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Jolanta JONIEC1 and Jadwiga FURCZAK2

NUMBERS AND ACTIVITY

OF SELECTED MICROBIAL GROUPS INVOLVED

IN CARBON TRANSFORMATIONS

IN PODZOLIC SOIL AMENDED WITH SEWAGE SLUDGE

LICZEBNOŒÆ I AKTYWNOŒÆ

WYBRANYCH GRUP MIKROORGANIZMÓW,

CZYNNYCH W PRZEMIANACH WÊGLA W GLEBIE BIELICOWEJ

WZBOGACONEJ OSADEM ŒCIEKOWYM

Abstract: Laboratory experiments were conducted in two variants, on a podzolic soil amended with the

following doses of municipal-industrial sewage sludge: 30 Mg · ha–1 (1 %), 75 Mg · ha–1 (2.5 %), 150

Mg · ha–1 (5 %), 300 Mg · ha–1 (10 %) and 600 Mg · ha–1 (20 %). In one of the variants non-sterile sludge was

applied, and in the other variant the sludge applied had been subjected to the process of sterilisation in order to

determine the contribution of the sludge microorganisms in the transformation of organic matter. After 0.5, 1,

2, 3, 4 and 5 months from the application of the sludge, analyses were performed to determine the following

parameters in the soils of the two variants: so-called total number of bacteria with low nutritional

requirements, so-called total number of bacteria with high nutritional requirements, total number of

filamentous fungi, number of cellulolytic fungi, respiratory activity, intensification of the process of cellulose

mineralisation, and dehydrogenases activity. The analyses revealed that the non-sterile sewage sludge caused

a stimulation of both the growth and the level of activity of the bacterial and fungal groups under study. That

effect was usually the strongest at the beginning of the experiment and increased with increase in the dose of

sludge applied. The non-sterile sludge had a stronger effect only on mineralisation of cellulose and on

dehydrogenases activity, which may indicate participation of sludge microorganisms in those processes.

Keywords: soil, sterile and non-sterile sewage sludge, bacteria, fungi, respiration, cellulose mineralisation,

dehydrogenases.

The extensive literature on the effect of sewage sludge on microbiological activity,

and especially on biochemical activity related with carbon transformations in soils
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under laboratory conditions, demonstrates that the subject matter has frequently been

the object of research [1–8]. The studies reported demonstrated a positive effect of

sewage sludge both on the growth of microorganisms and on the processes that take

place in soil with their participation. It should be emphasised, however, that the authors

of those studies focused on a limited number of parameters, and primarily on the

respiratory and dehydrogenases activity of soil [1, 6–8]. Therefore, it was considered

worthwhile to conduct a broader study on the subject, using a larger number of tests,

which would permit a more comprehensive assessment of the effect of sewage sludge

on the biology of soil. Moreover, the study presented herein was also to provide an

answer to the question to what extent microorganisms introduced in the soil with the

sludge cooperate with the soil microorganisms in carbon transformation of organic

matter and how long their activity persists. This issue has not been devoted much

attention so far. Only Bonmati et al [9] addressed the problem, but their study was

concentrated on microbiological transformations of nitrogen and phosphorus in soil

amended with sewage sludge.

Materials and methods

The experiments were performed with a podzolic soil developed from weakly loamy

sand, taken from the Ap horizon. Selected physical, physicochemical and chemical

properties of the soil and of the sewage sludge are presented in Table 1 after Baran et al

[10], Baran et al [11] and Oleszczuk and Baran [12]. In conformance with procedures

commonly applied in studies of this type, prior to its application air-dry sewage sludge

was crushed and screened through a sieve with 0.75 mm mesh. The laboratory

experiment was set up in two variants. In one of them non-sterile sewage sludge from

the Mechanical-Biological Sewage Treatment Plant in Konskie was added to 1 kg

weighed portions of soil screened through a sieve with 2 mm mesh, at the following

doses: 30 Mg � ha–1 (1 %), 75 Mg � ha–1 (2.5 %), 150 Mg � ha–1 (5 %), 300 Mg � ha–1

(10 %) and 600 Mg � ha–1 (20 %) of dry matter. In the second variant, the same doses of

the sludge were applied, but prior to the application the sludge was thermally sterilised.

The sterilisation of the sludge was done in an autoclave (30 min. 0.1 HPa), three times

at 24 hour intervals [9].

After the addition of the sludge, all soil samples were wetted to about 60 % t.w.c. and

incubated at room temperature for a period of 5 months, maintaining soil moisture at a

more or less constant level. The control treatment in the experiment was soil with no

sewage sludge addition.

Microbiological and biochemical analyses and determinations of the soil reaction

were made after 0.5, 1, 2, 3, 4 and 5 months of the experiment duration, while those for

the sludge were performed only once, prior to the start of the experiment. At the

beginning of the experiment and after 5 months from the introduction of the non-sterile

sludge in the soil determinations of the total carbon content in the soil were made as

well.

Within the scope of the experiment, determinations were made of the so-called total

number of bacteria with low nutritional requirements, on a medium with soil or sludge

8 Jolanta Joniec and Jadwiga Furczak



extract (350 cm � dm–3) and K2HPO4, of so-called total number of bacteria with high

nutritional requirements, on Bunt–Rovira medium [13], of so-called total number of

filamentous fungi, on Martin medium [14], of the numbers of cellulolytic fungi, on

mineral agar covered with a circle of Whatman paper with an addition of antibiotic sin

accordance with Martin’s recommendations [14], of the respiratory activity, with the

method of Rühling et al [15], of the rate of cellulose mineralisation, in 25-gram weight

portions of the soil enriched with 0.5 % of powdered Whatman celulose, and the

amount of CO2 emitted from them during 20 days was determined with the method of

Ruhling et al [15], of dehydrogenases activity, with the Thalmann method [16], of

reaction, potentiometrically in 1mol . dm–3 KCl, and of organic carbon content, with the

method of Tiurin as modified by Simakov.

Table 1

Properties of the soil and sewage sludge used in the field experiment

Properties Unit Soil Sludge

Granulometric composition
% of fraction

[mm]

1–01

0.1–0.02

< 0.02

86

7

7

pH 1 mol · dm –3 KCl 6.0 6.4

T mmol (+) · kg–1 71.3 607.7

Corganic (Corg)
g · kg –1 11.2 210.0

Ntotal (Nt) 1.4 17.8

Corg: Nt [-] 7.9 11.8

Cd content

mg · kg–1

0.5 6.0

Cu content 7.0 216.0

Pb content 18.6 125.0

Sum of 16 PAHs �g· kg–1 43.0 3894.0

All determinations of microbiological and biochemical parameters were made in

three replications. The results were processed statistically with the method of analysis of

variance. The significance of differences was determined with the Tukey test at

p = 0.05. Moreover, means for the period of the experiment were plotted on graphs as

percentages of increase or decrease, adopting mean values obtained for the control soil

as 100 %.

Results and discussion

The sterile or non-sterile sludge introduced in the soil caused a significant

stimulation of the number of bacteria with low nutritional requirements (Table 2).

Comparing the effect of the two types of sludge it should be emphasised that the sterile

sludge exerted a stronger impact in this respect, as in treatments with that sludge applied

the numbers of those bacteria were notably greater. This constitutes a basis for the

formulation of a thesis that there exists a negative interaction between microorganisms

introduced with the sludge and oligotrophic soil bacteria. In both variants of the

Numbers and Activity of Selected Microbial Groups Involved... 9



experiment the stimulation was more pronounced in treatments with the higher doses of

the sludge.

Table 2

Selected properties of microbiological, biochemical and chemical sewage sludge

Oligotrophic bacteria, cfu � 109
� kg–1dm of sludge 28.7

Macrotrophic bacteria, cfu � 109
� kg–1dm of sludge 77.1

Filamentous fungi, cfu � 106 kg–1 dm of sludge 1050.5

Cellulolytic fungi, cfu � 106
� kg–1 dm of sludge 0.0

Respiratory activity, mg C-CO2 � kg–1 dm of sludge � d–1 1590.0

Cellulose mineralization, mg C-CO2 � kg–1 dm of sluge � 20 d–1 74653.3

Dehydrogenases activity, mg TPF � kg–1 dm of sludge � d–1 95.0

Cellulose, % air dm of sludge 6.6

The observed stimulation of the growth of those bacteria was characterised, in both

experimental variants, by a certain dynamics of changes over the period studied (Table 2).

In the initial phase of the experiment (after 0.5 month) the stimulating effect of the

sludge was the weakest. Subsequently, the effect of the sludge on the numbers of those

bacteria gradually intensified, attaining the highest level after 2 and 3 months. In the

final phase of the experiment (4 and 5 months) the effect of the sludge was notably

reduced, which was most likely related with deterioration of the living conditions of the

bacteria.

Stimulating effect of non-sterile sewage sludge on the growth of the bacterial group

in question was also observed in laboratory studies by Furczak and Joniec [2] and by

Kobus et al [3]. Those authors, as in the study presented here, observed a relation of

those changes to the sludge dose applied and to the duration of the sludge effect on the

soil. Another factor that appears to cause intensified multiplication of that bacterial

group in soil amended with sewage sludge is increase in the soil reaction (Table 3).

Table 3

Reaction of soil (pHKCl)

Treatments
Terms of analyses, months

0.5 1 2 3 4 5

Control soil 6.1 6.0 6.0 5.9 6.0 6.0

Soil + 1 % of sludge

Series with

non-sterile sludge

6.0 6.0 5.7 5.6 5.7 5.8

Soil + 2.5 % of sludge 6.6 6.7 6.3 6.1 5.9 6.1

Soil + 5 % of sludge 6.8 6.6 6.6 6.3 6.1 6.2

Soil + 10 % of sludge 6.9 6.8 6.5 6.6 6.5 6.5

Soil + 20 % of sludge 6.9 6.5 6.5 6.6 6.5 6.6

Soil + 1 % of sludge

Series with sterile

sludge

7.0 6.6 5.8 6.5 6.4 6.5

Soil + 2.5 % of sludge 7.0 6.8 6.7 6.5 6.3 6.4

Soil + 5 % of sludge 7.1 6.8 6.6 6.5 6.5 6.5

Soil + 10 % of sludge 7.1 6.7 6.7 6.6 6.6 6.7

Soil + 20 % of sludge 7.0 6.6 6.5 6.6 6.7 6.8
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These observations are supported by earlier studies by Hattori and Hattori [17] which

showed that some oligotrophic bacteria, in spite of their low nutritional requirements,

have a capacity to live in environments with a high concentration of nutrients. Also

Wielgosz [18] noted an abundant occurrence of bacteria with low nutritional require-

ments in sewage sludge, which could partially support the results of our study. Data in

Table 4 indicate that also the sludge used in this experiment introduced a certain pool of

those bacteria to the soil. However, weaker growth of bacteria with low nutritional

requirements in the soil with non-sterile sludge than in than with sterile sludge indicates

that bacteria from the sludge rather did not colonise the soil environment. It is to be

supposed that there may have appeared the phenomenon of competition between the

microbial groups introduced with the sludge and the soil microorganisms, which led to

an inhibition of the growth of the bacterial group under study.

Table 4

C-organic content (Corg) [g � kg–1]

Treatments
Terms of analyses, months

0.5 5

Control soil 7.32 6.48

Soil + 1 % of sludge 8.16 5.60

Soil + 2.5 % of sludge 11.04 10.24

Soil + 5 % of sludge 14.88 12.40

Soil + 10 % of sludge 22.08 20.16

Soil + 20 % of sludge 32.40 29.52

The data in Table 5 indicate that both types of sewage sludge also had a stimulating

effect on the growth of bacteria with high nutritional requirements. That effect was

generally more distinct and more significant in the presence of higher concentrations of

the sludge. The observed stimulation became apparent at the beginning of the

experiment (after 0.5 month) more strongly than in the case of oligotrophic bacteria. In

both variants of the experiment the most intensive growth of that group of bacteria

occurred during the first two months of the experiment. Subsequently the effect of the

sludge became slightly weaker and was statistically significant only in treatments with

the higher doses of the sludge.

A positive effect of non-sterile sewage sludge on the growth of macrotrophic bacteria

in soil under laboratory conditions was observed also by Lima et al [5].

The stimulation observed in this experiment was probably induced by the supply,

with the sludge, of a large amount of nutrients necessary for the growth of those

bacteria. This is supported by the results presented in Table 6 that indicate an increase

in organic carbon content in the soil following the application of the sludge. Another

factor that appears to cause, to a degree, intensified multiplication of that bacterial

group in soil in treatments with higher doses of the sewage sludge was surely an

increase in the soil reaction (Table 3).

It appears that, as in the case of oligotrophic bacteria, also sludge bacteria with high

nutritional requirements did not colonise the soil environment, and even the micro-

organisms brought in with the sludge could have contributed to a reduction in the

Numbers and Activity of Selected Microbial Groups Involved... 11
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number of soil bacteria of this type. This is indicated by the higher number of the

bacteria in question in the soil with the sterile sludge (Table 5). The stronger stimulation

of the growth of that bacterial group in the soil with sterile sludge could have been

caused by the provision of an additional source of organic matter, in the form of

microorganisms decayed through the process of sterilisation of the sludge. This

supposition is also supported by earlier studies conducted by Sastre et al [19].

Amendment of the soil with the non-sterile and sterile sludge caused also an increase

in the total number of filamentous fungi (Table 7). That effect, however, was

statistically proven only in treatments with the higher doses of the waste.

The positive effect of the sludge on the growth of the fungi was the most apparent

after 2 weeks from the time of sludge application, then it grew weaker and until the end

of the experiment remained at a lower level (Table 7).

This study supports the observations of, among others, Kobus et al [3] and Lima et al

[5], indicating increased numbers of fungi in soil amended with sewage sludge.

In the opinion of many authors, among others Kobus et al [3] and Sastre et al [19], it

is common knowledge that microbiological activity of soils depends on their content of

organic matter. As sewage sludge abounds in various organic substances, it appears that

the primary cause of the stimulation of fungal growth observed in this study was, as in

the case of bacteria, enrichment of the soil in nutrients. This is indicated by the increase

in organic carbon content in the soil, caused by the introduction of the sludge (Table 6).

The fundamental effect of organic matter on the stimulation of fungal growth is

supported by the fact that the effect appeared in spite of the soil reaction increase (Table 3)

to a level close to the neutral. Data in Table 4 indicate that filamentous fungi are present

in the sludge applied only at a slight level. This accounts for the lack of notable

differences in the growth of those microorganisms between the analysed series of the

experiment (Table 7).

The data given in Table 8 inform that the higher doses of the sterile and non-sterile

sewage sludge (10 and 20 %) caused a visible, statistically proven, stimulation of the

growth of cellulolytic fungi. In treatments with lower concentrations of the sludge,

however, only a slight tendency towards an increase in the numbers of the microbial

group in question was noted. The positive effect of the sludge on the microbiological

parameter under consideration was the most apparent after 0.5, 3, 4 and 5 months (Table 8).

Whereas, on the other dates of analyses it was insignificant and oscillated around a level

similar to that of the control treatment.

The somewhat stronger growth of cellulose-decomposing fungi in the soil with

sterile sludge than in that with non-sterile sludge may indicate a certain unfavourable

effect of the sludge microorganisms (Table 8). Apparently it was primarily the cellulose

and other nutrients for that microbial group, introduced with the sludge, that contributed

to the growth of the number of cellulolytic fungi observed in this study. The results

obtained support an earlier laboratory study by Furczak and Joniec [2], concerning the

effect of the degree of fragmentation of sewage sludge on microbiological and

biochemical properties of soil, that revealed an increase in the numbers of cellulose-

-decomposing fungi in soil amended with sewage sludge.
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The data presented in Table 9 show that both the sterile and the non-sterile sewage

sludge caused a generally significant increase in the respiratory activity of the soil. The

stimulation usually increased with increase in the sludge dose, assuming the highest

values in the treatments with 10 and 20 % of the waste. The sterile sludge caused a

significantly stronger stimulation of carbon mineralisation than the non-sterile sludge.

The stronger stimulation of the respiratory processes by the sterile sludge was most

likely a result of increase in the amount of respiration substrata, brought into the soil

with the sludge microorganisms killed in the process of sludge sterilisation, and of the

lack of competition.

During the 5 months of the experiment, the effect of the sludge on the emission of

CO2 varied in intensity (Table 9). A significant stimulating effect of all the doses of the

sludge was observed only at the beginning of the experiment, ie after 0.5 and 1 month.

The stimulation of respiratory activity noted after 2 months was the strongest, though it

was statistically substantiated only from the second dose of the sludge, ie 2.5 %,

upwards. On the successive dates of analyses (3 and 4 months) the stimulating effect of

the sludge was generally reduced, and in the final phase of the experiment it was almost

non-observable. The weakening of the effect of the sludge on the process analysed with

the passage of time was probably due to the exhaustion of the more readily available

respiration substrates. Similar conclusions were proposed by Debosz et al in their study [1].

Stimulation of the respiratory activity of soil by sewage sludge is indicated by

numerous laboratory studies [1, 2, 6, 8]. Moreover, Saviozzi et al [8] observed, as we

did in this study, a dependence of the intensity of that effect on the level of sludge dose

applied, while Debosz et al [1] observed a weakening of the effect with the passage of

time, that even turned to inhibition in the final phase of the experiment.

The amount of CO2 emitted from soils primarily depends on the activity of

microorganisms inhabiting it [20]. In the opinion of Hattori and Mukai [21], inten-

sification of the processes of mineralisation of organic carbon depends primarily on the

level and quality of organic matter. Therefore, it seems that the observed stimulation of

respiration was caused first of all by the supply of a large amount of carbon organic

matter to the soil with the sewage sludge, that organic matter being a source of

respiratory substrates for microorganisms. This is indicated by the increase in the

content of organic carbon in the soil amended with the waste (Table 6). Another factor

that contributed to the stimulation of CO2 emission could also be an increase in the soil

reaction (Table 3) that was conducive to the growth of bacteria. As it is known, the role

of bacteria in the mineralisation of organic matter is greater than that of fungi. The

results given in Table 4 inform that numerous microorganisms get in the soil together

with sewage sludge. However, in the experimental series with the non-sterile sludge

there may have taken place an unfavourable interaction between the indigenous soil

microorganisms and those introduced with the sludge. This mainly related to bacteria

(Tables 2, 5), the result of which was lower stimulation of respiratory processes under

those conditions (Table 9).

The sterile and non-sterile sewage sludge introduced in the soil caused also a

significant intensification of cellulose mineralisation (Table 10). That stimulation

corresponded with the dose of the waste, attaining, as in the case of respiratory activity,

Numbers and Activity of Selected Microbial Groups Involved... 17
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the highest level in treatments with 10 and 20 % sludge content. The relation of the rate

of cellulose mineralisation to the concentration of sewage sludge in the soil was also

noted in laboratory conditions by Furczak and Joniec [2], studying the effect of the

degree of sludge fragmentation on that process. As in this study, that effect became

weaker with the passage of time. The data given in Table 10 indicate that the

stimulating effect of sewage sludge on the process of cellulose mineralisation was the

strongest on the first three dates of analyses, ie after 0.5, 1 and 2 months. The observed

stimulation grew weaker with the passage of time, that phenomenon being more rapid in

soil with the lower doses of the sludge (1, 2.5 %). Therefore, on subsequent dates of

analyses (3 and 4 months) the stimulation of the process of cellulose mineralisation was

still clearly observable only in treatments with 10 and 20 % of the waste. Whereas, after

5 months no significant stimulating effect of the sludge on the parameter in question

was observed any longer. In certain treatments there even appeared a slight, though not

substantiated statistically, inhibition of the process of cellulose mineralisation.

Studies by Debosz et al [1] and by Hattori and Mukai [21] as well as the data given

in Table 4 indicate that sewage sludge is a source of cellulose, among other things.

Therefore, it should be supposed that the stimulation of the rate of cellulose

mineralisation observed in our study was caused by the introduction of certain amounts

of that polysaccharide, and other nutrients for that microbial group, into the soil together

with the sewage sludge. Whereas, the decrease of the stimulation observed with the

passage of time was most likely related with the exhaustion of the substrate due to the

activity of cellulolytic microorganisms (Table 8). The observed higher intensity of the

process of cellulose mineralisation in the soil with the non-sterile sludge (Table 10)

could be attributed in part to the activity of cellulases of cells of cellulolytic bacteria

brought in with the sludge (Table 4). A certain role in that complex process could also

have been played by other heterotrophic microorganisms participating in the process of

mineralisation of excess products of cellulose decomposition.

The results given in Table 11 indicate that the introduction of both the sterile and the

non-sterile sewage sludge in the soil caused a stimulation of the soil dehydrogenase

activity, generally increasing with increase in the dosage. That effect was statistically

significant in almost all treatments, with the exception of that with the lowest dose of

the waste (1 %).

The stimulation observed in this study was the most pronounced in the initial phase

of the experiment, ie after 0.5 a month (Table 11), while on the second date of analyses

(after 1 month) it weakened notably and remained on a similar level until the end of the

experiment. The results of studies conducted so far in this area are not equivocal.

Studies by numerous authors, conducted under laboratory conditions [2, 4, 6–8],

indicate that in most cases sewage sludge has a positive effect on dehydrogenase

activity of soils. Whereas, Kucharski et al [4], depending on the kind of sewage sludge

applied, apart from the stimulation also observed an inhibition of the activity of the

enzymes studied.

As in our study, usually a weakening of the stimulation of dehydrogenase activity

with the passage of time was observed [6–8].
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The activity of enzymes in soil is mostly the result of microbial activity [22].

Therefore, the stimulation of dehydrogenases activity (Table 11) was a reflection of the

growth of the analysed bacterial and fungal groups that was observed in this study

(Tables 2,5,7,8). In the opinion of many authors, dehydrogenases activity is strongly

correlated with, among other things, the content of organic carbon in soil [23]. That

observation is supported by this study which demonstrated an increase in the level of

that biochemical parameter (Table 6). Another factor contributing to the stimulation of

the activity of the enzymes in question could also be increase of pH in the soil with the

sludge (Table 3) because, as reported by Chazijew [24] and by Quilchano and Maranon

[25], there is a positive correlation between those parameters. In the opinion of Pascual

et al [7], sludge organic matter additionally alleviates the negative effect of contamin-

ants (eg heavy metals or toxic compounds of organic character), introduced with sewage

sludge, on dehydrogenases activity. Sensitivity of dehydrogenases to heavy metals was

reported by Moreno et al [26], among others.

With relation to that, the weakening of the stimulation of the activity of those

enzymes, observed beginning with the second date of analyses, was probably caused by

the depletion, with the passage of time, of the amount of available organic matter

through its mineralisation, and therefore by an intensification of the negative effect of

contaminants present in the sludge (Table 1). A progressing decrease in the level of

organic matter is indicated by the results presented in Table 6.

The stimulating effect of the sterile sludge on dehydrogenases activity was, within

the period studied, notably weaker than that of the non-sterile sludge (Table 11), which

suggests that a certain role in the variation of that parameter could have been played by

microorganisms coming from the sludge itself.

Summary and conclusions

1. In the soil with the non-sterile sludge almost all the sludge doses applied caused a

stimulation of the growth of bacteria with low and high nutritional requirements and of

filamentous fungi. That effect was stronger in treatments with the higher doses of the

sludge (5, 10 and 20 %). The highest doses of the sludge caused also an increase in the

number of cellulolytic fungi. The most intensive growth of bacteria with high nutritional

requirements and of filamentous fungi occurred at the beginning of the experiment, of

oligotrophic bacteria in the 2nd and 3rd months, and of cellulolytic fungi – at the

beginning and in the 3rd and 4th months of the experiment. The experiments conducted

in parallel with the sterile sludge suggest that bacteria from the sludge rather did not

colonise the soil, and even there may have appeared unfavourable interactions between

the soil bacteria and the microorganisms introduced with the sludge.

2. All doses of the non-sterile sewage sludge caused an intensification of the process

of respiration, cellulose mineralisation, and of the dehydrogenases activity of the soil.

That effect usually intensified with increase in the concentration of the waste in the soil.

Respiration attained the highest values in the 2nd, 3rd and 4th months of the experiment,

cellulose mineralisation – in the first two months, and dehydrogenases activity only at

the beginning of the experiment, ie during the initial two weeks. The higher levels of
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cellulose mineralisation and dehydrogenases activity in the soil amended with the

non-sterile sludge may indicate a certain significant role of other microorganisms than

those analysed in this study, ie those coming from the sludge itself, in those processes in

the soil.

3. The observed relatively rapid decrease of the effect of the sewage sludge, under

laboratory conditions as compared with field conditions [27], on the microbiological

and biochemical parameters of soil under study, indicates a lower credibility and

usefulness of laboratory experiments in the assessment of ecological effects of the

introduction of the waste in soil.
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LICZEBNOŒÆ I AKTYWNOŒÆ WYBRANYCH GRUP MIKROORGANIZMÓW,

CZYNNYCH W PRZEMIANACH WÊGLA W GLEBIE BIELICOWEJ

WZBOGACONEJ OSADEM ŒCIEKOWYM

Katedra Mikrobiologii Rolniczej

Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Badania laboratoryjne przeprowadzono w dwóch wariantach na glebie bielicowej, do której dodano

nastêpuj¹ce dawki osadu œcieków komunalno-przemys³owych: 30 Mg · ha–1 (1 %), 75 Mg · ha–1 (2,5 %),

150 Mg · ha–1 (5 %), 300 Mg · ha–1 (10 %) i 600 Mg · ha–1 (20 %). W jednym wariancie zastosowano osad

niesterylny, a w drugim osad poddany procesowi sterylizacji, w celu poznania udzia³u mikroorganizmów

osadowych w transformacji wymienionej materii organicznej Po up³ywie 0,5, 1, 2, 3, 4 i 5 miesiêcy

oznaczano w gleby obu wariantów: tzw. ogóln¹ liczbê bakterii o ma³ych wymaganiach pokarmowych, tzw.

ogóln¹ liczbê bakterii o du¿ych wymaganiach pokarmowych, tzw. ogóln¹ liczbê grzybów nitkowatych,

liczebnoœæ grzybów celulolitycznych, aktywnoœæ oddechow¹, nasilenie procesu mineralizacji celulozy

i aktywnoœæ dehydrogenaz. Przeprowadzone analizy wykaza³y, ¿e niesterylny osad œciekowy spowodowa³

zarówno stymulacjê rozwoju, jak i aktywnoœci badanych grup bakterii i grzybów. Efekt ten na ogó³ najsilniej

wyst¹pi³ na pocz¹tku trwania doœwiadczenia i nasila³ siê wraz ze wzrostem dawki odpadu. Osad niesterylny

wywar³ silniejszy wp³yw jedynie na mineralizacjê celulozy oraz aktywnoœæ dehydrogenazow¹, co mo¿e

wskazywaæ na udzia³ w nich drobnoustrojów osadowych.

S³owa kluczowe: gleba, osad sterylny i niesterylny, bakterie, grzyby, oddychanie, mineralizacja celulozy,

dehydrogenazy.
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CHEMICAL POLLUTION OF SOIL AND WATER

ON PIG-BREEDING FARMS

ZANIECZYSZCZENIA CHEMICZNE GLEBY I WODY

W OBEJŒCIU FERM TRZODY CHLEWNEJ

Abstract: Farmyards of pig producing farms are a specific source of pollution of the natural environment. In

Poland pigs are mainly breed on farms of low animal concentration, which has a minimal negative effect on

the environment. The greatest danger for the environment is created by factory pig-breeding farms, whose

functioning is particularly troublesome for the residents of the surrounding areas. The places which create the

greatest risk for soil contamination are piggeries, areas where natural fertilisers are stored and animal yards.

High concentration of animals makes waste management difficult, especially the management of liquid

manure. Inappropriate storing of liquid manure and using it as a natural fertilizer may bring about soil

devastation and ground and surface water pollution. The following are treated as the chemical indicators of

the sanitary condition of soil, specifying its pollution with an organic substance and characterizing the

processes of decomposition and mineralization of this substance: the organic nitrogen content and the final

products of decomposition of protein substances, that is ammonium and nitrates, organic carbon, and

sometimes also some macroelements (P, K, Na, Ca, Mg, S) and microelements (Fe, Mn, Cu, Zn, Mo, Cl, Co).

Keywords: chemical pollution, soil, water, pig, farm

The problem of environment pollution caused by intensive animal breeding is a

multi-aspect problem. Hygienic, sanitary and ecological aspects constitute a very

important part of this problem, and concern both intensive and extensive pig production.

In recent years, the environment and its impact on human and animal health has been

the object of particular interest. One of the conditions of ecological production is

keeping the surrounding area clean, that is not exceeding the admissible concentration

of harmful substances polluting the air, soil and water. The farmyards of pig farms are

sources of contamination of the above enumerated components of the natural environ-

ment. The very problem is quite vital since in Poland there are over 600 thousand

pig-breeding farms, and the total livestock population of these animals is estimated at

about 18 million. In Poland pigs are mainly bred on farms with a low concentration of
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animals, which does not have such a negative impact on the environment. The biggest

danger for the environment is posed by factory pig-breeding farms, and their

functioning is particularly troublesome for residents of the neighbouring areas [1].

Negative ecological effects, such as: natural environment degradation, contamination of

soil and rivers and drinking water intakes are among the negative consequences of the

excessive concentration of flocks and unfavourable scale of production [2, 3].

Most research conducted so far has been concerned with the influence of animal

waste (manure, liquid manure and slurry) on the contamination of arable land. There are

not so much detailed research concerning the problem of soil contamination on pig

farms, whereas on pig farms and around them there are people and animals, and this

contamination may have immediate negative effect on their health and well-being.

Farmsteads and their surroundings, as integral parts of farms, are in villages sources of

area contamination of an agricultural origin. The areas which are particularly risky as

regards soil pollution are piggeries, places where natural fertilizers are stored, and

animal yards [3, 4]. Farm animals influence the natural environment directly and

indirectly. The natural environment is polluted by dusting and gas pollution of the air,

introducing to many organic compounds, mainly nitrogen ones, to soil and water [1, 5],

and by microbiological contamination [6–8], including contamination with pathogenic

microorganisms. The main source of the natural environment pollution is animal waste,

such as manure, liquid manure and slurry [3, 9, 10], which are stored on farms. Very

often, inadequate utilization of the existing equipment for manure, liquid manure and

slurry management additionally intensifies the degradation of the natural environment

in the farmers’ residential area and in the surrounding areas, in which food is produced.

A high concentration of animals creates problems with waste management, especially

slurry management, and its inadequate storing and using as natural fertilizer may cause

soil devastation, and ground and surface water pollution [11]. It is understandable that

this situation creates some fears for hygienists, sanitary engineers and ecologists, whose

concern is protection of human and animal health, production of “healthy” food, and

shaping and protection of the environment in village areas [12].

Many authors [13–18] emphasise that the natural environment is more endangered by

livestock farm waste than by domestic sewage. In 1980 in Poland the number of

substances potentially harmful for the environment included in slurry was 51.3 thousand

tons (Mg) of nitrogen and 10.9 thousand tons (Mg) of phosphorus. A ratio between the

amount of contamination included in domestic sewage and animal waste for an average

community is: 1–41 for nitrogen, 1–37 for phosphorus and 1–60 for potassium [12]. The

values given above indicate that the problem of environment pollution caused by the

concentration of livestock farms is really big. One of the components of the natural

environment which is polluted as a result of unreasonable management of animal waste

is soil. A constant contact of people and animals through food and animal feed with soil

on which it is produced influences people and animals, their health and productivity.

The influence is different depending on the mechanical, physical, chemical and

biological properties of soil [19].

A lack of control and inappropriate disposal and neutralization of waste may cause

excessive pollution of soil, water and air, which worsens the hygienic conditions and

26 Bogdan Szostak



causes a huge epidemiological danger for the surrounding areas. Thus, issues connected

with the disposal and neutralization of waste are of primary importance for soil hygiene.

In order to maintain its adequate sanitary state, the bacteriological, helmintological and

chemical protection is necessary. The sanitary and epidemiological tests are usually

carried out together with microbiological, helmintological and chemical tests. Thanks to

them it is possible to define the intensity of soil pollution; they can also indicate the

source of contamination and approximately define the date when the soil was polluted

[13].

The most important chemical indicators of the sanitary condition of soil specifying

its contamination with an organic substance and characterising the processes of this

substance decomposition and mineralization, are: the content of organic nitrogen and

the final products of the decomposition of protein substances, that is ammonia and

nitrates, organic carbon, and sometimes also some macroelements (P, K, Na, Ca, Mg, S)

and microelements (Fe, Mn, Cu, Zn, Mo, Cl, Co) [13, 20].

Contamination with nitrogen compounds

In agricultural production the main source of nitrogen is animal waste, accumulated,

stored and used on most farms as a natural fertilizer in the form of manure, liquid

manure and, less commonly, in the form of slurry. Now in Poland the annual production

of manure, liquid manure and slurry is about 130 million tons (Mg), which corresponds

to the following doses of fertilizer components:

– 35 kg/ha N, which gives 650 thousand tons (Mg) of N a year;

– 9 kg/ha P, which gives 170 thousand tons (Mg) of P a year;

– 35 kg/ha K, which gives 650 thousand tons (Mg) of K a year [5].

The losses of nitrogen during the production of natural fertilizers can be decreased by

accumulating all animal waste and storing it better. The state of natural fertilizers

management so far significantly restricts the productive functions of natural fertilizers

and contributes to the devastation of the environment, especially of the soil environment

[3, 5, 11, 12, 16]. Natural fertilisers should be stored in such a way so as to maximally

restrict the loss of all the nutritional elements taking place during fermentation [21].

There may be various reasons for losses in manure, liquid manure and slurry. Water

may mainly rinse out soluble compounds, such as nitrogen compounds: nitrates,

ammonium, amino acids and amides. They are the most valuable compounds, available

for plants or quickly becoming available. Therefore, in the water of most wells situated

close to dunghills, a harmful content of nitrates has been found: 20–160 mg/dm3 NO3
–

[22–25]. The protection against the losses caused by rinsing is easy, and the losses may

by totally eliminated while storing animal waste such as manure in leakproof spaces or

on a layer of absorptive materials, and liquid manure or slurry in leakproof containers

securing the inside against water from the outside [5].

When manure is not stored appropriately, the losses of nitrogen may even exceed

50 %, and when it is stored adequately only 10 %, in relation to the initial amount. It

means that about 20 kg of nitrogen is saved annually from 1 LU [10, 23]. The
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possibility to restrict the losses of nitrogen in animal waste management, apart from

economic effects (increased cropping), also has a good impact on the environment.

Nitrogen compounds, especially nitrates, which are produced in the process of

nitrification, may have a negative impact on the environment. The pollution of water

and air takes place when these compounds leave the soil-plant system [5]. Nitrogen in

soil is only present in its organic or mineral form, in the amount of 0.1 %. Mineral

nitrogen is mainly composed of nitrogen in the ammonium form (NH4
+) and in the

nitrate form (NO3
–) [20]. The ammonium form of nitrogen gets into soil with rainfall

and causes its acidification as a result of nitrification. The processes of nitrification

proceed also in manure heaps, and the produced nitrates are either rinsed out or

denitrified. As a result of rinsing out nitrates from manure not stored appropriately and

from manure water, groundwater and water in village wells become polluted [26].

When there is a lot of ammonium in soil, it means that it is highly contaminated with

organic substances of animal origin. With faecal contamination, the number of

ammonium ions increases even by ten times. Whereas, if nitrates are present in soil (the

final product of the process of nitrification) it means that the process of pollution took

place long time ago. In the surface stratum of soil (0–20 cm) close to a piggery, it was

found that the amount of mineral, mainly ammonium, nitrogen was about 150 kg N/ha,

which corresponds to quite a big amount of nitrogen used in fertilization. The majority

of this form of nitrogen resulted from the reduction conditions and the lack of oxygen in

the soil which was strongly affected by animal waste [3]. In other tests of soil at

different livestock farm objects, the dominant form of nitrogen was nitrate nitrogen in

both the surface stratum and deeper strata of the soil profile. The biggest mean amount

of nitrate nitrogen was found in soil 10 m from the dunging gutter (111.52 mg � kg–1).

The content of nitrate nitrogen depended greatly (P < 0.01) on the object from which the

samples were taken, the soil stratum, and the interaction between the two factors.

Ammonium nitrogen showed a tendency to accumulate in the deeper strata of the soil

profile. This phenomenon was the most visible at the manure site. In the soil profiles of

the yard and around the dunging gutter, a significant increase in the amount of N-NH4
+

was found, in the 60–80 cm stratum and in the 40–150 cm stratum, respectively. As

regards the dunging gutter, the concentration of the analysed component was increasing

gradually until it reached the value of 109.68 mg � kg–1 at the depth of 100–150 cm. The

content of ammonium nitrogen in the soil on the analysed farms depended significantly

on the object (P < 0.01), the depth of the soil profile and the interaction between the

factors.

Drinking water contamination is very often connected with the fact that the dunghill

is not leakproof, and nitrogen compounds leak into the soil, especially at the manure

heaps on the field. Most evidence for nitrogen contamination is provided by water

analyses in wells situated close to dunghills or containers for liquid manure. Tests [3]

have shown that about 50 % of water in wells on village farms contain over 10 mg

N-NO3 � dm–3, and 16 % over 40 mg N-NO3 � dm–3. The Polish norm is 10 mg

N-NO3 � dm–3. That is why collecting all the animal waste and storing it in leakproof

containers, controlled every year and sealed if necessary, creates a chance for full

protection of the soil water environment against nitrate contamination [10].
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Contamination with phosphorus compounds

Phosphorus is a chemical element whose excess is also unfavourable and causes

degradation of the environment. It is an important, biologically active, component of all

living organisms. It is present in soil, natural waters and precipitation. The content of

general phosphorus in soil ranges from 0.01 to 0.2 % [20]. In municipal and agricultural

sewage, mainly in slurry, the concentration of phosphorus is getting higher and higher.

It is connected with the form in which this chemical element is present in animal feed.

In grains and in products from processed grains, about 70 % of phosphorus is present in

organic connections, mainly in the form of phytic acid and its salts – phytates.

Utilisation of phytic phosphorus depends on the presence of phytase enzyme, releasing

it from inaccessible organic connections. Phytase is produced by plants, intestinal

epithelium of animals and microorganisms existing in the digestive tract. On the whole,

the amount of this enzyme is not enough, which significantly restricts the utilization of

phytates. Thus, availability of phytic phosphorus is not great, for example in pigs it is

about 30 %. Insufficient utilization of phytic phosphorus is a serious ecological

problem, because in animal waste there are big amounts of undigested phosphorus. It is

estimated that in Poland only cattle and pigs produce annually about 10 thousand tons

(Mg) of P2O5. The natural environment is endangered in the places where a lot of

animal waste is produced, so in the areas with a high concentration of animals [4, 14,

27]. In the tests of soil taken from pig farm areas, 80 kg of dissoluble phosphorus

(P-PO4) per 1 ha [3] were found. The soil at the fattening house and in the yard

contained the greatest amounts of phosphorus. This chemical element showed a

tendency to accumulate in the deeper strata of soil (100–120 cm), which creates a

potential danger for groundwater [4].

Animal waste is utilised as a fertiliser. Plants dynamically absorb phosphorus,

maximally up to 1 % of dry matter. The rest of phosphorus, susceptible to soaking, gets

into surface and ground waters. Waters are particularly endangered by liquid manure,

not only because it flows easily and because of excessive doses of phosphorus, but also

because the phosphorus included in it is labile [24]. Pollution of ground and surface

waters and open water regions with phosphorus is a serious problem. For example, in

Denmark, 8 % of private water intakes do not fulfil the purity standards, and in German

as much as 50 %. In Poland it is even worse – in the year of 1987 66 % of household

wells provided excessively polluted water. Containers of lentic water are most

endangered when there are animal farms in the area. Also sewage pollutes flowing

water. It is estimated that about 70 % of the total amount of phosphorus in the Vistula

river comes from sewage. The rest gets into waters through rinsing out. Violent rains or

thaw contribute to great amounts of phosphorus [27]. That is why special attention must

be drawn to the appropriate storing and timely utilization of liquid manure. It is also

necessary to appropriately shape the components of the landscape, such as trees,

meadows, small water reservoirs, marshland, etc. It will restrict the spread of pollution,

cause waste neutralization, and as a result will fasten the regeneration of soil [19].
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Other chemical pollution

Greater concentrations of potassium, caused by pollution from animal waste, are

present in the surface stratum of soil, whose thickness is about 60 cm, in shallow ground

waters and in shallow wells [18]. The total content of potassium in mineral soils in

Poland ranges from 0.8–2.1 % [20]. Potassium cation is strongly absorbed both by

living organisms and by soil. It can also move together with soaking rainwater into soil

water and groundwater. Soil tests soil at different farm objects showed a substantially

increased content of potassium in comparison to the reference points, which indicates

that animal waste is polluting [3, 4]. Chemical analyses of groundwater from under the

enclosure, water from the well and surface water adjacent to the enclosure showed

potassium contamination. The presence of high concentration of potassium in ground-

water at the level close to, or exceeding, 1000 mg K/m3 concerns most farms in Poland

conducting intensive animal production [3].

Many authors recommend introducing the monitoring of the quality of water and soil

from the areas of household enclosures in order to check the content of nitrogen,

dissoluble phosphorus and potassium [4, 28].

Sulfate sulphur is an indicator of the anthropogenic pollution of soil. Estimation of

the content of sulphur in soil is necessary due to its influence both on the mobility of

heavy metals and on the worsening of the chemical properties of soil, and above all on

activating aluminium and losses of magnesium. These phenomena create serious

ecological dangers [20].

The author’s research [29] concerning the content of general sulphur and sulphate

sulphur in the soil from pig farms did not found its high concentrations. The highest

content of general sulphur was found in the surface stratum of soil (0–20 cm) on the

sow yard (68.42 mg � 100 g–1) and at the fattening house (53.08 mg � 100 g–1). Also the

soil from the sow yard contained the greatest amounts of sulphate sulphur (12.83

mg � 100 g–1). The phenomenon of accumulating sulphur at the depth of 40–69 cm was

observed. In one of the analysed farms, about 42 % of samples were characterized by

the 4th grade of sulphate sulphur content in soil.

Heavy metals are found not only in the highly industrialised regions, but also in

natural ecosystems, used agriculturally. The harmfulness of heavy metals results from

their biological and biochemical properties. One such property is the susceptibility to

bioaccumulation from the soil environment [13, 25]. The soil from farmyards may be

the source of animal contamination with heavy metals, especially in the farmyards

situated close to public roads [30]. Heavy metals are introduced into the agricultural

ecosystem (soil and water) through rainfall and animal waste. Pig waste, both liquid and

solid, may contain heavy metals such as: Pb, Zn, Cu, Ni, Cr and others [31].

