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INTRODUCTION 

With the continually growing amounts of mu-
nicipal sewage sludge, the problem of its recy-
cling becomes more and more important. Sewage 
sludge is a noxious but unavoidable by-product 
of sewage and wastewater treatment. Accord-
ing to the Main Statistial Office (GUS), the total 
amount of sewage sludge generated in Poland in 
2012 was 533.3 thousand tons of d.m., of which 
115 thousand tons were then used in agriculture 
[GUS 2013]. Apart from farming, sewage sludge 
can also be used to rehabilitate degraded land 
(50.3 thousand tons of dry matter) and to cultivate 
plants grown for compost (33.3 thousand tons of 
d.m.). One of the most rational ways to utilize this 
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ABSTRACT
Municipal sewage sludge can be used in agriculture provided that the permissible 
levels of heavy metals are not exceeded in either the sewage sludge or in the top layer 
of soil to be amended by this substance, and that its application does not deteriorate 
the soil quality. The purpose of this study was to determine the effects of different 
forms of sewage sludge on the content of Cu and Zn in soil and in soil leachate. The 
study comprised 2 rotations (potato, spring barley, winter oilseed rape, winter wheat). 
Each series was composed of the following treatments: NPK, FYM, municipal sew-
age sludge composted with straw, dried and granulated municipal sewage. FYM and 
composted sewage were applied once in the rotation (under potato) in a dose of 10 
Mg d.m. ha-1 and twice (under potato and under winter oilseed rape) in a dose of 5 
Mg d.m. ha-1. In the other years (under spring barley and winter wheat), soil received 
only mineral fertilization. In order to evaluate the effect of the composts on the leach-
ing of Cu and Zn from soil, a lysimetric experiment was conducted under controlled 
conditions. Before the experiment, the soil content of Cu was low (1.47 mg kg-1) and 
Zn was medium (10.11 mg kg-1). The content of copper in the composts ranged from 
4.5 to 340.1 mg kg-1 d.m. and that of zinc was from 109.5 to 1310.1 mg kg-1 d.m. The 
composted sewage sludge significantly raised the soil content of available forms of Cu 
and Zn, but did not change the soil nutrient abundance class. Fertilization modified the 
content of the microelements in the soil leachate. 
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waste is their use in composted forms for agri-
cultural purposes. Raw and composted sewage 
sludge is a valuable source of organic matter and 
nutrients, hence its use as an unconventional soil 
amending substance [Sądej et al. 2007, Bowszys 
et al. 2009a]. However, such products must sat-
isfy a number of safety standards to avoid envi-
ronmental pollution. As the civilization advances, 
the amount of waste increases and its chemical 
composition changes. Depending on its place 
of origin, waste may contain large amounts of 
harmful substances, mainly heavy metals, PAHs, 
PCBs, microbial and parasitic contaminants 
[Iżewska 2007, Milinovic et al. 2014]. To gain 
deep and thorough knowledge of the ecological 
consequences of the incoproration of composted 
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waste to soil, it is necessary to complete a broad 
range of basic and experimental studies, which 
will enable us to work out guidelines for rational 
and safe application of composts. 

The purpose of this study was to determine 
the influence of different forms of sewage sludge 
on the content of Cu and Zn in soil and in soil 
leachate. 

MATERIAL AND METHODS 

The experiments comprised 2 rotation cy-
cles: potato, spring barley, winter oilseed rape, 
winter wheat, run in the years 2004–2007 and 
2008–2011. The following treatments were test-
ed: NPK; FYM10, 2×5 Mg d.m.∙ha-1; municipal 
sewage sludge composted with straw 10, 2×5 Mg 
d.m.∙ha-1; sewage sludge composted alone 10, 2×5 
Mg d.m.∙ha-1; dried and granulated sewage sludge 
10, 2×5 Mg d.m.∙ha-1. FYM and sewage sludge 
composts used in a dose of 10 Mg d.m.∙ha-1 were 
applied once in a rotation cycle, under potato (in 
2004 and 2008), while the doses of 5 Mg d.m.∙ha-1 
were given twice, under potato (2004, 2008) and 
under winter oilseed rape (2006, 2010). In other 
years, the crops were nourished only with min-
eral fertilizers: spring barley in 2005 and 2009, 
and winter wheat in 2007 and 2011. On the plots 
with FYM and organic substances, nitrogen was 
balanced depending on the N-total content in 
the soil. The effect of composts on the potential 
volume of leached Cu and Zn was assessed in a 
model lysimetric experiment, carried out under 
controlled conditions. Soil samples from each 
rotation were collected after wheat harvest, from 
three layers of the soil horizon: 0–30 cm, 31–60 
cm and 61–90 cm. The total amount of water used 
for leaching corresponded to the average annual 
amount of atmospheric precipitation in the Prov-
ince of Warmia and Mazury (605 mm). 

