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BIIJIMB 30JI1 BYPOI'O BYTI'IJUISA HA ®I3UYHI
BJIACTHUBOCTI IPYHTY

MeToro ociiKeHb OyJI0 BU3HAUYEHHS IPUIATHOCTI BUCOKOKAIBIIEBMICHOT 3011 TIiC-
75 cnanioBaHHS Oyporo Byriwis Ha enektpoctaHiii "l[letHyB-AnamyB-KoHin" nms moHu-
JKEHHSI KHMCJIOTHOCTI MIHEpAJIbHUX IPYHTIB Y 3aX1JHOMOMEPAHCHKUX 3E€MIISIX, a TaKOXK
BIUTMB TIOTENy TMOPIBHSAHO 13 TpaguIiiHUMH KamibllieBUMH nobOpuBamu — CaO Tta Ca-
CO3-MgCO:s. TIpeameroM IoCTiKeHb OyI0 BU3HAYCHHS BIUIMBY 30JIU TICIIS CIIATIOBAHHS
Oyporo Byriyuisg Ha (biSI/I‘{Hi BJIAcTUBOCTI IpyHTY. [lonboBuii CKCIICPHMCHT 3MIIACHIOBAITU
IpoTAroM Tprox pokiB (2004-2006 pp.) Ha IETKUX TpyHTax. v nepunxm piK eKCTIEPUMEHTY
BUPOILYBaJIN SIpi KyJIbTypU TPUTHKAJE, APYTHMd — spi KyJIbTypH pinaky, TpeTm— 031Mi
KyJITYpH TpUTHKaJIE. Y 3pa3Kax IPYHTY BU3HAUaJIMd TaKl YNHHHUKH: Peaklis, IIpoTiTHYHA
KHCJIOTHICTh, PYyXOMHI aioMiHii. Bike mepmioro poky micisi 0OpoOJIeHHS JIETKUM TIOTe-
JIOM 13 TPbOX 30H €NEKTPODUIBTPIB, a TAKOXK MOMETOBOIO CYMIIIIIIIIO, 30UTBIINIACE KHUCIIOT-
HICTb TPYHTY CTOCOBHO KOHTPOJIBHOTO 3pa3ka. J[pyroro i TpeTboro pokiB €KCHEPHUMEHTY
BiJJ3HAUYEHO TEHCHILII0 BTOPUHHOTO OKUCJICHHS IPYHTY. BiINOBITHO BHCOKOKAJIBIIEBMIC-
HUH JETKUI TOMLI 3 KOXKHOT 30HU €JIeKTpO(iIbTpy Ta MOMENoBa CyMIilll 3HIKYBAIH Tiapo-
JITUYHY KUCJIOTHICTh KOKHOTO POKY JTOCIII/I>KEHb.

Knwouoei cnoea: 1pyHt, 301a Oyporo ByTiUIs, TiAPOTITUYHA KUCIOTHICTD, PyXOMHN
AJIFOMIHIH.
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Effect of brown coal ash on physical properties of soil

The aim of the carried out studies was estimation of suitability of high-calcium
brown coal ash produced by Power Plants Patndw-Adamoéw-Konin to deacidify mineral
soil in West Pomerania lands, as well as of ash effect compared to traditional calcium ferti-
lizers — CaO and CaCOs-MgCOs. The subject matter of studies was estimation of brown
coal ash effect on physical properties of soil. Field experiment has been carried out in the
years 2004-2006 on light soil. In the first year of the experiment spring crop triticale was
grown, in the second — spring crop rape, and in the third — winter crop triticale. In soil
samples the following factors have been determined: reaction, hydrolytic acidity, mobile
aluminium. Already in the first year after treatment, fly ash from three electrofilter zones
as well as ash mixture, increased pH of soil, compared to control soil sample. In the second
and third year of the experiment it was observed a tendency to secondary acidification of
soil. Due to applied high-calcium fly ash from each electrofilter zone and ash mixture, hy-
drolytic acidity dropped in each year of study.

Keywords: soil, brown coal ash, reaction, hydrolytic acidity, mobile aluminium

Introduction. Considering application of brown coal ash, the study mainly
focused on biological land reclamation of post-industrial wastelands and on back-
filling mine workings, road embankments and base courses. However, ash is a spe-
cific material good points of which should be competently used. Except for traces
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of nickel, cadmium and arsenic, brown coal ash does not contain other heavy me-
tals; instead, it is rich in calcium and magnesium (Rosik-Dulewska, 2002). In
many countries research is carried out to apply ash in land cultivation. Studies con-
ducted in South Africa revealed that fly ash can improve water capacity in excessi-
vely permeable soils (Kruger 2003). In Japan potassium and silicic fertilizer is pro-
duced with the use of fly ash.

