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Prace oryginalne

CONTENT OF MANGANESE IN SERUM,
ERYTHROCYTES, AND HAIR
OF MEN - AIRPORT EMPLOYEES

Maria Dlugaszek!, Miroslawa Szopal,
Andrzej Salacki?

IInstytut Optoelektroniki, Wojskowa Akademia Techniczna w Warszawie
2Klinika Choréb Wewngetrznych 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 HNO; and HCIO,. 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.

Key words: manganese, serum, erythrocytes, hair, atomic absorption spectroscopy.

dr inz. Maria Dtugaszek, Instytut Optoelektroniki, Wojskowa Akademia Techniczna,
ul. S. Kaliskiego 2, 00-908 Warszawa, e-mail: mdlugaszek@wat.edu.pl
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ZAWARTOSC MANGANU W SUROWICY, ERYTROCYTACH
I WLOSACH MEZCZYZN - PRACOWNIKOW LOTNISKA

Abstrakt

Mangan jest kofaktorem i skitadnikiem wielu enzymoéw. We krwi jest zwiazany gltow-
nie z transferyna, szybko ulega dystrybucji i szybko jest wydalany z organizmu, przede
wszystkim z zélcia. Niewielkie iloSci tego pierwiastka sa wydalane w moczu. Prawie cata
pula Mn we krwi jest zlokalizowana w erytrocytach. W pracy oznaczono zawarto$¢ manga-
nu w surowicy, erytrocytach i wlosach 26 mezczyzn bedacych pracownikami lotniska. Gru-
pe kontrolng stanowili pracownicy administracyjni, natomiast grupe badang — mezczyzni
obstugujacy samoloty. Wiosy pobrano z kilku punktow glowy, w ilosci ok. 0.5 g i dlugosci
3-4 cm, liczac od skory. Probki wlosow umyto w roztworze detergentu, wodzie dejonizowa-
nej i acetonie, a nastepnie wysuszono. Probki krwi odwirowano i oddzielono mase erytro-
cytarng od surowicy. Tak przygotowane probki mineralizowano w mieszaninie spektralnie
czystych kwaséow HNOg i HCIO,. Zawarto§¢é manganu oznaczono metoda spektrometrii ab-
sorpcji atomowej z atomizacjg w piecu grafitowym GFAAS. Oznaczona zawartos¢ Mn w ba-
danych probkach erytrocytow byta statystycznie istotnie wyzsza w grupie kontrolnej.
W probkach wloséw zawarto§¢ Mn byta poréwnywalna w obu grupach mezczyzn. Wyzna-
czone wspotczynniki korelacji miedzy zawartoscia Mn w surowicy i we wlosach, erytrocy-
tach i we wlosach oraz w surowicy i erytrocytach nie wskazuja na wystepowanie istotnych
zaleznoSci miedzy zawartoScia Mn w badanych probkach klinicznych. W badaniach, zaréw-
no w surowicy, erytrocytach i wlosach mezczyzn z grupy kontrolnej, jak i w badanej, nie
stwierdzono, aby w znaczacy sposob kumulowat sie mangan. Jednak w erytrocytach pra-
cownikow obstugujacych lotnisko ilo§é Mn byta znamiennie wyzsza.

Stowa kluczowe: mangan, surowica, erytrocyty, wlosy, 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 Ca?* gated
channels. DMT1 is responsible for the cellular uptake of divalents cations
(Fe?*+, Cd?+, Co*, Ni2+,Cu?*, 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



99

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 (RoTtH, 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, CAsSALINO 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 (Davypowa 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 — 20°C until analyses. About 1 g of the prepared
samples was mineralized in a mixture of spectrally clean acids HNO4 (65%)
and HCIO, (65%) (3 + 1).

Concentration of Mn was analyzed by electrothermal atomic absorption
spectrometry (GFAAS) using a spectrometer AVANTA X (GBC) equipped
with a graphite furnace GF3000 fitted with a deuterium lamp for background
correction and an autosampler PAL3000. The wavelength applied was
A=279.5 nm, the temperature program was 700/2400°C, 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.

Table 1
Analytical characterization of used method
Characteristic Limit .. Certificated Mn Found Mn
. Precision Recovery . .
mass of detection (%) (%) concentration concentration
(pg) (ng mll) xxspggl | xxsmggh
0.32 0.17 14 102.3 2.94 + 0.2 2.84 + 0.17

Concentration of Mn in serum of both groups exceeded 2 g/kg. Smaller
contents of Mn were received by other authors: 11 nmol 1'! by KucEra et. al
(1995) and 0.5 g 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 pg kgl. According to IUPAC (CorNELIS et. al
1995) a typical content of Mn in erythrocytes is about 15 pg kg'l. In samples
of hair Mn concentrations were comparable between both groups of men:
0.07-0.42 pg kg'l. 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 pg L1). 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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Table 2
Concentration of Mn in serum, erythrocytes and hair, x + s (ng kg'})
Serum Erythrocytes Hair Authors
Tested group
(n =16) 25+0.9 11.8 £ 1.7 201 = 110 own research
(1.0 -4.7) (4.3 -13.5) (120 — 420)
Control group 22+09 7.4 +238,p<0.05 231 = 90 own research
(n =10) (1.1-3.7) (8.5 —14.0) (70 — 370)
KRISTIANSEN
* -1
165 = 51* nmol 1 ot al. 1997
KucEra et al.
-1
11 + 3 nmol 1 1995
WHITE
_ % -1 s
7.40 (1.5 - 22.0ypg 1 SaBBIONT 1998
CoORNELIS et al.
-1 -1
0.5nugl 15 pg kg 1995
2 - 27%pg 1l ApostoL1 2002
BERMEJO-
0.03-12pngg! -BARRERA
et al. 1998
5.0-12.8% pg 11 1| GouLLE et al.
0.63 — 2.26% pg 11 | 0016-057ngg 2005
1 1 TERESA et al.
0.0037 — 0.0140 pg ml 010-24pgg
1997
GuLsoN et al.
_ * -1
1.8 -45.0% pngl 2006
_ * -1
6.3 (rililtﬁerilg I 0.1-324nggtl TAKSER et al.
_ -1
14.9 - 92.9 *ng I (chila)| %07~ 1333 ng g 2003
VIOLANTE et al.
-1
0383 pugg 2000
PEREIRA et al.
_ -1
0.02-3548ng g 2004
WRIGHT et al.
_ -1
89.1-21453ng g 2006
) AUDREY et al.
_ ES -1
1.2 -4.0% pug 1 2002
* blood

**plasma
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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.

REFERENCES

Apostont P. 2002. Elements in environmental and occupational medicine. J. Chromatogr.
B., 778: 63-97.

AUDREY S., TAKSER L., ANDRE M., MARTIN S., MERGLER D., ST-AMoUR G., Brot P., HELLIER G., HUEL
G. 2002. A comparative study of manganese and lead levels in human umbilical cords
and maternal blood from two urban centers exposed to different gasoline additives. Sci.
Total. Environ., 290:157-164.

BERMEJO-BARRERA P., MOREDA-PINEIRO A., MOREDA-PINEIRO J., BERMEJO-BARRERA A. 1998. Determina-
tion of aluminium and manganese in human scalp hair by electrothermal atomic ab-
sorption spectrometry using slurry sampling. Talanta, 45:1147-1154.

CasarLiNo E., CaLzareTTI G., SBLANO C., LanDRISCINA C. 2002. Molecular inhibitory mechanisms
of antioxidant enzymes in rat liver and kidney by cadmium. Toxicology, 179: 37-50.

CornNELIs R., HEiNnzow B., HERBER R.F.M., CHRISTENSEN J.M., PAULSEN O.M., SaBBIOoNI E., TEMPLETON
D.M., THOMASSEN Y., VAHTER M., VESTERBERG O. 1995. Sample collection guidelines for trace
elements in blood and urine. Pure & Appl. Chem., 67: 1575-1608.

