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Ma³gorzata HAWROT-PAW1, Beata SMOLIK

and Agnieszka KAMIENIECKA

PRELIMINARY STUDY ON THE EFFICIENCY

OF BIODIESEL BIOLOGICAL DECOMPOSITION

WITH AUTOCHTHONOUS SOIL MICROFLORA

WSTÊPNE BADANIA NAD EFEKTYWNOŒCI¥

BIOLOGICZNEGO ROZK£ADU BIODIESLA

PRZY UDZIALE AUTOCHTONICZNEJ MIKROFLORY GLEBOWEJ

Abstract: The presented study referred to biodegradation of biodiesel with natural soil microflora and its

effect on biofuel decomposing microorganisms and heterotrophic microorganisms. It was found, basing on the

obtained results, that microorganisms decomposed biodiesel in 51–52 % at 1 and 5 % soil contaminations and

only in 34 % at 10 % biodiesel dose in soil. The stimulating effect of biodiesel fuel on the number of

microorganisms participating in biodegradation and of heterotrophs was mainly observed for 1 %

contamination.

Keywords: biodiesel, biodegradation, soil, microorganisms

Biofuels that come from natural components are considered to be sources of

renewable energy and the same of environmental-friendly one. It has been found after

many studies that the best alternative for conventional diesel fuel is rapeseed oil methyl

or ethyl ester [1, 2].

Biodiesel is obtained in the first place in the process of transesterification [3], mainly

from rapeseed oil but can be also obtained from soybean, palm, cottonseed, sunflower,

coconut oil as well as from waste oil and animal fat [4]. In the transesterification

process, esters (biodiesel) are produced in the reaction of vegetable or animal oil with

alcohol (methyl or ethyl ones), as well as glycerol as a by-product. Usually, sodium

hydroxide is a catalyst [3] and the reaction proceeds according to the diagram presented

below (Fig. 1).
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Similar properties of both fuels as well as requirements of the fuel policy of the

European Union (2003/30/EC) have led to the appearance of mixtures of diesel fuel

with biodiesel on the markets of many countries, which bring new threats for

environment. Biodiesel, although considered to be easily degraded in environment like

conventional diesel fuel, is a foreign substance in soil. Similar properties of both fuels

open possibilities of using the same methods of bioremediation to lands contaminated

both with diesel fuel and biodiesel. Easy biodegradability of biodiesel is commonly

pointed to, which is confirmed by the study of Peterson and Moller [5]. Some authors

propose to use biodiesel as a biological solvent in the process of cleaning sand from

crude diesel oil contamination [6, 7].

The present study aimed at broadening the knowledge referring to biodiesel

biodegradation in natural soil environment. The aspect of autochthonous soil flora

participation in this process was of particular importance. Also the effect of biofuel on

the number of soil microorganisms was determined in this study.

Materials and methods

In the study, the soil was used from a plough land in the locality of Ostoja near

Szczecin. Soil material was collected from a 0–15 cm horizon. It was a black earth

(light loam) with the content of carbon at 19 g � kg–1 d.m. soil and of nitrogen at 1.5

g � kg–1 d.m. soil. Biodiesel used in the study was obtained directly from manufacturer,

ie one of the Polish petroleum refineries. The soil under study was divided into 1 kg

samples and brought to 50 % maximum water capacity, thereafter introducing biodiesel

at the following concentrations: 1 % (object I), 5 % (object II) and 10 % (object III)

(w/w – converted to d.m. soil). The soil sample without biodiesel was a control sample

(K). The experiment was carried out at room temperature for 112 days. Analyses were

made on experiment set-up day and then after 7, 14, 28, 56 and 112 incubation days.

Biodiesel content changes during incubation were analysed with the weight method

according to PN-75/C-04573/10 using the Soxhlet apparatus with a 100 cm3 extraction

flask. During examinations, also the number of heterotrophic microorganisms as well as

of those decomposing biodiesel was determined by soil dilution culture method. All

measurements were made in three repetitions. For determination of heterotrophic

microorganisms, meat peptone agar MPA (Difco) was used. Determination of the

number of microorganisms decomposing biodiesel was made using Bushnell-Haas

1402 Ma³gorzata Hawrot-Paw et al

Fig. 1. The diagram of transestrification process [3]



culture medium with the following composition [g � dm–3]: MgSO4 � 7H2O – 0.2,

K2HPO4 – 1.0, KH2PO4 – 1.0, FeCl3 – 0.05, NH4NO3 – 1.0, CaCl2 – 0.02, and NaCl –

2.0 %; a 2 % biodiesel addition was introduced into it. Culture incubation was carried

out at 28 oC. The number of heterotrophic microorganisms was determined after 3 days,

while that of biodiesel decomposing microorganisms after 14 days. The number of

microorganisms was converted to 1 g dry matter of soil.

Results and discussion

There is relatively little information in the available literature on biodegradation of

biodiesel and its effect on microflora. However, numerous studies have been performed

on the behaviour of conventional diesel fuel, the results of which can be used as

comparative material due to certain similar properties of both fuels and planned

introduction of their mixtures onto market.

In object I (with 1 % contamination dose), biodegradation of biodiesel after 14 days

reached the level of 24 %, after 56 days – 44 %, while 51 % of this biofuel was

decomposed after 112 days (Fig. 2). In the object with 5 % biodiesel dose (object II),

a loss of 17 % of this biofuel was observed after 14 days and 40 % after 56 days;

reduction of its quantity increased gradually up to 52 %. In object III (with 10 %

biodiesel addition), 18 % of biodiesel contamination was decomposed after 14 days and

30 % after 56 days. Maximum contamination reduction level after incubation was 34 %.

Peterson and Moller [5] examined decomposition of 0.001 % biodiesel in the water

environment using bacterial inoculum and obtained an 84 % biodegradation after 28

incubation days. They also carried out the analysis of biodegradation of that con-

tamination in soil. After 28 days, biodiesel introduced into soil at a concentration of 1 %

Preliminary Study on the Efficiency of Biodiesel Biological Decomposition... 1403

Fig. 2. Level of biodiesel biodegradation



was decomposed in 88 %. In the study of Pasqualino et al [7] referring to biofuel

decomposition in water, its biodegradation reached almost 100 % at substrate initial

concentration being equal to 1.5 %. Its decomposition proceeded with the use of

specialised microorganism strains. Zhang et al [8] obtained a 60 % decomposition of

contamination (after 14 days) in their study on decomposition of 1 % biodiesel addition

in the water environment. In comparison with these results, biodiesel decomposition in

the soil environment observed in the present study was considerably lower – a 26 %

reduction was obtained for 1 % dose after 28 incubation days, 18 % for 5 % dose and

22 % for the highest concentration. In the study on conventional diesel fuel, Hawrot and

Nowak [9] obtained a 73 % decomposition of substrate for 5 % contamination dose in

non-modified soil, ie with the participation of autochthonous microflora. Their

experiment was carried out for 150 days and they obtained considerably better result

when compared with biodiesel decomposition observed in the present study (52 %

decomposition after 112 days), despite the same dose applied. High biodegradation

values were also obtained by Boszczyk-Maleszak et al [10], who reported a decom-

position of 5 % contamination reaching 44 % after 21 days; biodiesel decomposition in

the same time period of own examination reached 17 %. The analyses carried out by

Nowak and Hawrot [11] on the biodegradation activity of bacterial strains demonstrated

large efficiency of using bacterial inoculates in the processes of cleaning soils from

petroleum derivative substances. Hawrot and Nowak [9] found that inoculation of soil

increased diesel fuel biodegradation by 46 % when compared with the soil not modified

by any treatment. The study of Bieszkiewicz et al [12] carried out on liquid culture at

diesel fuel concentration of 0.1 % showed that the loss of diesel fuel fraction in single

strain cultures amounted to 80–90 % after 12 days, whereas in strain mixture culture

even to 98 %. The study of Nowak and Hawrot [13] on 5 % and 15 % soil

contamination with diesel fuel also showed a positive effect of applying inoculation.

These authors found that basic agrotechnical measures increased biodegradation only by

5 %, whereas bioaugmentation in light soil allowed reduction of 83 % of contamination

at 5 % diesel fuel dose and of 39 % at substrate concentration of 15 %. In

medium-heavy soil, these values were respectively 52 % at 5 % addition of diesel fuel

and 17 % at a dose of 15 %.

Such numerous findings pointing to favourable effect of bacterial inoculates on

diesel fuel decomposition suggest application of similar methods in case of biodiesel.

Considering the unsatisfactory effect of its biodegradation observed in the present

study, research works on decomposition of this fuel should be continued using the

modifications applied in remediation of soils contaminated with conventional fuels.

Changes in the number of microorganisms participating in biodiesel decomposition

are presented in Fig. 3A. As reported by Kolwzan et al [14], the number of bacteria

required for carrying out biodegradation process should be within a range of 105–107

cells in 1 g d.m. soil. In the own study, the number of biodiesel decomposing

microorganisms at 1 and 5 % contaminations reached values of 105 in the whole

experimental period (ie minimum values required for effective biodegradation). At

10 % biofuel addition, the number of bacteria after 14 days reached values near or equal

to zero. Increase in the number of microorganisms for which this product is a source of

1404 Ma³gorzata Hawrot-Paw et al



carbon and energy was observed by Hawrot and Nowak [9] in the object contaminated

with 5 % addition of diesel fuel. In the study of Boszczyk-Maleszak et al [10] on

conventional fuel, the number of bacteria amounted to 107 cells in 1 g d.m. soil after 21

days at 1 % contamination, whereas 106 cells in 1 g d.m. soil at 5 % contamination.

Increase in the number of microorganisms decomposing diesel fuel was also confirmed

by Ruberto et al [15]. In their study on biodegradation of 1.5 % diesel fuel

contamination, the number of microorganisms decomposing it in non-contaminated soil

had a value of 104 cells in 1 g d.m. soil, whereas their number after contamination

increased to 106 cells after 28 days.

Examination of the number of heterotrophic microorganisms showed a strong effect

of biodiesel stimulating their growth at its 1 % contamination of soil (Fig. 3B). The

largest values, amounting to 106 cells in 1 g d.m. soil, were recorded on experimental

day 14. Similar results were obtained Ruberto et al [15]. At 1.5 % contamination of soil

with diesel fuel, they observed a considerable increase in the number of microorganisms

in contaminated soil (106–107 cells in 1 g d.m. soil) when compared with the control.

The number of heterotrophs in object II (5 % biodiesel) was maintained at a level of

104–105 cells in 1 g d.m. soil. In the object contaminated with 10 % biodiesel addition,

this number gradually decreased within a range of 105–102 cells, until it reached values

approximating zero. In the study of Bento et al [16], the number of heterotrophic

microorganisms and that of microorganisms decomposing contamination were found to

be similar at 1 % contamination with diesel fuel. On the other hand, Margesin et al [17]

found that contamination with diesel fuel at a dose of 0.5 % did not cause larger

changes in the number of heterotrophs.

Conclusions

The natural origin of biofuel used in experiments suggested a possibility of its quick

and effective biodegradation in soil. However, the study showed that biodiesel is

relatively resistant to the activity of natural microflora and is decomposed more slowly

Preliminary Study on the Efficiency of Biodiesel Biological Decomposition... 1405

Fig. 3. Number of decomposing (A) and heterotrophic (B) microorganisms in soil as percentage in relation to

control sample



than conventional diesel fuel. The obtained results suggest a need to continue

experiments concerning biodegradation of this fuel, in particular in the context of

regulations which impose the necessity of using it as a biocomponent to conventional

fuels.
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WSTÊPNE BADANIA NAD EFEKTYWNOŒCI¥ BIOLOGICZNEGO ROZK£ADU BIODIESLA

PRZY UDZIALE AUTOCHTONICZNEJ MIKROFLORY GLEBOWEJ

Zak³ad Mikrobiologii i Biotechnologii Œrodowiska

Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: Przedstawiono badania dotycz¹ce biodegradacji biodiesla przy udziale naturalnej mikroflory

glebowej oraz jego wp³ywu na organizmy rozk³adaj¹ce biopaliwo i mikroorganizmy heterotroficzne. Na

podstawie otrzymanych wyników stwierdzono, ¿e mikroorganizmy rozk³ada³y biodiesel na poziomie 51–52 %

przy ska¿eniu 1 i 5 % oraz zaledwie 34 % przy 10 % dawce biopaliwa w glebie. Stymulujacy wp³yw biodiesla

na liczebnoœæ organizmów uczestnicz¹cych w biodegradacji oraz heterotrofów obserwowano przede wszyst-

kim przy zanieczyszczeniu na poziomie 1 %.

S³owa kluczowe: biodiesel, biodegradacja, gleba, mikroorganizmy
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EVALUATION OF CONCENTRATION

OF HUMIC SUBSTANCES

IN SELECTED RAW MATERIALS AND WASTES

OCENA ZAWARTOŒCI SUBSTANCJI HUMUSOWYCH

W WYBRANYCH SUROWCACH I ODPADACH

Abstract: Organic substances contained in the soil undergo a slow decomposition, as a result of it is the

humus decrease. Various organic substances, especially lignite coal, are an abundant source of humus and

nutrients. The main components of humus are high-molecular, amorphus humus acids. The calcium,

magnesium, iron, micronutrients and some organic compounds like proteins, carbohydrates, enzymes,

vitamins content are very important from the fertilizer point of view. Humus compounds are amorphus

organic substances which have a various colouration from yellow to red and contain humic acids, fulvic acids,

humins and bitumins. They are different in molecular weight, functional group amount, degree of

polymerization and many other factors. The estimation of the possibility of lignites and hop wastes using as

a source of humic acids was the aim of research. For this purpose organic carbon (by Tiurin and Alten

method), fraction composition of humic acids and total organic substances, calcium and magnesium content

were determined. The results of research showed the possibility of organic substances application as mineral –

organic fertilizers components and the main component of humus preparations.

Keywords: organic substances, humus acids, fertilizing, lignite, hop wastes

The intense industrial development initiated in the mid-19th century resulted in

improving the quality of living including not only industrial goods but also alterations in

the way of feeding the population. The increasing number of people inhabiting the

globe was impulse to create inventions enabling significant increase in the amount of

the food and the improvement in their nutritional value. The main role in this scope fell

for agricultural chemists who developed methods of obtaining the mineral fertilizers

containing basic biogenic elements – phosphorus, potassium and nitrogen. Less

significant, however considerable role should be assigned to alterations in the cropping

practices. Together with mass applying fertilizers their adverse influence on the
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environment was observed. This adverse influence of fertilizer compounds on the

environment can be caused by diverse factors. The most important are overdosing

fertilizers ie introducing to the soil environment of large amounts of mineral fertilizers

than it results from the nutrients demand of plants, the quality of the soil supporting

leaching mineral elements and to a lesser degree concentration of heavy metals,

resulting from applied raw materials and the method of manufacturing of mineral

fertilizers. Supplying organic substance together with mineral fertilizers should be one

of solutions to limit these disadvantageous processes. Among unconventional sources of

organic matter a waste lignite coal of a lower energy value plays a significant role.

Possibilities of using the lignite coal for fertilizer purposes result also from its peculiar

physical and chemical properties as well as from big prospectivity of its applications ie

possibility of supplying the horticultures with the lignite coal for years due to its huge

deposits [1–3].

Properties of the lignite coal playing fundamental role in the environment and

application within different fields of agriculture are [2–5]:

– the ability to absorb damp and different vapours and gasses,

– the ability of the cation exchange,

– the buffering properties,

– the concentration of organic matter.

A concentration of microelements in lignite coal, concentration of organic matter, an

effect of humic acids, better availability of iron compounds which under the influence

of the lignite coal are transformed into forms readily available also determine the

fertilizer effect of applying organic substance [2–6].

The organic substances contained in the soil are undergoing the slow degradation

because of which depletion of humus follows. Diverse organic substances, particularly

lignite coal constitute the abundant source of the humus as well as nutrients.

Large-molecular, amorphus humic acids are a main elements of the humus. From a

fertilizer point of view a concentration of calcium, magnesium, iron, micronutrients as

well as some organic compounds like proteins, carbohydrates, enzymes, vitamins is also

essential. Humus compounds are amorphus organic substances of the diverse colouring,

from yellow to red, containing in their composition humic and fulvic acids, humins and

bitumins. They differ between themselves in the molecular weight, the number of

functional groups, the degree of the polymerization, with the solubility and many

different factors [4–11].

Providing the soil with organic matter is an aim of organic fertilizing and supplying

plants with determined amount of nutrients, as well as counteracting adverse influences

on the environment by applying mineral fertilizers. Applying organic fertilizers increase

the amount of humus in the soil which is essential in proper plant nutrition. Regulating

aqueous-air, sorption, red-ox and thermal relationships, as well as undervalued

possibility of improving the biological activity belong to the most important functions

of the organic substance performed in the soil [1, 2 ,6].

At present time of the extensive intensification of crop production utilizing potential

nutrients included in organic substances is also important. Under some conditions, on

account of the chemical structure, they become unavailable to plants. Natural fertilizers
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are an exception eg manure and litter which contain large amounts of biogenic elements

like nitrogen or potassium. However a stabilization of the chemical compounds

mentioned above in fertilizer constitutes a problem on due to large losses and the

simultaneous environmental pollution [2–6].

Mainly peat and lignite coal belong to organic substances applied in agricultural

cultivations. Sewages can also be source of organic substances under the condition of

appropriate application, preparation and removing toxic and harmful for development of

plants compounds. Peat and lignite coal contain nutrients from the macrogroup

(calcium, phosphorus, potassium, nitrogen, magnesium, sulphur) and micronutrients

(copper, zinc, iron, manganese, molybdenum, cobalt, boron), unfortunately they are

unavailable to plants without preliminary chemical processing [2, 3, 12, 13].

Relationships between the crops and mineral elements were subject of examination

since 19th century. In accordance with these examinations the German scientist Justus

Liebig formulated a law so-called Law of the Minimum which propagates that the crop

yields depend on the dose of the mineral element which in the soil appears in the

smallest amount [1].

The degree of availability can be determined:

– directly – by the rate of absorption of particular compound by the root,

– indirectly – by the amount of the particular compound extracted from the soil using

chemical methods.

Processes determining the availability of mineral elements by the root of the plant

occur between individual phases of the soil [1].

Therefore, availability of mineral elements includes different kind of biological and

chemical equilibrium processes occurring between roots and the solid, liquid and gas

phase of the soil. The availability can be determined using direct method through the

measurement of the amount of the compound absorbed by the root or by indirect

method through the amount of the compound extracted from the soil with chemical

methods applying appropriate extraction solutions. However the methods mentioned

above are only an approximation describing very complicated relationships, dependent

on the external factors eg climate as well as internal eg structure of the soil [1, 4, 5].

The beneficial impact on the environment is an important property of organic

substances. On account of the great sorption and aqueous capacity they limit losses

ensuing from the solubility of mineral elements as well as inhibit impact of the toxic

substances which can pollute the soil [4, 5].

Materials and methods

The aim of conducted research was physicochemical assessment of lignite coal

samples collected from Turow and Belchatow mines and so-called hop wastes, derived

from hop extract production using method of the CO2 extraction under supercritical

conditions as sources of organic substance. During examinations the special attention

was devoted to evaluation of concentrations of organic carbon as well as total and free

humic acids.

The lignite coal is ranked among sedimentary rocks of the organic origin. It was

formed at the end of the Cretaceous period. It is placed between peat and the hard
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bituminous coal in the rank of carbon content of primary carbonaceous material.

Formation of lignite coal is a complex and complicated process, dependent on many

factors ie climate, development of fauna, microorganisms, the morphology and the

tectonics of given area [2–5].

A complex of amorphus humic substances is included in a lignite coal composition,

where humic, hymatomelanic, fulvic acids as well as humins and bitumins can be

distinguished. Considering the solubility it seems that fulvic and humic acids are of the

greatest agricultural significance [10, 11].

Humic acids constitute a fraction of macromolecular compounds of the aromatic

nature of the colour from dark-brown to black. It is extractable from the soil using the

alkaline solvents. Their structure has not been completely identified yet. It is assumed

that they are polymers, of which an aromatic core is a basic element of the structure

connected with amino acids, sugars, peptides, aliphatic acids etc. The core consists of

rings of the phenols type or compounds containing nitrogen in the cyclic form.

Functional groups constitute the essential part of the structure of molecule. The

following groups are the most important: methoxyl, carboxyl, carbonyl, phenol,

quininyl, alcohol [4, 5, 10, 11].

Fulvic acids constitute a fraction of humus compounds soluble in water, NaOH

solution and diluted acids. They are of yellow to yellow-brown colour. They form

readily soluble salts with calcium, magnesium, sodium or potassium, however they

form chelates with iron and aluminium. Their structure has not been precisely

determined. It is supposed, that molecules of fulvic acid are made from benzene rings

joined into the polymeric arrangement by the hydrogen bonds [2, 7, 11].

In the research on concentrations of humus substance a methodology and the

laboratory analysis recommended for examinations of this type by the Soil Science

Society of Poland and Polish Standards were applied [14–16].

The concentration of organic carbon in raw materials and industrial wastes can be

determined using diverse methods. A Tiurin and Alten methods belong to the most

investigated.

Basis of the Tiurin method [16]

The Tiurin method in the original form refers to determining concentrations of

organic carbon in samples of mineral soils. However on account of resemblance of

chemical composition it was applied for analyses of lignite coal samples, humus

fertilizers and hop wastes. It consists in oxidizing the organic substance, using solution

of potassium dichromate, contained in examined samples in the presence of the silver

sulphate as catalyst. The excess of potassium dichromate is subsequently titrated using

Mohr’s salt in the presence of ferroine as the indicator.

Examination procedure

Sample of the mass 0.0150 g was introduced into the conical flask of volume 250

cm3, 0.2 g of silver sulphate and 5 cm3 of the sulphuric acid were added. The samples
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prepared according to the method mentioned above were left for 1 h. After this time 40

cm3 of potassium dichromate was added, heated up and boiled for 5 min. After cooling

down approximately 50 cm3 of the distilled water was introduced and the mixture was

titrated subsequently with solution hydrated ammonium iron(II) sulphate (which titre

was obtained previously using the potassium permanganate) in the presence of ferroine

as the indicator.

Basis of the Alten method [14]

The Alten Method is a Tiurin analogous method which allows for determining

the concentration of organic carbon in samples. The difference is that oxidizing

organic carbon in the Alten method is conducted during heating samples in the water

bath for 3 h.

Examination procedure

Weighed portion of the sample in the amount of 0.0150 g was introduced into the

100 cm3 calibrated flask. 10 cm3 of solution potassium dichromate and 16 cm3 of the

concentrated sulphuric acid were added. The flasks prepared according to the method

mentioned above were put in the warm water bath and heated for 3 h. After cooling,

flasks were filled up with the distilled water. Then 25 cm3 of solution was transferred

into the conical flask and titrated with Mohr’s salt in the presence of phenylantranile

acid to the change of the colour to dark brown.

Method for determining humus [5]

The method of determining humus in organic materials consists in analyzing the

content of organic carbon in samples and subsequent multiplying the result by value of

the rate equal 1.724.

% humus = concentration Corg [%] � 1.724

Method for determining fractional composition of organic matter

using Tiurin method [14]

The method refers to determining of fractional composition of humus in soils. On

account of the subject of the research it was used for analyses of tested organic

materials. This method enables to extract and determine among others sodium humates,

humic and fulvic acids.

Comparison of results of the organic carbon concentrations for every fraction of

examined samples are demonstrated in Table 1.
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Table 1

Fractional composition of samples determined by Tiurin method (Corg [%]) [Fraction no. 2 – 0.5 M Na2SO4;

Fraction no. 3 – 0.1–0.02 M NaOH after decalcination; Fraction no. 4a – 0.25 M and 0.5 M H2SO4; Fraction

no. 4b – 0.1–0.02 M NaOH alternated with acid; Fraction no. 5 – post-extraction residue; Fraction no. 6 –

directly 0.25M H2SO4; Fraction no. 7 – directly 0.1 M NaOH]

Groups

and fractions

Fractions

marking

Turow

lignite coal

Belchatow

earthy lignite

coal

Commercial

humus

fertilizer

Hop

wastes

Substances extracted

with Na2SO4

2 6.420 4.088 14.016 2.920

Humic acids

fractions

7 2.37 4.09 2.92 1.17

3–7 7.59 4.92 11.68 9.87

4b 15.77 18.69 22.19 14.30

Total 25.73 27.70 36.79 25.34

Fulvic acids

fractions

6–2 2.34 5.26 4.67 4.67

7 1.75 1.17 4.09 2.92

3–7 4.67 2.92 8.76 5.84

4b 2.92 1.75 5.26 2.34

Total 11.68 11.10 22.78 15.77

Substances

hydrolyzed

in H2SO4

4a 3.21 2.57 3.80 2.45

Humates 5 53.14 47.89 61.32 42.05

The comparison of organic carbon concentrations in examined samples, applying the

Tiurin or Alten method, respectively is presented in Fig. 1. Any significant differences

were not stated. The results of concentrations of organic carbon for both methods were

comparable.
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Total humic acids include the humic acids presented in the free form and the ones

which are bound into salt forms. They are obtained by the extraction with alkaline

solution of sodium pyrophosphate and secondary extraction with sodium hydroxide.

Humic acids can be subsequently precipitated from the solution by treating them with

mineral acids eg HCl.

Free humic acids are humic acids extracted from organic matter which appear as a

result of treating the lignite coal or different organic raw material with sodium

hydroxide, and then with mineral acids in order to precipitate them from the solution.

Comparison of concentrations of total and free humic acids contained in lignite coal,

humus fertilizers and hop wastes is presented in Table 2.

Table 2

Concentration of total and free humic acids in examined samples

Sample

Concentra-

tion of humic acids

Lignite coal

(Turow)

Earthy lignite coal

(Be³chatów)

Humus

fertilizer
Hop wastes

Concentration of total

humic acids

[% mas.]
43.16 53.35 47.17 27.16

Concentration of free

humic acids

[% mas.]
23.76 26.80 24.69 23.89

Concentration of total humic acids – ( )HA tB
daf in examined samples calculated for dry

and ash-less state; as well as free humic acids ( )HA fB
daf of organic matter calculated for

dry and ash-less state were calculated in % mas. according to the following formula:

( ) 0HA
m m

m W

V

VtB
daf

a
�

� �

�

�

10000

100

4 5

6 1 1

( )

( )
,

where: m4 – mass of total humic acids [g],

m5 – mass of residue after incineration of total humic acids [g],

m6 – mass of weighed amount of sample [g],

V0 – total volume of the alkaline solution [cm3],

V1 – volume of the solution collected for examination of total

humic acids [cm3],

W a
1 – humidity content in the sample [% mas.].

( ) 0HA
m m

m W

V

VfB
daf

a
�

� �

�

�

10000

100

7 8

6 1 1

( )

( )
,

where: m7 – mass of free humic acids [g],

m8 – mass of residue after incineration of humic acids [g],

m6 – mass of weighed amount of sample [g],

V0 – total volume of the free humic acids [cm3],

V1 – volume of the solution collected for examination [cm3].
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Conclusions

It results from examinations carried out that examined substances are characterized

by high concentration of organic carbon and they can constitute the valuable component

in mineral-organic fertilizers applicable for improving the physicochemical properties

of soils and for eco-friendly purposes consisting in suppressing uptake of intoxicants.

High concentrations of total and free humic acids and fractional composition character-

izing concentrations of fulvic acids, completely water-soluble and of humic acids

soluble in the alkaline environment indicates the possibility of inventing mineral-

-organic preparations for plant fertilizing purposes containing both micro as well as

macronutrients.
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OCENA ZAWARTOŒCI SUBSTANCJI HUMUSOWYCH

W WYBRANYCH SUROWCACH I ODPADACH

Instytut Technologii Nieorganicznej i Nawozów Mineralnych

Politechnika Wroc³awska

Abstrakt: Celem prowadzonych prac badawczych by³a ocena mo¿liwoœci wykorzystania, jako Ÿród³a

kwasów huminowych, krajowych wêgli brunatnych i wychmielin z przemys³u browarniczego. W ramach
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analiz oznaczono Corg metod¹ Tiurina i Altena, sk³ady frakcyjne kwasów huminowych, ogóln¹ zawartoœæ

substancji organicznej, zawartoœæ wapnia oraz magnezu. Wyniki badañ wskazuj¹ na mo¿liwoœæ zastosowania

badanych substancji organicznych jako komponentów nawozów mineralno-organicznych i g³ównego sk³ad-

nika preparatów humusowych.

S³owa kluczowe: substancja organiczna, kwasy humusowe, nawo¿enie, wêgiel brunatny, wychmieliny
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PROFILE DISTRIBUTION AND MOBILITY

OF LEAD IN SELECTED ARABLE SOILS

FROM PRADOLINA GLOGOWSKA

PROFILOWA DYSTRYBUCJA I MOBILNOŒÆ O£OWIU

W WYBRANYCH GLEBACH UPRAWNYCH

Z OBSZARU PRADOLINY G£OGOWSKIEJ

Abstract: Analysis of the total content of microelements in soils and their speciation and mobility enables to

asses the quality of the environment and identify the impact of anthropogenic factors on the functioning of

various natural ecosystems.

The aim of the research was to determine the mobility and profile distribution of lead and sequentially

isolated fractions of lead in arable Luvisols of various texture from Pradolina Glogowska.

The total content of metals was performed using AAS method, after the digestion of soils in mixture of HF

and HClO4 and the content of mobile forms of Pb using sequential analysis. In the soils studied the total

content of lead was in the range 17.40–45.36 mg � kg–1. These values do not exceed the geochemical

background level, for this metal. The sequential analysis showed that the highest share in total lead content

was fraction VII (residual) of approximately 40 % and the lowest in fractions I–III below 5 % of the total

metal. The above results allow to classify the soils tested to uncontaminated. The results also indicate

a relatively low mobility of lead in soils. These soils can be used for all agricultural and horticultural crops

production, due to principles of rational use of agricultural production area.

Key words: soil, lead, sequential analysis

Most heavy metals, except Fe and Ti occurs in the Earth’s crust in the amounts less

than 0.1 %, so they are among the trace elements [1]. From the biogeochemical point of

view, they are divided into two groups, namely: the elements necessary for normal

metabolic processes, and toxic elements, like lead [2, 3]. One of the sources of heavy

metals in soils is non-ferrous metallurgy, including metallurgy of copper. In the area of

Pradolina Glogowska (Zukowice) in 1978 Copperworks Glogow II began the produc-

tion, which causes emission of gaseous and solid particles that affect the surrounding

soils and crop quality. The previous research undertaken on soils in the vicinity of

E C O L O G I C A L C H E M I S T R Y A N D E N G I N E E R I N G A

Vol. 18, No. 11 2011

1 Department of Soil Science and Soil Protection, University of Technology and Life Sciences in

Bydgoszcz, ul. Bernardyñska 6, 85–029 Bydgoszcz, Poland, phone: +48 52 374 95 12, email: hanna.jawor-

ska@utp.edu.pl



copperworks, showed a dramatic increase of metal concentration in the surface layer of

soils in the early years of operation of copperworks. These concentrations then

decreased and stabilized at relatively low levels in agricultural areas, while in wooded

areas there was a secondary increase of the content of heavy metals in the surface layers

of soils. Study of soils and plant material from the vicinity of the copperworks in 2004

did not show any accumulation of metals in soils, while elevated concentrations of Pb in

plant material from this area was detected. The source of lead in this case may be, the

dust emissions associated with metallurgical processes, resulting in adsorption of lead

oxides on the surface of leaves, which may lead to secondary contamination of soils.

The purpose of this study was to determine the mobility and profile distribution of

lead in arable Luvisols in the area of Pradolina Glogowska, being under the copper

industry impact.

Material and methods

The research was conducted in the agricultural area affected by the emission of

gasses and dusts from the Copperworks Glogow. The research material consists of

4 soil profiles located in the distance of 3.0 to 6.8 km from the copperworks. In the soil

samples from each genetic horizon the following soil analyses were made: texture using

Cassagrande method with the modification by Pruszynski, pH in H2O and in the KCl

solution (1 mol/dm3) using potentiometric method, Corg using Tiurin method, content of

CaCO3 by Scheibler volume method [4]. The total lead content was determined after

mineralization of the soils in a mixture of HF and HClO4 acid [5]. The mobile forms of

lead was determined based on chemical sequential analysis by Miller et al [6] with

modification [7]. To validate the accuracy of analysis and measurements, analysis of

certified materials Till-3 and SV-M had been performed. Total and mobile forms of Pb

were determined by atomic absorption spectrometry (AAS) using PU 9100X spectro-

meter. The analysis was performed in triplicates. The average values are shown in

tables.

Results and discussion

The morphological characteristics of the examined soil profiles, allowed to classifiy

them as typical Luvisols formed from loamy dust (Systematics of Polish Soils 1998)

[8]. The bedrocks of analyzed soils show the granulation of loamy dust (Table 1), and in

textural B horizon – clayey dust was determined, which is the result of lessive process.

In terms of agricultural science (PTG 2008) they are classified as loamy soils

(Wierzchowice – P1 and Modla – P2) and clayey soils (Kurowice – P3 and Nielubia –

P4). The content of the coarse skeleton particles in the range from 5 % to 15 % is

typical for low skeletal soils [9]. The pH of the investigated soils was in range of

7.33–8.55 pHH2O and pHKCl of 5.81–7.75 and it was the lowest in illuvial horizon for the

most of the sites (Table 1). Calcium carbonate was detected in all sites except profile

P1. The richest in this component was C horizon of P3 and P4 profiles and illuvial
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Table 1

Physicochemical properties of the soils

Profile

genetic horizon

Depth

[cm]

Percentage content of fraction

[mm]
pH

CaCO3

[%]
Corg

[g � kg–1]
> 2 2–0.05

0.005–

–0.002
< 0.002 H2O KCl

P1 Wierzchowice

Ap 0–20 10.3 35 55 10 7.33 6.07 < 1 18.1

Eet 20–45 3.2 25 63 12 7.54 5.91 < 1 3.2

Bt 45–90 4.3 23 60 17 7.95 5.81 < 1 n.d.

C 90–100 1.2 85 9 6 8.16 6.62 < 1 n.d.

C1 > 100 9.7 34 57 9 8.14 6.58 < 1 n.d.

P2 Modla

Ap 0–30 13.0 66 25 9 7.53 6.89 < 1 7.2

Eet 30–60 10.0 48 45 7 8.20 7.50 < 1 3.9

Bt 60–100 7.7 28 55 17 7.82 6.46 11.60 n.d.

C > 100 5.7 23 66 11 8.48 7.65 < 1 n.d.

P3 Kurowice

Ap 0–25 112.6 35 51 14 8.19 7.49 1.93 7.0

Eet 25–48 12.9 26 67 7 8.55 7.72 < 1 1.2

Bt 48–90 5.9 25 58 17 8.13 7.30 6.72 n.d.

C > 90 7.1 27 63 10 8.38 7.75 8.58 n.d.

P4 Nielubia

Ap 0–20 11.5 20 65 15 7.55 7.22 < 1 18.4

Eet 20–45 9.1 29 59 12 7.33 7.05 < 1 4.9

Bt 45–95 6.2 28 56 16 7.70 6.98 3.46 n.d.

C > 95 8.0 27 61 12 8.10 7.30 5.82 n.d.

horizon of P2, P3 and P4 profiles. High content of CaCO3 in the soils studied did not

always correspond to the high value of pH.

A neutral pH of soil may be caused by the ions washed out to this horizon, such as

Fe, Al, Mn [2]. In the samples from Eet and C horizons in P2 profile, alkaline pH is not

accompanied by a high content of CaCO3, which shows that high value of pH may be

due to other forms of metals alkalizing soil environment, occurring in the form of salts

or hydroxides. The content of C-organic in humus horizons of investigated soils was in

the range of 7.0–18.1 g � kg1 (Table 1). These are the typical values for soils of this

region [3, 10–12].

The total content of lead was in range of 17.40–45.36 mg � kg–1. Significantly higher

total content of Pb was found in the surface horizons of the investigated profiles

(Table 2), which may indicate its anthropogenic origin. Lead is an element with low

mobility and significant affinity to clay minerals and hydrated oxides [1, 13]. It also

easily combines with soil organic matter. Elevated concentration of Pb in surface layers

was also reported by other authors [14–16].
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Table 2

The total content of lead and metal fractions in soils

Profile

genetic horizon

Total Pb

content

[mg � kg–1]

F I F II F III F IV F V F VI F VII*

[mg � kg–1]

P1 Wierzchowice

Ap 44.64 p.d p.d 1.60 5.72 12.72 11.60 13.00

Eet 31.36 p.d p.d 1.12 4.40 8.12 5.92 11.80

Bt 30.16 p.d p.d 1.72 4.80 7.80 5.52 10.32

C 27.16 p.d p.d 1.32 5.00 8.32 2.80 9.72

C1 27.36 p.d p.d 0.20 4.92 8.32 4.52 9.40

P2 Modla

Ap 31.44 0.16 p.d 0.52 3.60 9.12 6.52 11.52

Eet 23.84 p.d p.d 0.40 2.80 6.92 3.32 10.40

Bt 24.48 p.d p.d 0.76 3.00 6.60 2.20 11.92

C 21.96 p.d p.d 0.44 2.60 7.32 1.40 10.20

P3 Kurowice

Ap 34.68 p.d. p.d 0.80 2.12 11.52 7.92 12.32

Eet 17.56 0.28 p.d p.d 1.80 5.76 1.00 8.72

Bt 22.44 p.d p.d 0.08 0.80 6.12 3.92 11.52

C 17.40 0.24 p.d p.d 0.92 5.52 1.12 9.60

P4 Nielubia

Ap 45.36 p.d p.d 1.52 5.12 19.00 5.52 14.20

Eet 34.80 p.d p.d 1.00 5.08 10.52 6.00 12.20

Bt 32.44 p.d p.d 0.44 4.00 8.40 8.40 11.20

C 28.72 p.d p.d 0.40 4.20 7.40 4.92 11.80

F I – exchangeable and soluble in water fraction, F II – forms soluble in acids, F III – forms occluded on man-

ganese oxides, F IV – forms associated with organic matter, F V – lead bound to amorphous iron oxides, F VI

– forms associated with crystalline iron oxides, F VII – residual forms, p.d. – below detection limit.

The values of the total Pb content lead to a conclusion that the investigated Luvisols

are not polluted with this metal [2]. These soils may be used for all agricultural crops in

accordance with the principles of rational use of agricultural production area [17].

Sequential extraction studies were carried out, in order to investigate the mobility of

lead and its possible release into the environment [18]. In the conducted sequential

analysis, seven fractions were separated: exchangeable and soluble in water fraction

(F I), fraction soluble in acids (F II), forms occluded on manganese oxides (F III),

associated with organic matter (F IV), bound to amorphous iron oxides (F V),

associated with crystalline iron oxides (F VI) and residual fraction (F VII) (Table 2). In

the investigated soils lead dominated in fraction VII – residual form (Table 2), which is

hardly soluble and unavailable for plants, due to association with soil matrix. The

content of lead in this fraction was in range of 8.72–14.20 mg � kg–1, which was from 29

to 55 % of total lead content. A significant portion of this fraction was observed by

others in the soils from unpolluted areas [19–21]. The highest content of this fraction
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was determined in surface horizon of the investigated soils. The five fractions in the

sequential extraction procedure used, include solid phase lead species, that can be

mobilised under natural conditions. Fractions I and II are below the detection limit for

almost all soil samples (Table 2). Gerritse and van Driel [21] found that Pb in

exchangeable fraction was as low as 1–5 % the total Pb. In environmental samples these

forms are usually very low, less than 5 % of the total content [23–26]. The content of Pb

associated with manganese oxides (F III) is relatively low (Figs. 1–4). Lead bound to

soil organic matter (F IV) is significant [25, 26]. The high partition of Pb fraction

associated with organic matter may lead to temporary metal release, as a result of
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Fig. 2. Distribution of lead fractions in profile P2
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Fig. 1. Distribution of lead fractions in profile P1
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naturally occurring processes of decomposition of organic material [27]. It has been

shown that organic matter is the dominant constituent contributing to Pb retention in

soils [27]. However, the highest contents of Pb was associated with amorphous (F V)

and crystalline (F VI) iron oxides. Thus, pedogenic iron oxides are effective sink for

lead. But in case of water status change in soils (water logging) iron oxides can be

dissolved under the redox gradient effect and lead can be liberated from its associations.

The results of the sequential extraction shows, that lead has limited mobility in

studied soils, unless changes such as mineralization of soil organic matter [26] or
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Fig. 3. Distribution of lead fractions in profile P3
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Fig. 4. Distribution of lead fractions in profile P4
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reduction of pH or redox potential will occur. The solubilisation of iron oxides will lead

to release of Pb held by these compounds [28].

The results of the sequential extraction analysis indicate that for soils with sliglitly

elevated level of Pb there is a need to monitor changes in soil pH and potential redox in

order to predict lead liberation due to dissolution processes of a particular soil

components.

Conclusions

Morphological and physicochemical properties allowed to classify the investigated

soil profiles from Pradolina Glogowska as typical Luvisols formed from loamy dust and

to category to loamy and clayey soils. Their pH was in range of pHKCl 5.81–7.75 and in

bedrock horizon they contained calcium carbonate (except P1 profile). The investigated

soils are classify as soils with the natural total lead content, which was in range of

17.40–45.36 mg � kg–1. In the performed sequential analysis seven lead fractions were

separated. In the investigated soils fraction VII – residual forms, which are hardly

soluble and unavailable for plants dominated. The most mobile fractions of lead (F I and

F II), readily and potentially bioavailable, were beneath the detection threshold in the

investigated soils.
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PROFILOWA DYSTRYBUCJA I MOBILNOŒÆ O£OWIU

W WYBRANYCH GLEBACH UPRAWNYCH Z OBSZARU PRADOLINY G£OGOWSKIEJ

Katedra Gleboznawstwa i Ochrony Gleb, Wydzia³ rolnictwa i Biotechnologii

Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Analiza ca³kowitych zawartoœci mikroelementów w glebach oraz ich mobilnoœci umo¿liwia ocenê

stanu œrodowiska na danym terenie oraz okreœlenie wp³ywu czynników antropogennych na funkcjonowanie

ekosystemów przyrodniczych.

Celem niniejszej pracy by³o okreœlenie mobilnoœci oraz profilowej dystrybucji o³owiu w uprawnych

glebach p³owych z obszaru Pradoliny G³ogowskiej, bêd¹cych pod wp³ywem oddzia³ywania Huty Miedzi

G³ogów.

Ca³kowit¹ zawartoœæ o³owiu oznaczono metod¹ AAS po mineralizacji w mieszaninie kwasów HF i HClO4,

natomiast zawartoœæ form mobilnych Pb, wg zmodyfikowanej przez Millera i in. (1986) [6] analizy sekwen-

cyjnej.

Morfologia, uziarnienie i w³aœciwoœci fizykochemiczne pozwoli³y zakwalifikowaæ badane gleby do

podtypu gleb p³owych typowych, wytworzonych z utworów py³owych oraz do gleb o odczynie w zakresie od

lekko kwaœnego do zasadowego. Ca³kowita zawartoœæ o³owiu wynosi³a 17,40–45,36 mg � kg–1. Wartoœci te

nie przekraczaj¹ poziomu t³a geochemicznego, co pozwala uznaæ gleby tego regionu za niezanieczyszczone

tym pierwiastkiem. W analizie sekwencyjnej najwiêkszy udzia³ w zawartoœci ca³kowitej o³owiu mia³a frakcja

7 (rezydualna) oko³o 40 %, a najmniejszy frakcje 1–3, poni¿ej 5 % zawartoœci ca³kowitej badanego metalu.

Uzyskane wyniki wskazuj¹ na stosunkowo ma³¹ mobilnoœæ o³owiu w badanych glebach. Gleby te mog¹ byæ

przeznaczone pod wszystkie uprawy ogrodnicze i rolnicze, zgodnie z zasadami racjonalnego wykorzystania

rolniczej przestrzeni produkcyjnej.

S³owa kluczowe: gleba, o³ów, analiza sekwencyjna
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OCCURRENCE OF CADMIUM IN HERBS

GROWING ON GRASSLAND

LOCATED NEAR THE HIGHWAY

WYSTÊPOWANIE KADMU W ZIO£ACH

ROSN¥CYCH NA U¯YTKACH ZIELONYCH

ZLOKALIZOWANYCH W POBLI¯U DROGI SZYBKIEGO RUCHU

Abstract: The aim of this work is to determine the level of impurity by cadmium selected species of

dicotyledonous plants to which belong the herbs collected from permanent grassland located near a highway.

