
93

Journal

of

Elementology

Issued by the Polish Society for Magnesium Research

Volume 12 Number 2 June 2007



94

Redaktor Naczelny/Editor in-Chief
Teresa Wojnowska

Zastêpca Redaktora Naczelnego/Deputy Editor in-Chief
Józef Koc

Komitet Naukowy/Scientific Board
Manfred Anke (Jena, Niemcy), Wies³aw Bednarek (Lublin), Maria H. Borawska (Bia³ystok),

Maria Brzeziñska (Szczecin), Jerzy Czapla (Olsztyn), Jan W. Dobrowolski (Kraków),
Alfreda Graczyk (Warszawa), Witold Grzebisz (Poznañ), Harsha Ratnaweera (Norwegia)

Sandor A. Kiss (Szeged, Wegry), Tadeusz Kozielec (Szczecin), Andrzej Lewenstam (Turku,
Finlandia � Kraków), Magdalena Maj-¯urawska (Warszawa), André Mazur DVN, PhD (St. Genés

Champanelle, Francja), Stanis³aw Mercik (Warszawa), Edward Nied�wiecki (Szczecin),
Kazimierz Pasternak (Lublin), Miko³aj Protasowicki (Szczecin), Franciszek Prza³a (Olsztyn),

Andrzej Rajewski (Poznañ), Zbigniew Rudkowski (Wroc³aw), Mathias Seifert (Dortmund, Niemcy),
Maria Soral-�mietana (Olsztyn),Lech Walasek (Bydgoszcz), Zofia Zachwieja (Kraków)

Redaktorzy/Co-Editors
 Józef Szarek, Stanis³aw Sienkiewicz, Ireneusz M. Kowalski

Sekretarze Redakcji/Secretary
Jadwiga Wierzbowska, Katarzyna Gliñska-Lewczuk

Adres Redakcji/Editorial Office
Uniwersytet Warmiñsko-Mazurski w Olsztynie

ul.Micha³a Oczapowskiego 8, 10-719 Olsztyn,  tel. +48 089 5233231
http:// www.uwm.edu.pl/jelementol

Autor strony internetowej: S³awomir Krzebietke

Wydawnictwo dofinansowane przez Ministerstwo Nauki i Szkolnictwa Wy¿szego
oraz wspierane przez Uniwersytet Warmiñsko-Mazurski w Olsztynie

Ark. wyd. 5,1; ark druk. 4,5; pap. offset. kl. III 80 g B-1
Druk: MIRDRUK, 10-080 Olsztyn, ul. Profesorska 9, tel. 857-90-34



95

SPIS TRE�CI

Prace oryginalne

M. D£UGASZEK, M. SZOPA, A. SA£ACKI � Zawarto�æ manganu w surowicy, erytrocytach
i w³osach mê¿czyzn � pracowników lotniska ...............................................................

A GAW£OSKA-KAMOCKA  � Analiza specjacyjna nieorganicznych form selenu w wyrobach
cukierniczych ...................................................................................................................

SÁNDOR A. KISS, ILONA SZOLLOSI VARGA � Influence of deuterium content of water on the
growth of plant embryo and free radical producing processes ...................................

J. KOC, K. SOLARSKI, A. ROCHWERGER � Wp³yw systemu melioracyjnego na wielko�æ i sezo-
nowo�æ odp³ywu azotanów z gleb uprawnych ..............................................................

Prace przegl¹dowe
M. BAÆMAGA, J. KUCHARSKI, J. WYSZKOWSKA � Wp³yw �rodków ochrony ro�lin na ro�liny

i zwierzêta ........................................................................................................................

J. OLESZKIEWICZ � �O³owiany diabe³ �.......................................................................................

Z ¿ycia PTMag
B. OLSZEWSKA � Zagro¿enia w ziemi .......................................................................................

CONTENT
Original papers
M. D£UGASZEK, M. SZOPA, A. SA£ACKI � Content of mn in serum, erythrocytes, and hair

of men � airport employees ............................................................................................

A GAW£OSKA-KAMOCKA � Speciation analysis of inorganic forms of selenium in confectio-
nery products ...................................................................................................................

SÁNDOR A. KISS, ILONA SZOLLOSI VARGA � Influence of deuterium content of water on the
growth of plant embryo and free radical producing processes ..................................

J. KOC, K. SOLARSKI, A. ROCHWERGER � Effect of a land reclamation system on the volume
and seasonality of nitrate runoff from croplands .........................................................

Review papers
M. BAÆMAGA, J. KUCHARSKI, J. WYSZKOWSKA � Impact of crop protection chemicals on plants

and animals .....................................................................................................................

J. OLESZKIEWICZ � "Lead evil" ..............................................................................................

97

105

111

21

135

149

153

97

105

111

121

135

149



96



97
J. Elementol. 2007, 12(2): 97�103

dr in¿. Maria D³ugaszek, Instytut Optoelektroniki, Wojskowa Akademia Techniczna,
ul. S. Kaliskiego 2, 00-908 Warszawa, e-mail: mdlugaszek@wat.edu.pl

Prace oryginalne

CONTENT OF MANGANESE IN SERUM,
ERYTHROCYTES, AND HAIR

OF MEN � AIRPORT EMPLOYEES

 Maria D³ugaszek1, Miros³awa Szopa1,
Andrzej Sa³acki2

1Instytut Optoelektroniki, Wojskowa Akademia Techniczna w Warszawie
2Klinika Chorób Wewnêtrznych i Kardiologii
Wojskowy Instytut Medyczny w Warszawie

Abstract

Manganese is a component and cofactor for many important enzymes. In blood Mn is
complexed to transferrin, and it quickly passes through the body to be extracted mainly in
the bile and urine. Almost all Mn pool in blood is located in erythrocytes. Content of man-
ganese in serum, erythrocytes, and hair of 26 men, workers of an airport, was determined.
The control group consisted of administrative workers and the test group was composed of
airplane servicemen. Hair samples of 0.5 g and 3�4 cm in length measured from the scalp
were taken from some places on a head, washed with a detergent solution, rinsed with
deionized water, acetone, and dried. Samples of blood were spun. All the samples were
mineralized in a mixture of spectrally clean acids HNO3 and HClO4. Concentration of Mn
was analyzed by electrothermal atomic absorption spectrometry GFAAS. The concentra-
tions of Mn in the samples of erythrocytes were statistical significantly higher in the test
group. In samples of hair, Mn concentrations were comparable between both groups of
men. The coefficients of correlation between Mn concentrations in serum and hair, eryth-
rocytes and hair, and between serum and erythrocytes did not imply significant correla-
tions between Mn concentration in the analyzed clinical samples. In contrast, in the eryth-
rocytes of men exposed on aviation fuel the content of Mn was significantly higher.

K e y  w o r d s: manganese, serum, erythrocytes, hair, atomic absorption spectroscopy.
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ZAWARTO�Æ MANGANU W SUROWICY, ERYTROCYTACH
I W£OSACH MÊ¯CZYZN � PRACOWNIKÓW LOTNISKA

Abstrakt

Mangan jest kofaktorem i sk³adnikiem wielu enzymów. We krwi jest zwi¹zany g³ów-
nie z transferyn¹, szybko ulega dystrybucji i szybko jest wydalany z organizmu, przede
wszystkim z ¿ó³ci¹. Niewielkie ilo�ci tego pierwiastka s¹ wydalane w moczu. Prawie ca³a
pula Mn we krwi jest zlokalizowana w erytrocytach. W pracy oznaczono zawarto�æ manga-
nu w surowicy, erytrocytach i w³osach 26 mê¿czyzn bêd¹cych pracownikami lotniska. Gru-
pê kontroln¹ stanowili pracownicy administracyjni, natomiast grupê badan¹ � mê¿czy�ni
obs³uguj¹cy samoloty. W³osy pobrano z kilku punktów g³owy, w ilo�ci ok. 0.5 g i d³ugo�ci
3�4 cm, licz¹c od skóry. Próbki w³osów umyto w roztworze detergentu, wodzie dejonizowa-
nej i acetonie, a nastêpnie wysuszono. Próbki krwi odwirowano i oddzielono masê erytro-
cytarn¹ od surowicy. Tak przygotowane próbki mineralizowano w mieszaninie spektralnie
czystych kwasów HNO3 i HClO4. Zawarto�æ manganu oznaczono metod¹ spektrometrii ab-
sorpcji atomowej z atomizacj¹ w piecu grafitowym GFAAS. Oznaczona zawarto�æ Mn w ba-
danych próbkach erytrocytów by³a statystycznie istotnie wy¿sza w grupie kontrolnej.
W próbkach w³osów zawarto�æ Mn by³a porównywalna w obu grupach mê¿czyzn. Wyzna-
czone wspó³czynniki korelacji miêdzy zawarto�ci¹ Mn w surowicy i we w³osach, erytrocy-
tach i we w³osach oraz w surowicy i erytrocytach nie wskazuj¹ na wystêpowanie istotnych
zale¿no�ci miêdzy zawarto�ci¹ Mn w badanych próbkach klinicznych. W badaniach, zarów-
no w surowicy, erytrocytach i w³osach mê¿czyzn z grupy kontrolnej, jak i w badanej, nie
stwierdzono, aby w znacz¹cy sposób kumulowa³ siê mangan. Jednak w erytrocytach pra-
cowników obs³uguj¹cych lotnisko ilo�æ Mn by³a znamiennie wy¿sza.

S ³ o w a  k l u c z o w e: mangan, surowica, erytrocyty, w³osy, spektrometria absorpcji atom-
owej.

INTRODUCTION

Manganese is a cofactor for many important enzymes such as kinases,
hydrolases, and trasferases. Mn is also a component of superoxide dismu-
tase (SOD), arginase, pyruvate carboxylase, glutamine synthetase, and kata-
lase. This element participates in carbohydrate and lipid metabolism, syn-
thesis of proteins, hormones (e.g. thyroxine), and also nucleic acids, steroids,
hemoglobin, erythrocytes, neurotransmitters, cartilaginous and bone tissue.
In blood Mn is complexed to transferrin, and quickly passes through the
body to be extracted mainly in bile and urine. Across the cell membrane Mn
is transported by transferrin, carrying DMT1 protein, and via Ca2+ gated
channels. DMT1 is responsible for the cellular uptake of divalents cations
(Fe2+, Cd2+, Co2+, Ni2+,Cu2+, Pb2+). Almost all Mn pool in blood is located
in erythrocytes. Chronic Mn deficiency can be linked to lipid metabolism
disturbances, skeletal mineralization, dermatitis, and teratogenic effect. De-
pressed serum Mn levels have been reported in osteoporosis, epilepsy, and
diabetes (ROTH, GARRICK 2003). Mn overexposure (mainly by the respiratory
tract) results in damage of Fe absorption and metabolism, generation of
reactive oxygen species (ROS) and oxidative stress, slow growth, respiratory
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and neurological disorders. Neurological symptoms of Mn overload are simi-
lar to those observed in Parkinson�s disease. Elevated Mn levels in many
tissues were observed in many patients suffering from this disease. Defi-
ciency of Fe promotes manganese accumulation in the body, specially in the
brain and liver. In a biological medium manganese exists mainly as Mn(II)
and Mn(III) cations (ROTH, GARRICK 2003, ZHANG et. al 2003, HUSSAIN, SYED

1999). Up to now, inverse relationships between manganese and magnesium,
calcium, iron, mercury, and cadmium (Mn-SOD inhibition) were reported
(ROTH, GARRICK 2003, CASALINO et. al 2002).

Simultaneous exposure to As, Pb, and Mn can produce synergistic inter-
actions, which result in elevated level of those elements, mainly in the brain.
They also cause depressed brain dopamine level, and intellectual and neuro-
logical dysfunctions (WRIGHT et. al 2006). Both lead and manganese are gaso-
line additives used as anti-knocking agents and they are components of many
fuels (DAVYDOWA 2005).

The aim of the work was to evaluate Mn contents in serum, erythro-
cytes, and hair of men aging 30-45 years, occupationally exposed to aviation
fuel.

MATERIAL AND METHODS

Samples of hair and blood were taken from 26 men aged 30�45. Sixteen
men were airplane servicemen exposed to aviation fuel. The control group
was made of men working in the administration section of the airport. Hair
samples weighing 0.5 g and 3�4 cm in length measured from the scalp were
taken from few places on the head. Samples of hair were washed
with a detergent solution, rinsed with deionized water, acetone and dried.

Blood was collected by venipuncture into plastic tubes. Next, blood sam-
ples were  centrifuged at 3000 rpm for 10 minutes; erythrocytes and plasma
were separated and kept at � 20oC until analyses. About 1 g of the prepared
samples was mineralized in a mixture of spectrally clean acids HNO3 (65%)
and HClO4 (65%) (3 + 1).

Concentration of Mn was analyzed by electrothermal atomic absorption
spectrometry  (GFAAS) using a spectrometer AVANTA S  (GBC) equipped
with a graphite furnace GF3000 fitted with a deuterium lamp for background
correction and an autosampler PAL3000. The wavelength applied was
l=279.5 nm, the temperature program was 700/2400oC, and the intensity  of
lamp current  was 5.0 mA with a slit width 0.2 nm.
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RESULTS AND DISCUSSION

Analytical characterization of the method and results of certificated ma-
terial analysis (human hair NCS ZC 81002) is presented in Table 1.

Concentration of Mn in serum of both groups exceeded 2 g/kg. Smaller
contents of Mn were received by other authors: 11 nmol l-1 by KUCERA et. al
(1995) and 0.5 g l-1 by CORNELIS et. al. (1995). The Mn concentration ob-
tained from the analyzed samples of erythrocytes is statistically significantly
higher in the test group � 11.8 µg kg-1. According to IUPAC (CORNELIS et. al
1995) a typical content of Mn in erythrocytes is about 15 µg kg-1. In samples
of hair Mn concentrations were comparable between both groups of men:
0.07�0.42 µg kg-1. Similar quantities of this element were received by other
authors (Table 2). The coefficients of correlation between Mn concentration
in serum and hair (r = -0.10871), erythrocytes and hair (r = -0.1393) and
between serum and erythrocytes (r = 0.1764)  did not suggest any significant
relationships between Mn concentrations in the analyzed clinical  samples.

