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Definitions
Antagonism – is called when the combined physiological effect of two or more elements is less than the sum of their independent effects (Kabata-Pendias and Pendias 2001).

Biosorption – is a physiochemical process that occurs naturally in certain biomass which allows it to passively concentrate and bind contaminants onto its cellular structure (Volesky 2000).

Excluder – is called plant that maintain low metal concentration in its shoot however it has high external metal concentration (Robinson 1997).

Ferritin – is a ubiquitous protein that stores iron and release it in a controlled fashion. The protein is produced by almost all living organism, including and trees (Prasad et al. 2006).

Hyperaccumulator – is called plant that amasses metals primarily in the shoot, both at low and high metal concentration in the soil (Seregin and Ivanov 2001).

Indicator – is called plant with the metal concentration in its tissues corresponding to the concentration in the environment (Robinson 1997).

Litterfall – are called vegetative parts that drop trees are another input to the forest floor (Shaw 1990).

Metallothioneins – belong to a family of cysteine-rich low molecular weight metal-binding proteins. Metallothioneins form complexes with heavy metal ions (Sigel 2009).

Mycorrhizae – are symbiotic fungi which effectively increase the absorptive area of the root and can assist in the uptake of nutrient ions, such as orthophosphates and micronutrients (Alloway 1995).

Phytochelatins – are produced by the enzyme phytochelatin synthase. They are found in plants and are important for heavy metal detoxification (Heldt 2005).

Rhizosphere – is the thin cylinder of soil that immediately surrounds the root. Its pH and other characteristics are considerably different from that of the whole soil. This zone is about 1 mm wide, but has no distinct edge (Jones 1998).

Stemflow – is called water that runs along the trunk of the tree (Shaw 1990).

Synergism – is called when the combined effect of two or more elements is greater (Kabata-Pendias and Pendias 2001).

Throughfall – is called water that passes through foliage (Shaw 1990).

Uronic acid – is a sugar acid with both a carbonyl and a carboxylic acid function (Puri 2006).

Abbreviations
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[M]Z – change in contaminant metal concentration, mg kg-1 at depth z;

B – above-ground dry biomass, kg;
C – soluble metal concentration, in the soil solution, mg·L−1;

Cr – the soluble metal concentration in the root xylem, mg L−1;

HM – heavy metals;

K –  decay constant (0 ≤K <1);

M – metal concentration in the above – ground dry biomass, mg kg-1;

qz - bulk density of the soil, at depth z, g cm-2;

RZ – root density fraction (root mass at depth z) / (total root mass);

t – period of time, days;

T – transpiration rate or total water use, L;

ZS – index of total contamination;

Introduction

Problem

Large amounts of chemical substances in the environment (air, soil and water) have impact on humans and the natural systems. Heavy metals in substantial amounts are important environmental pollutants and their toxicity makes a problem of increasing significance for ecological, evolutionary, nutritional, and environmental reasons (Benavides et al 2005). The emissions of air pollutants, especially heavy metals is a serious problem because these elements are easily spread and accumulated in soil and as consequence in plants (Pantera et al 2007), (Stravinskienė 2005). The amount of heavy metal pollution in the environment is related with the degree of industrialization and the intensity of chemical usage (Akinola et al 2008). The contamination of forest ecosystems by heavy metals, such as lead (Pb), cadmium (Cd), cooper (Cu) and zinc (Zn) is a serious problem in industrial areas all over the world (Nuhoglu 2005). 

Coniferous trees effectively filter pollutant particles from the air (Salemaa 2003). Moreover, the observed effect is a time-averaged result, which will be more reliable than direct determination of the pollutant concentrations in air, for a short period (Kord et al 2009). 

Trees and especially coniferous species capture pollutants directly from the atmosphere, by deposition on the leaves or bark, or indirectly following deposition on the soil and subsequent root uptake (Nuhoglu 2006), (Watmough 1999). Generally, conifers had much higher heavy metal content than decidous (Trüby 2005). Pinus sylvestris L. is sensitive to environmental conditions changes, it takes up large amounts of pollutants and translocates them into whole plant giving understanding about the quality of the environment (Mingorance et al. 2007). Determination of plants chemical composition is one of the most frequently method used to monitoring of the environmental pollution. Pinus sylvestris L. meets many requirements to be a good bioindicator of plants among tree species (Rudovica et al 2006). It is well known that changes of metal concentrations are related to the processes involving the uptake, transformation, storage and retranslocation of the elements. In  trees,  some  metals  are  accumulated  in  roots (especially  Pb),  probably  due  to physiological  barriers  against  metal  transport  to  aerial  parts,  while others are easily transported  in plants,  for example Cd  (Boruvka et al 1997), (Kabata-Pendias and Pendias  2000). Therefore, the uptake of heavy metals by Pinus sylvestris L. is a complex process and its efficiency depends on the soil pH, redox potential, soil texture, soil organic matter content, soil metal content and metal availability (Baltrėnaitė and Butkus 2007), (Seregin and Ivanov 2000). Depending on element, tree species and availability of metal in the soil, the accumulation of metals varies (Trüby 2005). The main source of heavy metals entering the wood is related to the heavy metal uptake by roots from soils and to the heavy metal deposition from the atmosphere onto the needles and bark with partial translocation into the wood (Scherbenko et al 2005). 

Actuality of the work


Biological monitoring of airborne contaminants has made a great progress since the early observations of environmentally induced stress on plants and its applications have grown to an extent hardly envisaged just a few decades ago. Higher plants have emerged in recent years as a valuable tool enabling identification of environmental pollution (Kuang et al. 2007).

Data on the elemental composition of perennial plant organs, especially stem wood are scarce and they are especially rare for forests under conditions of aerial pollution (Shcherbenko et al 2008; Saarela et al 2005; Watmough and Hutchinson 1996). The knowledge of the elemental content in a stem wood and other Pinus sylvestris L. related materials are of great environmental and industrial interests (Saarela et al 2005). 


Pinus sylvestris L. is a ubiquitously distributed species which makes it a good candidate for comprehensive surveys of airborne contaminants.
Aim of the work
The aim of this work was to determine distribution of metals in the Pinus sylvestris L. stands and to evaluate whether atmospheric metal emissions from industry had mirrored metal concentrations in the wood of Pinus sylvestris L.
Objectives

1) To compare metal concentrations in soil of contaminant and control sites;
2) To determine metal concentrations of contaminated and control pine wood and test Pinus sylvestris L. as a possible bioindicator of heavy metal pollution
3) To model spatial distribution of metal uptake

Novelty of the work

Novelty of the work consist of metal diffusion in the soil – tree modelling, heavy metal analysis in wood, Pinus sylvestris L. as bioindicator of heavy metal contamination, experimental researches and comparison of contaminated and relatively clean areas. 
Practical meaning of the work


The method would be of value for follow up studies aimed at the assessment of industrial pollution in other similar areas. The results from this study would provide preliminary information on the impact of these heavy elements on the ecosystem and may form baseline data for future impact assessment concerning heavy metal pollution.
Hypothesis


Pinus sylvestris L. can be used as bioindicator of pollution by heavy metals. 

1. Biomonitoring of heavy metals 

1.1 Heavy metal toxicity and tolerance in trees 


 Heavy metals are a major source of environmental pollution (Kula et al. 2010). Metal presence occurs in both natural and anthropogenic forms. While usually natural forms are present at relative low concentrations, in resent years a number of anthropogenic sources such as smelter stacks, waste incineration, vehicles exhausts, fertilizers, agriculture waste, and sewage sledges have implied notable contribution to the increase of environmental metal concentrations (Granero and Domingo 2002).  


Among the many heavy metals, lead (Pb), mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), zinc (Zn) and copper (Cu) are of most concern, although the last three metals are essential nutrients in animals, human nutrition and plants. These metals are widely used in industry, particularly in metal-working or metal plating, and in such products as batteries and electronics. These metals enter the environment wherever they are produced, used, and ultimately discarded (Landis and Yo 2004). 


Heavy metals such as Pb, Cd, Cu and Zn derived from anthropogenic sources have caused serious damage to forest ecosystems in areas close to number of emissions sources (Derome and Nieminen 1998). There are a number of commonly occurring heavy metals that are likely to be toxic to trees (Table 1.1).
Table 1.1 Heavy metal pollution sources (Roberts et al 2006)

	Cadmium
	Electroplating, pigments for plastic and paints, plastic stabilisers, batteries and phosphate fertilisers

	Copper
	Fly ash, fertilisers, wind blown copper containing dust, and water pipes

	Lead
	Combustion of oil, fuel oils, and coal; iron and steel production; and solder on pipes

	Zinc
	Galvanised iron and steel, alloys, batteries, brass, rubber manufacture, tyres



However, some metals for example Cu and Zn are required by plants, but only at very low concentrations. Other non-essential elements such as Cd and Pb are also harmless in very low concentrations. Moreover, any of these elements, whether essential or non-essential, can prove toxic at concentrations above the physiological requirement (Roberts et al. 2006).

The atmospheric deposition of heavy metals on ecosystems occurs mainly in particulate and aerosol forms. The area affected by the deposition of heavy metal containing particles is usually much more local than that of gaseous pollutants. Rates of deposition, whether dry or wet, tend to be greatest near the pollution source. However, small particles are transported over longer distances, and have longer atmospheric residence times than larger ones. The following factors may affect the fate of atmospheric metal deposition in the receiving plant - soil systems: 1) particle size, 2) solubility, 3) distance of the receiving system from the metal source, and 4) acidity of rainfall (Salemaa 2003).

Lead toxicity (Pb)


Pb is widely used in industry (the manufacture of cables, batteries, paint manufacture, printing works), so there are many possibilities for its compounds to get into the atmosphere. Most of Pb into the environment gets in the air from vehicles, some from the waste of industry, additionally, from the waste water, phosphorus and organic fertilizers, calcareous substances and pesticides.  In the air it is found 0.2 to 13.000 mg/m3 of Pb. Pb toxicity is in class of Group I and it has carcinogenic properties (Stravinskienė 2005).


Among heavy metals, Pb is a potential pollutant that readily accumulates in soils and sediments. Although Pb is not an essential element for tree, it gets easily absorbed and accumulated in different tree parts. Uptake of Pb in trees is regulated by pH, particle size and cation exchange capacity of the soils as well as by root exudation and other physical-chemical parameters. Pb inhibits photosynthesis, upsets mineral nutrition and water balance, changes hormonal status and affects membrane structure and permeability.  Pb accumulates in the surface layers of soils and therefore it’s is difficult to reliably measure the portion of soil Pb directly available to trees. Its availability depends highly on soil conditions. Pb binds organic material in the soil. Soil particles size and cation exchange capacity as well as plant factors such as root surface area, root exudates, mycorrhization and rate of transpiration affect the availability and uptake of Pb (Sharma and Dubey 2005).

The harm to trees begin when the soil accumulate large quantities 100 - 200 mg kg-1 of Pb. In particular, it is harmful in acidic (pH <5.0) soils (Stravinskienė 2005). Pb in soil follows the Langmuir relation and increases with increasing pH between 3.0 to 8.5. However it’s reported that in soil with a pH between 5.5 and 7.5 Pb solubility is controlled by phosphate or carbonate precipitates and very little Pb is available to trees even if they have genetic capacity to accumulate it (Sharma and Dubey 2005) In neutral and alkaline soil lead is in a low mobility. Its mobile form is only around 1.5%, and potentially mobile – 10-18% of the soil volume.  The particles of Pb get into the soil by rain, consequently, entering the plant through the roots, where active bioaccumulation starts (Stravinskienė 2005). At the root surface Pb binds to carboxyl groups of mucilage uronic acids. Mucilage binding restricts metal uptake into the root and establishes an important barrier protecting the root system. As a consequence, bound metals are released when mucilage is biodegraded. Soil microorganisms may affect heavy metal availability by the process of biosorption, bioaccumulation and solubilisation (Sharma and Dubey 2005).


Literature data is unambiguous that majority of Pb can be found in the roots because the bulk is attached to the cell walls, however there are exception in which despite the retention of Pb in the root a significant amount of it is transported to the shoot. The atomic weight of Pb considerably exceeds than of other elements occurring in trees (Prasad and Strzałka 2002).

Cadmium toxicity (Cd)


Cd is inert metal and its compound in nature is limited. This heavy metal gets into the environment in the different of ways, such as dust fall in the air in urban areas, at intersections, where braking are used frequently, with sewage sludge, phosphate fertilizers, calcareous substances, nitrogen and organic fertilizers (Stravinskienė 2005). Cd is non-essential heavy metal and a powerful enzyme inhibitor, it has been considered as an extremely significant pollutant due to its high toxicity and great solubility in water (Das et al. 1998). 


Cd is one of the most dangerous metals in toxicity class of Group I. It has a particularly high carcinogenicity and mutagenicity. In the air fine particles of Cd are 0.5 to 620 mg/m3. Trees absorb about 70% Cd from soil, and from the air 30%. The growth of Cd in the soil from 12.5 to 50 mg  kg-1, can be a reason for decline of Cu, iron (Fe), calcium (Ca) and manganese (Mn) (Stravinskienė 2005). 

The degree to which trees are able to take up Cd depends on its concentration in the soil and its bioavailability, modulated by the presence of organic matter, pH, redox potential, temperature and concentrations of other elements. In particular, the uptake of Cd ions seems to be in competition for the same transmembrane carrier with nutrients, such as K, Ca, Mg, Fe, Cu, Zn, Ni (Benavides et al. 2005). Cd may have antagonistic or synergistic effect on the macro- and microelements, one of this metal can be Zn for its chemical similarity to Cd. Zn may be in competition with Cd in the soil and also in the nutrient solution, Zn not only inhibits Cd uptake but also Cd translocation from the roots to the shoots (Prasad and Strzalka 2002).


 At higher pH values, the solubility of Cd salts in the soil solution declines due to the low-soluble compounds, as a result, the biological availability of soil Cd decreases. Consequently, Cd content is higher in trees grown on acid rather than in calcareous soils (Seregin and Ivanov 2001). 

Despite the different mobility of metal ions in trees, the Cd content is generally greater in roots than in the aboveground tissues. In most environmental conditions, Cd enters first the roots, and consequently they are likely to experience Cd damage first. Cd easily penetrates the root through the cortical tissue and is translocated to the above-ground tissues. As soon as Cd enters the root, it can reach the xylem through an apoplastic and/or a symplastic pathway, complexed by several ligands, such as organic acids and/or phytochelatins. Normally, Cd ions are mainly retained in the roots, and only small amount are transported to the shoots. In general, the content of Cd in trees decreases in order: roots>stems>seeds (Benavides et al. 2005).

Copper toxicity (Cu)

Cu is a low chemically active  heavy metal entering the environment in different ways - with the sewage, phosphorus fertilizer, calcareous materials, organic fertilizers, pesticides (Stravinskienė 2005).

Cu is immobile in soils. It’s relatively uniform in profile distribution, although there can be considerable bioaccumulation at the soil surface. Cu can be easily precipitated and interacts readily with both organic and inorganic substances with widely varying solubilities due to pH (Pais and Jones 1997).

Cu is required for plant nutrition only in trace amounts and at higher concentrations can be toxic to cells. Critical deficiency levels are in the range of 1 – 5 mg kg-1 plant dry mass and the threshold for toxicity is above 20 – 30 mg kg-1 dry mass (Dučic and Polle 2005). Cu is an essential element for tree nutrition, it is included in the composition of many enzymes, increasing their activity and promoting tree physiological functions (Stravinskienė 2005). However, its presence in the soil in quantities lower or greater than the optimal amount could adversely affect tree growth (Alva et al 2000). Cu is particularly toxic to roots, with relatively little being translocated to tree tops. The symptom of Cu toxicity is chlorosis, as high Cu interferes with iron metabolism. Cu deficiencies are most likely to occur on organic soils and on mineral soils with a high pH (>7.5) and high (>2%) organic matter content (Pais and Jones 1997). The distribution of Cu within trees is highly variable. Within roots, Cu is associated mainly with cell walls and is largely immobile. The highest concentrations of Cu in shoots are always in phases of intensive growth and at the luxury Cu supply level (Kabata-Pendias and Pendias 2001)


 The effects of Cu and Cd on the Pinus pinea L., Pinus pinaster Ait. and Fraxinus augustifolia Vahl. that coexist in the varied habitats were investigated. The Cu and Cd uptake, metal distribution in trees and the dose – response patterns varied significantly among species. Pinus pinea was more tolerant to Cd, whereas F. angustifolia was highly sensitive to both Cd and Cu. In all species Cu was taken up to a higher degree than cadmium. All species showed a rather linear relation between the Cu – content increase of roots and the rising Cu – supply. This was attributed to be mainly due to passive influx, suggesting that the toxicity threshold had been exceeded at the concentrations used and that membrane selectivity had been lost. In contrast, the uptake of Cd did not increase proportionally to its higher availability at the highest Cd concentrations used. Cu is often described as the most toxic of a range of heavy metals culture solution and a higher accumulation of this metal compared with Cd has been reported in many species. In contrast, when heavy metals are added to soil, Cu binds strongly to many soil components, which considerably reduces its availability to roots, whereas Cd shows a higher mobility (Prasad 2004). 
Zinc toxicity (Zn)


Zn may enter the environment via waste water, phosphate fertilizers and pesticides. In the air its 10 to 16.000 mg/m3 of Zn. Zn is classified in toxicity class II, it has a weak phytotoxicity, weak carcinogenic and mutagenic properties (Stravinskienė 2005).

The distribution of Zn is controlled mostly by its geochemical properties and mineral composition (Kadūnas et al. 1999). Soils can accumulate relatively high concentrations of this heavy metal. Zn solubility increases with increasing acidity of the soil. In acid soil, Zn ion mobility increases, and thus trees can absorb more of the Zn. The least concentration of Zn is in carbonaceous soils. In sand and sandy loam soils the concentration of Zn is relatively low, in the loam and clay soils - a bit more, because of increasing physical clay content in soil, Zn content increases (Stravinskienė 2005).

Zn is essential for normal plant growth and development. Zn is brought into contact with tree roots by mass flow and diffusion with diffusion being the primary delivery method. Copper cations (Cu2+) and the other cations, such as the ammonium cation (NH4+), will inhibit root Zn uptake. The efficiency of Zn uptake seems to be enhanced by a reduction of the pH in the rhizosphere. Those tree species that effectively reduce the pH are less affected by high soil Zn than those trees species that do not (Pais and Jones 1997).

Macronutrients and their interaction with heavy metals 


There are 16 elements known to be essential for tree growth. There are nine macronutrients that are generally required in the tree foliage, in decreasing amounts found, include: carbon (C), oxygen (O), hydrogen (H), nitrogen (N), potassium (K), calcium (Ca), magnesium (Mg), phosphorous (P), and sulphur (S). The micronutrients, in decreasing amounts, include: chlorine (Cl), iron (Fe), boron (B), manganese (Mn), zinc (Zn), copper (Cu), and molybdenum (Mo) (Davey 2005).


Most nutrient uptake by trees occurs against a concentration gradient. That is, the concentration in the root is generally higher than it is in the soil during uptake. Thus energy must be expended for nutrient uptake to occur and any factor which affects root or shoot metabolism will affect the rate of nutrient uptake. The nutrient concentration in the tree as well as in the soil affect uptake. The rate of movement of nutrients within the tree is greatly influenced by the rate of water movement and eventually to the rate of transpiration. Some elements, once fixed in position in the tree, become quite immobile. These include Ca, Fe, B, Mn, Cu and Zn. Others are fairly easily redistributed within the tree from older to younger tissues. These elements include N, P, K and Mg (Davey 2005).


Potassium (K )is the only macronutrient that does not have a structural role in the tree. K is however needed in relatively large quantities to serve its various regulatory functions. Both in the soil and in the tree, the K is found as the K+ ion. Consequently it is highly mobile in the tree. K is important in the regulation of stomata opening and closing. It activates many enzymes and activates starch and protein synthesis. It also is involved in maintaining charge balance in the tree and is transported with anions such as nitrate, sulphate, phosphate and organic acids. Considerable K is required for this function, for maintaining plant turgor, and for activating enzymes. On most soils, trees are able to obtain sufficient K for reasonable growth. Soils most likely to be K deficient are highly leached and acidic. 

Magnesium (Mg) is the only mineral element in the chlorophyll molecule. It is essential for photosynthesis to occur. It is also required for many enzymatic reactions in the tree involving ATP and it enhances respiratory enzymes and is crucial to protein synthesis. It is quite mobile in tree. A deficiency of Mg is most likely in acid sandy soils that are low organic matter (Davey 2005). 


Heavy metal accumulation disturbs decomposition and nutrient mineralization processes in forest soil, leading to low nutrient availability (Nieminen and Helmisaari 1996).


Interaction between chemical elements may be both antagonistic and synergistic, and their imbalanced reactions may cause a real chemical stress in plants. These interactions may also refer to the ability of one element to inhibit or stimulate the absorption of other elements in plants (Kabata-Pendias and Pendias 2001).Toxicity of Cd cannot be considered without taking into account the translocation of several other essential elements. In the plant system, toxic effects of cadmium have been shown to be modified by essential elements like Zn, Cu, Ca and Mn.


Zn and Cd have many physical and chemical similarities as they both belong to group II of the periodic table. They are usually found together in the ores and compete with each other for various ligands. Thus interaction between those two elements in the biological system is likely to be similar. The fact that Cd is a toxic heavy metal and Zn an essential element make this association interesting as it raises the possibility that the toxic effects of Cd may be preventable or treatable by Zn (Das et al 1998).


Cu – Zn interactions are commonly observed. These metals apparently are absorbed by the same mechanism and therefore each may competitively inhibit root absorption of the other (Pendias and Pendias 2001).


Zn is involved in the same enzymatic functions as are manganese (Mn) and magnesium (Mg). Only carbonic anhydrase has been found to be specifically activated by Zn. Trees can accumulate considerable quantities of Zn, although high Zn can induce iron (Fe) deficiency. The relationship between phosphorous (P) and Zn has been intensively studied, as research suggests that high P can interfere with Zn metabolism as well as with Zn uptake through the root. High Zn will induce Fe deficiency in many plants, particularly those sensitive to iron. Zn exists in soil solution as the zinc cation (Zn2+) cation, as exchangeable Zn, and as organically complexed Zn. Availability is affected by soil pH, decreasing with increasing pH. Zn availability can also be reduced when the available soil P level is very high (Pais and Jones 1997).


Cu – Cd interactions are reported both antagonistic and synergistic in the element uptake by roots. Synergism may be a secondary effect of the damage to membranes due the imbalanced proportions of the metals (Pendias and Pendias 2001).


High concentrations of Pb in the soil environment causes imbalance of mineral nutrients in growing plants. Many of the observed actions of Pb appear to be indirect as a result of mineral imbalance within the tissues. Significant changes in nutrient contents as well as in internal ratios of nutrients occur in plants under Pb toxicity (Kabata Pendias and Pendias 1992). In most cases Pb blocks the entry of cations (K+, Ca, Mg, Zn, Cu, Fe3+) and anions (NO3-) in the root system. Two mechanisms for decreased uptake of micro and macronutrients under Pb toxicity have been suggested. The first mechanism, termed physical, relies on the size of metal ion radii, whereas the second mechanism, which is a chemical one, relies on the metal-induced disorder in the cell metabolism leading to changes in membrane enzyme activities and membrane structure (Sharma and Dubey 2005). 


Pb physically blocks the access of many ions from absorption sites of the roots. Although Pb levels in root tips and the basal root may appear to be similar, Pb alters the level of mineral elements in the roots. In root tips the level of Ca, Fe, Zn, and decrease after exposure to Pb (Sharma and Dubey 2005). 


Visual symptoms of toxicity may not always be the direct effect of the element in excess on the plant, but the effect of the excess element on one or more other elements. For example, an excessive level of potassium (K) in the plant can result in either a magnesium (Mg) and/or calcium (Ca) deficiency, excess phosphorous (P) can result in a zinc (Zn) deficiency and excess Zn in an iron (Fe) deficiency (Jones 1998).
1.2 Heavy metal uptake and transportation into the tree

Soil – tree system 


The overall system of fluxes and flows of heavy metal movement in soils and ecosystems are summarized in Fig. 1.2 Metals from the atmosphere may be deposited directly onto the forest floor, or they may be interpreted by vegetation and retained on the vegetative surface. Input to the soil comes from the atmosphere, from the underlying parent material and from vegetative inputs. Losses of elements from the system include resuspension to the atmosphere, runoff, erosion, and deep soil percolation and infiltration to streams. Fig. 1.2 describes the potential pathway for heavy metals in a forest ecosystem and primarily shows the interaction between vegetation, the atmosphere and the soil. Inputs from the atmosphere include precipitation, cloud water interception, and dry deposition. Fluxes include throughfall, stemflow, litterfall and soil water infiltration. Outputs include resuspension to the atmosphere, runoff, erosion and infiltration to stream channels (Shaw 1990).

[image: image3.png]INPUTS "~
N

Dry deposition; recipitation

paricuiates. \ /L Pred
Gases, b Clous it inercaion

FLUXES

I
Al 8!, Resuspension of metals

# |8 & fomifire, dust

J LA
. k.t il EL e N
g T oy,
H RN, =
8 by L,

QUTPUTS ‘g ~—
u

3 \%
H e
2
§

Weathering




Fig 1.2 Idealized diagram of heavy metal fluxes through a forested ecosystem (Shaw 1990)

The sensitivity of trees to heavy metals depends on an interrelated network of physiological and molecular mechanism that includes uptake and accumulation of metals through binding to extracellular exudates and cell wall, complexation of ions inside the cell by various substances, for example, organic acids, amino acids, ferritins, phytochelatins, and metallothioneins; general biochemical stress defence responses such as the induction of antioxidative enzymes and activation or modification of plant metabolism to allow adequate functioning of metabolic pathway and rapid repair damaged cell structures (Benavides et al. 2005).


Heavy metal pollution can affect all environments but its effects are most long lasting in soils because of the relatively strong adsorption of many metals onto the humid and clay colloids in soils. The duration of contamination may be for hundreds or thousands of years in many cases (e.g half-lives: Cd, 15 – 1100 years; Cu 310 – 1500 years and Pb 740 – 5900 years depending on the soil type and their physicochemical parameters) (Alloway and Ayres 1997).
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Fig 1.3 Tree availability of heavy metals in the rhizosphere (Robinson 1997)

The total concentration of a metal in a soil can be divided into three fractions (Fig. 1.3):

· available, the metal that is available to an tree at any given time;

· potentially available, the metal that becomes available once the available fraction has been removed;
· unavailable, the metal that is chemically bound to an organic or silicate matrix, or present an insoluble salt (Robinson 1997). 

The major interrelationship affecting the dynamics of heavy metals between the soil and the tree are shown in Figure 1.4.
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Fig 1.4 The soil – tree showing the key components concerned with the dynamics of heavy metals (Alloway 1995)

The factors affecting the amounts of metal absorbed by a tree are those controlling: 

· the concentration and speciation of the metal in the soil solution,

· the movement of the metal from the bulk soil to the root surface,

· the transport of the metal from the root surface into the root,

· its translocation from the root to the shoot (Alloway 1995).

Primarily, Cd, Pb, Cu and Zn enter trees from soil via the root system. At the root surface, Cd2+, Pb2+, Cu2+ and Zn2+ bind to the carboxy-groups of mucilage uronic acids. The ability of mucilage to bind heavy metals decreases in the cation series: Pb2+ > Cu2+ > Cd2+ > Zn2+. Mucilage binding restricts metal uptake into root and establishes an important barrier protecting the root system. Some of the bound metals are released when mucilage is biodegraded (Seregin and Ivanov 2001). 

The selectivity of clay mineral and hydrous oxide adsorbents in soils and sediments for divalent metals generally follows the order Pb>Cu>Zn>Cd, but some differences occur between minerals and with varying pH conditions. The selectivity order for peat has been shown to be Pb>Cu>Cd=Zn>Ca. However, in general, Pb and Cu tend to be adsorbed most strongly and Zn and Cd are usually held more weakly, which implies that these latter metals are likely to be more labile and bioavailable (Alloway and Ayres 1997). 


