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THE DYNAMICS OF CADMIUM
AND NICKEL ACCUMULATION IN COMMON

CARP CYPRINUS CARPIO L.*

Ewa Brucka-Jastrzêbska1

Magdalena Lidwin-KaŸmierkiewicz2

1Chair of Physiology, University of Szczecin
2Chair of Toxicology, Agricultural University of Szczecin

Abstract

The aim of the study was to assess the dynamics of cadmium and nickel accumulation in the
carp, Cyprinius carpio L., during the rapid growth period between 3rd and 6th month of life,
including seasonal changes.

Chemical assays were performed on samples of gills, anterior and mid-posterior part of the
alimentary tract, liver, kidneys, skin and muscles. Prior to the assay, 1-g tissue samples were di-
gested with 3 ml of concentrated HNO3 in a CEM MDS 2000 microwave oven. The samples
prepared this way were assayed for Cd and Ni. Cadmium level was determined with flameless
graphite furnace atomic absorption spectrometry (GF-AAS) in a ZL 4110 Perkin Elmer. Nickel
was determined inductively coupling plasma atomic emission spectrometry (ICP-AES) in a JY-24
Jobin Yvon apparatus.

The results indicated that in the period of growth between 3rd and 6th month of life, cadmi-
um and nickel concentrations in the examined carps fluctuated. Average cadmium content in ex-
amined organs ranged between 0.053 ÷ 0.004 µg g-1 wet weight. Average nickel content in
examined organs ranged between 0.326 ÷ 0.023 µg g-1 wet weight. The observed fluctuations
are supposed to be a result of intensive growth and accompanying accumulation of metals from
water.

K e y  w o r d s: fish, Cyprinus carpio L., cadmium, nickel.
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ZMIANY W KUMULACJI KADMU I NIKLU W ORGANIZMACH KARPI
CYPRINUS CARPIO L.

Ewa Brucka-Jastrzêbska, Magdalena Lidwin-KaŸmierkiewicz

1Katedra Fizjologii, Uniwersytet Szczeciñski
2Katedra Toksykologii, Akademia Rolnicza w Szczecinie

Abstrakt

Oceniano dynamikê kumulacji kadmu i niklu w ró¿nych narz¹dach i tkankach karpi (Cypri-
nus carpio L.) w okresie intensywnego ich wzrostu, czyli miêdzy 3. a 6. miesi¹cem ¿ycia.

Badania przeprowadzono na 240 karpiach hodowanych w wodach poch³odniczych. Z ka¿dej
ryby do analiz chemicznych pobierano próbki: nerek, w¹troby, przewodu pokarmowego, listków
skrzelowych, miêœni grzbietowych i skóry. Próbki narz¹dów o masie 1 g zmineralizowano na mok-
ro, w obecnoœci 3 cm3 HNO3, w piecu mikrofalowym CEM MDS 2000. Kadm oznaczono me-
tod¹ bezp³omieniowej absorpcyjnej spektrometrii atomowej GF-AAS, nikiel z u¿yciem emisyjnej
spektrometrii atomowej w plazmie indukcyjnie sprzê¿onej (ICP-AES).

Stwierdzono, ¿e u przebadanych karpi miêdzy 3. a 6. miesi¹cem ¿ycia wyst¹pi³y wahania
zawartoœci Cd i Ni. Œrednie zawartoœci kadmu w badanych narz¹dach wynosi³y 0.053 ÷ 
÷ 0.004 µg g-1 mokrej masy, natomiast œrednie zawartoœci niklu – 0.326 ÷ 0.023 µg g-1 mokrej
masy. Zaobserwowane niewielkie zmiany poziomu kadmu i niklu s¹ wynikiem intensywnego wzros-
tu karpi i towarzysz¹cej temu kumulacji metali ze œrodowiska wodnego.

S ³ o w a  k l u c z o w e: ryby, Cyprinus carpio L., kadm, nikiel.

INTRODUCTION

Harmful metals, such as cadmium, nickel, zinc, lead, cobalt and copper, are
introduced to the environment as a result of various human activities. The ele-
ments cause ecosystems pollution, influencing the natural environment and inhab-
iting organisms. Heavy metal pollution of aquatic environment adversely affects
ontogeny of both plants and animals (JEZIERSKA, WITESKA 2001). Many factors influ-
ence the concentrations of metals in fish bodies, like: species, age, body weight
and length, sex, season or fishing ground (LIANG et al. 2000, 2004). All those
factors simultaneously contribute to maintaining the fish’s proper physiological con-
dition. An increase of cadmium concentration above the permitted level and an
excess or deficiency of nickel may cause serious disturbances of biochemical pro-
cesses and internal homeostasis.

The aim of the study was to assess and compare the degree of cadmium and
nickel accumulation in organs and tissues of common carp Cyprinus carpio L.
during the period of intensive growth, including seasonal differences.
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MATERIALS AND METHODS

The study involved a total of 240 carp Cyprinus carpio L. individuals. The
carp were 4 and 5 month-old. The fish had been reared at the research station
of the Agricultural University of Szczecin, situated in the vicinity of the Dolna
Odra Power Plant at Nowe Czarnowo. The carp were reared in the power plant’s
cooling water discharge at temperatures 20 ÷ 24oC. When in culture, the fish
were fed an Aller Aqua pelleted feed containing 37% protein and 12% fat. The
fish individual weight and length ranged within 118.3 – 138.7 g and 18.2 –
– 20.2 cm, respectively. The carp were reared in the power plant’s cooling water
discharge canal. The daily feed ration was 3.4 ± 0.2 g/fish. Chemical assays were
performed on samples of the liver, alimentary tract, kidneys, gill lamellae, skin,
and dorsal muscles, collected from each individual. When dissecting the fish, anato-
mopathological observations of the organs and tissues were recorded. The sam-
ples were frozen and kept at –2oC until analysed.

Tissue samples, weighing 1 g each, were subjected to wet digestion with 3 ml
concentrated HNO3 in a CEM MDS 2000 microwave oven. The solution ob-
tained was quantitatively transferred to polyethylene vials and brought to 30 g
with deionised water. The samples obtained this way were analysed for content of
cadmium, iron, nickel, zinc, copper, and magnesium.

Cadmium was assayed with flameless atomic absorption spectrometry (GF-AAS)
in a ZL 4110 Perkin Elmer apparatus. A content of nickel was determined with
inductively coupled plasma – atomic emission spectrometry (ICP-AES) in a JY-24
Jobin Yvon apparatus. Content of individual elements are reported in µg g-1 wet
weight (µg g-1 w.w.).

The data obtained were subjected to statistical treatment involving analysis
of variance (ANOVA) at significance levels of p≤ 0.05 and p≤0.01; the analysis
was conducted using the Statistica 6.0 software.

RESULTS AND DISCUSSION

Fish living in natural environment are constantly exposed to harmful chemi-
cals including cadmium and nickel. Metals can penetrate into fish bodies through
alimentary tract, skin and gills, being absorbed directly from water or from food
(PROTASOWICKI 1991, SREEDEVI et al. 1992).

The average cadmium concentrations in the examined organs ranged from
0.004 to 0.053 µg g-1 wet weight. The highest concentration of cadmium was
observed in the liver, mid-posterior part of alimentary tract and gills, while the
lowest concentration was found in the muscles (Table 1). Cadmium levels in ex-
amined carps in spring and autumn were very similar. statistically significant dif-
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ferences between cadmium concentrations were found only in the liver and mid-
posterior part of alimentary tract (Figure 1). Similar observations were made by
PROTASOWICKI (1991), BRUCKA-JASTRZÊBSKA, PROTASOWICKI (2004a) and MARKIEWICZ et al.
(1998) in their studies on cadmium accumulation.

The average nickel concentrations in the examined organs varied between
0.023 and 0.326  µg g-1 wet weight. The highest nickel level was found in the
kidney and liver, and the lowest in the anterior part of alimentary tract (Table 1).
No statistically significant differences between spring and autumn in nickel con-
centrations in carp organs were observed. Nickel concentrations in examined carps
were very similar in both seasons (Figure 2). This is in agreement with observations
made in other studies on nickel accumulation by SOBECKA (1998) and BRUCKA-
-JASTRZÊBSKA, PROTASOWICKI (2004b).
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Trace concentrations of cadmium and nickel, found in intensively growing
carps, are supposed to be a result of cooling water pollution caused by precipita-
tion, sewage and waste dump drainage waters. The observed fluctuations of cad-
mium and nickel levels in examined organs and tissues were caused by the inten-
sive growth of carps, accumulation of metals from water and elimination of metals
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Fig. 2. Comparison between nickel levels in organs of carp in spring and autumn.
Explanations see Fig. 1

Rys. 2. Porównanie poziomu niklu w narz¹dach karpi z uwzglêdnieniem zmian sezonowych.
Objaœnienia patrz rys. 1

Fig. 1. Comparison between cadmium levels in organs of carp in spring and autumn: P1 – entire
alimentary tract, P2 – anterior part of alimentary tract, P3 – mid-posterior part of alimentary tract,
w.w. – wet weight, a – statistical significance of differences (spring – autumn) p<0.05, b – statistical

significance of differences (spring – autumn) p<0.01

Rys. 1. Porównanie poziomu kadmu w narz¹dach karpi z uwzglêdnieniem zmian sezonowych:
P1 – ca³y przewód pokarmowy, P2 – przednia czêœæ przewodu pokarmowego,
P3- œrodkowokoñcowa czêœæ przewodu pokarmowego, m.m. – mokra masa,

a – ró¿nice statystycznie istotne miêdzy badanymi próbami z uwzglêdnieniem zmian sezonowych
(wiosna – jesieñ) p<0.05, b – ró¿nice statystycznie istotne z uwzglêdnieniem zmian sezonowych

(wiosna – jesieñ) p<0.01
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from carp bodies to water. The elimination process enables maintaining the con-
centrations of harmful substances in fish bodies at the level safe for ontogeny and
health.

 Cooling waters, discharged from power plants, are often used for the cyp-
rinids and the salmonids breeding, as they have nearly constant temperature all
the year round. Such an activity have been conducted for many years in a chan-
nel collecting cooling waters from the Dolna Odra Power Plant in West Pomerani-
an Voivodeship. The cooling waters contain trace concentrations of toxic substanc-
es, including cadmium and nickel, although the concentrations are within limits
(Rozporz¹dzenie... 1991, Raport WIOŒ 2003, JEZIERSKA, WITESKA 2001, KNÖCHEL

et al. 2002). In none of the rivers of West Pomeranian Voivodeship heavy metal
concentrations exceed limits (PROTASOWICKI, CHODYNIECKI 1988, Raport WIOŒ 2003).

Data on concentrations of heavy metals and bio-elements in carps at various
ontogeny stages are available in references (DOBRZAÑSKI et al. 1996, KO£ACZ et al.
1996, MOORE, RAMAMOOTHY 1984, VIRK, KAUR 1999). In contrast, analogous data
referring to carps bred in cooling waters are still lacking.

CONCLUSIONS

1.  Average cadmium concentrations in the examined organs ranged from
0.004 to 0.053 µg g-1 wet weight. The highest cadmium concentration was ob-
served in the liver, mid-posterior part of alimentary tract and gills, while the
lowest concentration was found in the muscles.

2.  Average nickel concentrations in the examined organs varied between
0.023 and 0.326  µg g-1 wet weight. The highest nickel level was found in the
kidney and liver, and the lowest in the anterior part of alimentary tract.

3.  Cadmium and nickel concentrations in the examined carps were within
limits.

4.  Cadmium concentrations in the liver and mid-posterior part of alimentary
tract statistically significantly differed between spring and autumn. Nickel concen-
trations in the examined carps were very similar in both seasons.
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CONTENT OF CARBON, NITROGEN
AND SELECTED HEAVY METALS

IN COMPOSTS

Krzysztof Gondek
Department of Agricultural Chemistry

Agricultural University in Krakow

Abstract

Chemical composition of composts depends on a number of factors, including a type of com-
posted waste and composting technology. This study was conducted to determine concentrations
of carbon, nitrogen and selected heavy metals in composts manufactured from various waste sub-
stances and using different technologies. Organic carbon content in the composts depended on
a type of composted waste - the smallest quantities were found in the compost of municipal waste.
Organic matter transformations occurring during composting probably led to a systematic decline
of the soluble organic compound amounts. The share of soluble carbon in the total concentration
did not exceed 35% of the analysed composts. The composts based on plant waste were more
abundant in nitrogen and the share of nitrogen extracted with sodium pyrophosphate and sodium
base did not exceed 40%. Analysis of fractional composition of humus compounds of the com-
posts revealed higher content of humic acid carbon in relation to fulvic acid carbon. The propor-
tion of non-hydrolysing carbon in these materials was on average over 70%. The content of the
most mobile heavy metal forms in the composts was low and implied that these elements occurred
in a form less available to plants.

K e y  w o r d s: composts, organic carbon, nitrogen, heavy metals.

ZAWARTOŒÆ WÊGLA I AZOTU ORAZ WYBRANYCH METALI CIÊ¯KICH
W KOMPOSTACH

Krzysztof Gondek

Katedra Chemii Rolnej
Akademia Rolnicza w Krakowie
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Abstrakt

Sk³ad chemiczny kompostów zale¿y m.in. od rodzaju kompostowanych odpadów, ale mo¿e
byæ tak¿e uwarunkowany technologi¹ kompostowania. Dlatego celem podjêtych badañ by³o okreœle-
nie zawartoœci wêgla, azotu oraz wybranych metali ciê¿kich w kompostach produkowanych
z ró¿nych substancji odpadowych i wed³ug ró¿nych technologii. Zawartoœæ wêgla organicznego
w kompostach zale¿a³a od rodzaju kompostowanego odpadu – najmniej tego sk³adnika stwierdz-
ono w kompoœcie z odpadów komunalnych. Przemiany materii organicznej zachodz¹ce podczas
kompostowania prowadzi³y do systematycznego zmniejszania siê iloœci rozpuszczalnych zwi¹zków
organicznych. W badanych kompostach udzia³ wêgla rozpuszczalnego w zawartoœci ogólnej nie
przekracza³ 35%. Zasobniejsze w azot by³y komposty z odpadów roœlinnych, a udzia³ azotu wyek-
strahowanego pirofosforanem sodu i zasad¹ sodow¹ nie przekracza³ 40%. Analiza sk³adu frakcyj-
nego zwi¹zków próchnicznych badanych kompostów wykaza³a, w ka¿dym przypadku, wiêksz¹
zawartoœæ wêgla kwasów huminowych w stosunku do zawartoœci wêgla kwasów fulwowych. Udzia³
wêgla niehydrolizuj¹cego w tych materia³ach wynosi³ œrednio ponad 70%. Zawartoœæ najbardziej
mobilnych form metali ciê¿kich w kompostach by³a niewielka, co wskazuje na wystêpowanie tych
pierwiastków w postaci zwi¹zków trudniej dostêpnych dla roœlin.

S ³ o w a  k l u c z o w e: komposty, wêgiel organiczny, azot, metale ciê¿kie.

INTRODUCTION

Composting is a natural process, which constantly occurs in the environment.
It completes the organic substance cycle in nature. The growth of industry and
progressing urbanisation in the world contribute to a rapid development of tech-
niques and technologies of composting. As composting has become profitable,
today even large manufacturers are interested in it. Modern technologies make it
possible to produce composts from various kinds of waste, whose utilisation may
be universal.

Macro- and microelements and organic matter contained in composts may
contribute to improvement of physical, chemical and biological properties of soil,
thus increasing its fertility, which undoubtedly determines the quality of the biom-
ass obtained (SZULC et al. 2004, GAJ, GÓRSKI 2005). Considerable variability of
waste chemical composition, frequently burdened with toxic substances, affects
compost quality, which is crucial for its final destination. Determination of chemi-
cal composition of composts, including heavy metal concentrations, allows for as-
sessment of these substances and their usefulness for agriculture. However, chem-
ical composition determination dose not encompass bioavailability of heavy metals
after compost has been added to the soil. According to KABATA-PENDIAS et al.
(1987), determining the rate of heavy metal mobilisation from waste substances is
most important for agricultural practice as it allows to assess the speed at which
these elements pass into soil solution and, consequently, their uptake by plants.
As reported bY CZEKA£A et al. (1999) and DROZD et al. (1999), bioavailability of
trace elements in wastes may be diminished by composting because certain
amounts of trace elements become embedded in transforming organic material,
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which causes their periodical immobilisation. Chemical composition of composts
depends, among other factors, on a type of composted wastes but may be also
conditioned by a compositing technology. Therefore, this research has been con-
ducted to determine the content of carbon, nitrogen and selected heavy metals in
composts manufactured from various waste substances and using different tech-
nologies.