Chosen herbs were collected from the grasslands located near the international rout E-30 near Siedlce. Such

herbs as common dandelion (Taraxacum officinale L.), greater plantain (Plantago maior L.) and garden sorrel

(Rumex acetosa L.) were picked up.

The plant material was taken from the distance 2; 10; 30 and 50 m from the wayside ditch. Shoots of

plants (stems and leaves) were separated from underground parts (roots and rhizome) and then they were dried

them and grinded. Crumbled material in 5 g samples was put through mineralization at a temp. 450 oC.

Samples prepared like that were put in to the solution with 10 cm3 of 10 % HCl and added distilled water to

the volume 50 cm3. The content of cadmium in received solutions was determined using the AAS method.

The concentration of the cadmium content in shoots and in underground parts systematically decreased in

the measure of dismissing from the source of pollution in all studied plants.

Independently from the place of the gathering of the plant material, the most cadmium was accumulated

by the common dandelion in the shoots (0.24 mg � kg–1 d.m.), however the smallest concentration of cadmium

in studied herbs was in the underground parts of garden sorrel (0.09 mg � kg–1 d.m.) independently from the

place of gathering.

Keywords: cadmium, common dandelion, greater plantian, garden sorrel

Microelements in plants are important elements with regard to their functioning in

some biological processes and because of animals nutritional needs [1]. Common

feature of microelements is that after exceeding the admissible level, they affect

toxically life forms [2]. Both their shortage as well as the excess cause negative results.
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Recently very big interest in elements has been focused on heavy metals. Cadmium

is ranked to the most toxic and threatening the health of people and animals [3].

Cadmium is absorbed by plants extremely easily, both by their root system and by

their leaves mostly proportionally to its concentration in the environment [4]. The

transportation of cadmium in a plant is easy, but with increased absorption it is

accumulated mainly in roots, even in the case of absorption by leaf blades. In the case

of exceeding the critical point heavy metals, including cadmium, affect the crop quality

becoming simultaneously a threat for animals and people’s health.

Cadmium is not an indispensable component for life forms. However, even its

comparatively small quantities can be already toxic for animals. Toxicity of high

concentrations of cadmium manifests itself in kidneys function disorders, neoplastic

diseases and in reproductive system disorders.

In a human organism cadmium accumulates first of all in a liver and kidneys, where

it combines extremely hard and for quite a long time, as for about 10 years time, with a

low molecular protein. Moreover cadmium blocks phosphates and some enzymes and

causes anemia. The most often it causes chronic poisonings which for 1-year period can

run without any symptoms. Particularly dangerous is the excess of cadmium especially

in plants which are consumed both by animals and people. To these plants among others

belong herbs [5].

Therefore, the aim of this work is to determine the level of impurity by cadmium

selected species of dicotyledonous plants to which belong the herbs collected from

permanent grassland located near a highway.

Material and methods

Chosen herbs were collected from the grasslands located near the international rout

E-30 near Siedlce. Such herbs as common dandelion (Taraxacum officinale L.), greater

plantain (Plantago maior L.) and garden sorrel (Rumex acetosa L.) were picked up. The

plant material was taken from the distance 2; 10; 30 and 50 m from the wayside ditch.

Shoots of plants (stems and leaves) were separated from underground parts (roots and

rhizome) and then they were dried and ground. Crumbled material in 5 g samples was

put through mineralization at a temp. 450 oC. Samples prepared like that were put in the

solution with 10 cm3 of 10 % HCl and added distilled water to the volume of 50 cm3.

The content of cadmium in received solutions was determined using the AAS method.

Obtained results were subjected to a statistical method of the variation one factor

analysis using the Statistica programme – for Windows and module Anova/Manova.

The significance of the differentiation of results was verified by the Tukey test for the

level of significance p � 0.05.

Results

The content of cadmium in studied herbs has changed depending on distance from

the source of pollution and on plant species.
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Kabata-Pendias [1] claims critical cadmium content in plants in relation to their

usefulness for consumptive aims should not exceed the value of 0.15 mg � kg–1 d.m., but

for fodder aims should come to � 0.5 mg � kg–1 d.m. The largest concentration of this

metal was in shoots of common dandelion (0.32 mg � kg–1 d.m.) growing nearest the

highway, that is in the distance of 2 m (Table 1). According to the investigation, with

the increase of the distance from the source of pollution, the content of cadmium

decreased in the considered plant material in common dandelion and in the other herbs

as well.

Table 1

The cadmium content in the shoots of investigated plants [mg � kg–1 d.m.]

Plants
Distance from the road [m]

2 10 30 50

Common dandelion 0.32 Aa 0.24 Ab 0.23 Ab 0.18 Ac

Greater plantian 0.18 Ba 0.13 Bb 0.10 Bc 0.07 Bd

Garden sorrel 0.20 Ca 0.17 Cb 0.16 Cb 0.10 Cc

Means in lines appointed various letters differ significantly; means in columns appointed various letters differ

significantly.

The smallest quantities of this element were affirmed in the shoots of greater plantian

(0.07 mg � kg–1 d.m.) gathered from the distance of 50 m from the source of pollution.

The largest fall of the cadmium concentration with the distance from the source of

pollution was in the shoots of greater plantian. This decrease was over 61 % for

measurements at the distance of 2 m and 50 m. The smallest decrease of cadmium

content coming to about 44 % was observed in shoots of the common dandelion for

measurements on the same distances. The statistical analysis showed significant

differences in the cadmium content in the shoots of greater plantian in all points of the

experiment. However it was not found significant differences between the cadmium

concentration in the shoots of common dandelion and garden sorrel growing at the

distance of 10 and 30 m.

The comparison with literature data concerning the contamination levels of heavy

metals in plants near highways is very difficult [6]. The ranges of cadmium extracted

from the herbs, were lower than those observed in Graminaceae by many authors eg [7]

and [8] who studied Chenchrus echinatus, Sarghum halopense, Paspalum paniculatum
and Stipia ichu. Nevertheless, they are similar to the values obtained in recent studies on

tobacco leaves [9] or herbs leaves and vegetables [10]. Levels of cadmium were lower

than those found in earlier studies [8] although they were comparable to those recently

observed [11, 12] and [9, 13]. In comparison to the values owning to subchronical

toxicity for cattle through forages (0.5 Cd mg � kg–1 d.m., [11] the concentrations of this

metal was less.

Independently from the species of the studied dicotyledonous plants the most

cadmium (0.23 mg � kg–1 d.m.) had the plants growing in the distance of 2 m from the

wayside ditch. This content systematically decreased with the distance from the source
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of pollution achieving the lowest average content (0.12 mg � kg–1 d.m.) for the distance

of 50 m.

Roadside contamination was obvious by the significant negative correlations

between concentrations of metals in plant samples and distance from road edge [14, 15].

Metals in roadside plant samples were within normal levels although plants from

control sites were found to have slightly less metals [16]. Different parts of a plant

(roots, stem & leaves) were found to accumulate metals in different concentrations.

The average cadmium contents in underground parts also decreased with the distance

from the source of pollution. The largest concentration of this element had the plants

gathered in the distance of 2 m (0.17 mg � kg–1 d.m.). Although, levels of Cd obtained in

plant were lower than the EU limit and the background value given by [1], detection of

the metal in plant cells for sustained monitoring. Ruminants that wander and graze

along roadsides feed on these grasses while birds and domestic fowls feed on insects

and earthworms [17, 18]. Transfer of metals through the food chain and accumulation

are most probable the cause of health problems especially in animals that occupy the

upper echelons of food chain. Thus, concerning of accumulation and toxicity ability of

this metal in ruminants grazing on vegetation along these roads is very important.

The smallest quantities of cadmium had the plants gathered in the distance of 50 m

(0.11 mg � kg–1 d.m.). The cadmium contents independently from the species of the

studied plant did not show significant differences between measurements performed on

the distance of 10 and 30 m. In the other cases the measurements showed significant

differences between themselves.

It was reported that direct uptake of Cd into leaves can occur [5]. In particular, in the

case of a high intrinsic level of Cd (usually resulting from root uptake), foliar Cd uptake

increases due to increased permeability of the leaf cuticle [19]. Although Cd

concentrations are usually low in plants grown in uncontaminated sites, Cd concentra-

tions in leaves can be as high as, for example 45 �g/g, when plants are grown on

contaminated sites.

The accumulation of heavy metals is not only in the shoots of herbaceous plants.

Their underground parts also show ability to the accumulation of heavy metals.

Conducted investigations (Table 2) showed, that the largest concentration of cadmium

was in underground parts of the common dandelion (0.19 mg � kg–1 d.m.) growing in the
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distance of 2 m from the wayside ditch, but the least cadmium in this distance was taken

by garden sorrel (0.13 mg � kg–1 d.m.).

Table 2

The cadmium content in underground parts of plants [mg � kg–1 d.m.]

Plants
Distance from the road [m]

2 10 30 50

Common dandelion 0.19 Aa 0.16 Ab 0.16 Ab 0.15 Ab

Greater plantian 0.18 Ba 0.17 Bb 0.15 Bc 0.12 Bd

Garden sorrel 0.13 Ca 0.09 Cb 0.08 Cb 0.07 Cb

Means in lines appointed various letters differ significantly; means in columns appointed various letters differ

significantly.

As was reported [15], average metal concentrations in scabwort leaves were clearly

below the range of metal concentrations in plant leaves that are considered phytotoxic.

However, concentrations of Pb, Cd, and Zn in roadside samples of scabwort leaves were

higher than those reported in leaves of the same plant from the control site [20]. The

ability of different plant species to accumulate metals and reflect environmental

contamination has been investigated by a number of researchers [6, 15, 20, 21].

The cadmium content decreased with the distance from the source of pollution in

underground parts (Table 2) of greater plantain and garden sorrel. In the case of

common dandelion at the distance of 10 and 30 m the same quantities of cadmium were

affirmed (0.16 mg � kg–1 d.m.).

The largest decrease the cadmium content with the distance from highway was in the

plants of garden sorrel. The content of this metal in this plant at the distance of 50 m

decreased about 46 % in the relation to the measurement performed at the distance of

2 m. The smallest decrease coming to about 21 % was observed in underground parts of

the common dandelion.

The results of the conducted statistical analysis show significant differences in the

content of cadmium in underground parts in the studied herbs. Significant differences

cadmium content were also between all points of greater plantain. In the case of two

other plants there were no significant differences in the content of this element between

measurements performed at the distance of 10 m, 30 m and 50 m.

Taking into account studied plants it was showed, that the common dandelion had the

most cadmium content in shoots independently to distance from the road (0.24 mg � kg–1

d.m.), and the least one greater plantain (0.12 mg � kg–1 d.m.) (Fig. 2). The similar

tendency was also in underground parts of herbs, where the largest concentration of this

element had the common dandelion (0.165 mg � kg–1 d.m.), and the smallest one, garden

sorrel (0.09 mg � kg–1 d.m.).

Plants used in therapeutics should be picked in areas free of any contamination

sources [22]. However, as can be seen from the literature [23, 24] medical raw plant

materials differ significantly with respect to the content of metals.

The concentration of heavy metals is one of the criteria according to which raw

plants can be used for the production of medicines. Due to the importance of the
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mineral and trace elements present in medicinal herbs, several studies have been carried

out determine their levels [16, 18, 23, 25–27].

Elevated Cd concentrations [22] were determined in birch which is one of the most

popular herbs in Poland and common dandelion (concentrations higher than the WHO

permissible level of (0.3 mg � kg–1 d.m.).

Independently from the place of the gathering of the plant material (Fig. 2), the

average content of cadmium in underground parts of the garden sorrel (0.09 mg � kg–1

d.m.) differed significantly from the content of this metal in common dandelion (0.165

mg � kg–1 d.m.) and greater plantain (0.155 mg � kg–1 d.m.).

Significant differences were not confirmed between common dandelion, and greater

plantain independently from the distance of the gathering of the investigative material.

Medicinal plants are used for tea preparation, only the extractable component of

heavy metals is available to humans [22]. Due to allow extraction efficiency from raw

materials to water, only a small fraction of the total content of Ba, Cd, Cr, Ni, Pb and Zn

in the raw material can be found in infusions prepared from common dandelion, birch

and hawthorn in comparison with levels of these metals in raw materials themselves.

Conclusions

From among of studied herbs, the best coefficient of pollution with cadmium had

common dandelion, which had the largest quantity of this metal at the distance of 2 m

from highway in shoots (0.32 mg � kg–1 d.m.) as well as in underground parts (0.19

mg � kg–1 d.m.).

The concentration of the cadmium content in shoots and in underground parts

systematically decreased in the measure of dismissing from the source of pollution in all

studied plants.

Independently from the place of the gathering of the plant material, the most

cadmium accumulates had the common dandelion in the shoots (0.24 mg � kg–1 d.m.),

however the smallest concentration of cadmium in studied herbs was in the under-

ground parts of garden sorrel (0.09 mg � kg–1 d.m.) independently from the place of

gathering.
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The admissible contents of cadmium for consumptive aims (0.15 mg � kg–1 d.m.)

were exceeded in the shoots and in underground parts especially in common dandelion

at all distances from the source of pollution.

References

[1] Kabata-Pendias A. and Motowicka-Terelak T., Piotrowska M., Terelak H. and Witek T.: Ocena stopnia

zanieczyszczenia metalami ciê¿kimi i siark¹. Ramowe wytyczne dla rolnictwa. Pu³awy 1993.

[2] Gorlach E. and Gambuœ F.: Potencjalne toksyczne pierwiastki œladowe w glebach (nadmiar, szkodliwoœæ
i przeciwdzia³anie). Zesz. Probl. Post. Nauk Roln. 2000, 472, 275–296.

[3] Fergusson J.E.: The heavy elements. Pergamon Press, Oxford 1990, pp. 461–567.

[4] Buczek J. and Jasiewicz Cz.: Wystêpowanie o³owiu, kadmu i cynku w zbo¿ach uprawianych w s¹siedz-
twie drogi E-4 Tarnów–Rzeszów–Przemyœl. Zesz. Probl. Post. Nauk Roln. 2000, 471, 865–872.

[5] Greger M., Johnansson M., Stihl A. and Hamza K.: Foliar uptake of Cd by pea (Pisum sativum) and
sugar beet (Beta vulgaris). Physiol. Plant 1993, 88, 563–570.

[6] Viard B., Pihan F., Promeyrat S. and Pihan J.C.: Integrated assessment of heavy metal (Pc, Zn, Cd)
highway pollution: bioaccumulation in soil, Graminaceae and land snails. Chemosphere 2004, 55,

1349–1359.

[7] Rodriguez-Florez M. and Rodriguez-Castellon E.: Lead and cadmium levels in soil and plants near
highways and their correlation with traffic density. Environ. Pollut. (ser. B) 1982, 4, 281–290.

[8] Ho Y.B. and Tai K.M.: Elevated levels of lead and other metals in roadside soil and grass and their use
to monitor aerial metal depositions in Hong Kong, Environ. Pollut. 1988, 49, 37–51.

[9] Malbreil N.: La pollution en bordure d’autoroute et son impact sur la vegetation, DESS Ressources

naturelles et Environment, Universite de Metz, CETE de l’Est 1997, pp. 56.

[10] Othman I., Al-Oudat M. and Al-Masri M.S.: Load levels in roadside soils and vegetation of Damascus
City. Sci Total Environ. 1997, 207, 43–48.

[11] Garcia R. and Milan E.: Assessment of Cd, Pb and Zn in roadside soils and grasses from Gipuzkoa
(Spain). Chemosphere 1998, 37, 1615–1625.

[12] Pagotto C.: Etude sur l’emission et le transfer dans les eaux et les sols des elements traces metalliques et

des hydrocarbures dans le domaine routier. These doctorat de l’ Universite de Poitiers, Discipline:

chimie et microbiolgie de l’eau, University de Poitiers 1999, pp. 316.

[13] Panayotova M.: Assessment of lead pollution caused by vehicles emission in a highly inhabited region of
Sofia, Bulgaria. J. Environ. Sci. Health, Part A: Toxic/Hazard. Subst. Environ. Eng. 2000, 35(9),

1693–1700.

[14] Aksoy A. and Ozturk M.A: Nerium oleander L. as biomonitor of lead and other heavy metal pollution in
Mediterranean environments. Sci. Total Environ. 1999, 205, 145–150.

[15] Swaileh K.M., Hussein R.M. and Abu-Elhaj S.: Assessment of heavy metal contamination in roadside
surface soil and vegetation from the West Bank Environment. Contam. Toxicol. 2004, 47, 23–30.

[16] Reimann C., Koller F., Frengstad B., Kashulina G., Niskavaara H. and Englmaier P.: Comparision of the
element composition in several plant species and their substrate from a 1500000 km2 area in Northerm
Europe. Sci. Total Environ. 2001, 278, 87–112.

[17] Awofolu O.R.: A survey of trace metals in vegetation, soil and lower animal along some selected major
roads in metropolitan city of Lagos. Environ. Monitor. Assess. 2005, 105, 431–447; DOI. 10.1007/s

10661-005-4440-0.

[18] Basgel S. and Erdemoglu S.B.: Determination of mineral and trace elements in some medicinal herbs
and their infusions consumed in Turkey. Sci. Total Environ. 2006, 359, 82–94.

[19] Xiong Z.T. and Peng Y.H.: Response of Pollen cermintion and tube growth to cadmium with special
reference to low concentration exposure. Ecotoxicol. Environ. Safety 2004, 48, 51–55.

[20] Swaileh K.M., Rabay’a N., Salim R., Ezzughayyar A. and Abed Rabbo A..: Concentrations of heavy
metals in roadside soils, plants and landsnails from the West Bank, Palestine. J. Environ. Sci. Health

Part A. 2001, 36(5), 756–778.

[21] Olajire A.A. and Ayodele E.T.: Contamination of roadside soil and grass with heavy metals. Environ.

Inter. 1997, 23(1), 91–101.

Occurrence of Cadmium in Herbs Growing on Grassland... 1431



[22] Kalny P., Fija³ek Z., Daszczuk A. and Ostapczuk P.: Determination of selected microelements in Polish
herbs and their infusions. Sci. Total Environ. 2007, 381, 99–104.

[23] Aksoy A., Hale W.G.H. and Dixon J.M.: Capsella bursa-pastoris (L.) Medic. as a biomonitor of heavy
metals. Sci Total Environ. 1999, 226, 177–186.

[24] Naithani V. and Kakkar P.: Effect of ecological variation on heavy metals content of some medicinal
plants used as herbal tea ingredients in India. Bull. Environ. Contam. Toxicol. 2006, 76, 285–292.

[25] Adeloju S.B. and Young T.M.: Anodic stripping potentiometric determination of antimony in
environmental materials. Anal. Chim. Acta 1995, 302, 225–232.

[26] Adamo P., Vingiani S., Castaldo Cobianchi R. and Violante P.: Trace element accumulation by moss and
lichen exposed in bags in the city of Nesapl (Italy). Environ. Pollut. 2003, 122, 91–103.

[27] Tuzen M.: Determination of heavy meals in soil, mushroom and plant samples by atomic absorption
spectrometry. Microchem. J. 2003, 74, 289–297.

WYSTÊPOWANIE KADMU W ZIO£ACH ROSN¥CYCH NA U¯YTKACH ZIELONYCH

ZLOKALIZOWANYCH W POBLI¯U DROGI SZYBKIEGO RUCHU

Instytut Agronomii

Akademia Podlaska

Abstrakt: Celem pracy jest okreœlenie stopnia zanieczyszczenia kadmem wybranych gatunków roœlin

dwuliœciennych, do których nale¿¹ m.in. zio³a zbierane z trwa³ych u¿ytków zielonych znajduj¹cych siê przy

trasie szybkiego ruchu. Wybrane zio³a zbierano z u¿ytków zielonych przy miêdzynarodowej trasie E-30

w pobli¿u Siedlec. Zbierano takie zio³a, jak: mniszek pospolity (Taraxacum officinale L.), babkê zwyczajn¹

(Plantiago major L.) i szczaw zwyczajny (Rumex acetosa L.). Materia³ roœlinny pobrano z odleg³oœci 2; 10;

30 i 50 m od przydro¿nego rowu. Nastêpnie oddzielono czêœci nadziemne roœlin (³odygi i liœcie) od czêœci

podziemnych (korzeni i k³¹czy), po czym wysuszono je i zmielono. Rozdrobniony materia³ w 5 g próbkach

poddano mineralizacji w temp. 450 oC. Tak przygotowane próbki przeprowadzono w roztwór z 10 cm3 10 %

HCl i uzupe³niono wod¹ destylowan¹ do objêtoœci 50 cm3. W otrzymanych roztworach oznaczono zawartoœæ

kadmu za pomoc¹ metody AAS.

Stê¿enie zawartoœci kadmu zarówno w czêœciach nadziemnych, jak i podziemnych systematycznie

zmniejsza³o siê w miarê oddalania od Ÿród³a zanieczyszczenia we wszystkich badanych roœlinach. Niezale¿nie

od miejsca poboru materia³u roœlinnego najwiêcej kadmu kumuluje mniszek pospolity w czêœciach

nadziemnych (0,24 mg � kg–1 s.m.), natomiast najmniejsze stê¿enie kadmu w badanych zio³ach niezale¿nie od

miejsca pobierania by³o w czêœciach podziemnych szczawiu zwyczajnego (0,09 mg � kg–1 s.m.).

S³owa kluczowe: kadm, trasa szybkiego ruchu, mniszek pospolity, szczaw zwyczajny, babka lancetowata
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Andrzej JAGUŒ1

ASSESSMENT OF TROPHIC STATE

OF INLAND WATER

(THE CASE OF THE SOLA CASCADE DAM RESERVOIRS)

OCENA STANU TROFICZNEGO WÓD ŒRÓDL¥DOWYCH

(NA PRZYK£ADZIE KASKADY SO£Y)

Abstract: The objective of the study was to assess the trophic state of water in the hydrographic system of the

Sola cascade, situated in the Carpathian region in southern Poland. Analyses included inflowing and retained

water in dam reservoirs: Tresna, Porabka and Czaniec. The level of eutrophication of water was estimated

basing on its physicochemical parameters. Out of all methods used in determining the trophic state, the

selected methods included the norms determined in the Polish regulations, the Neverova-Dziopak index (ITS

– Index of Trophical State) and the Carlson index (TSI – Trophic State Index). Analyses of data from years

2007–2009 showed that water quality reflected characteristic parameters for mesotrophy and eutrophy.

Unfavorable trophic state concerned almost all waters that were studied, including waters of the lowest

reservoir of the cascade – Czaniec reservoir, which is part of the municipal water supply system. That

emphasizes the need for protection of the catchment of the cascade with regards to reduction of contamination

load discharged to surface waters.

Keywords: inland water, Sola cascade dam reservoirs, water quality, eutrophication, trophic index

One of the major factors that set limitations on the use of disposable water resources

is the process of eutrophication, related to excessive supply of nutrients in water. It

diminishes the quality of water and causes sanitary threat resulting from anaerobic

decomposition of organic matter and toxicity of metabolism products of phytoplankton

organisms [1, 2]. It is therefore reasonable to establish monitoring of water trophic state

in order to determine the need for protection of water from eutrophication. The most

important in Poland is monitoring of water quality in the mountains, as these waters

play a strategic role in nationwide water supply [3, 4]. Water reserves that occur there

(about 30 % of national reserve) should be retained and transferred to lower areas

without loss of quality. Geosystems of dam water reservoirs need particular care in

terms of control and measurements, as their self-purification capabilities are lower than
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those of running watercourses, and at the same time they serve as water reservoirs for

municipal and economic needs. Due to the fact that mountainous catchments include

head-springs of rivers, water retained in those reservoirs should be of high quality,

reflecting the oligotrophic (low fertility) or, possibly, mesotrophic state (moderate

fertility). The eutrophic state (high fertility) should be considered as unfavorable.

The trophic state of inland water is determined using various methods, which usually

consist in analysis of specific physicochemical or biological parameters. Measured

values of parameters are compared – directly or after processing – with threshold values

of trophic states. The most commonly used parameters include total phosphorus,

phosphates, total nitrogen, nitrates(V), ammonia, oxygen, chlorophyll �, transparency

of water (Secchi disk visibility), reaction, conductivity, etc. Of importance are also

biological parameters, namely characteristics of macroinvertebrates, ichthyofauna,

macrophytes and phytoplankton. The worldwide classification system for the trophic

state of water was suggested by the Organisation for Economic Co-operation and
Development (OECD) [5] and the European Environment Agency (EEA) [6], among

others. A range of index-based methods and national norms have also been established

for assessment of the trophic state of water [4, 7, 8]. The choice of the method for

evaluation of the trophic state of water depends on the scope, period and frequency of

quality analyses of water.

The objective of the paper was to assess the trophic state of water in the hydrographic

system of the Sola cascade, composed of three dam reservoirs: Tresna, Porabka,

Czaniec (Fig. 1). The dams cross the valley of the Sola river in its southern section

across the Beskid Maly mountain range in the Carpathian region of southern Poland [9].

The reservoirs serve multiple functions, and the lowest one (Czaniec) is a municipal

water system reservoir for Bielsko-Biala and cities of the Silesian conurbation. The

reservoirs can store about 122 Mm3 of water (Tresna – 94.6 Mm3, Porabka – 26.6 Mm3,

Czaniec – 1.3 Mm3) drained from the area of 1,119 km2 [10, 11]. The cascade is mainly

fed with waters from the Sola, although the reservoirs also have direct tributaries. Field

observations of the catchment area show that main sources of possible contamination of

water include: wastewater from regions without sewage systems, fertilizers used in

agriculture, unmanaged animal waste and erosion runoff.

Methods

The research made it possible to determine the trophic state of both running waters

feeding the reservoirs and standing waters in the reservoirs. The author used the values

of physicochemical parameters of waters from the database of the state monitoring of

the environment from years 2007–2009.

With regards to running waters, the research included the following sites (Fig. 1):

– the estuary of the Sola to Tresna reservoir;

– the estuary of the Zylica to Tresna reservoir;

– the estuary of the Lekawka to Tresna reservoir;

– the estuary of the Ponikwia to Porabka reservoir;

– the estuary of the Wielka Puszcza to the Sola.
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Physicochemical analyses of running waters were carried out once a month, which

gave 36 measurement series. That made it possible to determine the trophic state

according to the rules set forth in the Polish regulations, which require that mean yearly

concentrations of some substances be determined [12]. The trophic state of running

waters was also determined according to the ITS index (Index of Trophical State)

suggested by Neverova-Dziopak [13]. The use of the ITS index consists in evaluation of

concentrations of oxygen and carbon dioxide in water, expressed by oxygen saturation

in water and its reaction. The index is only calculated if there is a linear relation

between the values of reaction (pH) and percentage of oxygen saturation of water

(%O2), according to the following formula [13]:

ITS = �pH/n + a · (100 – ���2/n)

where: n – number of measurements;

a – coefficient of linear regression between pH and %O2.

According to the formula, the coefficient of correlation between pH and %O2 was

calculated for each year. The test of correlation relevance was carried out using

Assessment of Trophic State of Inland Water... 1435

S
o
³a

S
o
³a

CZANIEC

POR¥BKA

TRESNA

£êk
awka

M
oszczanica

¯arnówka

¯
ylica

Is
ep

nica

Ponikwia

Wielka Puszcza

P o l a n d

0 2 km

Fig. 1. Sketch of the Sola cascade



Student’s t-distribution table (for n – 2 = 10 and � = 0.05). Then, a linear equation was

worked out to describe the correlation between pH and oxygen saturation. Relevance of

the described function was tested by means of multiple regression analysis using

Snedecor’s F-distribution table (for n – 2 = 10 and � = 0.05).

The studies of reservoir waters were carried out in near-dam zones in summer

seasons of years 2007–2009, which gave 3 measurement series. Thus, the trophic state

of waters was determined according to the mentioned Polish legal norms [12], which

require, in case of standing waters, measurement of physicochemical parameters during

the vegetative season. Additionally, the trophic state was determined by calculating

Carlson’s three-variable Trophic State Index (TSI) [14], based on measurements of total

phosphorus concentrations (TSITP), chlorophyll � concentrations (TSIChl) and water

transparency measured using Secchi disc (TSISD). The following formulas were used in

calculations [14]:

TSITP = 14.42 � ln(TP � 1000) + 4.15

TSIChl = 9.81 � ln(Chl) + 30.6

TSISD = 60 – 14.41 � ln(SD)

where: TP – total phosphorus concentration [mg/dm3];

Chl – chlorophyll � concentration [�g/dm3];

SD – Secchi disc visibility [m].

The conditions are favorable when all three elements of the index (TSITP, TSIChl,

TSISD) for three parameters of water measured at the same time have similar values. It

is worth mentioning that the TSI index should not be used in estuary zones of water

reservoirs (especially in areas with high relief) due to too high influence of inflowing

debris on the state of parameters which are considered in calculations.

The trophic state of running waters

According to the directives for classification of running waters as eutrophic, included

in the Regulation of the Minister of Environment [12], waters of the Sola river and other

tributaries of the reservoirs did not show the eutrophic state. That is confirmed by the

fact that the recorded mean yearly values of concentrations of index substances

(Table 1) – total phosphorus, total nitrogen, nitrate(V)-nitrogen and nitrates(V), were

lower than the set thresholds (it is also recommended that concentrations of chloro -

phyll �, whose threshold mean yearly concentration is 25 �g/dm3, be measured). These

waters, however, flowed into limnic water areas, which are the environment with higher

vulnerability to eutrophication. The biogenic elements (P, N) present in running waters

occurred in amounts which could stimulate the growth of biological life in limnic

geosystems [15].
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Table 1

The mean yearly values of eutrophication indices in the flowing waters

related to the maximum values of eutrophication (based on data from WIOS in Katowice)

Total phosphorus

[mg/dm3]

Total nitrogen

[mg/dm3]

Nitrate(V)-nitrogen

[mg/dm3]

Nitrates(V)

[mg/dm3]*

2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009

Sola

0.034 0.032 0.053 1.165 1.222 1.408 0.861 0.954 1.006 3.808 4.221 4.450

Zylica

0.043 0.050 0.065 1.866 2.126 2.130 1.567 1.851 1.767 6.972 8.188 7.816

Lekawka

0.038 0.079 0.055 1.486 1.400 1.782 1.154 1.122 1.345 5.106 4.962 5.950

Ponikwia

0.031 0.061 0.051 1.450 1.382 1.392 1.219 1.183 1.118 5.394 5.231 4.948

Wielka Puszcza

0.031 0.045 0.043 1.210 1.062 1.151 0.988 0.861 0.955 4.369 3.808 4.225

Occurrence of eutrophication [12]

> 0.25 > 5.0 > 2.2 > 10.0

* Concentration of nitrates(V) ions.

Calculation of the ITS index was only possible for waters of the Sola and the

Lekawka, as those cases showed the linear correlation between the values of pH and

percentage of oxygen saturation in water. The results showed an unfavorable trophic

condition of waters of the Sola and the Lekawka (Table 2).

Table 2

Correlation between pH and oxygen saturation (n – 2 = 10, � = 0.05)

and values of the ITS index for waters of the Sola and the Lekawka

(based on data from WIOS in Katowice)

Correlation factors
Sola Lekawka

2007 2008 2009 2007 2008 2009

Correlation coefficient 0.89 0.69 0.15 0.77 0.89 0.79

Correlation relevance yes yes no yes yes yes

Linear regression coefficient 0.032 0.032 0.003 0.030 0.040 0.026

Linear regression relevance yes yes no yes yes yes

ITS 8.217 8.297 — 7.998 8.252 8.047

Trophic state [13] eutrophy eutrophy — mesotrophy eutrophy eutrophy

Those waters, flowing to Tresna reservoir, presented eutrophic characteristics in two

out of three years that were researched – the eutrophic state occurs when the value of

ITS > 8.3 ± 0.3 [13]. All the researched running waters (Sola, Zylica, Lekawka,

Ponikwia, Wielka Puszcza) were characterized by alkaline reaction. Mean yearly values
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of reaction ranged between pH 7.78 and 8.30. The highest pH values, generally

exceeding 8, were reported in waters of the Sola and the Lekawka. Whereas oxygen

saturation in the researched waters ranged close to normal saturation values – mean

yearly values ranged from 91.96 to 101.29. All that proves the tendency of the

environment towards biological production.

The trophic state of reservoir waters

With regards to the threshold values for eutrophication indices for standing water, as

set forth in the Regulation of the Minister of Environment [12], waters of near-dam

zones of reservoirs were not generally eutrophicated. Only transparency of water in

Czaniec reservoir was unsatisfactory, thus suggesting eutrophication processes (Table 3).

According to the norms by OECD [5], water transparency in Czaniec reservoir qualified

it in subsequent years as the mesotrophic and eutrophic water area, while reservoirs

Tresna and Porabka showed characteristics of oligotrohic and mesotrophic water areas

in that respect. Concentrations of phosphorus and nitrogen compounds were similar in

waters of all reservoirs. These elements occurred in amounts which allow for water

blooming. According to Vollenweider [16], water blooming may occur with the

concentration of nitrogen compounds over 0.3 mg TN/dm3, and phosphorus compounds

over 0.015 mg TP/dm3, whereas waters of the reservoirs under discussion nitrogen

concentrations were recorded at 0.74–1.31 mg TN/dm3, and phosphorus concentrations

at 0.03–0.05 mg TP/dm3.

Table 3

Physicochemical parameters of the Sola cascade dam waters related to the maximum values

of eutrophication (based on data from WIOS in Katowice)

Parameter Year
Tresna

reservoir

Porabka

reservoir

Czaniec

reservoir

Occurrence of

eutrophication

[12]

Total phosphorus

[mg/dm3]

2007 0.03 0.03 0.03

> 0.12008 0.03 0.03 0.04

2009 0.05 0.04 0.05

Total nitrogen

[mg/dm3]

2007 0.96 0.74 0.77

> 1.52008 1.22 1.21 1.14

2009 0.98 0.96 1.31

Chlorophyll �

[�g/dm3]

2007 6.2 12.7 10.3

> 25.02008 — — —

2009 8.7 — 2.3

Transparency

[m]

2007 2.4 3.8 1.8

< 2.02008 4.0 2.8 1.4

2009 3.2 3.0 3.0

Calculations of the Carlson index [14] showed that the trophic state of the reservoirs

was most frequently on the border of mesotrophic and eutrophic states (Table 4). That
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was particularly visible in the index calculated basing on the concentration of

phosphorus in water, as its values exceeded 50 units in the following scale:

– TSI < 40 – oligotrophy;

– TSI from 40 to 50 – mesotrophy;

– TSI from 50 to 60 – meso-eutrophy;

– TSI > 60 (to 80) – eutrophy.

The index values calculated basing on the transparency, in turn, suggested the highest

fertility of water in Czaniec reservoir. That is related to the smallest depth of this

reservoir in comparison with the others, which fosters warming up of water and growth

of phytoplankton. Mass occurrence of algae can be observed in all three reservoirs,

however, which confirms their unfavorable trophic condition showed by index

calculations.

Table 4

Trophic state of waters in Sola cascade dam reservoirs according to the Carlson index [14]

(based on data from WIOS in Katowice)

Reservoir Year
TSITP TSIChl TSISD

value trophic state value trophic state value trophic state

Tresna

2007 53.2 meso-eutrophy 48.5 mesotrophy 47.4 mesotrophy

2008 53.2 meso-eutrophy — — 40.0 mesotrophy

2009 60.6 eutrophy 51.8 meso-eutrophy 43.2 mesotrophy

Porabka

2007 53.2 meso-eutrophy 55.5 meso-eutrophy 40.8 mesotrophy

2008 53.2 meso-eutrophy — — 45.2 mesotrophy

2009 57.3 meso-eutrophy — — 44.2 mesotrophy

Czaniec

2007 53.2 meso-eutrophy 53.5 meso-eutrophy 51.5 meso-eutrophy

2008 57.3 meso-eutrophy — — 55.2 meso-eutrophy

2009 60.6 eutrophy 38.8 oligotrophy 44.2 mesotrophy

Conclusions

1. According to the recommendations from legal regulations, regarding classification

of eutrophy, the flowing and standing waters of the hydrographic system of the Sola

were not considered eutrophicated.

2. Calculations of indices of the trophic state worked out according to scientific

methodology showed that the researched waters were characterized by the mesotrophic

or eutrophic state, which is particularly unfavorable for Czaniec reservoir, as it is part of

the municipal water system. In particular, the eutrophic state concerned flowing waters

feeding the reservoir.

3. Due to high socioeconomic importance of the reservoirs of the Sola river, it is

important to reduce the load of wastewater coming from the catchment in order to

improve the quality of retained water.

4. It is necessary to work out and popularize universal criteria for determining the

trophic state of inland flowing and standing waters, which would be obligatory to use

for national services and environment researchers.
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OCENA STANU TROFICZNEGO WÓD ŒRÓDL¥DOWYCH

(NA PRZYK£ADZIE KASKADY SO£Y)

Instytut Ochrony i In¿ynierii Œrodowiska, Wydzia³ Nauk o Materia³ach i Œrodowisku

Akademia Techniczno-Humanistyczna w Bielsku-Bia³ej

Abstrakt: Celem badañ by³o rozpoznanie stanu troficznego wód w systemie hydrograficznym kaskady So³y,

po³o¿onej w obszarach karpackich Polski po³udniowej. Analizowano wody dop³ywaj¹ce oraz retencjonowane

w zbiornikach zaporowych: Tresna, Por¹bka i Czaniec. Na podstawie parametrów fizykochemicznych wód

ustalono stopieñ ich eutrofizacji. Spoœród stosowanych metod ustalania stanu trofii wybrano normy okreœlone

w polskich przepisach prawnych, wskaŸnik Neverovej-Dziopak (ITS – Index of Trophical State) oraz

wskaŸnik Carlsona (TSI – Trophic State Index). Analizy danych z lat 2007–2009 wykaza³y, ¿e jakoœæ wód

odpowiada³a parametrom charakterystycznym dla mezotrofii oraz eutrofii. Niekorzystny stan trofii dotyczy³

niemal wszystkich badanych wód, w tym wód najni¿szego zbiornika kaskady – wodoci¹gowego zbiornika

Czaniec. Wskazuje to na potrzebê ochrony zlewni kaskady pod k¹tem ograniczenia ³adunku zanieczyszczeñ

dostaj¹cych siê do wód powierzchniowych.

S³owa kluczowe: wody œródl¹dowe, kaskada So³y, jakoœæ wód, eutrofizacja, wskaŸnik trofii
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ASSESSMENT OF RESTORED WATER BODIES

IN A RIVER-LAKE SYSTEM

BASED ON PHOSPHORUS CONCENTRATIONS

OCENA FUNKCJONOWANIA

ZRENATURYZOWANYCH ZBIORNIKÓW WODNYCH

NALE¯¥CYCH DO SYSTEMU RZECZNO-JEZIORNEGO

NA PODSTAWIE STÊ¯EÑ FOSFORU

Abstract: Three water bodies restored around 30 years ago were studied: Lake Nowe Wloki, Lake Setalskie

Duze and Lake Setalskie Male, connected by the Setal Stream into a single river-lake system in the Olsztyn

Lakeland, approximately 25 km north of the city of Olsztyn, in the District of Dywity.

The objective of this study was to evaluate the functioning of three water bodies in a river-lake system

restored around 30 years ago. Particular attention was paid to water quality and the trophic status of the

analyzed lakes, assessed based on seasonal changes in phosphorus concentrations.

A river-lake system comprising restored water bodies in rural areas reduces the concentrations of biogens

migrating from the catchment area, thus minimizing the effects of potential eutrophication in larger rivers and

other water bodies to which the system’s watercourses evacuate. As regards lake inflows, a drop in total

phosphorus levels was noted after passage through the water body, and high concentrations of total P resulted

from the polymictic character of the studied lakes.

The inflows to water bodies that form a chain system supply substantial amounts of total P to the lakes,

leading to the retention of excessive phosphorus concentrations and speeding up processes which deteriorate

water quality and lake functioning. Over a three-year experimental period, the average concentrations of

phosphorus, – an element limiting primary production – varied from 0.22 to 0.34 mg Ptotal � dm–3 in the water

bodies within the studied river-lake system. The absence of water stratification (hypolimnion) contributed to

intensive phosphorus recirculation and very high trophy levels in the examined lakes. According to Nurnberg,

the total phosphorus concentrations determined in the spring are indicative of their hypetrophy.

Keywords: river-lake system, polymictic lakes, primary production, hypertrophy

The migration and inflow of eutrophicating elements into water bodies from local

sources is affected by natural and anthropogenic factors. Natural factors account for
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weather, land relief and inclination, the properties of soil and biogenic substances.

Anthropogenic factors include the type of land use and the manner of farm estate

management [1, 2].

Phosphorus, nitrogen and potassium form the “chemical trio” of nutrients which are

highly demanded by plants [3]. Ecosystems deficient in phosphorus (oligotrophic) are

characterized by low biomass production and high biodiversity. Phosphorus is readily

absorbed and blocked in the ecosystem, therefore, it reaches water bodies in smallest

quantities, and it is also most readily removed from water systems. The phosphorus

content of water bodies is usually minimal, and this feature is used in measures aiming

to restrict eutrophication. Excessive phosphorus levels in aquatic ecosystems increase

water fertility and they are the main cause of eutrophication. The anthropogenic sources

of water-borne and soil-borne phosphorus include fertilizers, wastewater and detergents

[4].

Young glacial areas feature specific systems of hydrographic objects [5, 6].

Watercourses are connected with lakes, and they are referred to as river-lake systems.

Water bodies are interconnected via sections of river water gaps (often intermittent

watercourses), creating a cohesive drainage network. River sections linking lakes are

short, and most of them are overflows. To a smaller extent and along smaller sections,

they are supplied by underground streams, and excess water overflows from one water

body to another [7]. The resulting ecosystem seasonally retains matter migrating from

the catchment. The circulation of biophilic elements is a factor that contributes to water

trophy [8, 9]. As part of a single river-lake system, a lake can therefore both trap and

evacuate phosphorus [10, 11]. Research studies investigating agricultural catchment

areas indicate that anthropogenic factors significantly contribute to the eutrophication of

restored water bodies.

The objective of this study was to evaluate water bodies in a river-lake system

restored around 30 years ago. Particular attention was paid to water quality and the

trophic status of the analyzed lakes, assessed based on seasonal changes in phosphorus

concentrations.

Materials and methods

The study investigated three water bodies in the Protected Landscape Area in the

Valley of Middle River Lyna, comprising Lake Nowe Wloki, Lake Setalskie Duze and

Lake Setalskie Male, connected by the Setal Stream to form a single, cohesive

river-lake system. The studied objects were drained in the 19th century during a

comprehensive land improvement project to create agricultural grassland. In view of the

need for small retention reservoirs and fire water reservoirs in rural areas, the discussed

water bodies were restored at the turn of the 1970s and the 1980s. The lakes are situated

along the Setalski drainage canal (presently referred to as the Setal Stream), and the

restoration involved a water damming project on the Stream. The studied water bodies

are polymictic lakes with a small average depth of 1.1 to 2.3 m.

Lake Nowe Wloki is situated near the village of Nowe Wloki, and the remaining

water bodies, Lake Setalskie Duze and Lake Setalski Male, are found in the village of
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Setal, Dywity District in the Olsztyn Lakeland, approximately 25 km north of the city of

Olsztyn. The analyzed district is weakly afforested, it comprises mostly agricultural

land with the predominance of brown soils. The local soils are cohesive, and they have

developed mostly from heavy loamy sand underlain by a layer of light loam throughout

the entire soil profile [Central Statistical Office 2003].

The analyzed catchment has a total surface area of 883.82 ha. It was initially divided

into eight subcatchments which were assigned the following numbers: I, IA, II, III,

IIIA, IV, V, VI. The location of each subcatchment and measuring points is presented

in Fig. 1.