The author’s own research [32] concerning the content of selected heavy metals (Pb,

Zn and Mn) in soil at various farm objects found that permissible norms for the

chemical elements tested had not been exceeded. It was noted that there was a

difference in the content of heavy metals, depending on where the samples had been

taken. The highest values of the analysed elements were found in the soil from the

animal yard. The results of our research [4, 29, 32] confirm Pawlak’s statement [33] that

keeping pigs in yards was connected with increasing the risk of chemical pollution and
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microbiological pollution of soil and water, as compared with keeping animals in closed

spaces.

Summary and recommendations

So far, the ecological danger connected with pig production in Poland has not been

big thanks to the small sizes of the farms. However, recently, the concentration of

production may be observed, which poses more danger for the natural environment. The

impact of pig production on the natural environment concerns all its elements: water,

soil and air. Thus, it is important that the quality of water and soil from farm enclosures

be inspected with regard to the nitrogen, dissoluble phosphorus and potassium content.

A pig farm and its surrounding area in village areas is the source of area pollution of

agricultural origin. The areas which are most dangerous are: piggeries, animal yards,

dunging gutters and manure and liquid manure containers. Farm objects for storing

animal waste, depending on their kind, technical condition and capacity, create the

greatest risk for soil and water pollution with nitrogen, phosphorus and potassium

compounds.

In order to prevent losses of fertiliser components and to protect the environment

against pollution, animal waste should be stored appropriately and used rationally in

agriculture.

It is important to undertake some action to decrease the danger for the natural

environment by increasing supervision to make sure that in the farms with high

concentration of animals technological regimes are abided by, as well as the require-

ments enforced by the Code of Good Agricultural Practice. Education is an effective

method to improve the soil and water quality on a farm. That is why farmers and

agricultural services workers should be trained continuously on the modern systems of

animal breeding to limit its negative impact on the environment.
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ZANIECZYSZCZENIA CHEMICZNE GLEBY I WODY

W OBEJŒCIU FERM TRZODY CHLEWNEJ

Wydzia³ Nauk Rolniczych w Zamoœciu

Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Obejœcia gospodarstw nastawionych na produkcjê œwiñ s¹ swojego rodzaju Ÿród³ami zanieczysz-

czenia œrodowiska naturalnego. W Polsce dominuje chów trzody chlewnej w gospodarstwach o niskiej kon-

centracji zwierz¹t, który w minimalnym stopniu ujemnie wp³ywa na œrodowisko. Najwiêksze zagro¿enie dla
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œrodowiska stanowi¹ wielkoprzemys³owe fermy œwiñ, których funkcjonowanie jest szczególnie uci¹¿liwe dla

mieszkañców okolicznych terenów. Miejscami stwarzaj¹cymi najwiêksze ryzyko zanieczyszczenia gleby w s¹

chlewnie, miejsca sk³adowania nawozów naturalnych, okólniki dla zwierz¹t. Du¿a koncentracja zwierz¹t

stwarza trudnoœci z zagospodarowaniem odpadów, zw³aszcza gnojowicy, a niew³aœciwe jej przechowywanie

i stosowanie jako nawozu naturalnego mo¿e powodowaæ dewastacjê gleby, zanieczyszczenie wód powierzch-

niowych i podziemnych. Za najwa¿niejsze wskaŸniki chemiczne stanu sanitarnego gleby, okreœlaj¹ce zanie-

czyszczenie jej substancj¹ organiczn¹ i charakteryzuj¹ce procesy rozk³adu i mineralizacji tej substancji przyj-

muje siê: zawartoœæ azotu organicznego oraz koñcowych produktów rozk³adu substancji bia³kowych, tj.

amoniaku i azotanów, a tak¿e wêgla organicznego, a niekiedy równie¿ niektórych makro- (P, K, Na, Ca, Mg,

S) i mikroelementów (Fe, Mn, Cu, Zn, Mo, Cl, Co).

S³owa kluczowe: zanieczyszczenia chemiczne, gleba, woda, œwinie, ferma
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APPLICATION OF GEOCHEMICAL INDICES

FOR ASSESSING LEAD AND CADMIUM CONTAMINATION

IN RECREATIONAL PARKS OF THE CITY POZNAN

ZASTOSOWANIE WSKA�NIKÓW GEOCHEMICZNYCH

DO OCENY ZANIECZYSZCZENIA O£OWIEM i KADMEM

W REKREACYJNYCH PARKACH POZNANIA

Abstract: Recreational Parks (RP) of the city Poznan were investigated in October 2009 in order to evaluate

contamination state of their soils by lead and cadmium. From the Recreational Park Marcinkowski – RPM,

Recreational Park Solacki – RPS, Recreational Park Wodziczko – RPW and Recreational Park Piatkowo –

RPP the soil samples were collected at two depths, ie 0–10 and 10–20 cm, in the quantity of 36, 52, 32 and 34,

respectively. The total content of Pb and Cd was determined in these samples, as well as some their selected

physical and chemical properties. Detailed assessment of the soil contamination state was undertaken on the

basis of different indices such as geochemical accumulation index (Igeo), factor (C f
i

) and degree (Cdeg) of

contamination.

The evaluation of soils made by applying Pb-Igeo has shown that parks may be ranged as follows: RP

Piatkowo < RP Solacki < RP Wodziczko < RP Marcinkowski. The concern and threat related to the impact of

Pb on humans requires more restrictive limits of content, hence geochemical background (GB) values as

reported by Czarnowska [20] may be considered as more adapted for protecting from potential health hazards.

In the case of cadmium, the Cd-Igeo based contamination assessment allowed to organize parks accordingly:

RP Piatkowo < RP Marcinkowski < RP Solacki < RP Wodziczko. Cadmium contribution in the overall

contamination (Cdeg) changed as did the Cd-Igeo indices. This was mostly reflected in the RPs Wodziczko and

Solacki and intermediately in the RP Marcinkowski. On the basis of the performed geochemical evaluation of

soil Recreational Park Piatkowo is the sole to be classified as free from Pb and Cd contamination threat.

Keywords: recreational parks, Poznan, Pb, Cd, soil, geochemical indices, contamination factor and degree

As a number of people living in towns and cites has increased, larger human

populations are being exposed to the negative effects of the urban environment. Sources

of pollution vary according to specific industrial, geographical, geological, climatic and

sociological conditions, but in all cases road traffic is one of the most important ones

and it influences all parts of the environments [1, 2]. The chemistry of pollutants,
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including metals, in urban soils is far from understood, and several aspects of the

dynamics of metals pollutants in urban soils need further study. In the last few years,

soils in many cities have been studied [3–11].

In pollution research soil is mainly considered as a medium of plant growth and

agriculture production but in urban conditions, changes in the chemical nature of the

soil may lead to adverse interactions with building materials, toxicity to soil flora and

fauna and influence exposure of the population particularly young children, to toxic

substances. Among the various toxic elements in the urban environment, lead and

cadmium are considered to be the most hazardous. In the case of lead, its harmful

effects are still debated, some reports have presented evidence of its neurotoxicity,

especially for children [12–15].

Pollution of soil by potentially toxic metals is often assessed on the basis of total

metal concentrations. However, many forms of metals are strongly held in soils and

generally become immobile, although several factors (changes in pH or redox

conditions, soluble organic complexing agents, etc) may mobilize such forms [16–18].

Several approaches have been used for evaluating the degree of heavy metals

contamination in different ecosystems. They are commonly based on the amounts of

metals extracted by applying specified soil tests or on the elaboration of phytotests,

which are expected to confirm or not metal concentrations extracted by soil tests

[19–22]. Indices-based assessment of soils contamination by heavy metals seems to be a

useful geochemical method, since they simplify and reorganize quantitative data into

unitless parameters [10, 23–25].

Therefore, the current work is intended to focus on indices, such as the index of

geoaccumulation (Igeo), contamination factor (Cf) and degree of contamination (Cdeg) for

evaluating the potential contamination by Pb and Cd of soils of selected Recreational

Parks of the city Poznan.

Materials and methods

Soil samples were collected at two depths, 0–10 and 10–20 cm, in October 2009 at

four Recreational Parks (RP) within the city Poznan. This sampling procedure was

adopted in order to outline the possible effect of maintenance practices (lawn and paths

establishment) on metal levels. These are Recreational Park Marcinkowski – RPM (36

samples), Recreational Park Solacki – RPS (52 samples), Recreational Park Wodziczko

– RPW (32 samples) and Recreational Park Piatkowo – RPP (34 samples). Details about

physical and chemical analyses of soil materials are reported in the paper Assessment of
heavy metals contamination of selected Recreational Parks of the city Poznan, this issue

(Ecol. Chem. Eng. A 2011, 18(9–10), 1211–1217). Total contents of lead (Pb), and

cadmium (Cd), (mean of 0–10 and 10–20 cm), were assayed by hot-digestion in aqua
regia chemical test [26]. The indices-based assessment of the soils contamination state

of these sites was undertaken throughout applying reference data [19, 20]. Specific

developments are listed as under:

a) Index of geoaccumulation (Igeo). This index enables the assessment of heavy

metal contamination by comparing current and preindustrial metal contents. It was
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originally used for bottom sediments [23], but may be applied for assessing soil

contamination on the basis of the following equation:

I
C

B
geo

n

n

� log
.

10
15

(1)

where: Cn – the concentration of the element n in the pelitic sediment fraction

(< 2 �m),

Bn – the geochemical background value in the fossil argillaceous sediment

(ie, average shale),

1.5 – the constant allows for involving natural fluctuations in the concen-

tration of a given substance in the environment and very small

anthropogenic influences.

Seven classes of soil quality were suggested by Muller [23] on the basis of index of

geoaccumulation value (Table 1).

Table 1

Classes of soil quality on the basis of index of geoaccumulation value [23]

Class Value Soil quality

0 Igeo � 0 Practically uncontaminated

1 0 < Igeo < 1 Uncontaminated to moderately contaminated

2 1 < Igeo < 2 Moderately contaminated

3 2 < Igeo < 3 Moderately to heavily contaminated

4 3 < Igeo < 4 Heavily contaminated

5 4 < Igeo < 5 Heavily to extremely contaminated

6 5 < Igeo Extremely contaminated

A modified method was applied in the current paper for the computations of the Igeo

values and deals with the following details: Cn expresses the total content (mean values)

of a given metal in the surface layer (ie 0–10 and 10–20 cm) of the tested soils, while

Bn, the content of the same metal expressed as the Background Level for Poland (BLP)

[19] and Geochemical Background (GB) [20]. These values are reported in Table 5.

b) Contamination factor ( )C f
i

and degree of contamination (Cdeg). Soil con-

tamination was also evaluated by using indices such as the contamination factor (C f
i )

and the degree of contamination (Cdeg) [24], which were computed on the basis of the

below equation:

C
C

C
f
i

i

n
i

�
�0 1 (2)

where: C i
0 1�

– the mean content of metals from at least five sampling sites,

Cn
i – the preindustrial content of individual metals.
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A modification was done and consisted of using the content of metals expressed as

the Background Level for Poland (BLP) [19] and Geochemical Background (GB) [20].

Four categories have been suggested by Hakanson [24] (Table 2).

Table 2

Categories of contamination factor on the basis of C f
i

value [24]

Contamination factor Description

C f
i

< 1 Low contamination factor

1 � C f
i

< 3 Moderate contamination factor

3 � C f
i

< 6 Considerable contamination factor

6 � C f
i

Very high contamination factor

Moreover it should be mentioned that C f
i is a single-element index. The sum of C f

i

for all studied metals yields the so-called contamination degree (Cdeg) of the ecosystem

and is represented by four classes (Table 3).

Table 3

The contamination degree (Cdeg) of the ecosystem

Contamination degree Description

Cdeg < 8 Low degree of contamination

8 � Cdeg < 16 Moderate degree of contamination

16 � Cdeg < 32 Considerable degree of contamination

32 � Cdeg Very high degree of contamination

Computations were made by using the Excel® Sheet and simple statistical analysis by

the Statgraphics Software facilities.

Results and discussion

The occurrence of lead and cadmium in elevated concentrations or in excess in the

environment is being widely reported due to the harmful effects of these metals. In fact

the determined amounts do not uniformly give a common consent in terms of direct or

indirect awareness. The application of geochemical indices for classifying significantly

disparate sites may be treated as a useful tool in this matter.

Data listed in Table 4 decidedly show the great heterogeneity in Pb and Cd contents

(with standard deviation – SD values) in soils of Recreational Parks. These amounts as

compared with the Background Levels for Poland (PbBLP) revealed that only the RP

Marcinkowski may be considered as moderately contaminated by Pb, whereas when

referred to the Geochemical Background (PbGB), the contamination state shifted even

into very severe contamination/ pollution (case of RPs Marcinkowski, Solacki and

Wodziczki). Cadmium contents appeared to be of great concern, since all were

decidedly beyond both CdBLP and CdGB. Therefore, the application of geochemical-
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-based indices for evaluating Pb and Cd contamination state of these parks may provide

targeted information, whether we are facing a threat or a slight contamination.

Table 4

Total heavy metal content of soils within investigated Recreational Parks

of the city Poznan (mean of 0–10 and 10–20 cm)

Metal
RPM (n = 36)a RPS (n = 52)b RPW (n = 32)c RPP (n = 34)d

[mg � kg–1]

Pb �56.4 � 25.0	 32.0 � 20.6 40.1 � 18.2 13.0 � 15.3

Cd 1.58 � 0.42 2.12 � 1.57 2.42 � 1.58 0.87 � 1.20

Reference values [mg � kg–1]

Background Level for Polandx PbBLP 40.0 CdBLP 0.65

Geochemical Backgroundy PbGB 9.8 CdGB 0.18

Recreational Parks: a – Marcinkowski, b – Solacki, c – Wodziczko, d – Piatkowo; � – Mean value; 	 – Standard

Deviation; x – acc. to Kabata-Pendias et al [19]; y – acc. to Czarnowska [20].

Lead

Lead geoaccumulation indices (Pb-Igeo) indicated a contamination state, whose

magnitude depended on the BLP and GB values exhibiting Pb-Igeo indices in the ranges

from –0.85 to –0.08 and –0.24 to 0.53, respectively (Table 5).

Table 5

Geochemical indice (Igeo) values calculated for the investigated parks

Parameter Metal
Recreational Park

Marcinkowski Wodziczki Solacki Piatkowo

Igeo

PbBLP* –0.08– –0.23– –0.36– –0.85

PbGB 0.53 0.39 0.25 –0.24

CdBLP 0.20 0.31 0.22 –0.23

CdGB 0.75 0.87 0.77 –0.33

* Explanations see Table 4.

These ranges fit the contamination class [23] extending mostly from < 0 to 1 and

may be designated as practically uncontaminated in the case of BLP based Pb-Igeo to

moderately contaminated for the GB. On the basis of these indices the contamination

level of soils within parks follows the order, ie from the less contaminated up to the

most: RP Piatkowo < RP Solacki < RP Wodziczko < RP Marcinkowski.

A specific evaluation of the overall contamination level was carried out throughout

the degree of contamination (Cdeg), (Table 6). Furthermore, a detailed estimation was

undertaken by using contamination factors (C f
i ), which mean values allowed to classify

[24] soils moderate contamination factor accordingly to BLP and GB values.

Application of Geochemical Indices for Assessing Lead and Cadmium Contamination... 39



Table 6

Contamination factors and degrees for particular Pb of the investigated Recreational Parks

for BLP and GB values*

Recreational

park
Contamination factor (Range) Mean

Share [%] of

C f
i

to Cdeg

Marcinkowski
PbBLP

C f
i

0.96–2.63 1.41 � 0.63
40

PbGB 1.46–10.74 5.75 � 2.55

Wodziczko
PbBLP 0.31–2.17 1.00 � 0.47

28
PbGB 1.58–8.86 4.09 � 1.94

Solacki
PbBLP 0.10–2.47 0.80 � 0.51

23
PbGB 0.42–10.07 3.26 � 2.10

Piatkowo
PbBLP 0.05–2.34 0.33 � 0.41

9
PbGB 0.20–9.53 1.33 � 1.69

Degree of contamination (BPL)

C C fdeg �



�

�


�( )

,Pb Cd 1.42–11.03 3.54 � 2.02
—

Degree of contamination (GB) 3.66–39.20 14.43 � 8.28

* Explanations see Table 4.

Three classes were operationally established, relatively to both values:

– PbBLP: only RP Marcinkowski exhibited a moderate contamination factor,

– PbGB: all parks represented a considerable contamination factor, except the RP

Piatkowo, characterised by moderate contamination factor.

Importantly it should be observed, that the mean Cdeg-based BLP and GB reference

values varied from 3.54 to 14.43, respectively, describing decidedly a low degree

(Cdeg < 8) and moderate degree of contamination (8 < Cdeg < 16) as suggested by

Hakanson [24]. The overall share of Pb in the level of contamination of investigated

parks decreased similarly to the Pb-Igeo indices. The impact of Pb in the bulk

contamination was ca 26 % for the RP Solacki and Wodziczki, but raised up to 40 % in

the case of the RP Marcinkowski. The last one is located in the city centre, hence

reflected the direct anthropogenic origin of Pb. The re-evaluation of the degree of

contamination revealed that the application of both reference values was found useful

for such specific sites like city Recreational Parks. The concern and threat related to the

impact of Pb to humans requires more restrictive limits, hence geochemical background

(GB) values as reported by Czarnowska [20] may be considered as more adapted for

protecting from potential health hazards [12, 14, 15, 17].

Cadmium

Indices of Cd geoaccumulation (Cd-Igeo) indicated general ranges varying from –0.23

to 0.87 of which the Cd-Igeo based BLP and RV values fluctuated accordingly: –0.23 to

0.31 and 0.33 to 0.87 (Table 2). Contamination assessment based on these indices may

create some discrepancies related to the establishment of a proper Cd-Igeo class.

Therefore, it could be reasonable to group both classes into one with a range varying
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from 0.20 to 0.87, ie, uncontaminated to moderately contaminated [23]. This outlines

the cadmium contamination status, which seems to be of great concern, irrespective of

the investigated parks and ranged in decreasing order as follows: RP Piatkowo < RP

Marcinkowski < RP Solacki < RP Wodziczko. Interestingly, it may be observed, that

this order is divergent from that established for Pb-Igeo.

Data listed in Table 4 deal with values of contamination factors (C f
i ) [24] and those

related to the overall contamination degree (Cdeg) accordingly to the reference values

BLP and GB. The ecological specificity of cadmium resides in its enhanced mobility

[27] and hence its contamination is easily disseminated in the environment. The RPs

Solacki and Wodziczko undergo frequent and intensive maintenance activities involving

among others the incorporation of compost-like materials for improving grasses and

shrubs growth conditions. This may explain the position they occupy in these ranges in

the case of cadmium. Changes observed in the case of the C f
i indices reflect the

contamination state, which varied proportionally with reference values. Then for the

BLP [19], C f
i values fluctuated within the range 1.34–3.72 implying the occurrence of a

moderate to considerable contamination factor, whereas for the GB [20] based C f
i

evaluation, quite all indices (except the RP Piatkowo) exceeded the threshold, ie 6 <

C f
i , indicative of a very high contamination factor. This concerns particularly the RPs

Wodziczko and Solacki characterised by C f
i amounting to 13.43 and 11.78, respectively,

followed by the RP Marcinkowski, ie C f
i = 8.78.

The overall contamination degree (Cdeg) as suggested by Hakanson [24] exhibited

significantly high (Cdeg-based BLP) and exceptionally very high (Cdeg-based GB)

indices, amounting accordingly 10.75 and 38.82 (Table 7). The latter ones fitted the

ranges 8 < Cdeg < 16 designated as moderate degree of contamination and 32 < Cdeg, ie

very high degree of contamination.

Table 7

Contamination factors and degrees for particular Cd of the investigated Recreational Parks

for BLP and GB values*

Recreational

park
Contamination factor (Range) Mean

Share [%] of

C f
i

to Cdeg

Marcinkowski
CdBLP

C f
i

1.31–4.29 2.43 � 0.65
23

CdGB 4.72–15.50 8.78 � 2.36

Wodziczko
CdBLP 0.91–10.25 3.72 � 2.49

35
CdGB 3.28–37.00 13.43 � 8.99

Solacki
CdBLP 0.57–9.48 3.26 � 2.54

30
CdGB 2.06–34.22 11.78 � 9.18

Piatkowo
CdBLP 0.32–11.02 1.34 � 1.95

12
CdGB 1.14–39.78 4.83 � 7.04

Degree of contamination (BPL)

C C fdeg �



�

�


�( )

,Pb Cd 3.11–35.04 10.75 � 7.63
—

Degree of contamination (GB) 11.20–126.35 38.82 � 27.57

* Explanations see Table 4.
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Cadmium contribution in the overall contamination changed as did the CdIgeo indices.

This was mostly reflected in the RPs Wodziczko and Solacki and intermediately in the

RP Marcinkowski. Less concern related to Cd contamination may be observed in the

case of the RP Piatkowo, where Cd and Pb direct contribution in the overall

contamination share was quite similar. On the basis of the performed geochemical

evaluation this park is the sole to be classified as free from any contamination threat.

Conclusions and statements

The assessment of the state of Poznan Recreational Parks contamination of soils by

lead and cadmium undertaken by applying geochemical indices (Igeo, C f
i and Cdeg) has

revealed the impact of anthropogenic pressure on these ecosystems. Data have shown,

that on the basis of Pb based Igeo indices the contamination level of soils within parks

follows: RP Piatkowo < RP Solacki < RP Wodziczko < RP Marcinkowski. Moreover it

was suggested that the concern and threat related to the impact of Pb on humans

requires more restrictive limits, hence geochemical background (GB) values as reported

by Czarnowska [20] may be considered as more adapted for protecting from potential

health hazards.

The cadmium contamination status of soils appears to be of great concern,

irrespective of the investigated parks and represented the order: RP Piatkowo < RP

Marcinkowski < RP Solacki < RP Wodziczko. Cadmium contribution in the overall

contamination (Cdeg) changed as did the CdIgeo indices. This was mostly reflected in the

RPs Wodziczko and Solacki and intermediately in the RP Marcinkowski. On the basis

of the performed geochemical evaluation Recreational Park Piatkowo soil is the sole to

be classified as free from any contamination threat.
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ZASTOSOWANIE WSKA�NIKÓW GEOCHEMICZNYCH

DO OCENY ZANIECZYSZCZENIA O£OWIEM i KADMEM

W REKREACYJNYCH PARKACH POZNANIA

Katedra Chemii Rolnej i Biogeochemii Œrodowiska

Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Rekreacyjne Parki (RP) miasta Poznañ zbadano w paŸdzierniku 2009 r. w celu oceny stanu

zanieczyszczenia ich gleb o³owiem i kadmem. Z Parku Marcinkowskiego – RPM, Parku So³ackiego – RPS,

Parku Wodziczki – RPW i Parku Pi¹tkowo – RPP pobrano próbki gleby z dwóch g³êbokoœci (0–10

i 10–20 cm) w iloœci odpowiednio: 36, 32, 52 i 34. Oznaczono ca³kowit¹ zawartoœæ Pb i Cd oraz wybrane

w³aœciwoœci fizyczne i chemiczne tych próbek gleby. Szczegó³ow¹ ocenê stanu zanieczyszczenia gleb

przeprowadzono na podstawie ró¿nych wskaŸników, takich jak: geochemiczny indeks akumulacji (Igeo) oraz

wspó³czynnik (C f
i

) i stopieñ (Cdeg) zanieczyszczenia.

Ocena gleb na podstawie Igeo wykaza³a, ¿e w przypadku Pb parki mo¿na uszeregowaæ nastêpuj¹co: RP

Pi¹tkowo < RP So³acki < RP Wodziczki < RP Marcinkowskiego. Z uwagi na negatywne oddzia³ywanie Pb na

ludzi, progi jego zawartoœci powinny byæ bardziej restrykcyjne, st¹d nale¿a³oby rozwa¿yæ zastosowanie

wartoœci t³a geochemicznego (GB) wg Czarnowskiej [20] jako bardziej odpowiedniego dla ochrony przed

potencjalnym zagro¿eniem zdrowia. Na podstawie stanu zanieczyszczenia gleb kadmem (Cd-Igeo) badane

parki mo¿na uszeregowaæ nastêpuj¹co: RP Pi¹tkowo < RP Marcinkowskiego < RP So³acki < RP Wodziczki.

Udzia³ Cd w ogólnym zanieczyszczeniu gleb (Cdeg) kszta³towa³ siê zgodnie z wartoœciami wskaŸników

Cd-Igeo. NajwyraŸniej zaznaczy³o siê to w RP Wodziczko i So³acki oraz poœrednio w RP Marcinkowski. Na

podstawie wykonanej oceny geochemicznej gleb jedynie Rekreacyjny Park Pi¹tkowo mo¿na sklasyfikowaæ

jako wolny od zagro¿enia zanieczyszczeniem o³owiem i kadmem.

S³owa kluczowe: parki rekreacyjne, Poznañ, Pb, Cd, gleba, wskaŸniki geochemiczne, indeks i stopieñ

zanieczyszczenia
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Ireneusz GRZYWNOWICZ1

POTENTIAL ENVIRONMENTAL MANAGEMENT

OF WASTE PRODUCTS

FROM EXPLORATORY DRILLING ACTIVITIES

MO¯LIWOŒCI ROLNICZEGO ZAGOSPODAROWANIA

PRODUKTÓW ODPADOWYCH

Z DZIA£ALNOŒCI POSZUKIWAWCZO-WIERTNICZYCH

Abstract: The investigations were undertaken to assess increasing amounts of waste products generated

during drilling and supplied to the soil in respect of potential soil and plant contamination with some

elements, and determining the effect of salinization degree on plant growth.

The waste used for pot experiments contained, beside considerable amounts of chlorides, also 18 % of

CaCO3 which influenced the increase in chemisorption of fertilizer phosphorus. The deposit supplied to the

soils almost 14-times increased the quality of exchangeable sodium. Salinization effect was apparent primarily

for red fescue emergences, which were irregular and obviously delayed as the waste was added to the pot. The

differences in plant appearance diminished during the vegetation. The largest waste supplement caused

a decline in red fescue yield cultivated immediately after its addition.

The effect of waste supplement on increase in salinization became visible only when the highest, 40 %

supplement was added and led to slight soil degradation due to salinization (over 2 mS � cm–1).

Keywords: exploratory drilling wastes, plants, sodium and potassium contents, soil salinization

The concept of environmental management of wastes has the best perspective of

development. Usability of various wastes for reclamation depends on their chemical and

biological properties.

Environmental management of waste products from exploratory drilling activities

deposited in spoil pits and previously cleaned of oil derivative compounds still

encounters a problem of the waste pollution with heavy metals and excessive salt

contents. Therefore, the investigations aimed to assess increasing amounts of waste

products originating from spoil pit of a drilling plant located in Witkowice considering

potential soil and plant contamination with some toxic elements and to determine the

degree of soil salinization on plant growth. For this purpose, plant experiments were
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conducted with increasing supplement of deposit to the soil to observe its effect on plant

growth, increasing their contents of some elements and changes of some soil properties.

Materials and methods

The soil used for the experiments revealed properties similar to the one originating

from the area adjoining to the landfill.

The following series of experimental design were used: A – soil without deposit

supplement, B – soil with 5 % of deposit, C – soil with 10 % of deposit, D – soil with

25 % of deposit, E – soil with 40 % of deposit.

Phosphorus fertilization in Ca(H2PO4) form dosed 0.3 g P2O5 per pot was applied

once prior to the experiment outset. Nitrogen fertilization was applied in a form of

NH4NO3 in a dose of 0.75 g N per pot on two dates: 0.5 g N per pot before the

experiment outset and the remaining part after grass (Festuca rubra L.) harvest but

before mustard (Synapis alba L.) sowing. Because of the soil high abundance in

potassium and high content of water soluble potassium in the deposit, no potassium was

included in the fertilizer dose. Chemical composition of plants was assessed by means

of dry mineralization at 450 oC for 5 hours. Total contents of nutrients and heavy metals

in the soils were determined by digesting the soil in a mixture of HNO3 and HClO4 (3:2)

after incinerating organic substance in a furnace at 450 oC for 5 hours. The element

concentrations in solutions were assessed using ICP method. Because of CaCO3 in the

deposit, the soil sorption capacity was determined in NH4Cl with pH = 8.2 and in the

initial, non-carbonate soil with pH = 7.0 following the leaching of water soluble soils

with anhydrous ethyl alcohol. The test plant was red fescue grass (Festuca rubra L.),

Skrzeszowicka c.v., while white mustard (Synapis alba L.), Barka c.v., was cultivated

as an aftercrop.

Results

A supplement of waste from exploratory-drilling works supplied to the soil affected

test plant yielding in the conducted pot experiment. Already 5 % waste addition caused

a decline in yield by over 30 % in comparison with the control (Table 1).

Table 1

Plant yielding [g � d.m. per pot]

Fertilizer

series

Red fescue Mustard Aggregate

yield grass

+ mustardAP R AP + R AP R AP + R

A 24.21 4.63 28.84 1.04 0.10 1.14 29.98

B 15.22 3.83 19.05 5.61 0.70 6.31 25.36

C 16.70 3.93 20.63 6.11 0.48 6.59 27.22

D 17.55 3.56 21.11 7.18 0.56 7.74 28.85

E 11.74 2.03 13.77 3.98 0.40 4.38 18.15

Explanation: AP – above-ground parts; R – roots.
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However, aggregate yield of both cultivated crops revealed a decrease only by 15 % in

this series. In the series with the 10 and 25 % supplements a decrease in yield was even

less visible. Only a 40 % admixture of the deposit caused an over 50 % decline in grass

yield and 40 % decrease in the aggregate yield of grass and mustard.

The greatest differences in plant growth occurred during the initial period of red

fescue vegetation. This fact is confirmed by a regularity described in literature [1, 2],

that young plants, mainly at the seedling stage are most sensitive to unfavourable

environmental conditions.

The effect of spoil admixture was also noticeable in the chemical composition of the

cultivated plants. It was the most pronounced for sodium (almost 5-fold increase in Na

concentration) and potassium, where this element content exceeded 6 % in dry matter

(Table 2). CaCO3 present in the deposit, beside the effect on the soil reaction, caused an

increase in Ca and also Mg content, but to a lesser degree. For calcium the changes

were more visible in mustard (Table 3) cultivated as a consecutive crop, which may be

due to the time which elapsed from the moment of application.

Table 2

Macroelement contents in red fescue

Series

K Ca Mg Na P

AP R AP R AP R AP R AP R

[g � kg–1 d.m.]

A 38.9 9.9 1.0 0.4 1.52 0.80 0.54 0.98 3.49 1.54

B 55.1 15.3 5.2 2.6 3.00 2.65 1.34 4.22 1.66 1.22

C 65.8 17.7 4.7 2.4 2.53 3.36 1.55 4.57 1.76 1.00

D 67.2 23.0 2.9 1.7 3.72 3.13 1.32 5.22 1.72 1.01

E 56.1 25.2 1.7 1.6 3.18 3.48 2.60 5.98 2.38 1.23

Table 3

Macroelement contents in white mustard

Series

K Ca Mg Na P

AP R AP R AP R AP R AP R

[g � kg–1 d.m.]

A 19.5 6.2 11.6 2.7 3.7 0.6 9.00 1.43 3.64 3.71

B 36.4 23.0 17.8 5.7 1.7 1.2 5.94 2.56 2.50 3.35

C 35.1 27.2 21.4 10.2 1.5 1.5 8.03 3.14 2.39 3.49

D 54.0 30.6 22.4 3.1 1.9 1.3 12.51 3.98 2.72 3.34

E 57.9 30.1 20.4 4.6 2.5 1.5 13.02 2.44 3.14 2.37

Considerable changes were detected also in phosphorus content in plants. Calcium

carbonate in the deposit affected higher chemisorption of fertilizer supplied to the soil

and its concentration in plants was low.
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The tendencies of changes in chemical composition were similar in white mustard,

although less pronounced as in case of magnesium or phosphorus.

From the perspective of plants cultivated for animal feed not only the absolute

quantity of individual nutrients is important, but also their mutual relationships. Adding

increasing quantities of deposit to the soil caused a change in proportions between the

studied elements. In very acid soil used for the experiments, equivalent ratio

K:(Ca + Mg) was much wider (5.7) than the value (2.2) considered optimal [3]. The

smallest supplement of the deposit on the level of 5 % contributed to an improvement of

fodder quality, whereas narrowing this ratio to the value of 2.8 and further increase of

the admixture to the soil led to its considerable widening (Table 4).

Table 4

Changes of K:(Ca + Mg) and (K + Na):(Ca + Mg) equivalent ratios and K:Na

and Ca:P weight ratio in red fescue

Series K:(Ca + Mg) (K + Na):(Ca + Mg) K:Na Ca:P

A 5.71 5.84 72 0.29

B 2.79 2.90 41 3.13

C 3.81 3.97 42 2.67

D 3.82 3.95 51 1.69

E 4.14 4.47 22 0.71

Weight K:Na ratio in red fescue cultivated on all treatments was too wide, which

resulted from excessive potassium content in plants. Although the ratio was narrowing

with increasing waste admixture, it still exceeded 10:1 proportion. For fodder reasons

Ca:P ratio should be on the level of 2:1. Presented data show that 5 % and 10 % waste

supplements led to widening this ratio to values considered as proper, but its further

growth led to an excessive narrowing of this ratio.

The waste contained great amounts of colloids (71 % of clay particles including 23 %

of colloidal clay) and added to the soil caused an increase in its colloidal clay content

(Table 5), therefore worsening water-air relationships. Supplying such great quantities

of silt fraction to anyway heavy soils favoured creation of reductive conditions in the

soil.

The waste used for agricultural management contained over 18 % of CaCO3. Even

the smallest (5 %) admixture of the deposit contained over twice more CaCO3 than

necessary for the deacidification of the experimental soil. Therefore with increasing

deposit addition to the soil growing amounts of CaCO3 remained in free state increasing

chemisorption of fertilizer phosphorus. It points to low phosphorus content in plants,

despite fertilization with this element.

Significant diversification of soil chemical properties under the influence of liming

may affect a decline in yield of crops grown immediately after its application. Gorlach

and Gorlach [4] obtained these results while investigating the effect of carbonate forms

of calcium and magnesium on yielding of several plant species. A rapid change of

exchangeable cation ratios in soil under the influence of applied Ca fertilization
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observed in the experiments conducted by Czapla and Nowak [5, 6] caused a decrease

in the yield of maize and oat from 10 to 15 %. On the other hand, in the studies of

Filipek et al [3] conducted on meadows, no response of meadow sward was noted but

only when counted as an average for three years. In the first year after liming even

several percent decline in yield was registered. The studies of Gorlach and Curylo [7]

on liming of two meadows on soils with various granulometric structure yielded

different results. In an experiment conducted on light soil with considerable share of

exchangeable aluminum in acidity, liming increased yields of meadow sward, whereas

in the experiment on very heavy soil ca 10 % decrease in yield occurred.

A negative result of added deposits was elevated soil salinization (Table 5).

Table 5

Changes of some physical and chemical soil properties after experiment completion

Series
% fraction of mm pH CaCO3

[%]

C-org

[g � kg–1]

Salinization

[mS � cm–1]< 0.02 < 0.002 H2O KCl

Waste 71 23 8.99 8.46 18.09 — 4.75

A 41 15 4.92 4.00 nd 8.40 nd

B 41 18 7.14 6.99 0.22 10.40 0.40

C 46 18 7.46 7.07 0.47 10.00 0.86

D 51 20 7.80 7.33 1.85 9.20 1.27

E 59 22 8.00 7.52 4.87 10.60 2.27

Explanation: nd – not determined.

At waste admixtures of between 5 and 10 % the salinization was still slight. The

symptoms of weak soil degradation (Table 5) which might have been the reason of a

decrease in yield (Table 1) occurred only at 40 % addition of wastes causing a delay of

emergences and weakening of growth at the tillering stage.

The cation exchange capacity was assessed in order to establish the effect of deposit

added to the soil on changes of exchangeable cation composition in the sorption

complex. Data compiled in Table 5 show that the initial soil with the deposit

supplement revealed increasing contents of CaCO3 as the amount of added deposit was

growing. Therefore, determining the changes of exchangeable cation composition in the

sorption complex was conducted in carbonate soils in NH4Cl with pH = 8.2 whereas for

the initial carbonate-less soil using NH4Cl with pH = 7.0. Acid cations were assessed in

an extract of sodium acetate [8]. Because the soils with waste supplement revealed

salinization, they were leached with absolute ethyl alcohol.

In each soil there is a small amount of water soluble cations (so called active forms),

yet the contents of this form of cations rarely exceed the value of 1 mmol � kg–1 of

soil [9].

The quantities of individual cations determined in the anhydrous ethyl alcohol may

be considered as water soluble forms. The data given in Table 6 show that not only

potassium and sodium were present in the sediment as chlorides. Also a small quantity
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of magnesium and considerable part of calcium occurred in water soluble forms. With

deposit supplement increasing from 5 % to 40 % the highest, almost fivefold growth

was registered for water soluble sodium. It should be expected that calcium and sodium

ions would significantly affect the conditions of plant nutrition in the soil with these

wastes admixture.

Table 6

Contents of calcium, magnesium, sodium and potassium cations

in the extract of anhydrous ethyl alcohol

Series
Ca Mg K Na Total

[mmol(+) � kg–1]

B 15.4 0.56 0.09 3.07 19.12

C 16.6 0.51 0.21 5.60 22.92

D 22.7 0.57 0.14 9.34 32.75

E 26.5 0.69 0.35 14.62 42.16

In the studies by Filipek and Badora [10] conducted on the soil where means for after

snow slipperiness control were used, the contents of chloride anions and sodium cations

in the 20–40 cm layer was higher by about 0–20 cm, which suggests relatively easy

leaching of these ions into deeper soil layers. The soil, on which the pot experiments

were conducted belonged to heavy soils, where leaching occurs, though it is weaker.

Ion-exchanging sorption plays an important role is soils in storing and mobilization

of nutrients. Determining sorption capacity in soil containing carbonates encounters

analytical problems, irrespectively if conducted using indirect method (the sum of

individually assessed alkaline cations, eg in ammonium chloride with pH = 8.2), or

using a direct method through exchange of sorption complex cations using barium

chloride.

As may be seen from the data presented in Table 6, a considerable part of not only

sodium but also calcium may occur as water soluble compounds not adsorbed by

sorption complex, which will be counted to exchangeable cations.

The waste added to the soil caused deacidification of the very acid, initial soil. After

the experiment completion sorption capacity increased over twice, mainly owing to the

almost 3-fold growth of the exchangeable calcium and magnesium quantity and over

14-fold increase in the amount of exchangeable sodium. Changes in the quantity of

exchangeable potassium were observed only at the 25 % and 40 % waste admixtures. In

the presented experiment even at the highest deposit supplement the sum of exchange-

able cations K+Na does not exceed 7 %, ie much less than in the salinized soils.

Therefore a decrease in yield observed in the conducted experiment already on the

treatments with 5 % addition of the waste product should be associated rather with high

content of CaCO3 than with the soil salinization, which on these treatments was

0.40 mS � cm–1.
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Table 7

Contents of calcium, magnesium, sodium and potassium cations in an extract

of neutral ammonium chloride (series A) and ammonium chloride with pH = 8.2

(series B, C, D and E)

Series
Ca Mg K Na Total H T V

[mmol(+) � kg–1] [%]

A 125.0 7.87 2.10 1.01 135.98 81.0 216.98 63

B 441.2 17.88 2.14 14.42 475.64 — 475.60 100

C 441.8 18.16 2.77 21.56 484.29 — 484.30 100

D 472.4 25.91 4.14 29.96 532.40 — 532.40 100

E 547.8 40.12 5.48 35.25 628.60 — 628.60 100

The category of degradation which may reveal itself as a decline in yield, particularly

of plants sensitive to salinization, is apparent only on the soil with 40 % admixture of

waste.

Conclusions

1. Waste product from exploratory drilling activities added to the soil decreased

yielding of the test plants cultivated immediately after its introduction to the soil,

mainly in the initial period of development.

2. Changes in the plant chemical composition concerned mainly sodium causing

almost 5-fold increase in its contents in plants.

3. CaCO3 present in the waste increased chemisorption of fertilizer phosphorus,

which limited its bioavailability and decreased its uptake by plants.

4. Increase in the soil salinization became apparent only at the greatest admixture of

waste (40 %) causing its slight degradation but the increase in exchangeable sodium did

not exceed the values characteristic for salinized soils.

5. A significant amount of mineral colloids present in the waste introduced to heavy

soils may lead to worsening of air and water relationships and occurrence of reductive

conditions in soil.
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MO¯LIWOŒCI ROLNICZEGO ZAGOSPODAROWANIA PRODUKTÓW ODPADOWYCH

Z DZIA£ALNOŒCI POSZUKIWAWCZO-WIERTNICZYCH

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Przyrodniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem podjêtych badañ by³a ocena wzrastaj¹cych dodatków do gleby produktów odpadowych

powstaj¹cych w trakcie prowadzenia prac wiertniczych w aspekcie mo¿liwoœci ska¿enia gleby i roœlin

niektórymi pierwiastkami oraz okreœlenie wp³ywu stopnia zasolenia gleby na wzrost roœlin.

U¿yty do doœwiadczeñ wazonowych odpad oprócz znacznych iloœci chlorków zawiera³ 18 % CaCO3, który

wywo³ywa³ wzrost chemisorpcji fosforu nawozowego. Dostarczony do gleby osad zwiêksza³ prawie

14-krotnie iloœæ wymiennego sodu. Wp³yw zasolenia uwidacznia³ siê przede wszystkim we wschodach

kostrzewy czerwonej, które by³y bardzo nierównomierne i wyraŸnie opóŸnione w miarê dodatku odpadu do

wazonu. W trakcie trwania wegetacji ró¿nice w wygl¹dzie roœlin zmniejsza³y siê. Najwiêkszy dodatek odpadu

powodowa³ spadek plonu kostrzewy czerwonej uprawianej bezpoœrednio po jego dodaniu.

Wzrost zasolenia gleby pod wp³ywem dodatku odpadu uwidoczni³ siê dopiero przy najwiêkszej jego

dawce wynosz¹cym 40 %, powoduj¹c s³ab¹ degradacjê gleby na skutek zasolenia (ponad 2 mS � cm–1).