The experiment was set up on proper brown 
podzolic soil developed from light boulder clay, 
which belonged to good wheat complex (2A 
gp. gc:gl) [Systematyka ... 2011]. Before the ex-
periment, the soil was low in available (in 1 mol 
HCl∙dm-3) forms of copper (1.47 mg∙kg-1) and 
moderately high in zinc (10.11 mg∙kg-1). The con-
tent of Cu in composts ranged from 4.5 to 340.1 
mg·kg-1 d.m., Zn from 109.5 to 1310.1 mg·kg-1 

d.m., and its pH was 5.04 to 1 mol KCl∙dm-3.
Methods of chemical analyses: Zn and Cu 

in soil after extraction in 1 mol HCl∙dm-3 and in 

leachate were determined with the atomic absor-
bance spectrophotometric (AAS) method. 

The results of chemical analyses were pro-
cessed statistically with a software package Sta-
tistica 10Ò. The significance of differences be-
tween the data was verified by the Tukey’s HSD 
(Honestly Signifficant Differences) test at the 
level of significance α=0.05.

RESULTS AND DISCUSSION 

The content of zinc in soil in the subsequent 
years of the research was similar and ranged on 
average from 6.41 to 15.14 mg∙kg-1 (Tables 1, 2). 

In both rotations, the highest concentration of 
zinc in soil was found after the harvest of winter 
oilseed rape (15.14 mg∙kg-1 and 13.59 mg∙kg-1), 
which had been treated with 5 Mg d.m.∙ha-1 of 
FYM and composts. In the first rotation, soil fer-
tilized with dried and granulated sewage sludge 
was significantly the most abundant of Zn among 
all the treatments where organic materials had 
been applied. It was also found out that after each 
four years of the research, compared to the NPK 
and FYM fertilization regimes, significatly more 
Zn was found in soil fertilized with composted 
sewage sludge (with and without straw) and with 
dried and graulated sewage sludge. In turn, the 
frequency of soil application of the examined ma-
terials, i.e. once or twice in a rotation cycle, did 
not have any significant effect on the zinc content. 

In the first rotation, the content of copper in 
soil was differentiated by the year and type of ap-
plied fertilizers and composts, ranging from 1.30 
to 2.94 mg∙kg-1 (Table 3). 

In the second rotation cycle, however, there 
were much fewer significant dependences be-
tween the experimental factors, and the cotent of 
copper ranged from 1.38 to 2.76 mg∙kg-1 (Table 
4). In the first year of the experiment, the aver-
age content of copper in soil was 1.51 mg Cu∙kg-1, 
increasing significantly up to 1.98 mg∙kg-1 in 
the fourth year of the cycle. In 2008 (1st year 
of the second cycle), the soil already contained 
an average of 1.65 mg Cu∙kg-1, and a significant 
increase relative to this value was not achieved 
until four years afterwards (2.27 mg∙kg-1). After 
the first four years of the research, significantly 
more Cu – relative to its content in soil fertilized 
with FYM – was found in soil enriched with sew-
age sludge composts (with straw +4% and with-
out straw +16%) and with dried and granulated 
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Table 1. Content of available forms of zinc in soil in the first rotation cycle (mg Zn∙kg-1)