Davypova S. 2005. Heavy metals as toxicants in big cities. Microchem. J., 79:133-136.

GouLLE J.P., MaHIEU L., CAsTERMANT J., NEVEU N., BoNnNEAU L., LAINE G., Bouic D., Lacroix C.
2005. Metal and metalloid multi-elementary ICP-MS validation in whole blood, pla-
sma, urine and hair. Reference values. Forensic Sci. Int., 153: 39-44.

GuLsoN B., MizoN K., TavLoR A., KorsH M., STAUBER J., Davis J.M., Louie H, Wu M, Swan H. 2006.
Changes in manganese and lead in the environment and young children associated
with the introduction of methylcyclopentiadienyl manganese tricarbonyl in gasoline-
preliminary results. Environ. Res., 100:100-114.

Hussain S., Aur S.F. 1999. Manganese scavenges superoxide and hydroxyl radicals: an in
vitro study in rats. Neuroscience Letters, 261: 21-24.

KRISTIANSEN J., CHRISTENSEN J.M., IVERSEN B.S., SaBBiont E. 1997. Toxic trace element reference
levels in blood and urine: influence of gender and lifestyle factors. Sci. Total. Environ.,
204: 147-160.

Kucera J., BEncko V., SaBBiont E., Van DEr VENNE M.T. 1995. Review of trace elements in
blood, serum and urine for the Czech and Slovak populations and critical evaluation of
their possible use as reference values. Sci. Total. Environ., 166: 211-234.

PEeRREIRA R., RiBEIRO R., GONCALVES F. 2004. Scalp hair analyses as a tool in assessing human
exposure to heavy metals. Sci. Total. Environ., 327:81-92.

Rotu J.A., Garrick M.D. 2003. Iron interactions and other biological reactions mediating the
physiological and toxic actions of manganese. Biochem. Pharm., 66:1-13.



103

TAKSER L., MERGLER D., HELLIER G., SAHUQUILLO J., HUEL G. 2003. Manganese, monoamine meta-
bolite levels at birth, and child psychomotor development. Neurotoxicology, 24:667-674.

TERESA M., VasconceLos S.D., Tavares H.M.F. 1997. Trace elements concentrations in blood
and hair of young apprentices of a technical-professional school. Sci. Total. Environ.,
205: 189-199.

VIoLANTE N., SENOFONTE O., MarsiLI G., MELI P., Socciu M.E., Caror1 S. 2000. Human hair as
a marker of pollution by chemical elements emitted by a thermoelectric power plant.
Microchem. J., 67:397-405.

WaITE ML.A., SaBBiONT E. 1998. Trace element reference values in tissues from inhabitants
of the European Union. X. A study of 13 elements in blood and urine of a United
Kingdom population. Sci. Total. Environ., 216: 253-270.

WriGHT R.O., AMARASIRIWARDENA C., WooLF A.D., JIM R., BELLINGER D.C. 2006. Neuropsychologi-
cal correlates of hair arsenic, manganese, and cadmium levels in school-age children
residing near a hazardous waste site. Neurotoxicology, 27:210-216.

Zuancg S., Zuou A., Fu J. 2003. Effect of manganese chloride exposure on liver and brain
mitochondria function in rats. Environ. Res., 93:149-157.



104




J. Elementol. 2007, 12(2): 105-110

SPECIATION ANALYSIS OF INORGANIC
FORMS OF SELENIUM
IN CONFECTIONERY PRODUCTS

Agnieszka Gawloska-Kamocka

Wyzsza Szkola Zawodowa w Lodzi

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 Se? SeO;*
and Se042' 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.

Key words: selenium, analysis, speciation, mineral confectionery products.
ANALIZA SPECJACYJNA NIEORGANICZNYCH FORM SELENU
W WYROBACH CUKIERNICZYCH
Abstrakt

Jednym z mikroelementow, ktéry w ostatnich latach wzbudza ogromne zainteresowa-
nie ze wzgledu na swoje biologiczne wtasciwosci, jest selen. Stwierdzono, ze w organizmie
cztowieka selen stymuluje uktad immunologiczny oraz dziata przeciwnowotworowo. Glow-

Agnieszka Gawtoska-Kamocka, Wyzsza Szkota Zawodowa w Lodzi
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nym zrodtem selenu jest zywnos$¢ bogata w biatko pochodzenia zwierzecego i roslinnego
oraz wysokobiatkowe produkty mleczne.

Celem pracy bylo poznanie specjacji selenu w probkach wyrobéw cukierniczych zmie-
rzajacej do okredlenia nieorganicznych form selenu w postaci anionéw: selenkowych Se?-,
selenianowych (IV)SeO32’, selenianowych (VI) Se042‘.

Do oznaczen koncowych zastosowano technike generowania wodorkéw w potgczeniu
z metoda atomowej spektroskopii absorpcyjnej HG-AAS. Oznaczenie selenu opiera si¢ na
polaczeniu ekstrakecji wodnej probki z roztwarzaniem prébki stezonymi kwasami.

Oznaczenie specjacyjne selenu wykonano w 10 probkach wyrobow cukierniczych.

Zbadano rowniez korelacje miedzy zawartosciag selenu a poszczegélnymi formami sele-
nu na (-II), (IV),(VI) stopniu utlenienia. Wykazano brak korelacji miedzy zawartoscig cat-
kowitg selenu a nieorganicznymi formami selenu. Oznacza to, ze analiza specjacyjna jest
jedyna analiza zawartos$ci selenu w zywnoSci.

Stowa kluczowe: selen, analiza, specjacja, wyroby cukiernicze.

INTRODUCTION

Investigations on speciation of selenium most often concern samples
of physiological liquids such as urine, blood and serum (PyrzyNska 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 (CHg),Se 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 (PyrzyNska 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. PyrRzyNska (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 SwIETLIK (1998),
Huranickr (1997) and PyrzyNska (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 Se? Se032' and Se042' 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, GiLEck1 1997, AsTruc 1998, Gawroska and MASLOWSKA
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. Se032', 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 Se032' + SeZ;

— the sample was treated with hydrochloric acid (10% solution) in order to
reduce SeO42' to Se032' and to determine the total content of selenium as
well as (Se042' + SeO32' + Se2);

— the content Se042' and Se?" 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 ug kg'l. 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 kgl. The total content of
selenium in the mineralised reference material subjected to reduction with
hydrochloric acid was 5.50 = 0.15 mg kg'l, 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.

Table 1

Results of determination of three of different forms of selenium and total selenium
content in samples of confectionery products; n=6

Selenium content (ng kg1)
Sample of product
Se2 + SD SeO32‘: SD Se042': SD Se total = SD
Tiki-Tak chocolates 0.09+0.02 1.35+0.42 1.20+0.22 2.65+0.59
Malaga chocolates 0.05+0.01 2.05+0.24 1.42+0.38 3.53+0.46
Kasztanki chocolates 0.04+0.01 1.28+0.31 1.10+0.14 2.42+0.34
Prince-Polo wafers 0.03+0.01 2.30+0.47 1.63+0.87 4.00+0.55
Sesame biscuits 0.06+0.01 2.50+0.35 1.91+0.53 4.43+0.38
Salted breadsticks 0.03+0.01 1.94+0.93 1.83+0.75 3.82+0.74
Delicje biscuits 0.04+0.01 2.43+0.40 1.35+0.32 3.83+0.89
Alibi chocolate bar 0.07+0.01 1.88+0.95 1.50+0.54 3.47+0.55
Amaranth bar 0.03+0.02 1.38+0.47 1.30+0.23 2.71+0.63
Likwor rumowy chocolates 0.08+0.02 1.22+0.33 1.10+0.15 2.41+0.46

SD — standard deviation

The highest total selenium content was found in sesame biscuits (4.43 +
+0.38 ng kg'l), 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 " content, within
the in range of 1.22 + 0.33 to 2.50 + 0.35 pg kg'l. Comparatively rich in seleni-
um were Prince-Polo wafers, salted breadsticks and Delicje biscuits. In general,
the analysed sweets and biscuits were low in Se? (0.03 to 0,09 ng kg1), SeOq 2-
(1.22+0.33 to 2.43+0.40) and especially SeO,% (1.10-1.91 pg kg!). The h1gh—
est Se042‘ content was determined in sesame biscuits (1.91 ng kg'1). Tiki-
Tak chocolates possess the highest content of Se2 ions (0.09 ng kgl). The
highest content of SeO3 was found in Delicje biscuits (2.43 ng kg'l).
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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 DEJNEKRA (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 Se?, SeO32' and Se042' 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: Se?", Se032' and Se042'.

