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yooeuu H.A., Bacunuuun X.P. TeopeTuko-meroauyeckue U nNpaKTuyec-
KHe OCHOBBI peaiM3allu IKOJI0TM4ecKOro CTPAXOBAHUS OT YPe3BbIYAHbBIX CH-
Tyauuil NIPUPOJHOTO XapaKTepa B YKpauHe
PaccMmoTpeHbl akTyanbHOCTh M BaXHOCTh MCCIIEAOBAHUS UPE3BbIYAMHBIX CUTyalui Mpu-
POHOrO XapakTepa 1 o0ecreyeH s peali3alii SKOJIOTHYECKOr0 CTpaxoBaHusl yiiep0a, HaHe-
CEHHOr0 3THMU SIBICHUSIMU. [IpoaHamM3MpOBaHO MOHATHE U CYIIHOCTh YPE3BbIYANHHBIX CHTY-
aunﬁ TIpUPOAHOI'0 XapakKTepa. OGpameHo BHHMAHHC Ha ‘IpeSBLI‘IaﬁHI:Ie CUTyalluu IMpUpoOJHOTro
XapakTepa B YKpauHe M SKOHOMHYECKHE YOBITKH, HAHECEHHbIC ATUMU siBeHusMuU. [Ipencras-
JICHa I/IH(bOpMaI_II/IH 00 00J1aCTSIX ¢ BBICOKUMH SKOJIOTHYECKHUMHE puCKaMu METEOPOJIOIruICCKOro,
TUAPOJIOTHICCKOro U Ire0JIOrH4YeCKOro Xapakrepa. O06ocHOBaHa HCO6XOZ[I/IMOCTI> (1)yHKIII/IOHI/I-
poBaHusA TOCYJAapCTBEHHOI'0 3KOJIOTMYECKOIr'0 CTpaxOBaHUs JUIsl BO3MCIICHUS ymep6a, HaHE-
CEHHOTr'0 Ype3BbIUaHBIMU CUTYAIMsMH NMPUpPOIHOro xapakrepa. [Ipeanoxena cucrema peanu-
3aLUH YKOJIOTUYECKOTO CTPAXOBAHUS P YYaCTUH TOCYAAPCTBEHHON CTPaxOBOW KOMIIAHUH.
Knroueevle cnosa. >xoiornveckoe CTpaxOBaHUE, TOCYOAapCTBEHHOC 3KOJOIrHYECKOE
CTpaxOBaHHe, Ype3BbIYaiiHasi CUTyalusi IPUPOAHOTO XapaKTepa, SKOJIOTHIECKUIl pUCK.

Dubovich ILA.,  Vasylyshyn Kh.RTheoretical, = Methodological and
Practical Foundations of Environmental Insurance Realization from Nitural

Emergencies in Ukraine

Relevance and importance of the research of nagumatgencies and implementation of
environmental insurance losses realization caugetidse occurrences are considered. Con-
ception and essentiality of natural emergenciesanadysed. Natural emergencies in Ukraine
and economic losses caused by these occurrencésghhghted. Information about regions
with the highest environmental risks of meteoratadji hydrological and geological character
is submitted. The necessity of functioning stateiremmental insurance for compensation
caused by natural emergencies is substantiatedsy&tem of environmental insurance reali-
zation involving state insurance company is offered

Key words:environmental insurance, state environmental arsee, natural emergency,
ecological risk.
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SEWAGE SLUDGE AND MINERAL WOOL FOR RECLAMATION
OF DEVASTATED SOILS AND IN FOREST MANAGEMENT?3

The aim of this study is to assess the impact ef ponsumer waste sludge and mineral
wool Grodanon the development track propertiessoff-devastated in the borehole mining
sulfur in forest management — the cultivation 0btSgine and birch. The study is consisted
of: vegetation phytometric experiments; laborattasts. The phytometric experiment aimed
at evaluating the usefulness of municipal sewagdgs and waste mineral wool Grodan from
under-cover cultivations for developing the projsriof devastated land for planting the fo-
rest trees. Phytometers were made of plastic gursiof 12 dricapacity with cut off bottom
and buried at a ground surface in the sulfur memalko. Phytometers were filled with com-
posite of the native soilless sand with tested evastdition. Seedlings of Scots pirféinus
sylvestris) and silver birch Betula pendula Roth) were planted ontosuch prepared substrate.
Each variant was carried out in triplicate. Tastetbtes had a significant effect on the growth
of trees. The best pine growth gain was recordetthesoil with mineral wool added as an in-
sert at the bottom of the phytometer, while birdthvaddition of mineral wool and sewage
sludge distributed throughout the phytometer volume

Key words:reclamation, mineral wool, sewage sludge, forestagement.