The uptake rate of heavy metals depends on the pH value of the soil solution, the organic matter content in the soil, and the concentration of other ions (Seregin and Ivanov 2001).
Metals and pH



A number of factors can contribute to the toxicity of heavy metals (Roberts et al. 2006). Soil organic matter is, together with soil pH, the most important parameter controlling heavy metal behaviour in soils (Borůvka and Drábek 2004).


Heavy metals are more soluble and therefore toxic at low pH. Figure 1.5 shows the strong adsorption of four heavy metals as pH approaches neutrality (Roberts et al. 2006).
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Fig 1.5 The effect of soil pH on the adsorption of four heavy metals (Roberts et al. 2006)


Soil pH affects the availability of all of the nutrients (Fig 1.6). For example, copper and zinc are all more available at low pH levels than at high pH levels because metals are bound very tightly to the soil or exist in solid minerals at high pH. Conversely, the ‘base’ cations (K+, Mg2+) are bound more weakly to the soil, so can leach out of the surface soil, especially at low pH. Therefore, they are less available at low pH (Jones and Jacobsen 2005; McCauley et al 2009).

A pH range of 6 to 7 is generally most favourable for tree growth because most plant nutrients are readily available in this range. However, some trees have soil pH requirements above or below this range. Soils that have a pH below 5.5 generally have a low availability of Ca, Mg, and P. At pH 7.8 or more, Ca and Mg are abundant. 

High pH soils may have an inadequate availability of Cu and Zn. Many heavy metals become more water soluble under acid conditions and can move downward with water through the soil. 
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Fig 1.6 The effect of soil pH on Cu, Zn, K and Mg availability (Jones and Jacobsen 2005)


In general, nearly all metals are most soluble and bioavailable at low pH and, therefore toxicity problems are likely to be more severe in acid environments (Alloway and Ayres 1997). 


Soil pH acts significantly in the soil oxidation-reduction reactions and also in the formation of mobile metal forms (Grigalavičienė et al. 2005). 
Heavy metal transport in the tree

From all elements in soil, only the elements which present availability are transferred in trees (Fig. 1.7). The amount of elements in soil solution is much lower than the amount of elements absorbed by plant. A higher rate of the bioavailable fraction is located in the solid phase. According to their mobility in soil – water system, elements in soil can be grouped into four compartments, as shown in Fig. 1.7. Metals bioavailability is presented in the first three compartments (Smical et al 2008).
[image: image8.png]metal position

«— Totalmetal

_

Metal in
solution

le— FREEIONS —p}.

Metals in solid phase

|l STRONGLY BINDED METAL !

metal mobility

Soluble | weakly | desorbed Immobile metalic ions
metalic adsorbed | during the: during the plant growing
ions plant
growing
AVAILABLE METAL UNAVAILABLE METAL





Fig 1.7 Model of metal availability (Smical et al. 2008)


The first two compartments represent immediately available ions, ions from soil solution and weakly absorbed ions by solid phase, presenting the same mobility as soluble ions. The third compartment indicates ions bound to solid phase, but capable of passing into solution and becoming available for plants during their growing process. In the fourth compartment unavailable trace elements throughout the whole plants growing period are presented, being strongly bound to particles (Smical et al 2008).


Metal absorption and accumulation in plant depend on a few soil factors, such as: pH, Eh, clay content, organic matter content, cationic exchange capacity, nutrient balance, other trace elements concentration in soil, physical and mechanical characteristics of soil, etc (Smical et al 2008).


The metals availability for plants is controlled by their requests for micronutrients and their capacity to absorb and eliminate toxic elements. This availability is different, depending on plant species and their adaptation to the environment conditions (Smical et al 2008). Therefore, plants are divided into three groups by their ability to accumulate metals (Fig. 1.8): (1) the hyperaccumulators that amass metals primarily in their shoots, both at low and high metal concentrations in the soil; (2) the indicators, with the metal concentration in plant tissues corresponding to the concentration in the environment; and (3) the excluders, which maintain low metal concentrations in their shoots however high the external metal concentration is (Seregin and Ivanov 2001), (Robinson 1997), (Memon et al. 2001).
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Fig 1.8 The possible uptake responses of trees to heavy metals in soils (Robinson 1997)


The transfer of soil pollutants into the trees causes many physiological disorders. Tree uptake of pollutants from the soil is determined by pollutants distribution in the soil, by the intensity and specificity of plant physiological processes and by the soil properties regulating the vulnerability of different soils to different pollutants (Kobza 2005).


The transfer factor (metal concentration in plant tissue above ground divided by the total metal concentration in the soil) is a convenient way of quantifying the relative differences in bioavailability of metals to plants (Alloway 1995), (Alloway Alloway and Ayres 1997), (Adriano et al 2001), (Prasad et al 2004), (Butkus and Baltrėnaite 2007).


Table 1.2 shows general order of the transfer factors for most of the biologically important heavy metals. Although numerous soil and tree factors can affect the accumulation of metals in trees, the values given are intended as guides to the order of magnitude of the transfer coefficients and not precise values. From the values in Table 1.2 it can be seen that Cd and Zn have the highest transfer factors, which is reflection of their relatively poor sorption in the soil, and are the most readily taken up and translocated of all the metals considered. Furthermore, metals such as Cu and Pb have low transfer factors because they are usually strongly bound to the soil colloids (Alloway Alloway and Ayres 1997).

Moreover, transfer factors are based on root uptake of metals but it should be realised that plants can accumulate relatively large amounts of metals by foliar absorption of atmospheric deposits (Alloway 1995).
Table 1.2 Soil- tree transfer coefficients of heavy metals (Alloway 1995)

	Element 
	Soil – tree transfer coefficients of heavy metals

	Cd
	1-10

	Co
	0.01-0.1

	Cr
	0.01-0.1

	Cu
	0.1-10

	Hg
	0.01-0.1

	Ni
	0.1-1.0

	Pb
	0.01-0.1

	Zn
	1-10

	As
	0.01-0.1

	Be
	0.01-0.1

	Se
	0.1-10

	Sn
	0.01-0.1


Metals distribution in tree organs  

Heavy metals and other pollutants are taken up to a varying degree by different plants and also by different parts of a plant species (Saarela et al 2005), (Harju et al 2002). 


Metals distribution in trees is quite heterogenous and is controlled by genetic factors, environment and toxic factors. The metals distribution in tree seems to be controlled by some mechanism and this suggests the existence of some boundaries and/or change in the metal chemical state. Different tree parts contain different heavy metals quantities (Smical et al 2008).  


According to Shcherbenko et al. the maximum amounts in pine tree of Zn were accumulated in the needles (26-43%) and wood (24-50%), the maximum amounts of Pb in the pine bark (21-56%) and wood (34-64%) and of Cd in the wood (39-45%). Cu was redistributed between different compartments of pine trees (Fig. 1.9) 
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Fig 1.9 Heavy metal accumulation in different tree organs (Shcherbenko et al 2008)


Analyzing trees for heavy metal pollution, is based on the assumption that element concentrations in the tree represent element availability in the environment in which the tree was grown. Moreover, results depend on wood structure, the nature of the determined elements, and uptake pathways. The main uptake pathway for elements to enter into a tree is from soil solution via the roots. Element uptake through the roots is influenced by the sapwood-heartwood concentration equilibrium, the quantity of macronutrients versus metals, ion solubility, soil type, and pH (Smith and Shortle, 1996).
Roots 


Metal uptake by roots is dependent on both the ability of the roots to absorb metals and the metal concentration at the surface of the root. Roots are composed of both a mature zone near the shoot, and an ‘elongation zone’ near the root tip, or cap (Fig. 1.10). Metals and water move freely through this elongation zone into the centre of the root (the xylem), and then up into the shoot. It is more difficult for metals to enter the root through the more mature zone of the root due to a restriction called ‘Casparian strip’. Therefore, metals levels in deep soil likely become more important later in the growing season, especially for deep-rooted trees. Roots spread out both laterally and vertically as the plant grows to take advantage of areas within the soil that have more water and metals (Jones and Jacobsen 2005). 
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Fig 1.10 Parts of roots (Jones and Jacobsen 2005)


Tree uptake of mobile ions present in the soil solution is largely determined by the total quantity of this ion in the soil but, in the case of strongly adsorbed ions, absorption is more dependent upon the amount of root produced. Mycorrhizae which effectively increase the absorptive area of the root and can assist in the uptake of nutrient ions, such as orthophosphates and micronutrients (Alloway 1995). Absorption of metals by tree roots can be both passive and active processes. Passive uptake involves diffusion of ions in the soil solution into the root endodermis. On the other hand, active uptake takes place against a concentration gradient but requires metabolic energy and can therefore be inhibited by toxins. The mechanisms appear to differ between metals, for instance, Pb uptake is generally considered to be passive while that Cu, Zn is thought to be either active metabolic, or a combination of both active and passive uptake. Absorption mechanism can vary for different metal ions, but ions which are absorbed into the root by the same mechanism are likely to compete with each other. For example, Zn absorption is inhibited by Cu and Cu is inhibited by Zn, Ca and K (Alloway 1995), (Pendias and Pendias 2001).
Foliar 


In addition to root absorption, plants can also derive significant amounts of some elements through foliar absorption. Foliar absorption of solutes depends on the plant species, its nutritional status, the thickness of its cuticle, the age of the leaf, the presence of stomata guard cells, the humidity at the leaf surface and the nature of the solutes. Metal antagonism, such as between Cu and Zn, can occur in foliar absorption as well as in the root, and the accompanying ions also have an effect (Alloway 1995).
Wood


Once the ions have been absorbed through the roots or leaves and have been transported to the xylem vessels, there is the possibility of movement throughout the whole plant. The rate and extent of movement within plants depends on the metal concerned, the plant organ and the age of the plant. Elements such as Zn, Cd are readily translocated to the plat tops, Cu is intermediate and Pb is translocated to the least extent (Alloway 1995).


Elements are selectively absorbed by plants, and are not equally mobile within the plant. Element mobility in trees is confined to the last 1-7 years where the xylem is still active in water conductance. Even within the xylem, active mobility is element specific. Within the xylem it is estimated that Na and Mg are considered to have higher mobility, Ca, Zn, Cu moderate mobility, and Pb, Cd lower mobility. A well-defined heartwood and low radial permeability increases the trees ability to trap elements within the heartwood. Although there is probably no significant transfer of elements between heartwood and sapwood. However, trees are well suited as biomonitors for macro-environmental trends, where long-term patterns of change are sought (Smith and Shortle, 1996). 
Bark


Tree bark is known to sorb and accumulate airborne contaminants and has therefore been used for monitoring of atmospheric pollution (Harju et al. 2002), (Kuang et al 2007).
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Fig 1.11 Diagram of tree bark (Kuang et al 2007)


The structure and chemical composition of pine bark is very complex. However, pine bark can roughly be divided into living inner bark and dead outer bark (Fig 1.11). The inner bark reﬂects the metal ion ﬂow within a tree. Airborne pollutants are mainly accumulated in the outer bark (Harju et al. 2002).

1.3 Pinus sylvestris L. as a bioindicator of heavy metals 


Biomonitoring is defined generally as the use of bio-organisms to obtain information on certain characteristics of the biosphere. The organism used is called a bioindicator or biological monitor. Bioindicator generally refers to all organisms that provide information on the environmental or the quality of environmental changes, (Chakrabortty and Paratkar 2006) and biomonitors are the organisms that provide quantitative information on the quality of the environment (Chakrabortty and Paratkar 2006), (Gratani et al. 2008). 


The use of various biomonitors has already been established as a successful approach for assessment of the state of the environment and impact on living organisms. An advantage of plants used as biomonitors, especially when large scale patterns of heavy metal distribution are investigated, is that they are effective collectors which reflect the accumulated effect of environmental pollution and accumulation of toxicants from atmospheric pollution (deposition, binding and solubility of metals) and soil pollution (concentration and bioavailability of elements in soil) (Djingova  et al. 1995). Moreover, higher plants are mostly suitable for monitoring metal pollution since as lichens and mosses are often missing. Thus, information on atmospheric pollution may be deduced from the concentration of speciﬁc substances in plant tissues, offering low cost information about environmental quality (Gratani et al. 2008). 


Biological indicators have been used for many years to detect the deposition, accumulation and distribution of heavy metal pollution (Aksoy and Demirezen 2005).

The selection of a bioindicators should consider several factors:

· be easily measured and describe responses of concern within the ecosystem,

· have a distinct response which is capable of predicting how the species/ecosystem will respond to the stress,

· measure the response with acceptable accuracy and precision,

· be based on a knowledge of the pollutant and its characteristics, consider the final use of the data.


Numerous different bioindicators are used in monitoring air pollution, such as mosses, lichens, vascular plants, woody plants, etc. (Kord et al. 2009). Trees, as long – lived organisms, reflect the cumulative effects of environmental pollution from the soil and the atmosphere (Madejon et al. 2004). There are several examples of tree species, used as biomonitors for air and soil pollution, e.g. Populus nigra in Bulgaria (Djingova  et al. 1995), Robinia pseudo-acacia L. in Turkey (Aksoy et al. 2000),  Pinus halepensis  in Greece (Pantera et al. 2007), oak trees (Quercus robur, Quercus petraea) in Czech Republic (Böhm et al 1998), Pinus sylvestris L. in UK (Lageard et al. 2008) and in Finland (Derome and Nieminen 1998), Pinus sylvestris L. in Lithuania (Baltrėnaite and Butkus 2007). Both the broadleaves and coniferous trees are used in air pollution studies (Kord et al. 2009), however, conifers are more sensitive to environmental pollution and better indicators than deciduous (Dagys 1980).  
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Fig 1.12 Distribution of Pinus sylvestris L. in Lithuania (Available from internet: <http://www.forestgen.mi.lt/content/Lietuvospusynai.htm>)

Pinus sylvestris L. has the widest geographical amplitude of all pine species. This is the most common tree of Lithuania. It grows mostly in sandy soil. Pine forests occupy 40% of the total forest area. Distribution of Pinus sylvestris L. is given in Fig. 1.12 The rooting system of Pinus syvestris L. is deep, and it is associated with ectomycorrhizal fungi. In several studies Pinus sylvestris L. has been reported to be relatively sensitive to air-borne pollutants (Nieminen 2005), and it appears to be especially susceptible to heavy metals and sulphur dioxide. Different parts of Pinus sylvestris L. trees have been used to monitor heavy metal pollution in the environment for example bark samples were taken from Pinus sylvestris L. in Finland (Harju et al. 2002) and (Poikolainen 1995); pine needles, branches, stem bark and wood were investigated near copper – nickel smelter in the northwestern Russia (Shcherbenko et al. 2007); heavy metals in bark as an indicator of atmospheric deposition near smeltery in China (Kuang et al. 2007); tree increment cores and soil in the rooting environment were analysed in UK (Lageard 2007). 


Pinus sylvestris L. may  accumulate  environmental  pollutant such as heavy metals directly  from  the  atmosphere, by deposition on the leaves or bark, or indirectly following  deposition  on  the  soil  and  subsequent  root uptake (Nuhoglu 2006). Industrial areas are strongly affected by anthropogenic pollution especially heavy metals, consequently atmospheric metal emissions had mirrored metal concentrations in the wood of Pinus sylvestris L. Moreover, the studies demonstrate the suitability of the Pinus sylvestris L., as a bioindicator for heavy metal ion pollution in the atmosphere. 
1.4 Models of the uptake of heavy metals by trees from air and soil


   To start with, several models of uptake of heavy metals by trees have been reported. The uptake of metals by trees is a complex process and its efficiency varies with different tree species, the soil properties (pH, redox potential, particle size and organic matter content), substrate conditions, metal content, metal availability, etc. Furthermore, these elements may inhibit root growth, decrease availability of essential elements, modify morphology and architecture, inhibit protein and enzyme functions, reduce plant ability to access and transport soil resources or have no visual affect. Transport of metals from the soil to a tree covers a set of chemical, physical and biological processes in the soil, the tree and an interaction zone between the tree roots and the soil, e.g. diffusion of metals in the soil and tree, adsorption and absorption, partitioning of metals between air, water, soil and roots, flow with transpiration flow, etc. The complexity of processes, the impact of external factors, such us climate conditions, type of substratum, etc. make simulation of this process more difficult (Baltrėnaitė and Butkus 2007).
Hung and Muckay  model


Hung and Muckay model evaluates the transport of metals to plants from two media – the soil and air – and computes concentrations of contaminants in three plant compartments: roots, the stem and leaves. The uptake of metals from the soil to plants depends on the coefficients of partitioning of contaminants in various media (the soil, water, transpiration flow, etc.) as well as on metabolic rate, steady coefficients of contaminant concentration, and diffusion (Hung and Mackay 1997), (Baltrėnaitė and Butkus 2007).


The plant is treated, as shown in Figure 1.13, as three homogenous compartments, subscripted L for leaves, S for stem and R for root, with surrounding compartments subscripted A for air and E (earth) for soil. Subscripts X, P, G and M denote flow in xylem, flow in phloem, growth dilution and transformation reactions (metabolism) respectively. The objective is to express the concentrations CL, CS and CR (mol/m3) as a function of constant or average values of CA, CE (mol/m3) and time, using property data of air, soil and chemical, as well as plant physiological information. The stem compartments may also include seeds (Hung and Mackay 1997). 
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Fig. 1.13 The plant model (Hung and Mackay 1997)

Main equations involved in the model:
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where Croot, Cstem, Cleaves are metal concentrations in roots, stem and leaves.


The steady state of metal concentrations in different plant compartments is calculated using equations:

                                                                
[image: image18.wmf],

1

639

.

0

L

T

t

leaves

e

A

×

-

-

=



 EMBED Equation.3  [image: image19.wmf]                                                  (1.4)
                                                                 
[image: image20.wmf],.

1

639

.

0

S

T

t

stem

e

A

×

-

-

=

                                                       (1.5)


                                    

[image: image21.wmf]R

T

t

root

e

A

×

-

-

=

639

.

0

1

.                                                       (1.6)
where TL, TS,TR – the total half – life for leaves, stem and root, respectively, h (Hung and Muckay 1997).  Other involved parameters are given on the Table 1.3 
Table 1.3 Parameters included into model equations

	Parameter
	Marking
	Unit

	Uptake ratio from air to leaves
	Bal
	dimensionless

	Uptake ratio from leaves to stem
	Bls
	

	Uptake ratio from stem to leaves
	Bsl
	

	Uptake ratio from stem to roots
	Bsr
	

	Uptake ratio from roots to stem
	Brs
	

	Uptake ratio from soil to roots
	Ber
	

	Carbohydrate – water
	Kcw
	

	Octanol – water
	Kow
	

	Air – water 
	Kaw
	

	Leaves – water
	Klw
	

	Stem – water
	Kstw
	

	Root – water
	Krw
	

	Soil – water
	Kew
	

	Sap –water
	Kxw
	

	Octanol – air 
	Koa
	

	Transpiration rate
	Q
	m3 h-1

	Leaf area
	LP
	m2

	Growth rate of leaves
	τLG
	h-1

	Growth rate of stem
	τSG
	h-1

	Growth rate of roots
	τRG
	h-1

	Metabolism rate for leaves
	τLM
	h-1

	Metabolism rate for stem
	τSM
	h-1

	Metabolism rate for roots
	τ\RM
	h-1

	Density of leaves
	ρlap
	kg m-3

	Density of stem
	ρkam
	

	Density of roots
	ρšak
	

	Total concentration of TM in soil
	Csoil
	mg kg-1



This model is simple and easy to use but it treats the plant as one compartment and thus cannot account for differences in concentrations among various plant parts. This is clearly an area in which a variety of approaches are being developed and tested with the objectives of establishing a number of models which may be useful in different contexts (Hung and Muckay 1997).

Phyto-DSS model

The Phyto-DSS is a “whole system” – type model that calculates plant growth, water flux, component (e.g. contaminant such as heavy metals or nutrients). The system requires daily climate data, as well as data on the substrate and the plants (Robinson et al. 2003b)


The Phyto-DSS was created in 2000 at the, Instituto de Recursos Naturales y Agrobiología de Sevilla, Spain. Subsequently, the Phyto-DSS was developed at HortResearch, Palmerston North, New Zealand (2001 - 2004), and the Swiss Federal Institute of Technology, Zurch, Switzerland (2005 – 2007) (Fig. 1.14).
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Fig 1.14 Window of Phyto-DSS model. This text file contains the soil, plants, components, and economic data (Robinson et al. 2003)

Figure 1.15 shows a diagrammatic representation of the physical processes considered in the phyto-DSS.
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Fig 1.15 A diagram of the physical process that are considered in the phyto-DSS (Robinson et al. 2003b)


The phyto-DSS uses potential evapotranspiration (ETo) that is calculated from solar radiation, temperature, relative humidity and wind-speed using the FAO Penman-Monteith equation. When there is no water stress, crop evapotranspiration (ETc) is the product of ETo and a crop factor (Kc). Kc is dependent on the species and its stage of development. At canopy closure, the maximum Kc values (Kcmax) for most species is between 0.8 and 1.2, with pasture having a Kcmax of 1.0. The phyto-DSS calculates Kc as a fraction of Kcmax depending on the biomass of the crop as a fraction of the biomass at canopy closure, i.e. maximum interception of sunlight (Robinson et al. 2003b).

Water availability in the substrate is calculated from the substrate’s water retention properties. Water extractable at -1 bar or greater, is considered readily available for plant-uptake. Transpiration is progressively reduced as the substrate dries out and the extractable water falls from -1 bar to -15 bars. Water that is extractable at <-15 bars is considered unavailable for plant-uptake. The phyto-DSS calculates plant-water uptake by dividing the substrate into 1cm slices, each having a specific root density, water retention curve, and water content. The phyto-DSS assumes that water uptake activity is greater in substrate layers that have more readily available water. In times of mild drought where the substrate surface is dry, deeper roots become preferentially more active and the transpiration is not reduced (Robinson et al. 2003b).

The movement of water and solutes in the substrate is calculated using a tipping-bucket approach similar to that described in Hutson and Wagenet (1993). In this method, the substrate is divided into slices, with each slice having a specific water retention properties, water content, solute content and a partition coefficient for the solute in the substrate – substrate solution equilibrium. Rainfall or irrigation that infiltrates the soil, increases the water content of successive soil layers to <0.1 bar, then the ‘excess’ substrate solution migrates to the next layer down (Fig. 1.14). For any substrate, a percentage of the substrate solution will migrate down macropores of 2 or more soils ‘slices’ in length.

Plant uptake of substrate contaminants is calculated as a function of transpiration using a model described in Robinson et al. (2003a). Here, the roots may actively or passively ‘filter’ the substrate solution, so that the total contaminant taken up by the plant is the product of the soil solution concentration, total transpiration and a ‘root adsorption factor’:
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The average metal concentration in the plant is therefore:

[M] = M/B                                                                (1.8)
where M - the amount of metal taken up by the plant at time t, [M] is the average plant metal concentration (mg kg-1), B equals above-ground dry biomass (kg), zR - the depth of the root zone (m), z - depth (m), t - time (days), R(t`,z) -  root density fraction [(root mass at depth z) / (total root mass) at time t], T - water use (L day-1 at time t), Cz -  concentration of metal in soil solution (mg L-1 at depth z and time t), ϕ -  root absorption factor for the metal at depth z and time t.  
1.5 Review of chapter 1


Heavy metals are a major source of environmental pollution. Heavy metals such as Pb, Cd, Cu and Zn derived from anthropogenic sources, especially from industry, have caused serious damage to forest ecosystems in areas close to number of emissions sources. (Derome and Nieminen 1998). However, some metals for example Cu and Zn are required by plants, but only at very low concentrations. Other non-essential elements such as Cd and Pb are also harmless in very low concentrations. Moreover, any of these elements, whether essential or non-essential, can prove toxic at concentrations above the physiological requirement (Roberts et al. 2006).

Metal transport is not only dependent on the physiochemical properties of the metals but mostly on the physical and chemical properties of the soil, like for example: soil organic matter  content, clay fraction content, mineralogical composition, pH, and more, all of which collectively determine the binding ability of soil. The properties of the soil may change due to climate change but mostly due to anthropogenic impact (Dube et al. 2001), (Seregin and Ivanov 2001).

 Pinus sylvestris L.is sensitive to environmental changes, it takes contaminants, such as heavy metals from the atmosphere and translocate them into whole tree (needles or bark, or indirectly on the soil and subsequent root uptake) giving understanding about the impact of industrial activities.

The Phyto-DSS is a “whole system” – type model that calculates plant growth, water flux, component (e.g. contaminant such as heavy metals or nutrients). The system requires daily climate data, as well as data on the substrate and the plants (Robinson et al. 2003b)

Further in this work heavy metals Pb, Cd, Cu, Zn and macronutrients K and Mg concentrations will be measured in wood and soil (total and bioavailable) under trees (Pinus sylvestris), in two sampling plots, first contaminated near former company Ekranas in Panevėžys and second, control area in Kaunas. 
2. Methodology of trees and soil measurements

2.1. Site description and sampling 


Two sampling plots contaminated and control, located in Lithuania (Eastern Europe) were analysed in the study. 


First sampling plot is located in the city of Panevėžys (55044´0´´N, 24021´0´´E) near former TV manufacturing company (Fig 2.1). For more than 40 years, this factory had been manufacturing glass components, colour TV-tubes and electron-gun systems. It was the only manufacturer of TV tubes in the Baltic States from 1962 years (AB Ekranas Annual… 2004). Intensive heavy metal contamination was formed from the manufacturer aerosol emission significantly influencing the total soil geosanitary state. Heavy metals migrated into the deeper soil horizons. Moreover, high heavy metal and particularly lead concentrations are dominated in soil around company sanitary zone (Panevezys city…2007).


The second sampling place is located near the city of Kaunas (54053´50 ̋ N, 23053´10 ̋ E) in the experimental forest of Dubrava Institute (Fig 2.1). The control plot has similar soil type and species as contaminated, additionally, area is out of the influence of any nearby pollution source. 
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Fig 2.1 Location of the sampling sites in Lithuania (Google maps…2009)
Contaminated area


Panevėžys city area has a weak neutral-alkaline soil contamination level mainly depending on the concentration changes of the zinc, lead, copper, molybdenum, tin, chromium, nickel, cobalt. As a consequence, ratios of these elements concentrations are determined largely the total amount of pollution indicator (Zs) (Figure 2.2 and Table 2.1). 
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Fig 2.2 Soil contamination with heavy metals in Panevėžys city according to the index Zs (Gregorauskienė 2006)

Table 2.1 Values of index Zs of total contamination (Geochemical atlas of Lithuania 1999)

	Contamination level
	Zs value
	Required actions

	I. Permissible
	<16
	Detailed soil investigation and monitoring is recommended

	II. Medium
	16 – 32
	Reducing of impact from pollution sources. Quality control of surface and ground water

	III. Dangerous
	32 – 128
	Obligatory is soil remediation up to permissible level in residential and recreation areas. Agriculture areas must be used for technical crops or afforestation.

	IV. Extremely dangerous
	>128
	Polluted soil layer must be removed to landfill of hazardous substances or remediated in situ up to superior level of contamination



High dangerous heavy metals concentrations are found in the Ekranas company area (Fig. 2.2) Zn, Pb, Cu and other elements of technogenic associations, in individual soil samples are exceeded hundreds and thousand of times of background levels. The regional natural background is exceeded a few hundred times. Due to the physical-chemical changes in the soil is processing the accumulation of Pb and other forms of elements. Some of them have already migrated in the deeper soil horizons. Allowable maximum concentration of Pb which quantities are exceeded in sanitary protection zones in surface layer. Especially dangerous mobile forms of lead-contaminated soil dominate to 0.6 meters deep. 
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Fig 2.3 Location of contaminated plot (Google maps…2009) 

Company annual emitted contaminant amount was 765.7 tons per years (Aplinkos apsaugos agentūra…2005). According to these facts it was chosen the sampling place in Panevėžys city near former company Ekranas. Location of study area is given in Fig. 2.3. The company occupied area of 50 ha at the outskirts of the town. Three large production divisions in the 50 ha of the company’s territory were metal preparation, glass component production and TV tube (kinescope) assembling shops as well as the services attending the later. 


