evaporation. PAHs concentrations were highest close to the heavy traffic. In Siauliai air autumn
samples di-, tri- PCBs indicated fresh undiscovered PCBs pollution source. Air samples were
approximately six times more polluted with analyzed PAHs and three times more polluted with
analyzed PCBs in comparison with Swedish urban background sites. Results indicated that rivers
are more polluted with POP’s compared with stream waters close to landfills. Higher
concentration of PCB#28 (0,43 ng/L), to compare with PCB#110 (0,16 ng/L), might reflect
recent pollution in Neris river. In general PCB and PAH levels in Lithuanian rivers were 2-10
times higher than the corresponding values from Swedish waters. The total sum of EPA 15
PAHSs showed a net decline in concentrations going further from the landfill (from 11,76 to 1,82

ng/l).
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INFLUENCE OF WASTE DUMP “CHROBROW?” IN POLAND

ON GROUND - AND SURFACE WATER
ATKRITUMU IZGAZTUVES ,,CHROBROW' (POLIJA) IETEKME
UZ GRUNTSUDENIEM UN VIRSZEMES UDENIEM

AGNIESZKA GONTASZEWSKA, ANDRZEJ KRAINSKI

University of Zielona Gora,
ul. Z.Szafrana 2, 65-001 Zielona Gora, Poland
Phone: + 48 683282427, e-mail: A.Gontaszewska@ ib.uz.zgora.pl

Abstract. In paper an influence of waste dump “ Chrobréw” on groundwater and tributary of the Bébr river
was described. This wage dump wasinstalled in former gravel excavation. For first 10 years it had no leak stopper
and sewage water could freely infiltrate. Geological structure of the wage dump subsail is unfavourable because
garbage are directly stored on gravels with high filtration coefficient which make migration of pollutants easy. At
the moment the waste dump has a leak stopper made from bentonite composite but there are still polluted grounds
underneath. In this paper was analyzed data about ground- and surface water quality from years 1994 — 2004. It
was found that the quality of groundwater deteriorated, especially in years 1999 and 2002. The most worsening was
noted in case of chlorides, ammonia nitrogen, sodium and potassium Unfortunately there isno data before 1994 so
there is no information about hydrogeochemical background. Increased values of all groundwater componentsin
first period of investigation are results of exploitation in years 1984 — 1994, when waste dump had no leak stopper.
But later deterioration of groundwater quality can not be explained in this way. It should be drawn a conclusion
that the seal of waste dump bottom does not work correctly. It was found that there is no negativeimpact of waste
dump on surface water what is caused by absence of hydraulic contact between river and groundwater on
investigated area.

Keywor ds. Waste dump, waste water infiltration, groundwater contamination, groundwater pollutants.

Introduction

Waste dump ,,Chrobrow” accumulates solid wastes from Zagan — a town in the south-west part
of Poland (about 50 000 inhabitants). It is located on the south edge of Chrobréw village which
is situated about 6 km east from Zagan (Fig.1.). Ca. 30 m from the north border of waste dump
there is a small stream— a tributary of Bobr river (Fig.2.).

The waste dump “Chrobréw” is located onthe grounds at anexploited gravel mine, one of many
in the Bobr river surroundings. Initially, in years 1985-1994, municipal wastes were stored
directly in the mine’s trough. In years 1994-96 the waste dump’s wall and bottom were sealed
with a lining of bentonite composite. This leak stopper prevents migration of effluxes from waste
dump into soil and groundwater. A drainage system (above and beneath leak stopper) was also
made. Drainage waters are collected in separated reservoirs. Waters from drainage above the
leak stopper are exported to waste water treatment plant and waters from drainage beneath leak
stopper become totally evaporated. At the moment (2004) the whole mine troughs are
completely filled and overground part of waste dump has reached assumed height. A closure and
the beginning of land reclamation in years 2005-2006 is planned.

Geological structure

The described area is located in the north part of Zagan-Valley (Kotlina Zagafiska). This valley
was created in place where four river come together: Bobr (main river) and its tributaries: Kwisa,
Czarna and Szprotawa. The valley’s bed is composed from Pleistocene and Holocene fluvial
(river) deposits (Kondracki, 2001).

The geological structure of the subsoil of the waste dump is presented on three geological cross-
sections (Fig.3., Fig.4., Fig.5.). Two geological complexes of deposits can be distinguished:
glacial and fluvioglacial (glacial outwash). Glacial deposits are represented by glacial till. from
Saale glaciation (Drenthe stage).
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Fig. 1. Map of environs of waste dump

Explanations: 1 — railway trucks; 2 — roads; 3 — rivers; 4 — urban areas; 5 — points of sampling of
surface water; 6 — waste dump.

The roof surface occurs irregularly, ca on 110 — 114 m a.s.l. In the south and west part of the
mentioned area glacial till occur directly on the ground surface (ca 120 ma.s.l.). The glacial till
of Saale glaciation is tens of meters thick [3.4]. In a lithological meaning this tills are mainly
clays and sandy clays.

Fluvioglacial deposits are represented mainly by gravels, rarely by sands with different
granulation with gravel admixture. In stratigraphic respect this deposits might be connected with
one of the sander level of Saale glaciation (Warthe stage).

The hydrogeological conditions of the waste dump subsoil are simply. Groundwater flows into
north east, in the direction of the stream (Fig.1., Fig.2.). The table of the stream water is situated
above groundwater level (Fig.4.).

Fig. 2. Site plan of waste dump,,Chrobréw” and lines of geological cross-section.

1p, 2p, 3p, 4p — sampling points of groundwater; 1, 2 — sampling points of surface water.
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Explanations: H- soil; NN — wastes; Pg- clayey sand, Pd — fine sand; Pr — coarse sand; Z —grawvel;
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Explanations — see Fig.3.
Changes of chemical composition of groundwater and surface water.

Discussion

The influence of the waste dump on the quality of ground- and surface water is periodically
controlled in points of local monitoring net. This monitoring net is composed of four points of
groundwater samples (piezometers) and two points of stream water samples (tributary of Bébr
river) (Fig.2.). All piezometers are installed in the north part of the investigated area, where the
groundwater runs off from the waste dump. The monitoring net was installed in 1994,
equivalently to leak stopper execution. All stored wastes were transferred into the sealed part of
the waste dump. Presently the leak stopper made of bentonite composite is beneath the whole
waste dump.

Laboratory tests of composition of ground- and surface water are run each three months and
waste dump efflux — each six months. All the basic parameters, ions and heavy metals are
examined.
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Fig. 5. Geological cross-section C-C’
Explanations — see Fig.3.

Unfortunately there is no data for years 1997-1998 and the piezometers P-2 and P-3 are dry since
1999 in consequence of groundwater level decreasing.

pH-value and contents of most important components of ground- and surface water are shown in
diagrams below (Fig.6. - Fig.11.).

The analyse of those diagrams show that the discussed years (1994-2004) can be divided with
respect of the groundwater quality into three periods: 1994-1996; 1999-2001 and 2002-2004. It
is especially well demonstrated in case of potassium (Fig. 12), chlorides (Fig. 8.) and total solids
(Fig. 10.).
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Fig. 6. pH-value of surface water, groundwater and efflux.

Explanations: P-1, P-2, P-3, P-4 — piezometers; S-1, S-2, — sample of surface water
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Explanations: See Fig.6. Right axis concerns to efflux.
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Fig. 8. Value of chlorides of surface water, groundwater and effl ux.
Explanations: See Fig.6. Right axis concerns to efflux.
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Fig. 9. Value of sulphates of surface water, groundwater and efflux.
Explanations: See Fig.6.
mg/dm?® mg/dm®
—4A—P1 —&—P2 —%—P3 —DO—P4 25000
3000+ - - - - - - - - - - - ®---S-1 —O0—efflux |- F------ -
o0 d - - - - — - - - f N _________ oo F 20000
2000f - - - - - - - ----H---------------------------~----~¢\-Qp--—- -
r 15000
1500
r 10000
1000
r 5000
500
0 0

95.02
96.08
97.02
97.08
98.02
98.08
99.02
99.08
00.02
00.08
01.02
01.08
02.02
02.08
03.02
03.08
04.02
04.08

95.08
96.02

Fig. 10. Value of total solids of surface water, groundwater and effl ux.
Explanations: See Fig.6. Right axis concerns to efflux.
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Fig.11. Value of potassium of surface water, groundwater and efflux.
Explanations: See Fig.6. Right axis concerns to efflux.
Table 1.
Average values of some components of groundwater and waste dump efflux in years
1994-2004
. i % increment
component point of average value in years o
sampling 1994-1996 1999-2001 2002-2004 | 1994 - 2004
P-1 54,3 84,9 230,1 324
chlorides CI P-4 31,2 75,8 430,0 1278
efflux 1860 1719 1583 -
P-1 1526 1729 110,6 -
sulphates SO/ P-4 1194 86,4 1477 24
efflux 1395 2465 92,7 -
ammonia P-1 11 16 24,5 2127
nitrogen NH," P-4 10 5,2 24,8 2380
efflux 459 4 2235 51,3 -
P-1 25,2 67,5 169,0 570
sodium Na* P-4 11,6 42,6 230,3 1885
efflux 781 1250 539 -
P-1 10,2 30,3 89,8 780
potassium K* P-4 8,9 41,7 95,6 974
efflux 725 1136 734 -
P-1 666,4 8415 12346 85
total solids (TS) P-4 455,7 7321 2101,3 361
efflux 16525 10290 7316 -

During the first period (1994-1996) parameters of groundwater and surface water had had similar
value but later groundwater quality worsened. First worsening took place in 1999, next in 2002.
The quality of surface (stream) water has remained without any changes or has even improve
(e.g. sulphates — Fig. 8.) in the whole period of test. It means there is no connection between
groundwater and surface water on the investigated area what is also shown on the geological
cross-section (Fig. 4.). The hydrogeological conditions prevent pollutants migration from waste
dump efflux to surface water. In Table 1. the authors have presented average values of the most
important and the quickest migrating ions of groundwater and waste dump efflux. Only the
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piezometers (P-1 and P-4) which were in operation during the whole period of investigation were
considered. During the 10-years period of observation the value of ammonia nitrogen risen by
more than 2000% and chlorides and sodium by more than 1000%. A general content of ions
expressed as total solids increased in piezometer P-1 by 85% and in P-4 by 361%. The contents
of particular ions of groundwater do not correlate with its contents in waste dump efflux. Almost
all waste dump efflux components have lower values than the initial ones. Chemical content of
waste dump efflux is situated in a typical range for municipal waste dump effluxes [1].

Conclusions
Improper preparation of location of to waste dump storage is the most important reason of
groundwater contamination [2]. The risk of groundwater contamination occurs even though all
available preventives are applied. Storage of solid waste material on the waste dump is still the
cheapest method of their removal. Ca 70% of wastes in the EU states are stored on waste dumps.
The other advantage of this method is possibility of methane producing or waste processing in
the future.
The waste dump ,,Chrobroéw” was founded in very unfavourable conditions: in an artificial area
hollow in former gravel excavation.
There were a gravel and coarse sand layer with thickness from 2 to teens meters thick in waste
dump subsoil. Besides there was a groundwater table in this layer. Filtering polluted water from
waste dump could migrate deep into the ground till the roof of impermeable formation and then
move with groundwater. It was only 10 years after the waste damp operation when a decision
was made to install a leak stopper. Quality monitoring net of ground- and surface water was
installed in 1994 so there is no information about the hydrogeochemical background of
groundwater. Data from the first investigation period (1994 — 1998) shows increased values of
some components (sulphates, Fig.9.) which might be caused by pollutants migration from waste
dump [5]. Installing of bentonite leak stopper in 1994 did not cause gradual improvement of
groundwater quality. This quality remained on the same level and then it deteriorated
considerably in 1999 and then in 2002. This effect should not occur if the leak stopper operated
correctly. A conclusion can be drawn that the leak stopper has been damaged and there is a gap
where the pollutants can filter into a deeper layer of the subsoil. There is also possibility that the
parts of the leak stopper have been welded incorrectly [6].
In connection with the planned closure of the waste dump and its recultivation the technical
condition of bentonite leak stopper should be precisely investigated.
The remaining of defected stopper is a menace of long- lasting negative influence on groundwater
under the closed waste dump in next tens of years.
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Abstract. This paper presents the application of the Integrated Transport Effect Modeling System ITEMS,

taking into consideration existing vehicle fleet, traffic flows, and ambient air quality monitoring data. The objective
of this study is to estimate the exhausts of CO, NOx, and SO, released by motor vehicles in relation to predictive
traffic policy measuresin Kaunas, Lithuania.
This study analyses the extent to which some traffic polides and future trends may influence the ambient air
pollution in urban environment. Three traffic policy measures such as: i) increase of car parking fee; ii) reduction
of car parking places, iii) introduction of dedicated traffic lines for public transport are congdered as the case
studies to examine the extend to which they could reduce emissions from motor vehicles. At the same time, each
policy measure comprises four scenarios including one, which indicates the current situation. The comparative
analyses of the influence of different traffic policy measures on vehicle/passenger kilometres travelled and on
emissionsare presented.

Keywor ds: ambient air quality, ITEMS, traffic modelling, transport polides, urban trangort.

Introduction
Cities notably experience increasing signs of environmental stress in the form of poor air quality.
Automobile transport is now an inherent part of our civilisation and, as has happened with many
other technological advancements, the negative aspects are becoming more and more
pronounced. A vast majority of the urban population is exposed to conditions that exceed air
quality guidelines established by the World Health Organization [1]. The use of automobiles has
strongly increased during the last few decades. The number of passenger kilometres by private
car per capita increased by 90% in Western Europe [2]. The number of motorized vehicles in the
world grew by about 600 million between 1950 and 1990. Of the 675 million motorized vehicles
in 1990, goproximately 80% were for passenger transport [3]. In Western Europe motor vehicles
have overtaken industrial processes in the combustion of coal as the major source of theair
pollutants.
As motor vehicle traffic is projected to increase considerably, transport-related emissions are
also expected to rise, exacerbating air quality problems. The problems appear even despite the
increasing use of abatement measures. The introduction of catalytic converters is not sufficiently
effective in urban areas where travel distances are too short to warm up the converter. Moreover,
a substantial part of the pollutants originates from heavy vehicles, for which no effective
cleaning technology is yet available. Air pollution from traffic, particularly in street canyons as
well as in urban areas, is still a major issue of the environmental policy.
This continual traffic growth raises concerns over the impact of traffic emissions on human
health and urban environmental quality. It fuels the demand for a coherent regulatory framework
for the management of traffic, air quality, and emissions at local and regional scales.
Transport policies can have significant impacts on the environment. Solving any problem of
transport impacts one should consider the management issues of transport and traffic systems as
well. The sustainable growth respecting the environment is one of the main objectives of the
Common Transport Policy [4]. The new urban policy emphasizing a compact urban structure
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with mixed use, with high urban planning, and ecological qualities need to provide mobility in a

sustainable way. At least the following classical strategies are necessary for this:

. Traffic avoidance: avoidance of increased distances throughout more compact city
structures, mixed use and concentration on central locations within a region.

. Shift in the means of transport: a large portion of car traffic can be shifted to public
transport, bicycle and pedestrian traffic.

. Slowing down traffic and planning of street space: danger, accidents and noise pollution
can be significantly reduced by restricting vehicle speed.

The transport policy approaches towards travel in urban areas remain particularly challenging

and now focus on the necessity of integrated strategies which combine the use of urban land and

transport planning, as well as the improvement of public transport systems and pricing measures.

The main goal of the EU environment and transport policies is the reduction of external costs of

transport.

Overview of decision support systems for urban transport policies
For the first time the EU Framework Directive 96/62/EEC and the first Daughter Directive
introduce the use of modelling in assessment and management of air quality. The directive
recognizes that air quality models are valuable tools for the assessment and forecast of air
pollution. They are essential tools in the development of action plans to improve air quality,
what is the ultimate goal of Member States and the local authorities in order to fulfil their
obligations under the directives. Models improve the effectiveness of the air quality
management.
The application of this numerical tool is also important in the traffic management and in the
definition of strategies for the air quality management in urban centres, as well as for the
development of future traffic scenarios. Another main advantage to be gained from using models
in the assessment and management of air quality is that it enhances the ability to map the spatial
distribution of pollutant concentrations what is not possible with spatial coverage of air quality
measurements. This gives a chance to relax on the measurement requirements (possibility to
reduce a number of stations) and thus to produce a more cost-effective and complete air quality
assessment. Models are the only available tools if the scenario at the impact of possible future
sources or alternative future emissions on air quality is to be investigated.
Currently, there is a number of emission models that differ in the fleet composition (vehicle
categories and age), driving patterns (average speed only or instantaneous speed and
acceleration), covered pollutants, and types of emissions (hot, cold, or evaporative). The
selection of the adequate model is an important step to reduce final uncertainties on air quality
prediction [5]. The locations of the air quality assessment are to be sited in places, where the
highest concentration, to which the population is likely to be exposed, occurs. An air quality
model should focus not only on the urban background, but also on calculating representative
values at street level. At traffic oriented sites the assessment point should be representative of the
air quality in a surrounding area of at least 200m? [6].

The ITEM S model

The Integrated Transport Effect Modelling System ITEMS consists of various modules that have
been designed and tested, resulting in an urban air quality management tool that can provide
reliable answers to policy makers and traffic planners. The ITEMS is made out of five models:
transport model, economy model, vehicle stock model, energy-emission model, and environment
model. These models are inter-related through a central data base from which they extract the
input data and where they return their results which can therefore, become inputs of the other
models. The model is developed as a cooperative effort of Enerdata S.A. and Grenoble
municipality, France.

The ITEMS deals with the urban area only. This includes the centre as well as the closer
surroundings of a monocentric city of 100,000 to 800,000 inhabitants. This limitation seems to
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make sense because the most serious traffic problems occur in urban areas and not within
regional areas. Metropoles have a multicentric structure that requires a specific modelling
approach [7].
To keep the modelling system simple and to make it easier to transfer the ITEMS to other urban
areas, only three different areas are distinguished: the city centre, the rest of the urban area and
the suburbs. No networks are considered with the exception the only link between the three
Zones.
From environmental point of view, the most important is an energy-emission model, which
calculates energy consumption and pollutants emissions due to the traffic of various vehicles. It
is an engineering type model which takes into account the different technical influences acting
upon energy efficiency and emissions of pollutants, for example:
—  cold start
—  driving behaviour
—  age of vehicles
—  technologies of vehicles and engines
—  legislation on fuels and emissions

maintenance programme.
An energy-emission model considers the following pollutants: CO,, CO, HC, NOx, SOx,
particulate matter, VOC.

The street traffic flows in Kaunas
Kaunas, the second major city of Lithuania, is situated in the central part of the country. The
administrative area of the city makes up 157.15 km? and the number of inhabitants is
approaching 400.000. Rapidly growing number of individual cars is identified as a major
contributor to the ambient air pollution, especially, in the central part of the city. The authors
divide the city area into three traffic zones according to the estimates of traffic flows and the
character of the built-up areas (see Fig.1).

Fig. 1. Defined traffic zones in Kaunas

The analysis of the street traffic flows is based on the manual counts carried out during the years
1999 and 2000, as well as the automated traffic flows analysis, performed by Transport and Road
Research Institute (TKTI, Lithuania) during the period June-November 2001 [8]. The study from
2001 involves measurements of traffic intensity, compositions of flows, and vehicle speed.

The analysis of the data sets for 2001 reveals that the average traffic intensity (ATI) for the
central part of Kaunas city, based on 24-hour time series with the exceptional case of summer
vacations, is rather stable during the whole year. The analysis of the street traffic flows in respect
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to the driving speed shows that characteristic speed for the central part of the city ranges between
40-60 knvh. The stationary counter-classifier Marksman 660 (Golden River Traffic, United
Kingdom) was used to identify 24-hour yearly flow averages in the different vehicle
classification groups. Periodical traffic flow intensity measurements were carried out during one
week each month in the period of June - November, 2001. The measurements estimate: a) annual
averages of traffic intensity during 24-hours, b) variation of traffic intensity averages during 6
month, c¢) 24-hour traffic intensity for each day of the week, d) character of traffic intensity
fluctuations during 24 hours, e) average speed of traffic flow.

Table 1 presents monthly and yearly 24-hour traffic intensity averages and ratios between
monthly and yearly averages. The averages of weekly measurements serve as monthly averages
of appropriate month. The authors distinguish that ‘commuting circle’ reflects temporal
variations of traffic flows fairly well and is rather stable all over the year. It is taken into
consideration was considered that meteorological conditions during winter and early spring have
essential influence on urban traffic flows and have strong correlation with traffic flows intensity
on the out of town roads. As a result, monthly urban traffic flows averages during January —
April are estimated in comparison to the traffic flow intensity on the out of town roads.

Table 1.
M onthly and yearly 24-hours traffic intensity averages Donelaicio str.
(The central part of the city)
Yearly Month
24hours [ 1 2 3 4 5 6 7 8 9 10 11 12
average

24 hours monthly average (vehicles / 24hours) and ratios between monthly and yearly averages (%
12800 9900 | 10600 | 11600 [ 12900 | 13700 | 13700 | 12600 | 12200 | 13900 [ 14100 14200 | 14200
0.77 0.83 0.91 1.01 1.07 1.07 0.98 0.95 1.09 1.10 1.11 1.11

Table 2.
Traffic intensity averages during weekdays, Donelaicio str. (The central part of the city)
Period Average 24 hours intensity Ratio Week days
Total [ Working | Weekend | between
days days | working 1 2 3 4 5 6 7
and
weekend
days

24 hours yearly averages (vehicles / 24hours) and their ratios
with weekly averages (%)

July- 12400 14300 7700 1.86 14200 | 14400 | 14100 | 14200 | 14400 [ 9200 | 6200
August
1.149 | 1.167 | 1.139 | 1.144 | 1.162 | 0.740 | 0.500
September- | 14100 15700 10000 157 15300 | 15400 | 15600 | 15600 | 16500 | 12100 [ 7900
November

1.093 | 1.094 | 1.110 | 1.110 | 1.173 | 0.859 | 0.561

Table 2 presents the average intensity of traffic flows during weekdays for the periods July-
August and September —November respectively. The maximal values of traffic flows were
recorded on Fridays. The differences of the traffic flow intensity from Monday to Thursday
ranges within limits of 1.2%. The minimal values of the traffic flows were recorded on Sundays
and comprised 60.7% of week averages. The traffic intensity values for working days exceeded
weekend values by 1.44-1.67. This ratio was even more extensive during the period July —
August.

M odelling transport policy measures
This section examines the extent to which some transport policy measures can affect local levels
of pollutants. Each policy measure comprises four scenarios including one which indicates the
current situation. This paper presents modelling results for the central part of the city. The
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analysis is based on the comparison of local air quality from the point of view of different traffic

policy measures:

" increase of car parking fee

. reduction of car parking places

. introduction of dedicated traffic lines for public transport

. complex policy measure is considered as alternate combination of three measures
mentioned above.

Increase of car parking fee. In late 90°s the central part of Kaunas was restricted for the

individual car use. To reduce a number of individual transportation in the central part of the city,

the municipality of Kaunas has introduced 1 Lt parking fee, which corresponds to 0.29 Euros

(scenario a). In order to estimate the extent to which a parking fee could effect transport flows

and minimize emissions, the authors have simulate the following hourly parking fees: 2, 3 and 4

Lt (scenarios b, c, d).

Reduction of car parking places. The experience of other European cities shows that the

reduction of car parking places can have a significant influence on traffic flows. It reduces

transport congestion in the central part of the city, however, it raises parking needs in the pre-

centre zone. The limited number of parking places, well organised public transport, and

accessibility by walking motivates visitors of the city centre for moderate use of individual cars

[10].

The authors assume that modelling scenarios will estimate the reduction by 25, 50, 75 % of car

parking places (scenarios b, ¢, d) in comparison to the current situation (scenario a).

Introduction of dedicated traffic lines for public transport. Dedicated lines for public

transport are applied to areas of intensive traffic flows, in particular to central areas of the cities

[10]. It provides possibilities of fast mobility for public transport and shortens travelling time,

however, at the same time it influences travelling time by car.

In the ITEMS model this alternative measure is expressed in minutes travelled by public

transport or car. It is estimated that if dedicated transport lines are not introduced in the centre of

Kaunas the same distance will require 7 minutes to travel by car and 17 minutes to travel by

public transport (scenario a) . The authors elaborate several scenarios for introduction of

dedicated traffic lines in the central part of the city:

e shortened travel time by public transport — 15%, elongated travel time by car — 15%
(scenario b);

e shortened travel time by public transport — 25%, elongated travel time by car — 25%
(scenario c);

e shortened travel time by public transport — 35%, elongated travel time by car — 35%
(scenario d).

The validation of the energy-emission model for Kaunas was performed using data series

from the stationary monitoring stations Centras, Dainava, and Slainiai (see Fig. 1). The

concentration equation from linear source was applied to contemporize modelled amounts of

emissions with the monitored NOx, CO, SO2 concentrations [9]:

C(x,y,0:H)= L%} exp[— %(;J } Q)

Under the overcast conditions with an average annual wind speed of 3.37 m/s, correlations J,
based on the Pasquil stability class D was applied to the equation. The linear source strength g
for CO, NOx and SO, was calculated and assigned value gco = 3.47 g/ms, gnox = 1.98 g/ms, gso2
= 0.022 *107 g/ms respectively. The estimation of ambient air concentration was performed at
10 metres distance from the street and the height of the sampling point was 3.5 metres above the
ground level.
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Results and discussion
The modelling results display changes in total vehicle/passenger kilometres travelled and
demonstrate consequent reduction of CO, NOx and SO, emissions. The impacts of different
traffic policy measures indicate moderation of kilometres travelled by individual car and increase
of passenger kilometres travelled by public transport (buses) [11]. Each measure comprises four
scenarios described in the previous section. The average changes are shown in Figure 2.
The minor effect is observed after the increase of parking fee. The taxation has no significant
impact on vehicle and passenger kilometres travelled. The ‘reduction of parking places’ provides
better results in comparison to the ‘increase of parking fee’, however, it is less attractive than the
‘introduction of dedicated lines for public transport’. Surprisingly, ‘the reduction of car parking
places’ gave rather limited increase of passenger kilometres. It is most likely that results are
effected by a driver’s personal behaviour.
The comparison of individual policy measure has revealed that ‘the introduction of dedicated
lines for public transport’ has major effect on the reduction of emissions from transport.
However, the complex implementation of all three measures described will give the most
favourable results.
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140000 £
£ 670000 | a
> 4]
g 660000 | 120000 g
5 (=]
< 650000 1 T 100000 = [ —g—|vehicles i)
() —_
@ 1 - o
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[
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610000 ‘ ‘ ‘ 40000 —o—huses i)
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a b c d
—X—Dbuses iii)
Scenarios .
—O—huses iv)

Fig. 2. Estimated traffic flows under different traffic policy measures

Figs. 3-5 show the effects of changes from different traffic policy measures on average levels of
the CO, NOx and SO, emissions. The increasing share of passenger kilometres and the
decreasing amount of wvehicle kilometres produces the evident tendency in the pollution
reduction.
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Conclusions

The ITEMS modelling system provides analytical possibilities for the implementation of some
traffic policy measures in medium size cities. The results of the modelling are specified for
Kaunas. However, the general trends found may be applicable in other urban areas under similar
conditions as well. Since the policy analyses are carried out comparing the results with the
‘current situation” scenario, it gives ‘pure’ estimates for each policy measure, and eliminates the
effects of changes in traffic flows and car fleet.

This paper demonstrates the effects of some transport policy measures and the trends of changes
in CO, NOx, and SO, emission. The modelling results show that policy measures have varying
environmental impacts, particularly for different pollutants. This approach, which provides a
range of air pollution indicators from different transport policy measures, is useful in decision
making.
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KULTURVIDES PARVALDIBA PASVALDIBA:

PROBLEMAS UN RISINAJUMI
MANAGEMENT OF CULTURAL ENVIRONMENT IN MUNICIPALITY:
PROBLEMS AND DEVELOPMENTS
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Abstract. The paper deals with management system of cultural environment in munidpality and emphasise
the actuality of its interpretation. The author has made research of built heritage in Tukums town and defined
changes in its cultural environment using methods of field research and analysis of documents, town plans and
historical photographs. The research resulted on history of each of buildings in the historical centre of town. The
author did case analysis of three interpreation methods used to increase cultural, social and economic value of
cultural heritage in old town: museum exhibitions, live performances in the monument and interpretive heritage
walk.