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 Se032' (22%),
Se042' (12%) and Se? (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.

Sandor A. Kiss, tel.: +36-62-432-298; fax: +36-62-432-298, H-6726 Szeged, Fofasor 73/A/2.
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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 SiMmMoN and Paim (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 (Saccur and CoutcHi, 1992).

Somryar 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. 1., 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 95°C 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 CO, 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 CO,
was possible through a plug (0.1 mm) closing the vessels. We kept the cul-
tures in a thermostat at 30°C 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 Fripovicu (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 H,0,
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. 1.)
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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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Table 1

Mass decrease of seeds of Zea mays L. varieties during germination as a function

of the deuterium con-centration in a medium (water). The data are given as percentages

of the original mass and in comparison to 150 ppm, means from 5x20 seeds

Species/Mass decrease ( %) Concentration of deuterium (ppm)
25 150 300
Ida
absolute decrease, % 10.5 11.6 10.0
decrease compared to D-150, % 90.5 100.0 86.2
Raissa
absolute decrease, % 22.4 24.1 22.1
decrease compared to D-150, % 92.9 100.0 91.7
Randa
absolute decrease, % 19.8 214 19.6
decrease compared to D-15.0, % 92.5 100.0 91.5
Mean decrease, % 17.6 19.0 17.2
Table 2

Correlation between the coleoptile + root mass of Zea mays L. var. Ida germinated in media
of various deuterium contents and the weight loss of seeds (mg/weight of 20 seeds),
as percentage value of the respiratory (energy) loss, average of three varieties
and in comparison to 150 ppm D content

Quantity (mg) and loss of quantity

Concentration of deuterium (ppm)

25 150 300
Coleoptil 184 210 182
%/D-150 88.0 100.0 87.1
Root 604 706 640
%/D-150 85.4 100.0 90.6
Coleoptil+root 788 916 822
%/D-150 86.0 100.0 90.6
Ratio of coleoptil/root 3.25 3.26 3.50
Mass decrease of seeds 1206 1350 1156
Respiratory loss, mg 414 434 382
Respiratory loss, % 34.3 32.1 33.0
%/D-150 106.8 100.0 102.8

Respiratory loss = mass decrease of seed - (coleoptile + root) mass
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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 mll) 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.

Table 3

Changes in the shoot (epicotyl) length, oxygen free radical- and antioxidant activity
of germinating pea (Pisum sativum var. Hanka) as a function of the deuterium
and ATP content of a medium (average of 5 replications)

Deuterium (ppm) Deuterium (ppm)+ ATP (mg ml?1)
Parameters 28 150 300 28 + 30 150 + 30 | 300 + 30
% % % % % %
Epicotyl, mm 12.3| 67 | 18.3| 100 | 14.0| 76 | 19 | +54 | 24.0| +31 | 22.1 | +58
LP, nM mg'! 18.1| 111 | 16.2| 100 | 17.9| 110 | 182| 0 | 172 +10 | 19.2| +7
-OH nM mg™! 232|123 [ 189 100 | 21.2| 112 | 22.1| -5 |204| +8 |21.8| +3
SOD, E mg! 14.8| 98 | 15.1| 100 | 15.0| 99 | 15.2| +2 | 149| -2 |[16.0| +6
Cat,E mg-10* 0.8 | 108 | 0.7 | 100 | 0.7 | 100 | 1.28 | +66 | 1.30 | +83 | 1.20 | +74

Effects of ATP in % = in proportion to the ATP-free, deuterated solution

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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Table 4

Comparison of Zea mays L. var. Ida coleoptiles grown in media of different deuterium
concentrations for bios activity, on the basis of mass decrease in sugar-yeast solution, versus
the mass decrease of seed during germination and the mass of coleoptil (mg n1)

Concentration of deuterium (ppm)
Parameters

25 150 300
Quantity of colepotil, mg n-! 56.58 126.53 77.36
%/D-150 44.7 100.0 61.1
Mass decrease, mg n'! 42.48 46.50 41.04
%/D-150 89.5 100.0 88.2

Mass decrease of sugar-solution mg n! coleoptil
During 12 hrs 1.72 2.00 1.55
+ 13 hrs 3.28 4.11 4.04
Total: during 25 hrs 5.00 6.11 5.59
%/D-150 81.8 100.0 90.7
5 parallel, mean for 20-20 seeds
Table 5

Oxygen free radical and antioxidant enzyme ac-tivities of coleoptiles of maize (var. 1da)

germinated in media of various deuterium concentrations

Concentration of deuterium (ppm)
Parameters

25 150 300
Protein, mg g1 22.70 23.25 22.50
%/D-150 97.6 100.0 96.7
LP, nM MDA mg™! prot. 4.06 3.75 4.15
%/D-150 108.3 100.0 110.6
-OH, nM mg'! prot. 43.6 34.5 39.3
%/D-150 126.4 100.0 113.9
Cat, E mg! prot. -10 1.059 0.972 0.969
%/D-150 108.9 100.0 99.7
SOD, E mg! prot. 14.3 15.6 13.4
%/D-150 91.6 100.0 85.9
FRAP values, uM L1 252 276 239
%/D-150 91.3 100.0 86.6
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DISCUSSION

According to StmmonDs 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 germinability of seeds decreased, e.g. in soya
bean a 40% increase in the HyO, 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 (AuroMaA 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
D,0 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. D,O 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
araised 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 hal
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'l 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.

WPLYW SYSTEMU MELIORACYJNEGO NA WIELKOSC I SEZONOWOSC
ODPLYWU AZOTANOW Z GLEB UPRAWNYCH

Abstrakt

W pracy przedstawiono wyniki 8-letnich badan odptywu azotanéw z gleb cigezkich uzyt-
kowanych ornie. Por6wnywano odplyw azotanow ze zlewni drenarskiej i zlewni odwadnia-
nej rowami. Stwierdzono, ze system drenarski odprowadza 2-krotnie wiecej wody o 5-krot-
nie wyzszym stezeniu azotanéw i 20-krotnie wyzszym ich !adunku niz system rowéw. Z gleb
odwadnianych drenami wysoki odptyw azotanow (22 kg rocznie z 1 ha) rozkladal sie réw-
nomiernie w ciggu roku, z maksimum w marcu i czerwcu. Odplyw azotanéw systemem
rowow byl niewielki (1,15 kg rocznie z 1 ha), z maksimum w marcu i kwietniu (62% ta-
dunku) i zanikiem odplywu latem.