The average annual precipitation of this region reaches 500 – 600 mm, predominantly south-west winds, average temperature (2008): -1.9 ° C in winter, spring, +7.17 ° C , +18.29 ° C in summer, autumn, +7.48 °C. 

          Season – autumn                                                   Season – summer
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Fig 2.3 Wind roses (wind directions repeability, %) of Panevėžys (Aplinkos apsaugos…2005)

Dominated vegetation in the investigated site are (Fig. 2.4).: 

· Pinus sylvestris L.; 

· Birch (Betula pendula; 
· White Dead-Nettle (Lamium album, L.); 

· Maple (Acer); Chervil (Anthriscus cerefolium); 

· Common Dandelion (Taraxacum officinale; 

· Ranunculus lanuginosus L. 
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    White Dead-Nettle (Lamium album, L.)                                  Maple (Acer)
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         Pinus sylvestris L.                                                           Birch (Betula pendula              

Fig 2.4 Dominated vegetation in the polluted area (pictures made by camera)

Control site


In the control site in Kaunas (Fig. 2.5) in experimental forest of Dubrava predominant soils are sand and sandy loam. The average annual precipitation of this region reaches 650 – 750 mm, predominantly west, south-west and south winds (Lithuanian Hydrometeorological…2010).
[image: image33.jpg]



Fig 2.5 Location of control plot (Google maps…2009)

Dominating species of vegetation in the control site of research: Scots pine (Pinus sylvestris L.); Birch (Betula); Common wood sorrel (Oxalis acetosella); Rowan (Sorbus  aucuparia); Norway Maple (Acer platanoides); Woodland Strawberry (Fragaria vesca); Shield Fern (Dryopteris); Dandelion (Taraxacum); Nettle (Urtica); Red raspberry (Rubus idaeus).
2.2 Wood sampling 


Sampling in both plots was carried out in early May 2009, during vegetation period when plants are most physiologically active. Pinus sylvestris L. was the most widely available species growing at both sampling plots, consequently this species was chosen for study. Sample trees were at least 10 m away from each other. Ten pine trees were randomly selected in each control and contaminated plots (Fig. 2.2 and Fig. 2.3). Tree numbers, diameters and coordinates are given in Table 2.2 and Table 2.3.
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1P, 2P, 3P etc. – tree samples from contaminated area

Fig 2.2 Sampled trees distribution in contaminated plot
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Fig 2.3 Sampled trees distribution in control plot

Table 2.2 Sampled trees and the main parameters in contaminated plot
	Tree number
	Diameter, m
	Coordinates

	
	
	North
	East

	Contaminated

	1P
	1. 05
	55044´04
	24023´30

	2P
	0. 96
	55044´04
	24023´30

	3P
	0. 98
	55044´04
	24023´31

	4P
	0. 86
	55044´04
	24023´32

	5P
	0. 82
	55044´04
	24023´31

	6P
	0. 83
	55044´02
	24023´30

	7P
	1. 14
	55044´02
	24023´30

	8P
	0. 92
	55044´01
	24023´31

	9P
	1. 11
	55044´01
	24023´32

	10P
	1. 15
	55044´02
	24023´32


Table 2.3 Sampled trees and the main parameters in control plot

	Tree number
	Diameter, m
	Coordinates

	
	
	North
	East

	Control

	1S
	0.80
	54053´11
	24004´30

	2S
	0.74
	54053´11
	24004´30

	3S
	0.60
	54053´11
	24004´30

	4S
	0.54
	54053´12
	24004´33

	5S
	0.68
	54053´12
	24004´33

	6S
	0.78
	54053´11
	24004´30

	7S
	0.55
	54053´12
	24004´35

	8S
	0.55
	54053´12
	24004´36

	9S
	0.65
	54053´12
	24004´36

	10S
	0.71
	54053´12
	24004´36
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Fig 2.4 Pinus sylvestris L. cores taken from contaminated plot (picture made by camera)


The cores of Pinus sylvestris L.were taken at breast height 1.5 m. Tree cores at contaminated plot were taken from the north – facing side (facing the industry) (Watmough and Hutchinson 2005) using acid washed 10 mm stainless steel increment borer. From each tree was taken 1 core (in total 10), however to ensure the reliability of the results, control core samples were taken from contaminated plot (Fig. 2.4).  Finally, samples were immediately sealed in dry, plastic straws with markings inside and were stored for further analysis. 

2.3 Soil sampling


Soil samples were collected from both plots near the selected trees (Fig. 2.2 and Fig. 2.3). Samples were taken from depth 0 – 20 cm (Figure 2.3) from both plots. Total taken amount were 40 samples and 10 samples in contaminated and control plots respectively. 
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Fig 2.3 Soil sampling at 0-20 cm depth in polluted area


Samples were air dried ground to pass through a 2 mm sieve and stored in room temperature. Total organic carbon (TOC), pH, as well as total and bioavailable metal concentrations will be determined by commonly used in soil science methods.
2.4 Chemical analysis 

Soil pH and total organic carbon (TOC)


Soil pH (sieved only) was measured using a soil water ratio 1:5 and a glass electrode pH meter. 20 g of the soil was mixed with 100 ml distilled deionised water and was shaken for 1 hour using mechanical shaker Gerhardt, Rotoshake RS 12. The mixture was allowed to stand for 60 minutes to allow it to settle. The electrode of pH meter – pH 538 WTV was put into the slurry and measured 3 times in one solution.


Total organic carbon (TOC) was determined using apparatus TOC-V by SHIMADZU at 9000 C temperature. TOC content was recalculated using Equation 2.1:
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where Wc,t – TOC on basis of air–dried soil, g kg-1; m1 – mass of test portion, g; m2 – mass of released CO2, g; 0.2727 – conversion factor for CO2 to C (LST ISO 10694:1995).

Total and bioavailable metal in soil 


Soil samples were air dried at room temperature (20–220C) for 24 hours, sieved (2 mm mesh) and weighing 0.2 g. Then poured into mineralization vessels and the same methods described in pinewood analysis were used. The total concentrations of metals in soil and wood samples were determined by flame atomic absorption spectrophotometry (FAAS). A graphite furnace (GFAAS) was employed to determine metal concentrations when they were too low to be detected accurately by FAAS (Butkus and Baltrėnaitė 2007).


Soil extractable metals were assessed by water extraction of 20 g soil in 100 ml of distilled deionised water. Soil-water samples were shaken in Gerhardt, Rotoshake RS 12 for 1 hour and left for settle. Afterwards extracts were collected by filtration through filter paper and analysed for Pb, Cd, Zn, Cu, K, Mg concentrations by FAAS or GFAAS. 

Wood analysis 


Each core were burnt for 45 min in E5CK-T muffle furnace (4500C) and weighted, then mixed with 9 ml HCl (37%) and 3 ml HNO3 (65%), poured into special vessels and then placed into a Milestone ETHOS digestor and heated for 30 min. The solution was then poured into 50 ml flask and diluted with distilled water to reach the marks of 50 ml (Butkus and Baltrėnaitė 2007).


TF for metals Pb, Cd, Zn, Cu, Mg, K were determined by dividing the mean metal concentration in pinewood (stem) for the average total metal concentration in the soil (Alloway 1995; Adriano et al 2001; Butkus and Baltrėnaite 2007):
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where Cpinewood  – mean metal concentration in pinewood stem, mg kg-1 DW;  Csoil – mean total metal concentration in soil mg kg-1 DW. 

Partition coefficient log Kd of soil was calculated as:
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where CTotal Metal – mean total metal concentration in the soil, mg kg-1 DW; CDissolved Metal – the mean metal concentration in soil solution, (mg kg-1 DW) (MacDonald and Hendersshot 2006). 

Bioavailable metals % concentration of total metals in soil was calculated as:
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2.5 Data analysis 


Some descriptive statistics were performed, average and standard deviation (SD), moreover, Pearson correlation coefficient was calculated between soil pH and metals accumulation in the contaminated site. Statistical significance between metals concentrations between contaminated and control plot were assessed with a student t. A multivariate analysis of the results was done using principal component analysis (PCA). The differences were considered significant at p<0.05. All calculations were performed using the statistical packages Statistica 6.0 (Statsoft.Inc). 

2.6 Review of chapter 2


Two sampling plots contaminated in Panevezys, near former company Ekranas and control in Kaunas in experimental forest of Dubrava Institute were chosen in the study. The same species Pinus sylvestris L. dominated in both plots were chosen for analysis of heavy metal (Pb, Cd, Zn and Cu) pollution. To determine the distribution of heavy metals in the Pinus sylvestris L. stand, soil samples near the randomly selected trees were collected. Moreover, chemical analysis such as pH, total organic carbon (TOC), soil bioavailable metals concentrations, total metals concentrations and concentration of metals in pine wood were assessed in both plots. The concentrations of metals in soil and wood samples were determined by flame atomic absorption spectrophotometry (FAAS) or graphite furnace (GFAAS) when the metal concentrations were too low to be detected. 
3. Results and analysis 

3.1 Soil analysis 


Soil pH, total organic carbon (TOC) and total and bioavailable metals in control and contaminated soil plots are presented at Table 3.1 showing the differences between investigated plots.
Table 3.1 Soil pH, TOC and total and bioavailable metals, in control and contaminated soils. Significant differences between plots, at a p<0.001***. n.s (non significant). Data in mg kg -1 DW in total elements and in mg L-1 in bioavailable concentrations. 
	
	Control (N=10)
	Contaminated (N=40)
	p

	pH
	5.29±0.09
	6.59±0.06
	***

	TOC
	2.47±0.48
	4.22±0.34
	***

	Mgtot
	497.32±73.19
	497.72±72
	n.s

	Ktot
	1282.12±87.23
	1106.60±61.68
	n.s

	Pbtot
	2.99±3.24
	25.63±2.29
	***

	Cdtot
	0.719±0.19
	0.278±0.13
	n.s

	Cutot
	0.01±0.80
	23.18±0.56
	***

	Zntot
	40.47±5.45
	36.88±3.58
	n.s

	Mgbioav
	2.40±1.17
	8.44±0.83
	***

	Kbioav
	7.81±2.15
	24.42±1.52
	***

	Pbbioav
	0.007±0.006
	0.11±0.004
	***

	Cdbioav
	0.00004±0.001
	0.009±0.0007
	***

	Cubioav
	0.0002±0.007
	0.076±0.005
	***

	Znbioav
	0.22±0.03
	0.51±0.02
	***



The pH of the soils varied from 5.69 to 7.78 and 4.62 to 6.04 in contaminated and control sites, respectively, indicating moderately acid to slightly alkaline soil at contaminated site, strongly acid to moderately acid at control. The total organic carbon (TOC) was ranging from 1.52 to 9.98 g/kg at contaminated and 0.39 to 9.86 g/kg at control site. The averages of soil pH and TOC in depth 0-20 of soil profile at contaminated and control sites were summarized in Fig 3.1. Soil organic matter is, together with soil pH, the most important parameter controlling heavy metal behaviour in soils (Borůvka and Drábek 2004). Soil pH acts significantly in the soil oxidation-reduction reactions and also in the formation of bioavailable metal forms (Grigalavičienė et al. 2005). 

Total metals in soil 

According to Watmough et al. total metal concentrations in the upper (0 – 5 cm) mineral soil were ranging from 0.14 – 1.93 mg kg-1 for Cd, 12.5 – 128 mg kg-1 for Zn and 7.0 – 55.9 mg kg-1 for Pb.

Total metal concentrations in depth (0-20 cm) of soil under the sampled trees at contaminated plot ranged from 8.42-37.4 mg kg-1 for Pb; 0.167-0.483 mg kg-1 for Cd; 12.7-31.7 mg kg-1 for Cu; 18.5-114.5 mg kg-1 for Zn. K was ranging from 617.7-2096.7 mg kg-1; Mg from 271.7- 1986.6 mg kg-1. The concentrations for Cd, Zn and particularly for Cu and Pb were higher than the background values at contaminated plot, though limit values were not exceeded for all investigated metals (Figure 3.1). Pb, Cd, Cu and Zn background and limit values from standard HN 60:2004 (Maximum permissible concentrations of hazardous chemical materials in soil) are given on Table 3.2.
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Fig 3.1 Comparison between heavy metal background values in soil at contaminated plot (standard deviations of concentrations are shown on vertical axis) 
Table 3.2 Heavy metals background values and limit values concentration in moderate sandy soil (HN 60:2004)

	Metal
	Background

values,

mg/kg
	Limit values

mg/kg

	Pb
	15
	100

	Cd
	0.15
	3

	Cu
	8.1
	100

	Zn
	26
	300



Total metal concentrations (0-20 cm) of soil under sampled trees at control plot ranged from 1.56-5.03 mg kg-1 for Pb; 0.02-5.16 mg kg-1 for Cd; 0.006-0.03 mg kg-1 for Cu; 22.5-96.5 mg kg-1 for Zn. K was ranging from 608.8-2060.0 mg kg-1; Mg from 375.7-632.7 mg kg-1. The total concentrations of Pb and Cu (except Zn and Cd) under trees in control plot were below their environmental background values (Fig. 3.2), indicating that this area received minimal atmospheric heavy metals input (Kuang et al. 2007).
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Fig 3.2 Comparison between heavy metal background values in soil at control plot (standard deviations of concentrations are shown on vertical axis) 


Total Pb and Cu concentrations in contaminated plot were statistically (p<0.001***, n=40) higher than those at control, and indicate contamination of this plot by these heavy metals (Table 3.1)

Bioavailable metals 

According to Watmought et al. bioavailbale metal concentrations in the upper mineral soil were ranging from 0.05 – 0.9 μg L-1 for Cd, 2.0 – 119 μg L-1 for Zn and 0.13 – 27.0 μg L-1 for Pb. 


Bioavailable heavy metal concentrations in the contaminated plot were ranging from 0.05 – 0.23 mg L-1 for Pb, 0.003 – 0.02 mg L-1 for Cd, 0.01 – 0.21 mg L-1 for Cu, 0.14 – 0.93 mg L-1 for Zn. For K were ranging from 7.83 – 52.33 mg L-1 and for Mg from 2.72 – 29.68 mg L-1. In the control plot heavy metal concentrations were 0.002 – 0.03 mg L-1 for Pb, 0.00003 – 0.0002 mg L-1 for Cd, 0.0001 – 0.0008 mg L-1 for Cu, 0.079 – 0.58 mg L-1 for Zn. Macronutrients in the control plot were ranging from 3.47 – 27.23 mg L-1 for K and from 0.6 – 7.71 mg L-1 for Mg.  

Average concentrations of Pb, Cd, Cu, Zn, K and Mg in control site were significantly (p<0.001) lower than in contaminated site (Figure 3.3). 
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Fig 3.3 Comparison of soluble element concentrations in soil at two sites (by t-test)

Table 3.3 shows the percentage of bioavailable metal of total metals in control and contaminated plots.  
Table 3.3 % of bioavailable metals in control and contaminated soils. Significant differences between plots, at a p<0.001*. n.s (non significant). Data in %.  

	
	Control (N=10)
	Contaminated (N=40)
	p

	Mg
	0.45±0.15
	1.766±0.11
	*

	K
	0.68±0.18
	2.24±0.13
	*

	Pb
	0.25±0.07
	0.61±0.05
	*

	Cd
	0.03±0.44
	3.70±0.31
	*

	Cu
	2.11±0.35
	0.36±0.24
	*

	Zn
	0.66±0.17
	1.77±0.12
	*


Relationship between pH and, Kd coefficient 


The most important factor controlling metal concentrations in soil solution is pH (Wilcke 2000).  Total and bioavailable certain element concentrations in soil at contaminated site were generally found to correlate with the soil pH. Statistically significant (p<0.05) correlation, except Pb, Cd, Zn (p>0.05), between pH and dissolved element concentration in soil for Cu (r2=0.18), Mg (r2=0.67) and K (r2=0.28) were found. Cu, K and Mg concentration increased with decreasing soil pH. More available elements were at pH 6.0 – 6.6. Moreover, total concentrations of Mg in soil were significantly positively correlated with soil pH (r2=0.14, p<0.05), further, Cu exhibits a significant negative relationship (r2=0.12, p<0.05) with the highest Cu concentration occurring in more acid soils. In contrast, Pb, Cd, Zn and K showed no significant correlations (p<0.05) with soil pH. 


For instance, MacDonald and Hendershot reported that log Kd vary between log 2.70 to 3.55 for Cd, log 3.15 to 4.0 for Cu, log 3.70 to 4.70 for Pb and log 2.80 to 3.20 for Zn. 


In this study, the partition coefficients (logKd) vary between log 1.67 to log 3.10 for Pb, log 0.99 to log 2.03 for Cd, log 1.97 to log 3.42 for Cu, log 1.38 to log 2.53 for Zn, log 1.30 to log 2.11 for K, log 1.33 to log 2.12 for Mg. Coefficients log Kd for all metals were related to soil pH, however, statistically significant (p<0.05) correlation were found only for Cu and Mg (Fig 3.4), demonstrating that soil pH for Cu and Mg elements alone is partly a good predictor of metal partitioning in relatively contaminated soil. 
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Fig 3.4 Relationship between soil pH and log Kd values for Pb, Cd, Cu, Zn, K and Mg (data prepared with Statistica 6.0 (Statsoft.Inc).
3.2 Total elements in wood


Concentrations of heavy metals in a pinewood in contaminated area varied: Pb – 15.5-68.1 mg/kg; Cd – 0.002-0.013 mg/kg; Cu – 0.097-0.57 mg/kg; Zn – 0.775-2.182 mg/kg; macroelements varied: K – 24.13-72.76 mg/kg; Mg – 30.53-65.83. Concentrations of metals in control area varied: Pb – 0.009-0.036 mg/kg; Cd – 0.001-0.007 mg/kg; Cu – 0.07-0.65; Zn – 0.47-1.64 and macroelements: K – 22.91-55.49 mg/kg; Mg – 11.29 – 55.57mg/kg. The mean concentrations of Pb, Cd, Cu and Zn were significantly higher in polluted than those in control place. The macroelements K and Mg values in both areas were almost similar, however the average meanings in polluted area exceeded (Table 3.4)
Table 3.4 Metals average concentration with standard deviations in pinewood
	Tree
	Concentrations, mg/kg

	
	Pb
	Cd
	Cu
	Zn
	K
	Mg

	Contaminated plot 

	1
	21.838
	0.013
	0.441
	1.510
	66.618
	42.062

	2
	24.890
	0.006
	0.237
	1.404
	50.575
	34.369

	3
	20.828
	0.003
	0.138
	1.139
	29.827
	31.619

	4
	15.447
	0.003
	0.097
	1.172
	26.414
	30.533

	5
	27.949
	0.004
	0.177
	0.775
	24.512
	31.638

	6
	68.146
	0.003
	0.214
	1,309
	24.134
	35.346

	7
	34.981
	0.004
	0.188
	1.367
	37.516
	35.814

	8
	38.707
	0.009
	0.569
	2.182
	53.612
	65.835

	9
	46.581
	0.003
	0.274
	1.872
	72.760
	52.091

	10
	45.615
	0.002
	0.522
	0.908
	33.588
	35.815

	Average
	39.51
	0.005
	0.286
	1.364
	41.956
	39.512

	SD
	2.11
	0.003
	0.166
	0.421
	17.850
	11.224

	Control plot

	1
	0.020
	0.006
	0.284
	0.980
	55.549
	55.572

	2
	0.009
	0.007
	0.139
	0.753
	29.184
	22.215

	3
	0.011
	0.001
	0.079
	0.469
	29.337
	12.549

	4
	0.007
	0.001
	0.092
	0.486
	25.038
	11.288

	5
	0.005
	0.003
	0.080
	1.028
	22.905
	16.650

	6
	0.030
	0.003
	0.651
	1.128
	29.398
	16.334

	7
	0.023
	0.005
	0.080
	0.941
	26.949
	12.282

	8
	0.012
	0.002
	0.110
	0.933
	28.395
	14.289

	9
	0.012
	0.003
	0.065
	0.938
	30.682
	18.992

	10
	0.036
	0.005
	0.143
	1.640
	44.449
	25.502

	Average
	0.016
	0.004
	0.172
	0.930
	32.188
	20.567

	SD
	0.010
	0.002
	0.180
	0.333
	10.013
	13.109



According to Shcherbenko the maximum amounts of Zn were accumulated in the needles (24-51%) and bark (28-44%), the maximum amounts of Pb in the bark (21-56%) and wood (34-64%) and of Cd in the wood (39-45%). 


Heavy metal concentrations in sampled pine wood at two sites are shown in. Pb, Cu and Zn, except Cd, concentrations in pinewood in contaminated site was statistically higher (p>0.05* and p<0.001**) than those at control site (Table 3.5). 
Table 3.5 Concentration of elements in wood in control and contaminated plots. Significant differences between plots, at a p>0.05* and p<0.001**. n.s (non significant)
	
	Control (N=10)
	Contaminated (N=40)
	p

	Mg
	20.56±2.99
	39.51±2.11
	**

	K
	32.18±2.55
	41.95±3.61
	*

	Pb
	0.01±4.10
	34.49±2.90
	**

	Cd
	0.003±0.0006
	0.004±0.0004
	n.s

	Cu
	0.172±0.03
	0.258±0.02
	*

	Zn
	0.93±0.11
	1.36±0.08
	**



The concentration of Pb in contaminated pine wood showed the highest increase compared to control samples. The mean of Pb concentrations were 39.51(±2.11) in contaminated and 0.016(±0.010) in the control site. Pb is not an essential element, however, is easily absorbed and accumulated in different tree parts (Sharma and Dubey 2005). Mean concentration of Zn in contaminated wood was 1.5 times higher than in control wood. In all tree species Cu was taken up to a higher degree than Cd (Bräker et al 1994). The mean concentrations of Cd of 0.005(±0.0035), Cu 0.286(±0.176) and Zn 1.364(±0.611) were slightly higher at contaminated than those of Cd (0.004±0.002), Cu (0.172±0.17) and Zn (0.930±0.333) at control.

The mean heavy metal concentration values following decreasing order: Pb>Zn>Cu>Cd in contaminated site and Zn>Cu>Pb>Cd in control site. The close relationship between Pb concentration and Pb anomaly, formed from manufacturer has been visible in pinewood, concentration of Pb ranging from 13.14 to 114.65 mg/kg. In most environmental conditions, Cd enters first the roots, and only small amount are transported to the shoots, the content decreases in order: roots>stems>seeds (Benavides et al 2005). The average concentration of Cd was 0.005±0.003 mg/kg and 0.004±0.002 mg/kg in contaminated and control sites respectively. Cu content in stemwood, generally, was very low, even with an extremely high soil contamination (Trüby 2005).

K is the only macroelement that does not have a structural role in the tree, however, its needed in relatively large quantities to serve its various regulatory functions (Davey 2005). Pinewood is characterized by the lower contents of macronutrients in comparison with the other organs (Shcherbenko et al 2008). As a consequence, the mean concentrations of macronutrients K 41.96(±18.77) and 32.19(±10.01), Mg 39.51(±13.89) and 20.57(±13.11) at contaminated and control sites respectively in both sites were low. 


In general, Cd is effectively absorbed by plant roots and accumulated in aboveground organs, having thus a comparatively high transfer soil-tree factor. Zinc has relatively high transfer factor from soil to tree and most plants can tolerate high Zn levels. Pb is rather immobile in soil and easily forms organic complexes with fulvic acids. In addition, it concentrates primarily in the roots and is poorly translocated to the tree parts, resulting in a comparatively low transfer factor from soil to tree (Madejon et al 2004). Heavy metals such as Zn, Cd are readily translocated to the top of tree, Cu is intermediate and Pb is translocated to the least extent (Alloway 1995).
3.3 Principal components analysis (PCA)


PCA is a useful tool in the examination of multivariate data (Topalian et al. 1999). The aim of using PCA was to ascertain any patters in the all samples in relation to chemical characteristics and make a preliminary conclusion to the possible relationship among metals in soil, wood and soil properties (Jia et al. 2010).


The results of the current study show that, with the exception of total Mg, K, Cd and Zn in soil and Cd in pinewood, the concentrations of most elements were significantly higher in the contaminated plot (Table 3.1; Table 3.4). PCA was used to compare soil and wood samples at both plots. PCA incorporates the data from all metals in all the samples for an unified comparison. The aim of this statistical analysis is, beginning from numerous set of variables, to get another substantially minor set of variables, which preserves the maximum information of the original set (Granero and Domingo 2002). This analysis provided a single two-dimensional model, which explains 61.5 % of the variance in the data (component 1 – 47.4%; component 2 – 14.1%). Figure 3.5 shows the scatterplot of all components. Two clusters, which separate in a clear from both sampling plots, contaminated and control, can be identified. 
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Fig 3.5 Relation between Factor 1 and Factor 2 (Cases). Principal component plot of all samples collected in contaminated (Cn) and control plots
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Fig 3.6 Relation between Factor 1 and Factor 2 (Variables).


Figure 3.6 shows the relation among pH, TOC, mobile and total metals and wood metals, figure shows three separate clusters from two sampling plots. In the first cluster the correlation of mobile metal forms and soil pH is visible, while in the second one is correlated TOC and metals in pinewood. This demonstrates that soil organic matter with soil pH is important parameters controlling heavy metal behaviour.
3.4 Review of chapter 3


Soil pH and organic matter are the most important parameters controlling heavy metal behaviour in soils. The pH of the soils varied from 5.69 to 7.78 and 4.62 to 6.04 in contaminated and control sites, respectively, indicating moderately acid to slightly alkaline soil at contaminated site, strongly acid to moderately acid at control. The total organic carbon (TOC) was ranging from 1.52 to 9.98 g/kg at contaminated and 0.39 to 9.86 g/kg at control site. 

Total metal concentrations in depth (0-20 cm) of soil under the sampled trees at contaminated plot ranged from 8.42-37.4 mg kg-1 for Pb; 0.167-0.483 mg kg-1 for Cd; 12.7-31.7 mg kg-1 for Cu; 18.5-114.5 mg kg-1 for Zn. K was ranging from 617.7-2096.7 mg kg-1; Mg from 271.7- 1986.6 mg kg-1. The concentrations for Cd, Zn and particularly for Cu and Pb were higher than the background values at contaminated plot. Total metal concentrations (0-20 cm) of soil under sampled trees at control plot ranged from 1.56-5.03 mg kg-1 for Pb; 0.02-5.16 mg kg-1 for Cd; 0.006-0.03 mg kg-1 for Cu; 22.5-96.5 mg kg-1 for Zn. K was ranging from 608.8-2060.0 mg kg-1; Mg from 375.7-632.7 mg kg-1. The total concentrations of Pb and Cu (except Zn and Cd) under trees in control plot were below their environmental background values.

Average concentrations of Pb, Cd, Cu, Zn, K and Mg in control site were significantly (p<0.001) lower than in contaminated site.


The partition coefficients (logKd) vary between log 1.67 to log 3.10 for Pb, log 0.99 to log 2.03 for Cd, log 1.97 to log 3.42 for Cu, log 1.38 to log 2.53 for Zn, log 1.30 to log 2.11 for K, log 1.33 to log 2.12 for Mg. Coefficients log Kd for all metals were related to soil pH, however, statistically significant (p<0.05) correlation were found only for Cu and Mg.


Concentrations of heavy metals in a pinewood in contaminated area varied: Pb – 15.5-68.1 mg/kg; Cd – 0.002-0.013 mg/kg; Cu – 0.097-0.57 mg/kg; Zn – 0.775-2.182 mg/kg; macroelements varied: K – 24.13-72.76 mg/kg; Mg – 30.53-65.83. Concentrations of metals in control area varied: Pb – 0.009-0.036 mg/kg; Cd – 0.001-0.007 mg/kg; Cu – 0.07-0.65; Zn – 0.47-1.64 and macroelements: K – 22.91-55.49 mg/kg; Mg – 11.29 – 55.57mg/kg. The mean concentrations of Pb, Cu, Zn and K, Mg were significantly higher in polluted than those in control place.