MATERIAL AND METHODS

Compost samples originated from three composting plants different in types
of composted waste and technologies of composting. Compost (A) came from
a composting plant where Mut Kyberferm system was applied; compost (B) origi-
nated from a plant where waste was composted using Horstmann technology,
while compost (C) was produced by Dano technology. Compost (A) was manufac-
tured from green waste and other biodegradable waste; compost (B) was ob-
tained solely from plant waste, while compost (C) was based on municipal wastes.
Farmyard manure and peat were treated as reference material for the analysed
features.

The following assessments were made in the organic materials with natural
water content: pH in water suspension by a potentiometer, electrolytic conductivi-
ty by a conductometer, and dry matter content after sample drying at 105o for
12 h (BARAN, TURSKI 1996). In the dried and ground material, organic carbon
concentration was assayed by Tiurin method. The content of soluble carbon and
humus compound fractions were determined after extraction of organic material
with a mixture of 0.1 mol⋅dm-3 Na4P2O7 + 0.1 mol⋅dm-3 NaOH. In the ex-
tracts total carbon was determined (by Tiurin method) and humic acid carbon was
analysed after precipitation with concentrated H2SO4 (d = 1.84). The concentra-
tion of fulvic acid carbon was computed from the difference between the total
organic carbon content in the extract and its quantity in humic acids. The concen-
trations of total nitrogen and nitrogen in alkaline extract (0.1 mol⋅dm-3 Na4P2O7
+ 0.1 mol⋅dm-3 NaOH) were determined by Kjeldahl method in a II Plus Kjeltec
apparatus (Tecator) after reduction of N-NO3

-. Redistilled water and 0.05 mol⋅dm-3

CaCl2 solution were used for isolating mobile fractions of heavy metals by McLaren
and Crowford method modified by BOGACZ (1996). Heavy metal concentrations
were assessed in the extracts by ICP-AES method in JY 238 Utrace apparatus
(Jobin Yvon). The final results are means from two simultaneous replications. Stan-
dard deviation was computed for the obtained values.
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RESULTS AND DISCUSSION

Dry matter content in the analysed composts was varied and depended on
a type of composted material and composting technology (Table 1). Although the
amount of dry matter in compost (A) was the lowest among all the composts, it
was higher than in peat and farmyard manure.

Reaction is one of the most important physicochemical features of waste
substances. No major differences were found in the reaction of the analysed com-
posts, but pH values were higher in the composts than in peat or farmyard
manure (Table 1).

The excess of soluble salts in waste used in the environment may cause
total fallout of plants or development of numerous diseases. Electrolytic conductiv-
ity of waste is a good measure of salinity (BARAN, TURSKI 1996). The value of
electrolytic conductivity in the analysed composts and peat did not exceed
2.9 mS⋅cm-1 (Table 1). Much higher values of this parameter were registered in
farmyard manure.

The biggest quantities of organic carbon were determined in peat
(419 g⋅kg-1 d.m) and farmyard manure (330 g⋅kg-1 d.m.) – Table 2. Lower
contents of organic carbon were found in composts and the smallest ones in
compost (C) from municipal waste (112 g⋅kg-1 d.m.). As results from the studies
by DROZD et al (1996a), transformations occurring while composting organic mat-
ter diminish amounts of soluble organic compounds. These authors found that
after 30 days of transformation the quantity of soluble carbon in compost from
municipal waste constituted only 20% of the content assessed in the initial materi-
al. In the opinion of CHANYASAK, KUBOT (1981) the direction and rate of humus
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compound transformations while composting is connected with intensive mineral-
ization of organic compounds characterised by a simpler structure. Therefore,
soluble carbon concentrations in compost are a good indicator of its stability. In
the present research, the content of soluble carbon extracted with the mixture of
sodium pyrophosphate and sodium base proved the largest in farmyard manure
(Table 2). Compost (A) from plant wastes and other biodegradable wastes con-
tained almost twice more soluble carbon than compost (B) made only of plant
wastes. The smallest quantities of soluble carbon were registered in compost (C)
produced from municipal wastes. Percentage of soluble carbon in total organic C
was varied but did not exceed 35% of the total tested organic materials. In the
present investigations, soluble carbon was extracted with a mixture of sodium
pyrophosphate and sodium base, whereas according to WU and MA (2002) water
and 0.1 mol⋅dm-3 are better extractants for assessment of compost stability.

Compost (A) produced with Mut Kyberferm technology contained the greatest
amounts of total nitrogen, over twice as much as compost (B) manufactured using
Horstmann technology and even 4-fold more than compost (C) produced form mu-
nicipal waste using Dano technology. Nitrogen content in alkaline extracts from the
analysed organic materials ranged between 2.0 g and 14.9 g⋅kg-1 d.m. The share
of nitrogen extracted by sodium pyrophosphate and sodium base was varied, with
the highest share found in farmyard manure and compost (A) produced from plant
waste and other biodegradable components, (respectively, 45% and 40%). Trans-
formations of nitrogen compounds are an inevitable element of the composting
process and reveal a similar direction of changes as carbon compounds.
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One consequence of diversified contents of carbon and nitrogen in the tested
organic materials was the value of C:N ratio. The value approximating 15 is
commonly regarded as an indicator of compost stability and may evidence that
this material has reached maturity (IGLESIAS-JIMENEZ, PEREZ-GARCIA 1991). The value
of C:N in the analysed composts turned out to be similar to that in composts of
plant waste (B) and municipal waste (C) (11.6 and 12.9 respectively) and compa-
rable with the values of this parameter computed for peat and farmyard manure.
A significantly lower value was registered for this parameter in compost (A) ob-
tained from plant materials and other biodegradable waste.

The three composts differed in respect of their humus fraction content. The
largest content of humic acid carbon (CKh) was found in compost (A) (67.4 g⋅kg-1

d.m.),which was comparable to the amount assessed in peat (52.9 g⋅kg-1 d.m.).
Farmyard manure and compost (B) were characterised by a smaller content of
humic acid carbon, whereas the smallest amounts of CKh were found in compost
(C) from municipal waste.

Fulvic acid carbon content (CKf) was in each case lower than humic acid
carbon content (Table 3). Comparable contents of fulvic acid carbon were found
in composts (B) and (C). The highest quantities of fulvic acid carbon were assessed
in farmyard manure and peat.

The value of CKh:CKf fell within a relatively wide range (for composts), i.e.
between 2.29 and 8.26 (Table 3). Higher values of this parameter were charac-
teristic for composts (A) and (B) produced from plant wastes than compost (C)
manufactured from municipal wastes. The value of this parameter determined in
farmyard manure (1.08) was significantly lower than assessed in composts.
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The highest amounts of non-hydrolysing carbon were recorded in peat and
farmyard manure, respectively 82% and 71% in relation to total content of or-
ganic carbon (Table 3). A comparable content of non-hydrolysing carbon was found
in composts from plant waste (A) and (B), where it was on average 43% lower
than the amount assessed in compost from municipal waste (C).

Total concentration of lead in the composts was higher than in farmyard
manure and peat (Table 4). Most lead was found in compost from municipal
wastes (C) (293.8 mg⋅kg-1 d.m.) and this content prevented agronomic use of
this material (Decree of the Minister… 2001). Lead mobility in the analysed
composts was low, irrespective of the extractant used, and generally did not ex-
ceed 8% (total for two fractions) of this element's total content. ROSIK-DULEWSKA

(2001) also found small amounts of lead in exchangeable and carbonate fraction
separated from composts produced from municipal waste. She found out that
lead was mainly bound to iron and manganese oxides and to organic fraction.
Relatively low mobility of lead in compost has been confirmed by the results
obtained by DROZD et al (1996b), who found that during compost maturation the
content of water soluble lead compounds changed the least.
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Total zinc concentrations in the composts were markedly different (Table 5).
Compost (A) contained almost 7-fold less zinc, while compost (B) nearly 4-fold less
of this element in comparison to the zinc content assessed in the compost from
municipal waste (C). Total zinc concentrations assessed in the composts from plant
waste (A) and (B) were lower than determined in farmyard manure. The quanti-
ties of zinc extracted by individual solutions were diversified, but more zinc (beside
peat and compost B) was extracted with water. The amount of zinc extracted
with the solutions applied (total for two fractions) and in comparison with total
content was the highest for peat and compost (A). The results obtained by DROZD

et al (1996b) concerning the dynamics of mobile zinc form concentrations during
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municipal waste composting indicated a rapid decrease in concentrations of zinc
form passing into water solution. These authors suggested that a decrease in
large molecular humus compounds forming during transformation of composted
biomass might have contributed to it. ROSIK-DULEWSKA (2001), who analysed com-
posts produced from municipal waste, found that the main part of zinc is bound to
Mn and Fe oxides. For comparison, in their studies on sewage sludge PIOTROWSKA,
DUDKA (1987) found only 3% share of zinc in the exchangeable fraction, but due
to its high total content, the absolute content of Zn in this fraction was significant.
In sewage sludge zinc was also bound to iron and manganese oxides.
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Total concentration of copper was the highest in farmyard manure
(368.20 mg⋅kg-1 d.m.) – Table 6. Between 1.5- and over 11-fold less copper
was assessed in the composts. Such a high concentration of this metal in farm-
yard manure resulted from its origin and most probably from the kind of fodder
fed to pigs. On the farm from which the farmyard manure originated the animals
were fed intensively by concentrate feed mixtures amended with mineral and
vitamin supplements in order to meet the animal nutritional needs. The analysis
of copper extracted with water revealed the largest amounts of this metal in the
extract from farmyard manure (48.81 mg⋅kg-1 d.m.), even though the share of
this copper form in the total content did not exceed 13% and was comparable
with the quantities determined in the compost manufactured from green waste
(A). The amount of copper extracted with CaCl2 solution was considerably small-
er and less diversified among the tested organic materials. The ratio of copper
mobile forms (total of two fractions) to the total content was the highest in peat.
In farmyard manure and the composts the value did not exceed 15%. Such
a small content of copper in the extracts may suggest that at the final stage of
composting large molecular humus compounds were formed, which affected solu-
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bility of copper compounds. DROZD et al (1996b) pointed at similar dependencies
when they observed a rapid increase in the copper concentration in an extract
during the initial period of composting and its subsequent decrease after 6 months.

Total concentrations of cadmium were the lowest in peat – 0.33 mg⋅kg-1

d.m. (Table 7). The largest quantities were found in compost (C) from municipal
waste (5.88 mg⋅kg-1 d.m.), which made it impossible to use this material
as a fertilizer (Decree of the Minister 2001). The cadmium content extracted
with water was the highest in farmyard manure and the compost produced from
green waste (A). The percentage of this cadmium form in the total content consti-
tuted, respectively, over 7% and over 8%. The content of the exchangeable cad-
mium fraction (extracted with 0.05 mol⋅dm-3 CaCl2) was generally small and the

6elbaT
6alebaT

(slairetamcinagrodesylanaehtnireppocfotnetnoC mg⋅ gk 1- .m.d )
otrawaZ œ hcynzcinagrohca³airetamhcynadabwizdeimæ (mg⋅ gk 1- .m.s )

noitanimreteD
einezcanzO

taeP
froT

MYF
kinrobO

tsopmoC – tsopmoK
**DS

*A *B *C

uClatoT – .gouC 0.3 2.863 1.23 7.26 8.042 751

H–uC 2O 29.0 18.84 44.4 08.3 85.1 7.02

***% 7.03 3.31 8.31 1.6 7.0 -

lCaC–uC 2 83.0 39.3 72.0 24.0 14.0 95.1

***% 7.21 1.1 8.0 7.0 2.0 -

ajbo–1elbaTeesseton**,* œ 1ilebatwainein
*** ywC%–tnetnocCcinagronidetcartxeC% otrawazjenlógowogenawohartske œ ogenzcinagroCic

7elbaT
7alebaT

(slairetamcinagrodesylanaehtnimuimdacfotnetnoC mg⋅ gk 1- d .m. )
otrawaZ œ hcynzcinagrohca³airetamhcynadabwumdakæ (mg⋅ gk 1- s .m. )

noitanimreteD
einezcanzO

taeP
froT

MYF
kinrobO

tsopmoC – tsopmoK
**DS

*A *B *C

dClatoT – .godC 33.0 16.1 14.1 48.0 88.5 12.2

H–dC 2O 60.0 21.0 21.0 70.0 20.0 40.0

***% 2.81 5.7 5.8 3.8 3.0 -

lCaC–dC 2 20.0 20.0 10.0 00.0 80.0 30.0

***% 1.6 2.1 7.0 - 4.1 -

ajbo–1elbaTeesseton**,* œ 1ilebatwainein
** awohartskeywC%–tnetnocCcinagronidetcartxeC%* otrawazjenlógowogen œ ogenzcinagroCic



22

greatest amounts of this cadmium fraction were assessed in the composts from
municipal waste (C). Much larger amounts of cadmium were determined in ex-
changeable and carbonate fractions in the studies on composts manufactured from
municipal waste conducted by BARAN et al. (1999) and ROSIK-DULEWSKA (2001).
However, it should be emphasised that those authors determined a much definite-
ly higher total content of this element in the organic materials they analysed. On
the other hand DROZD et al. (1996b) did not find cadmium concentrations in wa-
ter extract, which they explain by the immobilisation of this metal in the form of
carbonates at higher pH values.

CONCLUSIONS

1. Organic carbon content in composts depended on a type of composted
waste – the smallest amounts of this component were assessed in the compost
from municipal waste.

2. Organic matter transformations occurring during the composting process
led to a systematic decrease in the amount of soluble organic compounds. The
share of soluble carbon in the total content did not exceed 35% for all the tested
composts.

3. The composts from plant waste were more nitrogen abundant than the
compost from municipal waste, while the share of nitrogen extracted from the
composts with sodium pyrophosphate and sodium base did not exceed 40%.

4. Analysis of fractional composition of humus compounds in all the composts
revealed higher content of humic acid carbon in relation to fulvic acid carbon.
The share of non-hydrolysing carbon in these materials was on average 70%.

5. The content of the most mobile heavy metal forms in the composts were
low, which implied that these elements occurred in a form less available to plants.
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Abstract

Background

Magnesium, as a well-known calcium antagonist, is widely used in perinatology (as a magne-
sium sulphate) for imminent eclampsia as well as tocolytic agent. Some authors indicate that ante-
natal magnesium treatment could result in neuroprotection in VLBW neonates (1500 g). It was
also revealed that maternal magnesium treatment produces beneficial effect on a newborn’s con-
dition after birth, assessed according to SNAP.

Aim of study

To find correlation between the umbilical serum cord magnesium concentration in a group
of newborns without antenatal exposition to magnesium sulphate and the neonatal outcome as
well as to compare the neonatal outcome of babies with maternal magnesium sulphate treatment

Results

In a group of 82 newborns (31-34 GA; birth body weight <1500 g) the umbilical cord
serum magnesium concentrations was assayed. Three subgroups of neonates were set apart: first
group (N) with a normal magnesium level (n=28), the second group (n=19) with magnesium con-
centration <0.75 mmol/dl (D), and the third group (Mg) consisting of 35 newborn antenatally
exposed to magnesium sulphate. These groups were similar (no statistical significances) in terms
of birth body weight, gestational age, Apgar score and umbilical blood pH. Gradual decrease in



26

magnesium concentration in relation to increase of gestational age was observed. In groups: D,
N, Mg, gradual reduction of hospitalization time (p<0.05), risk of death, time of respiratory sup-
port, time of oxygen therapy, rate of bronchopulmonary dysplasia, periventricular leucomalation
(p<0.05) were observed respectively. Likewise, a rate of serious neurological complication (IVH/
PVL) in group D was higher in comparison to groups N and Mg (although without statistical sig-
nificances).

Conclusion

Our results confirm that umbilical cord magnesium concentration in VLBW neonates have an
influence on neonatal outcome. Although it is premature to recommend ordering maternal mag-
nesium sulphate treatment to improve neonatal outcome, in our opinion the data presented here
should at least induce magnesium concentration monitoring in pregnant women and magnesium
deficiency correction.
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INTRODUCTION

Magnesium, which belongs to light metals, has been known for nearly 200
years. Many scientists, emphasizing its role played in a living organism and spe-
cial function in many vital processes, call it “the element of life”. Together with
the development of civilization, food industry and agriculture, problems of magne-
sium deficiency and, as a consequence, its prophylactic and curative use, have
become significant.

Magnesium has been widely used for many years as calcium antagonist in
perinatology (as magnesium sulphate) for eclampsia and preeclampsia treatment
and, with some limitations, as a tokolityc agent, too. Recently, some authors have
emphasized a possible neuroprotective role of prenatnal magnesium administra-
tion in very low birth weight preemies (VLBW) (CROWTHER et al. 2003). Previously
published studies also suggested that magnesium administered to pregnant wom-
en crosses the placenta barrier easily and very quickly, achieving high concentra-
tion in fetal blood as well as fetal brain. As a known antagonist of NMDA recep-
tors (N-metylo D-asparagic acid) localized in the central nervous system,
magnesium can prevent necrosis of neurons (MASON et al. 1996). It has also been
revealed that maternal magnesium treatment produces beneficial effect on new-
born condition after birth, assessed according to SNAP – Score for Neonatal
Acute Physiology (DEERING et al 2005). The results of our last research on new-
born delivered with symptoms of perinatal asphyxia indicate possible effect of
magnesium on other membrane efectors (ZYLINSKA et al. 2002, GULCZYÑSKA et al.
2006).