Introduction . Soil as a permanent element of the landscape is ir@abp
way exposed to the effects of multiple anthropogenic pressA particular example
is the borehole mining of sulfur. This method corssiat melting the sulfur in deep
layers and its extraction out to the earth surface thraugbsed pipe system (Frash
method). This process requires implementation of apiateplogistics (buildings,
structures, roads, etc.) and mining infrastructure ifiginand drainage holes,
transmission systems, warehouses, storage yards,vétec)y contributed to the vi-
olation of soil structure, often on the devastation s¢@etda 2000; Dziewski
19894. Extreme conditions of sulfur melting (temperature, $ues) gave rise to a
significant failure of the process, which contributes ® ghattering of sulfur within
the environment. Emitted native sulfur, sulfides, anlfur oxides became a potential
source of sulfuric acid in the soil leading to a decréasieeir pH value and caused a
toxic environment for plants, including through a hugeients deficits and increase
in the mobility of phytotoxic elemen{8aran, Turski 1996; Jza 2004.

To develop the soil properties for the needs of plarfitiiure has been extre-
mely important in the process of soil reclamation andbragon works on the poor
quality soilless formations. In the first years of reclaorafocused on the forest ma-
nagement, the overburden soil accumulated as a resulhofg in the mine vicinity,
was used for improving the soil properties. This prgcassler conditions of low
degradation, gave particular resyi@otda 2008; Joca 2000; Warzybok 2000Ho-
wever, at a strong degradation, the effectivenessoftathod has proved to be limi-
ted, which outlines the need to seek other ways oamgfion, including the use so-
me proper-quality waste such as municipal sewage sladdevaste mineral wool
from under-cover cultivatioraran 2006; Baran et al. 2008

1 University of Life Sciences in Lublin;
2 National Forestry University of Ukraine, Lviv
3 Publication funded from the budget for scienc20r0-2013 as a project No N304 400 139.

2. Exoutorisi Ta 10BKiIs 71



Hauionanbnmii JicoTexniunmii yniBepcurer YKpainu

The aim of this study is to evaluate the impact of wasteth® development
of soilless formation devastated due to the borehdfersuining and used for forest
management (cultivation of Scots pine and silver birch).

Material and methods Having outlined the purpose of research, suitable
methods and experiments were adapted to their impiitien.

The study is consisted of:

e Vegetation phytometric experiments;
e Laboratory tests.

Phytometric experiments The phytometric experiment aimed at evaluating
the usefulness of municipal sewage sludge and waskerahiwool Grodan from un-
der-cover cultivations for developing the propertiesdefastated land for planting
the forest trees. Phytometers were made of plastic censai 12 drficapacity with
cut off bottom and buried at a ground surface in thismine Jeziérko. Phytome-
ters were filled with composite of the native soillessdsaith tested waste addition
(Table 1). Seedlings of Scots pirféirus sylvestris) and silver birch Betula pendula
Roth) were planted onto such prepared substrate. Each veugancarried out in trip-
licate. The experiment included the analysis of soil pt@seand biometric measure-
ments of tested tree species.

Table 1. Scheme of phytometric experiment involvipige and birch cultivation

No of
pot

Reclamation variants

Soilless formation with no additives (control)
Soilless formation + sewage sludge 10&tDM
Soilless formation + mineral wool 400-ha distributed throughout phytometer volurjje
Soilless formation + sewage sludge 10@tDM + mineral wool 400 risha™ distri-
buted throughout phytometer volume

Soilless formation + mineral wool (5 cm layerag#d at the bottom of phytomefer
Soilless formation + sewage sludge 10@it DM distributed throughout phyto-
meter volume + mineral wool (5 cm layer) placethatbottom of phytometer

o |01 b [W|IN(F

Laboratory tests. Following items were determined in collected samples of
soil, mineral wool, and sewage sludge:

e pH value — potentiometry — in,® and 1mdHni*KCl,

e hydrolytic acidity (H) — Pallman method — in 1 nighi® CH;COONa,

e alkaline cations (S) in 0.5 nidhi®ammonium chloride extract (pH 8.2),

e sorption capacity (T) and saturation of the soihptex with alkaline cations (V) —
calculation,

total carbon content (G- Tiurin method with Simakov modification,

labile forms and fraction composition of humus,

total nitrogen content — Kjeldahl method — applyitigtillation apparatus Kjeltech
1002,

C: N ratio — calculation,

available Mg content — Schachtschabel method,

available P and K contents — Egner-Riehm method.

heavy metals contents. The total proportions ofiteetere determined after extracti-
on using HNQand HCIQ mixture (v/v 5:4) in emission spectrophotometerwit-
ductively coupled plasma (ICP-AES by Leeman, m&&P50).
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Results

Properties of waste materials used in experiment§ he experiment was set
up on soilless formation with a particle size correspuopdd weak loamy sand from
the area of Jezidrko sulfur mine. This formation wharacterized by strong acidity,
poor sorption properties, low content of organic carbod nitrogen, as well as ava-
ilable P and K, and heavy metals (Table 2). It also mda\vorable water characteris-
tics[Baran et al. 2008; 2008 a;nba 2004.

