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Abstract

The aim of the study was to determine how dairy sewage sludge (DSS) sanitised with
coal fly ash affected microbiological properties of soil and level of heavy metals in soil. The
experiment was performed under laboratory conditions (pot experiment). The experiment
was carried out on grey-brown podzolic soil, formed from heavy loamy sand, of acidic reac-
tion. Pots were filled with 4 kg of soil. The investigations were performed in three replica-
tions. Two rates of dairy sewage sludge fertilization: 1 and 2.5% DSS⋅kg-1 of soil were
applied. The soil in pots was watered to 60% of the total water capacity and incubated for
4 months. Analyses included assays of the total number of bacteria and fungi, number
of cellulolytic bacteria, respiration and dehydrogenase activity and concentration of heavy
metals.

It was confirmed that dairy sewage sludge had a significant effect on properties of
soil. It positively affected microbiological activity of soil. The test doses (1; 2.5%⋅kg-1) of
dairy sewage sludge sanitised with lignite ash caused stimulation of the growth of bacteria
and fungi in soil. Dairy sewage sludge had an inhibiting effect on the dehydrogenase acti-
vity and stimulated the respiratory activity in the soil under study. The incorporation of
dairy sewage sludge caused a non-significant increase of heavy metal content in soil, which
was much lower than the norms.
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WP£YW NAWO¯ENIA OSADEM ŒCIEKÓW MLECZARSKICH HIGIENIZOWANYM
POPIO£EM WÊGLA BRUNATNEGO NA AKTYWNOŒÆ MIKROBIOLOGICZN¥

I ZAWARTOŒÆ METALI CIÊ¯KICH W GLEBIE P£OWEJ

Abstrakt

Celem badañ by³o okreœlenie wp³ywu osadu œcieków mleczarskich higienizowanego po-
pio³em wêgla brunatnego na w³aœciwoœci mikrobiologiczne i zawartoœæ metali ciê¿kich w gle-
bie. Badania przeprowadzono w warunkach laboratoryjnych, w doœwiadczeniu wazonowym.
Doœwiadczenie za³o¿ono na glebie p³owej, wytworzonej z piasku gliniastego mocnego, o od-
czynie kwaœnym. W wazonach umieszczono po 4 kg gleby. Badania prowadzono w trzech
powtórzeniach. W badaniach zastosowano dwie dawki osadu œcieków mleczarskich: 1 i 2,5%
osadu ⋅ kg-1 gleby. Glebê w wazonach nawodniono do poziomu 60% ca³kowitej pojemnoœci
wodnej i inkubowano przez 4 miesi¹ce. Analizy obejmowa³y oznaczenie: ogólnej liczebnoœci
bakterii i grzybów, liczebnoœci bakterii celulolitycznych oraz aktywnoœci respiracyjnej i de-
hydrogenaz, a tak¿e poziomu metali ciê¿kich.

Stwierdzono, ¿e osad œcieków mleczarskich istotnie wp³ywa³ na w³aœciwoœci gleby. Korzyst-
nie oddzia³ywa³ na mikrobiologiczne w³aœciwoœci gleby. Zastosowane dawki (1; 2,5% ⋅ kg-1) osa-
du higienizowanego popio³em wêglowym stymulowa³y rozwój bakterii i grzybów w glebie.
Osad œcieków mleczarskich spowodowa³ zahamowanie aktywnoœci dehydrogenaz i stymula-
cjê aktywnoœci respiracyjnej gleby. Wprowadzenie osadu spowodowa³o nieistotny wzrost za-
wartoœci metali ciê¿kich w badanej glebie, który by³ znacznie ni¿szy ni¿ przewiduj¹ dopusz-
czalne normy.

S³owa kluczowe: osad œcieków mleczarskich, aktywnoœæ mikrobiologiczna, mikroorga-
nizmy, gleba.

INTRODUCTION

For productivity of agroecosystems and protection of the environment it
is necessary to develop and implement management strategies that main-
tain the quality of soil, and these include conserving the amount of organic
matter (SAVIOZZI et al. 1999). Sewage sludge is a useful source of major plant
nutrients (nitrogen, phosphorus, sulphur and magnesium) and organic mat-
ter. However, sewage sludge can contain larger concentrations of heavy met-
als than most soils. There is a concern that once metals have been added to
agricultural land and accumulate in the topsoil, they could have negative
effects on soil fertility and microbial activity (GIBBS et al. 2006). For this
reason it is very important to monitor the ecological state of soil after the
application of such wastes (ROS et al. 2003, KIZILKAYA, BAYRAKLI 2005).

