
435
J. Elementol. 2010, 15(3): 435–443

Jacek Antonkiewicz, Department of Agricultural and Environmental Chemistry
University of Agriculture in Krakow

EFFECT OF SEWAGE SLUDGE
AND FURNACE WASTE

ON THE CONTENT OF SELECTED
ELEMENTS IN THE SWARD

OF LEGUME-GRASS MIXTURE

Jacek Antonkiewicz
Department of Agricultural and Environmental Chemistry

University of Agriculture in Krakow

Abstract

Industrial landfills resulting from operations of various industries, particularly power
generation, create specific habitat conditions for flora. Among the waste which may be
used for recultivation of dumping heaps there is sewage sludge, which contains a conside-
rable amount of nutrients crucial for plants. This investigation aimed at identification of the
effect of sewage sludge and furnace ashes on the content of selected elements in a mixtu-
re of grass and white clover recommended for furnace ash heap recultivation.

The experimental design comprised 6 treatments (each in four replications), which
differed in a dose of the supplied sewage sludge and furnace ashes: 1) control (without
waste admixture), 2) 200 t d.m. of sewage sludge, 3) 200 t d.m. of ash, 4) 150 t d.m. of slud-
ge + 50 t d.m. of ash, 5) 50 t d.m. of ash + 150 t d.m. of ash, 6) 100 t d.m. of ash + 100 t
d.m. of ash. The content of macroelements in plants depended on the treatment and ran-
ged from 2.58-31.2 g Mg, 3.16-5.85 g Ca, 16.95-18.46 g K, 0.26-1.25 g Na and 2.27-3.37 g
P kg–1d.m. Plants grown exclusively on furnace ashes had the highest content of Mg, Ca
and K, whereas the highest P and Na concentrations were noted in plants cultivated exc-
lusively on sewage sludge.

While assessing the content of macroelements in the plant mixture in view of its fod-
der value, it was found that the content of Mg and K met the standards set for good
quality feeds, the amounts of Ca and Na were below the optimum, whereas the P concen-
tration was close to the optimum value.
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WP£YW OSADÓW ŒCIEKOWYCH I ODPADÓW PALENISKOWYCH
NA ZAWARTOŒÆ WYBRANYCH PIERWIASTKÓW W RUNI MIESZANKI

MOTYLKOWO-TRAWIASTEJ

Abstrakt

Sk³adowiska poprzemys³owe bêd¹ce efektem dzia³alnoœci ró¿nych ga³êzi przemys³u,
zw³aszcza energetycznego, stanowi¹ specyficzne warunki siedliskowe dla flory. Odpadem,
który mo¿e byæ wykorzystany w rekultywacji ha³d, mo¿e byæ osad œciekowy zawieraj¹cy
znaczn¹ iloœæ sk³adników pokarmowych niezbêdnych dla roœlin. Celem badañ by³o poznanie
wp³ywu osadów œciekowych i popio³ów paleniskowych na zawartoœæ wybranych pierwiast-
ków w mieszance traw z koniczyn¹ bia³¹ polecan¹ do rekultywacji ha³d odpadów paleni-
skowych.

Schemat doœwiadczenia obejmowa³ 6 obiektów (ka¿dy w czterech powtórzeniach), ró¿-
ni¹cych siê dawk¹ wprowadzonych osadów œciekowych i popio³ów paleniskowych: 1) obiekt
kontrolny (bez dodatku odpadów); 2) 200 t s.m. osadu œciekowego; 3) 200 t s.m. popio³u;
4) 150 t s.m. osadu + 50 t s.m. popio³u; 5) 50 t s.m. osadu + 150 t s.m. popio³u; 6) 100 t
s.m. osadu + 100 t s.m. popio³u. Zawartoœæ makroelementów w roœlinach by³a uzale¿niona
od obiektu i wynosi³a: 2,58-3,12 g Mg, 3,16-5,85 g Ca, 16,95-18,46 g K, 026-1,25 g Na, 2,27-
-3,37 g P kg–1 s.m. Najwy¿sz¹ zawartoœæ Mg, Ca i K stwierdzono u roœlin uprawianych
wy³¹cznie na popiele paleniskowym, natomiast najwy¿sz¹ zawartoœæ P i Na – u roœlin upra-
wianych wy³¹cznie na osadzie œciekowym.

Oceniaj¹c zawartoœæ makroelementów w mieszance pod wzglêdem wartoœci paszowej,
stwierdzono, ¿e zawartoœæ Mg i K w mieszance roœlin odpowiada³a normom stawianym pa-
szom dobrej jakoœci. Zawartoœæ Ca i Na w roœlinach kszta³towa³a siê poni¿ej wartoœci opty-
malnej, a zawartoœæ P w roœlinach by³a zbli¿ona do wartoœci optymalnej.

S³owa kluczowe: osady komunalne, popió³, Mg, Ca, K, Na, P, mieszanka traw.

