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Effect of combustion wastes and sewage sludge compost on the chemical
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A field experiment was conducted univariate in 2008-2010 in the Variety Assessment Station in Szczecin
— Dabie. The soil on which the experience was based is made of light loamy sand (pgl). In terms of
granulometric composition it includes it into the category of light soils, agricultural suitability complex
IV b, good (5). The experiment included, inter alia, waste compost produced with municipal sewage
sludge produced by ‘GWDA and ash from brown coal (waste grate). No normal ranges for heavy metals
being specified in the ministerial regulations were used for environmental purposes, which are maximum
20, 500, 750, 300, 1000 and 16 mg per 1 kg dry matter for cadmium, chromium, lead, nickel, copper
and mercury, respectivelyl6 were exceeded in the sewage sludge being used to produce the compost.
The field experiment design consisted of 6 fertilisation objects. A test plant was Virginia fanpetals (Sida
hermaphodrita Rusby). The content of available phosphorus, potassium and magnesium in the soil, being
fertilised with municipal SSC with and without an addition of high-calcium BCA, changed after three
years. There was an increase in the content of available phosphorus, potassium and magnesium forms,
on average by 8.5%, 16.0% and 9.0%, respectively. When analysing the chemical properties of soil before
and after this study, it may be stated that respective systems of municipal sewage sludge compost and
high-calcium brown coal ash application differently affected most soil richness indices. The best fertilisa-
tion effects were obtained in the system with municipal sewage sludge compost being applied at a dose
corresponding to 250 kg N - ha™ as well as with high-calcium brown coal ash at a dose corresponding
to 1.5 Mg CaO - ha™! being introduced into soil in the first year of study and at a dose corresponding to
0.75 Mg CaO - ha™ in successive years. Fertilisation with municipal sewage sludge compost without and
with addition of high-calcium brown coal ash favourably affected the preservation of soil environment
stability and improvement of soil chemical composition.

Keywords: soil, pH value, organic carbon, total content of macroelements, available forms of phosphorus,

potassium and magnesium.

INTRODUCTION

Fossil fuel combustion by-products are used for diffe-
rent purposes, among others for land reclamation, land
levelling or flood embankment construction. Considering
the fact that they contain substantial quantities of ma-
cro- and microelements, such as calcium, magnesium,
potassium, sodium, phosphorus, boron, manganese, cop-
per, zinc and molybdenum, they are used as a material
being suitable for application'™. Due to a relatively high
content of calcium oxide in them, a characteristic feature
of combustion ashes is the well-known sanitising effect
of fossil fuel ash addition on sewage sludge, limiting the
leaching of chemical pollutants as well as improving the
physical properties of sewage sludge or composts being
produced from it®.

Municipal sewage sludge and composts being produced
from it are reach in organic matter and abundant with
some nutrients®!!. Therefore, they are characterised by
high manurial value and recommended for use as or-
ganic fertilisers in soil enrichment since they positively
affect soil properties'™. They must, however, meet
the standards stated in the Regulation of the Minister
of Environment'® to have no negative impact on the
environment. As shown by many studies, they favourably
affect relationships between the “soil tilth” and the soil
microbial activity and physicochemical properties'’3.

There is a high potential in Poland to use municipal
sewage sludge and composts produced from it to fertilise
arable soils.

Biological disposal of combustion ashes, municipal
sewage sludge and composts produced from them will
allow improvement of the physicochemical properties of
environmental components, which incorporate, among
others, the soil. Changes in the soil reaction induce
activation or retrogradation of many nutrients in soil,
required by plants for their growth and development.

Considering the above aspects, studies were taken up
aiming at determination of the effect of compost with
municipal sewage sludge and high-calcium brown coal
ash on the changes in the physicochemical properties
of mineral soils after a three-year cultivation of the
test plant.

MATERIAL AND METHODS

The basis for examinations was a single-factor field
experiment situated at the Cultivar Evaluation Station
in Szczecin-Dabie. The soil on which this experiment
was started is formed from light loamy sand. In terms
of soil granulometric composition, it is classified into
the category of light soils, soil quality class IV b and
good rye complex (5). Examinations were carried out in
2008-2010 on 33 m? plots, with four replications per each

* GWDA compost is a compost prepared by means of the technological process of compost production from municipal sewage sludge with addition
of straw or sawdust using the static forced-aeration method of composting being developed by the GWDA Sp. z 0.0. (GWDA Water Supply and

Wastewater Disposal Services Co. Ltd) in Pita, Poland.



experimental object. A test plant was Virginia fanpetals
(Sida hermaphrodita rusby). The field experiment design
consisted of 6 fertilisation objects.