The aim of the study is to find the correlation between umbilical serum cord
magnesium concentration (normal or low) in a group of newborns without prena-
tal exposure to magnesium sulphate and their outcomes, as well as to compare
their outcomes with antenatally MSO4 exposed babies.
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MATERIAL AND METHODS

The prospective study was conducted over two years period, between 2003
and 2005. The analysis involved 82 neonates delivered at the Research Institute
of the Polish Mother’s Memorial, who were admitted to the neonatal intensive
care. The study group included neonates at the gestational age of 31 to 34
weeks and birth body weight <1500 g. Babies born with severe congenital mal-
formation which could considerably influence neonatal outcome were excluded
from this study.

The umbilical serum magnesium concentration was assayed in the neonates
immediately after birth. Next, the neonates were divided in three groups based
on whether or not they had been antenatally exposed to MgSO4 as well as on
the results of the umbilical serum magnesium concentration. The newborn babies
without maternal magnesium sulphate treatment (control group) were divided to
two groups: the first group a with normal magnesium level and the second group
with the magnesium concentration below the normal range. Thus, three subgroups
of neonates were set apart: first group (N) with normal magnesium level (n=28),
the second group (n=19) with magnesium concentration <0,75 mmol/dl (D), and
the third group (Mg) consisting of 35 newborn antenatally exposed to magnesium
sulphate. The threshold values of a normal range of serum magnesium concen-
tration were chosen according to referral values reported in neonatal literature
(GOMELLA 1992).

The third group of neonates was allocated only because of antenatal expo-
sure to magnesium, irrespective of the obtained serum magnesium level. This
decision was made seeing that the assays performed just after birth could have
reflected the maternal serum magnesium level occurred closely to the end of
a drug infusion (Cmax), the lowest magnesium concentration noticed before begin-
ning of the next infusion (Cmin) but also late drug elimination phase after com-
pletely finishing MgSO4 therapy. In the group of 35 mother-infant pairs exposed
to magnesium sulphate, the therapeutic indication to MgSO4 was pregnancy in-
duced hypertension (n=9), whereas for the others this drug was ordered as
a tocolytic agent. The MgSO4 in pregnant women was administered via continu-
ous intravenous infusion in doses which depended on observed clinical effects:
tocolysis or decrease of blood pressure (1–2 g /hour).

The mean dose of MgSO4 given to pregnant women was 78.5 g (min. 2 g;
max. 384 g). These infusions of MgSO4 were continued for 1 to 17 days; (mean
duration 4.6 days; median 2 days). The longest period between the end of
a magnesium sulphate infusion to the time of childbirth was 18 hours.

The mean birth body weight of neonates in subgroup N was 1260 g (min.
550; max. 1500), mean gestational age was 30.93 weeks, and Apgar scores at
1st and 5th min. of life were 6.6 and 7.0 respectively. In subgroup D the same
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variables were: BBW 1241g (min. 900; max. 1500), GA 31.21 weeks and mean
Apgar  score at 1st; 5th min of life were 6.84 and 7.05.  Among neonates born
by women treated prenatally with MgSO4 the mean body weight was 1333 g
(min. 820; max. 1500), mean gestational age 31.09 weeks, Apgar score at 1st

and 5th min of life was 6.77 and 6.89 respectively (Figure1).

Fig. 1. The characteristic of studied groups of neonates
Rys. 1. Charakterystyka omawianych grup noworodków

The standard of VLBW neonate outcome involved: hospitalization time, risk
of death, time of respiratory support, oxygen supplement time, rate of bronchop-
ulmonary dysplasia diagnosed on 28th day of life as well as at 36 weeks
of corrected age, rate of periventricular leucomalacia (PVL), severe intracranial
hemorrhage (IVH III/IV grade) and its both combined index (PVL+IVH III/IV grade).

Determination of Mg in serum
The serum Mg level was determined colorimetrically (COBAS INTEGRA Roche

Company) using chlorophosphonazo III.

RESULTS

Serum magnesium concentration was analyzed from cord blood immediately
after delivery. In newborns with an antenatal maternal magnesium sulphate treat-

Apgar w 5′
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ment the mean magnesium concentrations were statistically significantly higher
than in control subgroups N and D (p<0.05). It should be emphasized that the
mean magnesium concentration was generally close to or slightly above the up-
per range of normal values (1.23 and 1.31 mmol/l), although in some of these
newborns the serum magnesium concentration was still near the lower limit
of a normal range (min; 0.71 mmol/l) – Table 1, Figure 2.

Fig.  2. Umbilical serum concentration in studied groups of neonates; mean values, SD

Rys. 2. Stê¿enie magnezu w surowicy krwi pêpowinowej w badanych grupach noworodków;
wartoœci œrednie oraz SD
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In the control group of newborns without prenatal exposition to magnesium
sulphate, analyses of serum magnesium concentrations were taken on a group of
47 newborns. The results oscillated between 0.5-0.99 mmol/l. As many as 19 new-
borns (40%) had a serum magnesium concentration below the lower limit of norm
(<0.75 mmol/l), and in 8 of them (17%) the levels were ≤0.65 mol/l. Simulta-
neously with the progression in gestation weeks, a decline in the cord blood se-
rum magnesium concentration was observed (r=-0.25) – Figure 3.

Fig. 3. Magnesium concentration variables in umbilical cord serum of control neonates according
to increasing gestational age

Rys. 3. Zmiany stê¿enia magnezu w surowicy krwi pêpowinowej noworodków z grupy kontrolnej
wraz z narastaniem dojrza³oœci ci¹¿y

Among the analyzed newborns, birth body weight as well as gestational age
were comparable in particular subgroups (D; N; Mg). There were no statistically
significant differences in subgroups. But the correlation between an increase in
the magnesium concentration  and an increase in body weight was observed. This
correlation was visualized in each subgroup with a correlative chart of magnesium
concentration and birth body weight (Figure 4). There were no gestational age
differences in subgroups, which were similar in mean as well as median birth
body weight (31 GA).

An analysis of outcomes shows a gradually shortening hospitalization time in
consecutive subgroups (D; N; Mg). Statistically significant differences were ob-
served between D, N, subgroups and Mg subgroup (p<0.05). There was one
death in each group. Differences in percentage were dependent on the number
of newborns in subgroups and were not statistically significant. Gradually shorten-
ing time of breathing support (in subgroups D – 5.73, N – 4.82, Mg – 4.29) and

stêêenie Mg w surowicy krwi pêpowinowej
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Fig. 4. The linear regression of birth body weight according to umbilical cord serum
magnesium concentration

Rys. 4. Regresja liniowa urodzeniowej masy cia³a w zale¿noœci od stê¿enia Mg w surowicy
krwi pêpowinowej

oxygen requirement (D – 10.74, N – 8.5, Mg – 7.66) without statistically signifi-
cant differences was observed. There were variable results of frequency of bron-
chopulmonary dysplasia assessed on 28th day of life. This parameter was proba-
bly influenced by deaths in the first four weeks of life but a positive trend in
subgroup Mg in contrast to subgroup D and N was observed. We did not recog-
nize bronchopulmonary dysplasia in any subgroups in 36 week of postmenstrual
age. Interestingly, increased frequency of periventricular leukomalacy among new-
borns with magnesium deficiency was observed. In this group PVL was recognized
in 3 out of 19 newborns. In subgroup N no PVL was diagnosed, whereas in the
subgroup treated with magnesium there were 2 recognized PVL out of 35 new-
borns (which gives D – 16%, N – 0%, Mg – 6%) – Figure 5.
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DISCUSSION

Magnesium is a bioelment which has an important influence on health condi-
tion of the pregnant woman and her growing fetus. During pregnancy relatively
low concentrations of this element are observed. Formation of new fetal tissues

Fig. 5. Neonatal outcome in analyzed groups of preterm neonates
Rys. 5. Wyniki leczenia w okresie noworodkowym w analizowanych podgrupach noworodków

Explanation – Objaœnienia

BPD Broncho-Pulmonary Dysplasia – dysplazja oskrzelowo-p³ucna

CLD Chronic Lung Disease – przewlek³a choroba p³ucna
cPVL cystic Periventricular Leucomalatia – torbielowata leukomalacja oko³okomorowa

IVH Intraventricular Hemorrhage – krwawienie dokomorowe
NEC Necrotizing Enterocolitis – martwicze zapalenie jelit

PDA Persistent Ductus Arteriosus – przetrwa³y przewód têtniczy

RDS Respiratory Distress Syndrome – zespó³ zaburzeñ oddychania
SIDS Sudden Infant Death Syndrome – zespó³ nag³ej œmierci ³ó¿eczkowej

SNAP Score for Neonatal Acute Physiology – ocena fizjologicznego stanu noworodka
VLBW Very Low Birth Weight – bardzo ma³a urodzeniowa masa cia³a
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and tissues of placenta lead to increased demand for magnesium. It was revealed
that daily fetal retention of the amount of magnesium equals 10–18 mg. The
comparison presented below shows the intensity of fetal absorption of Mg, Ca, P.
A 175-gram fetus increases its body mass twenty-fold by delivery, whereas the
contents of minerals (Mg, Ca, P) in the same period increase thirty to forty-five-
fold (DICKERSON et al. 1960, WIDDOWSON et al. 1962).

The results confirm a negative correlation between the gestational age and
magnesium concentration. Although assessment of the total serum magnesium
concentration is not an optimal diagnostic method for magnesium deficiency, the
results show depletion of magnesium concentration in many newborns (40%) with-
out prenatal magnesium exposure. In 19% of them significant deficiency was
diagnosed.

Linear regression chart of birth body weight in relation to gestational age
shows the fastest increase in body mass in the prenatally MgSO4 exposed sub-
group and a slower gain in weight in the control subgroup with a low serum
magnesium concentration.

Recently other authors have shown that the total as well as ionized magne-
sium serum concentration in pregnant women decreases with progression of ges-
tation (HURLEY et al. 1976, DURLACH 2004, MARCUS et al. 1998). The fluctuations
observed can depend on hemodilution, which is caused by an increased amount
of plasma during pregnancy, as well as increasing magnesium deficiency in preg-
nant women. It is also known that many women, especially those living under
poor socioeconomic conditions, receive magnesium intake below daily recommend-
ed amount. Very young, adolescent women, multipara pregnant women and wom-
en in a consecutive pregnancy in a short time may be particularly prone to mag-
nesium deficiency.

Despite analyzing variable subgroups of newborns and comparing magnesium
exposed children with the control group (with normal and low magnesium concen-
tration), the main objective of authors of this research was to assess dependency
between the cord magnesium serum concentration and neonatal outcomes. It was
speculated that the perinatal magnesium concentration could influence fetal/new-
born reaction to a dynamic process of delivery, course of the adaptation period
to extrauterine life and consequently late neonatal outcomes. Analysis of our re-
sults shows differences in frequency of such cerebral complications as: serious
intracranial hemorrhages, periventricular leucomalacy and their combined rate.
Despite the fact that this research did not reveal statistical differences in time of
oxygen requirements, time of mechanical ventilation or frequency of bronchopul-
monary dysplasia, the reduction of these parameters together with increased se-
rum magnesium concentration was observed. The statistically significant differenc-
es in time of hospitalization were confirmed.

Deficiency of magnesium and other microelements during gestation can lead
to a birth of a SGA child (ZIGLIARA et al. 1973, TAKAYA et al. 2005). Nonetheless,
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there are few publications in the current medical literature which concern influ-
ence of magnesium deficiency on a newborn’s health condition. Research of some
Philadelphian authors revealed that gestational magnesium deficiency could affect
adversely not only on the course of a newborn period (increased risk of brochop-
ulmonary dysplasia, respiratory distress syndrome, retinopathy of prematurity)
(CADDELL 1993, 1995, CADELL et al. 1999) but can also be one of  the elements
of the multifactorial etiology of the sudden infant death syndrome (CADDELL 1996,
CHIU et al. 2005).

The results of research on animals with experimentally induced magnesium
deficiency show that it is an embriotoxic agent and influences fetal resorption,
retardation of intrauterine growth, disturbances in skeletal development and skel-
etal malformations (GUNTHER 1981). Other animal models research revealed that
magnesium deficiency, induced fourteen days before conception and lasting dur-
ing pregnancy, led to reducing the number of offspring to 27% versus the control
group. Because of death in the first eight hours of life, this percentage was
reduced to 16%. The animals with induced magnesium deficiency had lower birth
weight, a lot of superficial bleedings, intracranial bleedings and edemas of ex-
tremities. In a group with poor magnesium diet before conception but with ade-
quate diet during gestation there was only a small reduction (to 86% in the num-
ber of offspring) and no other differences were observed. The results of this analysis
seem to confirm the hypothesis that adequate supplementation of magnesium
during pregnancy is necessary for fetal development and that post conceptional
magnesium supplementation is beneficial for individuals living in magnesium poor
environment.

There has been a long and heated discussion in perinatology about influence
of prenatal MgSO4 supplementation on results of preterms treatment. Both posi-
tive and negative effects were reported of tocolysis or treatment of pregnancy
induced hypertension with magnesium sulphate. During MgSO4 administration, an
increased flow in uteral arteries along with the  maintained normal flow in umbili-
cal arteries of a fetus were observed (KEELEY et al. 1993). Simultaneously, a de-
creased diastolic flow in the middle cerebral artery of a fetal brain was noticed.
Other authors using Doppler technique showed a two-fold increase in blood vol-
ume flowing through uteral arteries (from 5.09 ml/sek to 10.02 ml/sek) with
a stable resistance index (SHAUF et al. 2004). This observation indicates that im-
provement in outcome of perinatal care could be related not only to anti-seizure
properties of MgSO4, but also to improved saturation of fetal blood, which can
be especially beneficial  in pregnancies with a diagnosed intrauterine growth re-
tardation syndrome.

Nowadays, after a period of criticism concerning efficacy and safety of tocoly-
sis with MgSO4, prenatal administration of magnesium sulphate is an interesting
topic in the United States and Europe, owing to a possible neuroprotective activi-
ty of magnesium in a fetus and VLBW neonates. From the first publication by
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Nelson K. and Grether J., who pointed out decreased frequency of cerebral palsy
as an effect of prenatal exposure to MgSO4, other scientists have noticed benefi-
cial influence of magnesium on neurological outcomes in very low birth weight
newborns (NELSON et al. 1995). In the next years many centers of perinatology
have conducted research into this subject, looking for correlation between magne-
sium supplementation and frequency of intracranial hemorrhage, PVL, deaths or
cerebral palsy (HIRTZ et al. 1998, KUBAN et al. 1992).

In order to confirm neroprotective properties of magnesium sulphate admin-
istered to pregnant women with imminent preterm labor before the 30th week of
gestation, Crowther and others organized a multicenter, randomized trial: Aus-
tralasian Collaborative Trial of Magnesium Sulfate (ACTOMgSO4) Collaborative
Group (CROWTHER 2003). Research lasted from 1996 to 2000, and was conduct-
ed in 16 hospitals with the third referential level in Australia and New Zeeland.
In total, 1062 pregnant women whose delivery was planned in 24 hours, were
included in the trial. Total mortality of infants, frequency of cerebral palsy and
combined index: death and/or cerebral palsy were analyzed at the age of 2.
These negative neurological outcomes (as shown below) were less frequent in chil-
dren who were treated with MgSO4: mortality in infancy (13.8% vs 17.1%), cere-
bral palsy (6.8% vs 8.2%), combined index (19.8% vs 24.0%) but the differences
were not statistically significant. Frequency of significant motor dysfunction was
lower and this result was statistically significant (3.4 vs 6.6, RR: 0.51; 95% CI:
0.29–0.91). The same dependence occurred for combined index: death or signif-
icant motor dysfunction: (17% vs 22.7%; RR 0.75; 95% CI: 0.59–0.96).

Other authors from Europe reported a reducing influence of prenatal to-
coloysys with magnesium sulphate combined with aminophyllin administration on
risk of intracranial hemorrhage. (DI RENZO et al. 2005). There were four incidenc-
es of hemorrhage in the treated group (5.13%) vs 14 (20.6%) in the control.
However, serious hemorrhage (IVH III and IV degree) was revealed in 1 (1.28%)
vs 7 (10.3%) of newborns.