According to the Ordinance of the Minister of Environment dated 27 Sep-
tember 2001 stating a list of wastes, combustion by-products (UPS), including
brown coal ash produced by power plants, are non-hazardous wastes (Off. J. No
112, item 1206).

The aim of the carried out studies was evaluation of usefulness of brown
coal ash produced by Power Plant Group Patnow-Adamow-Konin to deacidify mi-
neral soils on the area of West Pomerania and comparison of ash application with
conventional calcium fertilizers CaO and CaCO;-MgCOs;. The estimation of brown
coal fly ash effect on physical properties of soil was the subject matter of the study.

Materials and methods. Conditions of running a field experiment. The fi-
eld experiment has been carried out on the area of Agricultural Experimental Stati-
on in Lipnik (about 35 km south-east of Szczecin), on light soiL(good rye com-
plex) in the years 2004-2006. The experiment has been set up by means of rando-
mized complete blocks. The area of each plot was 22 m’. The research covered tes-
ting of seven fertilizer's variants (check control, burned lime (CaO), dolomite lime
CaCO;5-MgCOs3, ash from 1* electrofilter zone, from 2™ electrofilter zone, from 3™
electrofilter zone and mixture of ashes from three electrofilter zones). Lime fertili-
zers and ashes have been applied in a dose corresponding to 1.0 hydrolytic soil aci-
dity. Doses of each calcium fertilizer have been set considering the content of cal-
cium and magnesium oxides. In the first year of the experiment spring crop tritica-
le was cultivated, fertilized by P-17,5; K-50; S-6 kg/ha. Nitrogen fertilizer has been
applied in the amount 90N kg/ha, (ammonium nitrate 34 % N),

In the second year spring rape was cultivated, NPK-fertilized which amo-
unted to: N—130 (30 + 60 + 40); P-42; K-120; Mg-14; S-40 kg/ha. In the third year
of the experiment winter crop triticale was cultivated. Prior to sowing the soil was
fertilized with Polifoska Max (300 kg/ha), including: N-15; P-21; K-60; Mg-7,2;
S-12 kg/ha, and 50 kg/ha of ammonium nitrate (34 % N) after triticale sowing. In
spring, when vegetation started and at the moment of creating grass-blades, 68 and
51 kg N-ha™' of ammonium nitrate were applied.

Each year after harvesting, from each experimental plot combined soil
samples have been collected at the depth 0-25 cm. Fertilizers' variants were the
subject of the study. Analysis results of physical and chemical properties of soil
were treated statistically by variance analysis whereas multiple comparison of ave-
rage values was conducted by means of Tukey procedure assuming a=0,05. Corre-
lation coefficients have been calculated by means of Statistica 7.1 software.

Characteristics of brown coal ash

Average content of calcium and magnesium in high-calcium brown coal ash
produced by Power Plants ZE PAK S.A. Patnow-Adamow-Konin was dependent
on electrofilter location zone. The highest content of both components was fund in
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the 3™ zone (Table 1). Potassium content in ash from each zone was similar (Table
1). Reaction of applied fly ash determined as pH in H,O varied from 11 to 13.

Table 1. The content of calcium, magnesium and potassium in brown coal ash

Fraction of ash

Ash from I electrofilter zone

Ash from II electrofilter zone
Ash from III electrofilter zone
Mixture of ashes

Methods of soil analyses. Reaction of studied soil samples has been deter-
mined by potentiometers using extraction solutions: H,O and KCL(PN-ISO
10390/1997). Soil hydrolytic acidity (Hh) has been determined using extraction by
calcium acetate (II) (Krzywy et al., 1997). Mobile aluminium has been determined
by Morgan method (Nowosielski, 1974).

Results and discussion. As a result of fertilizing with high-calcium brown
coal fly ash produced by Power Plants ZE PAK S.A. Patnéw-Adaméw-Konin light
soils changed significantly their physical properties.

Reaction of soil

Table 2. The soil reaction (pH in H,0, in KCl)

pH in KCI
Years
2005

Control 5,41

CaCO3MgC03 5535

CaO 6,18

Ash from I zone 6,14

Ash from II zone 5,51

Ash from III zone 6,18

Mixture of ashes 6,07
LSDgs1 0,219

n.s.d. — not significant difference

After harvesting spring crop triticale (2004), when compared to check con-
trol sample, pH in H,O in soil fertilized with calcium fertilizers and ash was hig-
her. Significant differences were noticed in soil fertilized with CaO, ash from 1*
and 3" electrofilter zones and ash mixture from all three zones (Table 2). In the
first year of experiment due to application of calcium fertilizers, soil pH varied
from 6.46 to 6.99. The highest value of pH in H,O was observed in soil fertilized
with calcium oxide (II). However, the effect of adding ash from 1% electrofilter zo-
ne of was the smallest. Such significant changes of soil reaction were caused — as it
1s well known — by presence of substantial amounts of calcium and magnesium in-
cluded in ash. In the second and third year of experiment the soil tended to acidify
again, while at the same time check control soil sample did not reveal any changes.
After applying KCI solution of concentration 1.0 mol -dm™to determine soil
reaction in the first year of the experiment, the results obtained varied from 5.06 to