Interactions between Pb and Mn in blood of children form Sydney were
analyzed by GULSON et. al (2006 ) after enriching fuel with an admixture of
Mn compound instead of Pb as an anti-knocker. In these children the con-
tent of Pb was much lower, but the content of Mn was the same. Similarly,
the Mn concentration in blood of mothers living in Paris, where Pb is added
to fuel, was identical as that in blood of mothers living in  Montreal, where
Mn is used (about 23 µg L-1). Somewhat larger contents of Mn were in
samples of umbilical cord blood of mothers living in Canada, but without
statistical significance. However, differences were observed in the case of
Pb. Lower contents were found in blood of women living in Canada and in
umbilical cord blood (AUDREY et. al 2002). One statistically proven significant
reverse correlation was found between neuropsychological functions as well
as intelligence quotient between children whose hair had higher quantities
of Mn and As in comparison to the control group (WRIGHT et. al 2006).
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CONCLUSIONS

In the analyses presented here serum and hair of men from the test
and the control groups were not found to accumulate essential amounts of
Mn. In contrast, in the erythrocytes of men exposed on aviation fuel the
content of Mn was significantly higher. With regard to increasing environ-
mental exposition of human  to Mn, there is a justified need to continue
research on interactions between Mn and other elements in biological me-
dia.
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Agnieszka Gaw³oska-Kamocka, Wy¿sza Szko³a Zawodowa w £odzi

SPECIATION ANALYSIS OF INORGANIC
FORMS OF SELENIUM

IN CONFECTIONERY PRODUCTS

Agnieszka Gaw³oska-Kamocka
Wy¿sza Szko³a Zawodowa w £odzi

Abstract

Owing to its biological properties the microelement selenium has attracted enormous
interest.  It has been established that selenium stimulates the human immune system and
has anti-carcinogenic effect. The main sources of selenium are high-protein foodstuffs of
plant and animal origin, as well as high-protein dairy products.

The aim of this study was to detect selenium content in confectionery products using
speciation analysis in order to determine inorganic forms of selenium such as Se2- SeO3

2-

and SeO4
2- anions.

The hydride generation method combined with the atomic absorption spectroscopy was
used for the final determination of selenium forms. The determination of selenium was
conducted using aqueous extraction and digestion of samples with concentrated acids.

The speciation determination of selenium was conducted in ten confectionery products.
The correlation between the total content of selenium and its individual forms (-II),

(IV),(VI) of different oxidation degree was also examined. It was shown that there was no
correlation between the total selenium and inorganic forms of selenium. That means that
speciation analysis is the only correct analysis of selenium content in foods.

K e y  w o r d s: selenium, analysis, speciation, mineral confectionery products.

ANALIZA SPECJACYJNA NIEORGANICZNYCH FORM SELENU
W WYROBACH CUKIERNICZYCH

Abstrakt

Jednym z mikroelementów, który w ostatnich latach wzbudza ogromne zainteresowa-
nie ze wzglêdu na swoje biologiczne w³a�ciwo�ci, jest selen. Stwierdzono, ¿e w organizmie
cz³owieka selen stymuluje uk³ad immunologiczny oraz dzia³a przeciwnowotworowo. G³ów-
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nym �ród³em selenu jest ¿ywno�æ bogata w bia³ko pochodzenia zwierzêcego i ro�linnego
oraz wysokobia³kowe produkty mleczne.

Celem pracy by³o poznanie specjacji selenu w próbkach wyrobów cukierniczych zmie-
rzaj¹cej do okre�lenia nieorganicznych form selenu w postaci anionów: selenkowych Se2-,
selenianowych (IV)SeO3

2-, selenianowych (VI) SeO4
2-.

Do oznaczeñ koñcowych zastosowano technikê generowania wodorków w po³¹czeniu
z metod¹ atomowej spektroskopii absorpcyjnej HG-AAS. Oznaczenie selenu opiera siê na
po³¹czeniu ekstrakcji wodnej próbki z roztwarzaniem próbki stê¿onymi kwasami.

Oznaczenie specjacyjne selenu wykonano w 10 próbkach wyrobów cukierniczych.
Zbadano równie¿ korelacjê miêdzy zawarto�ci¹ selenu a poszczególnymi formami sele-

nu na (-II), (IV),(VI) stopniu utlenienia. Wykazano brak korelacji miêdzy zawarto�ci¹ ca³-
kowit¹ selenu a nieorganicznymi formami selenu. Oznacza to, ¿e analiza specjacyjna jest
jedyn¹ analiz¹ zawarto�ci selenu w ¿ywno�ci.

S ³ o w a  k l u c z o w e: selen, analiza, specjacja, wyroby cukiernicze.

INTRODUCTION

Investigations on speciation of selenium most often concern samples
of physiological liquids such as urine, blood and serum (PYRZYÑSKA 1998).
At present speciation of this element is also examined in soils and in plants.

Speciation analysis of selenium deals mainly with two groups of rela-
tionships: volatile alkyl derivatives of selenium (CH3)2Se and (CH3)2Se2  and
non-volatile selenium compounds including inorganic selenium oxoanions
Se(IV) and Se(VI), as well as selenoamino acids, e.g. selenomethionine or
selenocysteine (PYRZYÑSKA 1998, 2000).  Volatile organic compounds of seleni-
um are usually separated from the main components of a sample concentra-
tion  on a solid sorbent such as glass wool or active carbon, packed  in
chromatographic columns or compressed in dishes with liquid nitrogen,
a then thermally desorbed or extracted with organic solvents. PYRZYÑSKA (2000)
established that speciation analysis of non-volatile compounds of selenium
occurring in natural waters involved determination of the content of seleni-
um in three samples following their appropriate preparation: 1. In a prima-
ry sample the content of Se(IV) is determined with oxidation methods suit-
able for this stage of analysis. 2. Following the mineralization of samples
and oxidation  of Se to organic forms (IV), the sum of Se(IV) + Se(-II) was
determined. 3. In the mineralised sample Se(VI) was reduced to Se(IV) with
an aid of hot concentrated HCl to determine the content of total selenium
[the sum Se(IV) + Se(VI) + Se(-II)]. Concentrations Se(VI) and Se(-II) are
defined by a difference between individual signs. High performance liquid
chromatography (HPLC) is used in investigations of speciation of selenium.
Other universally applied methods of detection, e.g. UV-VIS spectrophotom-
etry or conductometry cannot be applied because of interference caused by
typically large quantities of nitrates, sulphates or the phosphates as well as
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many organic compounds.  The recommended determination systems join
separation techniques with detection methods specific for selenium, e.g. GF-
AAS, ICP-AES, ICP-MS. Unlike wide-range investigations on total content of
selenium, little information has been published on inorganic speciation and
organic form of this chemical element. Studies on speciation of selenium in
Poland have up to now been very scarce. The articles by �WIETLIK (1998),
HULANICKI (1997) and PYRZYÑSKA (1995, 1998,1999, 2000) contain mainly theo-
retical considerations. DEJNEKA'S work (2000) is exceptional in that the au-
thor carried out speciation of selenium in cereals, herbs and nutrients for
babies, which revealed insignificant content of Se(IV) and Se(VI) in the above
products. Thus, it seems advisable to carry out more studies involving spe-
ciation analyses of selenium, an essential trace element, in organic sam-
ples, including foodstuffs.

The aim of this study was to run speciation analyses of selenium in
confectionery products in order to determine inorganic forms of selenium
such as Se2- SeO3

2- and SeO4
2- anions.

MATERIAL AND METHODS

The technique of generating hydrides (HG-AAS) combined with the HG-
-AAS method can be applied for final determination of selenium in biological
samples, e.g. foodstuffs or sewage (BENEMARIYA et al. 1993, CSER et al. 1996,
DIAZ et al. 1996, 1997, GILECKI 1997, ASTRUC 1998, GAW£OSKA and MAS£OWSKA

2000) as it enables researchers to eliminate the influence of the matrix as
well as to obtain samples rich in the analyte.

The speciation analysis of selenium in samples of confectionery prod-
ucts, presented in this paper, was based on determination the content
of selenium in three samples. The Se determination was preceded by an
appropriate preparation of the samples including the following stages:
� in a primary sample selenium (IV), i.e. SeO3

2-, was determined by separa-
ting it from the mixture via aqueous extraction in a Soxhlet apparatus;

� the primary sample was mineralised using concentrated nitric acid and Se
was oxidised to organic forms (IV) in order to determine Se(IV) + Se(-II), i.e.
the sum SeO3

2-  +  Se2-;
� the sample was treated with hydrochloric acid (10% solution) in order to

reduce SeO4
2- to SeO3

2- and to determine the total content of selenium as
well as (SeO4

2- + SeO3
2- + Se2-);

� the content SeO4
2- and Se2- was established from the differences between

the results obtained at the above determination stages.
The hydride generation method combined with the atomic absorption

spectroscopy was used for the final determination of selenium forms. The
determination were performed in 6 replications (n=6).
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The limit of detection was at 0.01 µg kg-1. The analyte was checked
with the use of  the certified reference material CRM 402, which showed
the total content selenium of 6.70 ± 0.25 mg kg-1. The total content of
selenium in the mineralised reference material subjected to reduction with
hydrochloric acid was 5.50 ± 0.15 mg kg-1, which was lower than the total
selenium content in reference material determined by DEJNEKA (2002).

RESULTS AND DISCUSION

The results of determinations of three different forms of selenium as
well as total selenium concentration in several confectionary products can
be found in Table 1.

1elbaT
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83.0±34.4
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98.0±38.3
55.0±74.3
36.0±17.2
64.0±14.2

noitaiveddradnats�DS

The highest total selenium content was found in sesame biscuits (4.43 ±
± 0.38 µg kg-1), which can be attributed to high selenium content in areas
where sesame seeds are harvested. The data in Table 1 show that the remain-
ing confectionery products are characterised by lower SeO3

2- content, within
the in range of 1.22 ± 0.33 to 2.50 ± 0.35 µg kg-1. Comparatively rich in seleni-
um were Prince-Polo wafers, salted breadsticks and Delicje biscuits. In general,
the analysed sweets and biscuits were low in Se2- (0.03 to 0,09 µg kg-1), SeO3

2-

(1.22±0.33 to 2.43±0.40) and especially SeO4
2-  (1.10�1.91 µg kg-1). The high-

est SeO4
2- content was determined in sesame biscuits (1.91 µg kg-1). Tiki-

Tak chocolates possess the highest content of Se2- ions (0.09 µg kg-1). The
highest content of SeO3

2- was found in Delicje biscuits (2.43 µg kg-1).



109

The results on determination of selenium ions in confectionary products
obtained in the course of the present work cannot be compared to other
data as the available references do not contain comparable works.

The correlation between the total content of selenium and its individual
forms (-II), (IV),(VI) of different oxidation was also examined. However, no
correlation between the total selenium and inorganic forms of selenium was
established, which implies that speciation analysis is the only correct meth-
od for determination of selenium content in foods. This conclusion is in
agreement with the opinion expressed by DEJNEKA (2002).

The experimental investigations proved that with the HG-AAS method
it is possible to divide the mixture into three ion forms and simultaneously
determined Se2-, SeO3

2- and SeO4
2- in samples of confectionery products.

The determination results suggest the content of selenium in confectionery
products is low and it does not cover selenium daily demand. Therefore, it
seems recommendable to enrich diet with selenium-high products or use
dietary supplements, such as selenium yeast or pharmaceuticals including
selenium preparations.

CONCLUSIONS

1. The confectionery products examined differ in proportions of seleni-
um ion forms: Se2-, SeO3

2-  and SeO4
2-.

2. It was proven that there was no correlation between the total seleni-
um and inorganic forms of selenium. That means that speciation analysis is
the only correct analysis of selenium content in foods.

3. In the analysed food products selenium occurred as SeO3
2- (22%),

SeO4
2- (12%) and Se2- (only 2%).
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Abstract

In the course of germinating plant seeds - if the deuterium (D) concentration in the
germinating medium (water) is lower or higher than in natural water (150 ppm) � the
length and mass of seedlings (coleoptil, epi-cotyl, root) proportionally decrease. The cause
of the decrease owing to the changed D concentration is explained partly on energetic-
partly on free radical basis and proved by measuring. In waters with lower or higher than
na-tural D concentration the energy supply decreases while the free radical formation in-
creases. Free radicals exert their influence by inactivating the bios substances (e.g. auxin)
through oxidation. This seems to explain the mechanism of the ensuing changes.

INTRODUCTION

Earlier we gave an account on the effect exercised by the medium
of changed deuterium content (D20, heavy water) on the division of cells
and growth of seedlings (KISS et al. 1996, 1997, 1998, KISS 2003).

Deuterium is a nonradiating mass number 2 isotope of hydrogen. The
100% mass difference appears in chemical reactions and biological effects of
the two hydrogen atoms (H and D), e.g. Aspergillus niger raised in "light
water" is black, while moulds grown in heavy water are alabaster white.
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The rate of reaction of deuterated compounds is lower, since compounds
of greater mass have a higher requirement of activation energy. According
to the investigations of SIMMON and PALM (1966) the activation energy of the
deuterated succinate dehydrogenase is 13% higher compared to the enzyme
which contains natural hydrogen. Plants grown in culture media of increas-
ing D content are consequently depressed in growth e.g. germination of maize
and growth of coleoptiles (SACCHI and COUECHI, 1992).

SOMLYAI et al. (1993) found that under the influence of a decreasing
D concentration the division of cells in various animal tissue cultures start-
ed with a 5�10 hour delay. The inhibitory effect can be experienced in tu-
morous animal tissues too. This was the first case when a D content lower
than the natural deuterium concentration (150 ppm) was found to inhibit
the propagation of cells.

Subsequently we also began to study the influence of a slight
(50�130 ppm) change in the D content of a culture solution on the develop-
ment of plants, using various seeds for that purpose. Our work differed
essentially from earlier investigations (UPHANS et al 1975), where the effect
of 30�70% D20 contents on cell propagation was studied, as we kept close to
the natural (150 ppm) concentration.

We observed that when the D content in a germinating medium was
either lower of higher than the deuterium concentration in natural waters,
the growth of mono- and dicotyledonous seedlings was inhibited in propor-
tion to the difference (Fig. l., KISS et al. 1998).