Year Frequency of 
application NPK FYM

Compost from 
sewage sludge 

and straw 

Compost from 
sewage sludge 

Dried and 
granulated 

sewage sludge 
Mean

2004
a

11.21
8.53 10.07 12.52 15.84 11.63

b 9.40 10.48 10.50 11.60 10.64
mean 8.97 10.28 11.51 13.72 11.14

2005
a

4.76
5.56 7.03 8.13 7.88 6.67

b 5.77 6.45 6.81 6.98 6.16
mean 5.67 6.74 7.47 7.43 6.41

2006
a

9.01
11.06 19.41 11.16 20.49 14.23

b 11.50 14.18 18.56 27.04 16.06
mean 11.28 16.80 14.86 23.77 15.14

2007
a

5.55
8.90 7.70 9.53 15.06 9.35

b 6.51 8.38 9.66 24.66 10.95
mean 7.71 8.04 9.59 19.86 10.15

Mean 
a

7.63
8.51 11.05 10.33 14.82 10.47

b 8.30 9.88 11.38 17.57 10.95
mean 8.41 10.46 10.86 16.19 –

HSD P<0.05
year of experiment 1.21
fertilizer 1.49
frequency of application n.s.
year*fertilizer 3.84
year* frequency of application 1.72
fertilizer* frequency of application 2.11
year*fertilizer* frequency of application 5.43

a – once in a rotation; b – twice in a rotation

Table 2. Content of available Zn forms in soil in the second rotation cycle (mg Zn∙kg-1)

Year Frequency of 
application NPK FYM

Compost from 
sewage sludge 

and straw 

Compost from 
sewage sludge 

Dried and 
granulated 

sewage sludge 
Mean

2008
a

9.76
12.10 12.83 11.96 17.30 12.79

b 10.57 15.91 17.33 12.45 13.21
mean 11.33 14.37 14.65 14.88 13.00

2009
a

7.02
8.79 11.62 9.73 11.52 9.74

b 10.80 9.48 11.08 10.29 9.73
mean 9.80 10.55 10.40 10.91 9.74

2010
a

12.60
10.36 13.03 14.69 18.72 13.88

b 10.06 13.22 14.59 16.03 13.30
mean 10.21 13.13 14.64 17.38 13.59

2011
a

12.62
8.40 13.10 13.09 14.27 12.30

b 10.89 10.56 10.26 12.41 11.35
mean 9.65 11.83 11.68 13.34 11.82

Mean
a

10.50
9.91 12.65 12.37 15.46 12.18

b 10.58 12.29 13.32 12.80 11.90
mean 10.25 12.47 12.84 14.13 –

HSD P<0.05
year of experiment 1.52
fertilizer 1.87
frequency of application n.s.
year*fertilizer 4.80
year* frequency of application n.s.
fertilizer* frequency of application n.s.
year*fertilizer* frequency of application n.s. 

a – once in a rotation; b – twice in a rotation
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Table 3. Content of available Cu forms in soil in the first rotation cycle (mg Cu∙kg-1)

Year Frequency of 
application NPK FYM

Compost from 
sewage sludge 

and straw 

Compost from 
sewage sludge 

Dried and 
granulated 

sewage sludge 
Mean

2004
a

1.49
1.43 1.67 1.49 1.61 1.54

b 1.17 1.15 1.67 1.97 1.49
mean 1.30 1.41 1.58 1.79 1.51

2005
a

1.48
1.53 1.72 1.79 1.83 1.67

b 1.52 1.46 1.70 1.75 1.58
mean 1.53 1.59 1.74 1.79 1.63

2006
a

1.33
1.56 1.63 1.74 1.95 1.64

b 1.55 1.58 1.83 1.92 1.64
mean 1.55 1.60 1.79 1.93 1.64

2007
a

1.53
1.87 1.77 1.87 2.21 1.85

b 1.61 1.72 2.06 3.67 2.12
mean 1.74 1.74 1.96 2.94 1.98

Mean 
a

1.46
1.60 1.70 1.72 1.90 1.67

b 1.46 1.48 1.82 2.33 1.71
mean 1.53 1.59 1.77 2.11 –

HSD P<0.05
year of experiment 0.11
fertilizer 0.13
frequency of application n.s.
year*fertilizer 0.34
year* frequency of application 0.15
feartilizer* frequency of application 0.18
year*fertilizer* frequency of application 0.47

a – once in a rotation; b – twice in a rotation

Table 4. Content of available Cu forms in soil in the second rotation cycle (mg Cu∙kg-1)