Keywor ds: cultural environment, cultural heritage, values, interpretation.

levads
Ikvienas paSvaldibas uzdevums ir veidot tas iedzivotajiem patikamu un harmonisku dzivesvidi.
Jauno tehnologiju iesp&jas un ekonomisko procesu strauja attistiba misdienas rada arvien
lielakas izmainas kultiirvidé un tas parvaldiba kluvusi vel aktualaka neka dabas aizsardzibas
jautajumi.
Tradicionali kulttrvide un tas galvenas vertibas - dabas un kultiras mantojums un kultiiras
aktivitates - tiek verteta ka nozare, kas prasa lielus ieguldijumus. Postmodernaja sabiedriba
milsdienas mainas veértibu sist€ma un arvien aktualaka klust nepiecieSamiba p&c jaunas pieejas
ar1 kultirvides parvaldiba. Kultiras un dabas mantojuma aizsardziba arvien vairak tiek uzsverta
nepiecieSamiba saglabat ne tikai valsts nozimes piemineklus, bet arT viet€jas nozimes objektus.
Lidzigi ka Vides aizsardzibas politikas plana defin€tie vides politikas sekmigas realizacijas
priekSnosacjumi: labi attistita informacijas sisttma, vides aizsardzibas institiicijas un
organizacijas un sabiedribas apzina[l] liela mera ir saistiti arT ar kultiiras sektoru, kas ietver gan
kultiiras mantojuma aizsardzibu vide un tas vertibu izmantoSanu muzejos, arhivos un bibliotekas,
gan ar1 visa veida kulttras aktivitates: muziku, makslu, deju, arhitektiiru, kino, teatri, literatiiru
u.c. cilvéka radosas izpausmes un to izmantoSanu sabiedriba.[2]
Vairakos starptautiskajos dokumentos, tai skaita UNESCO deklaracija Par kultiras
daudzveidibu[3] tiek versta uzmaniba uz kultiras mantojuma ka viet§jas attistibbas resursa
potenciala nozimi, materialas kultiras liecibu un nematerialas kultiras vértibu savstarp&ju
saistibu, jaunu izglitibas metozu izstradi un pielietojumu, aktivas komunikacijas procesa
nepiecieSamibu.
BieZi vien pasvaldibas nav Tstas izpratnes par kultiirvides parvaldibas komplekso raksturu, trukst
zinaSanu par tas vértibu - dabas un kultliras mantojuma - izmantoSanas iespéjam, vienlaikus
ievérojot dabas un kultiras piemineklu aizsardzibas normativo aktu prasibas. Pasvaldibas ne
vienmer pilniba izmanto kulttiras pieminek]u iesp€jas un kultiiras radoso potencialu, lai veicinatu
teritorijas attistibu.
Pasvaldibas Iimeni kultiirvides parvaldibu ir iesp&jams padarit efektivaku, plasak izmantojot un
integréjot izglitibas un kulttras iestazu, tai skaita muzeju, un kultiras piemineklu iespéjas.
Raksta 11 raksturoti Tukuma pils€tas kultiirvides izp€tes rezultati, analiz€tas tris
problemsituacijas un raksturotas tris dazadas kultiras mantojuma interpretacijas metodes, kuras
lietotas, lai aktualiz€tu kultirvides vertibbu nozimi paSvaldba un veidotu izpratni par to
saglabasanas nepiecieSamibu.
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Materiali un metodes
Petjums veikts Tukuma pilséta, kas ka apdzivota vieta pastav jau vairak neka tiksto§ gadu, un
Saja laika divreiz mainijusi dislokacijas vietu. Laika no 11. gadsimta lidz 13. gadsimtam apbive
atradas Velku pilskalna un ta apkartng,[4] bet ap 14. gadsimtu - uz Slocenes upes senkrasta
tagadgja Brivibas laukuma apkartné. Viduslaiku apbiuve veidojusies pie kadreiz€ja Rigas-
Prisijas tirdzniecibas cela.[5S] Gruntsgabali bijusi samera lieli, neregularas formas. Pils€tas
tiesibas Tukums ieguva 1795. gada - pec Kurzemes un Zemgales hercogistes inkorporésanas
Krievijas valstt un Iidz ar to paplasinatas art pils€tas robezas.[6] 19. gadsimta vidQ uzsakta
pilsétas apbiives planoSana un kop$ 1881. gada ta notiek saskapa ar apstiprinatiem apbiives
noteikumiem un planiem.[7] Tukuma pils€tas vesturiskais centrs jeb vecpilséta ir valsts nozimes
kultiiras piemineklis un tas ielas, €kas un biives, laukumi veidojusies ilga laika posma un satur
dazadu laikmetu substances.[8] Daudzie uzslanojumi apgritina to dat€§jumu un interpretaciju, ka
arTadekvatu uzturéSanas un konservacijas metozu izvéli un pielietojumu.
Petjuma gaita tika veikta vecpilsétd esoSo objektu apsekoSana un fotograféSana, tad tos
raksturojoso dokumentalo un vizualo avotu apstrade, iegiito datu apkoposSana, salidzinasana un
analize, kam sekoja vecpilsétas vides objektu vért€Sana, ka ar1 interpretacija. Katra no p&tjuma
etapiem izmantoti citi materiali un atbilstoSas metodes. Pirmaja p&tjuma etapa vairakkart tika
apsekota vecpilsétas apblive un veikta tas apskate un fotograféSana. Jaunas fotografijas péc tam
jau muzeja tika salidzinatas ar Tukuma muzeja krajuma esoSajam vesturiskajam fotografijam.
SalidzinaSanas procesa tika precizétas apbiivé notikusas izmainas, ka arT atpaziti vairaki l[idz tam
nezinami objekti. Fotoatt€lu salidzinasanas procesa tika izmantoti arT dazadi pilsétas plani un tas
lava autoram identificét ar1 pils€tas apbiivé reiz pastavéjuSu un vairs neesoSu objektu vietas
identificéSanu.
Muzeja fotografiju kolekcija i vairaki tuksto$i att€lu, no kuriem 664 fotografijas raksturo
Tukuma pils€tas apbiivi laika no 19. gadsimta sakuma lidz 20. gadsimta beigdm. Autors anotgjis
vairak neka 300 jaunas fotografijas, kas raksturo pilsétas apbiivi 21. gadsimta sakuma, un
petjuma rezultata tas ieklautas Tukuma muzeja krajuma. Atteli apstradati ar mérki tos ievietot
elektroniskaja muzeju kopkataloga ,,Meandrs”,[9] kuru savstarpgja sadarbiba veido Latvijas
vestures muzejs, Valsts Makslas muzejs, Latvijas Dabas muzejs un Tukuma muzejs.
Pétjuma nakama etapa laika veikta muzeju un arhivu materialu apkopoSana un datu
salidzinaSana. Izmantota arT muzeja jau agrak izveidota vecpils€tas apbuves kartoteka, ta
papildinata, precizéjot €ku biivniecibas laiku, parbuves, to funkcijas un Ppasnieku mainu.
P&tjuma ceturtaja etapa veikta lauka petjjuma gaita iegiito pils€tvides objektu izpetes materiala
un dokumentu, planu, fotografiju studiju rezultata iegutas informacijas sint€ze un analize. Tas
rezultata objekti tika grupéti péc lidzigam pazimém un noteikta to vesturiska nozime pilsetvide.
VertéSanas rezultati apkopoti un izmantoti vecpils€tas interpretacijas programmas izveidei un
aprobacijai, ka arT ieteikumu sagatavoSanai pils€tas teritorijas attistibas plana aktualizacijai.[10]

Rezultati un to izveérte jums
Apbiives attistibas periodi

Postmodernas sabiedribas uzmaniba koncentréta uz vienkarSo lauzu dzivi un ikdienas
atspogulojumu, méginot izprast ka un kadel vini mainijusi savu dzivesvidi. Ka atzimgjis anglu
kult@irantropologs K.Teilors,[11] kultiras mantojuma parvaldias galvenais jautajums ir saistits
ar to, ka kulttiru prezent€jam un kade] to daram. Vina izpratn€ dzive ir ka daudzkrasains audums,
kura katra vieta, notikums un katrs cilvéks ieauz pa krasainam pavedienam. Pagatne dzivo
cilveku atmipas un cauri laikam ta saistita ar citiem cilvékiem, notikumiem un konkrétam
vietam. Minéto K. Teilora t€zi var pilniba attiecinat uz kultirvidi un to apstiprina ari autora
veiktais Tukuma vecpilsétas petfjums.

Tukums ir viena no Latvijas provinces pilseétam. Ka apdzivota vieta ta veidojusies netalu no
Livonijas ordena pils un viduslaikos pastavéja ka neliels administrativs centrs pie Rigas -
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Prisijas tirdzniecibas cela. 17.gadsimta, kad visa Rietumeiropa notika strauyja pilsétu
attistiba,[12] Tukuma nozime Kurzemes un Zemgales hercogisteé pieauga un tas kluva par vienu
no cetriem virspilskunga iecirkna centriem. Nakamais straujas attistibas periods sakas ar
saimniecibas attistibu un industrializaciju 19.gadsimta beigas.

Apbives attistiba saistita ar min€tajiem periodiem. Viduslaikos pils bija noSkirta no miesta
apbuives ar aizsardzibas gravi. [13] Koka €kas - buvetas tagadéjas Lielas ielas sakumposma - lidz
miisdienam nav saglabajusas. Brivibas laukuma dienvidu pus€ atrodas vien neliels viduslaiku
pils drupu fragments un 18.gadsimta otraja pusé parbiivetais Pils tornis. Otraja attistibas perioda
veidojusas paréjas tagad€jas vecpilsétas ielas un apbiive ne tikai pletusies plaSuma, bet ari
pietuvinajusies viduslaiku pilij. No $1 perioda saglabajusies 17.gadsimta buveta Sv. Trisvienibas
baznica un ap divdesmit dzivojamo &ku, kas celtas 18.gadsimta. TreSaja perioda pils€tas
teritorijas strauji paplagindjusies. Saja laika pilsétnieku sazina tiek nodalita jaunapbuvéta
teritorija tika nodalita no vecpils€tas. Jauno pilsétas dalu saka saukt par Jauntukumu un tur
paSumus iegadajas jaunienacgji no laukiem. Uz vecpilsétu attiecindja tagad€jais Brivibas
laukuma un Baznicas, Elizabetes, Lielas, Darza, Harmonijas, Talsu, Pasta, Pils un dalgji art -
Raudas ielas apbuvi. [14]

Tukuma pilsétas vesturiskais centrs i viens no 44 Latvija pastavoSiem valsts nozimes
pilsétbivniecibas pieminekliem, [15] p&c savas makslinieciskas, vesturiskas vai zinatniskas
vertibas tas ir saglabajams nakamajam paaudz€m un ta parvaldiba ir noteikta ar LR Likumu par
kulttras pieminek]u aizsardzibu. Diemz€l valsts nozimes pilsétbiivnieciska pieminekla Tukuma
vesturiska centra robezas nesakrit ar td sauktds vecpils€tas robezam. Pils, Pasta, Raudas un
vairaku citu ielu apbiive, kas ir Tukuma pils€tai raksturiga un vienreiz€ja, nav valsts nozimes
piemineklis un ta aizsardzibu minétais likums nereglament€. Tas nozime, ka pasvaldibai un eku
ipasniekiem nav obligati jasaglaba vesturiskas apbiives apjoms, nav jalieto tradicionalie materiali
to atjaunoSana, €ku var parbuvet vai pat nojaukt.

Tukuma pilsé€tas pétfjums péc ta izstrades tika nodots pasvaldibas riciba un iesniegti ar1 ieteikumi
pilsétas teritorijas planojuma aktualizacijai Tie ietvéra ierosindjumu paplasinat pilsetas
vesturiska centra aizsardzibas zonu, saglabat taja esoSo apbiivi un iespgu robezas restaurét
zudusas detalas, ka ar7 saglabat ielu planojumu un trajektorijas. Vietas, kur padomju varas
perioda apbiive nojaukta, autors ieteica iezimét kvartalu robezas ar zalajiem stadfjumiem.

Vesturiskie nosaukumi pilsétas konteksta

P&tjjuma procesa iegiitie dati raksturo ne tikai pilsétas attistibu kopuma, bet ar1 sniedz plaSu un
daudzpusigu informaciju par katru vecpilsétas robezas esoso paSumu, ta pasniekiem, rniekiem.
Katra iela, gruntsgabals un €ka ir vieta, kas saistita ar kadu personibu. K. Teilors atgadina E.
Relfa tezi, ka vietas identitati veido cilveéku aktivitates, vinu darbibas materialas liecibas, ka ar1
simboli un nozimes, ko cilveki pieskir kadai vietai, vaiatseviskiem objektiem.[16]

Diemzel lidzigi citam mazpilsétam arT Tukuma padomju varas laika ir apzinati parrauta pilsétas
tradiciju pecteciba un daudzi notikumi, cilveki, arl vietu nosaukumi un nozime ir mainita un
velak aizmirsta. BieZi vien nezinaSana ir bijusi par iemeslu nepardomatu lémumu piepemsanai.
Pieméram, 20.gadsimta piecdesmitajos gados izveidoto ,kara pilsétipu” tagad sauc par
Jauntukumu, kaut vesturiski §is nosaukums attiecinams uz pavisam citu pils€tas mikrorajonu,
kur§ veidojas 19.gadsimta beigds un aptvéra vecpilsetu. Neapdomigi notikusi vesturisko ielu
nosaukumu atjaunoSana 20.gadsimta 90.gados un biezi vien tas apgritina vésturisko objektu
identificéSanu misdienas. Vairaki vecie ielu vai nosaukumi zudusi, apvienojot divas vai pat tris
ielas un dodot tam vienu nosaukumu. Pieméram, vesturiskais Vecmoku ielas nosaukums nav
atjaunots varda nelabskaniguma dél. Ielas sakumposms pievienots Brivibas laukumam (ipaSumi
Vecmoku iela nr. 1-12), bet pargja dala - Talsu ielai. Likvidéts Jelgavas un arT Lazaretes
(30.gados - Aizsargu iela) ielas nosaukums, tajas esoSos ipasumus pievienojot Pasta ielai.
Likvid&ta arT vesturiska Udens iela, kura atradas tikai divi ipaSumi, pievienojot to Lielajai ielai.
Ielu nosaukumi un to maina ir viena no pilsétas vestures izpétes biitiska petniecibas t€mam, jo
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vietvardi uzskatami raksturo pilsétvidi ne tikai no geografiska viedokla, bet ari no vésturiska.
Katra pilsé€tas attistibas perioda ielu nosaukumi veidojusies nedaudz citu apstaklu un ari mérogu
apzinasanas konteksta. Lidz pat 18.gadsimta vidum orientacijai lietoja vardu celS un ta
nosaukums noradija virzienu uz tuvgjo apdzivoto vietu - parasti muizu. Pieméram, tagadéja
Talsu iela, veidojusies gar Moku celu, kas veda uz Moku muizu. Péc muizas sadaliSanas radas
divi atseviski pasumi -Vecmoku un Jaunmoku muiza un iela tika pardevéta par Vecmoku ielu.
Tagadéja Raudas iela veidojusies gar celu uz Raudas muizu. Tas nosaukums ticis mainits tikai
padomju laika, tai dodot Lenina ielas nosaukumu. Ielu nosaukumi Tukuma noteikti lietoti vismaz
18.gadsimta beigas, iesp€jams pat jau treSaja ceturksni Liela iela ir vecaka un vairakus
gadsimtus bijusi galvena pilsétas iela. V&l 18.gadsimta vidu ta déveta par Baznicas ielu, jo uz tas
atradas dievnams (tagad Sv.Trisvienibas evanggliski luteriskas draudzes baznica). 1804.gada
pils€tas plana ta jau déveta par Lielo ielu. Baznicas ielas nosaukums pilséta atkal paradiyas
1881.gada, kad sadalot ta sauktajos Steinbauma laukus apbiives gabalos, tika veidota jauna iela
iepretim tolaik jaunuzbiivétai Sv.Nikolaja pareizticigo draudzes baznicai.

Atseviskos gadijumos ielas nosaukumi noradijis uz tas funkciju, pieméram, Darza iela veidojas
ka ganibu cel§ un tas senakais nosaukums -Vidus iela - norada uz ta sauktas tas aizmugures iclas
statusu. Sam@ra daudzu ielu nosaukumi atspogulo tas iedzivotaju nodarboSanos, piemeram,
Adgeru, Kalgju, Kautuves (arT Lopkautuves), ka ari sniedz norades uz notikumiem pilsétas
vesturé - Uguns iela ieguvusi savu nosaukumu péc 1865.gada ugunsgréka. Tukuma ir arT ielas,
kuru nosaukumos atspogulojas senie vietvardi - Avotu iela atrodas Slocenes upes nogaze un ved
uz avotinu. Tas trase veidojusies senas takas vietda. Udens un Aizsprostu iclas ved uz bijuso
pils€tas ezeru un iezime pils€tas jeb Dzirnavu ezera aprises.

19.gadsimta otraja pus€ attisttas modernas pilsétas iezimes un tas atspogulojas ari ielu
nosaukumos. Rigas, Jelgavas, Talsu ielu nosaukumos jau atspogulojas cits mérogs - Virziena
norades uz tuvakajam pils€tam. Otra iezime saistas ar sava laika Krievijas valsts augstako
amatpersonu - caru un carienu - varda izmanto$anu. Adgeru iela pardévéta par Elizabetes ielu,
izveidotas Katrinas, Aleksandra un Annas ielas. 20.gadsimta notiek ielu pardévésana dazadu
politisku motivu dél un to nosaukumi atspogulo katras sabiedriski politiskas iekartas ideologiju.
Liela iela bijusi gan Z.A.Meierovica, gan H.G€ringa, gan 1905.gada iela, savukart Pils iela
saukta gan par K.Ulmana, gan A.Hitlera, gan Komjaunatnes iclu.

20.gadsimta beigds paradijas jaunas iezimes pils€tas ielu nosaukumos paradijas Tukuma
sadraudzbas pilsétu vardi. Akmens (padomju laika V.Zimjagina) ielu pardévéja par Seseles, bet
dalu Darza ielas - par Tidaholmas ielu. Postmodernaja sabiedriba ienakusi izpratne par pilsétas
saittm Eiropas meéroga, bet vienlaicigi tomér arvien lielaka interese rodas par lokalo vésturi un
Ppatnibam

Minétie un vél citi piemeri liecina, kultiirvides parvaldibas process pilséta ir visai komplicéts ta
daudzslapainibas un nepartraukto, saméra straujo parmainu dél. Lai iepazistinatu pils€tas
iedzivotajus un ar1 iebraucgjus ar pilsétas bagato kultiiras mantojumu, lai veidotu izpratni par ta
nozimi pilsétas identitates veidosana, lielaka uzmaniba bitu pieveérSama atsevisku vietu, €ku un
ielu vestures, ka ar1pilsé€tas attistibas un biitibas skaidrosanai jeb interpretacijai.

Vecpilsétas kultiirvides inte rpretacija

Ka ikviena komunikativa procesa. svarigi ir izve€l€ties notikumu vai stastu, kuru interpretét, un
pielietot atbilstoSas metodes un lidzeklus ta sekmigai realizacijai Tukuma vecpilsétas vide i
veidojusies 1lgstoSa laika perioda un nepartraukti mainijusies. Daudzie uzslanojumi no vienas
puses apgritina izvirzita uzdevuma veikSanu, no otras ouses - padara to interesantu.

Izvertejot pilsétas aktualitates, autore izvélejas t€mas un tam atbilstoSas interpretacijas metodes.
Pirma t€ma saistyjas ar t€zi, ka kultlrvide ir laikd nepartraukti mainiga. Izmainas kulttrvidé
nosaka gan ekonomiskie, sabiedriski politiskie un socialie apstakli, gan cilveki, kuri dzivojusi
petamaja pilsétas dala. Ja argjie jeb varétu teikt ari globalie apstakli nosaka visa valsti, regiona
vai Eiropa lidzigu procesu norisi, tad cilveki, kuri dzivojusi konkrétaja pilséta, ienesusi tikai Sai
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pils€tai raksturigs iezimes. V&l viens loti butisks faktors pilsétvides fizisko parametru un argja
veidola, ka ar1 daudzu tradiciju veidosana ir dabas pamatne. Nemot véra minétos faktorus, autors
izvélgjas realizeét praksé Tukuma pilsétai loti raksturigas vietas - tagadgja Brivibas laukuma-
mainiguma interpretaciju.

Tukuma muzeja fotografiju kolekcija bija atrodams plass un daudzpusigs vizualo materialu
klasts, ar kura palidzibu bija iespgjams atspogulot laukuma apbiives, funkciju, nosaukumu un
vizuala t€la mainas 20.gadsimta. Trikksto$a informacija iegiita avotu materiala studiju un analizes
gaita, ka arT izmantojot arhitekta, celtniecibas arheologa I.Dirveika [17] atzinumus par apbiives
arhitektoniski - maksliniecisko vértibu. Rezultata tika sagatavots izejmaterials makslinieciskas
skices izstradei un tas realizacijai maketa. Darbnica ,,Animacijas brigade” tika izgatavots kustiga
pamatne, uz kuras uzlikti tris skati: Tirgus laukums 1914.gada, Brivibas laukums 1936.gada un
Sarkanais laukums 1976.gada. [18] NospieZot sledzi, makets griezas un muzeja apmekletaji
viegli uztverama forma var iegiit priekSstatu par bitiskam pilsétvides izmainam. Savukart izejot
no pils€tas vestures muzeja €kas, kas atrodas Pils torni, katrs apmekletajs var izvertét situaciju
laukuma miisdienas.

Otra metode izvEleta ar merki péc iesp€jas vairak cilvéku informét par vecpilsétas €ku vésturisko
nozimibu. Parasti informacija par vecpilsétas vésturi tiek sniegta laikrakstos, tirisma celveZos
vai ar1 ekskursijas gidu pavadiba. Katra no min€tajam metodém ir noderiga, tomér domata tikai
Saurai mérkauditorijai - pils€tas vestures interesentiem. Tada veida sniegto informaciju izmanto
neliela sabiedribas dala. Lai informé&tu ne tikai interesentus, bet ar1 vecpils€tas iedzivotajus
autors sagatavoja su informaciju par katru eku, tas bivniecibu, pilséta ievérojamiem laudim un
pasiitija informativas plaksnites. Projektu atbalstija Valsts Kultiiras piemineklu aizsardzibas
inspekcija un plaksnites tika piestiprinatas pie katras &kas Pils iela. Jau pirmaja diena
garamgajeji pieversa uzmaniu plaksnitem, apstajas un tas lasyja, savukart €ku pasnieki naca uz
muzeju un jautaja, ko vairak par savu pasumu. Pils€tas dome atbalstTja So projektu un katru gadu
ieplano Iidzeklus kadas ielas namiem. Patlaban plaksnites uzliktas Brivibas laukuma, Elizabetes,
Harmonijas iela un tiek gatavotas ar1 Lielas ielas namiem.

Pilsétas buivvaldes darbs versts uz vecpilsétas saglabasanu un §1 nelielas plaksnites pie namiem
nodroSina papildus informaciju. Lidzas zili baltajam valsts nozimes kultiiras pieminek]a
atSkiribas zimém, dzeltenas plaksnites tiek uztvertas ka ipasas Tukuma kulttrveésturisko objektu
zimes. Projekts darbojas sekmigi, arvien vairak iedzivotaju interes€jas par savu Ipasumu veésturi
un ludz sagatavot ve@sturiskas izzipas. Arl turisti var izstaigdt pils€tu patstavigi un iepazit
kulturveésturiskas nianses, lasot minétas plaksnites.

Interpretacijas pastaigas ir saméra jauna metode. To izstradajusi un aprob&jusi tris pétnieku
grupa Australijas pilsétas Nikastlas (Newcastle) priekSpilséta Maifilda (Mayfield): K.Markvels
(Markwell), D.Stivensons (Stevenson) un D.Rove (Rowe).[19] P&tnicku grupa veica minétas
priekSpilsétas vestures pétijumu un izvélejas tas vietas un objektus, kam piemit vesturiska
vértiba. Vini sagatavoja brostru, kurd apkopota informacija par nozimigakajiem objektiem. To
izmantojot jebkur§ var patstavigi izstaigat pils€tu un iepazit to visa to daudzveidiba. P&tnieki
uzskata, ka interpretacijas pastaigas ir efektiga kultiiras mantojuma interpretacijas metode un ta
ne tikai palidz att€lot pilsétvides butibu un veidot vietas piederibas sajiitu tas iedzivotajos, bet ar1
ietekmé vietas ekonomisko attistibu, piesaistot turistus.

Salidzinajuma ar Australija pieméru, Tukuma pie vecpilsétas ekam izvietotas plaksnites padara
interpretacijas pastaigu daudz vienkarsak organiz€jamu. Nav nepiecieSama broSiira, uz ielas nav
jaskirsta un jamekle pareizd lapaspuse. Pie €kam piestiprinatas plaksnites var izlast jebkurs
garamgajejs, tatad projekta mérkauditorija ir daudz plasaka.

Pie mineklu integracija sabiedriba
Kultiras mantojuma veértiba laika gaitd mainas, jo mainas td nozimes izpratne sabiedriba.

Piem@ram, 18.gadsimta Tukuma iedzivotaji ar vietéjo varas iestazu atlauju pakapeniski nojauca
viduslaiku pili tas akmenus izmantoja jaunu &ku celtnieciba. 1827.gada generalgubernators
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Pauluci to aizliedza dart.[20] 20.gadsimta divdesmitajos gados, kad Latvija apzinaja iesp&jamos
kulttras piemineklus, Tukuma viduslaiku pils drupas novért€ja ka neatbilstoSas pieminekla
statusam. Tikai 20.gadsimta seSdesmito gadu beigas Tukuma viduslaiku Pils tornis tika ieklauts
valsts nozimes kultiiras pieminek]u saraksta. Neskatoties uz to, €ka tika izmantota ka Tukuma
rajona iekSlietu dalas noliktava, savukart pilsdrupu fragmenti ta arisabruka laika zoba ietekmg.
Pirmo reizi pils€tas sabiedribas uzmania viduslaiku pils atlickam tika pieveérsta 1941.gada, kad
nojaucot veca Pravinu kroga €ku Sarkanaja (tagad - Brivibas laukuma), skatienam atklajas ta
sauktais Pils tornis. Jau toreiz Tukuma pilsétas makslas muzeja direktors gleznotajs Leonids
Arin§ izteica domu par muzeja papla$inasanu un izvieto$anu Pils torni un blakus esosaja aprinka
tiesas €ka. Ideja tika aktualizéta tikai 1978.gada, kad €kai jau bija pieskirts valsts nozimes
pieminekla statuss. Tika izstradats €kas restauracijas projekts, [21] bet ieceres realizacija tika
uzsakta tikai péc desmit gadiem. Pils€tas vestures muzejs Pils torni tika atverts tikai 1995.gada.
[22] Nelielas &kas (platba tikai 108 m?) remonta - restauricijas darbu projekts finansiali
mazietilpigs projekts. To kav€ja deputatu un ieré€dnu neizpratne par celtnes ka vieniga viduslaiku
vestures un arhitektiiras pieminekla nozimibu pilsétvide, ka ar1 iesp€jamo socialo ietekmi pilséta.
Jau muzeja atklaSanas diena to apskatija vairak neka tiukstotis pilsétas iedzivotaju un viesu.[23]
Pie muzeja durvim nepartraukti stavéja rinda. Interese nav noplakusi visus desmit ta
pastavéSanas gadus. Katrs, kas iciet $aja muzeja, noverte ta atraktivitati

Ekspozicijas koncepcijas pamata ir ideja par to, ka Tukuma pils€tas ve€sture ir notikumiem
bagata un atbilstoSi eksponéta, ta var bt interesanta ikvienam. Pamatojoties uz pilsétas vestures
petjumu autors izvelgjas desmit vinaprat pilsétas vesturé raksturigakos notikumus, sagatavoja
aprakstu, izv€lejas attieciga laikmeta pils€tvidi raksturojoSus vizualos materialus un sagatavoja
uzdevumu ekspozicijas makslinieckam. Ekspozicija tika veidota ka nelieli maketi ar lellem.
Izvéletais makslinieciski spilgtais un viegli uztveramais izteiksmes veids karu gadu piesaista
vidgji vairak neka tris tikstoSus apmekletaju. [24]

M.TrimarSi (M.Trimarchi) [25] pétijis veésturisko pieminek|u aizsardzibas un izmantoSanas
dazadus aspektus un nonacis pie atzipas, ka piemineklu nozime sabiedriba nepartraukti mainas
un izmainas notiek gan horizontali (pateicoties piemineklu plasakai pieejamibai un lielakam
iesp&jam tos izmantot), gan vertikali (pateicoties patreiz€jas vertibas dazadam modifikacijam,
kas ietekme pieminekla pagatnes kulttiras nozimes un lomas veért€jumu). Izmainas var radit €kas
funkcijas maina no vienas puses un kultiiras aktivitites no otras puses. M. TrimarSi veicis
petjumu Italja, kura gaitad aplilkojis mantojuma un t€lotajas makslas vertikalas integracijas
piemérus. Vina pielictotie argumenti ir viegli izmantojami dazados gadijumos neatkarigi no
kultiiras pieminek]a piederibas un juridiska statusa.

M.Trimars1 t€zi apstiprina ari Pils torpa piemérs Tukuma. Lidz 1995.gadam €ka sabiedribai
nebija pieejama un ta nebija pietickami informéta par Pils torna v€sturisko un kultiiras nozimibu.
Eka bija ieguvusi valsts nozimes kultlras pieminekla statusu, bet ta nedeva ne socidlu, ne
ekonomiskus ieguvumus pilsétai. Pé&c muzeja atverSanas piemineklis ir pieejams pils€tas
iedzivotajiem un taristiem. Kaut ari ieejas biletes cena ir simboliska, pieminek]a izmantoSana
dod arT zinamu finansialu ieguvumu muzeja, kas ir pasvaldibas iestade, budzeta. Pieminekla
kultiras nozimibu apstiprina arT regularas pilsétas viesu delegaciju vizites muzeja, [26] t.i.
muzejs kluvis par viesu uzpemsanas protokola sastavdalu.

Pieminek]a nozime maina ari taja notiekosas kulttiras aktivitates. Pils tornpa otraja stava reizi
gada tiek mainitas izstades un to atklaSana notiek Pilsétas svétku laika - parasti julija treSaja
piektdiena. Atklasanas pasakums ir saistits ar izstades t€mu, tas veidots ka sizetisks vestjjums un
taja ir iesaistiti ne tikai muzeja, bet ari citu kulttiras institiiciju darbinieki: miiziki, literati, aktieri,
veésturnieki un citi. Tie ir muziki, literati, dejotaji, aktieri vai citi radoSo profesiju parstavji, kas
sp€j nodrosinat profesionali laba limena priekSnesumu un minéta pieminekla bitibai tematiski
atbilstoSu kultiiras produktu.

Pilsetas kultiiras dzivé 1pasu nozimi ieguva izstade par Tukuma Viesigo biedribu - nacionalu
kultiras biedribu, kas pastavéja no 1873. lidz 1940. un no 1941. lidz 1945.gadam un bija sava
laika nozimigs kultiiras centrs. 2003.gada ar autora hidzdalbu veikts p&tijums par biedribas
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vesturi, izveidota izstade un izveidota amatierteatra izrade par nacionalas atmodas notikumiem
un personibam Tukuma 19.gadsimta otraja pus€.[27] Izstades atklasanas diena izrade Pils torni
tika speleta tris reizes, izstades laika ta vairakkart tika atkartota.

Intervijas ar apmeklIétajiem [28] tika noskaidrots, ka viniem bija interesanti skatities izradi tiesi
izstade, kur par katru no lugas varoniem atrodams plass materialu klasts: fotografijas, dokumenti
un arT memoriali priek§meti. Milzigu interesi izpelnijas diskusijas ar muzeja specialistiem péc
izrades. Savukart aktieri atzina, ka viniem tiesi izstade un muzeja specialistu komentari palidzeja
labak izprast savus t€lus un arito vesturisko vidi, kura tie dzivoja.

2000.gada- 2001.gada- 2002.gada- 2003.gada- 2004.gada-
O Individualie 2040 1796 1769 1626 1659
W Ekskursanti 2676 2510 2344 3967 1511
OPasakumi 639 160 217 215 727
OKopa 5355 4466 4330 4182 3897

1.attéls. Pils torpa apmeklétaju dinamika

Dzivas izrades paplasinaja Pils torna apmekIetaju loku. Pasakumus apmekIgja laudis no citam
socialajam grupam neka ikdienas apmekIetaji, kas parasti ir pils€tas v€stures interesenti, skoléni
vai turisti Ka atzim€jis M.Trimar§1 [29] pasakumi veicina kultliras produkta zinamu
demokratizeésanos, kultliras pieminekli kliist atraktivaki un notiek to aktivaka ieklauSanas
kulttirtiirisma aprite. Ka liecina novérojumi Pils torni, pieminekla kultiiras nozimi paaugstina ari
makslinieku radoSo iespgju paplaSinaSanos un viniem dotad iesp&ja radit augstas kvalitates
kultiiras produktus.

Kulturvides parvaldibas risina jumi

P&tijumu aktualitati kultirvides parvaldiba nosaka ta pielictojamiba. Sis aspekts bijis aktuals visa
Tukuma pilsétas kulttrvides izpétes procesa. Kultiirvides parvaldibas merki ir saistiti ar
materialas un nematerialas kulttiras mantojuma saglabasanu un ilgtsp&jigu izmantoSanu un Saja
procesa biitiski ir nevis saSaurinat pieminekla nozimibu, bet gan to paplasinat.

Ka atzimé M.Trimar$i, [30] kulttiras mantojuma aktiva izmantoSana un vienlaikus atbilstosa
saglabasana var tikt nodroSinata, ievieSot precizus un efektivus noteikumus piemineklu
aizsardziba un izmantot elastigu pieeju to izmantoSania. Katram pieminekla izmantoSanas
gadfjjumam jabiit ilgstp&jigam, t.1. t3 izmantoSanas procesa janodroSina ikviena ta materiala vai
nemateriala raksturlieluma (izpausmes) saglabasana, lai to varétu nodot nakamajam paaudzém.
Ekas vai biives identitati veido tas forma, krasa, dekoréjums un citas zimes, kas padara to
neatkartojamu un kultirnozZimigu.