Stowa kluczowe: azotany, odptyw 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 (Foryma 1996, Foryma 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 (Foryma 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 (Foryma 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, Lrrmskr 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 Morag via Gietrzwald, Stawiguda (10 km south of Olsztyn) and
Barczewo towards Mikotajki (Sorarskr et al. 1996, Ugcra 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 hal on average, with the lowest fertilization rate, from 40 to 60 kg
NPK ha! under winter rye and spring barley, to around 350 kg NPK ha'l,
supplied to winter oilseed rape (Sorarski 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
7.4°C, versus the mean annual temperature for one hundred years of 6.8°C.
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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Table 1

Meteorological conditions during the years under study (data supplied
by the meteorological station in Olsztyn)

. Year Winter | Summer| Spring

Hydrological year | Parameter 11-10 11-04 05-10 03-04 08-09 10-11

a 628.0 288.0 340.0 115.0 188.0 108.0
1992

b 8.0 1.7 14.4 4.3 16.1 4.2

a 679.0 252.0 427.0 52.0 146.0 36.0
1993

b 7.4 1.7 13.1 4.3 13.0 2.2

a 690.0 378.0 312.0 175.0 97.0 155.0
1994

b 7.4 0.9 13.9 5.2 15.8 4.9

a 701.0 321.0 380.0 102.0 152.0 58.0
1995

b 8.4 2.3 14.4 4.7 15.0 5.2

a 415.0 125.0 290.0 24.0 71.0 84.0
1996

b 5.7 2.1 13.5 2.6 14.1 5.5

a 556.1 136.2 419.9 59.5 44.0 954
1997

b 7.1 0.2 13.9 3.0 15.7 4.2

a 550.0 196.7 353.3 80.0 1014 91.9
1998

b 7.8 2.2 13.5 4.7 13.9 1.9

a 671.3 268.5 402.8 155.0 87.2 82.3
1999

b 7.5 0.5 14.5 6.1 15.8 5.0
Mean from a 6113 | 2457 | 3656 | 953 1108 | 888
1992-1999 b 74 0.9 13.9 4.4 14.9 4.1
Long-term mean a 6052 | 2259 | 3793 | 707 | 129.0 | 90.7
1881-1995 b 6.8 0.1 134 3.2 14.4 3.9

a — rainfall in (mm)
b — air temperature in (°C)

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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Table 2
Runoff of water from agricultural catchments in mm
Draining Time period in months
Year

system 11-10 11-04 05-10 03-04 08-09 10-11

ditches 35 23 12 15 3 5
1992

drains 64 34 30 14 11 10

ditches 86 74 12 38 6 2
1993

drains 105 52 53 21 19 19

ditches 202 172 30 137 1 2
1994

drains 222 112 110 62 29 29

ditches 73 58 15 20 3 2
1995

drains 228 119 109 49 32 30

ditches 39 25 14 22 0 1
1996

drains 143 87 56 44 16 15

ditches 31 12 19 7 1 9
1997

drains 82 43 39 16 13 14

ditches 105 94 11 36 1 2
1998

drains 178 90 88 39 25 25

ditches 34 34 0 9 0 0
1999

drains 151 95 56 48 17 9
Mean from ditches 76 62 14 36 2 3
1992-1999 drains 147 79 68 37 20 19

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 5°C 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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Table 3
Mean concentration of nitrates in waters flowing from cropland soils (mg N-NO, dm3)
Yoar Draining Time period in months
system 11-10 11-04 05-10 03-04 08-09 10-11
ditches 2.36 3.53 0.95 421 0.34 242
1992 drains 10.56 12.76 8.37 22.00 2.00 12.94
ditches 1.94 3.01 0.87 2.63 0.48 0.48
1993 drains 19.41 19.45 19.37 23.58 22.73 21.58
ditches 1.23 1.71 0.74 1.83 0.42 0.89
1994
drains 24.09 24.36 22.59 18.13 23.04 20.11
ditches 0.94 1.54 0.35 1.47 0.36 0.36
1999 drains 14.89 16.35 13.43 18.58 13.70 16.35
ditches 0.52 0.43 0.63 0.42 0.67 0.47
1996 drains 24.24 23.97 24.50 19.95 25.94 17.96
ditches 1.03 1.18 0.89 2.72 0.96 0.99
1997 drains 16.44 21.35 11.53 2.17 12.36 7.03
ditches 0.90 0.97 0.77 0.65 0.42 0.18
1998 drains 10.55 11.19 9.49 12.56 9.55 7.50
ditches 0.54 0.36 0.71 0.04 1.63 3.34
1999 drains 11.13 11.07 11.19 13.12 12.90 0.06
Mean from ditches 1.18 1.59 0.74 1.75 0.66 1.14
1992-1999 drains | 1641 | 1756 | 1506 | 1626 | 1528 | 12.94

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-NO, 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 NO4 dm3 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-NOg 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-NO; per ha annually, ranging from 7.1 to 49.6 N-NO; per ha.
Under the same conditions, soils drained by ditches had an outflow of 1.2 kg
N-NOg 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-

Table 4

Mean concentration of nitrates in waters flowing from cropland soils (mg N-NO, dm3)

Draining Time period in months
Year

system 11-10 | 11-04 | 05-10 | 03-04 | 08-09 | 10-11

ditches 1.06 0.91 0.15 0.61 0.01 0.18
1992

drains 7.13 4.93 2.21 2.95 0.47 145

ditches 2.43 2.32 0.10 1.12 0.06 0.01
1993

drains 20.7 1032 | 10.40 4.79 3.67 3.81

ditches 3.64 2.26 0.38 2.52 0.01 0.04
1994

drains 4955 | 2549 | 24.06 11.27 6.91 5.71

ditches 1.00 0.95 0.05 0.29 0.02 0.01
1995

drains 34.55 1938 | 15.17 8.75 7.56 4.55

ditches 0.18 0.11 0.07 0.09 0.02 0.01
1996

drains 3401 | 2055 | 13.46 8.61 4.49 1.09

ditches 0.31 0.16 0.15 0.12 0.01 0.04
1997

drains 9.16 6.50 2.66 1.62 0.01 0.51

ditches 0.79 0.68 0.11 0.23 0.01 0.01
1998

drains 13.86 9.40 4.45 497 1.52 0.01

ditches 0.04 0.04 0.00 0.00 0.00 0.00
1999

drains 8.88 454 4.34 2.17 0.01 0.01
Mean from ditches 1.18 0.93 0.13 0.62 0.02 0.04
1992-1999 drains 2223 | 1264 9.59 5.64 3.08 2.14
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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-NOg 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-NOg 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-NOj per
1 dm3, declining to under 1 mg N-NOg 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.

Key words: crop protection chemicals, plants, animals, human.

WPLYW SRODKOW OCHRONY ROSLIN NA ROSLINY I ZWIERZETA
Abstrakt

Srodki ochrony roslin to zwigzki chemiczne o duzej aktywnosSci biologicznej, powszech-
nie stosowane w rolnictwie. Wywierajg one przede wszystkim pozytywny wplyw na plono-
wanie roslin oraz jako$¢ przechowywanych plodéw rolnych. Srodki ochrony roslin mogg
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byé takze przyczyna zanieczyszczenia Srodowiska przyrodniczego. Preparaty te w wyniku
nieprawidlowych zabiegow agrotechnicznych przedostajg sie do réznych ekosysteméw, za-
grazajac ludziom, zwierzetom i ro§linom. Negatywne dzialanie tych substancji jest zwigzane
z ich niewlaSciwym stosowaniem, trwatoSciag oraz zdolnoscig do kumulowania w $rodowi-
sku. Ich dlugotrwate zaleganie wplywa negatywnie na organizmy zywe, w tym czlowieka.
Biocydy przedostajg sie¢ do organizmu ludzkiego gléwnie drogg pokarmowsa, powodujac za-
burzenia w funkcjach zyciowych, a w skrajnych przypadkach $mierc.