The present paper gives an account on the causes and possible mecha-
nism of the inhibitory effect.

MATERIALS AND METHOD

In our germination experiments we used distilled water of 20-300 ppm
D content that we produced by mixing "light water" (20 ppm) with heavy
water of 99.689% D content at an appropriate ratio, and storing it in dark
glass containers. The contamination was controlled by atomic absorption spec-
trophotometry.

GERMINATION

Maize and pea seeds of 95% germinability were germinated in high
covered plastic Petri dishes on filter paper wetted with identical quantities
of water. Each treatment consisted of 5 replications, with 20 seeds per dish.
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DETERMINATIONS

We measured the length and mass of epicotyl and coleoptile as well as
the mass of root during germination (after 6 days). To determine the organ-
ic matter (energy) utilization and the respiratory loss we measured dry
weight of maize coleoptiles and roots, and the decrease in dry matter con-
tent of seed during germination. The samples were dried at 95oC to stan-
dard weight, and then measured.

The total activity of the "bios material" was determined by yeast test
method. (Bios material = growth stimulating hormones such as auxin, gib-
berellin, etc). The bios materials exercise activity stimulated the propag-
ation of yeast cells ® the decomposition of sugar in the culture medium.
The CO2 produced leaves the culture medium resulting in a decrease
of mass.

Fixed volumes of the supernatant obtained after centrifuging maize co-
leoptile homogenate were added to the yeast culture. The release of CO2
was possible through a plug (0.1 mm) closing the vessels. We kept the cul-
tures in a thermostat at 30oC and recorded every day the total weight of
vessels and cultures; from the loss of weight we assessed the activity of the
bios material.

To characterize free radicals of oxygen we determined the lipid peroxi-
dation (LP), the hydroxyl radical (OH×), the superoxide dismutase (SOD),
catalase (Cat) enzyme activities as well as the total antioxidant capacity
(FRAP).

PREPARATION OF THE SAMPLE

A predetermined quantity of shoots was homogenized in a Potter ho-
mogenizer in cold phosphate buffer of 1:9 (w/w) and 7.4 pH. Aliquots of the
supernatant obtained after centrifuging (2000 rpm) were used to determine
various parameters.

The superoxide dismutase [(SOD, EC 1.15.1.1) activity was determined
by the method of MISRA and FRIDOVICH (1972) modified by MATKOVICS et al.
(1977).

The rate of lipid peroxidation (LP) was measured by thiobarbituric acid
colour reaction after Placer (PLACER et al. 1966).

For the determination of the hydroxyl radical (OH×) we employed
Cheeseman's method (CHEESEMAN et al., 1988).

Catalase (Cat: EC 1.11.1.6) activity was measured after BEERS and SIZER (1952),
and the activity was given in Bergmeyer unit (BU), where 1 BU = 1000 mg H2O2
decomposed in 1 minute.

The protein concentration was determined as described by LOWRY et al.
(1951).
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The total antioxidant activity was determined by the method of BENZIE

and STRAIN (1996).

RESULTS

When germinating maize, rice, gourd and wheat seeds in media of 25,
150, 300 ppm deuterium concentration we found that the length and mass
of shoots (coleoptile, epicotyl) were the largest at a D concentration
of 150 ppm, i.e. corresponding to that in natural waters. Lower and higher
deuterium concentrations had an inhibitory effect on growth (Fig. l.)

Fig. 1. Shoot length of seedlings as a function of the D content of water (KISS 1998)
(the data represent mean values of several species of wheat, maize,

gourd and rice seedlings)

The decrease in the mass of seeds during germination is the largest in
the medium containing 150 rpm D (Table 1), while in the case of 25 and
300 ppm it is lower. The differences for the three maize hybrids, though
considerable, were consistent.

The increase in the total shoot + root mass of seedlings in the first
10 days is, according to WILLIAMS-PETERSON (1973), proportional to the a-ami-
lase activity of seeds, that is to the composition of yeast. According to our
investigations, the increase in the mass and a-amilase activity was the high-
est in the medium of 150 rpm concentration. This is in harmony with
a decrease in the mass of germinated seeds. In the course of germinating,
comparing the decrease in the mass of seeds with that in the total dry mass
of shoots and roots we found the latter to be lower in every case (Table 2).
The difference is the so called respiratory loss, which has been spent on the
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energy transformation. The lowest respiratory loss was measured
at a 150 ppm D concentration. From this we have drawn the conclusion that
the energy supply (transformation) varies with the deuterium concentration.

The assumption that owing to the changed D concentration the energy
supply decreases in the course of germination seems to be supported by the
fact that ATP (3 mg 100 ml-1) added to the germinating medium influences
the growth of the epicotyl as a function of the D content (Table 3). The
growth of the epicotyl was proportionally higher in a medium of either de-
creased (25 ppm) or increased (300 ppm) D concentration than in the case
of a natural (150 ppm) level of D content. This proves that with a deviation
from 150 rpm the energy (ATP) production decreases and so does the trans-
fer entropy (HASTEN et al. 1974), and its substitution resulted in a spectacu-
lar growth.
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The determination of the so called bios substances (auxin, gibberellin,
etc.) in maize coleoptiles shows that their activity is a function of the deute-
rium concentration in a germinating medium (Table 4). The data are fully
consistent with the growth of coleoptiles and the change of the a-amilase
activity.

Values for the concentration of oxygen free radicals and the activity
of antioxidants eliminating them are seen in Table 5. Lower hydroxyl radi-
cal and lipid peroxidation (LP) values as well as higher antioxidant enzyme
(SOD, Cat) and total antioxidant (FRAP) activities are obtained in the case
of a concentration corresponding to the deuterium concentration of natural
waters.
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DISCUSSION

According to SIMMONDS and DUMBROFF (1974) germination of seeds starts
only at an ATP level (EC = energy charge) characteristic of a given species.
In our experiments, the EC level in seeds was raised by an ATP treatment,
germination started earlier and was more intensive than without such
a treatment (KISS 1983). With D concentrations lower or higher than 150 ppm
the effect of ATP was essentially more profound than in the case of 150 ppm.

HAILSTONES and SMITH (1988) pointed out that while the number of oxy-
gen free radicals increase, the germinabi1ity of seeds decreased, e.g. in soya
bean a 40% increase in the H2O2 inhibited germination. LEE (1972) attribut-
ed this phenomenon to a decreasing effect of peroxidation on the auxin lev-
el and consequently on growth. Similar conclusions were drawn by GASPAR

et al. (1985): increasing peroxidation oxidizes auxin whereby it becomes in-
active.

Increasing lipid peroxidation (LP), which is related to the damaging ef-
fect of oxygen radicals, is due to the fact that in a medium of low D content
the SOD activity decreases, and so does the possibility of eliminating radi-
cals (AUROMA et al. 1989). According to our investigations, with ATP added
the quantity of oxygen radicals did not increase, neither did that of LP. The
oxidative circumstances did not diminish the auxin level, therefore the
growth of seedlings was intensive.

In our experiments the concentration of the hydroxyl radical and the
rate of LP increased in a medium lower in D. The cause is that a lower
D20 concentration increases the disorder of the structures. Increased disor-
der means increased entropy (S) too, which tends to make the reactions
spontaneous. Thus, the hydroxyl radical formation and the process of LP
take place more easily and rapidly. A similar result was attained by HANSTEN

et al. (1974), who found oxidation of the NADH-Coenzyme Q increased with
a decrease in the D content of a medium.

Besides, with a decrease of the D concentration, the ATP-ase activity in
mitochondria and NADH formation increase (GOMEZ-PUJOU et al. 1978). The
increasing NADH concentration promotes formation of free radicals (PUN-
TARULO et al. 1988), which results in an increase of LP.

Higher production of free radicals in a medium of lower D content rais-
es the activity of Cat, which takes part in their elimination. Supplementary
ATP addition contributes by 60�80% higher Cat activity, probably by increas-
ing the de novo synthesis. With increasing deuterium concentration oxygen
uptake by plants decreases, and so does the ATP formation (SACCHI, COUECHI

1992). As a joint effect of energy decrease and free radical formation in-
crease, the growth of seedlings under higher D content in a medium is
inhibited. D2O has a selective inhibitory effect on the mitochondrial energy
transfer (MARGOLIS et al. 1966).
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CONCLUSION

Germination of plant seeds and growth of shoots and roots depend on
the deuterium content in a germinating medium. If the D content of a me-
dium is lower or higher than the 150 ppm D concentration in natural wa-
ters, the growth or seedlings will be inhibited.

The growth inhibition or seedlings is partly caused by a decrease in
energy or its transfer, in part due to the inactivation or auxin through
a raised level or oxygen free radicals. The latter conclusion is supported by
our "bios material" measurments.

If the energy level is raised by adding ATP, the growth inhibition caused
by a change in the D concentration will cease. We can declare that the
division of cells and the growth of plants is optimum when the deuterium
content is around 150 ppm, a level developed in the course of evolution.
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Abstract

The paper contains the results of eight-year-long studies on the runoff of nitrates
from heavy soils used as croplands. The runoffs of nitrates from a drainage catchment
and a catchment drained with ditches were compared. The drainage system was found to
carry away twice as much water, with a five-fold higher concentration of nitrates and 20-
-fold higher load of nitrates, than the system of ditches. High runoff of nitrates (22 kg ha-1

annually) from the soils drained by drains was distributed quite evenly throughout the
year, with maximum peaks in March and June. Nitrate runoff through the system of ditch-
es was low (1.15 kg ha-1 annually), reaching maximum peaks in March and April (62%
of the load), but disappearing in the summer.

Key words: nitrates, runoff from soils, draining system.

WP£YW SYSTEMU MELIORACYJNEGO NA WIELKO�Æ I SEZONOWO�Æ
ODP£YWU AZOTANÓW Z GLEB UPRAWNYCH

Abstrakt

W pracy przedstawiono wyniki 8-letnich badañ odp³ywu azotanów z gleb ciê¿kich u¿yt-
kowanych ornie. Porównywano odp³yw azotanów ze zlewni drenarskiej i zlewni odwadnia-
nej rowami. Stwierdzono, ¿e system drenarski odprowadza 2-krotnie wiêcej wody o 5-krot-
nie wy¿szym stê¿eniu azotanów i 20-krotnie wy¿szym ich  ³adunku ni¿ system rowów. Z gleb
odwadnianych drenami wysoki odp³yw azotanów (22 kg rocznie z 1 ha) rozk³ada³ siê rów-
nomiernie w ci¹gu roku, z maksimum w marcu i czerwcu. Odp³yw azotanów systemem
rowów by³ niewielki (1,15 kg rocznie z 1 ha), z maksimum w marcu i kwietniu (62% ³a-
dunku) i zanikiem odp³ywu latem.

S³owa kluczowe: azotany, odp³yw z gleb, system odwodnienia.
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INTRODUCTION

The natural circulation of water and chemical components has been se-
riously disturbed in the past century due to the rapid human population
growth, development of civilisation and, mainly, the growth of industries,
civil engineering, transportation, and intensive agricultural practices includ-
ing widespread application of mineral fertilizers, chemical pesticides and her-
bicides, large densities of farm animals, and errors in agronomic techniques.
All those factors have lead to excessive accumulation of noxious substances
in soil. Land reclamation carried out for the last 150 years, with a prefer-
ence for water draining systems, has accelerated such unwanted results.

Contemporary agriculture has disrupted the natural, harmonious and
relatively closed matter cycling in ecosystems by introducing additional
amounts and new substances (fertilizers, plant protection chemicals), as well
as by using techniques to loosen soil, which accelerate water circulation.
Nitrogen is among the elements whose natural circulation has been subject-
ed to biggest modifications, as it is one of the essential constituents in agri-
cultural production and is sensitive to habitat-related conditions. High pro-
ductivity of nitrogen favours its application at rates exceeding the optimum
nutritional requirements of crops, as a result of which it is not used up
completely (FOTYMA 1996, FOTYMA 1997, SAPEK 1996). This means that one of
the early signs of environmental contamination caused by agriculture is the
occurrence of large, frequently dangerous amounts of nitrates in ground
and surface waters in rural areas (FOTYMA 1996).

Often there are differences between the volume of nitrogen required by
crops at a given time and the actual amount of available nitrogen forms
present in soil. Because of their good availability to plants, nitrates are
willingly used as N fertilizers, especially when the release nitrogen from
soil resources and organic fertilizers is slow. Nitrates which have not been
taken up by plants undergo other types of sorption and can easily transfer
in soil. In our climate, water in soils travels down the profile for most of
the year (except summer) and through a draining system reaches open wa-
ter bodies. Nitrates are unwanted in water reservoirs due to their contribu-
tion to eutrophization and secondary contamination as well as the fact that
nitrates and nitrate derived metabolites are harmful to aquatic organisms.

For many years we have been aware of the relationship between the
concentration of nitrates in waters and intensive agricultural production with
high levels of mineral fertilization or large animal farms with inadequate
storage of manure (KOC et al. 1996). The code of good agricultural practice
is expected to prevent this (FOTYMA 1996), but will it suffice? The runoff of
nitrates to surface waters should be related to systems of land reclamation,
which were created with an aim of facilitating the fastest possible draining
of water, which in turn is responsible for quicker warming of soils and initi-
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ation of biological process as well as the runoff of biogens (KOC, SZYMCZYK,
2003, LIPIÑSKI 2003, MILLER et al. 2001). The role of land reclamation sys-
tems in the removal of biogenic substances to waters is still debatable. Sta-
bilization of groundwater on a level that is optimal for plants and earlier
warming of soils in spring are favourable for the development of the root
system and the uptake of nutrients from deeper layers of soil. Lack of wa-
ter draining not only limits the runoff of biogenic compounds from soil but
it is also responsible for oxygen deficit and favours denitrification of nitrates.
The problem lies in the regulation of water draining and water retention
within agricultural ecosystems during summer water deficits. This would
enable biogens to return to the agricultural circulation. Implementation
of these concepts in practice and their efficiency depend on the recognition
of runoff of biogens through land reclamation systems.

The aim of this study has been to determine the dynamics of nitrates
runoff from agricultural catchments and to recognize the effect of water
draining systems on the dynamics of this process.

