SOCIETY OF ECOLOGICAL CHEMISTRY AND ENGINEERING

ECOLOGICAL CHEMISTRY
AND ENGINEERING S

CHEMIA | IN ZYNIERIA EKOLOGICZNA S

Vol. 17 No. 4

Opole 2010



EDITORIAL COMMITTEE

Witold WactaweKUniversity, Opole) Editor-in-Chief
Milan Kraitr (Western Bohemian University, Plzen, CZ)
Jerzy SkrzypsKiUniversity of Technology, £ &9
Maria WactawekUniversity, Opole)
Tadeusz Majcherczykniversity, Opole) - Secretary

PROGRAMMING BOARD

Witold WactaweKUniversity, Opole) - Chairman

Jerzy BartnickiMeteorological Institute - DNMI, Oslo-Blindern, NO
Mykhaylo BratychakNational University of Technology, Lviv, UA)
Bogustaw BuszewsiNicolaus Copernicus University, Tatu
Andrzej Kulig(University of Technology, Warszawa)
Bernd Markert(International Graduate School [IHI], Zittau, DE)
Nelson Marmiroli(University, Parma, IT)
Jacek Namignik (University of Technology, Gdek)
Wanda Pasiuk-BronikowsKinstitute of Physical Chemistry PAS, Warszawa)
Lucjan Pawtowsk{University of Technology, Lublin)
Krzysztof J. Rudiski (Institute of Physical Chemistry, PAS, Warszawa)
Manfred SagefAgency for Health and Food Safety, Vienna, AT)
Mark R.D. Seawar@University of BradfordBradford, UK)
Jiri Sevik (Charles University, Prague, CZ)
Piotr Tomasik(Agricultural University, Krakéw)
Roman ZarzyckiUniversity of Technology, £ &g
Tadeusz Majcherczykniversity, Opole) - Secretary

EDITORIAL OFFICE

Opole University
ul. kard. B. Kominka 4, 45-032 OPOLE
tel. +48 77 455 91 49
email: waclawek@uni.opole.pl
http://tchie.uni.opole.pl

SECRETARIES

Agnieszka Dothéczuksrodka, tel. +48 77 401 60 45, email: agna@.uni.opole.pl
Malgorzata Rajfurtel. +48 77 401 60 42, email: mrajfur@o2.pl

SECRETARIES' OFFICE
tel. +48 77 401 60 42

email: mrajfur@o2.pl

Copyright © by
Society of Ecological Chemistry and Engineering

Wydawnictwo dofinansowane przez
Ministerstwo Nauki i Szkolnictwa Wygzego w Warszawie

ISSN 1898-6196



Dear Readers,

We would like to inform you, that our quarterly
Ecological Chemistry and Engineering S/Chemiayineria Ekologiczna S
has been selected by the Thomson Scientific iraBa&iphia for coverage in:
Science Citation Index Expanded
Journal Citation Reports/Science Edition.
For 2009its IF is 0.615
We thank very much
all Editorial Board members and Reviewers
for their efforts
and also Authors for presenting valuable papers

Editors

Szanowni Czytelnicy,

Mito jest nam poinformowg ze kwartalnik
Ecological Chemistry and Engineering S/Chemiayineria Ekologiczna S
zostat wybrany
przez the Thomson Scientific w Filadelfii do umiesznia w nagpujacych bazach:
Science Citation Index Expanded
Journal Citation Reports/Science Edition.
W roku 2009 jego wspotczynnikE wyniost0,615
Serdecznie dzkujemy Cztonkom Rady Programowej i Recenzentom
za doktadanie stafieo wysoki poziom naukowy czasopisma,
a talkze Autorom za przedstawianie interegyich wynikow bada

Redakcja






CONTENTS

Joanna ZEMBRZUSKA and Henryk MATUSIEWICZ

Determination of selected selenoamino acids in beercapillary

[£Y0] ¢= Tod g o] o] g [0 T £ =TS £ U 441
Dimitrios A. GEORGAKELLOS

Evaluation of the environmental damages caused itboggen oxides

formed in power plants using lignite as energyieart.........cccccccvvveeeeeeeeeeieniieennns 53}
Hanna KIERZKOWSKA-PAWLAK and Andrzej CHACUK

Kinetics of carbon dioxide absorption into aqueblBEA solutions .................. 463
Ewa JASTREBSKA

Deamination of alanine and aspartic acid in sailtaminated with plant

protection chemicals under laboratory conditions............cccvvvveeeeeeeniiiiniiienns ar7

Maigorzata Anna JOWIAK, Marek JOZWIAK, Rafat KOZEOWSKI
and Anna RABAJCZYK

The role of indicator malacofauna in pollution asseent of inland

waters exposed to anthropopressure: the case idlee Lake .............ccceeee 485
Jézef ANTONOWICZ and Jan TROJANOWSKI

Accumulation capacity of cadmium and manganeseunfase water

microlayer of esutarine l[ake .............coooiiiiiiiiii e ——— 497
Romuald GORSKI and Tomasz KLEIBER

Effect of Effective Microorganisms (EM) on nutriemontents in

substrate and development and yielding of rdes@ x hybridaand

gerberaGerbera JamesOmii .......ccoveiiie i ———— 505
Pavel HYSPLER, Daniel JEZBERA, Tomas FURST, Ivan KSIK
and Maria WACLAWEK

Estimation of intrinsic and extrinsic environmeattors of age-related

tOOth COIOUN ChANQES ..ooeiiiiiieee et e e e e e e e e 515
Anna PIEKARSKA, Agnieszka BARTOSZEK and Jacek NANNAK

Biofumigation as an alternative method of crop @ctibn ...........cccccvvvvivieviennnnn. 527
INDEXES
Contents of volume 17 of “Ecological Chemistry d&mjineering S” ........ccccvvveeeeeeeeen. 551
Author index of volume 17 of “Ecological Chemistigd Engineering S” ................... 554
10l o] [T ox 31T (o 1= PP UUURUTUPP 556
INAEKS FZECZOWY ...ttt ettt ettt e e e ettt e e e e e e e e e e e e e e e e e aaannns 558

Index of Latin, Polish and English species namesiofoorganisms, plants
and animal and their anatomical PartS.........ccccuuuiiiiiiiiiii e 560



43¢

VARIA

Informacja o projekcie ,Wykorzystanie kapusty bjata potrzeby

fitoremediaciji i biofumigacji gleby (AGROBIOKAP)"........ccoiiiiiiiiieiieeeee e 563
Invitation for ECOpPOIE’L1 CONFEIENCE ..ot 565
Zaproszenie na KonfereRAECOPOIE'11 ..ot 567
Guide for Authors on submission of MAaNUSCHPLS..ccc..uvviiiiiiiiiiiiiiie e 569

Zalecenia dotycgce przygotowania mManuSKIYPIOW .............ueeemmesersrreeeeessiinneeeeesnnns 570



SPIS TRESCI

Joanna ZEMBRZUSKA i Henryk MATUSIEWICZ

Oznaczanie wybranych selenoaminokwaséw w piwie niggh

140 2= (o1 010 (0] (=74 Y/ SRR
Dimitrios A. GEORGAKELLOS

Oszacowanie szkédrodowiskowych spowodowanych przez tlenki

azotu powstagce w elektrowniach cieplnych stogaych lignit jako

10 a1 S =T 1= o [ PSR
Hanna KIERZKOWSKA-PAWLAK i Andrzej CHACUK

Kinetyka absorpcji C@w wodnych roztworach MDEA ..........cccccoieveeeeeeeeennn,
Ewa JASTREBSKA

Deaminacja alaniny i kwasu asparaginowego w glebréeczyszczonej

srodkami ochrony rdin w warunkach laboratoryjnych ...........ccccceeevviiivivnennnen.
Maigorzata Anna JOWIAK, Marek JOZWIAK, Rafat KOZEOWSKI
i Anna RABAJCZYK

Rola malakofauny wskaikowej w ocenie zanieczyszczenia woéd

srodlagdowych podlegajcych antropopresji na przyktadzie Zalewu

[T= 1o S T= o o SRR
Jézef ANTONOWICZ i Jan TROJANOWSKI

Wzbogacanie mikrowarstwy powierzchniowej w kadm iangan

W EStUAINOWYM JEZIOIZE ...vviviiiiiieeiee e e cmmmmc ettt ee e e e e e aaaeaaaa e e e e s s e sennnneeeees 497

Romuald GORSKI i Tomasz KLEIBER
Wptyw Efektywnych Mikroorganizméw (EM) na zawastosktadnikéw
pokarmowych w podiou oraz rozwéj i plonowanie #§

(Rosa x hybridpi gerbery Gerbera jamesonii ........cevveeeeeeeeeeiesicecciievveeeee 505

Pavel HYSPLER, Daniel JEZBERA, Tomas FURST, Ivan KSIK
i Maria WACLAWEK

Ocena czynnikdéw wewttrznych i zewstrznych powodujcych zmiany

barwy zbOow zwigzane z WIEKIEM  .......cevvviiiiiieeei e
Anna PIEKARSKA, Agnieszka BARTOSZEK i Jacek NAMIEIK

Biofumigacja jako alternatywna metoda ochron$lino ............ccccccvvvvvveeneeeennnnnn, 527

INDEKSY

Spisy tréci tomu 17 kwartalnika ,Chemia i lynieria Ekologiczna S” ...........cccceeeee 55

Indeks autoréw tomu 17 ,Chemia izZynieria Ekologiczna S” ..........cccccvvvvveevcnnnnn.
SUDJECES INUEX it e e e e e e e e e e e e e e aaeaa s
INAEKS FZECZOWY ...ttt ettt ettt e e e e e e ettt e e e e e e e e e e e e e e aaannnns
Indeks fachskich, polskich i angielskich nazw mikroorganizmadeélin

i zwierzat i ich Cz2$Ci anatoMICZNYC........oiii e



44C

VARIA

Informacja o projekcie ,Wykorzystanie kapusty bjata potrzeby

fitoremediaciji i biofumigacji gleby (AGROBIOKAP)" ..ottt 563
Invitation for ECOpPOIE’L1 CONFEIENCE ..ot 565
Zaproszenie na KonfereRAECOPOIE'11 ..ot 567
Guide for Authors on submission of MAaNUSCHPLS..ccc...vuiiiiiiiiiiiiiiieee e 569

Zalecenia dotycgce przygotowania mManuSKIYPIOW .............ueeemmesersrreeeeessiinneeeeesnnns 570



ECOLOGICAL CHEMISTRY AND ENGINEERING S

Vol. 17, No. 4 2010

Joanna ZEMBRZUSKA and Henryk MATUSIEWICZ

DETERMINATION OF SELECTED SELENOAMINO ACIDS
IN BEER BY CAPILLARY ISOTACHOPHORESIS

OZNACZANIE WYBRANYCH SELENOAMINOKWASOW
W PIWIE TECHNIK A IZOTACHOFOREZY

Abstract: A rapid, simple and reliable capillary isotachopsis (ITP) with conductivity detection was used to
determine the trace quantities of organic compowidslenium - selenomethionine (Se-Met) and selgstme
(Se-Cys) - in various types of beer. The contenS@Met in beer is between 597 g dnt (Czarne beer) and
51010° g dn? (Zywiec Porter beer), while the content of Se-Cysgesnfrom 8410° g dn? (Czarne)
to 24710°° g dn? (Zywiec Porter).

Keywords: isotachophoresis, beer, selenomethionine, seletioeys

Selenium is found in organisms as a trace elenteatigh it is indispensable to their
correct functioning. It is supplied in organic fgrmmainly as selenomethionine and
selenocysteine, as well as inorganic form, as a&¥¥l), M,SeQ and selenate(lV),
MSeG;. However, various selenium derivatives of sulpharnino acids have been detected
in plants and animals [1]. Selenium facilitatesiragation of vitamin E and regulates its
physiological functions. This element is indispdiisan the work of the heart muscle and
blood vessels, stimulates the immune system aratdsetissue aging processes. Besides
taking part in enzymatic reactions protecting citién the effects of free radicals, selenium
has immunodulatory, anti-inflammatory and antivieffects. It protects the organism from
poisoning by heavy metals, eg Fe, Cd or Pb, byiftgrmetal selenides (pbe) with them.

It has also been found to have anticarcinogenidit@amor) properties, so it plays an
important role in the prevention of neoplasmic diss [2].

In organisms selenium plays mainly a biochemicéd,ras a component of enzymic
proteins. There is no more comprehensive evidemcpdtential protection against tumours
by different diet components than that which conseselenium [3]. In over 90% of
scientific research on the anticarcinogenic effedts selenium, selenate(lV) or

! Department of Analytical Chemistry, Poznan Uniitgref Technology, ul. Piotrowo 3, 60-965 PoznanlaRd,
tel. +48 61 665 28 83; fax +48 61 665 25 71
*Corresponding autor: Joanna.Zembrzuska@put.poznan.p
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selenomethionine (Se-Met) are used. It has beeredrthat Se-Met is much less toxic than
inorganic selenium compounds [4].

In 1996 Clark et al [5] discovered that supplenmm@anthe diet of a group of people with
selenized brewer’s yeast caused a decrease ofy/ &4 in overall cancer morbidity and
mortality.

Organisms take selenium primarily with their foBahpular products considered rich in
selenium are yeast and garlic [6]. Moreover, irurgtfood products selenium most often
occurs in chemical combination with proteins, sodg@roducts with high protein content,
such as meat, fish, fish products and especiafyl,cdire the richest sources of selenium.
Selenium-rich food products most often mentionedother studies include tomatoes,
cucumbers, broccoli, cabbage, celery, onion, edig oan, wheat, barley and shellfish [3].

Due to their anticarcinogenic effects, selenoangiomls constitute a highly significant
group of compounds, so their determination in foedgery important. Nearly all separation
techniques are used to analyse selenoamino acatsd @&sults are achieved using such
techniques as gas chromatography (GC), high pediocmliquid chromatography (HPLC),
and capillary electrophoresis (CE) [7]. Many papdescribe the coupling techniques used
to separate selenoamino acids, mainly selenométigi@nd selenocystine, in such products
as garlic, onion or yeast. These are GC coupladass spectrometry (MS) [8] and HPLC
coupled to mass spectrometer and inductively cauplasma (ICP MS) [9-14]. Techniques
used for selenium speciation are mainly ion chrogw@phy with a variety of detectors:
atomic absorption spectrometry (AAS) [15], induetiv coupled plasma emission
spectrometry [4, 16], hydride generation atomicoapon spectrometry (HG-AAS) [17],
ultraviolet treatment-hydride generation atomicoflescence spectrometry (UV-HG-AFS)
[18-20] or hydride generation inductively couplethgma mass spectrometry [21] and
capillary electrophoresis coupled mainly with ICPSM1, 22-25] and electrospray
ionisation mass spectrometry (ESI MS) [22, 26].

