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Abstract

Municipal sewage sludge is an unavoidable byproduct of the contemporary live and
business activities of people. Proper handling and utilization of sewage sludge continue to
create serious problems in Poland although this waste product is a source of both organic
carbon and macronutrients. The present study has been carried out in order to assess the
influence of municipal sewage sludge on the content of available forms of Cu, Zn and Mn
in soil. A microplot experiment set up according to the random sub-block method was con-
ducted in 2005-2008. The experiment was established on anthropogenic, humic urban soil
developed from loamy sand rich in phosphorus and magnesium, but poor in potassium,
and alkaline in reaction. The design of the trials comprised 5 doses of municipal sewage
sludge from the Lyna Municipal Wastewater Treatment Plant in Olsztyn: 0, 70, 140, 210
and 280 Mg hal of fresh matter. The tests have demonstrated that a dose of sewage
sludge had a significant effect on the content of available forms of Cu, Zn and Mn in soil.
In alkaline soil, however, the observed increase in the content of available forms of Cu,
Zn and Mn was not hazardous to the environment, but could improve the plant nutrition
with these elements. It is highly probable that the availability of Cu may increase in the
second and third year after the application of sewage sludge. The accumulation of soluble
7Zn in soil started to decrease in the second year, but did not become significantly limited
until four years after sewage sludge application. Sewage sludge raised the amount of solu-
ble manganese in soil during the first three years, but in the final year of the experiment
the quantity of soluble Mn in soil did not undergo any significant fluctuations.
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ZAWARTOSC PRZYSWAJALNYCH FORM Cu, Zn I Mn
W GLEBIE UZYZNIONEJ KOMUNALNYM OSADEM SCIEKOWYM

Komunalne osady Sciekowe sa nieodzownym produktem dziatalnosci bytowo-gospodar-
czej wspotczesnego czlowieka, a ich zagospodarowanie to wcigz powazny problem w Polsce.
Odpad ten jest nie tylko Zrodtem wegla organicznego i makroelementéw, ale takze mikro-
elementow. Celem badan byta ocena wplywu komunalnego osadu Sciekowego na zawar-
tos¢ przyswajalnych form Cu, Zn i Mn w glebie. Mikropoletkowe doswiadczenie prowadzo-
no w latach 2005-2008 metoda losowanych podblokéw na glebie antropogenicznej
urbanoziemnej préchnicznej wytworzonej z piasku gliniastego o wysokiej zawartosci fosfo-
ru i magnezu oraz niskiej potasu i o odczynie zasadowym. Schemat doswiadczenia obejmo-
wat 5 dawek komunalnego osadu Sciekowego z Miejskiej Oczyszczalni Sciekéw ,2Lyna”
w Olsztynie: 0, 70, 140, 210 i 280 Mg ha™! $wiezej masy. W badaniach udowodniono istotny
wplyw dawki osadu Sciekowego na zawarto§é¢ przyswajalnych form miedzi, cynku i manga-
nu w glebie. W warunkach gleby zasadowej wzrost zawartosci przyswajalnych form Cu, Zn
i Mn w glebie nie stwarzal zagrozenia dla Srodowiska, a jedynie mogt poprawi¢ odzywienie
roslin tymi mikroelementami. Z duzym prawdopodobienstwem mozna oczekiwaé wzrostu
dostepnosci Cu przyswajalnej w glebie w 2. i 3. roku po zastosowaniu osadu Sciekowego.
Nagromadzenie rozpuszczalnego Zn w glebie zmniejszalo si¢ od 2. roku, ale istotne ograni-
czenie wystapito dopiero w 4. roku po zastosowaniu osadu Sciekowego. Osad Sciekowy miat
wplyw na zwigkszenie iloSci rozpuszczalnego manganu w glebie w pierwszych trzech la-
tach, a w ostatnim roku ilo§¢ rozpuszczalnego manganu w glebie nie ulegla juz znaczacym
zmianom.

Stowa kluczowe: osad Sciekowy, przyswajalne formy Cu, Zn i Mn.