Analiz€tajos gadfjumos nav notikusi materiali zaud€jumi, tieSi pret€ji, organiz€jot augstas
kvalitates makslas pasakumu kultiiras piemineklos, demokratizéts pakalpojumu sanémeju loks
un vairots apmekletaju intelektualais kapitals.[31] Ja fiziskais kapitals netieck samazinats un
intelektualais kapitals pieaug, tad laika gaita pieaug sabiedribas socialais labums.

Tukuma pilsétas dome sava darbiba lidz Sim veicinajusi vairaku kultiiras institiiciju sadarbibu
kultiras mantojuma aktualiz€Sana. Viens no apmekletdju iemilotiem un tradicionaliem
pasakumiem ir Makslas svetki Durbes pili, [32] ko sadarbiba ar Tukuma pils€tas b&rnu un
jaunieSu centru (no 2004.gada - Tukuma makslas skola), Tukuma Miuzikas skolu un Tukuma
pilsétas kulttiras namu ik gadus organiz¢ Tukuma muzejs. Pasakums notiek jau 20 gadus un,
neskatoties uz ieejas maksu, ik gadus pulcé vairak neka tikstos apmekletaju. Tukuma muzejs
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riko arT klasiskas miizikas koncertus, Dzejas dienas un citus pasakumus. Jau vairakus gadus
notiek Bérnu makslas plenéripilsétas skolu audzekniem.

Tiesi vecpilséta pasakumi notiek sameéra reti. Lielakoties tie ir saistiti ar izstazu atklasanam
Makslas muzeja, kas atrodas Harmonijas iela, un Tukuma makslas skola, kas atrodas Lielaja iela.
Viens no lielakajiem un masveidigakajiem pasakumiem, kas notiek vecpilséta ir Pilsétas svetki,
kuru organizéSana faktiski iesaistiti visi pa§valdibas uzpémumi un iestades, ka ari sabiedriskas
organizacijas. Organizatorisko vadibu parasti uznpemas pilsétas domes izglitibas, sporta un
kultiiras specialists.

Katrs §ads pasakums, kura iesaistitas vairakas institiicijas, prasa riipigu sagatavosanas darbu un
labu menedZzmentu. Kultiras mantojuma vertikalas integracijas koncepts parasti ir realiz€jams
balstoties uz institucionaliem pamatiem un Iidz ar to [Emumu piepemsSanas process ir daudz
sarezgitaks. Izmantojot $adu sadarbibas modeli, svarigi ir iesaistit visas iesp&jamas jautajuma
risinasana ieinteresétas puses, uzklausit visus viedoklus un panakt vienoSanos consensus cela. Ka
liecina pieredze, dazkart istermina rezultata kvalitate var€tu but labaka, tom@r stradajot
ilgtermina, tiek nodroSinata kulttras institficiju un citu ieintereséto pusu aktivitate, informacijas
pieejamiba un pardomataka darbiba kultirvides parvaldiba. Sads sadarbibas modelis var ienest
kultiirvides parvaldiba jaunu pieredzi un ari iesp&jas. lerobezota finans€juma apstaklos $is
modelis sniedz iesp&ju paSvaldibai problémas risinat kompleksi un profesionali, ka ar7 radit
augsni iedzivotaju socialas aktivitates veicinasSanai.

Otrs risindjums saistits ar tadas jaunas struktiras izveidi paSvaldiba, kurd strada profesionalu
kultiiras darbinieku un kultiiras mantojuma aizsardzibas specialistu komanda. Pieméra, Jurmalas
pilséta par pieminek|u aizsardzibas jautajumiem atbild domes struktirvieniba. Sads risinajums
nodro§ina atru un profesionalu [émuma sagatavoSanas procesu Istermina, ka ari garanté augstas
kvalitates pasakumu realizaciju. Neiesaistot parvaldibas procesa sabiedribas parstavjus,
ilgtermina varétu rasties zinama plaisa starp domi un iedzivotajiem, jo to intereses kultiiras
mantojuma aizsardzibas jautajumos un apbiives modernizacija i atSkirigas.

uznémumi valsts /pasvaldibas
muzejs /iestades
\ i ™
y b y
bibliotekas/ informacijas centri paSvaldiba [ » baznicas/ draudzes utt.

K > Y K

y

A kultoras nami/ centri

eku Ppasnieki/ iedzivotaji

y

sabiedriskas organizacijas

2.attels. Kultiirvides parvaldibas modelis pasvaldiba

Tukuma pilséta konceptualos apbiives attistibas jautajumus lemj dome, praktiskos risinajumus
akcepté un ari kontrolé biivvalde. Saja parvaldibas joma, kas saistita materialas kultiiras liecibu
saglabasanu, sadarbibas pieredze ir mazaka neka nematerialas kultiiras joma. 2002.gada pilsétas
dome sadarbiba ar Tukuma muzeju un Valsts kultiiras piemineklu aizsardzibas inspekciju uzsaka
informativo plaksn®u uzstadiSana vecpilséta, bet 2004.gada realiz€ja valsts nozimes kulttras
pieminekla - €kas Brivibas laukuma 21- arhitektoniski-makslinieciskas un tehniskas izp&tes
projektu.[33] Visoptimalakais risinajums bitu vismaz viena kultiras mantojuma speciilista Stata
vietas izveide domé un cieSa sadarbiba ar valsts un paSvaldibas institlicijam, uzpémumiem,
sabiedriskajam institlicijam un iedzivotaju parstavjiem.

Sobrid Tukuma pilsétas domé par kultdras, izglitibas un sporta darba organiz&sanu atbild viens
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darbinieks, kultiras mantojuma aizsardzibas jautajumu risinasanai domé specialistu nav, notiek
sadarbia ar kulturas piemineklu aizsardzibas inspektoru. Domes aktivais partneris materialas
kultiras mantojuma problému risinaSana ir rajona pasvaldibas iestade- Tukuma muzejs.
Nematerialas kultiiras joma notiek domes, muzeja un kulttiras nama, komercstruktiiru sadarbiba,
kura iesaistas ar atseviski interesenti no iedzivotaju vidus.

Realizétie projekti ir interesanti un katrs no tiem ir devis ieguldjumu pilsétas kultiirvides
materialo liectbu saglabaSana un kultiiras aktivitaSu veicinaSana, tomer kultiirvides parvaldiba
varétu biit efektivaka, ja tiktu realiz€ta holiska un uz sabiedribu centréta pieeja un izstradata
kulttras stratégija pasvaldiba, ka ariregionu un valsts limeni Visa kultirvides parvaldibas joma
biitu svarigi veicinat kultiiras pieminek]u un kultiiras aktivitaSu horizontalo un vertikalo
integraciju, t.1. paplasinat to pieejamibu un veicinat to nozimes izpratni plasaka sabiedriba.

Secina jumi
Kulttrvides parvaldiba pédejos gados arvien noteiktak ienak jauni aspekti un tie skar dabas un
kulttiras mantojuma definéSanu, saglabaSanu un aizsardzibu, ka ar1 izmantoSanu. Lidz Sim ar
kultiirvidi un tas parvaldibu tika asocieti galvenokart valsts nozimes kultiiras pieminekli un to
aizsardziba nav paSvaldibas kompetence. Miusdienas arvien lielaka nozime tiek ieradita tai
kultiiras mantojuma dalai, kas neatbilst valsts nozimes kultiiras pieminekla statusam, bet raksturo
cilveka un dabas mijiedarbibas rezultatu pagasta, pilséta vai regiona. Par viet€jas nozimes
pieminekliem tiek uzskatitas kultirainavas, vietas, €kas, objekti, kas viet€jo iedzivotaju
vertgjuma ieguvusas pasSu nozimi. To defin€Sana un aizsardziba plasi izmantojamas pasvaldibu
muzeju resursi un iespéjas: kolekcijas, petijumi, muzeju ekspozicijas. ekskursijas, lekcijas, ka art
citu vides interpretacijas metodes.
Lidzigi ka pils€tas ve€stures muzejs Tukuma daudzi pasvaldibu muzeji atrodas €kas, kas ir valsts
nozimes kultiiras pieminekli. No vienas puses tas muzejam uzliek saistibas pieminekli uzturét
atbilstoSi normativajos aktos noteiktajam prasibam, no otras puses rada iesp&ju sabiedribai So
muzeju identificét ar pieminekli. Kultiiras aktivitaSu vai kultiiras institlicijas integracija ar
kultiiras pieminekIi ne tikai paver jaunas iesp€jas tiiristu piesaistei un iedzivotaju izglitoSanai, bet
ar1 palielina kulttras pieminekla kultiras, socialo un ekonomisko nozimi pilséta. Tas savukart
Tukuma muzeja gadfjuma ir palidzgjis definét muzeja lomu sabiedriba un ta saistds ar
kultiirvides vertibu izpéti, saglabasanu, populariz€sanu sabiedribas attistibas un izglitibas laba.
Muzeja sociala loma lidz ar to uzliek pienakumu aktivi ieklauties ari kultirvides parvaldibas
procesa, kas ietver gan tas pétjjumus un izveért€Sanu, gan konservaciju un izmantoSanu. Muzeju
kolekcijas Iidz Sim vél nav pietickami izmantotas kultirvides p&tjumu veikSanai. Pastav arl
plasas iesp€jas izmantot citas kultlirvides interpretacijas metodes, ne tikai raksta analizetas.
Svarigi, lai izvéléta metode biitu piemerota problEmsituacijas risinasanai un dotu maksimali
iesp&jamo efektu.
Kultiirvides parvaldibas efektivitate pasvaldiba lielda méra ir atkariga ne tikai no pasvaldibas
iereédnu kompetences, bet arT no iedzivotaju informetibas un socialas aktivitates. Pieredze liecina,
ka kulturvides parvaldiba ilgtermina ir efektivaka, ja to wveic attieciga paSvaldibas
struktiirvieniba, iesaistot kultliras un izglitibas institiicijas, ka ar1 iedzivotaju parstavjus. Muzeju,
biblioteku, kultiiras namu, skolu un tirisma informacijas centru, ka arT uzp€mumu, sabiedrisko
organizaciju un privatpersonu aktivitite nodroSina pardomataku l@mumu pienemSanas procesu
un kompleksu problému risinajumu. Savas kompetences un iesp&ju robezas katrs parvaldibas
procesa iesaistitais var veikt kaut nelielus petjjumus, izstradat un realizét dazadus vides
interpretacijas un izglitibas projektus, tadéjadi veicot funkcijas, kuras pasvaldiba neveic vai veic
dalgji.
Pilsétvides kvalitati un pievilcibu nosaka ne tikai izcili materialas kultiiras pieminekli, bet visa
tas apbiive kopuma, tradiciju p€cteciba un notiekosas kulttiras aktivitates. Ja paSvaldibas, tas
teritorija esoSajam iestadem, uzpeémumiem un sabiedriskajam organizacijam, ka ari namu
PpasSnickiem un iedzivotdjiem ir pieejama informacija par katru vesturiski, makslinieciski,
zinatniski vertigu objektu pilséta, par vésturiskam tradicijam, vietvardiem un citam nematerialas
kulturas veértibam, tiek stiprinata piederibas sajiita savaipils€tai un izpratne par tas vértbbam.
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Pateicibas
Pétjumu atbalstija Tukuma pils€tas dome. Autors sanémis ar1 Latvijas Izglitibas fonda stipendiju
pilsétas izpéteipilsétbiivnieciska aspekta. Pateiciba pienakas arT manai kolgégei- Tukuma muzeja
galvenas krajuma glabatajas vietniecei Inarai Znotinai par palidzibu fotoattelu atlase.

Summary

There are significant changes going on in the post-modern society depending on social,
economic and cultural transformation. People are more interested in questions like: what has
happened in their place many years ago, how the place looked like, why people have shaped the
place it is etc. They would like to know more about the place they are living.

The author would like to specify that cultural environment is closely linked to a place, which is
undergoing changes all the time because of people's activities. According to E. Relf the identity
of place is related to three components: material evidences of people living in the place, their
cultural activities and meaning or significance people are giving to the place or object. The aim
of the management of cultural environment is to develop heritage conservation strategies,
methods based on research and wise practises.

Museums are institutions, which are collecting evidences of tangible and intangible culture,
researching their cultural environment and educating society. They are related to the natural and
cultural heritage and as cultural institutions are involved into cultural activities and therefore
they can easily understand importance of holistic approach in the process of management of
cultural environment. Museums can be easily used as instruments in the process of management
of cultural environment.

Heritage interpretation is a communicative process and it helps people to learn more and
understand the place they are living. Museums are seen as mediators between heritage and
society and interpretation methods are often used to educate society and make them aware of
local traditions and values.

The author did several case studies of different heritage interpretation methods used in Tukums
museum. The one, which is very traditional, is an exhibition in the museum of Tukums town
history. It is situated ina small two-store building, which during medieval period was a part of a
castle of Livonia order state but rebuilt at 18th century. The author has done research of the
development of the town and defined the main periods of changes in its planning. The aim of the
exhibition was to explain how rich is a tapestry of life in the town and it always was like this in
spite of deformity of history during the soviet rule. The author decided to make models of town
in eight different periods of time and show to everybody how it has been changed. The number
of visitors, which has seen the exhibition, is more than 3000 people per year and it is quite good
for small museum in provincial town.

Another case study is devoted to the thesis that the cultural environment is constantly changing,
which one can prove using different research methods but it is not so easy to make ordinary
people or even decision makers of local authority to realise the trough of this. The author decided
to make one new moving model in the exhibition and show how one place - the central square of
the town- has been changed during 20th century. Using visual material and analysing documents
in the collection of museum and archives it was possible to show how the place looked like in
1914, 1936 and 1976. Because the museum is situated on the central square of the town, visitors
of exhibition can compare what they have seen looking on the model and what the same place
looks like, when they go outside of building. Observations of visitors prove that this method of
heritage interpretation is very successful.

The third case study is about new method - self guided interpretive walks. The idea was to
facilitate learning and appreciation of urban landscape and help people to experience the place
they are living. On basis of research of the each of 230 houses of the old town of Tukums small
plaques were made and they gave information about house, data of its building, people once
living in, events once taking place in the house. This is an excellent way how to open multiple
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layers of history of Tukums old town. Observations prove that people are interested in the
history of their own house as well as their neighbours place. They are reading plagues and more
often they are coming to the museum and asking for some references. There is a book going to
be printed in year 2005 and will contain information also about the history houses but it is not so
easy to stay on the street and look for right page in it to orient oneself. The project of Tukums
museum was supported from the municipality and State inspection responsible for cultural
heritage protection but it has been developed very slowly. The aim is to have plaques on each of
the house in the historical centre of the town.

According to M. Trimarche the value of heritage tends to increase horizontally if the historical
building or monument is accessible for people and vertically if it is used for cultural activities.
He is stressing importance of integration of monuments and cultural activities. There was case in
Tukums museum when the local poet has written a play and local theatre of amateurs made a
performance about national awakening processes in Tukums at the end of 19th century. The
performance was based on historical research of group under the leadership of the author. It took
place in the exhibition devoted to Tukuma Viesiga biedriba (Latvian society). Visitors and also
actors pointed that were very excited to see the performance about real people. Looking on
photos and their memorial things they experienced that time, events, people and got wider and
deeper enjoyment.

Each case is different and other cultural activities allow another scenario. The integration of
heritage and cultural activities not only derives much higher educational or cultural benefit, it
makes people to become familiar with history, traditions, signs and symbols in their locality and
helps to identify themselves with the place they are living.

Municipality is responsible for sustainable development of the territory and it means also that it
is responsible for transmission of material and immaterial or tangible values to future
generations. The management of cultural heritage in municipality concerns not only with just
monuments left without people but also the places where people are living, where continuity of
traditions is still perceived. To make this system more effective it is suggested to integrate
experiences of management of cultural actions and projects with principles and methods and
practises, which are used in preservation of built heritage or nature.
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SADZIVES ATKRITUMU POL IGONA , GETLINI" PAZEMES
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Abstract. The paper is about the largest landfill in Latvia Getlini. Waste from Riga city and surroundings
are disposed here. The waste landfilling once was started in the old sand-gravd quarry, next to the Getlini bog, and
no environment protection measures were taken. Currently total area of the Getlini landfill is87 ha and 36 ha of it
occupy the old dumpsite (waste hill). Contaminants from the waste with storm water leached to the over
groundwater and under groundwater and contaminated it. In the paper contamination level and spreading of
leachate, surface water and groundwater are described.

Keywor ds: groundwater, leachate, monitoring, pollution, surface water, waste landfill.

levads
Getlinu izgaztuve (kops 2004. gada — poligons) ir lielaka atkritumu deponéSanas vieta Latvija.
Ta darbojas kops 1973. gada, un taja tick apglabati Rigas pils€tas un tuvéjas apkartnes atkritumi.
Savulaik izgaztuve tika izveidota izmantota smilts — grants karjera Getlinu purva mala, neveicot
nekadus vides aizsardzibas pasakumus. Laika gaita izgaztuve pletas arvien lielaka, un atkritumi
tika izvietoti arpurva mala.
Tagad atkritumu poligona kopg&ja platiba ir 87 hektari, no kuriem veca izgaztuve (atkritumu
kalns) aiznem apmeram 36 hektarus. Ta ka izgaztuve bija ierikota, neveicot vides aizsardzibas
pasakumus, dazadas piesarnojosas vielas no atkritumiem Iidz ar lietus Gideniem ieskalojas
pazemes tdenus. Jau péc pieciem gadiem (1978.g.), kad Geologijas parvaldes specialisti ierikoja
pirmos urbumus, tika konstatéts gruntsiidens piesarnojums izgaztuves apkartng. [1]
1996. gada tika uzsakts Pasaules Bankas atbalstits projekts “Getlipu izgaztuves turpmakas
izmantoSanas tehniski — ekonomiskais pamatojums un projektéSanas skices”. V&lak tika atrasts
finans€jums un uzsakta Getlinu cieto sadzives atkritumu apsaimniekoSanas projekta realizacija,
balstoties uz minéto priekSizpéti un ieteikumiem.
Projekta ietvaros tika rekultivéts vecais atkritumu kalns un tiek wveidotas jaunas, vides
aizsardzibas prasibam atbilstoSas vietas — Stinas — atkritumu apglabaSanai. Ka vecaja kalna, ta ar1
jaunajas $Unas ir izveidotas izgaztuves gazes savakSanas sist€mas.
Atkritumu izgaztuves vienmér ir bijusas vienas no galvenajiem punktveida apkartas vides
piesarnotajiem. Atkariba no izgaztuves platibas, atraSanas vietas, apglabato atkritumu daudzuma,
sastava un apsaimniekoSanas veida, apkart§jas vides piesarnojums var biit loti dazads. Visas
izgaztuvés un tagad ar1 atkritumu apglabasanas poligonos ir javeic monitorings un galvenie
analiz€jamie objekti ir virszemes tideni, gruntsiideni un infiltrats.
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Sadzves atkritumu poligona , Getlini” raksturojums
Sadzives atkritumu poligons “Getlini” atrodas pie Rigas pilsétas dienvidaustrumu robeZzas,
apméram 15 km no pilsétas centra (skat. 1. att.), attalums Iidz Daugavai ir 1650 metri. Starp
poligonu un Daugavu stiepjas Rigas — Daugavpils dzelzcel$ un Rigas — Daugavpils Soseja.

Ll

Nl s TR
\ WY/ T e N A T

1. attéls. Sadzives atkritumu poligona “Getlini” izvietojuma she

Dienvidos un rietumos no poligona atrodas dzivojamas majas un mazdarzini. Atseviskas majas —
Saulgriezi, Auzinas — atrodas tikai dazus simtus metru no poligona. Viet€jie iedzivotdji, ka art
dala mazdarzinu pasnicku iebilda pret izgaztuves atraSanos $aja teritorija un tas turpmaku
izmanto$anu. Sie protesti tika pamatoti ar sidzibam par dzerama udens kvalitati, kura neatbilst
dzerama tidens standartam, ka arT par to, ka piesarnojums ietekmejot darzigu augsni un izaudzeto
auglu un darzenu kvalitati.

Savulaik tika veikti daudzi p&tfjjumi par dzerama tdens, aku f@idens, gruntsiidenu un virszemes
tidenu, grunts un auglu un darzenu kvalitati apkart€jas majas un mazdarzinos. Tie noradija, ka
pazemes un virszemes udeni ir piesarnoti, savukart, augsnes piesarnojums ir konstat€jams
lokalos iecirknos un nav saistits ar izgaztuves darbibu. P&tjjumos netika konstatéts nozimigs
auglu un darzenu piesarpojums, kas liegtu tos izmantot uztura. Aku un seklo urbumu tdeni
visbiezak ir piesarpoti, bet akas piesarpojuma intensitati parasti nosaka to sliktais sanitarais
stavoklis. Apkart§jo maju iedzivotdji neizmanto piesarnotos pazemes udenus, bet tiek
nodros§inati ar kvalitattvu dzeramo tdeni. [1]

Poligona teritorija i labi izveidots gravju tikls, dala no tiem ir dabiski veidojuSies, un dala —
maksligi izveidoti. Udens plisma Getlinos ir vérsta uz dienvidrietumiem, uz Daugavu. Arf tie$i
ap izgaztuvi ir ierikoti daudzi novadgravji. Novadgravis ap izgaztuvi savac virszemes noteces
tidenus un dalu infiltrata no izgaztuves, ka aridalu tidenu no piegulosa Getlinu purva. Talak Sie
tdeni tiek novaditi uz Daugavu. PaSu izgaztuvi, iznemot tas austrumu dalu, aptver ieks$&jais
gravis (infiltrata dikis), kas nav savienots ar drenazas sistemu.

Ieks€jo gravju dzilums iev€rojami mainas — no 6 m uz dienvidiem no izgaztuves lidz 1 m
izgaztuves ziemelu dala, bet parasti novadgravji ir 1-2 mdzili.

Visu teritoriju sedz kvartara nogulumi, kurus geologiska griezuma augséja dala veido:

. purvu nogulumi, Iidz 5 mbiezi,

] eolie nogulumi — smalkgraudaina smilts, lidz 3 m biezi,

. Baltijas Ledus ezera nogulumi — smalka un vidgji graudaina smilts, lidz 10 m biezi,

. limnoglacialie nogulumi — mals un aleirits, [idz 5 mbiezi,

. morénnogulumi — smilSmals un malsmilts, lidz 3 mbiezi.
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Laika posma no 1997. gada janvara lidz 2004. gada septembrim Getlinu poligona kopuma tika
pienemti 8,05 miljoni kubikmetri atkritumi.

2002. gada lielako dalu jeb 70 % veidoja sadzives atkritumi, 20 % riipniecibas atkritumi, 8 %
celtniecibas atkritumi, bet parku un darzu atkritumi 2 % [2].

Materiali un metodes

Lai izvértetu poligona ietekmi uz apkartgjo vidi tika apsekoti un paraugoti urbumi, kas atsedz ka
gruntsiidens ta spiedientidenu horizontus, ka art veiktas infiltrata paraugu analizes.
Urbumu paraugoSanas laika tika veikta virkne secigu darbu, kas ietvéra:
. pazemes tidenu [Tmena noteikSanu,
. urbuma atstknéSanu ar vienlaicigu tdens hidrokimisko parametru (pH, elektrovaditspéja,

temperatiira) noteikSanu,
. pazemes tidens paraugu nogemsSanu péc tdens hidrokimisko parametru stabilizacijas.
Pazemes tudenu Iimenis tika noteikts ar elektrisko Itmenméru SEBA KLL 15. Urbumu
atsiknéSana tika izmantoti iegremd&amie stkni - Supersub 88, MP1 Grundfos vai WP 20X
HONDA, un atsiknéSanas debits svarstijas no 0,09 lidz 3,0 I/s. Pirms parauga nogemsanas tika
atsikneti vismaz pieci urbuma esos$a udens tilpumi. Atstkngjama udens kimiska sastava
stabilizaciju kontrolgja, izmantojot WTW mikroprocesorus tdens pH (pH 330/340) un
elektrovaditspgjas (LF 330/340) noteikSanai Pazemes tidenu paraugs tika panemts péc tidens pH
un elektrovaditspgjas raditaju stabilizacijas.
Udens paraugi tika pilditi 1 litra un 0,25 litru pudeles, kurus analizéja Lielrigas regionalas vides
parvaldes (RVP) Ekologiskaja laboratorija. Viena parauga kopéjais tilpums bija 3,25 litri. Udens
paraugi lidz nogadasanai laboratorija tika uzglabati aukstumkaste. Laboratorija Gdens paraugi
tika nogadati to nopemsanas diena.
Saskapa ar Vides monitoringa programmu un Lielrigas RVP prasibam, pilnas pazemes tdenu
analizes ietver sekojoSus komponentus:
=  pH, elektrovaditsp&ju (lauka apstaklos un laboratorija),
. izskiduso vielu saturu, KSP, BSPs5, permanganata indeksu,
. biogénos elementus — amonija, nitritu, nitratu un kop€jo slapekli un kopgjo fosforu,
hloridjonus, sulfatjonus, fenolus, naftas produktus,
= smagos metalus — Zn, Fe, Cr, Cu, Mn, Cd, Pb, Co, Hg. [3]
Pazemes tdenu kvalitate tika vertéta, salidzinot rezultatus ar fona urbuma vértibam un péc Valsts

Geologijas dienesta izstradatas metodikas pazemes Gdenu izp&tei, kura tick izmantotas robezas
A, BunC, kur:

A — salidzino$a koncentracija, gruntsiidenu regionalais fons,
B — maksimala dabiska koncentracija vai specifisko vielu analizes jutigums,
C - stipra piesarnojuma robeza.

tri A vajipiesarnoti B piesarpoti C stipri piesarnoti

Rezultati un to izverte jums

Virszemes iideni

Kopuma, virszemes tideni izgaztuves apkartné ir piesargoti un visintensivakais piesargojums ir
veca kalna apkartne. Dienvidu dalas gravji ir relativi tiraki un ped€ja gada laika piesarnojoso
vielu saturs tajos ir samazinajies. Dala piesarpojuma pa novadgravi aizplist Daugavas virziena.
Lai ar1 izpludé uz Daugavu piesargojoso vielu koncentracijas ir ievérojami zemakas, ka paréjos
gravjos (10-20 reizes), tas tomer lidz 10-15 reiz€m parsniedz fona vertibas. lekseja graviap veco
izgaztuvi virszemes tudenu piesarnojums ir visaugstakais, tas parsniedz fona vertibas Iidz 150-
180 reizém. Turklat, jaatzime, ka ziemelu stlrT virszemes tdenu piesarpojums Vel arvien ir
nedaudz augstaks, ka infiltrata savakSanas diki, kaut gan péc pédéjiem datiem ziemelu sturl
atsevisku piesarnojoso vielu vertibas ir samazinajusas (KSP, kopgjais slapeklis, amonijs, hloridi),
bet rietumu mala paaugstinajusas (hloridi, BSPs). Visaugstakas ir tadu parametru veértibas, ka
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hloridi, slapekla savienojumi, it Ppasi amonijs un BSP. Tie ir parametri, kas raksturo sadzives
atkritumu izgaztuvju radito piesarpojumu, turklat, augstas amonija vertibas norada, ka gravjos
iepliist svaigs piesarnojums. Infiltrata savakSanas dik1 verojams piesarnojuma samazinajums, ko
var izskaidrot ar veca kalna parklasanu, ka rezultata ir samazinajies infiltrata daudzums. [1]
Salidzinot ar iepriekS$€jo gadu novérojumiem, virszemes tidenu piesarnojuma intensitate, kopuma
ir samazinajusies, lai gan atseviS$kos mérijjumu punktos vérojama pretgja tendence. Ir veérojamas
ar1samera lielas mérjumu svarstibas gada laika, jo vasara idens urbumos gandriz pilnigi izzist,
bet paréjos gada laikos uztver purva fidenus, kas atskaida relativi nelielos infiltrata daud zumus.
JaatzZime, ka izpludeé uz Daugavu piesarnojoso vielu koncentracijas ir zemas, un bistamo vielu
robezvertibas (MK 118.noteikumu 2.pielikums) nav parsniegtas [4].

Infiltrats

Infiltrata paraugi tiek nemti savakta infiltrata izpliides vieta infiltrata diki, bet no 2003.gada —
infiltrata recirkulacijas aka.

PiesarnojoSo vielu koncentracijas — taddu ka nitratu, nitritu, dazu smago metalu vai naftas
produktu — ir zemas, visbiezak neparsniedz metodes noteikSanas robezu. Atzim&jamas ir tikai
augstas dzelzs un mangana savienojumu, ka ar1 cinka koncentracijas infiltrata (lai gan ar tas
ievérojami svarstas) — no apméram 150 mg/l dzelzs 2003.gada augusta lidz apméram 6 mg/l
dzelzs 2004.gada maija (skat. 1.tabulu). Tas, visdrizak, i skaidrojams ar parauga nemsanas
vietas mainu, nevis krasam izmaipam infiltrata veidoSanas procesa. V&l pédeja gada laika
nedaudz palielinas dzivsudraba saturs infiltrata, bet to saturs ne tuvu neparsniedz 2003. gada
augusta konstateéto maksimalo koncentraciju 1,34y/1.

1. tabula
Piesarnojoso vielu koncentracijas infiltrata
. 2003.9. 2004.9.
Parametrs Mervien. 1 reb, 0-Maijs  19-Aug. [10-Nov. [11-Feb. [L1-Mais [i7-Aug,

pH 6,40 6,29 6,36 7,3 7,72 8,26 7,36

Elektrovaditsp&ja |uS/cm 5720 7770 15030 |9080 11990 23100 (17320

1z5kid. vielas mg/I 5865 6894 22965 (10005 [10013 15326 20537

KSP mg/I 2916 4272 18593  |10908 9520 7605 66211
BSPs mg/I 711 713 2504 4830 6145 5341 7870
Amonijs mg/I 122 92 62 360 718 1393 936
N_kop mg/I 157 188 74 561 846 1875 1140
P_kop mg/| 1,40 0,86 2,80 0,14 1,96 5,46 2,00

Zn mg/I 0,445 0,495 9,57 1,50 2,93 1,44 0,600

Fe mg/I 6,22 2,88 149 18,5 70,2 6,65 19,40

Cr mg/I 0,105 0,093 0,286 0,178 0,200 0,260 0,105

Mn mg/I 2,3 0,133 8,40 4,28 11,3 0,575 0,955
Permanganata oks. |mg/I 976 990 987 296 652 1956 1428
Hloridi mg/| 851 649 1968 1003 1086 3794 1870

Sulfati mg/I 69,1 142 370 137,8 181 29,6 207

Fenolu indekss  |mg/I 3,2 1,28 2,28 2,87 2,49 1,70 1,63

Naftas produkti  |mg/I <0,05 0,35 0,05 < 0,05 [<0,05 <0,05 [<0,05

* - KSP vértiba, kas noteikta 17. augusta var biit nepareiza

Vairums piesarnojoso vielu koncentracijas ir palielinajusas, salidzinot ar 2003.gadu, iznemot Zn,
Fe, sulfatus, fenolu indeksu un naftas produktus. BSP5, KSP, Amonija un kopgja slapekla
augstakas vértibas norada, ka infiltrata picaug biologiski oksidéjamo un kimiski viegli
oksid€jamo organisko savienojumu klatbiitne. Visas piesarnojoso vielu absoliitas veértibas ir
daudzkart augstakas par noteiktajam robezvertibam virszemes tidenos (saskana ar 12.03.2002.
MK noteikumiem Nr. 118 “Noteikumi par virszemes un pazemes tdenu kvalitati”) [4].
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Pazemes iideni

Pazemes tdenu monitorings Getlinu izgaztuves apkartné tiek veikts jau kops 1978.gada. Laika
gaitd monitoringa urbumu tikls ir ieveérojami paplaSinajies. 2001.gada tika izstradata Getlinu
poligona Vides monitoringa programma, kura paredz pazemes tdenu novérojumu veikSanu 16
urbumos.