Fertilizing
variants
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6.30 (Table 2). Similarly to data from other published studies, values of pH determi-
ned by using soil extraction with potassium chloride were lower than those determi-
ned as pH in H,O. In the year 2004 in soil where calcium fertilizers were used, a sig-
nificant rise of pH value was obtained, as compared to the data for the control soil.
The lowest growth of pH in 1M KCIl was obtained after fertilizing with dolomite
(per every 0.51 unit), whereas other fertilizers increased value of pH much more
(from 0.83 to 1.24 unit). The type of time-related changes and effect of applied cal-
cium fertilizers was analogous to values obtained at determination of pH in H,O.

The character of changes occurring in time and effect of applied calcium
fertilizers was similar to values obtained when determining pH in H,O and 1M
KCI. Results of studies concerning time-related reaction changes of soil fertilized
with high-calcium ash, confirm data given by Adamus (1976), who observed a re-
turn of soil reaction to initial level in two years after liming of light soil.

Hydrolytic acidity. In 2004, in non-fertilized soil, hydrolytic acidity was
3.64 cmolH '/kg of soiL(Table 3). In the first year of the experiment liming decre-
ased significantly hydrolytic acidity at a grower's soil humus level. The lowest val-
ue of hydrolytic acidity (2.77 cmolH'/kg of soil) was obtained after application of
oxide lime, whereas application of high lime ashes and carbonate lime decreased
hydrolytic acidity of soil in a similar way by ca 0.5 cmolH'/kg of soil, i.e. by ca
20 % (Table 3, Fig. 1). In the second year of the experiment (2005) hydrolytic aci-
dity of soil from each plot where calcium fertilizers were applied was still much lo-
wer (Table 3, Fig.1). The smallest value of hydrolytic acidity amounting to
2.30 cmolH /kg of soil, as in previous year, was determined in soil fertilized with
Ca0, and was significantly lower than its value in soil fertilized by CaCO;-MgCOs,
1" and 2™ electrofilter zones ash and ash mixture. In the third year of the experi-
ment (2006) it has been noticed a tendency to further drop of hydrolytic acidity of
soil; however, due to a serious decrease of hydrolytic acidity in control soil, relati-
ve drops were lower compared to preceding years. Results obtained from earlier
studies proved stability of hydrolytic acidity of non-limed soil, whereas liming sig-
nificantly decreased its hydrolytic acidity (Gibczynska 2003).

Table 4. Hydrolytic acidity and mobile aluminium content in soil

Hydrolytic acidity Mobile aluminium
[cmoL(+)/kg soil] [mg Al/kg soil]
Years Years
2004 2005 2006 2005
Control 3,64 3,50 2,77 30,00
CaCO3;-MgCO; 3,14 2,96 2,70 29,37
CaO 2,77 2,30 2,17 25,88
Ash from I zone 2,94 2,80 2,50 30,00
Ash from II zone 3,18 2,85 2,35 30,60
Ash from III zone 2,92 2,59 2,37 26,88
Mixture of ashes 3,00 2,78 2,40 32,60
LSD 51 0,415 0,336 0,204 n.s.d.

Fertilizing variants

n.s.d. — not significant difference
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Mobile aluminium in soil

In the first year of experiment, in non-fertilized soil the content of mobile
aluminium was 33.76 mg Al/kg of soil. Application of dolomite lime and oxide li-
me diminished significantly mobile aluminium content in soi/ (Table 4). Similar re-
sult has been obtained while applying 1% and 3™ zone ash. Fertilization of soil with
1** zone ash and ash mixture did not affect the content of mobile aluminium in soil
in 2004. In the year 2005 aluminium content was similar to that in the first year. In

2006 aluminium content in so1l from each plot reached the level of control sample.
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Conclusions. Fertilization with high-calcium fly ash produced by combus-
tion of brown coal in Power Plants Patnow-Adamow-Konin changed significantly
physical and chemical properties of light soil.

Already in the first year after treatment, fly ash from three electrofilter zo-
nes as well as ash mixture, increased pH of soil, as compared to the data from con-
trol soil sample. In majority of cases deacidifying effect of ash was similar to the
effect made by application of oxide calcium.