In spring 2008, municipal sewage sludge compost pro-
duced by the *GWDA method, calcium carbonate and
high-calcium brown coal ash were introduced into soil,
while mineral fertilisers specified below were applied in
the same doses over the whole experimental area. In the
first year of the experiment (2008), 42.5 kg N - ha™ as
well as 28 kg P - ha™ and 66.4 kg K - ha™ were introdu-
ced into the soil on 5 May, prior to planting test plants,
in the form of ammonium nitrate and multi-component
fertiliser SuproFoska 20 (400 kg fertiliser per - ha™),
respectively. Six weeks after planting Virginia fanpetals
seedlings, 42.5 kg N - ha™ were introduced into soil in
the form of ammonium nitrate as the top dressing. In
the second year of experiment (2009), a complex fertiliser
Polimag S was introduced into soil at a dose of 1000
kg - ha™'. This corresponded to 100 kg N - ha™, 35 kg
P - ha™', 125 kg K - ha™, 30 kg Mg - ha™ and 140 kg
S - ha™. In addition, this fertiliser contained copper, zinc,
boron and manganese. Eight weeks later, 34 kg N - ha™
were introduced into soil in the form of ammonium
nitrate. In the third year of the experiment (2010), a
complex fertiliser Polimag S was introduced into the
soil in the same dose as in 2009. Eight weeks later, 34
kg N - ha' were introduced into the soil in the form
of ammonium nitrate. High-calcium brown coal ash was
introduced into the soil in the fertilisation objects with
an annual application on 8 April 2009 and 9 April 2010.

The harvest of Virginia fanpetals in 2008, 2009 and
2010 was carried out between 15 and 20 December. The
crop yield of Virginia fanpetals was determined and its
representative biomass samples were collected for the
purpose of carrying out laboratory analyses.

Each year, after harvesting Virginia fanpetals, the
content of macroelements was determined in the soil
in averaged samples from four replications for each
fertilisation object. Nitrogen, organic carbon and sulphur
contents were determined on a Coestech CNS elemental
analyser, while that of available forms of phosphorus
and potassium by the Egner-Riehm method, available
magnesium content according to the Polish standard
PN-R-04024, total phosphorus content according to
the Polish standard PN-98/C-04537-14, total potassium
content by the method of flame photometry, and total
magnesium content by the method of atomic absorption
spectrometry on a Perkin Elmer AAS 300 spectrome-
ter. The stock solution was obtained after previous wet
mineralisation of soil material according to the Polish
standards PN-ISO 11466 and PN-ISO 11047, while
the soil pH value was determined by potentiometry in
1 mol - dm= KCI solution according to the Polish standard
PN-75/C-04540/05/01. The study results were processed
statistically by the analysis of variance in accordance
with Statistica 8.0 PL computer software. In the case of
significant differences, the Tukey’s test was used at the
significance level p = 0.05.

RESULTS AND DISCUSSION

The high-calcium brown coal ash used in this study
came from the Patnéw-Adaméw-Konin Power Plant
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Complex. It contained more potassium (5.50 g - kg™
d.m.) than phosphorus (2.52 g - kg™' d.m.). This ash
partly supplemented potassium deficiency in the com-
post. It was characterised by high value of pHy, (11.0)
and contained 986 g - kg! dry matter as well as 145 g
Ca - kg! d.m. and 12.5¢ Mg - kg™' d.m. No nitrogen or
organic carbon was found in the ash. High calcium con-
tent in the ash used in this study (145 g Ca - kg™ d.m.)
allowed it to be classified into the group of high-calcium
ashes. The total content of cadmium (2.77 mg - kg™),
manganese (265 mg - kg™'), nickel (12.6 mg - kg™),
zinc (231.0 mg - kg™') and chromium (20.6 mg - kg™)
in the examined high-calcium brown coal ash used in
experiment was higher than in municipal sewage sludge
compost. On the other hand, copper and lead contents
(27.6 and 16.2 in mg - kg™, respectively) were higher in
the compost when compared to high-calcium brown coal
ash’2, Taking into consideration the standards refer-
ring to the content of heavy metals in fertilisers for soil
de-acidification?, high-calcium brown coal ash may by
included among the factors affecting soil de-acidification
without negative environmental impact.

The compost with municipal sewage sludge used in the
experiment, produced by the *GWDA method at the Mu-
nicipal Sewage Treatment Plant in Stargard Szczecinski,
corresponded, in respect to its chemical composition, to
the standards allowing it to be classified into the group
of organic fertilisers?'. This compost had a pHH,O
of 8.50 and therefore can be applied without fear on
strongly acid and acid soils which constitute more than
50% in Poland®. The total content of nitrogen (18 g
N - kg'' d.m.) and phosphorus (10.2 g P - kg' d.m.) in
this compost was clearly higher than that of potassium
(3.58 g K - kg! d.m.) . Therefore, deficiencies of this
chemical element should be supplemented in it with
potassium mineral fertilisers.

Due to long descriptions of fertilisation objects, acro-
nyms were adopted for municipal Sewage Sludge Compost
(SSC) and Brown Coal Ash (BCA) that were subsequently
used in the discussion of research results. Tables 1, 2
and 3 present the results referring to some soil fertility
indices after harvesting the Virginia fanpetals biomass.