Stowa kluczowe: §rodki ochrony ro§lin, rosliny, zwierzeta, cztowiek.

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, PRACZYR, 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-
K1, 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 (Bieszczap, 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, Wyszrowskga 2002, Bosakowska, GrLiwisz 2005, Wa 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.

biocides in the
environment
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/\1
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-

Fig. 1. Biocide transformations in the environment

physical
transformation

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-
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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
(GrrrriTHS 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, KUuCHARSKI 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, SwEDRzYNSKA 2004). Soil is contaminated mostly by compounds whose
active substance is characterized by high resistance to soil borne microor-
ganisms (Nowak 1996, SANCHEZ 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, SRRENSEN 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
(WEGOREK 1994, Furczak, KoscieLNa 1997, Wyszkowska, KucHaRrskr 2004). Long-
-term use of crop protection chemicals affects the persistence time of com-
pounds in soil colloids as well as soil microbial activity (OsTrRowskr 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 (DucanN 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, Griwisz 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 (Brazewicz 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 cm?3 1! and 0.5 cm3 11 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 (Jawarp et al. 2004).

It was found (Bzruk 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 (KrivMacH, 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 (Sapowski 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
(BrascHr 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, SkrzypPczak 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 (Brazewicz 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 (Brazewicz 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 Rora and KieLoca (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 Poznan, 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 (Banaszriewicz 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 LDy, 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).

Table 1

Classification of crop protection chemical toxicity with regard to mammals according
to the Act on the Protection of Plants of 18 December 2003 (Journal of Laws, 2006.171.1225)

Acute dermal
Acute oral toxicity (rat or
Toxicity Toxicity toxicity LDg, R Acute inhalation toxicity LCg,
L 1 rabbit) LDg, 3
class description | (mg-kg™ body 1 (mg-dm?-4h)
weight) (mg kg™ body
g weight)
. <0.25 — aerosols
I very toxic =25 =50 <0.50 — gases and vapors
. 0.25<LCxy=<1 — aerosols
11 toxic 25<LD5y=200 | 50<LD5o=40 | so 1 20 and vapors
1<LCsy=<5 — aerosols
111 harmful | 200<LD5;<2000 | 400<LD5,<2000 2<LC,,=20 - gases and vapors

Acute toxicity — capacity of the substance to produce a toxic effect in the body following

a single exposure or the administration of a single dose.

LD;, — amount of the chemical substance, statistically calculated based on the results

of research, that leads to the death of 50% of organisms following its administration

in a given manner.

LGy _ statistically calculated concentration of the chemical substance in an environmental
medium leading to the death of 50% of organisms of a given population under certain
conditions.
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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 (Bzwok 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.

AtaNTYAZOVA 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 pg 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
(JuBera 2000). Research results show that crop protection chemicals have an
enormous impact on the immune (WEtisgLas-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 (Ducan 1969,
Marratou 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 (MAaL-
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 kgl 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 (Bieszczap, 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
amajor 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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LOLOWIANY DIABEL”

Jerzy Oleszkiewicz

Abstrakt

Prawie kazda patologia jest wieloprzyczynowa. W dazeniu do opanowania agresji mio-
dziezy, nalezy uwzgledni¢ mozliwosé toksycznego wplywu otowiu i kadmu na moézg. Wynika
to z analizy pierwiastkowej wlosow metoda spektroskopii absorpcji atomowej wykonanej
w Wojskowej Akademii Technicznej w Warszawie. Udokumentowano, ze nadmiar otowiu
iniedob6ér magnezu, ktory jest neutralizatorem tej neurotoksyny — jest znamienny i po-
wszechny. Dlatego konieczna jest masowa suplementacja magnezem mlodziezy 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.

Oléw to jedno z najwiekszych zagrozen dla zycia biologicznego na ziemi.
Niestety, jest wszechobecny w naszym $rodowisku. Przenika do organizmoéw
ludzkich i zwierzecych droga pokarmowa, oddechowa oraz przez skore.

By¢ moze, ten metal, znany od kilku tysiecy lat, odegrat istotng role
w upadku cywilizacji, m.in. imperium faraonéw i cesarstwa rzymskiego: sta-
rozytni uzywali otowianych kotléw do produkecji wina gronowego, za posred-
nictwem ktorego otowiana trucizna przenikata do ich organizmoéw. Jest row-
niez hipoteza, wg ktérej przyczyna degeneracji wladcow Kremla, znanych
z dewiacji psychicznych i okrucienstw, mogto by¢ korzystanie z zainstalowa-
nych w XVII w. wodociagéow z otowianymi zbiornikami na wode i rurami
odprowadzajacymi.

Oléw byt od dawna znany jako niebezpieczna substancja, lecz na poczat-
ku XX w. prawie kazdy produkt codziennego uzytku zawieral jakas dawke
tego metalu. Powazne konsekwencje zdrowotne spowodowata dopiero rozpo-
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czeta w USA w 1923 r. produkcja otowiu na skale przemystowa, stanowigce-
go dodatek do paliw silnikéw samochodowych. Amerykanski badacz Patter-
son udokumentowal, ze przed 1923 r. w atmosferze nie byto prawie w ogoéle
zwigzkow otowiu, a od tego czasu ich stezenie stale i niebezpiecznie rosto.
Usuniecie otowiu z benzyny stato sie jego zyciowym celem. Doprowadzit do
uchwalenia slynnej ustawy Clean Air Act (uchwala o czystym powietrzu)
z 1970 r. i do wprowadzenia w 1986 r. zakazu sprzedazy benzyny otowiowe;j
w Stanach Zjednoczonych. Niemal natychmiast poziom otowiu we krwi Ame-
rykanéw obnizyl sie 0 80%. Mimo to zyjacy dzisiaj Amerykanie majg ok. 625
razy wyzsze stezenie olowiu we krwi niz ich przodkowie 100 lat temu. Kon-
serwy i inne pojemniki lutowane z uzyciem materialéw zawierajacych otow
wycofano ze sprzedazy w Ameryce dopiero w 1993 r.

W krajach uprzemystowionych ilos¢ otowiu w atmosferze nadal rosnie,
catkowicie legalnie, gtéwnie za sprawa kopaln, przetworstwa metali oraz kil-
ku innych gatezi przemystu.

Od dawna wiadomo, ze ol6w jest neurotoksyna, moze powodowaé zabu-
rzenia zachowan, halucynacje, itp. (Bryson 2003)

W latach 70. prof. Bozena Hager-Matecka u 300 dzieci zamieszkatych
w poblizu Huty Metali Niezelaznych w Szopienicach stwierdzita otowice.
7 ogolnej liczby tych dzieci az 10% uczeszczato do szkét specjalnych (OLEsz-
KIEWICZ 1996).