In the same year Japanese authors who analyzing perinatal risk factors of
cystic form of periventricular leucomalacy (cPVL) emphasized the multifactorial
etiology of this condition, suggesting that both maternal and fetal factors as well
as administered drugs could play a role in development of PVL (MURATA 2005).
With multifactorial analysis, scientists proved that preeclamsia with prenatal
MgSO4 administration significantly reduced the risk of PVL. Harrison and col-
leagues proved higher frequency of hypoxic ischemic encephalopathy in new-
borns with symptoms of perinatal asphyxia and a low cord serum magnesium
concentration than in newborns with perinatal asphyxia and the magnesium con-
centration in a normal range (HARRISON et al. 1997). Many authors emphasize the
fact that administration of MgSO4 in doses lower than commonly used for tocoly-
sys could have neuroprotective effect, without suggested risk of promoting lethal
effect in extremely immature newborns.
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Statistics concerning results of perinatal care show that about 50% of new-
borns with birth mass ≤1000 g who are alive on 28th day of their life develop
symptoms of BPD. Simultaneously newborns with birth weight <1500 g (VLBW)
run the risk of magnesium deficiency, which is connected with the fact that 80%
of the total body magnesium is accumulated by a fetus in the third trimester of
gestation. In 1996 CADDELL and others indicated the coincidence of magnesium
deficiency and development of BPD. According to these authors, development of
bronchopulmonary dysplasia could be provoked or exacerbated by magnesium
deficiency (CADELL 1996). It is known that in pathogenesis of BPD the following
are engaged: free oxygen radicals,  proinflamatory cytokines (IL-1, IL-6), tumor
necrosis factor-TNF-α, tromboxan A2 (TXA2), serotonin with it vasoconstrictive
activity, endothelin-1 (ET-1) and histamine, which is a bronchospastic factor. It is
proved that magnesium deficiency increases cell and tissue sensitivity to peroxy-
dation, exacerbates inflammatory reaction, reduces immunologic answer, increas-
es catecholamine output during stress and decreases energy metabolism (BUSS

et al. 2002, WELTY et al. 2001)

CONCLUSION

The results of our study confirm the positive effect of an appropriate
(i.e. within the normal range) fetal and newborn serum magnesium concentration
(subgroup N vs D) on outcomes of VLBW neonates. Some of the observed pa-
rameters had improved after prenatal magnesium sulphate administration. This
observation suggests a need for monitoring magnesium concentrations in preg-
nant women, removal of magnesium deficiency and possible improvement in out-
comes with prenatal supplementation of magnesium sulphate. On the basis on
our trial, in such cases it is extremely important to monitor the serum magnesium
concentration in VLBV neonates and adequately calculate pre- and postnatal ad-
ministration of this element.

Analyzing results from epidemiological studies, we still lack an answer to the
question concerning optimal doses and time of magnesium administration, or the
best magnesium compounds which should be used for supplementation or treat-
ment.

Therefore, further, well-designed research into the effects of prenatal magne-
sium exposure and consequences of its deficiency on outcomes of pregnant wom-
en and their children is essential.
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QUALITY OF UNDERGROUND WATER
IN LUBLIN IN RELATION TO A SUPPLY POINT

Izabella Jackowska, Monika Bojanowska
Department of Chemistry

Agricultural University of Lublin

Abstract

The study was conducted on water supplied to inhabitants of Lublin. Samples of water were
taken from 8 water supply points every three months of 2005. The content of Fe, Mn, Cr, Zn,
Cd, Cu, Pb, Na, Mg, Ca ions and SO4

2-, Cl-, Cl2, NH4
+, NO2

-, NO3
- i F- was determined. It was

found out that tap water in Lublin is of very good nutritive quality. Owing to its high concentra-
tion of calcium and magnesium ions it can be classified as mineral water.

K e y  w o r d s: water, Lublin, metal ions, anions.

JAKOŒÆ WODY Z ZASOBÓW WÓD PODZIEMNYCH LUBLINA
W ZALE¯NOŒCI OD MIEJSCA POBORU

Izabella Jackowska, Monika Bojanowska

Katedra Chemii
Akademia Rolnicza w Lublinie

Abstrakt

Przeprowadzono badania wody, w któr¹ zaopatrywani s¹ mieszkañcy Lublina. W 2005 r.
próbki pobierano co kwarta³ z 8 miejsc z³o¿a podziemnego. Oznaczono w wodzie zawartoœæ
jonów: Fe, Mn, Cr, Zn, Cd, Cu, Pb, Na, Mg, Ca oraz SO4

2-, Cl-, Cl2, NH4
+, NO2

-, NO3
- i F-.

Stwierdzono, ¿e badana woda charakteryzuje siê bardzo dobr¹ jakoœci¹ do celów spo¿ywczych.
Du¿a zawartoœæ jonów wapnia i magnezu umo¿liwia zakwalifikowanie jej do wód mineralnych.

S ³ o w a  k l u c z o w e: woda, Lublin, jony metali, aniony.

D.Sc. Izabella Jackowska, Department of Chemistry, Agricultural University 20-950 Lublin 15
Akademicka St., e-mail: izabella.jackowska@ar.lublin.pl
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INTRODUCTION

Water is not only an essential ingredient of the living matter, but it is also a
stimulus of certain processes that condition organic life. When flowing through the
ground, water dissolves, oxidates and hydrolizes chemical compounds transform-
ing them into forms more easily absorbable by living organisms. Water, therefore,
is an environment for migration of the majority of chemical elements in nature.
Elements migrate in water in the form of ions, molecules, chelate compounds and
colloidal particles (PASIUK-BRONIKOWSKA 1999, ZABIEGA£A et al. 1999, ŒWIDERSKA-BRÓ¯
2001).

Both drinking water and water for household purposes must maintain quality
standrads in compliance with norms established by corresponding regulations (WHO
Regulations 1998, ZERBE 1999, KU£AKOWSKI 2003, RYBICKI 2003). Water must not
contain any toxic or health-harmful substances; neither can it contain any sub-
stances that influence its taste and appearance. Water should be translucent,
colourless, odourless and it should have a refreshing taste. It should also contain
the proper amount of the elements vital to the normal functioning of an organism
(e.g. F, Ca, Mg).

The inhabitants of Lublin (c. 360.000 people) use groundwater supplies
solely, of the chalk layer mainly. The age of this water, which is about 30 years,
guarantees its high mineral content, stable composition and purification of surface
and rainwater substances (WILGAT 1998, 1999). The quality of drinking water
must comply with the norms stipulated by the Decree by the Minister of Health
(JoL. ,Nr 203, pos. 1718). That is why water analysis is necessary, both in sup-
ply points and at customers’ households (Fetotal 0.2, Mg2+ 125, F- 1.5, Mn2+0.05,
Cr3+0.05, Pb2+ 0.05, Zn2+ 5, Cd2+ 0.003, Cu2+ 2, Na+ 200, SO4

2- 250, Cl-

1.5, F- 1.5, Cl2 0.3 mg⋅dm-3) This work contains the results of research on
groundwater carried out in 8 points of supply and conducted every quarter of the
year 2005.

MATERIAL AND METHODS

Water-samples for the analyses were collected in February, June, Septem-
ber and December 2005 in 8 points of water supply: 1 – Centralna pump sta-
tion, 2 – Felin, 3 – Felin dormitories, 4 – Zemborzycka, 5 – Bursaki, 6 – Dziesi¹ta,
7 – S³awinek, 8 – Wrotków. The ion content of water was determined using the
nuclear absorption spectrometry method; the following ions were found: Fe, Mn,
Cr, Zn, Cd, Cu, Pb, Na, Mg, Ca. The remaining ingredients were determined
using the following methods: SO4

2- potentiometric method, Cl- – measurement
method, AgNO3, Cl2 – iodometric method, N-NH4 – colorimetric indofenol meth-
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od, N-NO2 – fotometric method based on the reaction with hydrogensulphanil-
amide and N-1 – keroseneetylenediamine, N-NO3 – colorimetric with sodium sali-
cylate, F- – fotometric based on the reaction with alizarinzirconium lacque. Poten-
tiometric method was employed for testing water pH.

RESULTS AND THEIR ANALYSIS

In all the points of supply, water had more or less the same acidity, with pH
around 7.1–7.4. Among the tested ions of metals no Cr, Cd and Pb ions were
detected in the water. Mn ions were detected in one point of supply (Centralna)
amounting to 0.021–0.025 mg⋅dm-3. Cu ions were detected randomly in 3 points
of supply (Centralna, Felin dormitories, S³awinkowska) amounting to 0.05, 0.015
and 0.025 mg⋅dm-3. Na ion content was different in corresponding points of
supply – from 8.55 to 21.48 mg⋅dm-3. Yet, in all the points the Na content was
on a similar level (Figure 1a).

Fig. 1. Averange amounts of Na+ (a) and  Zn2+ (b) ions in water from different places of  Lublin:
1– Central pump station, 2 – Felin, 3 – Felin dormitories , 4 – Zemborzycka, 5 – Bursaki,

 6 – Dziesi¹ta, 7 – S³awinek, 8 – Wrotków

The Zn ion content was extremely varied in water from different points of
supply, ranging from 0.005 to 0.098 mg⋅dm-3. In the samples from the Bursaki
supply point the difference in the Zn ion content was double. Water from the
remaining points of supply contained comparable Zn ion content in diverse peri-
ods of sampling (Figure 1b).

Only in 3 points of supply (Zemborzycka, Bursaki, S³awinek) was the Fe ion
content below 0.02 mg⋅dm-3; in all the remaining points of supply it ranged
from 0.048 to 0.094 mg⋅dm3 (Figure 2a).
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Water from various supply points contained from 9.7 to 22.6 mg⋅dm-3 of Mg
ions. Nonetheless, all the points of supply were characterized by the Mg ion
content on a comparable level (Figure 2b).

Among the water ingredients, attention is drawn to calcium and magnesium
ions. In all the points of supply the total content of Ca ions was stable and
equalled from 300 to 406 mg⋅dm-3 (Figure 3a).

Nitrogen was detected in the tested samples only in the form of N-NH4
and N-NO2 in the Centralna supply point in the amounts of 0.10–0.18 and
0.003–0.007 mg⋅dm-3, respectively. On the other hand, the N-NO3 content was
much more diversified – from 1.14 to 26.4 mg⋅dm-3 .In the water from the
Bursaki supply point it amounted from 21.8 to 26.4 mg⋅dm-3, which was sever-
al-fold higher than the N-NO3 content in the water from the remaining points of

Fig. 3. Averange amounts of Ca2+ (a) and  NO3
– (b) ions in water from different places of Lublin:

1– Central pump station, 2 – Felin, 3 – Felin dormitories , 4 – Zemborzycka, 5 – Bursaki,
6 – Dziesi¹ta, 7 – S³awinek, 8 – Wrotków

Fig. 2. Averange amounts of Fe3+ (a) and  Mg2+ (b) ions in water from different places of Lublin:
1– Central pump station, 2 – Felin, 3 – Felin dormitories , 4 – Zemborzycka, 5 – Bursaki,

6 – Dziesi¹ta, 7 – S³awinek, 8 – Wrotków
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supply. The water from the Wrotków supply point is characterised by its very low
N-NO3 content – below 1.94 mg⋅dm-3 (Figure 3b).

The SO4
2- ion content in the samples varied from 22 to 48 mg⋅dm-3 and

was the lowest in the Wrotków supply point – from 22 to 26 mg⋅dm-3 (Figure 4a).
The amount of F- ions was comparable in the water from all the supply

points in corresponding periods of time. The average F- ion content varied from
0.26 to 0.42 mg⋅dm-3 (Figure 4b).

Fig. 4. Averange amounts of  SO4
2–  (a) and  F–  (b) ions in water from different places of Lublin:

1– Central pump station, 2 – Felin, 3 – Felin dormitories , 4 – Zemborzycka, 5 – Bursaki,
6 – Dziesi¹ta, 7 – S³awinek, 8 – Wrotków

Chlorine in the form of Cl- was found in water from only 3 supply points
(S³awinek, Zemborzycka, Felin dormitories) and its amount ranged from 20 to
37.1 mg⋅dm-3 (Figure 5a).

In 6 supply points chlorine Cl2 was detected below 0.10 mg⋅dm-3 and only
in 2 supply points (Centralna and Felin) it reached 0.10-0.30 mg⋅dm-3 (Figure 5b).

Because the water-pipe network in Lublin covers a large area, water sup-
plied to the network is disinfected with chlorine and chlorate(I) and in the Dziesi¹ta
station it is treated with UV rays. Different disinfection methods find their reflec-
tion in the free chlorine content.

Being one of the basic components of the environment, water is most prone
to pollution and threatened by contamination (JACKOWSKA, PIOTROWSKI 1996, SZPA-
KOWSKA, KARLIK 1996, HOFFMAN, PIECZYÑSKI 1998). However, the recently observed
improvement of the quality of groundwater proves the efficiency of wide-scale
environment protection enterprises. Limiting both the number of sources of pollu-
tion and the amount of pollutants emitted decreases both the potential and real
danger of the degradation of groundwater supplies (PAWE£EK 2000, ZABIEGA£A et
al., Report on the condition of the environment of the Lublin region in the
year 2002).
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In general, groundwater is of good quality; better than surface water. Ratio-
nal use of groundwater supplies guarantees their preservation for future genera-
tions (CHE£MICKI 2001, PAWE£EK 2000). Especially so, when taking into account the
fact that the consumption of groundwater by industry is steadily falling. In 2001
the consumption for these purposes was 35% lower than in 1996 (Report on
the condition of the environment of the Lublin region in the year 2002).

The research carried out in Lublin proved that the utility water layers of the
region have maintained almost intact natural purity. The research also brought
evidence that natural waters, being both the source of drinking water and water
for domestic purposes, are solutions of mineral salts and dissolved gases, propor-
tions of which depend on the water’s origin.

CONCLUSIONS

1. Water in Lublin is characterised by very good quality due to the sources
it is obtained from.

2. The composition of water is stable in every point of supply.
3. The content of the tested ingredients does not exceed the amounts

allowed for drinking water.
4. High calcium and magnesium content makes it possible to classify water

in Lublin among mineral waters.

Fig. 5. Averange amounts of Cl2 (a) and  Cl– (b) ions in water from different places of Lublin:
1– Central pump station, 2 – Felin, 3 – Felin dormitories , 4 – Zemborzycka, 5 – Bursaki,

6 – Dziesi¹ta, 7 – S³awinek, 8 – Wrotków
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WP£YW WYBRANYCH SORBENTÓW
MINERALNYCH NA PLONOWANIE

ORAZ ZAWARTOŒÆ KADMU I O£OWIU
W GORCZYCY BIA£EJ UPRAWIANEJ

NA OSADZIE POŒCIEKOWYM

Katarzyna Koz³owska, Aleksandra Badora
Katedra Chemii Rolnej i Œrodowiskowej

Akademia Rolnicza w Lublinie

Abstrakt

Badano wp³yw obecnoœci zeolitów i selenianów na zmiany sk³adu osadu poœciekowego
pochodz¹cego z oczyszczalni œcieków „Hajdów” oraz wp³yw tych sorbentów na wzrost, rozwój i plo-
nowanie gorczycy bia³ej odmiany “Borowska” oraz zmiany w sk³adzie pierwiastkowym w bada-
nych roœlinach.

Stwierdzono, ¿e dodatek zeolitów do pod³o¿a wp³yn¹³ na zmniejszenie zawartoœci Cd w osa-
dzie, a tak¿e na znaczny wzrost biomasy badanych roœlin gorczycy. Zastosowane œrodki immobili-
zacyjne wp³ynê³y na zmniejszenie koncentracji kadmu i o³owiu w roœlinach.

S ³ o w a  k l u c z o w e: sorbenty mineralne, kadm, o³ów, osad poœciekowy, gorczyca bia³a.

INFLUENCE OF SOME MINERAL SORBENTS ON THE YIELD
OF WHITE CHARLOCK PLANTS GROWING ON SLUDGE CONTAMINED

WITH HEAVY METALS

Katarzyna Koz³owska, Aleksandra Badora

Chair of Agriculture and Enviromental Chemistry
Agricultural University of Lublin

Abstract

In the present study the influence of different binding agents (zeolites and selenites) on chang-
es in the composition of sludge from the Hajdów wastewater and sewage treatment plant as well
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as the effect of these binding agents on growth, development, yield and modification of the chem-
ical composition of cv. Borowska white charlock were investigated.

It was observed that zeolites present in the substratum caused a considerable decrease of the
cadmium content in the sludge and a large increase of biomass of plants. The mineral sorbents
also depressed cadmium and lead concentration in white charlock plants.

Key words: mineral sorbents, cadmium, lead, sludge, white charlock.

WSTÊP

Osady poœciekowe z oczyszczalni œcieków zawieraj¹ czêsto znaczne iloœci sk³ad-
ników pokarmowych niezbêdnych dla roœlin, ale równie¿ mog¹ wystêpowaæ w nich
metale ciê¿kie toksyczne dla organizmów ¿ywych, a tak¿e czynniki chorobotwór-
cze, ograniczaj¹ce mo¿liwoœci ich przyrodniczego zagospodarowania (FILIPEK 2004).
Dlatego te¿ sk³adowanie osadów œciekowych mo¿e stwarzaæ zagro¿enie dla œrodo-
wiska. Niezbêdne jest wiêc opracowanie metod utylizacji osadów, a jednoczeœnie
wykorzystanie sk³adników pokarmowych w nich zawartych i zapewnienie bezpie-
czeñstwa dla œrodowiska (RUTKOWSKA i in. 2004).