Year Frequency of 
application NPK FYM

Compost from 
sewage sludge 

and straw 

Compost from 
sewage sludge 

Dried and 
granulated 

sewage sludge 
Mean

2008
a

1.46
1.39 1.73 1.76 1.96 1.66

b 1.37 1.57 1.91 1.93 1.65
mean 1.38 1.65 1.83 1.94 1.65

2009
a

1.55
1.55 1.93 2.03 2.30 1.87

b 1.45 1.73 2.21 2.16 1.82
mean 1.50 1.83 2.12 2.23 1.85

2010
a

1.60
1.47 1.89 1.70 2.11 1.75

b 1.28 1.50 1.36 3.42 1.83
mean 1.37 1.70 1.53 2.76 1.79

2011
a

2.33
1.82 2.50 2.25 2.53 2.29

b 2.33 2.21 2.05 2.38 2.26
mean 2.08 2.36 2.15 2.45 2.27

Mean 
a

1.74
1.56 2.01 1.94 2.22 1.89

b 1.61 1.75 1.88 2.47 1.89
mean 1.58 1.88 1.91 2.35 –

HSD P<0.05
year of experiment 0.38
fertilizer 0.47
frequency of application n.s. 
year*fertilier n.s. 
year* frequency of application n.s. 
fertilizer* frequency of application n.s. 
year*fertilizer* frequency of application n.s. 

a – once in a rotation; b – twice in a rotation
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sewage sludge (+38%). In the second rotation 
cycle, a significat increase in the Cu content in 
soil (+49%) was found only in response to dried 
compost. The frequency of application did not 
have any significant effect on the modification of 
the soil abundance of copper. In both rotations, 
a positive residual effect on this characteristic 
was demonstrated for the applied NPK fertilizers, 
FYM and composts. 

During the treatment of wastewater and sew-
age, heavy metals are removed and accumulated 
in the sewage sludge. Their total content does not 
mirror the potential threat which they pose to the 
environment. Metals bound with aluminum sili-
cates, metal sulphates and strong metal-organic 
bonds are immobile forms and do not create toxi-
cological risk. Ion-exchangable forms, oxides and 
cabonates can permeate into soil and water envi-
ronments, where they can be a source of nutrients 
for plants. However, in high concentrations, they 
can threaten plants as well as the soil and water 
environment [Gawdzik 2012]. Results of numer-
ous investigations suggest some increase in the 
content of heavy metals observed in soils fertil-
ized with sewage sludge, but it is small enough to 
leave the soil pollution class assignment as zero 
pollution soils [Bowszys et al. 2009b, Greinert 
et al. 2009, Niedźwiecki et al. 2009]. According 
to Sienkiewicz and Czarnecka [2012], in alka-
line soils, a rise in the content of available forms 
of Cu, Zn and Mn in a soil fertilized with large 
doses (up to 280 t·ha-1) did not threaten the envi-
ronment, but just improved the nutrition of plants 
with these microelements. In another study, Sien-
kiewicz et al. [2009] showed that the content of 
available forms of copper, zinc and manganese 
in soil regularly fertilized with FYM was much 

higher than in soil with sole mineral fertilization. 
Gondek [2010] determined that fertilization with 
FYM and sewage sludge in the first year did not 
cause significant mobilization of mobile forms 
of zinc in soil. However, as a result of the min-
eralization of organic materials and progressing 
soil alkalization, in the second and third year of 
the experiment, the content of mobile zinc forms 
increased, although to a lesser extent than in re-
sponse to mineral fertilization. 