INTRODUCTION

Waste containing organic matter and biogenic elements should be man-
aged — as long as possible — so as to return it to the environment (SRREN et
al. 2003, SpEIR et al. 2003, Casapo-VELA et al. 2006, SpycHAJ-FABISIAK et al.
2007, CzekarA 2009, Mazur, SiENKIEWICZ 2009). In the contemporary world,
municipal sewage sludge is an unavoidable byproduct of our live and busi-
ness activities, but its proper handling and utilization continue to create
problems in Poland. It is the organic carbon contained in sewage sludge
that draws most attention as an element which should be reintroduced into
the soil-plant cycle. The positive effect of sewage sludge on soil properties
has been evidenced in numerous papers by Polish and foreign researchers
(STEPIEN et al. 2000, JakuBus 2006, SADEJ et al. 2007, DELIBACAK ET AL. 2009,
SincH and AGrawaL 2008, Krasa et al. 2007). Municipal sewage sludge is also
a source of micronutrients (KaLEmBAsA et al. 1999, Spiak, KurLczyckr 2004,
IZEwska et al. 2006). However, special care should be taken with respect to
micronutrients so as not to introduce excessive amounts of these elements,
which could have an adverse effect on the environment, especially when
soil is acidic (MERCIK et al. 2003, PascuaL et al. 2004, DELIBACAK et al. 2009).
The purpose of this work has been to evaluate the effect of municipal sew-
age sludge on the content of available forms of Cu, Zn and Mn in soil.
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METHODS

A microplot experiment (Im x 1m) was carried out in 2005-2008. The
experiment was set up on anthropogenic, humic urban soil developed from
loamy sand in a random sub-block design. Prior to the experiment, the soil
had a high content of phosphorus and magnesium, a low level of potassium
and alkaline reaction. The design of the experiment comprised 5 doses
of municipal sewage sludge from the Liyna Municipal Wastewater Treatment
Plant in Olsztyn: 0, 70, 140, 210 and 280 Mg ha™! of fresh matter. Municipal
sewage sludge was applied once. The chemical properties of the sludge are
presented in Table 1.

Sewage sludge was mixed with soil to the depth of about 10 cm. Once
fertilized with municipal sewage sludge, the soil was sown with mixes of
lawn grasses. The available forms of Cu, Zn and Mn after extraction with 1
mol HCl dm=3 were determined with the atomic absorption spectrophoto-
metric method. The results were submitted to statistical analysis using the
software programme Statistica (version 9.0) by SatSoft, Inc. 2009.

Table 1
Chemical properties of sewage sludge
Determination Unit Value
pH in H,0 - 8.43
Corg. 186.53
Nog. 33.30
P g kg1 dm. 14.40
Total elements
K 1.20
Mg 5.00
Ca 27.90
Micronutrients Cu 1 251.00
mg kg™ d.m.
7n 1340.00
Mn 320.00

RESULTS

The content of available copper in soil ranged from 4.65 to 5.89 mg kg1,
which should be regarded as rather small variation. The tested doses of
sewage sludge were evidenced to have had a significant effect on the con-
tent of copper in soil (Table 2). This effect was also demonstrated by the
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Table 2
Content of available copper in soil (mg kg™1)

oar Dose of sewage sludge (Mg ha™) Mean

0 70 140 210 280
2005 4.65 541 5.58 571 5.89 5.45
2006 4.70 5.60 5.60 5.82 5.78 5.50
2007 4.67 5.55 5.64 5.78 5.82 5.49
2008 4.73 5.46 5.63 5.68 5.77 5.45
Mean 4.69 5.51 5.61 5.75 5.82

LSD,,; year —n.s., dose — 0.09, year x dose — n.s.

analysis of correlation and regression (Figure 1). It is worth noticing that
the soil pH in 1 mol HCl dm™3 varied within a narrow range (6.50-7.14).
Under such condition (no acidification), the solubility of Cu was low. Analo-
gously to our study, DELIBACAK et al. (2009) found out an increase in the
content of soluble copper in soil caused by increasing doses of sewage sludge
introduced to soil. In contrast, PascuaL et al. (2004) showed depressed con-
centrations of available forms of Cu in soil under the influence of a higher
dose of sewage sludge (140 Mg ha1). Such discrepancies, reported by differ-
ent authors, in the effect of sewage sludge on the content of Cu in soil may
be substantiated, for example, by different concentrations of this metal in
sewage sludge. On the other hand, sorptive properties of soil, and especially
the content of organic matter, can affect the availability of copper in soil.
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Fig. 1. Changes in the content of available copper in soil depending
on the dose of sewage sludge

It is highly probable that the accessibility of available copper in soil can
increase in the second and third year after the application of sewage sludge.
This tendency can be explained by a larger influx of copper originating from
mineralization of organic matter added to soil together with sewage sludge
(Figure 2).
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Fig. 2. Changes in the content of available copper in soil
in the following years of the experiment

The content of available zinc in soil changed significantly in the subse-
quent years of the research (Table 3). A non-significant increase occurred in
the second year compared to the first one. In the subsequent years, the
accumulation of available Zn in soil tended to decrease but its significant
limitation did not occur until 2008 (Figure 3). Contrary results were ob-
tained by IZEwska et al. (2006), who found a significant rise in the content of
soluble zinc in soil three years after the soil amendment with sewage sludge.
In turn, Patorczyk-PyTLIK (2004) reported that even six years after applica-
tion of sewage sludge to soil labile forms of zinc constituted 29% of the total
content of zinc in soil.