S³owa kluczowe: odpady poszukiwawczo-wiertnicze, roœliny, zawartoœæ sodu i potasu, zasolenie gleby
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Tomasz TOMASZEWICZ2 and Mariola WRÓBEL3

CONTENT OF MACRO- AND MICROELEMENTS

IN ROADSIDES’ TOP LAYER OF FOREST AREAS

AND CHARACTERISTICS OF PLANT SPECIES SETTLED

ZAWARTOŒÆ MAKRO- I MIKROSK£ADNIKÓW

W WIERZCHNIEJ WARSTWIE POBOCZA DRÓG TERENÓW LEŒNYCH

ORAZ CHARAKTERYSTYKA GATUNKÓW ROŒLIN JE ZASIEDLAJ¥CYCH

Abstract: The paper presents research results concerning the content of micro- and macroelements in soils of

roadsides along forest areas, salinity indicators and spatial distribution of roadside flora on the basis of trophic

index. Study area with the total shoulder width of 8 m, along hardened surface in Szczecin Lowlands. The

research has indicated that the content of macro- and microelements: P, K, Mg, Ca and Na was decreasing as

the distance from the roadway was growing. Indeed, most of macroelements were found in the edge zone

(edge of shoulder), with a width of 20–30 cm, adjacent directly to the edge of roadway. In all researched areas

soil richness for phosphorus was low, for magnesium low (A and B zone) and very low (C and D zone), high

in potassium in the edge area and medium in the proper shoulder. Content of soluble microelements in

0.5 mol � dm–3 HCl was the greatest in the edge area and was decreasing if further from the edge of the

roadway. Rating abundance of species observed on the edge of the shoulder (A), on the proper shoulder (B),

in roadside ditches (C), on slopes of mid-forest (D) showed a similar number of species found in roadside

ditches and on slopes (on average 23 and 22 taxons). On the basis of soil salinity indicators (Z and SAR) they

were not specified in any of the analyzed shoulder zones.

Keywords: forest soils, the content of macro- and microelements in the soil, flora, forest, soil salinity

indicators.

Soil salinity, which is caused by ice-removing chemicals used on streets in urban

areas, is formed along traffic routes, where sodium chloride has been used in order to

improve transport during Winter since 1986. These actions, which we are not able to

avoid, cause cyclic accumulation of large amount of soluble salts, mainly NaCl and
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NaHCO3, especially in early Spring, which increases salt concentration and pH of the

soil to the level which may be toxic for plants. Hence, a solution is sought, which would

assure both smoothness of traffic and would be less harmful to the environment, as well

as to road users. In Finland in the late 90’s potassium formate (HCOOK) and potassium

acetate (CH3COOK) were used. In the USA are used as follows: magnesium acetate

[(CH3COO2)Mg], calcium acetate [(CH3COO2)Ca], sugar-rich solutions produced

during partial hydrolysis of waste products from processing of sugar beet and maize,

urea CO(NH2)2 and alcohols [1].

Ice-removing chemicals used on streets have an impact on chemical nature of

roadsides’ top layers, and thus roadside flora. Their influence is connected to properties

of substrate material, as well as the distance from the roadway.

The aim of this paper is to access changes in content and richness category of forms

acknowledged as assimilable macro- and microelements in roadside soil along forest

areas in Szczecin Lowlands during Spring time, changes in indicators of soil salinity

and participation of plant species with different trophic index.

Material and methods

In Spring 2005, research was carried out in order to study roadsides with hardened

surface (asphalt) and with comparable capacity, located along forest areas of Szczecin

Lowlands.

For the purpose of observation four sample collection points were chosen, located

outside build-up areas along forest roads: Modrzewie 53o34�26��N, 014o47�09��E,

Lozienica 53o33�03��N, 014o36�32��E, Kliniska 53o27�44��N, 014o47�36��E and Stru-

miany 53o27�08��N, 014o52�12��E.

Sampling from the top layer of humus 0–10 cm of roadside was performed in Spring

(March) in each sample collection point. Four characteristic roadside zones were

researched, situated as follows:

A – road shoulder edge adjoining the road surface (0.2–0.3 m width),

B – proper road shoulder (1.0–1.2 m width),

C – ditch (1.0–1.5 m width, 0.5–0.8 m depth),

D – slope (1.0–2.5 m height, inclination 30°).

Using methods generally accepted in soil science, determinations were done as

follows: granulation, soil pH reaction measured in KCl solution of 1 mol � dm–3 (pHKCl)

concentration and loss on ignition at 550 oC. Content of forms regarded as available to

plants, after extraction with HCl at a concentration of 0.5 mol � dm–3 [2], was

determined by AAS: K, Ca Mg, Na, Cu, Fe, Mn and Zn while P colorimetrically.

Soil salinity was calculated on the basis of degree of changes in soil sodium (Z)

relative to the amount of sodium ions of calcium and magnesium ions expressed in

equivalent amounts [3], and SAR (Sodium Adsorption Ratio) [4]:

Z
Na

Ca Mg
�

�
,
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SAR
Na

Ca Mg
�

�

2

The significance of differences in element content between zones was determined by

using Tukey’s HSD test, while the SD value at 0.05 significance level test of

Newman-Keulus, using the program Statistica 9.

The assessment of soil was carried out according to the classification of Sapek and

Sapek [2], which is applied to agricultural grasslands. Because the tested samples

contained less than 20 % of organic matter, classification of the nutrient content was

made, which divided soil richness into three grades: low, medium and high. The

exceptions was magnesium, which content was valued for five grades of abundance.

Results and discussion

Data included in Table 1, characterizing researched soil, were already presented in

earlier publications [5, 6]. Re-presentation was necessary to assess soil fertility.

Researched soil had granulation of loose sand according to PTG classification [7].

pHKCl values allowed to determine that in A and B zones the reaction was neutral and in

C and D zones it was acid. Salinity as well as loss on ignition were decreasing as the

distance from the edge of the road was further [5].

Table 1

The mean value of chosen properties in the 0–10 cm layer of mid-forest sideroads in Spring

Roadside

zone

Loss

on ignition

[%]

pHKCl

Salinity

[g NaCl � kg–1

of soil]

Percentage content of fractions with diameter [mm]

> 2 2–0.5 0.5–0.002 < 0.002

A 2.96 7.03 0.202 17.2 93.3 5.3 1.4

B 2.15 6.70 0.183 4.8 93.3 4.8 1.9

C 2.20 5.20 0.131 1.7 92.6 5.1 2.2

D 1.80 5.20 0.096 1.1 93.6 4.7 1.7

The content of all researched macroelements (P, K, Mg, Ca and Na), was decreasing

as the distance from the edge of the road was further. Significant changes were found

between soils of different zones (Table 2). The highest content of phosphorus soluble in

0.5 mol � dm–3 HCl was in the shoulder area (3.30 mg � 100 g–1 soil) and as one moves

from the edge of the road it was significantly decreasing in the zone of the ditch and

embankment. That same relation appeared in the case of soluble potassium in soil.

Phosphorus content was established low. Potassium content in A zone was high, in B

zone medium, and in zones C and D it was low. Magnesium in A and B zones is low,

and in C and D zones very low. According to Bieniek [8], almost 1/3 of magnesium in

total is present in mineral compounds in soluble forms. In studies of muck soil

conducted by the authors, the content of magnesium according to boundary numbers

reached very low level, which is a proof for the strong need of fertilizing soils

researched.
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Among other microelements, copper content showed no relevant diversity, despite

the fact that in A and D zones the content was high, in B zone medium, and in D zone

low. Moreover, manganese also showed no important variety, even though A zone had

medium content and the rest had low. In case of iron there was a significant difference

between zones A and D, although the content of zinc was high, there was an essential

difference between the soils of zone A and soils of zones C and D (Table 2).

Soil salinity indicators Z and SAR are not equivalent. Both allow for assessment of

environmental risks associated with soil environment connected to content of soluble

salts of sodium [3]. In the study, the Z rate was less than 1, which indicates a lack of

signs of salinity. The value of this index ranged from 0.0078 to 0.0041. Also the SAR
index was less than 10, so the soil has appropriate conditions for the development of

plants (Table 2). It was observed that the further from the roadway, the lower was the

value of indexes researched.

Rating the number of species observed on the edge of the road shoulder (A), on the

proper road shoulder (B), in ditches (C), and on slopes (D), it showed a similar number

of species found in roadside ditches and on slopes (on average 23 and 22 taxons).

In further zones of the road shoulder, which were situated next to road surface, the

most species were recorded on the proper road shoulder (on average 19 taxons),while

the road shoulder edge stood a small number of observed taxons (on average 7).

Analysis of trophism index (Tr) based on ecological index numbers [9] showed a

domination of species preferring mesotrophic soils (Tr = 3) and oligotrophic (Tr = 2)

throughout the whole profile of vertical formation of mid-forest roadsides in the

researched area. In this respect, two became distinguished – a roadside ditch and

embankment, where the species accounted for more than 83 % and 86 % of all plants

observed there. Among them Rumex acetosella, Festuca ovina, Helichrysum arenarium,

Hieracium pilosella, Corynephorus canescens, Trifolium campestre, Jasione motana,

Calluna vulgaris, Vaccinium myrtillus, Artemisia campestris and Calamagrostis
epigejos were most often reported (Fig. 1). In both of these zones single plant species
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Fig. 1. The percentage of species at different trophic index by Zarzycki [9], in particular zones of mid-forest

roadsides. Key: A – edge of shoulder; B – proper shoulder; C – roadside ditch; D – roadside slope; Tr

1 – extremely oligotrophic soils; Tr 2 – oligotrophic soils; Tr 3 – mesotrophic soils; Tr 3–4 – meso- to

eutrophic soils; Tr 4 – eutrophic soils
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associated with extremely oligotrophic habitats (Tr = 1) were observed, such as

Trifolium arvense, Sedum acre or Vaccinium vitis-idea.

While in proper road shoulder of mid-forest roads and its edge presence of species

associated with mesotrophic and oligotrophic soils was of a lesser degree and amounted

to 73 % and 71 %, the most frequently observed taxons were as follows: Carex
arenaria, Carex hirta, Agrostis vulgaris, Trifolium campestre, Cerastium arvense,

Holcus mollis, Veronica officinalis and Festuca rubra. Presence of intolerant species to

extremely oligotrophic habitats was not stated, whereas observed were the species

which indicated on eutrophic nature of substrate, such as Plantago major or Poa annua.

Conclusions

1. The content of forms regarded available for plant macroelements P, K, Mg, Ca and

Na in soil was decreasing as the distance was further from the edge of the roadway.

Indeed, most macroelements was in the edge zone (edge of shoulder), with a width of

20–30 cm, adjacent directly to the edge of the roadway.

2. In all researched areas soil richness for phosphorus was low, for magnesium low

(A and B zone) and very low (C and D zone), high in potassium in the edge area and

medium in the proper shoulder.

3. Content of soluble microelements in 0.5 mol � dm–3 HCL was the greatest in the

edge area and was decreasing if further from the edge of the roadway.

4. Analysis of trophic index leads to the conclusion that in the whole profile of

vertical formation of roadsides species preferring mesotrophic soils (Tr = 3) and

oligotrophic soils (Tr = 2) were clearly dominating. However, at a distance of 2 m from

the road (edge of shoulder and proper shoulder) species preferring eutrophic soils and in

more distant soils (ditch and slope), plants preferring extreme oligotrophic habitats were

observed.

5. Shoulder zones differed in abundance of species observed. The largest – with

similar taxons number was found in roadside ditches (C) and on slopes of mid-forest

roads (D) (on average 23 and 22), on the proper shoulder (B) were slightly less species

(19), while on the edge of the shoulder (A) the number of taxons decreased to 7.
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ZAWARTOŒÆ MAKRO- I MIKROSK£ADNIKÓW

W WIERZCHNIEJ WARSTWIE POBOCZA DRÓG TERENÓW LEŒNYCH

ORAZ CHARAKTERYSTYKA GATUNKÓW ROŒLIN JE ZASIEDLAJ¥CYCH

Katedra In¿ynierii Sanitarnej

Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Przedstawiono wyniki badañ dotycz¹ce zawartoœci makro- i mikrosk³adników w glebach poboczy

dróg biegn¹cych przez tereny zadrzewione, wskaŸników ich zasolenia oraz przestrzennego rozmieszczenia

flory przydro¿nej na podstawie wskaŸnika trofizmu. Badaniami objêto strefy pobocza o ³¹cznej szerokoœci

8 m, wzd³u¿ dróg o nawierzchni utwardzonej na Nizinie Szczeciñskiej. Przeprowadzone badania wskazuj¹, ¿e

zawartoœæ makrosk³adników: P, K, Mg, Ca oraz Na zmniejsza³a siê w glebie w miarê oddalania siê od

krawêdzi jezdni. Istotnie najwiêcej makrosk³adników by³o w strefie brzegowej (skraj pobocza), o szerokoœci

20–30 cm, przylegaj¹cej bezpoœrednio do krawêdzi jezdni. Analizuj¹c zasobnoœæ gleby w przyswajalny

fosfor, stwierdzono, ¿e by³a ona niska we wszystkich badanych strefach, magnezu niska (strefa A i B)

i bardzo niska (strefa C i D), a potasu wysoka w stresie brzegowej i œrednia w strefie pobocza w³aœciwego.

Zawartoœæ mikrosk³adników rozpuszczalnych w 0,5 mol � dm–3 HCl najwiêksza by³a w strefie brzegowej

i zmniejsza³a siê w miarê oddalania od krawêdzi jezdni. Ocena liczebnoœci gatunków obserwowanych na

skraju pobocza (A), na poboczu w³aœciwym (B), w przydro¿nych rowach (C) i na skarpach dróg œródleœnych

(D) wykaza³a podobn¹ liczbê gatunków wystêpuj¹cych w przydro¿nych rowach i na skarpach (œrednio 23 i 22

taksony). Na podstawie wskaŸników zasolenia gleby (Z i SAR) nie okreœlono ich w ¿adnej z analizowanych

stref pobocza.

S³owa kluczowe: gleby leœne, zawartoœæ makro- i mikrosk³adników w glebie, flora leœna, wskaŸniki zasolenia

gleby
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CHANGES OF SOME SELECTED SOIL PROPERTIES

INCUBATED WITH THE ADDITION OF AGAR,

STARCH AND EFFECTIVE MICROORGANISMS

ZMIANY WYBRANYCH W£AŒCIWOŒCI GLEBY

INKUBOWANEJ Z DODATKIEM AGARU, SKROBI

I EFEKTYWNYCH MIKROORGANIZMÓW

Abstract: From among increasing numbers of various ecological solutions which are applied in traditional

farming, considerable usefulness of the Effective Microorganism (EM) technology is frequently indicated.

This preparation is believed to exhibit a wide spectrum of activities both in plant as well as in animal

production. It has been demonstrated that after soil application of the discussed preparation, mineralisation

and humification processes of organic compounds are accelerated. Possible changes in soil chemical

properties which could occur following the application of this conditioner continue to remain debatable.

In the light of the above, investigations were undertaken with the aim to determine the impact of EM on

selected physicochemical and chemical soil properties. The above tasks were realised with the assistance of an

incubation experiment employing Phaeozems inoculated with EM to which increasing doses of agar or starch

were added.

The obtained data revealed that the application of EM with polysaccharides can exert different effects on

the examined soil properties. No statistically significant influence was observed with regards to the majority

of the examined physicochemical properties. Quantitative changes of macro- and microelements depended on

the type of the applied polysaccharide and its dose.

Keywords: effective microorganisms, agar, starch, physicochemical and chemical soil properties

Contemporary agriculture is looking for cheap but, at the same time, effective and

environmentally-friendly methods of enhancing soil fertility and increasing yields of

crop plants. That is why agricultural practice is getting increasingly interested in

natural, biological preparations such as Effective Microorganism (EM). It is a

composition of over 80 genetically unchanged microorganisms in which bacteria

(photosynthetic and lactic acid), yeasts, actinomycetes and fermenting fungi dominate.
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According to Higa [1], the mastermind behind this microbiological mixture as well as

Sheng et al [2] and Woodwad [3], such selection of microorganisms in practice

guarantees its high and advantageous impact on the environment. With respect to soil,

the argument is to improve soil fertility and health condition. This finds expression in

the intensified enzymatic and biological soil activity as well as in favourable changes in

its chemical and physicochemical properties. The EM impact manifests itself in a faster

rate of mineralisation-humification transformations of organic matter which frequently

result in increased quantities of organic carbon [4, 5].

Many experiments confirming a positive influence of EM on soils and plants were

carried out in such countries as: Pakistan, Indonesia, Philippines, Thailand, China.

However, the reliability of these results is frequently questioned due to the short

duration of these trials as well as their local nature [6]. However, despite serious doubts,

EM preparations continue to gain in popularity not only in Japan and the USA where

they find many supporters but also in Europe, including Poland [7]. It is clear from the

review of literature [7] on the subject that the main focus of attention of Polish

researchers appears to concentrate on the determination of the influence of EM on the

health and yields of crop plants. Much less attention is paid to the assessment of EM

impact on soil physicochemical and chemical properties.

In order to elucidate this problem, experiments were undertaken the aim of which

was to carry out investigations on changes of selected soil properties which took place

following the soil incubation with EM-A preparation and two polysaccharides intended

to enhance the effectiveness of microorganisms introduced into the soil.

Material and methods

The assumed research objective was realised on the basis of soil samples derived

from an incubation experiment carried out for the period of 5 months in controlled

conditions of temperature (� 22 oC) and air humidity (� 60 %). In the performed

experiments Phaeozems was used which was sprayed with the EM-A preparation at a

rate corresponding to 100 dm3 per hectare. Since no changes were observed in soil

properties before and after the treatment with the EM-A preparation, the study presents

results referring only to the soil incubated with EM treating it as a control combination.

The soil which was sprayed with EM-A was supplemented with three doses of agar (A)

and starch (S) corresponding to 100 (dose 1), 200 (dose 2) and 1000 kg (dose 3) per

hectare. Therefore, the experimental design comprised the following combinations:

K1 – Phaeozems incubated with EM-A preparation;

K2 – Phaeozems incubated with EM-A preparation and with agar at dose 1;

K3 – Phaeozems incubated with EM-A preparation and with agar at dose 2;

K4 – Phaeozems incubated with EM-A preparation and with agar at dose 3;

K5 – Phaeozems incubated with EM-A preparation and with starch at dose 1;

K6 – Phaeozems incubated with EM-A preparation and with starch at dose 2;

K7 – Phaeozems incubated with EM-A preparation and with starch at dose 3;

The following physicochemical properties were investigated in the soil samples

collected from the above-presented combinations: soil reaction (pH), hydrolytic acidity
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(Hh), total base cations (S), cation exchange capacity (CEC). CEC was calculated on

the basis of Hh and S values using the following formula: PWK = Hh + S.

The following parameters were determined from among chemical soil properties:

content of organic carbon (Corg) and total nitrogen (Ntot), amounts of available for

plants macroelements (N mineral, P, K, Mg and S-SO4) and microelements (Cu, Mn,

Zn, Fe). The above properties were determined with the assistance of methods

commonly applied in soil science analyses; their detailed descriptions can be found in

Jakubus [8]. Data presented in this study are means of three replicates. The obtained

results were subjected to formal evaluation with the assistance of the analysis of

variance for single-factorial experiments using F test at the level of significance p =

0.95. The smallest significant differences were calculated using Tukey method at the

level of significance of � = 0.05 and then uniform groups within the factor level were

established.

Results and discussion

Literature data indicate that the application of EM resulted in the improvement of

plant health condition [9–11] or led to the increase in their yields [12–15]. Reports

referring to the EM impact on soil chemical and biochemical properties are less

unequivocal. On the one hand, the literature on the subject corroborates such influence

[4, 16] and, on the other, denies it [17, 18]. In such circumstances, Badura [19]

maintains that advantageous effects of EM activities can best be seen in conditions of

degraded, poor and neglected soils where microbiological balance is disturbed. The

arguments of the above researcher can be referred to the performed experiment. The soil

used in the trial was not degraded and, probably, this is why the obtained results failed

to confirm unambiguously a positive impact of EM on properties of the examined soil.

Irrespective of the applied polysaccharide, directions of changes of the examined soils

were similar. As evident from Table 1, soil sorption properties described by absorbing

capacity values (CEC) as well as total base cations (S) did not undergo significant

changes under the influence of the applied doses of agar and starch.

Table 1

Influence of experimental factors on quantitative changes of physicochemical properties

Combinations pH
Hh

[mmol H+
� kg–1]

S

[mmol � kg–1]

CEC

[mmol � kg–1]

1 6.7 4.65c � 0.21 221.48 � 3.34 226.13 � 3.55

2 6.7 6.77a � 0.25 210.52 � 9.80 217.29 � 10.05

3 6.8 6.22ab � 0.32 226.47 � 0.26 232.69 � 0.06

4 6.8 5.66b � 0.46 221.97 � 3.07 227.63 � 2.61

5 6.7 6.37ab � 0.32 230.38 � 20.69 236.76 � 21.01

6 6.7 6.19ab � 0.58 220.09 � 6.03 226.28 � 6.61

7 6.7 5.66b � 0.90 221.67 � 9.23 227.33 � 8.34

LSD n.s. 0.961 n.s. n.s.

� SD
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Neither was the soil reaction found to have been significantly changed by the

experimental factor as its pH value remained on the same level. These results appear to

contradict literature data which indicate a positive EM impact on pH value increase

which was accompanied by declining soil acidification (Hh) and increased value of the

soil sorption capacity (CEC) [4, 5, 20]. From among physicochemical soil properties

analysed in the study, only the values of hydrolytic acidity varied. Together with the

increase of agar or starch doses, soil Hh values were found reduced from 6.77 (K2) to

5.66 mmolH � kg–1 (K4) or from 6.37 (K5) to 5.66 mmol H � kg–1 (K7) (Table 1).

Despite this, soil supplementation with polysaccharides led to its acidification as

evidenced by higher Hh values in comparison with those found in the control soil (4.65

mmol H � kg–1).

It is assumed that the aim of the EM introduction into the soil is, among others, to

stimulate quantitative changes of humus [5, 20, 21]. Such phenomenon was confirmed

also by Valarini et al [4] who reported 2.5–3.0 fold Corg in loamy soil following EM

application. However, the reports of the above-mentioned researchers were not

corroborated by the results of our investigations because neither the Corg nor humus

content changed in a manner statistically significant after the addition of poly-

saccharides to the soil sprayed with EM-A. As evident from the data in Table 2,

irrespective of the experimental combination, the amount of Corg ranged from 8.39 (K2)

to 10.85 mg � kg–1 (K5) and that of humus – from 14.48 (K2) to 18.70 g � kg–1 (K5).

Table 2

Influence of experimental factors on quantitative changes of basic chemical properties

Combinations
Corg Humus Ntot N-NH4 N-NO3

[g � kg–1] [mg � kg–1] [mg � kg–1]

1 9.47 � 1.5 16.33 � 2.7 1165.5a � 24.74 7.7 � 0 4.55cd � 0.49

2 8.39 � 1.5 14.48 � 2.7 1088.5c � 4.94 7.63 � 1.09 7.45a � 0.63

3 9.60 � 0.3 16.55 � 0.5 1151.5ab � 34.64 7.7 � 0.99 6.30b � 0.99

4 9.73 � 0.3 16.77 � 0.5 1092.0bc � 0 . 8.05 � 0.49 4.55cd � 0.49

5 10.85 � 0.1 18.70 � 0.2 1144.5abc � 64.34 7.35 � 0.49 4.8cd � 0.14

6 10.06 � 0.4 17.35 � 0.8 1148.0abc � 9.90 7.0 � 0.99 3.85d � 0.49

7 9.85 � 0.1 16.97 � 0.3 1114.0abc � 28.28 7.45 � 0.35 5.45bc � 0.21

LSD n.s. n.s. 61.80 n.s. 1.102

� SD

The chemical element closely integrated with soil humus compounds is nitrogen.

According to Valarini et al [4], total nitrogen content in loamy soil treated with EM may

increase even by up to 45–65 %. In our own experiments, a reverse direction of total

nitrogen quantitative changes was observed. The interaction between the EM-A

preparation and added polysaccharides resulted in a decline in the amount of this

constituent in comparison with the content determined in the control soil (Table 2).

With respect to mineral nitrogen forms, only differences in the N-NO3 content in the

soil from the experimental combination were statistically significant. Quantitative
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N-NO3 changes depended on the polysaccharide added to the soil. In conditions of

increasing agar doses, the content of this form of nitrogen was found to decrease from

7.45 (K1) to 4.55 mg � kg–1 (K3). At the same time, it should be stated that – against its

amount determined in the control soil – agar doses of 100 and 200 kg/ha caused 1.5 fold

and 38 % higher N-NO3 content in soils of combination No. 2 and 3, respectively. On

the other hand, in conditions of the soil incubated with EM-A and starch, quantities of

the discussed form of mineral nitrogen comparable to those found in the control soil

were determined (Tab. 2). Irrespective of the experimental combination, concentrations

of N-NH4 in soil ranged from 7.35 (K5) to 8.05 mg � kg–1 (K4) (Table 2).

From the point of view of agricultural practice, available forms of macro- and

microelements are of key importance for plant nutrition and there is no agreement in the

literature on the subject regarding this issue. Zydlik and Zydlik [5] reported smaller

quantities of available phosphorus, potassium, magnesium as well as mineral nitrogen in

the soil spread with the EM solution. On the other hand, Paschoal et al [20] failed to

observe any influence of the applied EM preparation on concentrations of available

macroelements.

From among the analysed macroelements, quantities of available phosphorus and

magnesium were characterised by low variability in the examined experimental soil

samples. A common feature of these constituents was that their quantities in the soil

were found to decline together with growing agar doses, while with the increase of the

starch dose, these quantities also increased (Table 3). Against this background, it is

worth emphasising distinct changes in quantities of sulphur and potassium. Following

the addition to the soil of growing agar doses, sulphate sulphur quantities were also

found to grow, whereas increasing doses of starch were accompanied by decreasing

content of this constituent. As to the content of S-SO4 in the control soil (49.86

mg � kg–1), respectively 25 % more and 30 % less of this form were determined in the

soil incubated with the highest doses of agar (K4) and starch (K7) (Table 3). Regardless

of the type of polysaccharide added to the soil, quantities of plant available K decreased

and were by 18 % lower in relation to the content of this constituent determined in the

control sample (Table 3).

Table 3

Influence of experimental factors on quantitative changes of available

for plants macroelements [mg � kg–1]

Combinations K P Mg S

1 282.00a � 4.66 259.63a � 14.83 98.61a � 1.96 49.86b � 5.49

2 262.21a � 7.44 237.12a � 1.81 91.67b � 1.96 35.21c � 1.86

3 230.07b � 2.72 270.89b � 6.15 90.28bc � 1.96 53.54b � 3.71

4 232.87b � 15.54 248.63b � 13.02 87.50c � 1.96 62.30a � 0.52

5 277.13a � 3.93 216.29a � 2.00 87.50c � 0 49.33b � 0

6 224.42b � 13.99 246.33b � 29.30 91.67b � 1.96 37.99c � 3.71

7 232.11b � 29.84 239.68b � 19.17 95.83a � 0 35.06c � 7.42

LSD 28.159 30.374 3.274 8.047

� SD
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A direction of quantitative macroelement changes in the soil sprayed with the EM-A

solution similar to that indicated above was reported by Zydlik and Zydlik [5] and, in

their opinion, it should be attributed to the uptake of nutrients by plants. There was no

plant factor in our own investigations and, therefore, the obtained results may point to a

process of immobilisation of macroelements. Such possibility, especially with reference

to biogenic components, was indicated by Freney et al [22] and Goh and Gregg [23].

According to the above researchers, in conditions of increased water content and carbon

concentration, immobilisation of macroelements occurs more intensively.

From among the analysed microelements, manganese and iron quantitative changes

in the examined soil were not corroborated statistically. Contents of the zinc and copper

underwent similar changes under the influence of the experimental factor. As evident

from data presented in Table 4, in comparison with the quantities of Zn and Cu in the

control soil, in conditions of soils supplemented with agar or starch, their quantities

were slightly higher. Therefore, in the case of soil incubated with EM-A and the highest

dose of agar, the determined amounts of Zn and Cu were by, respectively, 46 % and

23 % lower. On the other hand, in the case of the soil incubated with EM-A and

increasing quantities of starch, the determined quantities of Zn and Cu were by,

respectively, 14 % and 31 % lower (Table 4). The increasing doses of starch did not

differentiate the content of Cu at a simultaneous increase of zinc quantitative levels. On

the other hand, increasing doses of agar were accompanied by a decline in the content

of Zn (38 %) and Cu (17 %) (Table 4).

Table 4

Influence of experimental factors on quantitative changes of available

for plants microelements [mg � kg–1]

Combinations Mn Zn Cu Fe

1 71.70 � 4.81 8.83a � 1.28 1.60a � 0.35 771.42 � 7.82

2 75.10 � 3.85 7.63b � 0.43 1.48ab � 1.17 773.80 � 6.61

3 64.89 � 0.96 6.37d � 0.21 1.23ab � 0.17 775.10 � 6.92

4 73.06 � 0.96 4.76e � 2.34 1.23ab � 0.17 773.58 � 4.77

5 70.34 � 0.96 6.75cd � 0.64 1.11b � 0 780.0 � 0

6 74.42 � 0.96 7.02bc � 0.43 1.11b � 0 780.0 � 0

7 68.98 � 12.51 7.62b � 1.28 1.11b � 0.35 780.0 � 0

LSD n.s. 2.30 0.43 n.s.

� SD

Conclusions

The results of our investigations prove that it is not possible to question explicitly the

joint action of EM and polysaccharides on physicochemical and chemical properties of

the examined soil. The incubation of soil with the EM-A preparation and poly-

saccharides influenced mainly its chemical properties. Their changes depended on the

type of the added polysaccharide as well as on its dose. Increasing doses of agar added
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to the soil with the EM-A preparation reduced the content of available macro- and

microelements. The joint action of the increasing quantities of starch doses and EM in

the soil resulted in higher quantities of the examined components.
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ZMIANY WYBRANYCH W£AŒCIWOŒCI GLEBY INKUBOWANEJ

Z DODATKIEM AGARU, SKROBI I EFEKTYWNYCH MIKROORGANIZMÓW

1 Katedra Gleboznawstwa i Ochrony Gruntów,
2 Katedra Mikrobiologii Ogólnej i Œrodowiskowej

Uniwersytet Przyrodniczy w Poznaniu

Abstract: Wœród ró¿nych rozwi¹zañ ekologicznych maj¹cych zastosowanie w tradycyjnym rolnictwie wska-

zuje siê na du¿¹ przydatnoœæ technologii Efektywnych Mikroorganizmów (EM). Preparatowi temu przypisuje

siê szerokie spektrum dzia³ania tak w produkcji roœlinnej, jak i zwierzêcej. Wykazuje siê, ¿e po zastosowaniu

doglebowym omawianego preparatu nastêpuje przyspieszenie procesów mineralizacyjno-humifikacyjnych

zwi¹zków organicznych. Dyskusyjn¹ kwesti¹ s¹ zmiany we w³aœciwoœciach chemicznych gleb, jakie mog³yby

nast¹piæ w konsekwencji oddzia³ywania tego kondycjonera.

W zwi¹zku z powy¿szym podjêto badania maj¹ce na celu okreœlenie wp³ywu EM na wybrane w³aœciwoœci

fizykochemiczne i chemiczne gleb. Realizacji tego zadania dokonano w oparciu o doœwiadczenie inkubacyjne

z gleb¹ czarna ziemia w³aœciw¹ zaszczepion¹ EM, do której dodawano wzrastaj¹ce dawki agaru lub skrobi.

Uzyskane dane œwiadcz¹ o ró¿nym wp³ywie EM z polisacharydami na badane w³aœciwoœci gleby. W od-

niesieniu do wiêkszoœci badanych w³aœciwoœci fizykochemicznych nie stwierdzono oddzia³ywania istotnego

statystycznie. Zmiany iloœciowe makro- i mikrosk³adników by³y uzale¿nione od rodzaju polisacharydu oraz

jego dawki.

S³owa kluczowe: efektywne mikroorganizmy, agar, skrobia, w³aœciwoœci fizykochemiczne i chemiczne gleby
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Andrzej PLAK1, Piotr BARTMIÑSKI and Ryszard DÊBICKI

SOME REGULARITIES IN ACCUMULATION

AND MIGRATION OF HEAVY METALS (Cd, Cu, Pb AND Zn)

IN THE SOILS ADJACENT TO STREETS OF LUBLIN

NIEKTÓRE PRAWID£OWOŒCI

W AKUMULACJI I MIGRACJI METALI CIÊ¯KICH (Cd, Cu, Pb I Zn)

W GLEBACH S¥SIADUJ¥CYCH Z ULICAMI LUBLINA

Abstract: This study attempted to determine the contamination with heavy metals (Cu, Cd, Pb and Zn) of the

soils neighbouring on selected streets in Lublin and the effect of the trolley bus line (with uninsulated copper

wires). The comparative study was made possible by opening or extensive repair of major traffic routes in

Lublin, which was taken into account in selecting the study sites. The total content of copper at the sites

ranged from 9.6 to 208.6 mg/kg, lead – from 11.3 to 167 mg/kg, cadmium – from 0.02 to 4.9 mg/kg, and zinc

– from 22.9 to 300.6 mg/kg. The portion of bioavailable species in the general pool of heavy metals ranged

from 6.7 to 35.3 % for copper, from 7.4 to 36.2 % for lead, from 3.3 to 90.1 % for cadmium, and from 1.7 to

10.7 % for zinc. Soil at the sites situated near the routes with new trolley buses lines contained less common

species of the metal as compared with the traffic routes used for several decades. The total content of Cu, Cd,

Pb and Zn did not exceed the limit concentrations of heavy metals in class C soils, as laid down in the

Regulation of Minister of Environment on the soils and earth quality standards (J. of Laws 02.165.1359 of

04.10.2002).

Keywords: heavy metals, urban soils, traffic pollution

Road transport is a source of considerable contamination with heavy metals of soils

adjacent to traffic routes. They come from emission of gas from combustion engines,

brake discs, additions of heavy metals to oils, etc. It is particularly important in cities

which variable and congested traffic, with a high level of dust in the air and with

disturbed air flows. Major pollutants associated with traffic include lead – a component

of leaded petrol which was in common use until not long ago. Traffic pollution is more

dangerous than that produced by industry because it spreads in relatively high

concentrations at low altitudes, in the immediate vicinity of breathing people, animals

and plants [1, 2]. Although public transport, including trolley buses, is an environ-
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mentally-friendly alternative to common use of cars in cities, it is one of the factors

which contribute to increased concentration of traffic pollution.

The content of heavy metals (especially lead, copper, zinc and cadmium) in soils may

be regarded as an indicator of environmental nuisance of roads [3–5]. Moreover, there is

a dense network of trolley bus lines with uninsulated copper wires. In recent years it has

been expanded and now covers new residential quarters of the town. Trolley buses do

not require special railways because they move among other vehicles; however, the

surface layer of electric wires gets rubbed out. Additionally, there is pollution

originating from tyre wear and from brake discs.

The aim of the study was to evaluate contamination with Cu, Cd, Pb and Zn of

selected traffic routes in Lublin and the effect of trolley bus lines on the content of

common and bioavailable species of selected heavy metals in soils in the immediate

vicinity of the most busy street of Lublin. The opportunity of conducting the study was

provided by opening new trolley bus lines in Lublin, which was taken into account

when the study sites were selected. This also made it possible to conduct a comparative

study of the soils adjacent to streets where trolley bus lines have existed for several

decades with new trolley bus lines and selected traffic routes with no trolley bus lines.

Materials and methods

Eighteen sites were selected for the study, with different characteristics in accordance

with the adopted study objectives. Two representative surface soil samples were taken

at each site (20–30 cm and 2 m away from the street edge).

The following were determined: pH in 1M KCl – potentiometrically, total organic
carbon – by the Turin’s method, total exchangeable alkaline cations as the sum of Ca,

Mg, K and Na, extracted from soil with 1 M ammonium acetate and determined by

AAS, hydrolytic acidity (Hh) by the Kapen’s method. Bioavailable forms of Pb, Cu, Cd

and Zn were extracted by Lindsey’s and Norvell’s method; samples were mineralised

with aqua regia in order to determine total heavy metals; determination was performed

by AAS [6, 7].

Results and discussion

Chemical analysis of the soils (Table 1) revealed neutral to alkaline reaction with

little variability, ranging from 6.74 to 7.38. Hydrolytic acidity was low and ranged from

0.45 cmol(+)/kg to 1.13 cmol(+)/kg. The soils also had good buffering properties.

Sorptive capacity (T) varies greatly and ranges from 12.33 to 102.57 cmol(+)/kg. The

sorptive complex is almost fully saturated with alkaline cations with calcium cations

dominating (Table 1). Such characteristics of total alkaline cations with distinct portion

of sodium beside calcium is a proof of the effect of chemical snow melting agents.

Surface layers of soil under examination showed varied content of organic carbon

(from 8.7 to 45.8 g/kg).

Total copper content in the analysed soils ranged from 9.6 to 208.6 mg/kg, that of

lead – from 11.3 to 167 mg/kg, that of cadmium – from 0.02 to 4.9 mg/kg, and that of
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zinc – from 22.9 to 300.6 mg/kg (Fig. 1). The share of bioavailable species in the total

pool of heavy metals ranged from 6.7 to 35.3 % for copper, from 7.4 to 36.2 % for

lead, from 3.3 to 90.1 % for cadmium, and from 1.7 to 10.7 % for zinc. Mean total

contents of heavy metals (Cu, Cd, Pb, Zn) decreased in the following order Zn > Cu >

Pb > Cd, whereas the order was different for mean contents of bioavailable species (Cu

> Pb > Zn > Cd).

Table 1

Selected characteristics of analysed soils

Statistical data
pH

1 M KCl

Corg

[%]

Hh

[cmol+
� kg–1]

S

[cmol+
� kg–1]

T

[cmol+
� kg–1]

min. 6.74 0.52 0.45 11.88 12.33

mean value 7.0 2.54 0.81 31.04 31.85

max 7.38 4.58 1.5 101.97 102.57

Relatively low variability of concentration of bioavailable species of the metals at sites

situated close to the road edge and 2 m away from it shows that the effect of distance

from the source of emission is imperceptible. It is quite different with common species of

heavy metals, which are distinctly variable. Similarly, as most authors point out, the

heavy metal content decreases with increase of the distance from a traffic route [8–10].

Some Regularities in Accumulation and Migration of Heavy Metals... 71

Fig. 1. Total content of selected heavy metals in soils analyzed: 1 – range of concentrations for points with

old traction, 2 – range of concentrations for points with new traction, 3 – mean values



The level of contamination of the soils with Cu, Cd, Pb and Zn was assessed based

on the limit values, laid down in the Regulation of Minister of Environment on the

standards of soil quality and standards of earth quality (J. of Laws 02.165.1359 of

04.10.2002). No limit values for Cu, Pb, Cd or Zn were found to be exceeded in group

C soils, which include industrial soils, surface mining land and soils close to traffic

routes. The soils under examination contained the metals at amounts which are referred

to as acceptable for the soils group. At one site (point 18), a slightly elevated content of

copper and lead was recorded.

The experiment results indicate the effect of trolley bus traffic on the total content of

copper in the soils neighbouring on the electric line. The soils situated close to the new

trolley bus lines contained lower total amounts of the metal. Similar tendencies could be

observed by analysing distribution of concentrations of bioavailable species. Soils taken

from the study sites situated close to the streets with the newly built trolley bus lines

usually contained lower amounts of copper as compared with the sites near the streets

where trolley bus lines have existed for several decades.

Moreover, the variable position of the study points show that the effect of traffic on

the content of heavy metals in soils near traffic routes is significant [5, 10, 11]. Larger

accumulation of the heavy metals under study is usually found in surface samples from

the vicinity of routes which have been in use for several decades as compared with the

streets which were have been opened or thoroughly repaired within the past several

years or months. The average content of common species of heavy metals in the newly

opened or thoroughly repaired streets of Lublin were equal to: Cu 35.56 mg/kg, Cd 0.6

mg/kg, Pb 33.55 mg/kg, and Zn 66.98 mg/kg whereas the concentrations in the vicinity

of old traffic routes were equal to: Cu 97.29 mg/kg, Cd 1.11 mg/kg, Pb 65.87 mg/kg,

and Zn 95.14 mg/kg. Similar regularities were recorded for the species available to

plants, which in the soils situated near newly opened or thoroughly repaired roads of

Lublin were equal to: Cu 8.6 mg/kg, Cd 0.2 mg/kg, Pb 8.59 mg/kg, and Zn 4.61 mg/kg,

whereas near the old traffic routes, the concentrations were equal to Cu 15.71 mg/kg,

Cd 0.23 mg/kg, Pb 15.17 mg/kg, and Zn 5.06 mg/kg (Fig. 2).

The statistical analysis of the concentration of heavy metals vs variability of organic

carbon in the soil under examination reveals statistically significant, strongest correla-

tion with total and bioavailable Cu, somewhat weaker for Pb and Zn, no statistically

significant correlation of organic carbon with the content of common species of

cadmium and poor correlation in a bioavailable form. Although heavy metals form

complexes with humus, which is a way of binding them, the complexes are not

particularly stable or dominating.

The statistical analysis did not reveal any significant correlations between total

content and the content of bioavailable species of cadmium and zinc and the sorptive

capacity of the soils under examination (Table 2). Slightly greater effect on both species

were exerted by sorptive capacity T in the case of lead, where primarily bioavailable

species showed medium strength correlation. It is difficult to say which component of

the sorptive complex has the greatest effect on the content, distribution and mobility of

the heavy metals under examination [12].
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An analysis of heavy metals concentration in their common and bioavailable species

in soils in the immediate vicinity of streets in Lublin vs variability of granulometric

composition of the soils shows the absence of statistically significant correlations or the

presence of only weak ones. Only copper as both species showed medium strength

correlation for each of the isolated fractions. Many authors have indicated strong

relationships between profile distribution of heavy metals with the smallest fractions;

however, no such relationships were shown to exist in the soils in the vicinity of streets

in Lublin [13, 14].