Isotachophoresis is an electroseparation technigised on differences of migration
velocities of analytes in an electrical field. hetITP mode, only cations or anions can be
separated. After analytes are introduced betweem different boundaries, a leading
electrolyte (LE) and a terminating electrolyte (TH)e sharp focsusing of individual zones
is observed. If a steady state is attained, andszare separated, all zones will be moving at
a constant migration velocity [27].

This technique is used to a much lesser extenpitdets advantages of low cost,
minimal or no sample preparation, especially in tase of the samples with complex
matrix, and easy miniaturization.

TPl is a powerful technique for analyzing not osimple inorganic or organic samples
but also biochemical samples. For example thisnigcie has been applied to the analysis
of amino acids. In most cases analysis has bedorpexd on acidic amino acids as anions.
A wide range of amino acids were investigated ithariety of aqueous electrolyte systems
with alkaline pH levels [7, 28, 29].

In the literature on using ITP in determining amamds there is only one paper [28],
concering selenoamino acids. Using a ITP - capillmme electrophoresis (CZE) coupling
technique miniaturized system they determined Sg-Melenoethionine (Se-Et), and
Se-Cys, at a level of several micromoles per liffee isotachophoresis was used to
distribute and preseparate the sample components.
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In the literature on selenium content in food thare no publications concerning
selenoamino acids concentration in beer, despédefabt that beer is undoubtedly a rich
source of this compound. For this reason the ptetady aimed to work out an analytical
method using isotachophoresis, a relatively fagd &w-cost technique, to determine
Se-Met and Se-Cys in selected types of beer.

Materials and methods

Apparatus, reagents and samples

Isotachophoretic separations were performed ugiegBlectrophoretic Analyser EA
102 (Villa Labeco, Spisska Nova Ves, Slovakia) ppad with column-coupling system
consisting of two capillaries with conductivity detors. The analytical capillary
(160 x 0.3 mm ID) was connected with a preseparatiapillary (90 x 0.8 mm ID).
Capillaries of fluorinated ethylene-propylene comatr were used. The analyser was
equipped with a sample valve of 30 rifixed volume. Separations were performed
at a room temperature.

5-bromo-2,4-dihydroxybenzoic acid and seleno-L-riwatime (98%)
(Se-Met) from Sigma-Aldrich (Steinheim, Germany), thamolamine,
1,3-bis[tris(hydroxymethyl)methylamino]propane (BTRMowiol (40-88), p-alanine and
seleno-L-cystine (98%) (Se-Cys), sodium hydroxid#%) all from Fluka (Buchs,
Switzerland), methanol from J.T. Baker (Hollandgaarium hydroxide from Chem-Lab
(Belgia). All chemicals were of analytical gradeei@nized bidistilled water was used in the
preparation of the electrolyte systems, stock gwmistof all standards and beer samples.

Beers in bottles (Table 1) were purchased fromllaatail outlets.

Table 1
Beers

Brewing place and

Extract contents

Name Kind Producer (importer) racking [%]
MILLER light Brewing Company S.A. Italy 11.2
UPI;LSL’]IEES_ light Brewing Company S.A. Czech Republig 11.8
PE';?;‘LEQ%TRO light Brewing Company S.A. Italy lack of data

LECH PREMIUM light Brewing Company S.A. Poland 11.1
DOG IN THE FOG light Brewing Company S.A. Poland lack of data
TYSKIE light Brewing Company S.A. Poland 11.7

REDD'’S light Brewing Company S.A. Poland lack ofala
ZYWIEC PORTER dark Brewing GrouZywiec S.A. Poland 22
CZARNE dark Brewing ,FORTUNA” Sp.zo.0. Poland 12.7

Isotachophoretic conditions

Composition of the electrolyte system used for grenfng isotachophoretic separation
is shown in Table 2.
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Table 2
Composition of the electrolyte system used forgrenfng isotachophoretic selenoamino acids sepastio
Leading ion 4 mM 5-bromo 2,4-dihydroxybenzoic acid
Counter ion ethanolamine
Leading electrolyte Co-counter ion 2 mM BTP
Additive’ 0.05% Mowiol (40-88)
pH 9.4
Terminating anion 10 mM-alanine
Terminating electrolyte Counter ion B4[added as Ba(OH)
pH 105

"To suppress the electroosmotic flow

Prior to use, all buffer solutions were degasseti am ultrasonic bath Model Polsonic
3 (Polsonic, Poland). The separations performede vaahieved using control program
shown in Table 3.

Table 3
Separation program used for performing ITP
Step Time [s] Current [pA]
1 300 250
2 300 250
3 70 250
4 150 50
5 700 50

Sample preparation

Standard solutions of selenomethionine and selestineywere prepared by dissolving
2:103g of each preparation in 10 &mf water. Working standards solutions (frori(* to
15102 g-dm? were freshly prepared daily by diluting approfeialiquots of the stock
solutions in water.

For ITP analysis beer samples were diluted 1:20bfight beers and 1:40 for dark
beers respectively, degassed in an ultrasonicfbaff0 min to remove C&and adjusted to
pH 9.5rﬁby addition of 30% NaOH. Then the water weasled to give a final volume
of 10 cm.

Results and discussion

Choosing electrolytes

For isotachophoretic determination of selenoamimidsa the electrolyte system
developed by Evearst et al [7] was used for amicidsaseparation and later used for
preliminary separation of synthetic mixtures ofsaeompounds by Grass et al [28] using
ITP technique. Since pH of these solutions is tiglre is a possibility of carbon dioxide
absorption from the air leading to carbonate foromaturing isotachophoretic separation.
This problem (to minimize interference due to thkibsorption) was solved adding
5-bromo-2,4-dihydroxybenzoic acid (leading ion ahability similar to carbonates) to the
leading buffer while the terminating buffer was paeed using barium ions from barium
hydroxide being the counter ion.
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During preliminary experiments it was found thatei elapsed since the preparation of
electrolytes influenced the shape of a blank testecon the recorded isotachophoregrams.
The longer the time the smaller the difference @fht between leading and terminating
electrolyte showing additional steps most probalblging products of electrolyte
decomposition. This problem was solved by freefiagh electrolytes and taking each time
only the amount necessary for current experiments.

Isotachophoretic analysis

For the chosen electrolyte system (Table 2) isatplebretic separation conditions for
selenoamino acids mixture were optimized. Figurshaws recorded isotachophoregram
with steps corresponding to selenocystine and seiethionine, respectively. Other steps
correspond to impurities of buffer solutions. Tledative step heights (RSHs), counted as
the ratio of the step height of the analyte tostep height of the terminator, values being
the base for qualitative analysis were determirsedbbth selenoamino acids. For Se-Met
RSH is 0.60 while for Se-Cys RSH is 0.17.

10.0
Voltage [kV]

9.0 |

8.0 |

7.0 |

6.0 |

5.0 : : : : : : : : :
600 800 1000 1200 1400 1600
time [s]
Fig. 1. Isotachopherogram of sample containingdf g-dni® Se-Met and Se-Cys. The experimental
conditions employed are detailed in Tables 2 and 3

Quantitative analysis was performed using standddition method that minimizes the
matrix influence on results of determination. Ugualelenoamino acid content was first
estimated using calibration curve.

Calibration using standard addition method wasqueréd for beers preparing beer
solutions with 25, 50 and 100% addition of Se-Mal &e-Cys.

Following validation parameters were determinechgisialibration curves (standard
solutions concentrations 1, 2.5, 5, 7.5, 10, 15 §@n): linearity, detection limit and
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quantification limit. Though calibration curves f8e-Cys and Se-Met (Table 4) show high
correlation coefficients suggesting linearity oftetsor response in the selenoamino acids
concentration range examined, linearity of detecemponse towards these analytes was
determined. For this purpose for each signal rembrduring preparation of calibration
curves concentrations of selenoamino acids wereulzaéd using calibration curve
equations. Calculated concentrations were compamiti expected values (known
concentrations of the solutions used in preparatifocalibration curve). Calculated values
show that standard solutions having concentratid®3iand 2.510° gdm™ are outside
linearity range of the detector being calibrated.

Table 4
Regression parameters calculated from Se-Cys aiieBealibration curve
Se-Cys Se-Met
Parameter Value Value
Slope [s/10%y- dm9] 0.89 0.91
y-intercept [s] 1.14 1.08
Correlation coefficient 0.97 0.99
Standard deviation for slope coefficient T3 dnT?] 0.03 0.02
Standard deviation for y-intercept [s] 0.26 0.16
Residual standard deviation [£g-dnT?] 0.81 0.51

Detection limits for Se-Cys and Se-Met were calmdausing calibration curves.
Regression parameters in Table 4 were calculat@ty wppropriate functions of MS
EXCEL program.

Using calibration curve parameters and the follgnéguation: LOD = (3.3s)/b (where
b is the slope coefficient of the calibration cyrgeis the residual standard deviation for
calibration curve (g) or the residual standard deviation for y-intetagfpcalibration curve
(), the following values of LOD were calculated itak into account residual standard
deviation for y-intercept -,sas well as residual standard deviation for slopefficient -
Sy & - LOD = 0.9610° g-dm® Se-Cys, $- LOD 0.5910° g-dm°® Se-Met, § -
LOD = 2.9910°g-dm® Se-Cys, § - LOD = 1.8410°° g-dm° Se-Met.

Apparent difference between the calculated valgesoirrect. Taking into account
residual standard deviation gives higher LOD vddaeause in this case not only y-intercept
variation but also variation of slope coefficieattaken into consideration. Therefore, the
mean value of measurements can be used as themoetdr LOD value:
LOD = 2102 g-dm® Se-Cys, LOD= 1.210°° g-dm* Se-Met.

Using these values the limit of quantification (LPQe the smallest amount or
concentration of analyte that can be quantifiesgishis method was calculated according
to the equation: LOQ = 3 LOD. The calculated limiitquantification is 6.0 g-dm? for
Se-Cys and 3:60° g-dm® for Se-Met. These values explain the source ofhigh
deviation from linearity for calibration curve ptsrin the low concentration range.

Selenoamino acids determination in various beers

The aim was to determine selenoamino acids corat@nis in various beers. Before
isotachophoretic analysis beer was prepared acuptdithe procedure described in section
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Sample preparation. Examples of isotachophoregfanidiller and Zywiec Porter beer are
shown in Figures 2 and 3. Se-Cys and Se-Met coratét was determined using on the
basis of standard additions. Results obtained ée€% and Se-Met are given in Table 5.

10417V

9.829

9.242

8.654

8.066

7.479

6.891

6.303

22056 T

5.716

5.128

¢

L
4.541 1 1 1 1 ‘ ‘ ¢
672 747 823 899 975 1051 1127 1203 1279 1355 1431

Fig. 2. Isotachopherogram of Miller beer, recordsoalytical capillary. The experimental conditions
employed are detailed in Tables 2 and 3

Analyzing concentrations of Se-Cys obtained it f@asnd that Redd's is the beer
containing lowest concentration of this amino apl8.5 -10~° g-dm). Traditional light
beers brewed in Poland, namely Lech Premium andki@ySe-Cys concentration was
100107 g-dm®. No such correlation (similar Se-Cys concentratiothe same kind of beer
from the same country) was found for Italian beldier (120-107° g-dm?) and Peroni
Nastro Azzuro (88072 pg-dm?). The picture is the same for sweet beers brewetthd
same brewery: Dog In The Fog (220°g-dm?) and Redd's (4207 g-dm?). The highest
content of Se-Cys was found in dark b&gwiec Porter (247072 g-dm?®).

A correlation between Se-Cys concentration and owitent can be observed (Table
1). Beers having malt content of 11% have Se-Cyzeutration about 11002 g-dm?®
while beers having 22% of malt have about-280 pg- cm?® of Se-Cys.

The best repeatability was found for Miller beewihg standard deviation of + 2%,
while the worst repeatability was found for Redb&er with residual standard deviation
+19%.
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Fig. 3. Isotachopherogram dfywiec Porter beer, records of analytical capillafjie experimental
conditions employed are detailed in Tables 2 and 3

Table 5
Comparison of the content of Se-Met and Se-Cysffardnt types of beer
Se-Met Se-Cys
Beer Concentration RSD Concentration o
10°gdm? | SP | [ [0°gdm? | SP | RSP
MILLER 139.5 6.95 5.0 119.8 191 1.6
PILSNER URQUELL 165.6 8.67 5.2 132.3 7.66 5.8
PERONI NASTRO
AZZURRO 131.5 19.41 148 84.6 9.08 12.1
LECH PREMIUM 145.1 7.40 5.1 99.4 5.4 5.4
DOG IN THE FOG 234.2 4.146 1.8 219.5 10/13 4.6
TYSKIE 83.5 10.84 13.0 92.5 4.69 5.1
REDD'S 88.8 10.0% 11.3 43.5 8.29 19.1
ZYWIEC PORTER 510.4 21.4 4.3 246.5 11.0 4.5
CZARNE 58.7 10.39 17.7 84.0 7.30 8.7

In the case of Se-Met (Table 5) Czarne is the beging the lowest content of that
substance (5207 g-dm®) while dark beeZywiec Porter which had the highest content of
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Se-Cys has the highest content of that Se-Met5@610° g-dm®). Much similar content
of Se-Met was found in beers brewed in Italy: Mil{@4010°g-dm®) and Peroni Nastro
Azzurro (132102 g-dm?®), Czech beer Pilsner Urquell (1667 g-dm®) and Polish beer
Lech Premium (145 g-dm). High variation in content of the examined amacid was
found for tow sweet beers from the same breweryg Do The Fog (23407 g-cm?)

i Redd’s (89107 g-dm?®). The same as in the case of Se-Cys it was fchatdte higher the
malt content the higher Se-Met concentration. Thly beer that does not conform to that
'rule’ is Czarne beer. Despite the high extracttemnin that beer (12%) only
59107 gdm™ of Se-Met was found.

In the case of quantification of that selenoamiom aepeatability of results is much
worse than that for Se-Cys. Relative standard tiewias between + 2% up to as much as
+ 18%. The best repeatability was achieved for éfibbeer and the worse was for Redd’s
beer. In the case of Pilsner Urquell and Peronitida&zzurro it was impossible to select
7 most similar times, that had negative influenoer@peatability of results, especially for
the beer brewed in Italy.