4. Modelling of soil-tree system
4.1 PHYTO – DSS vs. 7 model  

Metal accumulation as a function of transpiration and bioavailable metal 

Soil solution is drawn from the root zone through the plants roots and stems to the leaves, where it is lost via transpiration. Any metal taken up in the soil solution that enters the roots will accumulate in either the roots or the shoots of the plant. High metal concentrations in the roots can result from the plant water uptake including metal migration, via mass flow, to the root surface where they are precipitated. Not surprisingly, in the above – ground portions, the highest concentrations are often found in the leaves as they are the major water sink. It is well documented that metal translocation from the roots to the shoots is driven by plant water uptake. The Phyto-DSS considers the amount of metal (M) removed by the plant is therefore proportional to the transpiration rate (T) over the given period of time (t). 
                                                                       M 
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Any water that the plant roots taken up must first pass though the surrounding soil. During this, only some fraction of the metal present in the bulk soil will be in solution. The remainder is likely to be bound to mineral particles and the organic matter in the soil. So bound it is therefore unavailable for uptake. Hence, the total amount of metal that accumulates in the plant is proportional, although not directly, to the metal concentration that is in the soil solution, rather than the total metal concentration in the bulk soil. Thus, we consider that M is a function to the metal concentration in soil solution (C).

                                                                        M 
[image: image58.wmf]µ

[C]                                                                  (4.2)

Root absorption factor

The total amount of metal that accumulates in the plant does not usually equal the accumulated product of the soil-solution concentration times the volume of water transpired by the plant. For a metal to be translocated to the aerial parts of the plant, it has to enter the root, either via the symplastic or apoplastic pathways where some active or passive filtering may occur. 


Here we define the root absorption factor (
[image: image59.wmf]f

) as a dimensionless lumped parameter that responses the root xylem/soil solution metal concentration quotient.

                                                                     
[image: image60.wmf]]

[

]

[

C

C

r

=

f

                                                                    (4.3)

where [C]r is the soluble metal concentration (mg L-1) in the root xylem and [C] is the soluble metal concentration (mg L-1) in the soil solution. 


The parameter 
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 is a simple lumped parameter intended to remove the need to measure the plethora of complex, and often poorly understood biogeochemical factors that influence the passage of components from the soil into the roots. Rhizobiological activity, root exudates, temperature, moisture, pH and the concentration of competing ions will affect
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. The issue is further complicated by the fact that 
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 could change depending on the component concentration in the soil solution. This would be particularly pronounced for essential elements such as iron, copper, zinc and manganese (Robinson et al. 2003a), (Robinson et al. 2002).
Root absorption factor and plant responses to heavy metals 


Baker (1981) divided plants species into three groups according to their above-ground metal concentrations in relation to the metal concentration in the soil. These three groups are delineated in our model using
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. For non-essential elements such as cadmium, nickel and arsenic, plants having a very low 
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 (active exclusion) are termed as being “excluders”. Most plants that occur naturally on metalliferous soils are recognised as being excluders.

Plants that have a relatively constant 
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 over a wide range of metal concentrations in soil solution are known as “indicators”. In this case, the concentration in the plant has a near linear relationship to the metal concentration in soil solution. Plants that do not occur naturally on metalliferous soils usually behave as ‘indicators’ when grown in the presence of the non-essential elements.

The third categories of plants are those who tolerate very high concentrations of metal in their aerial parts or have an active uptake mechanism for the non-essential metal (high
[image: image67.wmf]f

). These plants are known as “hyperaccumulators”.

For both excluders and hyperaccumulators, 
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 is constant over just a narrow concentration range. There can be a sudden increase in plant metal concentration at high soil-solution concentrations. At this point, the metal uptake control mechanisms break down, and metal ‘floods’ into the plant in the transpiration stream. The actual phenomenon may be an overload of the regulatory mechanism, or a break down of the plasma membrane at the apoplast/symplast interface. When this phenomenon occurs, the plants show toxicity symptoms and biomass production is reduced.

This change in 
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 over a concentration range can be modelled by adding a decay constant K
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where 
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(C) equals root adsorption factor at soil solution concentration C (mg L-1), 
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1 equals the measured root adsorption factor at concentration C1 (mg L-1) and K (0£K<1) is the decay constant (Robinson et al. 2003a), (Robinson et al. 2002).
Estimating the root absorption factor

The plant
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 specific can be approximated using the plant’s total water use, above-ground dry biomass, and the component concentration in soil solution. We assume the following relationship holds
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where 
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 equals the root absorption factor for the metal, M equals the metal component concentration in the above-ground dry biomass (mg L-1), B equals above-ground dry biomass (kg), T equals the total water use, L and C equals the concentration of metal in soil solution (mg L-1) (Robinson et al. 2003a), (Robinson et al. 2002).
Metal uptake from soil

The distribution of metals in a contaminated soil is never uniform. Urban and industrial soils are usually more heterogeneous with high metal concentrations ‘hot spots’ occurring at depth. For simplicity, our DSS considers the soil to be divided into three zones:

· a ‘contaminated’ zone where the surface soil has the maximum component concentration.

· an ‘intermediate’ zone where there is a mixing of contaminated and uncontaminated soils.
· an ‘uncontaminated’ zone where the soil is unaffected by contamination and assumed to have ‘background’ levels for the components.


Phytoextraction induced change in soil metal concentration over time
The local concentration of metal in soil solution and hence the potential amount of metal entering the plant roots, will be depth-dependent. The plant-root density also varies with depth. Most of the plant roots are near the surface and root density decreases with increasing depth. We assume potential metal uptake depends on root density.


Plant metal-uptake causes a change in soil metal concentration (mg kg-1) at depth d, and this change is calculated as:
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where: 
[image: image77.wmf]D

[M]Z - change in contaminant metal concentration (mg kg-1) at depth z, qz - bulk density of the soil (g cm-2) at depth z, t - time (days), RZ - root density fraction (root mass at depth z) / (total root mass), T - water use (L day-1), C - concentration of component in soil solution (mg L-1), 
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 - root absorption factor for the component. The component concentration in soil solution (C) needs to be measured using a consistent physical or chemical techniques such as those described in Ernst (1996). It is imperative that a consistent technique be used, as differing methods will give different values of (C) and therefore 
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 will need to be recalculated (Robinson et al. 2003a), (Robinson et al. 2002).
Limitations of the model


The model is analytically simple, yet has a rationally convenient description of the whole plant-metal uptake processes. Environmental conditions that may prohibit plant-growth, such as drought, are not considered. Root absorption factors for metal-uptake by a given species could well be different when the plant is grown in different soils. This is because at a single solution concentration, the ease with which a metal enters the plant’s symplast will be affected by the cocktail of ions that are present in soil solution, as well as other factors such as soil pH, moisture and temperature (Robinson et al. 2003), (Robinson et al. 2002).

Upon entering the root, the Phyto-DSS assumes that all the metal will be translocated to the above-ground portions of the plant. Analysis of the root material invariably shows that this assumption is not correct due to the presence of the component in the root tissue. Stephan and Scholz (1993) demonstrated that components in the aerial plant parts could be further translocated within in the phloem. Any relocation of components back to the below-ground portions via the phloem will result in an over estimation of the amount of component that is extracted (Robinson et al. 2003), (Robinson et al. 2002).

The depth-wise distribution of fine roots does not always equate with total root uptake, even for water. Roots tend to be more active when the surrounding soil is moist (Clothier and Green, 1997). The model, for simplicity and utility, considers a uniform moisture distribution in the soil. Given these shortcomings, the model may indicate a slightly shorter time for remediation than actually occurs in the field. Caution must therefore be applied, especially in a commercial sense, to not mislead clients on the necessary time for remediation (Robinson et al. 2003a), (Robinson et al. 2002).
4.2 Soil – tree modelling methodology

Simulation period was chosen from 2000 first decade to 2010 first decade. The simulated area was 1 ha. Climate issues were settled with Climate simulator (Fig.4.3) The specific to Panevėžys region monthly rainfall was entered (Fig. 4.1)  The mean annual amount of precipitation in Pavevežys ranging from 650 – 550 mm (Lithuanian hidrometeorological...2010).  
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Fig 4.1 Window of rainfall
The specific temperature, seasons and position was entered (Fig. 4.2) (Maps of word…2010).
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Fig 4.2 Window of evapotranspiration

Further, program estimated the average annual rainfall and evapotranspiration (mm) for the chosen simulation period (Figure 4.3; 4.4)
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Fig 4.3 Window of Climate Simulator

The total initial concentrations of heavy metals in the most contaminated part of the soil were chosen: 85.4 mg kg-1 for Pb, 0.5 mg kg-1 for Cd, 31.7 mg kg-1 for Cu, and 103.5 mg kg-1 for Zn. Heavy metal background values were determined – 15 mg kg-1 for Pb, 0.15 mg kg-1 for Cd, 8.1 mg kg-1 for Cu, and 26 mg kg-1 for Zn (HN 60:2004).


The most important in this model is the concentration of mobile, or bioavailable, forms of heavy metals. It was chosen mobile forms considered the most contaminated heavy metal concentrations. For Pb it was 0.24 mg L-1, 0.03 mg L-1 for Cd, 0.21 mg L-1 for Cu, and 0.93 mg L-1 for Zn.


In this study, the total and mobile metal concentrations were determined experimentally and other parameters taken from the literature. Figure 4.4 shows the initial plant response to heavy metals.
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Fig 4.4 Window of initial plant response


The soil type was chosen as sandy loam, the soil density was chosen 1.2 kg L-1. The initial moisture content was chosen 5 %. It was also considered that rainfall infiltrates – 100 % in to the soil. It was simulated 20 cm soil layer as model considers mostly surface soil layer dynamics. The maximum soil depth used in simulation is 10 cm, as it should be less than chosen soil layer depth. 


Pine tree specific issue is that it is evergreen species this influences continuing transpiration and biomass growth over the year. The lateral root distribution was considered mostly in 10 – 15 cm depth soil layer.


The root absorption factor (R.A.F) was estimated according 4.5 equation. The data such as heavy metal concentration in above biomass and dry biomass was chosen from the study. The RAF for Pb was 0.002, Cd – 0.13, Cu – 1.42, and Zn – 0.8. Constant (K) was not considered, K=0. This means that absorption of roots during the years considered being constant. 
4.3 Soil – tree system modelling results


There was no significant difference between estimated and measured total concentration in soil, except Pb concentration which was three times bigger than measured (Figure 4.5). The estimated was 80.15 mg kg-1 and determined 25.63 mg kg-1.
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Fig 4.5 The measured and estimated HMs total concentrations in the soil


Heavy metal concentration estimated and measured in pine wood is given in Figure 4.6. There were no significant differences between measured and estimated values among Cd, Cu and Zn, however determined Pb concentration was more than twenty times higher than estimated.
[image: image85.png]-

~

HM concentration i tree, mgikg

. Ml =
Pb Cd Cu Zn
[0 Determined 344*10 04/100 0.26 136
™ Estimated 16 06/100 035 238





Fig 4.6 The measured and estimated HMs total concentrations in the wood
4.4 Review of chapter 4


The Phyto-DSS is a “whole system” – type model that calculates plant growth, water flux, component (e.g. contaminant such as heavy metals or nutrients). The system requires daily climate data, as well as data on the substrate and the plants (Robinson et al. 2003b). 


The root absorption factor (R.A.F) was estimated in the study. The data such as heavy metal concentration in above biomass and dry biomass was chosen from the literature. The RAF for Pb was 0.002, Cd – 0.13, Cu – 1.42, and Zn – 0.8. Constant (K) was not considered, K=0. This means that absorption of roots during the years considered being constant. 


There were no significant difference, except for Cd, among estimated and measured heavy metal concentration in soil and wood.

Conclusions 
1. Total Pb and Cu concentrations in soil of contaminated plot were statistically (p<0.001***, n=40) higher than those at control, and indicate contamination of this plot by Pb and Cu. The concentrations for Cd, Zn and particularly for Cu and Pb were higher than the background values at contaminated plot. The total concentrations in soil of Pb and Cu (except Zn and Cd) under trees in control plot were below their environmental background values, indicating that this area received minimal atmospheric heavy metals input.

2. The mean heavy metal concentration values in pine wood arranged in the following order Pb>Zn>Cu>Cd in contaminated site and Zn>Cu>Pb>Cd in control site. Element Pb, Cu, Zn, K and Mg average concentration were statistically (p<0.05 and p<0.001) higher than in control site, in contrast Cd were statistically insignificant.
3. According to basic criteria for the selection of the species as a bioindicator are that it should be easily measured and have responses of predicting how the species respond to the stress, moreover measure the response with acceptable accuracy and precision. Pinus sylvestris L. embodies all these criteria and the study demonstrated the suitability that it can be used as a bioindicator of heavy metal pollution.
4. There was no significant difference between simulated with Phyto-DSS model and measured accumulated heavy metal values in soil and wood, except for Pb.
Recommendations

1. The results of our study demonstrated Pinus sylvestris L. sensitivity to heavy metals, accordingly to investigation data it can be recommended to develop of biogeochemical methods for environmental monitoring in industrial areas with high heavy metal level using pine wood as a bioindicator.

2. It could be recommended to use the results as preliminary information on the impact of heavy metals on the soil and pine wood, moreover, to form a baseline data for future impact assessments concerning heavy metal pollution in the studied areas.

3. The model Phyto – DSS can be recommended to use for prediction of heavy metal accumulation in tree wood and soil beneath.
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		14.2.2005		106		R-PR				14.2.2005		3.43		5.1

		15.2.2005		66		ŠR-R				15.2.2005		1.83		4.1

		16.2.2005		48		ŠR-R				16.2.2005		3.52		4.4

		17.2.2005		47		ŠR-R				17.2.2005		2.23		3.3

		18.2.2005		263		PV-V				18.2.2005		1.45		2.3

		19.2.2005		181		P-PV				19.2.2005		0.89		1.3

		20.2.2005		246		PV-V				20.2.2005		0.99		2.3

		21.2.2005		125		R-PR				21.2.2005		1.27		2.4

		22.2.2005		78		ŠR-R				22.2.2005		2.33		5.3

		23.2.2005		101		R-PR				23.2.2005		5.97		7.5

		24.2.2005		100		R-PR				24.2.2005		4.85		6.8

		25.2.2005		191		P-PV				25.2.2005		0.92		1.8

		26.2.2005		119		R-PR				26.2.2005		1.94		3.7

		27.2.2005		320		ŠV-Š				27.2.2005		1.89		3.7

		28.2.2005		325		ŠV-Š				28.2.2005		1.43		3.3

		1.3.2005		320		ŠV-Š				1.3.2005		1.38		2.8

		2.3.2005		145		PR-P				2.3.2005		1.41		3.4

		3.3.2005		143		PR-P				3.3.2005		2.02		3.7

		4.3.2005		154		PR-P				4.3.2005		1.32		2.2

		Interval averages								Interval averages

		0011 - Panevezys_SANOA - WD(deg)								0011 - Panevezys_SANOA - WV(m/s)

		Interval: 24h Criterion: 0.66								Interval: 24h Criterion: 0.66

				24:00:00								24:00:00		Max

		3.6.2005		223		P-PV				3.6.2005		0.81		1.7

		4.6.2005		189		P-PV				4.6.2005		1.81		3.7

		5.6.2005		247		PV-V				5.6.2005		1.45		3.6

		6.6.2005		258		PV-V				6.6.2005		1.14		2.8

		7.6.2005		172		PR-P				7.6.2005		0.96		1.9

		8.6.2005		330		ŠV-Š				8.6.2005		2.56		4.5

		9.6.2005		236		PV-V				9.6.2005		1.91		3.4

		10.6.2005		207		P-PV				10.6.2005		0.7		1.4

		11.6.2005		154		PR-P				11.6.2005				2.3

		12.6.2005								12.6.2005

		13.6.2005		223		P-PV				13.6.2005		0.74		1.6

		14.6.2005		137		PR-P				14.6.2005		0.5		1.6

		15.6.2005		105		R-PR				15.6.2005		1.08		2.7

		16.6.2005		245		PV-V				16.6.2005		1.04		2.4

		17.6.2005		214		P-PV				17.6.2005		0.81		2.1

		18.6.2005		264		PV-V				18.6.2005		2		4.4

		19.6.2005		289		V-ŠV				19.6.2005		2.45		4.2

		20.6.2005		173		PR-P				20.6.2005		2.2		3.9

		21.6.2005		171		PR-P				21.6.2005		1.56		3.4

		22.6.2005		118		R-PR				22.6.2005		0.55		1.7

		23.6.2005								23.6.2005				1.8

		24.6.2005		259		PV-V				24.6.2005		1.21		2.2

		25.6.2005		233		PV-V				25.6.2005		1.16		3.3

		26.6.2005		304		V-ŠV				26.6.2005		2.57		4

		27.6.2005		267		PV-V				27.6.2005		1.42		2.7

		28.6.2005		269		PV-V				28.6.2005		1.56		3.6

		29.6.2005		276		V-ŠV				29.6.2005		1.38		3.8

		30.6.2005		304		V-ŠV				30.6.2005		1.4		2.5





Pan_0.5h

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		14.10.2004		128		116		123		126		137		143		139		132		124		128		127		128		127		121		130		125		129		138		136		144		141		151		148		159		161		151		157		163		146		138		144		130		136		128		120		112		119		129		130		133		137		130		125		119		122		131		130		128		163

		15.10.2004		133		126		133		132		135		131		129		121		136		129		123		120		124		121		120		121		121		125		123		128		137		144		148		144		139		141		141		135		148		144		139		145		137		139		141		126		117		116		119		122		118		123		119		125		117		119		128		118		148

		16.10.2004		118		115		111		114		115		114		117		114		121		114		113		120		123		124		124		125		132		132		139		132		136		138		145		137		138		130		139		131		128		139		128		115		118		112		117		120		113		135		126		137		138		143		136		132		120		119		124		134		145

		17.10.2004		134		129		115		108		107		108		112		108		107		106		108		109		103		107		102		103		105		112		113		115		113		113		114		119		117		134		140		144		146		146		157		169		172		167		168		169		166		165		164		155		160		153		149		142		142		145		146		140		172

		18.10.2004		138		131		130		137		117		107		105		108		107		110		113		99		98		98		108		0		96		248		233		212		203		218		221		15		134		202		196		190		189		184		191		190		180		268		178		200		189		183		179		178		181		162		158		164		159		161		160		165		268

		19.10.2004		160		165		173		170		171		173		177		165		171		177		178		179		182		182		177		172		175		182		168		177		166		165		180		180		168		183		199		225		266		301		294		287		319		317		321		323		314		326		321		324		335		333		327		325		323		328		315		321		335

		20.10.2004		322		321		322		326		328		327		325		321		326		334		335		348		333		336		328		320		326		328		320		320		330		335		323		325		331		339		329		348		341		332		340		329		334		332		315		324		297		335		316		319		315		320		334		332		351		346		351		31		351

		21.10.2004		78		122		115		90		103		95		126		121		104		105		118		122		132		131		130		156		141		149		157		153		154		160		154		161		165		165		166		160		156		157		150		145		138		151		150		152		152		151		150		151		150		152		155		149		163		159		159		161		166

		22.10.2004		164		167		162		167		167		174		179		179		181		184		183		193		196		197		198		227		231		218		195		201		199		183		193		198		211		183		199		199		192		179		182		182		188		180		181		182		176		175		181		180		179		180		190		189		182		185		193		192		231

		23.10.2004		195		191		188		194		184		185		192		187		188		173		172		171		173		167		179		182		183		184		186		185		186		188		188		191		193		202		199		190		197		205		207		213		219		205		212		212		207		194		198		206		202		184		205		213		219		230		237		221		237

		24.10.2004		223		225		230		226		226		224		230		229		227		225		221		234		218		208		210		214		203		207		210		222		226		219		219		226		227		243		242		240		233		245		252		250		246		237		245		247		233		243		229		207		189		209		214		229		225		230		235		223		252

		25.10.2004		222		217		237		228		229		235		231		239		239		222		251		228		249		208		198		216		217		300		4		18		21		98		121		166		168		165		160		151		135		142		145		146		152		147		145		145		154		155		147		165		169		189		182		188		193		211		202		203		300

		26.10.2004		193		199		181		206		185		181		186		182		164		176		173		172		176		170		182		180		171		179		188		182		207		216		199		187		203		223		222		229		211		214		213		205		201		209		205		214		238		226		220		223		232		207		192		194		210		193		187		192		238

		27.10.2004		177		189		184		178		182		184		189		191		202		184		201		190		193		203		208		197		185		208		188		197		183		170		185		224		240		281		310		338		330		331		331		328		322		328		330		328		316		316		309		285		261		252		253		243		248		246		256		266		338

		28.10.2004		269		236		243		244		243		253		249		241		276		261		238		261		258		245		263		263		341		340		63		20		4		90		112		122		128		124		108		92		104		103		129		102		174		144		66		90		91		97		95		81		92		102		107		114		109		112		105		111		341

		29.10.2004		118		119		95		96		107		109		114		105		110		106		109		114		117		123		139		148		149		157		163		152		164		162		162		166		161		165		169		171		171		168		186		175		108		103		110		97		0		107		0		0		8		15		11		21		37		40		25		33		186

		30.10.2004		36		42		38		43		38		38		54		65		67		51		61		53		67		68		65		64		68		69		71		80		66		74		66		77		68		71		71		75		73		74		66		80		78		82		77		87		74		94		83		83		85		88		77		88		92		93		99		85		99

		31.10.2004		108		100		109		112		121		146		182		223		220		215		225		226		228		231		275		291		286		293		290		292		303		301		307		304		300		292		297		286		299		294		300		317		297		308		277		255		248		235		250		267		271		286		272		278		248		249		244		257		317

		1.11.2004		251		247		237		242		233		245		287		254		240		236		244		244		239		232		251		279		292		292		283		289		282		264		256		234		218		221		239		241		229		231		220		217		219		206		227		222		224		221		224		220		224		229		236		246		252		256		250		246		292

		2.11.2004		252		266		265		278		272		298		310		313		328		337		344		339		334		322		324		308		319		317		316		313		314		319		323		317		326		356		330		351		325		321		317		354		335		321		316		290		300		273		0		0		0		0		264		267		240		0		0		225		356

		3.11.2004		233		0		227		232		234		23		240		233		235		167		194		219		224		143		147		139		150		132		149		188		213		208		212		219		206		217		196		194		196		194		193		193		198		167		161		160		159		157		137		146		142		140		153		163		164		170		166		157		240

		4.11.2004		155		168		164		160		159		158		156		144		145		137		135		139		146		145		141		146		157		165		166		184		168		181		178		182		182		193		181		184		185		185		180		188		188		182		190		184		181		177		167		180		174		169		176		178		181		182		177		185		193

		5.11.2004		185		171		172		175		172		180		179		183		184		202		200		195		198		197		206		205		192		184		188		186		185		184		184		187		184		191		185		180		182		187		187		185		202		229		203		193		188		182		180		197		180		179		178		189		190		209		201		198		229

		6.11.2004		192		191		199		197		197		185		196		196		194		197		190		207		203		204		202		198		211		205		210		210		216		210		213		222		203		211		209		202		214		214		229		210		185		199		199		187		198		199		197		181		185		196		198		179		188		196		193		187		229

		7.11.2004		178		174		165		141		139		128		137		122		0		118		126		109		135		112		109		87		106		151		79		81		120		78		108		22		93		50		140		130		89		81		117		128		114		129		328		331		332		352		3		356		48		344		112		0		76		111		0		0		356

		8.11.2004		0		123		110		131		109		86		175		139		146		109		67		110		117		80		120		92		120		125		152		179		133		61		83		100		102		94		62		124		105		112		76		70		72		87		89		95		78		64		72		76		69		95		99		104		106		85		88		115		179

		9.11.2004		108		97		104		102		98		88		95		77		89		96		97		95		91		78		86		88		80		74		84		90		92		84		90		90		79		86		79		75		73		84		89		78		83		82		79		84		88		97		102		101		103		95		95		101		109		101		106		109		109

		10.11.2004		107		115		117		116		115		120		124		116		115		118		117		115		122		115		116		121		125		138		136		133		134		137		140		144		146		140		147		145		146		132		132		129		128		118		119		110		119		118		138		121		112		133		129		125		121		116		118		111		147

		11.11.2004		109		107		108		101		109		118		106		112		108		115		118		124		136		131		119		119		117		114		112		114		120		141		140		141		139		139		140		138		148		151		140		154		165		165		164		157		151		146		152		164		167		169		171		175		177		171		173		177		177

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		4.2.2005		120		155		150		138		115		176		124		97		172		128		86		117		145		157		148		161		174		159		154		181		133		124		154		174		146		151		173		175		141		150		153		150		157		137		152		114		150		155		159		154		157		156		153		152		160		148		165		183		183

		5.2.2005		181		186		187		179		183		164		170		186		184		181		181		185		173		185		192		178		178		173		180		174		176		170		170		172		181		180		180		182		176		176		178		178		196		182		177		179		181		181		181		189		187		187		183		180		180		193		182		186		196

		6.2.2005		179		177		176		183		172		184		174		189		191		183		180		188		195		186		187		188		196		194		192		184		178		178		176		158		177		181		171		176		167		171		170		175		176		184		175		157		149		153		166		162		176		186		180		188		188		184		183		182		196

		7.2.2005		185		190		191		189		186		188		180		175		178		159		162		177		179		185		189		189		196		186		185		174		175		169		172		161		173		185		166		176		195		176		168		178		175		181		179		170		176		153		150		153		158		158		164		150		144		165		183		189		196

		8.2.2005		179		184		192		182		179		185		183		144		179		182		185		168		146		146		152		150		154		177		172		168		167		166		159		176		158		170		167		178		148		155		173		170		185		166		152		145		149		149		151		150		147		147		140		145		148		150		153		151		192

		9.2.2005		147		158		156		142		151		159		148		143		144		151		144		145		144		144		147		150		147		149		156		175		171		178		178		173		164		168		164		177		173		174		164		180		155		157		148		148		147		146		150		156		153		149		156		186		185		187		184		171		187

		10.2.2005		152		161		172		171		156		174		179		178		179		179		185		181		181		171		173		180		175		184		178		174		179		178		182		181		181		177		187		181		184		177		180		185		187		187		183		180		183		182		177		176		182		173		175		184		190		187		191		185		191

		11.2.2005		186		189		190		191		193		194		196		192		192		186		192		193		192		196		200		192		196		200		197		193		202		211		207		216		234		242		255		249		254		257		245		238		254		244		245		255		255		247		247		241		259		262		259		259		245		242		243		234		262

		12.2.2005		232		245		243		227		238		247		248		242		248		247		249		253		246		252		252		247		253		247		251		230		211		196		200		202		182		175		176		180		182		189		185		188		174		188		183		186		183		152		147		154		150		151		147		145		141		140		143		141		253

		13.2.2005		144		146		138		138		146		141		135		138		141		140		141		144		149		147		145		148		150		147		145		149		147		147		148		144				148		149		150		148		149		140		142		144		141		146		141		145		148		149		143		143		143		144		136		139		139		138		137		150

		14.2.2005		132		140		140		138		140		128		127		133		125		119		116		112		113		111		110		112		110		102		103		101		107		101		98		100		101		102		104		104		98		101		84		80		108		89		84		92		104		99		101		103		100		97		92		89		78		96		102		81		140

		15.2.2005		52		69		97		91		49		93		97		82		57		96		88		54		69		78		99		96		85		15		29		39		42		71		102		91		74		87		80		104		120		61		30		40		18		18		52		71		71		59		54		55		51		45		38		37		41		56		72		72		120

		16.2.2005		53		37		50		59		44		32		31		34		26		25		36		36		36		39		41		47		48		56		59		55		50		56		56		44		49		46		40		42		43		43		39		36		39		42		48		54		61		54		59		62		59		56		56		61		64		65		68		72		72