Zeolity s¹ to uwodnione glinokrzemiany, które charakteryzuj¹ siê wieloma w³a-
œciwoœciami fizykochemicznymi, takimi jak: du¿a pojemnoœæ sorpcyjna i jonowy-
mienna, selektywnoœæ jonowymienna, w³aœciwoœci sita molekularnego, aktywnoœæ
katalityczna oraz termostabilnoœæ strukturalna w temp. do 700–750oC (ANIELAK

i in. 2000, WASIAK i in. 2001, BADORA i in. 2005). Dziêki tym w³aœciwoœciom zeoli-
ty znalaz³y zastosowanie w ró¿nych dziedzinach ¿ycia, m. in. w oczyszczaniu wody
i œcieków, unieszkodliwianiu ró¿nych odpadów, a tak¿e usuwaniu metali ciê¿kich
(WASIAK i in. 2001, BADORA 2003, BADORA i in. 2005).

Selen mo¿e oddzia³ywaæ z metalami ciê¿kimi, tworz¹c zwi¹zki kompleksowe
i powoduj¹c zmniejszenie ich szkodliwoœci. Stwierdzono, ¿e mo¿e on powodowaæ
wiêkszy lub mniejszy detoksykuj¹cy efekt w zale¿noœci od indywidualnych cech or-
ganizmu oraz rodzaju u¿ytego metalu (PAZURKIEWICZ-KOCOT i in. 2002).

Celem pracy by³o okreœlenie wp³ywu zastosowanych œrodków immobilizacyj-
nych, takich, jak zeolity i seleniany (VI), na ograniczenie toksycznoœci kadmu i o³o-
wiu w osadzie œciekowym, a tak¿e okreœlenie plonów roœlin i niektórych stosunków
miêdzy pierwiastkami w roœlinach gorczycy bia³ej.

MATERIA£ I METODY

Badania przeprowadzone w Katedrze Chemii Rolnej i Œrodowiskowej Akade-
mii Rolniczej w Lublinie oparto na œcis³ym doœwiadczeniu wazonowym. Schemat
doœwiadczenia obejmowa³ 4 warianty, ka¿dy w 3 powtórzeniach. Pod³o¿e stanowi³
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osad poœciekowy pochodz¹cy z oczyszczalni œcieków „Hajdów” w Lublinie, wymie-
szany z ja³owym piaskiem w stosunku 1,5 kg osadu : 0,5 kg piasku. Jednostk¹
eksperymentaln¹ by³ wazon zawieraj¹cy 2 kg powietrznie suchej masy pod³o¿a.
W osadzie wyjœciowym stwierdzono wysok¹ zawartoœæ substancji organicznej (60,5%)
oraz pH 5,8 (oznaczone w 1 mol KCl⋅dm-3) i 6,1 (oznaczono w 6,1 w 0,01 mol
CaCl2⋅dm-3). Zawartoœæ kadmu w osadzie wynosi³a 15,81mg Cd⋅kg-1, a o³owiu
3,16 mg Pb⋅kg-1.

Jako œrodki immobilizacyjne zastosowano zeolity (klinoptylolit), w iloœci 10 g
zeolitu⋅kg-1 osadu i 20 g zeolitu⋅kg-1 osadu, oraz selen, w iloœci 1 mg Se⋅kg-1

osadu, w postaci Na2SeO4⋅10 H2O.
Roœlin¹ testow¹ by³a gorczyca bia³a odmiany „Borowska”. Do ka¿dego wazo-

nu wprowadzono 12 nasion, a po wejœciu roœlin w fazê wschodów, zredukowano
ich liczbê do 6. Roœlinom zapewniono we wszystkich obiektach identyczne warunki
wzrostu i rozwoju, a¿ do stadium kwitnienia.

Po zakoñczeniu doœwiadczenia roœliny œciêto i okreœlono œwie¿¹ i such¹ masê
czêœci nadziemnych oraz such¹ masê korzeni. Wysuszony materia³ roœlinny zmine-
ralizowano „na mokro” w mieszaninie mocnych kwasów HNO3 i HClO4. W uzy-
skanych mineralizatach dokonano pomiaru zawartoœci: K, Ca, Mg, Zn, Mn, Fe
oraz Cd i Pb metod¹ atomowej spektrometrii absorpcyjnej (ASA), a tak¿e Se ogó-
³em metod¹ generacji wodorków. Materia³ osadowy wysuszono i oznaczono w nim
pH w 1 mol KCl⋅dm-3 oraz 0,01 mol CaCl2⋅dm-3, zawartoœæ pierwiastków œlado-
wych w 1 mol HCl⋅dm-3 oraz zawartoœæ selenu ogó³em, metod¹ generacji wodor-
ków.

Analizê wariancji wyników przeprowadzono stosuj¹c pó³przedzia³y ufnoœci
Tukeya (p=0,05)

WYNIKI I ICH OMÓWIENIE

Wartoœci pH osadu po doœwiadczeniu nieznacznie wzros³y, jednak¿e zastoso-
wanie œrodków immobilizacyjnych nie spowodowa³o zró¿nicowania wartoœci pH w po-
szczególnych wariantach doœwiadczenia (tab. 1). Zastosowanie zeolitów oraz sele-
nianów wp³ynê³o na zró¿nicowanie zawartoœci aktywnych form kadmu i o³owiu
w osadzie. Dodatek œrodków wi¹¿¹cych wp³yn¹³ na obni¿enie zawartoœci kadmu
w osadzie, nie by³y to jednak ró¿nice istotne statystycznie. Œwiadczy to o du¿ym
pobraniu jonów Cd2+ przez roœliny i stosunkowo niewielkim wp³ywie obu zastoso-
wanych œrodków wi¹¿¹cych na immobilizacjê tego pierwiastka w pod³o¿u. Na wzrost
zawartoœci o³owiu w osadzie mia³ wp³yw dodatek zeolitów, przy czym ich wy¿sza
dawka da³a lepszy efekt immobilizacyjny. Wskazuje to na du¿e powinowactwo jo-
nów Pb2+ i zeolitów. Najni¿sz¹ zawartoœæ o³owiu w pod³o¿u zanotowano w obiek-
cie 4 (0 + Se) – tabela 1.
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Dodatek zeolitów w mniejszej dawce spowodowa³ ponad 70-krotny wzrost œwie-
¿ej masy roœlin w stosunku do kontroli, a w wiêkszej dawce – 60-krotny wzrost
oraz ok. 20-krotny wzrost suchej masy roœlin, zarówno czêœci nadziemnych, jak
i korzeni (tab. 2). Podobne tendencje potwierdzaj¹ badania BADORY (1999, 2005),
które wskazuj¹, ¿e zeolity s¹ œrodkami nietoksycznymi dla roœlin i mog¹ byæ wyko-
rzystywane w immobilizacji jonów metali toksycznych. Dodatek selenianów nie przy-
czyni³ siê do zró¿nicowania biomasy roœlin gorczycy (tab. 2).
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4 eS+0 00.2 83.0 70.0

pHCaCl2

1elbaT
1alebaT

otrawaZ œ otrawzarouneles,uiwo³o,umdakæ œ je³aibycyzcrogezroibzopu¿o³dopwHpic
kcolrahcetihwrednuegdulsniHpfoseulavdnamuineles,dael,muimdacfotnetnocehT

.pL
ytkeibO
stcejbO

Hp lCK
dC

gm( ⋅ gk 1- )
bP

gm( ⋅ gk 1- )
eS

gm( ⋅ gk 1- )

1 0 0.6 0.6 7.6 3.1 0.0

2 1–tiloez+0 1.6 3.6 8.5 4.1 0.0

3 2–tiloez+0 2.6 2.6 3.6 *7.1 0.0

4 eS+0 2.6 2.6 1.6 *0.1 3.1

RIN - - 779.2 535.0 520.0

Wprowadzenie zeolitów do pod³o¿a osadowego wp³ynê³o na wzrost akumulacji
kadmu w czêœciach nadziemnych gorczycy, szczególnie w obiekcie 2 (tab. 3). Za-
stosowane sorbenty obni¿y³y koncentracjê kadmu w korzeniach gorczycy oraz o³o-
wiu zarówno w czêœciach nadziemnych, jak i w korzeniach.

Natomiast dodatek selenianów wp³yn¹³ na ponad 5-krotny wzrost koncentracji
Pb w korzeniach roœlin gorczycy (tab. 3). We wszystkich wariantach zeolity spowo-
dowa³y obni¿enie zawartoœci jonów Cd2+ i Pb2+ w korzeniach oraz ponad 90%
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spadek kumulacji o³owiu w czêœciach nadziemnych gorczycy. Efekt ten potwier-
dzaj¹ dane literaturowe, które wskazuj¹ na wiêksze powinowactwo jonów o³owiu
z sorbentami mineralnymi oraz jonów kadmu z sorbentami organicznymi, np.
z kwasami huminowymi (BADORA 1999, KABATA-PENDIAS i in. 1999, AMIET 2002).
Dodatek selenianów spowodowa³ znaczny spadek koncentracji o³owiu w czêœciach
nadziemnych i kadmu w korzeniach oraz znaczny wzrost kumulacji o³owiu w korze-
niach gorczycy. Wg KABATY-PENDIAS (1999), interakcja miêdzy selenem a poszcze-
gólnym metalem zale¿y od iloœciowych proporcji i mo¿e ograniczaæ pobieranie
pierwiastków œladowych, a tak¿e mo¿e daæ efekt synergiczny (KABATA-PENDIAS i in.
1999).

Stosunek K : (Ca + Mg) w wiêkszoœci wariantów doœwiadczenia przyjmowa³
wartoœci optymalne (<2,1). Jedynie w obiekcie 3. dla czêœci nadziemnych uleg³
znacznemu zawê¿eniu i wyniós³ 0,05. Najwy¿sze wartoœci stosunku tych jonów za-
notowano w obiektach z selenem zarówno dla czêœci nadziemnych, jak i dla korze-
ni gorczycy. Analizuj¹c stosunek Fe : Mn, optymalne wartoœci zaobserwowano
w obiektach 2 i 3 dla czêœci nadziemnych, gdzie zastosowano dodatek zeolitu. Roz-
szerzenie wartoœci stosunku Fe : Mn by³o szczególnie widoczne w korzeniach roœlin.
Znaczne pobranie ¿elaza mog³o byæ spowodowane wysok¹ zawartoœci¹ substancji
organicznej w pod³o¿u. Przypuszczenia te mog¹ potwierdzaæ badania BADORY

(1999), w których przedstawiono wzrost pobrania tego pierwiastka przez roœliny
uprawne na glebach nawo¿onych organicznie i wapnowanych, w porównaniu z je-
go pobraniem przez te roœliny z gleby bez wspomnianych czynników nawozowych.
Wartoœci stosunku Cd : Pb by³y zró¿nicowane i znacznie rozszerzone w obiektach
2 (0 + zeolit – 1) i 3 (0 + zeolit – 2). Mo¿e to potwierdzaæ tezê, ¿e o³ów ma

3elbaT
3alebaT

wy³pW œ otrawazanhcynjycazilibommiwókdor œ je³aibycyzcroghcanilœorweSibP,dCæ
stnalpkcolrahcetihwnistnuomaeSdnabP,dCnostnegagnidnibfoecneulfniehT

.pL ytkeibO – stcejbO

êzC œ enmeizdanic – strapdnuorg-revO
(g⋅ gk 1- )

dC bP eS

1 0 40.3 70.71 -

2 1–tiloez+0 26.21 17.1 -

3 2–tiloez+0 37.11 17.1 -

4 eS+0 11.5 66.5 57.2

g(stooR–einezroK ⋅ gk 1- )

1 0 69.32 92.7 -

2 -tiloez+0 –1 68.12 41.4 -

3 2–tiloez+0 28.12 25.5 -

4 eS+0 51.51 76.14 03.5
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wiêksze powinowactwo z sorbentami mineralnymi, co mog³o z kolei doprowadziæ
do wiêkszej akumulacji Cd w roœlinach (BADORA 1999, KABATA-PENDIAS i in. 1999,
AMIET 2002). Obecnoœæ selenu nie wp³ynê³a znacz¹co na pobranie toksycznych
pierwiastków przez roœliny (tab.4).

4elbaT
4alebaT

wy³pW œ imaktsaiwreipyzdêimiknusotsanhcynjycazilibommiwókdor
orw œ je³aibycyzcroghcanil

stnalpkcolrahcetihwnisoitaremosnostnegagnidnibfoecneulfniehT

.pL ytkeibO – stcejbO
êzC œ straplaireA–enmeizdanic

)gM+aC(:K nM:eF bP:dC

1 0 3.0 3.4 3.0

2 1–tiloez+0 2.0 6.1 9.21

3 2–tiloez+0 50.0 2.1 5.81

4 eS+0 5.0 9.4 7.1

stooR–einezroK

1 0 3.0 7.55 1.6

2 1-tiloez+0 1.0 9.33 7.9

3 2-tiloez+0 2.0 8.04 3.7

4 eS+0 7.0 5.85 7.0

WNIOSKI

1. Zastosowanie wszystkich œrodków immobilizacyjnych wp³ynê³o na zmniejsze-
nie zawartoœci kadmu i o³owiu w pod³o¿u.

2. Dodatek zeolitów w obu dawkach wp³yn¹³ na znaczny wzrost biomasy roœlin
oraz zmniejszenie zawartoœci o³owiu w czêœciach nadziemnych i w korzeniach gor-
czycy bia³ej.

3. Szerokie wartoœci stosunku Fe : Mn odnotowano w korzeniach badanych
roœlin. Œwiadczy to o znacznym pobraniu Fe przez korzenie i niedoborach Mn.

4. Obecnoœæ zeolitów w pod³o¿u przyczyni³a siê do rozszerzenia stosunku Cd : Pb
w czêœciach nadziemnych i w korzeniach gorczycy.
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PREFERENCJE KONSUMENTÓW ZWI¥ZANE
ZE SPO¯YWANIEM WÓD BUTELKOWANYCH

Maria Kre³owska-Ku³as
Katedra Towaroznawstwa ¯ywnoœci
Akademia Ekonomiczna w Krakowie

Abstrakt

Badano preferencje konsumentów zwi¹zane ze spo¿ywaniem wód butelkowanych.

Stwierdzono, ¿e preferencje by³y zwi¹zane z zakupem wód butelkowanych „Na³êczowianka”
(33%), „Muszynianka” (26%), „Piwniczanka” (19%)) i piciem zgodnie z wiekiem i wykszta³ce-
niem konsumentów.

S ³ o w a  k l u c z o w e: butelkowane wody, wody mineralne, preferencje konsumentów.

CONSUMER PREFERENCES OF BOTTLED WATER

Maria Kre³owska-Ku³as

Chair of Commodity Science of Food
Academy Economics of Cracow

Abstract

The aim of the study was to examine consumers’ preferences related to consumption
of bottled waters.

It was found that the preferences related to bottled waters purchase („Na³êczowianka” (33%),
„Muszynianka” (26%), „Piwniczanka” (19%)) and drinking were diversified according to the age
and education of consumers.

K e y  w o r d s: bottled waters, mineral drinking waters, preferences of consumers.
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WSTÊP

W ci¹gu ostatnich lat nast¹pi³ w Polsce znaczny rozwój produkcji butelkowa-
nych wód mineralnych oraz wyraŸny wzrost ich spo¿ycia. Czêsto te¿ poszukuje siê
wód niegazowanych, które wykorzystuje siê nie tylko do picia. Jest to spowodowa-
ne przede wszystkim zmian¹ nawyków ¿ywieniowych i przyjmowaniem wzorów za-
chodnich, ale równie¿ rozpowszechnianiem w prasie informacji o z³ej jakoœci wody
wodoci¹gowej (Codex Alimentarius 1996, JÓZEFIAK-GOSIEWSKA 2005, KRE£OWSKA-
KU£AS 2001).

Czêsto konsument ma trudnoœci w wyborze wody, wiêc najczêœciej kieruje siê
wygl¹dem opakowania, ciekaw¹ nazw¹ wody, rysunkiem na etykiecie lub te¿ in-
formacjami producenta. Producenci natomiast przeœcigaj¹ siê w reklamowaniu
swych produktów, i przypisuj¹ im nawet w³aœciwoœci lecznicze. Czêsto te¿ okreœlaj¹
swoje wody jako „naturalne mineralne” pomimo ¿e nazwa ta przys³uguje obecnie
tylko œciœle okreœlonemu rodzajowi wody (KUCHARSKI 1999, WOJTASZEK 2004, WOJ-
TASZEK 2005).