Table 2. Selected properties of devastated soiflesration, sewage sludge,
and mineral wool used in experiments

Property Unit Soilless formation Mineral wogl  Segessludge
pH H,0 5,20 6,9 6,8
pH KCI 4,50 6,6 6,4
Hh cmol (+)kg™ 3,20 3,8 45
S cmol (+)kg™ 2,22 57,2 50,0
T cmol (+)kg™ 5,52 61,0 54,5
V % 40,24 93,7 91,7
Corg, gkg™ 4,80 28,7 195,8
NtOl. g'kg-l 0,50 5,4 29,0
C:N 11,6 7,2 7,0
available P md00 g' 1,15 12,0 61,0
available K mgl00 g 2,98 21,0 17,1
Cu mgkg™ 4,95 41,0 135,0
Zn mgkg™” 9,65 132,0 920,0
Pb mgkg™ 8,00 35,5 29,0

Tested mineral wool Grodan from horticultural underesosultivations has
favorable sorption properties, particularly high contnlkaline cations, which gi-
ven the relatively low hydrolytic acidity, makes a higfgtee of saturation with these
elements.

The waste has a high water retaining capacity, whicthaege a very positive
impact on the process of biological soil remediatiod eatovery of degraded soils
on devastated areas [Baran et al. 2008]. It is alsmacteized by a high content of
magnesium and calcium and beneficial levels of nitrpgéilosphorus, and potassi-
um. Phosphorus, and particularly potassium have relatiigh bioavailability. Zinc
and copper are present in amounts that can contribute entichment of reclaimed
and fertilized soil. Lead is present at concentrationgtdhan the permissible limits
for soils and organic wastes (Table 2).

Municipal sewage sludge used in the experiment is cteaized by positive
sorption properties and high contents of carbon amdgah (Table 2). The content
of heavy metals is at an acceptable level (Dz.U. No, £83. 924 of 13 July 2002).
The applied sewage sludge also meets the sanitaryeegrits.

Contents of available P, K, and Mg forms Content ofavailable phospho-
rus in the soilless formation under experimental conditiomsged from 1.09 to
5.07 mg100 g* (Figure 1), which proved very low to medium abundanicthat ele-
ment [Fertilizing requirements 1990 The soilless formation was the poorest in
phosphorus (control object). However, when addedgé¢heage sludge, it was charac-
terized by much higher content of the element (4.11-5:1§700 g*) than with mine-
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ral wool addition (2.03-2.61 mt00 ¢*). The tree species grown during the study pe-
riod (2 years) had no clear influence on phosphoousent. The way of mineral wool
distribution did not exert any impact on available phosphooncentration either.

6,00
an -0 [0 1 termin - sosna
% Z3‘88 II termin - sosna
200 B | termin - brzoza
g 1:0 0 m m % B 11 termin - brzoza
0,00

1 2 3 4 5 6
Figure 1. Content of available phosphorus in thellsmf phytometric expenmentl) soil
with no additives (control), 2) sewage sludge 100 tha* 3) mineral wool 400 m distributed
throughout the pot volume, 4) sewage sludge 100 t: ha™*+ mineral wool 400 m’distributed
throughout the pot volume, 5) mineral wool (5cm layer) placed at the bottom of pot,
6) sewage sludge 100 t-ha™* + mineral wool (5cmlayer) placed at the bottom of pot
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Figure 2. Content of available potassium in the kof phytometric experiment
(Denotationsasin Figure 1)

The content ofvailable potassiumin soilless formation of studied reclama-
tion variants varied from 2.5 to 8.5 mg - 109 which indicates very low (control)
and low (other objects) abundar{¢eertilizing recommendations 1900t should be
noted that the soilless formation with the only sewage sladiglition was poorer in
available potassium than that with different doses of mineyal and sewage sludge
(Figure 2). Tree species had no effect on the confemtailable potassium.

Available magnesiumcontent, like P and K, varied, which resulted from the
method of reclamation (Figure 3).
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Figure 3. Content of available magnesium in the kof phytometric experiment
(Denotationsasin Figure 1)
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In the native soil (control), the element content wasHamging from 0.84 to
1.52 mg-100 ¢ Variants with addition of tested wastes revealedrsétienes higher
content of magnesium, which oscillated around 6.02-19700 g". There was no
univocal effect of the plants on changes in magnesiuavhitability.