It was also found that almost all the beers exathgmntain more Se-Met than Se-Cys.
In seems to be justified by literature reportinghhiSe-Met content in beer production
substrates [30].

Conclusions

An analytical procedure for simultaneous deternimabf Se-Cys and Se-Met in beer
as anions using ITP technique having short timeawdlysis and low operating cost
(chemicals) was developed.

The determined concentrations of Se-Cys are betw8da® g-dm?® for Redd's beer
and 247107 g-dm?® for Zywiec Porter beer while Se-Met content flash in thage of
59102 g-dm?® for Czarne beer to 51107 g-dm? for Zywiec Porter beer. In almost all
beers Se-Met content is higher than Se-Cys content.

It was found that the concentrations of selenoaratids under examination are highly
dependent on malt content.

Determination and quantification limits found we®e-Cys: LOD = 203 g dm?
LOQ = 61072 g-dm?, Se-Met: LOD = 1.2103g-dm?> LOQ = 3.610° g-dm>.
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OZNACZANIE WYBRANYCH SELENOAMINOKWASOW
W PIWIE TECHNIK A IZOTACHOFOREZY

Zaktad Chemii Analitycznej, Politechnika Pozska

Abstrakt: W pracy przedstawiono sposéb oznaczania orgamtznzwihzkéw selenu - selenocystyny
i selenometioniny - w mhych gatunkach piwa za pompdechniki izotachoforezy (ITP). Na podstawie
otrzymanych wynikéw stwierdzonae technika izotachoforezy pozwala w stosunkowo Kindtczasie i przy
malych kosztach analizy oznaézladowe ildgci selenocystyny (Se-Cys) i selenometioniny (Se)Meprébkach
piwa. Wyznaczona zawab Se-Met w piwie waha siw granicach od ok. 59-10g-dm?® (piwo Czarne) do
ok. 510-10° g-dm? (piwo Zywiec Porter), a zawarté Se-Cys od ok. 84-1dg-dm?® (dla piwa Czarne) do
ok. 247-10° g-dm (piwo Zywiec Porter).

Stowa kluczowe:izotachoforeza, piwo, selenometionina, selenocysty
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EVALUATION OF THE ENVIRONMENTAL DAMAGES
CAUSED BY NITROGEN OXIDES FORMED
IN POWER PLANTS USING LIGNITE AS ENERGY CARRIER

OSZACOWANIE SZKOD SRODOWISKOWYCH SPOWODOWANYCH
PRZEZ TLENKI AZOTU POWSTAJ ACE W ELEKTROWNIACH CIEPLNYCH
STOSUJACYCH LIGNIT JAKO NO SNIK ENERGII

Abstract: A high proportion of the electricity produced inetworld is based on lignite-fired power plants.
However, these plants produce, among other polisitamtrogen oxides (N, which are harmful to the
ecosystems. One of the most widely accepted comieamminator today for the comparison of the diffiere
electricity production technologies and their eamimental impacts is the external cost, ie the nageatalue of
damages caused by electricity production. This @ggr is being used in this paper as well in ordeguantify
the external cost of NCformed during electricity generation in ligniteefd thermal power plants in Greece. This
cost has been calculated up to 2030 and the obtaeseilts confirm that it is comparable to the esponding
conventional private cost. This finding is very ionfant since lignite is a principal energy source®reece and
many other countries as well.

Keywords: nitrogen oxides, external cost, electricity getiera lignite, Greece

The major conventional technologies of producingritiml and electrical energy at
power plants, especially at thermal power statians,based on burning carbon-containing
fuel. As a result, it is the power units that dre major polluters of the air, and the source of
carbon dioxide (C¢), sulphur dioxide (S€ and nitrogen oxides (NQ[1]. Progress of
mankind is impossible without growing power constioqp and, consequently, without
increasing fuel consumption, and without growth difcharge accompanying such
technologies. Moreover, all these polluting emissiare harmful to the health of humans,
animals and plants. The emissions of carbon oxi@&and CQ) and nitrous oxide (hD)
are directly related to the greenhouse effect. ddgative effects of sulphur oxides (3O
and nitrogen oxides (NQare their contribution towards acid rain. Globalrming, caused
by the increase of the amount of £i@ the atmosphere, has increased the world’s cance
for reducing these emissions, mainly in developedntries, which are the greatest

! Department of Business Administration, UniversifyPiraeus, 80, Karaoli and Dimitriou str., 18534aBus,
Greece, tel. +30 210 414 22 52, fax +30 210 413823mail: dgeorg@unipi.gr
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polluters. The most widely accepted common dendmirtaday for the comparison of the
different electricity production technologies anéls and their environmental impacts is the
external cost, ie the monetary value of damagesethhy electricity production. Therefore,
the total cost of an energy consumption procesmisonly the conventional private cost,
but also the external cost usually imposed on dlegesy. In this context, the present work is
concerned with the external cost of NOrmed during electricity generation in ligniteefd
thermal power plants in Greece. Specifically, iasth plants the burning process produces
nitrogen oxides (N¢ where more than 95% are NO, the remainder beifg. M the
atmosphere, because of the combination of NO withhgen under the influence of
ultraviolet rays, NO is transformed into BGnd this, either in this form or in the form of
N,O, is very harmful to living organisms directly.stl, NO has a greater influence, about
200-300 times more than G the greenhouse effect [2]. For all these ressthere is no
doubt that NQ is among the most harmful components of the cotiugases, and
therefore the present analysis is fully justified.

The NO, formation framework

Generally, coal fired power plants operating wittelcand other hydrocarbons like
lignite generate the biggest problem of environ@kepbllution, in particular atmospheric
pollution. Combustion gases contain, almost exetlgj harmful components, which affect
the life of humans, animals and plants directlgidectly, it has negative effects as a result
of the components GGand NQ, which generate the so-called greenhouse efféet.rost
important harmful components in the combustion game the carbon oxides (CO and
CGO,), sulphur oxides (SDand SQ, denoted as SP and nitrous oxides (NO and NO
generally denoted as ND These are the results of the use of any tygeadf as well as the
solid particles (ash) resulting from the use of aald fuel, although less results from the
use of oil and natural gas. Also, there are somerdtarmful components in the combustion
gases, such as heavy metals, dioxins etc., whatguse of their very small concentration,
are disregarded in all analyses regarding the gambimpact of coal fired power plants
today. The other components mentioned above arsidened more important because of
their large quantity of emissions into the atmosph@&he environmental problem of fossil
fuel energy systems is connected mainly to the samisof pollutants, such as CO, NO
SO and CQ. The widely accepted approach to face them issto abatement devices to
reduce their emitted mass flows to less than thidisufficient to minimize health damages
[2, 3]. The investment in such devices is influehty the environmental regulations and
policies of each country, like subsidies, emisgibowance trading schemes etc [4].

On the other handy high proportion of the electricity produced inrgpe and indeed
in the world is based on pulverized coal fireditytiboilers and a considerable amount of
this is from the combustion of lignite. There amnsiderable reserves of brown coal and
lignite in the world and this will have to be utéid efficiently and with minimum emission
of pollutants and carbon dioxide. This will continfor many decades and there will be the
driving force to reduce emissions of acidic gase§( NO,) and particulates, and to
improve cycle efficiency so as to reduce £€nissions. These needs are focused in the
European Commission strategy, particularly witharelgto the near- and medium-term
objectives to improve the competitiveness and enwirental impact of fossil fuel fired
power production processes [5, 6]. More precisgitlypgen oxides are formed in the fossil
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fuel combustion process and emitted into the atimesp directly from the stack. Their
dispersion is governed by chemical and physicalogpheric conditions. The most
important are wind speed, pressure, mixing bountieight and stability class, which set
conditions for atmospheric transport. At the samet the majority of pollutants undergo
some chemical transformations, which are governeteimperature, insulation, humidity,
background ambient concentrations and other atnes&plproperties. Nitrogen oxides
participate in chemical processes in which nitesosols are formed [7]. The formation of
NO, in the coal combustion process is briefly thedwaihg. NQ, includes two principals
components: NO and NOAccording to Hirzi [8], NQ can be neglected compared to NO.
The latter is formed by three separate reactiorcgs®es in the gas phase, which are
classified asthermal NQ prompt NOandfuel NQ Thermal NO is formed by the oxidation
of atmospheric nitrogen and is usually associately aith high temperatures (above
1600 K) and in fuel lean environments [9]. Speaitig, thermal NOis formed according to
the Zeldovich mechanism, ie a reaction between iatorygen and molecular nitrogen and
the continuing reaction of the resulting atomicagen with oxygen molecules. Prompt NO
is formed by hydrocarbon fragments (resulting fritv@ devolatilization process) attacking
molecular nitrogen near the reaction zone of thendl. Prompt NO is important in rich
hydrocarbon flames. On the contrary, the promptfké@tion of the total nitrogen oxide
emissions is very low and can be neglected in coatbustion [10]. Fuel NO is formed
from the homogeneous oxidation of nitrogen constits released during devolatilization or
from heterogeneous oxidization of nitrogen compaunih the char following
devolatilization. Fuel NO can also be reduced bthbdwmmogeneous and heterogeneous
reactions. It generally accounts for 70+90% of i@l NO formed [6]. Two models have
been developed for the description of NO formatitne model of Fenimore [11] and the
model of De Soete [12]. This is realized accordmthe following reaction paths [13]:

DeSoete
» HIbnoUThN,
Coal N D(O)E-I» HoN O s
N O 1‘?—» N2
Fenimore
» ODO-NoUTHN,
(3) (4)
Coal N L HONO TN, U -
N O0P-N

(2) 2

Both models assume that all nitrogen, which ledlrescoal during devolatilization and
char burnout is directly transformed to HCN in t@s phase. Their difference appears
mainly in the choice of oxidizer substance @r De Soete vs $#D and OH for Fenimore).
Most of these reactions are catalytic. In additiorcoal, soot and coke particles, the coal
ash and other bed materials have a catalytic effiedtuidised bed combustion, addition of
limestone for S@ retention results in higher NGemissions, ie NQformation due to
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oxidation of N-containing components (NH and CN)fasoured by CaO. On the other
hand, nitrogen oxide reduction reactions are ctatalfy accelerated as well. CaO, char and
ash favour NO reduction by CO. Nitrous oxide decosiion is enhanced over calcium
oxide, magnesium oxide and iron oxide. Other sultets (ie Si@ Al,O; and CaS¢g) have

no or minor catalytic effect. Therefore the effe€lime decreases during sulphating. The
influence of the ash on NClormation has scarcely been investigated hithEt@}. The
mathematical formulation of these two Nformation models is given below. In order to
find the mass fraction of any individual speciestiyhout a reaction chamber, the species
continuity equation should be solved. This equatisnshown below in cylindrical,
axisymmetric coordinates (x-r) where; 18 the time mean mass fraction of species i
(i = HCN, NO, or i = HCN, NH, NO for De Soete’'s and for Fenimore's model,
respectively). The \Werm in this equation represents the time meamatetof formation of
species i and is the difference between the raferofation and depletion of species i from
chemical reactions

opum,)  Apvm) 0
0x or ox

One of the largest problems in solving the specmstinuity equation is obtaining
a value for W Here, the simplest approximation is adopted:titne mean reaction rate is
obtained using the time mean properties. It shdaddnoted, however, that, as it is well
known, due to the no linearity of this term this@asption could be lead to significant errors
[14, 15].

For the model of Fenimore, simple inspection of phevious reaction path indicates
the existence of 5 reactions, each having thewiatig reaction rate:

(0, 22 -1, Py =y 1)
[ . 1'ar e o A

2
w, =——S m_ [kmol/m’s] (2)
M P 2
NZ
w, =25.10%e" " 10" [kmol/m¥s] A3)
w, =5.10°[NOL.[NH, 10’ [kmol/m¥/s] )
HO
w, = w,700e"™"" RT)ulog [kmol/m¥/s] (5)
[NO]
w, =4,18.10"e™™*p A 10" [kmol/m*/s] (6)

The nmby, my,, mass fractions are taken from the following eguilim assumptions:
21,0 U 1, +20H @)
OH+NH, &5 NH, +H,0 ®)

The overall reaction rates are:

w 3
Wi = (o, =w, =M, [k @)

NO 3 2
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W, =(w,-w, )M, [kg/m%s] (10)
‘/\/NHJ = (wl _WZ _w3 )1\/[NHJ [kg/mS/S] (11)
For the model of De Soete we have:
2
w, =——S m_ [kmol/m’s] (12)
MN P 2
w, =10"x,x" ™ 2 kmolim¥s] (13)
: M
w, =3.10"x, . x e 2 kmolim¥s] (14)
M
w,. =4, ) e—34,7ca RT -3 mol/m®/s
,=4,18.10"e ™" p A 107 [kmol/m?/s] (15)
The overall reaction rates are:
W, =(w, —w, ——2)M, [kg/m/s] (16)
Y4
WIICN = (WO _Wl _wz )MIICN [kg/msls] (17)

where: § - rate of coal weight loss due to devolatilizatiand char burnout [kgftts],
m, - mass fraction of Nin coal, M - molecular weight of species i [kg/kmol],

Mpn - molecular weight of the mixture [kg/kmol],; ¥ mole fraction (= nM/M)),
Pno - partial pressure of NO [atm], (A- char specific external area g, [i] -
pm/(M;-10%), V - cell volume [, x - axial direction coordinate [m], r - radiairection
coordinate [m], u - axial velocity component [m/g]; radial velocity component [m/s},-
density [kg/m], pes - mass diffusion coefficient [kg/ms], and b - diEént given by De
Soete [12].

For both models the last reaction can be negldoteduse its influence is small. The
models have been tested and results have beenedbiai simplified cases. It has been seen
that the model of Fenimore is very sensitive to gerature distribution and water
concentration while the model of De Soete givesegaly higher results than this of
Fenimore [13].