Wody butelkowane dziel¹ siê na trzy rodzaje: naturalne wody mineralne, na-
turalne wody Ÿródlane i wody mineralizowane, zwane sto³owymi. Poza t¹ klasyfi-
kacj¹ s¹ jeszcze lecznicze wody mineralne, lecz one nie nadaj¹ siê do powszechne-
go u¿ywania i powinny byæ traktowane jako œrodki farmakologiczne stosowane
wed³ug zaleceñ lekarskich.

Wed³ug Rozporz¹dzenia Ministra Zdrowia (Dz.U. RP. 2004 r., Nr 276, poz.
2738), naturaln¹ wod¹ mineraln¹ jest woda podziemna wydobywana jednym lub
kilkoma otworami naturalnymi lub wierconymi, pierwotnie czysta pod wzglêdem
chemicznym i mikrobiologicznym, charakteryzuj¹ca siê stabilnym sk³adem mineral-
nym oraz w³aœciwoœciami maj¹cymi znaczenie fizjologiczne, powoduj¹cymi korzyst-
ne oddzia³ywanie na zdrowie ludzi, okreœlonymi wed³ug wymagañ i kryteriów.

Wed³ug tego Rozporz¹dzenia (Dz.U. RP. 2004 r., Nr 276, poz. 2738) Natu-
raln¹ wod¹ Ÿródlan¹ jest woda podziemna wydobywana jednym lub kilkoma otwo-
rami naturalnymi lub wierconymi, pierwotnie czysta pod wzglêdem chemicznym
i mikrobiologicznym, nieró¿ni¹ca siê w³aœciwoœciami i sk³adem mineralnym od wody
przeznaczonej do spo¿ycia przez ludzi, okreœlonymi w przepisach o zbiorowym za-
opatrzeniu w wodê.

Woda sto³owa to woda otrzymywana po dodaniu do wody Ÿródlanej natural-
nej wody mineralnej lub soli mineralnych, zawieraj¹cych jeden lub wiêcej sk³adni-
ków maj¹cych znaczenie fizjologiczne, jak: sód, magnez, wapñ, chlorki, siarczany,
wodorowêglany (Dz.U. RP. 2004 r., Nr 120, poz. 1256).

W zale¿noœci od zawartoœci sumy rozpuszczonych sk³adników mineralnych w 1 li-
trze wody (DOMINIKIEWICZ 1951; Dz.U. RP. Nr 120, poz. 1256; PN-Z-11001-
-1:1999; PN-Z-11001-2:1999; SZMYTÓWNA 1970), wyró¿nia siê wody:
– niskozmineralizowane (do 500 mg dm-3);
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– œredniozmineralizowane (wiêcej ni¿ 500 i mniej ni¿ 1500 mg dm-3);
– wysokozmineralizowane (powy¿ej 1500 mg dm-3).

Wed³ug stopnia nasycenia dwutlenkiem wêgla rozró¿nia siê nastêpuj¹ce wody:
– nienasycone dwutlenkiem wêgla – niegazowane;
– niskonasycone dwutlenkiem wêgla – do stê¿enia 1500 mg CO2 dm-3;
– œrednionasycone dwutlenkiem wêgla – od 1500 do 4000 mg CO2 dm-3;
– wysokonasycone dwutlenkiem wêgla – powy¿ej 4000 mg CO2 dm-3.

W produkcji i obrocie wód butelkowanych w Polsce stosowana jest obecnie
Polska Norma (PN-Z-11001:1999 Butelkowane naturalne wody mineralne
i lecznicze), która jest zharmonizowana z przepisami europejskimi, oraz obowi¹zu-
je Rozporz¹dzenie Ministra Zdrowia z dnia 29 kwietnia 2004 r., w sprawie natu-
ralnych wód mineralnych, naturalnych wód Ÿródlanych oraz wód sto³owych, oraz
Rozporz¹dzenie Ministra Zdrowia z dnia 17 grudnia 2004 r. zmieniaj¹ce rozporz¹-
dzenie w sprawie naturalnych wód mineralnych, naturalnych wód Ÿródlanych oraz
wód sto³owych.

Woda butelkowana uznana za œrodek spo¿ywczy powinna byæ oznakowana
zgodnie z ogólnymi zasadami znakowania tych œrodków (Rozp. M.R.iG.¯. z dn.
15 VII 1994; Rozp. M.Z. z dn. 29 IV 2004).

W warunkach klimatu umiarkowanego cz³owiek wypija codziennie od 1,5 do
2,5 dm3 wody (BERGER 1992, ZIEMLAÑSKI 2000). Wraz z ni¹ s¹ dostarczane do
organizmu sk³adniki mineralne. Najlepsz¹ dla cz³owieka wod¹ do picia jest woda
pochodz¹ca z podziemnych pok³adów, naturalna woda mineralna zawieraj¹ca w od-
powiednich iloœciach sk³adniki pozytywnie oddzia³uj¹ce na zdrowie cz³owieka. Spo-
¿ywana w znacznych iloœciach mo¿e stanowiæ uzupe³niaj¹ce Ÿród³o magnezu, wap-
nia, sodu, fluoru, jodu, ¿elaza i siarczanów. Organizm mo¿e przez d³u¿szy czas, bez
szkody dla jego funkcjonowania, znieœæ niedobór wêglowodanów i t³uszczów, a na-
wet witamin, natomiast niedobór sk³adników mineralnych mo¿e spowodowaæ po-
wa¿ne zaburzenia w jego funkcjonowaniu. Wody podziemne mog¹ zawieraæ nawet
do 70 ró¿nych sk³adników, w tym wiele niezbêdnych dla cz³owieka. Do najwa¿niej-
szych, z ¿ywieniowego punktu widzenia, nale¿¹ wapñ i magnez (PRZEGALIÑSKA 2005).
Iloœæ wapnia waha siê do 30 mg dm-3 w wodach miêkkich, do 200 w wodach
twardych i do 500 w wodach mineralnych, zawartoœæ magnezu – od kilku do
300 mg dm-3 w wodach mineralnych (LATOUR 1999, WOJTASZEK 1998, 2000).

Z danych piœmiennictwa (BARY£KO-PIKIELNA 1995, JANKOWSKI 1971, KUCHARSKI

2002, WOJTASZEK 2004) wynika, ¿e w ¿ywieniu ludzi mamy czêsto do czynienia ze
znacznymi niedoborami niektórych sk³adników mineralnych. Deficyt ten mo¿e byæ
spowodowany niedostateczn¹ poda¿¹ w pokarmach, a tak¿e b³êdami ¿ywieniowy-
mi i wystêpowaniem w postaci trudno rozpuszczalnych zwi¹zków kompleksowych
wapniowo-magnezowo-fosforanowych. Gdy niedobory wapnia i magnezu w ca³o-
dziennych racjach pokarmowych ró¿nych grup ludnoœci siêgaj¹ nawet 50% (ŒMI-
GIEL-PAPIÑSKA i in. 2001), woda mineralna mo¿e stanowiæ uzupe³nienie poda¿y tych
pierwiastków, wa¿nych dla funkcjonowania i rozwoju organizmu oraz w zapobiega-
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niu wielu schorzeniom jak mia¿d¿yca, osteoporoza i nowotwory (WOJTASZEK 1998,
2004).

W pañstwach maj¹cych tradycje gospodarki rynkowej przywi¹zuje siê wiele
uwagi do konsumenckiej oceny produktów ¿ywnoœciowych. Oceny te s¹ ponadto
przedmiotem badañ naukowych, a ich wyniki œledz¹ producenci i handlowcy. Ba-
danie postêpowania konsumenta na rynku obejmuje poznanie zachowañ, opinii
i postaw, preferencji i upodobañ, motywów postêpowania oraz planów zakupu.
Najczêœciej stosowan¹ metod¹ badania postêpowania konsumenta na rynku jest
metoda ankietowa.

Na wybór ¿ywnoœci przez konsumentów wp³ywa wiele czynników. Odnosz¹ siê
one do samej ¿ywnoœci, konsumenta oraz czynników zewnêtrznych, tj.: ekonomicz-
nych, kulturowych i socjologicznych. Wszystkie wp³ywaj¹ na wybór ¿ywnoœci i jej
spo¿ycie (BARY£KO-PIKIELNA 1995). Prac z zakresu oceny i wyboru przez konsumen-
tów wód butelkowanych jest niewiele. Dlatego te¿ celem pracy by³y badania nad
preferencjami konsumentów zwi¹zanymi ze spo¿ywaniem wody butelkowanej.

MATERIA£ I METODY

W 2004 r. w Katedrze Towaroznawstwa ¯ywnoœci badano preferencje konsu-
menckie zwi¹zane ze spo¿ywaniem wód mineralnych butelkowanych. Badania prze-
prowadzono metod¹ ankietow¹, z wykorzystaniem autorskiego kwestionariusza,
wœród 430 losowo wybranych respondentów w okresie od stycznia do koñca grud-
nia 2004 r., na terenie miasta Krakowa i jego okolic. Grupa konsumentów uczest-
nicz¹cych w badaniu charakteryzowa³a siê nastêpuj¹cymi cechami:

1) p³eæ i wiek: kobiety – 73%, mê¿czyŸni 27%, poni¿ej 27 lat – 28%,
26–35 lat  – 23%, 36–45 lat – 25%,powy¿ej 45 lat – 24%;

2) wykszta³cenie: podstawowe – 8%, zawodowe – 19%, œrednie – 35%, wy-
¿sze – 38;

3) liczba osób w gospodarstwie domowym: 1-osobowe – 10%, 2-osobowe –
21%, 3-osobowe – 34%, 4-osobowe – 28%, 5-osobowe i wiêksze – 7%;

4) dochód miesiêczny na 1 osobê: do 200 z³ – 3%, 200–400 z³ – 31%,
400–600 z³ – 49%, powy¿ej 600 z³ – 17%.

Uzyskane wyniki opracowano statystycznie.

WYNIKI I ICH OMÓWIENIE

Z przeprowadzonych badañ wynika, ¿e 52% konsumentów kupowa³o wodê
butelkowan¹ niegazowan¹, a 48% wodê butelkowan¹ gazowan¹. Picie wody za-
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równo gazowanej, jak i niegazowanej by³o sezonowe. W okresie zimowym, tzn. w
styczniu, lutym, marcu i grudniu, obserwowano statystycznie istotne spo¿ycie przez
respondentów wód niegazowanych w porównaniu z wodami gazowanymi.

Konsumenci dokonywali zakupu wód butelkowanych, tj. naturalnych wód mi-
neralnych, naturalnych wód Ÿródlanych i wód sto³owych, w nowoczesnych kana³ach
dystrybucji, tj. w supermarketach (22%), hipermarketach (20%), i w handlu trady-
cyjnym, tj. w ma³ych sklepach spo¿ywczych (25%), œrednich sklepach spo¿ywczych
(21%), du¿ych sklepach spo¿ywczych (10%) i w sklepach winno-cukierniczych (2%).

Na decyzjê zakupu wody mineralnej mia³ tak¿e wp³yw rodzaj opakowania
(68% osób odpowiedzia³o twierdz¹co). Najczêœciej by³a kupowana woda mineralna
w plastikowych butelkach o pojemnoœci 1,5 dm3, nastêpnie w ma³ych butelkach
szklanych o pojemnoœci 0,33 dm3. Opakowania 1,5 dm3 PET by³y preferowane
najbardziej przez osoby w wieku 20–30 lat i powy¿ej 50 roku ¿ycia, m.in. ze
wzglêdu na swoj¹ funkcjonalnoœæ i nisk¹ masê opakowania.

Najwiêksz¹ popularnoœci¹ wœród respondentów cieszy³y siê: „Na³êczowianka”
(33%), woda mineralna z ujêcia Antopol w Na³êczowie (tab. 1). Drugie miejsce
zajê³a „Muszynianka” (26%), woda mineralna z ujêcia Antoni i £ukasz w Muszynie.
Respondenci opisali j¹ jako smaczn¹, o lekko s³onawym posmaku, w niewielkim
stopniu naturalnie gazowan¹. Na 3. miejscu wymieniono „Piwniczankê” (19%),
wodê wysokozmineralizowan¹ z ujêcia Piwniczna Zdrój. Kolejne miejsca zajê³y
„¯ywiec Zdrój” (7%), woda wydobywana z ujêcia w Ciêcinie ko³o ¯ywca, „Kinga”
(5%), woda mineralna z ujêcia œw. Kingi w Kroœcienku nad Dunajcem, „Busko-
wianka Zdrój” (3%), woda œredniozmineralizowana z ujêcia Nowy Nurek w Busku
Zdroju, „Galicjanka” (3%), woda wysokozmineralizowana z ujêcia Muszyna na te-
renie Popradzkiego Parku Krajobrazowego, „Arctic” (2%), woda œredniozminerali-
zowana z ujêcia Bia³owieski Zdrój w Bielsku Podlaskim. Na ostatnich dwóch miej-
scach uplasowa³y siê: „Jodis” (1%), woda z ujêcia Maksymilian w Mieszawie, oraz
woda mineralna „Bonaqua” (1%).

G³ównym czynnikiem decyduj¹cym o wyborze wody butelkowanej by³ jej smak
i przyzwyczajenie konsumenta oraz estetyka opakowania. Pewne znaczenie, cho-
cia¿ niewielkie, mia³y cena, zapach i zakres informacji zawartych na opakowaniu
(62% respondentów odpowiedzia³o twierdz¹co, a 38% negatywnie). Wiêkszoœæ an-
kietowanych (89%) uwa¿a³a informacje podane na etykietach za zrozumia³e i ko-
nieczne, a dla 11% by³y zbêdne. Do najczêœciej wykorzystywanych informacji nale-
¿a³y sk³ad chemiczny oraz funkcje zdrowotne wód butelkowanych. Ze wzrostem
wieku ankietowanych osób wzrasta³ popyt na naturalne wody mineralne. Najmniej
istotnymi dla konsumentów czynnikami przy wyborze wód okaza³y siê reklama (5%)
i nowoœci na rynku wód butelkowanych (2%).

Nie stwierdzono statystycznie istotnego wp³ywu p³ci i sytuacji materialnej re-
spondentów na czêstotliwoœæ zakupu wód butelkowanych.
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Du¿y wp³yw na zakup rodzaju wód butelkowanych mia³o wykszta³cenie ankie-
towanych. Wraz ze wzrostem poziomu wykszta³cenia mala³a czêstotliwoœæ zakupu
wód niskozmineralizowanych, natomiast wzrasta³a czêstotliwoœæ zakupu wód wyso-
kozmineralizowanych.

Analizuj¹c wp³yw wysokoœci dochodu w rodzinie, stwierdza siê, ¿e konsumenci
o wy¿szym dochodzie preferowali wody wysokozmineralizowane.

Niewielkim zainteresowaniem wœród respondentów cieszy³y siê wody zagra-
niczne.

WNIOSKI

Otrzymane wyniki badañ pozwalaj¹ na wyci¹gniêcie nastêpuj¹cych wniosków:
– konsumenci najczêœciej kupowali naturaln¹ wodê mineraln¹ „Na³êczowian-

kê” (33%). Drugie miejsce zajê³a „Muszynianka” (26%), trzecie – woda mineralna
„Piwniczanka” (19%);

– na rynku krakowskim 52% konsumentóq kupowa³o wodê butelkowan¹ nie-
gazowan¹, a 48% wodê butelkowan¹ gazowan¹;

– konsumenci najczêœciej kupowali wody butelkowane w ma³ych sklepach spo-
¿ywczych (25%);
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– najczêœciej kupowano wodê mineraln¹ w butelkach plastikowych o pojem-
noœci 1,5 dm3, a nastêpnie o pojemnoœci 0,33 dm3;

– g³ównym czynnikiem decyduj¹cym o wyborze wody butelkowanej by³ smak
i przyzwyczajenie konsumenta;

– najwa¿niejsz¹ informacj¹ na etykiecie wody by³ dla respondenta sk³ad che-
miczny oraz funkcje zdrowotne;

- wraz ze wzrostem wieku ankietowanych osób wzrasta³ popyt na naturalne
wody mineralne;

– ze wzrostem poziomu wykszta³cenia mala³a czêstotliwoœæ zakupu wód nisko-
zmineralizowanych, a ros³a wysokozmineralizowanych;

– konsumenci o wy¿szym dochodzie w rodzinie preferowali wody wysokozmi-
neralizowane.
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CHEMICAL COMPOSITION OF REED
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EX STEUD. VERSUS DENSITY
AND STRUCTURE OF PERIPHYTON
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Abstract

Analyses of three macroelements and six microelements in reed stems, accompanied by in-
vestigation of periphyton density were carried out in two reservoirs: ¯arnowieckie Lake and Puck
Bay. To reveal the influence of chemical composition of biotic substrate on periphyton qualitative
and quantitative characteristics, ordination methods were applied (PCA, CCA, DCA, RDA). The
results indicated that Copoepoda (Harpacticoida) and Chlorophyta preferred reed substrate with
relatively high zinc, sulfur and chromium but low manganese and carbon content. In turn, Nema-
toda reached the highest density on a substrate rich in manganese. Mercury in reed limited densi-
ty of Arachnidae-Hydrachnella and Chironomidae larvae, an effect which was not observed for
Ciliata libera. Copepoda (Harpacticoida) preferred low chromium and lead content and high car-
bon/nitrogen ratio, which meant low nitrogen concentration in the reed substrate. Moreover, pref-
erences of Nematoda and Bacillariophyta for freshwaters and Copepoda for brackish waters were
indicated

The results presented in this paper should be treated as a contribution to more detailed
research on interactions between reed chemical composition and periphyton density.