Content of organic carbon in the soil reclaimed using mineral wal Gro-
dan and sewage sludgeOrganic carbon content in the soilless formation stutied
the experiment varied (Table 3, Figure 4). In thenfation, where the phytometric
experiment was set up qgcontent was about 9kg™. Applied fertilizing materials

had a significant impact on the increase in the contentgainic matter.
18
16
14 177
12 2
10
2 %
%

O B

2 3 4 5 6
[] brzoza| 8,76 14,49 11,28 15,6 12 15,36
[ sosna| 9,33 14,28 10,32 15,58 11,4 13,92

Figure 4. Content of organic carbon in the soillegsrmation under birch (Betula pendula

Roth) and pine (Pinus sylvestris) cultivation (me&alues for both dates and reclamation

methods):1) sail W|th no additives (control), 2) soil + sewage sudge 100 tha, 3) soil + m|-

neral wool 400 m®di strlbuted throughout the pot volume, 4) oil + sewage Sludge 100 t-ha™ +

mineral wool 400 mdistributed throughout the pot volume, 5) 90|I + mineral wool (5cmla-

yer) placed at the bottom of pot, 6) soil + sewage Sudge 100 t-ha™* + mineral wool (5cmla-
yer) placed at the bottom of pot

Table 3. Content of organic carbon in the soillesmation of phytometric experiment
involving birch (Betula pendula Roth) and pine (Pirs sylvestris) cultivation

_ Date of study Coggkg™
2008|2009 2008| 2009 Mean for
Reclamation metho B B Mean S S Meary variant

Soilless formation with no additives (contro}) 7,99,60]| 8,76| 8,88 9,78] 9,33| 9,05
SoHIess formation + sewage sludge
100 thal DM 13,6315,3614,4913,2015,3614,28 14,39
Sonless formation + mineral wool 400°#ma
! distributed throughout phytometer volume
Sonless formation + sewage sludge 106t
" DM + mineral wool 400 rhha® distributed |14,8816,3215,6015,3215,8415,58 15,59
|throughout phytometer volume
“Soilless formation + mineral wool (5 cnykr)

11,0411,52111,2810,0810,5610,32 10,80

placed at the bottom of phytometer 11,5212,4812,0011,2811,5211,40 11,70

SoHIess formation + sewage sludge 10@it

" DM distributed throughout phytometer vol gm 16
me + mineral wool (5 cm layer) placed at the ™
bottom of phytometer
[Mean 12,1913,64/12,91/12,0712,8712,47 12,96
I Reclamation variant: NIRos1,20

B — birch, S — pine

16,5615,3613,6814,1613,92 14,64
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When evaluating the reclamation options tested, thelesh@hcrease in orga-
nic carbon content was recorded in the soil, to whicreralnwool distributed throug-
hout the volume of the pot was applied (mean 10189y as well as in a form of
5 cm pads on the bottom of each pot (averaggcGntent 11.70 kg ™). Application
of the sewage sludge affected the significant increaske organic matter content,
both in comparison to the control and the object withem@hwool addition. The hig-
hest content of organic carbon was observed in variaht thwit addition of sewage
sludge and mineral wool Grodan.

It should be noted that the content gf,Cdn the soil fertilized with sewage
sludge and mineral wool placed at the bottom of the pat,sivailar to that in the soil
amended only with sewage sludge, while it was higheoilmgth sewage sludge and
mineral wool addition distributed throughout the volume ef plot as compared to
the soil fertilized with sewage sludge. There was hecebf threes grown on the or-
ganic matter balance.

Content of total nitrogen in the soil reclaimed using mineral wol Grodan
and sewage sludgeOQil of the control object of phytometric experiment tzimed
0.7 gkgtotal nitrogen, while C: N ratios were 12.9 and 13e$pectively for birch
and pine (Table 4). Recorded C: N ratios are typmaidrest soils.

The applied methods of reclamation affected the increagetal nitrogen
content, although no significant difference amongitifieence of the applied recla-
mation options, including mineral wool application wayss recorded. Contents of
Ny ranged from about 1.44kg™ (soil with sewage sludge) to about 1 (soil with mi-
neral wool). It is worth underlining that C: N got narrowader the influence of the
applied reclamation treatments.

Table 4. Total nitrogen content and C: N ratio il soilless formation
of phytometric experiment (mean values from 2 datéstudy)

Reclamation variant Nit, gkg™] C:N
B[S|B| S
Soilless formation with no additives (control) 0,6870]12,913,4
Soilless formation + sewage sludge 10Git DM 1,54]1,34{9,6(10,9

Soilless formation + mineral wool 400°ma” distributed throughout phytd
Imeter volume

Soilless formation + sewage sludge 1@@tDM + mineral wool 400 mha
! distributed throughout phytometer volume 1,421,4511,1110.8
Soilless formation + mineral wool (5 cm layer) gldat the bottom of phytometef  1{0387]10,7/11,8
Soilless formation + sewage sludge 18@'tDM distributed throughout phyto-| 1121 33138104
Imeter volume + mineral wool (5 cm layer) placethatbottom of phytometer |™* ’ ’ ’

B — birch, S — pine

Contents of heavy metals in the soil reclaimed using mineral wb Gro-
dan and sewage sludgélhe heavy metal contents indicated their natural |§B#s
U. 2002; Kabata-Pendias et al. 1p95

Variance analysis for zinc in reclaimed soil under @ind birch cultivation
showed a significant effect of tree species as wahasnethod of reclamation on the
content of this element (Table 5). Soil under the birchcatéid considerably less
zinc than that under pine. The soilless formation reclainsig sewage sludge and
waste mineral wool Grodan was characterized by resdykhigher content of the
metal than other reclamation variants.