Trace minerals, if present in sewage sludge 
in high concentrations, can be a threat to the soil 
and water environment [Witczak, Adamczyk 
1995, Rozporządzenie... 2008]. The volume of 
microelements lost by leaching is highly varied. 
The application of fertilizer components in doses 
highly exceeding the crops’ nutritional demands 
may lead to changes in the ionic balance of the 
soil solution and cause the transfer of nutrients 
to groundwater [Gondek 2009]. A single applica-
tion of even a large dose of sewage sludge will 
not trigger a distinct increase in leaching heavy 
metals from soil relative to FYM or mineral NPK 
fertilization. On the other hand, due to the posi-
tive balance of these elements in soil, long-term 
application of sewage sludge could be problem-
atic, especially when soil acidity is raised and, 
consequently, the mobility of elements as well as 
their leachability are higher [Sevel et al. 2014]. 
Milinovic et al. [2014] claim that the drying of 
sewage sludge prior to its application to soil in 
general reduces the leaching of zinc but increases 
copper loss by leaching from the sludge. Accord-
ing to Page et al. [2014], the soil reaction cannot 
be treated as an exclusive indicator in the assess-
ment of the mobility of heavy metals in soil, their 
phytoavailability and the risk of their migration 

Figure 1. Content of zinc in leachate (css+s – compost from sewage sludge and straw; css – compost from 
sewage sludge; dgss – dried and granulated sewage sludge; (I) – first rotation; (II) – second rotation; 

a – once in a rotation b – twice in a rotation)
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to water environment. Kopeć et al. [1991] dem-
onstrated that the use of organic fertilization re-
duced the transfer of microelements deep into the 
soil profile. 

The content of zinc in leachate from soils 
fertilized with NPK, FYM, composts and dried 
sewage sludge was significantly varied depend-
ing on the rotation (Figure 1). After the first rota-
tion, the amount of zinc in leachate ranged from 
10.0 to 26.1µg∙dm-3, and after the second one 
was twice as high (from 25.0 to 45.4 µg∙dm-3). 
The highest loss of zinc by leaching in the first 
and second rotation (on average 24.7 and 45.4 
µg∙dm-3) was found in the soil leachate from the 
treatment fertilized by compost from sewage 
sludge (containing 1310 mg Zn∙kg d.m.). Fertil-
ization of soil with compost from sewage sludge 
and straw or with dried and granulated sewage 
sludge modified the content of zinc in leachate 
differently depending on the frequency of ap-
plication. In both rotations, the leaching of Zn 
from soil was higher following the application 
of composts, which were 3- to 7-fold richer in 
this element than FYM.

The hydrogeochemical background char-
acteristic for the groudwaters in Poland varies 
from 0.01 to 0.5 mg Cu∙dm-3 [Rozporządzenie… 
2008]. Among the organic materials used for soil 
fertilization, sewage sludge composted without 
straw contained most copper (340 mg∙kg-1s.m.). 
This explains why the leachate collected after 
the first rotation from this treatment also had the 
highest copper content (on average 40.7 µg∙dm-3) 
(Figure 2). Less copper was leached after the 
appliction of dried sewage sludge (on average 
35.1 µg∙dm-3) and compost with straw (on av-

erage 27.8 µg∙dm-3). The least copper was lost 
by leaching from soil with mineral fertilization 
alone (16.2 µg dm-3). In the second rotation, the 
content of copper in leachate from soil fertilized 
by sewage sludge composted without any addi-
tives was the lowest (above 17 µg∙dm-3), and the 
highest one was determined after the application 
of compost with straw (on average 43.8 µg∙dm-3). 

CONCLUSIONS 

1. Application of sewage sludge composted 
without straw one or twice during a rotation 
cycle to fertilize soil significantly increases 
the soil content of available forms of zinc and 
copper, but retains the same soil abundance 
class (medium for Zn and low for Cu)

2. The content of zinc and copper in soil leachate 
varies depending on the rotation and applied 
fertilization. Most copper in both rotations 
(24.7 and 45.4 µg∙dm-3) is leached from soil 
fertilized with composted sewage sludge. In 
the first rotation, most copper (40.7 µg∙dm-3) 
was also leached from the soil fertilized with 
this compost, but in the second rotation the 
highest loss of copper by leaching occurred 
from soil fertilized with sewage sludge com-
posted with straw (43.8 µg∙dm-3). 
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