Key words: reed, content of chemical elements, periphyton, ordination.
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AUSTRALIS (CAV.) TRIN. EX STEUD. NA WIELKOŒÆ ZAGÊSZCZENIA

OBRASTAJ¥CEGO J¥ PERIFITONU

Krystian Obolewski1, Agnieszka Strzelczak2, Anna Kiepas-Kokot3

1Zak³ad Ekologii i Ochrony Morza,
Pomorska Akademia Pedagogiczna w S³upsku
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Politechnika Szczeciñska
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Abstrakt

Dokonano analiz zawartoœci trzech makro- i szeœciu mikrosk³adników w ³odygach trzciny oraz
zagêszczenia obrastaj¹cego j¹ perifitonu w dwóch akwenach: Jeziorze ¯arnowieckim i Zatoce
Puckiej. W celu uchwycenia wp³ywu sk³adu chemicznego pod³o¿a na sk³ad jakoœciowy i iloœciowy
organizmów poroœlowych zastosowano metody ordynacyjne (PCA, CCA, DCA, RDA). Stwierdzono,
¿e Copepoda (Harpacticoida) oraz Chlorophyta preferuj¹ pod³o¿e trzcinowe o relatywnie wysokiej
zawartoœci cynku, siarki i chromu, natomiast niskiej manganu i wêgla. Z kolei Nematoda
w najwiêkszym zagêszczeniu wystêpuje na pod³o¿u bogatym w mangan. Hg w trzcinie limituje
zagêszczenie Arachnidae-Hydrachnella oraz Chironomidae larvae, czego nie obserwuje siê w przy-
padku Ciliata libera. Copepoda (Harpacticoida) preferowa³y niskie stê¿enie chromu i o³owiu,
wysoki stosunek zawartoœci wêgla do azotu, a tym samym niskie stê¿enie azotu w pod³o¿u trzcino-
wym. Ponadto wykazano s³odkowodne preferencje Nematoda i Bacillariophyta i s³onowodne
Copepoda (Harpacticoida)

Prezentowane w niniejszej pracy wyniki nale¿y traktowaæ jako przyczynek do g³êbszych badañ
nad powi¹zaniem sk³adu chemicznego trzciny i zagêszczeniem perifitonu.

S³owa kluczowe: trzcina, zawartoœæ pierwiastków, perifiton, ordynacje.

INTRODUCTION

Occurrence of plant species in a reservoir is determined by its trophic state,
oxygenation, thermal conditions and contamination. Biodiversity and chemical com-
position of plants may indicate the present condition and changes in a habitat
(HOOTSMANSM, VERMAAT 1992, KIRYLUK 2005, STANISZEWSKI et al. 2004). Common
reed Phragmites australis is a widely-spread rush species in coastal lakes. This
plant determines the trophic state as it influences concentration of biofile ele-
ments, which it accumulates in tissues and subsequently releases to a habitat, thus
accelerating eutrophication (PIECZYÑSKA 1988).

Due to its widespread occurrence as well as an ability to accumulate pollut-
ants, reed is a preferred botanical treatment plant, referred to as “a reed treat-
ment plant”. Tissues of this macrophyte can accumulate both nutrients and heavy
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metals (DE LAING et al. 2006, KIRYLUK 2005 et al. 1997). Additionally, reed is an
easily accessible vertical substrate for a large group of aquatic organisms, called
periphyton or epiphytic organisms (PIESIK, OBOLEWSKI 2000).

The first studies on periphyton concerned protection of hydrotechnical equip-
ment against overgrowing by these organisms (RELINI, ORSI 1970). Factors poten-
tially influencing epiphytic communities are light, temperature, motion of waves,
type of substrate, water chemistry and feeding on periphyton (ALLAN 1998, MIHAL-
JEVIÆ et al. 1998). Although the influence of the consecutive factors has been
studied, scant information is available on chemical fight of reed against epiphytic
organisms. Aquatic plants, including reed, release chemical substances containing
heavy metals, which can reduce the density of more sensitive periphyton organ-
isms (BURK et al. 2000, LAKATOS et al. 1999). This has also been proved by
comparative studies of epiphytic communities on artificial and biotic substrate
(PIESIK, OBOLEWSKI 2000, OBOLEWSKI 2006). Difficulties revealing the direct impact
of a biotic substrate chemical composition on perihyton density are mainly caused
by overlapping influences of the consecutive factors affecting the overgrowing
processes. However, it has been observed that periphyton prefers some rocky
substrates. In the streams of Montana, Chrysophyta (Hydrurus sp.) appeared most-
ly on limestone, Chlorophyta (Monostroma sp.) on rocks rich in iron, while Rhodo-
phyta (Batrachosperum sp.) did not show any preferences of this kind (ALLAN

1998).
The objective of this study was to carry out a preliminary assessment of the

relationships between chemical composition of reed, with special emphasis on
heavy metals, and density of periphyton in reservoirs with different environmental
conditions, namely in coastal ¯arnowieckie Lake and Puck Bay.

MATERIALS AND METHODS

Sampling sites
The study was conducted in freshwater ¯arnowieckie Lake (lying in a cryp-

todepression) and saline Puck Bay (Figure 1). The lake, located in the Wysoczyzna
¯arnowiecka, covers an area of 1431 ha, is 7.6 km long and 2.6 km wide, and
its maximum depth is 16 m. There is a river, the Piaœnica River, which flows
through the lake. It is only the western shore of the lake which is covered with
rushes, mainly reed and common club-rush. The sampled area of Puck Bay was
an internal bay between Puck and Jastarnia, which is under influence of freshwa-
ters from a tributary called the Plutnica.

Reed samples were collected in ¯arnowieckie Lake in June, 2005, at 6
sampling sites, evenly distributed along the western shore of the lake. Recently,
fields of reed in Puck Bay have been considerably reduced due to some earth-
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works conducted in that area. Moreover, reed avoids saline waters, limiting its
occurrence to a narrow, coastal strip. As a result, only 3 sampling sites were
chosen.

Fragments of reed were sampled from the outer zone of fields of reed (depth
0.5–1.0 m) by cutting out 3 shoots at each sampling site. Then, 3 segments,
10–12 cm long, were cut out form every shoot at three levels: surface (just below
the water surface), middle and bottom (in total 9 sub-samples). Reed sampling
was followed by analyses of the periphyton removed from the reeds according to
the methodology given by OBOLEWSKI (2006).

The dry plant material was homogenized in a laboratory mill. Concentrations
of N, C and S were directly analyzed using an elementary analyzer CNS. Con-
centrations of heavy metals (Zn, Mn, Cd, Pb except for Hg), were determined
after wet mineralization of the plant material in a closed microwave system, using
a mixture of concentrated nitric and perchlorate acids (4:1 V/V) with addition of
30% hydrogen dioxide solution. The material was analyzed for metal concentra-
tions with flame atomic absorption spectrometry. Hg content in the samples was
determined by direct combustion in oxygen in an automatic mercury analyzer. In
order to assess measuring errors, the concentrations obtained were compared to
results for two certified plant materials (mixture of herbs and tea leaves): INCT-
-MPH-2 and INCT-TL-1. The calculated measuring error did not exceed 5% of
the certified value.

 Prior to statistical analyses, the data set was transformed in order to obtain
normal distribution of the consecutive variables and to eliminate influence of rare
species. The transformation was log(x+1), which is applicable to data with null
values and, owing to subsequent ordination analyses, enables researchers to avoid
negative values.

Fig.1. Location of sampling sites
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Significance of differences in reed chemical composition and periphyton den-
sity between the sampled reservoirs was determined by ANOVA. Homogeneity of
variance was assessed by Brown-Forsythe test.

Next, ordinations, a widely-used family of multidimensional exploration meth-
ods, were applied in order to reveal the relationships between ecological commu-
nities. Interactions and redundancy between the predictors (content of chemical
elements) were explored by Principal Component Analysis (PCA), based only on
chemical data, and additionally with the Variance Inflation Factor (VIF) in Canoni-
cal Correspondence Analysis (CCA), which involved both reed chemical composi-
tion as well as periphyton taxonomic composition. Using Detrended Correspon-
dence Analysis (DCA), the gradient of DCA first axis was determined and then
interactions between reed chemical composition and epiphytic community struc-
ture were determined with the help of Redundancy Analysis (RDA) (TER BRAAK

1995).
ANOVA and PCA analyses were performed using STATISTICA 6.1 software

(StatSoft 2002), while CCA, DCA and RDA in R environment (the R Foundation
for Statistical Computing) (TER BRAAK 1986, LEGENDRE, LEGENDRE 1998, HILL, GAUCH

1980, OKSANEN, MINCHIN 1997).

RESULTS AND DISCUSSION

Chemical composition of reed
Reed from 6 sampling sites on ¯arnowieckie Lake and 3 other sites on Puck

Bay was analyzed. Content of the following chemical elements was determined:
N, C, S, Hg, Zn, Cr, Mn, Cd and Pb (Table 1).

Plants absorbed considerable amounts of macroelements, with quantities
of carbon reaching the highest concentration This is typical due to widespread
occurrence of carbon in the environment (BALDANTONI et al. 2004). Nitrogen mass
fraction varied between 0.538 and 1.006% for ¯arnowieckie Lake and between
0.723 and 0.906% for Puck Bay. The highest N contents were observed in reed
next to a ditch supplying ¯arnowieckie Lake with water and near Puck in the
P³utnica estuary. Reed can accumulate nitrogen in tissues, especially in places
with high N concentration in environment (BERNATOWICZ 1969).

Availability of nitrogen released during organic matter decomposition depends
on its C:N ratio. The ratio of carbon to nitrogen observed at all the sampling
sites was high (over 32:1), which hampered mineralization of organic substance
and intensified nitrogen accumulation in plants (THOMPSON, TROEH 1978). This ratio
also indicated high vegetation level of the analyzed reed.

As for heavy metals, zinc reached the highest concentration in reed tissues -
on average 12.21 mg kg-1 d.m. in ¯arnowieckie Lake and 23.73 mg kg-1 d.m.
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in Puck Bay. These values are two-fold lower than a content typical of reed
growing in melioration ditches but comparable with plants from meadow moors
(KIRYLUK 2005, URBAN, WOJCIECHOWSKA-KAPUSTA 1999).

 Mercury concentration in reed was at a relatively stable level (SD – 0.004-
-1.012). The vicinity of ¯arnowieckie Lake and the examined area of Puck Bay
are generally free of heavy industry, therefore the environment is not polluted by
mercury. In reservoirs contaminated by raw municipal sewage, concentration of
Hg built in reed stem tissues is considerably higher, at a level of 10.5 mg kg-1

(SZYMANOWSKA et al. 1999).
ENDLER and GRZYBOWSKI (1996) analyzed aquatic plants in Wad¹g Lake near

Olsztyn. The amount of cadmium contained in common reed (on average
0.035 mg kg-1) was similar to concentrations found in reed from ¯arnowieckie
Lake. In turn, the content of cadmium in reed from Puck Bay was comparable to
the results cited by GRZYBOWSKI et al. (2005) for reed growing near an edge
of forest, in a lake and in a melioration ditch (0.026-0.029 mg kg-1). KABATA-
PEDIAS and PENDIAS (1999) assayed the lead concentration in grass from areas free
of direct contamination within the range 0.4-2.5 mg kg-1 and this suits the results
from our study.

The amount of chromium in reed stems from ¯arnowieckie Lake was low,
which indicated lack of industrial contamination in this reservoir. The Cr content
was comparable to concentrations from South American palustrine fields of reed
(BURKE et al. 2000), but 30-times lower than in lakes near Poznañ, influenced by
raw municipal sewage (SZYMANOWSKA et al. 1999).

Compared to the investigation of reed chemical composition conducted by
PEVERLY et al. (1995), the accumulation of manganese in reed from ¯arnowieckie
Lake was two-fold lower; in the case of reed from Puck Bay, four-fold less man-
ganese was accumulated.

Periphyton density
In ¯arnowieckie Lake, Nematoda was the dominant taxon among microzoo-

periphyton inhabiting reed (97% of the total periphyton density). Nematoda in-
cludes species feeding on epiphytic algae, which in turn absorb nutrients dissolved
in water (PIESIK 1992). The remaining taxa reached much lower densities and did
not contribute considerably to the epiphytic microfauna density (Table 2). Other
investigations carried out in lakes and in Pomeranian Bay (OBOLEWSKI 2006, PIESIK,
OBOLEWSKI 2000, PIESIK, WAWRZYNIAK-WYDROWSKA 2003) indicated Protozoa or Rota-
toria as dominant taxa.

Density of macrozooperiphyton was dominated by Trichoptera, which were
particularly abundant at the sampling site located in the ditch supplying the lake.
High density of these larvae on biotic substrate in spring can be explained by
their life cycle (CZACHOROWSKI 1998).



70
2

elbaT
2

alebaT

m
.vidni(

notyhpirepooz
fo

ytisne
D

2-
m

sllec
.uoht(

notyhpirepotyhp
dna)

2-
eka

L
eikcei

wonrā
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Fitoperiphyton was dominated by Bacillariophyta, which made up 99% of the
total epiphytic algae. Diatoms strongly prevail in periphyton inhabiting reed in
reservoirs with moderate loading of nutrients ((PIESIK, OBOLEWSKI 2000).

The dominant taxa of microzooperiphyton in Puck Bay were Nematoda (43%)
and Protozoa (26%). Eelworms feed on algae, which were abundant at the inves-
tigated substrate (PIESIK 1992), while high density of Protozoa could have been
connected to abundant and easily available bioseston. The remaining microzoope-
riphyton taxa had low densities and contributed slightly to the overall epiphytic
microfauna density (Table 3). The situation observed in Puck Bay is typical and
confirmed by other studies from northern Poland (PIESIK, OBOLEWSKI 2000, OBO-
LEWSKI 2006).

Density of macrozooperiphyton was mostly influenced by Crustacea Gammarus
sp., which occurred only in the P³utnica’s estuary. Fitoperiphyton was dominated
by Bacillariophyta (88% of the total epiphytic algae density), which is a typical
situation (PIESIK, OBOLEWSKI 2000).
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ANOVA and ordinations
Statistical analyses were performed for the whole data set (¯arnowieckie Lake

and Puck Bay jointly) and for the taxa occurring in both reservoirs: Protozoa,
Ciliata libera, Peritricha, Rotatoria, Nematoda, Copepoda-Harpacticoida, Arach-
nidae-Hydrachnella, Chironomidae larvae, Bacillariophyta and Chlorophyta.

Brown-Forsythe test revealed homogeneity of variance between variables for
¯arnowieckie Lake and Puck Bay. Analysis of variance indicated significant
(p<0.05) differences between the studied in concentrations of C, S and Zn in the
biotic substrate and in density of Nematoda, Copepoda (Harpacticoida) and Bacil-
lariophyta (Table 4).
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¯arnowieckie Lake had higher content of C and S in reed but lower Zn
concentration than Puck Bay. Nematoda and Bacillariophyta were more abun-
dant in freshwaters, in contrast to Copepoda. As for Nematoda and Copepoda,
preferences for the consecutive ecosystems can be explained- using ordinations-
by chemical composition of reed substrate, but in the case of Bacillariophyta
some other factors probably play a role.

PCA analysis (Figure 2) revealed strong redundancy between concentration
of S, Zn and C (Pearson’s linear correlation coefficient 0.8-0.9 for p<0.05).

According to GREGER and KAUTSKI (1992), increase in salinity expressed as
electrolytic conductivity induces higher solubility of metals. Correlation between
the above mentioned non-metals and zinc may be connected to Zn ability for
fixing carbon and sulfur, forming carbonates and sulfates, which can accumulate
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Fig. 2. PCA bibplot for ¯arnowieckie Lake and Puck Bay

in plant’s tissues during excessive absorption of this chemical element by a plant.
Among the analyzed metals, zinc has the highest geochemical concentration, which
allows an accurate analysis and high Pearson’s correlation coefficient at the level
of r=0.72 (SKORBILOWICZ 2003). Sulfur and carbon are the main components of
organic matter. Metals, having considerable chemical affinity to organic substanc-
es, fix with them forming metaloorganic complexes. Therefore, higher concentra-
tion of C and N may also increase zinc concentration in plant’s tissue, due to
intensive fixation of metallic ions.