In many EU countries a notable increase can be currently observed in
agricultural utilisation of sewage sludge from the food industry (BUTAREWICZ

2003, DAVIS, HALL 1997, PRZEWROCKI et al. 2004). Sewage sludge, rich in or-
ganic matter and biogens, has an effect on soil environment, soil microor-
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ganisms included. Both counts of microorganisms and their biochemical ac-
tivity undergo changes in soils subjected to the effect of such waste (SULLI-
VAN et al. 2005, JEZIERSKA-TYS, FR¥C 2005). Tests based on determination of
microbial populations and biochemical activity are used for estimation of the
fertility and productivity of soils, and provide us with comprehensive knowl-
edge on changes taking place in soil environment (GOSTKOWSKA et al. 1998,
KOBUS 1995, MYŒKÓW 1981). The concentration heavy metals in soil after
incorporation of dairy sewage sludge helps to evaluate the risk of soil con-
tamination by DSS (MORENO et al. 1999).

The objective of the present study was estimation of the effect of dairy
sewage sludge sanitised with lignite ash on the total number of bacteria,
fungi, cellulolytic bacteria, respiration activity and dehydrogenase activity
and level of heavy metals in grey-brown podzolic soil.

MATERIALS AND METHODS

The study was conducted in a pot experiment in three replications. The
object of the study was soil characterised by the grain size composition of
sand fraction 65%, silt fraction 19%, fine silt and clay fraction 16%. The soil
contained 0.45% of organic carbon and 0.036% of total nitrogen. The soil
was amended with dairy sewage sludge sanitised with lignite ash. The sludge
doses applied were 1 and 2.5% kg-1. The soil in pots was brought to a mois-
ture level of 60% total water capacity and incubated for 4 months in aerobic
conditions. On the dates of analyses soil samples were taken from the pots
and microbiological analyses were performed. Analyses were completed after
7, 14, 30, 60, 90 and 120 days of soil incubation. The scope of the microbio-
logical analyses, performed with methods commonly used, covered total
counts of bacteria, fungi and cellulolytic bacteria (RODINA 1968), the respira-
tion activity (RÜHLING and TYLER 1973) and dehydrogenase activity (THALMANN

1968). In addition, the content of heavy metals in the soil samples was ana-
lysed using the AAS method after mineralization in concentrated nitric
acid (V).

The results were processed statistically with ANOVA. The LSDs were
calculated with Tukey’s test at significance level of α = 0.05. All statistical
calculations were made with Statistica 7.1 Software.

RESULTS AND DISCUSSION

Figure 1 presents the results of the study on the effect of dairy sewage
sludge doses applied in the experiment on counts of bacteria on particular
dates of analysis, and their mean values for all experimental treatments.
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The data indicate that in the initial period of the experiment the sludge
dose of 2.5% caused a decrease in the bacterial populations to levels consid-
erably lower than the value obtained in the control treatment. The lower
sludge dose (1%), on the other hand, caused a significant increase in the
growth of the bacterial groups under study. In the subsequent stages of the
study, i.e. on analysis dates II and III, a significant increase was observed in
the bacterial populations under the effect of both sludge doses applied. On
analysis dates IV and V, the populations of the microbial groups in treat-
ments with sludge were similar or insignificantly higher than the values
obtained in the control treatment. At the final stage of the experiment, in
the treatment with the higher dose of sludge, a significant increase in the
number of bacteria was recorded. The mean values of bacterial populations
in the particular experimental treatments showed notable stimulation of the
microbial groups by both sludge doses applied.

The data concerning the size of fungal populations (Figure 2) indicate
that both sludge doses stimulated, throughout the whole study, the growth
of this microbial group. A significant seasonal increase in the population of
fungi affected the mean value for particular experimental treatments, as
illustrated in Figure 2.

The effect of the doses of dairy sewage sludge on the number of micro-
organisms participating in mineralisation of cellulose is illustrated in Fig-
ure 3. The data show that on all the dates of analyses, with the exception
of date V, stimulation was observed in the growth of cellulolytic bacteria,
especially in the treatment with the higher dose of sludge. This is con-
firmed by the mean values for the particular treatments concerning the
numbers of cellulolytic bacteria, as illustrated in Figure 3.