Piesarnojoso vielu spektrs gruntsiidenos ir plass, tomer galvenas piesarnojosas vielas ir slapekla
(NHz") un fosfora savienojumi, hloridi. Sads galveno piesarnojoso vielu spektrs ir raksturigs
sadzives atkritumu izgaztuvém.

Galvenie gruntsiidens piesarnojuma raksturlielumi paraugotajos urbumos ir redzami 2.tabula, un
tie norada uz ieveérojamu gruntsidenu piesarnojumu Getlinu izgaztuves apkartné. Dazos
paraugotajos urbumos ir parsniegtas piesarnojuma robezvertibas (B). Turklat, ¢etros urbumos ir
parsniegta arT stipra piesarnojuma robeza (C).

Gruntsiidenu piesarnojuma oreols i izstiepts no ziemelaustrumiem uz dienvidrietumiem —
galvenas gruntstidenu plismas virziena. Oreola garaka ass ir apméram 2,5 km, bet 1saka — 1 km,
un piesarnojuma oreola platiba r apméram 2 km?. Piepemot, ka vid€jais smilts nogulumu
biezums Getlinu apkartn€ ir 10 metri, piesarnoto gruntsiidenu tilpums ir apméram 20 000 .
Piesarnojoso vielu koncentraciju mainas laika un telpa norada divu profilu — piesarnojuma oreola
garenass un Sk&rsass virziend — analizes rezultati. Sekojot hloridjonu un KSP vertibu mainai
garenass virziena, vérojama neliela piesarnotajvielu koncentraciju stabilizésanas. Jaatzime, ka
gandriz visos urbumos hloridjonu saturs ir pieaudzis. Savukart KSP vértibas butiski nav
mainfjusas. Arl amonija jonu koncentracijas pedéja gada laika nedaudz mainijusas. Ta ir
pieaugusi gan tiesa poligona tuvuma, ka ar1 lidz 1 km attaluma, kur picaugums un absoliitas
vertbas ir mazakas, bet tendence saglabajas. Amonija jonu klatblitne parasti liecina par svaiga
piesarnojuma pieplidi gruntsidenos. Tomeér, tik nelielas izmainas drizak vartu bt saistttas ar
veca atkritumu kalna parklasanu ar mala slani. Ta rezultata atkritumos neiekliist skabeklis un
slapekla savienojumi (sakotn€ji, galvenokart, amonija slapeklis) nevar oksidéties, veidojot
nitritus un nitratus.

2. tabula
Gruntsiudens kvalitates noverte jums
Parametrs KSP Izskidusas Hloridi N kop. NH4"
vielas
Meérvieniba mgO /| mg/| mg/I mg/l mg/|
Robezvertibas A 40 500 >0 3 05
[5] B 100 900 100 10 3
C 300 3000 1000 50 20
Urbumi

1 2504 10152 3528 1121 857
9b 118 504 14,6 3,12 1,45
24b 20,1 353 26,8 0,52 0,27

(fons)

59 241 2140 739 32,6 20,1

Getlinu 60 384 3376 1161 141 123
izgaztuve 61 17,2 450 68,3 0,66 0,47
63 (fons) 38 417 4,25 3,51 2,97
67 311 1967 635 81,8 72,1
72 182 1958 633 9,50 2,20

73 619 4181 1365 276 270

74 802 5326 1436 524 452

Izcelts (iekrasots) — parsniedz C robezvertibu, stipri piesarnots
Izcelts (slips) — parsniedz B robezvertibu, piesarnots
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Lidz ar to, var secinat, ka veca atkritumu kalna parklasana tik 153 laika nevar ietekmét

gruntsiidens kvalitati — lai arT1 virszemes tdenu infiltracija atkritumos ir samazinata,
piesarnojosas vielas turpina noplist gruntsidenos, mainas tikai domingjoSie kimiskie
savienojumi.

Piesarnojuma kodols koncentréjas gar piesarnojuma parvietoSanas garenasi. Tatad, piesarnojums
no izgaztuves parvietojas, galvenokart, gruntsiidens plismas virziena, pasi nepleSoties plaSuma.
Pedeja gada laika ir noverots neliels piesarnojuma intensitates picaugums (izSkidusas vielas,
KSP un hloridi) oreola frontalaja dala, Iidz ar to, var pielaut, ka piesarnojuma oreola frontes
parvietoSanas ir nedaudz paatrinajusies.

Secina jumi

Virszemes tideni izgaztuves apkartn€ ir piesarnoti un visintensivakais piesarnojums ir veco kalnu
ietveroSajos apvedgravjos (dikos). Izplidé uz Daugavu virszemes tdenu piesarnojums 10-15
reizes parsniedz fona vertibas, bet kopuma ir relativi zemas un neparsniedz likumdoSanas aktos
(MK noteikumi Nr. 118, 12.03.2002) noteiktas bistamo vielu robezvertibas virszemes tdenos.
Kopuma vérojama tendence piesarnojuma intensitatei samazinaties.

Gruntsiidenu piesarnojums, kas Getlinu poligona apkartné i izveidojies jau septindesmitajos
gados, turpina parvietoties lidz ar gruntsidens plismu uz dienvidiem — dienvidrietumiem,
Daugavas virziena. Piesarnojuma oreola frontalaja dala piesarnojoSo vielu koncentracijas pedeja
gada laika i nedaudz pieaugusas, kas norada par piesarpojuma migraciju lidz ar gruntsiidens
plismu. Centralaja dala 2004.gada, salidzinot ar 2003.-2002.gadu, atsevisku parametru vértibas
ir pieauguSas. Veikto vides aizsardzibas pasakumu ietekme (piesarnojuma intensitates
samazinasanas) izpaudisies tikai pec ilgaka laika.

Summary
Solid household waste landfill Getlini is located near the south-eastern border of the Riga city,
about 15 km from the city centre. The landfill is located in the former sand-gravel quarry and
partially on Getlini bog near Daugava river. Distance to the river is 1650 m. There are dwelling
houses and summer gardens located south and west from the landfill. Some houses are located
within few hundred meters from the landfill.
There is a well-developed ditch network in the Getlini area, some of them are natural and some —
artificial. Surface waters run to the southwest, towards the Daugava river. There are number of
ditches around the landfill as well. The ditch surrounding the landfill collects surface run-off and
some of the leachate from the landfill and some waters from the Getlini bog and discharges them
to the Daugava. The internal ditch (leachate pond) surrounds the waste disposal area, and is not
connected to the external ditches.
For water and leachate monitoring the following parameters were analyzed:
pH, electrical conductivity (EC), alkalinity, dissolved solids, COD-Cr, BODs, COD-Mn;
nitrogen compounds —ammonia, nitrites, nitrates, total nitrogen and phosphorus compounds as a
total phosphorus;
heavy metals — Zn, Fe, Cr, Cu, Mn, Cd, Pb, Co, Hg;
chlorides, sulphates;
phenols index, oil products.
Surface water samples are taken at 7 points in ditches around the landfill and leachate — from
site, where leachate is collected from the new energy cells.
Changes in surface water contamination intensity depend not just on accidents, but also on
season changes. After prolonged rainfalls contamination intensity was the lowest, but in
wintertime, when part of the ditches were dry, surface waters contamination intensity increases.
It should be noted that surface waters contamination intensity to a great extent depends on
leachate and contaminated groundwater discharges to the ditches not on contaminated surface
run-off.
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Surface waters at Getlini landfill are contaminated and the most intensive contamination is found
close to the old waste hill. The ditches at the southern part of the landfill are cleaner. Some
contamination is discharged via the drainage ditch to the Daugava river. Concentration of
contaminants at the discharge to the Daugava is significantly lower then in the other ditches (10-
20 times lower). The main contaminants are chlorides, nitrogen compounds, especially ammonia,
and BOD. These are parameters that are typical contaminants from the solid waste landfills, and
besides — high ammonia content shows that fresh contamination is being discharged into the
ditches.

Leachate. Concentration of contaminants on a great extent depend on climate conditions, mainly
— precipitation. The concentration of a number of contaminants — such nitrates, nitrites, some
heavy metals or oil products — are low, in most cases they do not exceed the detection limit of
the analytical method applied. Elevated values of BOD and COD-Mn show increase of
biologically oxidising and easily oxidising chemically compounds. It should be noted that the
values of all the contaminants in leachate are many times above the limited values stated for
surface waters (according to the CoM regulation No 118 (12.03.2002.) “Regulations on surface
water and groundwater quality”).

Contamination of shallow groundwater. There is a wide range of contaminants to be found in
the shallow groundwater, but the main ones are nitrogen (mainly ammonia) and phosphorus
compounds and chlorides. These are the contaminants characteristic for the solid household
waste landfills. Groundwater contamination was found in all the wells downstream of the
landfill. The contamination plume in the shallow groundwater is elongated from northeast to
southwest — along the main direction of groundwater flow. The area of the contamination plume
is about 2 k.

Pateicibas
Sis darbs izstradats ar Eiropas Sociala fonda atbalstu Nacionalas programmas ,,Atbalsts
doktorantiiras programmu istenosanai un pécdoktorantiiras pétjumiem” projekta ,,Atbalsts RTU
doktorantiiras attistibai” ietvaros.
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ENERGY DISPERSION X-RAY FLUORESCENCE ANALYSIS
FOR ENVIRONMENT PROTECTION
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ANALIZES PIELIETOJUMI VIDES AIZSARDZIBA
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Abstract. Environmental monitoring isaimed mostly at pollution levels change tendency egimation and high
sensitive analysis methods are applied for this purpose. X-Ray fluorescence analysis (RFA) allows geting
information of metal content in ten or hundred seconds. The analyzers with Si(Li) detectors were used for
measurements. Our report deals with some examples which are given asnew RFA methods (with secondary target)
application in the laboratory and field conditions.

Keywor ds: X-Ray fluorescence analysis, Si(Li) detectors, analyzing equip ment, sensitivity.

Introduction
X-Ray fluorescence analysis is successfully used for determination of composition for various
objects (ground, water, air, industrial products). The application of cooled Si(Li) detectors of X-
ray emission was appeared particularly promising in RFA, having significant advantages in
comparison with other types of detectors.
In 90s years of the last century X-Ray fluorescence analyzers with Si(Li) the detector developed
that used measurement method of samples with intermediate thickness by means of a substrate
method [1-3]. Do to the high sensitivity of idem equipment and method are used for
environmental monitoring.
Environmental monitoring is mainly directed to an estimation of changes in pollution levels. For
example, in some cases, methods of high-sensitivity analysis allow to receive the information of
the maintenance of metals in 10 or 100 s. Our report considers some examples which are
represented as application of RFA methods in a laboratory and field conditions.

M aterials and methods

The analyzing equipment, which is used for carrying out energy dispersion fluorescence
analysis, involves CRL-7 (the analyzer of x-ray emission) [4]. The CRL-7 includes a sensor and
a detector. The sensor contains a source of ionizing radiation manufactured by BSI firm [4]. The
detector mentioned has following characteristics: energy of resolution is 160 eV for 5,9 eV quant
energy, the area of sensitivity is 30 mm? (diameter in mm) and the thickness of the sensitive
surface is 4 mm. The rings of radioactive sources, with the data mirrored in Table 1, are used as
sources of an ionizing radiation.

Table 1.
The rings of radioactive sour ces
Isotope Half-life period The primary r adioactive emission that is used
Fe-55 2,7 years X-ray emission MnKa 5,9 keV
Cm-244 17,8 years X-ray emission PuKa 14,3 keV
Cd-109 7,3 years X-ray emission AgKa 22,6 keV
Am-241 458 years y - emission Ey 59,6 keV
214
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Standard measured samples are placed in plastic ditches that internal diameter is 30 mm. The
plastic ditches have a tightening ring for setting a polypropylene film to the bottom part of a
ditch. Primary x-ray radiation passes through a film (the polypropylene thickness is 5 microns).
A sample and substrate (that is located above the sample) are excited by primary X-ray radiation.
Also, X-ray characteristic radiation ofa sample goes through the polypropylene film. The sample
represents as a layer of intermediate thickness of the measured object which is placed directly on
a film. The metal substrate adjoining the sample is placed above it. This substrate is one of the
massive metal disks of pure metal (99,9 %): Ni, Cu, Mo, Sn, Pb, Bi. The disks diameter is 30
mm and thickness is 3 mm.

Besides the sensor the analyzing equipment includes:

e Multispectrum as spectrometric device;

e PC with MCA emulation software and applied software

Approximate position of an ionizing radiation source, the capsule with the measured sample,
Si(Li) detector and a substrate are represented on Figure 1.

Fig. 1. Approximate position a of an ionizing radiation source, the capsule with the
measured sample, Si(Li) detector and a substrate

1-The ring of radioactive source (one from Table.1), 2- Plastic capsule, 3- Polypropylene film, 4-
The measured sample of intermediate thickness, 5- Metal substrate, 6- Cooled Si(Li) detector (),
7- Window of Be (thickness 12 microns), 8- Cover of the vacuum cryostat

¢ - corner between the normal from center of sample surface and the direction of falling primary
flow of photons is accepted as equal to 45°.

vy - corner of selection for flow of characteristic radiation from the sample. This corner is
accepted as equal to 0°,

Intensity of characteristic X-ray radiation of each i element, which is a part of the homogeneous
sample, can be represented as the sum:

L' = 1"+ 1"+ 1,7 (1) [5]

' - intensity of primary fluorescence, quantum/(cn’*s);

I,' — intensity of characteristic radiation (ICR) appeared due to excitation for atoms of each i
element. ICP ofthe elements with are a part of the sample, quantum/(cm’*s);

I,' = ICP for each i element of the sample that appears due to excitation of X-ray radiation of the
substrate, quantum/(cm?*s).
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Value of intensity components for each ielement is defined according to the formulae containing
in [5, 6].

The full equation (1) is written for each element of multicomponent sample system. That is why,
the system of equations is obtained. The obtained system of equations can be sometimes
simplifed excepting secondary excitation if its value is so small. The system of equations is
usually solved by a method of iterations, ie. being set by the first set of values C; (mass
concentration of each i element) and calculating its new set (Cy from I, C, from I, and etc.).
The decision process of the equations commonly converges rather quickly to agreement by a
method of iterations. For example, it is usually enough several iterations for solving.

Results

RFA and equipment ensure vanadium detection starting from 15 to 25 g/t in the soil around a
power station and from highway ditch. Analysis of soil samples from Riga — Jelgava highway
ditch shows ten times higher vanadium concentration level than in the field 100 meters far away
from the ditch. Analyzer “CRL - 7" is developed in BSI that allows S, V to be detected and other
elements in raw oil, fuel oil and other kinds of liquid fuel. The information of element
concentration in fuel allows activities to be conducted for decreasing atmosphere pollution. The
same equipment was applied for monitoring of margarine manufacturing process. Margarine
manufactured from vegetable oil is in the presence of Ni and Cu catalizators. The catalizator
content in intermediate products is a checking index, measurements sensitivity being
approximately 3 mg/kg at exposition 800 s. The results received from the measurements have
confirmed a possibility to provide required quality of production.

Coal is an important source for reception of energy and will be continued to play a role in
satisfaction of energy needs. Coal ash is pollutant of the environment and contains such
substances as Al203, SiO2, K20, CaO and Fe203. The analysis of the containing of coal ashes
with CRL-7 analyzer and using the method mentioned above is shown in Figure 2. The weight
concentrations of substances of coal ashes that were accrued from spectrum are represented in
Table 2.
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Fig. 2. A spectrum of coal ashes; Si(Li) detector
(Source: Cm-244, Substrate: Cu, LT =300 s)

X-ray Emission Energies: 1-AlK o, 2-SiKa, 3-SKa, 4-KKa, 5-CaKao, 6-CaKp, 7-TiKa, 8-
TiKB, 9-MnKa, 10-FeKao, 11-FeKp
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Table 2.
Concentration of some substances in coal ashes
Substances SiO, Als O3 Fe304 TiO, CaO SO3 K,0
Concentr ation, % 47,76 14,72 3,08 1,03 12,08 8,96 1,28

Light particles of substances in the air can be a major case of human diseases and increase the
environmental pollution. The elements (such as F, V, Se, Cd, Hg and Pb) polluting the
atmosphere can appear from a different number of sources. It is necessary to investigate and
supervise levels of their concentration, sources, conditions of spreading and etc.

CRL-7 analyzer has been applied to the analysis of city air. The city air is analyzed deposition in
the paper filters with RFA including Mo substrate and the method mentioned above.
Approximately 10 m*/cn? of city air was passed through the filter. After that the filters were
used as samples for RFA. The spectrum of the covered aerosols is mirrored in Figure 3, but
occurred the concentrations are given in Table 3.
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Fig. 3. The Spectrum of the city aerosols besieged on the paper filter

X-ray Emission Energies: 1-SiK, 2-SK, 3-KKa, 4-CaKa, 5-VKa, 6-CrKo, 7-FeKa, 8-FeK}p,
9-CuKa, 10-ZnKa, 11-PbL1, 12-ZnKp, 13-PbLa, 14-BrKa, 15-PbLp, 16-BrKp, 17-PbLy

Table 3.
The concentration value of the elements in city air
Elements Si S K Ca Y Cr Fe Cu Zn Br Pb

Concentration, | 2*x10* | 5%10° | 8*10° | 6*10° | 8*10% | 9*10 | 6*10° | 2*10* | 2*10° | 2*10% | 2*10?
nanograms/m’

Conclusions
In the course of the new RFA method application in measurement for an environmental (air,
ashes) and manufacturing objects (mineral oil and foodstuff) analytical results with high
sensitivity, accuracy and low detection range have been received as a result. It gives a technical
decision that allows increasing a quality and measurement quickness for control of
environmental pollution in future.
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Abstract. Thegoal of the project, being run by the Institute of Applied Geodesy of the Warsaw University of
Technology, is to create a prototype database of building structures, which aretypical fromthe point of view of the
taksof engineering geodesy.

The database is expected to be available through the Internet and is planned to be filled with the information
collected from surveying companies, which would like to present their realizations both from owners and users of
engineering structures.

Examples of modern solutionsin the area of geodetic services for engineering investmentsrealization is supposed to
create a base for changes in the methods of teaching and presenting these issues at the Faculty of Geodesy and
Cartography of the Warsaw University of Technology and at other Facultiesinterested in such problems.

Keywor ds: geoinformation, Land Information System(LIS), engineering-industrial geodesy, investment’s
realization, geodetic documentation.

Introduction — Geodetic services of investments

High diversification of tasks, which can be faced by a surveyor, is specific for engineering
geodesy. Particular objects require that specific geometric conditions are met in the course of
their implementation and that control of those conditions is often performed in the period of
exploitation. Implementation networks, which are set in order to perform geodetic services, must
be usually adapted to requirements of an object, with respect to their shapes and accuracy.
Methods of setting out detailed points, as well as of control measurements, must be adapted to
conditions of the task implementation. Limited time ofaccess to an object, operations performed
in poor illumination, increased temperature, or vibrations of the instrument foundations, often
require untypical measurement methods. At the same time, those methods must be adapted —
with respect to their accuracy - to requirements of the Project or to requirements settled with
contractors of building works.

Geodetic services of investments consist of a set of operations performed at the stages of pre-
design studies, technical design and investment implementation, as well as in the course of
object measurements during exploitation of objects [4].

The data issue

Diversification of works included in the geodetic services of investments.

In practice, every task of engineering geodesy connected with a particular building object and
technology of geodetic works, related to implementation of such an object, must be adapted to
the object requirements. On the other hand, independently on the type of an object, successive
stages of geodetic works may be distinguished for every task; those works are performed
following obligatory standards specified by legal norms, which regulate the rules of
implementation of geodetic works [5]; (Fig.1).

The scope of works which include geodetic services of investments (which often consist of many
engineering objects) must be always compliant with corresponding technical and legal
regulations and it should be enlarged by certain elements, depending on characteristic features of
the given objects and on expectations of the investor. For many typical building objects and
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engineering constructions rules concerning the surveyor’s participation in the process of
investment implementation are regulated in details by various legal acts, sectoral norms, as well
as by surveying instructions and guidelines. On the other hand, detailed solutions must be
adapted to conditions of implementation of typical objects.

Land
acquisition

Geodesic works at the

: ; Geodetic
_ stage of detailed design maintenance of the
Geodetic wqus at the design
stage of design studies

S

OBJECT Setting out
Measurements in
the period of
exploitation
- - Control
Post-imple mentation measurements

inventory

Fig. 1. Elements of geodetic services of engineering investments

Implementation of engineering geodesy tasks and their reporting in technical documentation. In
the natural way geodesy is understood as the main technical domain which is specialised in
acquisition, processing and distribution of land information. Basing on resources from state
archives (in Poland: Geodetic-and-Cartographic Documentation Centres) various national and
regional land information systems are created, being the main databases used for the needs of
implementation of investment processes.

Engineering geodesy is one of the active users of spatial information and, at the same time, it
delivers information for data updating.

Specific tasks, which should be solved by an engineering surveyor, may include the necessity to
produce appropriately documents at all stages of the works. Each surveyor’s operation is
reflected in technical documentation which is developed before (as setting out sketches), as well
as in the course of (field sketches and logs) and after completion of the given stage of works (as
calculations, analyses and maps). Every developed document is related to an object which is
located within the particular area.

The Land Information System (LIS, SIT in Polish) is understood as a supportive tool for the
process of making economic decisions as well as the support in planning processes; it is also one
of the basic data sources (beside information acquired during updating measurements), which are
used for development documentation for designing purposes [1];(Fig. 2).

A good example is a map used for designing purposes; in the course of waiting for an investor
such a map is supplied with geo-spatial data from various sectors related to geography, natural
environment, city technical infrastructure etc. (Fig. 3).

The base map and the topographic map exist in the social awareness as products of geodesy and
cartography and — following legal regulations — they are used to meet various economic
requirements. It should be noticed that users of such maps include not only designers, urban
planners, road construction specialists or experts for spatial management; such maps are mainly
used by surveyors, who are often agents operating between the data resources and the data user.
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The task of surveyors dealing with geodetic services for investments is to acquire land
information ina form required for implementation of particular designs.

Therefore, the database concerning geodetic services for engineering objects, which comprises
surveying documentation, should be considered as support in searching for data required for
preparation of geodetic works.

Updated information about the resources as well as suggestions concerning possible ways of
reaching the data and utilisation of acquired information will considerably support operations of
contractors. Beside surveyors, such information will be also used by architects, environmental
engineers, geologists — all specialists who use such data for their work.

Base of information on geodetic services for engineering investments.

In the case of many objects and constructions the resources of land information, which are by
obligation acquired and stored in the national system, are not sufficient; detailed sectoral
regulations require that the surveyor must acquire various auxiliary information. The question
arises whether the information must be collected every time for particular designs or it would be
cheaper and easier to develop a system of storing such data.

Geodetic services for a building object are usually completed with post-implementation
inventory, which should meet two objectives - apart from controlling the compliance between
the implementation and the design: it should allow for updating the Land Information System
and it should ensure acquisition of geometric information about the location and shape of the
implemented object, which result from sectoral regulations.

It may be generally stated that at the stage of data preparation for the design, as well as in the
course of post-implementation measurements, engineering geodesy acquires many information
which may be specified as geodetic inventory of building objects. Therefore, some questions
arise whether information of this type is useful for generally understood economic purposes and
whether it can exist in national archives, as well as how it should be delivered to those archives
and what should be covered by such information. The objectives of the Project performed at the
Laboratory for Engineering-and-Industrial Geodesy of the Institute of Applied Geodesy of the
Warsaw University of Technology is to create an example information base concerning building
objects, which are characteristic from the point of view of tasks of engineering geodesy.

- — e - - — I
Lo Photogrammetric
Map for designing docu?nentation
purposes

|
|
|
Results of inventoryt_
of constructions \ / A street map
1 GEODESIC 1
- DOCUMENTATION FOR A
DESIGNING PURPOSES ] A foute map

Sections of
river valleys

Settlements At
the ZUDP

Topographic
map

Cross
sections

Longitudina
I profiles

Fig. 2. Complexity of geodetic documentation for designing pur poses

Definition of information in the context of services for investments.

From the engineering geodesy point of view, the most important features of the object are
geometric relations between its elements and location of an object in the space. Location and
technical requirements concerning the object geometry (resulting from its functions and
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exploitation expectations of an investor) are elementary data required for the design
implementation — definition of a set of geometric features, such as: verticality, parallelism of
axes or collinearity of constructional elements [4]. To a certain extent, complexity of those
features forces the appropriate sequence of implementation of geodetic works, and
documentation, which is developed at every stage of works performed by the surveyor, should be
coherent and it should be the base for successive operations. Geometric features of the object,
measuring technology and documentation cannot be considered separately — therefore, the
information unit included in the information data base concerning geodetic services form
engineering investments have been defined as a series of operations, which is started with the
design and completed with development of geodetic documentation of geodetic services,
characteristic for the givenstage [2]; (Fig. 4).

A suggestion to solve the problem
A concept of the information data base organization.
The concept described below was the basis for implementation of a prototype database — the
Database on Geodesic Services for Investments (BIGOS) [2]. The database, which was
developed at the Institute of Applied Geodesy of the Warsaw University of Technology has not
been populated with real data yet; all data concerning engineering objects, elements of geodetic
services and related documentation are used only for testing the correctness of implementation of
searching algorithms and functionality of the user interface.
The engineering object, such as a chimney, a lift shaft, an overpass, a building, a bridge or a
tunnel is defined with a series of features which describe its nature. Those features have been
divided into four groups:
- Objective of implementation (eg. to by-pass a roadblock, to ensure roof coverage),
- A system (eg. high, linear, underground, surface),
- Functions (eg. transport, housing, industrial),
- Geometry — geometric features, which are implemented in the course of geodetic services
and controlled in the course of the object exploitation (eg. rectilinearity, perpendicularity,
verticality).

THE BASE MAP

THE REGISTER MAP

GRAPHICAL
ASUREMIEN "LOCAL PHYSICAL
MEASUREMENTS MAPFOR NMANACEMENT DI AN

DESIGNING

PUR POSES
FEOTECH NICAL MAPY VAP FOR
IMPLEMENTATION
PURPOSES

‘ HYDROGEOLOGICAL MAP

MAP OF GREEN
AREAS

GEOLOGICAL MAP

Fig. 3. Examples of information sources used for development of a map for designing
pur poses
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Fig. 4. Information unit concer ning geodetic services for investments

Table 1.
An example of an object definition
FEATURES
OBJECT Implementation .
objectives System functions geometry

- water damming up,
Water | - water supply, - linear, - industrial, - rectilinearity,
dam - power production, - high - transport - maximum height

- flood protection

Lists of features are “open” dictionaries which will be enlarged by introducing new objects to the
database, described in a way that ensures its explicit identification. Explicit features do not
exclude the possibility to meet a certain condition by a group of similar objects.

Those features are reflected in a technical design, which is developed basing on the investor’s
“idea” and technical-and-legal, as well as geospatial information connected with the spatial
location of the given object. Basing on all mentioned above objects are defined in the design.
Geometric features of the object are implemented in appropriate stages of geodetic services,
which — apart from implementation of field works (measurements, setting out) — result in
geodetic documentation (Fig. 5).

The scope of presentation of information stored in the database depends on a way of searching.
An engineering object may be accessed in the database by selecting this object from a list of
objects defined in the database or by searching for objects with a specific geometric features or
such objects, which require that a specified stage of geodetic services is performed.

Due to the outstanding role of geodetic documentation in the process of investment
implementation, as well as considering its complexity and repeatability at various stages of
services (a good examples are a sketch and its various types: a field sketch, a setting out sketch, a
network sketch, a documentation sketch etc.), it is possible to search for objects in the database
basing on previously defined elements of geodetic services as well as on types of documents.
Geodetic documents will be presented and described in the database basing on particular
examples related to engineering objects, introduced to the database.

Searching for engineering objects, and thus interesting elements of geodetic services and related
documentation, is performed by means of creation of “and” or “or” conditions.
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Stages of geodetic services in BIGOS System.
Description of geodetic works performed in the course of the object implementation and
developed documents, is the basic information included in the database. Therefore, the general
division of geodetic works performed within services for the investment, is very important. After
long discussions held at the Institute of Applied Geodesy, the following division of geodetic
works into particular elements of geodetic services has been approved:
0. Cartographic materials (acquired for designing and location purposes)
I. At the designing stage

1. A map for designing purposes,

2. A longitudinal profile of the area,

3. A cross section of the area,

4. A digital elevation model,

5. Auxiliary surveys.
I1. At the stage of location setting out

1. A documentation sketch,

2. A horizontal implementation network,

3. A vertical implementation network (operating benchmarks),

4. A sketch of setting out main axes,

5. Control of setting out.
I1. At the stage of detailed setting out

1. Abuilding and assembly network (a local implementation network),

2. A sketch of setting out,

3. A sketch of control of setting out,

4. Control measurements of an element positioning,

5. Measurements of verticality ofan element,

6. Measurements of flatness,

7. Control ofdimensions,

8. Control of shapes.
IV. Post-implementation inventory

1. The base map updating,

2. Inventory underground installations,

3. Control of rectilinearity,

4. Control of verticality,

5.Control of expansion of constructional axes,

6.Post-implementation inventory of a roadway,

7. Control of settlements of a bridge (an overpass) plate.
V. Control measurements in the exploitation phase

1.Measurements of dislocations

2. Control of stability of geometric conditions.

The abowve list is the initial content of the dictionary of ,elements of geodetic services”
implemented in the database; it may be expanded and modified according to existing needs.

Functionality of the Geodesic Services Information Base (BIGOS).
Since the Information Base is to be finally accessible in the Internet, its user interface should be
readable and user friendly. The operating path has been designed in such a way that windows
containing various information may be simultaneously viewed, provided that the sequence order
of access to particular elements of an information unit is maintained:
= WYBRANY OBIEKT (SELECTED OBJECT) (Description, features and
information concerning elements of services and documentation defined inan
object),
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— ELEMENT OBSLUGI GEODEZYJNEJ (ELEMENT OF GEODETIC SERVICES)

(Description and a list of related documents),

— DOKUMENT (DOCUMENT)

or

= WYBRANY OBIEKT (SELECTED OBJECT) (Description, features and
information concerning elements of services and documentation defined inan

object),

— RODZAJ DOKUMENTU (DOCUMENT TYPE) (Description and a list of
documents of a selected type),

— DOKUMENT (DOCUMENT).