Lake Nowe Wloki comprises two sections: the southern section which is the main

lake basin (point 431) and the northern bay (point 432) with a combined area of 19.67

ha. The main lake basin has an elongated profile, and it is adjacent to farmland on the

right bank and meadows on the left bank. The northern bay has a much smaller area,

and it is found in the vicinity of a road leading to Setal. In the north, the lake directly

neighbors three farming estates without livestock. Both meander pools are connected by

a characteristic contraction densely overgrown with sedge (Carex sp.) and common reed

(Phragmites australis (Cav) Trin. Ex Steudel). The lake’s catchment has a combined

area of 408.19 ha, and it comprises smaller subcatchments. Catchment I features the

upper course of the Setal Stream which reaches the lake, marked as number 431A. This

subcatchment is occupied by arable land and grasslands in 89 %. Drainage canal 431B

runs in the eastern part of the lake (main basin), and it evacuates water from

subcatchment IA into the lake. This subcatchment has the inclination of 6.6 %, and

94 % of its area is occupied by farmland. The area was drained in September 2006. In

the north, the lake neighbors the village of Nowe Wloki which does not operate a sewer

system. This part of the lake constitutes subcatchment II which feeds into Lake Nowe

Wloki (northern bay) via drainage ditch 432A. Subcatchment III constitutes the lake’s

direct catchment. Water is evacuated from the lake (433) via a watercourse marked by

point 434 (in subcatchment IV) which feeds into Lake Setalskie Duze. Lake Setalskie

Duze (its eastern section was assigned number 435, the western section – 436) is the

largest of the studied objects with an area of 41.34 ha. It is situated in (direct) catchment

V which is occupied by farmland in more than 54 %. The northern part of the catchment

features three land plots with holiday cottages made of brick. The land plots enclose

three fish ponds and two small farms, one of which raises 20 cows. Cattle are grazed on

pastures on the north-eastern side of the lake. The eastern part of the lake has a small

bay with a depth of 1.4 m and a gently sloping bottom. It is densely overgrown with

common reed (Phragmites australis (Cav) Trin. Ex Steudel), reed canarygrass (Phalaris
arundinacea L.), sedge (Carex sp.) and simplestem bur-reed (Sparganium erectum L.).

Water is evacuated from the water body via a ditch (437), and it is carried by a drainage

canal along farm fields to Lake Setalskie Male. Similarly to Lake Nowe Wloki, the

stream supplying and evacuating water from the lake is also a seasonal watercourse

(stagnant water) which is affected by weather conditions. Lake Setalskie Male is

separated from Lake Setalskie Duze by a (straight line) distance of approximately

300 m, and it is situated at the lowest altitude (124.7 m above sea level). The lake has an

area of 8.07 ha, and it is found in direct catchment VI. The northern section of the
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catchment is steeply inclined in the direction of the water body, and the southern part is

a gently undulating area. The lake’s banks feature no trees, and they are overgrown only

with common reed (Phragmites australis (Cav) Trin. Ex Steudel). The lake has an

inflow (connecting it to Lake Setalskie Duze) and an outflow which evacuates water all

the way to the Lyna River (the outflow was not studied due to limited access).

During the three-year period of the experiment, the following crops were grown in

the agricultural catchment of Lake Nowe Wloki: triticale in 2005, winter barley in 2006,

rapeseed in 2007. The following crop regime was observed in the catchment of Lake

Setalskie Duze: rapeseed in 2005, triticale in 2006 and rye in 2007. Arable land in the

catchment of Lake Setalskie Male had the following crop structure: rapeseed in 2005,

fallowing in 2006, rapeseed in 2007.

Water samples for laboratory analyses were collected once a month over a period of

three years (2005–2007). Total phosphorus and inorganic phosphorus concentrations

were determined in the samples. The analyses were performed by the standard method

proposed by Hermanowicz et al [12]. The species composition of the described

vegetation was determined on the site according to Rutkowski’s classification key [13].

An analysis of variance and the determination of statistical differences between datasets

were performed with the use of Duncan’s test in the Statistica 7 application. The

remaining results, including mean, minimum and maximum values, standard deviation,

median and the coefficient of variation, were processed statistically using the EXCEL

application.

Results and discussion

The trophic status of a water body is largely determined by its phosphorus content. In

lake ecosystems, total phosphorus and inorganic phosphorus concentrations are subject

to significant seasonal variation. In addition to the phosphorus load supplied from the

catchment, phosphorus levels increase due to various internal mechanisms which are

intensified with a rise in the lake’s trophic state index. A drop in phosphorus

concentrations is observed when the element is accumulated in bottom deposits and

organisms, in particular macrophyte tissues [14].

Total phosphorus concentrations in the studied chain system lakes were marked by

significant variations in successive hydrological years. The average concentrations

noted throughout the entire experimental period were similar (except in the northern bay

of Lake Nowe Wloki, point 431), reaching 0.22 to 0.34 mg Ptotal � dm–3, with significant

variations in the course of the examined three-year period (0.03 to 2.27 mg Ptotal � dm–3).

The median concentrations in the analyzed water bodies were determined in the range

of 0.16 to 0.25 mg Ptotal � dm–3 (Table 1).

As regards inflow waters supplying Lake Nowe Wloki, significantly lower average

total P concentrations were noted over the three-year period in field stream 431A

(Stream) at 0.17 mg Ptotal � dm–3, which is indicative of water purity class I [15]. In

waters evacuated from fields via the drainage canal (431B) and waters evacuated from

the agricultural catchment with farm estates via the drainage ditch (432A), the average

total P concentrations were more than 60 % higher, reaching 0.29 mg Ptotal � dm–3, which
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corresponds to water purity class III, ie water of satisfactory quality (more than half of

the analyzed samples were within the above range). The highest median concentrations

were determined for drainage ditch 432A at 0.21 mg Ptotal � dm–3 (Table 1). Clear

differences in total P concentrations were reported between the main (southern)

meander pool and the northern meander pool in Lake Nowe Wloki. In the analyzed

period, the average levels of total P reached 0.25 mg Ptotal � dm–3 in the main lake basin

(431), and they were lower by more than 30 % (statistically non-significant) in

comparison with the northern bay (432). The bay was characterized by the highest

variation of 112 % with fluctuations in the range of 0.04–2.27 mg Ptotal � dm–3, and its

average concentrations of total P reached 0.34 mgPtotal � dm–3. Extreme concentrations

of total P (2.27 mg Ptotal � dm–3) and N-NH4 were reported in March 2006 when the lake

remained under ice cover, creating a supportive environment for the release of

phosphorus from deposits into the water. In general, high average concentrations of

total P in the northern bay of Lake Nowe Wloki could point to the allochthonous origins

of phosphorus, mostly surface runoffs from developed areas [16]. Water bodies situated

at lower altitudes often receive matter and pollutants from extensive catchment areas of

river tributaries, and they are subjected to the adverse effects of anthropogenic pressure

[8, 17], as demonstrated by high total P levels in the drainage ditch (Table 1). In the

outflow from Lake Nowe Wloki (point 433) and the inflow to Lake Setalskie Duze

(point 434), the average total P concentrations were higher than in the bay, reaching

0.28 mg Ptotal � dm–3 and 0.26 mg Ptotal � dm–3, respectively. The above resulted mainly

from phytosorption, as demonstrated by much lower total P levels in the spring

(Table 1). In the eastern part of Lake Setalskie Duze (point 435), the average total P

concentrations were somewhat lower (by approximately 8 %) in comparison with the

western part (point 436) throughout the entire experiment. The above was largely due to

heavy rainfall in 2007. According to Kajak [14], torrential rain may lead to the rapid

runoff of substantial quantities of the annual nutrient load. The above theory is

supported by high phosphorus concentrations noted in January (0.965 mg Ptotal � dm–3),

June (0.395 mg Ptotal � dm–3) and July (0.415 mg Ptotal � dm–3) which were marked by

heavy precipitation reaching 122 mm, 116 mm and 122 mm, respectively. In this part of

the water body, the catchment features steeper slopes which probably contributed to a

more intense supply of ground-borne phosphorus from the direct catchment occupied by

holiday cottages. In the eastern section (435), the banks are overgrown with aquatic

vegetation as well as shrubs and trees that inhibit runoffs from the catchment. In the

outflow (437) from Lake Setalskie Duze, the average phosphorus concentrations were

maintained at the level noted in the lake throughout the period of the study, implying

that outflow waters were of purity class III. In Lake Setalskie Male, the average total P

concentrations (0.22 mg Ptotal � dm–3) were identical to those reported in the eastern part

of Lake Setalskie Duze, but the median concentration (0.16 mg Ptotal � dm–3) was lowest

among the studied water bodies (Table 1).

The group of lakes situated along the river was characterized by an increase in total

phosphorus concentrations in the summer (Table 1). Lower oxygen levels noted in the

summer supported the release of phosphorus and its transfer to the water. As

demonstrated by various authors [18–20], total phosphorus levels increase with a drop
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in the water table which decreases the volume of the water body, increases nutrient

concentrations and restricts the dilution of biogenic elements. The above phenomenon

often lowers water quality and increases total phosphorus concentrations, an indicator of

the lake’s trophic status. Summer variations in the phosphorus content of water also

result from a rise in COD (Chemical Qxygen Demand) levels during that season

(46.1–50.1 mg O2 � dm–3).

In the group of flow-through water bodies, the lowest total P concentrations were

observed in Lake Setalskie Male in the summer. The lake’s surface is overgrown with

vegetation in 20 % which limits wave motion and inhibits phosphorus release from the

sediments. Phosphorus was additionally consumed by lush vegetation covering the lake

bottom, mostly frogbit (Hydrocharis morsus-ranae L.) and spiked water milfoil

(Myriophyllum spicatum L.) (Table 1).

In general, total phosphorus concentrations reached the highest values in all water

bodies in the wet year 2007. High precipitation totals (822 mm) supported the leaching

of phosphorus from the soil. In comparison with 2006, the atmospheric deposition of

phosphorus was twice higher in 2007 (1.84 kg � ha–1
� yr–1), providing an additional

source of total phosphorus [21]. The variations in dissolved phosphorus levels were

similar to the changes noted in total phosphorus concentrations.

In the studied water bodies, the average inorganic phosphorus concentrations

determined throughout the experimental period ranged from 0.03 mg P-PO4 � dm–3 to

0.06 mg P-PO4 � dm–3 in the northern bay (431) of Lake Nowe Wloki where the highest

variations in P-PO4 levels were also noted in the range of 0.003 to 1.07 mg P-PO4 � dm–3

(Table 2).

In gauging sections in the subcatchments of Lake Nowe Wloki, drainage ditch 432A

(0.15 mg P-PO4 � dm–3) was marked by significantly higher average concentrations of

inorganic phosphorus which had a 52 % share of total phosphorus (Table 2, Fig. 2). The

above resulted from high P-PO4 levels in the summer and fall (no phytosorption of

phosphorus activated in the mineralization process towards the end of and after the

growing season). The average P-PO4 levels reported during the three-year period in

watercourse 431A and drainage canal 431B were identical at 0.04 mg P-PO4 � dm–3, but

in 431A (Stream), the share of inorganic phosphorus in total P was 10 % higher in

comparison with drainage canal 431B. In all lakes connected by the Setal Stream,

considerably higher average concentrations of P-PO4 were determined in the northern

bay (432) of Lake Nowe Wloki at 0.06 mg P-PO4 � dm–3. In those water bodies, P-PO4

had a significantly smaller share of total phosphorus concentrations in comparison with

flowing waters, at 12 to 18 %. The studied lakes’ outflows were marked by considerable

variations in the average levels of inorganic phosphorus. In the outflow (433) from Lake

Nowe Wloki, the average P-PO4 concentrations throughout the period of this experiment

were significantly higher than in the outflow (437) from Lake Setalskie Duze. Higher

levels of P-PO4 (which had a 32 % share of total phosphorus) resulted from the

mobilization of the studied element from organic matter accumulated in deposits

(a broad, shallow and densely overgrown ditch), as demonstrated by its high concentra-

tions in the summer at 0.20 mg P-PO4 � dm–3 (Table 2, Fig. 2).
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According to prior experiments investigating the role of river-lake systems [9, 11,

23], biogenic substances migrating with water in the form of mineral compounds and

suspensions are readily captured and retained by ecosystems of the type which also

produce substantial amounts of organic matter. The variations in total P concentrations

in a chain system, expressed by differences in the studied element’s percentage content,

are shown in Fig. 3. Total phosphorus concentrations in the upper section of the Stream

which feeds into the main basin of Lake Nowe Wloki and opens the studied system

represent 100 %. The noted results (Fig. 3) indicate that areas where river and lake

waters mix [22] play an important role in a chain system where lakes are intersected by

river sections and other watercourses (Fig. 3). The average total phosphorus values in

inflows (drainage canal 431B, drainage ditch 432A, river section between two lakes –

434) were higher, and they decreased after passage through the lake. A significant

increase in total phosphorus concentrations (from 129 % to 165 %) was observed along

the course of the Setal Stream. It was particularly high in the outflow from the northern

bay (433) of Lake Nowe Wloki (65 % higher than in the upper section of the stream –

431A) which receives water via the drainage ditch from the village with no sewer

system. The noted increase was clearly affected by the dry year 2006 when the water

body had limited supply. In the peak of the growing season of 2006, which was marked

by a drought, higher hydrological stability and reduced water flow, the water body

exported phosphorus accumulated in deposits under layers of oxygen-deficient water, as

shown by very high average concentrations of total phosphorus (Table 1, Fig. 3).

Despite the noted increase in phosphorus levels in the Stream, the results of this study

indicate that in view of total P levels in all inflows to the lakes, the analyzed water

bodies act as thresholds in the transport process where phosphorus is accumulated in

deposits, as shown by total phosphorus concentrations of 129 % in Lake Setalskie Male

(Fig. 3).

In reference to the studied lakes’ unquestioned role of biogeochemical barriers, the

results of this experiment show that despite the negative processes observed in the

1450 Katarzyna Sobczyñska-Wójcik and Ma³gorzata Rafa³owska

120

100

80

60

40

20

0

[%]

431A 431B 432A 431 432 433 434 435 436 438

P-PO4

P total

24

76

14

86

12

88

18

82

32

68

15

85

14

86

13

87

18

82

52

48

Fig. 2. Percentage share of P-PO4 in P concentrations in the river-lake system

431A – inflow to the main basin of Lake Nowe Wloki (Setal Stream), 431B – drainage canal

inflowing to Lake Nowe Wloki (14-month average), 432A – drainage ditch inflowing to the northern

bay of Lake Nowe Wloki, 431 – main basin of Lake Nowe Wloki, 432 – northern bay of Lake Nowe

Wloki, 433 – outflow from Lake Nowe Wloki, 434 – inflow to Lake Setalskie Duze, 435 – eastern

part of Lake Setalskie Duze, 436 – western part of Setalskie Duze 437 – outflow from Lake Setalskie

Duze and inflow to Lake Setalskie Male, 438 – Lake Setalskie Male
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analyzed water bodies, chain systems minimize the potential consequences of eutrophica-

tion in large rivers and other water bodies to which the system’s waters evacuate.

As regards variations in phosphorus concentrations, it has been noted that in shallow

lakes with a high share of active bottom area, bottom deposits come into frequent

contact with surface water, supporting the release of phosphorus accumulated at the

bottom of the lake [9, 14, 24]. As shown by the study investigating seasonal variations

in the analyzed element’s concentrations, the above process is most intense in the

summer, and the levels of released P may actually exceed external supply. Similar

conclusions were formulated by Provini and Premazzi [25]. The absence of water

stratification (hypolimnion) contributed to intensive phosphorus recirculation and very

low trophy levels [26]. Throughout the three-year period of the experiment, the average

concentrations of phosphorus, an element limiting primary production, in the restored

water bodies were within the range reported for lakes in agricultural regions [27].

According to Nurnberg [28], total phosphorus concentrations determined in the spring

are indicative of their hypetrophy (Table 3). Similar results were reported by Kawara et

al [29], Szyperek [30] and Skwierawski [31] who argued that shallow water bodies are

at an immense risk of eutrophication due to their contribution to reducing the

concentrations of biogenic elements supplied from the catchment. Research studies

investigating water trophy demonstrate that in addition to the eutrophication of

polymictic water bodies situated in agricultural catchments, a serious risk is also posed

by rural settlements without sewer systems which are the main source of biogenic

substances responsible for high trophy levels [16, 32–35].

Table 3

Assessment of trophic status of the studied water bodies based on the spring concentrations

of total P in view of Nurnberg criteria [1996]

Water body

Spring concentrations of total P

2005 2006 2007
Average for

2005–2007

Index
Trophic

status
Index

Trophic

status
Index

Trophic

status
Index

Trophic

status

Lake Nowe Wloki

431 (main basin) 0.12 H 0.14 H 0.15 H 0.14 H

432 (northern bay) 0.12 H 0.84 H 0.28 H 0.41 H

Lake Setalskie Duze

(average for 435,

436)

0.10 E 0.25 H 0.17 H 0.17 H

Lake Setalskie Male

438
0.22 H 0.26 H 0.29 H 0.27 H

E – eutrophic; H – hypertrophic.

While analyzing the trophic status of water bodies, the N:P ratio has to be determined

to indicate which of the two biogenic elements stimulates algal growth [36, 37]. The

N:P ratio calculated in this study (Table 4) indicates that phosphorus did not inhibit the
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development of algae in the analyzed flow-through water bodies [21]. In view of the

above, primary production could have been determined mainly by the presence of

nitrogen [8, 38]. The only exception was the largest water body (Lake Setalskie Duze)

where primary production levels were affected by both nitrogen and phosphorus.

Table 4

Total nitrogen to total phosphorus ratio in the studied water bodies

according to [Criteria... 2003]

Water body

Ratio

Lake

Nowe Wloki

(main basin)

Lake

Nowe Wloki

(northern bay)

Lake

Setalskie Duze

(average for 435, 436)

Lake

Setalskie Male

N:P 9.2 8.1 10.7 9.1

Conclusions

1. The river-lake system comprising restored lakes on the Setal Stream reduces the

concentrations of phosphorus migrating from the catchment areas, thus minimizing the

effects of potential eutrophication in larger rivers and other water bodies to which the

system’s watercourses evacuate.

2. As regards lake inflows, a drop in total phosphorus levels was noted after passage

through the water bodies, and high concentrations of total phosphorus (especially in the

summer) resulted from the polymictic character of the studied lakes where nutrients are

released from interstitial waters.

3. The relatively high average spring concentrations of total phosphorus noted over

the three-year period of the experiment (0.14–0.41 mg Ptotal � dm–3) were determined at

the hypertrophy level, pointing to the extreme eutrophication of the restored lakes.

4. The pollutants supplied by a drainage ditch from rural settlements with no sewer

system had a clearly negative effect on water quality in the studied system. The highest

Ptotal and P-PO4 concentrations were noted in the northern bay of Lake Nowe Wloki.

5. A rapid increase in the trophic levels of the lakes restored along the Setal Stream

could lead to the accumulation of deposits and the gradual shallowing of the lakes, thus

preventing those water bodies from fulfilling their initial functions.

References

[1] Zdanowicz A.: Rola zlewni rolniczej i leœnej w transporcie biogenów do strumienia. Wiad. Mel. i £¹k.

1994, 37(2), 72–75.

[2] Zbierska J.: Bilans biogenów w agrosystemach Wielkopolski w aspekcie jakoœci wód na przyk³adzie

zlewni Samicy Stêszewskiej, Wyd. AR Poznañ, Poznañ 2002.

[3] Jasiewicz Cz. and Baran A.: Rolnicze Ÿród³a zanieczyszczenia wód – biogeny. J. Elementol. 2006, 11(3),

367–377.

[4] Sapek A.: Rozpraszanie fosforu pochodz¹cego z rolnictwa i potencjalne zagro¿enia dla œrodowiska.

Zesz. Probl. Post. Nauk Roln. 2001, 476, 269–280.

Assessment of Restored Water Bodies in a River-Lake System... 1453



[5] Drwal J.: Wykszta³cenie i organizacja sieci hydrograficznej jako podstawa oceny struktury odp³ywu na
terenach m³odoglacjalnych. Zesz. Nauk. UG. Rozpr. Monogr, 33. Wyd. UG, Gdañsk 1982.

[6] Soranno P.A., Webster K., Riera J.L., Kratz T.K., Baron J.S., Bukaveckas P.A., Kling G.W., White D.S.,

Caine N., Lathrop R.C. and Leavitt P.R.: Spatial variation among lakes within landscapes: ecological
organization along Lake chain. Ecosystems 1999, 2, 395–410.

[7] Bajkiewicz-Grabowska E.: Rola systemów rzeczno-jeziornych w funkcjonowaniu obszarów m³odoglac-
jalnych. Rocz. AR Poznañ 2005, 365(26), 13–22.

[8] Kajak Z.: Hydrobiologia: limnologia. Ekosystemy wód œródl¹dowych. Wyd. Nauk. PWN, Warszawa

2001.

[9] Hillbricht-Ilkowska A.: Shallow lakes in lowland river systems. Role in transport and transformations of
nutrients and biological diversity. N. Walz. and B. Nixdorf (eds.), Hydrobiology 1999, 408(409),

349–358.

[10] Wiœniewski G.: Wp³yw zlewni cz¹stkowych rzeki Maruszy na bilans hydrologiczny i bilans biogenów

w Jeziorze Rudnickim Wielkim w Grudzi¹dzu w latach 1994–1996. Praca doktorska. UWM, Olsztyn

2001.

[11] Bajkiewicz-Grabowska E. and Zdanowski B.: Phosphorus retention in lake sections of Struga Siedmiu
Jezior. Limnol. Rev. 2006, 6, 5–12.

[12] Hermanowicz W., Dojlido J., Do¿añska W., Koziorowski B. and Zerbe J.: Fizyczno-chemiczne badanie

wody i œcieków, Wyd. Arkady, Warszawa 1999.

[13] Rutkowski L.: Klucz do oznaczania roœlin naczyniowych Polski ni¿owej. Wyd. Nauk. PWN, Warszawa

1998.

[14] Kajak Z.: Eutrofizacja jezior. Wyd. Nauk. PWN, Warszawa 1979.

[15] Rozporz¹dzenie ministra œrodowiska z dnia 11 lutego w sprawie klasyfikacji dla prezentowania stanów

wód powierzchniowych i podziemnych, sposobu prowadzenia monitoringu oraz sposobu interpretacji

wyników i prezentacji stanu tych wód, DzU 2004, nr 32, poz. 284.

[16] Bajkiewicz-Grabowska E.: Obieg materii systemach rzeczno-jeziornych, Wyd. Uniwersytetu Warszaw-

skiego, Warszawa 2002.

[17] Thornton K.W., Kimmel B.L. and Payne F.E.: Reservoir limnology: Ecological perspectives. Willey

Interscience, New York 1990.

[18] Wetzel R.G. and Likens G.: Limnological analyses, Springer-Verlag, New York–Berlin–Heidelberg

1991.

[19] Riis T. and Hawes I.: Relationships between water level fluctuations and vegetation diversity in shallow
water of New Zealand lakes. Aquat. Bot., 2002, 74, 133–148.

[20] Coops H., Beklioglu M. and Crisman T.L.: The role of water – level fluctuations in shallow lake
ecosystems – Workshop conclusions. Hydrobiology 2003, 506(509), 23–27.

[21] Sobczyñska-Wójcik K.: Funkcjonowanie renaturyzowanych zbiorników wodnych na obszarach wiej-

skich, Praca doktorska, UWM, Olsztyn 2009.

[22] Hillbricht-Ilkowska A.: Ochrona jezior i krajobrazu pojeziernego – problem, procesy, perspektywy.

Kosmos 2005, LIV(2–3[267–268]), 285–302.

[23] Lossow K., Gawroñska H., £opata M. and Teodorowicz M.: Role of lakes in phosphorus and nitrogen
transfer in the River-lake system of the Marózka and upper the £yna Rivers. Limnol. Rev. 2006, 6,

179–186.

[24] Koc J., Sobczyñska-Wójcik K. and Skwierawski A.: Dynamics of phosphorus concentrations in the
water of recreated reservoirs in rural areas. Ecol. Chem. Eng. A 2007, 14(12), 1261–1270.

[25] Provini A. and Premazzi G.: The role of internal loadings, [in:] Proceedings Pre-Prints of International

Congress on Lake Pollution and Recorvery (71–72). Rome, 1985, 15–18 April, European Water

Pollution Control.

[26] Kubiak J. and Tórz A.: Zmiennoœæ poziomu trofii bradymiktycznego jeziora Morzycko w latach
1974–2002. Zesz. Probl. Post. Nauk Roln. 2005, 505, 199–209.

[27] Koc J.: Badania nad przemieszczaniem fosforu w œrodowisku rolniczym. Pr. Nauk. AE we Wroc³awiu

1998, 972, 84–91.

[28] Nurnberg G. K.: Trophic state of clear and colored, soft-and hard-water lakes with special consideration
of nutrients, anoxia, phytoplankton and fish. Lakes and Reservoir Management 1996, 12, 432–447.

[29] Kawara J., Yura E., Fujii S. and Matsumoto T.: A study on the role of hydraulic retention time in
eutrophication of the Asahi River Dan reservoirs. Water Sci. Technol. 1998, 37(2), 245–252.

1454 Katarzyna Sobczyñska-Wójcik and Ma³gorzata Rafa³owska



[30] Szyperek U.: Oczka wodne jako bariera biogeochemiczne w krajobrazie pojeziernym. Praca doktorska.

UWM Olsztyn, 2003.

[31] Skwierawski A.: Wp³yw rolniczego u¿ytkowania zlewni na akumulacjê sk³adników biogennych (NPK)
w œródpolnych oczkach wodnych. Nawozy i Nawo¿enie, 2004, 2(19), 118–123.

[32] Che³micki W.: Woda, zasoby, degradacja, ochrona. Wyd. Nauk. PWN, Warszawa 2002.

[33] Skwierawski A.: Przekszta³cenia ma³ych zbiorników wodnych w krajobrazie rolniczym Pojezierza

Olsztyñskiego. Praca doktorska. UWM, Olsztyn 2004.

[34] Bieroñski J.: Zbiorniki ma³ej retencji – problemy funkcjonowania. Problemy Ekologii Krajobrazu.

Struktura Przestrzenno-funkcjonalna krajobrazu. A. Szponar and S. Horska-Schwarz (eds.), UW

Wroc³aw 2005, 17, 101–110.

[35] Sobczyñska-Wójcik K.: Quality of the water of the restored Nowe Wloki reservoirs as an indicator of
the effectiveness of restoration. Ecol. Chem. Eng. A 2008, 15(8), 817–830.

[36] Kryteria wyznaczania wód i obszarów wra¿liwych na zanieczyszczenia zwi¹zkami azotu pochodz¹cymi

ze Ÿróde³ rolniczych, Pr. zbior. S. Twardy (ed.), Wydaw. IMUZ, Kraków 2003.

[37] Kubiak A. and Tórz J.: Influence of the selected hydrochemical factors upon the nitrogen-phosphorus
ratio and factors restraining primary production in coastal lakes: Koprowo, Liwia £u¿a and Resko
Przymorskie. Acta. Sci. Polon. Piscaria 2006, 5(2), 83–98.

[38] Vollenweider R.A.: Scientific Fundamental of the Eutrophication of Lakes and Flowing Waters, OECD,

Paris 1968.

OCENA FUNKCJONOWANIA ZRENATURYZOWANYCH ZBIORNIKÓW WODNYCH

NALE¯¥CYCH DO SYSTEMU RZECZNO-JEZIORNEGO

NA PODSTAWIE STÊ¯EÑ FOSFORU

Katedra Melioracji i Kszta³towania Œrodowiska

Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: Badaniami objêto trzy zbiorniki wodne odtworzone przed oko³o 30 laty: jezioro Nowe W³óki,

jezioro Setalskie Du¿e i jezioro Setalskie Ma³e, po³¹czone Strug¹ Setal w jeden system rzeczno-jeziorny,

po³o¿one na Pojezierzu Olsztyñskim oko³o 25 km na pó³noc od Olsztyna w gminie Dywity.

Celem pracy by³a ocena funkcjonowania odtworzonych przed oko³o 30 laty zbiorników wodnych,

nale¿¹cych do systemu rzeczno-jeziornego, ze szczególnym uwzglêdnienie jakoœci wody i stanu troficznego

jezior na podstawie stê¿eñ fosforu i jego sezonowych zmian.

Istnienie systemu rzeczno-jeziornego, dziêki odtworzonym zbiornikom na terenach wiejskich pozwala na

redukcjê stê¿eñ (kumulacji zwi¹zków biogennych) migruj¹cych ze zlewni, zmniejszaj¹c w ten sposób skutki

potencjalnej eutrofizacji wiêkszych rzek i innych akwenów, do których cieki systemu uchodz¹.

W przypadku wód dop³ywaj¹cych do jezior zaobserwowano poprawê w zakresie obni¿enia stê¿eñ fosforu

ogólnego, po ich przep³yniêcie przez akweny, a utrzymywanie siê du¿ych koncentracji Pog w wodach

badanych jezior nale¿y wi¹zaæ tak¿e z ich polimiktycznym charakterem.

Z dostawy zanieczyszczeñ (Pog) do zbiorników uk³adu paciorkowego wynika, i¿ wody dop³ywów wnosz¹

do jezior znaczne jego iloœci, powoduj¹c ponadnormatywne stê¿enia Pog w wodzie akwenów i przyspieszaj¹c

w ten sposób procesy, które pogarszaj¹ jej jakoœæ oraz funkcjonowanie jezior. Stwierdzono, ¿e w wodzie

odtworzonych zbiorników œrednie z trzech lat stê¿enia fosforu – pierwiastka limituj¹cego produkcjê

pierwotn¹, mieœci³y siê w zakresie od 0,22 do 0,34 mg Pog � dm–3. Brak stratyfikacji wód (hypolimnionu),

wp³yn¹³ na intensywn¹ recyrkulacjê fosforu i bardzo wysok¹ trofiê wód. Wed³ug Nurnberga wiosenne

koncentracje Pog, wskazuj¹ na stan ich skrajnego prze¿yŸnienia czyli hipertrofii.

S³owa kluczowe: system rzeczno-jeziorny, jeziora polimiktyczne, produkcja pierwotna, hipertrofia
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CHEMICAL AND GRANULOMETRIC PARAMETERS

OF BOTTOM SEDIMENTS IN THE ASSESSMENT

OF FLOODPLAIN WATER BODIES

OF THE LOWER BUG RIVER

PARAMETRY CHEMICZNE I GRANULOMETRYCZNE

OSADÓW DENNYCH W OCENIE ZBIORNIKÓW WODNYCH

TERENÓW ZALEWOWYCH DOLNEGO BUGU

Abstract: Usefulness of basic chemical and granulometric parameters of bottom sediments in the assessment

of successional stage and condition of floodplain water bodies was analyzed, as well as some aspects of

nutritional quality of bottom sediments. Organic matter (OM), nitrogen and phosphorus content and

granulometric parameters differed between permanent and temporary, as well as between old and young water

bodies. In some habitats despite of relatively low C/N ratio and high OM content sediments were not

favourable for detritivores. Organic matter content in sediments of floodplain water bodies may be used in the

assessment of Corg and N with high probability.

Keywords: floodplain water bodies, bottom sediments, granulometry, organic matter, C/N ratio

Riverine floodplains are regarded as one of the most heterogenous and dynamic

ecosystems [eg 1, 2]. Despite some transformations (especially flood control embank-

ments construction) the lower Bug River floodplain retained relatively high diversity of

habitats [3, 4 and literature cited there]. The lower Bug River valley is characterized by

the occurrence of numerous water bodies differing in hydrological connectivity,

permanence of flooding and representing various successional stages. Previous investiga-

tions conducted in floodplain water bodies by the author concerned the occurrence,

diversity and abundance of molluscs, environmental factors shaping malacocoenoses, as

well as possibility of using aquatic molluscs in describing a condition and successional

stage of these habitats.
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Bottom sediments, especially their organic matter content and granulometry have

been found to be useful in characterizing floodplain water bodies [eg 5, 6]. Grain size

distribution can be used as the record of hydrologic dynamics, whereas organic matter

content may reflect ecosystem metabolism.

Nutritional quality of bottom sediments, especially organic matter contained in their

upper layer, may be very important factor for macrozoobenthos, including molluscs, but

data are rather scarce. High organic matter content in bottom sediments may be

unfavourable for bottom macrofauna, eg when its decomposition leads to anoxic

conditions. Composition of decaying matter and its nutritional value change during

decomposition processes [eg 7–9]. C/N ratio in bottom sediments is frequently used to

describe the quality of food. Food quality is negatively correlated with the C/N ratio.

Critical C/N value of about 17 was recognized by Bretschko and Leichtfried [10],

whereas Tockner and Bretschko [6] proposed even lower C/N value (below 15) as

indicating digestible matter.

The aim of the present study was evaluation of usefulness of basic chemical and

granulometric analyses of bottom sediments in the assessment of successional stage and

condition of floodplain water bodies of a lowland river. Some aspects of nutritional

quality of bottom sediments were also analyzed.

Materials and methods

Samples of bottom sediments were collected in the years 2007–2009 in 113 water

bodies located within the lower Bug river valley, between 190 and 50 km of the river

course counting from the mouth (52o21.520�–52o41.991� N, 21o36.379�–22o50.820� E)

and within the terminal section, where the Bug River constitutes a part of the

Zegrzynski Reservoir (52o31.333�–52o31.289� N, 21o12.326�–21o12.404� E). Study sites

were located within fragments of natural floodplain, the ‘active’ floodplain constrained

by the flood control embankment and the ‘former’ floodplain situated outside the

embankment. They represented earlier and advanced successional stages, as well as

temporarily and permanently flooded habitats. Their geographic co-ordinates were

measured with GPS.

The samples of bottom sediments were dried in ca 105 oC to the constant weight.

Grain sizes were determined by sieving technique (grain size fractions: < 0.063,

0.063–0.1, 0.1–0.2, 0.2–0.5, 0.5–1.0, 1.0–2.0, > 2.0 mm). Mean grain size (GSS) and

sorting degree (GSO) being a measure of substrate heterogeneity were calculated with

a graphic method [11].

Organic matter (OM) content in bottom sediments was determined as loss of weight

on ignition (ashed in 530 oC for 4 hours). Organic carbon (C) and total nitrogen (TN)

content in a chosen part of the samples were measured using elemental analyzer CHNS+O

(model 1108, Fisons Instruments) in the Centre for Ecological Studies, PAS. In the other

samples organic carbon content was assessed based on the relation between organic

matter content determined as loss of weight on ignition and C content measured with

elemental analyzer CHNS+O. The Ca concentration was determined by titrimetric method.

Subsamples of bottom sediments were digested with persulphate [10] enabling

simultaneous determination of nitrogen and phosphorus. In resulting solutions Kjeldahl
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nitrogen (KN) was determined with the indophenol blue method [12] and phosphorus

with molibdenum blue method with ascorbic acid as a reducing agent [13], using

spectrophotometer (Novaspec 2, Pharmacia LKB). C/N ratio was calculated in bottom

sediments to describe the quality of food.

Regression analysis (Statistica 6.0) was used to describe the relations between

organic carbon and organic matter (OM), total nitrogen (TN) and Kjeldahl nitrogen

(KN), organic matter and total nitrogen. Nonparametric Kruskal-Wallis ANOVA was

applied to compare the analyzed parameters of bottom sediments in water bodies

differing in permanence of flooding and successional stage owing to not normal

distribution of variables.

Results

Organic matter content in bottom sediments of the investigated water bodies, as well

as N and P concentrations ranged within broad limits: 0.36 to 76.61 % d.m., 0.13–24.80

mg � g–1 and 0.05–4.83 mg � g–1 d.m. respectively. In temporary habitats significantly

higher mean values of these parameters were stated than in permanent ones (Fig. 1A, B,

C, p < 0.05), however no significant differences were found between habitats

representing advanced successional stages in both permanence groups. Within permanent

water bodies OM, N and P concentrations were significantly higher in older ones than in

those representing earlier successional stages (p < 0.01), whereas such differences were

not observed within temporary habitats.

C/N ratio ranged from about 8 to over 40, mean value amounted to 14.72 � 3.92. It

was similar in water bodies representing earlier and more advanced successional stages,

as well as in permanent and temporary habitats (Fig. 1D). In most of the investigated

habitats (about 85 %) C/N ratio did not exceed 17 recognized as critical value for food

quality [10].

The Ca concentration in bottom sediments ranged from 1.20 to 76.15 mg � g–1 d.m.,

mean value was significantly higher in permanent water bodies as compared to temporary

ones (Fig. 1E, p = 0.004), the difference was especially distinct within older habitats.

Granulometric composition of sediments varied between water bodies. Generally

sandy fractions (0.1 < � < 0.5 mm) dominated (Fig. 2A). Significantly higher

percentage of sand was found in younger permanent habitats than in older ones

(p = 0.0001). The share of coarse particles (with the diameter > 1mm) ranged from

1.1 to 69.5 % with higher values in older water bodies, especially permanent ones

(Fig. 2B). High organic matter content in coarse fraction (Fig. 2C) showed, that it

consisted mainly of coarse particulate organic matter (CPOM).

Mean substrate particle size ranged from 0.08 to 1.7 mm (mean value �SD was

0.46 � 0.28). It was significantly higher in older water bodies as compared to young

ones (p = 0.0000, Fig. 2D). Sorting degree ranged from 0.23 to 2.48 (with the mean

value of 1.29 � 0.44). Generally lower values (ie better sorting) were found in young

water bodies as compared to old and usually more isolated ones (p = 0.012). Within

young habitats sediments in permanent water bodies were better sorted than in

temporary ones (p = 0.057) (Fig. 2E). Over 75 % of the investigated habitats had badly

or very badly sorted sediments (i.e. sorting degree was � 1).
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The relation between organic C and organic matter (Fig. 3A) was described by the

equation: C = 0.50 OM + 0.01 (R2 = 0.96). Organic matter seems to be a good predictor

of organic carbon in bottom sediments of the investigated water bodies containing a

wide range of organic carbon (0.18–39.84) % d.m.

The relation between KN and TN (Fig. 3B) was described by the equation:

KN = 0.82 TN – 0.01 (R2 = 0.97). Kjeldahl method recovered approximately 82 % of

total nitrogen in the investigated sediments. KN can be a reliable predictor of TN in

sediments containing a wide range of KN (0.01–2.48) % d.m.

The relations between KN and OM, as well as TN and OM (Fig. 3C, D) were

described by the equations: KN = 0.03 OM + 0.04 and TN = 0.04 OM + 0.03. The high

determination coefficients (R2 = 0.97 in both relations) indicate that it is possible to

estimate KN and TN concentrations using OM content (measured as loss of ignition)

with high probability.

Discussion

The range of organic matter (and organic carbon) and nitrogen content in sediments

of the investigated water bodies was wider, than reported from a number of aquatic
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environments and marsh soils [eg 5, 6, 14]. Concentrations of phosphorus were

relatively high as compared to lake sediments [15] and similar to the values found in

wetlands [16].

Relatively high content of organic matter, nitrogen and phosphorus in substratum of

temporary water bodies and in permanent ones representing advanced successional

stages may be related to the presence of much remains of Carex spp. and another

wetland plants in the former habitats, as well as remains of aquatic macrophytes, woody

debris and leaf litter in the latter ones. Decomposition of such kind of detritus proceeds

relatively slowly [eg 17–19].

The values of C/N ratio in sediments of a majority of the investigated water bodies

were comparable to the data from peat bogs, some lakes and small water bodies [6,

20–22], as well as marsh soils [23, 24]. The cause of relatively uniform C/N ratio found

in habitats representing different successional stages and permanence of flooding may

be related to the parallel decomposition of hydrocarbonic and nitrogenous compounds

[5]. C/N values in most of the investigated bottom sediments were lower than C/N ratio

in vascular plants (ie > 20 according to [8, 9]). C/N ratio in celulose-rich vascular plants

may decrease during diagenesis owing to considerable contribution of microorganisms

to N content in coarse detritus [9] or selective degradation of carbon-rich sugars and

lipids [eg 8]. An increase of nitrogen content in some vascular plant detritus during later

stages of decomposition was observed [7], but it occurred mostly as non-labile humic

nitrogen, which is not available to consumers. It follows, that relatively low values of

C/N ratio occurring in old detritus cannot be regarded as a measure of nutritional value,

but rather the stage of humification. Relatively low C/N ratios in sediments of some

water bodies may suggest a subequal mixture of algal and vascular plant contributions.

C/N ratio in algae is usually much lower than in vascular plants [eg 8].

Detritivorous invertebrates feed on fresh, labile detritus [25]. As the ratio of

microbial biomass to plant tissue increases, detritus become more nutritious for them

[26]. Some animals consuming detritus use rather microorganisms not dead plant tissues

[27, 28]. During aging deposited organic matter is transformed from relatively labile

forms to less assimilable heterocyclic aromatic forms typical of mature humic material

[7]. The proportion of organic matter resistant to degradation and biologically

unavailable is much higher in anoxic conditions [29] which frequently occur in water

bodies with sediments rich in OM. Old and refractory materials (structurally complex

and aromatic macromolecules, eg lignin and complex lipids) resist anaerobic de-

composition [30].

Some habitats investigated in the present study hold poor malacofauna [31] despite

relatively low C/N ratio and high organic matter content. Mollusc species richness was

lowest, when organic matter content in bottom sediments was high (ie > 40 % d.m., Fig.

4A). The highest abundance of molluscs was found in habitats with medium organic

matter content in bottom sediments (ie 5–40 % d.m., Fig. 4B). Bottom sediments of

older water bodies contain much refractory matter and humic substances, which are

indigestible to most detritivores [26]. Relatively high abundance of malacofauna in

some temporary water bodies, especially young ones reported by the author [32] may be

related to higher nutritional quality of detritus within these habitats. High protein

Chemical and Granulometric Parameters of Bottom Sediments... 1463



content and nutritional value of detritus were found especially by the end of waterless

period [33], thus in the beginning of hydroperiod in temporary water bodies the highest

food quality occurs.

Mean grain size and sorting degree of the analyzed sediments indicated low

hydrologic dynamics and considerable heterogeneity of substratum in most of the

investigated water bodies. It was consistent with the results of Rostan et al [5], who

reported the lowest heterogeneity of sediments in frequently connected floodplain

waters. The highest organic matter content found in large size fractions (> 1 mm) and

relatively high content of organic matter in sediments of more isolated water bodies

(temporary or older permanent ones) confirm the results of Tockner and Bretschko [6],

who found that in isolated water bodies particular organic matter was mostly composed

of CPOM and relative contribution of organic matter was positively correlated with the

degree of isolation of floodplain waters.

Conversion factor for estimating organic carbon from organic matter in bottom

sediments of the investigated water bodies was in close agreement with the values

published for bottom sediments of abandoned river channels, as well as wetland and

upland soils [5, 23 and literature cited there]. There was high compatibility between

organic matter and organic carbon, as well as total N and Kjeldahl N, which makes

possible using OM in the assessment of organic carbon and KN in the assessment of TN

concentration in bottom sediments. This may be useful in monitoring, where simplicity

and low costs of analyses are important. Strong relation between OM measured as lost

of ignition and concentration of TN, as well as between OM and KN enables the

assessment of nitrogen (TN and KN) concentration basing on OM content in sediments.

Conclusions

1. Permanent habitats representing advanced successional stages contained sign-

ificantly more organic matter, N and P in bottom sediments, than young ones. It was
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related to accumulation of detritus with the age of water body. This rule did not apply to

temporary habitats, where large amounts of fresh detritus derived from vascular plants

occurred.

2. Sediments of the investigated water bodies were mostly characterized by

considerable heterogeneity resulting from low hydrological connectivity or isolation.

3. The highest contribution of organic matter in the grain size fraction of > 1 mm

indicates, that this fraction is mainly composed of CPOM.

4. In some habitats despite of relatively low C/N ratio and high OM content bottom

sediments were not favourable for detritivores because of low digestibility. This was the

case of old water bodies.

5. High compatibility between organic matter and organic carbon, as well as total N

and Kjeldahl N makes possible using OM in the assessment of organic carbon and KN

in the assessment of TN concentration in bottom sediments. Strong relation between

OM measured as lost of ignition and concentration of TN and KN enables the

assessment of N concentration basing on OM content in sediments.
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PARAMETRY CHEMICZNE I GRANULOMETRYCZNE OSADÓW DENNYCH

W OCENIE ZBIORNIKÓW WODNYCH TERENÓW ZALEWOWYCH DOLNEGO BUGU

Wydzia³ Przyrodniczy

Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: Analizowano przydatnoœæ podstawowych chemicznych i granulometrycznych badañ osadów

dennych w ocenie stadium sukcesji oraz kondycji zbiorników wodnych terenów zalewowych, jak równie¿

niektóre aspekty jakoœci pokarmowej osadów. Zawartoœæ materii organicznej, azotu i fosforu oraz parametry

granulometryczne osadów dennych ró¿ni³y siê w zbiornikach trwa³ych i okresowych, a tak¿e w zbiornikach

starych i m³odych. W niektórych biotopach pomimo stosunkowo niskiego stosunku C/N i wysokiej zawartoœci

materii organicznej osady by³y niekorzystne dla detrytuso¿erców. Zawartoœæ materii organicznej w osadach

zbiorników terenów zalewowych mo¿e byæ z du¿ym prawdopodobieñstwem wykorzystywana w ocenie

zawartoœci C i N.