Heavy metals undergo various processes in the soil, including accumulation and

migration. Metal accumulation depends on various factors, which have been widely

discussed in the literature, with the content and nature of organic substances or the

content of small grain fractions or the type of land use being dominant [2, 11–13]. The

profile distribution of heavy metals in soils in the immediate vicinity of streets depends

mainly on the origin of the surface layers which were brought to a site, and on the

distance from sources of contamination with heavy metals, ie a street. These regularities

are valid for young soils which were formed anew as a result of repairs and

reconstructions and such soils which have been present close to traffic routes for

decades. Current quality of the soils in Lublin, which is expressed as the content of

heavy metals (Cd, Cu, Pb, Zn), is affected by origin of the soil layers which have been

brought to the site, but also by various anthropogenic factors, the traffic factor being the

main one.

Some Regularities in Accumulation and Migration of Heavy Metals... 73

Fig. 2. Content of available form of selected heavy metals in soils analyzed: 1 – range of concentrations for

points with old traction, 2 – range of concentrations for points with new traction, 3 – mean values
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Conclusions

1. Total concentration of Cu, Cd, Pb and Zn did not exceed the limit values of

concentrations of copper, cadmium, lead or zinc for class C soils, which include

industrial areas, surface mining land and traffic areas, laid down in the Regulation of

Minister of Environment on the standards of soil quality and standards of earth quality

(J. of Laws 02.165.1359 of 04.10.2002), however, the exceeded concentrations of Cu,

Pb and Zn of the so called geochemical background show that the area under study is

under strong influence of anthropopressure.

2. The proportion of bioavailable species in the total heavy metal pool was varied,

which makes it difficult to establish which of the metals under study was the most

mobile.

3. The content of common species of heavy metals decreases as the distance from the

street edge increases, whereas no significant tendency of this kind was recorded for

concentrations of bioavailable species of Cu, Cd, Pb and Zn.

4. Despite being regarded as practically unburdensome to the environment, trolley

bus traffic affects the content of common and bioavailable species of copper in the soils

adjacent to the electric line. Lower total content of the metal was found at the study sites

situated on the routes with new trolley bus lines as compared with the traffic routes

which have been in use for decades.

5. Current quality of the soils under study, containing heavy metals (Cd, Cu, Pb, Zn),

is affected by the origin of surface layers of soils, which have been brought to the site,

but also by a complex of various anthropogenic factors, with the traffic factor

dominating.
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NIEKTÓRE PRAWID£OWOŒCI W AKUMULACJI I MIGRACJI METALI CIÊ¯KICH

(Cd, Cu, Pb I Zn) W GLEBACH S¥SIADUJ¥CYCH Z ULICAMI LUBLINA

Zak³ad Gleboznawstwa i Ochrony Gleb, Wydzia³ Nauk o Ziemi i Gospodarki Przestrzennej

Uniwersytet Marii Curie Sk³odowskiej w Lublinie

Abstrakt: W pracy zosta³a podjêta próba oceny stopnia zanieczyszczenia metalami ciê¿kimi Cu, Cd, Pb i Zn

gleb s¹siaduj¹cych z wybranymi ci¹gami komunikacyjnymi Lublina, oraz wp³ywu trakcji trolejbusowej

(zbudowanej z nieizolowanych drutów miedzianych). Zaplanowane badania porównawcze umo¿liwi³ fakt

otwarcia, b¹dŸ gruntownego remontu wa¿niejszych arterii komunikacyjnych w Lublinie, co zosta³o uwzglêd-

nione przy wyborze punktów badawczych. Zawartoœæ ogólna miedzi w analizowanych glebach waha³a siê od

9,6 do 208,6 mg/kg, o³owiu od 11,3 do 167, mg/kg, kadmu od 0,02 do 4,9 mg/kg, a cynku od 22,9 do

300,6 mg/kg. Udzia³ form dostêpnych dla roœlin w puli ogólnej metali ciê¿kich stanowi³ dla miedzi od 6,7 do

35,3%, dla o³owiu od 7,4 do 36,2%, kadmu od 3,3 do 90,1%, a dla cynku 1,7 do 10,7%. Stanowiska

zlokalizowane przy trasach z nowymi liniami trolejbusowymi charakteryzowa³y siê mniejsz¹ zawartoœci¹

ogóln¹ tego pierwiastka, w porównaniu do szlaków komunikacyjnych charakteryzuj¹cych siê kilku-

dziesiêcioletnim u¿ytkowaniem. Ca³kowite stê¿enia Cu, Cd, Pb i Zn nie przekroczy³y zawartoœci granicznych

metali ciê¿kich dla gruntów zaliczanych do grupy C, zamieszczone w Rozporz¹dzeniu Ministra Œrodowiska

w sprawie standardów jakoœci gleby oraz standardów jakoœci ziemi (Dz. U. 02.165.1359 z dn. 04.10.2002 r.).

S³owa kluczowe: metale ciê¿kie, gleby miejskie, zanieczyszczenia komunikacyjne
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Ma³gorzata KONCEWICZ-BARAN1 and Krzysztof GONDEK1

ZINC, CADMIUM AND LEAD BINDING BY HUMUS

IN SOIL FERTILIZED WITH COMPOSTS

WI¥ZANIE CYNKU, KADMU I O£OWIU PRZEZ PRÓCHNICÊ

W GLEBIE NAWO¯ONEJ KOMPOSTAMI

Abstract: Binding heavy metals by humus compounds decreases these elements availability to plants, their

leaching from soil and causes their partial detoxication. Organic matter supplied to the soil with composts

may significantly affect heavy metal availability to plants, therefore the investigations conducted on the basis

of a two-year pot experiment aimed at determining the effect of fertilization with composts prepared from

plant and other biodegradable wastes and from mixed municipal wastes on zinc, cadmium and lead binding by

soil humus. In order to compare the analyzed features, the treatments on which swine manure and nitrogen,

phosphorus and potassium in mineral forms were applied, were used. The contents of Zn, Cd and Pb in

combination with humus compounds were extracted from the soil by means of 0.025 mol � dm–3 NH4EDTA

solution using sequential chemical extraction developed by Zeien and Brümmer. In the obtained extracts the

contents of Zn, Cd and Pb were assessed using the ICP-AES method.

Significantly lower acidification was assessed in the soil fertilized with manure and composts than in the

soil with a supplement of mineral salts or in unfertilized soil, both after the first and second year of the

experiment. Compost fertilization caused an increase in organic carbon content in soil in comparison with

organic C assessed in the soil with added mineral salts. The highest total contents of Zn and Pb were

determined in the soil with an admixture of municipal waste compost. The contents of lead and zinc bound to

humus compounds revealed a positive relationship with organic carbon content and were the highest in the

soil receiving organic materials. The biggest contents of cadmium total forms after the first year of the

research were assessed in the soil of treatments where the composts and swine manure were used, whereas

after the second year contents of Cd in soil did not differ significantly depending on the applied fertilization.

An admixture of manure or composts to the soil did not affect significantly the changes of cadmium contents

in the combinations with humus compounds.

Keywords: zinc, cadmium, lead, humus, soil, compost

Soil humus compounds may form simple or chelated complex compounds with

heavy metal ions. Metal ions may also fulfill the function of bridges in the complexes of

humus compounds with clay minerals. Durability of the complexes to a great extend
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depends on the soil pH and the kind of metal ion. Heavy metal binding by humus

compounds decreases these elements availability to plants, their leaching into the deeper

soil profile layers and causes their partial detoxication [1].

In view of growing organic matter deficit in the soils of Poland, caused by among

others diminished amount of applied farmyard manure, alternative sources of organic

materials are being sought, which would improve organic matter balance in soil.

Composts produced from waste organic materials may provide a valuable and cheap

source of organic matter, although one must remember that these materials may be also

burdened with undesirable substances, including heavy metals [2–4]. Organic matter

supplied to the soil with composts may significantly affect heavy metal availability to

plants, therefore the research conducted on the basis of a two-year pot experiment

aimed at determining the influence of fertilization with composts prepared from plant

and other biodegradable wastes and from mixed municipal wastes on zinc, cadmium

and lead binding by soil humus.

Material and methods

The pot experiment, conducted in 2006–2007, comprised 5 treatments in four

replications according to the following design: 0 – soil without fertilization, M – soil

with mineral salts supplement, SM – soil with swine manure supplement, CI – soil with

added compost prepared from plant and other biodegradable wastes, CII – soil with a

supplement of mixed municipal waste compost. The experiment was set up on soil with

granulometric composition of clay containing 26 % of particles < 0.02 mm in diameter.

Selected properties of the soil material were presented in Table 1.

Table 1

Some properties of soil used for the experiment

Determination Unit Value

pH KCl [-] 5.69

Hydrolytic acidity [mmol(+) � kg–1 d.m.] 23.9

Organic C [g � kg–1 d.m.] 15.9

Content of available forms

[mg � kg–1 d.m.]P 328

K 373

Total content

[mg � kg–1 d.m.]
Zn 104.3

Cd 1.14

Pb 30.2

Two different composts were applied in the experiment: compost from plant and

other biodegradable wastes (compost I – CI) originating from the composting plant
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situated in Krakow-Plaszow, where the wastes are composted using Mut-Kyberferm

technology, and compost from mixed municipal wastes (compost II – CII) originating

from a composting plant in Katowice operating in Mut-Dano system. The reference

materials for the analyzed features in the presented experiment were swine manure and

mineral fertilization. Basic chemical properties were assessed in the organic materials

using methods developed by Baran and Turski [5]. Chemical composition of organic

materials was given in Table 2.

Table 2

Some properties of farmyard manure and composts used in the experiment

Determination Unit SM CI CII

Dry matter [g � kg–1] 224.8 475.9 563.4

Organic matter [g � kg–1 d.m.] 823.3 515.8 246.1

pH H2O [-] 8.06 7.30 7.18

Electrolytic conductivity [mS � cm–1] 4.57 3.80 1.41

Total content

[g � kg–1 d.m.]

N 27.31 35.61 6.78

P 13.09 7.17 2.29

K 23.65 25.57 11.16

Ca 2.01 22.57 34.31

Total content

[mg � kg–1 d.m.]
Zn 636.9 282.5 1835.5

Cd 0.61 1.51 6.28

Pb 4.28 14.66 343.67

The swine manure and composts were applied once in the first year of the experiment

and their doses were established on the basis of their nitrogen contents. In the first year

of the research, nitrogen dose supplied to the soil with the manure and composts was

1.00 g N per pot (8.60 kg of air-dried soil material). Phosphorus and potassium on all

treatments (except the unfertilized object) were supplemented to the equal level

introduced with the composts and manure, respectively to 0.48 g P � pot–1 and 1.64 g

K � pot–1. The supplementary phosphorus dose was introduced in a water solution of

Ca(H2PO4) � H2O and potassium as a water KCl solution. On the treatment where only

mineral salts were used as fertilizers, nitrogen was supplied as NH4NO3 while

phosphorus and potassium as water solutions of Ca(H2PO4) � H2O and KCl. The

quantities of elements supplied to the soil with the swine manure (SM), compost

prepared from plant and other biodegradable materials (CI) and compost prepared from

mixed municipal wastes (CII) were the following: zinc – 23.31 mg, 7.93 mg and 270.71

mg Zn � pot–1, cadmium: 0.02 mg, 0.04 mg and 0.92 mg Cd � pot–1 and lead: 0.15 mg,

0.41 and 50.68 mg Pb � pot–1, respectively. In the second year of the research all

treatments, except the unfertilized soil, received supplementary fertilization with
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nitrogen, phosphorus and potassium applied as water solutions of the following salts:

NH4NO3, Ca(H2PO4) � H2O and KCl. The amounts of supplied elements were respect-

ively: 0.70 g N, 0.10 g P and 1.60 g K � pot–1.

Each year of the experiment maize, cv. ‘San’ (FAO 240), was cultivated. The maize

(designed for green fodder) was always harvested at 7–9 leaves stage. Each year after

the crop harvest soil material samples were collected. After drying and grounding in a

porcelain mortar the soil material was sifted through a sieve with 1 mm mesh. In the soil

samples pH was determined by potentiometer in a suspension of soil and 1 mol � dm–3

KCl solution. Organic carbon content was assessed after the sample wet mineralization

in potassium dichromate(VI) using Tiurin’s method. Total contents of zinc, cadmium

and lead in the soil material were assessed after incineration of the sample organic

material in a muffle furnace (at 500 oC for 8h) and the remains mineralization in

concentrated HNO3 and HClO4 acids (2:1) (v/v). Heavy metal fraction bound to the soil

humus compounds (Zn-NH4EDTA, Cd-NH4EDTA and Pb-NH4EDTA) were separated

using sequential chemical extraction developed by Zeien and Brümmer [6] by means of

0.025 mol � dm–3 NH4EDTA solution. The contents of zinc, cadmium and lead were

assessed in the obtained solutions using ICP-AES method on JY 238 Ultrace apparatus

and obtained results were converted into absolutely dry soil mass (105 oC for 12 h).

The analysis of experimental material was conducted in four replications, whereas

the initial materials (organic materials and soil material) in two replications and a plant

reference material – NCS DC73348 (China National Analysis Center for Iron & Steel)

or soil reference material– AgroMAT AG-2 (SCP Science) was added to each analyzed

series. The result was considered reliable if the relative standard error did not exceed

5 %.

Two factor ANOVA (factors: fertilization and year) in a completely randomized

design using F-Fisher test was conducted for the obtained results. Significance of

differences between arithmetic means was estimated on the basis of homogenous groups

determined by Duncan test at a significance level p < 0.05. Using nonparametric rank

Spearman’s test the value of correlation coefficient (r) was computed between organic

carbon content in soil and the contents of Zn, Pb and Cd forms in combinations with

humus compounds. All statistical calculations were made using Statistica 7.1 pl

package.

Results

Fertilization with manure and composts (Table 3) caused a significant increase in the

soil pH in comparison with the value assessed in the mineral salts treatment, particularly

after the first year of the experiment. The best deacidifying effect was registered after

the application of mixed municipal wastes compost (CII).

After two years of the experiment, significantly higher contents of organic carbon

were noted in the soil, to which manure or composts were added in comparison with the

values assessed in the soil from the treatment where no fertilization was applied or in

the soil fertilized only with mineral materials (Table 3).
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Table 3

Soil pH and contents of organic carbon in soil assessed after the first and second year

of the experiment

Fertilization
pH KCl

Organic C

[g � kg–1 soil d.m.]

1st year 2nd year 1st year 2nd year

0 5.51c* 5.38b 15.21a 14.93a

M 5.40b 5.24a 15.55ab 15.20a

SM 5.59e 5.57de 16.44bc 16.33bc

CI 5.68f 5.53cd 16.26bc 16.22bc

CII 6.29g 6.28g 16.60bc 16.23bc

* Means marked with the same letters do not differ significantly according to Duncan’s test at � < 0.05; fac-

tors: fertilization × year.

In both years of the investigations markedly highest total zinc concentrations were

found in the soil with a supplement of compost prepared from municipal wastes

(Table 4).

Table 4

Zinc content in soil after the first and second year of the experiment

Fertilization

Total Zn Zn-NH4EDTA Share of Zn-NH4EDTA

in total Zn content

[%][mg � kg–1 soil d.m.]

1st year 2nd year 1st year 2nd year 1st year 2nd year

0 103.8a* 102.8a 14.90a 14.61a 14.3 14.2

M 106.6ab 104.5a 15.60ab 14.47a 14.6 13.9

SM 108.6ab 107.2ab 16.61bc 16.28bc 15.3 15.2

CI 111.0b 111.1b 17.27c 17.24c 15.6 15.5

CII 126.8c 129.7c 23.34d 22.76d 18.4 17.6

* Means marked with the same letters do not differ significantly according to Duncan’s test at � < 0.05; fac-

tors: fertilization × year.

In the soil of the other treatments the total form of zinc contents did not reveal any

significant diversification. The analysis of zinc contents extracted from the soil by

means of NH4EDTA solution after both years of the research revealed the biggest

amounts of this Zn form in the soil fertilized with mixed municipal wastes compost

(CII), however the share of this zinc form in the total contents did not exceed 18.5 %

and on average was by 2.5 % higher than in the soil fertilized with compost based on

plant wastes (CI) or manure (SM). Organic carbon content in soil significantly

influenced zinc concentrations in combinations with humus compounds (r = +0.724;

p < 0.05).

Significantly highest total lead content after both years of the experiment was

assessed in the soil of the treatment where compost prepared from mixed municipal
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wastes (CII) was used (Table 5). Also the content of lead in combinations with humus

compounds was the highest in the soil from compost produced from mixed municipal

wastes (CII) treatment. Mean content (for both years) of Pb-NH4EDTA in this treatment

soil was 18.55 mg � kg–1 soil d.m., which constituted 55.5 % of this element total soil

content. The content of Pb-NH4EDTA revealed a positive relationship with the soil

organic carbon content (r = +0.538; p < 0.05).

Table 5

Lead content in soil after the first and second year of the experiment

Fertilization

Total Pb Pb-NH4EDTA Share of Pb-NH4EDTA

in total Pb content

[%][mg � kg–1 soil d.m.]

1st year 2nd year 1st year 2nd year 1st year 2nd year

0 29.30b* 27.92ab 14.17ab 14.20ab 48.4 50.9

M 28.55ab 27.60a 14.12ab 13.95a 49.5 50.5

SM 28.86ab 27.59a 14.71bc 14.28abc 51.0 51.8

CI 29.32b 28.66ab 14.91c 14.49abc 50.9 50.6

CII 33.61c 33.28c 18.93e 18.16d 56.3 54.6

* Means marked with the same letters do not differ significantly according to Duncan’s test at � < 0.05; fac-

tors: fertilization × year.

The highest concentrations of total cadmium after the first year of the experiment

were assessed in the soils of compost or manure treatments (Table 6).

Table 6

Cadmium content in soil after the first and second year of the experiment

Fertilization

Total Cd Cd-NH4EDTA Share of Cd-NH4EDTA

in total Cd content

[%][mg � kg–1 soil d.m.]

1st year 2nd year 1st year 2nd year 1st year 2nd year

0 0.863cd 0.700a 0.347bc 0.273a 40.2 39.0

M 0.813bc 0.701a 0.322abc 0.265a 39.6 37.8

SM 0.900cde 0.744ab 0.298ab 0.290ab 33.1 39.0

CI 0.927de 0.881cde 0.323abc 0.385c 34.8 43.7

CII 0.978e 0.749ab 0.263a 0.282ab 26.9 37.7

* Means marked with the same letters do not differ significantly according to Duncan’s test at � < 0.05; fac-

tors: fertilization × year.

After the second year of the experiment the total cadmium content decreased in the

soils of all treatments and generally did not reveal any greater diversification. The

content of cadmium bound in organic combinations with the soil humus compounds did

not differ significantly either regarding the year of the investigations or applied

fertilization. Assessed Cd-NH4EDTA contents did not reveal any significant relation-

ship with organic carbon concentrations. The highest share of this cadmium fraction in
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the total content was registered in the soil where compost made of plant and other

biodegradable wastes (CI) was applied.

Discussion

Deacidifying effect of the applied composts and manure should be explained by

a relatively big load of mainly calcium supplied to the soil with these materials (Table

2). Increasing the soil pH in result of using as fertilizers composts prepared from

municipal wastes was observed also by other authors [2, 7].

The increase in soil total concentrations of zinc, cadmium and lead after the

application of composts registered in the presented research were also noted by

Labetowicz and Ozarowski [2] and by Gorska et al [7] after the application of composts

prepared from mixed municipal wastes. Also Izewska et al [8] observed greater

concentrations of zinc, lead and cadmium in the soil fertilized with municipal sewage

sludge and compost prepared from sewage sludge.

Application of composts for soil fertilization is connected not only with supplying

a considerable load of heavy metals but also enriching it in organic matter, which has been

demonstrated by numerous investigations [2, 3, 7] and confirmed by the presented results.

Organic matter in mature composts usually shows a considerable ability to bind

heavy metals both in the processes of simple ion exchange between the soil solid phase

and soil solution, but also through forming coordination compounds [9]. According to

Christensen and Christensen [10] and Stroebel et al [11] humic acids may increase

bioavailability of heavy metals resulting from the formation of chelates available to

plants. Fresh, non-humified organic matter from the ripe or unripe composts provides a

source of non-specific humus substances, eg organic acids or polysaccharides forming

sparingly soluble complexes with heavy metal ions [12]. Observed in the presented

experiment weaker binding of zinc by the soil organic substance in comparison with

lead, was also observed by Brazauskiene et al [13] after sewage sludge compost

supplying to the soil. The phenomenon should be explained by a greater affinity of

humus acids functional groups to lead ions than to zinc ions [14]. According to Baran

and Turski [15] humus compounds, beside clay minerals and hydrated iron and

aluminium oxides, participate in lead sorption in soil, which is evidently visible in acid

soils, where lead bound to organic matter constitutes the main fraction [14].

No significant differences in cadmium fraction bound to humus compounds extracted

from the soil fertilized with organic materials or unfertilized or fertilized with mineral

salts were observed in the presented investigations. Results of research conducted by

Mohamed et al [16] point that introducing organic matter to the soil decreases content

of Cd soluble and exchangeable fractions but increases concentrations of fractions

bound to humus compounds and residual. The quoted authors explain the trans-

formation of cadmium soluble forms into insoluble ones by among others increasing

soil pH and growing contents of organic matter in soil. According to Udom et al [17]

increase in organic matter content in soil stimulates formation of durable complexes of

humic compounds with cadmium ions and therefore diminishes the share of this

element soluble fraction in the total contents.
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Conclusions

1. Significantly lower acidification was assessed in the soil fertilized with swine

manure and composts than in the soil with mineral salt supplement or in the unfertilized

soil.

2. Fertilization with composts increased organic carbon content in soil in comparison

with this component content assessed in the soil from the mineral salts treatment.

3. The highest total zinc and lead contents were assessed in the soil with added

compost prepared from mixed municipal wastes. The contents of total cadmium forms

generally did not differ significantly considering the applied fertilization.

4. The determined contents of lead and zinc in combinations with humus compounds

revealed a positive relationship with organic carbon content. A supplement of manure or

composts to the soil did not affect significantly the changes of the contents of cadmium

bound to humus compounds.
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WI¥ZANIE CYNKU, KADMU I O£OWIU PRZEZ PRÓCHNICÊ

W GLEBIE NAWO¯ONEJ KOMPOSTAMI

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Wi¹zanie metali ciê¿kich przez zwi¹zki próchniczne zmniejsza dostêpnoœæ tych pierwiastków dla

roœlin, ich wymywanie z gleby oraz powoduje czêœciow¹ ich detoksykacjê. Materia organiczna wprowadzona

do gleby wraz z kompostami mo¿e w znacz¹cy sposób wp³ywaæ na dostêpnoœæ metali ciê¿kich dla roœlin, st¹d

te¿ celem badañ przeprowadzonych w oparciu o dwuletnie doœwiadczenie wazonowe by³o okreœlenie wp³ywu
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nawo¿enia kompostami z odpadów roœlinnych i innych biodegradowalnych oraz z niesegregowanych

odpadów komunalnych na wi¹zanie cynku, kadmu i o³owiu przez próchnicê glebow¹. Dla porównania

analizowanych cech do schematu doœwiadczenia wprowadzono obiekty, w których zastosowano obornik od

trzody chlewnej oraz azot, fosfor i potas w formie mineralnej. Zawartoœæ Zn, Cd i Pb w po³¹czeniach ze

zwi¹zkami próchnicznymi wyekstrahowano z gleby roztworem NH4EDTA o stê¿eniu 0,025 mol � dm–3

wed³ug sekwencyjnej ekstrakcji chemicznej opracowanej przez Zeiena i Brümmera. W uzyskanych

ekstraktach zawartoœci Zn, Cd i Pb oznaczono metod¹ ICP-AES na aparacie JY 238 Ultrace.

W glebie nawo¿onej obornikiem oraz kompostami stwierdzono istotnie mniejsze zakwaszenie ni¿ w glebie

z dodatkiem soli mineralnych oraz w glebie nienawo¿onej zarówno po pierwszym, jak i po drugim roku

badañ. Nawo¿enie kompostami spowodowa³o zwiêkszenie zawartoœci wêgla organicznego w glebie w po-

równaniu do zawartoœci C organicznego oznaczonej w glebie z dodatkiem soli mineralnych. Najwiêksze

ogólne zawartoœci Zn i Pb oznaczono w glebie z dodatkiem kompostu z niesegregowanych odpadów

komunalnych. Zawartoœci o³owiu i cynku zwi¹zane ze zwi¹zkami próchnicznymi wykazywa³y dodatni¹

zale¿noœæ z zawartoœci¹ wêgla organicznego i by³y najwiêksze w glebie z dodatkiem materia³ów orga-

nicznych. Najwiêksze ogólne zawartoœci form po pierwszym roku badañ oznaczono w glebach z obiektów,

w których zastosowano komposty i obornik, zaœ po drugim roku zawartoœæ Cd w glebie nie ró¿ni³a siê istotnie

ze wzglêdu na zastosowane nawo¿enie. Dodatek do gleby obornika lub kompostów nie powodowa³ istotnych

zmian zawartoœci kadmu w po³¹czeniach ze zwi¹zkami próchnicznymi.

S³owa kluczowe: cynk, kadm, o³ów, próchnica, gleba, kompost
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EVALUATION OF THE DIRECT EFFECT

AND AFTER-EFFECT OF ORGANIC FERTILISATION

WITHOUT AND WITH PRP SOL ADDITION

ON SOIL ENZYMATIC ACTIVITY

OCENA BEZPOŒREDNIEGO I NASTÊPCZEGO DZIA£ANIA

NAWO¯ENIA ORGANICZNEGO BEZ I Z DODATKIEM PRP SOL

NA AKTYWNOŒÆ ENZYMATYCZN¥ GLEBY

Abstract: In a two-year field experiment (2008–2009), the effect of increasing doses of compost being

produced with municipal sewage sludge without and with addition of active substance PRP Sol on the activity

of urease, dehydrogenase and phosphatases was examined during cultivation of potatoes and spring wheat.

The study design included a control object with standard mineral fertilisation and three doses of organic

fertilisation. The size of compost doses was determined at a level corresponding to 100, 200 and 300 kg

N � ha–1. Organic fertilisation was performed on 28.09.2007. In 2008 and 2009, active substance PRP Sol was

introduced into soil in the whole area of experimental field at a dose of 150 kg � ha–1 an multicomponent

fertiliser Polifoska 6 at a dose of 200 kg � ha–1. Due to low nitrogen content in multicomponent fertiliser

Polifoska 6 (6 % N), additional nitrogen fertilisation was applied in the form of urea (46 % N) as the

top-dressing at a dose of 80 kg N � ha–1 under potatoes and 100 kg N � ha–1 under spring wheat at two times.

Soil samples for chemical analyses were collected from the arable layer (0–25 cm) from under potatoes (2008)

and spring wheat (2009) twice during cultivation of test plants. The carried out study shows that urease

activity in soil at soil sample collection times I and II increased on average by 13.2 %, that of phosphatases by

20.2 % and of dehydrogenase by 17.96 % as affected by a single, a doubled and a tripled dose of municipal

sewage sludge compost being introduced into soil, whereas in the objects fertilised in addition with PRP Sol

respectively by 15.4 %, 35.1 % and 18.65 % when compared with control object without PRP Sol. The

applied organic fertilisation with active substance PRP Sol stimulated the enzymatic activity of urease,

dehydrogenase and phosphatases in all fertilisation objects when compared with the control one.
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The level of soil enzymatic activity is a sensitive indicator in evaluation of its fertility

and capability. Soil enzymatic activity depends to a large extent on optimum moisture

and air access to soil, its reaction, heavy metals accumulation, fertilisation, and

agrotechnical measures being performed [1–5]. The activity of urease, dehydrogenase,

phosphatases and other soil enzymes depends also on soil type, its physicochemical

properties as well as on the species of plant being grown on it and its growth and

development stage [6–9].

Heavy rise in prices for mineral fertilisers, decreased production of natural fertilisers

induced by led to the search for cheaper and environmentally safer sources of nutrients

for plants and organic matter for soils.

The manurial value of sewage sludges and composts being produced with them

shows that they can be used for soil fertilisation (considerable content of nutrients for

plants and organic matter) [10–13]. Attention has been also paid to the possibility of

using municipal sewage sludges to produce organic fertilisers which can result in an

increase in soil fertility and capability. The application of compost produced with

sewage sludge as an organic fertiliser constitutes a valuable source of organic matter.

These fertilisers are characterised by a considerable amount of nitrogen and phosphorus,

while the content of heavy metals does not exceed the limit values allowing them to be

used for environmental and agricultural purposes [14].

Changes in soil environment depend to a greater extent on the activity of respective

soil enzymes converted into organic carbon units than on the activity expressed in

substrate units per soil mass unit [8]. Results of the studies carried out so far

demonstrate that organic and natural fertilisation play a very important part as it

determines the carbon content in soil and is in general positively correlated with the

activity of enzymes [3, 15, 16].

The studies carried out so far have also shown that active substance PRP Sol

contributes, among others, to the improvement of soil physical properties, increases its

enzymatic activity and induces the conversion of sparingly available phosphorus,

potassium and magnesium forms into compounds which are available for plants [17].

This study aimed at determination of the direct effect and after-effect of organic

fertilisation (compost) being applied without and with addition of active substance PRP

Sol on the activity of soil enzymes at two soil sample collection times during potato and

spring wheat cultivation and after their harvest (2008 and 2009, respectively).

Material and research methods

A field experiment was carried out at the Agricultural Experimental Station in Lipnik

belonging to the Western Pomeranian University of Technology in Szczecin. Examina-

tions were performed in 2008 and 2009. The municipal sewage sludge compost being

used in examinations was produced by the GWDA method at the Municipal Sewage

Treatment Plant in Stargard Szczecinski. It was characterised by neutral reaction (pHH2O

7.15) and contained decidedly more nitrogen (28.6 g � kg–1 d.m.) and phosphorus (12.0

g � kg–1 d.m.) when compared to potassium (6.70 g � kg–1 d.m.). The total content of

heavy metals, which determines the possibility of using it for fertilisation purposes, did

not exceed the standards given in the Regulation of the Minister of Agriculture and
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Rural Development [18]. The experiment was set up on a field which was characterised

by brown, incomplete soil, formed from silty light loamy sand, medium deeply

underlaid by sandy loam, of soil quality class IVa and good rye agricultural suitability

complex. Soil samples from the field experiment were collected for examinations from

the arable layer 0–25 cm. This soil was characterised by a reaction approximating a

neutral one (pHKCl 6.65), its organic carbon richness amounted to 7.55, while total

nitrogen, phosphorus, potassium, calcium, magnesium and sulphur contents to 0.64,

1.10, 2.41, 2.18, 0.60 and 0.12 g � kg–1 d.m., respectively.

The design of field experiment included a control object with standard mineral

fertilisation and three doses of organic fertilisation. The size of compost doses was

determined at the level corresponding to 100, 200 and 300 kg N � ha–1. Experiment was

conducted without and with addition of active substance PRP Sol. Increasing compost

doses were introduced into soil on respective fertilisation objects in autumn 2007. In

2008, test plants were potatoes of the cultivar Ikar, while spring wheat of the cultivar

Tybalt in 2009.

In 2008 and 2009, the whole area of experimental field was fertilised with active

substance PRP Sol at a dose of 150 kg � ha–1 and multicomponent fertiliser Polifoska 6

at a dose of 200 kg � ha–1. Due to low nitrogen content in multicomponent fertiliser

Polifoska 6 (6 % N), additional nitrogen fertilisation was applied in the form of urea

(46 % N) as the topdressing at a dose of 80 kg N � ha–1 under potatoes and 100 kg

N � ha–1 under spring wheat at two times. The total dose of nitrogen under spring wheat

was divided into two equal parts, applying it at two times (spring – 50 % of this dose

before planting or sowing test plants and 50 % of it under spring wheat in the shooting

stage or under potatoes during the second ridging).

Soil samples for chemical analyses were collected from the arable layer (0–25 cm) at

two times, ie twice in 2008 from under potatoes: I – 30 days after planting potato tubers

(15.05.2008), and II – after harvesting potato tubers (30.09.2008), while in 2009 spring

wheat of the cultivar Tybalt was sown on the same field in spring. Soil samples from

under spring wheat were also collected at two times: I – 30 days after sowing

(18.04.2009), and II – after harvesting spring wheat (16.08.2009).

Dehydrogenase activity was determined colorometrically with Lambda 150 spectro-

photometer at a wavelength of 485 nm after 24-hour incubation at 30 oC with TTC

solution according to the method of Thalman [19]. The activity of urease was

determined according to the method of Zantua and Bremner [20], consisting in

spectrophotometric measurement of emitted ammonia after soil sample incubation with

2.5 % urease as a substrate at 37 oC, while that of phosphatases according to the method

of Tabatabai [21].

Statistical analysis of the findings was performed using Statistica 8.0 computer

software package, whereas differences between mean values were evaluated with the

Tukey’s test at significance level p = 0.05.

Results and discussion

Urease and dehydrogenase activities at two soil sample collection times are

compared in Tables 1, 2 and 3. The increasing doses of compost without and with PRP
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Sol addition and soil sample collection times in both years of the experiment

significantly affected the activity of urease, dehydrogenase and phosphatases.

The findings show that urease activity increased on average by 13.2 %, that of

phosphatases by 20.2 % and dehydrogenase activity by 18.0 % as affected by the

increasing doses of municipal sewage sludge compost at soil sample collection time I

and II, whereas by 15.4 %, 35.1 % and 18.6 %, respectively, in the objects being

additionally fertilised with active substance PRP Sol, when compared with control

object without PRP Sol addition (Tables 1, 2 and 3).

Factors affecting the variability of enzymatic processes in soil during the vegetation

period of test plants are the changing temperature and the amount of atmospheric

precipitation [22]. Soil enzymes are decidedly more active at the end of springtime and

at the beginning of summer and autumn [23]. Higher dehydrogenase activity was

observed in the soil collected in 2009 at soil sample collection times I and II when

compared with 2008. The obtained study results are most probably related to air

temperature which amounted to 18.7 oC in August 2008 and 19.3 oC in 2009, whereas

total atmospheric precipitation was higher in 2009 (75.2 mm) when compared with

2008 (48.8 mm).

Table 1

Effect of soil sample collection time and increasing municipal sewage sludge compost doses

and active substance PRP Sol on urease activity. Data are given in mg N-NH4 � kg–1
� h–1

Fertilisation va-

riants
Years

Without

PRP SOL

With PRP

SOL Mean

Without

PRP SOL

With PRP

SOL Mean

I times II times

I dose

of compost

2008

2009

14.1

13.8

14.5

14.0

14.3

13.9

16.2

15.8

16.3

16.1

16.2

15.9

Mean 13.9 14.0 14.1 16.0 16.2 16.1

II dose

of compost

2008

2009

14.0

14.1

14.9

14.4

14.4

14.2

16.4

16.2

16.8

16.5

16.6

16.3

Mean 14.0 14.6 14.3 16.3 16.6 16.4

II dose

of compost

2008

2009

15.1

14.8

15.8

15.2

15.4

15.0

16.5

16.8

16.8

16.4

16.7

16.6

Mean 14.9 15.5 15.2 16.6 16.6 16.6

LSD0.05

I – compost doses

II – PRP Sol

fertilisation

I × II

1.04

0.13

1.08

0.14

n.s.

n.s.

Control
2008

2009

13.5

13.6

13.6

13.8

13.5

13.7

13.8

13.5

13.9

14.0

13.9

13.7

Mean 13.5 13.7 13.6 13.6 13.9 13.8

Urease activity ranged from 13.8 to 16.8 mg N-NH4 � kg–1
� ha–1 (Table 1). The soil

samples collected in 2008 at soil sample collection time II from under potatoes showed
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higher urease activity when compared with that determined in the soil samples collected

from under spring wheat. The largest increase in urease activity in soil was obtained in

2008 in the object being fertilised with a doubled dose of compost without and with

PRP Sol addition between soil sample collection time I and II (May, September),

respectively by 17.1 % and 12.7 %. In 2009, an increase in urease activity was observed

in the same fertilisation objects but a smaller one, which amounted respectively to

14.9 % and 14.58 %. The lowest urease activity was observed in the objects fertilised

with a single dose of compost itself. Highly significant increase in the activity of

enzyme being discussed was observed in the objects with a doubled and a tripled dose

of compost without and with PRP Sol addition when compared with control object.

Significant increase in urease activity in the soil being fertilised with sewage sludge or

compost produced with it is confirmed by studies of other authors [24]. Soil sample

collection time had a significant effect on increase in urease activity. Respective

fertilisation objects were characterised by different activity levels in relation to control

object. Such a differentiation in the activity of urease, ie of an enzyme catalysing urea

decomposition, may be evidence of various mineralisation rate of nitrogen compounds

in the soil samples under examination [25].

When comparing the activity of urease in soil samples, significantly larger effect of

organic fertilisation without and with PRP Sol addition on the activity of enzyme being

examined in the soil samples collected from under potatoes (2008) was shown when

compared with the soil material collected from under spring wheat (2009).

Differences in urease activity between soil sample collection times probably result

from the protective effect of mineral and organic colloids in relation to urease,

producing complex compounds with them [26]. This is evidenced by more intense

activity of urease in the soil with higher sorptive capacity and its positive response to

compost fertilisation. Urease is strongly immobilised by organic matter but larger

stability of that enzyme is ensured by composted organic mass than the fresh one [26].

Perhaps differences in urease stimulation by compost should be seen in the degree of

compost organic matter decomposition. After two years of experiment, average urease

activity in the soil fertilised solely with increasing compost doses amounted to 15.3 mg

N-NH4 � kg–1
� h–1 and was higher by 1.75 unit when compared with control object

(Table 1).

Dehydrogenase activity ranged from 13.1 to 16.4 cm � H2 � kg–1
� d–1. The soil

samples collected in 2009 from under spring wheat showed higher dehydrogenase

activity when compared with that being determined in the soil samples collected from

under potatoes (2008); see Table 2.

Dehydrogenase activity in the soil samples collected in 2009 between soil sample

collection time I and II (April, August) increased respectively by 3.03 % and 10.03 % as

affected by the increasing doses of compost without and with PRP Sol addition being

introduced into soil. On the other hand, an increase in dehydrogenase activity in 2008 in

the same fertilisation objects was smaller and amounted respectively to 1.95 % and

9.00 %. The highest dehydrogenase activity in the soil samples collected from under

spring wheat (2009) was characteristic of the object being fertilised with a doubled and

a tripled dose of compost with PRP Sol addition, between soil sample collection time I
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Table 2

Effect of soil sample collection time and increasing municipal sewage sludge compost doses

and active substance PRP Sol on dehydrogenase activity. Data are given in cm � H2 � kg–1
� d–1

Fertilisation va-

riants
Years

Without

PRP SOL

With PRP

SOL Mean

Without

PRP SOL

With PRP

SOL Mean

I times II times

I dose

of compost

2008

2009

13.4

13.6

13.1

13.8

13.2

13.7

13.7

14.1

14.2

14.6

13.8

14.3

Mean 13.5 13.4 13.4 13.8 13.8 13.8

II dose

of compost

2008

2009

14.2

14.5

13.9

14.3

14.0

14.4

14.4

15.0

15.1

15.4

14.7

15.2

Mean 14.3 14.1 14.2 14.7 15.2 15.0

III dose

of compost

2008

2009

14.6

14.9

14.1

14.1

14.3

14.5

14.9

15.1

15.5

16.4

15.2

15.7

Mean 14.7 14.1 14.4 15.0 15.9 15.5

LSD(0.05)

I – compost doses

II – PRP Sol

fertilisation

I × II

1.26

n.s.

n.s.

1.18

0.42

n.s.

Control
2008

2009

12.1

12.0

12.6

12.4

12.3

12.2

12.2

12.3

12.8

12.7

12.5

12.5

Mean 12.1 12.5 12.3 12.2 12.8 12.5

and II (April, August). Dehydrogenase activity in these fertilisation objects and between

soil sample collection time increased respectively by 7.69 % and 16.3 %. Smaller

increase in dehydrogenase activity, respectively by 3.67 % and 3.45 %, was obtained in

the objects with a doubled and a tripled dose of compost itself being introduced into soil

(Table 2). The applied fertilisation with a doubled and a tripled dose of compost with

PRP Sol addition between soil sample collection time I and II contributed to an increase

in dehydrogenase activity, respectively by 7.80 % and 12.8 %.

Dehydrogenase activity in the soil samples collected from under spring wheat (2009)

was significantly higher as affected by fertilisation with the increasing doses of compost

with PRP Sol addition when compared with control object. Active substance PRP Sol

being introduced into soil significantly induced an increase in the enzyme under

discussion in the soil material collected in 2008 and 2009.

The activity of phosphatases in the first study year (2008) was in the range of 1.11 to

1.86 mmol PNP � kg–1
� h–1, whereas in the second one (2009) ranged from 1.20 to 1.79

mmol PNP � kg–1
� h–1 (Table 3). The soil of control object was characterised, on

average of two years, by the lowest activity of that enzyme. In the soil samples collected

in 2009 at soil sample collection time I (April), higher activity of phosphatases was

observed when compared to 2008 (May) in the objects with a single, a doubled and a

tripled dose of compost without and with PRP Sol addition, which increased on average

by 6.03 %, 5.42. % and 4.89 %, respectively. On the other hand, in the soil samples
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collected at soil sample collection time II after harvesting test plants (September 2008,

August 2009), this correlation was opposite. Higher activity of phosphatases in all

fertilisation objects was characteristic of the soil collected at soil sample collection time

II in 2008 when compared to soil sample collection time II in 2009 (Table 3).

Table 3

Effect of soil sample collection time and increasing municipal sewage sludge compost doses

and active substance PRP Sol on the activity of phosphatases.

Data are given in mmol PNP � kg–1
� h–1.

Fertilisation va-

riants
Yares

Without

PRP SOL

With PRP

SOL Mean

Without

PRP SOL

With PRP

SOL Mean

I times II times

I dose

of compost

2008

2009

1.11

1.20

1.22

1.26

1.16

1.23

1.36

1.31

1.56

1.47

1.46

1.39

Mean 1.15 1.24 1.19 1.33 1.51 1.42

II dose

of compost

2008

2009

1.21

1.31

1.36

1.42

1.29

1.36

1.48

1.40

1.69

1.65

1.58

1.53

Mean 1.26 1.39 1.32 1.44 1.67 1.55

III dose

of compost

2008

2009

1.38

1.41

1.48

1.59

1.43

1.50

1.60

1.57

1.86

1.79

1.73

1.68

Mean 1.39 1.53 1.46 1.58 1.82 1.70

LSD0.05

I – compost doses

II – PRP Sol

fertilisation

I × II

0.13

0.04

n.s.