METHODS

The study was carried out in the Olsztyn Lake District in 1992�1999.
The district lies in the postglacial  area, with typically diversified land relief
and varied geomorphologic and soil structure. Hills, often with steep slopes
and largely diversified soils, are a characteristic physiographic factor in the
area. Depending on the origin (boulder or fluvioglacial sediments) soil differs
in granulometric composition and the resulting physicochemical properties or
agricultural usability. Two catchments, both under agricultural use, were se-
lected for the tests. The catchments where the observations and tests were
conducted lie directly behind the fourth row of terminal moraines, which
stretches from Mor¹g via Gietrzwa³d, Stawiguda (10 km south of Olsztyn) and
Barczewo towards Miko³ajki (SOLARSKI et al. 1996, UGGLA 1956).

Catchment 1. The area of 72.8 ha drained with a ditch. The land config-
uration � hilly, 69% of the area covered with slopes at an angle up to 6%;
21% of the area has slopes from 6 to 12%. Slopes from 12 to 18% cover
about 9% of the total area and 1% of the catchment lies on slopes reaching
over 18%. Agricultural use. Typical brown soils are dominant (approximately
40%). They are mainly compact soils, formed from clay and silty clay, diffi-
cult to cultivate and not easily aerated. Pseudopodzolic soils (silty), which
make up 37% of the area, are mainly composed of medium and light clays
and weak loamy sands on clay or silty clay. The soils found in land depres-
sions, which constitute 10% of the area, are used as grassland and belong to
muck soils. Forests occupy 8% of the catchment and lie on light loamy
sands. Arable land covers 75% of the area; other types of land use make up
7% of the area.
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Catchment 2. The area of 8 ha, drained by an unsystematic system of
drains. It is basin-shaped, with rather long slopes, inclined towards the line
of water runoff. The fall of the ground of less than 6% angle occurs on 18%
of the catchment's area; 6 to 12% � on 55% of the area; 12�18% on 20% of
the area, and >18% on 7% of the area. The soils in the catchment belong to
medium soils � strong loamy sands (42%) and light clay and loamy sands
(43%), light sandy soils (15%).

Crop rotation systems tested in both catchments were identical, involv-
ing the following crops (in brackets � the average yield in t/ha): spring bar-
ley (2.6), winter wheat (4.9), winter triticale (3.7), winter rye (3.6), oats (2.5),
mixed cereals (2.5), winter oilseed rape (3.3), lupine (2.5), horse bean (2.8),
maize (3.0) and potatoes (25.0). Depending on the type of soil texture and
fertility, type of soil management, water conditions and agricultural use, the
following fertilization was applied to each crop (plants): from 120 to 215 kg
NPK ha-1 on average, with the lowest fertilization rate, from 40 to 60 kg
NPK ha-1 under winter rye and spring barley,  to around 350 kg NPK ha-1,
supplied to winter oilseed rape (SOLARSKI 2002).

In both catchments, measurements of the water runoff were made ev-
ery ten days; water samples for analyses were collected once a month. The
water samples were analysed to determine  nitrates by colorimetric meth-
od,  using disulfophenol acid.

RESULTS

Transformation of nitrogen compounds in soil, their uptake by plants
and transfer into deeper layers of the soil profile, they all depend on the
current meteorological conditions. The course of the weather conditions was
analysed in hydrological years, i.e. from 1st November to 31st October. The
meteorological conditions during the years under study (1998�1999) were
highly varied, which is also typical of the area analysed, situated in a tran-
sitional zone of the Atlantic and Continental climates (Tab. 1).

The average annual precipitation for one hundred years was 605 mm.
The period under study was similar to the long-term data in terms of the
total rainfall, but slightly warmer, with the mean annual temperature of
7.4oC, versus the mean annual temperature for one hundred years of 6.8oC.
Some differences between the years occurred, from an extremely dry and
cold year 1996 to warm and humid year 1995. Only one year was close to
the long-term average for precipitation (1992), whereas three years were
closer to a humid year (1993, 1994 and 1999), and two were drier (1997 and
1998). In respect of temperatures, only one year could be considered as
a warm one (1995) and one � to be cold (1996). The other years were slight-
ly warmer than the long-term average.
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According to the data presented in Table 1, the years 1992�1994 and
1997�1998 were warm with the total precipitation close to the normal level,
and can therefore be considered as  favourable to denitrification. The year
1996 was the least favourable to denitrification due to lower temperatures,
whereas the year 1995 was wet, which reduced the availability of oxygen in
soil. Transfer of nitrates in soil should be encouraged mainly by large
amounts of rainfall at normal or depressed evapotranspiration, which de-
pends on the amount of energy in the environment, as indicated by temper-
ature. Transfer of substances in soil, including nitrates, is not favoured by
a period of dry weather prior to the period under study. Consequently, the
largest runoff should be expected in 1994 (a wet year after wet six months
including summer).
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Denitrification and nitrate runoff from soil are influenced by the course
of weather conditions in each shorter period of time. Thus, the process of
nitrate formation and runoff was favoured by warm and wet winter half-
year in 1991/92, 1992/93,1993/94,1994/95 and 1998/99, whereas cold and dry
winter such as in 1995/96, 1996/97 and 1997/98 was unfavourable to these
processes.

In the six months of wintertime, the most important for nitrate runoff
is the early spring (March-April), when snow cover melts and waters re-
tained in winter begin to flow away. As regards this time of year, the sea-
sons of 1993, 1995, 1997 and 1999 were favourable to nitrate runoff, in con-
trast to 1992 and 1998.

In summer half-year, especially unfavourable conditions migration of ni-
trates appear when evapotranspiration is high and drought conditions pre-
vail while plants uptake nitrates � such conditions prevail in August and
September. October and November, on the other hand, are favourable to
the creation and transportation of nitrates, because soil is still warm and
the uptake of nitrates is limited to winter crops and perennial plants. Such
favourable conditions for nitrate runoff from soils occurred in 1994.

Based on the eight-year-long study, the test objects were characterised
in terms of their hydrological properties and nitrate runoff (Figures 1�3).
Significant differences in the levels of the characteristics investigated were
discovered. In the catchment with a drainage system the runoff of water
was twice as high as in the catchment drained by a system of ditches. Fur-
thermore, the concentration of nitrates was 15-fold higher and the load of
nitrates was 20-fold larger. It is typical for water discharge to grow from the
beginning of a hydrological year (November) until March in an area drained
by ditches or until April if drainage systems are used, which is when water
flow reaches its maximum to decline afterwards. In the case of ditches, the
March maximum is 50-fold as high as the minimum water discharge ob-
served in August. In the drainage catchment, the water discharge in sum-
mer was significantly higher than in the catchment with ditches, reaching
45% of the April maximum. Draining with ditches causes large differences
in seasonal water discharges, much larger than drainage systems (Figure 1).

Concentration of nitrates in water obtained its maximum levels from
January to April in winter, and the maximum discharge of nitrates occurred
in March and April, while the minimum water runoff was observed in Au-
gust (Figures 2 and 3). These relationships were analysed against the back-
ground of meteorological conditions in each year, with special attention paid
to the periods of March-April and August-September. The results of the anal-
yses, presented in Fig. 1 and 3, indicate that the runoff of nitrates from
soils to surface waters is directly connected with the efficiency of water
draining systems. The measurements showed an indisputable relationship
between the volume of water discharged from soils with the land reclama-
tion system and with the weather conditions (Table 2).
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Fig. 1. Effect of a draining system on the mean unit runoffs in 1992�1999

Fig. 3. Effect of a draining system on the runoff of nitrate load in 1992�1999

Fig. 2. Effect of a draining system on the mean concentration of nitrates in 1992�1999
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Volumes of discharged water from the two neighbouring catchments,
with identical natural conditions and the crop cultivation system, differed
two-fold. For the period of eight years, the system of ditches carried away
12% of the annual rainfall, and the drainage system � 24%. The differences
in the draining capacity of the land reclamation systems were small in win-
ter, but in the summer half-year, the underground drains carried away five
as much water as open ditches. This is due to the fact that the drainage
system is denser and can penetrate the soil more efficiently. Besides, in
a drainage system there is no risk of halting the runoff.

Moreover, in summer, water in the ground between ditches (which is
larger in area that that between drains) evaporates, and the runoff of the
water which does flow into ditches is halted  by plants. The effect of these
two factors becomes stronger in late summer, when drains carry  away ten
times as much water as ditches.
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Because of such differences between the two types of water draining
systems, the runoff of water through drains is more uniform throughout
the whole year, while the water discharge through ditches was not only
smaller, but in 82% occurred in the winter half-year.

To assess the influence of meteorological conditions on water runoff we
compared the runoffs from particular years, for example the years 1993 and
1994. With  the precipitation and temperatures being similar, the water
runoff in 1994 was 2.5-fold higher through ditches and 2-fold higher through
drains than in 1993. The difference can be attributed to the fact that the
year 1993 was preceded by a drier and warmer summer in 1992, as a result
of which the soil contained smaller reserves of water. The year 1994, in
contrast, was preceded by a wet summer. For further comparison, the year
1995 was wet and came after a wet year, but at the same time it was the
warmest year, which meant that the evapotranspiration was the highest
and the water runoff through ditches was smaller. The precipitation-runoff
route is longer in a draining system with ditches, thus evapotranspiration is
more likely to take place. In the case of drains, the precipitation-runoff
route is shorter, therefore evapotransipartion occurs less readily and the
water runoff through drains was similar in both years.

Among the shorter time periods compared (two-month), the largest wa-
ter runoff was observed in early spring (March-April). The runoff was signif-
icantly higher than in the other bimonthly periods considered. The early
spring water discharge is caused by the melting of snow cover, current pre-
cipitation and lack of plant cover. This was particularly evident in 1994,
when early spring was extremely wet, and the soil permeated with water
could not retain further rainfall.

Water runoff from soil was accompanied by improved soil aeration and
nitrification of nitrogen, which meant that higher concentration of nitrates
was found in the waters from the drained objected (Table 3).

On the other hand, a positive correlation was discovered between the
mean annual temperature and concentration of nitrates. An exception was
the year 1995, when large rainfall was accompanied by the highest tempera-
ture. It was therefore possible to observe some inhibition of oxygen supply
to soil for soil transformations, and oxygen consumption for carbon mineral-
ization, especially in summer, at high temperatures. This finding is con-
firmed by the fact that a decrease in the concentration of nitrates in water
in the drains was lower, as the water transport was more efficient.

In the same year, i.e. in 1994, winter and early spring in particular
were warm compared to the long-term data, which was favourable to the
runoff of nitrates, because at the temperature of around 5oC nitrification
was not slowed down. The concentration of nitrates resulted from the com-
bination of two factors - temperature and oxygen supply. Concentrations of
nitrates in water from the drainage system were similar in the winter and
summer half-year periods. Some larger dissimilarities in nitrate concentra-
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tions between certain years can be attributed to soil processes and dilution
with water. As regards waters carried away through ditches, higher concen-
tration of nitrates was usually determined in winter. The ratio between the
concentration of N-NO3 in winter and summer waters was on average 2.1:1,
and 1:1.4 in summer half-year (in two years only the ratio was reverse, but
this was due to the fact that those two winters were freezing cold, which
slowed down nitrification, and in the following summers the water flow was
minimal).

The following relationship appeared. Efficient draining favoured oxygen
processes and nitrification. This was compounded by the effect of tempera-
tures. In warm winters, and especially in warm early spring seasons, tem-
peratures above zero favour nitrification and nitrate runoff with waters. On
the other hand, some obstacles to water runoff as well as excessive amounts
of water in soil slow down nitrification. Should the latter be combined with
high temperatures (summer), oxygen deficits and depressed levels of nitro-
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gen are likely to occur. The concentration of nitrates in drainage waters
exceeds the safety limit, which is 50 mg NO3 dm-3 for potable water (Ordi-
nance of the Ministry of Health, 2000).

The runoff of nitrates from soil is an aggregate of the amount of the
water discharged and the amounts of nitrates it contains. As a result, mete-
orological conditions often had similar influence on both factors (runoff and
concentrations). Consequently, some significant interdependence was observed
between these factors and their effect on the amounts of nitrates carried
away from the croplands examined (Table 4).

The annual runoff ranged from 0.04 kg per ha to 49.44 kg N-NO3 per ha.
Variations in the runoff were caused by both the type of a draining system
and the weather conditions. The drainage system carried away on average
22.2 kg N-NO3 per ha annually, ranging from 7.1 to 49.6 N-NO3 per ha.
Under the same conditions, soils drained by ditches had an outflow of 1.2 kg
N-NO3 per ha annually, ranging from 0.04 to 3.64. These figures confirm
our previous studies (KOC, SZYMCZYK 2003). The runoff of nitrates in hydro-
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raeY gniniarD
metsys

shtnomnidoirepemiT

01-11 40-11 01-50 40-30 90-80 11-01

2991
sehctid 60.1 19.0 51.0 16.0 10.0 81.0

sniard 31.7 39.4 12.2 59.2 74.0 54.1

3991
sehctid 34.2 23.2 01.0 21.1 60.0 10.0

sniard 7.02 23.01 04.01 97.4 76.3 18.3

4991
sehctid 46.3 62.2 83.0 25.2 10.0 40.0

sniard 55.94 94.52 60.42 72.11 19.6 17.5

5991
sehctid 00.1 59.0 50.0 92.0 20.0 10.0

sniard 55.43 83.91 71.51 57.8 65.7 55.4

6991
sehctid 81.0 11.0 70.0 90.0 20.0 10.0

sniard 10.43 55.02 64.31 16.8 94.4 90.1

7991
sehctid 13.0 61.0 51.0 21.0 10.0 40.0

sniard 61.9 05.6 66.2 26.1 10.0 15.0

8991
sehctid 97.0 86.0 11.0 32.0 10.0 10.0

sniard 68.31 04.9 54.4 79.4 25.1 10.0

9991
sehctid 40.0 40.0 00.0 00.0 00.0 00.0

sniard 88.8 45.4 43.4 71.2 10.0 10.0

morfnaeM
9991-2991

sehctid 81.1 39.0 31.0 26.0 20.0 40.0

sniard 32.22 46.21 95.9 46.5 80.3 41.2
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logical half-years was highly variable. In soils drained by ditches, 87% of the
annual load of nitrates was carried away in winter, with just 13% discharged
in summer, which was similar to the annual distribution of water outflow.
As regards waters drained by the drainage system, the load of nitrates car-
ried away in summer reached 43% of the average annual runoff, and the
water outflow equalled 46% of the annual total. The influence of meteoro-
logical conditions was such that in dry years the runoff from summer half-
year decreased to 30% of the average annual runoff in the object with the
drainage system. In the case of open ditches, the summer outflow was hard-
ly measurable. Nitrates from ditch water  in the summer half-year were
taken up by plants, as a result of which water which flew into the ditches
was used up by plants rather than discharged further.