S³owa kluczowe: zbiorniki wodne terenów zalewowych, osady denne, granulometria, materia organiczna,

stosunek C/N
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Alia JLILATI1, Katarzyna JAROMIN1, Marcin WIDOMSKI1

and Grzegorz £AGÓD1

SOME MODELS OF SEDIMENTS TRANSPORT

IN GRAVITATIONAL SANITATION SYSTEMS

WYBRANE MODELE TRANSPORTU OSADÓW

W SYSTEMACH KANALIZACJI GRAWITACYJNEJ

Abstract: The sediments in gravitational sanitation systems appear when the velocity of flow decreases below

the value of hydraulic self-purification. These sediments have the significant influence on the processes

occurring in the sanitation systems, causing inter alia the periodical fluctuation of loads entering the

wastewater treatment plants. The sediments deposited in the channel are also causing the changes of the shape

of pipe cross-section thus influencing the changes of physical and hydrodynamic parameters of the whole

system. The sediments are also influencing the development of the sulphuric corrosion of pipes and intensity

of biological biodegradation of wastewater in sanitation conduits. The research concerning the wastewater

sediments and the connected processes are pretty costly so they are only being conducted in countries in

which the biding law requires the mathematical modeling of mass transport to the wastewater plants and storm

spillways. The results of this research give the necessary data to calibration of hydraulic models. The general

description of structure and properties of sediments should be known at the stage of the consideration of

minimal inclinations of conduits. It is also very important during the modeling of pollutants load transport in

sanitation system and the process of wastewater biodegradation, because for different type and properties of

sediments different model of transport should be used. The classification of sediments based on literature

research and the results of classification research in sanitary systems in Chelm, Poland, as well as models

often used for describing of sediment transport in gravitational conduits were presented.

Keywords: gravitational sewer system, sludge in sewer system, sludge classification, sludge transport in

sewer system

The sediments in gravitational sanitation systems appear when the velocity of flow

decreases below the value of hydraulic self-purification. The sediments have the

significant influence on the processes occurring in the sanitation systems, causing inter

alia the periodical fluctuation of loads entering the wastewater treatment plants. The

deposited sediments during the phase of low canal filling and low flow velocity reduce

the pollutants load, thus during the phase of high filling and high flow velocity the
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deposited pollutants are being washed away, rapidly increasing the concentrations and

loads of transported pollutants. This phenomenon directly influences the pollutants load

entering the wastewater treatment plant or storm spillway and sewage discharge

receiver. The sediments deposited in the channel are also causing the changes of the

shape of pipe cross-section, thus influencing the changes of physical and hydrodynamic

parameters of the whole system [1–4]. The sediments are also influencing the

development of the sulphuric corrosion of pipes and intensity of biological bio-

degradation of wastewater in sanitation conduits [5–9].

The actually applied techniques of sampling and measurements allow to obtain the

results only partially reflecting the properties of sediments in their natural environment

[9, 10].

The researches focused on the susceptibility of the analyzed sediments on pollutants

release suggest that infringement of the sampled sediments basic structure causes the

problems of the lack of proper mapping of sediments properties.

The reologic properties are influenced by the sediments accumulation just beneath

the wastewater surface. This is, probably, one of the major reasons causing the

increased resistance of the sediments to the shear stress noted in the laboratory

conditions. The research of sanitation sediments properties are usually conducted in

order to obtain the knowledge about the level of pollutants release and description of

reologic properties, particularly the shear stress determining the sediments erosion.

Studies concerning the wastewater sediments and the connected processes are pretty

costly so they are only conducted in countries in which the biding law requires the

mathematical modeling of mass transport to the wastewater plants and storm spillways

[9]. The results of this research give the necessary data to calibration of hydraulic

models.

Classification of sediments forms in sewer systems

The following classification of sediments is used in EU [9–13]:

A – non-organic and non-cohesive sediments,

B – sediments of A type non-organic structure but agglomerated by oil derivatives

and characterized by cohesive properties,

C – organic sediments, moving over the surface of A and B sediments with lower

velocity than flowing sewages,

D – biofilm developed on pipe walls,

E – sediments in storage tanks.

Sometimes, two another groups of sediments are distinguished [9]:

F – storm conduits sediments,

G – pressure pipes sediments (after pressure sanitation attachment).

The A and B sediments are mostly noted in wastewater systems, thus, the highest

load of COD is being accumulated in it, although the concentration of pollutants in

these sediments is lower than in case of C type [9].

The highest content of organic pollutants was noted in C group sediments, in which

the COD content reaches level of up to several hundred (even 300–500 gO2 dm–3).
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These sediments move over the surface of A and B group during the phase of sewage

low level flow in a wastewater pipe. The presence of C and D sediments in sanitation

systems results in the occurrence of biodegradation processes, because these sediments

are consisting of heterotrophic organisms being the process factor of mentioned

transformations.

The D group sediments are consisting of heterotrophic living organisms so the

organic content in this sediments group is high. The D group layer thickness is usually

low (generally not exceeding 2 mm) but the anaerobic conditions are possible. Which,

in turn, contributes to hydrogen sulfide creation, influencing the sulphuric corrosion of

pipes surface, attacking in sequence the vault and side walls of the canal.

The E group sediments are characterized by a high degree of fragmentation so the

grains surface area in the unit volume of sewage is significant. This allows the extensive

adsorption of practically insoluble organic pollutants and heavy metals.

The F group sediments indicated in wastewater and storm systems are characterized

by the variable, time dependant (seasonal) composition. Particularly during the late

autumn there are a lot of leaves falling down from the trees in it. Pressure pipes

sediments (G group) commonly occur at the pipe slope and contain huge amounts of

organic compounds, especially fats.

The general description of structure and properties of sediments should be known at

the stage of the consideration of minimal inclinations of conduits. It is also very

important during the modeling of pollutants load transport in sanitation system and the

process of wastewater biodegradation, because for different type and properties of

sediments different model of transport should be used [9].

The sediments transported in the sanitation are often the subject of physical and

biochemical analysis and the proper way of sampling is necessary to obtain the credible

results, for instance by the sediment trap installed at the bottom of pipes. The exemplary

measurements results are presented in Table 1.

Table 1

Near-bed sediments characteristics inside egg-shaped conduits

(1 – 1030 × 686 mm; 2 and 3 – 1780 × 1625 mm) [5, 9]

No.

Particles

diameter d50

[mm]

Wet state

density

[kg � m–3]

Volatile

components

content

[%]

Mean

COD value

[gO2 � m–3]

Mean

BOD5 value

[gO2 � m–3]

Mean daily

flow rate

[m3
� d–1]

1 0.5–11.0 1143–1998 1.4–28.6 87 522 28 594 1900

2 0.5–4.0 1000–1066 31.8–68.1 214 000 82 758 6700

3 0.09–2.5 1000–1108 55.6–91.2 124 246 96 119 7500

The Polish researches [9] showed that phenomena connected to sediments transport

and pollutants release are greatly dependent on the relations among the particular

sediments properties – the most important are: density, moisture and porosity.
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Sediments transport in gravity sewer system

The proper exploitation of sanitation system requires the assurance of hydraulic

conduits self-purification conditions. Such conditions appear with adequate incidence

when the canal inclinations were chosen properly. But, the economic conditions limit

the pipes designing which would eliminate any sediments deposition, affirming their

transport throughout the all day. So, the binding rules of sanitation systems design

assert the periodical transport of the best part of sediments, transmitting the maxim-

al yearly sewage flow rates and effective channels ventilation [9, 14]. Thus, in the

real conditions of sanitation systems functioning the sediments are periodically

accumulated in the pipes and then are washed away during the high rates phases of

wastewater flow.

The field and literature studies show that particles concentration is non-uniform in

the whole stream of flowing sewages and its value rapidly increases close to the pipe

bottom [5, 9]. Taking into account the existence of one more increase of constant phase

concentration connected to the sediments deposited on the pipe bottom, the suspension

transport in the layer placed between two mentioned layers of constant phase

densification is determined as the near bed transport [9, 15]. It is connected to the

following phenomenon appearance: turning, displacement and saltation.

Information presented in widely used engineering literature [14, 16] suggest that

to obtain the proper working conditions of the sanitation system, at the designing

phase, the assurance of the pipes inclinations enabling the lowest velocity of channel

self-purification are necessary. This notion is understood as velocity which stops the

creation of sediment bed at the canal bottom. It is also advisable that velocity of

self-purification should occur even during the flow of the lowest flow rate and filling.

The mentioned velocities are understood in two ways: as non silting velocity as well

as the terminal velocity [17].

The convection velocity is a mean velocity in the active cross-section at which all

particles are being transported in the channel, partially in the suspended form and

partially dragged near the bottom. In this case, the processes of sediments deposition

and creation of sediments bed do not occur. This terminology is accepted in literature

focused on the processes occurring in sanitation systems and originated in the research

description of debris transport in rivers and the other watercourses [9, 15, 17].

The terminal velocity is a mean velocity in the stream cross-section which triggers

the process of erosion of sediments deposited during the lowest filling of the canal. The

laboratory researches showed that the uniform sediments are completely removed after

the excess of described flow velocity by more than 10 % [18–20]. The literature sources

do not present the universal value of required terminal velocity because its value

depends to the sewage composition, type and shape of the sediment particles as well as

the hydraulic radius value – the shape, geometric characteristics and filling of the

sanitation canal [9, 14, 20, 21].

It is assumed, when the mean velocities are in use, that the flow velocity is equal in

all points of given cross section. But in reality, the flow velocity is different in every

point – the lowest near the canal bottom, which is presented in Fig. 1.

1470 Alia Jlilati et al



The close preservation of wastewater flow velocity at the level of 1 m � s–1, which

seems to be the simplest method of designing, would result, in some cases, in too high

inclination of pipes leading to too high and economically unjustified pipe depression.

Though, the sewage flow velocity in sanitation and storm canals should not be lower

than 0.8 m � s–1 during the phase of the maximum canal filling. In specific cases, when

there is no possibility to assert the self-purification velocity of flow, the capability of

pipes flushing should be available.

The third essential in sanitation exploitation practice value of the flow velocity is

connected to the beginning of conduit side walls erosion. To prevent the mechanical

damages of pipes inner surface the flow velocity should be lower than 3.0 m � s–1 for

concrete and ceramics pipes as well as 5.0 m � s–1 for cast iron pipes. The maximum

admissible velocity of sewage flow inside the storm conduits equals 7.0 m � s–1 [14].

The recent approach to the problem of sanitation conduits self-purification is based

on the shear stress method [22–24].

The both mentioned methods – based on the self-purification velocity and critical

shear stress, allow to gain the same purpose, which is to prevent the transported

sediments deposition inside the gravitational sanitation conduits. This matter is very

important because the cohesive properties of transported sediments [24–26]. The shear

stress of about 1.8 N � m–2 is required to remove the layer of freshly deposited sediments

while the stress value of 800–1000 N � m–2 is necessary to remove the sediments after

a long-lasting pipe exploitation. To illustrate the problem scale we would like to add

that during the rainy weather the values of shear stress of 20 N � m–2 were noted inside

the pipes constructed with relatively high inclinations (apart from sanitation systems in

mountain regions). The inclination of sanitary conduit should ensure daily cyclical

removal of deposited sediments occurring during the phase of the maximum flow rate.

In case of the storm systems the removal of sediments should occur during the rainfall

event of a required intensity. If this condition is not fulfilled after some years of the

sanitary system exploitation only the special methods of conduit rehabilitation may

restore the hydraulic capacity of the pipe.

The technical activities aimed to deposited sediments removal are often very costly

so the proper choice of the minimal conduits inclination leading to the self-purification

velocity (the suitable values of shear stress) occurrence becomes an important matter at
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the stage of sanitation system design. Besides, the sediments deposited at the canals

bottom become a serious threat for the receiver of storm spillway wastewater and cause

the heterogeneity of wastewater treatment plant strain by the pollutants load.

Modeling of sediments transport in gravitational sanitation

The hydraulic transport of solid particles inside the sanitation systems may occur by

floating by the sewage stream and dragging along the canal bottom. The movement of

single A group sediment particle is induced by the forces of hydrodynamic pressure

force. The component of gravitation force parallel the conduit bottom may be

insufficient because the commonly used low conduits bottom angle of inclination.

This situation may be graphically presented as shown in Fig. 2 [14].

The particle presented in Fig. 2 is influenced by the following forces: P –

hydrodynamic pressure force [kg � m � s–2], Z – gravitational force component

[kg � m � s–2], T – friction force dependent to the friction factor and normal component

of gravitational force T = f N [kg � m � s–2]. The inertial force and the congruency of the

particle to bottom are neglected. The required mean sewage flow velocity, authoritative

for the inorganic and incohesive sediment particle of diameter d [m], dragged along the

bottom of a sanitation pipe of diameter D [m] may be calculated basing in Fig. 2 [14]:

U
ud

�

�
(1)

where: U – mean cross-section velocity [m � s–1],

� – velocity distribution factor [-].

The � factor is described as:

� � � �m m
D

d

2

3
1

125
( ) ln

.
(2)

where: m – relation of maximum cross-section velocity to the mean velocity

value [-].
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The other commonly cited equation has a following form [9]:

v

gd s
a

d

R
c

h

b

( )� �

�

�

�

�

�

�

	







1
(3)

where: vc – limit velocity [m � s–1],

a, b – dimensionless factors: a = 0.61 for the smooth circular cross

section, a = 0.54 for the smooth rectangular cross-section, a = 0.50

for the smooth rectangular cross-section, b = –0.38 for the smooth

circular cross-section,

d – particle diameter [m],

g – acceleration of free fall [m � s–2],

Rh – hydraulic radius [m],

s� – comparative density of dry mass suspended in relation to water [-].

The presented equation (3) shows that the limit velocity depends to hydraulic radius,

but is independent to the suspension concentration. This shows why there is no

universal value of sewage flow velocity.

The following formula describing the convection velocity in the circular pipe may be

used during the sediments transport modelling [20]:

v

gd s
d C

R

d
c

gr v
h

s
( )

. . .

.

�

�
�

�

�

�

�

�

�

	







� �

1
308 0 09 0 21

50

0 53

0.21 (4)

where: s� – relative density of solid phase �s�
–1,

�s – density of constant phase dry mass [kg � m–3],

d50 – particles diameter, accounting for, with the smaller ones, 50 %

of mass [m],

dgr – dimensionless diameter of d50 particles ((s� – 1) gv–2)1/3d50,

v – kinematics viscosity factor [m2
� s–1],

Cv – volumetric concentration of sediments [ppm].

The friction factor of water suspension flow resistance �s calculations may be

calculated basing on the friction factor for clear water �:

� �s v grC D� 113 0 98 0 02 0 01. . . . (5)

where: � – clear water friction factor [-].

The acknowledgement of sediments deposited inside the sanitation pipes is necessary

during the determination of old canals capacity. The sediments settled inside the

sanitation conduits influence the hydraulic resistance of flow by three different

manners: decreasing the inner cross-section area, changing the roughness coefficient of

pipe walls and decrease the flow energy caused by the work load during elution of

deposited sediments.
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The changes of roughness coefficient value, influencing the flow resistance, are

difficult to predict because the sediments bed surface usually forms spatially different

shapes, dependent to dimensionless Froud number. For Fr < 0.2 the most probable is the

smooth shape of sediments surface, for Fr = 0.2–0.35 the noticeable ripples and Fr =

0.35–0.6 dunes were observed. Thereafter, the sediments surface re-smoothing occurs

for Fr = 0.6–1.0, and anti-dunes appear for Fr > 1.0 [9].

Summary and conclusions

The presented information concerning transport and quality of sediments along with

pipes inclination in sanitation systems are the key factors during designing and

modeling of the sewage systems in the variable environmental conditions.

The most frequently occurring type of sediments during our research in Chelm,

Poland was the B group. The biofilm developed beneath the water level was classified

as the D group. The biofilm development was not observed above the sewage surface.

The G group sediments were observed in gravitational sanitation pipes in Chelm, at

location of pressure sanitation attachment.

Our paper presents different models of solids transport in sanitation pipes, based on

various approach to the problem and of variable complexity. The number of required

input data resulting in intricacy and research or design costs increases for the more

complex approaches. The simplest attitude to sediments transports is based on the

self-purification velocity of constant value. The most advanced of the presented variants

of sediments transports modeling concerns the convection velocity dependant to

hydraulic conditions of flow and parameters of the dispersed phase.

The proper model of solid substances transport at gravitational sanitation should be

chosen according to the type and properties of sediments.
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WYBRANE MODELE TRANSPORTU OSADÓW

W SYSTEMACH KANALIZACJI GRAWITACYJNEJ

Wydzia³ In¿ynierii Œrodowiska

Politechnika Lubelska

Abstrakt: Osady w kanalizacji grawitacyjnej wystêpuj¹ w przypadku, gdy prêdkoœæ przep³ywu œcieków

spada poni¿ej prêdkoœci hydraulicznego samooczyszczania przewodów. Osady maj¹ du¿y wp³yw na procesy

przebiegaj¹ce w systemie kanalizacyjnym, powoduj¹c m.in. znaczne okresowe wahania ³adunku w dop³ywie

do oczyszczalni. Gromadz¹ce siê na dnie przewodów osady powoduj¹ równie¿ zmianê kszta³tu i pola

powierzchni przekroju czynnego przewodu, a tym samym wp³ywaj¹ na zmianê parametrów fizycznych

i hydrodynamicznych ca³ego systemu. Osady wp³ywaj¹ te¿ w du¿ej mierze na rozwój korozji siarczanowej

kana³ów oraz na intensywnoœæ procesów biodegradacji œcieków w przewodach kanalizacyjnych. Badania

dotycz¹ce osadów œciekowych oraz zwi¹zanych z nimi procesów s¹ doœæ kosztowne, wiêc prowadzi siê je na

szersz¹ skalê jedynie w tych krajach, gdzie regulacje prawne wymagaj¹ matematycznego modelowania

transportu masy zanieczyszczeñ do oczyszczalni œcieków oraz przelewów burzowych. Wyniki takich badañ

dostarczaj¹ danych niezbêdnych do kalibracji odpowiednich modeli matematycznych. Ogólna charakterystyka

struktury i w³aœciwoœci osadów powinna byæ znana na etapie rozwa¿ania metody doboru minimalnych

spadków dna kana³ów grawitacyjnych, ma tak¿e du¿e znaczenie podczas modelowania transportu ³adunków

Some Models of Sediments Transport in Gravitational Sanitation Systems 1475



zanieczyszczeñ w sieci kanalizacyjnej oraz powi¹zanych z tym zagadnieniem procesów biodegradacji

œcieków. W³aœciwoœci osadów musz¹ byæ uwzglêdnione przy doborze modelu opisuj¹cego ich transport.

Przedstawiono klasyfikacjê osadów na podstawie literatury krajowej i zagranicznej, modele stosowane do

opisu transportu osadów w kanalizacji grawitacyjnej oraz zaprezentowano wyniki badañ klasyfikacyjnych

osadów zlokalizowanych w sieci kanalizacyjnej Che³ma.

S³owa kluczowe: kanalizacja grawitacyjna, osady w kanalizacji, klasyfikacja osadów, transport osadów

w kanalizacji
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IMPACT OF THE PULSED HIGH MAGNETIC FIELD

ON Fusarium culmorum (W.G. Smith) Sacc.

WP£YW IMPULSOWEGO, WYSOKIEGO POLA MAGNETYCZNEGO

NA Fusarium culmorum (W.G. Smith) Sacc.

Abstract: The aim of the investigations was an assessment of the impact of the pulsed high magnetic field on

a concentrated spore suspension of F. culmorum fungus, which is a dangerous pathogen of many crops. 5, 10,

15 and 20 pulses of 9 Tesla induction were applied. The pulsed magnetic field limited germination of the

tested strain. A significant difference was found for 15 and 20 pulses. Mycelial linear growth was also

reduced, as was found both for the inoculation and logarithmic phase of growth in Petri dish culturing,

however, no limited mycelium sporulation was observed. There is a potential for the application of the tested

physical method – the pulsed high magnetic field to limit the development and harmfulness of F. culmorum.

Keywords: pulsed magnetic field, F. culmorum

The magnetic field is one of physical factors which influence life processes of

microorganisms [1]. Magnetic field may modify fungi sporulation, which is connected

with disturbance of calcium ion flow playing an important role in this process [2, 3].

Albertini et al [4], who studied the effect of the constant high magnetic field on the

observed physiological and morphological changes in Fusarium culmorum, ie weaken-

ing of mycelial growth, spore germination and a decrease in enzymatic activity. They

described the occurring morphological changes as similar to those caused by the contact

of these fungi with chemical pesticides. Similarly, while applying the constant magnetic

field, Nagy and Fischl [5] registered even 83 % limited spore production in

F. oxysporum species in comparison with the control. In their studies on Saccharomyces
cerevisae Novak et al [6] observed that 20-minute exposure to 10 mT caused the death

of some yeast cells, whereas the ones which survived did not lose the growth ability. On

the other hand Ruiz-Gomez et al [7] did not register any significant effect on cell
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viability exposed to the constant magnetic field (0.35 and 2.45 mT) for 24 and 72 hours.

The high constant magnetic field also reveals an antibacterial effect [8–11]. It was

found that the magnetic field modifies bacteria sensitivity to antibiotics [12, 13]. Gaafar

et al [14] found that antibacterial activity of the constant magnetic field depends on the

applied exposure time. In some specific conditions, the constant magnetic field may be

a factor stimulating bacteria [15, 16]. Studies conducted on the effect of the pulsed high

magnetic field on microorganisms produced different results. Harte et al [17], who

researched Escherichia coli and S. cerevisiae did not observe any inactivation of the

microorganisms as a result of the pulsed magnetic field of 18 Tesla induction. On the

other hand, San Martin et al [18] point to a potential E. coli deactivation by 50 pulses of

19 Tesla magnetic field, combined with other physical factors – ultrasounds, high

hydrostatic pressure and the pulsed electric field. In vitro experiments conducted by

Lipiec et al [19] on the effect of pulsed magnetic fields of 5, 10, 15 and 20 Tesla on

potato pathogens Ervinia carotovora, Streptomyces scabies and Alternaria solani
revealed a significant reduction of the number of formed colonies in comparison with

the control, however bacteria revealed greater sensitivity than fungi. In vivo experiments

demonstrated a statistically significant reduction of the number of surviving micro-

organism colonies (bacteria and fungi) on germinating oat kernels subjected to the field

activity in comparison with the control. It was also observed that the tested magnetic

field caused a change of enzymatic processes. The same research team pointed to

potential application of the pulsed magnetic field in the process of food stabilization for

storage. The use of the oscillating magnetic field for microorganism deactivation is

covered by an American patent [21].

Fusarium fungi occur commonly in nature and are polyphagous parasites infesting

many plant species. Apart from that they play an important role in pathogenesis of many

plant diseases and their metabolites may cause poisoning in people and animals.

Therefore, they are the object of interest of phytopathologists all over the world. The

imperfect stage of Fusarium is numbered among Deutromycetes type, Hyphomycetales
order and Tuberculariaceae family. Their sexual forms are Ascomycota sac fungi. One

of the commonest species occurring in Europe is F. culmorum classified to Discolor
section [22].

The investigations aimed to assess the effect of the pulsed high magnetic field on

concentrated suspension of F. culmorum fungus spores.

Material and methods

The apparatus used for the experiment had been constructed at the Department of

Physics, University of Agriculture in Krakow. The battery of high-voltage capacitors

with a total capacity of 1.5 mF was charged to the required voltage by the HV

(high-votage) power supply with the maximum working voltage 5 kV and 0.3 kW

power. Solenoid generating the magnetic field consists of a single layer copper Bitter

coil with the external diameter of 30 mm and internal 12 mm. The number of coils is 12.

The intercoil insulation is made of epoxy-glass laminate. The coil is placed inside

a coven made of beryllium bronze to ensure an adequate mechanical strength. The
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condenser battery is discharged by means of a solenoid with the spark gap regulated by

a step motor. The system is operated by a remote control panel situated, for safety

reasons, in a separate room. The magnetic field generated in the solenoid has the

character of strongly damped vibration of ca 3 kHz frequency and maximum induction

amplitude of about 20T. Precise measurement of the parameters of the field is possible

owing to an induction coil positioned inside the solenoid and coupled with digital

oscilloscope.

F. culmorum strain used for the presented experiments was isolated from red cabbage

in 1997 and purchased from the collection of the Plant Protection Institute in Poznan.

The fungus was cultured on solid PDA medium until intensively sporulating mycelium

developed.

A concentrated water suspension of the fungus spore (3.7 � 106 pcs./cm3) was

prepared, 5 cm3 of it was put into glass test tubes which were then subjected to 5-time,

10-time, 15-time and 20-time action of pulsed 9 Tesla induction magnetic field. The

control was provided by the initial suspension, which was not subjected to the magnetic

field action. Spore germination obtained after the magnetic field action was tested,

therefore, the spore suspension was placed on concave microscope slides, on racks in

covered containers filled with water to prevent evaporation. After 24 hours 25

photographs of each preparation were taken using Moticam 1000 camera and Nickon

Eclipse E200 microscope with 40 times magnification. The photographs were computer

analyzed using UTHSCA Image tool programme. The percentage of germinating spores

and an average sprout length were computed.

After subjecting to the magnetic field action the suspension was also inoculated on

the solid PDA medium in order to assess mycelial linear growth. The mycelial

sporulation was also tested by collecting a 10 mm disc from each Petri dish by the end

of culturing to prepare spore suspension in sterile distilled water. Spore concentrations

in the suspensions were measured by means of Spekol 21 spectrophotometer made by

Carl Zeiss Jena. Analytical wavelength (� = 460 nm) was determined on the basis of

absorption spectra analysis of spore mixture in water. In order to avoid errors due to

spore sedimentation, all measurements were conducted at a fixed moment – 5 seconds

after spore suspension pouring into the measuring cuvettes. All experiments were

conducted in 7 replications. Measuring unreliability was estimated using the standard

deviation considering the Student coefficient for the confidence level 0.997.

Results and discussion

The pulsed high magnetic field of 9 Tesla induction weakened germination of

F. culmorum strain used in the experiments. The obtained results were presented in

Figs. 1 and 2. In the control samples after 24 hours an average percentage of germinated

spores exceeded 40 %. A significantly lower percentage of germinating spores ca 20 %

was obtained at 15 and 20 pulses of the generated magnetic field. Spores subjected to

5-time and 10-time action of the magnetic field were germinating similarly to the

control (on average 35 % germinating spores per sample). Sprout lengths measured in

the samples were significantly shorter in comparison with the control only for 20 pulses
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of the 9 Tesla field. In the samples subjected to the action of 5, 10 and 15 pulses of the

generated field the sprout length was slightly shorter in comparison with the control, but

the registered differences were statistically insignificant.

The pulsed magnetic field also weakened the mycelia linear growth of the tested

F. culmorum strain. Spores subjected to the action of magnetic field inoculated to the

1480 Anna Gorczyca et al

50

45

40

35

30

25

20

15

10

5

0

G
e

rm
in

a
ti
o

n
[%

]

K 5×9T 10×9T 15×9T 20×9T

Fig. 1. Number of F. culmorum spores germinating after the action of pulsed magnetic field in comparison

with the control

85

80

75

70

65

60

55

50
K 5×9T 10×9T 15×9T 20×9T

S
p

ro
u

t’
s

le
n

g
th

(a
rb

it
r.

u
n

it
s
)

Fig. 2. Average length of F. culmorum sprout in the control and in sample after pulsed magnetic field action



solid medium revealed poorer growth, the inoculation process was slower and at the 40th

hour of culturing significantly smaller mycelium diameters were noted in comparison

with the control. The obtained results were presented in Fig. 3. The mycelial growth rate

observed at the logarithmic phase was also weaker in culturing of spores subjected to

the action of the magnetic field. Limiting of the linear growth depended on the number
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of applied magnetic field pulses. Inhibition of growth was more apparent with growing

number of pulses. The results were shown in Fig. 4. The fungus sporulation analyzed

after completion of the culturing was uniform. The fluctuations fell within the range of

the measuring error (Fig. 5).

Conclusions

1. The pulsed magnetic field limits germination of the tested F. culmorum strain.

A significant difference was assessed for 15 and 20 pulses of 9 Tesla field.

2. Inoculation and linear growth of the mycelium were weakened in comparison with

the control after the action of the pulsed magnetic field.

3. No reduced mycelial sporulation was registered for the tested fungus strain.

4. There is a potential for the application of the tested physical method – the pulsed

high magnetic field – for limiting the development and harmfulness of F. culmorum.
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WP£YW IMPULSOWEGO, WYSOKIEGO POLA MAGNETYCZNEGO

NA Fusarium culmorum (W.G. Smith) Sacc.

1 Katedra Ochrony Œrodowiska Rolniczego,
2 Katedra Chemii i Fizyki

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem przeprowadzonych badañ by³a ocena wp³yw impulsowego, wysokiego pola magnetycznego

na skoncentrowan¹ zawiesinê zarodników grzyba F. culmorum, groŸnego patogena wielu roœlin uprawnych.

Zastosowano 5, 10, 15 i 20 impulsów pola magnetycznego o indukcji 9 Tesli. Impulsowe pole magnetyczne

ograniczy³o kie³kowanie badanego szczepu. Istotn¹ ró¿nicê stwierdzono dla 15 i 20 impulsów. Wzrost

liniowy grzybni równie¿ ulega³ ograniczeniu, co stwierdzono zarówno dla inokulacji, jak i fazy logarytmicz-

nej wzrostu w hodowli szalkowej. Nie zaobserwowano jedynie ograniczenia sporulacji grzybni. Istnieje

mo¿liwoœæ wykorzystania testowanej metody fizycznej – impulsowego wysokiego pola magnetycznego – do

ograniczania rozwoju i szkodliwoœci F. culmorum.

S³owa kluczowe: impulsowe pole magnetyczne, F. culmorum
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SOIL POLLUTION WITH ARSENIC

VERSUS THE CONCENTRATION OF MAGNESIUM

IN PLANTS

WP£YW ZANIECZYSZCZENIA GLEBY ARSENEM

NA ZAWARTOŒÆ MAGNEZU W ROŒLINACH

Abstract: A study has been carried out in order to determine the effect of soil pollution with arsenic on the

concentration of magnesium in plants. Soils under yellow lupine were contaminated with arsenic at the rates

of 10, 20, 30 and 40 mg As � kg–1 and those sown with maize, cocksfoot, spring barley and swedes received

25, 50, 75 and 100 mg As � kg–1. The following substances were used to neutralize the effect of arsenic on

plants: compost, lime, charcoal, loam and natural zeolite in the trials with maize and, additionally, synthetic

zeolite in the experiments on cocksfoot and yellow lupine or peat, loam, pinewood bark, dolomite and

synthetic zeolite in the trials with spring barley and swedes. The influence of increasing soil pollution with

arsenic on the concentration of magnesium in particular organs of the test plants was varied. In general, the

content of magnesium in plant parts tended to be positively correlated with the degree of soil contamination

with arsenic. It also depended on the plant’s species and organ as well as the type of a neutralizing agent

applied. Positive correlation was discovered for the roots and aboveground parts of maize, cocksfoot and

yellow lupine as well as grain, straw and roots of spring barley. Changes in the magnesium levels caused by

arsenic pollution were larger in the roots than in the aboveground parts of plants, especially in the case of

spring barley. A decrease in the magnesium concentration in plant tissues caused by soil contamination with

arsenic was noticed only in the roots and aboveground parts of swedes. The neutralizing substances produced

the strongest positive effect on the content of magnesium in the aboveground parts of maize and roots of

cocksfoot. With regard to the remaining plant species, this effect was much weaker.

Keywords: arsenic contamination, neutralizing substances, plants, magnesium content

Human activity is the main source of environmental pollution with arsenic. Han et al

[1] distinguish two anthropogenic paths of introducing arsenic to matter cycling in

nature. One relies on extracting arsenic from geological deposits rich in this element.

The other one is when arsenic is introduced to environment as a by-product of

extracting metal ores or bioliths which contain arsenic compounds. By using and
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recycling products comprising arsenic as well as non-iron metals and combustion of

bioliths we release arsenic to environment. Point accumulation of excessive arsenic

levels in nature is caused by a variety of human actions, including industrial activities,

and particularly metallurgy, energy generation, glass production and chemical industry.

Other essential sources of arsenic in nature include agriculture and improper municipal

or industrial waste dumping [2, 3]. According to the WHO [3], the main cause of water,

air and soil pollution with arsenic is extraction and processing of non-iron metals,

especially copper, lead, silver and gold. Adverse effects produced by arsenic on plants

depend in several factors, of which the major ones are the level of contamination, plant

species and type of soil [4, 5]. One of the most typical symptoms of the toxic effect of

arsenic is severe dwarfing of plants [2]. Arsenic contamination of soil can modify very

extensively plant germination, growth and development; it can also raise concentration

of arsenic in plant tissues and cause disorders in the uptake of macro- and micro-

nutrients. In conclusion to the above, it can be stated that the uptake of arsenic by plants

should be limited.

The objective of the present study has been to determine the effect of soil pollution

with arsenic on the content of magnesium in plants. Soil contamination with arsenic and

its consequences were examined in conjunction with the addition of several neutralizing

agents to soil.

Material and methods

The study was based on 5 pot experiments, which were performed in a greenhouse at

the University of Warmia and Mazury in Olsztyn (Poland). The soils taken for the trials

were similar in physicochemical properties (Table 1). All the soils were derived from

the Ap humus layer of typical brown soil characterized by the granulometric

composition of light loamy sand. The reaction of the soils was acidic or slightly acidic.

The pots were filled with 9 kg soil each. The effect produced by arsenic (as an aqueous

solution of sodium arsenate) was tested on: maize (Zea mays L.) cv. Scandia, cocksfoot

(Dactylis glomerata L.) cv. Nawra, yellow lupine (Lupinus luteus L.) cv. Juno, spring

barley (Hordeum vulgare L.) cv. Ortega and fodder swedes (Brassica napus var.

napobrassica) cv. Sara. In all the trials (except yellow lupine) soil contamination with

arsenic was at the level of 0, 25, 50, 75 and 100 mg As � kg–1 soil. For the experiments

on yellow lupine the soil contamination rates were: 0, 10, 20, 30 and 40 mg As � kg–1

soil. The neutralizing agents introduced to soil in the experiments involving cocksfoot

and yellow lupine were: lime, natural zeolite, charcoal, loam, compost and synthetic

zeolite. The same substances but synthetic zeolite were used in the studies on maize. In

the trials on barley and swedes the following neutralizing substances were applied: peat,

pinewood bark, loam, dolomite and synthetic zeolite. All the neutralizing agents were

added to soil at a ratio of 3 % to the soil mass in a pot, except lime and dolomite, which

were used in quantities corresponding to 1 hydrolytic acidity (Hh). In order to provide

for the nutritional demands of the crops, the soils also received NPK fertilization.

Nitrogen was added to the soils as urea, phosphorus in the form of triple superphosphate

and potassium as potassium salt. Prior to the application, all the fertilizers had been
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prepared as aqueous solutions. All the substances: the fertilizers, sodium arsenate and

the neutralizing agents, once added to soil, they were thoroughly mixed with it and then

transferred to pots. The soil used for maize trials had pH of 6.07 in H2O and 5.91 in

KCl. Its hydrolytic acidity was 19.5 mmol � kg–1. This soil was moderately abundant in

available phosphorus, potassium and magnesium. Cocksfoot and lupine were grown on

soil of the reaction equal 5.75 in H2O and 4.53 in KCl. Its hydrolytic acidity was 33.1

mmol � kg–1. Barley and swedes grew on soil of the reaction 5.53 in H2O and 4.16 in

KCl. Its hydrolytic acidity corresponded to 28.2 mmol � kg–1. In terms of their content

of plant available phosphorus, potassium and magnesium, the soils were moderately

abundant. The levels of carbon and nitrogen in all the test soils were comparable. The

concentration of arsenic in the test soils was small and did not exceed the norms set for

farmland soils. The highest concentration of As, 3.58 mg As � kg–1, was found in the

soil under cocksfoot and yellow lupine. The smallest one, 2.21 mg As � kg–1, occurred in

soil under barley and swedes. The soil used for trials on maize contained 2.71 mg

As � kg–1. With respect to other trace elements, they were determined in very small

amounts in all the soils. Having filled all the pots with the appropriate components,

whose chemical composition can be found in Table 2, the test crops were sown. The

plant stand per 1 pot was as follows: 10 maize plants, 8 cocksfoot plants, 8 yellow

lupine plants, 15 spring barley plants and 5 swedes plants. Soil moisture in the plants

was maintained at 60 % water capillary capacity. The plants were harvested during the

technological maturity stage.

While harvesting the plants, plant material was sampled for laboratory analyses. The

plant samples were fragmented, dried at 60 oC and ground. Having mineralized the

samples, AAS method was used to determine their content of magnesium. The results

were processed statistically with the Statistica software package [6], using single- and

two-factor analysis of variance. Dependencies between the dose of arsenic and

concentration of magnesium in plants were determined using Pearson’s simple

correlation.

Results and discussion

The effect of increasing contamination of soil with arsenic on the concentration of

magnesium in the test crops was varied. The content of magnesium in the plant material

sampled tended to be correlated with the level of soil contamination with arsenic. In

addition, magnesium content depended on the plant’s species, analyzed part and type of

a neutralizing substance applied (Tables 3–7).

The pollution of soil with arsenic caused strong increase in the content of

magnesium, both in aboveground parts and in roots of maize (Table 3). In a series

without neutralizing agents, this increase equalled 61 % in aboveground parts and 71 %

in roots. The substances used to inactivate arsenic in soil significantly modified the

concentration of magnesium. Regarding the aboveground parts, the level of magnesium

rose by 30 % (r = 0.792) in the objects receiving loam to 200 % (r = 0.976) in the

combinations treated with charcoal and 233 % (r = 0.975) in the pots which were

enriched with natural zeolite. In maize roots, the increase in magnesium observed in the
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above series oscillated from 71 % (r = 0.965) in the objects without neutralizing

additives to 225 % (r = 0.921) when charcoal had been added. The substances used to

neutralize arsenic in soil affected the content of magnesium in both parts of maize. For

example, charcoal added to soil produced a clear positive effect on the concentration of

magnesium in aboveground parts of maize. The second best results were produced by

compost and natural zeolite. Reverse relationships, especially when analyzing the

impact of loam and compost, were observed in the case of maize roots.

Tabela 3

Magnesium concentration in aboveground parts and roots

of maize (Zea mays L.) [g � kg–1 d.m.]

Dose of arsenic

[mg As � kg–1 soil]

Type of neutralizing agent

no neutralizing

agents
compost charcoal loam lime

natural

zeolite

Aboveground parts

0 1.8 2.4 2.7 2.3 2.0 2.1

25 2.0 3.0 3.7 2.5 2.6 2.4

50 2.7 4.6 5.9 3.2 4.3 3.6

75 2.9 6.6 7.9 3.3 5.4 5.6

100 2.9 5.4 8.1 3.0 5.1 7.0

Average 2.5 4.4 5.7 2.9 3.9 4.1

r 0.938** 0.882** 0.976** 0.792** 0.941** 0.975**

LSD a – 0.3; b – 0.3; a � b – 0.7

Roots

0 1.7 1.2 1.2 1.1 1.5 1.3

25 2.0 1.3 1.7 1.3 1.5 1.8

50 2.6 1.7 1.9 1.7 2.5 2.6

75 2.8 2.1 2.3 1.9 2.7 2.6

100 2.9 2.4 3.9 2.3 3.2 2.5

Average 2.4 1.7 2.2 1.7 2.3 2.2

r 0.965** 0.987** 0.921** 0.993** 0.962** 0.864**

LSD a – 0.2**; b – 0.2**; a � b – 0.4**

a – type of neutralizing agents; b – arsenic contamination; significant for: * p = 0.05, ** p = 0.01; r –

correlation coefficient.

Soil contamination with arsenic also caused elevated concentrations of magnesium in

aboveground parts and organs of cocksfoot (Table 4). In the aboveground parts this

increase ranged from 15 to 36 % and in the roots – from 7 to 146 %. The highest rise in

the concentration of magnesium in parts of cocksfoot plants was observed in the control

series (without any neutralizing substances) and in the objects which received zeolite

and charcoal. The substances used during the experiments in order to inactivate arsenic

in soil caused more variation in the concentration of magnesium in roots than in
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aboveground parts of cocksfoot. Depending on the neutralizing agent applied, the

average magnesium level was from 1.4 to 1.7 g Mg � kg–1 d.m. in aboveground parts

and from 1.1 to 2.8 g Mg � kg–1 in roots.

Table 4

Magnesium concentration in aboveground parts and roots

of cocksfoot (Dactylis glomerata L.) [g � kg–1 d.m.]

Dose of arsenic

[mg As � kg–1 soil]

Type of neutralizing agent

no neutralizing

agents

natural

zeolite
lime tree coal loam compost

synthetic

zeolite

Aboveground parts

0 1.4 1.4 1.4 1.4 1.3 1.5 1.5

25 1.5 1.6 1.5 1.5 1.4 1.5 1.7

50 1.8 1.7 1.6 1.6 1.5 1.5 1.7

75 1.9 1.7 1.7 1.7 1.5 1.5 1.7

100 1.9 1.9 1.7 1.8 1.5 1.8 1.8

Average 1.7 1.7 1.6 1.6 1.4 1.6 1.7

r 0.944** 0.957** 0.970** 1.000** 0.884** 0.707* 0.866**

LSD a – 0.1**; b – 0.1**; a � b – n.s.

Roots

0 1.0 1.7 0.8 1.3 1.4 2.1 1.3

25 1.1 1.7 0.8 1.4 1.6 2.3 1.3

50 1.2 2.8 1.2 1.8 1.5 2.4 1.5

75 1.4 3.1 1.3 2.3 1.4 3.4 2.1

100 1.5 2.9 1.2 3.2 1.5 3.8 2.4

Average 1.2 2.4 1.1 2.0 1.5 2.8 1.7

r 0.991** 0.878** 0.853** 0.955** 0.000 0.947** 0.945**

LSD a – 0.3**; b – 0.2**; a � b – 0.6**

a – type of neutralizing agents; b – arsenic contamination; significant for: * p = 0.05, ** p = 0.01; n.s. –

differences non-significant; r – correlation coefficient.

The effect of soil pollution with arsenic on the concentration of magnesium in yellow

lupine was much weaker than in maize or cocksfoot (Table 5). Regarding the

aboveground parts of maize, soil contamination with arsenic raised their content of

magnesium in most series. This increase was most evident in the objects treated with

lime (r = 0.834), followed by those receiving compost (r = 0.990) and natural zeolite

(r = 0.930), reaching 71, 38 and 26 %, respectively. The aboveground parts of yellow

lupine obtained from the control series (r = 0.938) and the ones with synthetic zeolite

(r = 0.926) and charcoal (r = 0.243) showed rather stable levels of magnesium and only

very weakly dependent on the application of arsenic to soil. Changes in the concentra-

tion of magnesium in yellow lupine roots were less evident than in aboveground parts of
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this crop. In the above series, the average amount of magnesium in the roots of yellow

lupine ranged from 1.1 to 1.5 g Mg � kg–1 d.m.

Table 5

Magnesium concentration in aboveground parts and roots

of yellow lupine (Lupinus luteus L.) [g � kg–1 d.m.]