1,100,90/10,311,6
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The soilless formation in the phytometric experimentenrmiltivation of pi-
ne and birch was characterized by a very low comkeobpper (Table 6). The varian-
ce analysis revealed significant differences betweenrégespecies grown and the
method of reclamation. Native formation (control) camed considerably more cop-
per than after a year of use. The soil under the bieshremarkably poorer in copper
than that under pines. Sewage sludge in combination witkradiwool enriched the
reclaimed soilless formation in this element.

Table 5. Zinc content (mggg™) in the soilless formation of phytometric experimie
involving pine (Pinus sylvestris) and birch (Betufgendula Roth) cultivation

Reclamation variants Dates |
IS [ S| 1B | 1B | Mean]|

Soilless formation with no additives (control) 2]26.9023.90921.29 27,0
Soilless formation + sewage sludge 10@tDM 31.3526.3(030.1522.8( 27,65

Soilless formation + mineral wool 400°tma™" distributed throug-
|hout phytometer volume

Soilless formation + sewage sludge 10@t DM + mineral wool
400 nt-ha’ distributed throughout phytometer volume
Soilless formation + mineral wool (5 cm layer) @dat the bot-
|tom of phytometer

LSoilless formation + sewage sludge 10@tDM distributed thro-

27.1033.4028.6129.8(Q 29,74]

40.5347.1437.7141.10 41,62

30.7028.0427.7130.80 29,31,

ughout phytometer volume + mineral wool (5 cm Iaydaced at [47.3245.5(036.9339.2( 42,23]
he bottom of phytometer

[Mean (A. dates) A.32,43| A. 33,42
[Mean (B. tree species) B. 35,02 B. 30,84

INIRg 0sbetween dates 3,33

INIRg osbetween tree species 3,33*

INIRg gsbetween reclamation variants 9,55*

Table 6. Copper content (rigg™) in the soilless formation of phytometric experimie
involving pine (Pinus sylvestris) and birch (Betufzendula Roth) cultivation

Reclamation variants Dates
IS | IS] IB | 1IB |Meal
Soilless formation with no additives (control) 08800.950.8d 0,86
Soilless formation + sewage sludge 10@it DM 1,001,091.110.99 1,03]

Soilless formation + mineral wool 400°tma™ distributed throughout
|phytometer volume

Soilless formation + sewage sludge 10@it DM + mineral wool

400 ni-ha distributed throughout phytometer volume 4.594.243.532.36 3’68|
Soilless formation + mineral wool (5 cm layer) plaat the bottom of phytometef  22%$(02.482.3( 2,52
Soilless formation + sewage sludge HB&'tDM distributed throughout phyto-

|meter volume + mineral wool (5 cm layer) placeithi@bottom of phytometer 4.473.313.192.94 3,47

2.601.151.720.92 1,60||

[Mean (A. dates) A248| A1,95
[Mean (B. tree species) B245| B1,94
[NIRg osbetween dates 0,34*

INIRo osbetween tree species 0,34*

INIRg gsbetween reclamation variants 0,96

Lead content in the reclaimed soilless formation of thgtgmetric experi-
ment amounted from 22.0 to 41.3 mg *K@able 7). The concentration of this metal
was highly influenced by reclamation method and cultivétee species. The highest
lead content, in relation to the control, was recorded imliect with addition of se-
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wage sludge at 100 t - hdose and mineral wool at 406 mha', uniformly distribu-
ted throughout the phytometer. Substantially less leadfawand in the soilless for-
mation under birch than at the cultivation of pine.

Table 7. Lead content (mkg™) in the soilless formation of phytometric experimte
involving pine (Pinus sylvestris) and birch (Betufzendula Roth) cultivation

Reclamation variants Dates
IS | IS| IB | IIB |Mear]
Soilless formation with no additives (control) H22.0022.8021.8(0 22,95
Soilless formation + sewage sludge (1)3M{1DM 24.7527.2(23.7524.34 25,00
Soilless formation + mineral wool 400°#me™ distributed throughay , a
[ohytometer volume { 9N >6.3323.7027.6326.34 25,99
Soilless formation + sewage sludge 10@tDM + mineral wool
400 ni-ha’ distributed throgghoutgphytometer volume 80.1041.3025.3026.94 30,9
Soilless formation + mineral wool (5 cm layer) @dat the botton] .
fof phytometer ( yer) @ 29.1027.9024.5026.24 26,92
LSoiIIess formation + sewage sludge 10@it DM distributed thro-
ughout phytometer volume + mineral wool (5 cm layBaced at |31.1532.2(025.3328.0429,17
he bottom of phytometer
[Mean (A. dates) A26,33| A27,32
[Mean (B. tree species) B 28,41 | B 2523
INIRg osbetween dates 2,48
INIRg osbetween tree species 2,08*
INIRg gsbetween reclamation variants 7,117

When assessing the growth mifie and birch cultivated in the phytometric
experiment, it is obvious that much greater increaseolasrved for birch than for
pine, which is a normal phenomenon (Figure 5).