0.100

0.045

n.s.

Control
2008

2009

1.04

1.06

1.10

1.09

1.07

1.07

1.20

1.22

1.34

1.30

1.27

1.26

Mean 1.05 1.09 1.07 1.21 1.32 1.26

The applied fertilisation with a doubled and a tripled dose of compost with PRP Sol

addition between soil sample collection time I and II contributed to an increase in the

activity of phosphatases by 24.3 % and 25.7 %, respectively. Smaller increase in the

activity of enzyme under discussion was obtained in the object with a single dose of

compost with PRP Sol addition being introduced into soil, which amounted to 16.7 %.

Introduction of exclusive fertilisation with municipal sewage sludge compost

significantly affected increase in the enzymatic activity of phosphatases between doses

of that organic fertiliser. Average increase in the activity of phosphatases between dose

I and III, II and III, and I and II amounted respectively to 20.8 %, 10.3 % and 9.60 %.

Addition of active substance PRP Sol at a dose of 150 kg � ha–1 to increasing compost

doses contributed to significant increase in the activity of that enzyme in the analysed

soil. Increase in the activity of dehydrogenase and phosphatases in the soil where

fertilisation with municipal sewage sludge compost was applied is confirmed by other
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studies [27]. Many authors indicate higher enzymatic activity in soils with large sorptive

capacity and larger moisture [28].

When analysing the period of two study years, average increase in the activity of

phosphatases was observed between sample collection time I and II in the objects with a

single, a doubled and a tripled dose of compost itself being introduced into soil,

respectively by 15.6 %, 14.3 % and 13.7 %, while in the objects with compost and PRP

Sol by 21.8 %, 20.1 % and 18.9 %.

Significant effect on increase in the enzymatic activity of phosphatases had organic

fertilisation without and with PRP Sol addition and soil sample collection times.

Conclusions

1. Fertilisation with municipal sewage sludge compost without and with PRP Sol

addition stimulates the activity of urease, dehydrogenase and phosphatases in soil. Their

effect depends on the size of compost dose introduced into soil and soil sample

collection time.

2. The largest increase in urease activity in soil was obtained in 2009 in the objects

being fertilised with a doubled dose of compost without and with PRP Sol addition

between soil sample collection time I and II.

3. The carried out study shows that urease activity in soil at soil sample collection

times I and II increased on average by 13.2 %, that of phosphatases by 20.2 % and of

dehydrogenase by 17.96 % as affected by a single, a doubled and a tripled dose of

municipal sewage sludge compost being introduced into soil, whereas in the objects

fertilised in addition with PRP Sol respectively by 15.4 %, 35.1 % and 18.65 % when

compared with control object without PRP Sol.

4. Higher activity of the enzymes under examination was observed in the objects

fertilised with municipal sewage sludge compost and PRP Sol addition when compared

with those fertilised solely with compost.

5. The applied fertilisation with increasing doses of municipal sewage sludge

compost without and with PRP Sol addition increases the activity of urease, dehydro-

genase and phosphatases when compared with control object.
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OCENA BEZPOŒREDNIEGO I NASTÊPCZEGO DZIA£ANIA NAWO¯ENIA ORGANICZNEGO

BEZ I Z DODATKIEM PRP SOL NA AKTYWNOŒÆ ENZYMATYCZN¥ GLEBY

1 Zak³ad Rekultywacji i Chemii Œrodowiska,
2 Zak³ad Mikrobiologii i Biotechnologii Œrodowiska

Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: W dwuletnim doœwiadczeniu polowym (2008–2009) badano wp³yw wzrastaj¹cych dawek

kompostu wyprodukowanego z komunalnego osadu œciekowego bez i z dodatkiem substancji czynnej PRP

Sol na aktywnoœæ ureazy, dehydrogenazy i fosfataz w trakcie uprawy ziemniaka i pszenicy jarej. Schemat

badañ obejmowa³ obiekt kontrolny ze standardowym nawo¿eniem mineralnym oraz trzy dawki nawo¿enia

organicznego. Iloœæ dawek kompostu ustalono na poziomie odpowiadaj¹cym 100, 200 i 300 kg N � ha–1.

Nawo¿enie organiczne wykonano 28.09.2007 r. W latach 2008 i 2009 na ca³¹ powierzchniê doœwiadczenia

wprowadzono substancj¹ czynn¹ PRP Sol w dawce 150 kg � ha–1 oraz Polifoskê 6 w dawce 200 kg � ha–1. Ze

wzglêdu na niewielk¹ zawartoœæ azotu w Polifosce 6 (6 % N) zastosowano pog³ównie mocznik w dawce

odpowiadaj¹cej 100 kg N � ha–1 pod ziemniaka i pszenicê jar¹ w dwóch terminach. Próbki glebowe do analiz

chemicznych pobrano z warstwy ornej (0–25 cm) spod ziemniaka (2008 r.) i pszenicy jarej (2009 r.)

dwukrotnie w okresie uprawy roœlin testowych. Z przeprowadzonych badañ wynika, ¿e pod wp³ywem

wprowadzonej pojedynczej, podwojonej i potrojonej dawki kompostu z udzia³em komunalnego osadu

œciekowego w I i II terminie pobierania próbek glebowych œrednio w glebie zwiêkszy³a siê aktywnoœæ ureazy

o 13,2 %, fosfataz o 20,2 % i dehydrogenazy o 18,0 %, natomiast na obiektach nawo¿onych dodatkowo PRP

Sol odpowiednio o 15,4 %, 35,1 % i 18,6 % w porównaniu z obiektem kontrolnym bez PRP Sol. Zastosowane

nawo¿enie organiczne ³¹cznie z substancj¹ PRP Sol stymulowa³o aktywnoœæ enzymatyczn¹ ureazy,

dehydrogenazy i fosfataz na wszystkich obiektach nawozowych w porównaniu do obiektu kontrolnego.

S³owa kluczowe: kompost, substancja czynna PRP Sol, aktywnoœæ w glebie ureazy, dehydrogenazy i fosfataz

96 Ewa Krzywy-Gawroñska and Krystyna Przybulewska



Krzysztof KUD1 and Leszek WO�NIAK2

SELECTED TRACE ELEMENTS

IN SOIL AND PLANTS FROM MARSHY MEADOWS

OF THE SAN RIVER VALLEY

WYBRANE MIKROELEMENTY W GLEBACH

I ROŒLINACH £¥K £ÊGOWYCH DOLINY SANU

Abstract: The research was conducted out on meadows located on floodplain terrains in the San River valley.

The subject of the study was Ni, Mn and Co content in soils and plants marshy ecosystems. The total content of

analyzed elements and the contents their soluble forms in 1 mol HCl � dm–3 were estimated in collected soils.

Alluvial soils and turf layer were characterized by natural content of these elements. Fresh alluvial were

rich in CaCO3 and other studied elements.

Keywords: alluvial soils, fresh alluvial, nickel, manganese, cobalt, the San River valley

Terrains of marshy meadows are extremely valuable ecosystems which depend on

seasonal floods. Green grasslands localized on marshy meadows of the San River valley

were subjects of presented studies. There were described selected trace elements in

ecosystems of grasslands located in alluvial soils of the San River valley.

Material and methods

The researches were conducted in all the San River valley. Soil samples were picked

up from grasslands at two layers – ie at 0–10 cm and 10–30 cm depth. From the places

where the soil was picked up there were prior removed meadows sward and the fresh

alluvial were collected after floods run away. The collected soil material was analyzed

according to the commonly used methods using in agrochemical laboratories [1]. In

order to analyze Ni, Mn and Co content the soil samples were mineralized in HClO4, the
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determination was made by means of atomic absorption spectrophotometry. Because of

low Ni and Co concentration in basic solution these two elements were condensed in

organic phase. The total contents of analyzed elements and the contents of their soluble

forms in 1 mol HCl � dm–3 were estimated in studied soils.

After drying to absolutely dry mass, the plant material was mineralized in mixture of

acids – HNO3, HClO4 and H2SO4 in proportion 20 : 5 : 1. The content of Ni, Mn and Co

was also determined in soil material.

The samples were collected at the same time when the first crop of the grass is

harvested. The contents of Ni, Mn and Co in fresh alluvial, plants and soils in the San

River valley was the purpose of researches. In researches it decide to demonstrate the

argument that the fresh alluvial have positive influence on meadows soils.

Results

The basic characteristics of alluvial soils from the San River valley were presented in

Table 1.

Table 1

The basic parameters of fresh alluvial and studied alluvial soils from the San River valley

Parameter
Arithmetic

mean

Geometric

mean
Median

Scope

Minimum Maximum

Fresh alluvial (n = 53)

Granulometric composition [%]

Particles diameter:

1.0–0.1 mm 45.40 36.08 44 2 98

0.1–0.02 mm 32.66 27.20 33 1 56

< 0.02 mm 21.94 16.51 20 1 67

< 0.002 mm 4.53 3.48 4 1 18

pH in H2O 7.47 7.53 7.51 7.09 8.21

pH in KCl 7.17 7.25 7.24 6.66 7.99

CaCO3 [g � kg–1 d.m.] 49.21 42.03 52.62 9.37 98.24

Corg [g � kg–1 d.m.] 18.4 14.0 19.0 0.42 79.8

Layer 0–10 cm (n = 48)

Granulometric composition [%]

Particles diameter:

1.0–0.1 mm 28.9 24.2 26.0 4 80

0.1–0.02 mm 38.7 37.1 37.5 13 57

< 0.02 mm 32.4 28.4 30.5 7 73

< 0.002 mm 8.3 6.3 7.0 1 21

pH in H2O 6.63 7.14 7.36 5.50 7.91

pH in KCl 5.22 6.21 6.55 3.88 7.07

CaCO3 [g � kg–1 d.m.] 20.86 12.83 13.98 0.80 72.99

Corg [g � kg–1 d.m.] 19.7 17.6 19.4 1.2 54.0

98 Krzysztof Kud and Leszek WoŸniak



Parameter
Arithmetic

mean

Geometric

mean
Median

Scope

Minimum Maximum

Layer 10–30 cm (n = 48)

Granulometric composition [%]

Particles diameter:

1.0–0.1 mm 24.6 20.9 22.0 5 52

0.1–0.02 mm 39.8 38.8 40.5 24 58

< 0.02 mm 35.6 32.8 33.5 13 68

< 0.002 mm 10.5 9.0 8.5 2 22

pH in H2O 6.68 7.34 7.65 5.54 8.10

pH in KCl 5.33 6.30 6.65 4.21 7.07

CaCO3 [g � kg–1 d.m.] 22.14 14.29 16.92 0.80 57.71

Corg [g � kg–1 d.m.] 11.3 9.3 11.2 0.5 19.6

The studied soils possessed generally neutral or alkaline reaction. Fresh alluvial were

rich in CaCO3, geometric mean equaled 42.03 g � kg–1 of d.m.

In places where floods appeared the deposited carbonate of calcium prevented soil

acidification. In situations when floodbanks cut-off the floods the soil profiles have

gradually acidified themselves and there have started the process of transformation from

alluvial soils into brown alluvial soils.

In Table 2 there were presented: a range, median, arithmetic and geometric mean for

Ni, Mn and Co in alluvial soils, fresh alluvial and grassland vegetation.

Table 2

Content of studied elements [mg � kg–1] in alluvial soils, grassland vegetation

and fresh alluvial from the San River valley

Metal

content

Arithmetic

mean

Geometric

mean
Median

Scope

Minimum Maximum

Alluvial soils, layer 0–10 cm (n = 48)

Total Ni 31.05 29.56 30.04 11.18 54.76

Soluble Ni 7.69 6.87 7.85 1.40 15.30

Total Mn 617.0 584.0 575.0 256.0 1166.0

Soluble Mn 463.0 427.0 429.0 151.0 995.0

Total Co 8.34 7.84 7.95 3.30 17.20

Soluble Co 3.22 3.00 3.10 0.90 5.60

Alluvial soils, layer 10–30 cm (n = 48)

Total Ni 30.77 29.66 28.92 17.78 50.40

Soluble Ni 7.56 6.54 8.05 0.30 19.40

Total Mn 611.0 580.0 564.0 261.0 1059.0

Soluble Mn 416.0 375.0 391.0 104.0 901.0

Total Co 8.54 8.10 7.92 5.00 17.81

Soluble Co 3.00 2.75 2.90 0.80 5.10
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Metal

content

Arithmetic

mean

Geometric

mean
Median

Scope

Minimum Maximum

Grassland vegetation (n = 48)

Ni 1.31 1.17 1.20 0.39 3.71

Mn 58.31 46.82 43.50 16.80 228.80

Co 0.13 0.09 0.09 0.02 0.52

Fresh alluvial (n = 53)

Total Ni 23.69 21.24 22.52 5.90 45.69

Soluble Ni 6.00 4.68 6.20 0.10 12.80

Total Mn 752.7 623.6 554.0 270.0 3437.0

Soluble Mn 637.2 514.6 450.0 188.0 2284.0

Total Co 6.62 6.04 5.73 1.88 12.31

Soluble Co 2.57 2.22 2.40 0.30 5.20

In Figures from 1 to 5 there were presented the studied elements in a range of: 25 %

– lower quartile, 50 % median and 75 % upper quartile.

Mean content of total Ni in turf and under-turf layer of alluvial soils from the San

River valley was very similar (Table 2). However there was observed a less interquartile

range and variability (Fig. 1).

Content of soluble in 1 mol HCl � dm–3 forms of Ni did not revealed any differences

between studied layers; a broader range was visible in deeper layer.

Nickel content in grassland vegetation ranged in 0.39–3.71 mg � kg–1 d.m. It is worth

to add that lower quartile was 0.83 and upper one 1.59 mg � kg–1 d.m. (Fig. 1).
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Manganese content was similar in both layers of studied soils ie total and soluble

forms of this element (Fig. 2).

The Mn content in grassland vegetation ranged from 16.8 to 228.8 mg � kg–1 d.m.

(Table 2), however in Fig. 2 there was presented a range between quartiles which was

29.0–71.45 mg � kg–1 d.m., it means that 75 % of observations were not over 72

mg � kg–1 d.m.
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Differences in content of total cobalt within single layers were meager. Geometric

mean for turf layer was 7.84 mg � kg–1 d.m. and for under-turf equaled 8.1 mg � kg–1

d.m. (Table 2). Despite that the maximal values were about 18 mg � kg–1 d.m., so

however upper quartiles in both layers laid under 10 mg � kg–1 d.m. (Fig. 3).

Geometric mean content of cobalt in grassland vegetation was 0.09 mg � kg–1 d.m.

while upper quartile equaled 0.16 mg � kg–1 d.m. and was significantly lower than other

maximal values (0.52 mg � kg–1 d.m.) (Fig. 3).
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Geometric mean of total nickel content in fresh alluvial was 21.24 mg � kg–1 d.m.

However, the content of soluble forms was significantly lower (Fig. 4). It can result

from neutral reaction in studied soils.

Content of total cobalt in fresh alluvial was a little bit lower than in studied soils.

Geometric mean equaled 6.04 mg � kg–1 d.m. of soil (Fig. 4).

Total Mn content in fresh alluvial ranged in broad scope of 270–3437 mg � kg–1 d.m.

It should be underlined that upper quartile was 904 mg � kg–1 d.m. (Fig. 5). Because of

very broad range within results there was calculated a quantile 97.5 which separated

2.5 % the upper values from 5 % which could lay outside a border of error. This value

was 1818 mg � kg–1 d.m. The content which equaled three thousand was rare.

Discussion

Nickel is bound geochemically with iron and cobalt and its content in soils depends

on loam minerals as well as organic matter content.

Nickel solubility increases along with acidification of soils. Mean content of this

element in Polish soils is according to Kabata-Pendias and Pendias [2] 4–50 mg � kg–1

d.m., so the content of this element in studied soils ranged within the quoted scope.

Mean manganese content for different soils types in Poland are 100–1300 mg � kg–1

d.m. according to Kabata-Pendias and Pendias [2]. In conducted studies, the alluvial

soils in the San River valley did not diverge from the mentioned scope.

Even determined maximum (1059 mg � kg–1 d.m.) was lower than upper mean values

quoted by mentioned authors. Only the maximum values in fresh alluvial were higher.

As a minimal manganese content in grassland vegetation Falkowski et al [3] point

out 10–20 mg � kg–1 d.m., while Borowiec and Urban [4] claim that optimal value is

significantly higher ie 50–100 mg � kg–1 d.m. The variability of manganese content in

studied grassland vegetation from the San River valley ranged from 16.8 to 228.8

mg � kg–1 d.m. and geometric mean equaled 46.82 mg � kg–1 d.m. The studied vegetation

reached minimum values but quite often manganese content was in minus against

optimal ones.

Kabata-Pendias and Pendias [2] say that in alluvial soils of Poland total cobalt

content ranged from 5.5 to 19.0 mg � kg–1 d.m. Borowiec and Urban [4] in studied

grassland soils from Lubelszczyzna, including alluvial soils, determined cobalt content

in range from trace values to 3.3 mg � kg–1 d.m. In own research total cobalt amount was

near to the values pointed out by the first authors. The scope of this content for both

layers ranged from 3.3 to 17.81 mg � kg–1 d.m. Content of cobalt in its soluble fraction

ranged from 0.8 to 5.6 mg � kg–1 d.m.

In good quality fodder according to Falkowski et al. [3] there should be minimum

0.08 mg Co � kg–1 d.m. whereas Borowiec and Urban [4] claim that the good content is

when a value exceeds 0.1 mg Co � kg–1 d.m., and when the values reach less than 0.05

mg � kg–1 d.m. the content is too low. Grassland vegetation from the San River valley

had usually a sufficient content of this element.
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The content of the mentioned elements in fresh alluvial was similar to content in

alluvial soils, so the fresh alluvial may be treated as a source of these elements however

this enrichment is non-toxic.

The calcium carbonate is basic compound in carbonate buffer with especially big

buffer capacity, so the mobility of some elements may be limited. The content of

studied elements in plants was present in admissible amount if about animals feeding

and sometimes diverged slightly in minus as in case of manganese.

Conclusions

1. Nickel, manganese and cobalt content in alluvial soils from the San River valley

did not diverge from the background amount for soils in Poland.

2. Grassland vegetation from marshy meadows did not exceed admissible standards

if about animals feeding and in some cases eg manganese there was possible to point

out slight shortages.

3. Fresh alluvial were rich in studied elements and can be treated as a source of

biogenic elements especially such as calcium.

4. The farming on terrains under floods must be fit to natural river functioning which

features a seasonal floods resulting in creation on the surface a valuable fresh alluvial.
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WYBRANE MIKROELEMENTY W GLEBACH

I ROŒLINACH £¥K £ÊGOWYCH DOLINY SANU

Katedra Przedsiêbiorczoœci, Zarz¹dzania i Ekoinnowacyjnoœci, Wydzia³ Zarz¹dzania

Politechnika Rzeszowska

Abstrakt: Badania prowadzono na terenie u¿ytków zielonych zlokalizowanych na obszarach zalewowych

doliny Sanu. Badano zawartoœæ Ni, Mn i Co w glebach oraz roœlinnoœci ekosystemów ³êgowych. W badanych

glebach oznaczono ca³kowit¹ zawartoœæ badanych pierwiastków oraz zawartoœæ ich form rozpuszczalnych

w 1 mol HCl � dm–3.

Gleby aluwialne i ruñ ³¹kowa charakteryzowa³y siê naturaln¹ zawartoœci¹ badanych pierwiastków. Œwie¿e

namu³y by³y zasobne w badane pierwiastki oraz wêglan wapnia.

S³owa kluczowe: gleby aluwialne, nikiel, mangan, kobalt, dolina Sanu
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Stanis³aw MERCIK1 and Wojciech STÊPIEÑ2

EFFECT OF NITROGEN ON CROP YIELD

AS INFLUENCED BY SOIL pH AND FERTILIZATION

WITH FARMYARD MANURE

DZIA£ANIE AZOTU NA PLONOWANIE ROŒLIN

W ZALE¯NOŒCI OD ODCZYNU GLEBY

ORAZ NAWO¯ENIA OBORNIKIEM

Abstract: At the Experimental Station of the Agriculture and Biology Department of Warsaw University of

Life Sciences in Skierniewice fertilization experiments have been carried out continuously since 1923, in

which the effects of lime, nitrogen, phosphorus, potassium and farmyard manure are studied in a static system

with rotation of a few crops. Farmyard manure has been applied on a very acidic soil with a pH of about 4,

and on a slightly acidic soil with a pH of 6.0–6.5. This paper describes only the results from combinations

with and without nitrogen fertilization in the fields without FYM (since 1923) and with FYM (since 1992).

The results presented here include the mean for 4 years yields of potatoes (fertilized with FYM) and grain

crops grown in successive years following farmyard manure applications. Included are also the most

important properties of the soils sampled in the last year after treatments with farmyard manure.

Yield increases resulting from nitrogen fertilization were very high and generally higher in the fields

without manure than those with manure. The presence of farmyard manure was found to increase the organic

carbon content and total nitrogen content in the soil by about 10 %. This type of fertilizer caused higher

increases in yield in the combinations without nitrogen fertilization than in those involving applications of

nitrogen.

Keywords: yield, long-term fertilizer experiment, soil organic carbon, forms of soil nitrogen

The utilization of nitrogen from nitrogen fertilizers generally fluctuates in the range

of 55–65 %, but often the effect of that component is worse, which due to the high

prices of such fertilizers makes their use less cost-effective. Good results with

nitrogen are mainly achieved not only in favourable climatic conditions, but also in
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soil conditions that are best-suited to the requirements of a given plant species. For

that reason, nitrogen can be expected to produce good results if the soil has not

been excessively depleted of humus and is not strongly acidified. The influence of

these factors on the effectiveness of nitrogen can best be seen in long-term experiments

[1–5].

The authors of this paper have at their disposal the results of long-term fertiliza-

tion experiments, in which the effect of nitrogen on various crop plants has been

studied over many years. The studies have been carried out on both strongly and weakly

acidic soils, on which there have been no applications of farmyard manure since 1923,

or in the fields where fertilization with FYM began in 1992. An assessment of the

effects of these factors on the yields of a few species of crop plants and on the most

important soil properties from theoretical and practical points of view seemed to be very

interesting.

Materials and methods

At the Experimental Station of the Agricultural and Biology Department of Warsaw

University of Life Science in Skierniewice, fertilization experiments have been carried

out continuously since 1923, in which the effects of lime, nitrogen, phosphorus,

potassium and farmyard manure are studied in a static system with rotation of a few

crops. The experiments are conducted in 21 fields, where the total number of

experimental plots (~50 m2 each) is 650. This paper describes only the results from the

combinations with and without nitrogen fertilization in those fields where crops are

grown, without papilionaceous plants and without manure. The experiments are carried

out on a podsolic soil containing 15–17 % of leachable components in the Ap horizon

(0–25 cm) and 25 % in the B and C horizons. For the purpose of this study, 4 fields

were chosen, including 2 fields with a very acidic soil (pH about 4), and 2 fields with a

weakly acidic soil (pH 6.0–6.5). In one field with the very acidic soil, and in one field

with the weakly acidic soil, fertilization with farmyard manure began in 1992 and

continued every 4 years at a rate of 30 Mg � ha–1. By 2008 there had been four

applications of manure for growing potato, and the next year, after the potato crop,

cultivation included spring triticale, oat and rye on the very acidic soil, and spring

barley, mustard and triticale on the weakly acidic soil. The results presented here are

2-year average yields. Over the period of 85 years, the application rates of mineral

fertilizers increased from N-30, P-13, K-25 kg � ha–1 to N-90, P-26, K-91 kg � ha–1 from

1976. The fields with the weakly acidic soil are limed every 4 years at a rate of 1.6 Mg

CaO per ha. In the fields with the very acidic soil, lime had been applied only five times

over the 85-year-long period at a rate of 0.8 Mg CaO per ha. From the experimental

plots described above soil samples were taken in the last year after farmyard manure

application to determine: pHKCl, hydrolytic acidity (Kappen’s method), organic carbon

(dry distillation), total nitrogen (Kjeldahl’s method), and mineral nitrogen (N-NH4 +

+ N-NO3) in 0.1 mol CaCl2.
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Results and discussion

As had been expected, the extent of soil acidification depended mainly on lime

application, and to a lesser degree also on nitrogen fertilization (Table 1). The soil of the

plots limed only occasionally with small doses during 85 years is very acidic with

a very high hydrolytic acidity (37 mmol H+
� kg–1). With regular application of lime

every 4 years, the value of soil pH fluctuated in the range of 5.5–6.5, depending on the

year after liming, with hydrolytic acidity of 10–15 mmol H+
� kg–1. Regular applications

of ammonium nitrate also resulted in soil acidification. For example, on the plots

without liming and without nitrogen fertilization, soil pH is higher by about 0.6, and

hydrolytic acidity lower by about 12 mmol H+
� kg–1 than on the plots fertilized with

nitrogen. A somewhat smaller effect of nitrogen fertilization on soil acidification was

obtained on limed plots. A small reduction in soil acidification was also obtained on

farmyard manure plots. The acidifying effect of nitrogenous fertilizers and the

mitigating effect of farmyard manure on soil acidification were also reported by other

authors [2, 6–9].

Humus content in the soil depended mainly on the fertilization with farmyard

manure, and also on nitrogen fertilization and liming. The highest increase in the

organic C content in the soil resulting from four applications of manure since 1992 was

obtained on the very acidic soil fertilized with nitrogen (Table 1). By taking into account

an average increase in Corg. due to FYM (0.41 g � kg–1) and the carbon dose in the

manure (~16 Mg � ha–1), it was possible to calculate that about 10 % of the carbon from the

manure was found in the soil. In other experiments on the same soil, but lasting much

longer, the humification coefficient was within the 6–8 % range [3, 10, 11]. Only in

short-term experiments, much more Corg from manure could be found in the soil [6, 7].

Table 1

Soil properties at the last year after FYM application depending on long-term fertilization

Soil

properties

FYM

since 1992

Fertilization since 1923

PK NPK CaPK CaNPK

pH
O 4.5 3.9 6.5 6.1

FYM 4.8 4.1 6.6 6.3

Hh

[mmol � kg–1]

O 25.8 37.5 10.8 11.6

FYM 24.5 37.7 12.2 14.5

C organic

[g � kg–1]

O 3.91 4.51 4.22 4.62

FYM 4.19 5.04 4.60 5.08

N total

[g � kg–1]

O 0.35 0.43 0.38 0.45

FYM 0.40 0.49 0.41 0.48

N mineral

[mg � kg–1]

O 41.5 40.2 42.3 52.1

FYM 48.6 51.6 48.5 63.5

C:N
O 11.2 10.5 11.1 10.3

FYM 10.5 10.3 11.2 10.6

Hh – hydrolytic acidity.
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With the passing of time from the last manure application, less and less Corg. from

that FYM, fertilizer remains in the soil. What needs to be emphasized, however, is the

fact that nitrogen fertilization had an even greater effect on Corg. content in the soil than

farmyard manure. The plots fertilized with ammonium nitrate had higher levels of Corg

in the soil by on average of 0.57 g � kg–1, with the increase being as much as

0.67 g � kg–1 in the very acidic soil. This means that fertilization with nitrogen

considerably increased the yields of crop biomass, including the yields of post-harvest

crop residue. The smallest effect on Corg increase in the soil was that of liming, on

average by only 0.22 g � kg–1. This may have been due to the fact that, as the available

literature indicates, liming contributes to the mineralization of humus.

The ratio of carbon to nitrogen in the soil was similar for all the experimental

combinations. This indicates that the direction of the changes in total N in the soil, as

affected by the factors studied, was very much like that of the Corg. changes.

The differences in mineral nitrogen content (N-NH4 + N-NO3) in the soil were

greater than those in total nitrogen. In all the combinations with FYM, the levels of

mineral nitrogen were higher (Table 1). Lime applications also increased mineral N

content in the soil, but only on the plots fertilized with nitrogen. Nitrogen fertilization

also increased mineral N content in the soil, but only in the limed field. As is evident

from the available literature, the mineral nitrogen content in the soil depends not only

on the factors listed above [12–17], but also, and perhaps above all, on the time during

the growing season when the soil samples are taken for analysis [13, 18].

The yields of plants grown on the soil fertilized with neither nitrogenous fertilizers

nor manure for dozens of years were very low – about 9 Mg � ha–1 of potato tubers and

1.0–1.5 Mg � ha–1 of grain from cereals (Table 2). At such yields, the uptake of nitrogen

from the soil did not exceed 30 kg N � ha–1, and these amounts of nitrogen could have

come from atmospheric precipitation and the activity of free-living bacteria. Similar

rates of nitrogen uptake from the soil in combinations which had not been fertilized

with nitrogen were obtained in other experiments [11, 16, 19]. Farmyard manure used in

amounts similar to the national average rate (7.5 Mg � ha–1 annually) increased the

yields of potato tubers to 15 Mg � ha–1 and the yields of cereal grains to 1.2–2.0

Mg � ha–1. These results indicate the levels of yielding that we should expect if we

continue to cultivate crops for a long period of time without mineral fertilizers. To

obtain higher yields on such farms, papilionaceous plants would have to be included in

crop rotation.

Very low yields of spring triticale were obtained on the plots without nitrogen

fertilization and that is why the increases in yield influenced by this component, in the

limed field, were the highest. In the other grain crops, the effect of nitrogen was also

large. The yields from the plots fertilized with nitrogen were more than twice as high as

those from the plots without nitrogen fertilization. What can also be noted is that the

effect of nitrogen was in most cases higher in the field without FYM than in the

manured field. The yield-enhancing effect of manure was dependent not only on

nitrogen fertilization but also on soil acidity and the species of the cultivated plant. The

increases in the yields of almost all the crop plants (except potatoes and spring triticale

on the acidic soil) influenced by manure on the plots without nitrogen were higher than

108 Stanis³aw Mercik and Wojciech Stêpieñ



on the plots fertilized with nitrogen. The relationship for potatoes and spring triticale is

greater in limed fields than on a very acidic soil. The literature [8, 9, 20] says that the

yield-enhancing effect of nitrogen will be significant only if the growth of plants is not

inhibited by strong acidification of the soil.

Table 2

Yield of plants depending on long-term fertilization and manuring (FYM)

on the limed and unlimed soils (mean of 4 years)

Plants
Fertilization

since 1923

Mg � ha–1 %, CaPK, PK =100 FYM

increased %–FYM +FYM –FYM +FYM

Potato

PK 5.51 9.29 100 100 68.6

NPK 7.12 12.54 129.2 135.0 76.1

CaPK 8.7 16.5 100 100 89.7

CaNPK 19.1 23.6 219.5 143.0 23.6

LSD 0.49 0.52

Spring

triticale

PK 0.93 1.16 100 100 24.7

NPK 1.22 1.69 131.2 145.7 38.5

CaPK 0.96 1.34 100 100 39.6

CaNPK 3.12 3.14 325.0 324.3 0.6

LSD 0.21 0.23

Oat

PK 1.21 1.85 100 100 52.9

NPK 3.34 3.70 279.0 200 10.8

LSD 0.19 0.24

Rye

PK 1.52 2.02 100 100 32.9

NPK 3.89 4.26 255.9 210.9 9.5

LSD 0.25 0.27

Spring

barley

CaPK 1.35 2.03 100 100 50.4

CaNPK 2.91 3.56 215.6 175.4 22.3

LSD 0.24 0.27

Mustard

CaPK 0.57 0.85 100 100 49.1

CaNPK 1.58 2.00 277.2 235.3 26.7

LSD 0.17 0.21

LSD(0.05) – only for N fertilization.

The soil of the plots without nitrogen fertilization (PK and CaPK) is sufficiently rich

in available forms of phosphorus and potassium, and thus it can be inferred that the

effect of farmyard manure may be dependent mainly on a good supply of nitrogen to

plants. In comparison with the effect of nitrogen from mineral fertilizers, the after-effect

of the nitrogen from manure is also greater, especially of that applied for many years.

This is demonstrated by the fact that in the last year after the application of manure

there is more total and mineral nitrogen in the manured than non-manured field

(Table 1).
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Conclusions

1. Applications, of farmyard manure, every four years, increased organic carbon and

total nitrogen content by about 10 %.

2. Ammonium nitrate used over many years reduced soil pH and increased hydrolytic

acidity of the soil.

3. Yield increases influenced by nitrogen fertilization were very high and in most

cases higher on the non-manured than manured plots.

4. The effect of farmyard manure on crop yield was in most cases greater on the plots

without rather than with nitrogen fertilization.
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DZIA£ANIE AZOTU NA PLONOWANIE ROŒLIN W ZALE¯NOŒCI

OD ODCZYNU GLEBY ORAZ NAWO¯ENIA OBORNIKIEM

Katedra Nauk o Œrodowisku Glebowym

Szko³a G³ówna Gospodarstwa Wiejskiego w Warszawie

Abstrakt: W Stacji Doœwiadczalnej Wydzia³u Rolnictwa i Biologii SGGW w Skierniewicach nieprzerwanie

od 1923 r. prowadzone s¹ doœwiadczenia nawozowe, gdzie bada siê dzia³anie wapna, azotu, fosforu, potasu

i obornika w uk³adzie statycznym w kilku zmianowaniach roœlin. Obornik stosuje siê na glebie bardzo

kwaœnej o pH oko³o 4 oraz s³abo kwaœnej o pH 6,0–6,5. W niniejszej pracy zamieszczono wyniki badañ

uzyskane tylko z obiektów nawo¿onych i nienawo¿onych azotem, na polach bez obornika (od 1923 r.)

i z obornikiem (od 1992 r.). Uzyskane dane obejmuj¹ œrednie z 4 lat plony ziemniaków (nawo¿onych

110 Stanis³aw Mercik and Wojciech Stêpieñ



obornikiem) oraz plony roœlin zbo¿owych uprawianych w kolejnych latach po oborniku. Zamieszczono

równie¿ najwa¿niejsze w³aœciwoœci gleb pobranych w ostatnim roku po oborniku.

Zwy¿ki plonów pod wp³ywem nawo¿enia azotem by³y bardzo du¿e i przewa¿nie wiêksze na polach bez

obornika ni¿ z obornikiem. Obornik zwiêksza³ zawartoœæ wêgla organicznego i azotu ogólnego w glebie

o oko³o 10 %. Nawóz ten bardziej zwiêksza³ plony na obiektach nienawo¿onych azotem ni¿ na kombinacjach,

gdzie stosowano ten sk³adnik.

S³owa kluczowe: wieloletnie doœwiadczenia nawozowe, plony roœlin, wêgiel organiczny, formy azotu

w glebie
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CONTENTS OF COPPER, NICKEL AND CHROMIUM

IN THE SEDIMENTS OF RAINWATER RESERVOIRS

SITUATED ALONG THE NATIONAL ROAD No. 4

ZAWARTOŒÆ MIEDZI, NIKLU I CHROMU

W OSADACH ZBIORNIKÓW WÓD DESZCZOWYCH

USYTUOWANYCH WZD£U¯ DROGI KRAJOWEJ Nr 4

Abstract: The paper aimed at determining heavy metal pollution level of the sediments collected from

reservoirs that retain rainwater, localized along the national road No. 4. The sediments were sampled from 11

reservoirs on three dates: in May 2007, in April 2008 and in June 2008 in the Sulkow, Biskupice, Bodzanow

and Suchoraba villages, along the ca 10 km section of this road. The sediments were dried in the open air,

dry-mineralized and dissolved in a mixture of nitric and chloric acids (3:2, v/v). The contents of copper,

chromium and nickel were assessed in the obtained solutions by means of ICP-AES method.

Copper contents in the analyzed sediments ranged from 9.29 to 102 mg � kg–1, with an average for all

samples 34.94 mg Cu � kg–1. Chromium contents in the studied sediments comprised in limits 12.6–58.1 mg

Cr � kg–1, with an average value of 27.7 mg Cr � kg–1. Nickel quantities assessed in sediments from rainwater

reservoirs were within the range of 7.57–25.62 mg Ni � kg–1, with an average value of 13.71 mg � kg–1.

Changeability (RSD) of the studied metal contents between individual reservoirs fluctuated from 18 to 58 %.

The amounts of analyzed elements in the sediments from reservoirs receiving runoffs from the road were

much smaller than assessed in similar sediments from various cities worldwide. The investigated sediments do

not pose any hazard in view of pollution with copper, chromium or zinc. A regular diminishing of copper

content in the sediments was observed with increasing distance from Krakow agglomeration. The closest

reservoir is situated in Sulkow, 7 km from the Krakow boundaries, near the boundaries of the Wieliczka town.

On the other hand, the reservoir in Suchoraba village is about 17 km far from Krakow. Along this stretch

copper content in sediment taken from reservoirs that retain rain water diminished several times, what points

at a considerable effect of pollution coming from urban centre on this metal level in the sediments. No such

dependence was observed for nickel or chromium.

Keywords: rainwater reservoirs, sediments, metals content, Cu, Ni, Cr
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Advanced level of urbanization increases the number of hard surfaced areas. With

growing area of anthropogenically transformed terrains the hazard of area pollution

source is more serious. Environmental Protection Agency (EPA) attaches more attention

to this type of pollution which may locally lead to environment degradation. Many

researchers of this problem state that in the areas with high coefficient of urbanization

rainwater is currently the gravest threat to both surface and underground water quality

[1–3]. Rainwater running off from hard surfaced areas may contain considerable

amounts of pollutants posing a hazard to natural ecosystems [4]. The most important

impurities polluting the runoffs are organic matter, heavy metals, oil derivatives,

chlorides which can be extracted with petroleum spirit [5]. The Directive of the Minister

of Environment of 29 November 2002 [6] determines the necessity to clean rainwater

from the road drainage to make it parameters would meet the standards formulated in

the Directive of the Minister of Environment of 24 July 2006 [7]. One of the ways of

pretreatment is the use of sedimentation pools and infiltration and evaporation tanks.

Various physical and physicochemical phenomena are used in these devices to remove

the pollutants from rainfall wastewater and transform them to sediments [8]. It is

thought that bioretention reservoirs are the most efficient method of cleaning rainwater

runoffs of heavy metals, because the physical and chemical processes are supplemented

with biological sorption of pollutants. Another problem is treatment and disposal of

water from the pretreatment reservoirs. Inappropriate exploitation and utilization of the

reservoirs may after some years cause mobilization of toxicants bound in the sediments

posing a hazard to the natural environment. With increasing number of facilities

pretreating stormwater sewage the pressure of roads and other urbanized areas on the

environment will be diminishing, but also considerable amount of sediments will be

generated and their management may prove problematic. The annual deposition of

sediments from surface runoffs in France is estimated for 5 million Mg (tons) and

potentially increasing in future [3].

Heavy metals are constant component of rainfall water. Emission of these elements

to the environment is connected with all kinds of human activity. Metals are emitted to

the atmosphere, absorbed on dust particles fall to the ground from where are washed

away by rainwater. Considerable amounts of nickel find their way to the environment

with burning fuels and this element leaching from the road surface, but also due to

corrosion of vehicle parts coated with this element. Chromium in rainfall sewage also

comes from fuel burning and in result of leaching from chromium plated vehicle

surfaces.

The investigations aimed at determining the extent of copper, chromium and nickel

pollution of sediments from the reservoirs of rainwater running from the surface of

national road No. 4.

Material and methods

In 2007 and 2008 sediments were sampled from evaporation reservoirs which receive

rainwater runoffs from the national road No. 4 along ca 10 km section of this road
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between Sulkow and Suchoraba villages. The parameters of the reservoirs and the

catchment were given in Table 1.

Table 1

Characteristic of stormwater ponds

No.
No.

of object
Localization

Capacity of

reservoir [V]

Retention

time of water

in pond [t]

Total catchment area
Flow

[Q]sealed [F1]
green areas

[F2]

[m3] [min] [ha] [ha] [dm3
� s–1]

1 20 Sulkow 118.4 31.1 0.29 1.85 71

2 21 Sulkow 176.9 29.4 0.29 5.97 119

3 22 Sulkow 86.2 29.7 0.18 2.67 58

4 33 Biskupice 93.0 24.2 0.39 2.58 77

5 32 Przebieczany 81.5 37.8 0.17 1.29 45

6 36 Bodzanow 98.0 25.8 0.62 0.69 87

7 37 Bodzanow 127.0 30.4 0.39 4.08 127

8 41 Suchoraba 101.6 27.2 0.36 2.64 95

9 43 Suchoraba — — 0.37 3.88 94

10 45 Suchoraba 194.8 32 0.36 5.17 119

11 55 Suchoraba 218.0 27.7 0.53 9.91 156

The samples were collected on three dates: in May 2007, in April 2008 and in June

2008 in the Sulkow, Biskupice, Bodzanow and Suchoraba villages. Sediments for

analyses were sampled from 11 reservoirs situated in: Sulkowice – 3 reservoirs,

Biskupice – 1 reservoir, Przebieczany – 1 reservoir, Bodzanow – 2 reservoirs and

Suchoraba – 4 reservoirs. Average sample was composed of primary samples collected

from the whole area of the reservoirs. A laboratory sample was representative for the

whole reservoir. The sediments were gathered from the top layer to the depth of 10 cm.

Collected sediments were dried in the open air, dry mineralized in a muffle furnace at

450 oC and digested in a mixture of HClO4 and HNO3 acids (2:3, v/v). Material

prepared in this way was dissolved in HCl and the contents of copper, chromium and

nickel were assessed in obtained solution using ICP-AES method on JY 238 ULTRACE

apparatus (Jobin Yvon Emission). Organic matter content was determined on the basis

of weight loss during calcinations at 550 oC. The methods were validated on the basis

on internal reference materials.

Rainwater sewage pollution with copper is mainly connected with fuel burning in

engines. It has been estimated that cars emit about 4.5 � 10–5 g per 1 kilometre of the

way they pass [8]. Considerable amounts of this element are frequently noted in runoffs

from roads and highways. Nordeidet et al [9] emphasize great importance of copper as a

factor polluting runoffs from roads and highways.

Average copper content in the sediments from rainwater reservoirs was 34.94

mg � kg–1, fluctuating from 9.29 to 102 mg Cu � kg–1 (Table 2). The greatest quantities

were registered in the sediments from the third sampling, where the amount was almost
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Table 2

Parameters of heavy metals quantity in sediments from stormwater ponds

Element
Following

sampling

Minimum Maximum Mean Median RSD*

[%][mg � kg–1 d.m.]