Fig. 1. Effect of dairy sewage sludge on total number of bacteria in soil
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The respiration activity in the experimental treatments for the particu-
lar dates of analysis is illustrated in Figure 4. The highest respiration activ-
ity was characteristic of the treatment with the sludge dose of 2.5%⋅kg-1,
but only until date III of analysis. A lower level of respiration activity was
observed in the treatment with the sludge dose of 1%, but nevertheless it
was higher than in the control treatment. On analysis dates IV and V the
respiration activity in the treatments with sludge was significantly higher

Fig. 2. Effect of dairy sewage sludge on total number of fungi in soil

Fig. 3. Effect of dairy sewage sludge on the number of cellulolytic bacteria in soil
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compared to the control treatment. In the final stage of the study, the res-
piratory activity of grey-brown podzolic soil with dairy sewage sludge was on
a level slightly above the value obtained in the control. Mean values of
respiration activity for the particular experimental treatments are given in
Figure 4a. Notable stimulation of the respiration activity was caused by the
sludge dose of 2.5%.

Figure 5 illustrates the data concerning the effect of sludge on dehydro-
genase activity in the soil under study. Both the seasonal results and mean
values for the experimental treatments indicate a decrease in this activity
under the effect of both sludge doses (1 and 2.5%⋅kg-1) compared to the
values obtained in the control treatment.

The dairy sewage sludge had influence on the concentration of heavy
metals in soil (Table 1). The highest values of heavy metals were observed
in the soil amended with the  higher dose of DSS, but in all the treatments
the concentration of heavy metal was lower than permissible (Rozp. Min.
Œrod. 2002).

The total number of bacteria and fungi is an index of the biological
activity of soil and is used for the determination of the biological status of
soil environment (KUCHARSKI et al. 1992, LOC, GREINERT 2000, LOC, OBERTYÑSKA

2003). The present study shows that the doses of dairy sewage sludge sani-
tised with lignite ash had a stimulating effect on the total number of bacte-
ria and fungi. The stimulation in the growth of the analysed microbial groups
should be attributed to enrichment of grey-brown podzolic soil with organic
matter and mineral components brought in with sludge. Increase in soil
microbial populations caused by dairy sewage sludge was also observed by
other authors (FURCZAK, JONIEC 2002, JEZIERSKA-TYS, FR¥C 2005, LIMA et al.

Fig. 4. Effect of dairy sewage sludge on respiration activity of soil
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Fig. 5. Effect of dairy sewage sludge on dehydrogenase activity in soil

1996). The results obtained in our study indicate an effect of dairy sewage
sludge on bacteria participating in mineralisation of cellulose, as evidenced
by a significant increase in populations of cellulolytic bacteria following the
application of sludge at both doses. Also FURCZAK and JONIEC (2005) observed
increased populations of cellulolytic bacteria as a result of application
of municipal sewage sludge.
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Many authors (MYŒKÓW 1981, NANNIPIERI 1994, NANNIPIERI et al. 1999)
claim that dehydrogenase activity may be used as an index of changes in
biological activity in soil environment resulting from the application of min-
eral fertilisation, including amendment with sewage sludge. The results ob-
tained in this study indicate a decrease in the dehydrogenase activity of the
test soil under the effect of both doses of dairy sewage sludge sanitised with
lignite ash. Also LAI et al. (1999) found that coal ash added to sewage sludge
reduced dehydrogenase activity in soil. Examination of respiratory activity
of soil is one of the methods for determination of activity of soil micro-
organisms and changes taking place under the effect of both natural and
anthropogenic factors. The results of our study showed that dairy sewage
sludge doses of 30 and 75 t ha-1 caused stimulation of respiratory activity
of grey-brown podzolic soil. This was probably caused by increased levels
of organic matter in the test soil owing to the introduction of organic mat-
ter with sludge. Our earlier study (JEZIERSKA-TYS and FR¥C 2005) also re-
vealed a stimulating effect of dairy sewage sludge on the respiration activity
of soil.

CONCLUSIONS

1. The test doses (1 and 2.5%) of dairy sewage sludge sanitised with
lignite ash caused stimulation of the growth of bacteria and fungi in grey-
brown podzolic soil.

2. Dairy sewage sludge had an inhibiting effect on the dehydrogenase
activity and stimulated the respiratory activity in the soil under study.

3. The incorporation of dairy sewage sludge caused a non-significant in-
crease in the content of heavy metals, which remained on a permissible
level.
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