Dose of arsenic

[mg As � kg–1 soil]

Type of neutralizing agent

no neutralizing

agents
tree coal

natural

zeolite

synthetic

zeolite
loam compost lime

Aboveground parts

0 2.2 2.2 1.9 1.9 1.8 1.6 1.7

10 2.2 2.1 2.0 1.9 1.8 1.8 2.6

20 2.3 2.0 2.2 2.0 1.9 1.9 2.8

30 2.5 1.9 2.5 2.3 1.8 2.0 2.8

40 2.5 2.2 2.4 2.3 1.7 2.2 2.9

Average 2.3 2.1 2.2 2.1 1.8 1.9 2.6

r 0.938** –0.243 0.930** 0.926** –0.447 0.990** 0.834**

LSD a – 0.1**; b – 0.1**; a � b – 0.3**

Roots

0 1.2 1.1 1.3 1.3 1.4 1.7 1.2

10 1.3 1.1 1.2 1.3 0.9 1.7 1.3

20 1.3 1.1 1.4 1.2 0.9 1.6 1.0

30 1.4 1.3 1.5 1.5 1.0 1.3 1.3

40 1.5 0.9 1.7 1.5 1.4 1.3 1.5

Average 1.3 1.1 1.4 1.4 1.1 1.5 1.3

r 0.971** –0.224 0.904** 0.707* 0.061 –0.926** 0.522

LSD a – 0.1**; b – 0.1**; a � b – 0.3**

a – type of neutralizing agents; b – arsenic contamination; significant for: * p = 0.05, ** p = 0.01; r –

correlation coefficient.

The trials involving swedes showed that the simulated poisoning of soil with arsenic

modified the concentration of magnesium in this crop, too, but the aboveground parts of

swedes in the series treated with peat (r = 0.930), bark (r = 0.933) and synthetic zeolite

(r = 0.839) responded to the contamination by increasing the levels of Mg, whereas the

roots of this crop, under analogous conditions, contained lower quantities of this

nutrient (Table 6). Besides, the concentration of magnesium in swedes was found to be

dependent on the inactivation substances applied. The largest concentrations of

magnesium in the aboveground parts of swedes were found in the series treated with

dolomite (on average, 2.6 g Mg � kg–1 d.m.) and in the roots in the series with pinewood

bark (1.6 g Mg � kg–1 d.m.). In the other series, the magnesium content was 2.3–2.4 g

Mg � kg–1 d.m. of leaves and 1.4–1.5 g Mg � kg–1 d.m. of roots.
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Table 6

Magnesium concentration in aboveground parts and roots

of swedes (Brassica napus L. var. napobrassica (L.) Rchb.) [g � kg–1 d.m.]

Dose of arsenic

[mg As � kg–1 soil]

Type of neutralizing agent

no neutralizing

agents
peat bark loam dolomite

synthetic

zeolite

Aboveground parts

0 2.4 2.2 2.2 2.2 2.8 2.3

25 2.4 2.2 2.2 2.2 2.5 2.3

50 2.3 2.5 2.4 2.3 2.6 2.4

75 2.2 2.5 2.5 2.4 2.6 2.4

100 2.2 2.6 2.9 2.2 2.6 2.8

Average 2.3 2.4 2.4 2.3 2.6 2.4

r –0.949** 0.930** 0.933** 0.354 –0.433 0.839**

LSD a – n.s.; b – 0.2**; a � b – 0.4*

Roots

0 1.7 1.5 1.5 1.5 1.8 1.5

25 1.6 1.5 1.7 1.5 1.4 1.5

50 1.3 1.5 1.6 1.5 1.4 1.3

75 1.4 1.4 1.5 1.4 1.6 1.4

100 1.4 1.3 1.5 1.2 1.5 1.5

Average 1.5 1.4 1.6 1.4 1.5 1.4

r –0.770* –0.884** –0.354 –0.849** –0.378 –0.177

LSD a – 0.2**; b – 0.2**; a � b – 0.4**

a – type of neutralizing agents; b – arsenic contamination; significant for: * p = 0.05, ** p = 0.01; n.s. –

differences non-significant; r – correlation coefficient.

With respect to spring barley, the highest magnesium content was discovered in

roots, with lower amounts of this element occurring in grain and straw (Table 7). These

concentrations were, on average, from 1.7–2.2 g Mg � kg–1 d.m. of roots and from 1.2 to

1.6 g Mg � kg–1 d.m. of grain and straw. The effect of higher doses of arsenic introduced

to soil on magnesium levels in plant tissues was weaker in the case of barley grains than

its straw or roots. Among the neutralizing substances tested, the strongest effect on the

content of magnesium in barley plants was recorded in the series with dolomite and

synthetic zeolite (Mg in roots) as well as the series treated with synthetic zeolite,

pinewood bark or grain (Mg in barley straw). In the other series and in barley grain,

modifications in the content of magnesium observed after the application of any of the

neutralizing substances were small, not exceeding 10 %.

Scientific reports on the influence of arsenic on concentrations of microelements,

including magnesium, in plants are scarce. The positive relationships we discovered

between arsenic contamination of soil and content of magnesium in roots and

aboveground parts of some of the test plants seem to confirm the results obtained by
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Table 7

Magnesium concentration in grain, straw and roots

of spring barley (Hordeum vulgare L.) [g � kg–1 d.m.]

Dose of arsenic

[mg As � kg–1 soil]

Type of neutralizing agent

no neutralizing

agents
peat bark loam dolomite

synthetic

zeolite

Grain

0 1.3 1.4 1.7 1.5 1.7 1.3

25 1.4 1.4 1.3 1.4 1.6 1.6

50 1.4 1.3 1.2 1.3 1.5 1.7

75 1.6 1.3 1.2 1.3 1.4 1.5

100 1.5 1.6 1.3 1.1 1.5 1.3

Average 1.4 1.4 1.3 1.3 1.5 1.5

r 0.832** 0.387 –0.686* –0.959** –0.832** –0.088

LSD a – n.s.; b – n.s.; a � b – n.s.

Straw

0 1.0 1.1 1.5 1.3 1.6 1.6

25 1.1 1.1 1.5 1.4 1.7 1.6

50 1.4 1.2 1.6 1.4 1.6 1.5

75 1.4 1.3 1.7 1.5 1.5 1.6

100 1.8 1.3 1.5 1.8 1.4 1.7

Average 1.3 1.2 1.6 1.5 1.6 1.6

r 0.960** 0.949** 0.354 0.904** –0.832** 0.447

LSD a – 0.02; b – n.s.; a � b – n.s.

Roots

0 1.1 1.3 1.6 1.3 1.7 1.7

25 1.3 1.5 1.4 1.8 2.0 2.0

50 1.9 1.8 1.6 1.9 2.2 2.3

75 1.9 2.1 2.1 2.1 2.3 2.3

100 2.2 2.2 2.4 2.2 2.5 2.5

Average 1.7 1.8 1.8 1.9 2.1 2.2

r 0.962** 0.990** 0.877** 0.947** 0.985** 0.960**

LSD a – n.s.; b – n.s.; a � b – n.s.

a – type of neutralizing agents; b – arsenic contamination; significant for: * p = 0.05, ** p = 0.01; n.s. –

differences non-significant; r – correlation coefficient.

Paivoke and Simola [7], who conducted a study on seed pea. It should be added,

however, that the exact effect of arsenic contamination of soil on microelements in plant

tissues depends on the species of a plant. In the present study, apart from higher

magnesium concentrations in plant tissues under the effect of arsenic contamination of

soil, we also noticed depressed levels of this element in leaves and roots of swedes.
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Gorlach and Gambus [8] as well as Kabata-Pendias [2] discovered that arsenic found in

toxic concentrations in plants depressed their content of magnesium. Adding substances

which buffer the influence of heavy metals on plants plays an important role in

establishing the level of Mg in plant tissues [9–11]. This influence tends to be positive,

as they raise the availability of magnesium, originating from the neutralizing substances

themselves and from partly mineralized organic matter, eg from compost earth [12].

Zeolite produces a similar effect – it improves the amounts of plant available forms of

magnesium in soil and their uptake by plants [13]. The references indicate that

application of compost soil, charcoal and, in part, lime to soil raises the concentration of

magnesium in particular organs of triticale, spring oilseed rape, maize [9, 11] and other

crops [10]. In an experiment conducted by Ciecko et al [14], by introducing to soil

compost earth, lime, bentonite and especially charcoal, it was possible to obtain higher

content of magnesium in most parts of the test plants. Charcoal produced the strongest

effect, as it raised Mg concentration from 20 % (oats grain), 78–81 % (oats straw and

yellow lupine roots) up to 216 % in aboveground parts of radish. In contrast, depressed

levels of magnesium were determined in roots of radish as a result of the application of

bentonite and in aboveground parts of yellow lupine after the application of lime and

bentonite. Analogous effects produced by lime were found by Hahn and Marschner [15]

in their analyses of spruce roots. Regarding maize, lime and magnesium are most often

determined to be antagonist to each other, which means that Mg concentration in plants

is depressed when lime has been added to soil [14].

Conclusions

1. The concentration of magnesium in plants was in most cases positively correlated

with the degree of soil contamination with arsenic. The content of magnesium in plant

tissues also depended on the plant’s species and test organ and on the type of

a neutralizing agent applied to inactivate arsenic.

2. Positive correlation between soil contamination with arsenic and content of

magnesium in plant tissues was established for roots and aboveground parts of maize,

cocksfoot and yellow lupine, and for grain, straw and roots of spring barley. Changes in

the content of magnesium were bigger in roots than in aboveground parts of plants,

particularly in the case of spring barley. Swedes was the only plant which responded to

arsenic pollution of soil by depressing the concentration of magnesium in both roots and

aboveground parts.

3. The neutralizing agents used to inactivate arsenic produced the strongest effect on

the concentration of magnesium in aboveground parts of maize and roots of cocksfoot.

With the remaining plants, this effect was much weaker.
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WP£YW ZANIECZYSZCZENIA GLEBY ARSENEM

NA ZAWARTOŒÆ MAGNEZU W ROŒLINACH

Katedra Chemii Œrodowiska

Uniwersytet Warmiñsko-Mazurski, Olsztyn

Abstrakt: Przeprowadzone badania wykonano w celu okreœlenia wp³ywu zanieczyszczenia gleby arsenem na

zawartoœæ magnezu w roœlinach. Zanieczyszczenie gleby arsenem w dawkach 10, 20, 30 i 40 mg As � kg–1

gleby testowano na ³ubinie ¿ó³tym, a w iloœci: 25, 50, 75 i 100 mg As � kg–1 gleby na kukurydzy, kupkówce

pospolitej, jêczmieniu jarym oraz brukwi pastewnej. Do neutralizacji oddzia³ywania kadmu na roœliny do

gleby dodano: kompost, wapno, wêgiel drzewny, i³ i zeolit naturalny – w doœwiadczeniach z kukurydz¹, te

same materia³y i zeolit syntetyczny – w badaniach z kupkówk¹ i ³ubinem ¿ó³tym oraz torf, i³, korê sosnow¹,

dolomit i zeolit syntetyczny w doœwiadczeniu z jêczmieniem i brukwi¹. Oddzia³ywanie wzrastaj¹cego

zanieczyszczenia gleby arsenem na zawartoœæ magnezu w poszczególnych organach testowanych roœlin by³o

zró¿nicowane. Zawartoœæ magnezu w roœlinach by³a przewa¿nie dodatnio skorelowana z poziomem

zanieczyszczenia gleby arsenem. Jego zawartoœæ w roœlinach zale¿a³a ponadto od gatunku roœliny,

rozpatrywanego organu, jak równie¿ od rodzaju zastosowanej substancji do neutralizacji arsenu. Dodatni¹

korelacjê wykazano w odniesieniu do korzeni i czêœci nadziemnych kukurydzy, kupkówki i ³ubinu ¿ó³tego

oraz ziarna, s³omy i korzeni jêczmienia jarego. Wiêksze zmiany stwierdzono w korzeniach ni¿ czêœciach

nadziemnych roœlin, zw³aszcza w przypadku jêczmienia jarego. Jedynie czêœci nadziemne i korzenie brukwi

zareagowa³y spadkiem zawartoœci magnezu na zanieczyszczenie pod³o¿a arsenem. Zastosowane dodatki

neutralizuj¹ce najsilniej dodatnio dzia³a³y na zawartoœæ magnezu w czêœciach nadziemnych kukurydzy

i korzeniach kupkówki. W przypadku pozosta³ych gatunków roœlin ten wp³yw by³ znacznie mniejszy.

S³owa kluczowe: zanieczyszczenie arsenem, substancje neutralizuj¹ce, roœliny, zawartoœæ magnezu
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Miros³aw WYSZKOWSKI1 and Maja RADZIEMSKA

EFFECT OF SOME SUBSTANCES ON CONTENT

OF SELECTED COMPONENTS

IN SOILS CONTAMINATED WITH CHROMIUM

WP£YW NIEKTÓRYCH SUBSTANCJI

NA ZAWARTOŒÆ WYBRANYCH SK£ADNIKÓW

W GLEBACH ZANIECZYSZCZONYCH CHROMEM

Abstract: The effect of soil contamination with increasing doses of tri- and hexavalent chromium (0, 25, 50,

100 and 150 mg Cr � kg–1 of soil) was determined on various properties of soil after cultivation of plants and

the neutralizing effect of compost (3 %), zeolite (3 %) and calcium oxide (1 HA) on the contamination. Tri-

and hexavalent chromium in soil, as well as the substances added to it significantly modified its basic

physicochemical properties. Contamination of soil with tri- and hexavalent chromium reduced soil acidity and

increased total exchangeable base cations, cation exchange capacity and base saturation. Hexavalent

chromium had a greater effect on pH and hydrolytic acidity (but not on the total exchangeable base cation or

cation exchange capacity) than trivalent forms of the metal. An addition of calcium oxide to the soil

effectively neutralized the effect of contamination on the tested properties as it significantly decreased

hydrolytic acidity. However, it also reduced total exchangeable base cations and cation exchange capacity –

only with chromium(III) as compared with the control series (with no additives). The effect of the other

substances was weaker and more positive in the case of compost than zeolite, especially in the objects with

hexavalent chromium.

Keywords: contamination, chromium(III), chromium(VI), compost, zeolite, calcium oxide, soil, acidity,

sorption properties

Dynamic industrial development, technological progress and agrochemization of

agriculture have increased pollution of the environment with xenobiotics, which include

heavy metals. One of the metals which is not neutral to the environment or humans is

chromium, which, when present in excessive amounts, is a destructive factor, with a

highly toxic effect on the biological properties of the soil [1]. The growing demand for

chromium and its compounds along with the mining processes of this metal and other

raw materials in which it is an accompanying metal, now pose a serious ecological

threat [2]. In the soil it is found at various degrees of oxidation; the most durable are

compounds of Cr(III), whereas the most toxic to plants are soluble forms of Cr(VI) [3].

The aim of the experiment was to determine the effect of soil contamination with

increasing doses of tri- and hexavalent chromium on various soil properties after plant
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cultivation and the neutralizing effect of compost, zeolite and calcium oxide on the

contamination.

Material and methods

A pot experiment was conducted at the vegetation hall of the University of Warmia

and Mazury in Olsztyn in polyethylene pots with a capacity of 9.5 kg each, on soil with

a granulometric composition of light loamy sand with the following properties: pHKCl –

4.8, hydrolytic acidity (HA) – 33.75 mmol(H+) � kg–1 of soil, total exchangeable base
cations (EBC) – 62.20 mmol � kg–1, cation exchange capacity (CEC) – 95.95

mmol � kg–1, base saturation (BS) – 64.80 %, Corg. – 7.13 g � kg–1, content of available:

phosphorus – 46.6 mg � kg–1, potassium – 8.2 mg � kg–1 and magnesium – 33.9

mg � kg–1. Under natural conditions it is brown soil. The soil was contaminated with

aqueous solutions of chromium(III) as KCr(SO4)2 � 12H2O and chromium(VI) as

K2Cr2O7 in the following amounts: 0, 25, 50, 100 and 150 mg Cr � kg–1 of soil.

Substances neutralizing the effect of chromium were also introduced to the soil:

compost and zeolite at 3 % of the soil mass, and calcium oxide in the amount equivalent

to 1 hydrolytic acidity (HA), as well as basic macro- and microelements in the

following amounts [mg � kg–l of soil]: N – 110 [CO(NH2)2 + (NH4)6Mo7O24 � 4H2O +

(NH4)2HPO4], P – 50 [(NH4)2HPO4]; K – 110 [KCl + KCr(SO4)2 � 12H2O + K2Cr2O7],

Mg – 50 [MgSO4 � 7H2O], Mn – 5 [MnCl2 � 4H2O], Mo – 5 [(NH4)6Mo7O24 � 4H2O] and

B – 0.33 [H3BO3]. The following crops were cultivated in the experiment: spring barley

(Hordeum vulgare L.) – the main crop, and maize (Zea mays L.) – the successive crop.

The barley density was 15 plants per pot and for maize it was 8 plants per pot. During

the vegetation of spring barley and maize, the soil humidity was maintained at 60 % of

the capillary capacity with distilled water. Spring barley was harvested during the ear

formation phase and maize was harvested during the stem elongation phase, after 56 and

67 days of vegetation, respectively. Samples of soil material for the laboratory analyses

were taken during the maize harvest (123 days following contamination of the soil).

The following were determined in the soil samples: reaction (pH) of soil – by the

potentiometric method in an aqueous solution of KCl at the concentration of

1 mol � dm–3, hydrolytic acidity (HA) and total exchangeable base cations (EBC) – by

Kappen’s method [4]. The hydrolytic acidity (HA) and total exchangeable base cations

(EBC) were used to calculate the cation exchange capacity (CEC) and base saturation

(BS) according to the following formulae: CEC = EBC + HA; BS = EBC � CEC–1
� 100.

The results were analyzed statistically with STATISTICA [5] software using a three-

-factor analysis of variance (ANOVA). The relationship was also determined between

the contamination of soil with chromium and acidity and its other properties with the

use of Pearson’s simple correlation.

Results and discussion

Contamination of soil with tri- and hexavalent chromium significantly affected the

pH value, hydrolytic acidity, total exchangeable base cations, cation exchange capacity

and base saturation of the examined soil (Tables 1, 2). In the series without neutralizing
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additives, small amounts of tri- and hexavalent chromium brought about a gradual

increase in the pH value (Table 1). Such relationships were observed up to the dose of

50 mg of Cr(III) and Cr(VI) per 1 kg of soil, while the relationships were negative in the

soil with a higher chromium content. Slightly higher values of pH were measured in the

soil contaminated with trivalent chromium. In the series without the neutralizing

additives, increasing doses of tri- and hexavalent reduced the hydrolytic acidity

(Table 1). The reduction was greater in the objects with hexavalent chromium than in

the pots with trivalent chromium. The neutralizing additives – compost, zeolite and

calcium oxide – significantly affected the pH value of the soil, both in pots with

trivalent and with hexavalent chromium. The best results were achieved when calcium

oxide was applied to the soil, both in the objects with trivalent and in those with

hexavalent chromium; it considerably increased the pH value and reduced hydrolytic

acidity as compared with the control variant. Zeolite and compost in the objects with

trivalent chromium also produced good results.

Increasing doses of chromium(III) also positively affected the other properties of soil

(Table 2). They produced an increase in total exchangeable base cations, cation exchange

capacity and base saturation in soil. The highest dose of chromium(III) (150 mg � kg–1

of soil) resulted in their increase by 54 %, 43 % and 8 %, respectively, as compared

with the control object (without chromium(III) addition to the soil). More ambiguous

changes were observed when soil was contaminated with hexavalent chromium,

although the highest values of total exchangeable base cations, cation exchange capacity

and base saturation were observed in the soil with the highest dose of chromium(VI).

The examined properties were significantly affected by the applied neutralizing

additives – compost, zeolite and calcium oxide (Table 2). Total exchangeable base

cations, cation exchange capacity and base saturation in the objects with trivalent

chromium were higher than in those with hexavalent chromium. In the case of

chromium(III), an addition of compost, zeolite and calcium oxide to the soil reduced

total exchangeable base cations and cation exchange capacity compared to the control

series (without additives), with the action of zeolite and calcium oxide being stronger.

In the objects with hexavalent chromium, the effect of those substances (except

compost) was weaker, but more positive. In the case of chromium(VI), the cation

exchange capacity was most strongly affected by an addition of compost and less so by

calcium oxide, with a higher mean value of total exchangeable base cations and cation

exchange capacity than in the series without additives. The weakest effect of additives

was observed for base saturation.

Cation exchange capacity and the reaction of soil are important factors which

determine the growth and development of plants as well as the accumulation of heavy

metals in their tissues [6]. The reaction of soil plays an essential role in controlling the

share of bioavailable heavy metals by regulating their uptake and influence on plant

growth and development [7]. A change in the reaction of soil may reduce the effect of

heavy metals, including chromium, on plants. There is a close relationship between the

soil sorptive properties and the population of soil microorganisms and their enzymatic

activity. This in turn is closely related to microbiological transformations of metals of

restricted availability to plants into their more easily available forms. However, soil

Effect of Some Substances on Content of Selected Components in Soils... 1499
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contamination with heavy metals may modify the relations negatively. In the ex-

periments conducted by Kizilkaya et al [8] with soil contaminated with metals, only the

activity of urease was strongly correlated with cation exchange capacity; on the other

hand, a significant negative correlation was observed between heavy metal content in

soil and microbiological properties of soil. In the present experiment, contamination of

soil with tri- and hexavalent chromium reduced the acidity of soil and increased its pH

value, cation exchange capacity, total exchangeable base cations and base saturation.

The application of calcium oxide increased the pH value after the crop harvest,

confirming the positive effect of liming on the soil reaction, as reported in other papers,

eg Czekala [9] and Kuziemska and Kalembasa [10]. The strong correlation between

chromium content in soil and its reaction is indicated by Zarcinas et al [11]. Their

findings include a positive correlation between the content of the metal and application

of organic substances to soil, for example, compost and manure. The positive effect of

zeolite results from its high porosity and cation exchange capacity [12]. The soil

reaction, organic matter content and soil cation exchange capacity have a great effect on

the bioavailability of metals and their influence on plants [13]. Pils et al [14] also

indicate pH and cation exchange capacity as the main factors which determine metal

retention in soil. According to Karathanasis and Pils [15], the bonds between chromium

and the organic fraction of the soil are stronger than those of any other heavy metals,

therefore, the application of calcium and organic matter to soil should produce a

positive effect on its properties, which has been confirmed in previous studies by the

authors. Wyszkowska [16] also showed an improvement in the sorptive properties of

soil following the application of straw. In a laboratory experiment conducted by

Castilhos et al [17], the application of organic substance as cattle manure to soil

completely reduced Cr(VI) to Cr(III) within 42 days, with microbiological activity in

non-sterilized soil decreased chromium content by 16 % as compared with sterilized

soil. Organic substances in soil create durable combinations with heavy metals, thereby

decreasing their uptake by plants. Liming and the addition of organic substance to soil

may be effective methods (in-situ) of restricting the effect of hexavalent chromium on

the properties of soil and on plants.

Conclusions

1. Tri- and hexavalent chromium in soil, as well as the substances added to it,

significantly modified its basic physicochemical properties.

2. Contamination of soil with tri- and hexavalent chromium reduced soil acidity and

increased total exchangeable base cations, cation exchange capacity and base saturation.

3. Hexavalent chromium had a greater effect on pH and hydrolytic acidity (but not on

total exchangeable base cations or cation exchange capacity) than trivalent forms of the

metal.

4. An addition of calcium oxide to the soil effectively neutralized the effect of

contamination on the tested properties as it significantly decreased hydrolytic acidity.

However, it also reduced total exchangeable base cations and cation exchange capacity,

but only with chromium(III) as compared with the control series (with no additives).

Effect of Some Substances on Content of Selected Components in Soils... 1503



The effect of the other substances was weaker and more positive in the case of compost

than zeolite, especially in the objects with hexavalent chromium.
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WP£YW NIEKTÓRYCH SUBSTANCJI NA ZAWARTOŒÆ WYBRANYCH SK£ADNIKÓW

W GLEBACH ZANIECZYSZCZONYCH CHROMEM

Katedra Chemii Œrodowiska

Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: W doœwiadczeniu wazonowym badano wp³yw zanieczyszczenia gleby wzrastaj¹cymi dawkami

chromu trój- i szeœciowartoœciowego (0, 25, 50, 100 i 150 [mg Cr � kg–1 gleby]) na wybrane w³aœciwoœci gleby

po zbiorze roœlin oraz oddzia³ywania kompostu (3 %), zeolitu (3 %) i tlenku wapnia (1 Hh) na ³agodzenie

skutków tego zanieczyszczenia. Zanieczyszczenie gleby chromem trój- i szeœciowartoœciowym mia³o du¿y

wp³yw na pH, kwasowoœæ hydrolityczn¹ i pozosta³e w³aœciwoœci badanej gleby. Zanieczyszczenie gleby

chromem trój- i szeœciowartoœciowym spowodowa³o zmniejszenie zakwaszenia gleby oraz zwiêkszenie sumy

wymiennych kationów zasadowych, ca³kowitej pojemnoœci wymiennej i stopnia wysycenia kationami

zasadowymi. Chrom szeœciowartoœciowy w stosunku do trójwartoœciowego znacznie silniej oddzia³ywa³ na

pH i kwasowoœæ hydrolityczn¹, w odró¿nieniu od sumy wymiennych kationów zasadowych i ca³kowitej

pojemnoœci wymiennej. Dodatek do gleby tlenku wapnia skutecznie ³agodzi³ oddzia³ywanie zanieczyszczenia

gleby chromem na badane w³aœciwoœci gleby, gdy¿ znacznie zmniejszy³ kwasowoœæ hydrolityczn¹. Jednak¿e

ograniczy³ tak¿e sumê wymiennych kationów zasadowych oraz pojemnoœæ wymienn¹ – tylko w przypadku

chromu(III), w porównaniu z seri¹ kontroln¹ (bez dodatków). Wp³yw pozosta³ych substancji by³ mniejszy

i bardziej korzystny w przypadku kompostu ni¿ zeolitu, szczególnie w obiektach z chromem szeœciowar-

toœciowym.

S³owa kluczowe: zanieczyszczenie, chrom(III), chrom(VI), kompost, zeolit, tlenek wapna, kwasowoœæ,

w³aœciwoœci sorpcyjne
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EFFECT OF BOTTOM SEDIMENT SUPPLEMENT

TO SOIL ON YIELD

AND CHEMICAL COMPOSITION OF MAIZE

WP£YW DODATKU OSADU DENNEGO DO GLEBY

NA PLON I SK£AD CHEMICZNY KUKURYDZY

Abstract: A two-year pot experiment was conducted to assess the effect of bottom sediment, used as

a supplement to the light soil, on the yield and contents of macroelements in maize. The bottom sediment was

added to light soil in the proportion of 5 and 10 %. The material was classified to a group of ordinary silt

deposit. Moreover, the analyzed sediment revealed alkaline reaction, organic matter content of 25.8 g � kg-1,

low content of bioavailable phosphorus and potassium and natural content of heavy metals. After the

experiment completion the amount of maize dry matter yield was assessed. The contents of minerals in the

plant mass was determined after dry mineralization and the ash dissolving in HNO3 (1:3), K, Mg, Ca, and Na

were determined using AAS and P with ICP-AES technique. Nitrogen content was determined by means of

Kjeldahl distillation method.

The experiment demonstrated a positive effect of bottom sediment supplement to light soil on the amount

of produced maize biomass. The greatest maize biomass was obtained on the treatment with a 5 % admixture

of bottom sediment. However, the plant shoot biomass did not meet the criteria for good quality fodder

because of too low contents of most macroelements. It was found that the analyzed bottom sediment may be

used as an admixture to light and acid soils to improve their productivity, owing to a considerable share of silt

and clay fractions in its composition, neutral reaction and low content of heavy metals. However, each

agricultural application of bottom sediment requires a supplementary mineral fertilization because of low

contents of fertilizer elements in the sediment and in the obtained maize biomass.

Keywords: bottom sediment, light soil, yield, macroelements

Chemical composition and properties of bottom deposits are shaped in result of

physical, chemical and biological processes occurring in a water reservoir and within its

catchment, and usually are important indicators of anthropopressure [1]. Therefore,
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identification of bottom sediment chemical composition is important not only for an

assessment of water reservoir degradation but also for determining potential applica-

tions of extracted deposit [2]. Bottom sediments are drawn in some countries (Germany,

Holland, Belgium, United Kingdom and USA) from bottoms of rivers, retention

reservoirs, channels, ports and ponds in order to maintain their navigability, increase

their retention capacity and to improve their recreational and aesthetic values [3–7].

Because the phenomenon of silting and shallowing of water reservoirs is inevitable, it

seems reasonable to manage the portions of sediments which do not contain harmful

amounts of heavy metals or macroelements contents but may affect the quality of crops

cultivated in the soil with their supplement. An important aspect of bottom sediment

removal is reducing the unfavourable effect of impurities accumulated in them on the

quality of water ecosystem [2]. Methods and techniques of bottom sediment removal

from water reservoirs, as well as their in-situ and ex-situ remediation were the subject of

numerous papers [2, 3, 8, 9]. If the material extracted from the bottom of silted water

reservoir does not pose a hazard for the environment, the environmentally justified

method of the sediments management is their use as structure and soil forming material

on soilless grounds and wastelands [3, 10]. Bottom sediments, particularly these

revealing neutral or alkaline reaction and high contents of silt and clay fractions, may be

used for improving physicochemical properties of light and acid soils to improve their

productivity [11, 12]. Investigations on their environmental potential, including agri-

cultural applications were conducted among others by Niedzwiecki and Van Chinh [6,

13, 14], Fonseca et al [4, 5, 15], Rahman et al [16], Pleczar et al [17].

Presented experiment was conducted to assess the effect of bottom deposit

supplement to light soil on yielding and selected parameters of maize chemical

composition, as well as to identify potential use of the produced biomass for forage.

Material and methods

The two-year pot experiment (2006–2007) was conducted on light soil with

granulometric composition of weakly loamy sand, neutral pH and organic matter

content of 16.0 g � kg-1 (Table 1 and 2). The applied bottom sediment originated from

small retention reservoir localized in Zeslawice village on the Dlubnia river (Malo-

polska province). The reservoir was constructed in 1966 in order to intake water for the

metallurgical plant in Nowa Huta. The river catchment has a loess substratum, little

resistant to erosion, therefore an intensive silting of the reservoir was observed. Detailed

Table 1

Selected properties of soil and bottom sediment

Component

Share of � [mm] fraction

pHKCl

Total N
Bioavailable forms

1–0.1 0.1–0.02 < 0.02 P2O5 K2O Mg

[%] [g � kg–1 d.m.] [mg � kg–1 d.m.]

Soil 78 13 9 6.21 0.3 78.7 165.9 —

Bottom sediment 8 66 26 7.35 1.0 44.6 69.7 117.4
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Table 2

Heavy metal content in soil and bottom sediment

Component
Cr Zn Pb Cu Cd Ni Fe Mn

[mg � kg-1 d.m.] [g � kg-1 d.m.]

Soil 5.93 62.00 29.75 4.00 0.68 4.15 3.01 0.15

Bottom sediment 15.0 76.31 12.85 12.23 0.35 11.0 7.55 0.14

Norma < 200 < 1000 < 200 < 150 < 7.5 < 75 — —

Norm (grounds B)b 150 300 100 150 4 100 — —

IUNG — < 100 < 70 < 40 < 1 < 50 — —

a Journal of Laws of 2002, No. 55, item 498, b Journal of Laws of 2002, No. 165, Item 1359.

characteristics of the reservoir and methods of bottom sediment collecting were

presented by Tarnawski [18]. The sediment was classified to a group of ordinary silt

deposits with alkaline pH. The material was characterized by low concentrations of

bioavailable phosphorus and potassium, high content of magnesium and contained

25.8 g � kg-1of organic matter (Table 1). Bottom sediment was added to the soil in the

first year of the research. The experimental design comprised 3 treatments: soil without

the sediment admixture (control), soil + 5 % sediment supplement and soil + 10 %

sediment admixture to the soil. Equal NPK fertilization with a dose of respectively:

1.8 g N; 1.1 g P and 2.2 g K per pot (8 kg d.m. of soil) was applied on all treatments.

Mineral salts: NH4NO3; KH2PO4 and KCl were added once before the test plant sowing.

The quality of bottom sediment was assessed on the basis of the Decree of the Minister

of the Natural Environment of 15 April 2002 on the kind and concentrations of

substances which cause that the spoil is polluted [19], and the way of its management

was determined according to IUNG criterion [20] and the Decree of the Minister of the

Natural Environment of 9 September 2002 on the soil and ground quality standards

[21]. According to the above-mentioned decrees heavy metal concentrations in the

researched deposit did not exceed the values admissible for the spoil [19] and for soil or

B group soil [21]. In IUNG assessment which comprises 6 degree soil classification

with respect to heavy metal content, considering the reaction and granulometric

structure, the researched deposit, like mentioned above, revealed their natural contents

(degree 0). The test plant was maize (Zea mays), “Bora” c.v. During the vegetation

period the plants were watered with de-mineralized water and constant moisture of the

substratum was maintained, initially on the level of up to 50 % and then up to 60 % of

maximum water capacity. After the harvest the plant material was dried at 65 oC in

a dryer with forced air flow and the amount of dry mass yield was determined (the

shoots and roots). Subsequently the plant material was crushed in a laboratory mill and

subjected to chemical analysis. The mineral contents in the plant material were assessed

after dry mineralization and ash dissolving in HNO3 (1:3). The concentrations of

potassium, magnesium and calcium were assessed in the obtained extracts using AAS

method, and phosphorus using ICP-AES method. Nitrogen content was determined

using Kjeldahl distilling method. Plant material analyses were conducted in four replica-

tions. The above-mentioned macroelement uptake with maize yield was computed as
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well as interrelations between them. The paper presents: K:Mg, K:Ca, K: (Mg + Ca)

molar ratios and Ca : P and Ca : Mg weight ratios.

The obtained results were verified statistically by means of one factor ANOVA and

Tukey test at significance level � = 0.05 using Statistica 7.1 programme.

Results

Maize yields were on a similar level in individual years of investigations, therefore

they were presented in the paper as total for the 2006–2007 experiment period

(Table 3).

Table 3

Yield of maize dry mass (total for two years)

Treatment
Shoots Roots Whole plant

[g � pot–1]

Soil without sediment 294.17b* 34.32 328.49a

Soil+ 5 % sediment 320.25c 35.20 355.45b

Soil +10 % sediment 298.44b 30.48 328.92a

LSD0.05 9.87 n.s. 12.88

* Homogenous groups according to Tukey test, � = 0.05, n.s. – statistically non-significant.

The data show that irrespective of the plant part and year of the research, the greatest

biomass was produced on the treatment with a 5 % bottom sediment supplement. On

this treatment maize was characterized by about 7 % (shoots) and 8 % (roots) greater

biomass production in comparison with the yields from the other treatments. On

treatments with a 10 % bottom sediment admixture to the soil, maize yields were

approximate to the ones obtained on the control (Table 3). The presented experiment

also assessed the effect of bottom sediment supplement to the soil on macroelement

content because their concentration in plants is the basic criterion of plant fodder

destination. Both macroelement content and interrelations between them may consider-

ably change plant chemical composition. According to literature [22–24] the following

quantities are considered the optimal amounts, meeting plant requirements for individual

elements: 3.0 g P; 17–20 g K; 2.0 g Mg; 7.0 g Ca; 1.5–2.5 g Na � kg-1 d.m. of fodder.

Table 4 shows weighted average macroelement contents for the whole period of

investigations. Total nitrogen content in maize yields ranged from 6.81 to 9.96

g � kg-1 d.m. The highest content of nitrogen both in maize shoot and root biomass was

noted on the treatment with a 10 % supplement of bottom deposit in the substratum

(Table 4). On this treatment maize contained almost 20 % more nitrogen (shoots) and

2 % more (roots) in comparison with the treatment receiving a 5 % sediment admixture,

and by 32 % more (shoots) and 9 % more (roots) in relation to the treatment without the

added sediment. On the treatments where bottom deposit was added in both doses, root

biomass contained on average by 11 % less nitrogen than shoots. Phosphorus content in

the test plant ranged from 1.16 to 2.26 g � kg-1 d.m. (Table 4). Bottom sediment added to
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Table 4

Macroelement content in maize

Treatment
N P K Mg Ca

[g � kg–1 d.m.]

Shoots

Soil without sediment 6.81a* 2.26b 14.53a 1.80 1.10a

Soil + 5 % sediment 8.01ab 1.65a 14.09a 1.70 1.95b

Soil + 10 % sediment 9.96b 172a 18.34b 1.62 2.11b

LSD0.05 1.72 0.25 2.42 n.s. 0.30

Roots

Soil without sediment 7.25 2.05b 9.82ab 1.90a 1.87a

Soil + 5 % sediment 7.79 1.16a 7.89a 1.83a 6.00b

Soil + 10 % sediment 7.97 1.23a 12.40b 2.20b 7.65c

LSD0.05 n.s. 0.16 2.64 0.20 1.27

* Homogenous groups according to Tukey test, � = 0.05, n.s. – statistically non-significant.

the soil had a notable effect on a decrease in this element content in maize biomass in

comparison with the treatment without this deposit. It also caused a decline in

phosphorus content by about 25 % in the shoots and by 55 % in maize roots as

compared with the control. Relatively greater phosphorus contents in the test plant

shoots and roots were registered on treatments with a 10 % supplement of bottom

sediment than on treatments with a 5 % addition, however the differences were not

statistically significant (Table 4). Maize on all experimental treatments revealed greater

phosphorus content in shoot biomass in comparison with the roots. Bottom sediment

admixture to light soil worsened the quality of obtained biomass from the viewpoint of

its use for forage because of diminished phosphorus content as regards its optimal

concentrations in forage plants. Maize abundance in potassium fluctuated between 7.89

and 18.34 g � kg-1 d.m. (Table 4). Significantly highest content of this macroelement,

similarly as for nitrogen, was assessed in maize grown in the soil with a 10 %

supplement of bottom sediment. On this treatment maize contained almost 22 % more

of potassium (shoots) and 29 % (roots) in comparison with the other experimental

variants. Plants on treatments with a 5 % sediment addition revealed the lowest content

of potassium both in their shoots and roots. Considering the variant with a 10 %

sediment supplement, maize on this treatment contained by 23 % less of potassium in

shoots and by 36 % less in roots. Like in case of phosphorus, plants contained more

potassium in their shoots than roots. According to the previously mentioned criterion,

potassium content in maize shoot biomass on treatments with a 10 % addition of bottom

sediment was on the optimal level. Investigations conducted by various authors [25]

show that in plants this element occurs in excess and in most cases no apparent

deficiencies for plants are noted. High contents of potassium and deficient amounts of

magnesium and calcium most frequently change the quality of plants destined for

ruminants [26]. Depending on the treatment, calcium content in maize ranged from 1.10

to 7.65g � kg-1d.m. (Table 4). Bottom sediment supplement to the soil significantly

Effect of Bottom Sediment Supplement to Soil on Yield and Chemical Composition... 1509



affected the increase in calcium content in maize biomass as compared with the soil

without the sediment. It was also found that maize roots on treatments containing

bottom sediment accumulated between 3 and 3.5 times more Ca in comparison with

shoots on these treatments. Both in shoot biomass and in maize roots the greatest

calcium content was registered on variant with a 10 % share of the sediment. In

comparison with the treatment with a 5 % sediment admixture, on this treatment maize

contained 7 % more of calcium (shoots) and by 22 % more in roots. On the other hand,

considering the control plants, maize on a substratum with a 10 % sediment supplement

revealed almost 48 % (shoots) and 76 % (roots) higher contents calcium. Calcium

content in maize shoot biomass was on a very low level in comparison with the optimal

values. Because of too high decrease in this macroelement content, the obtained

biomass did not meet the criteria for good quality fodder. Magnesium content in the test

plant fluctuated between 1.62 and 2.20g Mg � kg-1d.m. and admixture of bottom

sediment to the soil had no unanimous influence on maize biomass abundance in this

element. The highest magnesium content in shoots was detected in plants on the control

treatment but the differences between the experimental objects were not statistically

significant (Table 4). On the other hand in roots the greatest quantity of magnesium was

determined on the treatment with a 10 % share of bottom sediment in the soil. In

comparison with the other experimental variants roots on this treatment accumulated

over 15 % more of magnesium. Moreover it is worth noticing that both maize shoots

and roots on the treatment with a 5 % sediment addition revealed the lowest magnesium

content. Close to optimal magnesium content was assessed in maize from the treatments

without the sediment added to the soil, whereas its supplement negatively affected the

quality of obtained biomass visible as gradual decline in magnesium content with

increasing sediment admixture to the soil.

The amount of elements taken up with the maize yield depended on the crop yield

and contents of individual minerals (Table 3 and 4). Total uptake of individual

macroelements by maize, depending on the experimental treatment, was presented in

Table 5. The greatest quantities of potassium, calcium and nitrogen absorbed by maize

were assessed on treatments with a 10 % supplement of bottom sediment. Significantly

smaller amounts were absorbed on the control treatment (Table 5). A reverse

relationship was demonstrated for magnesium and phosphorus. The greatest amounts of

magnesium and phosphorus were taken up with maize biomass on the variant without

the sediment, whereas on treatments with a 10 % share of bottom sediment the amounts

of absorbed magnesium and phosphorus were smaller by over 11 % (Mg) and 25 % (P).

Irrespective of the sediment share in the soil, N, P, K, Mg and Ca uptake by maize shoot

biomass was bigger than by roots (Table 5). The structure of the above mentioned

element uptake by the plant shows that maize shoots were absorbing respectively:

89–92 % N; 90–93 % P; 93–95 % K; 86–92 % Mg and 73–84 % Ca.

An important measure of fodder feeding quality are interrelations between mineral

components. Good quality forage should reveal the optimal proportions of: Ca:P (2:1);

Ca:Mg (2–3:1); K:(Ca+Mg) (1.6–2.2); K:Mg (6:1) and K:Ca (2:1) [22, 23]. The

interrelations of the above-mentioned elements in maize shoot biomass were presented

in Table 6.
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Table 5

Macroelement uptake (shoots + roots) by maize

Treatment
Nitrogen Phosphorus Potassium Magnesium Calcium

[g � pot–1 d.m.]

Shoots

Soil without sediment 2.00a* 0.66b 4.27a 0.55 0.32a

Soil + 5 % sediment 2.56ab 0.53a 4.51ab 0.53 0.63b

Soil + 10 % sediment 2.97b 0.51a 5.48b 0.48 0.63b

LSD0.05 0.53 0.08 0.81 n.s. 0.10

Roots

Soil without sediment 0.25 0.07b 0.34ab 0.07 0.06a

Soil + 5 % sediment 0.26 0.04a 0.26a 0.06 0.20b

Soil + 10 % sediment 0.24 0.04a 0.37b 0.07 0.23b

LSD0.05 n.s. 0.01 0.07 n.s. 0.05

Whole plant

Soil without sediment 2.25a 0.73b 4.61a 0.62 0.39a

Soil + 5 % sediment 2.82ab 0.57a 4.77a 0.59 0.82b

Soil + 10 % sediment 3.22b 0.55a 5.86b 0.55 0.86b

LSD0.05 0.51 0.08 0.77 n.s. 0.13

* Homogenous groups according to Tukey test; � = 0.05, n.s. – statistically non-significant.

Table 6

Quantitative relations between macroelements in maize shoot biomass

Treatment Ca:P Ca:Mg K:(Ca+Mg) K:Mg K:Ca

Soil without sediment 0.49a* 0.63a 2.32 4.3 10.07b

Soil + 5 % sediment 1.18b 1.17b 2.20 2.99 5.63a

Soil + 10 % sediment 1.24b 1.33b 2.65 4.27 6.84ab

LSD0.05 0.12 0.15 n.s. n.s. 4.25

* Homogenous groups according to Tukey test, � = 0.05, n.s. – statistically non-significant.

Ca:P weight ratio in maize dry mass, irrespective of the treatment, assumed values

lower than optimal (Table 6). The highest Ca:P ratio was characteristic for maize on the

treatment with a 10 % supplement of bottom sediment, whereas the control plants had

too low value of this ratio, therefore it may be assumed that bottom sediment added to

the soil improved the quality of obtained plant biomass. However, it should be

emphasized that the values of Ca:P ratio in maize on the treatments with bottom

sediments oscillated within the admissible value limits, because beside the optimal

values 2:1, Underwood [27] also stated ratios 1:1 and 7:1 as admissible. Because Ca:P

proportion in osseous system is 2:1, many authors consider it as the right one. Ca and

Mg antagonism is commonly known, therefore the optimal ratio of these macroelements

in fodder for ruminants should fluctuate between 2–3:1 [22]. The value of Ca:Mg ratio
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in the test plant was between 2 and 5 times lower than stated optimal value (Table 6).