The results of field study show that soil fertilisation
with municipal sewage sludge with high-calcium BCA
addition increased soil pHyq value from 5.30 to 6.40.
Similar study results were obtained by other authors®.
After three years of the experiment, the soil reaction
increased by 1.1. The objects fertilised only with calcium
carbonate or high-calcium BCA at a dose corresponding
to 1.5 Mg CaO - ha™ being applied at the beginning
of study had their soil pHyq value increased to 5.60.
High-calcium BCA being introduced into soil at a dose
corresponding to 1.5 Mg CaO - ha™! in the first year of
study and to 0.75 Mg CaO - ha™ in the following years
increased soil pHy, value to 6.30 (fertilisation object V).
Exclusive organic fertilisation (fertilisation object III)
contributed to the increase in soil pHyg, value by 0.70
when compared to its initial value (Table 1).

In the fertilisation objects with high-calcium BCA
being introduced into soil at a dose corresponding to
1.5 Mg CaO - ha™! in the first year of study and to 0.75
Mg CaO - ha™! each year and with municipal SSC with
high-calcium BCA addition being applied each year, soil
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Table 1. The pHy, value, organic carbon and nitrogen contents (in g - kg™ D.M.) and C:N ratio in soil after the cultivation of

Virginia fanpetals

" Study Fertilisation objects
Parameters Initial values years B T M Y v Vi LSDg 05
2008 5.45 5.50 5.70 6.10 6.15 6.20 0.07
pHkci 5.30 2009 5.60 5.55 5.85 6.20 6.20 6.30 0.10
2010 5.60 5.60 6.00 6.30 6.30 6.40 0.37
2008 8.68 8.70 9.10 8.95 8.60 9.15 0.17
C org. 8.52 2009 8.67 8.52 8.85 8.77 8.53 9.10 n.s.
2010 8.52 8.46 8.98 8.91 8.47 9.02 n.s
mean 8.62 8,56 8,97 8.88 8.53 9.09 0.12
2008 0.75 0.72 0.83 0.88 0.76 0.92 0.08
N 0.72 2009 0.71 0.70 0.79 0.82 0.73 0.89 n.s.
2010 0.67 0.68 0.82 0.84 0.70 0.86 n.s.
mean 0.71 0.70 0.81 0.84 0.73 0.89 n.s.
2008 11.6 121 10.1 10.1 1.3 9.94 n.s.
C:N 11.8 2009 12.3 12.2 11.5 10.7 1.7 10.2 0.02
2010 12.6 12.4 10.9 10.6 121 10.5 0.02
mean | 12.2 12.2 10.8 10.5 11.7 10.2 0.02
*Description of fertilisation objects: I — Carbonate lime (CaCOs) at a dose corresponding to 1.5 Mg CaO - ha™, Il — High-calcium brown coal ash
(BCA) at a dose corresponding to 1.5 Mg CaO - ha™, il — Municipal sewage sludge compost (SSC) at a dose corresponding to 250 kg N - ha™",

IV — Municipal sewage sludge compost (S SC) at a dose corresponding to 250 kg N - ha™" + high-calcium brown coal ash (BCA) at a dose
corresponding to 1.5 Mg CaO - ha™ in the first year of experiment V — High-calcium brown coal ash (BCA) at a dose corresponding to 1.5 Mg
CaO - ha™' in the first year of the experiment, with 0.75 Mg CaO - ha™" in next years each , VI — Municipal sewage sludge compost (SSC) at a
dose corresponding to 250 kg N - ha™" + high-calcium brown coal ash (BCA) at a dose corresponding to 1.5 Mg CaO - ha™ in the first year of

experiment, with 0.75 Mg CaO - ha™ in next years each.

pHyq value was significantly higher when compared to
those where calcium carbonate or high-calcium BCA
had been introduced into the soil. Differences in soil
pHyy value between the objects with municipal SSC
and high-calcium BCA being introduced into the soil
and those being fertilised with high-calcium BCA at
a dose corresponding to 1.5 Mg CaO - ha™! in the first
year of study and to 0.75 Mg CaO - ha™' being applied
in the following years, were not significant. No significant
differences were observed between the objects being
fertilised only with calcium carbonate, high-calcium
BCA or municipal SSC. Changes in the soil reaction
were induced by considerable calcium and magnesium
contents in the applied ash?. The studies conducted
by Gilewska?2¢ show that introduction of high-calcium
brown coal ash from the Patnéw-Adaméw-Konin Power
Plant Complex into the soil induced its de-acidification
to the same extent as calcium fertilisers. The soil being
fertilised with calcium carbonate or high-calcium brown
coal ash was classified to the group of acid soils (pH
= 5.60), while that being fertilised with municipal SSC
with high-calcium BCA addition to slightly acid soils (pH
from 6.10 to 6.40). Other researchers obtained similar
study results, observing an increase in the soil reaction
from acid to slightly acid®’.