W latach 80. badano zawarto$é metali toksycznych u dzieci z zaburzenia-
mi psychosomatycznymi leczonych w Zespole Psychosomatycznym przy Wo-
jewodzkim Szpitalu Dzieciecym w Warszawie. Niemal powszechne bylo, na-
wet wielokrotne, przekroczenie dopuszczalnych pozioméw otowiu oraz kadmu
(zawartego w dymie tytoniowym). Réwnoczesnie udokumentowano drastycz-
ne niedobory naturalnych neutralizatoréw powyzszych toksyn, tj. magnezu
i cynku. Niedobory ilo$ciowe tych neutralizatorow powoduja, ze metale tok-
syczne wlaczajac sie w procesy metabolizmu przenikaja do mézgu. Dtugo-
trwate uzupetnianie magnezu (odtrutki otowiu) i cynku — jako neutralizatora
kadmu — najczesciej powodowato poprawe w zakresie nadpobudliwosci psy-
chomotorycznej dzieci. Wyniki tych prac byty przedstawiane na Europejskim
Kongresie Psychosomatycznym (OrLESzZKIEWICZ 1988) oraz na Swiatowej Konfe-
rencji Toksykologicznej w New Delhi (DARZYNKIEWICZ 1993)

Badania laboratoryjne wtoséw prowadzono metoda spektroskopii absorp-
cji atomowej w Wojskowej Akademii Technicznej w Warszawie. Metodg ta
przebadano juz ponad 30 tys. Polakéw ze wszystkich grup wiekowych. Nad-
miar otowiu i niedobdér magnezu jest znamienny i powszechny (DuNIcz-Soko-
LOWSKA 2006). Inni autorzy réwniez donoszg o pozytywnych wynikach suple-
mentacji magnezem dzieci z nadpobudliwo$cia psychoruchowsg i zaburzeniami
koncentracji (MousaiN-Bosc 2006, STAROBRAD-HERMELIN 1997, KozieLEc 2002)

Bardzo skutecznie prowadza do utraty magnezu stres i narkotyki.
Wydaje sie, ze u dzieci z opéZnieniem sprawnosci intelektualnej i u kto-
rych testy psychologiczne nie wykazuja organicznego uszkodzenia mézgu, na-
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lezy uwzgledniaé celowosé prowadzenia dziatan detoksykacyjnych. Detoksy-
kacja i dozywienie moézgu rowniez moga sie przyczyniaé¢ do polepszenia wy-
nikow pracy psychologow.

Niedobory substancji odzywezych w mozgu sa trudno wykrywalne, gdyz
nie manifestujg sie objawami niedozywienia. Wazny dla moézgu jest selen,
witaminy: E, B1, B6, kwas nikotynowy i kwas foliowy. Wedtug aktualnych
pogladéw, niedobér kazdego z tych sktadnikéw zaburza funkcjonowanie
mozgu i moze prowadzi¢ do pogorszenia pamieci, reakcji depresyjnych i in-
nej patologii. Zaskakujacy jest wysoki odsetek mieszkancow Stanéw Zjedno-
czonych i Anglii z niedoborami tych sktadnikéw pozywienia.

Celowe jest zapoznanie z tym zagadnieniem pedagogéw, zwlaszcza szkot
specjalnych, gdzie ucza sie dzieci z zaburzeniami psychosomatycznymi.

Wydaje sie, ze zaistniata obiektywna i pilna potrzeba masowej suple-
mentacji magnezem mtodziezy szkolnej, na podobnej zasadzie jak ,szklanka
mleka dla ucznia”.

Szczecinska lekarka swoja praca doktorskga udokumentowata, ze suple-
mentacja preparatami magnezu wplywa w sposob istotny na uktad psychicz-
ny mlodziezy z uposledzeniem umystowym stopnia lekkiego, przez co zbliza
ich do mtodziezy normalnej (DrRYBANSKA-KALITA 1992)

Wspélczesna szkola, m.in. dzieki komputeryzacji, zaburzyta réwnowage
miedzy wysitkiem intelektualnym i pamieciowym a rozwojem ruchowym.
A przeciez ¢wiczenia fizyczne usprawniajg m.in. doptyw krwi do mézgu oraz
stymuluja jego aktywnosé. Taki skutek aktywnosci fizycznej stat sie juz bez-
dyskusyjnym faktem.

Autor przekazuje wyrazy wdziecznosci za dyskusje i pomoc w uzyskaniu
pismiennictwa Pani prof. Alfredzie Graczyk i Pani dr Aldonie Dunicz-Sokotowskiej.
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Z zycia PTMag
ZAGROZENIA W ZIEMI

Barbara Olszewska,

Urzad Miasta Olsztyna, Wydzial Ochrony Srodowiska

Rozwdj przemystowy i koniecznos§¢ ochrony wod podziemnych czesto sg
trudne do pogodzenia. Dla wielu miast zanieczyszczenie woéd podziemnych
na terenach miejsko-przemystowych stanowi niezwykle wazny problem, po-
niewaz w przesztosci miasta z reguly powstawaty w dolinach rzecznych lub
zlewniach rzek i wykorzystywaty na swoje potrzeby wody podziemne z plyt-
kich systeméw wodono$nych.

Zmiany w zagospodarowaniu powierzchni ziemi i strukturze wtasnoscio-
wej, jakie mialy miejsce w kilku ostatnich dekadach, przyczynity sie do po-
wstania zrodet réznorodnych zanieczyszczen wod podziemnych, objawiajacych
sie niejednorodnym rozprzestrzenianiem substancji zanieczyszczajacych na
duzych obszarach.

Obecnie zaréwno publiczne, jak i prywatne $rodki finansowe przeznacza
sie na identyfikacje i analize punktowych Zrdédel zanieczyszczen. Podejmowa-
ne wysitki nie zapewniajg jednak wiarygodnej i kompleksowej iloSciowej oce-
ny wplywu tych Zrédet na jakosé wod podziemnych. Niedoskonatosci klasycz-
nego monitoringu woéd podziemnych polegaja na niedoktadnym wykrywaniu
punktowych ognisk zanieczyszczen. Stwarza to trudnosci w hierarchizacji
ognisk zanieczyszczen, a w konsekwencji nieefektywne wydatkowanie $rod-
kow finansowych na oczyszczanie wod podziemnych.

W ostatnich latach dokonano w niektérych krajach europejskich uspraw-
nien procesu zarzadzania zasobami zanieczyszczonych woéd podziemnych.
W pewnej mierze przyczynita sie do tego realizacja miedzynarodowego pro-
jektu badawczego pt. Zintegrowana koncepcja remediacji wéd podziemnych —
INCORE (1999-2003), finansowanego z 5. Programu Ramowego Badan, Roz-
woju Technologicznego i Prezentacji Unii Europejskiej, w ktorym obok przed-
stawicieli instytutéw naukowych i lokalnej administracji Niemiec, Wtoch, Au-
strii 1 Francji uczestniczyli rowniez Polacy — reprezentanci Panstwowego
Instytutu Geologicznego i Instytutu Ekologii Terenéw Uprzemystowionych.
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Przyktadem dziatan zmierzajacych do szybkiego oraz kompleksowego za-
stosowania procedur i narzedzi wypracowanych w INCORE, a jednocze$nie
dalszego ich doskonalenia, jest kolejny projekt pt. Zarzgdzanie zasobami wéd
podziemnych na zanieczyszczonych terenach poprzemystowych — MAGIC
(2005-2008). Jego celem jest zastosowanie innowacyjnej metodologii badaw-
czej, wypracowanej w projekcie INCORE, do identyfikacji zanieczyszczen i
doboru metod oczyszczania zanieczyszczonych wod podziemnych na czterech
terenach badawczych w trzech krajach Unii Europejskiej, tj:

— w Polsce — na terenie sktadowiska odpadéw poprzemystowych w Trachach
(powiat gliwicki) i na terenie dawnej gazowni w Olsztynie,

— w Czechach — na terenie dawnej koksowni w Vitkovicach k. Ostravy,

— w Niemeczech — na terenie dawnej dzielnicy przemystowej Feuerbach w Stut-
tgarcie.

Wspétpartnerami w realizacji projektu MAGIC sa:

— Glowny Instytut Gornictwa, Katowice, Polska — koordynator projektu;
— Instytut Ekologii Terenéw Uprzemystowionych, Katowice, Polska;

— Urzad Miasta Stuttgart, Niemcy;

— Instytut Zdrowia Publicznego, Ostrava, Republika Czeska,;

— Panstwowy Instytut Geologiczny, Warszawa, Polska;

— Urzad Miasta Olsztyna, Polska.