		17.2.2005		78		61		57		62		62		57		54		55		52		59		42		46		35		36		37		40		55		51		49		41		44		54		56		41		48		35		39		44		41		46		33		35		36		24		20		30		27		19		9		14		11		21		28		34		38		35		10		359		359

		18.2.2005		6		16		18		19		1		353		344		349		359		8		357		355		1		354		354		350		359		358		345		344		349		337		345		345		339		336		339		333		347		359		353		1		355		2		353		353		333		292		298		310		96		270		262		267		260		249		247		227		359

		19.2.2005		187		169		184		169		167		169		164		168		175		192		176		175		179		159		156		161		172		181		173		175		173		157		169		181		193		249		247		241		210		199		177		161		182		162		154		148		142		153		153		184		230		246		212		0		183		199		254		267		267

		20.2.2005		223		247		0		259		246		253		253		239		255		257		253		249		284		284		0		306		334		345		350		343		336		340		341		345		314		320		320		355		339		333		331		338		355		357		11		4		1		353		341		345		344		351		54		57		72		70		57		37		357

		21.2.2005		36		34		40		30		19		11		33		37		33		20		348		345		346		351		357		2		10		349		16		30		21		17		19		337		337		334		336		338		335		340		359		30		64		68		58		45		32		33		51		50		52		49		34		47		32		34		45		52		359

		22.2.2005		49		39		42		47		40		30		11		347		352		15		36		52		39		47		45		48		71		40		49		68		80		59		76		93		97		90		89		103		69		59		64		59		58		60		69		70		78		73		77		76		79		82		95		101		103		99		102		102		352

		23.2.2005		99		97		101		102		97		102		101		99		100		97		101		99		98		97		99		96		101		99		102		100		101		101		102		102		101		98		103		102		103		101		103		101		103		102		102		100		102		101		102		103		101		102		100		100		100		101		102		99		103

		24.2.2005		100		101		102		101		101		102		103		101		101		101		101		103		100		103		103		102		100		98		102		98		99		102		98		96		101		104		103		78		69		93		99		101		104		101		77		99		104		101		104		101		101		103		101		107		104		108		103		104		108

		25.2.2005		79		103		115		133		148		119		106		104		106		105		110		105		96		101		107		107		114		129		138		146		151		158		151		174		174		156		217		183		161		169		170		184		175		199		340		281		345		352		359		1		359		350		342		348		350		345		340		343		359

		26.2.2005		356		347		350		346		359		338		359		2		354		359		3		355		11		24		36		19		27		25		22		36		32		29		30		37		32		37		41		44		38		27		29		11		18		16		15		1		355		1		21		22		27		32		32		24		20		347		341		346		359

		27.2.2005		337		349		344		344		351		350		349		343		345		346		345		349		351		350		349		352		356		350		346		3		337		360		347		358		353		351		356		3		7		357		355		348		354		357		4		359		352		343		350		343		348		347		345		345		349		347		347		344		360

		28.2.2005		349		350		349		344		345		357		345		359		350		350		348		348		8		347		340		330		341		343		28		342		343		345		346		346		339		338		342		345		341		344		337		314		311		300		323		315		342		347		332		329		337		341		301		338		334		338		339		333		359

		1.3.2005		343		343		352		347		1		6		357		356		345		356		343		354		350		343		355		349		346		353		354		340		336		341		341		344		348		347		357		354		352		344		345		344		346		352		345		340		302		304		290		282		300		318		286		253		271		317		345		250		357

		2.3.2005		252		289		244		235		190		238		240		0		197		215		210		103		197		118		163		146		163		147		156		155		159		163		153		132		131		151		132		107		118		142		123		138		122		133		116		101		92		80		88		104		105		100		98		98		100		99		100		98		289

		3.3.2005		97		99		99		102		101		99		99		100		99		100		105		110		105		109		111		108		114		132		136		128		141		141		127		127		128		131		134		162		182		181		190		194		182		192		186		190		192		189		181		184		176		173		170		172		179		165		163		177		194

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		3.6.2005		162		165		186		245		241		264		273		254		265		218		231		244		250		251		248		274		268		255		257		245		247		248		221		262		249		209		201		252		213		214		187		184		186		176		188		219		193		192		199		190		188		187		178		254		247		253		201		180		274

		4.6.2005		147		161		176		187		180		177		185		180		186		174		176		179		167		178		179		173		174		173		158		185		180		186		185		184		186		186		175		184		186		182		174		179		189		185		181		182		177		182		165		281		302		283		297		315		156		158		168		187		315

		5.6.2005		177		195		277		284		274		260		261		253		260		251		254		245		240		195		210		211		193		187		196		212		259		259		251		240		258		264		269		270		272		271		272		270		274		268		275		276		272		273		267		274		258		250		237		246		261		200		223		219		284

		6.6.2005		249		267		265		246		262		261		262		249		259		237		251		243		258		258		252		244		230		247		217		241		261		204		249		235		289		290		295		284		288		281		274		261		245		209		216		254		262		270		264		265		270		265		273		273		268		268		278		284		295

		7.6.2005		261		265		280		292		301		294		300		322		337		12		0		284		294		305		346		14		335		2		344		310		289		346		7		1		3		9		22		17		48		12		11		13		14		4		11		27		8		21		20		359		358		355		353		0		341		0		344		344		359

		8.6.2005		350		348		347		351		339		333		337		337		339		336		334		339		346		340		343		342		334		342		346		342		342		334		346		343		349		345		350		353		343		340		348		352		355		1		2		352		352		348		343		345		346		345		348		347		346		348		347		352		355

		9.6.2005		349		348		344		348		356		1		353		4		1		353		346		347		347		355		353		348		359		9		6		12		16		29		14		33		14		357		12		16		342		348		339		358		355		336		354		345		343		348		346		350		342		356		351		346		350		1		0		7		359

		10.6.2005		359		357		347		349		352		355		352		350		358		0		0		33		17		356		358		18		24		57		42		337		347		59		281		329		318		259		166		164		166		219		222		143		131		185		218		199		194		139		153		235		290		344		3		8		35		354		187		158		359

		11.6.2005		129		154		34		0		120		0		0		65		84		99		0		66		145		153		1		103		74		39		54		63		90		4		101		96		99		76		66		69																																										154

		12.6.2005

		13.6.2005																286		259		256		266		270		277		259		274		282		279		298		296		314		307		291		286		287		285		280		225		315		222		246		129		250		266		257		253		279		259		332		17		30		337		349		20		0		0		0		0		0		349

		14.6.2005		0		0		0		0		0		351		342		26		0		0		0		0		0		192		169		148		144		150		126		65		169		215		244		358		305		172		332		37		319		339		55		350		282		291		270		302		343		10		358		17		31		24		19		9		0		0		0		0		358

		15.6.2005		0		0		19		13		22		29		5		310		290		0		0		19		19		37		12		28		23		44		3		340		13		64		41		61		360		313		334		354		358		13		17		15		3		27		1		29		26		360		355		359		7		9		6		4		354		353		1		8		360

		16.6.2005		352		334		349		357		351		351		351		353		347		352		360		348		352		6		0		354		360		29		340		352		349		349		338		333		346		347		343		10		24		38		24		6		29		56		28		339		340		343		344		355		350		1		6		3		347		356		358		4		360

		17.6.2005		4		54		66		18		357		349		349		350		0		8		0		0		0		0		0		265		268		265		268		247		278		278		284		294		292		270		281		274		280		276		268		266		258		254		270		257		246		195		257		263		246		253		254		251		250		255		273		287		357

		18.6.2005		285		279		290		281		274		285		266		263		256		288		348		348		329		316		346		355		356		346		350		338		355		360		359		3		358		8		49		28		351		349		356		0		356		358		358		352		13		26		4		347		356		355		6		6		342		344		347		342		360

		19.6.2005		339		342		345		349		347		347		339		340		333		340		342		344		346		354		352		344		343		349		346		323		328		332		342		339		336		342		343		343		351		357		349		346		354		356		4		356		353		357		355		23		14		2		5		0		21		4		350		350		357

		20.6.2005		355		7		16		15		6		8		8		13		13		9		358		358		359		353		5		7		11		21		18		11		4		2		14		8		3		1		3		12		15		11		349		347		343		353		358		347		351		347		352		357		350		345		346		345		341		341		347		342		359

		21.6.2005		339		352		352		351		5		25		352		345		351		346		5		15		357		358		352		345		348		349		10		18		29		13		16		15		357		13		3		12		6		360		3		5		358		18		2		339		1		7		10		11		1		342		337		344		327		323		0		0		360

		22.6.2005		0		0		0		0		0		0		0		0		0		0		0		0		0		35		90		207		178		203		209		217		227		199		166		160		214		176		231		265		172		200		251		243		263																																265

		23.6.2005																																								94		284		250		274		256		272		278		266		270		253		258		257		268		251		256		275		231		226		219		208		271		295		296		308		313		309		307		300		277		313

		24.6.2005		279		263		274		268		256		254		264		262		260		265		255		261		259		255		249		262		233		231		237		253		257		244		249		257		259		259		265		261		247		251		253		248		250		272		265		268		269		263		272		266		271		266		262		254		258		262		263		266		279

		25.6.2005		266		267		264		258		260		267		257		259		259		251		262		197		199		218		202		238		219		197		197		206		211		199		246		256		248		256		247		252		244		259		263		252		220		242		243		258		254		243		249		259		244		253		237		204		227		342		9		20		342

		26.6.2005		358		353		360		359		354		353		2		356		353		359		355		352		358		350		351		350		1		3		358		351		353		356		351		346		354		353		354		344		348		339		345		360		7		357		354		343		1		343		338		341		294		286		281		269		267		275						360

		27.6.2005		288		299		339		296		293		301		305		272		285		287		270		259		258		261		252		247		259		248		260		256		273		266		231		255		252		259		247		240		258		244		258		243		254		254		254		240		269		265		271		267		272		270		268		263		277		271		273		264		339

		28.6.2005		266		244		230		222		236		256		257		264		264		262		261		268		254		255		263		261		267		266		269		270		264		284		277		301		289		287		295		313		310		309		311		278		281		284		288		333		12		0		291		269		266		265		263		307		352		352		350		337		352

		29.6.2005		332		316		303		276		276		254		262		267		260		262		260		165		173		186		171		183		184		188		243		254		181		188		189		251		246		234		285		337		349		340		339		338		338		330		320		339		338		314		319		332		321		302		308		318		342		314		314		309		349

		30.6.2005		307		322		292		263		279		274		286		281		291		301		302		310		322		309		341		351		358		347		349		347		8		359		347		7		354		351		349		356		348		350		345		351		350		343		5		333		350		336		349		352		354		357		356		344		350		322		340		16		359





Ked_24 h

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				Vidurkis 24 val						24:00:00		Max

		14.10.2004		107		R-PR		14.10.2004		1.59		3.3

		15.10.2004		108		R-PR		15.10.2004		2.17		3.1

		16.10.2004		110		R-PR		16.10.2004		1.69		2.2

		17.10.2004		100		R-PR		17.10.2004		2.06		4.4

		18.10.2004		141		PR-P		18.10.2004		0.57		1.4

		19.10.2004		209		P-PV		19.10.2004		0.57		1.5

		20.10.2004		304		V-ŠV		20.10.2004		0.51		1

		21.10.2004		109		R-PR		21.10.2004		1.23		2.5

		22.10.2004		201		P-PV		22.10.2004		0.64		1.2

		23.10.2004		223		P-PV		23.10.2004		1.34		2.5

		24.10.2004		233		PV-V		24.10.2004		1.28		2.2

		25.10.2004		193		P-PV		25.10.2004		0.85		1.5

		26.10.2004		219		P-PV		26.10.2004		0.63		1.8

		27.10.2004		233		PV-V		27.10.2004		0.47		1.3

		28.10.2004		161		PR-P		28.10.2004		1.32		4

		29.10.2004						29.10.2004				2.7

		30.10.2004						30.10.2004				2.7

		31.10.2004						31.10.2004				3

		1.11.2004		239		PV-V		1.11.2004		0.9		1.7

		2.11.2004		263		PV-V		2.11.2004		0.57		1.7

		3.11.2004		158		PR-P		3.11.2004		0.45		1.1

		4.11.2004		146		PR-P		4.11.2004		0.51		1.2

		5.11.2004		222		P-PV		5.11.2004		0.91		2.5

		6.11.2004		231		PV-V		6.11.2004		1.95		3.4

		7.11.2004		177		PR-P		7.11.2004		0.44		0.9

		8.11.2004		213		P-PV		8.11.2004		0.71		2.4

		9.11.2004		114		R-PR		9.11.2004		2.31		3.4

		10.11.2004		112		R-PR		10.11.2004		1.41		2.8

		11.11.2004		113		R-PR		11.11.2004		1.14		2.6

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				24:00:00						24:00:00		Max

		4.2.2005		129		R-PR		4.2.2005		0.81		1.7

		5.2.2005		127		R-PR		5.2.2005		0.59		1

		6.2.2005		136		PR-P		6.2.2005		0.73		1.2

		7.2.2005		132		R-PR		7.2.2005		0.72		1.1

		8.2.2005		120		R-PR		8.2.2005		0.84		1.2

		9.2.2005		122		R-PR		9.2.2005		0.96		1.4

		10.2.2005		116		R-PR		10.2.2005		1.19		2

		11.2.2005		217		P-PV		11.2.2005		1.37		2.6

		12.2.2005		173		PR-P		12.2.2005		1.43		3.3

		13.2.2005		121		R-PR		13.2.2005		3.4		4.2

		14.2.2005		125		R-PR		14.2.2005		1.86		4

		15.2.2005		176		PR-P		15.2.2005		0.52		2

		16.2.2005		281		V-ŠV		16.2.2005		0.74		1.6

		17.2.2005		313		V-ŠV		17.2.2005		1.03		1.9

		18.2.2005		309		V-ŠV		18.2.2005		0.98		1.8

		19.2.2005		168		PR-P		19.2.2005		0.48		1.1

		20.2.2005		256		PV-V		20.2.2005		0.52		1

		21.2.2005		313		V-ŠV		21.2.2005		0.88		1.9

		22.2.2005		184		P-PV		22.2.2005		1.18		2.8

		23.2.2005		115		R-PR		23.2.2005		2.67		3.7

		24.2.2005		116		R-PR		24.2.2005		2.26		3.4

		25.2.2005		171		PR-P		25.2.2005		0.49		1.3

		26.2.2005		291		V-ŠV		26.2.2005		1.31		2.7

		27.2.2005		328		ŠV-Š		27.2.2005		1.59		2.7

		28.2.2005		257		PV-V		28.2.2005		0.97		2.1

		1.3.2005		253		PV-V		1.3.2005		0.51		1.1

		2.3.2005		130		R-PR		2.3.2005		1.22		2.4

		3.3.2005		120		R-PR		3.3.2005		1.07		2.3

		4.3.2005		128		R-PR		4.3.2005		0.75		1.3

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				24:00:00						24:00:00		Max

		3.6.2005		203		P-PV		3.6.2005		0.87		1.63

		4.6.2005		149		PR-P		4.6.2005		1.08		1.97

		5.6.2005		225		P-PV		5.6.2005		1.04		2.38

		6.6.2005		215		P-PV		6.6.2005		0.77		2.15

		7.6.2005		236		PV-V		7.6.2005		0.48		1.13

		8.6.2005		263		PV-V		8.6.2005		1.01		1.47

		9.6.2005		256		PV-V		9.6.2005		0.8		1.33

		10.6.2005		205		P-PV		10.6.2005		0.51		1.2

		11.6.2005		215		P-PV		11.6.2005		0.63		1.66

		12.6.2005		208		P-PV		12.6.2005		0.84		2.15

		13.6.2005		192		P-PV		13.6.2005		0.62		1.34

		14.6.2005		169		PR-P		14.6.2005		0.53		1.59

		15.6.2005		210		P-PV		15.6.2005		0.59		1.5

		16.6.2005		242		PV-V		16.6.2005		0.45		1.46

		17.6.2005		229		PV-V		17.6.2005		0.69		1.85

		18.6.2005		252		PV-V		18.6.2005		0.89		1.75

		19.6.2005		256		PV-V		19.6.2005		0.96		1.89

		20.6.2005		256		PV-V		20.6.2005		0.87		1.38

		21.6.2005		235		PV-V		21.6.2005		0.71		1.78

		22.6.2005		203		P-PV		22.6.2005		0.9		2.39

		23.6.2005		221		P-PV		23.6.2005		0.79		1.58

		24.6.2005		232		PV-V		24.6.2005		1.23		1.97

		25.6.2005		225		P-PV		25.6.2005		1.22		2.52

		26.6.2005		250		PV-V		26.6.2005		0.92		1.5

		27.6.2005		230		PV-V		27.6.2005		1.28		2.27

		28.6.2005		216		P-PV		28.6.2005		1.21		2.81

		29.6.2005		209		P-PV		29.6.2005		0.88		2.05

		30.6.2005		236		PV-V		30.6.2005		0.53		1.02





Ked_0.5 h

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		14.10.2004		105		102		106		101		101		100		104		104		100		109		110		107		107		104		105		103		106		110		106		111		116		114		107		105		103		103		106		108		113		106		111		111		101		105		107		104		109		108		106		109		114		118		110		111		102		103		104		101		118

		15.10.2004		101		105		109		103		106		106		105		104		102		110		108		107		108		109		104		110		106		109		110		111		109		111		117		109		112		103		117		117		109		111		116		104		112		107		106		104		105		115		104		113		112		117		113		103		108		108		104		108		117

		16.10.2004		107		112		111		107		110		111		108		110		112		110		112		102		109		113		113		115		109		119		119		108		110		111		112		109		113		114		122		111		111		111		111		108		115		110		104		106		105		107		106		106		110		104		106		107		110		110		117		107		122

		17.10.2004		107		110		112		108		109		106		108		106		109		108		111		108		109		110		112		107		106		110		109		109		108		102		112		112		111		91		89		88		83		86		89		80		86		87		80		69		53		56		104		90		110		90		112		100		97		114		110		116		116

		18.10.2004		114		113		116		110		110		109		109		106		107		107		106		105		105		106		111		110		119		115		120		113		115		117		244		243		241		225		161		140		116		157						231		236		243		238		148		233		178		145		109		100		108		106		100		107		92		121		244

		19.10.2004		111		127		135		169		166		127		242		245		248		239		242		178		231		236		208		109		118		119		142		118		107		122		245		233		236		237		229		233		228		236		231		187		237		243		252		222		228		217		219		200		1		317		305		315		321		293		310		320		321

		20.10.2004		324		300		12		323		33		355		320		313		307		318		292		337		272		342		306		304		298		322		302		327		323		314		315		305		318		313		307		305		318		326		321		323		322		324		311		320		331		323		322		285		323		326		325		325		321		320		327		297		355

		21.10.2004		124		127		115		121		109		117		106		101		108		109		113		102		107		106		107		107		107		114		100		111		115		111		109		115		115		113		111		115		115		112		120		117		117		115		107		112		116		116		117		111		100		100		101		88		75		101		83		74		127

		22.10.2004		99		93		82		108		107		124		146		236		211		247		239		228		234		219		230		245		228		237		237		232		235		233		245		230		234		240		236		222		138		231		239		122		238		232		122		107		136		187		130		217		213		238		250		234		242		241		239		246		250

		23.10.2004		248		229		244		235		241		238		231		224		109		133		147		141		135		190		209		235		219		234		242		243		240		244		245		239		236		236		230		232		231		240		235		231		231		236		234		237		236		235		231		234		233		238		235		227		234		229		231		229		248

		24.10.2004		242		230		235		235		244		238		232		229		229		232		228		224		229		225		232		233		229		226		230		235		235		238		225		233		233		247		237		231		228		234		253		237		250		238		235		242		226		220		221		238		242		226		233		224		228		222		228		231		253

		25.10.2004		234		230		236		233		242		252		231		238		239		230		242		242		231		222		229		230		227		234		121		254		240		236		140		110		99		113		108		119		116		111		113		116		111		117		117		110		99		150		230		241		240		239		237		231		231		226		230		230		254

		26.10.2004		231		233		232		232		231		234		117		129		150		217		226		236		193		126		167		232		217		201		236		241		238		241		241		239		236		234		242		237		236		236		232		239		237		237		229		224		219		227		223		238		236		241		234		228		214		226		138		245		245

		27.10.2004		233		240		225		232		242		243		138		119		112		220		238		244		231		231		238		220		156		120		130		150		109		131		216		240		127		121		328		328		325		322		328		322		327		330		308		320		326		324		324		316		268		20		240		244		242		237		252		230		330

		28.10.2004		234		238		266		248		242		238		253		204		240		235		236		244		257		239		158		244		249		242		251		123		115		114		118		112		116		113		114		115		108		110		107		109		104		114		110		110		110		110		113		111		113		108		105		105		108		112		114		109		266

		29.10.2004		109		110		112		109		111		105		107		119		107		109		121		121		120		125		112		103		90		107		106		96		104		106		109		117		104		123		114		120																																										125

		30.10.2004		269		311		329		301		299		195		105		130		112		316		354		160		111		116		128		116		116		113		113		111		110		114		116		110		115		117		115		112																																										354

		31.10.2004		111		153		218		230		235						238		236		229		230		240		237		234		240		229		228		234		261		18		20		17		7		18		20		10		3		8		20		347		20		21																																		347

		1.11.2004		251		248		257		240		234		237		240		263		351		251		241		235		239		240		231		231		225		231		237		256		290		308		22		349		237		237		236		238		236		229		230		228		237		229		230		235		228		227		237		234		234		234		232		229		239		231		224		233		351

		2.11.2004		238		232		258		257		282		305		259		320		3		26		279		15		327		327		320		327		324		324		330		325		327		328		326		324		318		324		322		327		321		326		327		326		330		308		331		289		0		248		258		266		241		259		149		217		237		136		190		207		331

		3.11.2004		186		237		227		243		233		134		127		124		156		240		247		255		118		239		233		171		144		111		128		124		116		129		230		218		121		146		124		147		219		204		169		141		236		135		108		107		113		112		115		105		109		118		124		116		109		111		115		118		255

		4.11.2004		104		112		110		116		115		122		114		108		116		115		115		113		112		112		106		107		104		107		173		194		109		139		165		162		216		243		232		184		169		239		155		169		130		122		150		239		121		124		104		119		147		195		230		242		151		124		119		121		243

		5.11.2004		128		206		221		114		135		227		117		219		233		238		233		232		236		234		228		233		224		230		234		232		233		239		233		231		236		230		235		224		232		238		228		239		232		226		240		252		221		226		217		237		224		244		208		234		236		231		229		231		252

		6.11.2004		230		229		231		238		235		229		234		239		235		238		234		240		233		238		237		236		236		241		235		235		240		239		234		234		234		238		234		237		236		233		237		237		232		234		235		237		236		226		241		243		244		231		240		235		239		247		119		115		247

		7.11.2004		178		106		109		117		115		126		133		130		106		120		122		114		135		130		124		139		145		148		217		340		331		327		324		321		330		328		68		112		117		120		119		119		23		104		127		321		330		327		324		322		315		119		132		116		120		116		115		126		340

		8.11.2004		114		122		329		324		319		318		323		320		325		330		329		325		321		325		321		321		326		329		140		318		325		104		122		130		135		330		115		124		124		130		117		121		116		330		329		329		87		123		117		113		112		112		111		112		113		117		115		113		330

		9.11.2004		111		117		112		117		111		115		114		115		115		117		116		121		114		114		114		117		114		112		117		117		119		117		121		115		114		116		114		116		117		115		112		118		111		109		114		116		117		113		112		113		116		110		113		110		113		114		113		106		121

		10.11.2004		113		110		104		109		117		111		111		111		117		115		113		113		111		111		114		110		109		108		118		112		123		125		118		124		119		123		112		113		109		113		122		112		113		111				111		111		109		110		112		110		111		105		108		106		108		104		108		125

		11.11.2004		111		108		107		107		111		107		103		106		109		107		108		109		106		113		116		111		115		111		110		111		109		110		111		117		122		121		124		125		117		115		103		110		91		76		114		106		109		118		91		108		105		111		110		112		111		113		134		237		237

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		4.2.2005		113		117		113		111		116		128		134		144		122		116		117		124		124		125		117		126		113		119		120		126		118		113		119		113		118		121		119		118		117		132		129		121		78		124		133		297		345		122		120		117		114		113		119		116		119		115		166		123		345

		5.2.2005		120		111		118		246		219		229		147		188		132		127		110		134		121		98		107		103		105		107		99		178		111		142		137		101		114		103		104		108		112		96		84		79		63		239		153		110		112		115		117		121		109		112		123		120		124		120		123		124		246

		6.2.2005		124		126		124		123		122		125		118		117		131		237		196		199		128		118		135		137		133		125		124		136		198		244		236		130		127		122		122		120		122		133		127		121		120		125		125		118		115		113		118		120		119		123		121		126		124		116		126		126		244

		7.2.2005		122		122		124		121		117		123		115		121		121		125		124		124		130		124		123		116		118		127		125		124		119		121		103		123		165		215		235		245		242		173		113		116		117		115		117		111		110		115		121		128		119		126		123		118		117		118		118		125		245

		8.2.2005		124		126		122		118		114		114		133		116		123		109		110		111		122		117		126		117		119		124		122		124		126		122		122		121		121		129		119		120		126		123		116		124		122		120		117		113		116		116		106		119		119		120		116		116		125		119		114		120		133

		9.2.2005		115		117		111		119		118		121		120		114		117		113		116		118		118		121		121		122		118		122		119		121		120		125		124		114		126		129		240		183		131		108		118		106		114		124		120		116		111		111		119		114		114		117		117		119		118		123		118		116		240

		10.2.2005		110		142		118		116		107		109		111		120		118		116		115		110		112		114		122		117		120		123		115		121		120		108		111		123		115		108		130		115		120		118		98		111		112		107		109		105		112		123		114		99		103		117		115		106		116		122		152		165		165

		11.2.2005		138		115		143		105		136		156		140		204		126		197		222		239		238		241		238		245		234		241		231		234		239		236		237		237		235		234		238		236		241		239		234		237		237		238		233		234		232		246		233		236		241		242		243		240		222		218		223		221		246

		12.2.2005		231		226		231		219		227		183		221		216		237		238		244		240		242		230		234		231		238		237		232		241		234		243		223		148		138		132		123		109		96		103		117		120		120		120		114		133		127		125		125		124		121		110		106		114		118		119		117		123		244

		13.2.2005		118		123		120		118		107		109		121		112		117		113		117		117		120		120		121		124		122		118		121		133		132		125		122		117		124		128		123		125		123		117		128		118		125		119		127		121		122		117		115		120		120		131		129		119		127		132		131		112		133

		14.2.2005		122		106		120		111		128		113		113		112		110		115		113		111		112		111		118		117		119		117		119		120		120		118		119		121		120		117		114		118		114		120		113		114		114		116		119		114		107		112		118		114		114		116		119		119		118		331		320		122		331

		15.2.2005		110		104		319		297		312		324		341		302		203		111		95		120		343		120		344		314		114		55		46		124		116		120		181		133		137		113		120		117		114		114		112		116		123		114		115		113		114		159		211		271		116		130		273		133		170		280		255		296		344

		16.2.2005		154		297		117		162		294		315		314		307		315		313		308		288		280		304		311		309		302		293		292		262		296		313		296		292		306		299		305		276		310		303		307		311		306		292		288		278		273		298		251		285		285		263		282		241		259		204		297		234		315

		17.2.2005		246		266		302		312		310		307		323		320		309		301		270		292		317		311		305		314		316		311		318		316		320		311		311		307		315		312				321		309		316		309		317		321		325		326		322		329		326		322		322		328		325		324		324		327		331		329		328		331

		18.2.2005		326		323		329		326		331		329		330		328		329		328		329		329		327		325		328		332		326		326		325		329		327		323		326		326		323		329		327		333		330		329		329		335		336		329		332		327		316		329		260		249		349		258		244		243		244		256		162		122		349

		19.2.2005		121		118		123		125		125		121		118		122		144		237		180		122		121		240		216		124		118		119		124		228		242		241		237		143		147		169		136		118		122		133		130		221		148		137		113		133		123		119		117		123		240		232		230		235		248		345		287		237		345