However, like in case of Ca:P relation the test plants had very low Ca:Mg ratio, so

bottom sediment added to the soil, particularly in a 10 % dose improved the quality of

obtained plant biomass. An important criterion of feed quality assessment is K:

(Ca+Mg) relation and its value should not exceed 2.2. From the perspective of the

obtained biomass use for forage, plants from all experimental treatments revealed over

the norm value of this ratio, and a 10 % sediment admixture to the soil caused the

highest almost two-fold increase in the value of K: (Ca+Mg) ratio. Ionic ratios: K:Mg

and K:Ca are considerably important for feeding reasons. Bottom sediment applied to

light soil did not reveal a unanimous effect on K:Mg ratio value, because the 10 %

sediment share in the substratum caused a widening, whereas the 5 % admixture led to a

narrowing of K:Mg relation in maize in relation to the optimal value 6:1. Data compiled

in Table 6 show that K:Ca proportion in the analyzed plant was above the assumed

optimum. On the treatment with added bottom sediment the value of K:Ca ratio in

maize biomass was about between 3.5 and 4.5 times bigger than the optimal value. The

maximum value for this ratio was registered in maize from the control treatment. The

control plants were characterized by almost 7 times higher value of K:Ca ratio, which in

good quality feeds should be 2:1. Undoubtedly, relatively high content of potassium in

maize shoot biomass but deficient amounts of calcium and magnesium (Table 4) noted

in the presented experiment caused a disadvantageous change of relations between the

above-mentioned macroelements. Research conducted by other authors also demonstrat-

ed that an excess of potassium changes K:Ca and K:Mg ratio [22, 25]. According to the

above-mentioned authors at an excess of potassium K:Ca and K:Mg ratios may reach

the value of between 9:1 and 20:1, whereas K:Mg relation is 5:1.

Discussion

Investigations conducted by Niemiec [11] showed than a supplement of sediment

dragged from the Roznow Reservoir to very acid soil favourably affected the amount of

biomass produced by plants (barley, maize, faba bean and lupine). The author

demonstrated that only the highest dose of sediment, between 14 and 16 % added to the

substratum caused an apparent decline in yield of the above-mentioned plants.

Additionally, the same research demonstrated that under the influence of increasing

share (0–10 %) of the sediment in the substratum, maize was the plant which most

strongly responded by an increase in yield. A positive effect of bottom sediment on

biomass production was also registered in the presented experiment and the greatest

maize yield was obtained on the treatment with a lower – 5 % dose of bottom sediment.

A positive effect of the substrata prepared from soil and bottom sediments originating

from the reservoirs Maranhao and Monte Novo (Portugal) was also noted by Fonesca et

al [4, 5], while investigating their influence on growth and development of tulips and

paprika. Presented research demonstrated that increasing share of bottom sediment

supplement to light soil affected a decrease in the contents of magnesium and

phosphorus but an increase in the contents of potassium, calcium and nitrogen in maize

biomass. Niemiec [11] obtained similar results. The author revealed that with increasing
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share of bottom sediment in the substratum phosphorus content in plants was decreasing

but calcium content was increasing. Rahman et al [16, 28] revealed that bottom

sediment originating from fish ponds may be a potential source of nitrogen, phosphorus

and potassium for fodder plants. The author [28] demonstrated that bottom sediment

originating from fish ponds supplied about 62 %N, 67 % bioavailable P and 64 %

bioavailable K to plants. Presented research results show that bottom sediment applied

to light soil caused worsening of Ca:P; Ca:Mg; K:Mg (narrowing) and K:Ca (widening)

ratios in maize shoot biomass. Also Niemiec [11] who analyzed the effect of sediment

with different shares in relation to soil (0–100 %) found generally worsening values of

Ca:P and Ca:Mg relations.

Conclusions

1. Bottom sediment added to light soil had a positive effect on maize biomass yield.

2. Plant shoot biomass did not meet the criteria for fodder with respect to quality

because of too small contents of most macroelements.

3. The analyzed bottom sediment, due to considerable proportions of clay and silt

fractions in its composition, alkaline reaction and low content of heavy metals, may be

used as a supplement to light and acid soils to improve their properties and productivity.

4. While using bottom sediment for plant cultivation one should apply supplementary

mineral fertilization because of the sediment low concentrations of phosphorus and

potassium.
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WP£YW DODATKU OSADU DENNEGO DO GLEBY

NA PLON I SK£AD CHEMICZNY KUKURYDZY

1 Katedra Chemii Rolnej i Œrodowiskowej,
2 Katedra In¿ynierii Wodnej i Geotechniki

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem dwuletniego doœwiadczenia wazonowego by³a ocena wp³ywu osadu dennego stosowanego

jako dodatek do gleby lekkiej na plon i zawartoœæ makroelementów w kukurydzy. Osad denny dodano do

gleby lekkiej w iloœci 5 i 10 %. Materia³ ten zakwalifikowano do grupy utworów py³owych zwyk³ych

i charakteryzowa³ siê on odczynem zasadowym, zawartoœci¹ materii organicznej wynosz¹c¹ 25,8 g � kg–1,

nisk¹ zawartoœci¹ przyswajalnego fosforu i potasu oraz naturaln¹ zawartoœci¹ metali ciê¿kich. Po zakoñczeniu

doœwiadczenia okreœlono wielkoœæ plonu suchej masy kukurydzy. Zawartoœæ sk³adników mineralnych

w materiale roœlinnym oznaczono po suchej mineralizacji i roztworzeniu popio³u w HNO3 (1:3), technik¹

AAS (K, Mg, Ca, Na) oraz ICP-EAS (P). Zawartoœæ N oznaczono metod¹ destylacyjn¹ Kjeldahla.

Stwierdzono pozytywny wp³yw osadu dennego dodanego do gleby lekkiej na plon biomasy kukurydzy.

Najwiêksz¹ biomasê roœliny uzyskano w obiekcie z dodatkiem osadu w iloœci 5 %. Nadziemna biomasa

roœlinna nie spe³nia³a jednak kryteriów dla paszy dobrej jakoœci, ze wzglêdu na zbyt ma³e zawartoœci

wiêkszoœci makroelementów. Stwierdzono, ¿e badany osad denny ze wzglêdu na du¿y udzia³ frakcji pylastych

i ilastych w swoim sk³adzie, obojêtny odczyn i ma³¹ zawartoœæ metali ciê¿kich mo¿e byæ stasowany jako

dodatek do gleb lekkich i kwaœnych w celu poprawy ich produkcyjnoœci. W rolniczym wykorzystaniu osadu

dennego nale¿y jednak zastosowaæ uzupe³niaj¹ce nawo¿enie mineralne z powodu niskiej zawartoœci

pierwiastków nawozowych w osadzie oraz biomasie kukurydzy.

S³owa kluczowe: osad denny, gleba lekka, plon, makroelementy
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Janina GOSPODAREK1 and Katarzyna GLEÑ1

INFLUENCE OF HEAVY METALS

IN SOIL UPON BROAD BEAN

(Vicia faba L.) SEED INFECTION

BY DISEASES AND PESTS

ODDZIA£YWANIE SKA¯ENIA GLEBY METALAMI CIÊ¯KIMI

NA PORA¯ENIE NASION BOBU (Vicia faba L.)

PRZEZ CHOROBY I SZKODNIKI

Abstract: The paper presents effect of the medium pollution of soil with single heavy metals upon the broad

bean (Vicia faba L.) seed injuries by Bruchus rufimanus Boh. (Col., Bruchidae) and their infection by fungi

Botrytis fabae and Ascochyta fabae.

Broad bean, White Windsor c.v. was cultivated on: soil with natural heavy metal concentrations (Control);

soil with natural content of heavy metals receiving mineral fertilizers (Control + NPK); soil polluted with Cd

(4 mg � kg–1 d.m.); soil polluted with a Pb (530 mg � kg–1 d.m.); soil contaminated with Cu (85 mg � kg–1 d.m.),

soil polluted with Zn (1000 mg � kg–1 d.m.) and soil contaminated with Ni (110 mg � kg–1 d.m.). A harm from

Bruchus rufimanus was assessed based on the number and weight of injured seeds per the total number and

weight of seeds. The seed infection by Botrytis fabae and Ascochyta fabae was assessed under laboratory

conditions. Soil contamination with zinc caused that broad bean plants did not form seeds. Contamination

with nickel was fatal for number of delivered seeds, their weight, and number of pods. The contamination

with either cadmium, copper or lead improved all indices and among them lead performed best. Bruchus
rufimanus injured approximately ca 60–90 % seeds. The contamination with lead was the most critical in that

respect. More intensive infection by Botrytis fabae (80–93%) was found among the seeds injured by Bruchus
rufimanus whereas among non-injured seeds this count was between 40 and 67 %. Ascochyta fabae caused

similar, 30 to 67 % infection of injured and healthy seeds. No marked differences were found between the

kind of the soil contamination and degree of the seed infection by these diseases.

Keywords: heavy metals, soil pollution, Bruchus rufimanus Boh., Botrytis fabae, Ascochyta fabae

Broad bean (Vicia faba L.) seeds are known as a valuable source of protein,

phosphorus and B vitamins. In recent years, its consumption and area of its cultivation

area increase. Frequently, within the vegetation period the plants are damaged by
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insects and fungal pathogens. Fungal organisms on seeds decrease germinating ability

of the plant and can disqualify the plant seeding material [1–3]. The soils contaminated

with heavy metals may be suitable for seed crops. According to the IUNG classification

[4], elevated and medium soil pollution with such elements as lead, cadmium or copper

neither decreases the quantity of broad bean seed yield nor increases degree of their

injuries by Bruchus rufimanus [5, 6].

In this study, the effect of the medium soil contamination with zinc, nickel,

cadmium, copper and lead applied as a single heavy metal pollutant was checked

against broad bean seed infection by Botrytis fabae and Ascochyta fabae and degree of

their injuries by Bruchus rufimanus Boh.

Material and methods

Broad bean, White Windsor c.v. was cultivated on: soil with natural heavy metal

concentrations (Control); soil with natural content of heavy metals receiving mineral

fertilizers (Control + NPK); soil polluted with Cd (4 mg � kg–1 d.m.); soil polluted with

Pb (530 mg � kg–1 d.m.); soil contaminated with Cu (85 mg � kg–1 d.m.), soil polluted

with Zn (1000 mg � kg–1 d.m.) and soil contaminated with Ni (110 mg � kg–1 d.m.). The

heavy metals were added to the soil as water solutions of the following salts:

3 CdSO4 � 7H2O, NiSO4 � 7 H2O, CuSO4, ZnSO4 � 7 H2O and Pb(NO)3. The experiment

was conducted in 2008 on degraded chernozem formed from loess with acid reaction

(pH in 1 mol � dm–3 KCl solution was 5.3 and in water 6.1) and 1.13 % organic content.

Detailed description of methods used for the heavy metal supplying into the soil was

presented in the former paper [7]. A harm from Bruchus rufimanus was assessed based

on the number and weight of injured seeds per the total number and weight of seeds,

whereas broad bean healthiness was determined on 100 seeds randomly selected from

each combination. The percentage of seeds with visible symptoms of Botrytis fabae and

Ascochyta fabae was determined.

The obtained results were subjected to one way ANOVA using Statistica programme.

The significance of differences was verified by means of the Duncan test on the

significance level p < 0.05.

Results and discussion

The experiments demonstrated that in the soil contaminated with zinc broad bean

plants set pods but did not form seeds, whereas soil contamination with nickel

significantly limited both the number and weight of formed seeds (Table 1). The highest

seed yield was obtained from broad bean plants grown in the lead polluted soil.

Moreover, ANOVA did not reveal any apparent effect of soil contamination with

cadmium or copper on the broad bean yielding (Table 1). Bruchus rufimanus injured

from 60 % to 90 % seeds (Fig. 1). The highest number of injured seeds was found

among those collected from the plants cultivated in the lead polluted soil – significantly

exceeded the count for control plants. Moreover, among the seeds injured by Bruchus
rufimanus, 80–93 % of them were infected by Botrytis fabae, whereas among the
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Table 1

Characteristics of broad bean seeds from plants cultivated in natural soil

and in heavy metal contaminated soil

Object

Average number

of seeds per 1 plant

[pcs]

Average weight

of seeds per 1 plant

[g]

Average number

of pods per plant

[pcs]

Average weight

of single seed

[g]

Cd 1.85 bc* 2.24 abc 0.84 b 1.09 a

Cu 2.05 bc 2.63 bc 0.97 bc 1.24 a

Ni 0.18 a 0.20 a 0.11 a 1.08 a

Pb 3.27 c 4.45 c 1.40 c 1.34 a

Control 1.38 ab 1.56 ab 0.49 ab 1.14 a

Control + NPK 2.21 bc 2.89 bc 0.97 bc 1.29 a

* Values for individual metals or control marked by different letters in columns are statistically different

(p < 0.05).

non-injured seeds the number showing symptoms of Botrytis fabae was between

40–67 % (Fig. 2). Botrytis fungi are occasional plant parasites, but B. fabae can parasite

one host [8]. Such fungal organisms provide better conditions for the development of

mechanically damaged plant organs. Therefore, seeds already injured by Bruchus
rufimanus were more strongly infected [9, 10]. On the other hand, non-injured broad

bean seeds from the plots where the soil was polluted with copper and lead were almost

twice more often infected by Ascophyta fabae than the seeds injured by Bruchus
rufimanus (Fig. 3). No influence of the seed injuries on the occurrence of Ascochyta
fabae was observed in the other combinations. The applied statistical analysis did not

reveal any significant effect of the soil contamination on the occurrence of Botrytis
fabae and Ascophyta fabae on the broad bean seeds. The lack of other studies on

the influence of heavy metal soil pollution on the plant condition makes interpretation

of the obtained results impossible. On the other hand, numerous investigations focus
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on the healthiness of urban trees exposed to the soil and air pollution with heavy

metals revealing that this factor does not affect the intensification of plant pathogen

occurrence [11].

Conclusions

1. Broad bean, White Windsor c.v. grown in the soil contaminated with lead

produced significantly higher yield than on the other objects. However, soil pollution

with lead favoured seed injuries caused by Bruchus rufimanus.

2. Due to soil contamination with zinc, broad bean plants did not form seeds,

whereas on the nickel contaminated soil a notable limiting of both the number and

weight of formed seeds was registered. Soil contamination with cadmium and copper

did not affect apparently the number of pods and seeds formed by broad bean plants.
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3. Irrespectively of the kind of pollution Bruchus rufimanus injured on average

between ca 60 % and 90 % of seeds. Moreover, broad bean seeds injured by Bruchus
rufimanus were more often infected by Botrytis fabae (80–93 %) than the uninjured

seeds (40–67 %). However, such dependence was not observed for seed infection by

Ascochyta fabae.

4. The kind of soil contamination did not have any significant effect on the

proportional share of seeds showing Botrytis fabae or Ascochyta fabae symptoms.

References

[1] Horoszkiewicz-Janka J. and Jajor E.: J. Res. Appl. Eng. 2007, 52(3), 61–66.

[2] Moszczyñska E.: Wp³yw grzybów z rodzaju Penicilium i Aspergillus na wartoœæ siewn¹ pszen¿yta jarego
przechowywanego w zró¿nicowanych warunkach œrodowiska, [in:] Choroby roœlin a œrodowisko. Polskie

Tow. Fitopatologiczne, Poznañ 1996, 251–256.

[3] Chodulska-Filipowicz L.: Zesz. Probl. Post. Nauk Roln., 1997, 446, 463–466.

[4] Kabata-Pendias A. and Piotrowska M.: Ocena stopnia zanieczyszczenia gleb i roœlin metalami ciê¿kimi

i siark¹. Wyd. IUNG, Pu³awy 1993, ser. P, pp. 53.

[5] Gospodarek J.: Ecol. Chem. Eng. 2006, 13(6), 497–504.

[6] Gospodarek J.: Ecol. Chem. Eng. 2006, 13(1–2), 47–54.

[7] Gospodarek J. Ecol. Chem. Eng. 2008, 15(1–2), 55–64.

[8] Marcinkowska J.: Oznaczanie rodzajów grzybów wa¿nych w patologii roœlin. Fundacja Rozwój SGGW,

Warszawa 2003.

[9] Borecki Z.: Nauka o chorobach roœlin, PWRiL, Warszawa 2001.

[10] Kochman J. and Wêgorek W.: Ochrona roœlin, Plantpress, Kraków 1997.

[11] Zimny H.: Ekologia miasta. SGGW, Warszawa 2005.

ODDZIA£YWANIE SKA¯ENIA GLEBY METALAMI CIÊ¯KIMI

NA PORA¯ENIE NASION BOBU (Vicia faba L.)

PRZEZ CHOROBY I SZKODNIKI

Wydzia³ Rolniczo-Ekonomiczny

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem badañ by³o okreœlenie wp³ywu ska¿enia gleby pojedynczymi metalami ciê¿kimi na

poziomie œredniego zanieczyszczenia na stopieñ uszkodzenia nasion bobu (Vicia faba L.) przez str¹kowca

bobowego Bruchus rufimanus Boh. oraz pora¿enie ich przez czekoladow¹ plamistoœæ (Botrytis fabae) oraz

askochytozê bobu (Ascochyta fabae).

Bób odmiany Windsor Bia³y uprawiany by³ w nastêpuj¹cych obiektach: gleba o naturalnej zawartoœci

metali ciê¿kich (Kontrola); gleba o naturalnej zawartoœci metali ciê¿kich nawo¿ona mineralnie (Kontrola +

NPK); gleba zanieczyszczona kadmem w dawce: 4 mg � kg–1 s.m., gleba zanieczyszczona o³owiem w dawce:

530 mg � kg–1 s.m., gleba zanieczyszczona miedzi¹ w dawce: 85 mg � kg–1 s.m., gleba zanieczyszczona

cynkiem w dawce: 1000 mg � kg–1 s.m., gleba zanieczyszczona niklem w dawce: 110 mg � kg–1 s.m. Ocenê

szkodliwoœci str¹kowca bobowego przeprowadzono na podstawie liczby i masy nasion uszkodzonych

w stosunku do ogólnej liczby i masy nasion. W warunkach laboratoryjnych przeprowadzono ocenê pora¿enia

nasion przez czekoladow¹ plamistoœæ oraz askochytozê bobu. Zastosowane ska¿enie gleby cynkiem sprawi³o,

¿e roœliny nie wytworzy³y nasion. Ska¿enie gleby niklem ograniczy³o istotnie zarówno liczbê, jak i masê

wytworzonych nasion. Najwy¿szy plon nasion uzyskano z roœlin bobu uprawianych w warunkach gleby

zanieczyszczonej o³owiem. Ska¿enie gleby kadmem i miedzi¹ nie wp³ynê³o istotnie na iloœæ wytworzonych

str¹ków i nasion przez roœliny bobu. Str¹kowiec bobowy uszkodzi³ œrednio od ok. 60 % do 90 % nasion.

Najwiêcej nasion z uszkodzeniami stwierdzono wœród tych zebranych z roœlin uprawianych w warunkach

gleby ska¿onej o³owiem – znacznie wiêcej ni¿ w przypadku nasion z roœlin kontrolnych. Wœród nasion

uszkodzonych przez str¹kowca bobowego stwierdzono wiêksze pora¿enie przez Botrytis fabae (80–93 %) ni¿
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gdy analizie poddano nasiona nieuszkodzone (40–67 %). Natomiast pora¿enie nasion zarówno uszkodzonych,

jak i nieuszkodzonych przez Ascochyta fabae by³o podobne (ok. 30–67 %). Nie stwierdzono istotnych ró¿nic

pomiêdzy rodzajem ska¿enia gleby, a stopniem pora¿enia nasion przez ww. choroby.

S³owa kluczowe: metale ciê¿kie, zanieczyszczenie gleby, Bruchus rufimanus Boh., Botrytis fabae, Ascochyta
fabae
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Adam RADKOWSKI1 and Iwona RADKOWSKA2

ESTIMATION OF THE NUTRITIONAL VALUE OF HAY

FROM SELECTED INDIVIDUAL FARMS

IN THE REGION OF KRAKOW-CZESTOCHOWA JURA

PART I. THE CONTENT OF ORGANIC COMPOUNDS

AND NUTRITIONAL VALUE

OCENA JAKOŒCI I WARTOŒCI POKARMOWEJ SIANA

Z WYBRANYCH GOSPODARSTW INDYWIDUALNYCH

NA TERENIE JURY KRAKOWSKO-CZÊSTOCHOWSKIEJ

CZ. I. ZAWARTOŒÆ SK£ADNIKÓW ORGANICZNYCH

I WARTOŒÆ POKARMOWA

Abstract: This paper presents an estimation of the chemical composition and forage value of the hay derived

from the 12 selected, individual farms specialized in milk production from the region of the Krakow-

-Czestochowa Jura. The content of the organic compounds was very variable, which can be the result of

diversified allotments of grasses and dicotyledonous plants in analyzed hay samples. Only 42 % of all

examined hay trials contained optimal dry matter content ie above 820 g � kg–1. When estimating nutritional

value of the hay special attention must be paid to the crude protein and crude fiber content. The hay collected

with 33 % of samples was characterized with protein content per dry matter below the level assumed as

normative. 92 % of samples were characterized with crude fiber content above the optimal level. This fact can

be the result of too late time of mowing, especially in the case of first mowing, as well as improper drying

method. Among all analyzed components, the greatest diversification was noticed for raw fat content. The

weighted mean of this component fluctuated in the range of 13.9–34.5 g � kg–1 d.m. The forage characteristics

as regards energetic value were as follows: UFL – from 0.68 to 0.81 g � kg–1 d.m. and UFV – from 0.59 to

0.71 g � kg–1 d.m. The protein value was more diversified and ranged from 55.29 to 122.61 – PDIN and from

73.27 to 97.66 g � kg–1 d.m. – PDIE.

Keywords: meadow sward, the content of organic compounds, nutritional value

The preserved forages, including hay, constitute the basic food for cows during the

winter period. The nutritional value of hay is in the highest degree affected by the
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floristic composition of the meadow sward, growth stage at which the plants are

collected as well as drying and storage method [1–3]. The results of the investigations

indicate that the losses resulted from inadequate drying can reach the value of 50 % [4].

Good quality hay provides many basic nutrients to animals as well as fiber essential for

ruminants, which determines the proper function of digestive track [5]. Moreover, hay

affects the fat content in milk, the higher the share of the bulky forages in the feeding

dose, the higher fat concentration. The average daily hay dose for milk cows should

amount to 3–4 kg, and the fiber contain should not exceed 25 %. Calves should be fed

hay directly after birth because it accelerates the development of rumen and enhances

the number of the rumination cycles [6]. The presence of bulky forages, including hay,

in a feeding dose is essential, but they should be of the highest quality and feeding

value.

Thus, the goal of the present study was to estimate the chemical composition and the

forage value of the hay derived from the farms specialized in milk production located in

the region of Krakow-Czestochowa Jura.

Materials and methods

The investigations were conducted in the years 2005–2007 under the production

conditions in 12 farms specialized in milk production located in the region of Krakow-

-Czestochowa Jura. The experimental farms were located in the Pilica administrative

district (Zawiercie county, Silesia province) 320 m above sea level. The grasslands were

located on the brown, acid soils and podsolic soils classified from IVb to VI soil

quantity class. The acidity expressed as pHKCl ranged from 4.5 to 5.5 (acidic and very

acidic reaction). The soils contained a medium level of assimilable forms of potassium

and were poor in phosphorus and magnesium.

During the vegetation period (April–September) the total amounts of rainfall reached

the value of 356.8 mm, 338.1 mm and 375.4 mm, respectively for the years 2005, 2006

and 2007. The respective mean temperatures were noticed for the following years:

14.8 oC, 15.2 oC and 14.3 oC.

The experimental hay was derived mostly from the first and second regrowth of grass

flora and in a minor amount from the third regrowth. The material was collected at the

turn of heading and flowering stages of grasses – the first regrowth and during the

heading stage – the second and the third regrowths.

Before feeding the samples of hay were collected (4 from each farm) and subjected

to chemical analysis, which comprised: the estimation of essential nutrients by the

Weenden method [7]. The feeding value was estimated in the INRA system units using

1.6 Winwar software (DJG). The evaluation of hay was performed using the tabular

coefficients of forage distribution in rumen and intestines.

The results in this paper were limited to the mean values for the following years. The

obtained results were subjected to the analysis of variance and the significance of

differences was estimated using the Duncan test at the significance level of � = 0.05.
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Results and discussion

The dry matter content in the hay samples was diversified and fluctuated in the range

of 768.2 to 872.2 g � kg–1 dry matter (Table 1). The data found in literature [7] suggest

that hay should contain at least 820 g � kg–1 dry matter. Regarding this, it can be stated

that only 42 % of the examined high samples met this requirement. When estimating the

hay feeding value special attention needs to be paid on the crude protein and crude fiber

content. Forage of good quality should contain 140–160 g protein � kg–1 d.m., and the

optimal level of crude fiber is assumed to be 260 g � kg–1 d.m. [8, 9]. 33 % of hay

samples were poorer in protein and the crude fiber content exceeded the optimal value

in 92 % of the trials. Too high concentration of crude fiber is a worrisome fact, because

it significantly decreases the hay feeding value. This phenomenon can be explained by

simple negligence of too late time of harvesting, especially in the case of the first

regrowth as well as by improper drying method [10]. Among all analyzed components

the greatest diversification was found for raw fat content. The weighted mean of this

component ranged from 13.9 to 34.5 g � kg–1 d.m. The level of nitrogen-free extract

fluctuated in the range of 433.9 to 550.2 g � kg–1 d.m. The meadow hay of good quality

contains on average 30.2 g of raw fat and 462.8 g � kg–1 d.m. of nitrogen-free extract [7].

The obtained results revealed that 8 % of the samples were characterized with the

proper raw fat content and 58 % contained the required amount of nitrogen-free extract.

The energetic value of the plants collected from the investigated farms were as

follows: expressed as Feed Unit for Lactation (UFL) – from 0.68 to 0.81 g � kg–1 d.m.

and as Meet Production Unit (UFV) – from 0.59 to 0.71 g � kg–1 d.m. On the contrary,

the study by Zurek et al [11] revealed that in the hay derived from the swamp flora the

respective levels were lower and amounted to 0.62 and 0.52. In our investigations

higher values for PDIE and PDIN were also observed, which resulted from a higher

content of crude nitrogen.

Conclusions

1. Regarding 820 g � kg–1 d.m. as the optimal dry matter content it can be stated that

only 42 % of hay samples met the feeding requirements. This fact indicates that the

drying process was performed improperly in the examined farms.

2. High content of crude fiber in the examined hay indicates that farmers collect

plants, especially from the first regrowth, too late.

3. According to the results of domestic investigations it can be stated that the

concentration of nutrients in the examined hay samples was sufficient enough to cover

the feeding requirements of animals.
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OCENA JAKOŒCI I WARTOŒCI POKARMOWEJ SIANA

Z WYBRANYCH GOSPODARSTW INDYWIDUALNYCH

NA TERENIE JURY KRAKOWSKO-CZÊSTOCHOWSKIEJ

CZ. I. ZAWARTOŒÆ SK£ADNIKÓW ORGANICZNYCH I WARTOŒÆ POKARMOWA

1 Katedra £¹karstwa, Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie
2 Instytut Zootechniki – Pañstwowy Instytut Badawczy w Balicach ko³o Krakowa

Abstrakt: Praca prezentuje ocenê sk³adu chemicznego i wartoœci paszowej siana pochodz¹cego z 12 wybra-

nych gospodarstw indywidualnych, specjalizuj¹cych siê w produkcji mleka. Gospodarstwa po³o¿one s¹ na

terenie Jury Krakowsko-Czêstochowskiej. Zawartoœæ sk³adników organicznych wykazywa³a du¿¹ zmiennoœæ,

co mo¿e wynikaæ ze zró¿nicowanego udzia³u traw i roœlin dwuliœciennych w badanych próbkach siana.

Przyjmuj¹c optymaln¹ zawartoœæ suchej masy w sianie na poziomie powy¿ej 820 g � kg–1 s.m. stwierdzono, ¿e

tylko siano z 42 % próbek mia³o odpowiedni¹ zawartoœæ suchej masy. Przy ocenie wartoœci pokarmowej siana

na podstawie analizy chemicznej, szczególn¹ uwagê nale¿y zwracaæ na zawartoœæ bia³ka ogólnego i w³ókna

surowego. Siano pobrane z 33 % próbek zawiera³o mniej bia³ka w absolutnie suchej masie ni¿ przewiduj¹

normy, a zawartoœæ w³ókna surowego przekroczy³o zawartoœæ optymaln¹ w 92 % próbek. Zjawisko to mo¿na

t³umaczyæ opóŸnionym terminem zbioru, zw³aszcza pierwszego pokosu oraz niew³aœciwym sposobem

suszenia. Spoœród analizowanych sk³adników najwiêkszym zró¿nicowaniem cechowa³a siê zawartoœæ t³uszczu

surowego. Œrednia wa¿ona zawartoœæ tego sk³adnika waha³a siê w zakresie 13,9–34,5 g � kg–1 s.m. Pod

wzglêdem wartoœci energetycznej badane pasze zawiera³y odpowiednio: JPM od 0,68 do 0,81 g � kg–1 s.m.

i JP¯ od 0,59 do 0,71 g � kg–1 s.m. Natomiast wartoœæ bia³kowa by³a znaczniej zró¿nicowana i kszta³towa³a siê

w zakresie 55,29–122,61 dla BTJN oraz 73,27–97,66 g � kg–1 s.m dla BTJE.

S³owa kluczowe: ruñ ³¹kowa, sk³adniki organiczne, wartoœæ pokarmowa
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Anna CHRZAN1 and Maria MARKO-WOR£OWSKA1

CONTENT OF SELECTED TRAFFIC POLLUTION

IN SOIL AND PEDOFAUNA

NEAR BUSY TRAFFIC ROADS IN KRAKOW

ZAWARTOŒÆ WYBRANYCH ZANIECZYSZCZEÑ KOMUNIKACYJNYCH

W GLEBIE I PEDOFAUNIE

PRZY RUCHLIWYCH TRAKTACH KOMUNIKACYJNYCH

W KRAKOWIE

Abstract: Two sites situated by busy roads in Krakow – by Dietla Road and by a motorway – were selected to

assess the effect of heavy metals on the soil environment. At the studied sites, the soil was analysed for heavy

metal content – Pb, Cd, Zn and Cu, its moisture content, pH, and the diversity and density of soil fauna. It was

found that the content of the studied metals was significantly lower in the soil by the motorway than in the

City Centre soil, namely, Pb – twice, Cu – fivefold, Cd – insignificantly. At this site, the density of pedofauna

was considerably higher than in Dietla Road. The results of the studies also indicate that, besides heavy metal

content, the moisture content, which was three times higher by the motorway, significantly affected the

diversity and density of pedofauna. The content of heavy metals studied by busy transport routes did not show

correlation with the content of these metals in the fauna inhabiting it.

Keywords: pedofauna, soil, heavy metals, density, diversity

Heavy metals are one of the most durable and toxic contamination of the soil

environment. The content of heavy metals in the soil depends on environmental

conditions and anthropogenic pollutions. Due to the intensification of anthropopressure

related to communication, the contamination of the soil by heavy metals has increased

[1–3].

As a result of consuming of fuels, rubbing of tyres and other vehicles parts Cd, Zn

and Pb get into environment.

The danger of soils contaminations related to the use of motor vehicles depends

mainly on traffic intensity, distance from the roads as well as lay and use of the land [2,

3]. Trace elements systematically brought into the soil accumulate in its top layer,
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because they are bonded by the soil sorption complex and only very slowly move into

the depths of the soil profile. Since heavy metals migrate very slowly in the soil, they

are counted among its most persistent pollutants. In the soil environment, heavy metals

demonstrate diverse mobility. Lead is strongly bonded by organic matter of soil top

layer and only slightly migrates into the depth of the profile, copper is a little more

mobile, and zinc relatively easily moves into the depths of the soil [4, 5].

Soils located in the immediate vicinity of busy transport routes are exposed to

various transport pollutants, including heavy metals. These metals may enter the food

chain with humans being part of it. That is why it is important to monitor their

concentration in soils located along busy roads in urban areas.

The aim of the studies was to assess the effect of heavy metals, lead, cadmium, zinc

and copper, on the environmental state of soils by busy roads in Krakow.

Materials and methods

Soil studies were carried out at sampling sites located by busy transport routes in

Krakow. One was situated in the City Centre at Dietla Road (Locality II), the second

one by a motorway (Locality I). At the study sites, series of samples were taken by

means of a Morris frame of 25 cm × 25 cm size in the autumn season 2008.

The soil frame was thrust into the soil on the depth of 10 cm. Each series consisted of

16 tests on the surface of around 1 m2.

Mesofauna was scampered away by employing the dynamic method in the modified

Tullgren apparatus. After marking the select mesofauna its density and diversity were

analysed.

Soil moisture and its pH, its temperature as well as the content of Cd, Pb, Ni and Zn

were determined by using FAAS method in the soil and in the pedofauna scampered

away.

Dry samples of the soil and of the mesofauna were mineralized. For this purpose dry

samples of the soil was poured over 3 cm3 of 65 % HNO3, heated to the temperature of

120 oC and left for 4 hours. The filtered liquid was poured into measuring flasks and

filled with distilled water to the volume of 25 cm3. In solutions of the soil prepared in

this way the content of heavy metals was determined by the atomic absorption
spectrometer (AAS – Cole-Parmer, BUCK 200A).

The correlation coefficient R2 of the soil fauna density and the heavy metal content

was calculated using linear regression.

Contaminations by Pb, Zn, Cd and Cu were evaluated according to Kabata Pendias

and others [5].

Results and discussion

The studied soils differed considerably in pH, moisture content and heavy metal

content (Table 1).

At site I, located by the motorway, the soil showed acid reaction (5.75) and in the

City Centre, it was alkaline. There were also considerable differences in the moisture
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content of the soils. At site I, moisture content was found to be almost three times

higher than at site II (Table 1).

Table 1

Soil characteristics of the selected localities in Krakow

Selected parameters Locality I Locality II

Dampness of soil [%] 35.5 (31.9-41.5) 13.5 (12.5–15.2)

pH value of soil 5.75 (5.45–5.9) 7.21 (6.73–7.57)

Cd in the soil [mg/kg] 1.30 (1.08–1.63) 1.41 (1.01–1.95)

Pb in the soil [mg/kg] 43.96 (34.54–51.48) 105.71 (60.86–126.29)

Zn in the soil [mg/kg] 79.97 (73.80–85.92) 27.65 (7.61–62.29)

Cu in the soil [mg/kg] 11.55 (10.06–12.11) 45.011 (19.95–67.48)

Differences in Cd, Pb, Zn and Cu contents were observed at the studied sites. It was

found that the total amount of cadmium, lead and copper in the City Centre soil was

higher than by the motorway, whereas Zn content was more than twice lower here

(Table 1 and Fig. 1).

The critical concentrations of the metals in the soils containing the anthropogenic

contaminations, according to Kabata-Pendias and others [5] are: 70 mg Pb, 150 mg Zn

and 1 mg Cd/kg. In the soil of the site II the exceeding of critical concentration of Pb

and Cd was observed. The critical concentrations of Cd exceeded in the site I and II as

well (Table 1).

An increased Cr, Ni and Cu contents in soils neighbouring busy road transport routes

in urban and open areas were noticed in studies by Czarnowska et al [2] and Jarmul and

Kamionek [6].

However, low concentrations of heavy metals in the vicinity of transport routes were

found, among others, by Klimowicz and Melke [7] and Kolembasa et al [8].

Results concerning mesofauna and macrofauna indicate that the amount of the

studied metals affects the density and diversity of pedofauna. Higher diversity and
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significantly higher density was found at the site by the motorway than in the City

Centre of Krakow (Table 2).

Table 2

Comparison of pedofauna in the soils of the selected localities in Krakow

Selected parameters Locality I Locality II

Abundance of pedofauna [sp. no. per m2] 32064 1008

Abundance withoute Acarina i Collembola [sp. no. per m2] 2768 452

Diversity (number of taxonomic groups) 16 12

The results of the analysis indicate that the effect of the studied elements, Cd, Pb and

Cu, in the soil on the density of pedofauna is significant.
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The content of heavy metals studied by busy transport routes did not show

correlation with the content of these metals in the fauna inhabiting it. At both sampling

sites, the Cd content in the studied pedofauna was higher than in the soil, while the Pb

and Cu amount was lower than in the soil (Fig. 2 and Fig. 3).

At the sampling site by the motorway, Zn content was equally high in the soil and

fauna (Fig. 2).

Conclusions

1. In the studied soils located by the motorway, the contamination of the soil with Pb,

Cd and Cu was found to be much lower than in the City Centre of Krakow.

2. The diversity and density of pedofauna is considerably affected by the concentra-

tion of heavy metals.

3. The density of soil fauna is also significantly affected by moisture content of the

soil.

4. No direct correlation was found between Cd, Zn, Pb and Cu contents in the soil

and the amount of these metals in the bodies of mesofauna inhabiting it.
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ZAWARTOŒÆ WYBRANYCH ZANIECZYSZCZEÑ KOMUNIKACYJNYCH

W GLEBIE I PEDOFAUNIE PRZY RUCHLIWYCH TRAKTACH KOMUNIKACYJNYCH

W KRAKOWIE

Instytut Biologii

Uniwersytet Pedagogiczny w Krakowie

Abstrakt: Do oceny wp³ywu metali ciê¿kich na œrodowisko glebowe wybrano dwa stanowiska usytuowane

przy ruchliwych ulicach Krakowa – przy ulicy Dietla i przy autostradzie. Na badanych stanowiskach

dokonano analizy gleby pod k¹tem zawartoœci metali ciê¿kich – Pb, Cd, Zn i Cu, jej wilgotnoœci, odczynu

oraz ró¿norodnoœci i liczebnoœci fauny glebowej. Stwierdzono, ¿e w glebie przy autostradzie zawartoœæ

Content of Selected Traffic Pollution in Soil and Pedofauna Near Busy Traffic Roads... 1531



badanych metali ciê¿kich by³a znacznie mniejsza ni¿ w glebie œródmiejskiej, Pb – dwukrotnie, Cu

piêciokrotnie, Cd – nieznacznie. Na tym stanowisku zagêszczenie pedofauny by³o znacznie wiêksze ni¿ przy

ulicy Dietla. Wyniki badañ wskazuj¹ równie¿, ¿e na ró¿norodnoœæ i zagêszczenie pedofauny znacz¹cy wp³yw,

oprócz koncentracji metali ciê¿kich, ma równie¿ wilgotnoœæ gleby, która by³a trzykrotnie wy¿sza przy

autostradzie. Zawartoœæ badanych metali ciê¿kich w glebie przy ruchliwych traktach komunikacyjnych nie

wykazywa³a korelacji z iloœci¹ tych metali w faunie j¹ zamieszkuj¹cej.

S³owa kluczowe: fauna glebowa, gleba, metale ciê¿kie, zagêszczenie, ró¿norodnoœæ
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HEAVY METALS AVAILABILITY IN SOILS

EXPOSED TO TRAFFIC POLLUTION

DOSTÊPNOŒÆ METALI CIÊ¯KICH

Z GLEB NARA¯ONYCH NA EMISJE

ZANIECZYSZCZEÑ KOMUNIKACYJNYCH

Abstract: Evaluation of a degree of soils pollution with heavy metals is usually conducted basing on total

content of elements. This evaluation should be supplemented by analysis of content of heavy metals forms

directly available for living organisms as well as forms which can be relatively easily mobilized. The aim of

the research was to determine the content of selected fractions of copper, zinc and chromium in soils located

near road No. 957 in the Zawoja passage. The research material consisted of soil samples taken from 13 points

(in each point in the distance of 5 and 200 meters from the road edge). The soil samples underwent sequential

chemical extraction using Zeien and Brümmer’s method. Extracted were 3 fractions of heavy metals: easily

soluble forms, exchangeable forms and bonds with manganese oxides.

In general, mean contents of the examined fractions of heavy metals were higher in case of the soils

located in the distance of 5 m from the road edge than in the soils located in the distance of 200 m from the

road. Copper occurred in soils generally as bound with manganese oxides, whereas zinc and chromium – as

exchangeable forms.

Keywords: soil, traffic pollution, copper, zinc, chromium, sequential extraction

Evaluation of a degree of soils pollution with heavy metals is usually conducted

basing on content of total forms of elements [1]. This evaluation should be supplement-

ed by analysis of content of heavy metals forms directly available for living organisms

as well as forms which can be transformed into available forms within short period of

time. Soil is the first link of a “soil – plant – animal – human” food chain [2]. The

higher the content of available heavy metals forms in soil, the higher the risk of

accumulating these elements in plants, and eventually in following chain links. Human

activity may lead to an increase in the content of available metals forms in soil directly
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through introducing metals to soil or indirectly as a result of influencing soil properties

(reaction, sorption capacity) regulating elements availability.

The research aimed at determining the influence of traffic pollution on the content of

the 3 fractions of heavy metals in soils. The content of easily soluble, exchangeable and

bound with manganese oxides forms of copper, zinc and chromium in the soils located

near road No. 957 in the Zawoja passage was analyzed.

Material and methods

The research material consisted of soil samples collected in 2008 from 13 points

located along regional road No. 957 in Zawoja (the Malopolska province). The samples

were collected from both sides of the 18.5 km long section of the road (the distance

between the sampling points reached from 0.3 to 5.2 km). Road No. 957 is the only

communication route to Zawoja, Skawica and the Babia Gora National Park (Babio-

górski Park Narodowy). Within 24 hrs approximately 4827 road vehicles pass that road,

including 367 heavy goods vehicles, 77 buses, about 20 motorcycles and 10 agricultural

tractors [3]. In each point the material was collected from grass covered places (where

tree vegetation did not occur) distant 5 and 200 m from the road edge. Soil samples

were collected from the layer of 0–10 cm depth. The data concerning properties of the

analyzed soils are shown in the paper by Filipek-Mazur and Tabak [4].

Analyses on air-dried material sifted through a sieve with 1 mm mesh were

conducted. The content of the selected heavy metals fractions was assessed according to

the method of sequential chemical extraction given by Zeien and Brümmer [5].

Extracted were 3 fractions of heavy metals:

– easily soluble metals forms (FI),

– exchangeable metals forms (FI),

– bonds of metals with manganese oxides (FIII).

The extraction conditions are shown in Table 1.

Table 1

Conditions of heavy metals extraction

Fraction Extraction agent, time of extraction

*FI* 1 mol � dm–3 NH4NO3, 24 hrs

FII 1 mol � dm–3 CH3COONH4, 24 hrs

FIII 1 mol � dm–3 NH2OH � HCl + 1 mol � dm–3 CH3COONH4, 30 mins

* FI – easily soluble metals forms; FII – exchangeable metals forms; FIII – metals

bound with manganese oxides.

A content approximate to the total content of heavy metals was assessed in separate

aliquots of soils. For this purpose the samples were incinerated (8 hrs, 450 oC),

evaporated with a mixture of nitric(V) and chloric(VII) acids, then the remainder was
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dissolved in hydrochloric acid [6]. The assessment of the heavy metals content was

made using ICP-AES method on JY 238 Ultrace apparatus.

Results and discussion

As a rule, higher mean contents of the examined heavy metals fractions were noted in

case of the soils located in the distance of 5 m from the road edge than in the soils

located in the distance of 200 m from the road (Table 2).

Gondek et al [7] generally stated higher contents of heavy metals (extracted

with 1 mol � dm–3 HCl) in soils distant 50 m from road than in soils located in a distance

of 100 m. However, the authors did not state dependence between the distance of the

soils from the road and the content of metals fraction extracted with 1 mol � dm–3

NH4NO3 [7]. Bieniek and Lachacz [8] obtained similar results to Gondek et al [7] in

regard to mobile heavy metals forms (extracted using 1 mol � dm–3 HCl). The highest

contents of mobile metals forms in surface horizons were marked in soils located closest

to the road [8]. Moreover, these soils revealed an elevated content of some metals.