Each of selected documents is presented in a separate window, what allows the user to develop

the customized screen composition and selection of documents and descriptions for further

comparisons.
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Acquisition, distribution and utilization of data.

The information data base concerning geodetic services for investments will be supplied with
information acquired from surveying companies, which are interested in presentation of their
achievements, as well as from geospatial database providers (with respect to specification ,what”
and ,,where”) and from owners and users of engineering objects. We also look forward to co-
operation with state archives (Geodesic and Cartographic Documentation Centres) as well as
with technical control units [6]. It seems to us that such a database, containing examples of
digital-and-graphical works for various objects, may be also the source of knowledge, presenting
ways of proper preparation of technical documentation.

Examples of modern solutions in the field of geodetic services for implementation of engineering
objects should also be the basis for modifications of education curricula and presentation of
those issues at the Faculty of Geodesy and Cartography of the Warsaw University of Technology
as well as at other faculties [3], which are interested in those topics.

The discussed database is to be finally accessible in the Internet — in the first phase mainly as
presentation of complexity of engineering-and-industrial geodesy. In the future it will become a
tool delivering information for didactic purposes, being also an inspiration for specialists dealing
with engineering geodesy.

Conclusions

When completed, the database concerning geodetic services for engineering investments, may

become the aid for didactic works at universities, which run studies in the field of geodesy, as

well as it may be the aid for practicing surveyors in their professional operations.

At present, the main reasons for creation of such a database may be listed as follows:

1. for didactic and training purposes — presentation (in a widely accessible way) of
implemented projects concerning geodetic services for various investments may be
supportive for permanent development of professional qualifications of surveyors
practitioners,

2. inorder to popularise knowledge concerning the importance and the role of surveying in
the process of investment implementation among specialists from involved sectors,

3. inorder to promote unified standards,

4.  for university education needs, in order to create an accessible information base concerning
ways of implementation of works in the field of engineering-and-industrial geodesy.

Appropriate visualisation of data stored in the database and distribution of his data among wide

groups of interested individuals may result in popularisation of engineering geodesy and, thus, it

may contribute to wider presentation of surveying companies, which were involved in
implementation of presented engineering investments.
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Abstract. The changes of environmental quality were revealed according to temporal differences of additive
contamination indices calculated for topsoil and sediments of Neris and Voké rnivers in Vilnius. Topsoil
contamination indices were calculated on the basis of Ag, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V and Zn contents for
2 different periods (1985 and 1996-2002) and their comparison was realised on 237.86 sg. km territory of the first
sampling. The areas, where topsoil ecological-geochemical state has worsened have been determined. Part of them
with unallowable topsoil pollution level indicates the quarters, where population health risk increase is possible.
Monitoring is necessary there, also health protection measures. The tendency of improvement of ecological-
geochemical state of river sedimentsis observed, but potential sources of secondary pollution in sediments can be
hazardous for downstream segments.

Keywor ds: ecological-geochemical state, heavy metals, topsoil, stream sediments, urban quality.

Introduction

Due to intensive traffic, fuel and waste incineration and industrial activity, urban territories are
polluted by heavy metals. They are hazardous to human health and the whole environment. Not
only the geochemical quality of air and water is important, but also of soil and stream sediments.
The investigation of topsoil is especially important, because heavy metals accumulate there and
the routes of human exposure to them can be direct (accidental ingestion of contaminated soil or
dermal contact with it) or indirect (drinking of water contaminated due to migration of hazardous
substances from soil, inhalation of air contaminated by soil particles with heavy metals, eating of
contaminated fruits, vegetables, fish, meat). Similar routes of human exposure are from
contaminated sediments. Besides, their research enables to analyse the migration of pollutants.
Therefore geochemical mapping of urban topsoil is done in various countries [1, 2]. It is often
supplemented by investigations of bed sediments of streams crossing urban territories. This
enables to find out the input of each town to stream pollution.

Geochemical investigations of Vilnius were started in the ninth decade of the XX™ century by
geochemists of the Institute of Geology. The first topsoil sampling was done in 1985 in the area
covering large part of Vilnius territory and part of its environs. However, regular geochemical
monitoring of topsoil in Vilnius was not done. So further sampling was for different aims and not
in the same sites. Repeated sampling of topsoil was done in 1995-1998 in 6 central districts of
Vilnius and Valakampiai. It revealed that Naujamiestis and Senamiestis districts were
contaminated most of all [3]. Regular monitoring of stream sediments was also not done. Their
early sampling was in the ninth decade of the XX century, e.g. samples from Neris and Voké
were taken in 1981-1983. Some samples from these streams were taken also in 1991. The last
sampling of topsoil and stream sediments was in 2002 during implementation of the program
“Urban environmental quality and its change” aimed at complex evaluation of Joniskis,
Mazeikiai, Siauliai and Vilnius. Topsoil samples were taken from the territory of 15 peripheral
districts of Vilnius and sediment samples from Neris, Voké and Vilnele. The quality of topsoil
and stream sediments was compared in these towns, in Siauliai lake sediments were also
analysed [4]. Comparison of topsoil quality in four urban land use groups (public, residential,
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industrial-infra-structural and recreational) revealed the highest pollution level in Vilnius,
especially in its industrial- infra-structural zones [5].

The aim of present research was to reveal the changes of environmental quality in Vilnius from
the ninth decade of the XX™ century till the end of XX century according to temporal
differences of additive contamination indices (Z13) calculated for topsoil and sediments of Neris
and Voké rivers taking into account the following potentially hazardous elements: Ag, B, Ba,
Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn.

M aterials and methods

Complex samples consisting from several sub-samples were taken from the upper (0-10 cm
depth) soil layer. In 1985 topsoil samples (652) were taken at scale 1:50000, in 1995-1998 from
central districts of Vilnius and Valakampiai (2237) at scale 1:7500-1:15000 and in 2002 from
peripheral districts at scale 1:100000. Due to great difference in scales all samples were
classified into 2 groups: 6 central districts, which were mapped in more detail, and 15 peripheral.
Stream sediment samples were taken with a scoop. In 2002 they were taken from Néris and its
tributaries Vilnelé and Voké. Comparison of changes in topsoil ecological-geochemical state was
realised on 237.86 sg. km territory of the first sampling, while for stream sediments of Neris and
Vokeé in segments indicated by large circles (Fig. 1).

i TS iy -
e s
kel
. 3 r ™
Territories not compared

|Peripheral districts

/ Central districts

Z13  (state)
im 2002

<5 {good),
S-10 (satisfactory),
10 - 30 (medium dangerous),

30 -100 {dangerous),
=100 (extremely dangerous)

Fig. 1. Study areas of topsoil contamination and stream sediment last sampling sites

Note. Large circles indicate river segments, where contamination level in two periods was
compared.

All samples were air-dried, sieved through nylon sieves (choosing fraction <1 mm). After
burning at 450°C and mechanical pulverisation they were analysed by DC arc emission
spectrophotometry for determination of the total contents of Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni,
Pb, Sn, V, Zn. The international reference materials OOKO 153 and OOKO 151 were used for
quality control. They were analysed in each batch of 10 samples. Since 1997 for quality
assurance of analytical results the laboratory of the Institute of Geology and Geography
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participates in “International Soil analytical exchange” subprogram organised by Wageningen
University and international programs of inter-comparison [6].

Additive contamination indices Z13 for topsoil and stream sediments were calculated on the
basis of Ag, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V and Zn contents for 2 different periods.
Regional background values of these elements in soil were taken as the first approximation [7].
They were adjusted in a way described elsewhere [8]. Table 1 shows that for greater part of the
elements, except Co, Sn, Pb, Ni, the adjusted local background values of the second sampling
were slightly lower than for the first sampling. Median values of elements in bed sediments of
Lithuanian streams depend on soil in the watershed [9]. Lithuanian streams draining dominant
areas of sandy-loamy soil were chosen and anomalies of elements eliminated (values greater than
2*Md and lower than 0.5*Md, where Md is median value). The new medians after elimination of
anomalies were taken as the background for element content in sediments of Neris, Vilnelé and
Voké. Table 1 shows that for most elements, except Pb, these background values are higher than
for soil.

Table 1.
Background values (ppm) of elements in soil and stream sediments
Elements B B1 B2 RB=B:/B; BSS
Ag 0.064 0.093 0.072 0.78 0.086
B 21.3 23.2 20.1 0.87 28.1
Ba 305 297 287 0.97 431
Co 3.70 2.64 2.88 1.09 4.9
Cr 24.3 25.8 24.3 0.94 34.9
Cu 6.80 7.64 7.60 0.99 10.8
Mn 436 544 395 0.73 888
Mo 0.64 0.74 0.64 0.86 0.84
Ni 9.6 9.4 9.4 1.00 12.2
Pb 15.0 15.1 15.4 1.02 13.7
Sn 1.95 1.93 2.05 1.06 2.3
\Y/ 25.7 25.0 24.3 0.97 30.0
Zn 24.9 27.2 23.1 0.85 47.2

B - regional soil background (South Lithuanian Plain), B1 — adjusted local background of the
first sampling, B2 — adjusted local background of the second sampling, BSS - background
for stream sediments.

Results and discussion

Table 2 indicates that during the first sampling the accumulating association of all investigated
territory included only 5 non-ferrous metals. In central area it was wider and besides them
contained also Ba, Cr, Niand Mo, meanwhile in peripheral area it was narrower and consisted of
the only element Zn. So during the first sampling the central part of Vilnius was affected not
only by transport, corrosion of building material and household pollution, but also by industrial
pollution of metal working plants (plants of boring machines, fuel equipment, etc.), meanwhile
the pollution of peripheral part was actually only beginning. Therefore the median concentration
coefficients of almost all elements, except B, Mn and V, were higher in the central part than in
peripheral. The same concerns Z13 index: its median value in the central area was 2.5 times
higher than in peripheral part and was already approaching the limit for allowable contamination
(16).

During the period of the second sampling the same elements remained in accumulating
association of central part, but the growth of contamination was observed only for part of them:
Zn, Pb, Cu, Ag, Ba and Cr, i.e. mainly for those related to non-ferrous metals. Contamination
level of Niremained the same and of Sn and Mo even slightly decreased probably due to the fact
than a lot of industrial enterprises (including metal processing) stopped functioning, part of
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accumulated pollutants could be washed out of topsoil or removed with soil cover during
reconstruction of separate quarters of the central districts. Despite decrease of accumulation level
of Sn and Mo, the additive contamination in the central part has grown up and exceeded the limit
for allowable contamination (16) indicating that the greater part of central districts are
characterized by unfavourable conditions for life, most probably due to intensification of traffic,
construction works, corrosion of building materials and growth of household pollution and
further accumulation of pollutants in topsoil. New centres of pollution appeared near parking
places and crossings with intensive traffic.

Table 2.
Temporal change of contamination indices in topsoil
Inall investigated area Incentral area In peripheral area
(N1=617, N»=2453) (N1=117, N»,=2238) (N1=500, N»=215)

Var.| M1| Mo | R D |Var.| M1 | M2 | R D |Var.| M1 | M2| R D

713 |5.28|18.24|3.4512.96| 713 |12.22]19.61|1.60|7.39 | £13|4.88|9.32|1.91| 4.44
Zn [1.39]5.10 [3.68[3.71| zn [3.13[5.21 [1.67(2.08 | zn [1.30[2.87|2.21|157
Ag |1.36] 322 [2.37[1.86 | Pb | 2.17[3.20 [1.48[1.04 | Cu [1.24[1.72]1.39]0.48
Pb [1.29]3.04 [2.35(1.75| Cu | 1.78 [ 2.32|1.30[0.54 | Pb [1.21]1.55]1.28]0.34
Cu |1.34] 2.26 [1.68]0.92| Ag | 2.74 [ 350 [1.28]0.76 | Ba |1.21]1.42[1.18]0.22
Sn [1.32] 1.94 [1.47]0.62| Ba | 1.30 | 1.44 [1.11]0.14 | Ag [1.28]1.50]1.17]0.22
Mo [1.17| 1.50 [1.29]0.33 | Cr [ 1.33 [ 1.37 [1.03]0.04 | Mo [1.13]1.30]1.14[0.16
Ni [1.20] 1.48 [1.23]0.28 | Co [1.27 [1.28 [1.01]0.01| Co [1.16]1.32]1.14]0.16
Ba |1.22[ 1.44 [1.18]0.22 | Ni [1.50 [ 1.50 [1.00[0.00 | Cr [1.21]1.34|1.11]0.13
Cr [1.24] 1.36 [1.10[0.13 | Mo | 1.55 | 1.54 [0.99]-0.01| Mn [1.21]1.34[1.11[0.13
Co [1.18] 1.28 [1.09]0.10 | Mn [ 1.09 | 1.08 [0.99]-0.01] Vv [1.20]1.31]1.10]0.12
V [1.19] 1.10 [0.93]-0.08] B |1.08 | 1.05 |0.98]-0.03] Ni |1.17]1.27]1.08[0.10
B |1.15] 1.06 [0.93]-0.09] V |1.15 | 1.09 [0.94]-0.07| Sn |1.28[1.34]1.05(0.07
Mn [1.18] 1.09 [0.92[-0.09] Sn | 2.16 | 2.01 [0.93]-0.15] B |1.16(1.16|1.00[0.00

Note. Var. — variable (element or additive contamination index of all 13 elements), N1 and Ny, —
number of samples, M1 and M, — median values of concentration coefficients of elements or
their additive contamination index Z13 during the first and the second sampling, respectively.
R=M,/M;, D=M,-M;. Elements belonging to accumulating associations (with median
concentration coefficient higher than 1.3) are in bold.

The accumulating association in peripheral part became even wider and included not only all
elements related to  non-ferrous  metals, but also to ferrous  metals:
Zn>Cu>Pb>Ag>Ba>Cr>Mn>Sn>Co>V>Mo. The highest rate of contamination increase is
characteristic of Zn, Cu, Pb, Ba, Ag, i.e. elements related to transport and household pollution.
The median value of additive contamination index in peripheral area of Vilnius exceeded 8, i.e.
started to approach to the limit of allowable contamination. The relative growth of Z13 in
peripheral districts (1.91) was even higher than in the central districts (1.60), but the absolute
growth in the latter districts (7.39) exceeded the absolute increase of Z13 in periphery (4.44).
Some of administrative districts in periphery are highly industrialized and therefore are
characterized by high median contamination level. They are located mainly in the southwestern
and southern part of Vilnius (Fig. 2), also in Naujoji Vilnia, which is in the eastern part. The
sites, where ecological-geochemical state of topsoil has worsened are mainly related to motor
and railway transport, industry and household pollution.
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Fig. 2. Temporal variability of topsoil contamination in southwestern part of Vilnius

Note. New sites, which were revealed during the second period of sampling, where topsoil
contamination exceeds the allowable level (16) and where the ecological-geochemical state
became less favourable for life, are indicated by label, which explains the possible reason of
contamination increase: ITR — intensive transport, GAR — garages, SST — service stations, RW —
railway, MET — metal processing, MTR — metal trade, EEN - electrical engineering, CHE —
chemical industry, TEP — thermoelectric power plant, HHP — household pollution.

The relative growth of topsoil contamination in all investigated territory was 3.45, while the
absolute one was 12.96. The highest accumulation level was always characteristic of Zn due to
variety of its different sources (metal processing, other industry, fuel burning, traffic, fertilizers,
corrosion of roofs, etc.).

Median Z13 of Neris sediments in the whole Vilnius has 3.8 times decreased from 26 in 1981-
1983 to 6.8 in 2002, ie. from medium dangerous to satisfactory state. The number of
accumulating elements with concentration coefficient (CC) exceeding 1.3 decreased from 9 in
1981-1983 to 4 in 2002, for most of them, except Mn and Pb, the accumulation level (CC)
decreased from  Agi6Cuz6Sn3 3CragZny 7Mng sMoy 5Pby 4Ny 4 in 1981-1983  to
AgssMny gPbysCu; 4 In 2002. Table 3 indicates that in most of the segments of Neris and Voké
Z13 index decreased. Almost everywhere (except segments V and VI, which are heavily
polluted) the highest accumulation level (CC>2) is characteristic of non-ferrous metals (Ag, Cu,
Zn, Snand Pb), also Mnand Cr.
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Table 3.
Temporal change of contamination and accumulating elements in stream sediments
River segment Year | Z13 Accumulating elements R Incr;ase
I. Neris upstream of | 1982 | 6.7 |Ag, 6CUNIMNZNnCrSn
i 0.85| MnMo
Vilnius (No 36-47) | 2002 | 5.7 [Mns3AgMo
1. Neris downstream 1983 | 3.0 Mny.7 12| sn
of Zalesa (N0 48) |2002 | 3.6 [Mn,sSn '
[11. Neris near 1981 | 1.2 |
Verkiai (No 51-52) [ 2002 | 2.5 [MnMoCu 214 MoMnCu
_ V. Neris near 1981 | 4.6 JAgs.sMn 0.90 MoCu
Zirmanai (No 53-54)| 2002 | 4.2 |Mn,.;CuPbAgMo ' PbMn
V. Neris near 1981 | 65 |AQs0Zn7.6Sns.1CUs oPh3 oCr2gM027Baz sMnNi
. . 0.35 Mn
Zverynas (No 57-58)| 2002 | 23 |Agi7Pb, 6Zn, sCuMnSnMo
VI. Neris near 1981 | 76 [SnpsCuigAgi8Zng 2Cr50M03 3Pbz 1My oNi 040! erniv
~VELGA” (N0 59) | 2002 | 31 Cri13Ni72Ag6.1CU4 4ZNPHVSN '
VII. Neris in Bukéiai| 1981 | 21 |Ag10Cug3Zn2.1CrSnPb 020! Mn

(No 60, 62) 2002 | 4.1 |AgssMn

V1. Neris down- 11983 | 30 |Ag;17Cr42CuUs.4Zns 3Sn25MnMoPbNiBaCo
stream of wastewater 0.52 MnPb
treatment pl. (No 61)| 2002 | 16 |AG11Mn; 4Pbz1CuZn

IX. Neris near 1983 | 10 |AQ4.6CU24Cr23Mn20ZnNiSn

- 1.28| PbA
Sudervelé (No 61a) [ 2002 | 14 |AgesPby3ZnMnCu ’
X. Neris dowstream 1981 34 Ag22Cu3_88n3_8Cr3,GZn2,5MoMnNin 0.40 PbMn
of Vokeé (NO 66, 71) 2002 13 Ag7,5Cu2,an2,7PanN iSn . Zn
XI. Neris near Verks-| 1981 | 34 |Ag23Crs0Cuz 5SS 7Zn2 4sMnMoNi

. 0.11 -
nionys (No 63-65) [5002 [ 3.7 Ags 7
5 i il 1984 | 2.9 |AgSnZ
XII. Voke in Vaidotai| 198 9 |AgSnZn 058  Mn
(No 15-17) 2002 | 1.7 [Mn
XIIIL Voké in Nauja- | 1984 | 7.5 |Ags.sZnSnMo 0.80| MnCu
kiemis (No 18-20) | 2002 | 6.0 |Zn,.2Pb, 1CUAGMNSN ' Pb
XIV. Vokeé in Traky | 1984 | 7.3 |Ags.6Znp.2MoSnMnPb 161 SnCuPb
Voke (No 21-22) {2002 | 12 [Sns2PbpoCup ,MNZnNiAgMo ' NiMn
5 1 1981 | 3.1 |JAgSnMn
XV. Voke in g 1.02 7n

Grigiskes (No 69-70)| 2002 | 3.1 [Zm7Ag

Note. River segments are shown in Fig. 1. Accumulating elements have CC>1.3. The subscript
of element indicates its CC (only CC>2 are shown). R is the ratio of Z13 in the second period to
Z13 in the first period. Elements with high increase are in bold.

In segment V near former tannery and leather processing plant Cr, Mo and Ba added to other
common pollutants in 1981. However, when the plant was transferred to another place, the
content of these elements decreased in sediments taken in 2002 and the ecological-geochemical
state improved from dangerous to medium dangerous category.

It also improved in segment VI, where surface runoff from welding equipment plant comes: the
Z13 decreased due to lower CC of Sn (tinning technology is no more used in the plant).
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However, the ecological-geochemical state of the segment remained dangerous, because Cr and
Niare still used in technological processes and their pollution increases.

High water migration coefficient explains variability of Ag in bed sediments. Accumulation of
Ag and Mn can be related to geochemical barriers (oxidation and sorption processes) in
sediments in the places of groundwater discharge and inflow of unpolluted surface water.
Increase of Pb and Ag downstream of wastewater treatment plant can be explained by general
increase of transport and household pollution in the whole town. This can be the reason of Z13
increase in segment 1X.

Paper mill in Grigiskés, where waste paper is processed, can explain the growth of Zn in Voké
(segment XV) and in Neris downstream of Voké (segment X). However, Z13 increase is not
essential in Voké (segment XV). So the influence of this tributary on Neris pollution is not great
and ecological- geochemical state of Neris downstream of Voké has improved greatly.

Meanwhile the growth of Z13 and Sn, Cu, Pb pollution in Voké sediments within segment XIV
as well as increase of Pb accumulation in segment X111 is related to intensive railway and motor
transport pollution in vicinity of storehouses and enterprises of southwestern industrial district.
The relative growth of Z13 in Neris near Verkiai (segment I11) is related to geochemical barriers,
because Z13 indices of both periods are low.

Ecological- geochemical state of Vilnelé, which is other tributary of Neris, was analysed only in
2002 and differs in various segments. In some of them (i.e. in segment following metal
processing plants in Naujoji Vilnia or near tannery and electrical engineering plant near central
districts of Vilnius) the ecological-geochemical state of sediments is still dangerous (Fig. 1).

Acknowledgment
Credits. Late sampling of topsoil in 6 central districts of Vilnius and Valakampiai was funded by
Vilnius Municipality, while in peripheral parts as well as sampling of stream sediments in 2002
by Lithuanian State Science and Studies Foundation. The authors would like to express their
gratitude to these organizations.

Conclusions

During the period from 1985 to 2002 topsoil total contamination index has mainly increased in
Vilnius indicating that this medium is accumulating pollutants over long period. Besides, new
polluted areas have appeared in peripheral districts and especially near parking places. The
growth of topsoil contamination by non-ferrous metals (Zn, Pb, Cu, Sn and Ag) was more
intensive than by elements related to ferrous metals and can be explained mainly by increase of
traffic intensity and household pollution. The relative growth of additive contamination level of
topsoil in peripheral districts of town is higher than in the central districts, partly due to location
of industry, railway and streets with intensive transport in peripheral areas. However, both the
levels and absolute growth of total contamination index in central districts, which are older and
more densely populated, is higher. These regularities can be observed also in other towns.
Decrease of topsoil anomalies on local areas is possible due to disturbances of soil cover.

The tendency of improvement of ecological-geochemical state of river sediments is observed due
to decrease of industrial emissions of the territories of industrial enterprises, lower enrichment of
surface runoff with heavy metals, better treatment of wastewater and migration of pollutants with
water flow. The highest accumulation level in stream sediments is characteristic of non-ferrous
metals (Ag, Cu, Zn, Snand Pb), also Mnand Cr, but their accumulation mostly decreases, except
several segments near local emission sources of pollutants and downstream of them, also in
places of geochemical barriers. Increase of Pb contamination can be related to rain sewage
discharge to streams.

Geochemical monitoring is necessary in the areas, where topsoil ecological-geochemical state
has worsened and exceeds the allowable level of topsoil contamination. The same concerns
stream sediments, not only because it is necessary to monitor the influence of effluents, but also
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because the sites heavily contaminated until now are potential secondary pollution sources for
downstream segments.
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Abstract. The paper deals with the risk assessment problems in Estonian oil shale mines, where the room-
and-pillar mining with blasting is used. This study addresses riks associated with the collapse of mining blocks,
including environmental problems. Some of the various factors, which are relevant to Estonian oil shale mines, are
determined. For risk estimation the event tree isused. Investigation showed that the likelihood and the consequences
of the risk are not acceptable. Rik mitigation process reduces the likelihood. The used concept of risk assessment
method isapplicable for Estonian oil shale mines. It may be used for different purposesand levels. The results of the
risk assessment are of particular interest for practical purposes.

Keywor ds: collapse, event tree, mining block, mitigation, probability, risk analysis, risk assessment, risk
evaluation, risk management, surface subsidence.

Introduction
The most important mineral resource in Estonia is a special kind of oil shale. It is located in a
densely populated and rich farming district. Underground oil shale production is obtained by
room-and-pillar method with blasting. This method is cheap, highly productive and easily
mechanize.
Underground mining in Estonian oil shale mines causes a large number of technical, economical,
ecological and juridical problems. The data, which have become available in the last 40...50
years, provide a foundation for the ideas recommended to be used in risk assessment.
This study addresses risks associated with the collapse of mining blocks, including
environmental problems. Up to present, 73 collapses on the area of 100 km? (about 400 mining
blocks) have been recorded. Application of risk assessment to Estonian oil shale mines raises a
unique set of problems, because each mine and mining blocks is a unique system within its own
distinctive environment.
The risk analysis is use of available information to estimate the risk to ground surface subsidence
from hazards. Some of the various factors, which are relevant to Estonian oil shale mines, are
determined. Probabilistic risk analysis is a more rational basis for evaluation. For the risk
estimation the event tree is used. Having received the risk information, and knowing the risk
valuation criteria, we come to a decision.
The primary interest in this study has been in evaluating the usability of the methodology and in
evaluating the probability of failure without detailed assessment of consequences.
Analysis showed that the used concept of risk assessment method is applicable for Estonian oil
shale mines. The concept of risk assessment may be used for different purposes and at different
levels: at the mining block design stage; as bases for decision-making when selecting among
different remedial actions for mined out area within time and financial restraints; to relate ground
surface subsidence risk levels to acceptable risk levels established by society for other activities.
The results of the risk assessment are of particular interest for practical purposes.

Concept of risk assessment
Risk assessment is the process of deciding whether existing risks are tolerable and risk control
measures are adequate. It incorporates the risk analysis and risk evaluation phases. Risk
assessment involves making judgment about the taking of risk and all parties must recognize that
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the adverse consequences might materialize and owners will be required to deal effectively with
the consequences of the failure event [1, 2, 3]. The primary steps of a risk assessment are
presented in Fig. 1.

RISK ANALYSIS RISK EVALUATION
Scope and risk analysis Safety management
plan definition principles
<«
v v
Risk identification Risk acceptance | | Risk mitigation

NO

h 4 YES
Risk estimation A 4
Guidance on risk-based
decisions
\ 4
th bH_OWt sarferls 5 How safe should
€ ODject or process = the object or process be?

v

Is the ground surface assessed as
safe enough?

Fig. 1. Risk assessment [3]

Risk analysis
Risk analysis is used for performing safety assessment for many different technical systems.
Many authors have described the sequential steps that comprise technical systems risk analysis.
Concerning the varied terminology, most are in general agreement over the basic requirements
[1, 2, 4]. Risk analysis includes (Figure 1):
1. Scope and risk analysis plan definition
2.  Risk identification
3. Risk estimation
The description of the system, scope and expectations of the risk analysis should be defined at
the outset. An iterative approach should be adopted with qualitative methods being employed at
the early stages of the process. If more information becomes available, use of quantitative
analyses is required.
Risk identification is the process of determining what can go wrong, why and how [3]. Failure
can be described on many different levels. Conceptualization of the different possible failure
modes for a technical system is an important part of risk identification. One should first take into
account as many types of failure as possible. The initial list can then be reduced by eliminating
those types of failures considered implausible.
Risk estimation entails the assignment of probabilities to the events and responses identified
under risk identification. The assessment of appropriate probability estimates is one of the most
difficult tasks of the entire process. Tools that are often used to help in risk estimation are fault
trees and event trees [1, 2, 4]. Probability estimation can be grouped into three general
approaches depending on the type and quality of the assailable data [3]:
1. Analytical approach uses logical models for calculating probabilities.
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2. Empirical approach uses existing databases to generate probability.

3. Judgmental approach uses experience of practicing engineers in guiding the estimation of
probabilities.

Attaining an exact value of probability for technical systems and processes is not a realistic

expectation. Component event probabilities may be assessed using a subjective degree-of-belief

approach (Table 1.).

Table 1.
Verbal description of uncertainty [5]

Verbal description of uncertainly Uncertainty

1. Virtually impossible 0.01 (0.001)

2. Very unlikely 0.10

3. Completely uncertain 0.50

4. Very likely 0.90

5. Virtually certain 0.99 (0.999)

Risk evaluation

Risk evaluation is the process of examining and judging the significance of risk [1, 3, 6]. Risk
evaluation stage is the point at which values and judgments enter the decision process, by
including consideration of the importance of the estimated risks. Risk evaluation is fundamental
to risk assessment and risk-based decision making. The principal role of risk evaluation in risk
assessment is the generation of decision guidance against which the results of risk analysis can
be assessed. It requires a statement of the owner’s safety management principles and of the
values and preferences of the public (prevailing financial, legal and regulatory conditions). The
risk evaluation process should be clearly communicated to all interested groups. The extent, to
which each of these basic principles apply depend on the nature of the risk assessment. Risk
evaluation includes.
1. Risk mitigation
2. Risk acceptance
Risk mitigation is a selective application of appropriate techniques and management principles to
reduce either likelihood of an occurrence or its consequences, or both [2, 3, 6]. Risk mitigation is
a logical step following risk estimation. If the calculated risk of the existing system is judged to
be too high, alternatives are proposed to reduce the risk of failure. These alternatives are
incorporated into the risk model and re-evaluation is conducted to estimate their impact. After
repeated study the decision makers can be provided with suitable alternatives and their estimated
costs for consideration in improving overall technical system safety.
Risk acceptance is an informed decision to accept the likelihood and the consequences of a
particular risk [1, 2, 3]. In some countries, there is a certain risk level that is defined as the limit
of unacceptable risk. For failure events with no potential fatalities or irreparable damage to the
environment, the target annual failure probability may be decided exclusively base on economic
considerations and corresponding risk analysis. A target level of 10 ... 102 rather than 10° ...
10° may be a reasonable criterion [5].

Risk management
Risk management is the systematic application of management policies, procedures and practices
to the task of identifying, analyzing, assessing, treating and monitoring risk [1, 2, 6]. Having
received the risk information, and knowing the risk evaluation criteria, a decision-maker must
come to a decision. The decision process includes consultations with stakeholders and
community, insurance issues, legal defensibility of decisions, risk information to decision-maker
and to the public [3].
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Investigations in Estonian oil shale mines
Technical and geological aspects by underground mining can influence on collapse of a mining
block and surface subsidence. Some of various factors which are relevant to Estonian oil shale

mines are presented in Fig. 2.

Applied Quality of
technology mining work

{

Existence of joint Fissure in roof

o]

] Blasting influence

on the rock massive

Reology influence |

Seismic activity

Change of rock massive
properties

Existence of karst

Feedback control
Hydrological condition of the parameters

Fig. 2. Contributing factors for mining block collapse and surface subsidence

Main technical aspects, which can influence on the stability of a mining block, are quality of
mining and blasting works. Investigation showed that roomand pillars sizes in Estonian oil shale
mines may deviate from project values. Maximum deviation is about 1 m. It depends on quality
of the applied machinery and miners. On the other hand the rock mass properties can change,
caused by blasting works. In the roof and pillars appear supplementary cracks, which decrease
the strength of the rocks.