INTRODUCTION

Industrial waste landfills resulting from operations of various industries,
particularly power generation, create specific habitat conditions for flora
(CABA£A, JARZ¥BEK 1999, GOS 1999), including such unique features as the lack
of humus and high alkalinity (pH 8.1-12.5), which make it difficult for plants
to take up nutrients (MACIAK et al. 1976a,b). Ashes contain considerable
amounts of Ca, Mg, Fe, Mn, B or Na and smaller quantities of P and K
whereas nitrogen occurs in heterocyclic compounds unavailable to plants.
Ashes also contain remains of unburnt coal (BEREŒNIEWICZ, NOWOSIELSKI 1977).
Because of these specific properties, heaps of furnace ash must be managed
immediately. Various recultivation measures are undertaken to facilitate bi-
ological management of landfills (GILEWSKA, PRZYBY£A 2001). During initial re-
cultivation of an ash landfill, it is recommended to fertilize the top layer of
the heap and mix it with ashes. Municipal sewage sludge containing large
amounts of nutrients crucial for plants may be the type of waste used for
heap recultivation (CZEKA£A 1999, MAZUR 1996). Sewage sludge used for bio-
logical recultivation of furnace waste heaps will solve the problem of their
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management and at the same time will allow plants used for the recultiva-
tion to utilize the applied nutrients (KALEMBASA et al. 1987). However, it
should be mentioned that beside many valuable macroelements, sewage
sludge may also contain high concentrations of heavy metals, which disqual-
ifies it as a substance useful for soilless area recultivation (ANTONKIEWICZ

2008, KALEMBASA, KALEMBASA 1997).
The research aimed at identification of the effect of sewage sludge and

furnace ashes on the content of selected elements in the sward of a legume-
grass mixture.

MATERIAL AND METHODS

The research was conducted in 2002-2005 as a field experiment located
at the EMPOŒ Municipal and Industrial Sewage Treatment Plant in
Oœwiêcim. A one-factor field experiment was conducted in a randomized block
design on 8 m2 plots. Sewage sludge and furnace ashes were tested in the
field experiment, in which the experimental design comprised 6 treatments
(each in four replications) different in a dose of the applied sewage sludge
and furnace ashes (Table 1). Ash, sludge and their mixtures were applied
once on the soil surface (without ploughing), two weeks prior to sowing
a plant mixture.
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Field experiment I was set up on soil of the grain size distribution of
medium loam. The topsoil (0-20 cm) contained 42% sand, 7% coarse silt,
10% fine silt, 11% coarse silty clay, 12% fine silty clay and 18% colloidal
clay. The soil on which the field experiment was set up had neutral pH
(pHKCl), whereas furnace ash pH was alkaline and municipal sewage sludge
had a slightly acidic reaction (Table 2). The soil contained 8.24 g C and
0.67 g N kg–1d.m. Organic carbon and total nitrogen content assessed in the
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sewage sludge was respectively over 26- and 41-fold higher than in the soil,
as well as over three- and two-fold higher than in the furnace ash (Table 2).

A mixture composed of the following grasses and legumes was sown for
the experiment: red fescue (Festuca rubra L.) cv. Brudzyñska (40%), tall
fescue (Festuca arundinacea Schreb.) cv. Skarpa (15%), Kentucky bluegrass
(Poa pratensis L.) cv. Skiz (20%), birdsfoot (Lotus corniculatus L.) cv. Skrze-
szowicka (10%) and white clover (Trifolium repens Haifa) (15%).
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After the harvest, the plant mixture was dried in a dryer with a forced
air flow at 70oC and the dry weight yield was determined. Samples of plant
material were dry-mineralized in a muffle furnace at 450oC and the content
of Mg, Ca, K, Na and P was determined with the ICP-AES method. The
paper presents the mean weighed average content of macroelements for the
years 2002-2005. The concentrations of P, Mg, Ca, Na and heavy metals
approximating the total in the soil (substratum) were determined after in-
cineration of the organic matter and its digestion in a mixture of HClO4
and HNO3 (3:2) acids. As in the plant material, the content of elements in
the soil filtrates was determined using the ICP-AES method (OSTROWSKA

et al. 1991).
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RESULTS AND DISCUSSION

The soil on which the experiment was set up met the standards for
heavy metal concentrations, i.e. Cd, Pb, Cu, Ni, Zn and Cr, established for
application of sewage sludge as a land recultivation measure for agricultural
and non-agricultural purposes (Rozporz¹dzenie... 2002). Sewage sludge used
for the experiment met the requirements concerning heavy metal content
for use in agriculture and for land recultivation for arable and non-arable
purposes (Rozporz¹dzenie... 2002). The content of Mg, C and Na in furnace
ash used for the experiment was much higher than their soil concentrations
(Table 2).