45 —
40 —
—35 B
530 -
< 25 B B H H
8 2
£ 20 T — | | L H
K15 HA A = s H H
A~ 101 H oA o H — — H H
5 1110 | | | H H
0
1 2 3 4 5 6 1 2 3 4 5 6
Sosna Brzoza

Figure 5. Pine (Pinus sylvestris) and birch (Betugendula Roth) growth gams
(height in cm): 1) soil with no addmves (control), 2) sewage sludge 100 tha™,
3) mineral wool 400 m distributed throughout the pot volume,
4) sewage sludge 100 t-ha™ + mineral wool 400 m®distributed throughout
the pot volume, 5) rnlneraJ wool (5cm layer) placed at the bottom of pot,
6) sewage sludge 100 t-ha™* + mineral wool (5cm layer) placed at the bottom of pot

The largest pine growth was recorded on the soil withtiadddf mineral wo-
ol in a form of insert placed at the bottom of the phytometbich was 100 % higher
than the control, and also more advantageous thainfluence of mineral wool
distributed throughout the phytometer volume. The pi@i@gyin other reclamation
variants were slightly lower, but higher by 80-90 % tfarthe control.
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The highest birch growth gains were found for thdessl formation with mi-
neral wool and sewage sludge addition distributed thrawigthe phytometer volu-
me, which was about 50 % higher than in the controluémite of sewage sludge
distributed throughout the volume of phytometer andemal wool placed as an insert
at the bottom of a pot, was similar to that for the cénivineral wool distributed
throughout the volume rather than as insert at the inatfche phytometer made mo-
re favorable conditions for birch growth.

Conclusions

1. Mineral wool (Grodan) as a waste from under-cdwaticultural production is
characterized by favorable sorption properties gendicularly by high levels of
alkaline cations and their saturation, low hydriglyacidity, as well as shows
high water retaining capacity. High content of megjom and calcium, as well
as beneficial levels of nitrogen, phosphorus, aot@dgsium are recorded in this
material. The heavy metals content is satisfactory.

2. The use of mineral wool and sewage sludge adndst favorable effect on
analyzed properties of reclaimed soilless formation

3. Applying the sewage sludge to the reclaimedesslformation in phytometric
experiment contributed to the increase in the amotiphosphorus and magne-
sium. The content of potassium was favorably aéigédty sewage sludge and
mineral wool addition. Method of mineral wool amgaliion had no significant
impact on any of the analyzed elements.

4. Tested reclamation methods had considerableeinéle on the increase in orga-
nic carbon content — the largest due to sewagegsladd mineral wool applica-
tion. The tree species impact appeared to be itfisignt.

5. Variants of reclamation, as well as mineral wapplications ways had some
influence, yet insignificant, on the increase ie thtal nitrogen content. Recla-
mation techniques made C: N ratio narrow.

6. Tasted wastes had a significant effect on tlwvtr of trees. The best pine
growth gain was recorded on the soil with minerablvadded as an insert at the
bottom of the phytometer, while birch with additiohmineral wool and sewage
sludge distributed throughout the phytometer volume
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Kykoecovka I'., Bapan C., Byiuyikoecvka-Kanycma A., Beconoscvka-/{oopyx,
Koniu JI., bik-Manooszincoka M. CTiunuii ocaj i MiHepaJibHA BaTa y peKyJbTHBA-

nii 3a0pyAHeHNX IPYHTIB Ta IX OCBOEHHSI B MPAKTHII J1iCOBOr0 rocrnoAapcTBa

MerTol0 IHX JOCIiJUKEHD € OLHIOBaHHS BIUIMBY OCaJy CTIYHHX BOJ i BTOPHHHOI CHPO-
BMHHOI MiHepasibHOI Bat [ponanHa Ha (OPMyBaHHS BJIACTUBOCTEN HEIPYHTOBUX JIEBACTOBA-
HHX YTBOPEHb, YTBOPCHHX Yy Ipoleci BUIOOYTKY CBEpIUIOBHH CIPKH IiJi OCBOEHHS JiCOBI —
BHUPOIIYBaHHS COCHHU 3BHYaifHOI Ta Gepesu moBuCIOl. 3aifiCHeHO BereTawiiHi iToMeTpuyHi
Ta JabopaTOpHi AOCIiKEHHSI.