Around 50% of the nitrate runoff in the winter half-year fell to March
and April in the case of drains versus 60% in the ditches. Later on, in late
summer (August-September) and autumn (October-November), the runoff of
nitrates decreased, although in the drains, the runoff measured amounted
to 15% of the annual runoff late summer and 10% in autumn. At the same
time, the runoff of nitrates through ditches decreased to the minimum. Such
a relationship occurred generally in all the years. However, nitrate runoff
through the drains was favoured by high precipitation. As for ditches, the
runoff of nitrates from soils is small, less than 10% of the fertilization rate,
and occurs mainly in early spring (March-April). Draining ditches function
like a barrier which prevents the runoff of nitrates from croplands. As re-
gards drainage systems, the amount of nitrates carried away varies from
over 10% to 40% of the fertilization rate and occurs throughout the whole
year, but is more intense in early spring (March-April). The load of nitrates
from croplands drained through a drainage system is dangerous to water
reservoirs (VOLLENWEIDER 1968).

In the light of the nitrogen balance studies in soils of croplands, it can
be assumed that most of the excessive amounts of nitrogen is removed from
croplands with drainage waters. In the case of soils drained with ditches,
the runoff of nitrates is minimal, and most of nitrogen is transferred to
deeper groundwaters, where it is reduced due to lack of oxygen.

CONCLUSIONS

1. The runoff of nitrates from croplands depends on meteorological con-
ditions and type of a draining system. In drained heavy soils, nitrate runoff
amounts to an average 22 kg N-NO3 per 1 ha annually, although it can
reach as much as 50 kg, posing a threat  to open surface waters. From an
identical area drained with ditches, the runoff of nitrates is 20-fold lower
and does not threaten open waters.
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2. The runoff of nitrates is connected with the volume of waters flowing
off the land and the intensity of nitrification, as indicated by the concentra-
tion of nitrates in waters. In drainage waters, nitrates can exceed  50 mg
N-NO3 per 1 dm3, which means that the water is unsuitable for human or
animal consumption.

3. Waters from draining ditches contain less than 10 mg N-NO3 per
1 dm3, declining to under 1 mg N-NO3 per 1 dm3 in summer. This is due to
biological sorption of nitrates.

4. The runoff of nitrates with drainage waters from heavy soils contin-
ues throughout the whole year, being more intense in March and April. The
runoff of nitrates from croplands drained with ditches occurs in winter, reach-
ing the maximum level in March and April, and the minimum (down to
complete disappearance) in August.
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Abstract

Crop protection chemicals are chemical compounds of high biological activity and are
used on a large scale in agriculture. Their influence on crop planning and storage quality
is mostly positive. Crop protection chemicals, on the other hand, may cause environmental
pollution. Due to errors in agronomic practice, such chemicals may occur in various eco-
systems, causing threat to people, animals and plants. Adverse effects of these products
are attributed to their inappropriate use, decomposition time and the ability to accumulate
in the environment. Their long-lasting presence has a negative effect on living organisms,
including humans. Biocides enter the human body mainly through the digestive tract, caus-
ing life-threatening disorders, which, in some extreme cases, may be fatal.

K e y  w o r d s: crop protection chemicals, plants, animals, human.

WP£YW �RODKÓW OCHRONY RO�LIN NA RO�LINY I ZWIERZÊTA

Abstrakt

�rodki ochrony ro�lin to zwi¹zki chemiczne o du¿ej aktywno�ci biologicznej, powszech-
nie stosowane w rolnictwie. Wywieraj¹ one przede wszystkim pozytywny wp³yw na plono-
wanie ro�lin oraz jako�æ przechowywanych p³odów rolnych. �rodki ochrony ro�lin mog¹
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byæ tak¿e przyczyn¹ zanieczyszczenia �rodowiska przyrodniczego. Preparaty te w wyniku
nieprawid³owych zabiegów agrotechnicznych przedostaj¹ siê do ró¿nych ekosystemów, za-
gra¿aj¹c ludziom, zwierzetom i ro�linom. Negatywne dzia³anie tych substancji jest zwi¹zane
z ich niew³a�ciwym stosowaniem, trwa³o�ci¹ oraz zdolno�ci¹ do kumulowania w �rodowi-
sku. Ich d³ugotrwa³e zaleganie wp³ywa negatywnie na organizmy ¿ywe, w tym cz³owieka.
Biocydy przedostaj¹ siê do organizmu ludzkiego g³ównie drog¹ pokarmow¹, powoduj¹c za-
burzenia w funkcjach ¿yciowych, a w skrajnych przypadkach �mieræ.

S ³ o w a  k l u c z o w e: �rodki ochrony ro�lin, ro�liny, zwierzêta, cz³owiek.

INTRODUCTION

Crop protection chemicals have been used since ancient times, when
people understood the importance of combating plagues and epidemics. Cop-
per sulphate, for instance, was first applied as a fungicide in ancient Egypt
and Babylonia. The earliest studies on crop protection chemicals are associ-
ated with the work of Alexis Millardet, who in 1895 used the Bordeaux
mixture, a combination of copper sulphate and lime milk, to control downy
mildew. Major development in for crop protection chemicals occurred after
World War Two, for example large-scale production of DDT began in 1946
(BZIUK 2001, PRACZYK, SKRZYPCZAK 2004).

Chemical crop protection provides a basis for agricultural practices and
measures aimed at generating the highest yields of best-quality farm prod-
ucts. Intensive agricultural production as well as mass occurrence of pests
and weeds encourage increased use of crop protection chemicals (WYSZKOWS-
KI, WYSZKOWSKA 2004a). Pest organisms can cause yield losses ranging from
20 to 90%, depending on crop types (BANASZKIEWICZ 2003). Herbicides and in-
secticides are crucial chemicals applied in agriculture, as they can effective-
ly control weeds and pests, thus increasing the quantity and quality of har-
vested crops (MICHALCEWICZ 1995, NOWAK et al. 1999, WYSZKOWSKI, WYSZKOWSKA

2004b). Crop protection chemicals are applied in agriculture not only to con-
trol pest organisms but also to disinfect storage space and to protect animal
feeds, foods, plant raw materials and products (BANASZKIEWICZ 2003).

Biocides also play an important role in the protection of human life.
BZIUK (2001) reported that the use of crop protection chemicals in the winter
of 1944 allowed to curb a typhus fever epidemic, which nevertheless caused
a large death toll in and around Naples. Crop protection chemicals have
also been used to control malaria.

The basic component of any given crop protection chemical is a biologi-
cally active substance, also referred to as an active component. Biologically
active substances are characterized by high biological activity against specif-
ic organisms (BANASZKIEWICZ 2003, PRZYBULEWSKA 2004). At present, 10,000 ac-
tive compounds, components of crop protection chemicals, are known and
applied throughout the world (BIESZCZAD, SOBOTA 1993).
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IMPACT OF CROP PROTECTION CHEMICALS ON THE
NATURAL ENVIRONMENT

Crop protection chemicals used to remove and destroy weeds, to fight
parasites as well as to prevent crop losses during storage, have a negative
impact on the environment and threaten many ecosystems (ANDERSON et al.
1994, WYSZKOWSKA 2002, BOJAKOWSKA, GLIWISZ 2005, WG et al. 2005). Due to
their common use and environmental persistence, crop protection chemicals
may be found in all environmental components, i.e. in water, soil, air as
well as in plants, foods and in human and animal organisms (MCDONALD et
al. 1999) � Figure 1.

Fig. 1. Biocide transformations in the environment

Biocides are characterized mainly by their selective toxicity and envi-
ronmental persistence, but they can also be grouped according to bioaccu-
mulation potential and mobility. Many crop protection chemicals undergo
bioaccumulation, i.e. they accumulate in living organisms (BZIUK 2001). Bio-

biological
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accumulation is usually higher in aquatic than in terrestrial organisms. Since
crop protection chemicals may accumulate in water and land organisms,
their amounts in environment constantly grow and their flow through a food
chain accelerates. This is particularly dangerous to organisms at the end of
a food chain, such as predators or humans (BOJAKOWSKA, GLIWISZ 2005). Bio-
cide breakdown takes place mainly through biochemical processes, but may
also be caused by photochemical and chemical reactions such as oxidation,
reduction, hydrolysis and interactions with free radicals. Unfortunately, break-
down products may be more toxic than the original co protection compounds
(GRIFFITHS et al. 2001). Many biocides that are no longer used, in particular
chloroorganic biocides, remain in soil and water for many years or decades,
and their very low water concentrations may multiply biologically in tissues
of aquatic organisms (BOJAKOWSKA, GLIWISZ 2005).

Soil, the outermost layer of the Earth, is subject to the effects of chemi-
cal compounds, including crop protection chemicals. Due to its properties,
soil is a fundamental component of the biosphere, which conditions food
production and sustains human and animal life on land. Besides, it is a very
diversified ecosystem teeming with a variety of living organisms, which per-
form many environmentally vital functions (KOBUS 1995, KUCHARSKI et al.
2004, RUSSEL 2005).

Soil fertility and biological activity may be limited if soil becomes con-
taminated by various toxic substances, including crop protection chemicals
(MICHEL 1999). Presence of crop protection chemicals in soil is related to
environmentally damaging human activities. Soil contamination by xeno-
biotics depends primarily on application doses and frequency, as well as on
the soil physicochemical properties, sorption capacity, temperature, humidi-
ty and pH (STRZELEC 1986, NOWAK 1996, MICHALCEWICZ 2004, PRZYBULEWSKA et
al. 2004, SWÊDRZYÑSKA 2004). Soil is contaminated mostly by compounds whose
active substance is characterized by high resistance to soil borne microor-
ganisms (NOWAK 1996, SÁNCHEZ et al. 2004). All biocides remaining in soil
may constitute a danger to organisms living in this environment, primarily
to soil microbes (NOWAK et al. 1999). As some biocides are toxic to soil mi-
croorganisms, quantitative composition and enzymatic activity of microbial pop-
ulations change, which ultimately lowers soil fertility and causes soil degrada-
tion (MEGHARAJ et al. 2000, DAS et al. 2003, DURSKA 2004, TRASAR-CAPEDA et al.
2004).

According to literature (ANDERSON et al. 1994, KASZUBIAK et al. 1994, NOWAK

1996, BERGER 1998, JOHNSEN et al. 2001, SØRENSEN et al. 2003), microbiological
and biochemical properties of soil depend on the length of time a crop pro-
tection chemical persists in the environmental (half-life). According to BALICKA

(1983) and WYSZKOWSKA (2004), the impact of biocides on the growth of mi-
crobial populations is reflected mainly by cell metabolism disorders. The
effect of these compounds on microbial metabolism is primarily related to
their penetration into cells. However, some authors claim that not all meta-
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bolic changes impede microbial proliferation. According to KASZUBIAK et al.
(1994), crop protection chemicals are not always toxic to microorganisms; in
fact some provide nourishment for heterotrophic microbes. Chemical prepa-
rations applied as recommended by the manufacturer and at optimal rates
have no significant influence on the activity of microbes. Exceeding the opti-
mal dosage may lead to modifications in the biological activity of soil
(WÊGOREK 1994, FURCZAK, KO�CIELNA 1997, WYSZKOWSKA, KUCHARSKI 2004). Long-
-term use of crop protection chemicals affects the persistence time of com-
pounds in soil colloids as well as soil microbial activity (OSTROWSKI 1996).

Soil degradation may also occur as a result of the use of biocides which
contain heavy metals such as arsenic, copper and zinc. Heavy metals found
in crop protection chemicals are very difficult to remove from soil since
they are accumulated mainly in the root system of plants. Elements ab-
sorbed by roots penetrate into all parts of plants, pass through a food chain
and ultimately reach humans (ZABOROWSKA et al. 2005).

The problem resulting from application of crop protection chemicals on
soil surface is that they often block cultivation for many years and generate
toxic residues in agricultural products. Non-monitored long-term use of bio-
cides increases the risk of soil contamination with these compounds (DURSKA

2004).
Crop protection chemicals belong to those environmental pollutants that

are very often present in surface and underground waters (DUGAN 1969, KOT-
RIKLA 1997). They penetrate into surface waters primarily via runoffs from
fields and atmospheric precipitations. Maximum concentrations of crop pro-
tection chemicals are recorded during melt-water runoffs and following cer-
tain agricultural practices. Biocides may also accumulate in bottom deposits
and living organisms (BOJAKOWSKA, GLIWISZ 2005).

Crop protection chemicals used intensively to produce high yields may
be transported by rainwater and rivers and then filtered down into under-
ground waters. The danger related to contamination with these chemicals
increases in regions with high rainfalls during the vegetative growing sea-
son. Water contamination with crop protection chemicals is also observed in
areas subject to erosion, where chemical compounds are readily transferred
from contaminated soil to surface waters. Thus, great caution is advised
when using crop protection chemicals as their improper application causes
contamination (B£A¯EWICZ 2003).

Herbicides are the main threat to surface and underground waters in
Poland and in other developed countries. Crop protection chemicals accumu-
lated in bottom deposits are distinguished by their high toxicity and persis-
tence in aquatic habitats, particularly in bottom deposits, river and lake silt.
Biocides may be present in potable water due to insufficient purification of
surface waters. They enter a food chain, destroying particular links of this
chain. Among the three environmental components: air, soil and water, wa-
ter is most prone to contamination. Relatively small amounts of crop pro-
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tection chemicals can deteriorate the organoleptic properties (taste and
odour) of water, which disqualifies its use for consumption and household
purposes. They can also diminish populations of fish and other aquatic or-
ganisms, while higher concentrations result in mass fish mortality and dy-
ing out of entire water bodies. Crop protection chemicals, in particular DDT,
very often impoverish aquatic herbivorous fauna. Lakes and other water
bodies which supply water for municipal purposes are subject to special con-
trol and protection.