Urzad Miasta Olsztyna zostat zaproszony przez Panstwowy Instytut Geo-
logiczny do udzialu w projekcie MAGIC jesienig 2004 r. Uzasadnieniem wspél-
pracy, niezaleznie od wczesniejszych kontaktow, bylo uwzglednienie w ,Pro-
gramie Ochrony Srodowiska m. Olsztyna na lata 2005-2008 z perspektywa
do 2011 r.” dawnych terenéw powojskowych i poprzemystowych, znajduja-
cych sie w granicach miasta i wymagajacych zbadania stopnia ich zanieczysz-
czenia i potencjalnego zagrozenia dla Srodowiska, na potrzeby przysztej re-
kultywacji 1 rewitalizacji, umozliwiajacej ponowne, wspoélczesne ich
zagospodarowanie.

Sposrod znajdujacych sie w miescie roznych obszaréw wymagajacych
przebadania i oczyszczenia/sanacji oraz rewitalizacji — jako teren badawczy
dla projektu MAGIC — zaproponowano rejon dawnej gazowni (funkcjonujacej
w latach 1889-1978, takze podczas II wojny), potozony w centrum miasta,
w zakolu rzeki Lyny.

»<Do korica XIX w. Olsztyn byt matym, prowincjonalnym miastem -
w 1864 r. liczyt zaledwie 366 domoéw mieszkalnych.

Wazne strategiczne potozenie miasta doceniono w II potowie XIX w., co
przyczynito sie do budowy drég tqczgcych miasto z blizszymi i dalszymi osrod-
kami miejskimi. Komunikacje drogowq uzupetniono wkraétce kolejowg. W 1890
r. w Olsztynie oddano do uzytku duzy, jak na tamte czasy, wezet kolejowy, co
w niedtugim czasie przyczynito sie do rozwoju budownictwa prywatnego i ko-
munalnego, handlu produktami spozywczymi, drewnem i maszynami. W tym
okresie kronikarze odnotowali istnienie w miescie 147 lamp naftowych i ro-
snqce zapotrzebowanie na ogélnie dostepnq energie.
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Zanim jednak w Olsztynie uruchomiono na rzece Lynie pierwszq elek-
trownie (1907), wtadze miejskie zainteresowaty sie najnowszym europejskim
wynalazkiem, jakim byt gaz. Wiosng 1887 r. rada miasta Olsztyna powotata
komisje, ktéra miala zajgé sie organizacjqg budowy gazowni. W ramach prac
przygotowawczych miejscy radni zwizytowali obiekt funkcjonujgcy w Pozna-
niu. Ostatecznie na posiedzeniu komisji w dniu 13 paZdziernika 1887 r. podje-
to uchwate o budowie gazowni, finansowanej z kasy miejskiej. Na potrzeby
tej budowy zakupiono od prywatnego witasciciela plac nad Lyng. W budowie
konstrukcji obiektow gazowni brala udzial murarska firma Toffel, natomiast
montaz retort, maszyn, urzqdzen i zbiornikéw wykonywata firma ,Schulz &
Sackur” z Berlina.

Uroczyste otwarcie Miejskiej Gazowni w Olsztynie nastgpito 15 pazdzier-
nika 1889 r.” (Tomasz Srutkowski, ,Sladami ptomienia gazowego”, Wyd.El-
Set, 1999).

Na przelomie XIX i XX w. produkcja gazu, ktory oswietlat 206 latarn
i 400 mieszkann wynosita ponad 700 tys. m3; w 1918 r. miasto otrzymywato
do 3,4 mln m? gazu.

Gazownia pracowata bezawaryjnie przez caly okres II wojny Swiatowej;
zaopatrywala miasto w gaz do lat 70. XX w., gdy do Olsztyna dotarl gaz
ziemny.

Budynki i wiekszos¢ instalacji naziemnych starej gazowni rozebrano osta-
tecznie na przetomie lat 70. i 80. ub. wieku. Na terenie przekazanym wla-
dzom miasta przez Zaklad Gazowniczy (poczatek lat 90.) pozostat ostatni zbior-
nik smot pogazowych oraz cate ,bogactwo” podziemnej infrastruktury w postaci
fundamentow obiektow gazowni, sieci instalacji technologicznych, itp.

W stosunkowo krétkim czasie po demontazu budynkéw starej gazowni
(1993-1994), z pozostawionego starego zbiornika smoét pogazowych zaczely
wycieka¢ wody zanieczyszczone zwiazkami ropopochodnymi i przedostawac
sie do pobliskiej rzeki Lyny, stwarzajac zagrozenie dla jakosci jej wod.

Prace i dziatania, jakie wtedy podjeto dla ochrony wod rzeki, doprowa-
dzily ostatecznie do opréznienia zbiornika z zanieczyszczonych wod oraz ro-
zebrania jego czeSci naziemnej. Nieusunieta pozostata czesé podziemna, wy-
petniona smotami pogazowymi, ktore zageszczono torfem, przykryto folig
iprzysypano ziemia, tworzac niewielki kurhan, zaopatrzony w 4 kominki,
umozliwiajace uchodzenie z jego wnetrza substancji gazowych.

Przedstawione wyzej postepowanie zmierzajace do likwidacji zagrozenia
zanieczyszczenia wod rzeki Lyny wyciekami ze zbiornika starej gazowni w du-
zym stopniu bylo spowodowane brakiem $rodkéw finansowych, niezbednych
do wydobycia smolistych pozostatosci i ich transportu do miejsca unieszko-
dliwienia.

Projekt MAGIC, realizowany w ramach Programu INTERREG III B CAD-
SES z udziatem dotacji ze $rodkow ERDF w wysokosci 75%, wpisuje sie
w Dziatanie 4.1. ;Wspieranie ochrony $§rodowiska i zarzgdzanie zasobami na-
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turalnymi” Priorytet 4: ,Ochrona srodowiska, zarzadzanie zasobami natural-
nymi i ochrona srodowiska przed zagrozeniem” tego Programu.

Dlugoterminowym celem projektu MAGIC jest rewitalizacja terenow zde-
gradowanych przez przemyst w wyniku eliminacji Zrédetl zanieczyszczania waéd
podziemnych.

Bezposrednim celem projektu jest zastosowanie nowych metod badaw-
czych do identyfikacji zZrédel zanieczyszczania, ich oceny i dostosowania do
oczyszczania wod podziemnych na czterech terenach badawczych w trzech
krajach UE — Czechach, Polsce i w Niemczech.

ZAKRES PROJEKTU MAGIC

Projekt sktada sie z szeSciu pakietéw zadaniowych (PZ). Pakiety 1-4
obejmuja techniczne dziatania w obrebie czterech terenéw badawczych, gdzie
mozna sie spodziewaé zanieczyszczonych wod podziemnych. Pakiety 5 i 6
dotycza wdrazania proponowanej metodologii i procedur zarzadzania Srodo-
wiskiem przez administracje samorzadowa.

PZ 1 - zbieranie danych, opracowanie informacji o obszarach badawczych
oraz planowanie badan;

PZ 2 - badania terenowe i analizy laboratoryjne;

PZ 3 - tworzenie matematycznych modeli przemieszczania sie zanieczysz-
czen w wodach podziemnych;

PZ 4 — ocena rezultatow badan;

PZ 5 - wdrozenie osiagnie¢ projektu do procedur administracyjnych;

PZ 6 - zarzadzanie projektem i jego koordynacja oraz upowszechnianie
rezultatow.

Catkowity budzet projektu wynosi 2 355 000,00 euro; dotacja z ERDF to
1 547 250,00 euro, a udziat Partneréw Projektu stanowi 807 750,00 euro.

Internetowy adres projektu:www.magic-cadses.com
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Recenzenci artykuléw zamieszczonych
w Journal of Elementology, vol. 12 no 2 z 2007 roku

Wiestaw Barabasz, Magdalena Maj-Zurawska, Wactaw Mozolewski,
Kazimierz Pasternak, Jozefa Wiatr
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10.