The effect of sewage sludge and furnace ashes on the crop yield of the
grass-legume mixture was also presented in a monograph by ANTONKIEWICZ

(2009).
A significant effect of sewage sludge and furnace ash and their mixtures

on the plant mixture crop yield was found in the present field experiment.
Analysis of the average yield for the investigated period showed the highest
value for treatment 4, where 150 t d.m. of sludge and 50 t d.m. of ash were
used per 1 ha. An increase in the plant mixture yield from this treatment
was over 160% in comparison with the control. Sewage sludge applied in
a dose of 200 t ha–1 d.m. (treatment 2) also produced a large increase (over
130% vs. the control) in the plant mixture yield. Ash and sludge mixed in
a 1:1 weight ratio (100 t d.m. of sludge per 1 ha of waste; treatment 6) also
led to a significant increase in yield, which was almost 100% higher in com-
parison with the control. High fertilizer value of sewage sludge was de-
pressed when a large amount of ash was added, as in the combination con-
sisting of 50 t d.m. of sludge and 150 t d.m. of ash (treatment 5). The yield
obtained from this treatment was significantly higher in comparison with
the control. Furnace ash used separately in a dose of 200 t ha–1 d.m. signif-
icantly diminished the crop yield, which corresponded to 60% of the yield
obtained from the control (Table 3).

Our analysis of the chemical composition of the legume-grass sward re-
vealed that the application of either type of waste and their mixtures led to
a markedly diversified content of macroelements. The biggest differences
occurred in the content of Na and Ca in the sward, while the smallest ones
were found for the content of Mg. Depending on the treatment, the content
of macroelements in the legume-grass sward ranged from 2.58-31.2 g Mg,
3.16-5.85 g Ca, 16.95-18.46 g K, 0.26-1.25 g Na and 2.27-3.37 g P kg–1d.m.
(Figure 1). The highest concentrations of calcium and potassium were deter-
mined in plants grown in the treatment where ash was used separately in
a dose of 200 t d.m. ha–1, while the highest content of phosphorus and sodi-
um accumulated in plants in the treatment where sludge alone was applied,
also in a dose of 200 t d.m. ha–1.
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Fig. 1. Content of macronutrients in the sward of legume-grass
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Furnace waste used without admixtures in an amount of 200 t kg–1

caused a marked increase in the content of magnesium, calcium and potas-
sium in the grass and legume mixture as compared to the control.

Moreover, the applied municipal sewage sludge and ash-sludge mixtures
significantly raised the magnesium content in plants. CIEÆKO and NOWAK

(1984) confirmed the results demonstrating that the biomass obtained from
plants cultivated on furnace ashes was more abundant in magnesium. On
the other hand, the contribution of ash in the ash-sludge mixture clearly
increased the levels of calcium and potassium in the mixture of grasses and
legumes. Concentrations of calcium and potassium in the sward were signif-
icantly higher in the treatments fertilized with ashes and ash-sludge mix-
tures than in the control. KALEMBASA and WYSOKIÑSKI (2002) reported similar
results from a pot experiment, in which higher content of calcium was not-
ed in plants cultivated on sludge-ash mixtures than in plants grown on
sludge.

Furnace ash applied in the experiment caused an evident decline in the
sodium and phosphorus content in the sward versus the control and sewage
sludge treatment. The significantly highest sodium concentration in the mix-
ture of grasses and legumes was determined in the object enriched with a
dose of 200 t ha–1 d.m of sewage sludge. Also, the ash-sludge mixtures
proved to be a rich source of sodium for the grass and legume mixture
recommended for recultivation of post-industrial areas. The results are in
accord with the research conducted by other authors (NOWAK et al. 1993),
where alkalization of soil environment did not limit the potassium uptake
by plants.

Fertilization with ash-sludge mixtures led to a significant increase in
phosphorus concentrations in sward of the legume-grass mixture in compar-
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ison with the control. Notably, the highest phosphorus content was found in
plants grown in treatments fertilized only with sludge, in contrast to the
control and ash-sludge mixtures. Moreover, the data shown in Figure 1 sug-
gest that the content of phosphorus in plants decreases as a result of ad-
mixing ashes from black coal incineration to sludge as compared to fertiliza-
tion with sludge alone. The results are supported by the research of KALEMBASA

and WYSOKIÑSKI (2002), demonstrating that furnace ash admixture to sewage
sludge decreases phosphorus content in plants. Although ashes sometimes
contain large amounts of phosphorus, in an alkaline environment this com-
ponent is almost completely retarded by calcium ions (MACIAK et al. 1976b).

The following concentrations of macroelements are regarded as optimal
for fodder plants: 2.0 g Mg, 7.0 g Ca, 17-20 g K, 1.5-2.5 g Na and 3.0 g
P kg–1d.m. The municipal sewage sludge and furnace ashes applied in this
experiment fully covered the plant requirements for magnesium, whereas
the Ca and Na content in grass and legume mixture was below the opti-
mum value. Potassium in plants cultivated on a substrate enriched with the
above two types of waste corresponded to the optimum value, while the
phosphorus content in the grass-legume mixture was close to the optimum.

CONCLUSIONS

1. Municipal sewage sludge, furnace ash and their mixtures applied in
the experiment led to a significant increase in the content of Mg, Ca, K, Na
and P.

2. The highest content of Mg, Ca and K was determined in the grass
and legume mixture cultivated exclusively on ash, whereas the highest P
and Na concentrations were found in the mixture cultivated on sewage
sludge.

3. The Mg and K content in the grass-legume mixture met the stand-
ards for good quality feeds, whereas Ca, Na and P concentrations remained
below the optimum value and the P content was close to the optimum.
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