In the second and third year of the experiment it was observed a tendency
to secondary acidification of soil. Comparing the type of reaction changes in each
year of the experiment a positive correlation has been found.

Due to applied high-calcium fly ash from each electrofilter zone and ash
mixture, hydrolytic acidity dropped in each year of study. However, oxide lime af-
fected changes of fertility indicator in this soil more than ash did.

Calcium fertilizers and brown coal fly ash applied to liming, in most cases
decreased the content of mobile aluminium in soil in the first year of experiment,
and in subsequent years they did not affect significantly its content.
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MOKJIUBICTb BUKOPUCTAHHA OCALY CTIYHUX BO/L
OYUCHHUX CHOPYJ JIbBOBA /U1 BUPOBHULITBA BIOT'A3Y

3MIICHEHO EeKCIIEPUMEHTANIbHI JOCTIKEHHSI aHaepOOHOTO mepepoOeHHs MYy,
SKMWA yTBOPHUBCS IMICIsl OYMILEHHS CTIYHHUX BOJ, B Oiora3. 3anponoHOBaHO BCTAHOBUTH Me-
TAHTEHKHU Ha KaHali3alllifHUX OYHUCHUX criopyaax M. JIbBoBa. 3'scoBaHo, 1110 Ui BUKOPHUC-
TaHHS 0CaJay SK 100puBa, Tpeda BIIIYUYNTH BaXKKI METAIH BXXKE Ha CTaii iX MOTPAIUISTHHS B
kaHamizamito. To0To, Tpeba 3a00pOHUTH CKUAATH BIAXOAM 3 MIKiIJTUBUMHU JOMIIIKAMHU B
MICBhKY KaHaJIi3aIlilo, a TaK0X KOHTPOJIIOBATH BC1 MIAMPHEMCTBA, SKI HE MPOBOASITH OYH-
IICHHS BiJIXO/1iB BUPOOHUIITBA.

Knrouoei cnosa: xananizailiiiHi O4rCHI Criopyau, My, 6ioras, pepmeHTaris.

Assoc. prof. V.P. Oliferchuk; stud. M.T. Matvienko;
prof. L.G. Voytovich — NUFWT of Ukraine, L'viv

Flow waters sediment use posibilities of Lviv's
sewage disposal plant for biogas production
The experimental researches of silt anaerobic transformation what formed after se-
wage purification to biogas are made. It is suggested to set methanetanks on the Lviv's se-
wage disposal plant. It is set that for the use of sediment as fertilizer, it is needed to with-
draw heavy metals already on the stage of their hit in the sewage system. That, it is needed
to forbid to throw down wastes with harmful admixtures in the city sewage system, and

also to control all enterprises which do not conduct cleaning of wastes of production.
Keywords: sewage disposal plant, silt, biogas, fermentation.

Criuni Boju MicTta JIbBoBa 30MparOThCs Ta TPAHCIIOPTYIOTHCS Yepe3 CUCTE-
My KaHaTi3al[iiHUX KOJICKTOPIB 1 HACOCHUX CTAHIIIN Ha KaHaIi3alliitHI OYMCHI CIIO-
pyau (KOC), ne 3a1iCHIOIOTH IXHE MeXaHI4He 1 010JI0T1YHE OUYHUIIEHHSI, TICIIs YO0Tro
OUMIIEHY BOAY CKUAAIOTh B piuky [lontaBa, a rycty ¢pakxiiito BUBO3SITh Ha MYJIOBI
MalJaHUYMKH.

Bracnigok ouMIeHHs CTIYHUX BOJ YTBOPIOEThCA OaraTto ocaay (Myiy). Pa-
Hillle BeCh 0OPOOICHUI 0cal TPAHCIIOPTYBAIM JIJIsl 3SHEBOJHEHHS 1 CYyIIIHHS B MPHU-
pPOIHUX yMOBax Ha MyJoBl nojs miomero 20 ra. Tenep y 1exy MexaHiuHOTO 3He-
BOJHEHHSI MyJNy BcTaHOBieHO 7 neHTpudyr mseacskoi gpipmu NOXON, sxi ga-
OyTh 3MOT'Y BUPILIUTH OAHY 3 HANCKIAAHIIIMX MNPOOJIEM y CUCTEMI BOJIOBI/IBE/ICH-
H Micta JIbBOBa — mpoOiieMy 3HEBOJHEHHS OCaAy CTIYHUX BOJ, SKUH YTBO-
pIO€EThCA MicHsl O10J0TTYHOT OYMCTKU. Y TaKOMY BUMAJKy HAa MYJIOBHX MaiJaH4M-
Kax YTBOPIOETHCS 3HAYHO MEHIIIE MYJy, BIAMOBIJIHO BiH 3aiimMae MeHIue micis. Ta
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