Projection of NOy external cost

The lignite fuel cycle presents significant simitias to the coal fuel cycle and can be
decomposed into the same stages. More specifichllyGreek lignite fuel cycle includes
the following stages:

« Lignite extraction

« Transportation processes

« Operation of the power plant

« Disposal of wastes
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In our case, the power generation stage is beirgned. In general, most lignite
coal-firing units in Europe are equipped with tamtipd-firing combustion systems with jet
burners, where the flame is stabilized in the @rfireball instead of individual vortex
burners. Normally lignite has high moisture conté2@+70%) and the ash content varies
from 1 to 40%. Because of the high moisture contigmite-firing boilers are equipped
with special drying and grinding systems. For girigg the hammer type or fan type of mills
are normally used, and for the drying, insteadigfaamixture of hot flue-gas (800+1000°C)
and air is used. Because of the high amount oflhetgas and only low amount of air, to
comply with the safety conditions, for drying oftite, the @ content in the carrier gas is
low. Typically the Q content of the carrier gas is 8+15%, which is igantly lower
compared with bituminous coal-ring systems. Thalfimoisture-content of lignite after
drying is about 7+20%, which is also higher thanbB@uminous coal. Low ©contents of
the carrier gas and high moisture contents of thed fiave negative effects on the coal
ignition, causing low combustion efficiencies andghh NO, emissions. Existing
lignite-firing units use very simple burners, whiate actually not burners but coal injectors.
This means that lignite coal ignites very far frtira coal nozzle, normally more than 2+4 m
from the nozzle in the central fireball. Then, hesmthe @ content of the carrier gas must
be low, the ignition and flame stabilization is pawsith such a jet burner. This causes
a narrow operation range for boilers, and, for load operation, it is necessary to use oil
or gas for flame stabilization and for safe boitgreration [16]. On the other hand in
Greece, due to the quality of the Greek ligniteglthash and sulphur content) significant
amounts of air pollutants are generated duringtimbustion process. To reduce emissions
most plants are equipped with effective emissiontrab equipment. The concentration of
pollutants in the flue gases is given in Table 7][1

Table 1
Pollutant concentration in the flue gases of aitegfired power plant in Greece [17]
Pollutant Concentration
Particulates <50 mg/Nni
e} 170+300 mg/Nm
NO 190+200 mg/Nr

For the reduction of particulates electrostatict quscipitators of high efficiency are
usually used. Due to the high alkalinity of theniig deposits the ash produced during
combustion is highly alkaline and can be usedHerdesulphurisation of the flue gases. The
mean efficiency of this system is estimated to toeiiad 90%. However, Smissions are
expected to vary in a relatively wide range dueddous uncontrollable parameters of the
whole system. Finally, low NCburners are used for the reduction of Ngnissions, which
depend highly upon the conditions of the combusfiorcess. Regarding the externalities
associated with power generation from thermal atafuelled by lignite in Greece, they
have been estimated by ExternE project, the maidirfgs of which are concisely the
following [17]:

« Impacts on Public Health: The most important cdamttors to the quantifiable damage
calculated for the lignite fuel cycle is the impatatmospheric pollutants emitted in
the operation stage on human health. Despite thsiderable limitations hindering
a precise implementation of the impact pathway @@gi, it is considered that the
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obtained results give a good approximation of tleal rhealth impacts due to
incremental ambient air concentrations and of thsoeated damages. The most
detrimental pollutants to human health, which afisen the lignite fuel-cycle are
suspended particulates, SONO,, ozone, and the secondary produced aerosols
(sulphates and nitrates). More precisely, the Weétthlth Organization’s air quality
standards are 200g/nT for 1-h average exposure and gg/nT for annual average
exposure for NQand 125ug/nt for 1-h average exposure and p@/nT for annual
average exposure for $018]. The total of the mid damage estimates are
approximately 19.9 m€/kwh. Chronic mortality effe@re by far the most important
component.

« Impacts on Occupational Health: The analysis i¢rioted to occupational accidents
because no data are available for occupationahskse For the power generation stage
of the Greek lignite fuel cycle statistical dataveong a 5 years time period and
concerning all the Greek lignite power plants hheen used. The estimated damage
cost ranges between 0.1+0.14 m€/kWh.

« Impacts on Agriculture: Air pollutants affect therrestrial ecosystems through dry and
wet deposition mechanisms. Dry deposition actsctlireon crops, mainly through
foliar uptake, and is believed to cause the mosbse damages. Wet deposition and
the resulting soil acidification are not expectedignificantly affect the quality of soils
because of their high alkalinity and thus the agdtical production, as well as the
forests development. SONO, and Q emissions have the most detrimental impacts on
vegetation.

« Impacts on Materials: The estimated damages tormabtedue to their exposure to
atmospheric pollutants (mainly $@nd the secondarily produced wet acid deposition),
concern mainly the repair costs of the buildingd ather material infrastructure. The
resulting damage costs due to the impacts of athessppollution on materials have
been estimated at 0.27 m€/kWh. It has also beempted to approximate damages
caused on historical monuments and other anciemstaations of specific cultural
value because of the particular importance theg liavGreece. A first rough estimate
of these damage cost category gives a value rangieggveen 0.0058 and
0.033 m€/kwh.

+ Impacts on Water Resources: The power generatage sof the Greek lignite fuel
cycle affects also surface water resources maimtabse of the withdrawal of water for
cooling purposes. The most important impacts orfasar water are the water
contamination, the temperature rise and the lesgendf water resources.
A quantification of these impacts is very difficalt the moment because of the lack of
data and the incomplete knowledge about the presess/olved in the damaging
pathways.

«  Global Warming: During the last decade a lot oflmations support estimations of the
damages associated with this phenomenon for diffeseenarios. In this context the
relevant damage costs have been estimated on sieedfahe FUND model, assuming
different values of discount rate (1, 3%) as weallaasensitivity analysis for various
parameters. For a discount rate of 3%, the tot®real cost amounts approximately to
23.8 m€/kWh.

The total of the damage cost estimates relatedh@¢opbwer generation stage of the

Greek lignite fuel cycle are summarised as 15.10.-20 m€/kWh depending the discount
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rate used. Likewise, the external costs of damagssciated with NQis estimated as
9,298 €/Mg [17]. In addition, in Greece the Némnission factor of the electricity generated
in lignite-fuelled power stations is 1.6 kg/MWh [19his figure seems quite moderate
compared to the NCemission factors of similar lignite or coal firdtermal power plants in
other countries [7, 20, 21]. Relating the N@mission factor from Greek lignite-fuelled
power stations (1.6 kg/MWh) with the external costsdamages associated with N
Greece (9,298 €/Mg), one can calculate the margmtdrnal cost of NQgenerated in
lignite-fuelled power stations as 15 €/ MWh approxiely. Moreover, the entire annual
electricity generated from all lignite-fired therhmants in Greece is given in Table 2 for
the most recent years as well as estimations iffuture [22, 23]. Therefore, considering
all the above, the total external cost of NlOrmed in Greece from lignite-fired thermal
plants is being calculated and presented in Talfibe e same years.

Table 2
Total annual electricity generation from ligniteefi power plant in Greece [22, 23]
Year GWhlyear
2000 34,537
2001 32,042
2002 31,197
2003 31,643
2010 35,686
2015 33,764
2020 36,989
2025 39,486"
2030 36,776"
2 estimation
Table 3
Total annual external cost of the Nformed in Greece from lignite-fired power plants
Year M€Elyear
2000 518.06
2001 480.63
2002 467.96
2003 474.65
2010 535.29
2015 506.46
2020 554.84
2025 592.29
2030 551.64

Since the net power generated cost in this kindgpglants is about 25 €/ MWh [24], it
can be seen that the external cost examined ipréfsent work (ie of one pollutant only) is
comparable to the corresponding conventional peieast (about 60% of this).

Concluding remarks

The present work is concerned with the external cbslO, formed during electricity
generation in lignite-fired thermal power plant€dreece. This cost has been calculated and
the obtained results confirm that it is comparabith the corresponding conventional
private cost. This finding seems expected sinceitbgis one of the most polluting fuels
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used for electricity generation. This is especidtlye in Greece because of the inferior
quality characterising the Greek lignite depositsl @n particular their low heating value.
Consequently, measures and initiatives should betad to reduce emissions in the Greek
energy system. This may be achieved through th@fusen-carbon primary energy sources
(such as hydro plants and RES) and by improviniy thtal efficiency. The improvement in
total efficiency is achieved either by adopting néechnologies or with alternative
combinations of technologies and fuels (eg combiogde units). However, a series of
political initiatives is required for a reductiorf emissions associated with the energy
system. For instance, policy regarding energy sgvahould continue and intensify in near
future, as energy intensity in Greece is a sericuscern. It exceeds the International
Energy Agency Europe average and it is increasiignificant potential for energy
efficiency improvement has been identified. Thet@dfectiveness of specific efficiency
measures should be taken into account in settifigyppriorities. Many specific measures
are self-financing and can be taken without relydingsubsidies. Measurable targets should
be set. The effectiveness of policies should befally monitored. As it concerns lignite, it
has been mentioned that investments have been toageluce pollutant emissions from
lignite-fired power plants. These efforts need ¢ocbntinued. Even though the government
favours the use of gas in power generation, nemitéefired power plants may be licensed,
provided they use only state-of-the-art technolegiBesides, with regard to security of
supply, lignite is an extremely important energuree for Greece and thus the country’s
government position on the future role of this fuel electricity generation must be
determined and planned very carefully.
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OSZACOWANIE SZKOD SRODOWISKOWYCH SPOWODOWANYCH
PRZEZ TLENKI AZOTU POWSTAJ ACE W ELEKTROWNIACH CIEPLNYCH
STOSUJACYCH LIGNIT JAKO NO SNIK ENERGII

Abstrakt: Duza cz$¢ energii elektrycznej produkowanej saiecie pochodzi z elektrowni opalanycteglem
brunatnym. Jednak elektrownie te wytwasizaanieczyszczenia, m.in. tlenki azotu (Cktére g szkodliwe dla
ekosysteméw. Jednym z powszechnie akceptowanychmeamdw, stuacym do poréwnywania eédych
technologii produkcji energii elektrycznej i ich amlatywania narodowisko, jest koszt zewtrzny, tj. wartd¢
pienigzna szkody spowodowanej produkgnergii elektrycznej. W tej pracy oszacowano zgrzne koszty NQ
powstajice podczas produkcji energii elektrycznej w opglamglem brunatnym elektrowni cieplnej w Grecji.
Koszt ten zostat obliczonyzado roku 2030, a uzyskane wyniki potwierdgaie jest on poréwnywalny do
odpowiednich konwencjonalnych kosztéw wiasnych.spostrzéenie jest bardzo wae, poniewa wegiel jest
gtownymzrédiem energii zaréwno w Gregcji, jak i w wielu irgtykrajach.

Stowa kluczowe:tlenki azotu, koszty zewitrzne, wytwarzanie energii elektryczneggiel brunatny, Grecja
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KINETICS OF CARBON DIOXIDE ABSORPTION
INTO AQUEOUS MDEA SOLUTIONS

KINETYKA ABSORPCJI CO , W WODNYCH ROZTWORACH MDEA

Abstract: The CQ absorption rate in aqueous methyldiethanolaminetisols was measured using a stirred cell
with a flat gas-liquid interface. The measuremewvese performed in the temperature range of (298133.15)

K and amine concentration range of (10 to 20) ntassMeasurements were based on a batch isothermal
absorption of the gas. The kinetic experiments werducted under pseudo-first-order regime. Theutated
initial absorption rates enabled to estimate thevdod, second order reaction rate constant of ©&ction with
MDEA in aqueous solution.

Keywords: CO, removal, absorption, methyldiethanolamine, sticeti

Absorption by aqueous alkanolamine solutions isdbminant industrial process for
separation of acid gases such as @@ HS, from gas mixtures in natural gas processing,
petroleum refining, coal gasification and ammonianofacturing industries. Another
possible application of amine-based technologi€QOsseparation from the large quantities
of flue gases from industrial sources such aslfassi power plants. Since GUs regarded
as a greenhouse gas, potentially contributingdbajlwarming, there has been considerable
interest in developing effective technologies fés capture, recently. The chemical
absorption of C@ is generally recognized as the most efficient qposhbustion CQ@
separation technology at present. The idea of cadiaxide sequestration which includes
its capture and storage in underground rock fomnathas progressed steadily over the past
ten years. It is claimed that this solution coulaypan important role in solving the problem
of increasing greenhouse gas emissions. As opposetther capture options which include
pre-combustion method and oxy-fuel processes, tis-gpmbustion technology can be
fairly installed in the existing power plants whi¢her options involve innovative ways of
power generation technology. The amines that hasenbproved to be of principal
commercial interest are monoethanolamine (MEA), thdisolamine (DEA) and
methyldiethanolamine (MDEA) [1]. In the Ilast decadeterest in using
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"Corresponding author: kierzkow@p.lodz.pl



464 Hanna Kierzkowska-Pawlak and Andrzej Chacuk

methyldiethanolamine, which is a tertiary aminecréased significantly. The main
advantages of MDEA as opposed to more traditionalyd primary and secondary amines
are its relatively high capacity, small enthalpyr@fction with acid gases and a low vapour
pressure. Since, the G@action rate with MDEA is slow, the addition ofial amounts of
fast reacting amines is necessary to apply thisga®in flue gas treatment.

Many studies were performed on the kinetics of tbaction of CQ@ with aqueous
MDEA [2-5]. A comprehensive overview on that subjecprovided by Vaidya and Kenig
[6]. There is an agreement on the reaction mecitrawnisich implies that tertiary amines do
not react directly with C® In an aqueous solution, MDEA catalyzes the, ®@dration
reaction according to the mechanism proposed byaldson and Nguyen [7]. However,
there are still many discrepancies in the litematoncerning the interpretation of the kinetic
data.

This causes the relatively high difference in tloewlrd rate coefficient of the
MDEA-catalyzed reaction which is ranging from 1@ kmol s* [2] to 5.15 nikmol s*

[3] at 293 K. These discrepancies may be attribtaetie different experimental techniques
used and the inconsistency of the physical datd ssc CQ solubility and diffusivity
applied for interpretation of the absorption ratédéad Moreover, there is a disagreement on
the effect of the reaction of hydroxide with €6n the measured rate of g@bsorption
into aqueous MDEA solutions [6].

In the present paper, additional data on the ldsetf the reaction between g@nd
aqueous MDEA solutions are reported. The ,GDsorption rate in aqueous MDEA
solutions was measured using a stirred cell withflad gas-liquid interface. The
measurements were performed in the temperature @n@@93.15 to 333.15) K and amine
concentration range of (10 to 20)% mass MDEA. Theaioed results were applied to
determine the initial CQabsorption rate. A simplified film model, whichsasnes that the
reaction between CQOand MDEA is irreversible, has been applied foripteting the
experimental data and estimation of the reactitm caefficient.