Table 3
Content of available zinc in soil (mg kg™
Yoar Dose of sewage sludge (Mg ha™1) Mean
0 70 140 210 280
2005 67.31 76.33 83.45 86.37 95.01 81.69
2006 66.65 77.55 86.05 90.38 91.85 82.50
2007 68.57 74.83 82.94 88.64 92.16 81.43
2008 68.70 72.28 80.29 87.97 92.03 80.25
Mean 67.81 75.25 83.18 88.34 94.90 67.81

LSD,,; year —n.s., dose — 1.44, year x dose — 2.88

The zinc introduced to soil with sewage sludge was relatively quickly
converted into more easily assimilable forms but then, due to the processes
occurring in soil, it underwent retardation. The conditions present in our
experiment, i.e. a high content of organic matter, high soil abundance in
available phosphorus and alkaline soil reaction, did not favour the appear-
ance of excessive amounts of Zn available forms in soil. Similar results were
achieved by PaTtorczyk-PyTLIK (2004), who noticed a considerable loss of the
available forms of zinc in each year of a three-year pot experiment.



654

83.0
825 D PP
E; 82.0 | T e

o0 81.5
g
................. N

~ 81.0
S y =-0.4949x" + 1985.6x - 2E+06

N g0.5). .7 T AT T 0 9 ...........................
80.0 r=097

2005 2006 2007 2008
year

Fig. 3. Changes in the content of available zinc in soil
in the following years of the experiment

As the dose of sewage sludge added to soil increased, so did the content
of soluble zinc in soil (Table 3, Figure 4). The highest dose of sewage sludge
(280 Mg hal) caused an over 36% increase in the concentration of this
element in soil compared to the control soil.
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Fig. 4. Changes in the content of available zinc in soil depending
on the dose of sewage sludge

The results congruent with ours were reported by DELiBACAKA et al.
(2009), who also demonstrated higher concentrations of zinc in soil induced
by higher doses of sewage sludge in the initial period of the experiment.
However, the results obtained by PascuaL et al. (2004) are contrary as the
quantities of available zinc in soil decreased under the effect of incremental
doses of sewage sludge.

The content of available Mn in soil was strongly affected by the doses of
sewage sludge introduced to soil (Table 4). Each increase in the dose of this
waste by 70 Mg ha! caused a significant increase in the concentration of
easily soluble forms of manganese in soil. Such strong influence of the dos-
es of sewage sludge on the content of available Mn in soil was confirmed by
the regression and correlation analysis (Figure 5). Higher accumulation of
available manganese in soil under the influence of sewage sludge has also
been demonstrated by IZEwska et al. (2006). In contrast, PascuaL et al. (2004)
inform that the content of this metal decreased under the effect of higher
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Table 4
Content of available manganese in soil (mg kg™
Yoar Dose of sewage sludge (Mg ha™) Mean
0 70 140 210 280

2005 120.68 129.05 137.39 142.63 148.48 135.65
2006 122.05 125.18 137.80 144.32 148.07 135.49
2007 121.96 134.05 137.31 142.73 153.20 137.85
2008 121.16 131.63 138.24 142.51 151.43 136.99
Mean 121.46 129.98 137.68 143.05 150.29

LSD, ,; year — n.s., dose — 1.65, year x dose — n.s.
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Fig. 5. Changes in the content of available manganese in soil depending

on the dose of sewage sludge

doses of sewage sludge. Based on the calculations performed in this study,
somewhat weaker increase in the concentration of available Mn in soil was
also shown in the following years (Figure 6). The course of the regression
curve reveals that the effect of sewage sludge was more evident in the first
three years. In the last year of the experiment, the amount of soluble man-
ganese in soil did not undergo any considerable changes.
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Fig. 6. Changes in the content of available manganese
in soil in the following years
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Manganese is a very reactive element in the environment; it easily
changes its oxidation degree. In the present experiment, however, the soil
pH did not change much and the soil was not waterlogged, which otherwise
may have induced reactive conditions.

CONCLUSIONS

An increase in available Cu in soil in response to the introduced sewage
sludge was most evident in the second and third year after the application
of sewage sludge.

The content of soluble Zn in soil began to decrease in the second year
after the application of sewage sludge, but its significant limitation occurred
in the fourth year.

Sewage sludge significantly increased the content of soluble manganese
in soil in the first three years.

Based on the present experiment, we can recommend the tested sewage
sludge for non-agricultural use (lawns, slopes, rehabilitation of degraded
areas).
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