		20.2.2005		232		249		154		162		132		121		150		164		242		234		239		235		256		239		236		235		241		237		236		231		242		239		236		239		234		243		336		346		331		327		330		324		324		327		326		330		330		327		328		327		327		335		22		21		345		317		325		333		346

		21.2.2005		323		318		137		305		321		316		323		323		315		318		322		321		324		326		324		322		328		327		320		323		326		320		317		335		331		335		297		318		317		322		320		323		325		326		317		323		323		321		323		304		293		269		264		293		315		316		309		307		335

		22.2.2005		126		314		347		319		315		113		322		309		318		298		296		286		305		303		279		322		108		320		303		317		103		114		108		120		120				119		123		122		113		110		116		111		114		107		112		110		111		106		109		112		111		117		112		117		107		108		113		347

		23.2.2005		117		114		120		117		118		118		116		114		110		114		117		115		115		112		111		110		115		115		118		116		116		106		116		116		115		107		119		117		114		117		120		119		117		117		120		114		118		115		114		118		117		117		111		114		118		117		112		114		120

		24.2.2005		115		116		117		118		121		114		115		118		119		116		120		117		118		120		119		110		119		113		113		116		119		119		111		117		119		115		114		111		117		118		120		115		121		114		105		143		105		103		112		112		121		109		117		110		115		112		109		114		143

		25.2.2005		114		115		122		113		113		119		117		118		135		129		108		30		49		121		132		136		135		116		117		117		115		121		120		146		131		137		143		128		127		125		144		274		329		331		327		325		323		324		315		255		268		0		291		284		237		118		250		252		331

		26.2.2005		292		321		241		332		313		138		320		323		5		280		327		213		168		348		23		53		324		321		322		315		321		320		319		322		312		307		318		319		317		313		321		320		321		324		324		326		319		326		327		325		325		326		322		325		327		326		327		323		348

		27.2.2005		328		328		328		330		328		327		325		329		328		327		330		327		331		326		329		321		327		328		328		331		325		327		326		328		329		325		324		324		326		325		327		331		330		330		329		333		326		330		327		333		330		329		325		329		325		332		328		325		333

		28.2.2005		322		329		332		305		332		343		348		335		320		334		322		332		328		325		324		313		338		331		338		329		0		330		326		332		332		329		330		329		331		332		332		331		334		340		332		336		359		1		264		24		30		28		13		7		27		10		22		10		359

		1.3.2005		348		12		349		329		347		340		308		329		320		327		330		324		328		329		324		323		346		331		325		330		345		15		5		10		17		351		295		352		4		341		349		2		327		2		329		319		334		23		4		306		336		331		311		250		211		223		232		239		352

		2.3.2005		240		226		179		119		226		234		232		143		124		142		141		44		52		121		127		135		122		121		115		119		117		117		121		119		118		118		114		119		112		117		121		119		117		120		119		117		113		119		115		112		109		113		113		116		115		113		115		117		240

		3.3.2005		113		114		119		116		115		116		113		116		113		113		120		119		115		112		111		110		108		116		114		127		136		124		115		214		194		108		145		113		125		110		128		110		129				100		113		101		108		117		152		126		115		109		102		112		117		122		111		214

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		3.6.2005		215		203		226		234		238		241		233		240		226		210		243		243		241		229		226		221		221		230		209		222		193		221		195		188		173		202		177		206		212		236		208		223		164		193				179		168		240		246		237		246		216		102		98		109		98		104		154		245.87

		4.6.2005		209		241		139		106		96		109		100		102		102		121		112		116		111		114		107		110								142		150		142		133		119				129				134		123		129		141		145		164		129		128		152		130		197		208		210		215		164		218				229		201		210		227		241.28

		5.6.2005		203		204		221		228		238		240		238		234		238		237		233		240		238		236		226		133		197		244		235		233		239		235		235		232		232		226		214		209		223		225		217		231		235		225		232		225		225		223		240		222		255		197		230		214		214		221		174		233		254.86

		6.6.2005		230		235		243		230		240		229		239		237		132		198		176		127		188		218		135		192		182		128				211		191		215		212		210		208		234		239		202		234		233		225		212		236		232		232		235		232		219		231		237		238		239		238		235		210		252		232		208		251.67

		7.6.2005		210		268		260		239		180		279		241		252		220		224		243		219		285		276		285		235		249		287		266		267		245		225		195		174		199		208		176		187		168		160		265		265		180		204		253		282		231		217		270		292		285		251		209		259		219		244		240		251		291.57

		8.6.2005		269		257		279		285		266		280		261		256		267		263		274		263		228		261		254		250		246		257		258		250		276		264		256		270		265		268		234		256		276		262		268		277		279		261		267		266		268		255		257		269		259		268		253		274				274				268		284.64

		9.6.2005		264		272		242		270		257		269		286		285		296				279		278		253		236		242		223		218		226		225		208		221		200		242		257		241		216		236		224		254		254		258		259		249		247		265		248		260		286		281		266		288		290		285		285		263		253		275		281		295.52

		10.6.2005		282		191		277		252		293		297		288		221		188		143		259		262		244		252		171		206		223		251		211		234		218		217		210		203		177		176		139		158		178		194		203		169		147		221		190		143		222		270		142		109		166		122		111		113		119		199		315		268		314.66

		11.6.2005		148		231		237				208		226		236		197		217		252		222		239		273		268		254		225		155		172		213		212		170		170		194		151		201		185		182		255		236		222		213		213		216		203		195		201		198		223		239		224		238		215		207		214		233		236		235		234		273.05

		12.6.2005		238		236		233		241		247		250		220		247		245		226		172		218		103		103		116		147		174		167		166		212		182		152		154		233		148		151		236		213		200		225		226		232		212		230		231		244		234		232		235		231		223		236		222		189		238		236		234		235		250.16

		13.6.2005		241		170		186		158		244		245		241		242		242		246		247		251		246		240		224		217		215		228		204		212		221		228		210		202		203		209		207		193		204		188		152		196		210		208		242		146		190		111		124		111		107		107		143		155		106		118		123		94		251.19

		14.6.2005		215		267		207		244		246		201		117		238		170		206		120		110		102		108		101		105		116		162		151		160		124		136		128		125		143		178		166		217		240		173		173		203		148		201		201		227		154		224		156		175		117		179		160		210		181		185		111		108		267.3

		15.6.2005		230		226		275		127		133		215		236		274		259		266		250		215		165		144		168		115		126				206		233		224		197		251		248		247		177		236		187		160		181		155		192				244		146		205		261		245		247		219		216		214				209		236		249		241		220		274.88

		16.6.2005		264				297				251		301		297		286		293		292		284		256		271		277		229		212		228		250		215		213		287		217		264		227		222				191		117		123		193		142		217		174		219		231		248		242		235		261		280		251		211		270		288		291		263		246		248		301.14

		17.6.2005		253		221		239		261		276		269		261		291		258		292		283		296				166		149		131		185		238		234		243		236		233		232		228		211		209		204		205		206		216		219		194		229		233		223		230		203		210		226		231		224		227		192		239		237		229		234		234		295.56

		18.6.2005		235		238		235		237		210		228		221		237		232		235		204		243		247		258		300		281		266				254		263		261		262		247		242		264		248		252		242		259		263		247				257				254				261				257		282		278		264		255		266		275		248		260		251		300.3

		19.6.2005				263		267		259						270		263		264		260		279		264		275		247				273		264		240		249		246		258		268		238				257		267				256		252		249				244		265				252				226		207		215		206		256		267				266		271		283				282		283.07

		20.6.2005		272		267		270		301		243				285		259				265		253		250		264				238		215		239		208				206		243		226		241		235		251		265								251		254		262				273		264				247				236		238				291		287		280		260		275		293		260		300.59

		21.6.2005		284		267		290		284		227		245		268		289		242		245				217		190								194		196				123		228						212		226		268						257				246		251				239				228						252		246		252		231				287		246		157		209		167		289.67

		22.6.2005		215		206		254		237		152		144		249		219		135		111		179		166		113		106		121		158		180		190		163		203		197				183		174		226		227		235		237		235		239		232		236		226		232		238		225		246		251						171		234		234		233		226		231		233		234		254.22

		23.6.2005		224		197		209		237		241		238		230		238		242		223		199		225		206		205		213		223		220		238		225		235		224		191		181		203		201		213		227		226		217		209		203		235		216		239		228		233		207		215		222		220		225		224		237		238		236		237		233		219		242.11

		24.6.2005		231		239		239		241		244		238		238		236		236		238		232		237		237		236		236		232		238		233		229		233		233		227		232		228		231		233		230		234		236		225		229		232		214		233		228		232		219		227		220		220		231		235		242		239		235		178		242		244		244.36

		25.6.2005		243		252		244		188		167		229		250		235		239		164		226		111		193		113				236		222				207		211		237		234		235		233		235		239		235		237		238		239		237		233		233		236		241		235		241		240		239		248		136		205		256		254		250		252		248		275		274.9

		26.6.2005		233				250						262		268		258		278		272		243		269		268		255						266		249		260				255		268				266		253		256						248		250		270		260				265								274		253		278		268		245		209						161		162		194		277.98

		27.6.2005		201				161		219		226		238		231		245		231		247		251		244		242		245		241		235		232		233		218		227		211		224				238		233		226		235		236		229		234		231		237		238		220				212		222		224		238		232		236		231		226		231		231		234		241		246		250.9

		28.6.2005		241		245		242		242		232		234		236		234		233		234		235		236		234		239		236		237		238		237		230		232		236		227		208		206		202		211		205		212		212		211		204		180		140		121		112		192		222		226		196		259				205		191		184				194		223		234		259.21

		29.6.2005		239		204		219		229		198		213		211		121		113		178		132		120		241		182		202		178		115		176		119		161		247		235		227		220		207		242		239		256		266		264		253		264		244		265		259		267						236		239		247		252		199		203		184		187		175		174		267.36

		30.6.2005		222		218		213		193		228		238		239		241		211		216		189		218		206		233		251		239		237		261		265		243		222		173		202		228		261		248		241		241		214		262		258				257		253		263		260		276		256		271		271		276		264		248		245		196		164		232		234		276.08





PAN

		30.10.2004		70		ŠR-R				17.2.2005		47		ŠR-R				15.6.2005		105		R-PR

		9.11.2004		91		R-PR				16.2.2005		48		ŠR-R				22.6.2005		118		R-PR

		8.11.2004		100		R-PR				15.2.2005		66		ŠR-R				14.6.2005		137		PR-P

		29.10.2004		108		R-PR				22.2.2005		78		ŠR-R				11.6.2005		154		PR-P

		10.11.2004		125		R-PR				24.2.2005		100		R-PR				21.6.2005		171		PR-P

		16.10.2004		126		R-PR				23.2.2005		101		R-PR				7.6.2005		172		PR-P

		7.11.2004		129		R-PR				14.2.2005		106		R-PR				20.6.2005		173		PR-P

		15.10.2004		130		R-PR				26.2.2005		119		R-PR				4.6.2005		189		P-PV

		17.10.2004		132		R-PR				21.2.2005		125		R-PR				10.6.2005		207		P-PV

		14.10.2004		134		R-PR				3.3.2005		143		PR-P				17.6.2005		214		P-PV

		11.11.2004		138		PR-P				13.2.2005		144		PR-P				13.6.2005		223		P-PV

		21.10.2004		141		PR-P				2.3.2005		145		PR-P				3.6.2005		223		P-PV

		18.10.2004		156		PR-P				4.2.2005		149		PR-P				25.6.2005		233		PV-V

		28.10.2004		161		PR-P				4.3.2005		154		PR-P				9.6.2005		236		PV-V

		4.11.2004		169		PR-P				9.2.2005		159		PR-P				16.6.2005		245		PV-V

		3.11.2004		177		PR-P				8.2.2005		163		PR-P				5.6.2005		247		PV-V

		25.10.2004		178		PR-P				7.2.2005		175		PR-P				6.6.2005		258		PV-V

		22.10.2004		187		P-PV				6.2.2005		178		PR-P				24.6.2005		259		PV-V

		5.11.2004		189		P-PV				10.2.2005		179		PR-P				18.6.2005		264		PV-V

		23.10.2004		195		P-PV				5.2.2005		180		PR-P				27.6.2005		267		PV-V

		26.10.2004		198		P-PV				19.2.2005		181		P-PV				28.6.2005		269		PV-V

		6.11.2004		200		P-PV				25.2.2005		191		P-PV				29.6.2005		276		V-ŠV

		24.10.2004		227		PV-V				12.2.2005		202		P-PV				19.6.2005		289		V-ŠV

		19.10.2004		235		PV-V				11.2.2005		222		P-PV				26.6.2005		304		V-ŠV

		27.10.2004		243		PV-V				20.2.2005		246		PV-V				30.6.2005		304		V-ŠV

		1.11.2004		243		PV-V				18.2.2005		263		PV-V				8.6.2005		330		ŠV-Š

		31.10.2004		250		PV-V				1.3.2005		320		ŠV-Š				12.6.2005

		2.11.2004		270		PV-V				27.2.2005		320		ŠV-Š				23.6.2005

		20.10.2004		323		ŠV-Š				28.2.2005		325		ŠV-Š

						atvejai								atvejai								atvejai

		Sektorius		Š-ŠR		1		3		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0

		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		4		14		Sektorius		ŠR-R		0		0

		Sektorius		R-PR		9		31		Sektorius		R-PR		5		17		Sektorius		R-PR		2		8

		Sektorius		PR-P		7		24		Sektorius		PR-P		11		38		Sektorius		PR-P		5		19

		Sektorius		P-PV		5		17		Sektorius		P-PV		4		14		Sektorius		P-PV		5		19

		Sektorius		PV-V		6		21		Sektorius		PV-V		2		7		Sektorius		PV-V		9		35

		Sektorius		V-ŠV		0		0		Sektorius		V-ŠV		0		0		Sektorius		V-ŠV		4		15

		Sektorius		ŠV-Š		1		3		Sektorius		ŠV-Š		3		10		Sektorius		ŠV-Š		1		4

		Panevezys

				Š		3						Š		0										Š		0

				ŠR		0						ŠR		14										ŠR		0

				R		31						R		17										R		8

				PR		24						PR		38										PR		19

				P		17						P		14										P		19

				PV		21						PV		7										PV		35

				V		0						V		0										V		15

				ŠV		3						ŠV		10										ŠV		4





PAN
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		0

		0





KED
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		0
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		0

		0

		0

		0

		0
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		0

		0





		17.10.2004		100		R-PR				23.2.2005		115		R-PR				4.6.2005		149		PR-P

		14.10.2004		107		R-PR				24.2.2005		116		R-PR				14.6.2005		169		PR-P

		15.10.2004		108		R-PR				10.2.2005		116		R-PR				13.6.2005		192		P-PV

		21.10.2004		109		R-PR				8.2.2005		120		R-PR				3.6.2005		203		P-PV

		16.10.2004		110		R-PR				3.3.2005		120		R-PR				22.6.2005		203		P-PV

		10.11.2004		112		R-PR				13.2.2005		121		R-PR				10.6.2005		205		P-PV

		11.11.2004		113		R-PR				9.2.2005		122		R-PR				12.6.2005		208		P-PV

		9.11.2004		114		R-PR				14.2.2005		125		R-PR				29.6.2005		209		P-PV

		18.10.2004		141		PR-P				5.2.2005		127		R-PR				15.6.2005		210		P-PV

		4.11.2004		146		PR-P				4.3.2005		128		R-PR				11.6.2005		215		P-PV

		3.11.2004		158		PR-P				4.2.2005		129		R-PR				6.6.2005		215		P-PV

		28.10.2004		161		PR-P				2.3.2005		130		R-PR				28.6.2005		216		P-PV

		7.11.2004		177		PR-P				7.2.2005		132		R-PR				23.6.2005		221		P-PV

		25.10.2004		193		P-PV				6.2.2005		136		PR-P				5.6.2005		225		P-PV

		22.10.2004		201		P-PV				19.2.2005		168		PR-P				25.6.2005		225		P-PV

		19.10.2004		209		P-PV				25.2.2005		171		PR-P				17.6.2005		229		PV-V

		8.11.2004		213		P-PV				12.2.2005		173		PR-P				27.6.2005		230		PV-V

		26.10.2004		219		P-PV				15.2.2005		176		PR-P				24.6.2005		232		PV-V

		5.11.2004		222		P-PV				22.2.2005		184		P-PV				21.6.2005		235		PV-V

		23.10.2004		223		P-PV				11.2.2005		217		P-PV				30.6.2005		236		PV-V

		6.11.2004		231		PV-V				1.3.2005		253		PV-V				7.6.2005		236		PV-V

		27.10.2004		233		PV-V				20.2.2005		256		PV-V				16.6.2005		242		PV-V

		24.10.2004		233		PV-V				28.2.2005		257		PV-V				26.6.2005		250		PV-V

		1.11.2004		239		PV-V				16.2.2005		281		V-ŠV				18.6.2005		252		PV-V

		2.11.2004		263		PV-V				26.2.2005		291		V-ŠV				9.6.2005		256		PV-V

		20.10.2004		304		V-ŠV				18.2.2005		309		V-ŠV				20.6.2005		256		PV-V

		29.10.2004								21.2.2005		313		V-ŠV				19.6.2005		256		PV-V

		30.10.2004								17.2.2005		313		V-ŠV				8.6.2005		263		PV-V

		31.10.2004								27.2.2005		328		ŠV-Š

						atvejai		proc.						atvejai								atvejai

		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0

		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		0		0

		Sektorius		R-PR		8		31		Sektorius		R-PR		13		45		Sektorius		R-PR		0		0

		Sektorius		PR-P		5		19		Sektorius		PR-P		5		17		Sektorius		PR-P		2		7

		Sektorius		P-PV		7		27		Sektorius		P-PV		2		7		Sektorius		P-PV		13		46

		Sektorius		PV-V		5		19		Sektorius		PV-V		3		10		Sektorius		PV-V		13		46

		Sektorius		V-ŠV		1		4		Sektorius		V-ŠV		5		17		Sektorius		V-ŠV		0		0

		Sektorius		ŠV-Š		0		0		Sektorius		ŠV-Š		1		3		Sektorius		ŠV-Š		0		0

		Kedainiai		Š		0						Š		0						Š		0

				ŠR		0						ŠR		0						ŠR		0

				R		31						R		45						R		0

				PR		19						PR		17						PR		7

				P		27						P		7						P		46

				PV		19						PV		10						PV		46

				V		4						V		17						V		0

				ŠV		0						ŠV		3						ŠV		0
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Pan_24 h

		Interval averages								Interval averages

		0011 - Panevezys_SANOA - WD(deg)								0011 - Panevezys_SANOA - WV(m/s)

		Interval: 24h Criterion: 0.66								Interval: 24h Criterion: 0.66

				24:00:00								0:00		Max

		14.10.2004		134		R-PR				14.10.2004		2.45		4.2

		15.10.2004		130		R-PR				15.10.2004		3.19		5

		16.10.2004		126		R-PR				16.10.2004		2.96		4

		17.10.2004		132		R-PR				17.10.2004		3.74		6

		18.10.2004		156		PR-P				18.10.2004		1.48		3.2

		19.10.2004		235		PV-V				19.10.2004		1.8		2.6

		20.10.2004		323		ŠV-Š				20.10.2004		1.45		2.4

		21.10.2004		141		PR-P				21.10.2004		2.53		4

		22.10.2004		187		P-PV				22.10.2004		2.73		4.9

		23.10.2004		195		P-PV				23.10.2004		3.34		5.3

		24.10.2004		227		PV-V				24.10.2004		2.24		3.4

		25.10.2004		178		PR-P				25.10.2004		1.81		3.2

		26.10.2004		198		P-PV				26.10.2004		1.9		3.2

		27.10.2004		243		PV-V				27.10.2004		1.48		2.2

		28.10.2004		161		PR-P				28.10.2004		1.19		4.3

		29.10.2004		108		R-PR				29.10.2004		1.7		4.7

		30.10.2004		70		ŠR-R				30.10.2004		2.25		4

		31.10.2004		250		PV-V				31.10.2004		2.4		3.4

		1.11.2004		243		PV-V				1.11.2004		1.86		3.2

		2.11.2004		270		PV-V				2.11.2004		0.9		1.9

		3.11.2004		177		PR-P				3.11.2004		1.24		2.4

		4.11.2004		169		PR-P				4.11.2004		2.02		3.5

		5.11.2004		189		P-PV				5.11.2004		2.16		3.4

		6.11.2004		200		P-PV				6.11.2004		3.18		5.6

		7.11.2004		129		R-PR				7.11.2004		0.59		1.8

		8.11.2004		100		R-PR				8.11.2004		0.77		1.8

		9.11.2004		91		R-PR				9.11.2004		2.11		3.2

		10.11.2004		125		R-PR				10.11.2004		2.36		3.3

		11.11.2004		138		PR-P				11.11.2004		2.12		2.7

		Interval averages								Interval averages

		0011 - Panevezys_SANOA - WD(deg)								0011 - Panevezys_SANOA - WV(m/s)

		Interval: 24h Criterion: 0.66								Interval: 24h Criterion: 0.66

				24:00:00								24:00:00		Max

		4.2.2005		149		PR-P				4.2.2005		1.08		1.6

		5.2.2005		180		PR-P				5.2.2005		1.42		2.3

		6.2.2005		178		PR-P				6.2.2005		1.15		1.6

		7.2.2005		175		PR-P				7.2.2005		1.03		1.7

		8.2.2005		163		PR-P				8.2.2005		1.26		2.4

		9.2.2005		159		PR-P				9.2.2005		1.55		2.2

		10.2.2005		179		PR-P				10.2.2005		2.4		3.7

		11.2.2005		222		P-PV				11.2.2005		2.07		3.2

		12.2.2005		202		P-PV				12.2.2005		2.3		5.7

		13.2.2005		144		PR-P				13.2.2005		5.7		8

		14.2.2005		106		R-PR				14.2.2005		3.43		5.1

		15.2.2005		66		ŠR-R				15.2.2005		1.83		4.1

		16.2.2005		48		ŠR-R				16.2.2005		3.52		4.4

		17.2.2005		47		ŠR-R				17.2.2005		2.23		3.3

		18.2.2005		263		PV-V				18.2.2005		1.45		2.3

		19.2.2005		181		P-PV				19.2.2005		0.89		1.3

		20.2.2005		246		PV-V				20.2.2005		0.99		2.3

		21.2.2005		125		R-PR				21.2.2005		1.27		2.4

		22.2.2005		78		ŠR-R				22.2.2005		2.33		5.3

		23.2.2005		101		R-PR				23.2.2005		5.97		7.5

		24.2.2005		100		R-PR				24.2.2005		4.85		6.8

		25.2.2005		191		P-PV				25.2.2005		0.92		1.8

		26.2.2005		119		R-PR				26.2.2005		1.94		3.7

		27.2.2005		320		ŠV-Š				27.2.2005		1.89		3.7

		28.2.2005		325		ŠV-Š				28.2.2005		1.43		3.3

		1.3.2005		320		ŠV-Š				1.3.2005		1.38		2.8

		2.3.2005		145		PR-P				2.3.2005		1.41		3.4

		3.3.2005		143		PR-P				3.3.2005		2.02		3.7

		4.3.2005		154		PR-P				4.3.2005		1.32		2.2

		Interval averages								Interval averages

		0011 - Panevezys_SANOA - WD(deg)								0011 - Panevezys_SANOA - WV(m/s)

		Interval: 24h Criterion: 0.66								Interval: 24h Criterion: 0.66

				24:00:00								24:00:00		Max

		3.6.2005		223		P-PV				3.6.2005		0.81		1.7

		4.6.2005		189		P-PV				4.6.2005		1.81		3.7

		5.6.2005		247		PV-V				5.6.2005		1.45		3.6

		6.6.2005		258		PV-V				6.6.2005		1.14		2.8

		7.6.2005		172		PR-P				7.6.2005		0.96		1.9

		8.6.2005		330		ŠV-Š				8.6.2005		2.56		4.5

		9.6.2005		236		PV-V				9.6.2005		1.91		3.4

		10.6.2005		207		P-PV				10.6.2005		0.7		1.4

		11.6.2005		154		PR-P				11.6.2005				2.3

		12.6.2005								12.6.2005

		13.6.2005		223		P-PV				13.6.2005		0.74		1.6

		14.6.2005		137		PR-P				14.6.2005		0.5		1.6

		15.6.2005		105		R-PR				15.6.2005		1.08		2.7

		16.6.2005		245		PV-V				16.6.2005		1.04		2.4

		17.6.2005		214		P-PV				17.6.2005		0.81		2.1

		18.6.2005		264		PV-V				18.6.2005		2		4.4

		19.6.2005		289		V-ŠV				19.6.2005		2.45		4.2

		20.6.2005		173		PR-P				20.6.2005		2.2		3.9

		21.6.2005		171		PR-P				21.6.2005		1.56		3.4

		22.6.2005		118		R-PR				22.6.2005		0.55		1.7

		23.6.2005								23.6.2005				1.8

		24.6.2005		259		PV-V				24.6.2005		1.21		2.2

		25.6.2005		233		PV-V				25.6.2005		1.16		3.3

		26.6.2005		304		V-ŠV				26.6.2005		2.57		4

		27.6.2005		267		PV-V				27.6.2005		1.42		2.7

		28.6.2005		269		PV-V				28.6.2005		1.56		3.6

		29.6.2005		276		V-ŠV				29.6.2005		1.38		3.8

		30.6.2005		304		V-ŠV				30.6.2005		1.4		2.5





Pan_0.5h

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		14.10.2004		128		116		123		126		137		143		139		132		124		128		127		128		127		121		130		125		129		138		136		144		141		151		148		159		161		151		157		163		146		138		144		130		136		128		120		112		119		129		130		133		137		130		125		119		122		131		130		128		163

		15.10.2004		133		126		133		132		135		131		129		121		136		129		123		120		124		121		120		121		121		125		123		128		137		144		148		144		139		141		141		135		148		144		139		145		137		139		141		126		117		116		119		122		118		123		119		125		117		119		128		118		148

		16.10.2004		118		115		111		114		115		114		117		114		121		114		113		120		123		124		124		125		132		132		139		132		136		138		145		137		138		130		139		131		128		139		128		115		118		112		117		120		113		135		126		137		138		143		136		132		120		119		124		134		145

		17.10.2004		134		129		115		108		107		108		112		108		107		106		108		109		103		107		102		103		105		112		113		115		113		113		114		119		117		134		140		144		146		146		157		169		172		167		168		169		166		165		164		155		160		153		149		142		142		145		146		140		172

		18.10.2004		138		131		130		137		117		107		105		108		107		110		113		99		98		98		108		0		96		248		233		212		203		218		221		15		134		202		196		190		189		184		191		190		180		268		178		200		189		183		179		178		181		162		158		164		159		161		160		165		268

		19.10.2004		160		165		173		170		171		173		177		165		171		177		178		179		182		182		177		172		175		182		168		177		166		165		180		180		168		183		199		225		266		301		294		287		319		317		321		323		314		326		321		324		335		333		327		325		323		328		315		321		335

		20.10.2004		322		321		322		326		328		327		325		321		326		334		335		348		333		336		328		320		326		328		320		320		330		335		323		325		331		339		329		348		341		332		340		329		334		332		315		324		297		335		316		319		315		320		334		332		351		346		351		31		351

		21.10.2004		78		122		115		90		103		95		126		121		104		105		118		122		132		131		130		156		141		149		157		153		154		160		154		161		165		165		166		160		156		157		150		145		138		151		150		152		152		151		150		151		150		152		155		149		163		159		159		161		166

		22.10.2004		164		167		162		167		167		174		179		179		181		184		183		193		196		197		198		227		231		218		195		201		199		183		193		198		211		183		199		199		192		179		182		182		188		180		181		182		176		175		181		180		179		180		190		189		182		185		193		192		231