@iToMETPOM CIIYryBalll ILIACTHKOBI KOHTCHHEpH 00'eMOM 1210, B sxEX Bizpi3anu
nHo, Ix Gyno 3akomaHo y piBeHb 3 TOBEPXHEIO IPYHTY HA TEPUTOpIi mAaxTH cipku €310pKo.
®diToMeTpH HATIOBHUJIM KOMIIO3UTOM MiCHEBOr0 OE3rpYHTOBOrO MICKYy 3 JOAAaBaHHSM JOCIHi-
JUKYyBaHUX BifxoniB. Ha miarorosieHy ocHOBY BHCAPKEHO CiSTHIII COCHM 3BHUAiHOI Ta Oepes3n
noBuciioi. KoxxeH BapiaHT 31iHCHIOBABCS B TPHOX PEIUTIKALIISX.

JlocnimkyBaHi BiX0Au 3HAYHO BIUIMBAIOTH HA PICT AepeB. HalBuumid npupicT COCHU
BHSIBJICHO Y TPYHTI 3 10JIaBaHHSIM MiHEpAIbHOI BaTH, MOMIIIEHOT SIK BKJIAJIKY Ha JHI iToMeT-
pa, a Oepe3u — 3 JOaBaHHSAM MiHEpalbHOI BaTH Ta OCaay CTIYHHUX BOJ, PO3TAIIOBAHUX IO
BCbOMY 00'eMy iTomeTpa.

Zukowska Grdyna, Baran Stanistaw, Wojcikowska-Kapusta Anna, We-

sotowska-Dobruk Sylwia, Kopiy Leonid, Bik-Matodidka Marta Osadsciekowy i
wetna mineralna w rekultywacji gleb zdegradowanych i ich zagospodawaniu

w kierunku lesnym

Celem niniejszych badajest ocena wplywu osadiciekowego i pogytkowej wetny
mineralnej Grodanna ksztattowanie gdavosci utworu bezglebowego zdewastowanego w
procesie gornictwa otworowego siarki pod zagospmdanie léne — uprawa sosny zwyczaj-
nej i brzozy brodawkowatej.Na cééobada skladaj sie: wegetacyjne daviadczenia fito-
metryczne; badania laboratoryjne.

Fitometry stanowity pojemniki plastikowe o pojendnbl2 dm3, w ktérych obeio dno
i zakopano réwno z powierzchngruntu na terenie kopalni siarki Jeziérko. Fitometa-
petniono kompozytem rodzimego piasku bezglebowedodatkiem badanych odpadéw. Na
przygotowane podi@a wysadzono sadzonki sosny zwyczajnej i brzozy donddwatej.
Kazdy wariant realizowano w trzech powtérzeniach.

Badane odpady wywarly znagxy wpltyw na wzrost drzew. Najwgzy przyrost sosny
stwierdzono w gruncie z dodatkiem wetny minerabmgjeszczonej jako wkladka na dnie fi-
tometru, a brzozy z dodatkiem weilny mineralnej acissciekowego, rozmieszczonych w
calej obgtosci fitometru.
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YJIK 502.5:504.05 Cm. euxn. IO.B. Knuwi, kano. mexu. Hayx;
mazicmpanm MJII. Koniii — HIITY Ykpainu, m. /Iveie

HNIJIAXW 3SMEHIIEHHA IWKIAJIMBUX BUKU/JIB ABTOTPAHCIIOPTY
Y HABKOJIMIIHE CEPEJOBHLIE

[poananizoBaHO HEraTHBHUI BIUIMB BUKH/IB aBTOTPAHCIIOPTY HA HABKOJMIIHE CEPEI0-
BUILE Ta OPraHi3M JIIOANHH. BUsBICHO HAWOLIBII MIKIAIMBI XIMIUHI CHONYKH B IPOLEC] 3ro-
PSIHHS IM3€bHUX 1 OCH3MHOBHMX JBUIYHIB Ta BCTAHOBICHO TXHIO [0 Ha YKUBI OpraHi3mu.
Bin3HaueHo, 110 BMicT 3a0pyqHIOBaYiB y BUKHAAX AW3CIBHUX JBUTYHIB iCTOTHO MEpeBaxkae
BMICT BYIVICBO/IHIB Y BUKHaX OCH3UHOBUX ABUTYHIB. HaTOMICTh y BUKHMIAX JHU3EIbHUX JBHU-
CYHIB ICTOTHO TEpeBaka€ BMICT Caxi, 1[0 CBIJYUTH MPO T€, L0 BUKOPUCTAHHS JU3EJIBbHUX
JIBUTYHIB € OLUIbII €KOJOTIYHUM, TOPIBHSIHO 3 OCH3MHOBMUMHM. 3alpONOHOBAHO 3aXOAU IS
3MEHILIEHHS LIKiJJIMBOrO BIUIMBY aBTOTPAHCIOPTY. 30KpeMa JUisi BUPIIICHHS EKOJOTIYHUX
po0JieM, MOB'I3aHKUX 3 aBTOTPAHCIOPTOM, BapTO 3a0€3MEUUTH JKOPCTKILI eKOJIOTiYHI HOpMa-
THBH L[OA0 KOHCTPYKIII HOBUX MOJeJieli aBTOMOOLTIB Ta JBUTYHIB, a TAKOX 3alydaTd Ipo-
MaJICbKICTh, 30KpeMa MOJIO/b JI0 BUPIIICHHS [[bOTO MUTAHHS.