Cu

I 9.29 60.64 30.34 30.96 59

II 12.18 57.30 29.43 26.94 57

III 11.82 102.0 45.06 46.56 55

Cr

I 16.38 58.08 34.20 29.60 37

II 12.62 26.31 20.89 18.06 35

III 17.19 38.94 28.52 27.31 26

Ni

I 7.57 15.52 11.65 11.63 18

II 11.31 25.62 16.88 14.56 30

III 8.37 18.19 12.77 12.03 22

* RSD – Relative standard deviation.

twice greater than in the 1st or 2nd sampling. The highest concentrations of copper were

determined in the reservoirs situated closest to Krakow (Fig. 1). The average for 1–6

objects for all three samplings was 42.26 mg � kg–1, whereas for reservoirs 7–11 it

reached 26.62 mg � kg–1. With growing distance from the city agglomeration copper

level in the sediments was decreasing regularly. Standard deviation for sediments from

all reservoirs fluctuated from 50 to 60 % between the successive samplings.

Copper contents in the analyzed sediments indicate their anthropogenic enrichment.

This metal quantities registered by Neal et al [10] in the Thame River water (the

Thames tributary) reached several mg � dm–3. Wisniowska-Kielian and Niemiec [11]

reported diversified copper contents in the sediments from the Dunajec River bottom

and retention reservoirs: from 3.5 mg � kg–1 in the unpolluted areas to 28 mg � kg–1 in

the regions under strong anthropopressure. However, copper concentrations assessed in

the investigated sediments do not pose a hazard to the environment because they do not

exceed the permissible contents of this element in soil or protected ground [6]. Nogaro
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et al [12] found that copper concentrations in reservoirs accumulating rainwater in the

Lyon area reached the level of 113 mg � kg–1. On the other hand, Rozenkrantz et al [13]

assessed the copper contents in the sediments from rainwater infiltration pools in the

vicinity of Melbourne similar to obtained in the presented research, amounting from 9.6

to 124 mg Cu � kg–1, whereas Datry et al [14] observed a much higher concentration of

this metal, between 241–503 mg � kg–1, in the infiltration pools of rainwater runoffs in

Lyon neighbourhood. Petavy et al [3] also registered high contents of copper in the

sediments from infiltration pools in western France reaching from 122 to 334 mg � kg–1,

depending on the fraction. These authors pay attention to a considerable copper affinity

to organic matter and the finest sediment fractions. These properties of copper cause

that its removal from sediments depends the sedimentation conditions in reservoirs.

Ikenaka et al [15] stated much higher quantities of copper in sediment of Kafue River,

which ranged from 23 to 12906 mg � kg–1, 4745 mg � kg–1 on average, whereas

recommended value amounts 50 mg Cu � kg–1. This phenomenon is a result of heavy

metals transportation from the Copper Belt area to downstream areas. Krolikowski et al

[16] noted copper concentrations amounting 6.8–60 mg � kg–1 in storm inlets in

Bialystok, approximate to presented in this paper. Murakami et al [17] point to possible

copper contamination of underground runoffs. These authors state that copper con-

centrations in the dust from the heavily loaded highways may reach even 990 mg � kg–1.

Mayer et al [18] report that this element concentrations in the sediments from reservoir

receiving stormwater in Toronto range from 56 to 114 mg � kg–1, ie are a bit higher than

presented in the paper. Birch and McCready [19] investigated copper content in street

dust and in the sediments from reservoirs accumulating rainwater in Sydney. Average

copper content in street dust was 160 mg Cu, whereas in the sediments reached over

200 mg Cu � kg–1. It evidences a considerable copper binding by organic matter and

suspension particles. Obtained results of copper contents in sediments of the investigat-

ed reservoirs are much lower than presented by various authors.

Chromium content in sediments from the analyzed reservoirs ranged from 123.6 to

58.1 mg � kg–1 d.m. (Fig. 2) and was on average of 27.7 mg � kg–1. The highest contents

of this element were registered in the sediments collected in June 2008, whereas the

lowest in sediments of the second sampling (April 2008).
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No dependence of chromium concentration in sediments on the reservoir distance

from Krakow was registered, as it had place in case of copper. Variability (RSD) of this

element content in individual reservoirs was quite equal considering the sampling date

and in all analyzed sediments fluctuated from 26 to 37 % (Table 2). Chromium contents

in sediments of the studied reservoirs were not high and much lower than the literature

data. No exceeded permissible content of this element was registered either in the soil or

ground under protection [6]. Datry et al [14] determined chromium content in sediments

from infiltration pools of rainwater runoffs in Lyon vicinity on the level of 68–129

mg � kg–1, whereas Petavy et al [3] registered this metal contents in sediments from

western France ranging from 33–113 mg � kg–1. Birch and McCready [19] in their study

determined chromium content in sediments originating from urbanized areas in Syndey

amounting 31 mg � kg–1. The same authors reported that this element content in street

dust in Syndey equaled 34 mg � kg–1. Jartun et al [20] assessed an average content of

chromium in runoffs in Bergen, Norway as 30 mg � kg–1, while McKenzie et al [21]

report 122 mg � kg–1 as an average content of this metal in dust from highways in

California. On the other hand, Krolikowski et al [16] registered average amounts of

chromium in storm inlets in Bialystok ranging from 1.17 to 3.84 mg � kg–1, whereas

sediments from lamella separators from this city contained much larger amounts,

19.2–63.2 mg Cr � kg–1. Chromium contents in the analyzed reservoirs sediments were

small, much smaller than assessed in similar objects from the other parts of the world.

Nickel content in the researched sediments fluctuated from 7.57 to 25.62 mg � kg–1

and on average was 13.71 mg � kg–1 (Fig. 3). Average quantities of this element in

sediments from all reservoirs differed slightly. The greatest amount of nickel was

determined in the sediments collected in April 2008. No such relationship as in case of

copper was noted between this element accumulation in the sediments and the reservoir

distance from Krakow city agglomeration. Higher contents were registered only in

sediments from the second sampling in the reservoirs numbered 1, 2 and 3. Variability

of this element contents in individual reservoirs between sampling dates was slight and

in all studied sediments fell within 18–31 % range (Table 2).

Nickel contents in the investigated sediments were low and did not exceed values

permissible for soil or ground under protection [6].
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Nickel is fairly common in the environment and is always a component of rainwater.

This element contents in the analyzed sediments remained on a level formerly assessed

by Wisniowska-Kielian and Niemiec [11] in bottom sediments of the Dunajec River and

its tributaries. Nickel contents in sediments from the studied reservoirs were not high

and much lower than presented in literature. Datry et al [14] stated this element content

in sediments from infiltration pool of rainwater runoffs in the vicinity of Lyon ranging

from 50 to 114 mg � kg–1, whereas Murakami et al [17] reported average concentrations

of nickel of about 50 mg � kg–1 in street dust, which reached even 100 mg � kg–1 but only

on highways with high traffic load. Birch and McCready [19] assessed 31 mg Ni � kg–1

in sediments originating in the urbanized areas in Sydney, whereas nickel content in

street dust in this city was 34 mg � kg–1. Rozenkrantz et al [13] noted nickel contents of

5.7–21.5 mg � kg–1 in the sediments from rainwater infiltration pools in the vicinity of

Melbourne, similar to obtained in the Authors’ own research. Jartun et al [20] reported

24 mg � kg–1 as mean nickel content in the sediments from runoffs in Bergen, Norway.

On the other hand, in research conducted by Krolikowski et al [16] average contents of

this element in the sediments from storm inlets in Bialystok ranged from 0.98 to 12.8

mg � kg–1, but the amounts of this element assessed on lamella separators were 13–43

mg � kg–1.

The contents of the investigated metals in sediments from road runoffs were not high

and it may be supposed that they do not pose any environmental hazard. The levels of

copper, chromium and nickel in the sediments were much lower than observed by other

authors in various cities in the world, however assessed ranges of these elements

contents indicate anthropogenic enrichment of the sediments. The share of hard

surfaced catchment in total area of the investigated reservoirs catchment is only from 5

to 10 %. The remaining part consists of green areas. Such considerable share of natural

areas in total catchment area of the reservoirs leads to dilution of pollutants running off

roads and their uptake by grass plants, which may explain lower contents of the studied

impurities. Runoffs from city centres with considerable share of hard surfaced areas in

catchment are always more burdened with pollutants. Barret et al [2] point to a

considerable variability of the chemistry of runoffs from roads during rainfall. Sewage

of the first phase of the runoff is the most concentrated. Its pollutant concentrations may

be compared with those noted in industrial sewage, therefore retention reservoirs

counteract the discharge of highly concentrated sewage to the natural, particularly water

environment and their most important role is receiving the pollutants carried by the first

phase of the runoff.

Conclusions

1. Sediments from the investigated rainwater reservoirs were characterized by a

much lower content of copper, chromium and nickel than the sediments collected from

rainwater reservoirs in various cities worldwide.

2. A high share of green areas in total catchment area of the studied reservoirs might

favour lower accumulation of the studied metals in the sediments because waters

filtering through green areas always contain lesser amounts of pollutants.
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3. Copper contents in sediments of the analyzed reservoirs depended on the

localization of the reservoir and were diminishing systematically with increasing

distance from Krakow agglomeration boundaries. No such relationship was assessed for

chromium and nickel.
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ZAWARTOŒÆ MIEDZI, NIKLU I CHROMU W OSADACH ZBIORNIKÓW

WÓD DESZCZOWYCH USYTUOWANYCH WZD£U¯ DROGI KRAJOWEJ Nr 4

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem pracy by³o okreœlenie poziomu zanieczyszczenia metalami ciê¿kimi osadów pobranych ze

zbiorników zlokalizowanych wzd³u¿ drogi krajowej nr 4 przyjmuj¹cych wody deszczowe. Osady pobrano

z 11 zbiorników w trzech terminach: maj 2007 r., kwiecieñ 2008 r. i czerwiec 2008 r. z miejscowoœci:

Su³ków, Biskupice, Bodzanów i Suchoraba na odcinku ok. 10 km. Osady wysuszono na powietrzu

i zmineralizowano na sucho i roztworzono w mieszaninie kwasów azotowego(V) i chlorowego(VII)
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w stosunku objêtoœciowym 3:2. W uzyskanych roztworach oznaczono ogóln¹ zawartoœæ miedzi, chromu oraz

niklu metod¹ ICP-AES.

Zawartoœæ miedzi w badanych osadach mieœci³a siê w granicach od 9,29 do 102 mg � kg–1. Œrednia dla

wszystkich próbek wynosi³a 34,94 mg � kg–1. Stê¿enie chromu w badanych osadach waha³o siê w granicach

12,6–58,1 mg Cr � kg–1, a œrednio wynosi³o 27,7 mg � kg–1. Iloœci niklu oznaczone w osadach ze zbiorników

wód opadowych mieœci³y siê w zakresie 7,57–25,62 mg Ni � kg–1. Œrednia zawartoœæ tego pierwiastka

wynosi³a 13,71 mg � kg–1. Zmiennoœæ (RSD) stê¿eñ badanych metali pomiêdzy poszczególnymi zbiornikami

waha³o siê w granicach 18–58 %. Iloœci badanych pierwiastków w osadach ze zbiorników przyjmuj¹cych

sp³ywy z drogi by³y znacznie mniejsze ni¿ stwierdzane w podobnych osadach w innych miastach na œwiecie.

Badane osady nie stanowi¹ zagro¿enia ze wzglêdu na zawartoœæ miedzi, niklu i chromu. Zaobserwowano

regularne zmniejszanie zawartoœci miedzi w miarê oddalania siê od aglomeracji krakowskiej. Zbiornik

usytuowany najbli¿ej Krakowa w Su³kowie oddalony jest o ok. 7 km od rogatek Krakowa i znajduje siê przy

granicy z miastem Wieliczka, natomiast zbiornik w Suchorabie jest oddalony o ok. 17 km od Krakowa. Na

tym odcinku zawartoœæ miedzi w osadach ze zbiorników wód deszczowych zmniejszy³a siê kilkakrotnie, co

wskazuje na znaczny wp³yw zanieczyszczeñ nap³ywaj¹cych z oœrodka miejskiego na poziom tego metalu

w osadach. W przypadku niklu i chromu nie zaobserwowano takiej zale¿noœci.

S³owa kluczowe: zbiorniki wód deszczowych, osady, zawartoœæ metali, Cu, Ni, Cr
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PRESENCE OF METALS IN WATERS

FROM SACRED SPRINGS IN EUROPE

OBECNOŒÆ METALI W WODACH

ZE ŒWIÊTYCH �RÓDE£ W EUROPIE

Abstract: Laboratory tests were carried out of water sampled from springs located at various towns

throughout Europe: in Poland (Gierzwald and Ludzmierz), France (Lourdes, La Salette), Portugal (Fatima)

and Greece (Ephesus). The following were determined for the samples: electrolytic conductivity, and copper,

zinc, cadmium, lead and nickel concentrations. The waters in question had the reaction ranging from 7.64 pH

to 8.15 pH. Electrolytic conductivity oscillated between 201.00 �S � cm–1 and 702.00 �S � cm–1. Metal

contents were as follows: copper – 0.0001–0.0052 mgCu � dm–3, zinc – 0.0015–0.2153 mgZn � dm–3, cadmium

– 0.0005–0.0012 mgCd � dm–3, lead – 0.0000–0.0101 mgPb � dm–3 and nickel – 0.0000–0.0017 mgNi � dm–3.

The tests showed that the waters in question, which are believed by pilgrims to possess medicinal and healing

properties, met the criteria established for water intended for human consumption.

Keywords: water, metals, sacred springs

Waters from sacred springs around the world are regarded as special, due to their

reputed medicinal, healing and converting properties. Usually they are sampled by

pilgrims to be drunk as potable water. They are also used by the sick to wash ailing

parts of the body. Frequently the sick can also have a bath in sacred waters.

Europe has numerous places which, due to religious worship (the presence of relics,

miraculous healing), are regarded by pilgrims as particularly important and worth

visiting. Such sanctuaries are often located at small towns or villages, on slopes of hills,

far from big cities. Apart from their considerable religious importance, they often have

water springs, referred to as sacred. Some of such small settlements have grown

increasingly popular with pilgrims and developed into quite sizeable towns. Con-

sequently, the locations from which water is sampled had to be adapted to enable

a larger number of people to draw – and often more – water in a shorter time. Because

such water is regarded by pilgrims as possessing healing properties, it is usually drunk.
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Most probably a majority of the people using the water do not even think about its

composition or any pollutants that may be present in it.

The tests were run in the years 2005–2008 on samples collected in south-eastern,

central and western Europe: Gierzwald and Ludzmierz in Poland, Lourdes and La

Salette in France, Fatima in Portugal and Ephesus in Turkey.

The aim of the research was to determine the pollution with heavy metals of waters

sampled from the sacred springs in question.

Material and methods

The samples were collected into polyethylene bottles directly from the pipes from

which water was taken by pilgrims. Immediately after they were collected measure-

ments were taken of their reaction and electrolytic conductivity. Next they were

mineralized in concentrated nitric acid. Metal (copper, zinc, lead, cadmium and nickel)

concentrations were determined using atomic absorption spectrophotometry by means

of a Varian Spectr AA-110/220 unit.

Results and discussion

The analysed waters were alkaline or slightly alkaline. The reaction values oscillated

between 7.64 pH (Fatima) and 8.15 pH (Gierzwald) (Table 1). For none of the waters,

apart from that from Gierzwald, for which the maximum was recorded, did the reaction

exceed 8.00 pH. Under the Ordinance of 29 March 2007 of the Minister of Health, the

reaction of water intended for human consumption should fall within the range 6.5–9.5

pH. This means that the waters in question satisfy the relevant requirements. According

to the classification of surface waters intended for human consumption, the waters met

the standards prescribed for category A1 on a three-level scale [1]. As per the guidelines

regarding the presentation of the condition of groundwater, the waters met the

cleanliness criteria for class 1 [2]. These alkaline waters could be help for example with

hyperacidity (acid-alkaline balance).

Table 1

Reaction (pH) and electrolytic conductivity [�S � cm–1]

Site Reaction (pH)
Electrolytic conductivity

[�S � cm–1]

Gierzwald (Poland) 8.15 486.00

Ludzmierz (Poland) 7.72 365.00

Fatima (Portugal) 7.64 201.00

Ephesus (Greece) 7.73 702.00

Lourdes (France) 7.89 350.00

La Salette (France) 7.85 339.00

The results of the measurements of electrolytic conductivity were used to formulate

conclusions about environmental pollution with mineral compounds. The lowest figure,
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at 201.00 �S � cm–1, was obtained for the water collected at Fatima in Portugal

(Table 1). The maximum was found at Ephesus (702.00 �S � cm–1). The determined

conductivity values fall, similarly to the reaction, within the limits set for water intended

for human consumption (with the border value amounting to 2500 �S � cm–1) [3]. In line

with the guidelines for surface waters intended for human consumption, the waters from

the sacred springs were identified as belonging to category A1 [1]. According to the

groundwater classification, the waters in question met the requirements set for the best

quality water class, except for the samples collected at Ephesus (702.00 �S � cm–1 –

class II). The difference, however, is not significant, as the threshold value for class I

amounts to 700 �S � cm–1 [2].

The analysis of heavy metal concentrations covered copper, zinc, cadmium, lead and

nickel. The highest copper concentration was found in the Fatima spring (0.0052

mgCu � dm–3) (Fig. 1). The values obtained for Ephesus were not much lower (0.0048

mgCu � dm–3). The lowest copper concentration was in the samples from Ludzmierz in

Poland (0.0001 mgCu � dm–3). The cut-off value for water intended for human

consumption is 2.00 mgCu � dm–3, and so all of the samples met the criteria set in the

Ordinance referred to above [3]. In terms of copper concentration in surface waters

intended for human consumption the waters in question fell within the first, A1 category

[1]. According to the groundwater classification system, copper concentrations satisfied

the requirements set for class 1 water, the maximum threshold for which amounts to

0.0100 mgCu � dm–3 [2].

Zinc content ranged from 0.0015 mgZn � dm–3 to 0.2153 mgZn � dm–3 (Fig. 2). The

highest concentration was found in the case of water from Ephesus (Greece). Also the

samples from Fatima had a high concentration of zinc, at 0.1115 mgZn � dm–3. The

lowest concentration was at Ludzmierz. The concentrations determined for Gierzwald

and La Salette were similar, at 0.0300 mgZn � dm–3 and 0.0271 mgZn � dm–3,

respectively. The Ordinance of the Minister of Health referred to above does not
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regulate zinc content in potable water [3]. As per the groundwater classification system,

the waters sampled in Poland (Gierzwald and Ludzmierz) and France (Lourdes and La

Salette) belong to class 1, whereas those from Fatima and Ephesus – to class 2 [2].

According to the classification of surface waters intended for human consumption, all of

the waters studied as part of the research met the requirements for the cleanest water

category – A1 [1].

Cadmium concentrations proved the lowest at Ludzmierz (0.0005 mgCd � dm–3) and

the highest at Lourdes (0.0012 mgCd � dm–3) (Fig. 3). The Gierzwald and Fatima

samples had 0.0008 mgCd � dm–3, and those from La Salette and Ephesus – 0.0009

mgCd � dm–3. All of the samples fell within the range of values specified in the

Ordinance of the Minister of Health referred to above, which sets the maximum
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permissible concentration at 0.0050 mgCd � dm–3 [3]. According the surface water

classification, the determined cadmium levels met the requirements for category A1 [1].

Under the groundwater classification system, the waters covered by the research belong

to class 1, except for the water from Lourdes, which is class 2, with the maximum

concentration threshold at 0.0010 mgCd � dm–3 [2].

As far as lead is concerned, its maximum concentration was found at La Salette

(0.0101 mgPb � dm–3) (Fig. 1). A lot of lead was also found in the water from Lourdes

(0.0098 mgPb � dm–3). No lead was found in the water samples from Ludzmierz. All the

recorded values fall within the limits prescribed by the Ministry of Health [3]. Based on

the recommendations of the Minister of the Environment regarding groundwater, all of

the waters in question belong to the highest water cleanliness class [2]. The same

applies to the classification of surface waters intended for human consumption

(category A1) [1].

No nickel was found at Ludzmierz. The highest nickel concentration was at Fatima

(0.0017 mgNi � dm–3) (Fig. 3). The samples from Gierzwald and Lourdes had the same

concentration of the metal: 0.0005 mgNi � dm–3. The maximum permissible nickel

concentration in water intended for human consumption amounts to 0.0200, and so all

of the samples qualify as fit for consumption [3]. Nickel concentrations in the waters in

question were low and so all of the waters belong to groundwater cleanliness class 1 and

to category A1 for surface waters [1, 2].

Recapitulation

The tests showed that the waters in question, which are believed by pilgrims to

possess medicinal and healing properties, met the criteria established for water intended

for human consumption in terms of their the pH value, conductivity and heavy metal

concentrations.
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OBECNOŒÆ METALI W WODACH ZE ŒWIÊTYCH �RÓDE£ W EUROPIE

Zak³ad Hydrobiologii i Akwakultury

Uniwersytet Przyrodniczy we Wroc³awiu

Abstrakt: Przeprowadzono badania wód pochodz¹cych ze Ÿróde³ w zlokalizowanych w miejscowoœciach na

terenie Europy: w Polsce (Gierzwa³d i LudŸmierz), we Francji (Lourdes, La Salette), w Portugalii (Fatima)

oraz w Grecji (Efez). Okreœlono odczyn, konduktywnoœæ (przewodnictwo elektrolityczne) oraz stê¿enia:
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miedzi, cynku, kadmu, o³owiu i niklu. Badane wody odznacza³y siê odczynem w zakresie od 7,64 pH do 8,15

pH. Konduktywnoœæ waha³a siê od 201,00 do 702,00 �S � cm–1. Zakresy zawartoœci metali wynosi³y dla

miedzi (0,0001–0,0052 mgCu � dm–3), dla cynku (0,0015–0,2153 mgZn � dm–3), dla kadmu (0,0005–0,0012

mgCd � dm–3), dla o³owiu (0,0000–0,0101 mgPb � dm–3) oraz dla niklu (0,0000–0,0017 mgNi � dm–3). Na

podstawie przeprowadzonych badañ okaza³o siê, ¿e badane wody, które uznawane s¹ przez pielgrzymów jako

maj¹ce w³aœciwoœci lecznicze i uzdrawiaj¹ce, spe³niaj¹ kryteria ustalone dla jakoœci wód przeznaczonej do

spo¿ycia dla ludnoœci.

S³owa kluczowe: woda, metale, œwiête Ÿród³a
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Abstract: Mercury content was examined in forty-eight milk products produced by regional milk
cooperatives (OSM) located in south and south-east Poland. In the market range of products, the mercury

content was lower than the permissible level of 10 �g/kg. The lowest mercury concentration, 0.01 �g/kg of

product, was determined in kefir and the highest one – in milk and it was equal 0.79 �g/kg of product. The

examined products are not dangerous for the consumers because the mercury content do not exceed

a boundary value recommended by FAO/WHO. They also do not point at any pollution of natural or

agricultural areas by this toxic element.

Keywords: mercury content, milk products, non-flame atomic spectrometry absorption technique

One percent of the global emission of mercury, that is about 20 Mg (ton)/year, falls

on Poland. It put our country on the second place in the EU ranking [1]. Growing

environmental pollution caused consumers’ fears of consumption of products containing

heavy metals. These metals get inside the human body mainly by inhalation and

consumption and then cumulate. Usually their toxic action do not appear at once, but

after many years or even in the next generations. Heavy metals present in food even in

trace amounts are very dangerous for the human health, because they cause non-

-infectious diseases which are characterized by the far effects of action. Polish legal

acta, based on EU directives, permits the following mercury contents in foodstuff: 0.01

mg/kg in milk; 0.01 mg/kg in fruits, vegetables, leguminous vegetables, potatoes; 0.02

mg/kg in oil seeds, tea, hop; and 0.01 mg/kg in other foodstuffs of plant origin.
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Mercury occurs in several chemical forms including elemental mercury, as well as its

inorganic and organic compounds [2], which differ in their solubility, reactivity and

toxicity [3]. Global mercury circulation involves both natural and anthropogenic sources

[4]. The main source of mercury is natural emission originating from volcanic eruptions

and evaporation from the ocean and land surfaces. Mercury poisoning caused by

mercury vapour and inorganic compounds of this element are mainly connected with

the development of industry, while methylmercury (MeHg) is a serious environmental

pollutant [5, 6]. It is reported that limited amounts of inorganic and organic mercury can

be passed from feed to cow’s milk [7, 8] and cumulate in dairy products. Therefore,

monitoring of mercury presence in such products is so important [9].

The aim of this work was analysis of mercury content in milk and dairy products

originated from south and south-eastern Poland.

Materials and methods

Milk and a range of dairy products originated from south and south-east regions of

Poland were purchased from the local markets. The main criterion was the selection of

producers from the regions differing in their degree of industrialization and, con-

sequently, pollution of the environment. Mercury content was analyzed in the products

such as: milk, buttermilk, kefir, yogurt, cream, cream cheese, cottage cheese, butter and

milk powder in order to asses if degree of concentration of a raw material and food

processing have an influence on its level in dairy products.

Measurement of water content. Water content of liophilizates and products was

determined with the use of a moisture analyzer (Radwag WPS50SW) after drying

samples at 100 oC. Analysis was carried out in triplicate.

Lyophilization. Samples of dairy products were lyophilized in Labconco freeze

dryer (Model 64132, Kansas City, MO, USA). Obtained lyophilizates were stored in an

exsiccator and used for the further analyses.

Determination of total mercury content. Mercury content in such prepared

lyophilized samples was specified using non-flame atomic spectrometry absorption

technique (mercury analyzer AMA 254, Altec, Czech Republic). During the analysis in

the AMA 254, samples were pre-dried in the internal oven of the analyzer and burned in

oxygen (99.999 % of purity). The decomposition products were further carried to the

amalgamator for selective mercury trap. After temperature stabilization (120 oC) in the

amalgamator the content of trapped mercury was measured. Thus mercury was released

from the amalgamator by a short heat-up and then the mercury cloud was transferred by

O2 carrier gas to a double measuring cuvette. Then the same quantity of mercury was

measured twice using different sensitivities, resulting in a dynamic range of 0.05–600

ng Hg in single measurement. The detection limit was 10–5
�g/g. The original factory

calibration was still valid for the calibration of the instrument. The values were

controlled regularly by calibration standard mercury solutions – NIST- traceable Hg

standard solution (Accu Trace Single Element Standard; AccuStandard Inc., New

Haven, Ct, USA). Each sample was analyzed in triplicate and the data are an average of
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these replications. Additionally, standard deviation (SD) for each determination was

calculated. Mercury content in lyophilizate was converted to its concentration in the

base product.

Results and discussion

Mean values of mercury content [�g/kg] determined in lyophilizates and base

products are presented in Table 1. Mercury levels in all the examined products were in

the order of ten thousandth parts of ppm and oscillated from about 0.01 �g/kg in natural

kefir (7D, 6C), cream (5D), buttermilk (5C) and strawberry flavoured yogurt “Serdusz-

ko” (3D) to over 0.45 �g/kg in butter from all the producers – the highest value

determined for butter 10A was equal 0.79 �g/kg.

Variety of mercury content was observed among the products originated from the

same dairy or region of Poland:

– OSM (A) – from 0.00002 ppm in kefir (2A) to 0.00030 ppm in milk powder (8A)

and 0.00079 ppm in butter extra (10A);

– OSM (B) – from 0.00003 ppm in milk (1B) to 0.00010 ppm in half fat cottage

cheese (8B);

– OSM (C) – from 0.00001 ppm in kefir (6C) and buttermilk (5C) to 0.00014 ppm in

vanilla flavoured cream cheese (2C) and 0.00058 ppm in butter extra (10C);

– OSM (D) – from 0.00001 ppm in natural kefir (7D), cream (5D) and strawberry

flavoured yogurt (3D) to 0.00011 ppm in vanilla flavoured cream cheese (8D);

– OSM (E) – from 0.00004 ppm in kefir (5E) to 0.00016 ppm in cream cheese with

spring onion (4E);

– OSM (F) – from 0.00002 ppm in kefir (2F) to 0.00008 ppm in granular cottage

cheese (3F) and 0.00047 ppm in butter extra (5F).

To summarize, if a certain dairy produced kefir, it contained the lowest mercury level

from the whole range of products. The highest mercury content was determined in

butter in the case of all the producers.

Some differences in mercury content were observed in the particular range of dairy

products (Table 1). Similar products originated from the different regions of Poland

revealed diversity in mercury content (Table 1), for instance milk contained from ca
0.03 �g Hg/kg (OSM B from Silesia) to 0.06 �g Hg/kg (OSMs A and F from Lublin

and Podkarpackie provinces).

The lowest amounts of mercury in the whole range of dairy products were

determined for kefirs – from 0.01 �g Hg/kg (OSMs D and C) to 0.04 �g Hg/kg

(OSM E). For kefirs produced by OSMs A and F, mercury content was about 0.02

�g/kg (Table 1).

Similar mercury concentrations, in the range of 0.01–0.09 �g/kg, were obtained for

buttermilks, yogurts and creams. Among buttermilks, that produced by OSM C

contained the highest amount of mercury and the lowest value was obtained for

buttermilk produced by OSM A.

Strawberry flavoured yogurt produced by OSM D contained the lowest amount of Hg

in the examined range of products, whereas the highest mercury content was obtained
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for natural yogurt of OSM C. Addition of flavour supplements or fruits to yogurt did not

cause any increase of mercury content.

Table 1

Mercury content in dairy products and their lyophilizates.

A, B, C, D, E, F – codes of the particular producers

No. Code Product

Hg content

in lyophylizate

(mean � SD)

[�g/kg]

Hg content

in product

(mean � SD)

[�g/kg]

1 1A Milk 0.53 � 0.07 0.06 � 0.01

2 2A Kefir 0.11 � 0.05 0.02 � 0.01

3 3A Natural yogurt 0.17 � 0.02 0.03 � 0.00

4 4A Natural yogurt “JOGUŒ” 0.32 � 0.07 0.05 � 0.01

5 5A Cream 0.23 � 0.09 0.06 � 0.02

6 6A Cream cheese (vanilla taste) 0.37 � 0.01 0.12 � 0.00

7 7A Half fat cottage cheese 0.77 � 0.02 0.23 � 0.01

8 8A Whole milk powder 0.31 � 0.02 0.30 � 0.01

9 9A Buttermilk 0.11 � 0.04 0.09 � 0.03

10 10A Butter extra 0.90 � 0.90 0.79 � 0.79

11 1B Milk 0.24 � 0.07 0.03 � 0.01

12 2B Vanilla flavoured cream cheese 0.12 � 0.05 0.05 � 0.02

13 3B Natural cream cheese 0.27 � 0.04 0.05 � 0.01

14 4B Cream 0.19 � 0.04 0.04 � 0.01

15 5B Cream cheese with horseradish 0.30 � 0.12 0.09 � 0.04

16 6B Cream cheese with caraway 0.14 � 0.05 0.06 � 0.02

17 7B Natural buttermilk 0.49 � 0.04 0.06 � 0.01

18 8B Half fat cottage cheese 0.32 � 0.04 0.10 � 0.01

19 1C Natural yogurt “Nadburzañski” 0.38 � 0.08 0.07 � 0.02

20 2C Vanilla flavoured cream cheese 0.45 � 0.04 0.14 � 0.01

21 3C Natural cream cheese 0.22 � 0.06 0.05 � 0.01

22 4C Natural yogurt 0.25 � 0.02 0.03 � 0.00

23 5C Buttermilk 0.13 � 0.06 0.01 � 0.01

24 6C Kefir 0.08 � 0.08 0.01 � 0.01

25 7C Cream 0.17 � 0.11 0.03 � 0.02

26 8C Milk “Nadbu¿añski dzban” 0.25 � 0.16 0.03 � 0.02

27 9C Half fat cottage cheese 0.13 � 0.03 0.04 � 0.01

28 10C Butter extra 0.65 � 0.29 0.58 � 0.26

29 1D Vanilla flavoured cream cheese “Serduszko” 0.18 � 0.10 0.04 � 0.02

30 2D Yogurt “Regularis” 0.23 � 0.15 0.06 � 0.04

31 3D Strawberry flavoured yogurt “Serduszko” 0.12 � 0.06 0.01 � 0.01

32 4D TZATZIKI with fresh cucumber and garlic 0.11 � 0.05 0.02 � 0.01

33 5D Cream 0.05 � 0.04 0.01 � 0.01

34 6D Natural yogurt 0.28 � 0.17 0.04 � 0.02

132 Urszula Pankiewicz



No. Code Product

Hg content

in lyophylizate

(mean � SD)

[�g/kg]

Hg content

in product

(mean � SD)

[�g/kg]

35 7D Natural kefir 0.08 � 0.03 0.01 � 0.00

36 8D Vanilla flavoured cream cheese 0.14 � 0.06 0.11 � 0.05

37 1E Cream 0.22 � 0.20 0.05 � 0.04

38 2E Natural cottage cheese 0.51 � 0.07 0.12 � 0.02

39 3E Natural cottage cheese “Domowy” 0.38 � 0.08 0.08 � 0.02

40 4E Cream cheese with spring onion “Twój smak” 0.44 � 0.12 0.16 � 0.04

41 5E Kefir 0.29 � 0.15 0.04 � 0.02

42 6E Half fat cottage cheese 0.18 � 0.09 0.13 � 0.07

43 1F Cream 0.13 � 0.02 0.03 � 0.01

44 2F Kefir 0.23 � 0.13 0.02 � 0.01

45 3F Granular cottage cheese 0.32 � 0.13 0.08 � 0.03

46 4F Half fat cottage cheese KRAJANKA 0.19 � 0.10 0.05 � 0.03

47 5F Butter extra 0.55 � 0.19 0.47 � 0.16

48 6F Milk 0.60 � 0.19 0.06 � 0.02

Mean – mean arithmetic value; SD – standard deviation.

Among examined creams, that produced by OSM D was characterized by the lowest

content of mercury and the highest content of this element was obtained for cream of

OSM A (Table 1). Slightly higher amounts of mercury were determined in the case of

cream cheeses and cottage cheeses. Natural cream cheeses (3B and 3C) and vanilla

flavoured cream cheese (2B) contained the lowest amount of mercury – 0.05 �g/kg.

Cream cheese with spring onion (OSM E) was characterized by the highest mercury

content – 0.16 �g/kg (Table 1). Cottage cheeses from the different regions of Poland

contained various amounts of mercury – from 0.04 and 0.05 �g /kg in the case of half

fat cottage cheese of OSMs C and F, respectively, to 0.23 �g /kg for cottage cheese

produced by OSM A. Half fat cottage cheese from Silesia and cottage cheese produced

by OSM E contained a moderate mercury level of, respectively, 0.10 and 0.13 �g/kg of

product (Table 1).

The highest level of mercury in the whole range of dairy products was obtained for

butter originated from different parts of Poland. This level was as high as 0.79 �g Hg/kg

of product in the case of butter extra produced by OSM A. The lower contents,

respectively, 0.33 do 0.50 �g Hg/kg, were noted for butter extra from OSM F and OSM

C (Table 1).

The investigations allowed to asses how environmental pollution and concentration

of component in technological processes influence mercury content in dairy products

representing a wide range of assortment and originated from various regions of the

country. Mercury concentration varied from 0.01 to 0.79 �g/kg, which means that the

lowest concentration corresponds with a detection limit of the apparatus.
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Taking into consideration the mean contents of mercury in all the products of the

particular producers, with the exception of butter and whole milk powder, there were no

significant difference between them. What is interesting, the products from the less

industrialized regions contained higher mean concentrations of mercury than those from

the regions of higher environmental pollution. Mercury can be transferred over long

distances to regions where there are no significant sources of emission.

In the year 2000, participation of the particular industrial sources in mercury

emission to the air was as follows: power stations – 26.5 %, individual home fireplaces

– 20.4 %, cement production – 12.6 %, chlorine production – 16.9 % (technology

withdrawn from UE since 2007), ferrous metallurgy – 5.2 %, zinc and lead metallurgy –

6.5 %, oil burning – 0.7 %, waste burning – 4.8 %, other – 6.4 % (ie crematories) [10].

In the particular groups of assortment, big differences in mercury content were

observed between butter as well as whole milk powder and the other products. Milk,

cream and fermented milk drinks were characterized by the low values of mean mercury

concentration and the lowest value – 0.02 �g Hg/kg, was noted for kefir. Safety of these

product for the consumers’ health is very important as they are valuable source of

calcium in diet.

A small increase in mean mercury content (to 0.11 �g Hg/kg) was observed in the

case of cream and cottage cheeses. Similar interactions were reported by Anastasio et al

[11] who noted the highest mercury concentration in fresh sheep cheeses.

According to JECFA (The Joint FAO/WHO Expert Committee on Food Additives),

the provisional tolerable weekly intake (PTWI) for mercury from all the sources is

0.005 mg/kg of body weight including 0.0016 mg/kg for organic mercury compounds.

These values are continuously verified [12, 13].

European Commission Regulation (EC) No. 1881/2006 of 19 December 2006 [14]

setting maximum levels for certain contaminants in foodstuffs, defines the limits of

mercury concentration exclusively in fish and seafood – 0.5 mg Hg/kg of wet weight

(for the chosen fish species – 1.0 mg/kg). The research concerning mercury content in

various foodstuffs, carried out in recent years showed that they are not dangerous for

human’s health. For the particular assortments of food concentrates, values of mercury

concentration were as follows:

– desserts, ersatz coffee, juices and beverages – 0.001 mg/kg (0.001 ppm),

– ice-creams, broths and protein hydrolysates – 0.002 mg/kg (0.002 ppm),

– instant soups – 0.013 mg/kg (0.013 ppm), especially high mercury content was

determined in boletus soup, champignon soup and cream soup and beetroot soup [12].

Analysis of bakery and confectionery flours revealed that mercury concentration was

lower than 0.1 mg/kg, whereas the maximum permissible dose is equal 0.2 mg/kg [15].

In 2004 the monitoring research of mercury content in foodstuffs was carried out and

the results were as follows: wheat and mixed bread, flours, grouts and noodles – 0.003

mg/kg; confectionery products – 0.002 mg/kg; food for infants and young children

(dairy, cereal, vegetable and soy products) – 0.002 mg/kg [16]. On the other hand,

herbal products contained less than 0.01 mg Hg/kg and only in one case mercury

content was slightly higher than 0.02 mg/kg [17]. Results of the studies concerning
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mercury content in milk and dairy products, obtained in different countries and in

different years, are presented below:

– Roh et al 1975 (Korea) [18] – 3–10 ppb,

– Sell et al 1975 (North Dacota) [19] – less than 2 ppb,

– Sell and Davison 1975 (North Dacota) [20] – less than 1 ppb,

– Dobrzanski et al 2009 (Poland, Wroclaw) [21] – 0.24 and 0.27 ppb,

– Silesia (late 80s.) – 0.3–6.7 ppb,

– region of Zgorzelec and Bogatynia – 2 ppb,

– Spain, the Canary Islands – 0.09–0.61 ppb,

– China – 1.0–3.9 ppb,

– Italy, Rome surroundings – 0.9–38 ppb,

– Egypt – even 86–556 ppb [21].

The national norms specify the maximum mercury content in food which is various,

depending on the country, eg 1 mg Hg/kg in Sweden and Japan, 1.5 mg Hg/kg in

Norway and 0.5 mg Hg/kg in Poland. In the latter country, the maximum concentration

of mercury in milk has been officially established at 10 �g/kg (10 ppb) [21]. Comparing

the results obtained for the examined products with above-mentioned data, it can be

observed that they are lower and do not exceed permissible levels. Therefore, it can be

assumed, that the investigated dairy products do not pose a threat to consumers’ health

and can be safely consumed providing valuable nutrients.

Conclusions

In all studied dairy products the mercury content was lower than the permissible

level of 10 �g/kg. Results indicate no hazard of mercury intoxication when using dairy

products of Polish production.
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MONITORING POZIOMU RTÊCI CA£KOWITEJ

W WYBRANYCH PRODUKTACH MLECZARSKICH

Z REGIONÓW PO£UDNIOWO-WSCHODNIEJ POLSKI
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Abstrakt: Celem pracy by³o okreœlenie poziomu stê¿enia rtêci ca³kowitej w mleku i produktach mleczarskich

pochodz¹cych z rejonów po³udniowo-wschodniej Polski. Oznaczanie prowadzono z u¿yciem analizatora rtêci

AMA-254. W pracy przebadano 48 produktów, pocz¹wszy od mleka spo¿ywczego, a skoñczywszy na mleku

w proszku, co mia³o na celu okreœlenie wp³ywu koncentracji surowca na ewentualny wzrost stê¿enia rtêci

w próbkach. Zawartoœæ rtêci w badanych produktach mleczarskich nie przekracza dopuszczalnego limitu

stê¿enia rtêci w mleku, jako produkcie spo¿ywczym, który wynosi 10 �g/kg (10 ppb). Najmniej rtêci

zawieraj¹ kefiry (0.01 �g Hg/kg produktu, Biomlek), natomiast najwiêksza jej iloœæ wystêpuje w mas³ach

(0.79 �g Hg/kg produktu, Krasnystaw). W œwietle obecnego stanu wiedzy analizowane produkty nie stanowi¹

zagro¿enia dla konsumentów, jeœli chodzi o ska¿enie rtêci¹. Uzyskane dane wskazuj¹, ¿e produkty

mleczarskie pochodz¹ce z Polski po³udniowo-wschodniej nie daj¹ jakichkolwiek niepokoj¹cych przes³anek

informuj¹cych poœrednio o ewentualnym ska¿eniu terenów naturalnych czy rolniczych tym toksycznym

pierwiastkiem.

S³owa kluczowe: rtêæ, produkty mleczarskie, bezp³omieniowa absorpcyjna spektrometria atomowa
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ANALYSIS OF THE POSSIBILITY

OF THE SEWAGE SLUDGE THERMAL TREATMENT

ANALIZA MO¯LIWOŒCI ENERGETYCZNEGO WYKORZYSTANIA

OSADÓW ŒCIEKOWYCH

Abstract: Promoting of the renewable energy is one of the priorities of the Polish energy policy until the year

of 2030. It is believed that the co-combustion of sewage sludge in the Polish conditions is especially

attractive. The paper contains two parts of research. The first one concerns a theoretical analysis of the

possibility of direct co-combustion of solid municipal sewage sludge with hard coal in power station boilers.

Numerical simulation of indirect co-combustion process of gas from sewage sludge gasification in coal-fired

boiler has been done in the second part of the work. The conclusions show that the thermal methods of sewage

sludge utilisations provide a great opportunity for application in Polish conditions.