		23.10.2004		195		191		188		194		184		185		192		187		188		173		172		171		173		167		179		182		183		184		186		185		186		188		188		191		193		202		199		190		197		205		207		213		219		205		212		212		207		194		198		206		202		184		205		213		219		230		237		221		237

		24.10.2004		223		225		230		226		226		224		230		229		227		225		221		234		218		208		210		214		203		207		210		222		226		219		219		226		227		243		242		240		233		245		252		250		246		237		245		247		233		243		229		207		189		209		214		229		225		230		235		223		252

		25.10.2004		222		217		237		228		229		235		231		239		239		222		251		228		249		208		198		216		217		300		4		18		21		98		121		166		168		165		160		151		135		142		145		146		152		147		145		145		154		155		147		165		169		189		182		188		193		211		202		203		300

		26.10.2004		193		199		181		206		185		181		186		182		164		176		173		172		176		170		182		180		171		179		188		182		207		216		199		187		203		223		222		229		211		214		213		205		201		209		205		214		238		226		220		223		232		207		192		194		210		193		187		192		238

		27.10.2004		177		189		184		178		182		184		189		191		202		184		201		190		193		203		208		197		185		208		188		197		183		170		185		224		240		281		310		338		330		331		331		328		322		328		330		328		316		316		309		285		261		252		253		243		248		246		256		266		338

		28.10.2004		269		236		243		244		243		253		249		241		276		261		238		261		258		245		263		263		341		340		63		20		4		90		112		122		128		124		108		92		104		103		129		102		174		144		66		90		91		97		95		81		92		102		107		114		109		112		105		111		341

		29.10.2004		118		119		95		96		107		109		114		105		110		106		109		114		117		123		139		148		149		157		163		152		164		162		162		166		161		165		169		171		171		168		186		175		108		103		110		97		0		107		0		0		8		15		11		21		37		40		25		33		186

		30.10.2004		36		42		38		43		38		38		54		65		67		51		61		53		67		68		65		64		68		69		71		80		66		74		66		77		68		71		71		75		73		74		66		80		78		82		77		87		74		94		83		83		85		88		77		88		92		93		99		85		99

		31.10.2004		108		100		109		112		121		146		182		223		220		215		225		226		228		231		275		291		286		293		290		292		303		301		307		304		300		292		297		286		299		294		300		317		297		308		277		255		248		235		250		267		271		286		272		278		248		249		244		257		317

		1.11.2004		251		247		237		242		233		245		287		254		240		236		244		244		239		232		251		279		292		292		283		289		282		264		256		234		218		221		239		241		229		231		220		217		219		206		227		222		224		221		224		220		224		229		236		246		252		256		250		246		292

		2.11.2004		252		266		265		278		272		298		310		313		328		337		344		339		334		322		324		308		319		317		316		313		314		319		323		317		326		356		330		351		325		321		317		354		335		321		316		290		300		273		0		0		0		0		264		267		240		0		0		225		356

		3.11.2004		233		0		227		232		234		23		240		233		235		167		194		219		224		143		147		139		150		132		149		188		213		208		212		219		206		217		196		194		196		194		193		193		198		167		161		160		159		157		137		146		142		140		153		163		164		170		166		157		240

		4.11.2004		155		168		164		160		159		158		156		144		145		137		135		139		146		145		141		146		157		165		166		184		168		181		178		182		182		193		181		184		185		185		180		188		188		182		190		184		181		177		167		180		174		169		176		178		181		182		177		185		193

		5.11.2004		185		171		172		175		172		180		179		183		184		202		200		195		198		197		206		205		192		184		188		186		185		184		184		187		184		191		185		180		182		187		187		185		202		229		203		193		188		182		180		197		180		179		178		189		190		209		201		198		229

		6.11.2004		192		191		199		197		197		185		196		196		194		197		190		207		203		204		202		198		211		205		210		210		216		210		213		222		203		211		209		202		214		214		229		210		185		199		199		187		198		199		197		181		185		196		198		179		188		196		193		187		229

		7.11.2004		178		174		165		141		139		128		137		122		0		118		126		109		135		112		109		87		106		151		79		81		120		78		108		22		93		50		140		130		89		81		117		128		114		129		328		331		332		352		3		356		48		344		112		0		76		111		0		0		356

		8.11.2004		0		123		110		131		109		86		175		139		146		109		67		110		117		80		120		92		120		125		152		179		133		61		83		100		102		94		62		124		105		112		76		70		72		87		89		95		78		64		72		76		69		95		99		104		106		85		88		115		179

		9.11.2004		108		97		104		102		98		88		95		77		89		96		97		95		91		78		86		88		80		74		84		90		92		84		90		90		79		86		79		75		73		84		89		78		83		82		79		84		88		97		102		101		103		95		95		101		109		101		106		109		109

		10.11.2004		107		115		117		116		115		120		124		116		115		118		117		115		122		115		116		121		125		138		136		133		134		137		140		144		146		140		147		145		146		132		132		129		128		118		119		110		119		118		138		121		112		133		129		125		121		116		118		111		147

		11.11.2004		109		107		108		101		109		118		106		112		108		115		118		124		136		131		119		119		117		114		112		114		120		141		140		141		139		139		140		138		148		151		140		154		165		165		164		157		151		146		152		164		167		169		171		175		177		171		173		177		177

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		4.2.2005		120		155		150		138		115		176		124		97		172		128		86		117		145		157		148		161		174		159		154		181		133		124		154		174		146		151		173		175		141		150		153		150		157		137		152		114		150		155		159		154		157		156		153		152		160		148		165		183		183

		5.2.2005		181		186		187		179		183		164		170		186		184		181		181		185		173		185		192		178		178		173		180		174		176		170		170		172		181		180		180		182		176		176		178		178		196		182		177		179		181		181		181		189		187		187		183		180		180		193		182		186		196

		6.2.2005		179		177		176		183		172		184		174		189		191		183		180		188		195		186		187		188		196		194		192		184		178		178		176		158		177		181		171		176		167		171		170		175		176		184		175		157		149		153		166		162		176		186		180		188		188		184		183		182		196

		7.2.2005		185		190		191		189		186		188		180		175		178		159		162		177		179		185		189		189		196		186		185		174		175		169		172		161		173		185		166		176		195		176		168		178		175		181		179		170		176		153		150		153		158		158		164		150		144		165		183		189		196

		8.2.2005		179		184		192		182		179		185		183		144		179		182		185		168		146		146		152		150		154		177		172		168		167		166		159		176		158		170		167		178		148		155		173		170		185		166		152		145		149		149		151		150		147		147		140		145		148		150		153		151		192

		9.2.2005		147		158		156		142		151		159		148		143		144		151		144		145		144		144		147		150		147		149		156		175		171		178		178		173		164		168		164		177		173		174		164		180		155		157		148		148		147		146		150		156		153		149		156		186		185		187		184		171		187

		10.2.2005		152		161		172		171		156		174		179		178		179		179		185		181		181		171		173		180		175		184		178		174		179		178		182		181		181		177		187		181		184		177		180		185		187		187		183		180		183		182		177		176		182		173		175		184		190		187		191		185		191

		11.2.2005		186		189		190		191		193		194		196		192		192		186		192		193		192		196		200		192		196		200		197		193		202		211		207		216		234		242		255		249		254		257		245		238		254		244		245		255		255		247		247		241		259		262		259		259		245		242		243		234		262

		12.2.2005		232		245		243		227		238		247		248		242		248		247		249		253		246		252		252		247		253		247		251		230		211		196		200		202		182		175		176		180		182		189		185		188		174		188		183		186		183		152		147		154		150		151		147		145		141		140		143		141		253

		13.2.2005		144		146		138		138		146		141		135		138		141		140		141		144		149		147		145		148		150		147		145		149		147		147		148		144				148		149		150		148		149		140		142		144		141		146		141		145		148		149		143		143		143		144		136		139		139		138		137		150

		14.2.2005		132		140		140		138		140		128		127		133		125		119		116		112		113		111		110		112		110		102		103		101		107		101		98		100		101		102		104		104		98		101		84		80		108		89		84		92		104		99		101		103		100		97		92		89		78		96		102		81		140

		15.2.2005		52		69		97		91		49		93		97		82		57		96		88		54		69		78		99		96		85		15		29		39		42		71		102		91		74		87		80		104		120		61		30		40		18		18		52		71		71		59		54		55		51		45		38		37		41		56		72		72		120

		16.2.2005		53		37		50		59		44		32		31		34		26		25		36		36		36		39		41		47		48		56		59		55		50		56		56		44		49		46		40		42		43		43		39		36		39		42		48		54		61		54		59		62		59		56		56		61		64		65		68		72		72

		17.2.2005		78		61		57		62		62		57		54		55		52		59		42		46		35		36		37		40		55		51		49		41		44		54		56		41		48		35		39		44		41		46		33		35		36		24		20		30		27		19		9		14		11		21		28		34		38		35		10		359		359

		18.2.2005		6		16		18		19		1		353		344		349		359		8		357		355		1		354		354		350		359		358		345		344		349		337		345		345		339		336		339		333		347		359		353		1		355		2		353		353		333		292		298		310		96		270		262		267		260		249		247		227		359

		19.2.2005		187		169		184		169		167		169		164		168		175		192		176		175		179		159		156		161		172		181		173		175		173		157		169		181		193		249		247		241		210		199		177		161		182		162		154		148		142		153		153		184		230		246		212		0		183		199		254		267		267

		20.2.2005		223		247		0		259		246		253		253		239		255		257		253		249		284		284		0		306		334		345		350		343		336		340		341		345		314		320		320		355		339		333		331		338		355		357		11		4		1		353		341		345		344		351		54		57		72		70		57		37		357

		21.2.2005		36		34		40		30		19		11		33		37		33		20		348		345		346		351		357		2		10		349		16		30		21		17		19		337		337		334		336		338		335		340		359		30		64		68		58		45		32		33		51		50		52		49		34		47		32		34		45		52		359

		22.2.2005		49		39		42		47		40		30		11		347		352		15		36		52		39		47		45		48		71		40		49		68		80		59		76		93		97		90		89		103		69		59		64		59		58		60		69		70		78		73		77		76		79		82		95		101		103		99		102		102		352

		23.2.2005		99		97		101		102		97		102		101		99		100		97		101		99		98		97		99		96		101		99		102		100		101		101		102		102		101		98		103		102		103		101		103		101		103		102		102		100		102		101		102		103		101		102		100		100		100		101		102		99		103

		24.2.2005		100		101		102		101		101		102		103		101		101		101		101		103		100		103		103		102		100		98		102		98		99		102		98		96		101		104		103		78		69		93		99		101		104		101		77		99		104		101		104		101		101		103		101		107		104		108		103		104		108

		25.2.2005		79		103		115		133		148		119		106		104		106		105		110		105		96		101		107		107		114		129		138		146		151		158		151		174		174		156		217		183		161		169		170		184		175		199		340		281		345		352		359		1		359		350		342		348		350		345		340		343		359

		26.2.2005		356		347		350		346		359		338		359		2		354		359		3		355		11		24		36		19		27		25		22		36		32		29		30		37		32		37		41		44		38		27		29		11		18		16		15		1		355		1		21		22		27		32		32		24		20		347		341		346		359

		27.2.2005		337		349		344		344		351		350		349		343		345		346		345		349		351		350		349		352		356		350		346		3		337		360		347		358		353		351		356		3		7		357		355		348		354		357		4		359		352		343		350		343		348		347		345		345		349		347		347		344		360

		28.2.2005		349		350		349		344		345		357		345		359		350		350		348		348		8		347		340		330		341		343		28		342		343		345		346		346		339		338		342		345		341		344		337		314		311		300		323		315		342		347		332		329		337		341		301		338		334		338		339		333		359

		1.3.2005		343		343		352		347		1		6		357		356		345		356		343		354		350		343		355		349		346		353		354		340		336		341		341		344		348		347		357		354		352		344		345		344		346		352		345		340		302		304		290		282		300		318		286		253		271		317		345		250		357

		2.3.2005		252		289		244		235		190		238		240		0		197		215		210		103		197		118		163		146		163		147		156		155		159		163		153		132		131		151		132		107		118		142		123		138		122		133		116		101		92		80		88		104		105		100		98		98		100		99		100		98		289

		3.3.2005		97		99		99		102		101		99		99		100		99		100		105		110		105		109		111		108		114		132		136		128		141		141		127		127		128		131		134		162		182		181		190		194		182		192		186		190		192		189		181		184		176		173		170		172		179		165		163		177		194

		Interval averages

		0011 - Panevezys_SANOA - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		3.6.2005		162		165		186		245		241		264		273		254		265		218		231		244		250		251		248		274		268		255		257		245		247		248		221		262		249		209		201		252		213		214		187		184		186		176		188		219		193		192		199		190		188		187		178		254		247		253		201		180		274

		4.6.2005		147		161		176		187		180		177		185		180		186		174		176		179		167		178		179		173		174		173		158		185		180		186		185		184		186		186		175		184		186		182		174		179		189		185		181		182		177		182		165		281		302		283		297		315		156		158		168		187		315

		5.6.2005		177		195		277		284		274		260		261		253		260		251		254		245		240		195		210		211		193		187		196		212		259		259		251		240		258		264		269		270		272		271		272		270		274		268		275		276		272		273		267		274		258		250		237		246		261		200		223		219		284

		6.6.2005		249		267		265		246		262		261		262		249		259		237		251		243		258		258		252		244		230		247		217		241		261		204		249		235		289		290		295		284		288		281		274		261		245		209		216		254		262		270		264		265		270		265		273		273		268		268		278		284		295

		7.6.2005		261		265		280		292		301		294		300		322		337		12		0		284		294		305		346		14		335		2		344		310		289		346		7		1		3		9		22		17		48		12		11		13		14		4		11		27		8		21		20		359		358		355		353		0		341		0		344		344		359

		8.6.2005		350		348		347		351		339		333		337		337		339		336		334		339		346		340		343		342		334		342		346		342		342		334		346		343		349		345		350		353		343		340		348		352		355		1		2		352		352		348		343		345		346		345		348		347		346		348		347		352		355

		9.6.2005		349		348		344		348		356		1		353		4		1		353		346		347		347		355		353		348		359		9		6		12		16		29		14		33		14		357		12		16		342		348		339		358		355		336		354		345		343		348		346		350		342		356		351		346		350		1		0		7		359

		10.6.2005		359		357		347		349		352		355		352		350		358		0		0		33		17		356		358		18		24		57		42		337		347		59		281		329		318		259		166		164		166		219		222		143		131		185		218		199		194		139		153		235		290		344		3		8		35		354		187		158		359

		11.6.2005		129		154		34		0		120		0		0		65		84		99		0		66		145		153		1		103		74		39		54		63		90		4		101		96		99		76		66		69																																										154

		12.6.2005

		13.6.2005																286		259		256		266		270		277		259		274		282		279		298		296		314		307		291		286		287		285		280		225		315		222		246		129		250		266		257		253		279		259		332		17		30		337		349		20		0		0		0		0		0		349

		14.6.2005		0		0		0		0		0		351		342		26		0		0		0		0		0		192		169		148		144		150		126		65		169		215		244		358		305		172		332		37		319		339		55		350		282		291		270		302		343		10		358		17		31		24		19		9		0		0		0		0		358

		15.6.2005		0		0		19		13		22		29		5		310		290		0		0		19		19		37		12		28		23		44		3		340		13		64		41		61		360		313		334		354		358		13		17		15		3		27		1		29		26		360		355		359		7		9		6		4		354		353		1		8		360

		16.6.2005		352		334		349		357		351		351		351		353		347		352		360		348		352		6		0		354		360		29		340		352		349		349		338		333		346		347		343		10		24		38		24		6		29		56		28		339		340		343		344		355		350		1		6		3		347		356		358		4		360

		17.6.2005		4		54		66		18		357		349		349		350		0		8		0		0		0		0		0		265		268		265		268		247		278		278		284		294		292		270		281		274		280		276		268		266		258		254		270		257		246		195		257		263		246		253		254		251		250		255		273		287		357

		18.6.2005		285		279		290		281		274		285		266		263		256		288		348		348		329		316		346		355		356		346		350		338		355		360		359		3		358		8		49		28		351		349		356		0		356		358		358		352		13		26		4		347		356		355		6		6		342		344		347		342		360

		19.6.2005		339		342		345		349		347		347		339		340		333		340		342		344		346		354		352		344		343		349		346		323		328		332		342		339		336		342		343		343		351		357		349		346		354		356		4		356		353		357		355		23		14		2		5		0		21		4		350		350		357

		20.6.2005		355		7		16		15		6		8		8		13		13		9		358		358		359		353		5		7		11		21		18		11		4		2		14		8		3		1		3		12		15		11		349		347		343		353		358		347		351		347		352		357		350		345		346		345		341		341		347		342		359

		21.6.2005		339		352		352		351		5		25		352		345		351		346		5		15		357		358		352		345		348		349		10		18		29		13		16		15		357		13		3		12		6		360		3		5		358		18		2		339		1		7		10		11		1		342		337		344		327		323		0		0		360

		22.6.2005		0		0		0		0		0		0		0		0		0		0		0		0		0		35		90		207		178		203		209		217		227		199		166		160		214		176		231		265		172		200		251		243		263																																265

		23.6.2005																																								94		284		250		274		256		272		278		266		270		253		258		257		268		251		256		275		231		226		219		208		271		295		296		308		313		309		307		300		277		313

		24.6.2005		279		263		274		268		256		254		264		262		260		265		255		261		259		255		249		262		233		231		237		253		257		244		249		257		259		259		265		261		247		251		253		248		250		272		265		268		269		263		272		266		271		266		262		254		258		262		263		266		279

		25.6.2005		266		267		264		258		260		267		257		259		259		251		262		197		199		218		202		238		219		197		197		206		211		199		246		256		248		256		247		252		244		259		263		252		220		242		243		258		254		243		249		259		244		253		237		204		227		342		9		20		342

		26.6.2005		358		353		360		359		354		353		2		356		353		359		355		352		358		350		351		350		1		3		358		351		353		356		351		346		354		353		354		344		348		339		345		360		7		357		354		343		1		343		338		341		294		286		281		269		267		275						360

		27.6.2005		288		299		339		296		293		301		305		272		285		287		270		259		258		261		252		247		259		248		260		256		273		266		231		255		252		259		247		240		258		244		258		243		254		254		254		240		269		265		271		267		272		270		268		263		277		271		273		264		339

		28.6.2005		266		244		230		222		236		256		257		264		264		262		261		268		254		255		263		261		267		266		269		270		264		284		277		301		289		287		295		313		310		309		311		278		281		284		288		333		12		0		291		269		266		265		263		307		352		352		350		337		352

		29.6.2005		332		316		303		276		276		254		262		267		260		262		260		165		173		186		171		183		184		188		243		254		181		188		189		251		246		234		285		337		349		340		339		338		338		330		320		339		338		314		319		332		321		302		308		318		342		314		314		309		349

		30.6.2005		307		322		292		263		279		274		286		281		291		301		302		310		322		309		341		351		358		347		349		347		8		359		347		7		354		351		349		356		348		350		345		351		350		343		5		333		350		336		349		352		354		357		356		344		350		322		340		16		359





Ked_24 h

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				Vidurkis 24 val						24:00:00		Max

		14.10.2004		107		R-PR		14.10.2004		1.59		3.3

		15.10.2004		108		R-PR		15.10.2004		2.17		3.1

		16.10.2004		110		R-PR		16.10.2004		1.69		2.2

		17.10.2004		100		R-PR		17.10.2004		2.06		4.4

		18.10.2004		141		PR-P		18.10.2004		0.57		1.4

		19.10.2004		209		P-PV		19.10.2004		0.57		1.5

		20.10.2004		304		V-ŠV		20.10.2004		0.51		1

		21.10.2004		109		R-PR		21.10.2004		1.23		2.5

		22.10.2004		201		P-PV		22.10.2004		0.64		1.2

		23.10.2004		223		P-PV		23.10.2004		1.34		2.5

		24.10.2004		233		PV-V		24.10.2004		1.28		2.2

		25.10.2004		193		P-PV		25.10.2004		0.85		1.5

		26.10.2004		219		P-PV		26.10.2004		0.63		1.8

		27.10.2004		233		PV-V		27.10.2004		0.47		1.3

		28.10.2004		161		PR-P		28.10.2004		1.32		4

		29.10.2004						29.10.2004				2.7

		30.10.2004						30.10.2004				2.7

		31.10.2004						31.10.2004				3

		1.11.2004		239		PV-V		1.11.2004		0.9		1.7

		2.11.2004		263		PV-V		2.11.2004		0.57		1.7

		3.11.2004		158		PR-P		3.11.2004		0.45		1.1

		4.11.2004		146		PR-P		4.11.2004		0.51		1.2

		5.11.2004		222		P-PV		5.11.2004		0.91		2.5

		6.11.2004		231		PV-V		6.11.2004		1.95		3.4

		7.11.2004		177		PR-P		7.11.2004		0.44		0.9

		8.11.2004		213		P-PV		8.11.2004		0.71		2.4

		9.11.2004		114		R-PR		9.11.2004		2.31		3.4

		10.11.2004		112		R-PR		10.11.2004		1.41		2.8

		11.11.2004		113		R-PR		11.11.2004		1.14		2.6

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				24:00:00						24:00:00		Max

		4.2.2005		129		R-PR		4.2.2005		0.81		1.7

		5.2.2005		127		R-PR		5.2.2005		0.59		1

		6.2.2005		136		PR-P		6.2.2005		0.73		1.2

		7.2.2005		132		R-PR		7.2.2005		0.72		1.1

		8.2.2005		120		R-PR		8.2.2005		0.84		1.2

		9.2.2005		122		R-PR		9.2.2005		0.96		1.4

		10.2.2005		116		R-PR		10.2.2005		1.19		2

		11.2.2005		217		P-PV		11.2.2005		1.37		2.6

		12.2.2005		173		PR-P		12.2.2005		1.43		3.3

		13.2.2005		121		R-PR		13.2.2005		3.4		4.2

		14.2.2005		125		R-PR		14.2.2005		1.86		4

		15.2.2005		176		PR-P		15.2.2005		0.52		2

		16.2.2005		281		V-ŠV		16.2.2005		0.74		1.6

		17.2.2005		313		V-ŠV		17.2.2005		1.03		1.9

		18.2.2005		309		V-ŠV		18.2.2005		0.98		1.8

		19.2.2005		168		PR-P		19.2.2005		0.48		1.1

		20.2.2005		256		PV-V		20.2.2005		0.52		1

		21.2.2005		313		V-ŠV		21.2.2005		0.88		1.9

		22.2.2005		184		P-PV		22.2.2005		1.18		2.8

		23.2.2005		115		R-PR		23.2.2005		2.67		3.7

		24.2.2005		116		R-PR		24.2.2005		2.26		3.4

		25.2.2005		171		PR-P		25.2.2005		0.49		1.3

		26.2.2005		291		V-ŠV		26.2.2005		1.31		2.7

		27.2.2005		328		ŠV-Š		27.2.2005		1.59		2.7

		28.2.2005		257		PV-V		28.2.2005		0.97		2.1

		1.3.2005		253		PV-V		1.3.2005		0.51		1.1

		2.3.2005		130		R-PR		2.3.2005		1.22		2.4

		3.3.2005		120		R-PR		3.3.2005		1.07		2.3

		4.3.2005		128		R-PR		4.3.2005		0.75		1.3

		Interval averages						Interval averages

		0043 - Kedainiai - WD(deg)						0043 - Kedainiai - WV(m/s)

		Interval: 24h Criterion: 0.66						Interval: 24h Criterion: 0.66

				24:00:00						24:00:00		Max

		3.6.2005		203		P-PV		3.6.2005		0.87		1.63

		4.6.2005		149		PR-P		4.6.2005		1.08		1.97

		5.6.2005		225		P-PV		5.6.2005		1.04		2.38

		6.6.2005		215		P-PV		6.6.2005		0.77		2.15

		7.6.2005		236		PV-V		7.6.2005		0.48		1.13

		8.6.2005		263		PV-V		8.6.2005		1.01		1.47

		9.6.2005		256		PV-V		9.6.2005		0.8		1.33

		10.6.2005		205		P-PV		10.6.2005		0.51		1.2

		11.6.2005		215		P-PV		11.6.2005		0.63		1.66

		12.6.2005		208		P-PV		12.6.2005		0.84		2.15

		13.6.2005		192		P-PV		13.6.2005		0.62		1.34

		14.6.2005		169		PR-P		14.6.2005		0.53		1.59

		15.6.2005		210		P-PV		15.6.2005		0.59		1.5

		16.6.2005		242		PV-V		16.6.2005		0.45		1.46

		17.6.2005		229		PV-V		17.6.2005		0.69		1.85

		18.6.2005		252		PV-V		18.6.2005		0.89		1.75

		19.6.2005		256		PV-V		19.6.2005		0.96		1.89

		20.6.2005		256		PV-V		20.6.2005		0.87		1.38

		21.6.2005		235		PV-V		21.6.2005		0.71		1.78

		22.6.2005		203		P-PV		22.6.2005		0.9		2.39

		23.6.2005		221		P-PV		23.6.2005		0.79		1.58

		24.6.2005		232		PV-V		24.6.2005		1.23		1.97

		25.6.2005		225		P-PV		25.6.2005		1.22		2.52

		26.6.2005		250		PV-V		26.6.2005		0.92		1.5

		27.6.2005		230		PV-V		27.6.2005		1.28		2.27

		28.6.2005		216		P-PV		28.6.2005		1.21		2.81

		29.6.2005		209		P-PV		29.6.2005		0.88		2.05

		30.6.2005		236		PV-V		30.6.2005		0.53		1.02





Ked_0.5 h

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		14.10.2004		105		102		106		101		101		100		104		104		100		109		110		107		107		104		105		103		106		110		106		111		116		114		107		105		103		103		106		108		113		106		111		111		101		105		107		104		109		108		106		109		114		118		110		111		102		103		104		101		118

		15.10.2004		101		105		109		103		106		106		105		104		102		110		108		107		108		109		104		110		106		109		110		111		109		111		117		109		112		103		117		117		109		111		116		104		112		107		106		104		105		115		104		113		112		117		113		103		108		108		104		108		117

		16.10.2004		107		112		111		107		110		111		108		110		112		110		112		102		109		113		113		115		109		119		119		108		110		111		112		109		113		114		122		111		111		111		111		108		115		110		104		106		105		107		106		106		110		104		106		107		110		110		117		107		122

		17.10.2004		107		110		112		108		109		106		108		106		109		108		111		108		109		110		112		107		106		110		109		109		108		102		112		112		111		91		89		88		83		86		89		80		86		87		80		69		53		56		104		90		110		90		112		100		97		114		110		116		116

		18.10.2004		114		113		116		110		110		109		109		106		107		107		106		105		105		106		111		110		119		115		120		113		115		117		244		243		241		225		161		140		116		157						231		236		243		238		148		233		178		145		109		100		108		106		100		107		92		121		244

		19.10.2004		111		127		135		169		166		127		242		245		248		239		242		178		231		236		208		109		118		119		142		118		107		122		245		233		236		237		229		233		228		236		231		187		237		243		252		222		228		217		219		200		1		317		305		315		321		293		310		320		321

		20.10.2004		324		300		12		323		33		355		320		313		307		318		292		337		272		342		306		304		298		322		302		327		323		314		315		305		318		313		307		305		318		326		321		323		322		324		311		320		331		323		322		285		323		326		325		325		321		320		327		297		355

		21.10.2004		124		127		115		121		109		117		106		101		108		109		113		102		107		106		107		107		107		114		100		111		115		111		109		115		115		113		111		115		115		112		120		117		117		115		107		112		116		116		117		111		100		100		101		88		75		101		83		74		127

		22.10.2004		99		93		82		108		107		124		146		236		211		247		239		228		234		219		230		245		228		237		237		232		235		233		245		230		234		240		236		222		138		231		239		122		238		232		122		107		136		187		130		217		213		238		250		234		242		241		239		246		250

		23.10.2004		248		229		244		235		241		238		231		224		109		133		147		141		135		190		209		235		219		234		242		243		240		244		245		239		236		236		230		232		231		240		235		231		231		236		234		237		236		235		231		234		233		238		235		227		234		229		231		229		248