Feedback control and adaptive design methods guarantee the stability of a mining block [7].
Influence of the geological parameters on the mining block stability is significant. Rheological
behavior of rock was studied and taken into consideration by calculations [8].

Karst and fissure (joints) influence on the stability of a mining block is evident. These factors are
determined for Estonian oil shale deposit and presented on the map of a mining block.

Especial attention must pay to hydrological conditions. Many old mines are completely flooded.
It is not known, what will appear in the future, after 20 — 30 years.

Seismic activity in Estonia is at such low level that it has been considered in this study only to
restricted extent. It is practically impossible.

The above mentioned technical and geological influence factors can lead to the damage of the
ground surface. Importance of these factors in mining block collapse and surface subsidence
process demands supplementary investigations.
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Event tree presents the risk estimation. For the probability determination the judgmental and
subjective degree-of-belief approaches are used (Table 1).

1*10E-1
Well done u destroyed H
Quality of mining work P=0,800 Stability decreased | P=0,900
Poorly done | P=0,800 Not destroyed
P=0,700 i ¥ M
Ground P=0,200 Not decreased [ P=0,100
surface P=0.200
P=1
5*10E-2
Quality of Well done u destroyed H
geological data P=0,700 Stability decreased | P=0,800
Poorly done -
P=0.300 P=0,700 Not destroyed ]
P=0,300 Not decreased u P=0,200
P=0,300

Fig. 3. Event tree

Presented event tree shows the ground surface damage form two factors: quality of mining works
and geological data. In the case of quality of mining works the estimated probability of surface
subsidence is 10™. The probability of surface subsidence when concerning quality of geological
data is lof 5+102. The summarized total probability of surface subsidence is of the order of
1.5*107.

The estimation probability of the surface subsidence exceeds 15 times the limit (10 ... 102).

Consequently, the risk for mining blocks is not acceptable (Fig.3). Risk mitigation methods

allow reducing either likelihood of the mining block collapse or its consequences, or both.

Design of mining block parameters based on the instruction, used in Estonian oil shale mines [8].

Analysis of the applicable mining block design method showed that the factor of safety is very

large (1.2 — 1.8). Practically, it is impossible to determine the adequate factor of safety for a

mining block. Consequently the factor of safety contains the unknown factors. Determination of

the unknown factors is the task for the future.

Onthe other hand, the method of adaptive design can reduce the probability of a working mining

block collapse [7]. It based on the monitoring system, which allows determining the potential

collapse center in a mining block. Based on this data, it is possible to modify the pillar sizes.

This method increases the stability of a mining block.

These above mentioned risk mitigation methods reduce likelihood of the mining block collapse

and it consequences. In this case the risk will be acceptable. If not, alternatives will propose to

reduce the probability of the collapse and surface subsidence. It demands supplementary
investigation.
Conclusions

As a result of this study, the following conclusions and recommendations can be made.

1. Underground production in Estonian oil shale mines is obtained by room-and-pillar method
with blasting. It causes a large number of technical, economical, ecological and juridical
problems. The data, which have become available in the last 40...50 years, provide a
foundation for the ideas recommended to be used in risk assessment.

2.  This study addresses risk associated with collapse of mining blocks, including surface
subsidence. The primary interest in this study has been in evaluating the usability of the
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methodology and in evaluating the probability of the mining block collapse and surface
subsidence without detailed assessment of consequences.

Some of the various factors, which are relevant to Estonian oil shale mines, are determined.
For risk estimation the event tree is used. The probability of mining block collapse and
surface subsidence is 1.5*10™.

Investigation showed that the likelihood and the consequences of the risk are not
acceptable. It exceeds 15 times the limit. Risk mitigation process reduces the likelihood.
Analysis showed that used concept of risk assessment method is applicable for Estonian oil
shale mines. Presented method may be used for different purposes and at different levels.
The results of the risk assessment are of particular interest for practical purposes.
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Abstract. The paper presents a study of biodiesel application and its ecological impacts. Our study isbased
on the comparison of exhaust emission composition produced by the combustion of rapeseed oil methyl ester (RME)
and conventional diesel fuel (DD) and its blendsin a direct injection diesel engine XD2P (YTT). The engine was
tested in biofuels laboratory of LUA Motor Vehicle Ingtitute. Fueling the engine with biodiesel and biodiesel /diesel
blend reduced oxides of nitrogen by 17.5% (1LO0RME) and by 5.6% (35RME) and carbon monoxide by 49.8%
(100RME) and by 45.3% (35RME). Fueling the engine with biodiesel and different biodiesel/diesel blends reduced
the absorption coefficient by 33.9% (5RME), by 44.3% (20RME), by 48.3% (35RME) and by 51.2% (100RME) on
free acceleration regime. In these tests soot reduced by 28...76.7% at full opened throttle position with 100RME.

Keywor ds: renewabl e energy, biodiesel, exhaust emissions, smoke, test bench.

Introduction
In Latvia now there are more than 173 000 diesel vehicles (CSDD, 2005), and the total number
of them is increasing according to the diesel engine popularity. The widespread use of diesel
powered vehicles and machines not only in Latvia, but also in all world, has caused many
different environmental problems (acid rains, smog) and human health problems. Diesel exhaust
is a complex mixture of gaseous constituents (including CO, NOyx, NO,, CO,) and particles,
which have been classified as probable human carcinogen by International Agency for Research
on Cancer (IARC, 1989). Due to this diesel widespread use, the possibilities to expose to diesel
exhaust is not only to people whose work is directly connected with diesel equipment — railroad
workers, truck and bus drivers and garage workers — but also to everybody who drive by car or
go to work by bus every morning.
One of the possibilities to reduce environmental, economical and social problems caused by
usage of fossil diesel fuel is to introduce biodiesel instead of fossil diesel fuel in diesel engines.
Biodiesel can be made of such renewable resources as rapeseed oil, palm oil, waste cooking oil
and others. These fuels have many characteristics, what makes them attractive for use in
compression ignition engines, and the main advantage of biodiesel over fossil diesel is that it can
be used in diesel engines without modification. These fuels also have some other essential
advantages, what makes biodiesel more competitive to diesel. Biodiesel has higher flash point,
what makes it safer for transport and storage; it reduces not only carbon dioxide, carbon
monoxide, carcinogenic aromatic hydrocarbons (PAH) and others, but also sulfur dioxide
emissions due to very low sulfur content in fuel.
Now biodiesel is applied in different areas: transport, commercial construction equipment and
space heating. In Europe, U.S.A. and other countries biodiesel and its blends are used in diesel
cars, light trucks and heavy trucks with few or no modifications. In some countries, such as
U.S.A., biodiesel is used in different off-road equipment (bulldozers, excavators and cranes) and
as heating oil for boilers operation or house heating. These application areas could be primary
candidates for substitution of biodiesel due to a widely usage of high sulfur diesel fuel in these
application areas.
Biodiesel is also successfully used in boats in many countries. For this application area there
could also be some advantages noted. Firstly, the biodegradation rate of biodiesel is about twice
as high as for diesel fuel; it degrades by 98.3% in 21 days (Williams, 2002). Secondly, the
toxicity of biodiesel to plants and animals is lower compared with conventional diesel fuel. For
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example, tests with larval forms of fish and shell fish showed that the toxicity of biodiesel is 20-
40 times less than that of fossil diesel fuels (Zhou et al., 2003).

As the production of biodiesel (rapeseed methyl ester RME) is started now and is planned to
grow rapidly, it is necessary to investigate the impacts of biodiesel and fossil diesel fuel blends
on engine running and exhaust parameters. In this paper the results of biodiesel engine tests,
which were carried out in engine testing and biofuels laboratory of the LUA Motor Vehicle
Institute, are discussed.

M aterials and methods

In the engine testing and biofuels laboratory of the Latvia University of Agriculture
investigations of a commercial direct injection diesel engine XD2P (YTT) were carried out. It
was a four-cylinder diesel engine with industrial application, manufactured by Ford CO., LTD.
The engine was tested on the test bench VEM-100. The specification for this engine is shown in
Table 1. The engine was operated on diesel fuel (DF), rapeseed oil methyl ester (LOORME) and
on its blends: 35% RME with 65% diesel (35RME), 20% RME with 80% diesel (20RME), 5%
RME with 95% diesel (5RME). The exhaust emission characteristics were investigated at a
variety of steady state engine speeds on full opened throttle position, namely 800, 1000, 1500,
2000, 2500 and 3000 rpm. The exhaust emission characteristics for DD and RME include smoke
emissions (opacity) and gaseous emissions (NOy, NO, CO, CO,, O,).

Table 1.
Engine Specifications
No. of cylinders 4
Bore 94 mm
Stroke 83 mm
Compression ratio 2211
Max. power 49 kW/4200 rpm
Max. torque 139 Nmv2000 rpm

The exhaust emissions of NOx, NO, CO, CO,, O, were measured using the KM9104 exhaust gas
analyser, but the PM related exhaust gas opacity (smoke) was measured using the gas analyzer
BOSCH BEA-350 with opacimeter RTM 430. The diesel engine smoke opacity was measured at
full opened throttle position at various engine speeds and than during free acceleration, but other
exhaust emission components were measured at nominal rpm and only for DF, 5SRME, 35RME
and 100RME.

Results

The results showed that the smoke emissions obtained from the engine operated on biodiesel and
on its blends with fossil diesel fuel were considerably lower than smoke emissions from
conventional diesel fuel. Figure 1 shows soot concentration characteristics for biodiesel,
conventional diesel and its 20% blend at engine full opened throttle position. As it is seen from
the given characteristics by using biofuels soot concentration was reduced by 28% at engine
speed 800 rpm to 76.7% at 3000 rpm. The measured smoke emissions were converted to the soot
concentration (g/m®) in exhaust gases by special correlation table (I'pexos et al., 2004).

Figure 2 indicates the absorption coefficient of the tested engine running on free acceleration
regime with different fuels: DF, 20RME and 100RME. All the measured absorption coefficient
levels decrease with increasing the biodiesel percentage in the blend. Maximum reduction of the
absorption coefficient (by 51.2%) has been recorded for 100% biodiesel usage. Quite good
results have been almost recorded for 20RME, and it is 44.3% reduction of absorption
coefficient compared to diesel fuel.
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The results of the measured exhaust emission components are presented in Table 2.
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Fig. 2. Absor ption coefficient relationship with biodiesel quantity

As it is seen from the Table 2, using biofuels carbon monoxide (CO) emissions were reduced by
49.8% (100RME) and carbon dioxide emissions (CO2) — by 7.8% (100RME) in comparision
with DF. This reduction could be related to the fuel composition — biofuels contain less carbon
and more oxygen than fossil diesel. In summary the reduction of these components changed on
the percentage basis of biodiesel.

Monoxides of nitrogen (NO) and oxides of nitrogen (NOy) emissions (Table 2) from rapeseed oil
methyl ester were generally slightly lower than those from the diesel fuel. NOx emissions were
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reduced by 17.5%, when the engine was fueled with 100% rapeseed oil methyl ester and only by
0.3%, when the engine was fueled with 5% biodiesel blend.

The values recorded for oxygen (O) for biodiesel and its blends were higher than those for
conventional diesel fuel. It can also be expected due to the oxygen content of biodiesel fuels.

Table 2.
Exhaust emissions from a 2.3 liter direct
injection diesel engine running on different fuels
Exhaust Type of fuel used
emissions DF 5RME 35RME 100RM E
components % +/- % +/- % +/-
CO, ppm 2203 *ND *ND 1205 -45.3 1105 -49.8
CO2, % 12.9 12.6 -2.3 12.5 -3.1 11.9 -7.8
NO, ppm 332 325 -2.1 317 -4.5 271 -18.4
NOy, ppm 337 336 -0.3 318 -5.6 278 -175
02, % 3.1 3.8 +22.6 3.8 +22.6 4.8 +54.8

*ND — Not Detected

Discussion
The results of our investigation showed that the best advantage of biodiesel fuel is it capability to
reduce emissions. To compare our results with the results of similar investigations of other
authors the analysis of literature was carried out. For example, soot concentration in exhaust
gases in our experiments was reduced by 28-76.7% and this agrees with other researchers
studies, where a reduction of smoke with the use of biodiesel in vehicles was reported (Reece et
al., 1993), (Scholl et al., 1993), (Graboski et al., 1998).
Researchers from the University of Limerick (Gonzalez Gomez et al., 2000) noted reduction in
smoke density approximately by 48% when fueled with a WCOME (waste cooking oil methyl
ester) as compared to conventional diesel. Researchers (Sams, 1997) found out that carbon from
fuel combustion can be reduced in the order of 60-70% using biodiesel with the oxygen content
10-12%. Smoke opacity (absorption coefficient) reduction by 71% was noted fueling a 5.9L
Cummins direct injection diesel engine (Peterson et al, 1995), but in our investigations
maximum reduction of this coefficient was 76.7%.
Soot or smoke is a primarily component to which the service stations turn their attention. Diesel
engine smoke opacity regulation (regulation 24-03) did apply in Europe at full load at various
engine speeds and during free acceleration (Guibet, 1999). Nowadays in Latvia, this free
acceleration test is applied in CSDD (Road Traffic Safety Department) to determine toxicity of
diesel engine exhaust gases; the maximum opacity is at 2.5m™ for all diesel vehicles (except
turbodiesels, the maximum opacity for them is at 3.0m™).
The main part of the experiments in world has shown that biodiesel fuels can significantly reduce
exhaust emissions, including carbon monoxide (CO), carbon dioxide (CO), hydrocarbons (HC)
and particulate matter (PM). Some researchers (Niehaus, 1985) noted increases in carbon
monoxide and hydrocarbon exhaust emissions, but decreases in oxides of nitrogen exhaust
emissions. In other research work (Krahl et al.,, 1998) decreases in carbon monoxide,
hydrocarbon, particulate matter and soot emissions were noted, but increases in oxides of
nitrogen exhaust emissions fueling engine with rapeseed oil methyl ester (RME) compared to
conventional diesel; Schafer (Schafer, 1996) also reported decreases in carbon monoxide,
hydrocarbon and smoke emissions fueling the engine with palm oil methyl ester (PME)
compared to conventional diesel; their data are presented in Table 3. Comparing dates from
Table 3 for 100RME with our results, we can find that decrease of CO is in similar diapason, but
NOx remains higher.
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Table 3.

Exhaust gases components average concentrations from diesel engines
operating biodiesel compared with diesel fuel

Results by Krahl Components of exhaust gases
100RME CcO HC | NO | Particulates | Soot
90%" 70%" 110% 60-80%" 60%
100%° 80-90%"°
Results by Schafer Components of exhaust gases
CO HC | Smoke | NO
100PME 61% 91% 24% 104%
50/50 PME/DF 74% 90% 58% 99%
100RME 88-117% 50-53% 28-42% 106-119%

A _indirect injection
B _ direct injection

Our results confirmed reduction in smoke opacity, CO, CO2, NO and NOx emissions, but it is not
similar to those who fueled diesel engines with rapeseed oil, waste cooking oil or soybean oil
methyl esters. Most of the reported studies show a difference in the results, which mostly
depends on the employed engine technology and the type of the used emission test. These factors
mainly have a significant effect on the difference of the emission composition reported by some

authors and researchers.

Conclusions
For diesel engines running on biodiesel and its blends exhaust emissions tend to be lower
for carbon monoxide, carbon dioxide, oxides of nitrogen, and monoxides of nitrogen in
comparison with fossil diesel.
A compression ignition engine fueled on rapeseed oil methyl ester provides lower smoke
opacity on full load and free acceleration regime.
Smoke emissions decrease as the biodiesel concentration increases, and the content of
smoke for 20% blend is approximately 2 times lower than as it is for the conventional
diesel fueled engine.
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BIOMASU MAISIJUMU FIZIKALI MEHANISKAS IPASIBAS
PHYSICAL PROPERTIES OF BIOMASS COMPOSITIONS

AIVARS KAKITIS, IMANTS NULLE

Latvijas LauksaimniecTbas universitate, Mehanikas institiits
Cakstes bulv. 5, Jelgava, LV-3001, Latvija
Talr.: + 371 3005671, e-pasts: Aivars.Kakitis@ llu. v

Abstract. The main resources for biomass agro-ecotechnologiesare cereal straw residues, energy crops and
emergent vegetation from wetlands. The herbaceous biomass is a material with low density (20 — 60kg-ni°)
therefore new mobile equipment and technologies for biomass communition and densification have to be worked
out. The gorage, dosage and mixing before compacting is necessary. Because of this we must have a working
knowledge of the bulk properties of materials. The angle of repose was investigated of straw, reed and peat
particles. It was stated that angle of repose of straw and reed varies between 54 — 55 degrees. Angle of repose of
peat particles varies between 40 — 60 degrees. In a bin filled with solid bulk material this material actson the walls
with the horizontal stress. The stress ratio between horizontal and vertical stressis important for equipment design.
This ratio was investigated for different size partides of straw, reed and peat. Stress ratio of straw and reed
particlesvaries between ~0.6 — 0.7.

Keywor ds: stalk materials, biomass conditioning, biomass briquettes, angle of repose, bulk properties.

levads

Ekonomiska un ekologiska situacija pasaule palielina atjaunojamo energijas resursu
izmantoSanas nepiecieSamibu. Attistot energftisko augu audzéSanu un lauksaimnieciskas
razoSanas atlikumu utilizaciju energijas ieguvei, samazinatos naftas cenu svarstibu ietekme uz
Latvijas ekonomiku un rastos jaunas darba vietas lauku apvidos. Apgistot racionalas
tehnologijas ekonomiskai aizauguso platibu un ezeru apauguma izmanto$anai energijas icguveli,
tiktu sakartota apkartéja vide un samazinatos ar killas dedzinaSanu saistito nelaimes gadjumu
skaits.

Izmantojamas biomasas — salmi, niedres un energgtiskie augi - ir ar mazu blivumu (20 — 60 kg
m?), kas samazina biomasu transportéianas efektivitati liclos attdlumos. Lai palielinatu
stiebraugu biomasu kurinama blivumu, nepiecieSams to kompaktet briketgjot vai granulgjot.
Ieprieks veiktie p&tijumi paradija, ka stiebraugu briket€Sana nenodroSina standartiem atbilstosu
brikeSu blivumu un noturibu. BrikeSu blivumu un noturibu var ievérojami palielinat pievienojot
saistvielas (kiidru, sapropeli u.c.).

Salmu un niedru brikeSu izturbu var palielinat pievienojot masai kudru. Izturibas
robeZspriegums bide salmu-kidras briketem ar kiidras saturu 50% palielinas 2.2 reizes.

Lai veidotu biomasu maistjumus ar noteiktu sastavu, nepiecieSams nodroSinat to sastavdalu
precizu doze€Sanu un vienmérigu sajauksSanu. Briket€jamas masas sastavdalas ir jauzglaba
tvertnés un japadod uz tehnologiskajam iekartam. Daudzas razoSanas problémas saistitas ar
masas plismu uzkrasanas un dozeSanas iekartas. Lai noveérstu materiala iespriiSanu un salipSanu
javeic pétfjumi par iekartu izméru un formas atbilstbu maisjjuma ipaSibam. Viena no tam ir
iecksgjas berzes lenkis jeb dabigd nogruvuma lenkis. Dabiga nogruvuma lenkis tiek nemts véra
pie tvertnu konusa slipuma lepka izvéles. Tvertné esosa birstosa materiala ipasibas iespaido art
virs ta eso$a materiala spiediens. No §1 spiediena materials iegiist noteiktu izturibu un, tvertnes
iztukSoSanas laika, var veidoties velves. Lai noteiktu velvju sabrukSanas parametrus glabasanas
tvertnu konusos, jazina birstoSa materiala vertikalo un horizontalo spriegumu attieciba. To var
raksturot ar $kérsspriegumu koeficientu A. ST koeficienta noteik3anai eksiste vairakas metodes.
Vienkarsaka no tam ir dabigd nogruvuma lenka metode. Uzskata, ka dabiga nogruvuma lenkis
raksturo iek$€jos spriegumus materiala, bet praks€ ir pieradits, ka iegltie rezultati ir visai
aptuveni. Otra metode, precizaka un sarezgitaka, ir tieSa Skérspiediena mérisana.
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LLU Masinu mehanikas zinatniskaja laboratorija noteiktas nobiruma lenka ¢ un sk&rsspriegumu
koeficienta A izmaipas likumsakaribas dazada smalkuma salmu, niedru un kudras dalipam
izmantojot abas ieprick$minétas metodes.

Materiali un metodes

Salmu, niedru un citu stiebru materialu brikeSu blivums un noturiba liela méra atkariga no
materiala sasmalcinaSanas pakapes. Lai ieglitu pietieckoSu brikeSu blivumu un mehanisko
izturibu, salmu dalinu izmé&ram jabit mazakam par I mm. Augsta smalcinaSanas pakape palielina
energijas patérinu brike$u razo$ana un samazina to ekonomisko efektivitati. BrikeSu blivumu un
noturibu var ieveérojami palielinat pievienojot saistvielas (kiidru, sapropeli u.c.). Ieprieks€jos
eksperimentos tika noteikts kvie§u salmu izturibas robezspriegums stiepé (118.7 + 8.63 N-mm?),
bid& (8.47 £ 0.56 N-mm?) un elastibas modulis (13.1 + 1.34 GPa).

BrikeSu izgatavoSanas procesa nepiecieSams uzglabat, dozet un sajaukt saistvielas un
sasmalcinatos stiebraugus. Lai varétu aprékinat nepiecieSamo iekartu parametrus, jazina masas
pasSibas, kuras nosaka tas mijiedarbibu ar
masiu dalam. Eksperimentali tika noteikts
nogruvuma lepkis un iek$€jo spriegumu
attiectba dazada smalcinajuma stiebru dalipam.
Petjumi tika veikti ar salmiem, niedrém un
kidru. Stiebru materiali tika sasmalcinati un,
izsijajot caur sietiem, sadaliti smalkuma grupas
ar dalipu izmériem 3-5, 2-3, 1-2, 0.5-1 un
<0.5mm.

Stiebru materiala nogruvuma lenkis tika merits
ar laboratorija izgatavotu ierici, kura sastav no
pieskares lineala 2 un lepka mérisanas skalas 3
(1. att.). Sasmalcinatais materials tika iepildits
cilindra un, pacelot cilindru uz augsu, izberts uz horizontalas plaknes (2. att.).

Eksperimenta rezultatu precizitate tika nodro$inata izdarot pietickoSu mérjjumu atkartojumu
skaitu (ne mazak par 11 atkartojumiem) un veicot datoriz€tu datu apstradi.

4 1
l.attéls. Nobiruma lenka noteik§anas
ierice:

1 — materials, 2 - pieskares lineals,
3 — lepka mérianas skala, 4 — atbalsts

2.attels. Nobiruma konusa veidoSana

Nogruvuma lepkis ¢ ir atkarigs no materiala ieks$€jas berzes koeficienta. Iek$&jas berzes
koeficientu f aprékina no vienadojuma:

f=tge. 1)
Ja birstoS§s materials atrodas noslégta telpa un tiek saspiests vertikala virziena, taja rodas
normalie spriegumi oy. Sie spriegumi izsauc perpendikulara virziena vérstus spriegumus oy (3.
att.). So spriegumu lielums atkarigs no spriegumu oy lieluma un masas pliistamibas. Spriegumu
attiecbu A aprékina péc Kezdi vienadojuma [1]:
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A=1-sing, )
kur ¢ - materiala iek$gjas berzes lenkis.
Vacu standarts DIN 1055 (6. nodala, slodzes tvertnés) [2] rekomend€ vienadojumu (3), kas
izveidots no vienadojuma (2):

A=12-(1-sing). (3)
Sads parveidojums izdarits pamatojoties uz secinajumiem no prakses, kas pierada, ka slodze uz
tvertnes sienam ir lielaka, neka aprékinats péc spriegumu attiecibas A [3, 4]. Neatbilstiba
izskaidrojama ar to, ka nosakot iek$¢jas berzes lenki ¢ pastavosas metodikas, netiek pemti véra
daudzi faktori, kas darbojas reala situacija. ISO direktiva TC98/SC3/W G5 rekomendé spriegumu
attiecibu noteikt tieSi izm€rot radialaja virziena verstos spriegumus centriskaja spiede [5].
Eksperimentu veic izmantojot iekartu, kas sastdv no plansienu térauda cilindra, kura tiek
saspiesta pétama biomasa. Cilindra deformacija tieck mérita ar tenzorezistoriem 4 (4.att.).
Izmantojot ZWICK materialu test€Sanas iekartu pétama biomasa tika saspiesta ar noteiktu speku
vertikala virziena. SaspieSanas rezultata masa rodas spriegumi oy, kas rada spriegumus on
(3.att.).

3. attéls. Spriegumu sadalijuma
shéma:

oy — spriegumi, ko masa rada centriskas
spiedes speks, onh — spriegumi, kas rodas
Skersvirziena. 4. attéls. Horizontalo spriegumu noteikSanas

iekarta: 1 — speka sensors, 2 — virzulis,

3 — materials, 4 — mércilindrs ar
tenzorezistoriem.

Tenzorezistoru tilta izejas spriegums tika registréts izmantojot virtualo mériekartu komplektu
PicoScope - 212.

Eksperimenti tika veikti ar sasmalcinatam un frakcionétam salmu, niedru un kiidras dalinam ar
mitrumu 10%. Sasmalcinatais materials tika izsijats un sadalits smalkuma grupas ar dalinu
izmériem 5 — 7, 3-5, 2-3, 1-2 un 0.25 - 0.5 mm.

kalibrésanas taisnes vienadojumu. Spriegumu attiecibu A aprékina péc vienadojuma 4:

z:%. @)

Vertikala spiediena oy izmainas robezas no 0.54 lidz 2.7 Mpa.
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Rezultati un to izvérte jums

Praktiski nosakot dabigo nogruvuma lenki ¢ redzams, ka gan salmu, gan niedru dalinu lielums
butiski ietekme ta veértibu. Dalinas, kas smalkakas par 1 mm uzradija ¢ = 45°, bet dalinas, kas
liclakas par 5 mm ¢ = 55°. Salidzinot vértibas redzam, ka salmu un niedru dalinu dabiska
nogruvuma lenkis noteikta izméra dalindm ir aptuveni vienads. Kiudras dalinu izméram
palielinoties nogruvuma lenkis pieaug ievérojami strauyjak un parsniedz 60° kudrai ar dalinu
izmeéru Smm. P&c vienddojuma (3) aprékinata spriegumu attiecibas A izmaina atkariba no dalinu
izméra redzama 6. att. Redzam, ka dalinu izméram palielinoties virs 1.5 mm, Sk€rsspriegumu
koeficients samazinas un klist aptuveni vienads visiem pétitajiem materialiem. Kiidras dalinam
ar izméru <l mm Skersspriegumu koeficients pieaug straujak neka salmiem un niedrém un
sasniedz A=0.5 dalinam ar izm&ru 0.25 — 0.5 mm.

65
60 _ PEN
o 55 = —n
g .50 T P
§ B T
gﬂ 45 7#— =
Z 40 {-= ¥ ¢ Salmi = Niedres 4 Kodra —
35 La S —
0 1 2 3 4 5 6
Dadou lielums, mm

S.attéls. Dabigais nogruvuma lenka izmaina atkariba
no niedru dalinu lieluma

— =—Kudra
= = = Nijedres
S 141

Spriegumu attieciba

Dainu izmérs, mm

6.attéls. Skerssprieguma Koeficienta A izmaina atkariba
no stiebru materiala dalinu izméra.

Nemot vera ISO direktivas TC98/SC3/W65 ieteikumus aksialo un radialo spriegumu attieciba
tika noteikta izmantojot laboratorija izgatavotu meriekartu. legitie rezultati paradia, ka
Skérssprieguma koeficienta veértiba mainas atkariba no materiala sasmalcinaSanas pakapes.
Salmiem un niedrém ar dalinu izméru 0.25 — 5 mm netika novérota butiska Skerssprieguma
izmaina. Tas atradas robezas no 0.62 — 0.71 (7.att.). Rupji smalcinatiem salmiem ar dalinu
izm@ru 5 - 7 mm sk&rsspriegumu koeficients samazinajas Iidz A=0.52.

Salidzinot A-testa iegiitas Skersspriegumu veértibas ar A vertibam, kas aprékinatas péc dabiga
nogruvuma lenka (formula 3), redzam, ka iegiita koeficienta vertiba, ir ievérojami lielaka neka
koeficienta vertiba, kas iegita péc nogruvuma lepka metodes (8.att.). Rezultatu atSkiriba bija
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sagaidama, jo par to liecindja literatiird sastopamie citu zinatnieku p&tijumu rezultati dazadiem
birstoSiem materialiem (smilttim, graudiem un miltiem u.c.).

0,8
0,7 +
0,6
05
04 +
03 +
0,2 +
0,1+
0 ‘ ‘ ‘ ‘
0,25-0,5 1,0-2,0 2,0-3,0 3,0-5,0 5,0-7,0

Skérssprieguma koeficients [

v

Smalkuma grupas, mm

7.attéls. Skerssprieguma koeficienta izmaina sasmalcinatie m
salmiem

0,80
0,69 0,71

&) ©,

0,70

0,60 052

0,50

0,40
0.29 0,30 0,33

( ©) @

0,30

Skérssprieguma koeficients [

0,20

0,10

0,00
Salmi Niedres Kddra

8.attéls. Skerssprieguma koeficients daZadie m mate rialiem (dalinu izmérs 1 — 2 mm)
1. Merot tiesa veida (A - tests)
2. Aprekinot pec dabiga nogruvuma lenka.

Veicot eksperimentu péc nogruvuma lenka metodes materiala darbojas loti nelieli spriegumi, kas
rodas masas paSsvara rezultatd. Arpusé esoSie materiala slani ir loti irdeni un tie$i tie formé
nogruvuma lenki (2.att.). Saja gadfjuma dalinas kopa satur to savstarpgja saker§anas
nelidzenumu un formas izcilpu dél

Tiesa veida merot spriegumus radiala virziena, masa darbojas ieverojami aksidlie spriegumi, kas
izsauc materiala plustamibu deformacijai perpendikulara virziend. Ta rezultatd koeficienta A
vertbas i ieverojami lielakas neka iepriekS8€ja gadijuma. Fizikalie procesi, kas notiek
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deforméjama materiala slani, precizak atbilst procesiem, kas norit tehnologiskajas ickartas
(pres€s, transportieros, glabasanas tvertnés u. c.).

Dabiga nogruvuma lepkim ir butiska nozime tvertnes iztukSoSanas konusa aprékinos, jo
iztukSoSanas beigas materiala daudzums tvertné i neliels un taja darbojas niecigi aksialie
spriegumi.

Secina jumi
Dabiga nogruvuma lenkis sasmalcinatiem stiebru materidliem un kidrai i atkarigs no
smalcinajuma pakapes un mainas robezas no 45° lidz 55° (salmiem un niedrém) un no 40° lidz
60° (kudrai).
Aprekinot Skersspriegumu koeficientu salmiem un niedrém A p&c dabiga nogruvuma lenka iegtst
~2.4 reizes mazaku vertibu neka ta tiek iegita tieSos merjumos. Kiidrai A vertibas atSkiras 1.58
reizes. TieSos Sk€rssprieguma mérijjumos salmiem un niedrém ar dalipu izméru 0.25 — 5 mm
iegiitas A vertibas atrodas robezas no 0.62 — 0.71.
TieSos merjumos ieghtas koeficienta A vertibas rekomend€jamas izmantoSanai smalcinato
biomasu glabasanas un apstrades iekartu konstrukciju aprékinos.