Calcium carbonate and high-calcium BCA being in-
troduced into the soil at a dose corresponding to 1.5
Mg - ha™ at the beginning of study and applied each
year at a dose of 0.75 Mg CaO - ha, as well as exc-
lusive organic fertilisation at a dose corresponding to
250 kg N - kg™, did not significantly differentiate total
nitrogen, potassium, magnesium and sulphur contents
in soil when compared to the fertilisation objects II, IV
and VI (Table 1 and 2).

The content of organic carbon in the object with
high-calcium BCA being introduced into the soil at a
dose corresponding to 1.5 Mg CaO - ha™! after three
years of study was almost the same when compared to
that before starting the experiment. Calcium carbonate,
high-calcium BCA and SSC did not significantly diffe-
rentiate the content of organic carbon in the respective

fertilisation objects. The organic fertilisation applied
with and without an addition of high-calcium BCA and
exclusive annual fertilisation with high-calcium BCA
increased the content of this chemical element to the
greatest extent in the first year of study (2008) when
compared to 2009 and 2010. The highest increase, by
0.47, was observed between the object with municipal
SSC with high-calcium BCA addition being introduced
into soil and that being fertilised with calcium carbonate
at a dose corresponding to 1.5 Mg CaO - ha™! in the
first year of study (Table 1). The results obtained in the
second and the third year of study indicate a gradual
decrease in the content of organic carbon in soil after
harvesting the Virginia fanpetals biomass when compared
to the first year of study.

In 2008-2009, an increase in the nitrogen content was
observed in the soil of fertilisation objects being fertilised
with municipal SSC at a dose corresponding to 250 kg
N - ha™ and high-calcium BCA addition applied in the
first year of study and the following years, respectively
by 15.0, 19.0 and 26.5%, when compared to the objects
with calcium carbonate or high-calcium BCA introduced
into soil and applied at the beginning of study. Differen-
ces in the nitrogen content in soil in other fertilisation
objects were not significant (Table 1). When analysing
the effect of applied fertilisation on the changes in
the nitrogen content in the soil during the three-year
experiment, a gradual decrease in the quantity of this
chemical element was observed. The nitrogen content
decreased by 7.0% between 2010 and 2008. The reason
for a decrease in its content is, most probably, a fast
mineralisation of nitrogen organic compounds and its
uptake by the Virginia fanpetals biomass.

The applied fertilisation induced an average incre-
ase in the nitrogen content in soil, by 23.6%, when
compared to its initial content. The fertilisation being
applied with and without the addition of high-calcium
BCA increased the average content of organic carbon
and total nitrogen in the soil in the second and the
third year of study after application when compared to
their initial contents. The studies by Czyzyk at el.”® and



Gondek® show an increase in organic carbon and the
total nitrogen contents as affected by the soil fertilisation
with municipal sewage sludge.

Before the beginning of the experiment the soil was
characterised by the carbon-to-nitrogen ratio amounting
to 11.8. After three years of study, the carbon-to-nitro-
gen ratio enlarged by 0.8 (12.6 and 12.4, respectively)
in the objects with calcium carbonate or high-calcium
BCA being applied at a dose corresponding to 1.5 Mg
CaO - ha™'. On the other hand, this ratio narrowed in
the objects being fertilised with municipal SSC without
and with addition of high-calcium BCA applied in the
first year of study and each year and amounted to 10.9,
10.6 and 10.5, respectively (Table 1). The total magne-
sium and sulphur contents in the soil after three years
of study slightly changed when compared to their initial
values (Table 2).

Statistical analysis of the total phosphorus and calcium
contents in soil being determined after three years of
study showed a dependence of the quantity of these
chemical elements on the fertilisation system. A signifi-
cant increase in the phosphorus content was obtained in
the objects being fertilised with municipal SSC with and
without an addition of high-calcium BCA when compared
to that with high-calcium BCA being introduced into
the soil at a dose corresponding to 1.5 Mg CaO - ha ..
A significant increase in the total potassium content in
soil was obtained as affected by the organic fertilisation
being applied with addition of high-calcium BCA when
compared to the object with calcium carbonate being
introduced into soil at a dose corresponding to 1.5 Mg
CaO - ha™'. A significant effect of organic fertilisation
with and without an addition of high-calcium BCA on
the calcium, magnesium and sulphur contents in the soil
(fertilisation object VI) was also observed when compared
to the object with calcium carbonate and high-calcium
BCA being applied at a dose corresponding to 1.5 Mg
CaO - ha™. An increase in the phosphorus, potassium,
calcium and magnesium contents in the soil was observed
in the second year of study when compared to the first
and the third year (2008 and 2010).
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An average increase in the phosphorus content in
2008-2010 was observed in the soil in the objects being
fertilised with municipal SSC at a dose corresponding
to 250 kg N - ha™' with and without the addition of
high-calcium BCA, by 23.0% and 18.7%, respectively,
when compared to that with annual application of
high-calcium BCA at a dose corresponding to 1.5 Mg
CaO - ha™' (fertilisation object II). The differences in
the phosphorus content in the soil in other fertilisation
objects after harvesting the Virginia fanpetals biomass
were not significant (Table 2).