In accordance with the Council Directive 91/414/EEC of 15 July 1991,
the content of crop protection chemicals and substances of similar proper-
ties in potable water may not exceed 0.1 cm3 l-1 and 0.5 cm3 l-1 for total
harmful compounds.

Due to high vapour pressure, most crop protection chemicals easily es-
cape into the atmosphere from soil, surface waters and waste dumping sites
(TOTTEN et al. 2003, SHEN et al. 2005). Research results show that the high-
est air concentrations of biocides are recorded over areas in which they
were produced or intensively used in the past as well as over urbanized
areas. Elevated levels of these xenobiotics were also observed over the south-
ern and eastern parts of Europe (JAWARD et al. 2004).

It was found (BZIUK 2001) that over 90% of crop protection chemicals
present in the atmosphere are in the gaseous phase. Birds are at higher
toxicological risk than humans due to crop protection chemicals released to
air because of their more developed respiratory system as well as longer
and more intensive exposure to those toxic substances.

IMPACT OF CROP PROTECTION CHEMICALS
ON PLANTS

Mass emergence of harmful organisms in arable fields has stimulated
increased use of chemicals in agriculture. The method applied most fre-
quently to protect crops and improve their overall health is the use of crop
protection chemicals (WYSZKOWSKA 2002, 2004). Despite many advantages, crop
protection chemicals may also have a negative impact on plant production,
such as inhibition of plant growth and development (KLIMACH, WIECZOREK 1998,
SUKUL 2006).

Chemical compounds applied in agriculture often penetrate soil, where
they undergo complex transformations leading to their breakdown (JOHNSEN

et al. 2001). Biologically active substances contained in biocides are trans-
ported deeper into the soil profile and then absorbed by field plants and
weeds (SADOWSKI et al. 2001). The amount of absorbed biocides is related
primarily to the properties of a given plant species as well as to the chemi-
cal structure of active substances (PRACZYK, SKRZYPCZAK 2004). The negative
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influence of crop protection chemicals on soil properties may also involve
inferior nutrient availability to plants, leading to mineral imbalance (WYSZ-
KOWSKA 2002). Biocides used for agricultural purposes not only contribute to
pest and weed control, but also modify plant growth and development, thus
changing the technological value of raw materials. Crop protection chemi-
cals are mobile and can accumulate in plants, affecting the physiological,
biochemical and nutritional properties of foods (SAWICKA 2004). Disruptions in
nutrient uptake by plants lead to yield decline and quality deterioration,
which in turn depresses quality of feeds and foods produced from these plants
(BRASCHI et al. 2000).

The rate of biocide absorption largely depends on the type and granulo-
metric composition of soil, fertilization levels as well as organic substance
content (WYSZKOWSKA 2002, WYSZKOWSKI, WYSZKOWSKA 2004a). Crop protection
chemicals penetrate into plants through roots of young seedlings. Absorp-
tion takes place mainly through root hairs and phellem cells, which are
a fundamental component of the root apex region. Chemical compounds un-
dergo biotransformation under the influence of microorganisms and plant
enzymes. These preparations are absorbed by plants similarly to water, to-
gether with dissolved nutrients (PRACZYK, SKRZYPCZAK 2004). The response of
some plants to herbicides may vary widely, from growth stimulation to yield
decrease. Yield decline often results from plant damage caused by spraying
with crop protection chemicals (B£A¯EWICZ et al. 2003). Negative impact of
crop protection chemicals may involve morphological changes in plants, in-
cluding leaf discoloration, turgor loss, leaf wilting and necrosis, plant growth
inhibition as well as death of whole plants. Although some plants show no
external symptoms, they respond to the use of these preparations by a de-
cline in yield (URBAN 2000). Symptoms of the phytotoxic effects of crop pro-
tection chemicals on field plants may be observed during emergence, growth
or harvest. Damage may occur to an entire plant or to some of its parts
(PRACZYK, SKRZYPCZAK 2004).

By disrupting the physiological processes in cultivated plants, crop pro-
tection chemicals may lead to changes in quality and reduce the activity
of amylolytic, cellulolytic and proteolytic enzymes (B£A¯EWICZ et al. 2003, KAWKA

et al. 1998). According to WYSZKOWSKI and WYSZKOWSKA (2004ab), biocides ex-
ert a considerable influence on the chemical composition of plants, depen-
dent mainly on a plant species and type of an active substance applied. This
was confirmed by studies conducted by ROLA and KIELOCH (2001).

SAWICKA (2004) demonstrated that certain active substances in crop pro-
tection chemicals inhibit photosynthesis and damage the chloroplast struc-
ture. Plants that possess a large surface area relative to their mass absorb
a greater amount of biocides, which accumulate mainly in the peel of fruit,
particularly citrus fruit (BZIUK 2001).

Research carried out in the year 2000 by the Institute of Plant Protec-
tion in Poznañ, Poland, has shown that residues of crop protection chemi-
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cals can be found primarily in fruits (22.6%), greenhouse vegetables (17.7%)
and field-grown vegetables (10.7%). Biocide residues were not found in field
crops such as cereals, potatoes and sugar beets. The maximum permissible
amounts of biocide residues were most frequently exceeded in greenhouse
vegetables (BANASZKIEWICZ 2003).

IMPACT OF CROP PROTECTION CHEMICALS
ON HUMANS AND ANIMALS

Biocides pose a serious toxicological threat. They are toxic by nature,
which means that they affect both harmful and beneficial organisms. Along
with other properties, such as their environmental persistence and bioaccu-
mulation capacity, they represent one of the most toxic groups of chemicals
which humans are in contact with. Practically speaking, all biocides are
toxic but their toxicity varies. In Poland, crop protection chemicals are di-
vided into four toxicity classes, depending on the value of LD50, i.e. the
lethal dose expressed in milligrams of a toxic substance per kilogram of
body weight which results in the death of 50% of the test population of
animals following single administration. This pertains to experiments con-
ducted on animals and is related to determining acute toxicity (ACT ON THE

Protection of Plants of 18 December 2003, Journal of Laws 2006.171.1225).
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Crop protection chemicals are very toxic to living organisms, with their
actual toxicity depending on an organism in question, environmental condi-
tions as well as on the type, form and method of biocide application. The
main route of exposure of humans to crop protection chemicals is the diges-
tive tract. Chloroorganic biocides, which the most toxic substances, can en-
ter the human body through the digestive tract, mainly following consump-
tion of fish and crustaceans (BZIUK 2001, BANASZKIEWICZ 2003).

Many crop protection chemicals accumulate in living organisms. Bioac-
cumulation is usually higher in aquatic than in terrestrial organisms. Bio-
cides may affect living organisms very differently depending on metabolism,
toxicity and concentration. Humans are at risk of ingesting residues of crop
protection chemicals with food.

ATANIYAZOVA et al. (2001) reported that the concentrations of biocide resi-
dues in food products range from 0.1 to 1 mg, compared to 0.1�1 µg in
underground waters.

Taking into account the persistence of crop protection chemicals in en-
vironment as well as human dependence on food, it has been found that
these compounds are mostly accumulated in human tissues (mainly in adi-
pose tissue). These substances often enter the human body through the
skin and respiratory system. They may remain in the skin for a few months
since exposure. Chloroorganic compounds, including crop protection chemi-
cals, accumulate primarily in fat and milk of animals as well as humans,
but they are also found in the brain, liver and kidneys, resulting in mal-
function of these organs (MILLER, SHARPE 1998).

Even low amounts of these xenobiotics may cause negative effects, such
as reduction of the reproductive performance of young animals and deterio-
ration of their health. These substances are one of the reasons for develop-
mental disorders in children, which manifest themselves at a later period
(JUBERG 2000). Research results show that crop protection chemicals have an
enormous impact on the immune (WEISGLAS-KUPERUS et al. 1995) and hor-
monal systems (BIRNBAUM 1994), and can lead to tumours (MILLER, SHARPE

1998). The group at highest risk of disease resulting from consumption of
food and water contaminated with biocides are pregnant women, infants,
elderly people as well as people with hypoimmunity (BANASZKIEWICZ 2003).
Acute effects of crop protection chemicals may cause many symptoms, from
light skin irritation to death. Children that consume relatively large amounts
of fruit and vegetables originating from intensive agriculture may be at risk
of nervous system dysfunction and disorders caused by toxins (DUGAN 1969,
MALLATOU et al. 2002). Additionally, as such toxins can bioaccumulate, they
enter a food chain and reach high concentrations in tissues of birds and
mammals. The saddest evidence is a continually increasing level of these
substances in the human body caused by consumption of crop protection
chemicals dissolved in vegetable and animal fat from fish, poultry and beef
(NANCY 1999). The highest quantities of these preparations are present in
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food products such as cereal grains or vegetables, but primary sources of
contamination for humans are milk and milk products, eggs and meat (MAL-
LATOU et al. 2002).

In accordance with the Order of the Ministry of Health and Social Care
of 15 April 1997, the maximum permissible levels of residues of crop protec-
tion chemicals used in the cultivation, protection, storage and transporta-
tion of plants (Journal of Laws, No. 43, item 273) may not exceed 0.005 �
� 0.1 mg kg-1 of food products. The negative effects of crop protection chem-
icals have gained increasing interest recently, which resulted in the devel-
opment of environmental monitoring programs, aimed primarily at human
health protection (BIESZCZAD, SOBOTA 1993).

SUMMARY

Crop protection chemicals are natural or synthetic substances that are
applied primarily in agriculture to fight weeds as well as to control plant
diseases and pests. They play a key role in producing high yields, storing
farm produce, fighting pests as well as maintaining proper sanitation and
hygiene standards. These chemicals have become a very significant part of
human life. Aside their advantages, biocides are also known for negative
effects. When improperly applied, they pose a serious threat not only to
animals, but also to the natural environment. Due to their properties, they
possess the ability to accumulate in various ecosystems, resulting in con-
tamination followed by degradation. Crop protection chemicals are capable
of impacting all living organisms � including species that are not their tar-
get. Beneficial organisms may be destroyed and biodiversity diminished
through the use of xenobiotics, which in consequence may upset ecosystem
balance.

Intensive use of crop protection chemicals in agriculture, observed now-
adays, leads to environmental pollution. However, more and more attention
is paid to environment-friendly crop protection practices. The use of chemi-
cals in agriculture requires supervision, monitoring and prevention of po-
tential negative consequences. The range of crop protection chemicals has
been changing over the last few decades. Some of them have been with-
drawn from the market due to their toxicity, a long half-life as well as the
development of resistance in target populations � this pertains in particular
to insecticides. The amount of biocides used is increasing drastically, which
in many cases makes it very difficult to determine their toxicity. Today
a major global problem are disposal sites for hazardous wastes, including
crop protection chemicals. These sites have not been properly prepared to
store this kind of waste, so pesticides may leak out and cause significant
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damage to the natural environment. Numerical data concerning this prob-
lem are usually difficult to estimate.

There is no doubt that the use of crop protection chemicals should be
limited or maybe they should be eliminated entirely. A precise analysis of
expected side effects should be performed prior to the introduction of these
toxic substances on the market. The threat posed by pesticides may be min-
imized by strict observance of the relevant regulations as well as by their
proper use. The establishment of legal provisions which would regulate all
issues related to crop protection chemicals is also very important.

From the ecological perspective, improving agricultural efficiency via
chemicalization is a serious mistake, which may have dire consequences in
the future. Appropriate steps should be taken to prevent the undesirable
side effects of crop protection chemicals on the natural environment.
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�O£OWIANY DIABE£�

Jerzy Oleszkiewicz
Abstrakt

Prawie ka¿da patologia jest wieloprzyczynowa. W d¹¿eniu do opanowania agresji m³o-
dzie¿y, nale¿y uwzglêdniæ mo¿liwo�æ toksycznego wp³ywu o³owiu i kadmu na mózg. Wynika
to z analizy pierwiastkowej w³osów metod¹ spektroskopii absorpcji atomowej wykonanej
w Wojskowej Akademii Technicznej w Warszawie. Udokumentowano, ¿e nadmiar o³owiu
i niedobór magnezu, który jest neutralizatorem tej neurotoksyny � jest znamienny i po-
wszechny. Dlatego konieczna jest masowa suplementacja magnezem m³odzie¿y szkolnej.

LEAD EVIL

Abstract

Nearly all pathologies are caused by more than one factor. While striving to subdue
agression among adolescents one should take into consideration possible toxic effect of lead
and cadmium on human brain. This conclusion is grounded on AAS assays of elements in
hair, which were conducted at the Military University of Technology in Warsaw. The re-
sults proved that elevated levels of lead alongside insufficient amounts of magnesium,
which can neutralize lead, were widespread and symptomatic. Thus, mass supplementation
of magnesium among school children is needed.

O³ów to jedno z najwiêkszych zagro¿eñ dla ¿ycia biologicznego na ziemi.
Niestety, jest wszechobecny w naszym �rodowisku. Przenika do organizmów
ludzkich i zwierzêcych drog¹ pokarmow¹, oddechow¹ oraz przez skórê.

Byæ mo¿e, ten metal, znany od kilku tysiêcy lat, odegra³ istotn¹ rolê
w upadku cywilizacji, m.in. imperium faraonów i cesarstwa rzymskiego: sta-
ro¿ytni u¿ywali o³owianych kot³ów do produkcji wina gronowego, za po�red-
nictwem którego o³owiana trucizna przenika³a do ich organizmów. Jest rów-
nie¿ hipoteza, wg której przyczyn¹ degeneracji w³adców Kremla, znanych
z dewiacji psychicznych i okrucieñstw, mog³o byæ korzystanie z zainstalowa-
nych w XVII w. wodoci¹gów z o³owianymi zbiornikami na wodê i rurami
odprowadzaj¹cymi.