In order to assure orthogonality of the predictors, concentrations of C, Zn
and N were excluded from the next analyses. CCA analysis for the new data
subset and VIF values lower than 10 (1.6–6.3) confirmed fulfilling the orthogonali-
ty requirement (GROSS 2003).

The next stage of the investigation was a DCA analysis, used for determining
environmental gradients for the consecutive periphyton taxa. Values <2 indicated
monotonic responses for chemical element contents in biotic substrate for most of
the studied taxa (TER BRAAK 1995).

Finally, an RDA analysis was applied. Figure 3 shows RDA biplot of axis 1
and 2.
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Fig. 3. RDA bibplot of axis 1 and 2 for ¯arnowieckie Lake and Puck Bay

Axis 1, which explained 42.22% of the total variance, was connected to S,
Cr and Mn concentration in the biotic substrate. As for the second axis (20.72%
of the explained variance), the highest contribution was ascribed to Hg content
(Table 5).



75

Biplot scores (Figure 3, Tables 5, 6) reveal that Harpacticoida and Chloro-
phyta preferred reed substrate with relatively high S and Cr but low Mn content.
Taking into account correlations between the consecutive chemical element con-
tents, we can conclude that the aforementioned taxa were typical of reed poor in
elementary carbon (correlation C-S: r=-0.82, p<0.05) but rich in Zn (correlation
Zn-Mn: r=-0.73, p<0.05). Zinc, as a microelement, performs an important bio-
chemical role in plant, animal and human organisms. It takes part in oxidation-
-reduction processes and is an indispensable component or activator of many
enzymes. In plants, it participates in transformation of organic acids, synthesis of
chlorophyll, vitamins C, B, P and also influences growth and development of
organisms. Axis 1 of RDA also suggested that Nematoda preferred reed sub-
strate with high concentration of Mn but low Zn content (correlation Zn-Mn:
:r=-0.73, p<0.05). The results confirm that Nematoda tend to develop better in
freshwaters, while Copepoda grow more abundantly in saline reservoirs.
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The second RDA axis indicated that Arachnidae and Chironomidae larvae
were particularly sensitive to Hg concentration, while Ciliata libera occurred in
both reservoirs also at a high content of this metal. Mercury is very toxic or lethal
to most higher organisms. Ciliata libera are primitive organisms, hence their
sensitivity to Hg is lower and additionally – owing to their movement on reeds’
surface – they can avoid places where substances against their overgrowth are
secreted.
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The next two RDA axes explained respectively 16.84% and 8.74% of the
variance. RDA3 was connected to Cr and Pb content. The highest contribution
of C/N ratio was observed in RDA4 (Figure 4, Tables 5, 6).

Analysis of biplot scores showed that Arachnidae occurred at high density on
reed substrate rich in Pb and Cr (RDA3), which can be explained by movement
of these taxa. Moreover, Nematoda and Harpacticoida preferred wide range of
C/N ratio (RDA4), that is low nitrogen content in the reed substrate. The oppo-
site dependencies were observed for Chlorophyta. Nitrogen in reed tissues is an
ideal source of this nutrient, which is indispensable for green algae growth. Pres-
ence of high C concentration does not directly stimulate growth of either Harpac-
ticoida or Nematoda, since both taxa belong to herbivores, feeding mostly on
diatoms (PIESIK 1992).

Fig. 4. RDA bibplot – axis 3 and 4 – for ¯arnowieckie Lake and Puck Bay

CONCLUSIONS

1. Harpacticoida and Chlorophyta preferred reed substrate with relatively high
Zn, S and Cr concentrations but low Mn and C content;

2. Nematoda had the highest density on reed substrate rich in Mn;
3. Hg in reed limited density of Arachnidae-Hydrachnella and Chironomidae

larvae, an effect which was not observed in the case of Ciliata libera;
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4. Nematoda and Copepoda (Harpacticoida) preferred low Pb and Cr con-
centrations and high C/N ratio, which meant low N content in the biotic sub-
strate;

5. Nematoda were more abundant in freshwater ¯arnowickie Lake, mostly
due to relatively low Zn concentration in reed;

6. Copepoda (Harpacticoida) preferred saline water of Puck Bay, which was
associated with higher content of Zn and S but lower C concentration in reed
substrate;

7. Bacillariophyta were particularly abundant in the lake ecosystem but due
to factors other than chemical composition of reed substrate.

This study should be treated as a contribution to more thorough investigations
on periphyton density-reed chemical composition. It would be advisable to confirm
the obtained results by experiments excluding interference factors, like feeding
on periphyton or wave motion.
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Abstract

In the study, the physiological response of wheat plants to the effect of metal salts was exam-
ined by measuring gaseous exchange transpiration parameters, such as transpiration intensity, sto-
matal conductivity and stomata count per 1mm2 of the leaf under- and upperside. The study was
carried out using the gley soil [black earth] of granulometric composition of loam collected from
the plough-humus horizon of 0-10 cm depth. The soil was contaminated with different pollutant
doses, i.e. 0 (control), 0.05, 0.5, 5 and 50 mmol⋅kg-1. Each combination was seeded with
10 wheat grains.

Two-factor analysis of variance was used, with the type of applied salt (ZnSO4 and CuSO4)
being the first factor and its dose the second one. The significance of factors was examined with
Tukey’s test (p<0.05). A delayed germination of seeds was observed in relation to the control in
soil samples contaminated with 5 mmol⋅kg-1 (both salts). The seedlings examined showed large
differentiation in their response to Zn and Cu; in the case of CuSO4, transpiration was much
lower than under the effect of ZnSO4. The transpiration intensity was the lowest after application
of copper salts in a concentration of 5 and 50 mmol⋅kg1, whereas the highest one was observed
in zinc concentration of 5 mmol⋅kg-1

.
The soil contamination with a dose of 0.05 and 50 mmol⋅kg-1 resulted in a significant de-

crease of stomatal conductivity in relation to the control. The examined heavy metals significantly
affected the stomatal count only on the leaf underside, where it increased at the highest concen-
tration of heavy metals, i.e. 50 mmol⋅kg-1.

K e y  w o r d s: cooper, transpiration, stomatal conductivity, stomata count.
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WP£YW ZANIECZYSZCZENIA GLEBY CYNKIEM I MIEDZI¥ NA INTENSYWNOŒÆ
TRANSPIRACJI ORAZ INDEKS SZPARKOWY  SIEWEK PSZENICY OZIMEJ

Anna Stolarska, Jacek Wróbel, Anna WoŸniak, Barbara Marska

Katedra Fizjologii Roœlin
Akademia Rolnicza w Szczecinie

Abstrakt

Reakcjê fizjologiczn¹ roœlin pszenicy na dzia³anie soli metali badano mierz¹c parametry wy-
miany gazowej, takie jak: intensywnoœæ transpiracji, przewodnoœæ szparkowa oraz liczba aparatów
szparkowych na 1 mm2 dolnej i górnej epidermy blaszki liœciowej. Badania  przeprowadzono z u¿y-
ciem czarnej gleby o sk³adzie granulometrycznym gliny, pobranej z poziomu orno-próchniczego
z g³êbokoœci 0-10 cm. Glebê zanieczyszczono ró¿nymi dawkami polutantów: 0 – kontrola; 0,05;
0,5; 5; 50 mmol⋅kg-1. Do wszystkich wariantów wysiano po 10 nasion pszenicy. Zastosowano
dwuczynnikow¹ analizê wariancji: pierwszym czynnikiem by³ rodzaj zastosowanej soli (ZnSO4,
CuSO4), a drugim dawka. Istotnoœæ czynników testowano testem Tukeya na poziomie 0,05. Za-
obserwowano opóŸnione kie³kowanie nasion w stosunku do kontroli w glebie zanieczyszczonej
dwoma rodzajami soli w iloœci 5 mmol⋅kg-1. Stwierdzono, ¿e badane roœliny ró¿nie reagowa³y na
zastosowany metal. W przypadku soli miedzi transpiracja roœlin by³a znacznie mniejsza ni¿ w przy-
padku soli cynku.  Intensywnoœæ transpiracji by³a najmniejsza po zastosowaniu soli miedzi w stê¿e-
niu 5 i 50 mmol⋅kg1, natomiast najwiêksze natê¿enie  transpiracji wykazano po zastosowaniu
soli cynku w stê¿eniu 5 mmol⋅kg-1 .

Zanieczyszczenie gleby dawk¹ 0,05 i 50 mmol⋅kg-1 spowodowa³o znaczne zmniejszenie
przewodnoœci szparkowej w stosunku do kontroli. Badane metale ciê¿kie wp³ynê³y istotnie na licz-
bê aparatów szparkowych jedynie na dolnej epidermie blaszki liœciowej, gdzie ich liczba zwiêkszy-
³a siê po zastosowaniu dawki 50 mmol⋅kg-1 metali ciê¿kich.

S ³ o w a  k l u c z o w e: miedz, cynk, transpiracja, przewodnoœæ szparkowa, indeks szparkowy.

NTRODUCTION

Industry and intensive agriculture cause increased environmental pollution with
heavy metals. High level of contamination occurs most frequently in the vicinity of
emitters (GORLACH 1991, FABER, WARTA 1981). According to the State Inspectorate
for Environmental Protection (1997), soil contamination with copper and zinc re-
sults first of all from the impact of metallurgical, electrochemical and chemical
industries, whereas zinc pollution is additionally caused by coal, waste and refuse
combustion as well as heavy road traffic.

Heavy metals available to plants can affect their growth and physiology in
different way. While in threshold quantities, they frequently stimulate physiological
processes, they will become toxic after exceeding permissible amounts, first of all
disturbing the stability of cytoplasmatic membranes and cell structures (GORLACH

1991, HARBORNE 1997, STROIÑSKI 2002).
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The study aimed at determining the effect of different zinc and copper con-
centrations in soil on the transpiration intensity, stomatal conductivity and stomatal
index of wheat seedlings.

MATERIAL AND METHODS

In 2004-2005, an experiment was carried out under laboratory conditions
with cv. Tonacja winter crop wheat involving 10-hour-long invariable light intensity
PAR at 400 µmol⋅m-2⋅s-2 and mean air temperature of 17–19oC. Soil mass per
one pot was 0.5 kg. The substrate consisted of typical black earth, loamy in
granulometric composition, collected from the plough-humus horizon of 0–10 cm
depth in the Experimental Station of Agricultural University in Szczecin in Do³uje.
Soil reaction (pHKCl) was 6.4 and the hydrolytic acidity was 1.2 me⋅100 g-1. The
content of soil zinc equalled 28.70 mg⋅kg-1, whereas that of copper to
9.60 mg⋅kg-1.

The soil was contaminated with heavy metals in the form of CuSO4 and
ZnSO4 salts in the amounts of 0.05, 0.5, 5 and 50 mmol⋅kg-1 of soil. The
control was soil free of addition of zinc and copper salts. Each combination was
seeded with 10 wheat grains of cv. Tonacja. The experiment was carried out in
four replications. After germination, measurements were made of the intensity
of transpiration process (H2O⋅m-2⋅s-1) and of the stomatal conductivity
(mmol⋅m-2⋅s-1) using a gas analyser LCA-4. Stomata were counted with an opti-
cal microscope Olympus CX-41on the upper and the lower leaf epidermis, con-
verting them into an area of 1 mm2.

The results underwent statistical elaboration by means of two-factor analysis
of variance, with a type of the applied salt type (ZnSO4 and CuSO4) being the
first factor and Zn and Cu dose the second one. The significance was examined
with Tukey’s test at a significance level of 0.05.

RESULTS AND DISCUSSION

The soil contamination with copper and zinc salts clearly modified the values
of physiological parameters examined, i.e. of transpiration intensity, stomatal con-
ductivity and stomatal index. Heavy metals added to a substrate in larger doses
resulted in a clear osmotic stress, thus impeding the water intake from substrate
by germinating seeds and causing a weaker sprouting of seedlings. According to
STOLARSKA et al. (2006), soil contamination with copper and zinc salts results in
delaying of wheat grain germination, which is brought about by the suppression
of water access from a substrate to germinating seeds and then to seedlings. The
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accepted limit value of copper content in soils under agricultural use is 150 mg⋅kg-1,
whereas that of zinc is 300 mg⋅kg –1 (Ordinance of the Minister of Environ-
mental Protection of 9 September 2002). In contaminated soils, these doses
can be several-fold exceeded (TRZASKOŒ, DZIDA 1995). In the own research,
a delayed germination of wheat grains was observed with the soil contamination
with zinc and copper salts in the amounts of 5 and 50 mmol⋅kg-1 in relation to
the control. This is confirmed by studies of PRZYBULEWSKA and STOLARSKA (2004),
who state that among the symptoms of excessive zinc concentrations in plants are
suppression of seed germination and slower seedling growth.

This experiment demonstrated that reduction of transpiration intensity in wheat
leaves was nearly proportional to the soil contamination with copper salts (Fig. 1).

Fig. 1. Influence of varied zinc and copper rates in substrate on transpiration
at winter crops wheat sedling seedling

Rys. 1. Wp³yw ró¿nych stê¿eñ cynku i miedzi na intensywnoœæ transpiracji
siewek pszenicy ozimej

According to PRZYBULEWSKA and STOLARSKA (2004), cereal plants are unusually sus-
ceptible to increased concentration of that chemical element is soil. The effect of
ZnSO4 in a dose of 0.05 mmol⋅kg-1 was not significant. The rise of zinc sulphate
dose resulted in a considerable increase of the intensity of transpiration process,
not until a large concentration of that zinc salt was used (50 mmol⋅kg-1), which
clearly inhibited this process (Figure 1). Similar results were obtained by BRUNE et
al. (1994). According to PRZYBULEWSKA and STOLARSKA (2004), cereals are one of
the plants that are most susceptible to the concentration of that metal in soil.
PANDEY and SHARAMA (2002) report that a large content of heavy metals in soil
considerably decreases the intensity of transpiration process in plants.

The wheat seedlings clearly showed greater differentiation of transpiration
intensity depending on a metal type than on its doses, since it was demonstrated
that after application of 5 and 50 mmol⋅kg-1 copper salt the transpiration inten-
sity was significantly lower than after applying zinc salt in the amount
of 5 mmol⋅kg-1 (Figure 1).

The stomatal conductivity of wheat seedlings resulting from the soil contami-
nation with copper and zinc salts was shaped alike (Figure 2). However, the ex-
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amined plants clearly responded to a dose of heavy metal rather than to its type.
A decrease in stomatal conductivity was found after application of 0.05 and
50 mmol⋅kg-1 doses in relation to the control (Table 2). Similar results were ob-
tained by BURZYÑSKI and K£OBUS (2004), who found that at a dose of copper salt
of 0.02 mmol⋅kg-1 the stomatal conductivity was similar to that in control plants,
whereas a rise of metal dose to 0.05 mmol⋅kg-1 considerably reduced this index.
According to MONNET et al. (2001), a very low concentration of copper salts re-
sulted in strong reduction of stomatal conductivity versus the control. Slight eleva-
tion of salt concentration increases the stomatal conductivity, while a very strong
concentration of that chemical element in soil suppresses it (MONNET et al. 2001).

Fig. 2. Influence of varied zinc adn cooper rates in substrate stomatal

conductance at winter crops wheat seedling
Rys. 2. Wp³yw ró¿nych stê¿eñ cynku i miedzi na przewodnoœæ szparkow¹ siewek pszenicy ozimej
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The size of a heavy metal dose had a significant effect on the stomata count
only on the leaf underside. After application of heavy metals in a dose
of 50 mmol⋅kg-1, the number of stomata was significantly larger than when ex-
posing plants to lower doses of that metal, i.e. 0.05, 0.5 and 5 mmol⋅kg-1

(Table 3). However, no significant differences were found in relation to the con-
trol. It is difficult to explain such a response of wheat seedlings to the increased
concentration of zinc and copper salts, as available reference data are short of
findings that refer to their effect on the number of stomata.

Fig. 3. Influence of varied zinc and copper rates in substrate on stomatal apparatus in leaf
underside and leaf upperside of wheat seedling winter crops wheat seedling

Rys. 3. Wp³yw ró¿nych stê¿eñ cynku i miedzi na liczbê aparatów szparkowych dolnej i górnej strony
liœcia siewek pszenicy ozimej

CONCLUSIONS

1. The intensity of transpiration was more evidently slowed down after appli-
cation of copper salts in the amounts of 5 and 50 mmol⋅kg-1 than after applica-
tion of zinc salts in a dose of 5 mmol⋅kg-1. Most probably, the wheat seedlings
considerably suppressed transpiration after application of copper salts in order to
use water in the photosynthesis process rationally.

2. The soil contamination with zinc and copper salts in the amounts of 0.05
and 50 mmol⋅kg-1 resulted in a significant decrease of stomatal conductivity in
relation to the control object.

.

.
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3. After soil contamination with heavy metals in a dose of 50 mmol⋅kg-1, the
mean stomata count on the leaf underside was over twice as high as that in
control plants.
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