Most potassium was found in the soil in the second
year of test plant cultivation (0.77 g - kg' D.M.), while a
slight decrease in its content, to 0.68 g - kg' D.M., was
observed in the third year of study. An average increase
in the potassium content, by 9.0%, was observed in the
soil between the object with exclusive organic fertilisation
at a dose corresponding to 250 kg N - ha™ and that with
calcium carbonate application. Calcium carbonate and
high-calcium BCA being applied at the beginning of
study and each year and exclusive organic fertilisation
did not have any significant effect on the changes in the
total potassium content in the soil.

The average content of calcium in the soil after ha-
rvesting the Virginia fanpetals biomass was the highest
in 2009 and amounted to 1.02 g - kg' D.M. The highest
average increase in the calcium content in the soil,
by 11.6%, was obtained in the object being fertilised
with municipal SSC at a dose corresponding to 250 kg
N - ha! applied with addition of high-calcium BCA in
the first year of study and each year when compared to
that with exclusive application of calcium carbonate. The
calcium content in the soil in the objects with municipal
SSC with and without the addition of high-calcium BCA
being applied at the beginning of study and each year,
as well as with high-calcium BCA being introduced
into the soil each year, was significantly higher when
compared to the object being fertilised with calcium
carbonate only. The differences in the effect of calcium
carbonate or high-calcium BCA and exclusive fertilisation
with municipal SSC did not significantly differentiate the
calcium content in soil (Tab. 2). The magnesium content

Table 2. The P, K, Ca, Mg and S contents (in g - kg™ D.M.) in soil after cultivation of Virginia fanpetals

Study

Fertilisation objects

Parameters Initial values years B T i Y v Vi LSDo.05
2008 0.56 0.51 0.60 0.56 0.52 0.56 0.06
P 0.45 2009 0.50 0.48 0.66 0.62 0.59 0.54 0.03
2010 0.45 0.45 0.52 0.52 0.46 0.53 n.s.
mean 0.50 0.48 0.59 0.57 0.52 0.54 n.s.
2008 0.68 0.70 0.74 0.66 0.72 0.70 n.s.
K 0.62 2009 0.74 0.75 0.77 0.79 0.77 0.78 n.s.
2010 0.63 0.64 0.70 0.72 0.67 0.74 n.s.
mean 0.68 0.70 0.74 0.72 0.72 0.74 n.i.
2008 0.86 0.92 0.90 0.96 0.93 0.92 0.02
Ca 0.78 2009 0.90 0.96 0.98 1.00 1.03 1.10 0.97
2010 0.82 0.81 0.84 0.87 0.84 0.87 0.03
mean 0.86 0.89 0.91 0.94 0.93 0.96 0.07
2008 0.69 0.74 0.72 0.74 0.77 0.80 n.s.
Mg 0.62 2009 0.74 0.77 0.78 0.80 0.85 0.90 n.s.
2010 0.67 0.68 0.70 0.72 0.70 0.74 0.03
mean 0.70 0.73 0.73 0.75 0.77 0.81 n.s.
2008 0.10 0.1 0.12 0.12 0.16 0.18 n.s.
S 0.08 2009 0.08 0.09 0.10 0.10 0.12 0.15 0.05
2010 0.08 0.09 0.12 0.13 0.11 0.14 n.s.
mean 0.09 0.10 0.1 0.12 0.13 0.16 0.04

* Description of fertilisation objects is given in Table 1.
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in the soil after harvesting the Virginia fanpetals biomass
slightly increased during the three-year study. Calcium
carbonate or high-calcium BCA being applied at a dose
corresponding to 1.5 Mg CaO - ha™, as well as exclusive
organic fertilisation at a dose corresponding to 250 kg
N - ha™, did not have any significant effect on the incre-
ase in the magnesium content in the soil. High-calcium
BCA being introduced into the soil, as well as municipal
SSC with its addition, increased the magnesium content,
by 10.0% and 15.7%, respectively, when compared to
the object being fertilised only with calcium carbonate.
The highest average magnesium content in the soil was
observed in all fertilisation objects in the second year
of study (0.81 g - kg! D.M.). An average increase in
the content of that chemical element in the soil after
harvesting the test plan biomass in the second year of
study was higher by 10.0% when compared to the first
year and by 31.0% when compared to its initial value.

The highest average sulphur content in the soil was
observed in the objects being fertilised only with high-cal-
cium BCA at a dose corresponding to 1.5 Mg CaO - ha™
and municipal SSC with its addition see Table 2. The
sulphur content in the soil in other fertilisation objects
ranged from 0.08 to 0.13 g - kg™! D.M. The least sulphur
content in the soil after harvesting the Virginia fanpetals
biomass was observed after an application of calcium
carbonate at a dose corresponding to 1.5 Mg CaO - ha ..
The municipal SSC with high-calcium BCA being applied
increased the total sulphur content when compared to
its initial value, by 63.0% and 100%, respectively.