A higher share of mobile heavy metals forms in the soils with an increased content of

elements than in the soils with a natural content suggests their anthropogenic origin in

the soils with the increased content [8]. Elements derived from natural sources (parent

rock) would occur as silicate forms [8]. The soils analyzed in the Authors’ own studies

were generally characterized by a natural or elevated content of heavy metals (two

samples weakly polluted with zinc were noted) [1, 4]. An elevated content and weak

pollution were noted in the soils located in the distance of 5 m and 200 m from the road

edge [1, 4].

The highest copper content was noted in the third fraction (bonds with manganese

oxides), whereas zinc and chromium occurred mainly as an exchangeable form

(Table 2). For the soils distant 5 m from the road edge the share of the sum of the three

copper fractions in its total content ranged from 7.47 % to 32.84 % while for the soils in

the distance of 200 m this share ranged from 5.10 % to 22.46 %. In the case of zinc the

share amounted respectively from 0.23 % to 12.04 % (for the 5 m distance) and from

0.26 % to 11.94 % (for the 200 m distance). The chromium fractions constituted

from 0.33 % to 4.50 % of the total element content in the soils located in the distance of

5 m from the road edge and from traces to 3.16 % in the soils located in the distance of

200 m.

According to other authors’ researches, analyzed elements are present in soils mainly

as hardly soluble or insoluble forms, which limits possibility of these elements uptake

by plants. Copper occurs mainly as bonds with organic matter and as bonds with

amorphous and crystalline iron oxides, a relatively high content of copper is also

registered in residual fraction (in minerals) [9–11]. Zinc occurs as bonds with

amorphous and crystalline iron oxides, in residual fraction and as bonds with organic

matter [11–13]. Kalembasa et al [10] registered a high content of an exchangeable

fraction of zinc. Chromium occurs as bonds with amorphous and crystalline iron oxides

as well as in a residual fraction [10, 11, 14].

Heavy Metals Availability in Soils Exposed to Traffic Pollution 1535



1536 Barbara Filipek-Mazur and Monika Tabak

T
ab

le
2

C
o
n
te

n
t

o
f

co
p
p
er

,
zi

n
c

an
d

ch
ro

m
iu

m
in

so
il

s
[m

g
�

k
g

–
1

d
.m

.]

D
is

ta
n
ce

fr
o
m

th
e

ro
ad

P
ar

am
et

er

A
p
p
ro

x
im

at
e

to
to

ta
l

co
n
te

n
t

o
f

h
ea

v
y

m
et

al
s

C
o
n
te

n
t

o
f

h
ea

v
y

m
et

al
s

fr
ac

ti
o
n
s

C
u

Z
n

C
r

C
u

Z
n

C
r

F
I*

F
II

F
II

I
F

I
F

II
F

II
I

F
I

F
II

F
II

I

5
m

(n
=

1
3
)

ar
it

h
m

et
ic

m
ea

n
1
4
.6

1
1
0
9
.8

1
3
1
.9

8
0
.2

9
0
.5

9
1
.0

9
0
.5

5
3
.2

7
2
.3

1
0
.1

6
0
.3

3
0
.1

0

m
in

im
u
m

8
.6

6
7
7
.4

0
1
7
.6

5
tr

ac
e

tr
ac

e
0
.3

2
tr

ac
e

tr
ac

e
tr

ac
e

tr
ac

e
tr

ac
e

tr
ac

e

m
ax

im
u
m

3
1
.6

3
1
6
6
.6

5
3
9
.6

9
1
.3

5
2
.4

4
2
.1

4
4
.0

1
1
0
.4

8
7
.7

6
0
.5

0
0
.8

2
0
.4

9

st
an

d
ar

d
d
ev

ia
ti

o
n

6
.1

1
2
4
.3

6
5
.6

1
0
.3

8
0
.6

0
0
.5

8
1
.0

5
2
.7

7
2
.6

2
0
.1

9
0
.2

3
0
.1

5

2
0
0

m

(n
=

1
3
)

ar
it

h
m

et
ic

m
ea

n
1
4
.3

8
1
1
5
.0

0
3
1
.6

4
0
.1

6
0
.4

7
1
.4

4
1
.9

8
2
.8

5
1
.9

3
0
.1

1
0
.2

8
0
.1

0

m
in

im
u
m

8
.7

1
8
0
.1

5
2
6
.5

4
tr

ac
e

tr
ac

e
0
.3

0
tr

ac
e

tr
ac

e
tr

ac
e

tr
ac

e
tr

ac
e

tr
ac

e

m
ax

im
u
m

2
2
.8

8
1
5
7
.5

3
3
8
.4

4
1
.0

2
1
.2

0
3
.3

2
1
0
.5

8
6
.5

4
4
.5

6
0
.3

4
0
.6

7
0
.4

3

st
an

d
ar

d
d
ev

ia
ti

o
n

3
.7

1
2
2
.2

0
3
.8

5
0
.2

9
0
.4

3
0
.9

7
2
.8

6
2
.0

5
1
.6

8
0
.1

1
0
.2

5
0
.1

5

*
S

ee
T

ab
le

1
.



Conclusions

1. In general, in the soils located in the distance of 5 m from the road edge higher

mean contents of the examined fractions of heavy metals were noted than in the soils

distant 200 m from the road. Only the contents of easily soluble zinc forms and bonds of

copper with manganese oxides were higher in the distance of 200 m.

2. The highest copper content was noted in the fraction of bonds with manganese

oxides, whereas zinc and chromium occurred mainly as exchangeable forms.

3. The content of zinc in soil samples showed that content to be elevated (1st and 2nd

level of pollution).
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DOSTÊPNOŒÆ METALI CIÊ¯KICH Z GLEB NARA¯ONYCH

NA EMISJE ZANIECZYSZCZEÑ KOMUNIKACYJNYCH

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Ocena stopnia zanieczyszczenia gleb metalami ciê¿kimi przeprowadzana jest zazwyczaj na

podstawie ca³kowitej zawartoœci pierwiastków. Uzupe³nieniem tej oceny powinna byæ analiza zawartoœci

bezpoœrednio dostêpnych dla organizmów ¿ywych form metali ciê¿kich oraz form, które stosunkowo ³atwo

mog¹ ulec uruchomieniu. Celem niniejszych badañ by³o okreœlenie zawartoœci wybranych frakcji miedzi,

cynku i chromu w glebach po³o¿onych w pobli¿u drogi nr 957 na odcinku Zawoi. Materia³ badawczy

stanowi³y próbki gleb pobrane z 13 punktów (w ka¿dym punkcie z miejsc oddalonych o 5 i 200 m od brzegu

jezdni). Próbki gleb poddano sekwencyjnej ekstrakcji chemicznej wed³ug metody Zeiena i Brümmera.

Wyekstrahowano 3 frakcje metali ciê¿kich: formy ³atwo rozpuszczalne, formy wymienne oraz po³¹czenia

z tlenkami manganu.
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Z regu³y wiêksze œrednie zawartoœci badanych frakcji metali ciê¿kich stwierdzono w odniesieniu do gleb

po³o¿onych w odleg³oœci 5 m od brzegu jezdni ni¿ gleb w odleg³oœci 200 m od jezdni. MiedŸ wystêpowa³a

g³ównie w formie po³¹czeñ z tlenkami manganu, natomiast cynk i chrom – jako formy wymienne.

S³owa kluczowe: gleba, zanieczyszczenia komunikacyjne, miedŸ, cynk, chrom, ekstrakcja sekwencyjna
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Piotr KACORZYK1

EFFECT OF THE WAY OF UTILIZATION

AND THE LEVEL OF FERTILIZATION

ON THE QUALITY OF LEACHATE WATER

PART II. THE LOADS OF COMPONENTS

CARRIED WITH LEACHATE WATER*

WP£YW SPOSOBU U¯YTKOWANIA I POZIOMU NAWO¯ENIA

NA JAKOŒÆ WÓD ODCIEKOWYCH

CZ. II. £ADUNKI SK£ADNIKÓW

WYNIESIONYCH Z WODAMI ODCIEKOWYMI

Abstract: The location of the experiment, kind of soil as well as variants and the way of their utilization were

reported in the part I entitled: “Concentration of mineral components in leachate water”. The amount of

mineral components in leachate water was calculated by multiplying the amount of water outlet from 1 ha by

the concentration in [dm3] of these components. Among all examined components calcium was washed out in

the highest degree. Significantly higher washing out of nitrate nitrogen, potassium, calcium and magnesium

from the arable land and forest in comparison with the other variants resulted from the following reasons:

arable land was cultivated for a short period of time, which determined a limited uptake of the

above-mentioned components by the plants, on the other hand the roots of forest trees were not able to

penetrate deep and assimilate nutrients from the lysimeters which constituted a closed area. The surface of the

lysimeters was not covered with living plants but with the duff layer. Additionally, a high amount of organic

matter in the forest (11 %) and fast mineralization of the arable land caused by aeration, plough cultivation of

the soil, resulted in an increased supply of these components.

Keywords: fertilization, plant coverage of the soil, macroelements, load provided

The protection of water reservoirs is a significant factor of multifunctional and

balanced development of the mountain areas. The proper management of the mineral

components provided to the soil with fertilizers is also of great importance. The

balanced management of these components is important from a productive, ecological

and economic point of view and is a basic criterion for the operation of a farm [1].
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Circulation of the components in the environment should proceed by balanced rules,

which are fulfilled when natural fertilizers supplemented with mineral fertilizers are

applied rationally and under conscious utilization of self-control mechanisms proceed-

ing in an ecosystem. In the mountain area the landscape, high amount of rainfalls,

shorter vegetation period, longitude of snow-cover, low level of soil thickness, which is

additionally strongly acidified, makes the rural management very difficult and non-

-profitable for many cultivations. Therefore, the production of forages under such

conditions should be done mainly on grasslands, which provides cheap and good quality

forage and has a positive influence on the natural environment [2].

The aim of the study was to compare the losses of nutrients from the soil as affected

by the kind of plant cultivation.

Materials and methods

The location of the experiment, kind of soil as well as variants of the study and the

manner of their utilization were presented in [3]. The amount of mineral components in

leachate water was calculated by multiplying the amount of water outlet from 1 ha by

the concentration of these components in dm3.

The results of investigations

Table 1 presents the amount of macroelements in kg derived with the leachate water

in the years 2007 and 2008. The lowest losses (0.37 kg � ha–1 per year) of ammonium

nitrogen (N-NH4) were observed on the meadow which was not utilized, whereas on the

utilized meadows they were 20 % higher. On the arable land the losses reached the

value of 0.53 kg � ha–1 and were 0.04 kg lower then those measured for the forest.

During the winter and spring periods the levels of ammonium nitrogen losses were the

lowest. In 2007 the losses of N-NH4 were greater than during the following year.

In the analyses of the amount of nitrate nitrogen (N-NO3) in leachate water, great

differences between the results were observed. The lowest concentration of this

component was found for the leachates of the non-fertilized meadow, 4.05 kg � ha–1, in

contrast the concentration for the leachate water of the fertilized meadow was higher,

6.00 kg � ha–1. The losses of this nitrogen form from the arable land and forest amounted

to 34.63 and 52.40 kg � ha–1, respectively. During the spring period the losses of this

component for both meadows were several times lower, and for the rest of objects even

up to a dozen times lower, when compared with the respective values determined during

the summer, autumn and winter.

The phosphorus losses with leachate water on the non-utilized meadow amounted to

0.4 kg � ha–1 and were 25 % higher than the respective losses stated for the other objects.

The amounts of potassium washed out from both meadows were usually equal and

amounted to 3 kg � ha–1, twice higher losses were found for the arable land and 6 times

higher for the forest object. During spring and autumn the losses of this element reached

levels ranging between 0.03 kg � ha–1 for the non-fertilized meadow and 3.65 kg � ha–1

for the forest.
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The load of calcium derived with the leachates from the fertilized meadow was the

lowest and equal to 53 kg � ha–1, the arable land was characterized with a 138 kg higher

level for this parameter. The losses observed for the non-utilized meadow amounted to

218 kg � ha–1, in the forest object the amount of Ca washed out was 4.5 times higher than

in the fertilized meadow. The lowest level of Ca in leachates was observed in the spring.

The losses of magnesium for the fertilized meadow amounted to 6.8 kg � ha–1 and

were the lowest among all the objects. The non-fertilized meadow was characterized

with a 72 % higher level for this parameter. The amount of magnesium washed out from

the forest was equal to 20.7 kg � ha–1, whereas for the arable land the measured

magnesium losses were the highest with a value of 23.6 kg � ha–1. The highest Mg level

was found in leachates during the winter period.

The amounts of sodium washed out from both meadows were similar and amounted

to 4.5 kg � ha–1 for the fertilized and 5.3 kg � ha–1 for the non-utilized meadow, whereas

the forest object was characterized with an almost 2 times higher value. The highest amount

of sodium (14 kg � ha–1) was washed out from the arable land. When the effect of the

season of the year is taken into consideration, it can be stated that the highest amount of

this element were found in leachates during the winter and the lowest in the spring.

Discussion

The plant coverage of the soil has no significant effect on the level of ammonium

nitrogen and phosphorus retained in the soil, because both components were washed out

from all objects only in small quantities. These results are in agreement with the

findings of Sapek [4]. On the fertilized meadow the losses of nitrate nitrogen were 28.6

kg � ha–1 lower than the respective losses found for the arable land. Kasperczyk et al [5]

reported that on the mountain meadow which was fertilized in a similar way, 1 kg � ha–1

of nitrogen gives a 30.4 kg (d.m.) increase in yield. The calculations indicate that the

yield losses from the arable land amounted to 876 kg � ha–1 d.m., which constitutes 10 %

of a large yield under such conditions. The losses of potassium were affected to a higher

degree by the season of the year than by the kind of plant coverage and reached the

highest level during the winter, due to the fact that this element is released from the

crystal network as a result of the freeze-thaw processes proceeding in the soil [6]. The

amounts of losses of the other elements: calcium, magnesium and sodium were affected

by the plant coverage of the soil and its ability to retain water as well as by the amount

of rainfall. The large losses of nutrients derived from the forest resulted from the fact

that the roots of the trees were not able to penetrate deep into the soil profile and

assimilate nutrients from the lysimeters which constituted a closed area. The surface of

the lysimeters was not covered with trees (due to technical circumstances) or with other

living plants but with a layer of duff. Additionally, the soil contained a high level of

organic matter (11 %) which was mineralized.

Conclusions

1. The fertilized and mown meadow limits the losses of the biogenic components to

the highest degree.

Effect of the Way of Utilization and the Level of Fertilization... Part II 1543



2. The lowest losses of the nutrients were observed in the spring, ie, the most

intensive period for plant development.

3. On the arable land the short-term plant coverage as well as fast mineralization

caused by aeration, plough cultivation of the soil affected the increased washout of the

nutrients from the soil.

4. The plant coverage of the soil has no significant effect on the losses of ammonium

nitrogen and phosphorus.
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WP£YW SPOSOBU U¯YTKOWANIA I POZIOMU NAWO¯ENIA

NA JAKOŒÆ WÓD ODCIEKOWYCH

CZ. II. £ADUNKI SK£ADNIKÓW WYNIESIONYCH Z WODAMI ODCIEKOWYMI

Zak³ad £¹karstwa

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Wapñ by³ wymywany spoœród wszystkich badanych sk³adników w najwiêkszych iloœciach.

Zdecydowanie wiêksze wymywanie azotu azotanowego, potasu, wapnia i magnezu z gruntu ornego oraz lasu

w porównaniu do innych wariantów wynika³o z nastêpuj¹cych przyczyn: na gruncie ornym roœlinnoœæ by³a

uprawiana przez krótki okres, w zwi¹zku z tym pobieranie wy¿ej wymienionych sk³adników przez roœliny

zosta³o ograniczone, a na obiekcie las korzenie drzew nie mog³y wnikaæ i pobieraæ sk³adników pokarmowych

z lizymetrów, poniewa¿ te stanowi³y zamkniêt¹ przestrzeñ. Na powierzchni lizymetrów równie¿ brakowa³o

¿ywych roœlin, zalega³a natomiast œció³ka leœna. Dodatkowo du¿a iloœæ materii organicznej w lesie (11 %),

a na gruncie ornym szybka mineralizacja spowodowana napowietrzaniem, upraw¹ p³u¿n¹ gleby, powodowa³y

zwiêkszon¹ poda¿ tych sk³adników.

S³owa kluczowe: nawo¿enie, okrywa roœlinna gleby, woda, makro sk³adniki, ³adunek wyniesiony
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Magdalena SENZE1, Monika KOWALSKA-GÓRALSKA

and Iwona CZY¯OWICZ

BIOACCUMULATION OF ALUMINIUM

IN THE AQUATIC ENVIRONMENT

OF THE DOBRA RIVER IN WROCLAW

BIOAKUMULACJA GLINU

W ŒRODOWISKU WODNYM RZEKI DOBREJ WE WROC£AWIU

Abstract: Laboratory tests were carried out regarding the aquatic environment of the Dobra River within the

borders of the city of Wroclaw. The study material was constituted by the river water and aquatic plants. The

concentration of aluminium in the water oscillated between 0.0517 mgAl � dm–3 and 0.2130 mgAl � dm–3. The

maximum concentration of aluminium in the aquatic plants amounted to 7.178.65 mgAl � kg–1 and the

minimum to 118.75 mgAl � kg–1. The tests indicated that the Dobra River waters should be classified as water

of medium pollution. Aluminium concentrations in the plants were also found to be moderate.

Keywords: bioaccumulation, aluminium, aquatic plants, water, rivers

Aluminium is the third most common building material of the earth’s crust, after

oxygen and silicon. It is found in water in the form of hydrogen and oxygen

compounds, sulfate, fluoride or aluminium fluoride complexes. Aluminium concentra-

tion in soil ranges from 150 mgAl � kg–1 to 600 mgAl � kg–1, in the air – amounts up to

1.00 �gAl � m–3, and in water depends on its pH value. Aluminium is characterized by

high solubility in acidic environments. Its solubility in soil is proportional to soil

acidity. The process occurs most effectively in an environment of pH = 4.00–4.50.

When pH is 5.50 aluminium concentration can reach 100.00 mgAl � dm–3 [1–6]. The

element is easily absorbed by bottom deposits in water reservoirs and is quickly

activated when water acidity increases. Aluminium is also carried into rivers by water

flowing from cultivated land. The process is seasonal in nature, occurs principally from

the direct catchment area during heavy rainfalls or the melting of snow, and depends on

E C O L O G I C A L C H E M I S T R Y A N D E N G I N E E R I N G A
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the type of cultivation and fertilizers used, the sowing cycle and the cultivation schedule

[5, 7–13].

Because of high aluminium concentrations in surface waters, a decision was made to

determine aluminium concentrations in the water and aquatic plants as well as its

accumulation in the aquatic plants in the Dobra River in Wroclaw.

Material and methods

The study material was made up by water and aquatic plants collected in the year

2007 (spring, summer, autumn). The following aquatic plant species were sampled:

– Common reed (Spermatophyta, Monocotyledoneae, Lilidae, Graminales, Gramineae:

Phragmites australis (Cav.) Trin. ex Steud;

– Acorus calamus (Spermatophyta, Monocotyledoneae, Arecidae, Arales, Araceae:

Acorus calamus L.)

– Reed canarygrass (Spermatophyta, Monocotyledoneae, Lilidae, Graminales, Gra-

mineae: Phalaris arundinacea L.);

– Canadian pondweed (Spermatophyta, Monocotyledoneae, Alismatidae, Hydro-

charitales, Hydrocharitaceae: Elodea canadensis L.);

– Great pond-sedge (Spermatophyta, Monocotyledoneae, Lilidae, Cyperales, Cypera-

ceae: Carex riparia Curtis).

Sampling sites:

– above Pawlowski Bridge;

– below Pawlowski Bridge;

– above Klokoczycki Bridge;

– below Klokoczycki Bridge.

The plants were dried in room temperature until air-dry. Whole plants were

pre-ground by crushing and then homogenized. Mineralization was performed with

concentrated nitric and perchloric acids at a ratio of 1 to 3 in a Mars 5 microwave oven.

Aluminium concentrations were determined using atomic absorption spectrophotometry

by means of a Varian Spectr AA-110/220 unit.

The aluminium accumulation rate (k) in the plants was computed by dividing the

metal concentration in the plants by its concentration in the water.

Results and discussion

The aluminium concentration in the water of the Dobra River ranged between 0.0517

mgAl � dm–3 and 0.2130 mgAl � dm–3 (Tables 1–3). The maximum concentration was

recorded in the autumn, at the site above Pawlowicki Bridge and the minimum – in the

summer, at the site below the same bridge (0.0517 mgAl � dm–3). At all of the sites the

highest concentrations were found in the autumn and the lowest in the summer. Over

the entire section of the river covered by the sampling sites, aluminium concentrations

in the water were falling slightly downstream, irrespective of the season.

Aluminium concentrations in water as determined in the research in question were

very similar to those found in the waters of the Dobra and the Strzegomka Rivers as

1546 Magdalena Senze et al



Table 1

Aluminium in water and aquatic plants – spring 2007 (mean values)

Site Plant species
Al plants

[mg � kg–1]

Al water

[mg � dm–3]

Accumulation

rates (k)

Above Pawlowski Bridge
Phragmites australis 449.18

0.0940
4778.51

Acorus calamus 4285.88 45594.50

Below Pawlowski Bridge Phalaris arundinacea 7178.65 0.0788 91099.60

Above Klokoczycki Bridge

Phragmites australis 902.76

0.0836

10798.60

Elodea canadensis 1209.51 14467.80

Acorus calamus 367.17 4391.98

Below Klokoczycki Bridge
Phragmites australis 1563.83

0.0615
25428.10

Acorus calamus 1040.99 16926.70

Table 2

Aluminium in water and aquatic plants – summer 2007 (mean values)

Site Plant species
Al plants

[mg � kg–1]

Al water

[mg � dm–3]

Accumulation

rates (k)

Above Pawlowski Bridge
Phragmites australis 118.75

0.0570
2083.33

Acorus calamus 696.34 12216.50

Below Pawlowski Bridge
Phragmites australis 791.33

0.0517
15306.20

Acorus calamus 955.41 17479.90

Above Klokoczycki Bridge

Phragmites australis 1150.20

0.0702

16384.60

Elodea canadensis 293.21 4176.78

Acorus calamus 1173.25 16713.00

Below Klokoczycki Bridge
Phragmites australis 1735.91

0.0546
31793.20

Acorus calamus 1843.65 33766.50

Table 3

Aluminium in water and aquatic plants – autumn 2007 (mean values)

Site Plant species
Al plants

[mg � kg–1]

Al water

[mg � dm–3]

Accumulation

rates (k)

Above Pawlowski Bridge Acorus calamus 882.03 0.2130 4140.98

Below Pawlowski Bridge

Phragmites australis 3943.81

0.0946

41689.30

Carex riparia 846.08 8943.76

Acorus calamus 386.27 4083.19

Above Klokoczycki Bridge
Phragmites australis 2384.87

0.1046
22799.90

Acorus calamus 4098.07 39178.50

Below Klokoczycki Bridge
Phragmites australis 1563.83

0.0699
22372.40

Carex riparia 1040.99 14892.60

well as in the flowing waters near the city of Zielona Gora [14, 15]. The values recorded

for the Dobra River in 2007 were higher than those quoted for the rivers in western
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Poland (0.009–0.035 mgAl � dm–3) [16]. However, they were not higher than the

concentrations established for the water flowing from the landfill site into the Topór

River (a tributary of the Dobra River), which ranged from 0.5900 to 0.8100

mgAl � dm–3 [17] or the Biala Przemsza River, which flows through Upper Silesia [18].

Aluminium concentrations in the aquatic plants from the Dobra River oscillated

between 118.75 mgAl � kg–1 in common reed at the site above Pawlowicki Bridge in the

summer and 7,178.65 mgAl � kg–1 in reed canary grass below Pawlowicki Bridge in the

spring (Tables 1–3). The minimum and maximum accumulation rates for the above sites

amounted to 2.083 and 91.099 respectively. The highest average aluminium concentra-

tion in aquatic plants was found in the spring (2.124.75 mgAl � kg–1) and the lowest, at

973.12 mgAl � kg–1, in the summer.

Similar aluminium concentrations in aquatic plants were observed in the rivers of

western Poland – from 935 mgAl � kg–1 to 3.124 mgAl � kg–1 [16]. Aluminium

concentrations in macrophytes in the reservoirs located in urbanized areas were similar

to those found for the Dobra River [14, 18]. Analysis of plant samples from water

reservoirs in Germany and France indicates that aluminium concentrations there are

similar to those determined for the Dobra River, with the maximum at 6.800

mgAl � kg–1 [19, 20].

Recapitulation

The tests indicated that the Dobra River water should be classified as water of

medium pollution with aluminium. The highest aluminium concentrations in the water

for all of the four sampling sites were found in the autumn, and the lowest in the

summer. Most probably this is a result of surface flows from the soils after the autumn

rainfalls, which happens every year.

Aluminium bioaccumulation in the biotic components of the aquatic environment –

aquatic plants – occurs similarly to that in areas with a moderate pollution of the aquatic

environment.
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BIOAKUMULACJA GLINU

W ŒRODOWISKU WODNYM RZEKI DOBREJ WE WROC£AWIU

Zak³ad Hydrobiologii i Akwakultury

Uniwersytet Przyrodniczy we Wroc³awiu

Abstrakt: Przeprowadzono badania œrodowiska wodnego rzeki Dobrej na terenie Wroc³awia. Materia³em

badawczym by³y woda rzeczna i roœliny wodne. Poziom glinu w wodzie zawiera³ siê miêdzy 0,0517

mgAl � dm–3 a 0,2130 mgAl � dm–3. W roœlinach wodnych maksimum zawartoœci glinu wynios³o 7178,65

mgAl � kg–1, a minimum 118,75 mgAl � kg–1. Wody rzeki Dobrej mo¿na zaliczyæ do wód o œrednim stopniu

zanieczyszczenia. Obecnoœæ glinu w badanych roœlinach utrzymuje siê równie¿ na umiarkowanym poziomie.

S³owa kluczowe: bioakumulacja, aluminium, roœliny wodne, woda, rzeki
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OCCURRENCE OF PHYTOPHTHORA SPECIES

IN RIVERS, CANALS AND WATER RESERVOIRS

IN RELATION TO ITS LOCATION,

SEASONAL ANALYSIS AND FUNGICIDE RESIDUES

WYSTÊPOWANIE GATUNKÓW PHYTOPHTHORA

W RZEKACH, KANA£ACH I ZBIORNIKACH WODNYCH

W ZALE¯NOŒCI OD ICH LOKALIZACJI, OKRESU DETEKCJI

I POZOSTA£OŒCI FUNGICYDÓW

Abstract: Phytophthora spp. were detected from 3 rivers, 2 nursery canals and 2 reservoirs during all year.

Number of Phytophthora necrotic spots on rhododendron leaves, used as baits, in March, July and October

indicated on the lack of significant differences in that group of pathogens in relation to water sources, their

location as well as during observation period. Only in one water reservoir Phytophthora density was about

2–3 times higher than in 6 other sources. In vitro trials showed different reaction of P. cinnamomi, P. citricola
and P. citrophthora, often detected in water, on fenamidon and metalaxyl. P. cinnamomi was the most

sensitive whereas P. citrophthora the most resistant. Amendment of river water contaminated with

P. cinnamomi with metalaxyl at dose 1.6 �g/cm3 reduced at least twice pathogen density in water. In case of

fenamidon such effect was obtained when water was amendment with 8 �g of that compound /cm3.

Keywords: Phytophthora spp. rhododendron baits, detection, fenamidon, metalaxyl, inhibition

Most of Phytophthora species, classified by European Phytophthora Group as Algae
like Oomycetes (kingdom Chromista, class Oomycetes, family Pythiacae), are the most

dangerous soil-borne pathogens of many plants, including hardy nursery stocks. Polish

production of ornamental plants, including bushes, trees and perennials, increased every

year about 15 %. Most of plants are grown outdoors in containers stands. The surplus

water used for plant irrigation or sprinkling and rain run off through drains or open

canals to local streams or rivers but is also stored in reservoirs situated in the lowest part

of nurseries. About 35 % of such water run back to nursery ponds and is used again for
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plant irrigation [1]. Parts of substratum, rest of fertilizers and plant protection products

including metalaxyl, dimetomorph, fenamidon, mancozeb and others often occur in

surplus water and they can influence on plant pathogens. Hong and Moorman [2]

reported, that some pathogenic bacteria, fungi and viruses can be spread with water. The

authors concluded that contaminated water is a primary, if not the sole, source of

inoculum for Phytophthora diseases of numerous nursery, fruit, and vegetable crops.

Phytophthora species are one of the most imported plant pathogens [1] causing root

and/or stem rot and twig blight of many plants [3–5]. Number of Phytophthora
propagules in water depending on many factors. The objective of this study was to

determine (1) the occurrence of Phytophthora spp. in relation to source of water, (2) the

seasonal occurrence and frequency of that group of pathogens (3) influence of some

protection products on Phytophthora cinnamomi Rands detection from river water.

Material and methods

Running water and reservoirs. Three rivers, one swims through forests, and 2 other

through horticultural area, 2 canals in 2 hardy ornamental nursery stocks and 2 water

reservoirs situated in the same nurseries were chosen for detection of Phytophthora spp.

and estimation of their population densities in relation to water source and period of

baiting.

Detection of Phytophthora spp. Top parts of rhododendron leaves cv. Nova Zembla

were used according to procedure described by Orlikowski et al [6]. Leaves were held

in water about 2 m from the banks from April till October at month intervals. After 5

days baits were put into plastic bags and transported to laboratory. After washing of

leaves under tap water and drying number of necrotic spots on each leaf were counted.

After desinfection over the burner flame about 5 mm necrotic parts of inocula were put

on PDA medium in 90 mm Petri dishes [7]. Within 48 hrs of plates incubation at 25 oC

number of colonies growing around inocula were counted and some of them were

transferred into PDA slants. After segregation representative cultures were clean and

identified to species on the base of their morphological features [6].

Influence of some fungicides on detection of Phytophthora cinnamomi from

water contaminated with fungicide residues. Linear growth of P. cinnamomi,
P. citricola, P. citrophthora on PDA amended with fenamidon and metalaxyl at

concentrations 8 and 40 �g of a.i./cm3 was evaluated after 5-day-incubation at 25 oC.

Relationship between chemicals applied, their concentrations and changes in the

population density of P. cinnamomi was evaluated in river water contaminated with the

pathogen using rhododendron leaf baits [7].

Results and discussion

Detection of Phytophthora spp. in water. Phytophthora species including P. cin-
namomi Rands, P. citricola Sawada, P. citrophthora (R.E Smith and E.H Smith)

Leonian and P. cryptogea Pethybr. and Laff., were detected from all tested sources of
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water during all year. Using rhododendron leaves as the bait Phytophthora spp. was

recovered at almost the same level from rivers, canals and reservoirs (Table 1).

Themann et al [1] concluded that even at low winter temperature reservoirs and

sediments did not freeze and enable the survival and development of Phytophthora
species. In addition, the organic materials in sediments and the anaerobic conditions at

the base of reservoirs are known to favour survival and development of Oomycetes [8,

9]. In the last 2 years checked rivers and reservoirs were froze on the depth about 10–15

cm during the winter time only for a few days so such condition did not significantly

effect on Phytophthora population. Lack of sudden increase or decrease of Phyto-
phthora spots on leaf baits was probably connected with the lack or very low

contamination of water by metalaxyl and dimethomorph which may strongly suppressed

Phytophthora development.Water pH which fluctuated only slightly had no any

influence on Phytophthora level.

Table 1

Relationship between source of water, detection time and number

of Phytophthora necrotic spot on rhododendron leaf baits

Source of water
Observation time

March July October

Korabiewka river 7.8 ab 5.3 a 18.0 cd

Kurowka river 12.3 a–c 8.5 ab 10.0 a–c

Ner river 12.5 a–c 12.8 a–c 9.5 ab

Canal I 13.3 a–c 9.3 ab 13.5 bc

Canal II 11.0 a–c 5.8 ab 12.5 a–c

Pond I 10.8 a–c 11.3 a–c 11.5 a–c

Pond II 6.3 ab 24.0 d 11.0 a–c

Note: Means followed by the same letter do not differ with 5 % of significance; Duncan’s multiple range test.

Relationship between fungicides, their concentration and development of Phyto-

phthora spp. Amendment of PDA medium with fungicides resulted in different reaction

of Phytophthora species on active ingredients (Table 2).

Table 2

Relationship between Phytophtora species, different fungicides and inhibition [%] of linear growth

on potato-dextrose agar amended with chemical at dose 8 (a) and 40 (b) [�g/cm3]

Phytophtora species
Fenamidon Metalaksyl

a b a b

P. cinnamomi 100 c 100 b 95 b 95 b

P. citricola 57 b 74 a 83 b 87 ab

P. citrophthora 34 a 64 a 61 a 77 a

Note: see Table 1.

Fenamidon at dose 8 �g of a.i./cm3 completely inhibited the growth of. P. cinnamomi
whereas the other 2 species for about 40 %. Increase of fenamidon concentration
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resulted in the inhibition of P. citricola and P. citrophthora growth for about 70 %.

Metalaxyl already at concentration 8 �g/cm3 reduced the growth of P. cinnamomi in

95 % whereas P. citrophthora only 61 % (Table 2). Increase the fungicide concentration

5 times only slightly reduced the growth of P. citricola and P. citrophthora.
Amendment of river water with fenamidon with 1.6 �g of fenamidon/cm3 did not

influence population density of P. cinnamomi (Table 3).

Table 3

Relationship between 2 fungicides, their concentrations and occurrence of Phytophtora cinnamomi
in river water; number of spots/leaf bait

Concentration

[�g/cm3]
Fenamidon Metalaksyl

0.0 23 c 23 c

1.6 22 c 9.5 b

8.0 9.5 b 5.3 a

Note: see Table 1.

Increase of the fungicide level to 8 �g/cm3 resulted in the decrease of propagule

numbers at least twice. Activity of metalaxyl at 8 �g/cm3 was about twice higher than

fenamidon (Table 3). Results obtained indicated on lack or minimal amount of

fenamidon and metalaxyl in analysed water sources and lack of influence on

Phytophthora spp. (Table 1).

Themann et al [1] reported a dramatic increase in Phytophthora isolates in recycled

nursery irrigation water from autumn to spring because of reservoirs are refill very rare

so there are no dilution of water as well as application of fungicide specific to

Oomycetes during that period. Studies of Oudemans [10] indicated that application of 2

kg of metalaxyl/ha to manage Phytophthora root rot of cranberry, caused by P. cin-
namomi, had no significant, long-term effect on the recovery of that species from

drainage canals.

Conclusions

1. Our study showed the occurrence of Phytophthora spp. in rivers, nursery canals

and reservoirs

2. Location of water source, implements of surrounding of rivers and detection

period had no significant differences on the number of Phytophthora necrotic spots on

rhododendron leaf baits

3. Fenamidon and metalaxyl, specific fungicides against Oomycytes, already at

concentration of 8 �g/cm3 almost completely inhibited the development of P. cin-
namomi whereas P. citrophthora slightly reacted on that compounds

4. Amendment of river water with metalaxyl at dose 1.6 �g/cm3 decreased P. cin-
namomi density at least twice. Such effect was also observed when fenamidon was

added to water at concentration 8 �g/cm3.
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5. Results obtained indicated on lack or minimal amount of tested fungicides in water

sources because of only slightly differences in Phytophthora levels during analysed

periods.
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WYSTÊPOWANIE PHYTOPHTHORA SPP. W RZEKACH, KANA£ACH

I ZBIORNIKACH WODNYCH W ZALE¯NOŒCI OD ICH LOKALIZACJI,

OKRESU DETEKCJI I POZOSTA£OŒCI PESTYCYDÓW

Instytut Ogrodnictwa w Skierniewicach

Abstrakt: Stosuj¹c wierzcho³kowe liœcie ró¿anecznika odm. Nova Zembla, wykrywano Phytophthora spp.

przez ca³y rok w 3 rzekach, 2 kana³ach i 2 zbiornikach wodnych. Liczba nekrotycznych plam, stwierdzanych

na liœciach pu³apkowych w marcu, lipcu i paŸdzierniku wykaza³a brak znacz¹cych ró¿nic w liczebnoœci tej

grupy patogenów w badanych Ÿród³ach wody niezale¿nie od miejsca ich usytuowania, zagospodarowania oraz

czasu detekcji. Tylko w jednym zbiorniku wodnym w szkó³ce liczebnoœæ Phytophthora spp. by³a oko³o

3-krotnie wy¿sza ani¿eli w pozosta³ych 6 Ÿród³ach wody. Doœwiadczenie in vitro wykaza³o zró¿nicowan¹

reakcjê P. cinnamomi, P. citricola i P. citrophthora na fenamidon i metalaksyl. Gatunek P. cinnamomi okaza³

siê najwra¿liwszy na te œrodki, podczas gdy najodporniejszym. okaza³ siê P. citrophthora. Wprowadzenie

metalaksylu w stê¿eniu 1,6 �g/cm3 do wody rzecznej, ska¿onej przez P. cinnamomi, spowodowa³o redukcjê

liczebnoœci patogenu na liœciach pu³apkowych co najmniej dwukrotnie. W przypadku fenamidonu taki efekt

uzyskano, gdy œrodek dodano do wody w stê¿eniu 8 �g/cm3.

S³owa kluczowe: Phytophthora spp., pu³apki ró¿anecznikowe, wykrywanie, fenamidon, metalaksyl, ha-

mowanie
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INFLUENCE OF DIMILIN 25 WP

ON CHARACTERISTICS OF EARTHWORM

Eisenia fetida Sav., VERMICOMPOSTING ORGANIC WASTE

WP£YW DIMILINU 25 WP

NA CECHY POPULACJI D¯D¯OWNIC Eisenia fetida Sav.,

WERMIKOMPOSTUJ¥CYCH ODPADY ORGANICZNE

Abstract: Vermicomposting of organic kitchen residues at a place where waste is produced can be conducted

in small containers – an earthworm ecology box. The serious problem for the user can be the presence of

Diptera. In laboratory experiment, the influence of the insecticide Dimilin 25 WP was tested on Eisenia fetida
Sav. population characteristics, in addition to its influence on the rate of kitchen residues vermicomposting.

The experiment showed that Dimilin limited the number of Dipteran larvae, when it was applied to

ecological boxes (p < 0.001). After four months, the mean number of the E. fetida population in boxes with

insecticide was only 1 % lower than in boxes without Dimilin, and the population biomasses did not differ

statistically (p < 0.05). When no differences were present in number and biomass of mature and immature

specimens, differences between laid cocoons were noticed, depending on Dimilin treatment (p < 0.001).

Keywords: earthworm ecology box, kitchen organic waste, E. fetida, Diptera, Dimilin 25 WP

The household-scale vermiculture, run in ecology boxes enables a bio-transformation

of organic waste at the spot of their generation, which is significant both ecologically

and economically. Apart from difficulties with sustaining earthworm number and their

reproductive capacity in small containers [1–3], the serious problem for the user of

ecological box is the presence of Diptera.

In order to remove the trouble with these insects, we can introduce an insecticide to

the mixture of vermicomposted residues. How will that influence the earthworm

population and the speed of kitchen residues vermicomposting?

In this laboratory experiment, the influence of the insecticide Dimilin 25 WP –

popular in Polish mushroom-growing cellars, was tested on Eisenia fetida (Sav.)
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population characteristics, in addition to its influence on the rate of kitchen residues

vermicomposting.

Material and methods

Fifty E. fetida specimens (all clitelled, with biomass equalized in each of the pots)

were bred in the laboratory, in each of ten pots with dimension of (15 × 22 × 9) cm3 –

width, length and depth. All of the pots were filled with two litre of universal garden

soil protecting plant growth, prepared from peat and sand: humidity 70 %, pH = 6.5;

salinity 1 g NaCl � dm–3.

Pots 1–5 were treated as control, pots 6–10 also contained the insecticide Dimilin

25 WP (in concentrations of 4 g � m–2 – conformable to instruction of the producer),

what was giving 0.13 g per pot). During four month lasting experiment, every

earthworm population was then fed regularly once a month, the same amount of organic

kitchen waste (900 cm3 of boiled macaroni and potatoes, soaked bread and apple

peelings, mixed with soaked cartoon cellulose in proportion 1:1:1:1:2 – to try to

overcome declining earthworm populations [2]). All pots were regularly watered, to

keep the 70 % of bed moisture (to limit the evaporation all pots were covered).

Earthworms and their cocoons were regularly counted and weighed, by manual

sorting of the media. At the same time the amount of not transformed residues and the

number of Diptera larvae found in both types of media (in each eight, 0.1 dm3, random

samples taken, analysed by wet funnel method), were checked. The data obtained were

subjected to analysis using a two-factor ANOVA, as well as Tukey’s test at the

significance level of 0.05.

Results and discussion

The experiment showed that Dimilin limited the number of Dipteran larvae, when it

was applied to ecological boxes (to a mean of (1.0 � 3.1) dm–3 in comparison to

(168.4 � 178.5) dm–3 in boxes without Dimilin).

The average number of whole E. fetida populations in pots with insecticide (128 � 29

ind./pot) and the average number in controlled pots (130 � 37 ind.) were similar

(p > 0.05) (Fig. 1).
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The average sum of E. fetida populations biomass in pots with and without

insecticide did not differ statistically (p > 0.05) (Fig. 2).

It was noticed that the insecticide did not affect mature and immature specimens

(p > 0.05) (Table 1). Dimilin 25 WP did affect the average number and sum of biomass

of cocoons laid. Pots with insecticide included smaller number of cocoons, and the

difference (mean 38 � 8 and 60 � 10 ind./pot) was statistically important (p < 0.001).

Populations also differed considerably as far as sum of cocoon’s biomass were

concerned ((0.658 � 0.109) g/pot and (0.976 � 0.182) g/pot) (p < 0.01) (Table 1).

It was proven that populations also differed considerably as far as mean biomass of

immature individuals and cocoons were concerned (Table 2).

The amount of kitchen waste that was not processed, was fluctuating in particular

months and was dependent on the temperature (Table 3). In July, when the temperature

was the highest all waste in both types of pots disappeared. Gradual decreasing of

average temperature in August, September and October caused increasing of unprocess-

ed waste amount (equally in both types of containers (p > 0.05)).

The negative influence of dumping sites to environment is a result, among the other,

of organic waste’s presence. Food wastes make up even to 40 % of all municipal waste

mass [4, 5]. One of the ways of rendering organic waste, is its selection and

vermicomposting in earthworm ecological boxes. Thus produced vermicompost may be

used to feed plants, vegetables and flowers up in houses and gardens. The vermi-

composting rate depends on number and form of earthworms, that are dependent on soil

humidity and aeration, pH, and providing with waste mixed with cellulose [2]. There

may happen that Diptera multiply excessively near the box, which may not be pleasant,

however, there is a way of handling this problem, shown in the experiment. It was

proved that using Dimilin 25 WP (at the level of 4 g � m–2) had been efficacious in

decreasing the number of Diptera larvae. It was also proved that the presence of

insecticide had not affected the effectiveness of earthworm ecological box. In July all

wastes were vermicomposted in both type of the pots. In August and September, when

temperature was lower, the waste’s disappearing decreased. Rate of vermicomposting

decreased most in lowest temperature – in October.

The average sum of earthworm number in controlled pots was only about 1 % higher

than in pots with insecticide, and the average sum of both type of population biomass

did not differ. This fact had probably had crucial influence on examined waste
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vermicomposting, though one cannot rule out the same influence of other detritivores

accompanying earthworms in ecological boxes [1, 2, 6], but this problem was not

investigated in this experiment.

It has been proven, that according to the producer’s indications in order to limit the

occurrence of Sciaridae larva, the inhibitor of chitin biosynthesis under the name of

Dimilin 25 WP, has no influence on the average number and biomass of the earthworm

E. fetida Sav., vermicomposting domestic organic waste in the earthworm ecology box.

It has been also found that the dose indicated by the producer was efficient with

limitation of the occurrence of Sciaridae larva also in the conditions of the earthworm

ecology box. Its presence in the bedding of the box did not influence the average rate of

vermicomposting of tested kitchen wastes.