Theory

In accordance with the convention used in the adiiesture, MDEA is represented
as RRyR3N, where R = R, = CH,CH,OH and R = CH;. When CQ is absorbed in agqueous
MDEA solutions, the following reactions may occarthe liquid phase [3]:

CO, +RR,R,N +H,0 - [2fff . RR,R,NH* + HCO; (1)
co, +oH ~&en’s - Heo; @)

HCO; +OH™ - coz +H,0 3)
R,R,R,NH" +OH™ ¥~ R,R,R,;N+H,0 ()
2H,0 % . OH™ + H,0" (5)

where: k, koy - forward second order rate constants; Kquilibrium constant of reaction

Reactions (1)-(2) are taking place with the finitges which are described by the
forward second order rate constartskoy and equilibrium constants;Kand K. Reactions



Kinetics of carbon dioxide absorption into aqueMIBEA solutions 46E

(3)-(5) are instantaneous with respect to massfgaas they involve only a proton transfer.
Kinetics of direct reaction of CQwith OH" is firmly established [8], however its influence
on the absorption rate should be considered vasfuly as the reaction of CQwith OH
may have a significant contribution to the observedction rate, especially at very low
partial pressure [3].

Versteeg at al [9] concluded that in a large nundfestudies of C@MDEA system
with an absorption technique, the influence of @¢ reaction with C@is overestimated

due to the presence of other negative chargedliksmsHCO, and CO? . Littel et al [10]

and Moniuk et al [11] claim that the effect of thisaction is negligible due to the low
concentration of the hydroxide ions in the solutidcording to the numerical simulation
of Rinker et al [3] and Glasscock and Rochelle [dB]y at low CQ concentrations,
corresponding to low CQpartial pressure, the hydroxide reaction hasahgekt effect and
must be taken into account in predicting the seama@r reaction rate constant Ks the
partial pressure is increasing, the hydroxide bexontepleted in the boundary layer and
MDEA has a major contribution to the absorptioreréghi and Zhong [13] demonstrated
that in order to obtain the true kinetics of reawt(1), the rigorous mathematical model
should be applied for interpreting the absorptiaterdata. They claim that a better
prediction of the C@ absorption rate is achieved while applying a maatgording to
a more realistic kinetic mechanism where all chainieactions are taking into account and
treated as reversible, especially at high tempezatu

In the present work, the simplified kinetic modedsaapplied which assumes that the
main reaction (1) of COwith MDEA is irreversible and the contribution ifaction (2) on
the mass transfer rate is negligible. The conditifor the absorption of GOn MDEA
solutions were selected in such a way as to erthatethe absorption occurs in the fast
pseudo-first order reaction regime. After theseiamgions, the total rate of G@eaction in
an aqueous solution of MDEA may be expressed as:

r'ov = kZ[MDEA][COZ] = kov[COZ] (6)
The overall reaction kinetic constany ks defined as:
kov = kZ[MDEA]O (7)

where [MDEA]}, states for the initial MDEA concentration in th@uion.

Experimental

Apparatus

The measurements were performed in the heat flaetion calorimeter (Chemical
Process Analyser, ChemiSens AB, Sweden) which isfuly automated and
computer-controlled stirred reactor vessel withgiulity of an on-line measurement of
thermal power developed by the process. The re@tarcylindrical, double walled glass
vessel with an effective volume of 250 tri is capped, top and bottom, with stainlesslstee
316. The reactor lid holds the shaft seal and theessary armature for charging and
sampling both from gas and liquid phases. The salierdiagram of an experimental set-up
is shown in Figure 1.

The reactor was equipped with four stainless $taffles and an impeller stirrer. While
in use it is submerged in the thermostating liduath. A Peltier element mounted inside the
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bottom of the reactor serves as an efficient hgatimd cooling device and keeps
temperature constant to +0.1 K. The absolute pressias measured by a pressure
transducer mounted on the reactor flange. A sepanle on the top flange allows either to
evacuate the cell or to introduce a gas into tlaetog. The measurement accuracy of the
digital pressure transducer was 0.1% of the futigeaof (0+2000) kPa. The gas-liquid

interface, A, was flat and could be geometricadijireated.

|
| 1
| |
| to vacuum :
: - ®
| 1
I
1
1
)

G@d”_ olilo
1

Co,

/—CPA reactor

Thermostat

Thermostat

Fig. 1. Experimental set-up: 1 - storage tank; @ownstream pressure regulator; ns - stirring speed
transducer; T - temperature sensors; P - pressursducers

Procedure

A series of experiments was conducted at temperatmge of (293+333 K). The
inital MDEA concentration in the aqueous solutiomas varied in the range of
0.83+1.7 kmom® which corresponds to amine weight fraction fromt@®0 mass %. In
each experiment, the reactor was charged with b0t the alkanolamine solution. After
the reactor was filled with the desired solutidmg liquid was degassed and heated to the set
temperature under stirring conditions. When thentiaé equilibrium was established eg the
temperature in the reactor became constant@®1 K, the stirring was stopped for
a moment. Pure gas from the £x@servoir was then introduced during a very stior in
the upper part of the cell. The resulting initiaégsure in the range of (25+110) kPa was set
by the back pressure regulator (Brooks, 5866). Therabsorption process was initiated by
switching on the stirrer at the desired stirringeh. The decrease in the system pressure
due to absorption of the gas was monitored by tiessure transducer and thpeg, vs t”

data were recorded as a function of time untilghs-liquid equilibrium state was reached.
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The initial “pco, vs t” data from t= 0 to 60 s were plotted and the absorption rate wa
calculated from the value of the slopedg.,,/dt). This method based on the

fall-in-pressure technique was used previously thgoinvestigators [5, 10, 14] and enabled
a simple and straightforward estimation of the gbtson rates. The main advantage of the
present experimental technique is that no analysihe liquid phase is required and the
recorded pressure decrease versus time was theardyneter necessary for the evaluation
of absorption kinetics.

The CQ partial pressure in the reactor,, pvas calculated according to the total
pressure in the system P measured by the presansglticer, corrected for solution vapour
pressure by use of Raoults’s law. In these calionlat the amine vapour pressure was
neglected, as it was very small as compared wélsthvent vapour pressure.

The experiments were carried out at three tempest293.15, 313.15 and 333.15 K
and with partial pressure of G@n the range of (25+110) kPa. The chemicals engaoy
CO, (L'Air Liquide, 99.995 vol % pure) and MDEA (Fluk®9 mass % pure) were used
without any further purification. Alkanolamine adques solutions were prepared from the
distilled, deionized water. Experiments were parfed with initial CQ loadings of the
solutions equal to zero.

The solution volume was maintained at (¥0Q) cni in each experiment. The
respective mass of the solutions was determinedinmit0.01 g. In the range of stirring
speed of 100+180 mih the absorption rate was independent of the mgr$peed
indicating a pseudo-first-order regime. Thus, i@ finesent work all experimental runs were
performed at a constant stirring speed of 120 iNixing of the liquid under such
a stirring speed did not affect the smoothnesshefdas liquid interface which could be
easily estimated.

Results and discussion

In order to determine the kinetic parameters indtireed cell using the pressure drop
technique, it is essential that the absorption ggedakes place in the fast reaction regime,
without depletion of the amine at the gas-liquitkiface [15]. The necessary condition for
the fast pseudo-first-order reaction regime is:

3<Ha<<E (8)
where Hatta number is based on reaction (1) agivén by:

Ko D
Ha: ov—COy
I(L

E; is the enhancement factor for an irreversibleaimstneous reaction and defined as
follows:

(9)

E- =1+ DMDEA[MDEA]
VMDEA DCOZ[COZ]i
wherevypea is the stoichiometric coefficient of amine in réan (1).
In the case of the present experimental technifprea given temperature and amine

concentration, the Hatta numbers and enhancemetor$amay by varied by changing the
liquid mass transfer coefficient, end CQ partial pressure, respectively.

(10)
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The general expression for g&bsorption rate has the following form:
Neo, = Exk, ([CO,]; -[CO,]) (11)
where N, is expressed in [km@h 257, k. [m/s] is the mass transfer coefficient of CO

in the liquid phase, [CQ and [CQ] [kmol/m® are the interfacial and bulk GO
concentrations, respectively. The enhancement rfaBp describes the influence of
a chemical reaction on the mass transfer rate efhancement factor is defined as the ratio
of the absorption rate of a gas in the liquid ie firesence of a chemical reaction to the
absorption rate in the absence of a reaction atti concentration differences of the
absorbing gas between the interface and the liouikl WWhen condition (8) is satisfied, the
enhancement factor,fs equal to the Ha number:

E, =Ha (12)

The bulk CQ concentration at the initial state of the batchaaption run is equal to
zero as the aqueous MDEA solutions used in therptisn experiments were not initially
loaded with C@. Thus, the specific rate of mass transfer of 6&comes:

Neo, = kocho2 [CO,]; (13)

As can be seen from eg. (13), in the pseudo-fideéiochemical absorption regime, the
absorption rate is independent of the liquid sidessntransfer coefficient kand hence it
should not depend on the stirring speed. Underptiesent experimental conditions, no
change in the absorption rate was observed whilgngathe stirring speed in the range of
100+180 rpm. Hence, it was preliminary assumedtti@atCQ absorption takes place under
fast pseudo-first-order regime.

The interfacial concentration of G@an be obtained from Henry’s law:

Pco
CO,], =—= 14
[CO,) == (14)
where p.,, [Pa] is the CQpartial pressure and He [Bd/mol] is the Henry’s law constant

of CG, in aqueous MDEA.
After taking into account the eq. (14), eq. (13fuidher transformed to:

JKo,D
N _ ov—CO, D (15)

co, — He CO,

The eq. (15) is the basis for the interpretatiothef measured absorption rate data. In
the fast pseudo-first-order regime, it is posstbleetermine the overall reaction kinetic rate
constant, k, knowing He and:)COZ for CG, in the amine.

The CQ absorption rate can be calculated from the experiad data by the mass
balance in the reactor gas phase according to:

Vs dpcozz
RITA dt €02

where \§ [m® is the gas phase volume in the reactor, T [K]tlie temperature,
R [Jmol™CK™] is a gas constant and A ffris the gas-liquid interfacial area. In eq. (16),
the ideal gas equation was applied.

(16)
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For the calculation of the overall reaction kinetite constant and interpretation of the
absorption rate data, many physicochemical progeiif the system under consideration
are required. The viscosities of MDEA aqueous smhgt and Henry's constants for €O
were obtained with the correlation proposed by &lask [16]. The diffusion coefficient of
MDEA was estimated according to the correlationppsed by Pani et al [17]. The
diffusion coefficient of C@ in aqueous MDEA is calculated according to the ifiexdl
Stokes-Einstein relation proposed by Versteeg amdSwaaij [18]. The densities of MDEA
aqueous solutions were obtained from Rinker atlf].[The computed physicochemical
properties are summarized in Table 1.

Table 1
Physicochemical properties of G®IDEA-H,0 system

T n x 10°[Pa-s] [16]
10 mass % 20 mass %
293 1.459 2.19
313 0.931 1.37
333 0.608 0.824
Dwmpea X l(f m2/s] [17]
293 0.564 0.443
313 0.896 0.7098
333 143 1.19
Dcoz x 1 [m2/s] [18]
293 1.27 0.923
313 2.03 1.48
313 3.29 5.28
He [MPa m3/kmol] [16]
293 271 291
313 4.43 4.65
333 6.08 6.21
p [kg/m?] [19]
293 1008.1 1017.3
313 1000.7 1009.3
333 993.3 1001.3

The value of physical mass transfer coefficient, dttainable in the experimental
apparatus is an important parameter in identiffghgmical absorption regime. The mass
transfer characteristics were investigated by nraagyphysical absorption rates for €@
water and MO in aqueous MDEA solutions under various operatioigditions. The results
obtained were correlated as:

Sh=0.3929R&°%3%5"3 (17)

where Sh, Re and Sc are, respectively the ShervReyholds and Schmidt dimensionless
numbers defined as:

Sh=—L5s (18)
Dco2
2

Re= NP (19)



47C Hanna Kierzkowska-Pawlak and Andrzej Chacuk

Sc = 1
pDcoz
where d and n are the dimension and the speed of the stirrepeaively.
From eq. (15) the overall pseudo-first-order comstk, can be estimated from
measured C@absorption rates, assuming that the conditiong8het. It should be noted
however, that one of the most important drawbadkisfmethod is that a priori information
is required on the values of the liquid side maaadfer coefficient kand a rate constant
ko Otherwise, neither the lower limit of Ha > 3 cahte estimated nor the fulfilling of
condition (8).
The CQ absorption rates in MDEA aqueous solutions atoesritemperatures and
initial amine concentrations are presented in Table

(20)

Table 2
CO; absorption rates into aqueous solutions of MDE£=(h20 mir?)
Temperature [MDEA]o | kix1C° | Pco, Ngo, x10°
[K] [kmol/m 3] | [mis] [kPa] | [kmol/(m?s)]
293 0.845 2.02 108.3 2.32
97.0 2.22
93.0 2.06
86.0 1.87
67.5 1.53
42.5 0.99
33.8 0.93
34.9 1.05
293 1.706 1.43 67.4 1.62
59.0 1.55
52.3 1.38
46.8 1.23
313 0.840 3.19 77.1 2.66
58.2 221
55.6 1.93
43.9 1.68
36.4 1.39
313 1.694 2.28 88.0 3.61
57.8 2.19
37.8 1.60
35.9 1.66
34.7 1.40
333 0.834 5.07 51.1 2.68
46.2 2.24
42.7 2.11
33.9 1.77
333 1.681 3.91 52.3 3.11
48.2 2.96
43.7 2.49
26.0 1.82

For measurements performed at a given temperangdeMDEA concentration, the
Hatta number is constant at the given stirring dp&hanging the COpartial pressure in
the reactor within the applied range of (25+110pkPhanges the infinite enhancement
factor E which consequently can change the absorption eediftthe reaction takes place
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under fast reaction regime under certain condifitims CQ absorption rateN¢,, Vs peo,
should yield the straight line with the slope rethto k,. Thus, plotting experimental .,

as a function ofp.,, in the fast reaction regime, should give a strialigie passing through
the origin at a given temperature and amine conagoih and would enable calculation of
the combined parametM/He. Such plots at 313 K for two amine concentrations
are shown in Figure 2. From the slope of the fitlete for 10 mass % MDEA,
M/He at 313 K was found to be equal t&810° [kmol m™? s MPa"]. Using the
values of D.,, and He given in Table 1, the second order ratesteon k of

15.02 ni/(kmolS) was subtracted from this combined parameter. vegall and second
order kinetic rate constants were calculated usliegdescribed methodology for 10 and
20 mass % MDEA at each temperature. Table 3 shb&vgamputed results of combined
parameter andyk

Table 3
Experimental results of;kdetermination
Temperature [MDEA] ¢ VKoDeo, He Kov ko K2, average
K] [kmol/m 3 [kmol m2 s MPa ™} [1/s] [m®/(kmol s)] [m®/(kmol s)]
293 0.85 2.21x10° 2.83 3.35 3.43
293 1.71 2.55x10° 5.98 3.51
313 0.84 3.61x10° 12.61 15.02 14.67
313 1.69 4.09x10° 24.27 14.33
333 0.83 5.06x10° 31.84 38.20 38.11
333 1.68 6.03x10° 63.89 38.02
4,0
B 10 mass %
3,5 O 20 mass %
| —linear fit, eq. (15)
3,04
o 1 (]
o 2,54
S |
g 20-
= |
S 1,51
* 4
9
=° 1,01
0,54
00F——7T——T7T——7T— T T T T T T
0O 10 20 30 40 50 60 70 80 90 100
Peo, [KPa]

Fig. 2. The absorption rate as a function of,@@rtial pressure at 313 K - determination @f k
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Fig. 3. Comparison of the second-order rate congtarCO-MDEA reaction determined in this work
with those reported in the literature

Once the values of;kvere obtained, the values of Ha andavere calculated for all the
experiments. The Hatta numbers vary from the lowekte of 3.1 (for 10 mass % MDEA
at 293 K) to the highest one of 10.4 (for 20 masMBEA at 333 K). The instantaneous
enhancement factors Btrongly depend on the applied pressure and vam fl1 to 110
corresponding to the lowest pressure. Enhancenaetdré for instantaneous reaction are
a few times higher than the values of Hatta numbEng condition given by eq. (8) was
found to be satisfied for all the experiments. Thile preliminary assumption of fast
pseudo-first-order regime was justified in the présstudy and eq. (15) is valid for
interpretation of the measured absorption rate. él@w it is noticeable that the Hatta
number for 10 mass % MDEA at 293 K is very closehe lower limit of that number
above which the reaction can be treated as a $asidp-first-order reaction.