The content of available phosphorus, potassium and
magnesium in the soil of fertilisation objects with muni-
cipal SSC with and without an addition of high-calcium
BCA changed after three years of study (Table 3). There
was an increase in the content of available phosphorus,
potassium and magnesium forms, on average by 8.50%,
16.0% and 9.0%, respectively.

The average content of available phosphorus forms in
the soil in the objects with municipal SSC being intro-
duced at a dose corresponding to 250 kg N - ha™! with
and without an addition of high-calcium BCA applied
in the first year of study and each year was significantly
higher when compared to those with high-calcium BCA
being introduced into soil at the beginning of study and
each year. The differences in the content of available
phosphorus forms in the soil between these objects in
the aforementioned groups were not significant (Table 3).

Sewage sludge and composts being produced from
it are rich in phosphorus and therefore its content in
the soil humus level increases after their application.
This increase is being maintained in the first year of
study and may continue in successive years after the
introduction of organic fertilisation®*!. The possibility
of total phosphorus accumulation in the soil should be
also taken into account. This phenomenon is induced by
high calcium and magnesium contents in high-calcium
brown coal ash, which affects not only the pHg, value
but also the formation of sparingly soluble phosphorus
compounds™®.

Fertilisation with municipal sewage sludge compost
at a dose corresponding to 250 kg N - ha™! with annual
addition of high-calcium BCA (fertilisation objects IV
and VI) in the first year of study increased the content
of available potassium in soil by 18.0% when compa-
red to its initial value. On the other hand, its content
in the following study years decreased. The decreases
being observed in the content of available potassium in
soil are related to its low content in sewage sludge and
composts being produced from it as well as in combu-
stion wastes® 33,

The content of available potassium in the soil was si-
gnificantly smaller in 2009 and 2010 in the objects being
fertilised with calcium carbonate and high-calcium BCA
at a dose corresponding to 1.5 Mg CaO - ha™! when
compared to other fertilisation objects but it was slightly
higher than the value from before starting the experiment
(Tab. 3). The annual introduction of high-calcium BCA
induced a significant increase in the content of available
potassium forms in the soil when compared to the object
with calcium carbonate.

Most available magnesium forms contained the soil of
fertilisation objects being fertilised with municipal SSC
with high-calcium BCA addition applied at the beginning
of study and each year (51.4 and 51.7 mg - kg”' D.M.).
When compared to these objects, the soil of fertilisation
objects with calcium carbonate and high-calcium BCA
being applied at the beginning of study and each year
contained significantly less available magnesium forms.
Differences in the content of available magnesium forms
in soil between the objects being fertilised with calcium
carbonate and high-calcium BCA applied at the beginning
of study and each year were not significant.

When evaluating the average content of available che-
mical elements in the soil with the method of threshold
values, being used by Chemical and Agricultural Research

Table 3. The content of availlable P, K and Mg forms in soil after cultivation of Virginia fanpetals

Initial Stud
Parameters values yearg F] m_ [ v | Vv [ Vi LSDoos
content availlable in mg - kg™ D.M.
2008 26.1 26.2 27.0 27.6 26.6 27.7 0.17
P 24.8 2009 26.8 25.9 26.5 271 26.1 271 0.22
2010 25.2 25.4 26.2 26.2 25.0 26.4 0.20
mean 26.0 25.8 26.6 27.0 25.9 27.1 0.24
2008 132 134 140 148 139 147 0.54
K 120 2009 128 130 135 141 132 142 0.25
2010 122 121 130 134 124 136 0.31
mean | 127.3 128.3 135.0 141.0 131.6 141.6 0.91
2008 50.1 50.7 51.2 52.1 50.7 52.4 0.12
Mg 47.0 2009 50.2 50.2 51.4 51.5 50.9 51.8 0.13
2010 48.4 48.3 50.2 50.6 49.0 50.7 n.s.
mean 49.5 49.7 50.9 51.4 50.2 51.7 0.12

* Description of fertilisation objects is given in Table 1.




Laboratories, it was found that the content of available
phosphorus was low in the objects being fertilised with
municipal SSC without and with addition of high-cal-
cium BCA, which indicates that no changes in the soil
richness class were observed. Available potassium and
magnesium contents in the soil pointed to a medium
class of its richness. As affected by the fertilisation be-
ing applied in this experiment, the classification of this
soil in terms of the content of available potassium and
magnesium forms changed, from medium soil richness
class to a high one.

When analysing the chemical properties of the soil
before and after this study, it may be stated that re-
spective systems of municipal sewage sludge compost
and high-calcium brown coal ash application had a dif-
ferent effect on most soil fertility indices. Fertilisation
with municipal sewage sludge compost with and without
an addition of high-calcium brown coal ash favourably
affected preservation of the stability of the soil environ-
ment and improvement of the soil chemical composition.