O³ów by³ od dawna znany jako niebezpieczna substancja, lecz na pocz¹t-
ku XX w. prawie ka¿dy produkt codziennego u¿ytku zawiera³ jak¹� dawkê
tego metalu. Powa¿ne konsekwencje zdrowotne spowodowa³a dopiero rozpo-
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czêta w USA w 1923 r. produkcja o³owiu na skalê przemys³ow¹, stanowi¹ce-
go dodatek do paliw silników samochodowych. Amerykañski badacz Patter-
son udokumentowa³, ¿e przed 1923 r. w atmosferze nie by³o prawie w ogóle
zwi¹zków o³owiu, a od tego czasu ich stê¿enie stale i niebezpiecznie ros³o.
Usuniêcie o³owiu z benzyny sta³o siê jego ¿yciowym celem. Doprowadzi³ do
uchwalenia s³ynnej ustawy Clean Air Act (uchwa³a o czystym powietrzu)
z 1970 r. i do wprowadzenia w 1986 r. zakazu sprzeda¿y benzyny o³owiowej
w Stanach Zjednoczonych. Niemal natychmiast poziom o³owiu we krwi Ame-
rykanów obni¿y³ siê o 80%. Mimo to ¿yj¹cy dzisiaj Amerykanie maj¹ ok. 625
razy wy¿sze stê¿enie o³owiu we krwi ni¿ ich przodkowie 100 lat temu. Kon-
serwy i inne pojemniki lutowane z u¿yciem materia³ów zawieraj¹cych o³ów
wycofano ze sprzeda¿y w Ameryce dopiero w 1993 r.

W krajach uprzemys³owionych ilo�æ o³owiu w atmosferze nadal ro�nie,
ca³kowicie legalnie, g³ównie za spraw¹ kopalñ, przetwórstwa metali oraz kil-
ku innych ga³êzi przemys³u.

Od dawna wiadomo, ¿e o³ów jest neurotoksyn¹, mo¿e powodowaæ zabu-
rzenia zachowañ, halucynacje, itp. (BRYSON 2003)

W latach 70. prof. Bo¿ena Hager-Ma³ecka u 300 dzieci zamieszka³ych
w pobli¿u Huty Metali Nie¿elaznych w Szopienicach stwierdzi³a o³owicê.
Z ogólnej liczby tych dzieci a¿ 10% uczêszcza³o do szkó³ specjalnych (OLESZ-
KIEWICZ 1996).

W latach 80. badano zawarto�æ metali toksycznych u dzieci z zaburzenia-
mi psychosomatycznymi leczonych w Zespole Psychosomatycznym przy Wo-
jewódzkim Szpitalu Dzieciêcym w Warszawie. Niemal powszechne by³o, na-
wet wielokrotne, przekroczenie dopuszczalnych poziomów o³owiu oraz kadmu
(zawartego w dymie tytoniowym). Równocze�nie udokumentowano drastycz-
ne niedobory naturalnych neutralizatorów powy¿szych toksyn, tj. magnezu
i cynku. Niedobory ilo�ciowe tych neutralizatorów powoduj¹, ¿e metale tok-
syczne w³¹czaj¹c siê w procesy metabolizmu przenikaj¹ do mózgu. D³ugo-
trwa³e uzupe³nianie magnezu (odtrutki o³owiu) i cynku � jako neutralizatora
kadmu � najczê�ciej powodowa³o poprawê w zakresie nadpobudliwo�ci psy-
chomotorycznej dzieci. Wyniki tych prac by³y przedstawiane na Europejskim
Kongresie Psychosomatycznym (OLESZKIEWICZ 1988) oraz na �wiatowej Konfe-
rencji Toksykologicznej w New Delhi (DARZYNKIEWICZ 1993)

Badania laboratoryjne w³osów prowadzono metod¹ spektroskopii absorp-
cji atomowej w Wojskowej Akademii Technicznej w Warszawie. Metod¹ t¹
przebadano ju¿ ponad 30 tys. Polaków ze wszystkich grup wiekowych. Nad-
miar o³owiu i niedobór magnezu jest znamienny i powszechny (DUNICZ-SOKO-
£OWSKA 2006). Inni autorzy równie¿ donosz¹ o pozytywnych wynikach suple-
mentacji magnezem dzieci z nadpobudliwo�ci¹ psychoruchow¹ i zaburzeniami
koncentracji (MOUSAIN-BOSC 2006, STAROBRAD-HERMELIN 1997, KOZIELEC 2002)

Bardzo skutecznie prowadz¹ do utraty magnezu stres i narkotyki.
Wydaje siê, ¿e u dzieci z opó�nieniem sprawno�ci intelektualnej i u któ-

rych testy psychologiczne nie wykazuj¹ organicznego uszkodzenia mózgu, na-
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le¿y uwzglêdniaæ celowo�æ prowadzenia dzia³añ detoksykacyjnych. Detoksy-
kacja i do¿ywienie mózgu równie¿ mog¹ siê przyczyniaæ do polepszenia wy-
ników pracy psychologów.

Niedobory substancji od¿ywczych w mózgu s¹ trudno wykrywalne, gdy¿
nie manifestuj¹ siê objawami niedo¿ywienia. Wa¿ny dla mózgu jest selen,
witaminy: E, B1, B6, kwas nikotynowy i kwas foliowy. Wed³ug aktualnych
pogl¹dów, niedobór ka¿dego z tych sk³adników zaburza funkcjonowanie
mózgu i mo¿e prowadziæ do pogorszenia pamiêci, reakcji depresyjnych i in-
nej patologii. Zaskakuj¹cy jest wysoki odsetek mieszkañców Stanów Zjedno-
czonych i Anglii z niedoborami tych sk³adników po¿ywienia.

Celowe jest zapoznanie z tym zagadnieniem pedagogów, zw³aszcza szkó³
specjalnych, gdzie ucz¹ siê dzieci z zaburzeniami psychosomatycznymi.

Wydaje siê, ¿e zaistnia³a obiektywna i pilna potrzeba masowej suple-
mentacji magnezem m³odzie¿y szkolnej, na podobnej zasadzie jak �szklanka
mleka dla ucznia�.

Szczeciñska lekarka swoj¹ prac¹ doktorsk¹ udokumentowa³a, ¿e suple-
mentacja preparatami magnezu wp³ywa w sposób istotny na uk³ad psychicz-
ny m³odzie¿y z upo�ledzeniem umys³owym stopnia lekkiego, przez co zbli¿a
ich do m³odzie¿y normalnej (DRYBAÑSKA-KALITA 1992)

Wspó³czesna szko³a, m.in. dziêki komputeryzacji, zaburzy³a równowagê
miêdzy wysi³kiem intelektualnym i pamiêciowym a rozwojem ruchowym.
A przecie¿ æwiczenia fizyczne usprawniaj¹ m.in. dop³yw krwi do mózgu oraz
stymuluj¹ jego aktywno�æ. Taki skutek aktywno�ci fizycznej sta³ siê ju¿ bez-
dyskusyjnym faktem.

Autor przekazuje wyrazy wdziêczno�ci za dyskusje i pomoc w uzyskaniu
pi�miennictwa Pani prof. Alfredzie Graczyk i Pani dr Aldonie Dunicz-Soko³owskiej.
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Z ¿ycia PTMag

ZAGRO¯ENIA W ZIEMI

Barbara Olszewska,
Urz¹d Miasta Olsztyna, Wydzia³ Ochrony �rodowiska

Rozwój przemys³owy i konieczno�æ ochrony wód podziemnych czêsto s¹
trudne do pogodzenia. Dla wielu miast zanieczyszczenie wód podziemnych
na terenach miejsko-przemys³owych stanowi niezwykle wa¿ny problem, po-
niewa¿ w przesz³o�ci miasta z regu³y powstawa³y w dolinach rzecznych lub
zlewniach rzek i wykorzystywa³y na swoje potrzeby wody podziemne z p³yt-
kich systemów wodono�nych.

Zmiany w zagospodarowaniu powierzchni ziemi i strukturze w³asno�cio-
wej, jakie mia³y miejsce w kilku ostatnich dekadach, przyczyni³y siê do po-
wstania �róde³ ró¿norodnych zanieczyszczeñ wód podziemnych, objawiaj¹cych
siê niejednorodnym rozprzestrzenianiem substancji zanieczyszczaj¹cych na
du¿ych obszarach.

Obecnie zarówno publiczne, jak i prywatne �rodki finansowe przeznacza
siê na identyfikacjê i analizê punktowych �róde³ zanieczyszczeñ. Podejmowa-
ne wysi³ki nie zapewniaj¹ jednak wiarygodnej i kompleksowej ilo�ciowej oce-
ny wp³ywu tych �róde³ na jako�æ wód podziemnych. Niedoskona³o�ci klasycz-
nego monitoringu wód podziemnych polegaj¹ na niedok³adnym wykrywaniu
punktowych ognisk zanieczyszczeñ. Stwarza to trudno�ci w hierarchizacji
ognisk zanieczyszczeñ, a w konsekwencji nieefektywne wydatkowanie �rod-
ków finansowych na oczyszczanie wód podziemnych.

W ostatnich latach dokonano w niektórych krajach europejskich uspraw-
nieñ procesu zarz¹dzania zasobami zanieczyszczonych wód podziemnych.
W pewnej mierze przyczyni³a siê do tego realizacja miêdzynarodowego pro-
jektu badawczego pt. Zintegrowana koncepcja remediacji wód podziemnych �
INCORE (1999�2003), finansowanego z 5. Programu Ramowego Badañ, Roz-
woju Technologicznego i Prezentacji Unii Europejskiej, w którym obok przed-
stawicieli instytutów naukowych i lokalnej administracji Niemiec, W³och, Au-
strii i Francji uczestniczyli równie¿ Polacy � reprezentanci Pañstwowego
Instytutu Geologicznego i Instytutu Ekologii Terenów Uprzemys³owionych.
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Przyk³adem dzia³añ zmierzaj¹cych do szybkiego oraz kompleksowego za-
stosowania procedur i narzêdzi wypracowanych w INCORE, a jednocze�nie
dalszego ich doskonalenia, jest kolejny projekt pt. Zarz¹dzanie zasobami wód
podziemnych na zanieczyszczonych terenach poprzemys³owych � MAGIC
(2005�2008). Jego celem jest zastosowanie innowacyjnej metodologii badaw-
czej, wypracowanej w projekcie INCORE, do identyfikacji zanieczyszczeñ i
doboru metod oczyszczania zanieczyszczonych wód podziemnych na czterech
terenach badawczych w trzech krajach Unii Europejskiej, tj:
� w Polsce � na terenie sk³adowiska odpadów poprzemys³owych w Trachach

(powiat gliwicki) i na terenie dawnej gazowni w Olsztynie,
� w Czechach � na terenie dawnej koksowni w Vitkovicach k. Ostravy,
� w Niemczech � na terenie dawnej dzielnicy przemys³owej Feuerbach w Stut-

tgarcie.
Wspó³partnerami w realizacji projektu MAGIC s¹:

� G³ówny Instytut Górnictwa, Katowice, Polska � koordynator projektu;
� Instytut Ekologii Terenów Uprzemys³owionych, Katowice, Polska;
� Urz¹d Miasta Stuttgart, Niemcy;
� Instytut Zdrowia Publicznego, Ostrava, Republika Czeska;
� Pañstwowy Instytut Geologiczny, Warszawa, Polska;
� Urz¹d Miasta Olsztyna, Polska.

Urz¹d Miasta Olsztyna zosta³ zaproszony przez Pañstwowy Instytut Geo-
logiczny do udzia³u w projekcie MAGIC jesieni¹ 2004 r. Uzasadnieniem wspó³-
pracy, niezale¿nie od wcze�niejszych kontaktów, by³o uwzglêdnienie w �Pro-
gramie Ochrony �rodowiska m. Olsztyna na lata 2005�2008 z perspektyw¹
do 2011 r.� dawnych terenów powojskowych i poprzemys³owych, znajduj¹-
cych siê w granicach miasta i wymagaj¹cych zbadania stopnia ich zanieczysz-
czenia i potencjalnego zagro¿enia dla �rodowiska, na potrzeby przysz³ej re-
kultywacji i rewitalizacji, umo¿liwiaj¹cej ponowne, wspó³czesne ich
zagospodarowanie.

Spo�ród znajduj¹cych siê w mie�cie ró¿nych obszarów wymagaj¹cych
przebadania i oczyszczenia/sanacji oraz rewitalizacji � jako teren badawczy
dla projektu MAGIC � zaproponowano rejon dawnej gazowni (funkcjonuj¹cej
w latach 1889�1978, tak¿e podczas II wojny), po³o¿ony w centrum miasta,
w zakolu rzeki £yny.

�Do koñca XIX w. Olsztyn by³ ma³ym, prowincjonalnym miastem �
w 1864 r. liczy³ zaledwie 366 domów mieszkalnych.

Wa¿ne strategiczne po³o¿enie miasta doceniono w II po³owie XIX w., co
przyczyni³o siê do budowy dróg ³¹cz¹cych miasto z bli¿szymi i dalszymi o�rod-
kami miejskimi. Komunikacjê drogow¹ uzupe³niono wkrótce kolejow¹. W 1890
r. w Olsztynie oddano do u¿ytku du¿y, jak na tamte czasy, wêze³ kolejowy, co
w nied³ugim czasie przyczyni³o siê do rozwoju budownictwa prywatnego i ko-
munalnego, handlu produktami spo¿ywczymi, drewnem i maszynami. W tym
okresie kronikarze odnotowali istnienie w mie�cie 147 lamp naftowych i ro-
sn¹ce zapotrzebowanie na ogólnie dostêpn¹ energiê.
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Zanim jednak w Olsztynie uruchomiono na rzece £ynie pierwsz¹ elek-
trowniê (1907), w³adze miejskie zainteresowa³y siê najnowszym europejskim
wynalazkiem, jakim by³ gaz. Wiosn¹ 1887 r. rada miasta Olsztyna powo³a³a
komisjê, która mia³a zaj¹æ siê organizacj¹ budowy gazowni. W ramach prac
przygotowawczych miejscy radni zwizytowali obiekt funkcjonuj¹cy w Pozna-
niu. Ostatecznie na posiedzeniu komisji w dniu 13 pa�dziernika 1887 r. podjê-
to uchwa³ê o budowie gazowni, finansowanej z kasy miejskiej. Na potrzeby
tej budowy zakupiono od prywatnego w³a�ciciela plac nad £yn¹. W budowie
konstrukcji obiektów gazowni bra³a udzia³ murarska firma Toffel, natomiast
monta¿ retort, maszyn, urz¹dzeñ i zbiorników wykonywa³a firma �Schulz &
Sackur� z Berlina.