Kniouogi cnosa: aBTOTpaHCIIOPT, HABKOJIHUIITHE CEPEOBUIIE, XiMiUHI CIIOTYKH, IIKiUIH-
Bl BUKH/IH, EKOJIOTI4HA mpoliema.

CpOro/IHi 30iTbITYETHCS €KOJOTIYHEe HABAHTAXCHHS Ha HABKOJIMIITHE CEPEIO-
BUIIIE, BHACIIZOK BUKHUJIIB MPOMHUCIIOBHX MiANPHUEMCTB Ta BHKOPUCTAHHS JBHUTYHIB
BHYTPIIIHBOTO 3rOpaHHs, SKUMH OCHAIlleHi cydacHi aBTomoOini. L[ npobnema moci-
Jla€ KJIFOYOBE MiICIIe Y BHPIIICHHI CKOJOTIYHHUX MPOOJIeM, apKe BHKHIM aBTOTpPAaH-
CIIOPTY 3a0pYIHIOIOTE MOBITPS, MOTIPITYIOTh CTAH HABKOJHUIIHHLOTO CEPEIOBHIINA Ta
HETaTHBHO BIUTMBAIOTh HA 3JIOPOB'S JIONCH, CIPUUHMHSIIOUN PI3HOMAHITHI 3aXBOPIO-
BaHHS, YPAXKCHHS CEPIIEBO-CYIMHHOI CUCTEMH, AUXATbHUX IUISAXIB TOIIO.

Mera po00TH — BH3HAYNTH AILTCPHATUBHI IUISIXH 3MCHIICHHS BUKUJIIB aB-
TOTPAHCHOPTY B HABKOJIUIITHE CEPEAOBHIIIE.

3aBraHHA:

® [IPOBECTH MOPIBHSIHHS BMICTY 3a0pyIHIOBaYiB Y OCH3MHOBUX Ta JM3EIBHIX BHKAIAX
HBI/IFyHlB;

® BU3HAYMTU OCHOBHI HEAOJIKA BUKOPUCTaHHS aBTOTPAHCIIOPTY;

® 30CepeauTH yBary rpOMajChKOCTI HA OCHOBHUX EKOJIOTIYHHX MpoOiIeMax Cy4acHOC-
T1, 30KpEMa Ha IIKIJUIMBOCTI BUKHJIIB ABTOTPAHCIIOPTY;

® 3aNpONOHYBAaTH HOBI METO/IM 3MCHIIICHHS BUKU/IIB aBTOTPAHCIIOPTY.

P03BHTOK Cy4acHOTO CyCIHJILCTBA HE MOXJIMBHI 0e3 aBTOMOOimi3amii. ABTO-
MOOUTEHUHM TpPaHCIOPT Biirpae BaXXJIMBY POJb y HAIIOHAIBbHIH €KOHOMII Hamroi
KpaiHu 1 Horo mporpec 3Ha4yHOIO MipOIO BU3HAuYa€ yCHIiXH BCIX IHIIUX Tay3ei. 3poc-
TaHHs ypOaHizauii i 30UIbIIEHHS MapKy TPaHCIOPTHUX 3ac00iB 3 IBUTYHAMH BHYT-
pimraboro sropanss (JIB3) mopomkyroTs HeOe3MeKy 3HAYHOIO 3a0pyIHEHHS TTOBITPS-
HOTO OaceifHy, mepenyciM ryCTOHACEIeHUX paioHiB.

VY Hami#i kpaiHi mpoGiemMa OXOpOHU HABKOJHITHHOTO CEPENOBHIIA MA€ 3arallb-
HOJICp)KaBHE 3HAYCHHs. Y MiCTax, J¢ KOHIICHTpAIlisl TPAHCHOPTHUX 3aC00iB MaKCH-
MaJlbHa, TPAHCIIOPT MEPEBAKHO € OJJHAM 3 OCHOBHUX JDKepeln 3a0pynHenHs. Takum Ju-
HOM, 3MEHIIIEHHS IIKIUTMBUX BUKUIB PYXOMHUM CKJIaJIOM aBTOMOOITEHOTO TPAHCIIOPTa
€ aKTYaJIbHOIO HAIiOHAJILHO-EKOHOMIYHOIO 1 COIiasTbHOIO TTpobaeMoro. OTke, MUTaHHS
paLioHaIFHOT0 BUKOPHCTAHHS aBTOTPAHCIIOPTY Ta IUIIXU 3MEHIICHHS HOTO IIKiUTHBO-
TO BIUIMBY Ha HABKOJIMIIIHE CEPEIOBUILE Ta JIFOAUHY 3aJIHUIIAETHCS BIAKPHTHM.
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