		24.10.2004		242		230		235		235		244		238		232		229		229		232		228		224		229		225		232		233		229		226		230		235		235		238		225		233		233		247		237		231		228		234		253		237		250		238		235		242		226		220		221		238		242		226		233		224		228		222		228		231		253

		25.10.2004		234		230		236		233		242		252		231		238		239		230		242		242		231		222		229		230		227		234		121		254		240		236		140		110		99		113		108		119		116		111		113		116		111		117		117		110		99		150		230		241		240		239		237		231		231		226		230		230		254

		26.10.2004		231		233		232		232		231		234		117		129		150		217		226		236		193		126		167		232		217		201		236		241		238		241		241		239		236		234		242		237		236		236		232		239		237		237		229		224		219		227		223		238		236		241		234		228		214		226		138		245		245

		27.10.2004		233		240		225		232		242		243		138		119		112		220		238		244		231		231		238		220		156		120		130		150		109		131		216		240		127		121		328		328		325		322		328		322		327		330		308		320		326		324		324		316		268		20		240		244		242		237		252		230		330

		28.10.2004		234		238		266		248		242		238		253		204		240		235		236		244		257		239		158		244		249		242		251		123		115		114		118		112		116		113		114		115		108		110		107		109		104		114		110		110		110		110		113		111		113		108		105		105		108		112		114		109		266

		29.10.2004		109		110		112		109		111		105		107		119		107		109		121		121		120		125		112		103		90		107		106		96		104		106		109		117		104		123		114		120																																										125

		30.10.2004		269		311		329		301		299		195		105		130		112		316		354		160		111		116		128		116		116		113		113		111		110		114		116		110		115		117		115		112																																										354

		31.10.2004		111		153		218		230		235						238		236		229		230		240		237		234		240		229		228		234		261		18		20		17		7		18		20		10		3		8		20		347		20		21																																		347

		1.11.2004		251		248		257		240		234		237		240		263		351		251		241		235		239		240		231		231		225		231		237		256		290		308		22		349		237		237		236		238		236		229		230		228		237		229		230		235		228		227		237		234		234		234		232		229		239		231		224		233		351

		2.11.2004		238		232		258		257		282		305		259		320		3		26		279		15		327		327		320		327		324		324		330		325		327		328		326		324		318		324		322		327		321		326		327		326		330		308		331		289		0		248		258		266		241		259		149		217		237		136		190		207		331

		3.11.2004		186		237		227		243		233		134		127		124		156		240		247		255		118		239		233		171		144		111		128		124		116		129		230		218		121		146		124		147		219		204		169		141		236		135		108		107		113		112		115		105		109		118		124		116		109		111		115		118		255

		4.11.2004		104		112		110		116		115		122		114		108		116		115		115		113		112		112		106		107		104		107		173		194		109		139		165		162		216		243		232		184		169		239		155		169		130		122		150		239		121		124		104		119		147		195		230		242		151		124		119		121		243

		5.11.2004		128		206		221		114		135		227		117		219		233		238		233		232		236		234		228		233		224		230		234		232		233		239		233		231		236		230		235		224		232		238		228		239		232		226		240		252		221		226		217		237		224		244		208		234		236		231		229		231		252

		6.11.2004		230		229		231		238		235		229		234		239		235		238		234		240		233		238		237		236		236		241		235		235		240		239		234		234		234		238		234		237		236		233		237		237		232		234		235		237		236		226		241		243		244		231		240		235		239		247		119		115		247

		7.11.2004		178		106		109		117		115		126		133		130		106		120		122		114		135		130		124		139		145		148		217		340		331		327		324		321		330		328		68		112		117		120		119		119		23		104		127		321		330		327		324		322		315		119		132		116		120		116		115		126		340

		8.11.2004		114		122		329		324		319		318		323		320		325		330		329		325		321		325		321		321		326		329		140		318		325		104		122		130		135		330		115		124		124		130		117		121		116		330		329		329		87		123		117		113		112		112		111		112		113		117		115		113		330

		9.11.2004		111		117		112		117		111		115		114		115		115		117		116		121		114		114		114		117		114		112		117		117		119		117		121		115		114		116		114		116		117		115		112		118		111		109		114		116		117		113		112		113		116		110		113		110		113		114		113		106		121

		10.11.2004		113		110		104		109		117		111		111		111		117		115		113		113		111		111		114		110		109		108		118		112		123		125		118		124		119		123		112		113		109		113		122		112		113		111				111		111		109		110		112		110		111		105		108		106		108		104		108		125

		11.11.2004		111		108		107		107		111		107		103		106		109		107		108		109		106		113		116		111		115		111		110		111		109		110		111		117		122		121		124		125		117		115		103		110		91		76		114		106		109		118		91		108		105		111		110		112		111		113		134		237		237

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		4.2.2005		113		117		113		111		116		128		134		144		122		116		117		124		124		125		117		126		113		119		120		126		118		113		119		113		118		121		119		118		117		132		129		121		78		124		133		297		345		122		120		117		114		113		119		116		119		115		166		123		345

		5.2.2005		120		111		118		246		219		229		147		188		132		127		110		134		121		98		107		103		105		107		99		178		111		142		137		101		114		103		104		108		112		96		84		79		63		239		153		110		112		115		117		121		109		112		123		120		124		120		123		124		246

		6.2.2005		124		126		124		123		122		125		118		117		131		237		196		199		128		118		135		137		133		125		124		136		198		244		236		130		127		122		122		120		122		133		127		121		120		125		125		118		115		113		118		120		119		123		121		126		124		116		126		126		244

		7.2.2005		122		122		124		121		117		123		115		121		121		125		124		124		130		124		123		116		118		127		125		124		119		121		103		123		165		215		235		245		242		173		113		116		117		115		117		111		110		115		121		128		119		126		123		118		117		118		118		125		245

		8.2.2005		124		126		122		118		114		114		133		116		123		109		110		111		122		117		126		117		119		124		122		124		126		122		122		121		121		129		119		120		126		123		116		124		122		120		117		113		116		116		106		119		119		120		116		116		125		119		114		120		133

		9.2.2005		115		117		111		119		118		121		120		114		117		113		116		118		118		121		121		122		118		122		119		121		120		125		124		114		126		129		240		183		131		108		118		106		114		124		120		116		111		111		119		114		114		117		117		119		118		123		118		116		240

		10.2.2005		110		142		118		116		107		109		111		120		118		116		115		110		112		114		122		117		120		123		115		121		120		108		111		123		115		108		130		115		120		118		98		111		112		107		109		105		112		123		114		99		103		117		115		106		116		122		152		165		165

		11.2.2005		138		115		143		105		136		156		140		204		126		197		222		239		238		241		238		245		234		241		231		234		239		236		237		237		235		234		238		236		241		239		234		237		237		238		233		234		232		246		233		236		241		242		243		240		222		218		223		221		246

		12.2.2005		231		226		231		219		227		183		221		216		237		238		244		240		242		230		234		231		238		237		232		241		234		243		223		148		138		132		123		109		96		103		117		120		120		120		114		133		127		125		125		124		121		110		106		114		118		119		117		123		244

		13.2.2005		118		123		120		118		107		109		121		112		117		113		117		117		120		120		121		124		122		118		121		133		132		125		122		117		124		128		123		125		123		117		128		118		125		119		127		121		122		117		115		120		120		131		129		119		127		132		131		112		133

		14.2.2005		122		106		120		111		128		113		113		112		110		115		113		111		112		111		118		117		119		117		119		120		120		118		119		121		120		117		114		118		114		120		113		114		114		116		119		114		107		112		118		114		114		116		119		119		118		331		320		122		331

		15.2.2005		110		104		319		297		312		324		341		302		203		111		95		120		343		120		344		314		114		55		46		124		116		120		181		133		137		113		120		117		114		114		112		116		123		114		115		113		114		159		211		271		116		130		273		133		170		280		255		296		344

		16.2.2005		154		297		117		162		294		315		314		307		315		313		308		288		280		304		311		309		302		293		292		262		296		313		296		292		306		299		305		276		310		303		307		311		306		292		288		278		273		298		251		285		285		263		282		241		259		204		297		234		315

		17.2.2005		246		266		302		312		310		307		323		320		309		301		270		292		317		311		305		314		316		311		318		316		320		311		311		307		315		312				321		309		316		309		317		321		325		326		322		329		326		322		322		328		325		324		324		327		331		329		328		331

		18.2.2005		326		323		329		326		331		329		330		328		329		328		329		329		327		325		328		332		326		326		325		329		327		323		326		326		323		329		327		333		330		329		329		335		336		329		332		327		316		329		260		249		349		258		244		243		244		256		162		122		349

		19.2.2005		121		118		123		125		125		121		118		122		144		237		180		122		121		240		216		124		118		119		124		228		242		241		237		143		147		169		136		118		122		133		130		221		148		137		113		133		123		119		117		123		240		232		230		235		248		345		287		237		345

		20.2.2005		232		249		154		162		132		121		150		164		242		234		239		235		256		239		236		235		241		237		236		231		242		239		236		239		234		243		336		346		331		327		330		324		324		327		326		330		330		327		328		327		327		335		22		21		345		317		325		333		346

		21.2.2005		323		318		137		305		321		316		323		323		315		318		322		321		324		326		324		322		328		327		320		323		326		320		317		335		331		335		297		318		317		322		320		323		325		326		317		323		323		321		323		304		293		269		264		293		315		316		309		307		335

		22.2.2005		126		314		347		319		315		113		322		309		318		298		296		286		305		303		279		322		108		320		303		317		103		114		108		120		120				119		123		122		113		110		116		111		114		107		112		110		111		106		109		112		111		117		112		117		107		108		113		347

		23.2.2005		117		114		120		117		118		118		116		114		110		114		117		115		115		112		111		110		115		115		118		116		116		106		116		116		115		107		119		117		114		117		120		119		117		117		120		114		118		115		114		118		117		117		111		114		118		117		112		114		120

		24.2.2005		115		116		117		118		121		114		115		118		119		116		120		117		118		120		119		110		119		113		113		116		119		119		111		117		119		115		114		111		117		118		120		115		121		114		105		143		105		103		112		112		121		109		117		110		115		112		109		114		143

		25.2.2005		114		115		122		113		113		119		117		118		135		129		108		30		49		121		132		136		135		116		117		117		115		121		120		146		131		137		143		128		127		125		144		274		329		331		327		325		323		324		315		255		268		0		291		284		237		118		250		252		331

		26.2.2005		292		321		241		332		313		138		320		323		5		280		327		213		168		348		23		53		324		321		322		315		321		320		319		322		312		307		318		319		317		313		321		320		321		324		324		326		319		326		327		325		325		326		322		325		327		326		327		323		348

		27.2.2005		328		328		328		330		328		327		325		329		328		327		330		327		331		326		329		321		327		328		328		331		325		327		326		328		329		325		324		324		326		325		327		331		330		330		329		333		326		330		327		333		330		329		325		329		325		332		328		325		333

		28.2.2005		322		329		332		305		332		343		348		335		320		334		322		332		328		325		324		313		338		331		338		329		0		330		326		332		332		329		330		329		331		332		332		331		334		340		332		336		359		1		264		24		30		28		13		7		27		10		22		10		359

		1.3.2005		348		12		349		329		347		340		308		329		320		327		330		324		328		329		324		323		346		331		325		330		345		15		5		10		17		351		295		352		4		341		349		2		327		2		329		319		334		23		4		306		336		331		311		250		211		223		232		239		352

		2.3.2005		240		226		179		119		226		234		232		143		124		142		141		44		52		121		127		135		122		121		115		119		117		117		121		119		118		118		114		119		112		117		121		119		117		120		119		117		113		119		115		112		109		113		113		116		115		113		115		117		240

		3.3.2005		113		114		119		116		115		116		113		116		113		113		120		119		115		112		111		110		108		116		114		127		136		124		115		214		194		108		145		113		125		110		128		110		129				100		113		101		108		117		152		126		115		109		102		112		117		122		111		214

		Interval averages

		0043 - Kedainiai - WD(deg)

		Interval: 30m Criterion: 0.66

				0:30		1:00		1:30		2:00		2:30		3:00		3:30		4:00		4:30		5:00		5:30		6:00		6:30		7:00		7:30		8:00		8:30		9:00		9:30		10:00		10:30		11:00		11:30		12:00		12:30		13:00		13:30		14:00		14:30		15:00		15:30		16:00		16:30		17:00		17:30		18:00		18:30		19:00		19:30		20:00		20:30		21:00		21:30		22:00		22:30		23:00		23:30		24:00:00		Max

		3.6.2005		215		203		226		234		238		241		233		240		226		210		243		243		241		229		226		221		221		230		209		222		193		221		195		188		173		202		177		206		212		236		208		223		164		193				179		168		240		246		237		246		216		102		98		109		98		104		154		245.87

		4.6.2005		209		241		139		106		96		109		100		102		102		121		112		116		111		114		107		110								142		150		142		133		119				129				134		123		129		141		145		164		129		128		152		130		197		208		210		215		164		218				229		201		210		227		241.28

		5.6.2005		203		204		221		228		238		240		238		234		238		237		233		240		238		236		226		133		197		244		235		233		239		235		235		232		232		226		214		209		223		225		217		231		235		225		232		225		225		223		240		222		255		197		230		214		214		221		174		233		254.86

		6.6.2005		230		235		243		230		240		229		239		237		132		198		176		127		188		218		135		192		182		128				211		191		215		212		210		208		234		239		202		234		233		225		212		236		232		232		235		232		219		231		237		238		239		238		235		210		252		232		208		251.67

		7.6.2005		210		268		260		239		180		279		241		252		220		224		243		219		285		276		285		235		249		287		266		267		245		225		195		174		199		208		176		187		168		160		265		265		180		204		253		282		231		217		270		292		285		251		209		259		219		244		240		251		291.57

		8.6.2005		269		257		279		285		266		280		261		256		267		263		274		263		228		261		254		250		246		257		258		250		276		264		256		270		265		268		234		256		276		262		268		277		279		261		267		266		268		255		257		269		259		268		253		274				274				268		284.64

		9.6.2005		264		272		242		270		257		269		286		285		296				279		278		253		236		242		223		218		226		225		208		221		200		242		257		241		216		236		224		254		254		258		259		249		247		265		248		260		286		281		266		288		290		285		285		263		253		275		281		295.52

		10.6.2005		282		191		277		252		293		297		288		221		188		143		259		262		244		252		171		206		223		251		211		234		218		217		210		203		177		176		139		158		178		194		203		169		147		221		190		143		222		270		142		109		166		122		111		113		119		199		315		268		314.66

		11.6.2005		148		231		237				208		226		236		197		217		252		222		239		273		268		254		225		155		172		213		212		170		170		194		151		201		185		182		255		236		222		213		213		216		203		195		201		198		223		239		224		238		215		207		214		233		236		235		234		273.05

		12.6.2005		238		236		233		241		247		250		220		247		245		226		172		218		103		103		116		147		174		167		166		212		182		152		154		233		148		151		236		213		200		225		226		232		212		230		231		244		234		232		235		231		223		236		222		189		238		236		234		235		250.16

		13.6.2005		241		170		186		158		244		245		241		242		242		246		247		251		246		240		224		217		215		228		204		212		221		228		210		202		203		209		207		193		204		188		152		196		210		208		242		146		190		111		124		111		107		107		143		155		106		118		123		94		251.19

		14.6.2005		215		267		207		244		246		201		117		238		170		206		120		110		102		108		101		105		116		162		151		160		124		136		128		125		143		178		166		217		240		173		173		203		148		201		201		227		154		224		156		175		117		179		160		210		181		185		111		108		267.3

		15.6.2005		230		226		275		127		133		215		236		274		259		266		250		215		165		144		168		115		126				206		233		224		197		251		248		247		177		236		187		160		181		155		192				244		146		205		261		245		247		219		216		214				209		236		249		241		220		274.88

		16.6.2005		264				297				251		301		297		286		293		292		284		256		271		277		229		212		228		250		215		213		287		217		264		227		222				191		117		123		193		142		217		174		219		231		248		242		235		261		280		251		211		270		288		291		263		246		248		301.14

		17.6.2005		253		221		239		261		276		269		261		291		258		292		283		296				166		149		131		185		238		234		243		236		233		232		228		211		209		204		205		206		216		219		194		229		233		223		230		203		210		226		231		224		227		192		239		237		229		234		234		295.56

		18.6.2005		235		238		235		237		210		228		221		237		232		235		204		243		247		258		300		281		266				254		263		261		262		247		242		264		248		252		242		259		263		247				257				254				261				257		282		278		264		255		266		275		248		260		251		300.3

		19.6.2005				263		267		259						270		263		264		260		279		264		275		247				273		264		240		249		246		258		268		238				257		267				256		252		249				244		265				252				226		207		215		206		256		267				266		271		283				282		283.07

		20.6.2005		272		267		270		301		243				285		259				265		253		250		264				238		215		239		208				206		243		226		241		235		251		265								251		254		262				273		264				247				236		238				291		287		280		260		275		293		260		300.59

		21.6.2005		284		267		290		284		227		245		268		289		242		245				217		190								194		196				123		228						212		226		268						257				246		251				239				228						252		246		252		231				287		246		157		209		167		289.67

		22.6.2005		215		206		254		237		152		144		249		219		135		111		179		166		113		106		121		158		180		190		163		203		197				183		174		226		227		235		237		235		239		232		236		226		232		238		225		246		251						171		234		234		233		226		231		233		234		254.22

		23.6.2005		224		197		209		237		241		238		230		238		242		223		199		225		206		205		213		223		220		238		225		235		224		191		181		203		201		213		227		226		217		209		203		235		216		239		228		233		207		215		222		220		225		224		237		238		236		237		233		219		242.11

		24.6.2005		231		239		239		241		244		238		238		236		236		238		232		237		237		236		236		232		238		233		229		233		233		227		232		228		231		233		230		234		236		225		229		232		214		233		228		232		219		227		220		220		231		235		242		239		235		178		242		244		244.36

		25.6.2005		243		252		244		188		167		229		250		235		239		164		226		111		193		113				236		222				207		211		237		234		235		233		235		239		235		237		238		239		237		233		233		236		241		235		241		240		239		248		136		205		256		254		250		252		248		275		274.9

		26.6.2005		233				250						262		268		258		278		272		243		269		268		255						266		249		260				255		268				266		253		256						248		250		270		260				265								274		253		278		268		245		209						161		162		194		277.98

		27.6.2005		201				161		219		226		238		231		245		231		247		251		244		242		245		241		235		232		233		218		227		211		224				238		233		226		235		236		229		234		231		237		238		220				212		222		224		238		232		236		231		226		231		231		234		241		246		250.9

		28.6.2005		241		245		242		242		232		234		236		234		233		234		235		236		234		239		236		237		238		237		230		232		236		227		208		206		202		211		205		212		212		211		204		180		140		121		112		192		222		226		196		259				205		191		184				194		223		234		259.21

		29.6.2005		239		204		219		229		198		213		211		121		113		178		132		120		241		182		202		178		115		176		119		161		247		235		227		220		207		242		239		256		266		264		253		264		244		265		259		267						236		239		247		252		199		203		184		187		175		174		267.36

		30.6.2005		222		218		213		193		228		238		239		241		211		216		189		218		206		233		251		239		237		261		265		243		222		173		202		228		261		248		241		241		214		262		258				257		253		263		260		276		256		271		271		276		264		248		245		196		164		232		234		276.08





PAN

		30.10.2004		70		ŠR-R				17.2.2005		47		ŠR-R				15.6.2005		105		R-PR

		9.11.2004		91		R-PR				16.2.2005		48		ŠR-R				22.6.2005		118		R-PR

		8.11.2004		100		R-PR				15.2.2005		66		ŠR-R				14.6.2005		137		PR-P

		29.10.2004		108		R-PR				22.2.2005		78		ŠR-R				11.6.2005		154		PR-P

		10.11.2004		125		R-PR				24.2.2005		100		R-PR				21.6.2005		171		PR-P

		16.10.2004		126		R-PR				23.2.2005		101		R-PR				7.6.2005		172		PR-P

		7.11.2004		129		R-PR				14.2.2005		106		R-PR				20.6.2005		173		PR-P

		15.10.2004		130		R-PR				26.2.2005		119		R-PR				4.6.2005		189		P-PV

		17.10.2004		132		R-PR				21.2.2005		125		R-PR				10.6.2005		207		P-PV

		14.10.2004		134		R-PR				3.3.2005		143		PR-P				17.6.2005		214		P-PV

		11.11.2004		138		PR-P				13.2.2005		144		PR-P				13.6.2005		223		P-PV

		21.10.2004		141		PR-P				2.3.2005		145		PR-P				3.6.2005		223		P-PV

		18.10.2004		156		PR-P				4.2.2005		149		PR-P				25.6.2005		233		PV-V

		28.10.2004		161		PR-P				4.3.2005		154		PR-P				9.6.2005		236		PV-V

		4.11.2004		169		PR-P				9.2.2005		159		PR-P				16.6.2005		245		PV-V

		3.11.2004		177		PR-P				8.2.2005		163		PR-P				5.6.2005		247		PV-V

		25.10.2004		178		PR-P				7.2.2005		175		PR-P				6.6.2005		258		PV-V

		22.10.2004		187		P-PV				6.2.2005		178		PR-P				24.6.2005		259		PV-V

		5.11.2004		189		P-PV				10.2.2005		179		PR-P				18.6.2005		264		PV-V

		23.10.2004		195		P-PV				5.2.2005		180		PR-P				27.6.2005		267		PV-V

		26.10.2004		198		P-PV				19.2.2005		181		P-PV				28.6.2005		269		PV-V

		6.11.2004		200		P-PV				25.2.2005		191		P-PV				29.6.2005		276		V-ŠV

		24.10.2004		227		PV-V				12.2.2005		202		P-PV				19.6.2005		289		V-ŠV

		19.10.2004		235		PV-V				11.2.2005		222		P-PV				26.6.2005		304		V-ŠV

		27.10.2004		243		PV-V				20.2.2005		246		PV-V				30.6.2005		304		V-ŠV

		1.11.2004		243		PV-V				18.2.2005		263		PV-V				8.6.2005		330		ŠV-Š

		31.10.2004		250		PV-V				1.3.2005		320		ŠV-Š				12.6.2005

		2.11.2004		270		PV-V				27.2.2005		320		ŠV-Š				23.6.2005

		20.10.2004		323		ŠV-Š				28.2.2005		325		ŠV-Š

						atvejai								atvejai								atvejai

		Sektorius		Š-ŠR		1		3		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0

		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		4		14		Sektorius		ŠR-R		0		0

		Sektorius		R-PR		9		31		Sektorius		R-PR		5		17		Sektorius		R-PR		2		8

		Sektorius		PR-P		7		24		Sektorius		PR-P		11		38		Sektorius		PR-P		5		19

		Sektorius		P-PV		5		17		Sektorius		P-PV		4		14		Sektorius		P-PV		5		19

		Sektorius		PV-V		6		21		Sektorius		PV-V		2		7		Sektorius		PV-V		9		35

		Sektorius		V-ŠV		0		0		Sektorius		V-ŠV		0		0		Sektorius		V-ŠV		4		15

		Sektorius		ŠV-Š		1		3		Sektorius		ŠV-Š		3		10		Sektorius		ŠV-Š		1		4

		Panevezys

				Š		3						Š		0										Š		0

				ŠR		0						ŠR		14										ŠR		0

				R		31						R		17										R		8

				PR		24						PR		38										PR		19

				P		17						P		14										P		19

				PV		21						PV		7										PV		35

				V		0						V		0										V		15

				ŠV		3						ŠV		10										ŠV		4





PAN

		0

		0

		0

		0

		0

		0

		0

		0





KED

		0

		0

		0

		0

		0

		0

		0

		0





		0

		0

		0

		0

		0

		0

		0

		0





		17.10.2004		100		R-PR				23.2.2005		115		R-PR				4.6.2005		149		PR-P

		14.10.2004		107		R-PR				24.2.2005		116		R-PR				14.6.2005		169		PR-P

		15.10.2004		108		R-PR				10.2.2005		116		R-PR				13.6.2005		192		P-PV

		21.10.2004		109		R-PR				8.2.2005		120		R-PR				3.6.2005		203		P-PV

		16.10.2004		110		R-PR				3.3.2005		120		R-PR				22.6.2005		203		P-PV

		10.11.2004		112		R-PR				13.2.2005		121		R-PR				10.6.2005		205		P-PV

		11.11.2004		113		R-PR				9.2.2005		122		R-PR				12.6.2005		208		P-PV

		9.11.2004		114		R-PR				14.2.2005		125		R-PR				29.6.2005		209		P-PV

		18.10.2004		141		PR-P				5.2.2005		127		R-PR				15.6.2005		210		P-PV

		4.11.2004		146		PR-P				4.3.2005		128		R-PR				11.6.2005		215		P-PV

		3.11.2004		158		PR-P				4.2.2005		129		R-PR				6.6.2005		215		P-PV

		28.10.2004		161		PR-P				2.3.2005		130		R-PR				28.6.2005		216		P-PV

		7.11.2004		177		PR-P				7.2.2005		132		R-PR				23.6.2005		221		P-PV

		25.10.2004		193		P-PV				6.2.2005		136		PR-P				5.6.2005		225		P-PV

		22.10.2004		201		P-PV				19.2.2005		168		PR-P				25.6.2005		225		P-PV

		19.10.2004		209		P-PV				25.2.2005		171		PR-P				17.6.2005		229		PV-V

		8.11.2004		213		P-PV				12.2.2005		173		PR-P				27.6.2005		230		PV-V

		26.10.2004		219		P-PV				15.2.2005		176		PR-P				24.6.2005		232		PV-V

		5.11.2004		222		P-PV				22.2.2005		184		P-PV				21.6.2005		235		PV-V

		23.10.2004		223		P-PV				11.2.2005		217		P-PV				30.6.2005		236		PV-V

		6.11.2004		231		PV-V				1.3.2005		253		PV-V				7.6.2005		236		PV-V

		27.10.2004		233		PV-V				20.2.2005		256		PV-V				16.6.2005		242		PV-V

		24.10.2004		233		PV-V				28.2.2005		257		PV-V				26.6.2005		250		PV-V

		1.11.2004		239		PV-V				16.2.2005		281		V-ŠV				18.6.2005		252		PV-V

		2.11.2004		263		PV-V				26.2.2005		291		V-ŠV				9.6.2005		256		PV-V

		20.10.2004		304		V-ŠV				18.2.2005		309		V-ŠV				20.6.2005		256		PV-V

		29.10.2004								21.2.2005		313		V-ŠV				19.6.2005		256		PV-V

		30.10.2004								17.2.2005		313		V-ŠV				8.6.2005		263		PV-V

		31.10.2004								27.2.2005		328		ŠV-Š

						atvejai		proc.						atvejai								atvejai

		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0		Sektorius		Š-ŠR		0		0

		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		0		0		Sektorius		ŠR-R		0		0

		Sektorius		R-PR		8		31		Sektorius		R-PR		13		45		Sektorius		R-PR		0		0

		Sektorius		PR-P		5		19		Sektorius		PR-P		5		17		Sektorius		PR-P		2		7

		Sektorius		P-PV		7		27		Sektorius		P-PV		2		7		Sektorius		P-PV		13		46

		Sektorius		PV-V		5		19		Sektorius		PV-V		3		10		Sektorius		PV-V		13		46

		Sektorius		V-ŠV		1		4		Sektorius		V-ŠV		5		17		Sektorius		V-ŠV		0		0

		Sektorius		ŠV-Š		0		0		Sektorius		ŠV-Š		1		3		Sektorius		ŠV-Š		0		0

		Kedainiai		Š		0						Š		0						Š		0

				ŠR		0						ŠR		0						ŠR		0

				R		31						R		45						R		0

				PR		19						PR		17						PR		7

				P		27						P		7						P		46

				PV		19						PV		10						PV		46

				V		4						V		17						V		0

				ŠV		0						ŠV		3						ŠV		0
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