11.

12.

13.

14.

Regulamin oglaszania prac w ,Journal of Elementology”

Journal of Elementology (kwartalnik) zamieszcza na swych tamach prace oryginalne,
doswiadczalne, kliniczne i przegladowe z zakresu przemian biopierwiastkéw i dziedzin
pokrewnych.

W JE mogg byé zamieszczone artykuly sponsorowane, przygotowane zgodnie z wymaga-
niami sta-wianymi pracom naukowym.

W JE zamieszczamy materiaty reklamowe.

Materiaty do wydawnictwa nalezy przesta¢ w 2 egzemplarzach. Objetosé pracy oryginalnej
nie powinna przekraczaé¢ 10 stron znormalizowanego maszynopisu (18 000 znakéw),
a przegladowej 15 stron (27 000 znakow).

Uktad pracy: imig i nazwisko autora (-6w), TYTUL PRACY, nazwa jednostki, z ktérej
pochodzi praca, WSTEP, MATERIAL I METODY, WYNIKI I ICH OMOWIENIE,
WNIOSKI, PISMIENNICTWO, streszczenie w jezyku polskim i angielskim — minimum
250 stow. Streszczenie powinno zawieraé: wstep (krotko), cel badan, oméwienie wynikow,
wnioski. Przed streszczeniem w jezyku polskim: imie i nazwisko Autora (-ow), TYTUL
PRACY, Stowa kluczowe (maks 10 stow), Abstrakt, TYTUL ANGIELSKI, Key words,
Abstract. U dotu pierwszej strony nalezy podac tytut naukowy lub zawodowy, imie i nazwisko
autora oraz doktadny adres przezna-czony do korespondencji w jezyku polskim i angiel-
skim.

Praca powinna by¢é przygotowana wg zasad pisowni polskiej. Jednostki miar nalezy po-
dawa¢ wg uktadu SI np.: mmol(+) kg'l; kgxha'l; mol-dm'S; g-kg'l; mgxkg'1 (obowigzujg
formy pierwiastkowe).

W przypadku stosowania skrétu po raz pierwszy, nalezy poda¢ go w nawiasie po peitnej
nazwie.

Tabele i rysunki nalezy zalgczyé w oddzielnych plikach. U gory, po prawej stronie tabeli,
nalezy napisa¢ Tabela i numer cyfra arabska, rowniez w jezyku angielskim, nastepnie tytut
tabeli wjezyku polskim i angielskim wyréwnany do Srodka akapitu. Ewentualne ob-
jasnienia pod tabelg oraz opisy tabel winny by¢ podane w jezyku polskim i angielskim.
Wartosci liczbowe powinny by¢é podane jako zapis zlozony z 5 znakow pisarskich (np. 346,5;
46,53; 6,534; 0,653).

U dotu rysunku, po lewej stronie, nalezy napisa¢ Rys. i numer cyfra arabskg oraz umiescié¢
podpisy i ewentualne objasnienia w jezyku polskim i angielskim.

PiSmiennictwo nalezy uszeregowa¢é alfabetycznie, bez numerowania, w uktadzie: Nazwisko
Inicjat Imienia (kapitaliki) rok wydania. Tytut pracy (kursywa). Obowigzujacy skrot czaso-
pisma, tom (zeszyt): strony od-do. np. KowaLska A., KowaLskr J. 2002. Zwartosé magnezu
w ziemniakach. Przem. Spoz., 7(3): 23-27.

W JE mozna takze cytowaé prace zamieszczone w czasopismach elektronicznych, wg sche-
matu: Nazwisko Inicjal Imienia (kapitaliki), rok wydania. Tytul pracy (kursywa).
Obowigzujacy skrot czasopisma internetowego oraz pelny 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/volumeb/issuel/environment/art-01.html
Cytujac piSmiennictwo w tekscie, podajemy w nawiasie nazwisko autora i rok wydania
pracy (KowaLskl 1992). W przypadku cytowania dwoéch autorow, piszemy ich nazwiska
rozdzielone przecinkiem irok (KowaLski, KowaLska 1993). Jezeli wystepuje wieksza liczba
nazwisk, podajemy pierwszego autora z dodatkiem i in., np.: (KowALSKI i in. 1994). Cytujac
jednoczesnie kilka pozycji, nalezy je uszeregowac od najstarszej do najnowszej, np.: (Nowak
1978, Nowak i in. 1990, Nowak, KowaLska 2001).

Do artykutu nalezy dotgczyé pismo przewodnie kierownika Zaktadu z jego zgoda na druk
oraz oSwiadczenie Autora (-6w), ze praca nie zostala i nie zostanie opublikowana w innym
czasopiSmie bez zgody Redakcji JE.

Dwie kopie wydruku komputerowego pracy (Times New Roman 12 pkt, z odstgpem aka-
pitu 1,5, bez dyskietki) nalezy przestaé na adres Sekretarzy Redakcji:
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Dr Katarzyna Glinska-Lewczuk
Uniwersytet Warminsko-Mazurski w Olsztynie
pl. Lédzki 2, 10-759 Olsztyn
kaga@uwm.edu.pl

Dr hab. Jadwiga Wierzbowska
Uniwersytet Warminsko-Mazurski w Olsztynie
ul. Michala Oczapowskiego 8, 10-719 Olsztyn
jawierz@uwm.edu.pl

15. Redakcja zastrzega sobie prawo dokonywania poprawek i skrotow. Wszelkie zasadnicze
zmiany tekstu beda uzgadniane z Autorami.

16. Po recenzji Autor zobowiazany jest przesta¢ w 2 egzemplarzach poprawiony artykul wraz
z dyskie-tka, przygotowany w dowolnym edytorze tekstu pracujacym w Srodowisku Win-
dows.

Redakcja Journal of Elementology uprzejmie informuje, iz w 2006 r. wprowadzita opta-
te za druk prac.

Koszt wydrukowania maszynopisu (wraz z rysunkami, fotografiami i tabelami) o obje-
toSci nie przekraczajacej 6 stron formatu A4, sporzgdzonego wg nastepujacych zasad:

— czcionka: Times New Roman, 12 pkt, odstep 1,5;
— 34 wiersze na 1 stronie;

— ok. 2400 znakow (bez spacji) na 1 stronie;

— rysunki i fotografie czarno-biate

wynosi 250 PLN + VAT.

Koszt druku kazdej dodatkowej strony (wraz z rysunkami, fotografiami i tabelami)
wynosi 35 PLN + VAT

Koszt druku 1 rysunku lub fotografii w kolorze wynosi 150 PLN + VAT

Uwaga:

Z optaty za druk pracy sa zwolnieni lekarze niezatrudnieni w instytutach naukowych,
wyzszych uczelniach i innych placowkach badawczych.

Komitet Redakcyjny
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10.

11.

12.

Guidelines for Authors ,,Journal of Elementology”

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

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

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).

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.

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(+) kgl; kg-hal; mol-dm3; g-kgl; mg-kg! (elemental forms should be used).
In the event of using an abbreviation, it should first be given in brackets after the
full name.

Tables and figures should be attached as separate files. At the top, to the right of
atable 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).

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.

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. Zawartosé magnezu w ziemniakach.
Przem. Spoz., 7(3): 23-27.

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/volumeb/issuel/environment/art-01.html” http:/
www.ejpau.pl/series/volumeb/issuel/environment/art-01.html

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. (KowaLskl 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.

14.

15.

16.

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.

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 Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
Pl. Lédzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

Dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Michala Oczapowskiego 8, 10-719 Olsztyn

jawierz@uwm.edu.pl

The Editors reserve the right to correct and shorten the paper. Any major changes in
the text will be discussed with the Author(s).

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.