The estimates of ,kare plotted in Figure 3 for comparison with sedectiterature
values. The values of lobtained in this work are in good agreement withse derived by
Rinker at al [3] over the whole temperature ramgeshown in Figure 3, the, lof Jamal et
al [4] and Benamour et al [5] are slightly highban the present ones. The results of
Haimour et al[2] are significantly smaller than other literaguralues and those determined
in this work for T < 313 K. The observed discregaacmay come from the different
absorption apparatus and the assumptions involhrele witerpreting the observed overall
kinetic rate constant.

The estimates oflare fitted by the following Arrhenius equation:

k,[m*kmol™s™] = 2.07x10°exp(-5912.7/T) (21)
The activation energy, as determined from eq. (2&)been found to be 49.16 kJ/mol.
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Conclusions

The CQ absorption rate in aqueous methyldiethanolaminetisols was measured
using a stirred cell with a flat gas-liquid inteséa The apparatus was operating batchwise
with respect to both the gas and liquid phasesa Dadre obtained over the temperature
range 293+333 K and for MDEA concentrations randingn 10 to 20 mass %.

In the present work, the simplified kinetic modedsaapplied which assumes that the
main reaction (1) of COwith MDEA is irreversible and the contribution 60, reaction
with OH ions is negligible on the rate of mass transfée Tonditions for the absorption of
CGO, in MDEA solutions were selected in such a wayaasrtsure that absorption occurs in
the fast pseudo-first order reaction regime. Theeerental absorption data obtained in
this study were interpreted to give an overall @estant. Based on the assumptions made,
the second order rate constants of,@&action with MDEA were determined. New data for
the k were found to be in a good agreement with pubdiskedues. The activation energy
for the second order rate constant was determmée #19.16 kJ/mol.

Notation

A gas-liquid interfacial area [th

c concentration [mah]

D; diffusion coefficient of species i in liquid phage’sS™]
ds turbine diameter [m]

E infinite enhancement factor

Ea enhancement factor

Ha Hatta number

He Henry’s law constant for GQPamtol™]

k. liquid side mass transfer coefficient of dissol&@, [mS™]
Koy the overall rate constanf ﬂs

ko second-order rate constant of reaction (Emol™ 5]
K equilibrium constant

Ns stirring speed [g]

p partial pressure [Pa]

Ngo,  absorption rate of C{kmolf “S™]

Re Reynolds number

r chemical reaction rate [k %S

Sc Schmidt number

Sh Sherwood number

t time [s]

T temperature [K]

R universal gas constant 8.314 J/(i&pl

\Y; volume [n7]

Greek letters
solution density [kah ]
solution viscosity [P&]

= ©

Subscripts
i gas-liquid interface
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0 initial state
CcOo, carbon dioxide
G gas phase

L liquid phase

MDEA methyldiethanoloamine
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KINETYKA ABSORPCJI CO , W WODNYCH ROZTWORACH MDEA
Wyadziat Inzynierii Procesowej i Ochronyrodowiska, Politechnika £6dzka

Abstrakt: Metody absorpcyjne usuwania €Q wielu mieszanin gazowych majszerokie zastosowanie
przemystowe. W niniejszej pracy wykonano pomiaryb&osci absorpcji CQ w wodnych roztworach
metylodietanoloaminy w reaktorze zbiornikowym z szadlem z plask powierzchna kontaktu. Pomiary
wykonano w zakresie temperatur (293,15+333,15) $fien (10+20)% mas. MDEA. Absorpgjrealizowano
w warunkach okresowych w stosunku do fazy cieklgazowej. Stwierdzonaie w warunkach daviadczenia
absorpcja przebiegata wzimie szybkiej reakcji chemicznej pseudopierwszegou. Na podstawie zmierzonej
szybkdci procesu w chwili poctkowej wyznaczono state szyhiad drugorzdowej reakcji CQ w roztworze
MDEA. Otrzymane wart&i statej szybkéci reakcji skorelowano za pompodwnania Arrheniusa.

Stowa kluczowe:usuwanie CQ absorpcja, metylodietanoloamina, reaktor z migiera
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DEAMINATION OF ALANINE AND ASPARTIC ACID
IN SOIL CONTAMINATED WITH PLANT PROTECTION
CHEMICALS UNDER LABORATORY CONDITIONS

DEAMINACJA ALANINY | KWASU ASPARAGINOWEGO
W GLEBIE ZANIECZYSZCZONEJ SRODKAMI OCHRONY RO SLIN
W WARUNKACH LABORATORYJNYCH

Abstract: The objective of this study was to determine tffieceé of soil contamination with fungicides, Uni 7
WG (cyprodinil) and Riza 250 EW (tebuconazole), arskcticides, Nomolt 150 SC (teflubenzuron) andsban
480 EC (chlorpyrifos), on the deamination of DLrafee and DL-aspartic acid in brown soil with the
granulometric composition of loamy sand (6.6). A laboratory experiment was carried out limsg beakers
(100 cn?) containing 50 g samples of soil mixed with oneth## studied amino acids as the source of organic
nitrogen (0.250 mg &g soil) and an insecticide/fungicide dose of 0, 8.8, 50 and 500 mg-khd.m. soil on
active ingredient basis. Soil moisture was broughthe level of 60% capillary water capacity witietuse of
demineralized water, and the samples were incubate?5°C. The N-N& and N-NQ content of soil was
determined colorimetrically at 12-hour intervals 1@, 24, 36 and 48 h). The results of the expertmedicate
that fungicides and insecticides affected the deatiun of organic nitrogen sources, and the dioectind force
of those reactions was determined by the type ausé df the crop protection chemical and the datnafysis.
Tebuconazole and chlorpyrifos had more adversectsffen amino acid mineralization than cyprodinidan
teflubenzuron.

Keywords: ammonification, insecticides, fungicides, soil

The nitrogen cycle originates with microbiologigabcesses in the soil. In addition to
the microbiological fixation of atmospheric nitragehose processes are also inclusive of
nitrification, denitrification and immobilizationfaitrogen. The process of mineralization
of amino acids, referred to as ammonification, gé of the nitrogen cycle.

More than 90% of nitrogen in soil occurs in orgafuoms [1]. According to McLain
and Martens [2], 90+98% of the total nitrogen cobtf soil accounts for proteins secreted
by plant roots as well as their decomposition potsiunamely peptides and amino acids.
Amino acids have a 20% to 55% share of the soiggammc matter [1]. Amino acid
mineralization in soil is one of the key procesthes supply plants with nitrogen [3]. Only
6% of amino acids in soil are absorbed by plants@s a source of essential nitrogen [4],

1 Department of Microbiology, University of Warmianc Mazury in Olsztyn, pl. tédzki 3, bl. 40,
10-727 Olsztyn, email: ewa.jastrzebska@uwm.edu.pl
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which is why the mineralization of amino acids fisimportant process from the agricultural
point of view. Proteins and amino acids are of &designificance for agricultural
ecosystems as a vital source of N4{5].

The mineralization of amino acids in soil is a tekly rapid process. In a study by
Jones [6], the half-life of amino acids ranged franto 12 h. The rate of amino acid
mineralization is determined by the quality andpgendies of soil, including its pH [7] and
ecological status [6]. The rate of this procesalss affected by the chemical and structural
properties of amino acids [2] which determine amaietd sorption by the soil's solid phase
[6]. The fate of N-NH released in the ammonification process differstdube complexity
of the nitrogen cycle that comprises a variety itfogen transforming processes, many of
which take place simultaneously. Ammonium ions pidi in the mineralization of the
soil's organic matter are oxidized into nitratesidn the nitrification process, they are
absorbed by plant roots and immobilized, ie assi®@i, by soil-dwelling microbes [8].

The dynamics of nitrogen mineralization is affected environmental pollution.
Agricultural ecosystems are contaminated with cimptection chemicals, including
fungicides and insecticides, which, as demonstrayedarious studies, may disturb the soll
balance, thus affecting its biological life [9, 10The objective of this study was to
determine the effect of two fungicides, Unix 75 Vi@d Riza 250 EW (active ingredients -
cyprodinil and tebuconazole), and two insecticidésmolt 150 SC and Dursban 480 EC
(active ingredients - teflubenzuron and chlorpygjfoon the deamination of DL-alanine and
DL-aspartic acid.

Materials and methods

A laboratory experiment was established on browil with the granulometric
composition of loamy sand. Samples were collectethfthe humus horizon (1+15 cm).
The properties and the granulometric compositionsoif are given in Table 1. Two
fungicides and two insecticides were used in thgedrment. The first substance was Unix
75 WG, a commercially available fungicide suppliegd Syngenta Crop Protection, with
a 75% content of its active ingredient, cyprodi@l compound of the anilinopyrimidine
group). The second tested fungicide was Riza 250ntaMufactured by CHEMINOVA A/S
P.O., Denmark. The content of its active ingredigebuconazole (a compound of the
triazole conazole group), was 250 g per liter &f phoduct. The applied insecticides were:
Nomolt 150 SC, supplied by BASF Agro B.V., contaipiteflubenzuron (a benzoyl urea
derivative) in the amount of 150 g per liter, andr§ban 480 EC, manufactured by Dow
AgroSciences, with the content of its active ingeatl chlorpyrifos (a phosphoorganic
compound), of 480 g per liter of the product.

Table 1
Physicochemical properties of soil used in theeeixpent
Granulometric composition Hydrolytic acidity | Exchangeable bases Corg
soil grains diameter [mm] pHkei [mmol(+) -kg lg-kg™]
2+0.05 0.05+0.002 <0.002
78 15 7 66 10.50 146.00 8.5

The experiment was carried out in three replicatidi®0 cri glass beakers were filled
with 50 g samples of air-dried soil passed throagl2 mm sieve. Every sample was
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thoroughly mixed with an organic nitrogen sourcd aontaminated with one of the studied
crop protection products. Soil moisture was broughthe level of 60% capillary water
capacity with the use of demineralized water. Thgeemental variables were: a) type of
crop protection chemical - fungicides: Unix 75 WG@ygdrodinil), Riza 250 EW
(tebuconazole), and insecticides: Nomolt 150 S@ufienzuron) and Dursban 480 EC
(chlorpyrifos), b) fungicide and insecticide dosenig-kg" d.m. soil on active ingredient
basis: 0, 0.5, 5.0, 50 and 500, c) source of ogganitrogen: DL-aspartic acid and
DL-alanine, d) nitrogen dose in mgkg ™ soil: 0 and 250. The N-NHand N-NQ content
of soil was determined at 12-hour intervals (0, 22, 36, 48) according to the method
proposed by Wyszkowska et al [11]. N-Nidnd N-NQ were extracted from soil using
a 1% aqueous solution of 8O, The soil/lextractant ratio was 1:5. The soil ahd t
extractant were shaken for 30 min, and the comtatmmonium ions and nitrate(V) ions in
the filtrate was determined in two replications.eTh-NH, content was determined
colorimetrically using Nessler's reagent, and etiitm was measured at a wavelength
A =410 nm. N-NQ@ concentrations were determined colometrically gighenyldisulfonic
acid, and extinction was measured spectrophotoradiiri(UV VIS lambda, Perkin Elmer)
at a wavelengtih = 410 nm. The rate of amino acid mineralizatiors wapressed in terms
of % ammonified nitrogen using the formula givenWyszkowska [12]:

N1- No

N = - 100%

The results were processed statistically using Boscmultiple range test in the
Statistica application [13]. Regression equationd aoefficients of determination were
computed between the quantity of ammonified nitrogad the dose of the analyzed crop
protection chemical and between the quantity of anified nitrogen and the date of
analysis.

Results and discussion

In the conducted experiment, the deamination ohiaéa and aspartic acid was
significantly modified by both the type and the éosf the applied crop protection
chemical. Time was also an important determinarmgro€ess dynamics. In the group of the
tested fungicides and insecticides, tebuconazatkechiorpyrifos had a more pronounced
effect on the ammonification of alanine and aspatid than cyprodinil and teflubenzuron
(Fig. 1). The highest doses of the fungicide - ogimil (50 and 500 mg-k§d.m. soil) had
the most inhibiting effect on alanine ammonificatiafter 48 hours of the experiment
(at 17 and 22%, respectively), and on aspartic acinonification after both 36 and
48 hours. The effect of lower cyprodinil doses wagermined by the date of analysis and it
was not always significant.