Pateiciba

Petjjumi veikti pateicoties LZP Fundamentalo un lietiSko p&tijumu projekta 01.0790 “Biomasas
resursi un mehanizacija kondicioné€Sanas procesos” finanséjumam.

Summary

Development of energy crops and agricultural residue utilization for energy are important goals
of the rural policy. Mainly heat and electricity energy production from dry solid biomass is
planned using it as biofuel. As chemical fertilizer production and usage corresponds to the
consumption of oil fuel, biomass usage directly for energy production or as fertilizer are
activities with equal importance for fossil fuel substitution.

Previous analysis allow to conclude that in rural ecosystems herbaceous biomass as cereal crop
straw (mainly wheat straw), common reeds, rape straw and reed canary grass are the most
prospective stalk materials for solid biofuel production. The herbaceous biomass is a material of
low density (20 — 60kg-m™) therefore new mobile equipment and technologies for biomass
communition and densification have to be worked out. To guarantee the quality of biomass
briquettes in the handling and usage process, sufficient durability of briquettes should be
provided.

Former experimentally were stated values for wheat stalks [4] ultimate tensile (118.7 + 8.63
N-mm%) and shear (8.47 + 0.56 N-mm™) strength, modulus of elasticity (13.1 + 1.34 GPa) and
shear modulus (0.643 + 0.043 GPa) in order to find methods for mechanical conversion with
minimal energy consumption. Previously was stated that compacted with pressure 230 MPa
compositions of straw particles from two fineness groups (2-3 mmand < 0.5 mm) have density >
1.0 g cm’, if fineness proportion (amount of particles < 0.5) exceed 25%. Density 1.0 gcm™ has
been obtained in densification of straw and reed stalk material particle compositions with peat, if
peat proportion exceeds 20%.

Dependence of ultimate shear stress on wheat stalk material particle size in biomass briquettes
was previously investigated. It was stated that ultimate shear stress increases for particle size in
briquettes less than 0.5 mm. Peat additive improves the density and ultimate shear strength of
briquettes, but peat in combustion process increases the ash content. Therefore it is not necessary
to add peat more than 50% in briquetting composition.

Stalk biomass and peat is necessary to storage, load and dispense before the producing of
briquettes. The loading, storage container discharging and automatic feeding process depends on
internal stresses acting in biomass volume.
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Knowledge of the stresses acting in chopped biomass is important for many applications:

e  Storage container and hopper design for strength,

e  Storage container and hopper design for flow,

o Loads on feeders and inserts,

o Driving torque of feeders.

Hoppers are used in industry for protection and storage of powdered and granulated materials.
Hoppers must be designed such that they are easy to load. More importantly, hoppers must be
designed such that they are easy to unload. The way the hopper is designed affects how much of
the stored material can discharge and whether they’re mixing of solid sizes or dead space that
reduces the effective holding capacity of the hopper.

To design storage hoppers, the following material properties are needed:

o Internal friction coefficient,

e  Wall friction coefficient,

o Permeability,

e  Compressibility.

Other factors that should be considered include temperature and moisture content along phase
diagram if caking may be a problem.

In contrast of pure fluids, the flow behavior of bulk solids cannot be described by only knowing
the name and chemical structure of the material under consideration. This is obvious from the
large number of additional parameters, besides the chemical composition, which have an
influence on the flow behavior of the bulk solid. Some of these parameters are:

o Particle size distribution,

o Particle shape (e.g. spherical, rod-shaped),

o Particle surface (smooth, rough, sharp edges),

o Moisture content.

Mentioned before factors and properties of solid bulk material are referable to the compositions
of granulated and chopped stalk materials and additives (peat) used for biomass briquettes.
Mechanical properties of stalk material were experimentally determinate in order to find
methods for mechanical conversion with minimal energy consumption. These parameters of
mechanical properties are necessary for mechanization equipment design.

To determine bulk properties of biomass chopped reed and straw particles with moisture content
less than 10% was sieved and divided into fines groups: 3-5 mm, 2-3 mm, 1-2 mm, 0.5-1 mm
and <0.5 mm.

Experimentally was stated two bulk properties of chopped stalk materials and peat: angle of
repose and horizontal and vertical stress ratio.

The angle of repose is a characteristic of solids, which characterizes the pilling of stacking nature
of the particles. The angle of repose is considered to be mostly a measure of the internal friction
between the particles as a whole, but not between individual particles.

The angle of repose was investigated of straw, reed and peat particles. Experimental design for
estimating of angle of repose is shown inFig. 1 and 2. It was stated that angle of repose of straw
and reed particles varies between 45 — 55 degrees. It depends on size of particles, increasing of
particle size leads to increasing of angle of repose (see Fig. 5). Angle of repose of peat particles
varies between 40 — 60 degrees.

The best use of angle of repose is to determine the size of a pile of chopped biomass. Angle of
repose is not recommended to use for designing of bottom of a hopper to ensure proper
discharge.

In a bin filled with solid bulk material this material acts on the walls with the horizontal stress.
The stress ratio between horizontal and vertical stress is important for storage equipment design.
Often the equation of Kézdi (2) is used for the estimation of the stress ratio A. The values of the
stress ratio which are calculated according to equation (3) are not correct in any case because the
stress ratio depends ona lot of parameters that are not taken into account in eq. (3). According to

255
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

ISO-guideline TC98/SC3/W65 stress ratio was measured directly from a uniaxial compression
test. Experimental design for estimating of stress ratio A is shown in Figure 4. Horizontal stresses
were measured directly on the walls of cylinder 4 using strain gauges (see Fig. 4). This ratio was
investigated for different size particles of straw, reed and peat. Stress ratio of straw and reed
particles varies between ~0.62 — 0.71 for particle size 0.25 -5 mm.

Obtained stress ratio values are recommended to use for chopped stalk biomass storage
equipment design.
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Abstract. Herbaceous biomass can be obtained using ddayed harvesting method with moisture content less
than 15% and directly densified without drying. Size reduction experiments of common reed stalks as cutting,
flattening and densification have been carried out. As the result of reed stalk flattening, more than 8 strips can be
obtained from this tubular structure. Average energy consumption 273 — 380 J kg™ had been stated for reed stalk
flattening. Specific cutting energy Esq value varies in 8 — 16 kJ m? in dependence of punch orientation angle
according cross-section of reed s?eci men. Specific cutting energy for flattened stalk materials for reed dendty 600 kg
m?, varies E¢=13.3 — 27 Jmkg™. Densification experiments of compositions from peat partides, coarse wheat stalk
and reed material particles from (1 - 2 mm) group with pressure 230 MPa indicated influence of peat proportion.
Density 1.0 g cm> has been obtained in densification of straw stalk material partide compositions with peat, if peat
proportion exceeds 20%.

Keywor ds: herbaceous biomass, size reduction, densification.

Introduction
Latvia as a European community country has the tasks for greenhouse gas (GHG) emission
mitigation in future. Essential condition of the global sustainable development is the
development of renewable energy resources. The more significant part (74%) of renewable
energy sources in White Paper of European Union (1997) had been planned for Biomass energy.
At the same time agricultural policy in Latvia should provide for the use of approximately 0.92
million ha of the unused now agricultural land and its sustainable development. Recent advances
in biomass feedstock development and conversion technologies have created new opportunities
for using agricultural land as a means of producing renewable fuels and raw materials.
Herbaceous biomass can be obtained with delayed harvesting method with moisture content less
than 15% and used for densification without drying. This opportunity is important both for solid
biofuel and construction material production. The main resources of herbaceous biomass for agro
- ecotechnologies are cereal straw residues, herbaceous energy crops and emergent vegetation
(mainly common reeds) from wetlands. In Latvia cereal crop residues that could be used for
energy production are 171 000 t of straw annually. Only one part of straw residue (20-30%) is
planned to use for heat production, but another part will be used as organic fertilizer. Common
reeds (Phragmites Australis) can be used like straw material both for energy and fertilizer
production and also as industrial raw material. More than 230 million tons of peat is available for
bio fuel production in Latvia. Energy crops would be as the main basis for solid biofuel
production in agricultural ecosystem in future. Total production of oilseeds in 2002 was 32.7
thousand tons. In proportion with this amount 21.8 thousand tons of rape seed cakes and 42.5
thousand tons of rape straw are available as solid bio fuel resources. As chemical fertiliser
production consumes great amount of energy, biomass usage directly for energy production or as
organic fertiliser are activities with equal importance inagriculture.
Mentioned agricultural ecosystem biomass can be denominated as resources only if there are
mechanisation tools and equipment for collection and utilisation processes. Solid biofuel
production chain includes size reduction operations and densification of herbaceous biomass
with moisture content less than 15%. Mainly different plant stalks determine properties of
agricultural biomass for solid biofuel production.
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The main size reduction operations are stalk material flattening, cutting before densification
(pelleting and briquetting). As additive materials in production of pellets and briguettes peat and
rape seed cakes are most prospective.

The aim of the present study was to investigate interconnection between particle sizes of
chopped stalk material and density obtainable before and after densification. Energy
consumption in size reduction and densification operations had been determined and used for
assessment.

M aterials and methods
Experimentally earlier had been stated values of wheat stalk ultimate tensile
(118.7 + 8.63 N mm?) and shear (8.47 + 0.56 N mm?) strength, modulus of elasticity
(13.1 + 1.34 GPa) and shear modulus (0.643 + 0.043 GPa) in order to find methods for
mechanical conversion with minimal energy consumption. Reed canary grass stalks (stems) are
more useful with delayed harvesting for fuel production than leaf blades. Experimental
investigation of common reed stalk conditioning properties as flattening and cutting can
characterize maximum of energy consumption in these operations for all group of mentioned
stalk materials because reeds have higher tensile strength (~200 N mm2) and accordingly
another strength parameters.
Cutting and flattening of different length reed specimens with moisture content of 10% had been
investigated by means of Zwick material testing machine TC-FR2.5TN.D09. Zwick material
testing machine has force measurement accuracy 0.1 N, displacement measurement accuracy
0.01 mm and maximal force value 2.5 kKN. Computer controls testing machine using software for
force, displacement and other data collection. Software provides possibility obtain energy
consumption data output.
During cutting operation with counter shear stalk
flattening occurs at first. For this reason flattening of
reed specimens with moisture content of 10%
previously had been investigated. Different length
reed specimens were flattened between two plates of
material testing machine (Fig.1)

b

Fig. 1. Reed stalk flattening

Cutting device was designed specially for
flattened stalk material cutting. Cutting
device (Fig. 2a) consists of die 1 and knife 2.
Flattened reed specimen 3 is fastened with
plate 4 to die. Cutting using two types of
knives — with edge angles 20° and 90° (Fig.
2b) had been investigated. Displacement,
stress and energy consumption data were Fig. 2. Flattened reed cutting device
collected on computer.

Stalk material size reduction by cutting is

realised with aim to reduce biomass volume and increase density. Chopped to different length
reed stalk biomass with moisture content less than 10% was used for density measurements. All
chopped stalk material particles had been sieved and distributed to several fineness groups.
Fineness of stalk material particles had been determined with diameter of sieve’s openings

b)

a)
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(round section). Every fineness group of particles is marked with diameter of opening on which
particles retained and lower diameter of openings (in millimetres), which particles passed
through. Thus marking 2-3 indicates particles larger than 2 mm and smaller than 3 mm. For
density measurement had been used following fineness group particles: 2-3; 1-2; 0.5-1; 0.25-0.5
and <025. Measurements were realized filling determined volume (200 cm®) container with
particles and weighing it. The density was calculated on the basis of weighing results.
Densification experiments had been carried out in closed die by means of hydraulic press
equipment. Wheat straw and reed stalk material biomass with moisture content of 10% were
chopped to different length and had been used for densification. Experiments were carried out
with particles from different fineness groups. Mixed peat and stalk material particles were used
as briquetting compositions. Force and displacement had been recorded in densification process
and the calculations let to find the energy requirement for it. Maximal pressure 230 MPa had
been achieved in densification.

Results and discussion
As the result of reed stalk flattening, more than 8 strips can be obtained from this tubular
structure. Average energy consumption 273 — 380 J kg™ of DM had been stated for reed stalk
flattening.
Specific cutting energy Escq Value was determinated with 90° edge angle knife and varies in 8 —
16 kJ m2 mainly in dependence of reed specimen strength. Specific cutting energy of flattened
reed stalk materials for density 600 kg m®, varies E¢.=13.3 — 27 J mkg’. It is the same order as
alfalfa stem [1] cutting energy 38 J mkg™.
Cutting properties of knives with edge angles 20° and 90° were compared. It was not sufficient
differences in the energy consumption values for single flattened reed stalk cutting ~0.2 J. For
cutting two and three layers of flattened reed stalks the knife with edge angle 90° shows twice
more energy consumption than knife with edge angle 20°.
Experimentally is stated, that density of evenly distributed in container reeds
is ~ 0.11 g cm™. Density of chopped straw and reed particles from different fineness groups
shows Fig.3.

0.18 O Straw E Reed
0.16
0.14
0.12

0.1
0.08 1
0.06 1
0.04
0.02

Density, g/cm®

23 1.2 051 02505 <025

Size of particles, mm

Fig. 3. Density of biomass of particles
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Particle size reduction for chopped straw affects density insignificantly. It changes from 0.1 g
cm® (2-3 mm particles) to 0.13 g cm® (particles <0.25 mm). For reed particles density varies
between 0.15-0.17 gcm™.

Experimentally is stated that flattening of reed stalk material and father densification with very
low pressure 0.002 Mpa let obtain density 0.22 g cm®.

Density obtained in densification different size wheat straw and reed stalk particles with pressure
in closed die 230 MPa shows Fig. 4.
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Size of particles, mm

Fig. 4. Density of compacted her baceous biomass

Density > 1.0 g cm?® i recommend in standards (ONORM 7135, SS 18 71 20 and
DIN 51731), concerned with wood pellet and briquette properties. This value had been used for
evaluation of herbaceous material densification results. For reed particles with size <3 mm
density > 1.0 g cm™ can be obtained in densification. In densification of wheet straw particles
with the same pressure 230 MPa density > 1.0 g cm™ is obtained only for size <0.5 mm.

Ordinals briquettes in the production of wood sawdust briquettes develop pressure in biomass
100-160 MPa. For this reason size reduction of biomass particles is preferable. Another
possibility to improve density of briquettes is using of binding additives. Peat can be used as
such binding additive and biofuel at the same time. It is very very urgent problem, because more
than 230 million tons of peat is available for biofuel production in Latvia

Densification experiments of compositions from peat particles, coarse wheat stalk and reed
material particles from (1 - 2 mm) group with pressure 230 MPa indicated influence of peat
proportion to density of briquettes. Density 1.0 gcm™ has been obtained in densification of straw
and reed stalk material particle compositions with peat, if peat proportion exceeds 20%.

Total energy grass production and pelleting energy analysis [2] converted in proportion illustrate
possible positions for technology and equipment improvement (Fig. 5.). Canadian experience of
switchgrass production as energy crop for biomass pellet production can be used for planning
reed canary grass production for energy purposes in Latvia conditions. High level of fertilization
and application energy input — 37% for energy grass production shows necessity to utilize
biomass for fertilizer production. Low energy input for transportation is caused with calculation
condition that switchgrass can be sourced within a 20 km radiuss of a pelleting plant. Density
increasing of harvested herbaceous biomass let increase also this distance from field to pelleting
plant. Energy input for pellet mill operation is rather high 19% with the major costs associated
with hammer milling and pelleting. More efficient equipment creating is current task for
herbaceous biomass size reduction.

Net energy output (18.5 GJ/t) to production input (1.27 GJ/t) is assessed with ratio 14.6:1.
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Fig. 5. Energy input proportion for switchgrass pellets

Conclusions
Delayed harvesting method let obtain herbaceous biomass with moisture content less than 15%
and use it for densification without drying.
Average energy consumption 273 — 380 J kg™ of DM had been stated for reed stalk flattening.
Specific cutting energy of flattened reed stalk materials varies Es.=13.3 — 27 J m kg™.
There are not sufficient differences in the energy consumption values for single flattened reed
stalk cutting ~0.2 J with knife edge angles 20° and 90°. Therefore thin herbaceous biomass layer
cutting is recommended for shredder design.
Particle size reduction for chopped straw affects density insignificantly. Flattening of reed stalk
mat%rial and futther densification with very low pressure 0.002 Mpa let obtain density 0.22 g
cm-.
Density 1.0 g cm® has been obtained in densification of straw and reed stalk material particle
compositions with peat, if peat proportion exceeds 20%.
More efficient equipment creating is current task for herbaceous biomass size reduction.
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Abstract. This paper analysisthe immediate roof (IR) stability by the deformation criteria for new room-and-
pillar mining technology with modern machinesin “ Estonia” mine. The new mining technology based on a blasting
method to move from packaged to emulsion explosives, from 2.0 mto 4.0 m boreholes (FRANZ SCHELL machine)
and on new undercutting (SMAG machine) method. With such equipped new technology the entry advance rates
reached 3.8 m As a result of such greater advance rates the situations with unsupported room length up to 5.5 m
with decreasing the stability of IR can be expected. The analysis of IR stability based on an in-site underground
testing by the leaving bench-mark stations and convergence measurements. The main targets of this study to
determine the main parameters for supported/unsupported IR deformation in areas with great entry advance rates
and risk analysis concept elaboration.

Keywor ds: deformation criteria, room-and-pillar mining, immediate roof, stability, risk analysis.

Introduction
For more than eighty years oil shale has been mined in Estonia. During that period about 950
million t from estimated four billion tonnes reserves have been extracted. About 99% of electric
power and a large share of thermal power were produced from Estonian oil shale. Nowadays the
oil-shale industry main goal is to preserve its competitive ability in the market of power
resources for relatively cheap and high safety oil shale mining is capable to guarantee this
competitiveness in the nearest future. In Estonian oil-shale mines the room-and-pillar mining
system with blasting is used [1]. It gives an extraction factor of 70-80%. Loading and
transportation of blasted mined rock is carried out by powerful LHD machines with diesel drive
like TORO and WAGNER. The average productivity of such technology is 1500 m® of rock
mass per day. The main problems are the great volume of blasting operations, low mobility and
concentration of loading works due to the small entry advance rates (EAR), about 1.5-1.7m per
blasting. One of the ways to improve the quality management system in nowadays situation is
high safety drilling-and-blasting mining technology application with greater EAR and daily
output.
| mproved Technology Overview

The main operations carried out in rooms (6-7 m in width) include undercutting, drilling of
blastholes, blasting, rock mass loading on the conveyor and roof bolting. The new mining
technology based on improved drilling-and-blasting method (Fig.1., A.) to move from packaged
to underground emulsion explosives (Nobelit 2000), from 2.0 m to 4.0 m boreholes (Fig.1.,B.)
on new undercutting method (Fig.1.,C.) and to automatization of roof drilling-bolting process
with roof bolting machine (Fig.1.,D.). The aim of undercutting is to gain additional free space in
the oil shale bed which increases the effect of blasting. The old undercutting technology based
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on bottom cutting with the help of the cutter (Ural-33) which gives horizontal cut into the bottom
layer A, 15centimeters high and 1.7 to 1.8 metres deep. The new undercutting technology based
on 6 large hole drilling with SMAG machine into the central oil-shale layer C, up to 4.7 metres
deep with 3x280mm diameter. Roof bolter and face drilling machines are operating with remote
controls that provide great safety conditions on a working place.

A)

16431 13424 i 1424 15024 16¢31
[ ] ] L] L L] 2

I |
17131 14127 1013.1 9431 17127 TR |

Fig.1. New blasting pattern (A.); Franz Schell GmbH face drilling machine DHB-41-E-ZF
(B.); SM AG undercutting machine GB 280 (C.); SM AG roof bolter FA523V (D.)

The Study Targets

The width of the room is determined by the stability of the immediate roof. With such improved
technology the entry advance rates reached 3.8 m. As a result of such greater EAR the situations
with unsupported room width x length up to 7 x 5.5 m with decreasing the stability of IR can be
expected. The main targets of this study are to determine:
v' the main parameters for supported/unsupported IR deformation in areas with great entry

advance rates, EAR>3.5m with chamber sizes >7x7mand excavation height h=3.8 m;
v' the main IR exfoliation levels by the optical geoperiscope — stratascope;
v' dependence between IR deformation and loads in anchors (deflection rate);
v' the main rates of risk analysis concept.

Geology and M easurement Equipment
During the last 2004 year period was tested new technology in two mining blocks 3103 and 3104
in “Estonia” mine [2]. The geological conditions were quite different. The commercial oil shale
bed and immediate roof consist of oil shale and limestone seams. There are six commercial
important oil-shale seams that are specified from the bottom to the top by the indexes from A to
F (Fig.2.). The typically excavation height is about h=2.8 m, but on the case of weak IR
conditions, like in our blocks, it can be up to 3.8-3.9 m. Roof support is to be achieved by usage
of the Steeledale SCS roof bail type anchor bolts [3]. In this case expander plug (anchor lock)
must be fixed in harder limestone layer G/H. It improves roof control significantly, reducing
bolt-to-face distances and exposure of unsupported roof. The analysis of IR stability based on an
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in-site underground testing by the leaving bench-mark stations (BMS) and convergence
measurements (Fig.2.).
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Fig. 2. Structural cross-section with determined IR exfoliation levels (A.) and scheme of

bench-mark stations in the roof/floor (B.)
Where, 1.- bore hole for stratascop; 2.-bench-mark station on the roof; 3.-bob for rope-bench-mark station;
4. - rope-bench-mark station; 5. - bench-mark station in the floor.

The deformation measurement was made by the DISTO classic® laser distancemeter [3] between
two BMS installed in the room floor and on IR (for absolute deformation measurement). To
prevent errors from floor (limestone) deformation the BMS (Fig.2.nr.5; Fig.3.A.) installation
depth was 1.3m. The twin BMS-s was installed opposite on each other before the blasting, one
pair (Fig.2.nr.2 and 5) near the pillar wall and at the room centre another one, no more than 0.5
m from pillar or face. The rope-bench-mark station (RBMS) was installed in the IR drilled bore
hole on the depth 2.0 m for pillar deformation and IR absolute deformation on these depth
measurements also (Fig.3.B). Absolute uncertainty of convergence measurement does not exceed
1.2 mm at the 95-% confidence leveland the maximum relative uncertainty was 0.04%.

For IR exfoliation levels research and to estimate the thickness of exfoliation the optical
geoperiscope — stratascope (10x zooming) with 0.12 mm measurement accuracy was used. For
dependence finding between IR deformation and loads in anchors (deflection rate) during the
experiment period the screwed anchor torque measurements was made also. The torque wrench
accuracy is 4%.
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A)

P
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Fig. 3. Bench-mark station (A.; Fig.2,nr.5) for installation in floor and rope-bench-mark

stations (B.) for installationin roof (B.; Fig.2,nr.4)
Where, a-metal head; b-wood cylinder

Prediction of Stability using Roof-to-Floor Convergence Data

The field of the oil-shale mine is divided into panels subdivided into mining blocks each
approximately 300-350 m wide and 600—-800 m long. A mining block consists usually of two semi-
blocks [1, 2]. The pillars are arranged in a singular grid with cross-sectional area about 45-50 n? in
“Estonia” mine. The service life of one room in practice is 2-3 months. During this period anchor
bolting must support the roof. After this period the anchor bolts must be extracted and reinstalled
in new formed rooms. Laminated roof deformation on the basis of plate’s hypothesis by the
experimental data of Institute of Mining Surveying (VNIMI) in St. Petersburg and Estonian filial
of A. A. Skotchinsky Institute of Mining Engineering (IGD, Moscow, Russia) presented on
figure 4.A. [4, 5].
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Fig. 4. Roof-to-floor convergence curve by the VNIM | and | GD data (A.) and typical curve
for long-ter m stability analysis (B.) [3]

Where, t — time; ty=t3 — time at failure; ¢ — deformation; &, — ultimate deformation at failure; ¢ — elagtic

deformation; ; | — elastic deformation ¢, || — transient creep ¢ <0 (¢ — deformation rate); 1l — steady-state creep

&= congt; IV — transient creep ¢ >0

In general case for Estonian oil-shale deposit it is possible to allocate four stages in this process.
During short time interval after the first blasting there are instant deformations (ID) up to 10
mm. Then during the time (duration depends on geological conditions) there are two processes:
increase of elastic deformations (ED) due to reological processes, blasting work and entry
advance, and also increase of creep deformations (CD) up to the cracks formation momentatt =
t1, when £=20-30 mm. Then instead of a plate the arch on three hinges is formed completely. The
time period from t;- t; is a transient creep (TC) period due to a partial crushing of average and
left/right hinges of an arch, till the moment of the crushing termination, when ¢=60 mm. During
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the period tp-t3 there is a steady-state creep (SSC) in hinges up to their full crush at the t3, when
€=110 mm and full loss of the roof bearing capacity (full destruction up to depth 2-3,5 m) is
happen. Duration of these time periods tp-t; depends from many geological (loading, capacity,
cracks, etc.) and technological (roof critical area, type of explosives initiation, advance rate,
supporting and etc.) factors that present difficulties for dependence s=f(t) finding.

The roof-to-floor convergence curve method (Fig.4.B) is applicable also for the roof long-term
calculations (for the period up to 100 years and more); its uncertainty does not exceed 10%.

Results
During in-site testing 16 pair of BMS-s was installed and 19 holes (Fig.6) were viewed by the
stratascope in two mining blocks (3103 and 3104) with different geological conditions (with
weak and average stable IR) [2]. The results of IR (on the center of the room) and pillars (S=45-
50m?) average deformation presented on figure below (Fig.5). The critical areas (L) of the rooms
for our conditions were about 11-12 m.

& i i i i i i & mMm & mm
| | s s : PERIOD | uNIMI+ | 3103+
25 1 5 IGD 3104
20 f e m—— — — o| o | 10 | 37
15 _ , _________________ ,____.—-'*_———"___ _____ ED
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Fig. 5. Roof-to-floor convergence curves and comparison table for defor mation by
VNIM I1+1GD and received experimental data

By the VNIMI and IGD data the roof failure is happen (depth of failure =~ 2.0-3.5 m) when
deformation is fna=6.3L=8.84A+5.3, mm, where A is room width. For our conditions,
frax=8.84*7.0+5.3=67 mm. From the comparison table on figure 5 you can see that received
experimental data are much closed to the data of VNIMI and IGD. Its mean that the improved
technology influences on immediate roof stability estimated by the deformation criterion is not
greater than with old technology. Analysis of immediate roof failure cases during the experiment
shown that depth of failure about 8-10cmwhen &£=0.4fyay is possible. Then after IR unsupporting
the failure on this depth can be expected with great probability.

By the way of exfoliation level (EL) or depth (hy) and deflection rate (DR) determination we can
estimate the effectiveness of anchor bolting and supporting pattern. Deflection rate of the system
“anchor-roof” by the anchor torque (M, N*m) measurements was in average 1.3 mm/t, where
loads on used anchors (N, t) was determined by the empirical formula N=0,2722M. On this case
DR is a parameter of IR deformation after the vertical load on anchor increasing by one ton.
Another very important parameter is exfoliation level of the roof, which was determined by
stratascope inspection of 19 holes drilled in the roof. Sixteen of them were drilled in mining
block nr.3104 and presented on figure below (Fig.6). The summarized result dependence h,=f(L)
is showed on figure 7.
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Where, [ I boreholes for stratascope; 1-6
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Fig. 7. The exfoliation depth (h,) dependence on the critical area (L)
Where, geological conditions classification by the roof stability: @ -stable; @- average; ® - weak.

For an obvious reason the EL-s depends on critical area of the roof (Fig.7). More than forty years
ago by L.Talve, H.Arukula and A.Reier from Tallinn Polytechnic Institute (TPI, now TTU) was
carried out analysis of IR exfoliation levels for Estonian oil-shale manes (old technology).
According the results of their report [8] it is possible to summarized dependence h,=f(L) from
the roof stability rate by curves presented on figure 7. The last data for EL-s research in
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“Estonia” mine were presented in reports of IGD in 1987 [6, 7] and plotted as additional points
on figure 7. As you can see there are three main exfoliation levels (hy1-3=0.4-0.6; 0.8-1.2; 1.5-
1.7m) which are depends from both factors like geological situation and roof critical area. These
levels are suitable for both technologies with exploitation height h=2.8-3.8 m.

The risk evaluation of hazard for workers [9, 10] is carried out on the Likelihood of events, their
Conseguence and Risk magnitude and presented in Table 1.

Table 1.
Old and improved (new) technology risk evaluation
Hazard factors Likelihood | Co uence Risk
Hazard factors : nseq magnitude
influence old(new) old(new) old(new)
Roof drilling and Immediate roof
supporting falling (1) 50) 150)
Roof Immediate roof
unsupporting falling 44) 50) 20(20)
Blasting work Explosive substance 3(1) 5(3) 15(3)
- Moving parts of
zﬁgeug(rjglrlgl?ttin mechanisms, sharp 2(2) 4(2) 8(2)
g and prickly subject
. High-altitude work,
cduipent falling subjects, 3(2) 3(2) o(4)
P g sliding surface

Where, Likelihood define as Very unlikely(1), Low probability(2), Likdy(3), Very likdy (4). Consequence -
Harmless(2), Significancg(3), Danger (4), Very danger(5). Rick magnitude are: (1-3)-Minimal. Not required
special measures; (4-6)-Low. Special measures on reduction of risk are required; (7-10)-Moderate. Measures of
organizational character are required. (additional ingructing, training); (11-16)- High. The analysis of the reasons
and existing security measures is carried out. Actions on prevention of similar cases are made. The information
card is made; (17-20)-Catastrophic. Work gops. The analysisof risk is immediately carried out. Additional actions
are developed. Additional instructing or training is carried out. Works cannot be begun while the risk is not
reduced.

Below there are some explanation for the rates of table 1. Old technology use a cutter machine
“URAL 33” for face undercutting. The machine moves with the towrope. Rope is fixed by 3-4
meter stanchion, which putting between roof and floor. Typically there is a dangerous if the
stanchion is falling. In some cases roof drilling and supporting can be made by manual bore
machine only. Vibration and dust only two of the danger influences on miner health. Electricity
cable breaking leads to loss of a life. For old equipment operation necessary work on high-
altitude and beside dangerous subject that demand special skills. Especially big risk appears at
roof supporting/unsupporting. The worker should have time to leave a place before roof falling.
The risk minimization achieved by carefully and quality team work. From the table 1 it is visible,
that the risk is much lower for the improved technology due to the high safety and remote
controllable equipment.
Discussion

Estonian oil shale mines have seen total mining cost benefits when moving to emulsion
explosives not in a reduction in powder factor within great advance rates but in the drill and
blast productivity improvements achieved from improved logistics, faster transport & charging,
improved advance, improved fragmentation, less damage, high safety (explosives preparation at
working place), faster mucking and drill set ups.
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Conclusions

During this study the following conclusions were made:

Immediate roof stability estimated by the deformation criterion is not greater than with old
technology.