Uroczyste otwarcie Miejskiej Gazowni w Olsztynie nast¹pi³o 15 pa�dzier-
nika 1889 r." (Tomasz �rutkowski, ��ladami p³omienia gazowego�, Wyd.El-
Set, 1999).

Na prze³omie XIX i XX w. produkcja gazu, który o�wietla³ 206 latarñ
i 400 mieszkañ wynosi³a ponad 700 tys. m3; w 1918 r. miasto otrzymywa³o
do 3,4 mln m3 gazu.

Gazownia pracowa³a bezawaryjnie przez ca³y okres II wojny �wiatowej;
zaopatrywa³a miasto w gaz do lat 70. XX w., gdy do Olsztyna dotar³ gaz
ziemny.

Budynki i wiêkszo�æ instalacji naziemnych starej gazowni rozebrano osta-
tecznie na prze³omie lat 70. i 80. ub. wieku. Na terenie przekazanym w³a-
dzom miasta przez Zak³ad Gazowniczy (pocz¹tek lat 90.) pozosta³ ostatni zbior-
nik smó³ pogazowych oraz ca³e �bogactwo� podziemnej infrastruktury w postaci
fundamentów obiektów gazowni, sieci instalacji technologicznych, itp.

W stosunkowo krótkim czasie po demonta¿u budynków starej gazowni
(1993�1994), z pozostawionego starego zbiornika smó³ pogazowych zaczê³y
wyciekaæ wody zanieczyszczone zwi¹zkami ropopochodnymi i przedostawaæ
siê do pobliskiej rzeki £yny, stwarzaj¹c zagro¿enie dla jako�ci jej wód.

Prace i dzia³ania, jakie wtedy podjêto dla ochrony wód rzeki, doprowa-
dzi³y ostatecznie do opró¿nienia zbiornika z zanieczyszczonych wód oraz ro-
zebrania jego czê�ci naziemnej. Nieusuniêt¹ pozosta³¹ czê�æ podziemn¹, wy-
pe³nion¹ smo³ami pogazowymi, które zagêszczono torfem, przykryto foli¹
i przysypano ziemi¹, tworz¹c niewielki kurhan, zaopatrzony w 4 kominki,
umo¿liwiaj¹ce uchodzenie z jego wnêtrza substancji gazowych.

Przedstawione wy¿ej postêpowanie zmierzaj¹ce do likwidacji zagro¿enia
zanieczyszczenia wód rzeki £yny wyciekami ze zbiornika starej gazowni w du-
¿ym stopniu by³o spowodowane brakiem �rodków finansowych, niezbêdnych
do wydobycia smolistych pozosta³o�ci i ich transportu do miejsca unieszko-
dliwienia.

Projekt MAGIC, realizowany w ramach Programu INTERREG III B CAD-
SES z udzia³em dotacji ze �rodków ERDF w wysoko�ci 75%, wpisuje siê
w Dzia³anie 4.1. �Wspieranie ochrony �rodowiska i zarz¹dzanie zasobami na-
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turalnymi� Priorytet 4: �Ochrona �rodowiska, zarz¹dzanie zasobami natural-
nymi i ochrona �rodowiska przed zagro¿eniem� tego Programu.

D³ugoterminowym celem projektu MAGIC jest rewitalizacja terenów zde-
gradowanych przez przemys³ w wyniku eliminacji �róde³ zanieczyszczania wód
podziemnych.

Bezpo�rednim celem projektu jest zastosowanie nowych metod badaw-
czych do identyfikacji �róde³ zanieczyszczania, ich oceny i dostosowania do
oczyszczania wód podziemnych na czterech terenach badawczych w trzech
krajach UE � Czechach, Polsce i w Niemczech.

ZAKRES PROJEKTU MAGIC

Projekt sk³ada siê z sze�ciu pakietów zadaniowych (PZ). Pakiety 1�4
obejmuj¹ techniczne dzia³ania w obrêbie czterech terenów badawczych, gdzie
mo¿na siê spodziewaæ zanieczyszczonych wód podziemnych. Pakiety 5 i 6
dotycz¹ wdra¿ania proponowanej metodologii i procedur zarz¹dzania �rodo-
wiskiem przez administracjê samorz¹dow¹.
PZ 1 � zbieranie danych, opracowanie informacji o obszarach badawczych

oraz planowanie badañ;
PZ 2 � badania terenowe i analizy laboratoryjne;
PZ 3 � tworzenie matematycznych modeli przemieszczania siê zanieczysz-

czeñ w wodach podziemnych;
PZ 4 � ocena rezultatów badañ;
PZ 5 �  wdro¿enie osi¹gniêæ projektu do procedur administracyjnych;
PZ 6 � zarz¹dzanie projektem i jego koordynacja oraz upowszechnianie

rezultatów.
Ca³kowity bud¿et projektu wynosi 2 355 000,00 euro; dotacja z ERDF to

1 547 250,00 euro, a udzia³ Partnerów Projektu stanowi 807 750,00 euro.
 Internetowy adres projektu:www.magic-cadses.com
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Recenzenci artyku³ów zamieszczonych
w Journal of Elementology, vol. 12 no 2 z 2007 roku

Wies³aw Barabasz, Magdalena Maj-¯urawska, Wac³aw Mozolewski,
Kazimierz Pasternak, Józefa Wiatr
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Regulamin og³aszania prac w �Journal of Elementology�

1. Journal of Elementology (kwartalnik) zamieszcza na swych ³amach prace oryginalne,
do�wiadczalne, kliniczne i przegl¹dowe z zakresu przemian biopierwiastków i dziedzin
pokrewnych.

2. W JE mog¹ byæ zamieszczone artyku³y sponsorowane, przygotowane zgodnie z wymaga-
niami sta-wianymi pracom naukowym.

3. W JE zamieszczamy materia³y reklamowe.
4. Materia³y do wydawnictwa nale¿y przes³aæ w 2 egzemplarzach. Objêto�æ pracy oryginalnej

nie powinna przekraczaæ 10 stron znormalizowanego maszynopisu (18 000 znaków),
a przegl¹dowej 15 stron (27 000 znaków).

5. Uk³ad pracy: imiê i nazwisko autora (-ów), TYTU£ PRACY, nazwa jednostki, z której
pochodzi praca, WSTÊP, MATERIA£ I METODY, WYNIKI I ICH OMÓWIENIE,
WNIOSKI, PI�MIENNICTWO, streszczenie w jêzyku polskim i angielskim � minimum
250 s³ów. Streszczenie powinno zawieraæ: wstêp (krótko), cel badañ, omówienie wyników,
wnioski. Przed streszczeniem w jêzyku polskim: imiê i nazwisko Autora (-ów), TYTU£
PRACY, S³owa kluczowe (maks 10 s³ów), Abstrakt, TYTU£ ANGIELSKI, Key words,
Abstract. U do³u pierwszej strony nale¿y podaæ tytu³ naukowy lub zawodowy, imiê i nazwisko
autora oraz dok³adny adres przezna-czony do korespondencji w jêzyku polskim i angiel-
skim.

6. Praca powinna byæ przygotowana wg zasad pisowni polskiej. Jednostki miar nale¿y po-
dawaæ wg uk³adu SI np.: mmol(+) kg-1; kg×ha-1; mol×dm-3; g×kg-1; mg×kg-1 (obowi¹zuj¹
formy pierwiastkowe).

7. W przypadku stosowania skrótu po raz pierwszy, nale¿y podaæ go w nawiasie po pe³nej
nazwie.

8. Tabele i rysunki nale¿y za³¹czyæ w oddzielnych plikach. U góry, po prawej stronie tabeli,
nale¿y napisaæ Tabela i numer cyfr¹ arabsk¹, równie¿ w jêzyku angielskim, nastêpnie tytu³
tabeli w jêzyku polskim i angielskim wyrównany do �rodka akapitu. Ewentualne ob-
ja�nienia pod tabel¹ oraz opisy tabel winny byæ podane w jêzyku polskim i angielskim.
Warto�ci liczbowe powinny byæ podane jako zapis z³o¿ony z 5 znaków pisarskich (np. 346,5;
46,53; 6,534; 0,653).

9. U do³u rysunku, po lewej stronie, nale¿y napisaæ Rys. i numer cyfr¹ arabsk¹ oraz umie�ciæ
podpisy i ewentualne obja�nienia w jêzyku polskim i angielskim.

10. Pi�miennictwo nale¿y uszeregowaæ alfabetycznie, bez numerowania, w uk³adzie: Nazwisko
Inicja³ Imienia (kapitaliki) rok wydania. Tytu³ pracy (kursywa). Obowi¹zuj¹cy skrót czaso-
pisma, tom (zeszyt): strony od-do. np. KOWALSKA A., KOWALSKI J. 2002. Zwarto�æ magnezu
w ziemniakach. Przem. Spo¿., 7(3): 23-27.

11. W JE mo¿na tak¿e cytowaæ prace zamieszczone w czasopismach elektronicznych, wg sche-
matu: Nazwisko Inicja³ Imienia (kapitaliki), rok wydania. Tytu³ pracy (kursywa).
Obowi¹zuj¹cy skrót czasopisma internetowego oraz pe³ny adres strony internetowej. np.
ANTONKIEWICZ J., JASIEWICZ C. 2002. The use of plants accumulating heavy metals for detoxi-
cation of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyperlink �http:/
/www� http://www.ejpau.media.pl/series/volume5/issue1/environment/art-01.html

12. Cytuj¹c pi�miennictwo w tek�cie, podajemy w nawiasie nazwisko autora i rok wydania
pracy (KOWALSKI 1992). W przypadku cytowania dwóch autorów, piszemy ich nazwiska
rozdzielone przecinkiem i rok (KOWALSKI, KOWALSKA 1993). Je¿eli wystêpuje wiêksza liczba
nazwisk, podajemy pierwszego autora z dodatkiem i in., np.: (KOWALSKI i in. 1994). Cytuj¹c
jednocze�nie kilka pozycji, nale¿y je uszeregowaæ od najstarszej do najnowszej, np.: (NOWAK

1978, NOWAK i in. 1990, NOWAK, KOWALSKA 2001).
13. Do artyku³u nale¿y do³¹czyæ pismo przewodnie kierownika Zak³adu z jego zgod¹ na druk

oraz o�wiadczenie Autora (-ów), ¿e praca nie zosta³a i nie zostanie opublikowana w innym
czasopi�mie bez zgody Redakcji JE.

14. Dwie kopie wydruku komputerowego pracy (Times New Roman 12 pkt, z odstêpem aka-
pitu 1,5, bez dyskietki) nale¿y przes³aæ na adres Sekretarzy Redakcji:
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16. Po recenzji Autor zobowi¹zany jest przes³aæ w 2 egzemplarzach poprawiony artyku³ wraz
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Guidelines for Authors �Journal of Elementology�

1. Journal of Elementology (a quarterly) publishes original scientific or clinical research
as well as reviews concerning bioelements and related issues.

2. Journal of Elementology can publish sponsored articles, compliant with the criteria
binding scientific papers.

3. Journal of Elementology publishes advertisements.
4. Each article should be submitted in duplicate. An original paper should not exceed 10

standard pages (18 000 signs). A review paper should not exceed 15 pages (27 000
signs).

5. The paper should be laid out as follows: name and surname of the author(s),
TITLE OF THE ARTICLE, the name of the scientific entity, from which the
paper originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS
AND DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and
Polish languages, min. 250 words. Summary should contain: introduction (shortly), aim,
results and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

6. The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+) kg-1; kg×ha-1; mol×dm-3; g×kg-1; mg×kg-1 (elemental forms should be used).

7. In the event of using an abbreviation, it should first be given in brackets after the
full name.

8. Tables and figures should be attached as separate files. At the top, to the right of
a table the following should be written: Table and table number in Arabic figures (in
English and Polish), in the next lines the title of the table in English and Polish ad-
justed to the centre of the paragraph. Any possible explanation of the designations
placed under the table as well as a description of the table should be given in English
and Polish. Numerical values should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

9. Under a figure, on the left-hand side, the following should be written: Fig. and num-
ber in Arabic figures, description and possible explanation in Polish and English.

10. References should be ordered alphabetically but not numbered. They should be for-
matted as follows: Surname First Name Initial (capital letter), year of publication, Ti-
tle of the paper (italics). The official abbreviated title of the journal, volume (issue):
pages from - to. e.g. KOWALSKA A., KOWALSKI J. 2002. Zawarto�æ magnezu w ziemniakach.
Przem. Spo¿., 7(3): 23-27.

11. It is allowed to cite papers published in electronic journals formatted as follows: Sur-
name First Name Initial (capital letters), year of publication. Title of the paper (ital-
ics). The official abbreviated title of the electronic journal and full address of the web-
site. e.g. ANTONKIEWICZ J., JASIEWICZ C. 2002. The use of plants accumulating heavy metals
for detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13.
hyperlink �http://www.ejpau.pl/series/volume5/issue1/environment/art-01.html� http://
www.ejpau.pl/series/volume5/issue1/environment/art-01.html

12. In the text of the paper a reference should be quoted as follows: the author�s name
and year of publication in brackets, e.g. (KOWALSKI 1992). When citing two authors,
their surnames should be separated with a comma, e.g. (KOWALSKI, KOWALSKA 1993). If
there are more than two authors, the first author�s name should be given followed by
et al., e.g. (KOWALSKI et al. 1994). When citing several papers, these should be ordered
chronologically from the oldest to the most recent one, e.g. (NOWAK 1978, NOWAK et al.
1990, NOWAK, KOWALSKA 2001).
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13. A paper submitted for publication should be accompanied by a cover letter from the
head of the respective institute who agrees for the publication of the paper and a sta-
tement by the author(s) confirming that the paper has not been and will not be publi-
shed elsewhere without consent of the Editors of the Journal of Elementology.

14. Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor�s Secretary:

Dr  hab. Katarzyna Gliñska-Lewczuk
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15. The Editors reserve the right to correct and shorten the paper. Any major changes in
the text will be discussed with the Author(s).

16. After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.