At the beginning of the experiment (12 and 48 hpuiswver doses of the second
fungicide containing tebuconazole (0.5 and 5 mg-dkgn. soil) significantly stimulated the
mineralization of both examined amino acids. Aft& hours, the studied process was
significantly inhibited. Higher doses (50 and 50@-ky" d.m. soil) of the fungicide
significantly retarded the mineralization of organiitrogen compounds throughout the
entire experiment. After 48 hours, the above dadebited the ammonification process by
23 and 44% (alanine) and 14 and 72% (aspartic a@dpectively, in comparison with the
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control treatment. It should also be noted thattammmation with tebuconazole in the
amount of 500 mg-kgd.m. soil inhibited alanine decomposition nearlyirety in the first
24 hours, while the rate of aspartic acid mineadion did not exceed 20% even after

48 hours of the experiment.
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Fig. 1. The effect of soil contamination with crgpotection chemicals on the ammonification

of DL-alanine and DL-aspartic acid in terms of %raomified nitrogen
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In the group of the analyzed insecticides, tefl@uean demonstrated a weaker effect
on the ammonification process. In comparison wéhutonazole, none of the applied
teflubenzuron doses produced an equally powerftécef Alanine and aspartic acid
mineralization was significantly slowed down af8& and 48 hours in soil samples strongly
contaminated with teflubenzuron (50 and 500 mg-#gn. soil). The second insecticide,
chlorpyrifos, had a negative effect on aspartid anmonification regardless of the applied
dose. Chlorpyrifos also significantly inhibited theneralization of alanine at doses higher
than 0.5 mg- kg d.m. soil.

Regardless of the time factor, the degree of amitamination with the investigated
crop protection products had a significant effent tbe ammonification of alanine and
aspartic acid (Fig. 2). The above was validatedsdry high coefficients of determination
for tebuconazole (R= 0.9929) and chlorpyrifos ¢R= 0.9912), ie crop protection chemicals
that exerted a particularly strong effect on theramification process. The process of
alanine and aspartic acid deamination progresstdtimie irresepctive of the level of soil
contamination with fungicides and insecticides (Y As demonstrated by mean values,
deamination was most significantly inhibited by qhinil, followed by chlorpyrifos,
regardless of the type of the examined amino acid.

control 500 control 05 5 50 500

dose mg-kg-1

dose mg-kg-1

cyprodinil

y=2.8693x>—23.169x + 78.174; R* = 0.8843

cyprodinil

-0.4479x? +1.7581x + 33.52; R* = 0.9856

tebuconazole

y=0.3094x> - 12.49x + 69.476; R* = 0.9267

tebuconazole

-3.1457x% + 12.406x + 24.986; B> = 0.9929

teflubezuron

y=3.0507x2 — 23.252x + 77.463; R* = 0.8025

teflubezuron

-1.2321x? + 5.8659x +30.614; R*=0.9178

chlorpyrifos

y=13271x* - 16.959x + 73.728; R2=0.9346

chlorpyrifos

v
-
-
v

-1.6367x* +6.1761x + 30.362: R?=0.9912

cyprodinil tebuconazole teflubenzuron chlorpyrifos

Fig. 2. The effect of dose of crop protection cheafs on the ammonification of DL-alanine (a) and
DL-aspartic acid (b) in terms of % ammonified nifem

The effect of crop protection products on the amifieation process remains poorly
documented. Pandey and Singh [14] investigatecetfeet of the recommended doses of
chlorpyrifos and quinalfos on the deamination ofjisine. The analyzed process was
stimulated by chlorpyrifos, and it was inhibited @uinalfos. In a study of Kucharski et al
[15], the herbicide Mocarz 75 WG had a negativeeaffon the mineralization of
DL-alanine, L-arginine, L-aspartic acid and urea.
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control v =2.9464x>+ 3.3644x - 5.938; B2 =0.9674 control y=-0.1329x> + 20.673x — 25.65; R> = 0.9392
cyprodinil v =19236x"+83956x —11.172: R?=0.935 cyprodinil y=-1.275x* + 26.175x — 30.888; R?
tebuconazol v=156x*+6.69x — 8.08: R2=0.9701 tebuconazol y=0.1993x> + 13 445x — 16.75
teflubezuron v=11186x"+13.107x — 15.154: R? = 0.9595 teflubezuron y=-1335x"+26377x—29.84
chloropiryfos v =24829x" + 3.4009x — 5.816: R*=0.9617 chloropiryfos y=-0.1757x2 + 18.152x — 22.642: R? = 0.9383
e control e cyprodinil — — —- tebuconazole s teflubenzuron chlorpyrifos

Fig. 3. The effect of time of on the ammonificatiohDL-alanine (a) and DL-aspartic acid (b) in term
of % ammonified nitrogen

The effect of plant protection products on soil-tiwg microbes receives wider
coverage in published studies. Ammonification isiarobiological process, therefore the
inhibitory effect of the analyzed products on amiamcid mineralization most probably
results from the toxic influence of fungicides andecticides on ammonifying bacteria. In
the discussed experiment, low levels of soil coimtation with crop protection chemicals
often enhanced the decomposition of alanine andréspacid. Similar conclusions were
formulated by Lupwayi et al [10] who did not obseran adverse effect of fungicides and
insecticides on the taxonomic and functional strectof soil-dwelling microbes. In the
author's previous study [16], teflubenzuron stirtedathe proliferation of oligotrophic
bacteria, while chlorpyrifos increased copiotropbécterial counts.

In this experiment, plant protection products had@ed effect on the ammonification
process. The above could be attributed to diffexerin the chemical structure, properties
and toxicity of the applied substances. As dematetr by other authors [17],
contaminating doses of insecticides and fungicidemy have an adverse effect on
soil-dwelling microbes by reducing their biomassl anhibiting biochemical processes in
soil. These observations were validated by Das &hdkherejee [18] who noted
a stimulating effect of soil applied-insecticides lacteria of the geneBacillus Proteus
Corynebacteriumand Streptomycesand an inhibitory effect of selected insecticides o
microbes of the generBseudomonasStaphylococcysNocardia and Micromonospora
Lakshmi et al [19] reported on the chlorpyrifos-deposing ability of the following
bacteria:Pseudomonas fluorescens, Bacillus melitensis, Badubtilisand Pseudomonas
aeroginosa Bacteria of the gener@acillus and Pseudomonagre ammonifiers, and the
same active substance may have a varied effectaotern, subject to environmental
conditions which differed across the discussedissudn this experiment, chlorpyrifos was
one of the most potent plant protection produdtgbiting the ammonification process.
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The results of this experiment indicate that thenamification process was affected by
the type of amino acid, as the analyzed amino adiffisred in chemical structure. Both
tested compounds contain one amino group, but ts@aid has higher molecular mass
and a higher number of carbon atoms per molecul@nide is a non-polar amino acid,
whereas aspartic acid is a polar amino acid withegatively charged side chain. The
properties of the studied amino acids determineraibe of their displacement in soil [4],
sorption rates [6] and susceptibility to microldalcomposition.

Conclusions

1. In the presented laboratory experiment, the amnuatibn of DL-alanine and
DL-aspartic acid in brown soil contaminated withogrprotection chemicals was
affected by the type and dose of the applied prodad the date of analysis. The
course of the ammonification process varied al&jest to the examined amino acid.

2. Tebuconazole and chlorpyrifos had a more inhibitieffect on amino acid
mineralization than cyprodinil and teflubenzuron.

3. At high levels of soil contamination (50 and 500" d.m. soil) with tebuconazole
and chlorpyrifos, the ammonification of DL-alaniaed DL-aspartic acid was inhibited
regardless of the date of analysis. After 48 hoafrghe experiment, the rate of
DL-aspartic acid mineralization in soil contamirchtewith tebuconazole
(500 mg-kg"d.m. soil) did not exceed 20%.
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DEAMINACJA ALANINY | KWASU ASPARAGINOWEGO W GLEBIE
ZANIECZYSZCZONEJ SRODKAMI OCHRONY RO SLIN W WARUNKACH
LABORATORYJNYCH

Katedra Mikrobiologii, Uniwersytet Warmsko-Mazurski w Olsztynie

Abstrakt: Celem podjtych bada bylo okrdlenie wptywu zanieczyszczenia gleby fungicydamiib WG
(cyprodinil) i Riza 250 EW (tebukonazol) oraz insalydami: Nomolt 150 SC (teflubenzuron) i Dursb&94£C
(chloropiryfos) na deaminagj DL-alaniny i kwasu DL-asparaginowego w glebie laumej o skfadzie
granulometrycznym piasku gliniastego ¢ 6,6). Ddwiadczenie laboratoryjne przeprowadzono w zlewkach
szklanych (100 cf), w ktérych umieszczono po 50 g gleby wymieszanjeidnym z aminokwaséw jakaddiem
azotu organicznego (0, 250 mdkl ~"gleby) oraz odpowiedaidawlks insektycydu, w przeliczeniu na substancj
czynny: 0; 0,5; 5,0; 50; 500 mg-Kys.m. gleby. Naspnie wilgotnaé¢ gleby doprowadzono do 60% kapilarnej
pojemndci wodnej za pomecwody demineralizowanej i inkubowano w temperatl23eC. Zawart& N-NH,

i N-NOsw glebieoznaczono kolorymetrycznie w oggach 12-godzinnych (0, 12, 24 36 i 48 h). W wyrilada
stwierdzonogze fungicydy i insektycydy wptywaly na przebieg déaatji organicznyctzrodet azotu, a kierunek
i sita ich oddzialywania byly uwarunkowane rodzajéradka ochrony rdin, jego dawlg i terminem bada
Tebukonazol i chloropiryfos wywieraly wkszy negatywny wplyw na przebieg procesu minergjiza
aminokwaséw w poréwnaniu z cyprodinilem i tefluberanem.

Stowa kluczowe:amonifikacja, insektycydy, fungicydy, gleba
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THE ROLE OF INDICATOR MALACOFAUNA IN POLLUTION
ASSESSMENT OF INLAND WATERS EXPOSED TO
ANTHROPOPRESSURE: THE CASE OF THE KIELCE LAKE

ROLA MALAKOFAUNY WSKA ZNIKOWEJ W OCENIE ZANIECZYSZCZENIA
WOD SRODLADOWYCH PODLEGAJ ACYCH ANTROPOPRESJI
NA PRZYKLADZIE ZALEWU KIELECKIEGO

Abstract: Organisms showing the properties of bioindicatespond to changes in the biotope in a specific way
Those organisms are susceptible to toxic substamoes the contrary they are tolerant to toxinsuigid into the
biotope. Such tolerance means that bioindicat@sble to accumulate the pollutants to such extetis lethal
to other living organisms. Using molluscs and ttadiilities to accumulate heavy metals in amounghidi than
those in the environment makes it possible to bsegroup of organisms as bioindicators of watetdpes. The
diversity of types of nutrition and variety of n@hment (deposit-feeding, filtration of suspensiand
phytophagous properties) allow to indicate diffees1in concentration of heavy metals despite thginoof
species in the same water area. In case of malatafareying on bottom deposits it is possible ttectethe
relation of migration of elements in a water - plarbottom deposit - malacofauna system. The rebeams
carried out in the Kielce Lagoon - a reservoir fethwithin the borders of the city of Kielce by dlugthe Silnica
River valley with a weir at 8 km. There are reci@al, residential and industrial areas surroundiregreservoir.
The trunk road in direction to Lodz being the seudf transportation-related pollution is locatedthe close
neighbourhood. The municipal swimming pool from e¥hthlorinated water is discharged to the reseigatso
located nearby. The lagoon is fed by a watercooaflecting the municipal pollutants from the Mastdiilage
located near the city of Kielce. The water of thel&e Lagoon is highly polluted because of widegenf organic
and inorganic compounds brought into the resernidie obtained results of chemical analyses alloeviduate

the cleanliness of the reservoir, form a warningtesyy against danger and show malacofauna resppobanges
in the biotope.

Keywords: invertebrate malacofauna, bottom deposit, bioirtthca detritus

Methods for the assessment of surface water quatgd until recently in Poland, were
based primarily on physicochemical research. Thepec of microbiological and
parasitological research as well as the use ofebistwere relatively limited. Rapid
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development of methods based on bioindicatorsenatbrld and their application to water
environment assessment (a saprophytic system ef whissification, known for a century)
have created the necessity to conduct similar resea Poland [1].

Polish research is conducted mainly on the baskdasfeston [2], whereas in Western
European countries (Belgium, Denmark, France, malaltaly, Luxemburg, Holland,
Portugal, Spain, Great Britain) and the USA pred@ant are methods based on qualitative
and quantitative analyses, conducted on invertehraticator malacofauna. This research
relies on the so-called biotic indexes as wellpgec®s diversification ratios. It makes use of
the British BMWP Biological Monitoring Working Parfy Method, as well as the TBI
(Trent Biotic Index and the Chandler system. The multitude of bigtiethods poses
considerable difficulty as to the choice of thossstbsuited to Polish conditions. The most
significant issue here is their adjustment to thentry's water characteristics.

An assessment of various systems' usability wasedaout in the year 1999 [3]. It was
ultimately demonstrated that the most adequate adefibr Poland is the BMWP as well as
modified Margalef's biodiversity index. Thus theliBlo biotic system, the BMWP-PL, was
developed. Among others, the system includes PhylMollusca (molluscs), Class:
Gastropoda(snails)Neritidae, Viviparidae, Ancylida&s indicating organisms.

The selection of molluscs is conditioned by theaidmdication characteristics. These
are most frequently organisms of high sensitividytdxic substances or - vice versa, ie
demonstrating high degree of tolerance of toxirtsoduced into the biotope [4]. This
tolerance consists in bioindicators' ability to @meilate pollutants in quantities lethal to
other life forms [5, 6]. Using the ability to comteate heavy metals in quantities exceeding
those found in the habitat enables the use ofghisip of organisms as water biotope
bioindicators [7].

Of major importance is the range of feeding methartts the type of food consumed by
snails. Feeding on sediments, filtration of thepsmsion or herbivorosity allow for the
identification of differences in heavy metal conications in their organisms despite the
fact that species occur in the same waterbody.

The sediments originate as a result of sedimemtatfaallochtonic material from rock
and soil erosion, mineral and organic suspensiodsistrial and municipal wastes, as well
as autochthonic material and non-living remainglaints and animals. They fall to the
bottom and provide a feeding basis for detritopliagmalacofauna [8]. In the case of
malacofauna feeding on bottom sediments, it isipEs$o observe an element migration
pattern in the water - plant - bottom sediment Husos system.

Due to its detrimental effect on the biocoenodise human being included,
accumulation of pollutants in bottom sediments im@or environmental problem. This
results from retention of heavy metals and harnafiganic compounds (PAHS) in the
sediments [9, 10]; consequently, the use of wateils for water biotope monitoring
appears to be justified.

The objective of the present study has been to esiggossibilities of using
detritophagous malacofauna for the assessmentfatsuvater pollution.