Dimilin 25 WP has not changed the number and the sum of biomass of mature

specimens, as well as these individuals has not differ in average biomass. In the reach of

the class of immatures, Dimilin has not influenced their number and the sum of biomass

but the negative influence of this insecticide on an average mass of immature

individuals (p < 0.05) was noticed. It should be also stressed that the insecticide Dimilin

25 WP, used in the dose indicated by the producer, influenced the breeding of

earthworms. It caused the decrease in average quantity and average sum of biomass

(p < 0.001) of the cocoons being laid. It also differentiated (p < 0.05) average biomass

of laid cocoons (in the pot with Dimilin the living strategy of earthworms was carried

out by laying heavier cocoons – but it did not suffice, to overcome the negative effects

on sum of their biomass).

The case considered in the publication proves, as other authors [7, 8], that chemicals

used for protection of plants, even according to the rules of protection on environment,

are not indifferent for other living organisms.
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WP£YW DIMILINU 25 WP NA CECHY POPULACJI D¯D¯OWNIC Eisenia fetida Sav.,

WERMIKOMPOSTUJ¥CYCH ODPADY ORGANICZNE

Zak³ad Biologicznych Podstaw Rolnictwa i Edukacji Œrodowiskowej

Uniwersytet Rzeszowski

Abstrakt: Wermikompostowanie kuchennych odpadów organicznych na miejscu ich powstawania mo¿na

prowadziæ w ma³ych pojemnikach – d¿d¿ownicowych skrzynkach ekologicznych. Poniewa¿ problem dla ich

u¿ytkownika mo¿e stanowiæ obecnoœæ muchówek Diptera, dlatego w badaniach laboratoryjnych testowano

wp³yw ograniczaj¹cego je insektycydu Dimilin 25 WP na cechy populacji Eisenia fetida Sav. Badano równie¿

jego wp³yw na tempo wermikompostowania wybranych odpadów organicznych.

Wykazano, ¿e zastosowanie Dimilinu 25 WP ograniczy³o liczebnoœæ larw muchówek w skrzynkach

ekologicznych (p < 0,001), nie zmieniaj¹c tempa wermikompostowania odpadów. Po czterech miesi¹cach

œrednia liczebnoœæ populacji E. fetida w skrzynkach z insektycydem by³a tylko o 1 % mniejsza ni¿

w skrzynkach kontrolnych i biomasy populacji nie ró¿ni³y siê statystycznie (p < 0,05). Podczas gdy nie

stwierdzono wp³ywu Dimilinu 25 WP na liczebnoœæ i biomasê osobników dojrza³ych, wykazano ró¿nice

w obrêbie sk³adanych kokonów. Insektycyd redukowa³ liczebnoœæ (p < 0,001) i sumê biomasy (p < 0,01)

kokonów, ró¿nicowa³ tak¿e (p < 0,05) ich œrednie masy (w pojemnikach z Dimilinem strategia ¿yciowa

d¿d¿ownic by³a realizowana przez sk³adanie kokonów ciê¿szych).

S³owa kluczowe: d¿d¿ownicowa skrzynka ekologiczna, kuchenne odpady organiczne, E. fetida, Diptera,
Dimilin 25 WP
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Janina GOSPODAREK1

RESIDUAL EFFECT OF SOIL CONTAMINATION

WITH HEAVY METALS ON Sitona sp. BEETLES FEEDING

ON BROAD BEAN (Vicia faba L.)

NASTÊPCZY WP£YW SKA¯ENIA GLEBY METALAMI CIÊ¯KIMI

NA ¯EROWANIE CHRZ¥SZCZY OPRZÊDZIKÓW (Sitona sp.)

NA BOBIE (Vicia faba L.)

Abstract: The research aimed at an assessment of heavy metal soil contamination effect on the intensity of

Sitona beetles feeding on broad beans cultivated in the soil three years after the moment of pollution, from the

perspective of possibly enhanced attractiveness of this host plant as food. Broad bean (Vicia faba L.), White

Windsor c.v. was cultivated in two series differing by the date of the soil contamination with heavy metals.

The soil was contaminated in 2002 (III) and 2005 (0). In each series the plants were cultivated in the

following objects: unpolluted soil – with natural content of heavy metals (Control); unpolluted soil with

natural content of heavy metals and fertilized minerally (NPK); soil polluted with a dose of 4 mg � kg–1 d.m. of

cadmium; soil polluted with a dose of 530 mg � kg–1 d.m. of lead; soil polluted with a dose of 85 mg � kg–1 d.m.

of copper; soil contaminated with zinc dosed 1000 mg � kg–1 d.m. and soil polluted with a dose of 110

mg � kg–1 d.m. of nickel. The harmfulness of Sitona sp. beetles was assessed by measuring the leaf surface

losses caused by their feeding, the consumed area and by counting the percentage of injured leaves. After 3

years from the soil contamination with nickel, zinc, copper, lead and cadmium no increase of attractiveness of

the plants for Sitona sp. beetles was observed.

Keywords: heavy metals, soil pollution, Sitona sp.

Soil contamination with lead, cadmium, copper and nickel either on the I or III level

of pollution in the IUNG classification does not cause any significant seasonal changes

in the degree of plant injuries caused by the beetles from Sitona species [1]. However,

a reduced feeding of Sitona beetles was observed on the plants growing in the soil

contaminated with zinc on a higher level. Significant differences were noted also in the

course of Sitona feeding dynamics on broad bean growing in the soil contaminated with

various heavy metals [2]. The research conducted to assess the degree of Sitona
harmfulness for broad bean cultivated in heavy metal polluted soil in the year of the
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analysis, a year before and two years before, revealed that at the early development

stage, plants growing in the soil contaminated with zinc and nickel (in the same year as

the analysis) proved the least attractive for Sitona beetles. For the object where the soil

was contaminated with nickel and copper, the tendency was observed also at the later

stage of the pest feeding [3].

The present research aimed at an assessment of heavy metal soil contamination effect

on the intensity of Sitona beetles feeding on broad beans cultivated in the soil three

years after the moment of pollution, from the perspective of possibly enhanced

attractiveness of this host plant as food.

Material and methods

The experiment was conducted in 2005 under field conditions. The experimental soil

was a degraded chernozem formed from loess with acid pH and 1.13 % organic carbon

content. Broad bean (Vicia faba L.), White Windsor c.v. was cultivated in two series

differing by the date of the soil contamination with heavy metals. The soil was

contaminated in 2002 (III) and 2005 (0). In each series the plants were cultivated in the

following objects: unpolluted soil – with natural content of heavy metals (Control);

unpolluted soil with natural content of heavy metals and fertilized minerally (NPK); soil

polluted with a dose of 4 mg � kg–1 d.m. of cadmium; soil polluted with a dose of 350

mg � kg–1 d.m. of lead; soil contaminated with zinc dosed 1000 mg � kg–1 d.m. and soil

polluted with a dose of 110 mg � kg–1 d.m. of nickel. The plants were grown in plastic

pots with 9.8 kg of soil d.m. The heavy metals were added to the soil as water solutions

of the following salts: 3CdSO4 � 7H2O, NiSO4 � 7H2O, CuSO4, ZnSO4 � 7H2O, Pb(NO)3.

Because on the object receiving Pb(NO3)2 some amount of nitrogen was already

supplied into the soil, its dose was adequately diminished in the applied basic

fertilization. Basic fertilization, the same on all objects (except the unfertilized control),

dosed 0.7 g N (as NH4NO3); 0.8 g P2O5 (as KH2PO4) and 1.2 g K2O (as KCl) per pot of

9.8 kg d.m. of soil, was applied in the first year of the investigations.

The data on the methods applied for soil chemical analyses were presented in other

papers [4–5].

The harmfulness of Sitona sp. beetles was assessed by measuring the leaf surface

losses caused by their feeding, the consumed area and by counting the percentage of

injured leaves. The analysis of injuries was conducted at the early stage of plant

development (several leaves stage – 21.05.2005) and two weeks later (2.06.2005).The

significance of differences between the means was tested by a one-way ANOVA. The

means were differentiated using the Duncan test on the significance level p < 0.05.

Results and discussion

On the first of the analyzed dates Sitona sp. beetles injured ca 23 % of leaves

(depending on the object). The greatest number of leaves with consumed area were

observed in the year when the research was conducted on the plants growing in nickel

contaminated soil. At that time no leaf injuries were spotted yet in the object where the
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soil was contaminated with zinc 3 years prior to the observations (Fig. 1A). No

statistically significant differences were found either in the total consumed area caused

by the beetles between the analyzed objects at that time. When the observations were

carried out 2 weeks later the percentage of injured leaves was between 27 and 77 %

(depending on the object) (Fig. 1B). In the case of cadmium contaminated soil, no

significant differences in the degree of injuries due to Sitona sp. beetles were assessed

between the objects contaminated on various dates (Fig. 1B and 2B). The analysis of

heavy metal contents in broad bean plants revealed that with time elapsing from the soil

cadmium contamination moment, its concentrations in broad bean shoots remained on a

similar level or even slightly increased [6].

Under conditions of the soil polluted with copper 3 years before the observation date

a smaller number of leaves injured by Sitona sp. beetles was observed, as well as

smaller consumed area than on broad bean growing under conditions of the soil
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Fig. 1. Injuries of broad bean growing in natural soil (Control, NPK) and in soil contaminated with

individual metals (III – soil contaminated three years earlier, 0 – soil contaminated in the year of the

observations) caused by Sitona beetles. Values for individual metals or control and for individual

features marked by different letters are statistically significantly different (p < 0.05). Assessments

were presented only if there was statistical differentiation between objects. In other cases differences

were statistically insignificant



contaminated in the year of the experiment (Fig. 1B). In former investigations,

increased attractiveness of broad bean plants as feed for Sitona was observed one or two

years after the pollution moment [3]. A significant decrease in copper content in broad

bean shoots was registered as time elapsed from the moment of the soil contamination

with this metal. This metal concentrations in the plants cultivated in the soil contamin-

ated 3 years earlier were only about 1.5 times higher than in the control plants,

whereas the concentrations in the plants growing in the soil contaminated in the year

of the analysis were almost 4 times higher than in the plants growing in the unpolluted

soil [6].

Former research registered an increase in the degree of broad bean plant injuries with

the lapse of time (one or two years) from the soil contamination with lead [3]. In the

presented research, a decreased harmfulness of Sitona beetles was already noticed under

conditions of soil contaminated 3 years before. The analysis of lead content in broad

beans revealed that 3 years after the soil contamination, this metal content in broad bean

shoots was about 4 times lower than in the plants growing in the soil contaminated in

the year when the analysis was conducted. Similarly to in the former investigations, the
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smallest consumed area was observed under conditions of soils contaminated with

nickel and zinc. The percentage of injured broad bean leaves growing in the soil

polluted with nickel and zinc 3 years earlier was significantly lower than in the case of

soil contaminated with these metals in the year of the experiment. Also leaf blade loss

was lower. The value of the latter parameter might have resulted from improved

condition of plants growing in the soil polluted with heavy metals earlier in comparison

with the plants cultivated in the “freshly contaminated soil”. Nickel concentrations in

broad bean shoots cultivated in the soil 3 years from the contamination moment were

over twice lower than under conditions of soil contaminated in the year of the

experiment, zinc content decreased by about 20 %. Changes in plant attractiveness for

phytophages feeding on them might result not only from changes in heavy metal content

in plants as such, but also changes in other biochemical and physiological plant

parameters, which are modified by the presence of these pollutants [7, 8].

Conclusions

After 3 years from the soil contamination with nickel, zinc, copper, lead and

cadmium no increase of attractiveness of the plants for Sitona sp. beetles was observed.
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NASTÊPCZY WP£YW SKA¯ENIA GLEBY METALAMI CIÊ¯KIMI

NA ¯EROWANIE CHRZ¥SZCZY OPRZÊDZIKÓW (Sitona sp.)

NA BOBIE (Vicia faba L.)

Wydzia³ Rolniczo-Ekonomiczny

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem podjêtych badañ by³a ocena wp³ywu ska¿enia gleby metalami ciê¿kimi na intensywnoœæ

¿erowania chrz¹szczy oprzêdzików Sitona sp. na bobie uprawianym w glebie po up³ywie 3 lat od momentu

ska¿enia, pod k¹tem mo¿liwoœci wzrostu atrakcyjnoœci tej roœliny ¿ywicielskiej jako pokarmu. Bób (Vicia
faba L.) odm. Windsor Bia³y uprawiany by³ w 2 seriach, ró¿ni¹cych siê dat¹ ska¿enia gleby metalami

ciê¿kimi. Glebê ska¿ano w latach: 2002 i 2005. W ka¿dej serii roœliny uprawiano w nastêpuj¹cych obiektach:

gleba niezanieczyszczona – o naturalnej zawartoœci metali ciê¿kich (Kontrola); gleba niezanieczyszczona –

o naturalnej zawartoœci metali ciê¿kich nawo¿ona mineralnie (NPK); gleba zanieczyszczona kadmem

w dawce: 4 mg � kg–1 s.m., gleba zanieczyszczona o³owiem w dawce: 530 mg � kg–1 s.m., gleba

zanieczyszczona miedzi¹ w dawce: 85 mg � kg–1 s.m., gleba zanieczyszczona cynkiem w dawce: 1000

mg � kg–1 s.m., gleba zanieczyszczona niklem w dawce: 110 mg � kg–1 s.m. Szkodliwoœæ chrz¹szczy
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oprzêdzików (Sitona sp.) oceniono, mierz¹c ubytek powierzchni liœci na skutek ich ¿erowania, powierzchniê

wy¿erek oraz licz¹c odsetek uszkodzonych liœci. Po up³ywie 3 lat od momentu zanieczyszczenia gleby

niklem, cynkiem, miedzi¹, o³owiem lub kadmem nie obserwuje siê wzrostu atrakcyjnoœci roœlin bobu dla

chrz¹szczy Sitona sp.

S³owa kluczowe: metale ciê¿kie, zanieczyszczenie gleby, Sitona sp.
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OCCURRENCE OF ENTOMOPATHOGENIC FUNGI

IN SELECTED PARKS AND URBAN FORESTS

OF THE WARSAW DISTRICT URSYNOW

WYSTÊPOWANIE GRZYBÓW ENTOMOPATOGENNYCH

W WYBRANYCH PARKACH I LASACH MIEJSKICH

WARSZAWSKIEJ GMINY URSYNÓW

Abstract: The present study concerns choice composition, as well as intensification of occurrence

entomopathogenic fungi on chosen terrains of the park and municipal forests of the Ursynow district in

Warsaw. The following entomopathogenic fungi were isolated: Peacilomyces fumosoroseus, Bauveria
bassiana and Metharisium anisopliae. Position did not influence the occurrence of entomopathogenic fungi.

However, different seasons of the year had an influence on the occurrence of the fungi. P. fumosoroseus
turned out to be predominant in spring, summer, while B. bassiana in autumn.

Keywords: entomopathogenic fungi, soil, season of year

There are c. 200 species of entomopathogenic fungi in Poland. Most of them infect

insects rarely or occasionally [1]. Their presence and activity in the environment depend

on abiotic and biotic conditions. Under favourable conditions such as appropriate

temperature, moisture and host availability, these fungi may largely reduce the number

of insects at various stages of their growth. Apart from typical environmental factors,

the number of fungi is controlled by human activity – plant protection chemicals and

heavy metals introduced to soils [2, 3].

Warsaw – a modern city – is a complex socio-economic, technical and also

biological system. Natural greenery and artificial green complexes play an important

role in the functioning of this urban agglomeration. There are many insect species,

which are the food base for entomopathogenic fungi in urban green areas. These fungi

most often attack soil-dwelling insects. Individuals dead due to mycosis are a source of
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spreading the disease and often become hotbeds of epizootic diseases [4, 5]. Now

entomopathogenic fungi are used in plant protection in greenhouses and field crops.

Their increasing importance for pest control, particularly in monocultures, raised the

interest in domestic species and their occurrence in various ecosystems [6–8].

The aim of this study was to estimate species composition of entomopathogenic

fungi in urban greens of the Ursynow district in Warsaw during various seasons.

Material and methods

Soil samples collected in 2007 from five selected sites in the Ursynow district were

used in the experiment. Soil was collected from: the park of the Warsaw University of

Life Sciences – Ursynow Escarp (soil pH 4.7–6.8), Park of Culture in Powsin (pH

4.7–6.6), Roman Kozlowski’s Park (pH 4.7–6.8) and from two city forests – Kabaty

(soil pH 3.2–4.9) and Natolin (pH 3.2–4.9). Mixed samples were taken in triplicate

during various phenologic seasons with the soil cane to the depth of 20 cm.

Fungi were isolated from soil samples with the method of Zimmermann (1986) [9]

using trap insects. Caterpillars of G. mellonella from the own culture of the Department

of Zoology WULS were the trap animals. Experiments were carried out at 25 oC for

25 days for each soil sample. First control was performed 5 days after set up of the

experiment and then the samples were controlled every 2–3 days. Dead insects were

removed from samples and replaced by live ones. Dead insects were transferred to Petri

dishes to estimate the cause of their death and to complete the growth of mycelium on

the skin surface. The obtained results were statistically processed with the Statgraphics

Plus 4.1 programme.

Results and discussion

Three species of entomopathogenic fungi (Peacilomyces fumosoroseus, Bauveria
bassiana, Metharizium anisopliae) were isolated from soils of the greens in the

Ursynow district of Warsaw. The studied sites did not differ significantly in species

composition of entomopathogenic fungi. P. fumosoroseus was the dominating species in

analysed soil samples. Depending on site it infected from 45 % to 73 % of insects. The

second frequent species was B. bassiana which infected 25 % to 39 % of insects.

M. anisopliae was isolated sporadically and only in spring (Table 1).

Apart from typical infections caused by entomopathogenic fungi the trap insects were

also infected by saprophages and by entomopathogenic nematodes (Table 1). In samples

collected in spring the trap insects were infected by nematodes more than by fungi in

other seasons.

Changes in the density of particular species of isolated fungi were related to

a phenologic season (Table 2). Season exerted a significant effect on M. anisopliae.

This fungus was most numerous in early spring; only few mycelia were noted in

summer. The species was not found in soils from forest areas.
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Table 1

The occurrence of entomopathogenic fungi in the greens of the Ursynow district of Warsaw

SGGW –

Ursynow

Escarp

Park

of Culture

in Powsin

Roman

Koz³owski’s

Park

Forest

Natolin

Forest

Kabaty

Entomopathogenic

fungi

B. bassiana *5.3* 6 7.7 8.3 6.7

P. fumosoroseus 15.3 8.7 11 13 16.3

M. anisopliae 0.3 *4.7* *2.7* 0 0

Saprofic fungi 0.7 0.7 2 0 0.3

Entomopathogenic Nematode 4.7 7 5 7.3 5

Other biotic factor 3.7 3 1.7 1.3 1.7

* p > 0.05 denotes a statistically significant difference.

Table 2

The effect of season on isolated species of entomopathogenic fungi

Season B. bassiana P. fumosoroseus M. anisopliae Saprofic fungi

Spring 4.7 *21.7* 4.3 0.7

Summer 4.0 *25.3* 3.3 1.7

Autumn *25.3* 17.3 0 1.3

* p < 0.001 denotes a statistically significant difference.

P. fumosoroseus dominated in studied ecosystems in spring and summer. In spring it

was found in 71 % of trap insects. In summer it infected 78 % of insects. In autumn the

dominant species was B. bassiana which infected 59 % of isolated trap insects.

The obtained results confirm observations made by other authors on the common

occurrence of the three species of fungi in various ecosystems [4, 9, 10]. They found

another species – P. farinosus – which was not present in the soils analysed within this

study. Studies carried out by other authors [11, 12] in Poland indicate that entomo-

pathogenic fungi are most frequent in forest ecosystems which have naturally richer

flora and fauna. This finding was confirmed in this study since most entomopathogenic

fungi were isolated from soils collected in Kabaty Forest.

Common occurrence of the three species of entomopathogenic fungi was confirmed

by other authors [4], They demonstrated that P. fumosoroseus was the dominating

species in contrast to other European countries where it occurs less frequently [13].

The Ursynow district, despite strong human impact, is very attractive to insects

because of the presence of green areas in its territory. That is why insects as potential

hosts of entomopathogenic fungi are affected by mycoses there contributing thus to

species diversity of pathogens [14].

Conclusions

1. Three most frequent species of entomopathogenic fungi: P. fumosoroseus,
B. bassiana and M. anisopliae were isolated from soils in the city greens and forests of

the Ursynow district.
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2. P. fumosoroseus was the dominating species in studied soils and M. anisopliae
was found rarely.

3. Season affected the occurrence of particular species of entomopathogenic fungi.
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WYSTÊPOWANIE GRZYBÓW ENTOMOPATOGENNYCH

W WYBRANYCH PARKACH I LASACH MIEJSKICH

WARSZAWSKIEJ GMINY URSYNÓW

1 Katedra Biologii Œrodowiska Zwierz¹t, Zak³ad Zoologii
2 Student – Katedra Biologii Œrodowiska Zwierz¹t, Zak³ad Zoologii

Szko³a G³ówna Gospodarstwa Wiejskiego w Warszawie

Abstrakt: W pracy przedstawiono sk³ad oraz nasilenie wystêpowania grzybów entomopatogennych w wy-

branych parkach i lasach miejskich gminy Ursynów w Warszawie. W pracy zwrócono uwagê tak¿e na ró¿nicê

w wysterowaniu w zale¿noœci od miejsca bytowania i okresu fenologicznego. Na badanych terenach

wyizolowano nastêpuj¹ce gatunki grzybów: P. fumosoroseus, B. bassiana oraz M. anisopliae. Stwierdzono, ¿e

siedlisko nie mia³o wp³ywu na wystêpowanie grzybów entomopatogennych, natomiast wp³yw mia³ okres

fenologiczny. Dominuj¹cym gatunkiem okaza³ siê P. fumosoroseus (wiosna, lato), a na jesieni dominowa³a

B. bassiana.

S³owa kluczowe: grzyby entomopatogenne, gleba, sezon fenologiczny
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MORPHOMETRIC CHANGES IN Heterorhabditis megidis

(POINAR, JACKSON AND KLEIN 1987)

AFTER DIFFERENT CONTACT WITH LEAD(II) IONS

ZMIANY MORFOMETRYCZNE Heterorhabditis megidis

(POINAR, JACKSON I KLEIN 1987)

PO RÓ¯NYM CZASIE KONTAKTU Z JONAMI O£OWIU(II)

Abstract: Nematodes of the families Steinernematidae and Heterorhabditidae are a natural factor controlling

population density of insects and for many years have been used in biological plant protection. When using

entomopathogenic nematodes as biological pest control it was found that heavy metal ions might negatively

affect their pathogenic properties.

In laboratory experiments invasive larvae of H. megidis were kept for 24 and 120 hours in Petri dishes

containing water solutions of lead nitrate(V) at a concentration of 500 ppm Pb(II). Nematodes that survived

the contact with lead ions were transferred to pots with soil and test insects (Galleria mellonella L.).

Nematodes kept in distilled water served as a control. Half of dead insects was dissected two days after their

death. Individuals of the first nematode generation were isolated from dead insects and selected body

dimensions (body length, body width, length of the pharynx and tail) were measured. Second half of dead

insects was intended for reproduction. Larvae obtained from this reproduction were used for further tests

aimed at analysing the effect of long term passaging of nematodes through the host. Five passages were made

in total. The time of the contact of nematodes with lead ions was found to affect their body dimensions.

Keywords: entomopathogenic nematodes, Heterorhabditis megidis, Galleria mellonella, lead ions

Environmental pollution is not the only effect of the common use of heavy metals.

Sometimes even small amounts of these metals may cause many diseases in man [1],

farm animals [2] and free living animals like eg entomopathogenic nematodes [3–9].

Lead is one of the most toxic metals for living organisms. Lead ions in soil habitat
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negatively affect survival, pathogenic properties and reproduction of entomopathogenic

nematodes [3–9].

This study was performed to assess the effect of the time of contact of nematodes

with lead ions on selected body dimensions of the first generation of Heterorhabditis
megidis.

Material and methods

Invasive larvae of H. megidis and larvae of the last growth stage of Galleria
mellonella L. (mean body mass 163 mg) were used in experiments. Both entomo-

pathogenic nematodes and insects were taken from the culture of the Department of

Zoology, Warsaw Agricultural University.

Invasive larvae of nematodes were kept in Petri dishes for 24 h (sample B) and for

120 h (sample C) in water solutions of lead nitrate(V) at a concentration of 500 ppm

Pb(II). Larvae that survived the contact with lead ions were used to infect test insects.

Control (sample A) consisted of larvae kept in distilled water. Insects were infected

individually: one insect larva and 500 larvae of invasive nematodes were placed in a pot

filled with wet sand. Half of dead insects was dissected two days after their death.

Mature individuals of the first nematode generation (hermaphroditic individuals) were

isolated and measured (body length and width, length of the pharynx and tail) under

light microscope. Second half of dead insects was transferred onto individual migration

sponges (modified traps for collecting nematode larvae migrating from insects’ bodies).

So obtained invasive larvae were used to infect next test insects to check the effect of

long term passaging of nematodes dealt with lead ions through the same host. Five

passages were made in total. Body length and width, length of the pharynx and tail were

measured in hermaphroditic individuals whose larvae were subjected to lead ions for

different time period.

Experiments were carried out at 25 oC – an optimum temperature for H. megidis at

which the species shows the greatest invasiveness [10]. UNIANOVA was used to

compare obtained results.

Results and discussion

Results show that adult individuals whose larvae contacted lead ions had smaller

body dimensions than those in the control sample A. A slight decrease of body size was

noted during consecutive passages.

Individuals isolated from the first passage had larger body dimensions than those

isolated during the next four passages. Therefore, results from the first passage were

compared with the mean from the next four passages (2–5). This relationship was not

observed in one sample (B) and one morphometric feature – body length of nematodes

whose larvae had shorter (24 h) contact with lead ions. After the first passage they were

markedly shorter (2.52 mm) than individuals which being in the larval stage had longer
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(120 h) contact with lead ions (4.64 mm) and than the control individuals (4.8 mm)

(Table 1).

Table 1

Body size [mm] of hermaphroditic individuals of H. megidis

Samples

Body

size [mm]

Sample A

(passage 1)

Sample A

(mean

of passages

2–5)

Sample B

(passage1)

Sample B

(mean

of passages

2–5)

Sample C

(passage 1)

Sample C

(mean

of passages

2–5)

Body length 4.80 4.75 2.52 4.59 4.64 4.51

Body width 0.26 0.25 0.21 0.20 0.23 0.22

Length of the

pharynx 0.24 0.23 0.22 0.21 0.23 0.22

Tail length 0.122 0.121 0.103 0.100 0.118 0.115

In consecutive passages the differences diminished ie body size of individuals, which

when being in the larval stage contacted lead ions approached those of individuals from

samples A and C. Changes in the body dimensions of H. megidis in relation to the

contact time and passage are presented in Tables 2–5.

Table 2

Body length [mm] of hermaphroditic individuals of H. megidis

Samples

Body

length [mm]

Sample

A

Sample

B

Sample

C

Passage 1 4.80 2.52 4.64

Passage 2 4.74 4.48 4.55

Passage 3 4.77 4.69 4.49

Passage 4 4.69 4.62 4.47

Passage 5 4.81 4.58 4.53

Mean of passages 2–5 4.75 4.59 4.51

Table 3

Body width [mm] of hermaphroditic individuals of H. megidis

Samples

Body

width [mm]

Sample

A

Sample

B

Sample

C

Passage 1 0.26 0.21 0.23

Passage 2 0.24 0.21 0.23

Passage 3 0.25 0.20 0.21

Passage 4 0.23 0.19 0.22

Passage 5 0.26 0.21 0.23

Mean of passages 2–5 0.25 0.20 0.22
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Table 4

Length of the pharynx [mm] in hermaphroditic individuals of H. megidis

Samples

Length of

the pharynx [mm]

Sample

A

Sample

B

Sample

C

Passage 1 0.24 0.22 0.23

Passage 2 0.22 0.20 0.23

Passage 3 0.23 0.21 0.19

Passage 4 0.22 0.20 0.24

Passage 5 0.25 0.22 0.22

Mean of passages 2–5 0.23 0.21 0.22

Table 5

Tail length [mm] in hermaphroditic individuals of H. megidis

Samples

Tail

length [mm]

Sample

A

Sample

B

Sample

C

Passage 1 0.122 0.103 0.118

Passage 2 0.121 0.099 0.117

Passage 3 0.123 0.101 0.104

Passage 4 0.119 0.100 0.118

Passage 5 0.122 0.099 0.122

Mean of passages 2–5 0.121 0.100 0.115

Described above small body length of nematodes from the first generation (after the

first passage) which when being in the larval stage had 24 h contact with lead ions was

observed in every next experimental repetition.

One factor ANOVA performed for selected body dimensions showed significant

differences between studied groups (Table 6). Highly significant differences during the

first passage were noted in all body dimensions between control group and nematodes

whose former larval generation was kept for 24 h in the solution of lead ions at a

concentration of 500 ppm Pb(II). Multiple comparison of the first passage between the

control group and the nematodes whose former generation was affected by lead ions

showed significant differences in body length and highly significant differences in body

width. Comparison of body size of nematodes that survived short contact with lead ions

with those that contacted these ions for a longer period revealed no significant

differences in the length of pharynx. Other body dimensions between these two groups

were highly significant.

Obtained results indicate that body length of hermaphroditic individuals of H. megidis
was more influenced by shorter (24 h) than longer (120 h) contact period of invasive

larvae of the previous generation with lead ions. It seems that the longer contact with

lead ions eliminated biologically weaker nematodes from experiment. It was also found

that the time of contact with lead ions did not affect internal morphometric feature –

length of the pharynx – in studied nematodes.
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Table 6

ANOVA for selected body dimensions in nematodes

Body

dimensions
Groups SS df MS F p

Body

length

Between groups 64.827 5 12.965 246.464 .000

Within groups 11.521 219 .053

Total 76.348 224

Body

width

Between groups .072 5 .014 35.747 .000

Within groups .089 219 .000

Total .161 224

Length

of the

pharynx

Between groups .020 5 .004 9.244 .000

Within groups .093 219 .000

Total .113 224

Tail

length

Between groups .018 5 .004 51.449 .000

Within groups .015 219 .000

Total .033 224

The effect of lead ions on nematodes was the topic of many papers. Unfavourable

effect of lead(II) ions on the pathogenic properties of entomopathogenic nematodes was

demonstrated eg by Jarmu³ and Kamionek and by Jaworska et al [5, 6, 8].

When studying biological activity of entomopathogenic nematodes in soil one should

pay attention to other factors that might limit or change their population. In urban areas

species composition of micro- and mesofauna may vary largely thus affecting animal

biodiversity. Environmental contamination by heavy metals might be one of the

causative factors in such cases.

Conclusion

Performed studies allow for the conclusion that time of the contact of nematode

invasive larvae with lead(II) ions affects morphometric features of the first generation

of adult individuals of H. megidis. Repetitive passage of nematodes results also in small

morphometric changes.
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ZMIANY MORFOMETRYCZNE Heterorhabditis megidis

(POINAR, JACKSON I KLEIN 1987)

PO RÓ¯NYM CZASIE KONTAKTU Z JONAMI O£OWIU(II)

Zak³ad Zoologii, Instytut Biologii, Wydzia³ Matematyczno-Przyrodniczy

Uniwersytet Jana Kochanowskiego w Kielcach

Abstrakt: Nicienie z rodziny Steinernematidae i Heterorhabditidae stanowi¹ naturalny czynnik redukuj¹cy

liczebnoœæ populacji owadów i od wielu lat s¹ wykorzystywane w biologicznej ochronie roœlin. W momencie

wykorzystania nicieni entomopatogennych jako biologicznego œrodka w zwalczaniu szkodników upraw,

stwierdzono, ¿e jony metali ciê¿kich mog¹ w znacznym stopniu niekorzystnie wp³yn¹æ na patogennoœæ nicieni

owadobójczych.

W doœwiadczeniach larwy inwazyjne H. megidis przetrzymywano przez 24 godziny i 120 godzin

w roztworach wodnych azotanu(V) o³owiu o stê¿eniu 500 ppm Pb(II) w szalkach Petriego. Nicienie, które

prze¿y³y kontakt z jonami o³owiu, wprowadzano do pojemników z gleb¹, w których znajdowa³y siê owady

testowe (Galleria mellonella L.). Kontrolê stanowi³y nicienie przetrzymywane w wodzie destylowanej.

Po³owê martwych owadów poddawano sekcji po dwóch dniach od ich œmierci. Izolowano z nich osobniki

pierwszego pokolenia nicieni i oznaczano ich wybrane wymiary cia³a (d³ugoœæ cia³a, szerokoœæ cia³a, d³ugoœæ

gardzieli i d³ugoœæ ogona). Drug¹ po³owê martwych owadów przeznaczano na reprodukcjê. Otrzymane

z reprodukcji larwy wykorzystano do dalszych testów maj¹cych na celu analizê wp³ywu d³ugotrwa³ego

pasa¿owania nicieni przez jednego ¿ywiciela. Wykonano 5 pasa¿y. Zaobserwowano, ¿e czas kontaktu nicieni

z jonami o³owiu(II) wp³ywa na wymiary cia³a.

S³owa kluczowe: nicienie entomopatogenne, Heterorhabditis megidis, Galleria mellonella, jony o³owiu
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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 11–13 X 2012 (Thursday–Saturday).

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 actualised 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

contributions as well as the Conference Programme recorded on electronic media (the

Programme will be also published on the ECOpole ’12 website).

Further information is available from:

Prof. dr hab. Maria Wac³awek

Chairperson of the Organising Committee

of ECOpole ’12 Conference

University of Opole

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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Zapraszamy

do udzia³u w Œrodkowoeuropejskiej Konferencji ECOpole ’12

w dniach 11–13 X 2012

SUBSTANCJE CHEMICZNE

W ŒRODOWISKU PRZYRODNICZYM

Bêdzie to dwudziesta pierwsza z rzêdu konferencja poœwiêcona badaniom podstawo-

wym oraz dzia³aniom praktycznym dotycz¹ca ró¿nych aspektów ochrony œrodowiska

przyrodniczego.

Doroczne konferencje ECOpole maj¹ charakter miêdzynarodowy i za takie s¹ uznane

przez Ministerstwo Nauki i Szkolnictwa Wy¿szego.

Obrady konferencji ECOpole ’12 bêd¹ zgrupowane w piêciu sekcjach:

– SI Chemiczne substancje w œrodowisku przyrodniczym oraz ich monitoring

– SII Odnawialne Ÿród³a energii i jej oszczêdne pozyskiwanie oraz u¿ytkowanie

– SIII Zarz¹dzanie œrodowiskiem w warunkach kryzysowych

– SIV Forum M³odych (FM) i Edukacja proœrodowiskowa

– SV Wp³yw zanieczyszczeñ œrodowiska oraz ¿ywnoœci na zdrowie ludzi.

Materia³y konferencyjne bêd¹ opublikowane w postaci:

– abstraktów (0,5 strony formatu A4) na CD-ROM-ie;

– rozszerzonych streszczeñ o objêtoœci 4–6 stron w pó³roczniku Proceedings of
ECOpole;

– artyku³ów: w abstraktowanych czasopismach: Ecological Chemistry and Engineer-
ing/Chemia i In¿ynieria Ekologiczna (Ecol. Chem. Eng.) ser. A i S oraz niektórych

w pó³roczniku Chemia – Dydaktyka – Ekologia – Metrologia.

Termin nadsy³ania angielskiego i polskiego streszczenia o objêtoœci 0,5–1,0

strony (wersja cyfrowa + wydruk) planowanych wyst¹pieñ up³ywa w dniu 15 lipca

2012 r. Lista prac zakwalifikowanych przez Radê Naukow¹ Konferencji do prezentacji

bêdzie sukcesywnie publikowana od 15 lipca 2012 r. na stronie webowej

ecopole.uni.opole.pl



Aby praca (dotyczy to tak¿e streszczenia, które powinno mieæ tytu³ w jêzyku polskim

i angielskim, s³owa kluczowe w obydwu jêzykach) przedstawiona w czasie konferencji

mog³a byæ opublikowana, jej tekst winien byæ przygotowany zgodnie z wymagania-

mi stawianymi artyku³om drukowanym w czasopismach. Zalecenia te s¹ umieszczone

na stronie webowej Towarzystwa.

tchnie.uni.opole.pl

Po konferencji zostan¹ wydane 4–6-stronicowe rozszerzone streszczenia wyst¹pieñ

w pó³roczniku Proceedings of ECOpole. Artyku³y te winny byæ przes³ane do 1 paŸdzier-

nika 2012 r. Wszystkie nadsy³ane prace podlegaj¹ zwyk³ej procedurze recenzyjnej.

Wszystkie streszczenia oraz program Konferencji zostan¹ wydane na CD-ROM-ie, który

otrzyma ka¿dy z uczestników podczas rejestracji. Program bêdzie tak¿e umieszczony na

stronie webowej Konferencji.

Prof. dr hab. Maria Wac³awek

Przewodnicz¹ca Komitetu Organizacyjnego

Konferencji ECOpole ’12

Wszelkie uwagi i zapytania mo¿na kierowaæ na adres:

Maria.Waclawek@o2.pl

lub mrajfur@o2.pl

tel. 77 401 60 42 i 77 455 91 49

fax 77 401 60 51
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GUIDE FOR AUTHORS

ON SUBMISSION OF MANUSCRIPTS

A digital version of the Manuscript addressed:

Professor Witold Wac³awek

Editorial Office of monthly Ecological Chemistry and Engineering A
(Ecol. Chem. Eng. A)

Uniwersytet Opolski

ul. kard. B. Kominka 6, 45–032 Opole, Poland

Phone: +48 77 401 60 42, fax +48 77 401 60 51,

email: waclawek@uni.opole.pl

should be sent by email to the Editorial Office Secretariat – mrajfur@o2.pl

The Editor assumes, that an author submitting a paper for publication has been autho-

rised 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 the most recent issues of Ecol. Chem. Eng. A, 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. If not then the Polish

summary and keywords will be provided by the Editorial Office. All authors are re-

quested to inform of their current addresses, phone and fax numbers and their email

addresses.

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. The use of the

following commonly applied expressions is recommended: mass – m/kg, time – t/s or

t/min, current intensity – I/A; thermodynamic temperature – T/K, Celsius scale tempera-

ture – t/°C or �/°C (if both time and Celsius scale units need to be used, the symbol

�/°C for temperature is to be taken) etc.



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 also be supplied in the form of digital vector –

type files, eg Corel-Draw, Grapher for Windows or at least in a bitmap format

(TIF, PCK, BMP). 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:

[l] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40(3), 2080–2085.

[2] Nowak S: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation –
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur

Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389–391.

Journal titles should preferably follow the Chem. Abst. Service recommended abbre-

viations.

Each publication is evaluated by at least two independent reviewers from outside of

the unit. In the case of paper written in a foreign language, at least one of reviewers is

affiliated to a foreign institution other than the author’s work. Sometimes so-called

“double-blind review process” occurs (the author(s) and reviewers do not know their

identities). In other cases Editor must be sure that no conflict of interest (direct personal

relationships, professional relationships, or direct scientific cooperation in the past two

years) occurs between the reviewer and the author.

Reviewer has to fill in the Reviewers report. On its end must be an explicit request to

the approval of the article for publication or its rejection.

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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ZALECENIA DOTYCZ¥CE PRZYGOTOWANIA

MANUSKRYPTÓW

Praca przeznaczona do druku w miesiêczniku Ecological Chemistry and Engineering
A/Chemia i In¿ynieria Ekologiczna A powinna byæ przes³ana na adres Redakcji:

Profesor Witold Wac³awek

Redakcja Ecological Chemistry and Engineering A

Uniwersytet Opolski

ul. kard. B. Kominka 6, 45–032 Opole

tel. 77 401 60 42, fax 77 401 60 51

email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (ver. 7.0 dla Windows) emailem

(mrajfur@o2.pl).

Redakcja przyjmuje, ¿e przesy³aj¹c artyku³ do druku autor w ten sposób oœwiadcza,

¿e jest upowa¿niony do tego oraz zapewnia, i¿ artyku³ ten jest oryginalny i nie by³

wczeœniej drukowany gdzie indziej i nie zosta³ wys³any do druku gdzie indziej oraz ¿e

po jego wydrukowaniu copyright do tego artyku³u uzyskuje Towarzystwo Chemii i In-

¿ynierii Ekologicznej.

“Ghostwriting” i “guest authorship” s¹ przejawem nierzetelnoœci naukowej. Aby

im przeciwdzia³aæ, prosimy o podanie informacji, do wiadomoœci Redakcji, o wk³adzie

procentowym poszczególnych autorów w powstanie publikacji (wraz z informacj¹, kto

jest autorem koncepcji, za³o¿eñ, metod itp.). Redakcja uwa¿a, ¿e g³ówn¹ odpowiedzial-

noœæ za te stwierdzenia ponosi Autor zg³aszaj¹cy manuskrypt.

W przygotowaniu manuskryptu nale¿y przede wszystkim wzorowaæ siê na postaci

najnowszych artyku³ów opublikowanych w Ecological Chemistry and Engineering A,

na przyk³ad zamieszczanych na stronie webowej Towarzystwa:

http://tchie.uni.opole.pl/

Prace przesy³ane do publikacji winny byæ napisane w jêzyku angielskim oraz zaopa-

trzone w streszczenia oraz s³owa kluczowe w jêzykach angielskim oraz polskim.

Zalecamy, a¿eby artyku³ zawiera³ adresy i emaile oraz numery telefonów i faksów

wszystkich autorów danej pracy, szczególnie g³ównego autora, którego nazwisko wy-

ró¿niamy gwiazdk¹.

Usilnie prosimy o stosowanie uk³adu jednostek SI. Zwracamy uwagê, ¿e osie wykre-

sów oraz g³ówki tabel powinny bezwzglêdnie zawieraæ jednostki stosownej wielkoœci.

Polecamy symbolikê zalecan¹ przez PTChem (Symbole i terminologia wielkoœci i jed-



nostek stosowanych w chemii fizycznej, Ossolineum, Wroc³aw 1989; Pure Appl. Chem.

1979, 51, 1–41). Materia³ graficzny (rysunki, wykresy), obok wersji na papierze, powi-

nien równie¿ byæ dostarczony w postaci cyfrowych plików wektorowych, np. za po-

moc¹ programu: CorelDraw wersja 3.0–8.0, Grafer dla Windows lub przynajmniej bito-

we (TIF, PCX, BMP). W przypadku trudnoœci z wype³nieniem tego warunku Redakcja

zapewnia odp³atne wykonanie materia³u graficznego na podstawie dostarczonego szki-

cu, bli¿sze informacje mo¿na uzyskaæ telefonicznie 077 401 60 42.

Przypisy i tabele podobnie jak rysunki zapisujemy jako osobne pliki.

Literaturê prosimy zamieszczaæ wg poni¿szych przyk³adów:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40, 2080–2085.

[2] Nowak S.: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation –
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur

Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389–391.

Tytu³y czasopism nale¿y skracaæ zgodnie z zasadami przyjêtymi przez amerykañsk¹

Chemical Abstracts Service. Autor mo¿e, je¿eli uwa¿a to za wskazane, podawaæ te¿

tytu³ cytowanych artyku³ów z czasopism, który bêdzie sk³adany kursyw¹ oraz numer

zeszytu danego woluminu (w nawiasie, po numerze woluminu).

Ka¿da publikacja jest opiniowana przez dwóch niezale¿nych recenzentów spoza

jednostki, w której pracuje Autor przesy³aj¹cy artyku³. W przypadku tekstów z za-

granicy co najmniej jeden z recenzentów jest afiliowany w instytucji zagranicznej innej

ni¿ autor pracy. Niekiedy recenzenci nie znaj¹ nazwisk autorów publikacji (tzw.

double-blind review proces). W pozosta³ych przypadkach Redakcja musi mieæ pew-

noœæ, ¿e nie wystêpuje konflikt interesów (bezpoœrednie relacje osobiste, relacje

podleg³oœci zawodowej, bezpoœrednia wspó³praca naukowa w ci¹gu ostatnich dwóch

lat) pomiêdzy recenzentem i autorami.

Recenzent wype³nia formularz recenzji. Koñczy siê on jednoznacznym wnioskiem

o dopuszczeniu artyku³u do publikacji lub jego odrzuceniu.

Redakcja potwierdza emailem otrzymanie artyku³u do druku. W przypadku braku

potwierdzenia prosimy o interwencjê: emailem, faksem, listem lub telefonicznie.
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