Keywords: direct co-combustion, indirect co-combustion, sewage sludge

According the Polish Regulation and the objectives of the National Waste Manage-

ment Plan 2014 [1] and the National Urban Wastewater Treatment Program [2] the

quantity of sewage treated in Poland is systematically increasing. Currently, the

predominant method for the disposal of sewage sludge is its storage and agricultural

application [3]. The main problems are the high percentage of stored sewage sludge and

a lack of installations for its thermal utilization. Thermal processes can be used for the

conversion of large quantities of sewage sludge (eg, in large urban areas) into useful

energy. There is a wide range of analysed and proposed solutions for municipal sewage

sludge utilization. Nevertheless, there are serious legal constraints determining this

choice. One of the most important Regulation is the Regulation of the Minister of

Economy and Labour [4], which introduced a ban of the storage of sewage sludge from

the date of January 1, 2013.

In view of the presented facts, there is a large and pressing need for the development

of thermal methods (combustion, co-combustion, gasification and pyrolysis) of disposal

of sludge.

DOI: 10.2428/ecea.2012.19(01)015 ECOL CHEM ENG A. 2012;19(1-2):137-144

1 Institute of Thermal Technology, Silesian University of Technology, ul. Konarskiego 22, 44–100

Gliwice, Poland, phone: +48 32 237 29 83, email: sebastian.werle@polsl.pl



Taking into consideration Polish specificity of the power engineering sector which is

based on the coal-fired boilers, the most promising method of sewage sludge treatment

in Poland is co-combustion. Basically, it is mainly possible to distinguish the use of

sewage sludge in fossil fired power plants in two different co-combustion concepts,

which are as follows:

1. Direct co-combustion (Fig. 1): Sewage sludge and coal are burned in the same

boiler or gasifier, using the same or separate mills and burners, depending principally on

the sewage sludge fuel characteristics. Coal and sludge can be mixed before milling or

coal and sludge are fed and milled by separated supply chains.

2. Indirect co-combustion (Fig. 2): In gasifier sewage sludge is converted into a fuel

gas, which after cooling and cleaning can be burned in the coal boiler furnace. As an

alternative the produced syngas can also directly be burnt in a joint steam boiler without

further cooling or cleaning.
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The aim of the work is – first of all – theoretical analysis of the possibility of direct

co-combustion of solid municipal sewage sludge with hard coal in power station boilers

(WR-25, CFB-420 and OP-230) and – secondly – numerical simulation of indirect

co-combustion process of gas from sewage sludge gasification in coal-fired boiler.

Materials and methods

First part of the present work [5] consists theoretical analysis of the possibility of the

direct co-combustion of dried sewage sludge in different types of the coal-fired boilers

(fluidized bed boiler CFB-420, stoker fired boiler WR-25 and pulverized coal boiler

OP-230). Main boilers parameters are presented in Table 1.

Table 1

Main parameters of analyzed boilers [6]

WR-25 CFB-420 OP-230

Nominal boiler efficiency [%] 82.0 90.7 89.0

Flue gas temperature [oC] 180.0 128.0 150.0

Water temperature on inlet [oC] 70.0 230.0 200.0

Heating medium temperature on outlet [oC] 150.0 538.0 540.0

The analysis takes into consideration wide range of mass fraction of sewage sludge

(0–20 %) in the fuel (hard coal) mixture and wide range of air excess ratio in the

combustion chamber (1.1–1.5). Boiler efficiency in all analysed examples was

calculated. Energy balance of all analysed boilers was done. Composition of the

analysed fuels blends are presented in Table 2.

Table 2

Composition of the analyzed fuels

Mass fraction of main

components in mixture

Mass fraction of sewage sludge in fuel mixture [%]

0 5 10 15 20

C 0.6867 0.6542 0.6246 0.5977 0.5730

H 0.0083 0.0087 0.0091 0.0094 0.0097

S 0.0466 0.0468 0.0469 0.0470 0.0472

O 0.0849 0.0932 0.1070 0.1076 0.1141

N 0.0178 0.0205 0.0230 0.0252 0.0272

H2O 0.0493 0.0517 0.0539 0.0559 0.0577

Equilibrium calculations of coal-sewage sludge mixtures complete combustion in

analysed boilers were done. Energy balance illustration is presented in Fig. 3.
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Energy balance solution using real operating parameters of all analysed boilers

(capacity, operating temperatures and pressures etc.) leads to determination of the flow

of combusted fuel �P. Thanks to it, boilers efficiency using eq. (1) can be determined:

� � �

�

Effect

E

Q

P Wch d

�

�

(1)

where: �Q – boiler capacity [kW];
�P – flow of the fuel [kg/s];

Wd – lower heating value [kJ/kg].

In the second part of the work, numerical simulation of the indirect co-combustion of

sewage sludge gasification gas in coal-fired boiler, NOx reduction efficiency has been

calculated. The calculations were modelled using the GRI-Mech 2.11 mechanism. This

version is used for analysing the reburning process. The molar flow rate ratio of the

reburning fuel to the whole exhaust was assumed to be 5 %, 10 % and 15 %. The

simulations were conducted at a constant pressure equal to 1 atm and at temperatures

ranging from 600 to 1400 oC, with typical residence times of 0.0–0.4 s [7] and local air

excess ratio ranging from 1.0 to 2.0. The local air excess ratio in this paper is defined as

the weight ratio of air to unreacted fuel used in the entrance of the reduction zone

divided by the fuel ratio for stoichiometric combustion [8].

The residence time of the reactants in the reburning zone is a very important factor.

In a real boiler, the residence time includes the mixing time between the products

coming from the primary zone and the reburning fuel, and the reaction time of those

products. It was assumed that all reactants enter the reactor already premixed, so the

residence time is taken as the reaction time. It was assumed that the flue gases entering

the reburning zone contain 300 ppm NO and that during combustion only NO is formed

without other NOx.
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Results and discussion

Direct co-combustion

The calculated values of boiler efficiency are presented in Table 3. Analyzing those

results it can be concluded that, taking into consideration constant value of boiler

capacity, both increasing of mass fraction of sewage sludge in fuel mixture and

increasing of air excess ratio causes decreasing of boiler efficiency. Nevertheless, it

should be emphasis that this decrement is not very high and mainly causes by high

value of exhaust loss. It can be concluded, that direct co-combustion of sewage sludge

in different types of coal-fired boilers does not negatively affect on boiler efficiency.

Table 3

Efficiency of analysed boilers

�

WR-25 CFB-420 OP-230

Mass fraction of sewage sludge in fuel mixture [%]

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

1.10 90.8 90.8 90.7 90.7 90.6 92.6 92.5 92.5 92.5 92.4 82.7 82.6 82.5 82.4 82.3

1.15 90.5 90.5 90.4 90.4 90.4 92.3 92.3 92.3 92.2 92.2 82.0 82.0 81.8 81.8 81.7

1.20 90.2 90.2 90.1 90.1 90.1 92.1 92.1 92.0 92.0 92.0 81.4 81.3 81.2 81.2 81.1

1.25 90.0 89.9 89.9 89.8 89.8 91.9 91.9 91.8 91.8 91.8 80.8 80.7 80.6 80.5 80.4

1.30 89.7 89.6 89.6 89.6 89.5 91.7 91.6 91.6 91.6 91.5 80.2 80.1 80.0 79.9 79.8

1.35 89.4 89.4 89.3 89.3 89.2 91.5 91.4 91.4 91.4 91.3 79.6 79.5 79.4 79.3 79.2

1.40 89.1 89.1 89.0 89.0 89.0 91.2 91.2 91.2 91.1 91.1 79.0 78.9 78.7 78.7 78.6

1.45 88.9 88.8 88.8 88.7 88.7 91.0 91.0 90.9 90.9 90.9 78.3 78.2 78.1 78.0 78.0

1.50 88.6 88.5 88.5 88.4 88.4 90.8 90.8 90.7 90.7 90.6 77.7 77.6 77.5 77.4 77.3

Indirect co-combustion

In Fig. 4, relative amount of NOx as a function of temperature is shown. NO

reduction efficiency of the gasification gas is strongly dependent on temperature.

Temperature in the additional fuel injection zone is a key variable in the process

because it determines the degree of conversion of the additional fuel and thus the

formation of hydrocarbon radicals, as well as the rates of important reactions involved

in the reburning mechanism. The reduction of NO increases with increasing temperature

– presumably through its reaction with CHi – until it reaches a maximum. At

temperatures between 600 to 800 oC, the sewage sludge-derived syngas does not affect

the NO concentration. At higher temperatures, the reburning efficiency of the analysed

reburning fuel increases. The strongest NO reduction occurs at temperatures higher than

1000 oC; however, the best temperature for the reburning process is 1200 oC. In general,

as seen in Fig. 4, increasing the molar ratio of reburning fuel results in a decrease in the

temperature for optimal NO reduction.
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Fig. 4. Relative amount of NOx as a function of the temperature for different values of the molar ratio of

reburning fuel; � – 1.1; � = 0.4 s
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Fig. 5 shows the dependence of relative amount of NO as a function of the air excess

ratio for a reburning zone temperature and residence time of 1200 oC and 0.4 s. As

shown in this figure, an air excess ratio equal to 1.0, reburning fuel has no influence on

the reduction of NO. The reduction of NO increases up to a maximum as the

stoichiometry becomes more fuel-rich. Such conditions favour the formation of CO and

CO2 via the oxidation mechanism of the reburning fuel instead of the formation of

hydrocarbon radicals active in NO reduction. For each molar ratio of reburning fuel, the

relative amount of NO initially decreases at the beginning as the air excess ratio begins

to increase. As seen in this figure, there is a value of the air excess ratio for which the

efficiency of the NO reduction reaches a maximum. Above this value, NO reduction

decreases.

Conclusions

Alternative methods for the thermal utilization of sewage sludge are an important

element in the wider problem of sludge disposal. Their undoubted advantage, in

addition to the disposal of sludge, is that it becomes possible to obtain a product that can

be effectively used for the generation of energy. Polish conditions also appear to present

a good opportunity to utilize this group of waste-disposal technologies.

Acknowledgement

The paper has been prepared within the frame of the statute research of the Institute of Thermal

Technology, Silesian University of Technology.

References

[1] The National Waste Management Plan 2014, Project. Warsaw: 2010.

[2] The National Urban Wastewater Treatment Program, Regulation of the Ministry of Environment.

Warsaw: 2003.

[3] Werle S, Wilk RK. Renew Energy. 2010;35:1914-1919. DOI: 10.1016/j.renene.2010.01.019

[4] Regulation of the Minister of Economy and Labor on the admission criteria and procedures for the

storage of waste in the landfill of the type of waste – Dz. U. 28 IX 2005r, 7 IX 2005.

[5] Werle S. Gaz, Woda i Technika Sanitarna. 2011;2:58-62.

[6] Kruczek S. Kot³y. Wroc³aw: Oficyna Wydawnicza Politechniki Wroc³awskiej; 2001.

[7] Buczynski R, Szlêk A. Chem Process Eng. 2007;28:189-197.

[8] Kim J-W, Mun T-Y, Kim J-O, Kim J-S. Fuel. 2011;90:2266-2272

ANALIZA MO¯LIWOŒCI ENERGETYCZNEGO WYKORZYSTANIA
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Abstrakt: Promowanie wykorzystania odnawialnych Ÿróde³ energii jest jednym z priorytetów polskiej

polityki energetycznej do roku 2030. Uwa¿a siê, i¿ wspó³spalanie osadów œciekowych w warunkach polskich

zas³uguj¹ na szczególn¹ uwagê. W pracy zaprezentowano dwa g³ówne nurty badawcze. Pierwszy z nich
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dotyczy analizy mo¿liwoœci wspó³spalania komunalnych osadów œciekowych z wêglem kamiennym w obiek-

tach energetyki zawodowej. Drugi nurt dotyczy symulacji numerycznych procesu wspó³spalania gazu ze

zgazowania osadów œciekowych w kotle opalanym wêglem kamiennym. Wnioski wskazuj¹, i¿ energetyczne

sposoby wykorzystania osadów œciekowych daj¹ du¿e szanse na zastosowanie w polskich warunkach.

S³owa kluczowe: bezpoœrednie wspó³spalanie, poœrednie wspó³spalanie, osady œciekowe
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SELECTED MORPHOMETRIC CHARACTERS, CONDITION,

AND BODY CHEMICAL COMPOSITION OF PERCH

(Perca fluviatilis L.) FROM LAKE MIEDWIE, POLAND

WYBRANE CECHY MORFOMETRYCZNE, KONDYCJA

ORAZ SK£AD CHEMICZNY CIA£A OKONI (Perca fluviatilis L.)

Z JEZIORA MIEDWIE, POLSKA

Abstract: The study material comprised perch obtained from commercial catches conducted in May and

November 2009 in Lake Miedwie. Catches were made using gill nets with a mesh size ranging from 40 to

45 mm. Fifty perch (25 from each of the catches) were obtained for the study. The fish were weighed [g], and

then total length [mm] and maximum body height [mm] were measured. The dependencies between total

length and weight, total length and body height, and weight and body height were calculated. The condition of

the perch was determined with Fulton’s condition coefficient (KF).

Twelve fish were chosen at random from among the study material collected in spring and autumn to

determine body chemical composition. The mean weight of these individuals was 220.51 ± 18.68 g and mean

length was 264.33 ± 6.86 mm in spring and 91.08 ± 17.20 g and 189.17 ± 7.52 mm in autumn, respectively.

The stomachs were excised from the fish and their contents were identified. Gutted and deheaded fish were

homogenized, and the percentage share of the following were determined according to Polish norms: protein,

lipids, dry matter, and ash. Qualitative analysis of the fatty acid content of the fish was performed with the

PN-EN ISO 5509: 2001 chromotagraphic method.

The results of the analyses indicate that the perch caught in May 2009 have greater body weights, lengths,

and heights and higher quantities of lipid in comparison with the perch caught in autumn of 2009. The values

of these parameters for spring and autumn, respectively, are as follows: body weight – 156.86 ± 15.98 and

86.46 ± 8.98 g; total length – 233.68 ± 7.37 and 189.08 ± 4.49 mm; body height – 52.66 ± 1.97 and

44.39 ± 1.59 mm; body lipid content – 1.32 ± 0.03 and 0.24 ± 0.01 %. However, the fish caught in November

2009 had higher KF, and contained more EPA and DHA fatty acids in comparison with fish caught in spring

2009, as follows (for spring and autumn, respectively): KF – 1.128 ± 0.02 and 1.203 ± 0.02; EPA content –

7.025 ± 0.005 and 8.725 ± 0.015 %; DHA content – 16.890 ± 0.030 and 18.575 ± 0.005 %.

Keywords: perch, condition, protein, lipids, fatty acids, Miedwie lake
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Lake Miedwie is a deep, post-glacial trough basin with a surface area of 3527 ha, and

it is the largest freshwater lake in West Pomerania. Since it is a water source for the city

of Szczecin, Lake Medwie and its tributaries are monitored annually. Based on the

prevailing hydrochemical conditions, this lake is classified as mesotrophic [1, 2].

Intense fisheries have been conducted in Lake Medwie for many years, and,

currently, catches of perch, Perca fluviatilis L. (Perciformes), are significant source of

fishermen income in this basin (Fig. 1). Although perch is a lean fish, consumer demand

for its meat is high because of its excellent taste, its easily assimilable protein, and its

high content of fatty acids from the n-3 and n-6 families [3-6].

Since the occurrence of perch dominates the catches made in Lake Miedwie, it was

decided to determine the dependencies in this species between length and weight, the

condition coefficient, and the chemical composition of their bodies with a particular

focus on the fatty acids.

Materials and methods

The study material comprised perch obtained from commercial catches conducted in

spring (05.2009) and autumn (11.2009) in Lake Miedwie. Catches were made using gill

nets with a mesh size ranging from 40 to 45 mm. Fifty perch (25 from each of the

catches) were obtained for the study. The fish were weighed [g], and then total length

[mm] and maximum body height [mm] were measured. The dependencies between total

length and weight, total length and body height, and weight and body height were

calculated. The condition of the perch was determined with Fulton’s coefficient (KF)

using the following formula:

KF
W

TL
�

� 100000
3

W – total weight of fish [g];

TL – total length of fish [mm].
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Twelve fish of mean weight 220.51 ± 18.68 g and mean length 264.33 ± 6.86 mm in

spring and another twelve fish of mean weight 91.08 ± 17.20 g and mean length

189.17 ± 7.52 mm in autumn were chosen at random from among the samples taken

from the spring and autumn catches to determine the chemical composition of their

bodies. The stomachs were excised and the contents identified. The gutted and

deheaded fish were homogenized and the percentage shares of the following were

determined according to the Polish norms:

– total protein – Kjeldahl method;

– raw lipids – Soxhlet method;

– dry matter – samples were dried at a temperature of 105 oC for 12 h;

– ash – samples were pyrolized at a temperature of 550 oC for 10 h.

The fatty acid contents of the fish were analyzed qualitatively with the PN-EN ISO

5509: 2001 chromatographic method.

The results were analyzed statistically with STATISTICA 7.1 operating in a

Windows environment [7], and the graphs were generated with Microsoft Office Excel

2003.

Results

The perch caught in May 2009 weighed more, had longer total lengths, and higher

maximum body heights in comparison with the fish caught in November 2009 (Table 1).

Table 1

Mean weight [g], total length [mm] and body height [mm]

of perch caught in May and November 2009, x ± SEM, n = 50

May 2009 November 2009

Weight [g] 156.86 ± 15.98 86.46 ± 8.98**

TL [mm] 233.68 ± 7.37 189.08 ± 4.49**

Height [mm] 52.66 ± 1.97 44.39 ± 1.59**

** Statistically different differences at p � 0.01.

The dependence of body length on weight in the fish caught in spring took the form

of the exponential equation y = 5.5016e0,0138x; in autumn, the exponential equation was

y = 3.3278e0.0168x (Fig. 2). The dependence of body height and weight in fish caught in

spring took the form of the exponential equation y = 9.1778e0.0515x, while in autumn it

was y = 10.4770e0.0457x (Fig. 3). The value for the dependence of length and body height

of the fish caught in spring took the form of the linear equation y = 0.2578x – 7,5869,

while in autumn it was y = 0.3286x – 17.7480 (Fig. 4).

The value of Fulton’s condition coefficient was statistically (p � 0.01) higher in the

perch caught in November in comparison to the fish caught in May 2009 (Table 2).

Significant changes were noted in the chemical composition of fish body from the

catches made in May and those from the November 2009 catches (Table 3).
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Table 2

Fulton’s condition coefficient (KF) of perch caught

in May and November 2009, x ± SEM, n = 50

May 2009 November 2009

1.128 ± 0.02 1. 203 ± 0.02*

* Statistically significant differences at p � 0.05.

Table 3

Proximal composition of perch caught in May and November 2009

[%] x ± SEM

Chemical component May 2009 November 2009

Dry matter 21.14 ± 0.07 **19.42 ± 0.06**

Total protein 19.35 ± 0.07 19.39 ± 0.04

Lipids 1.32 ± 0.03 ** 0.24 ± 0.01**

Ash 1.46 ± 0.01 * 1.25 ± 0.03*

** Statistically different differences at p � 0.01; * statistically significant

differences at p � 0.05.

Qualitative analyses of the lipid composition indicated there were significant

differences in the levels of selected fatty acids from the n-3 and n-6 families between

the fish from catches made in May and November 2009 (Table 4).

Table 4

Composition of fatty acids [%] of perch caught in May and November,

x ± SEM, n = 50

Acid May 2009 November 2009

Miristic C 14:0 2.970 ± 0.010 1.030 ± 0.030**

Miristicoleic C 14:1 0.365 ± 0.015 0.050 ± 0.000**

Palmitic C 16:0 13.155 ± 0.015 20.495 ± 0.095**

Palmitoleic C 16:1 9.115 ± 0.015 4.405 ± 0.035**

Stearic C 18:0 2.255 ± 0.015 4.440 ± 0.050**

Oleic C 18:1 17.795 ± 0.135 11.965 ± 0.015**

Linoleic C 18:2 3.880 ± 0.030 3.395 ± 0.015**

Gamma linolenic C 18:3n6 0.030 ± 0.010 < 0.01

Alfa linolenic C 18:3n3 4.955 ± 0.025 1.990 ± 0.030**

Arachidic C 20:0 0.090 ± 0.000 < 0.01

Eicosenoic C 20:1 0.340 ± 0.020 0.365 ± 0.005**

Eicosadienoic C 20:2 0.240 ± 0.000 0.300 ± 0.000

Eicosatrienoic C 20:3 0.335 ± 0.015 0.190 ± 0.000*

Arachidonic C 20:4 3.790 ± 0.000 8.845 ± 0.005**

Eicosapentaenoic (EPA) C 20:5 7.025 ± 0.005 8.725 ± 0.015**

Erucic C 22:1 < 0.01 < 0.01

Docosapentaenoic C 22:5 1.310 ± 0.000 < 0.01

Docosahexaenoic (DHA) C 22:6 16.890 ± 0.030 18.575 ± 0.005**

Nervonic C 24:1 0.130 ± 0.000 < 0.01

** Statistically different differences at p � 0.01; * statistically significant differences at p � 0.05.
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Discussion

Perch catches are an important source of income for the commercial fishers operating

in Lake Miedwie. In the current study, the body measurements of the fish caught in

spring were greater than those of fish caught in autumn. However, the fish caught in the

autumn had a higher Fulton’s condition coefficient in comparison with that of the perch

caught in May 2009. The condition of the perch examined in this study was comparable

to that of the same species from the Solina (1.23–1.55) and Roznow (1.27–1.62) dam

reservoirs [8]. It was, however, lower than the values of the condition coefficient (2.13)

noted by Szypula [9] for perch from Lake Miedwie in the 1997–2000 period. It must be

emphasized that Szypula [9] determined the condition coefficient of the fish using

standard length (SL) in the equation and not total length (TL) as was done in the

present study. The occurrence of larger individuals in the spring catches than in those

made in the autumn could be linked to the season of the year and perch spawning. The

measurements taken for the current study provide the basis for concluding that the

length, weight, and height of the perch examined during the current study in different

seasons of the year were strongly mutually correlated.

The analysis of perch food indicated that they fed primarily on small fish (mainly

bleak). Most of the stomachs examined were empty, which is likely a consequence of

storms that occurred prior to the catches in both the spring and autumn.

Fish are divided into three groups according to the lipid content of their muscles:

fatty fish contain more than 5 % fat; moderately fatty fish contain from 1–5 % fat; lean

fish contain up to 1 % fat [10]. According to the table of nutritional norms by

Kunachowicz [11], the fat content of perch is 0.8 %, which places this fish in the lean

category. This might indicate that the main nutritional value of perch meat for the

consumer is its easily assimilable protein, the content of which remains at high levels

regardless of the season of the year. The analysis of the proximate composition of the

perch examined indicated that the lipid content in perch from Lake Miedwie during the

spring is relatively high which permits classifying these fish as moderately fatty during

this period.

Stanek et al [5] observed a different phenomenon in their study of perch females

from the Wloclawski Reservoir; the lipid content in these fish was 1.97 ± 0.58 % in

June and 2.17 ± 0.54 % in December. In their study of the annual chemical composition

of perch body from the River Mouse, Blanchard et al [3] observed lower lipid levels in

perch tissues in June (0.564 %) than in October (0.633 %). Neja et al [12] also studied

perch from Lake Miedwie in the autumn period and noted relatively high lipid levels

(1.71 ± 0.04 %). Presumably, the low lipid levels noted in the perch in the autumn

during the current study were the result of a long storm that disrupted normal feeding

prior to the catches.

While the content of easily assimilable protein and lipids is important, the nutritional

value of fish meat is determined largely by the content of polyunsaturated fatty acids

from the n-6 and n-3 families. Eicosapentaenoic (EPA) and docosahexaenoic (DHA)

acids, which are long-chain fatty acids of the n-3 family, play important roles in the

human body. In addition to their significance in preventing and treating lifestyle
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diseases, these acids are also key to a variety of physiological functions [13; 14]. EPA is

an important stimulator of the cardiac and circulatory systems, while DHA is a

component of nerve tissues, the brain stem, and the eyes, which means that it can have a

significant impact on vision [15]. DHA is essential to the workings of the brain, has an

impact on intelligence, and can also aid in relieving the symptoms of stress [16].

Many studies indicate that the type and content of fatty acids in fish depend on the

species, their physiological state, the basin they inhabit, the season of the year,

hydrochemical conditions, and feeding behavior [17–21].

The lipids of fish from cold northern seas have higher levels of eicosapentaenoic

(EPA) fatty acids, while fish from southern seas contain more docosahexaenoic (DHA)

fatty acids [13]. It has been demonstrated recently that in addition to marine fish,

freshwater fish can be a good source of polyunsaturated fatty acids [16, 22–24].

Bieniarz and Koldras [25] reported that the European wels, pike, and rainbow trout all

have lipids that are similar to those of marine fish species in both quantity and

composition.

In the current study, significantly higher percentage shares of EPA and DHA were

noted in perch in autumn in comparison with spring, which could have resulted from the

impact of water temperature, feeding behavior, and the spring spawning period. Similar

tendencies were observed in female perch from the Wloclawski Reservoir, and it is

notable that the percentage content of EPA was similar while that of DHA was

significantly lower than the levels recorded in perch from Lake Miedwie [5]. Similar

levels of the fatty acids EPA and DHA were noted in perch from the River Mouse.

However, despite a significant increase in the content DHA fatty acid in the fish from this

river from June to October, there was a decrease in the content of fatty acid EPA [3].

To summarize, it was concluded that perch from spring and autumn catches differ in

body size, condition, and body chemical composition. The fish caught in May 2009

were characterized by greater weight, length, and body height as well as a higher body

fat content. Perch caught in November, however, had higher values of the condition

coefficient (KF) and higher contents of EPA and DHA fatty acids. These difference

were undoubtedly linked to the season of the year, feeding behavior, and the

physiological state of the perch examined.
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WYBRANE CECHY MORFOMETRYCZNE, KONDYCJA

ORAZ SK£AD CHEMICZNY CIA£A OKONI (Perca fluviatilis L.)

Z JEZIORA MIEDWIE, POLSKA

Wydzia³ Nauk o ¯ywnoœci i Rybactwa

Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Materia³ do badañ stanowi³y okonie pochodz¹ce z po³owów gospodarczych prowadzonych wiosn¹

(05.2009) oraz jesieni¹ (11.2009) w jeziorze Miedwie. Po³owy ryb prowadzone by³y wontonami o rozmiarach
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oczka od 40 do 45 mm. Do badañ pozyskano 50 okoni, po 25 sztuk z ka¿dego po³owu. Ryby wa¿ono [g],

a nastêpnie mierzono ich d³ugoœæ ca³kowit¹ l.t. [mm] oraz maksymaln¹ wysokoœæ cia³a [mm]. Ponadto

obliczono relacjê d³ugoœci ca³kowitej do masy badanych ryb. Obliczono tak¿e relacjê d³ugoœci ca³kowitej do

wysokoœci badanych ryb oraz masy badanych ryb do ich wysokoœci. Kondycjê okoni okreœlano za pomoc¹

wspó³czynnika kondycji Fultona (KF).

Ponadto spoœród z³owionych ryb, zarówno wiosn¹ jak i jesieni¹, wybrano losowo po 12 sztuk o œredniej

masie 218 ± 74 g i d³ugoœæ l.t. 218 ± 74 mm w celu oznaczenia sk³adu chemicznego ich cia³a. Od ryb pobrano

¿o³¹dki i oznaczono ich zawartoœæ. Wypatroszone i odg³owione ryby zhomogenizowano i w tak uzyskanej

próbie oznaczono wg Polskiej Normy procentow¹ zawartoœæ bia³ka, t³uszczu, suchej masy i popio³u.

Przeprowadzona zosta³a tak¿e analiza jakoœciowa t³uszczu zawartego w ciele ryb metod¹ chromatografii

PN-EN ISO 5509: 2001.

Na podstawie przeprowadzonych badañ mo¿na stwierdziæ, ¿e okonie od³owione w maju charakteryzowa³y

siê wiêksz¹ mas¹, d³ugoœci¹ oraz wysokoœci¹ cia³a, a tak¿e wiêksz¹ zawartoœci¹ t³uszczu w ciele w po-

równaniu do ryb od³owionych jesieni¹ 2009 r.; odpowiednio wiosn¹ i jesieni¹: masa cia³a – 156,86 ± 15,98

i 86,46 ± 8,98 g; d³ugoœæ ca³kowita – 233,68 ± 7,37 i 189,08 ± 4,49 mm; wysokoœæ cia³a – 52,66 ± 1,97

i 44,39 ± 1,59 mm; iloœæ t³uszczu w ciele – 1,32 ± 0,03 i 0,24 ± 0,01%. Natomiast okonie od³owione

w listopadzie charakteryzowa³y siê wiêksz¹ wartoœci¹ wspó³czynnika kondycji (KF) oraz wiêksz¹ zawartoœci¹

kwasów t³uszczowych EPA i DHA w ciele w porównaniu do ryb od³owionych wiosn¹ 2009 r.; odpowiednio

wiosn¹ i jesieni¹: wspó³czynnik kondycji (KF) – 1,128 ± 0,02 i 1,203 ± 0,02; zawartoœæ EPA – 7,025 ± 0,005

i 8,725 ± 0,015 %; zawartoœæ DHA – 16,890 ± 0,030 i 18,575 ± 0,005 %.

S³owa kluczowe: okoñ, kondycja, bia³ka, t³uszcz, kwasy t³uszczowe, jezioro Miedwie
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INFLUENCE OF CONTAMINATION OF SOIL

WITH COPPER ON THE ACTIVITY OF DEHYDROGENASES

IN AREAS WHERE AMARANTHUS IS CULTIVATED

WP£YW ZANIECZYSZCZENIA GLEBY MIEDZI¥

NA AKTYWNOŒÆ DEHYDROGENAZ POD UPRAW¥ AMARANTUSA

Abstract: The pot experiment investigated the influence of various dosages of copper (0, 20, 40, 80, 120

mg � kg–1 of soil) on the activity of dehydrogenases in the soils in which amaranthus, Rawa variation, was

cultivated. The pot experiment revealed that the highest activity of dehydrogenases could be observed when

no fertilization with Cu was applied, and the lowest activity of dehydrogenases occurred with the highest

dosage of Cu in the experimental pot. An increase in the activity of dehydrogenases was found in the control

objects and objects where the lowest dosage of copper was applied in the investigated period (June–August–

–October). Addition of increased dosages of copper resulted in the decrease of the activity of dehydrogenases

in the investigated months, as related to the control objects. Significant high negative correlations was found

between the dosage of Cu that was applied and activity of dehydrogenases in the investigated months.

Keywords: amaranthus, activity of dehydrogenases, copper

Amaranthus is a universal plant [1], and is grown mainly to obtain seeds that are rich

in nutrients. It can also be used for energy purposes. A growing interest in cultivating

Amaranthus in Poland, especially the south-eastern part of the country, encourages

studies that can estimate the influence of this plant on enzymatic activity of soil

environment. Initial studies suggest that amaranthus has a stimulating effect in

development of soil microflora and enzymatic activity [2]. Such a beneficial influence

of amaranthus on biological properties of soil environment can be used in studies, and

then in attempts to improve the activity of soils that have been degraded by excessive

accumulation of heavy metals, namely: copper. It should be noted that contamination of

soil with copper leads to bioaccumulation of this element, and affects plant – soil

homeostase, which can lead to degradation of soil environment [3].
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The aim of the study was to evaluate the influence of contamination of soil with

growing dosages of copper on the activity of dehydrogenases in soil environment in

areas where amaranthus, Rawa variety, is cultivated.

Material and methods

The experiment was carried out in plastic pots which capacity was 3.5 kg in three

replications. The pots were filled with silt loam (pH 6.6) marked in solution of KCl with

concentration 1 mol � dm–3. Before amaranthus, Rawa variation, was sown, uniform

fertilization with macroelements was applied in the following dosages counted for pure

element [g � kg–1 of soil]: N – 0.25, P – 0.10, K – 0.10.

Variable factors in the experiment were dosages of copper [mg � kg–1 of soil]: 0; 20;

40; 80; 120; (in the form of CuSO4 � 5H2O). The seeds were sown on 26.05.2008. After

sprouting 3 plants were left in each pot. The experiment spread over the whole

vegetation period of amaranthus. 5 soil samples were taken (into plastic bags) from each

pot in order to obtain the mean sample. The soil was carefully mixed, and then sifted

through a sieve with 2 mm holes. Soil was taken from each mean sample for analysis of

the activity of dehydrogenases. Activity of dehydrogenases was determined in June,

August, and October. The study included marking the activity of dehydrogenases with

Thalmann’s method [4]. 5 g portions of soil were put into 100 cm3 flasks, and then 5

cm3 of 1 % Triphenyltetrazolium chloride (TCC) was added which had earlier been

dissolved in Tris-HCl buffer with pH 7.4. The soil samples were incubated for 96 hours

at temperature of 30 oC, then 20 cm3 of methanol was added to each flask. Next, the

samples were shaken out for five minutes and filtered. The filtrate was marked

spectrophotometrically at wavelength � = 485 nm.

Results and discussion

Enzymatic activity of soils is considered to be a sensitive indicator of both

favourable and unfavourable changes that take place in soil environment [5, 6].

Evaluation of dehydrogenase activity in soil is of particular importance. In many papers,

the activity of dehydrogenases in soil is often referred to as total microbiological

activity of soil environment [7].

Moreover, enzymatic activity of soil, and especially the activity of dehydrogenases,

can be considered as an indicator of contamination with heavy metals [8]. Excess of

heavy metals, such as copper, is harmful because they contaminate soils and decrease

biochemical activity of soil, and are also harmful for plants, animals, and humans [9].

Cultivation of plants that are used as food in soils with higher contents of heavy metals

or contaminated soils is not advisable. However, energy plants are often cultivated in

such soils. Planting amaranthus in areas that are contaminated with heavy metals can

decrease contamination with heavy metals.

The investigation that was carried out reveals, that the highest values of dehydro-

genase activity in the analysed months (June, August, October) were found in control

objects, where no copper was applied (Table 1). It was observed that the value of
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dehydrogenase activity in the consecutive months of the analysis decreased alongside

with the increase in the contents of copper in soil (Table 1).

Table 1

Activity of dehydrogenases in the investigated months depending on contamination

of soil with copper (mean values)

Cu dose

[mg � kg–1 of soil]

Dehydrogenases activity [mg TPF � kg–1
� day–1]

June August October

0 (control object) 9.5 17.8 25.5

20 9.4 17.4 24.5

40 8.8 14.0 9.0

80 7.0 12.2 6.8

120 4.4 6.2 6.5

Throughout the experiment, it was determined, that the activity of dehydrogenases

gradually increased only in soil from control objects and soil in which the lowest

docsage of Cu had been applied. Application of higher dosages of Cu (40 mg � kg–1,

80 mg � kg–1, and 120 mg � kg–1) increased the activity of dehydrogenases in

June–August, and then it decreased from August to October (Table 1).

The activity of dehydrogenases in June in the control objects was 9.5 mg

TPF � kg–1
� day–1. When 20 mg � kg–1 of Cu was applied, the activity of dehydrogenases

was only 1.1 % lower than in the control objects. Application of dosages of Cu into the

soil (40 mg � kg–1 Cu, 80 mg � kg–1 Cu, and 120 mg � kg–1 Cu), caused a decrease of the

activity of dehydrogenases by 7.4 %, 26.3 % and 53.7 %, respectively (Table 1).

The activity of dehydrogenases in August in the control objects was 17.8 mg

TPF � kg–1
� day–1. It was 2.2 % higher when compared with the first dosage that had

been applied, and 21.3 %, 31.5 % and 65.2 % higher for the consecutive, increased

dosages (Table 1).

The activity of dehydrogenases in October in the control objects was 25.5 mg

TPF � kg–1
� day–1, and it was the highest value that was recorded. A slightly lower

activity of dehydrogenases was observed in the objects where the lowest dosage of Cu

had been applied – 24.5 mg TPF � kg–1
� day–1, which was by 3.9 % lower than in the

control objects. Significantly lower activity of dehydrogenases was observed in the

objects where 40 mg � kg–1 Cu had been applied (64.7 % decrease), 80 mg � kg–1 Cu

(73.3 % decrease), and 120 mg � kg–1 Cu (74.5 % decrease), as compared with the

control objects (Table 1).

The investigation clearly reveals that application of copper into the soil, especially in

the highest dosage used in the experiment, causes a decrease in the activity of

dehydrogenases in the soil. Similar correlations were observed by Nowak et al [10]. The

authors claimed, that when contamination of soil with heavy metals increased, the

activity of dehydrogenases significantly decreased. Negative effects of copper in the

activity of dehydrogenases were also observed by Kucharski and Hlasko-Nasalska [11].
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The statistical analysis that was carried out also revealed significant negative

correlation between the dosage of copper that had been applied and the activity of

dehydrogenases in the soil where amaranthus was cultivated (Table 2).

Table 2

Correlation coefficients between the dosages of Cu that had been applied [mg � kg–1 of soil]

and the activity of dehydrogenases in the soil where amaranthus was cultivated, at p = 0.01

Cu dose

[mg � kg–1 of soil]

Dehydrogenases activity [mg TPF � kg–1
� day–1]

June August October

–0.974 –0.976 –0.850

Conclusions

1. The highest activity of dehydrogenases in the pot experiment was found in the

object where no Cu fertilisation had been used.

2. A successive increase in the activity of dehydrogenases was observed in the

control objects, and the objects where the lowest dosage of Cu had been applied in the

experimental period (June–August–October).

3. Application of higher dosages of copper (40, 80, 120 mg � kg–1) caused a decrease

in the activity of dehydrogenases in the investigated months, as compared with the

control objects. It was observed, that the objects where dosages of Cu had been applied

showed an increase in the activity of dehydrogenases in June–August, and a decrease in

this activity in August–October.

4. Significant negative correlation between the dosage of copper that had been

applied and the activity of dehydrogenases in the soil were observed in the investigated

months.
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WP£YW ZANIECZYSZCZENIA GLEBY MIEDZI¥

NA AKTYWNOŒÆ DEHYDROGENAZ POD UPRAW¥ AMARANTUSA

Wydzia³ Nauk Rolniczych w Zamoœciu

Uniwersytet Przyrodniczy w Lublinie

Abstrakt: W doœwiadczeniu wazonowym oceniano wp³yw ró¿nych dawek miedzi (0, 20, 40, 80, 120

mg � kg–1 gleby) na aktywnoœæ dehydrogenaz w glebie pod upraw¹ szar³atu odmiany Rawa. W warunkach

przeprowadzonego doœwiadczenia wazonowego najwy¿sz¹ aktywnoœci¹ dehydrogenaz charakteryzowa³y siê

obiekty bez zastosowanego nawo¿enia Cu, a najni¿sz¹ obiekty z najwy¿sz¹ dawk¹ tego mikroelementu.

Stwierdzono wzrost aktywnoœci dehydrogenaz w obiektach kontrolnych oraz wraz z zaaplikowan¹ najmniej-

sz¹ dawk¹ miedzi w badanym okresie (czerwiec–sierpieñ–paŸdziernik). Dodanie wiêkszych dawek miedzi

przyczyni³o siê do zmniejszenia aktywnoœci dehydrogenaz w badanych miesi¹cach w porównaniu z obiektami

kontrolnymi. Stwierdzono, ¿e obiekty z tymi dawkami wykazuj¹ wysokie istotne ujemne zale¿noœci pomiêdzy

zaaplikowan¹ dawka Cu a aktywnoœci¹ dehydrogenaz w badanych miesi¹cach.

S³owa kluczowe: amaranthus, aktywnoœæ dehydrogenaz, miedŸ
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EFFECT OF UREA PHOSPHATE

ON THE Bacillus sp. POPULATION

IN SOIL AND ANTIFUNGAL ACTIVITY

OF SELECTED STRAINS ON Fusarium sp.

WP£YW FOSFORANU MOCZNIKA

NA LICZEBNOŒÆ BAKTERII Z RODZAJU Bacillus W GLEBIE

I AKTYWNOŒÆ PRZECIWGRZYBOW¥ WYBRANYCH SZCZEPÓW

NA Fusarium sp.

Abstract: The main objective of the examination was to assess the influence of urea phosphate (UP) on the

number of Bacillus sp. and antifungal activity both Bacillus subtilis and Bacillus amyloliquefaciens on

Fusarium sp. Fungal growth was evaluate on the basis of fungal spore germination and rate index of

mycelium growth. Studies revealed positive influence of objects with urea phosphate on the number the

Bacillus sp. The number of those microorganism was higher than in the non-manured and manured with FYM

soil assayed throughout the experiment period. The spore germination of all Fusarium species were strongly

inhibited but strain Fusarium tricinctum showed the highest sensitivity to metabolites of Bacillus subtilis I7.

Bacillus amyloliqefaciens III14 demonstrate the highest activity against mycelium growth of all tested

moulds.

Keywords: urea phosphate, Bacillus sp., antifungal activity, Fusarium sp.

Soil’s microorganisms are very important factors which decide about biological

processes taking place in the soil. The basic factor modifying soil’s quantitative

microorganisms composition and its activity is the applied fertilizer. The urea
phosphate (UP) has a practical application in the food industry, fertiliser industry and

environment protection as well. The prior investigations proved that this compound

used as the farmyard disinfectant, did not reduce the activity of ammonificators,

denitrificators and nitrificators in the soil [1].

Bacillus sp. usually inhabit the soil and are important factor of the natural

environment. Strains of many Bacillus and relatives possess nitrogenase and are able to
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fix atmospheric nitrogen, to increase nutrient availability in the rhizosphere for example

phosphorus (B. megaterium), to produce of plant growth regulators such as auxin,

cytokinins and/or giberelins. Moreover, they may exhibit biological control activity

through direct antagonism of the soil-borne fungal and bacterial plant pathogens by

metabolize many different bioactive compounds and antibiotics (phospholipides or

lipoprotein). From the ecological point of view, natural fungicides are a potential

alternative for the use of chemical pesticides, which have a harmful influence on the

environment [2–5]. The aim of this study was to estimate the influence of urea

phosphate on Bacillus sp. population in the soil and the antifungal properties of the

B. subtilis and B. amyloliquefaciens against 4 species of Fusarium.

Materials and methods

The studied material consisted of samples brown soil, pHKCl 5.5, 27, 50 mg · kg–1

soil N-NO3, 23.80 mg · kg–1 soil N-NH4, sampled from the layer of soil from 0 to 25 cm

in the autumn period. The pot experiment design included four treatments: 1 – control

soil, without fertilization, 2 – soil + farmyard manure (FYM), 3 – soil + urea phosphate

(UP), 4 – soil + urea phosphate + FYM. Soil was watered to 60 % of total water

capacity and incubated at a temperature of 20 oC, with moisture content being kept

constant over the entire experimental period. Analyses were carried out in three

replications, in: day 7 – I term, day 30 – II term and day 90 of the experiment – III term

and involved counts of the number of Bacillus sp. on DDG medium that consist of

(g � dm–3) yeast extract – 3, glucose –10, K2HPO4 – 0.5, agar Difco – 20, of soil extract

300 cm3, distilled water 700 cm3. The number of Bacillus sp. was assayed with the

incubation-plate method.