CONCLUSIONS

The greatest positive effect on soil fertility indices
was observed after the application of municipal SSC
with annual introduction of high-calcium BCA into soil.
Slightly weaker effects were observed when municipal
SSC and high-calcium BCA had been introduced into
soil at the beginning of study.

The pHg, value and the content of organic carbon, total
nitrogen, phosphorus, potassium and sulphur, as well as
that of available phosphorus, potassium and magnesium
forms, increased in the soil of objects being fertilised
with municipal SSC with and without the addition of
high-calcium BCA.

As affected by the fertilisation with municipal SSC and
high-calcium BCA, the classification of this soil in terms
of the content of potassium and magnesium forms being
available for plants changed from medium soil richness
class to a high one.

The objects being fertilised only with calcium carbonate
or high-calcium BCA did not significantly differentiate the
content of macroelements in the soil under examination.

ACKNOWLEDGEMENTS

This study was conducted within the framework of a re-
search and development project No. 0397/R/P01/2008/04.

LITERATURE CITED

1. Codling, E.E., Chaney, R.L. & Sherwell, J. (2002). Poultry litter
ash as a potential phosphorus source for agricultural crops. J. Environ.
Quality 31 (3): 954-961, DOI:10.2134/jeg.2002.9540.

2. Kalembasa, D. (2006). The amount and composition of ash from
biomass energy crops. Acta Agrophysica 7: 909-914 [in Polish].

3. Krzywy, E., Stankowski, S. & Krzywy-Gawronska, E. (2008). The
content of total forms and forms soluble in 1 M HCI of cadmium,
copper, nickel, lead and zinc in the tiers of the reclamation models.
Zesz. Prob. Post. Nauk Rol. 533: 231-238 [in Polish].

4. Pretnicka, K. (2001). Review of agricultural land use by-products
of combustion. Mater. VIII Migdzynar. Konf. ,,Popioly z energetyki”.
Miedzyzdroje, 227-243 [in Polish].

5. Rosik-Dulewska, C., Glowala, K., Karwaczynska, U. & Robak,
J. (2008). Elution of heavy metals from granulates produced from
municipal sewage deposits and fly-ash of hard and brown coal in

Pol. J. Chem. Tech., Vol. 15, No. 3, 2013 53

the aspect of recycling for fertilization purposes. Archiv. Environm.
Protect. 34 (2): 63-71.

6. Han, EX., Kongery, W.L., Selim, HM. & Gerald, P. (2000).
Accumulation of heavy metals in a long-term poultry waste amended
soil. Soil Sci. 156: 260-268.

7. Haroun, M., Idris, A. & Syed Omar, S.R. (2007). Charakterisation
and composting of tannery sludge. Malaysian J. Soil Sci. 11: 71-80.
DOI: 10.1016/j.wasman.2006.09.006.

8. He, M., Tlan, G. & Liang, X.(2009). Phytotoxicity and speciation of
copper, zinc and lead during the aerobics composting of sewage sludge.
J. Hazard. Mater. 163: 671-677. DOI: 10.1016/j.jhazmat.2008.07.01.

9. Ngole, V.M. (2007). Response od copper, lead and zinc mobility
and bioavailability to sludge application on different soils. Polish J.
Soil Sci. 40 (2): 125-138.

10. Walter, 1., Martinez, F & Cala, V. (2006). Heavy metal spe-
ciation of phototoxic effects of three representative sewage sludges
for agricultural uses. Environ. Pollut 139: 507-514. DOI: 10.1016/j.
envpol.2005.05.020.

11. Wong, J.W.C. & Selvan, A. (2006). Speciation of heavy metals
during composting of sewage sludge with lime. Chemosphere 63:
980-986. DOI: 10.1016/j.chemosphere.2005.08.045.

12. Hargreaves, J.C., Adl, M.S. & Warman, PR. (2008). A review
of the use of composted municipal solid waste in agriculture. Agric.
Ecosys. Environ. 123: 1-14. DOI: 10.1016/j.agee.2007.07.004.

13. Izewska, A. (2007). Impact of fertilization with manure, sewage
sludge and compost prepared from sewage sludge on soil properties.
Zesz. Probl. Post. Nauk Rol. 518: 85-92 [in Polish].

14. Selivanovskaya, S.Yu. & Latypova, V.Z. (2006). Effect of com-
posted sewage sludge on microbial biomass, activity and pine seedlings
in nursery forest. Waste Management, 26: 1253-1258. DOI: 10.1016/j.
wasman.2005.09.018.

15. Torri, S., Zubillaga, M. & Cusato, M. (2009). Potential of discaria
americana for metal stabilization on soils amendment with biosolids
and ash-spiked biosolids. International Journal of Phytoremediation,
11 (2): 187-199. DOI: 10.1080/15226510802378475.

16. Regulation of the Minister of Environment on municipal sewage
sludge. Official Journal of Laws No. 137, item 924 of 2010 [in Polish].