Analysis of immediate roof failure cases during the experiment shown that depth of failure
about 8-10cm when £=0.4fax is possible.

There are three main exfoliation levels (hy1-3=0.4-0.6; 0.8-1.2; 1.5-1.7m) which are depends
from both factors like geological situation and roof critical area. These levels are suitable
for both technologies.

The risk evaluation of hazard for workers is much lower for the improved technology due
to the high safety and remote controllable equipment.
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IMPROVED UNDERGROUND MINING DESIGN METHOD FOR

ESTONIAN OIL SHALE DEPOSIT
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Abstract. The paper deals with the improved mining design method for Estonian oil shale mines, where the
roomand-pillar mining system is used. Design of mining block parameters is based on the instruction used in
Estonian oil shale mines. The factor of safety is very large. Consequently, the design method does not take into
consideration all the influence factors. It is deermined the supplementary influence factors and given the
mathematical formulas. In this case the factor of safety is reduced up to 1.2. Theimproved mining design method is
of particular interest for practical purposes.

Keywor ds: depth of excavation, design, factor of safety, fracture process, influence factor, influence zone,
mining block, pillar cross-section area, roomand-pillar mning, stability.

Introduction
The most important mineral resource in Estonia is a special kind of oil shale. It is located in a
densely populated and rich farming district. Underground oil shale production is obtained by
room-and-pillar method with blasting. This method is cheap, highly productive and easily
mechanize.
Design of mining block parameters based on the instruction, used in Estonian oil shale mines [1].
Analysis of the applicable mining block design method showed that the factor of safety is very
large. Consequently, it involves the unknown influence factors. In this case to determine the real
factor of safety for a certain mining block is practically impossible, which may lead to the
negative consequences. Up to present, 73 collapses have been recorded on the area of 100 km?
(about 400 mining blocks). It takes about 18 % of the total number of mining blocks. The
collapse of the pillars and the surface subsidence cause and will cause in the future a large
number of technical, economical, ecological and juridical problems.
Determination of the supplementary influence factors and elaboration of the mathematical
formulas was the main aim of the present work.
Investigation showed that there are four influence factors. Application of these influence factors
will reduce the factor of safety up to 1.2.
The improved mining block design method is of particular interest for practical purposes.

Oil shale mining [2]

In Estonian oil shale mines the room-and-pillar mining system with blasting is used. It gives an
extraction factor of 70 - 80 %. The field on the oil shale mine is divided into panels subdivided
into mining block each approximately 300-350 m wide and 600-800 m long. A mining block
consists usually of two semi-blocks. The oil shale bed is embedded at the depth of 40-75 m. Its
height corresponds to the thickness of the commercial oil shale bed, approximately 2.8 m.

The width of the room is determined by the stability of the immediate roof. The latter is very
stable when it is 6-10 m wide. In this case bolting must still support the immediate roof. The
pillars are arranged in a singular grid. Actual mining practice has shown that pillars with a square
cross-section suit best. Intra-chamber pillars are left to secure the solidity of the whole upper-
laying rock mass and to eliminate surface subsidence. The cross-sectional area of the pillars is
30-40 n?, depending on the depth of the oil shale bed.
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Theoretical background
Design of mining block parameters is based on the instruction used in Estonian oil shale mines
[1]. It bases on the long-term investigations during 30 — 40 years. Mining block design method
takes into consideration nine general influence parameters. They are [1]:
1. ko — coefficient of the karst influence (takes into consideration the distance from stope up
to karst);
kp — coefficient of the roof cracks (depends on the distance between the cracks and joints);
k; — rate of the current rock strength (rock parameters depends on the time);
ks — factor of the pillar easing (attenuation);
ki — factor of the pillar form (depends on the pillar sizes);
n — given factor of the pillar and roof safety (n=1.2 ... 1.8);
k; — coefficient, depends on the importance of the supported object on the surface;
K, M — parameters, depending on the rock properties (K=7 m, M=0.54).
Roof and pillar design method analysis showed that the factor of safety is very large (maximum
1.8). Consequently, it includes the unknown factors. The investigation showed that since 1964 73
collapses on the area of 100 km? have been recorded. The reduction of the value of the factor of
safety is possible, when to introduce the supplementary parameters. Investigation showed that
they are:
1.  Dependence of load distribution on different pillar cross-section area.
2 Dependence of pillar load on rock massive or barrier pillars influence.
3. Dependence of pillar strength on fracture process.
4.  Dependence of pillar strength on excavation depth.

N R LN

Dependence of load distribution on different pillars cross section area
The load on the pillars depends on the cross-sectional area of the pillars and on the stiffness of
the roof. Investigation in Estonian oil shale mines showed that the roof is stiff enough and in this
case a bigger pillar receives a greater load. Consequently, the failure begins from bigger pillars.
Load distribution between the pillars of different cross-section area is given in Fig. 1.
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Fig. 1. Load distribution between the pillars of different cross-section area
P1, P2, ... Ps—load on the pillars; X1, Xz, ... Xe —width of the pillars; A, Az, ... As —width
of the rooms.

For statistical analysis standard programs and a method based on the control of normal
distribution of the cross-sectional area of the pillars were used. Investigation was held assuming
that by normal distribution of the pillars cross-sectional area a potential collapse of a mining
block is likely to be expected. Analysis was made for 12 mining blocks of Ahtme and Estonia
mines [2, 3].
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Investigation showed that if the pillar sizes differ less and they are stronger, if the normal
distribution is not present [3].

The analysis was based on geometrical parameters of mining blocks. The method presented does
not take into consideration the rheological rock parameters; and these problems required
additional investigations.

Dependence of pillar load on rock massive or barrier pillars influence
Typically, full load to pillars take place close to the centre of a mining block. Towards the
margin ofa mining block, there appears a zone where the load on pillars is less than in the centre
(Fig. 2). It is related to the influence of the rock massive and barrier pillars.

ground surface

fracture

rooms Ho

f “

H1
. . ¥
I N NN S N~ DN N f |
i <« Wi massif i
] W2

pillars < >
wW

Fig. 2. Geometrical interpretation of the influence zone in a mining block
H — depth of excavation, m; H1, H, —thick ness of the overburden rocks, influences on the
pillar; W —width of the influence zone; W1, W, —pillar distance from the rock massive or
barrier pillars; a - angle of major influence.

Theoretical investigation, modeling and experience of in-situ conditions show that the width of
the influence zone equals to the half of the critical width [4, 5].

woLl_12H+10 1)
2 2

where W - width of the influence zone, m; H —depth of excavation; L — critical width, m.
The pillar load ratio inthe influence zone is presented by the following formula:

W tana

KW
H

(2)

where Ky, — pillar load ratio in the influence zone; W — pillar distance from the rock massive or
barrier pillars, m; « - angle of major influence, deg (a=55°).
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Formula (2) is valid when the distance between the pillar and rock massive (barrier pillars) is in
the range 0<W<H/tane, beyond the limit K,=1.

Dependence of pillar strength on fracture process [6]

Based on the Mohr-Coulomb failure criterion, the theoretical and numerical modeling was
performed. For the calculation on PC the FLAC - program was used. Towards the center of a
mining block, the vertical load occurs on the top of the pillar, and the orientation of the fracture
plan is inclined according to the Mohr-Coulomb’s theory (compressional shear fracture).
Towards the margin of a mining block, the inclined load occurs on the top of the pillar and the
orientation of the fracture plane is vertical (axial fracture). The pillar is stronger by compression
shear fracture. The results of theoretical investigations and modeling are close to those in in-situ
conditions.

Uni- and bi-axial strength ratio of the pillar is [6]:

sin
Ky =P (3)
1+sing

where ¢ - internal friction angle, deg.
In the case of the compressional shear fracture K¢ = 1, in the case of axial K; < 1 (Formula 3).

Dependence of pillar strength on excavation depth
A commercial oil shale bed (pillar) and immediate roof consist of oil shale and limestone seams
and the main roof consists of carbonate rocks of various thicknesses. Practical experience
evidences that some oil shale bed parameters are not constant and vary depending on the depth
and geological conditions. The strength of the rock increases in the southward direction. The
probable reasons for that is increase in the thickness of limestone seams and decrease the
calorific value of the oil shale seams in this direction. The data of 258 boreholes of Estonian oil
shale deposit were analyzed and compressive strength of pillars calculated.
Taking into consideration the 95 % confidence level, southward strength increase is about 1.35 +
0.25 times and can be described by following dependence [2]:

K, =0.0068H +0.72 (&)

where Kq> 1 is rate of rock strength increase (for the depth H < 40 m Kq= 1) and deviation are
15 - 28% for the whole of Estonia oil shale depositt.

Acknowledgment
Estonian Science Foundation (Grant No.5164, 2002-2005) supported the research.

Conclusions

As a result of this study, the following conclusions and recommendations can be made.

1. In Estonian oil shale mines the room-and-pillar mining method with blasting is used.
Design of the mining block parameters based on the instruction, used in Estonian oil shale
mines.

2. Theoretical investigation and experiments of in situ conditions showed that by the
calculations, the factor of safety is wvery large. It contains the unknown factors.
Consequently, it is impossible to determine the optimum parameters ofa mining block.

3. Theoretical investigation showed that the factor of safety contains four unknown factors. It
is opened the physical background and given the mathematical formulas of these factors.

4.  Application of these factors for design the mining block parameters improve the design
quality. It will reduce the factor of safety up to 1.2.

273
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

Refer ences

1. Mining-law and legal regulation acts. Ministry of Environment, Ministry of Economy. Part Il. Tallinn, 1988
(in Estonian).

2. Nikitin, O. Optimization of the Room-And-Pillar Mining Technology for Oil-shale Mines. Doctoral theses.
Tallinn, TTU, 2003 .

3. Pastarus, J.-R. Improved method of predicting long-term stability of the mining blocks in Estonian oil shale
mines. Proc. of the International Conference “Scientific achievements for wellbeing and development of
society. Enabling environment for society wellbeing”. (Noviks, G. ed.). Rezekne Augstskolas lzdevnieciba,
Rezekne, Latvia, March 4-5, 2004, p.37-42.

4. Pastarus, J.-R., Toomik, A. Roof and pillar stability prognosis in Estonian oil shale mines. Rock Mechanics.
Proc. of the ISRM regional Symposium EUROCK 2001 “Rock Mechanics a shallenge for society”. Espoo,
Finland, 4-7 June 2001, A. A. Balkema/Lisse/Abingdon/Exton (PA)/Tokyo, 2001, p.849-853.

5. Pastarus, Yu.-R. V., Nikitin, O.V. Estimation methods for stability of mining excavations (on the example of
shailoil deposit in Estonia). Gornyj Zhurnal. Ruda | Metally, Moscow, 4-5. 2003, p.71-75. (in Russian).

6. Pastarus, J.-R. Fracture process in pillars. Proc. of the International Conference on Structural Integrity and
Fracture (SIF 2002). Perth, Australia, 25-27 September 2002, p.343-346.

274
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

MAJSAIMNIECIBAS ATLIKUMU KOMPOSTESANA

KONTEINEROS
COMPOSTING OF HOUSEHOLD WASTES IN CONTAINERS

IMANTS PLUME, BENITA PLUME
LLU, Tehniska Fakultate, Cakstes bulv. 5 Jelgava, LV-3001, Latvija,

Talr.: + 371 3080674, fakss: + 371 3027238, e-pasts: imants@ llu. lv
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Abstract. Household wastes handling improperly leads to increasing of total amount of wastes deposited in
landfills. Investigations of family (3 adults and 3 children) during 3 year period appeared, that average weight of
kitchen wages produced was 62,2 kg per habitant in year. Kitchen wastes have high moisture content 70 — 90% and
high density 500 — 600 kg/n®. Investigated weight of liquid leached was 43,2%, if the kitchen wastes were
composted without additional material and leakage was 15,4% if wastes was composted together with 10% dry
bulking materials (straws% + sawdust5%). Leakage was not observed, if kitchen wastes were co-composted with
25% lake rootfelt. Maximal temperatures in 1,2 n° container were 36 °C for compost of weeds and 61 °C for
screened weed’s compost. Non-treated with etch wheat grain’ssproutsall perished after 40-day couching period in
compost having maximal temperature 36°C during previous composting process and in same time survived 75% of
sproutsin compost having maximal temperature 61 °C during previously performed composting process.

Keywor ds: household wastes, composting, insulated containers.

levads
Plangtas vidi piesarnojoSo fosila kurinama dedzinaSanas izmeSu samazinaSanai vispasaules
nozime i Kioto liguma staSanas speka 2005. gada 16. februari, kas nosaka ierobezojumus
siltumnicas efektu 1pasi veicinoSo gazu emisijai. Tomer pat pilniga minéta liguma prasibu izpilde
var tikai nedaudz paleéninat, bet ne apturét straujo planétas vid€jas temperatiiras paaugstinaSanas
tempu, tapec katram iedzivotajam aktivi japiedalas mingta nelabveligd procesa nobremzgsana.
LidzSingjo egoistisko saimniekoSanas veidu janomaina ar ekosisttmas pieeju saimniekoSanai,
kas nosaka nepiecieSamibu nemt ve€ra augsnes, tidens, biomasu un visu dzivojoso radfjumu,
ieskaitot cilvéku, savstarpéjas attiecibas. Majsaimniecibas biologiski sadalamos atlikumus
(virtuves atlikumi, zagu skaidas, kila, zalaju un diku apaugums u.c.) pieskaitamas biologiski
degradéjamai biomasai, kuras noglabasana izgaztuvés tiks pakapeniski ierobezota saskapa ar
izmaipam ES likumdoSana. No izgaztuvés noglabatajam biomasam anaerobo procesu rezultata
izdalitajam metanam salidzinajuma ar oglskabo gazi ir 21 reizi lielaka siltumnicas efektu
izraisoSa iedarbiba uz atmosféras ozona slani. Ja biomasas anaerobo kompostéSanas procesu
aizstaj ar aerobo procesu, tad apkarteja vidé parsvara izdalas oglskaba gaze, bet citu kaitigo gazu
emisija krasi samazinas. Pieméram, kompostejot kitsmeslus aerobos apstaklos, siltumnicas
efektu izraisoSo gazu metana un slapekla oksida emisija ir attiecigi 9,6 un 1,5 reizes mazaka
salidzinot ar to kompostéSanu anaerobos apstaklos [1]. Nav ieteicama atbrivoSanas no
majsaimniecibas organiskajiem atlikumiem tos sadedzinot, jo, pieméram, kilas dedzinaSanas
rezultatd pakapeniski samazinas augsnes organisko vielu daudzums. Bez tam augu atliekas satur
hlora savienojumus, kas nekontrolétas degSanas procesa pic relativi zemas temperatiiras tiek
parversti diokstnu forma. Salidzinot ar citiem organiskiem atkritumiem (notekiidenu dipam,
ripnieciskas izcelsmes organiskiem atkritumiem), virtuves atkritumos smago metalu
koncentracija neparsniedz pielaujamos normativus, bet mazos daudzumos esoSos pesticidus un
konservantus iespéjams sekmigi degradét komposteSanas procesa. Veiktie pétjumi Cehija
parada, ka pils€tas apstaklos uz vienu cilvéku tiek razoti 49,4 kg virtuves atkritumu gada [2].
Kompostgjot individualas majsaimnieciba razotus atlikumus (virtuves atlikumus, zalaju
apaugumu, zagu skaidas utt.) tieck razots ,,uzticams” méslojums ar nelielu smago metalu saturu.
Virtuves un darzu biomasu kompost€Sanai piemérota i firmas ,,Biolan” (Somija) riipnieciski
razota siltumizoléta tvertne, kura iespéjams nodro§inat iek$&jo temperatiru vismaz 55°C nezalu
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digstspéjas samazinaSanai un atkritumu atrai biodegradacijai [3]. Biologiski sadalamo
majsaimniecbas atkritumu kompostéSanas merkis var biit ne tikai augu baribas vielu
recirkulacijas nodro§inasana, bet arl biomasa esosas siltuma energijas utilizacija, jo 3 kg augu
sausnas p&c siltumspgjas ir ekvivalenta aptuveni 1 kg skidras kurinamas degvielas energijai.
Biologiski degradéta organiska viela aerobas kompostéSanas jeb “zalas degSanas” procesa izdala
tikpat lielu siltuma daudzumu, kads izdalitos, ja §1s vielas sausnu sadedzinatu kurtuvé. Parasti
kompostéSanas procesa izdalitais siltums nevajadzigi izkliedejas apkarteja vide pastiprinot jau ta
lielo plangtas “piesarpojumu” ar siltumu. P&tjjuma merkis ir aktualizét lietderigu kompostéSanas
siltuma izmantoSanu. Viens no veidiem, ka lietderigi izmantot So siltumu, i komposta
temperatiiras paaugstinaSana, lai samazinatu augu slimibu, patogéno bakteriju skaitu un
paatrinatu biomasu konversiju par vertigu organisko meslojumu. P&tjjuma merkis ir noskaidrot
majsaimniecibas atlikumu daudzumu, 1paSibas un ieteicamas komposte€Sanas metodes.

Materiali un metodes

Vienas gimenes sarazoto virtuves atkritumu (VA) daudzums 36 méneSu perioda tika noteikts
nosverot ik péc 3 — 5 dienam razoto virtuves atlikumu porciju ar svariem, kuru kltida neparsniedz
10,05 kg. Virtuves atkritumu, nezalu, kiilas un citu biomasu mitrumu, organiskas vielas un pelnu
satura noteikSanai tika izmantoti svari ar kladu +0,00002 kg. Atsevisku biomasu paraugu (VA,
noteces, nezalu komposti, zagu skaidas) mitrums, organiskas vielas saturs un kimiskais sastavs
tika noteikts sertificéta agrokimiskaja laboratorija “Raziba”. No komposta izdalito notecu
apjoms tika noteikts ar k]adu +0,0005 kg.

Virtuves atkritumu sastavs un patsvars produktos tika noteikts divos 30 dienu periodos aprili-
maija un augustd 2001.g. Atkritumu mitruma un organiskas vielas vid€jo raditaju noteikSanai
paraugu mérijumi tika atkartoti 4 — 7 reizes.

Organiskas vielas satura sausna noteikSanai tika izmantota sakariba:
100 1-M
%0, = 100A=M,) (g,

S

kur, M, — parauga pelnu svars, kg; My — parauga sausnas svars, kg.

Virtuves atlikumu kompostéSanai tika izmantoti 0,02 un 0,20 m3 konteineri bez siltuma
izolacijas un 0,47 m° konteiners ar 0,075 m biezu putupolistirola siltumizolacijas slani.
Konteineriem ar tilpumu 0,02 un 0,20 m® bija izveidotas atveres pasivai aeracijai, bet 0,47 m°
tilpuma tilpnei ventilators nodroinaja aktivo aeraciju ar reguléjamu gaisa padevi 0...0,006 m>
stunda. Nezilu, kiilas un apauguma komposteSanai tika izmantots 1,2 m® tilpuma konteiners ar
0,05 m biezu putu polistirola siltumizolacijas slani. KompostéSanas laika tika registréta
apkartejas vides un komposta temperatiiras. Konteinera pasivas aeracijas pakapi ir tika iestatita
ar ieplides caurulg ierikoto ar roku regulgjamu gaisa iepludes varstu. Lai nodroSinatu labaku
siltumizolaciju iestajoties veésakam rudens periodam, tilpnes stiiru zonas un jumts sakot ar
novembra ménesi tika papildus siltinats 0,03...0,05 m biezu putu polistirola slani. Lai noteiktu
dazadu nezalu kompostu un zagu skaidu (komposta komponentu) ietekmi uz augu attistibu, tika
veikta 20 nekodinatu kvieSu graudu izs€ja katra no 8 izm&ginajumu trauciniem un tika novérota
digstu garuma izmaina, izdzivojoSo digstu skaits, ka ar1 digstu svars péc 40 dienu audzeSanas
perioda. Digstu garuma un sausnas svara noteikSanai tika izmantots lineals ar mér®anas kludu
+0,001 m un svariar mérianas kladu +0,00002 kg.

Rezultati un diskusija
Virtuves atkritumus pamata veido darzenu, auglu mizas un citu produktu atliekas. Tris gadu
perioda 6 cilvéku gimené (3 pieaugusie un 3 bérni) razoto atkritumu daudzums paradits 1. att€la.
Viena gada 6 cilvéku gimeng razotais virtuves atkritumu daudzums picauga no 338 kg 2002 gada
l[idz 404 kg 2004 gada. Perioda no septembra lidz novembrim tika uzkrats vidéji par 33% vairak
virtuves atkritumu salidzinajuma ar periodu no maija lidz augustam.
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1.attéls. Tris gadu perioda 6 cilvéku gimené sarazoto virtuves atkritumu daudzums

Meérjjumu rezultata aprékinats, ka vid€ji uz vienu cilvéku gada minétaja gimené tiek razoti 62,2
kg virtuves atkritumu.

Noteikts, ka no virtuvé izmantotajiem produktiem atlikumu daudzums var mainities no 0 lidz
40% no svaigd produkta masas. Noteiktais vid€jais virtuves atlikumu daudzums sasniedz 19% no
svaigo produktu masas. Noteikti produkti, kuriem ir vislielaka ietekme kop&ja VA daudzuma, so
produktu atlikumu Tpatsvars produkta, ka ar1 So virtuves atlikumu relativais mitrums (2. att€ls).
Praktiski visiem galvenajiem virtuves atlikumu komponentiem ir mitruma saturs ir robezas no 80
[1dz 93% (sk. 2. attelu), iznpemot sipolu, olu, riekstu Caumalas un maizes atlikumus, kuru mitrums
bija robezas no 12 lidz 60%, bet kuru 1patsvars kopeja virtuves atkritumu masa ir relativi neliels.

I Tpatsv ars kopé&jos VA
C— VA produkta

—/—Mitrums -+ 100
+ 90
+ 80
+ 70
+ 60
+ 50
+ 40
- 30
r 20
r 10

Ipatsvars %
Mitrums, %

Kartupeli
Banani
Sipoli
Burkani
Kaposti
Bietes
Apelsini
Salati
Geipfrati
Gurki
Kabaci

2.attéls. Virtuves atkritumu (VA) komponentu mitrums, Ipatsvars produkta un kope jos
virtuves atkritumos

Pétot virtuves atkritumu kompostéSanas procesu bez mitrumietilpigo materialu piedevas, tika
noverota ievérojama daudzuma Skidruma (komposta sulas) notece (3. att€ls), kuras kopgjais
apjoms pec tris ménesu uzglabasanas perioda sasniedza 43.4% no komposta sakotnéja svara.
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Virtuves atkritumu kompostu raditaji

1.tabula

Komposta sastavs* Periods, Mitrums, Maks. temperatiira | Masas Organiskas Noteces,%
dienas sakuma, % | komposta, °C zudumi, % vielas
zudumi,%
VA100% 92 81 35 69 56 43,2
VA90%+Zs5%+S5% 102 75 43 34 43 15,4
VAT75%+Ez.a.25% 18 61 53 38 53 -

*VA - virtuves atlikumi; Zs — zagu skaidas; S - salmi; Ez.a — ezeru apaugums.

Virtuves atlikumu blivums kompostésanas sakuma perioda ir 550...600 kg/m®, kas ir lieliks par

ieteicamo 350.. 400 kg/m® blivumu komposta masas optimalai aeracijai.
Virtuves atlikumu komposta mitruma, noteCu un blivuma samazina$anai, taja pievienojami

mitrumietilpigie materiali, pieméram, ezeru apaugums, salmi, kila, zagu skaidas u.c.

14 NoteCu svars EEEE Komposta svars —A— Blivums—- 700
12

10 |

o
I

Svars, kg

CE S EES55355202000Q
5553533332333 33330
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3.attéls. Virtuves atlikumu blivuma, svara un notefu izmaina kompostéSanas procesa

Pievienojot virtuves atlikumiem 10% no to svara mitrumietilpigos materialus (salmus un zagu
skaidas, mitrums 10%), novérota butiska noteCu un masas zudumu samazinaSanas, un masas
notecu veidoSanos nenovero, ja palielina [idz 25% mitrumietilpiga materiala (ezeru apauguma
saknu pinums [4] ar mitrumu 10% un vid€jo udens ietilpibu 400%) Ipatsvaru komposta
(1.tabula).

Kompostgjot neapstradatu nezalu biomasu ar organiskas vielas saturu sausna 12—-14% kopa ar
piedevu materialu (zagu skaidas, koku lapas) komposta K-1 maksimala temperatiira sasniedza
tikai 36 °C (2. tabula).

Mehaniski atdalot no nezalu biomasas augsni, organiskas vielas saturs tika palielinats lidz 14—
18% un sijatu nezalu komposta K-2 temperatiira sasniedza 46 °C. Tvertnes pildjjuma koeficients
kompostiem K-1 un K-2 bija 0,8-0,85. Pilnigi piepildot tvertni ar sijatam nezalém vai zalaju
apaugumu, kompostu K-3, K-4, K-5 un K-6 temperatiiras parsniedza 55 °C. Veicot maisjumu
komposté§anu rudeni, oktobra ménesi, maksimala temperatiira komposta K-7 neparsniedza 35°C.
P&c tvertnes stliru un jumta papildus siltumizolacijas, komposta K-8 temperatiira novembra
ménes1 sasniedza 36 °C un starpiba starp komposta maksimalo temperatiiru un argjo videjo
temperatiiru palielinajas par 5 °C salidzindjuma ar lidziga sastava komposta K-7 temperatiiru
oktobri. Mingtie noverojumi norada, ka pie pietickama siltumizolacijas slana biezuma (ne mazak
par 0,05...0.1 m) ir iesp&jama biomasu kompostéSanas procesu norise arirudens meénesos.
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2.tabula
Nezalu un zalaju apauguma kompostéSanas parametri
Kompos- Org. v. Temp. Pie zimes
téSanas periods sausna starpiba
Komposta | Komposta (sakums) Max. temp. Ti-Ta,°C
Nr. sastavs* % °C
N85% + 21/06
K15% 30/06 15
K-1 +Z510% 12 36 Augsne nav atdalita,
N85%+KI 30/06-
5% 16/07 25
K-2 +7510% 15 46 Augsne dalgji atdalita
16/07-30/07
K-3 N100% 17 55 36 Dalgji atdalita augsne
30/07-21/08
K-4 N100% 18 58 44 Dalgji atdalita augsne
21/08-
K-5 N100% 16/09 18 63 52 Dalgji atdalita augsne
16/09- Samazinata aeracija,
K- 6 Zal00% 07/10 73 61 54 pelejums
Za80%+Z 07/10- Zema aréjas vides
K- 7 520% 28/10 62 34 30 temperatiira,
Za80%+Z 28/10-30/1 Pastiprinata
K-8 $20% 58 35 35 termoizolacija

*N - nezales; Kl— koku lapas; Za — zalaju apaugums; Zs — zagu skaidas.

Izméginajumos ar nekodinatu kviesu seklu digstiem noskaidrots, ka péc 40 dienu kviesu digstu
audzeSanas nokalta visi digsti substrata, kas gatavots no nezalu komposta ar maksimalo
kompostéSanas temperatiiru 36 °C un tai pasa laika izdzivoja 75% no ieséto graudu skaita
substrata, kas gatavots no komposta ar ieprick$€jas kompostéSanas maksimalo temperatiiru
63°C. Graudi, kuri tika audzeti komposta K-6 substrata ir vaji attistjusies, ka ar1 izdzivojuSo
digstu skaits ir relativi nelicls. To varétu izskaidrot ar komposta K-6 dalgji anaerobo
kompostéSanas metodi, kuras rezultata substrats stipri iepeleja. Tatad kvalitativa substrata
ieguvei, kompost&Sanas procesam janorit aeroba, ar gaisu pietickami apgadata vide.

Kviesu seklu digstu attistiba un saglabajamiba aerobaja kompostéSanas procesa iegiitaja
substrata ir attiecigi par 18% un 47% lielaka par digstu attistibu un saglabajamibu dalgji
anaerobaja kompostésanas procesa iegiitaja substrata ar lielu pelejuma sén®u saturu.

Kviesu graudi uzradija teicamu digstibu un izturbu pret slimibu ierosinatajiem, ja tika ieséti
zagu skaidas, kuras agrak bija apstradatas ar slapekla mineralmésliem un uzglabatas vairaku
gadu perioda, ka ari, ja s€klas tika ies€tas starp diviem 0,0005 m bieziem veco zagu skaidu
kartam zalaju apauguma komposta K-7 (sk. 4.att€lu) ar relativi zemu maksimalo ieprieks¢jas
komposteéSanas temperatiru (35 °C). Var izvirzit pienémumu, ka slapekla mineralméslu
klatbttné vairaku gadu perioda zagu skaidas ir dalgji kompost€jusas un tajas ir vielas, kuras
aizkave digstu saknu saslim$anu ar augu slimibam. Bez tam komposta mikroorganismu darbibas
rezultata rodas augu attistibu veicinosas biologiski aktivas vielas.

Iesgjot kvieSu s€klas svaigas, ar slapekla mineralmésliem neapstradatas zagu skaidas, novérojam
vismazako digstu sausnas pieaugumu, pie kam izdzivojuSo digstu skaits ir tikai 40% no ies€to
graudu skaita. Tas ir izskaidrojams ar svaigo zagu skaidu skabumu un augiem uznemamo baribas
vielu trobkumu tajas. Lai samazinatu noteces no virtuves atlikumiem, ir ieteicama to
kompostéSana kopa ar mitrumietilpigajiem majsaimniecibas atlikumiem (pé€rno kiilu, apZavetu
zali, salmiem, zagu skaidam, koku lapam) pievienojot tos ne mazak par vienu ceturto dalu no
virtuves atlikumu masas. Siltumizolétu konteineru ar reguléjamo pasivo aeraciju izmanto$ana
majsaimniecibas atlikumu kompostéSanai var nodro$inat ,uzticama” un biologiski vértiga
komposta razoSanu, ka arT butiski samazinat izgaztuvés noglabajamo biologiski degrad&amo
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atkritumu daudzumu. Organisko atkritumu kompost€Sana pietickami augsta temperatiira (50 -
60°C) nodroSina veseligai augu attistibai nepiecieSama organiska meslojuma ieguvi.

wmn

10.

W Digstu relativais svars, procentos no maksimala
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4.attels. KvieSu graudu digstu relativais svars un izdzivojoSo digstu skaits pec 40 dienu

audzeéSanas perioda dazadu kompostu substratos

Secina jumi
Tris gadu perioda viena gimené (3 picaugusie un 3 bérni) noteiktais vid€jais virtuves
atlikumu daudzums pils€tas apstaklos ir 62,2 kg uz vienu cilvéku gada.
Noteikta vidgja virtuves atlikumu masa ir 19% no svaigo produktu masas.
Virtuves atlikumu pamatkomponentu relativais mitrums ir robezas no 80 Iidz 93%.
Virtuves atlikumu blivums ir 550 - 600 kg/m’, bet p&c tris ménesu aerobas komposte§anas
procesa blivums samazinas lidz 400 — 450 kg/m®.
Kompostgjot virtuves atlikumus bez piedevu materialiem videé noplist lidz 43,2% notecu
no komposta svara, ja atkritumiem pievieno 10% mitrumietilpigo materialu noteces
samazinas lidz 15,4%, un noteces netiek noverotas, ja virtuves atlikumiem pievieno 25%
gaissausus mi