Bacterial strains were selected among a collection of 45 Bacillus sp. isolates from

samples of soil fertilized with urea phosphate whereas fungal strains from soil fertilized

with farmyard manure. Bacterial phenotypic characterization by physiological and

biochemical tests were performed according to the Bergey’s Manual of Determinative

Bacteriology [6] and API 50CHB system (bioMerieux, France). The Bacillus were

identified as strains of Bacillus subtilis – No. B I7, B II11 and Bacillus amylo-
liquefaciens – B III14. They were inoculated into a flask containing 50 cm3 nutrient

broth and incubated at 30 oC for 24 h. Subsequently the 15 cm3 of nutrient broth was

inoculated with a concentrated suspension of Bacillus sp. (2.0 OD at � � 550 nm) and

incubated at 30 oC for various times to give 6, 12, 24 h cultures (working culture).

Fusarium species were identified according Domsh et al [7], Kwasna et al [8] and

identified as Fusarium solani (F5), Fusarium tricinctum (F8), Fusarium oxysporum
(F45), Fusarium sporotrichoides (F87). They were cultivated on Czapek-Dox medium

(plates and slants) at 25 ± 2 oC for 5–7 days.

The antagonistic activity of the Bacillus strains was evaluate on the basis of fungal

spore germination and rate index of fungal growth.

Determination of influence of Bacillus strains on fungal spore germination.
Analysis of the effect of these bacteria on fungal spore germination was performed with

the modifying slide germination method. Fungal cultures were cultivated on Czapek-
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-Dox slants at 25 ± 2 oC for 7 days and the well-developed fungal culture was rinsed

with 10 cm3 of sterile water containing 0.05 % Tween 80. Mycelium was filtered from

sterile gauze and the suspension was adjusted to 106 conidia/cm3 in a hemocytometer.

Subsequently 50 mm3 of working culture of B. subtilis and B. amyloliqefaciens and

25 mm3 of fungal spores were transferred on 1 cm2 clean glass slides. Conidia

germination in broth was used as a control. The slides were incubated in humid

chambers in triplicate at 25 ± 2 oC for 24 h. After this period the number of germinated

and non-germinated conidia were counted under a microscope using x 200 magnifica-

tion. Conidia germination was presented as a rate index of conidia germination (Ig %)

and was obtained using the formula [9]:

Ig
n a

N
�

�

�
�

� ( )
%

4
100

where: n – the number of germinate spore at a given stage;

a – bonitation scale of the stage: 0 – no germination, 1 – germination

hypha length shorter than conidium, 2 – germination hypha length

similar to conidium, 3 – germination hypha length was bigger than

two lengths of conidium, 4 – germination hypha length was bigger

than three or more lengths of conidium and branched;

N – the total number of the macroscopic analysed spores;

4 – the high stage of the scale.

Determination of influence of Bacillus strains on mycelium growth. Fungal

mycelial-disks (diameter of 10 mm) obtained from growing cultures of test fungal

isolates were placed in the centre of Czapek-dox and PDA medium containing 0.5 cm3

working cultures of Bacillus (in four replications). A control was made only with fungal

mycelial-disks on both medium. After incubation at 27 oC for 14 days, plates were

observed for antifungal activity (at 2 days intervals) and estimated as the rate index of

fungal growth (Ifg) using the formula [10]:

Ifg
A

D

b

d

b

d
x

x
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1

...

where: A – the mean from colony measurement,

D – the experiment duration,

b1, ..., bx – the increase a colony diameter from lasted measurement,

d1, ..., dx – the number days from lasted measurement.

Statistical calculation were performed by the variance method with the use of

Duncan’s test.

Results and discussion

The influence of urea phosphate on Bacillus growth and antifungal activity of

selected Bacillus strains was studied. The strong disinfecting proprieties of the urea
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phosphate were affirmed in earlier investigations. However inhibitory it actions on

some microorganisms physiological groups was not noticed.

Changes in the numbers of Bacillus sp. in soil are presented in Fig. 1. Among all the

treatments, in the presence of urea phosphate (in S + UP as well in S + UP + FYM objects)

significant higher count of Bacillus sp. was observed when compared with objects

containing no urea phosphate or farmyard manure. The highest increase of the number

those bacteria after 7 days (206 × 103 cfu/g) and 90 days (140 × 103 cfu/g) was recorded

in fertilized soil (S + UP + FYM). Similarly, the greatest growth of Bacillus sp. was

observed in non-fertilized soil (S + UP) 125 × 103 cfu/g after 7 days and 112 × 103 cfu/g

after 90 days. Simultaneously, the FYM treatment showed significantly lower value

than UP treatments, but significantly higher than in the non-manured soil [1].

The antifungal Bacillus isolated from fertilized soil was identified as B. subtilis
(strains BI7 and BII11) and B. amyloliquefaciens (BIII14). Members of the Bacillus
genus and relatives are generally found in soil and most of these bacteria eg B. subtilis,

B. cereus, B. mycoides, B. amyloliquefaciens are known to suppress several fungal patho-

gens growth such as Rhizoctonia sp., Sclerotina sp., Phytium sp. [11]. A mechanism

by which Bacillus sp. suppresses disease is explained in different ways by various

authors. Many species of them are capable to produce biologically active substances

(eg extracellular chitinase) able to disintegrate fungal cell walls [12] as well as

growth on the mycelium as a sole carbon source [13]. Some of them (iturin, surfactin)

were found to act upon the sterol present in the cytoplasmic membrane of the fungi [14,

15]. Bacillus subtilis is one of the major producers of metabolites with antifungal

properties in the genus. They possess the activity against some fungi from different

taxonomic groups (eg Penicillium chrysogenum, Aspergillus wentii, Trichotecium
roseum, Botritis cinerea, Rhizoctonia solani) and are even capable of partially

controlling a natural infection of plant [4, 16–18]. Some investigators have suggested

that biological control or use of microbial fungicides may be an alternative strategy to

chemical fungicides [4, 5].

In the present work, antifungal effect of B. subtilis and B. amyloliquefaciens was

determined as the fungal spore germination and the rate index of fungal growth.
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The degree of fungal spore germination was different, depending on the strains of

Bacillus sp. and also age of the culture applied. The results are shown in Table 1.

Table 1

The index rate germination of Fusarium (Ig [%] / inhibition of germination [%])

Bacillus strains
Fusarium

solani
Fusarium
tricinctum

Fusarium
oxysporum

Fusarium
sporotrichoides

Mean

Bacillus subtilis
I 7

control 96.69 97.73 97.23 100.00 97.91 c

6 h 94.11/2.67 78.50/19.68 94.49/2.82 80.00/20.00 86.77 b

12 h 88.63/8.33 41.66/57.37 93.80/3.53 86.35/13.65 77.61 a

24h 76.92/20.45 92.22/5.64 84.42/13.17 87.50/12.5 85.26 b

mean 89.08 b 77.52 a 93.17 c 88.46 b 97.91

Bacillus subtilis
II 11

control 96.69 97.73 97.23 100.00 97.91 d

6 h 93.55/3.25 66.66/31.79 85.7111.85 84.61/15.39 82.63 a

12 h 95.00/1.75 94,61/3.19 100.00/+2.85 93.38/6.62 95.74 c

24 h 92.38/4.45 90,527.37 92.70/4.65 95.04/4.96 92.66 b

mean 94.45 b 87.38 a 93.91 b 93.25 b 92.24

Bacillus amyloliquefaciens
III 14

control 96.69 97.73 97.23 100.00 97.91 d

6 h 95.00/1.75 90.00/7.91 92.46/4.91 100.00/0.0 94.36 c

12 h 78.9918.30 86.54/11.45 97.17/0.06 100.00/0.0 90.67 b

24 h 61.11/36.80 97.65/0.08 95.45/1.83 100.00/0.0 88.55 a

mean 82.94 a 92.98 b 95.57 c 100.00 d 92.87

Small letters – significant difference at the level p < 0.05.

In this experiment 6 h, 12 h and 24 h cultures of Bacillus sp. were used as an

inhibition factor. The strongest inhibition of fungal spore germination was observed

when B. subtilis I7 was used for 12 h, B. subtilis II 11 for 6 h, B.amyloliquefaciens for

24 h cultures against all tested fungal strains. B. subtilis (strains I7 and II 11) had the

highest inhibitory effect for spore germination of Fusarium tricinctum (57.37 and 31.79 %,

respectively), B. amyloliquefaciens for Fusarium solani (36.80 %) whereas the spore

germination of Fusarium oxysporum and Fusarium sporotrichoides were weakly

inhibited by all of tested Bacillus strains. The B. subtilis I7 was more efficient than the

others Bacillus strains.
These observations agree withe the data of some authors, who reported that

antifungal metabolites production is strongly conditioned by factors such as strain of the

producing microorganisms, age of the culture (growth phase), the chemical composition

of the mycelium and the incubation condition [19]. Toure et al [18] observed that

surfactins were mainly produced during exponential growth with the higher value for

cell productivity observed after 12 h. By contrast, iturins and fengycins were mostly

synthesized once the culture entered the stationary phase to reach optimal production

rate after 72 h. Whereas Feio et al [20] showed that synthesis of mycobacilin and
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bacilysin occurs after the exponential phase of development in B. subtilis. Chitarra et al
[21] detected an antifungal compound produced by a strain of B. subtilis that

permeabilises fungal spores and blocks germination of Penicillium roqueforti. Besides,

different sensitivities of the fungi to the various Bacillus genus may indicate the

production of different metabolites or antifungal products at different concentrations, or

both [19].

The antifungal activity of Bacillus sp. grown on 2 different media was evaluated

towards Fusarium sp. as the rate index of fungal growth. The antifungal activity of

Bacillus strains was dependent on the age of the culture applied and the growth media

used. Table 2 shows the results obtained with PDA medium.

Table 2

Effects of the Bacillus subtilis and Bacillus amyloliquefaciens on Fusarium growth on PDA medium

(diameter of the mycelium in mm/mycelium growth inhibition in %)

Bacillus strains
Fusarium

solani
Fusarium
tricinctum

Fusarium
oxysporum

Fusarium
sporotrichoides

Mean

Bacillus subtilis
I 7

control 33.03 25.71 34.41 34.01 31.79 c

6 h 32.00/3.12 27.68/+7.66 32.08/6.77 31.32/7.91 30.81 b

12 h 32.33/2.12 31.94/+24.23 33.69/2.09 31.06/8.67 32.25 d

24 h 27.16/17.77 28.69/+11.59 35.16/+2.18 29.54/13.14 30.14 a

mean 31.14 b 28.55 a 33.83 c 31.48 b 31.25

Bacillus subtilis
II 11

control 33.03 25.71 34.41 34.01 31.79 b

6 h 25.24/23.58 24.14/6.11 25.68/25.37 18.02/47.02 23.27 a

12 h 25.09/24.04 24.26/5.64 23.68/31.18 19.47/42.75 23.12 a

24 h 26.29/20.41 26.26/+2.14 24.01/30.22 17.01/49.98 23.38 a

mean 27.40 c 25.09 b 26.94 c 22.13 a 25.39

Bacillus
amyloliquefaciens
III 14

control 33.03 25.71 34.41 34.01 31.79 b

6 h 21.58/34.66 29.06/+13.03 20.06/41.70 14.59/57.10 21.31 a

12 h 22.34/32.36 25.51/0.78 20.30/41.00 16.06/52.78 20.30 a

24 h 22.21/32.76 24.43/4.98 20.37/41.80 14.32/57.89 20.35 a

mean 24.03 b 26.18 b 23.78 b 19.76 a 23.43

Small letters – significant difference at the level p < 0.05.

Among the Fusarium species, F. solani, F. oxysporum, F. sporotrichoides were the

most sensitive to metabolites produced by all tested Bacillus strains. In case of

F. tricinctum all the Bacillus strains had a very little inhibitory properties and even

a small stimulatory properties in case of B. subtilis I7 (7.66–24.23 %). It is appear that

inhibitory activities of B. amyloliquefaciens was significantly higher than all the other

Bacillus sp., especially towards F. sporotrichoides (52.78–57.89 %). A similar

influence of Bacillus sp. was observed on Czapek-Dox medium. The results are

reported in Table 3.
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Table 3

Effects of the Bacillus subtilis and Bacillus amyloliquefaciens on Fusarium growth on Czapek-Dox

medium (diameter of the mycelium in mm / mycelium growth inhibition in %).

Bacillus strains
Fusarium

solani
Fusarium
tricinctum

Fusarium
oxysporum

Fusarium
sporotrichoi-

des
Mean

Bacillus subtilis
I 7

control 36.62 35.56 36.76 38.31 36.81 d

6 h 27.98 /23.59 36.47/+2.56 31.94/13.11 30.31/20.88 31.82 b

12 h 29.41/19.69 36.95/+3.91 27.72/24.59 30.54/20.28 31.15 a

24h 29.60/19.17 36.78/+3.43 36.76/0.0 29.40/23.26 33.12 c

mean 30.90 a 36.44 d 33.26 c 32.30 b 33.22

Bacillus subtilis
II 11

control 36.62 35.56 36.76 38.31 36.81 c

6 h 11.33/69.06 34.07/4.19 26.94/26.71 28.03/26.83 25.09 a

12 h 11.79/67.80 34.43/3.18 26.09/29.03 27.28/28.79 24.90 a

24 h 25.48/30.42 34.82/2.08 30.06/18.23 26.00/32.13 28.87 b

mean 21.08 a 34.73 c 29.96 b 29.90 b 28.91

Bacillus
amyloliquefaciens
III 14

control 36.62 35.56 36.76 38.31 36.81 c

6 h 17.54/52.10 35.65/+0.25 29.16/20.67 27.46/28.32 27.45 b

12 h 11.55/68.46 17.99/49.41 28.71/21.90 24.58/35.84 20.70 a

24 h 25.30/30.91 32.13/9.65 29.60/19.48 22.53/41.19 27.39 b

mean 22.75 a 30.33 c 31.05 c 28.22 b 28.09

Small letters – significant difference at the level p < 0.05.

It was found, that the inhibitory activities of B. amyloliquefaciens III 14 and

B. subtilis II 11 was significantly higher than the B. subtilis I7. Growth of Fusarium
solani and Fusarium sporotrichoides was strongly inhibited, whereas growth of

Fusarium tricinctum was poorly inhibited by all Bacillus strain. Among the Fusarium
species, F. solani, F. oxysporum, F. sporotrichoides were the most sensitive to

metabolites produced by B. amyloliquefaciens III 14 (6 h and 24 h old culture) whereas

F. tricinctum was a very little inhibited or a very little stimulated. In contrast to PDA

medium, 24 h culture of Bacillus sp. exerted the higher inhibiting effect on growth all

Fusarium species on Czapek-Dox medium.

Conclusion

1. The applied of urea phosphate as the disinfectant of farmyard manure would have

the beneficial effect on the increase of the population of Bacillus sp. in soil.

2. The inhibitory properties of Bacillus species depend on the kind of the ones: age of

the culture applied and /or strains of Bacillus.
3. Bacillus subtilis (strains I 7 and II 11) had the highest inhibitory effect for spore

germination of Fusarium tricinctum whereas Bacillus amyloliquefaciens for Fusarium
solani.

4. Among the Bacillus strains, B. amyloliqefaciens had the highest inhibitory

properties for mycelium growth of Fusarium strains.
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5. Fusarium solani and Fusarium sporotrichoides shows higher sensibility of

mycelium to all tested Bacillus sp., whereas Fusarium tricinctum was a very little

inhibited or even stimulated.

6. The present investigations indicated, that urea phosphate is indirectly influenced

by plant pathogen increase the number of Bacillus sp. with antifungal properies.
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WP£YW FOSFORANU MOCZNIKA

NA LICZEBNOŒÆ BAKTERII Z RODZAJU Bacillus W GLEBIE

I AKTYWNOŒÆ PRZECIWGRZYBOW¥ WYBRANYCH SZCZEPÓW NA Fusarium sp.

Katedra Biotechnologii i Biologii Molekularnej

Uniwersytet Opolski

Abstrakt: Celem badañ by³a ocena wp³ywu fosforanu mocznika (FM) na liczebnoœæ bakterii z rodzaju

Bacillus i ocena aktywnoœci fungistatycznej Bacillus subtilis, jak równie¿ Bacillus amyloliquefaciens na

Fusarium sp. Przeprowadzone badania wykaza³y korzystne oddzia³ywanie obiektów z udzia³em fosforanu

mocznika na liczebnoœæ bakterii z rodzaju Bacillus sp. W ci¹gu ca³ego okresu badañ liczebnoœæ ich by³a

wiêksza ni¿ w glebie nienawo¿onej i nawo¿onej obornikiem. Zdolnoœæ kie³kowania zarodników grzybów

z rodzaju Fusarium by³a hamowana przez Bacillus sp., lecz najwiêksz¹ wra¿liwoœæ na Bacillus subtilis I 7

wykaza³ Fusarium tricinctum. Natomiast najwiêksz¹ aktywnoœæ w stosunku do grzybni wszystkich testo-

wanych grzybów wykaza³ Bacillus amyloliquefaciens III 14.

S³owa kluczowe: fosforan mocznika, Bacillus sp., aktywnoœæ przeciwgrzybowa, Fusarium sp.
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RECOVERY OF VOLATILE FATTY ACIDS DURING
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OF SEWAGE SLUDGE COMING
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POZYSKIWANIE LOTNYCH KWASÓW T£USZCZOWYCH

W PROCESIE STABILIZACJI BEZTLENOWEJ OSADÓW

POCHODZ¥CYCH Z PRZEMYS£U SPO¯YWCZEGO

Abstract: The conventional process of oxygen-free stabilization is time-consuming and has low effectiveness.

The literature review made, as well as the original studies carried out suggest that the ultrasonic conditioning

provides a new way of shortening the duration and increasing the effectiveness of the process of oxygen-free

stabilization of sludges forming in the process of treatment of both domestic sewage and industrial liquid

wastes. Achieving the considerable increase in the degree of digestion during the oxygen-free stabilization of

sludge conditioned with the ultrasonic (US) field compared with the reduction of organic matter noted during

the oxygen-free stabilization of non-conditioned sludge results from the combined action of both biological

hydrolysis, being the first stage of the process, and the phenomenon of sonochemical hydrolysis taking place

during the treatment process. Subjecting sludge to conditioning by the method investigated contributes to a

considerable intensification of the hydrolysis phase, as reflected by the increase in the production rate and

concentration of volatile fatty acids noted in the successive days of conducting the oxygen-free stabilization

process, which determines directly the increase of digestion effectiveness, ie the degree of sludge digestion

and the unit production of biogas. Excessive active sludge formed as a result of the treatment of a mixture of

domestic sewage and industrial liquid wastes generated in a plant manufacturing juices and beverages was

subjected to oxygen-free stabilization under static conditions. The process was conducted both in laboratory

flasks, constituting fermentation chamber models, as well as in a sludge fermentation chamber by Applicon.

Keywords: oxygen-free stabilization, volatile fatty acids, active action of ultrasonic field, biogas

1. Introduction

The Act on Waste of 27 April, 2001, introduces the concept of municipal sewage

sludge to refer to the sludge originating from a sewage treatment plant’s digestion

chambers and other installations used for the treatment of municipal sewage and other
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wastewater with composition similar to that of municipal sewage, which include

wastewater coming, inter alia, from [1]: the processing of milk and fruits and

vegetables; the production and bottling of soft drinks and alcoholic liquors; meat

processing; the production of animal feed from vegetable raw materials; the production

of gelatine and glues from animal skin and bones; malt-houses; fish processing; the

production of vegetable and animal fats; and sugar factories.

The disposal of sewage sludge on a landfill or its natural utilization should be

preceded by transformation processes that will eliminate the noxiousness resulting from

their decay, and will prevent the microbial decomposition [2]. The most commonly used

process of biochemical sewage sludge stabilization is the methane fermentation process

[3]. The methane fermentation process involves the decomposition of macromolecular

organic substances by different groups of bacteria into simple compounds, mainly

methane and carbon dioxide [3]. The use of methane fermentation results in changes in

the composition of the sludge and the gaseous phase [4]. A reduction in organic

compounds by approx. 50 % and a decrease in the amount of noxious biological matter

have been observed in the methane fermentation process [2]. An important factor in the

energy aspect is the amount of energy recovered in the form of volatile fatty acids [5].

The neutralization of sludge by the methane fermentation method is a process that is

very advantageous in terms of energy, as it does not require large energy inputs, and the

product of reactions occurring in this process is a high-energy biogas [6]. A drawback

of this process is a low rate of degradation of organic compounds contained in the

sludge [7]. Therefore, the sludge must be subjected to the process of conditioning that

enhances directly its susceptibility to biodegradation. A phase limiting the fermentation

process is the hydrolytic phase. Increasing the degree of sewage sludge disintegration

before the methane fermentation process contributes to the intensification of the

hydrolysis process, which results in an increase in the concentration and the rate of

increment of volatile fatty acids that form a fermentation semi-product and a substrate

for methanogenic bacteria.

2. Experimental

2.1. Testing substrate

The subject of the tests was excessive active sludge coming from the waste treatment

plant functioning at the Jurajska Spoldzielnia Pracy works in Myszkow. The tests were

conducted on a mixture of excessive and digested sewage sludges that were subjected to

mesophyllic methane fermentation, which was periodical in character. The excessive

sludge constituted 90 % of the mixture, while the remaining 10 % were made up of

digested sludge playing the role of an inoculant.

2.2. Testing methodology

The purpose of the tests was to examined the process of hydrolysis in the

oxygen-free stabilization of sewage sludge and to determine the effectiveness of the
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methane fermentation process. The tests were conducted in a laboratory scale under

mesophyllic conditions in ten glass flasks constituting fermentation chamber models. At

the same time, tests for the assessment of methane fermentation effectiveness were

conducted in a bioreactor by Applicon.

At the first stage, a mixture of digested sludge and non-conditioned excessive sludge,

designated as Mixture I, was subjected to 10 days’ stabilization. The next stage

consisted of the process of stabilization of a mixture of digested sludge and excessive

sludge that had been subjected to the active action of an ultrasonic field. In order to

determine the best parameters of sludge conditioning, the most advantageous vibration

amplitude and sonification time were selected. The criterion for the selection of the

parameters sought for was the increase in the concentration of organic matter in the

supernatant water of the excessive sludge after sonification, expressed as the COD of

the supernatant water. A VC-750 type ultrasonic disintegrator was used for the tests.

The following vibration amplitudes were used in the tests: 15.3 µm; 21.4 µm; 30.5 µm;

and 36.6 µm; whose action was examined for the sonification time of 30–360 s. At the

second stage of tests, based on the performed optimization of the ultrasonic field

parameters, Mixture II, ie the excessive sludge conditioned with the ultrasonic field of

an amplitude of 36.6 µm and an exposure time of 240 s, was subjected to oxygen-free

stabilization.

The following physicochemical parameters were determined: pH value using a

pH-meter, Model 59002-00, by Cole-Parmer Instrument Company – according to the

standard PN-91/C-04540/05 [8]; dry matter, dry organic matter, and dry mineral matter

– by the direct gravimetric method according to the standard PN-EN-12879 [9]; volatile
fatty acids (VFA) – according to the standard PN-75/C-04616/04 [10]; basicity –

according to the standard PN-74/C-04540/00 [11]; acidity – according to the standard

PN-74/C-04540/00 [12]; chemical oxygen demand (COD – Cr), as determined by the

chromate method – according to the standard PN-74/C-04578/03) [13]; ammonium

nitrogen – according to the standard PN-ISO 5664:2002 [14]; and total nitrogen –

according to the standard PN-73/C-04576/14 [15].

3. Test results

A mixture of non-conditioned excessive sludge and digested sludge, playing the role

of an inoculant (Mixture I), was subjected to subjected to oxygen-free stabilization.

Abrupt changes in the values of selected physicochemical parameters were observed

during the tests. Those changes might result from the inhomogeneous structure of the

sludges. Excessive sewage sludge is fairly hard to undergo biochemical decomposition

under oxygen-free conditions. This is indicated by the degree of sludge fermentation

achieved on the tenth day of conducting the process of stabilization of Mixture I.

Therefore, on the basis of the performed tests it was found it necessary to subject the

sludges to the process of pre-conditioning with the active action of the US field in order

to increase the effectiveness of the process.

During the process of methane fermentation of Mixture I conducted in fermentation

flasks, an approx. 35 % degree of sludge fermentation was noted. The concentration of
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volatile fatty acids kept increasing until the sixth day of running the process, when it

achieved a value of 805 mgCH3COOH/dm3. From the sevenths day on, the VFA

concentration steadily decreased down to a value of 102 mgCH3COOH/dm3 on the tenth

day of the process. During the oxygen-free stabilization process conducted in the

bioreactor, an approx. 43 % degree of sludge fermentation was achieved after 25 days

of the process. The analysis of the sludges after 25 days showed that the VFA

concentration on the last day of fermentation amounted to 445 mgCH3COOH/dm3.

At the next stage, excessive sludge conditioned with the ultrasonic field with a

vibration amplitude of 36.6 �m and a sonification time of 240 s (Mixture II) was

subjected to the process of methane fermentation. In the case of Mixture II, an approx.

40 % degree of sludge fermentation was noted after a period of 10 days’ stabilization.

The concentration of volatile fatty acids before the oxygen-free stabilization process

was 943 mgCH3COOH/dm3. On the second day of the process, the value of VFA

concentration reached its maximum of 171 mgCH3COOH/dm3. Ultimately, the VFA

concentration on the tenth day amounted to 658 mgCH3COOH/dm3.

In the case of the process conducted in the fermentation chamber for Mixture II, an

approx. 56 % degree of sludge fermentation was achieved after 25 days of the process.

The concentration of volatile fatty acids on the 25th day of stabilization was

702 mgCH3COOH/dm3.

Tables 1 and 2 summarize the results obtained from the oxygen-free stabilization

conducted in laboratory flasks, while Tables 3 and 4 shows the results obtained during

carrying out methane fermentation in the bioreactor for a period of 25 days.

Table 1

The selected physicochemiacal parameters of Mixture I submitted methane fermentation process

(laboratory flasks 10-day process)

Indicator/Unit
Time of methane fermentation, d

0 1 2 3 4 5 6 7 8 9 10

Dry mass [g/dm3] 18.3 16.4 16.3 15.8 14.9 14.2 13.5 13.7 13.8 13 12.8

Dry organic mass

[g/dm3]
17.5 15.1 14.8 14 13.2 12.6 11.4 11.6 11.8 11.4 11.1

Dry mineral mass

[g/dm3]
2.2 1.3 1.5 1.8 1.7 1.6 2.1 2.1 2.0 1.6 1.7

Acidity [mval/dm3] 2.4 4.4 4.8 5.6 5.2 4.8 4.4 5.2 5.2 5.6 5.6

Alkalinity

[mg CaCO3/dm3]
1660 1860 1960 2140 2160 2200 2240 2280 2260 2280 2280

COD [mg/dm3 O2] 834 1055 1048 1041 862 1120 718 195 181 172 164

Volatile fatty acids

(VFA)

[mgCH3COOH/dm3]

360 360 737 720 634 771 805 360 205 154 102

Kjeldahl nitrogen

[mg N/dm3]
302 355 406 436 431 459 464 518 478 504 498

Ammonia nitrogen

[mg N-NH4
�

/dm3]
20.1 280 324 364 434 439 448 452 478 503 517

pH 7.68 7.54 7.45 7.42 7.44 7.40 7.38 7.30 7.49 7.47 7.43
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Table 2

The selected physicochemiacal parameters

of Mixture I submitted methane fermentation process (laboratory flasks 10-day process)

Indicator/Unit
Time of methane fermentation, d

0 1 2 3 4 5 6 7 8 9 10

Dry mass [g/dm3] 20.3 18.9 18.4 18.3 18 17.1 16.3 15.7 15.6 15.5 14.65

Dry organic mass

[g/dm3]
15.9 15.7 14.6 13.8 13.4 12.9 12.5 11.7 11.0 10.5 9.6

Dry mineral mass

[g/dm3]
4.4 3.2 3.8 4.5 4.6 4.2 3.8 3.6 4.4 4.2 3.55

Acidity [mval/dm3] 3.6 3.8 4.4 4.5 4.4 4.0 3.2 3.1 3.0 2.9 3.0

Alkalinity

[mg CaCO3/dm3]
1480 1500 1760 2000 2000 2240 2400 2500 2440 2200 2160

COD [mg/dm3 O2] 1244 3290 3487 2825 2523 2668 1727 938 892 887 975

Volatile fatty acids

(VFA)

[mgCH3COOH/dm3]

943 1474 1714 1568 1448 1603 1311 1097 688 651 658

Kjeldahl nitrogen

[mg N/dm3]
319 319 386 439 414 428 476 504 562 586 604

Ammonia nitrogen

[mg N-NH4
+/dm3]

213 224 224 280 336 380 397 403 408 420 420

pH 7.4 7.8 7.87 7.89 7.78 7.86 8.11 8.07 7.93 8.14 7.82

Table 3

The selected physicochemiacal parameters

of Mixture I submitted methane fermentation process (bioreactor-25-day process)

Indicator/Unit
Time of methane fermentation, d

0 25

Dry mass [g/dm3] 17.5 11.5

Dry organic mass [g/dm3] 15.3 8.7

Dry mineral mass [g/dm3] 2.2 2.8

Acidity [mval/dm3] 2.4 3.2

Alkalinity [mg CaCO3/dm3] 1660 2540

COD [mg/dm3 O2] 834 708

Volatile fatty acids (VFA)

[mgCH3COOH/dm3]
205 445

Kjeldahl nitrogen [mg N/dm3] 302 610

Ammonia nitro gen

[mg NH4
+/dm3]

20.1 52.64

pH 7.68 7.7
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Table 4

The selected physicochemiacal parameters

of Mixture II submitted methane fermentation process (bioreactor-25-day process)

Indicator/Unit
Time of methane fermentation, d

0 25

Dry mass [g/dm3] 30.3 14.5

Dry organic mass [g/dm3] 15.9 7.03

Dry mineral mass [g/dm3] 13.4 5.5

Acidity [mval/dm3] 3.6 3.9

Alkalinity [mg CaCO3/dm3] 1480 2630

COD [mg/dm3 O2] 1244 814

Volatile fatty acids (VFA) [mgCH3COOH/dm3] 943 702

Kjeldahl nitrogen [mg N/dm3] 319 798

Ammonia nitro gen [mg N-NH4
+/dm3] 213 602

pH 7.4 7.37

The tests carried out confirmed the effectiveness of the sonification process as

a disintegrating measure that considerably contributes to increasing the susceptibility of

sludge to biodegradation. An increase in the rate of hydrolysis was achieved, as

reflected by a considerable increase in the concentration of volatile fatty acids in the

successive days of conducting the stabilization process, which had a direct effect of

extending the time of intensive biogas production.

4. Summary

The preconditioning of excessive sludge with the ultrasonic field had the effect of

enhancing the degree of its disintegration. The process of hydrolysis was intensified. An

increase in the concentration of volatile fatty acids occurred in the successive days of

conducting the process and, in addition, an increase in the degree of sludge fermentation

and was noted that an increased biogas production was achieved. The optimal

effectiveness of sludge sonification was achieved for an US field vibration amplitude of

36.6 �m and for an exposure time of 240 s. In the case of the oxygen-free stabilization

of non-conditioned sludge (Mixture I), the highest value of VFA concentration was

noted on the sixth day of conducting the stabilization process. In the case of sludge

conditioned with the ultrasonic field with an amplitude of 36.6 �m and for an exposure

duration of 240 s (Mixture II), the highest value of VFA concentration was noted

already on the second day of conducting methane fermentation. For the mixtures tested,

after 25 days of conducting the process, the following sludge fermentation degrees were

obtained: Mixture I: 43 %, Mixture II: 56 %, and a unit biogas production of 2.43 dm3/g

d.m.org and 3.54 dm3/g d.m.org, respectively.
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POZYSKIWANIE LOTNYCH KWASÓW T£USZCZOWYCH

W PROCESIE STABILIZACJI BEZTLENOWEJ OSADÓW

POCHODZ¥CYCH Z PRZEMYS£U SPO¯YWCZEGO

Instytut In¿ynierii Œrodowiska

Politechnika Czêstochowska

Abstrakt: Konwencjonalny proces stabilizacji beztlenowej jest czêsto czasoch³onny i ma nisk¹ efektywnoœæ.

Dokonany przegl¹d literaturowy, jak równie¿ przeprowadzone badania w³asne sugeruj¹, ¿e ultradŸwiêkowe

kondycjonowanie stanowi now¹ drogê do skrócenia czasu oraz zwiêkszenia efektywnoœci procesu stabilizacji

beztlenowej osadów, powstaj¹cych zarówno w procesie oczyszczania œcieków bytowo-gospodarczych, jak

i przemys³owych. Uzyskanie znacznego wzrostu stopnia przefermentowania podczas stabilizacji beztlenowej

osadów kondycjonowanych polem ultradŸwiêkowym (UD), w odniesieniu do redukcji substancji orga-

nicznych odnotowanych podczas stabilizacji beztlenowej osadów niepreparowanych, wynika z kombinacji

dzia³ania zarówno hydrolizy biologicznej, stanowi¹cej pierwszy etap procesu, jak równie¿ zjawiska hydrolizy

sonochemicznej, maj¹cej miejsce podczas procesu preparowania. Poddanie osadów kondycjonowaniu badan¹

metod¹ wp³ywa na znaczn¹ intensyfikacjê fazy hydrolizy, czego wyrazem by³ odnotowany w kolejnych

dniach prowadzenia procesu stabilizacji beztlenowej wzrost tempa produkcji oraz stê¿enia lotnych kwasów

t³uszczowych, warunkuj¹cy bezpoœrednio zwiêkszenie efektywnoœci fermentacji, tj. stopnia przefermento-

wania osadów oraz jednostkowej produkcji biogazu. Stabilizacji beztlenowej, w warunkach statycznych,

poddano nadmierny osad czynny powstaj¹cy w wyniku oczyszczania mieszaniny œcieków bytowo-gos-

podarczych oraz przemys³owych powstaj¹cych na terenie zak³adu produkuj¹cego soki oraz napoje. Proces

Recovery of Volatile Fatty Acids During the Process of Anaerobic Stabilization... 175



prowadzono zarówno w kolbach laboratoryjnych, stanowi¹cych modele komór fermentacyjnych, jak równie¿

w komorze fermentacyjnej firmy Applicon.

S³owa kluczowe: stabilizacja beztlenowa, hydroliza, lotne kwasy t³uszczowe, kondycjonowanie, czynne

dzia³anie pola ultradŸwiêkowego.
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Invitation for ECOpole ’12 Conference

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 21st annual Central European

Conference ECOpole ’12, which will be held in 1113 X 2012 (Thursday–Saturday) at

the Conference Center “Rzemieslnik” in Zakopane, PL.

The Conference Programme includes oral presentations and posters and will be

divided into five sections:

– SI Chemical Pollution of Natural Environment and its Monitoring

– SII Environment Friendly Production and Use of Energy

– SIII Risk, Crisis and Security Management

– SIV Forum of Young Scientists and Environmental Education in Chemistry

– SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published as:

– abstracts on the CD-ROM (0.5 page of A4 paper sheet format)

– extended Abstracts (4–6 pages) in the semi-annual journal Proceedings of ECOpole
– full papers will be published in successive issues of the Ecological Chemistry and

Engineering/Chemia i In¿ynieria Ekologiczna (Ecol. Chem. Eng.) ser. A or S.

Additional information one could find on the Conference website:

ecopole.uni.opole.pl

The deadline for sending the Abstracts is 15th July 2012 and for the Extended

Abstracts: 1st October 2012. The actualized list (and the Abstracts) of the Conference

contributions accepted for presentation by the Scientific Board, one can find (starting

from 31st July 2012) on the Conference website.

The papers must be prepared according to the Guide for Authors on Submission of

Manuscripts to the Journals.



At the Reception Desk each participant will obtain abstracts of the Conference con-

tributions as well as the Conference Programme recorded on electronic media (the Pro-

gramme will be also published on the ECOpole ’12 website).

Further information is available from:

Prof. dr hab. eng. Maria Wac³awek

Chairperson of the Organising Committee

of ECOpole ’12 Conference

Opole University

email: Maria.Waclawek@o2.pl

and mrajfur@o2.pl

phone +48 77 455 91 49 and +48 77 401 60 42

fax +48 77 401 60 51

Conference series

1. 1992 Monitoring ’92 Opole

2. 1993 Monitoring ’93 Turawa

3. 1994 Monitoring ’94 Pokrzywna

4. 1995 EKO-Opole ’95 Turawa

5. 1996 EKO-Opole ’96 Kêdzierzyn KoŸle

6. 1997 EKO-Opole ’97 Duszniki Zdrój

7. 1998 CEC ECOpole ’98 Kêdzierzyn-KoŸle

8. 1999 CEC ECOpole ’99 Duszniki Zdrój

9. 2000 CEC ECOpole 2000 Duszniki Zdrój

10. 2001 CEC ECOpole ’01 Duszniki Zdrój

11. 2002 CEC ECOpole ’02 Duszniki Zdrój

12. 2003 CEC ECOpole ’03 Duszniki Zdrój

13. 2004 CEC ECOpole ’04 Duszniki Zdrój

14. 2005 CEC ECOpole ’05 Duszniki Zdrój

15. 2006 CEC ECOpole ’06 Duszniki Zdrój

16. 2007 CEC ECOpole ’07 Duszniki Zdrój

17. 2008 CEC ECOpole ’08 Piechowice

18. 2009 CEC ECOpole ’09 Piechowice

19. 2010 CEC ECOpole ’10 Piechowice

20. 2011 CEC ECOpole ’11 Zakopane
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GUIDE FOR AUTHORS

A digital version of the manuscript should be sent to:

Prof dr hab. Witold Wac³awek,

Editor-in-Chief of Ecological Chemistry and Engineering A

Uniwersytet Opolski

ul. kard. B. Kominka 6

45–032 Opole

Poland

phone +48 77 401 60 42, +48 77 455 91 49

Fax +48 77 401 60 51

email: maria.waclawek@o2.pl

mrajfur@o2.pl

The Editor assumes, that an author submitting a paper for publication has been

authorised to do that. It is understood the paper submitted to be original and

unpublished work, and is not being considered for publication by another journal. After

printing, the copyright of the paper is transferred to Towarzystwo Chemii i In¿ynierii
Ekologicznej (Society for Ecological Chemistry and Engineering).

“Ghostwriting” and “guest authorship” are a sign of scientific misconduct. To

counteract them, please provide information, for the Editor, on the percentage

contribution of individual Authors in the creation of publications (including the

information, who is the author of concepts, principles, methods, etc.). Editorial Board

believes that the main responsibility for those statements bears the Author sending the

manuscript.

In preparation of the manuscript please follow the general outline of papers published

in Ecological Chemistry and Engineering A, available on this site; a sample copy can be

sent, if requested.

Papers submitted are supposed to be written in English language and should include

a summary and keywords, if possible also in Polish language.

Generally, a standard scientific paper is divided into:

– Introduction: you present the subject of your paper clearly, indicate the scope of the

subject, present state of knowledge on the paper subject and the goals of your paper;

– Main text (usually divided into: Experimental – you describe methods used;

Results and Discussion);

– Conclusions: you summarize your paper;



– References.

The first page should include the author’s (authors’) given name(s) without titles or

scientific degrees like Prof., Ph.D., etc., their affiliations, phone and fax numbers and

their email addresses however, with the corresponding author marked by an asterisk.

It is urged to follow the units recommended by the Systéme Internationale d’Unites
(SI). Graph axis labels and table captions must include the quantity units.

Symbols recommended by the International Union of Pure and Applied Chemistry

(Pure and Appl Chem. 1979;51:1-41) are to be followed. Graphics (drawings, plots)

should be supplied in the form of digital vector-type files, eg CorelDraw v.9, Excel,

Inkscape or at least in a bitmap format (TIF, JPG) 600 DPI. In the case of any query

please feel free to contact with the Editorial Office. Footnotes, tables and graphs should

be prepared as separate files. References cited chronologically should follow the

examples given below:

[1] Lowe DF, Oubre CL, Ward CH. Surfactants and cosolvents for NAPL

remediation. A technology practices manual. Boca Raton: Lewis Publishers;

1999.

[2] Fasino CR, Carino M, Bombelli F. Oxidant profile of soy standardized extract.

In: Rubin R, Stryger CS, editors. Joint Meeting 2001 – Book Abstracts ‘2001

Year of Natural Products Research’. New York: Harper and Row; 2001.

[3] Wosiñski S. Effect of composition and processing conditions of ceramic and

polymer composites on the electric field shielding ability [PhD Thesis]. Poznañ:

Poznan University of Technology; 2010.

[4] Trapido M, Kulik N, Veressinina Y, Munter R. Water Sci Technol.

2009;60:1795-1801. DOI: 10.2166/wst.2009.585.

[5] Cañizares P, Lobato J, Paz R, Rodrigo MA, Sáez C. Chemosphere.

2007;67:832-838. DOI: 10.1016/j.chemosphere.2006.10.064.

[6] Hakala M, Nygård K, Manninen S, Huitari S, Buslaps T, Nilsson A, et al. J Chem

Phys. 2006:125:084504-1-7. DOI: 10.1063/1.2273627.

[7] Simeonov D, Spasov L, Simeonova P. Statistical calibration of model solution of

analytes. Ecol Chem Eng A. Forthcoming 2012.

Journal titles should preferably follow the Chem. Abst. Service recommended

abbreviations.

Each publication is evaluated by at least two independent reviewers from outside of

the unit.

Receipt of a paper submitted for publication will be acknowledged by email. If no

acknowledgement has been received, please check it with the Editorial Office by email,

fax, letter or phone.
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