17. Cai, Q.Y., Mo, C.-H., Wu, Q.-T., Zeng, Q.-Y. & Katsoyiannis,
A. (2007). Contentration and speciation of heavy metals in six differ-
ent sewage sludge-composts. J. Hazard Mat. 147: 1063-1072. DOI.
10.1016/j.jhazmet.2007.01.142.

18. Dinesh, R., Chamdhuri, S.G. & Sheeja, T.E. (2004). Soil bioche-
mical and microbial indices in tropical forests: Effect of dephospha-
tation and cultivation. J. Plant Nutr. Soil Sci. 167 (1): 24-32. DOI:
10.1002/jpIn.200321254.

19. Krzywy-Gawronska, E. (2012). The effect of industrial wastes and
municipal sewage sludge compost on the quality of virginia fanpetals
(SIDA HERMAPHRODITA RUSBY) biomass. Part 1. Macroelements
content and their uptake dynamics. Polish J.Chemical Technology
14 (2) : 9-15. DOI: 10.2478/v/10026-012-0064-7 [in Polish].

20. Krzywy-Gawronska, E. (2012). The effect of industrial wastes and
municipal sewage sludge compost on the quality of virginia fanpetals
(SIDA HERMAPHRODITA RUSBY) biomass. Part 2. Microelements
content and their upatke dynamics. Polish J.Chemical Technology
14 (3): 8-14 [in Polish].

21. Regulation of the Minister of Agriculture and Rural Develop-
ment of 18 June 2008 on the execution of some provisions of the Act
on fertilisers and fertilisation. Official Journal of Laws No. 119, item
765 of 2 July 2008 [in Polish].

22. Statistical Yearbook of the Republic of Poland 2009. GUS
Warszawa. [in Polish].

23. Baran, S., Wojcikowska-Kapusta, A., Oleszczuk, P, Zurawska, G.,
Baranowska, E. & Marciniak, M. (2005). Changes of pollutant content
Turing sewage sludge composting process. Part I., Total polycyclic
aromatic hydrocarbonus content. Chemia i Inzynieria Ekologiczna A
12 (1-2): 19-25 [in Polish].

24. Gibcezyniska, M., Meller, E. & Hury, G. (2007). Effect of Brown
coal ashes on physical properties of light soil. Zesz. Probl. Post. Nauk.
Rol. 518: 53-61 [in Polish].

25. Gilewska, M. (2006). Processing and utilization of ash high-
calcium. Quality parameters of lignite and ashes resulting from the
combustion in power plants. Materialy Migdzynarodowego Seminarium
Naukowo-Technicznego. Wyd. Ekotech Betchatéw, 285-293.

26. Gilewska, M. (2004). Biological reclamation of landfills ash from
lignite. Rocz. Gleboz. 55 (2): 103-110 [in Polish].

27. Zukowska, G., Baran, S. & Flis-Bujak, M. (1999). Effect of
fertilization with sewage sludge and biohumus on the sorption and
surface area of sandy soil. Folia Univ. Agric. Stetin., Ser. Agriculturae
200 (77): 421-428 [in Polish].



54 Pol J. Chem. Tech., Vol. 15, No. 3, 2013

28. Czyzyk, F. & Kozdras, M. (2004). Changes in carbon, nitrogen
and phosphorus in sandy soil fertilized with compost from rural sewage
sludge. Zesz. Probl. Post. Nauk Rol. 499: 47-53 [in Polish].

29. Gondek, K. (2006). The content of various forms of heavy met-
als in sewage sludge and composts. Acta Agrophys. 8 (4): 825-838
[in Polish].

30. Czekata, J. (2004). Influence of sewage sludge on selected soil
chemical properties. Zesz. Probl. Post. Nauk Rol. 499: 39-46 [in Polish].

31. Czekala, J. (2006). Copper and manganese chemical bonds in a
sewage sludge composted with straw in a bioreactor under conditions
of differentiated air supply. Polish J. Environ. Stud. 15, 2a: 30-35.

32. Grzywnowicz, 1. (2007). Dynamic of mineral nitrogen form
content In soil after application of sewage sludge as fertilizer. Ecol.
Chem. Eng., 14 (3-4): 303-308.

33. Wojcikowska-Kapusta, A., Baran, S., Jaworska, B. & Kwiecien,
J. (2000). Changes of selected properties of light soil fertilized with
sewage sludge. Folia Univ. Agric. Stetinensis, Agricultura 84: 533-538
[in Polish].

34. Czekata, J. (2008). Chemical properties of compost produced
from municipal sewage sludge and various bio-waste. J. Res. Appl.
Agric. Eng., 53 (3): 35-41 [in Polish].

35. Krzywy, E., Woloszyk, C., Mazur, T. & Krzywy, J. (2005). Changes
in contents of calcium, magnesium and sulphur during decomposition
composts prepared from potato pulp with addition of municipal sewa-
ge sludge, straw and sawdust. Chemistry for Agriculture 6: 695-700.