Studied area

Kielce is located in central Poland, in the nonthpart of the catchments of the Nida
river, a left-bank tributary of the Vistula. Theudy has covered the Kielce Lake -
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a reservoir created within city limits by the closwf the Silnica river valley with a weir in
its eighth kilometre (Figs 1 and 2). The area adothre reservoir as well as the reservoir
itself are used as leisure facilities. The areaosunding the reservoir has been developed
for residential and business purposes. In direginity, there is an expressway which is
a source of transport pollution; adjacent is thenicipal swimming pool which discharges
chlorinated water into the reservoir. The resenadgo receives municipal waste from
satellite towns around the city [11].

Fig. 2. Arrangement of stands around Kielecki Bay ieservoir section on which an aerator moves)

Important for the reservoir's water level is theeri which flows into it. It is
a mountain-type river, with high gradients in itsngitudinal profile and high flow
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variability. Its catchment covers an area of 4&868, and its total length reaches 18.6 km,
including 17.0 km within city limits.

Due to continuing expansion of terrain with watexdrsurfacing (roadways, concrete
pavements, or cycling paths) as well as expandiainainage and hydrotechnical networks,
an imbalance in the natural proportion betweenltiafion and surface wash appears,
exerting heavy anthropogenic influence on the chamcomposition of water in the
reservoir.

Interannual river flows in the segment leading aiphie studied reservoir maintain high
variability, characterised by initial increase @4nt-s?), followed by a decrease in the
river mouth profile (0.369 fhs?). This speeds up the introduction into the resergb
sediments carried by the river current. Despitér tsrmall volume, the interannual flows of
the reservoir (V = 170 000 Inare almost three times as high as those in tpplgng
river. This results from additional anthropogeniply, as well as very high proportion of
surface wash which amounts to 85+90% during heainfall. The reservoir also receives
storm drain water, as well as municipal and indailstwater discharges. The reservoir
location and supply point to the fact that the $gorted material, particularly in winter and
spring seasons, is washed into the reservoir, deratly affecting its ecology.

Studied material and methods

In the studied area, four measurement sites weggdd. The study was carried out as
field work between May and September in the ye@G82and 2009. It covered a chemical
analysis of reservoir water (alkaline metals, heaeyals, pH, BOR biogenic compounds),
and in the year 2009, additionally, the chemismbottom sediments and indicator
malacofauna: snail shells and soft tissues.

The alkaline metal (Na, K) content was determingdrteans of the emission flame
photometry method with the use of the Sherwood gl2@ometer, its parameters adjusted
appropriately. For the determination of the contehbiogenic compounds, the UV-VIS
spectrophotometer with internal calibration and MERtests were used. Determination of
BOD; was carried out with the use of Aqua Lytic Oxi &it. For the study of the bottom
sediment a sampler was used: a core probe whidhlesh¢éhe collection of soft sediment
samples with undisturbed structure of the sediraarftice layer from the depth of 15 cm.

Molluscs were collected along a 10 m segment at delected measurement sites with
the application of a 30x30 cm landing net. The exibd molluscs were sorted and
taxonomically classified. The material for the asé is the European phyBhysella acuta
(Draparnaud 1805) - Figure 3, a common speciesfavorldwide [12, 13]. It demonstrates
considerable resistance to pollution which caugetoioccupy natural and industrial
reservoirs [12]. It prefers waters with exuberaagetation, and is found mainly on rush
macrophytes [14]. It colonises industrial resersoiith high water temperature. It is the
only snail species found at the water discharge zdrthe Rybnik Power Station [15].

The factors which make reservoir colonisation mdifécult to this species are rapid
currents and excess of magnesium ions (>50 mg)difihe European physa does not
display any food preferences. It feeds mainly amitths (70% of consumed food) as well as
green algae and diatoms [16]. This organism haseayear life cycle, with two seasonal
generations. Specimens which appear in spring die before winter; the following
generation which appears at the turn of Septemiesraiit in the early summer of the next
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vegetative season [15]. Hence mollusc collectiotwio catches is justified: early summer
(post-winter specimens) and late summer (specimefsl vegetative season).

At the catch point, ten sweeps of coast-rootedtplarere performed. Samples of shells
together with soft tissues, after removal of impesi, were dried at the temperature of 60°C.
Upon drying, the samples were milled, pounded iragate mortar and sieved in order to
obtain grain diameter fraction <1@n.

Chemical analysis included a study of both samplesvater and of tissues with
mollusc shells. Out of representative and homogemoaterial samples, three 2 g samples
were taken for mineralisation and exposed to mien@sradiation-assisted mineralisation
with concentrated nitric(V) acid with the use ofettAnton-Paar PE Multiwave 3000
microwave mineraliser. For the determination ofdyemetals in water samples as well as
extraction solutions obtained as a result of mieesvmineralisation of bottom sediments,
the AAS method was used, with the application ot tAAS-SavantAA Sigma
spectrophotometer or the AAS-Savant Zeman speaitopieter, depending on
concentration levels in the analysed solutionsuRe&®rrectness was checked by means of
the spiking recovery method, and the obtained aoyuamounted to +4%.

Fig. 3. European phys®&lfysella acutp(Draparnaud 1805)

Results and discussion

At each selected measurement site, chemical agadysivater was conducted in two
yearly study cycles (Fig. 4). The first water maaswent cycles of 2008 and 2009 were
conducted in June; the second - following the ehthe vegetative period in September.
Mean analyte values for each study site are showmble 1.

A combined result analysis showing biogenic compbooncentrations in the studied
reservoir points to increasing contents MO;, NH; and K ions in 2009 as compared
with the same study period in 2008.

Concentrations oNO; and Nd demonstrate various values (increase at measutemen

sites 2 and 3; decrease at sites 1 and 4). Thevogswaters, due to biogene concentration
(including nitrate(V) nitrogen, may be counted agnonon-class waters (four sites).
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A significant increase of ammonium nitrogen (stsdgs 1, 3, and 4) has been found, which
would suggest an increase in ammonification prod¢etnsity and poor aerenchymatic
potential of the reservoir.

Mean values of analyte concentration in water samfaken at four sites in the years 2008 andTgct))(l)%l
Indicator Unit 1 > 2008 3 7 1 > 2009 3 2
NO; [mg-dm¥ |22.000| 3.690 | 22.40Q 2.800 | 14.02Q | 31.15Q | 27.25 1.62Q
SO [mg-dm? |58.600| 26.800| 52.400| 29.200| 18.715 | 53.00G | 57.00G | 35.20Q
NH; [mg-dm? | 0.035| 0.123| 0.03§ 0.086 1.5R0 0.111 0.070r | 0.540r
Na" [mg-dm?] [32.925[26.775| 33.750] 25.650] 6.45Q, | 47.200 | 45.600 | 15.65Q
K* [mg-dm? | 6.675| 3.825] 6.02 3.62% 7.260] 8.3000 | 8.2504 | 5.550

& 2008 & 2009

mg*dm

NO3 SO4 NH4+ Na+ K+

Fig. 4. Mean values of analyte concentration inewaamples taken from the Kielce Lake between May
and September 2008 and 2009

Growing values of biogenic analyte concentratiompto eutrophic tendencies in the
studied ecosystem. This process may be assistethunjcipal wastewater discharges,
surface wash carried by the river current as welransport of the material washed off the
roads and pavements in spring and winter. Sigmifiaalso an increase in sedimentation of
terrigenic material, which occurs due to intensifion of denudation processes in the
catchment [17].

When describing the ecochemical status of the veseand characterising medium-
and long-term risk of unfavourable change in bietgpnditions, it is advisable to apply an
ecochemical index of water status, such as for planhe ANCaq - Acid Neutralizing
Capacity [11]. This index is defined as the diffexre between alkali and strong acids in
water solutions and calculated according to theéda:

ANCaq [uEq-dm?] = K* + N& + 2Mg* + 2C&" — NO; — CI - 2SCF



The role of indicator malacofauna in pollution asseent of inland waters exposed to ... 491

The ANCagq is a superior tool for characterisingexatcidity because, unlike the pH, it
is independent of C{partial pressure.

Natural acidic waters are dominated by organic sacighile waters acidified by
anthropogenic activity - by sulphate(VI) ions asmdminium. Originating probably from

chemical decomposition of bottom sediments, Ca, and Na ions can balanc8O;

concentrations. Due to these reactions, ANCaq ieslexaintain their positive values.
For the studied reservoir, a comparative recorcetsioé pH values, measured at
selected measurement sites, has been developelé @)ab

Table 2
Mean pH and ANCagq values in the studied resermdiné years 2008 and 2009
. . pH | ANCaq pH | ANCagq
Measuring point 2008 2009
1 7,42 39,83 7,87 37,48
2 7,38 113,3 7,96 98,72
3 7,32 53,41 7,57 48,09
4 7,09 123,40 7,27 115,05

The obtained results point to a pH increase in 288ompared with 2008, by further
values: measurement site 2 - by 0.58, measurenterit sby 0.45, measurement site 3 - by
0.25, measurement site 4 - by 0.18.

Heavy anthropopressure which manifests itself exwlaterbody's increasing pollution
does not pose an obstacle for the colonisatiorhisf ltabitat by a representative of the
Physidaegfamily, thePulmonataorder, the European phy&hysella acuta

Table 3
Comparison of Zn, Cd and Pb content in water, bottediments and molluscs
Measuring Water Bottom sediments Molluscs
point/month Zn [ cd [ pb | zn ] cd | . Pb Zzn | cd | Pb
pg-dm
August
1 0.9 0.1 3.6 4.1 2.0 3505.0 0.02 0.98 7.p
2 1.0 0.1 4.5 4.8 1.7 877.0 14.1] 0.9 697
3 2.6 0.2 2.2 25 3.2 592.0 63.7 1.1 36]1
4 0.9 0.2 2.1 2.6 2.6 17.1 27.3 2.1 9.1
September
1 0.03 0.1 2.2 35 12.3 15300.0 0.03 0.1 7.2
2 0.03 0.2 1.8 2.9 0.6 925.0 17.9 75.2 11{3
3 0.06 0.2 5.5 2.6 0.8 859.0 108. 348 o.n
4 0.04 0.1 3.0 3.8 9.0 14395.0 36.5 86J1 16.0

Research by Serafinski et al [17] has proved thansity of the expansion of this
mollusc species in Upper Silesia reservoirs isteeldo the speed of industrialisation, and
was at its most intensive in the years 1971-199@ HEuropean physa's low sensitivity to
pollution is an advantage in the colonisation ofthempogenic water biocenosis habitats
[18]. This mollusc demonstrates an ability to coricste heavy metals in quantities
exceeding those in the habitat [7]. Feeding onmsedis, suspension filtration as well as
herbivorosity of the European physa make it posstbl formulate patterns of element
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migration in the water - bottom sediment - malaoofa system. The above factors have
been the reason for this species selection asirdiBator organism. A comparative record
sheet of heavy metal concentrations in water, boediments, mollusc shells and tissues
has been presented in Table 3.

Hg*dm 3
-
o

water bottom Molluscs
sediments

Fig. 5. Heavy metals content in studied sampleliime 2009

water bottom Molluscs
sediments

Fig. 6. Heavy metal content in studied sampleseipt&nber 2009

The problem of heavy metal accumulation in snadlishand soft tissues has been
subject to analysis by several authors [18-24]. thiete studies have always differentiated
the results by showing discrepancies in elemerntiraatation levels in mollusc tissues and
shells. In these analyses, authors either pointdtal concentration in shells several times
exceeding that in mollusc tissues [25], or vicesaer they show lower values in shells than
in tissues [21].

Piotrowski [26] points to two metals, Pb and Cd,ickhare firmly bonded with
carbonates, particularly with aragonite, to fornelsh Zn, however, as follows from the
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reaseach by Van-Balognah et al [27]lgminea stagnalisccumulates in the soft tissues of
the body. Therefore it seems justified to treatadlusc's organism as a whole.

The present study has not split the results intodvoups (shells and soft tissues) as it
has been assumed that metals accumulated in shiglisate from metabolic food routes,
and consequently their temporary presence in tsisue fact.

8000+
. 6000
£ 4000+ |
2 20004 September Pb
June Pb
O,
water bottom Molluscs
sediments

Fig. 7. Lead content in studied samples in JuneSepdember 2009

The objectives of the present study have been tonuiate patterns of metal
accumulation in the water - bottom sediment (detjit- molluscs system, as well as
demonstrating the extent to which the selected usolspecies fulfils bioindicator criteria.
The analysis has shown a growth tendency for Zgs(biand 6), the metal's concentration
increasing in the following order: water < sedimentollusc; and for Pb: Water < mollusc
< sediment.

In the case of Cd, a discrepancy has been obsdeehding on the seasons in which
the study was conducted (Table 3). For the secamadtey of the year, it takes the form:
mollusc < water < sediment; for the third quartethe year: water < sediment < mollusc.

Out of the three studied heavy metals, the higbestentrations found were those for
Pb (Fig. 7) which accumulates in bottom sedimemi@x{mum values in the third quarter of
the year at 7869.7 ug-d# next, Zn and Cd accumulate in mollusc bodiesximam Zn
values of 162.4 pg-dm- third quarter; maximum Cd values of 49.05 pg-dmthird
quarter).

A comparison of Zn concentration in water, bottoadiments and mollusc bodies in
both study periods points to the highest concentraif this element in mollusc bodies with
respect to the other two systems (water and sedimen

Conclusion

1. The study conducted in the years 2008-2009 at thied&Lake points to the possibility
of using detritophagous malacofauna for the assassf the degree of reservoir
pollution.
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2. The presence of Bhysella acutapopulation in a water reservoir exposed to heavy
anthropopressure allows for this species to betedummong hydrobioindicators.

3. The study of heavy metal distribution in the Kielt@ake, exposed to heavy
anthropopressure, enables the conclusion that heastal distribution varies for
different elements. Pb accumulates primarily intdrotsediments, while Zn and Cd - in
living organisms Physella acuta
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ROLA MALAKOFAUNY WSKA ZNIKOWEJ W OCENIE ZANIECZYSZCZENIA
WOD SRODLADOWYCH PODLEGAJ ACYCH ANTROPOPRESJI
NA PRZYKLADZIE ZALEWU KIELECKIEGO

Wydziat Matematyczno-Przyrodniczy
Uniwersytet Humanistyczno-Przyrodniczy Jana Kochaskiego w Kielcach

Abstrakt: Organizmy wykazujce cechy bioindykatorow w charakterystyczny dlabigiespos6b reagujna
zmiany w biotopie. $to najczsciej organizmy o diej wrazliwosci na substancje toksyczne lub odwrotnie, tzn.
wykazupce wysoki stopig tolerancji wzgédem wprowadzanych do biotopu toksyn. Tolerancjapdbega na
zdoIndgici bioindykatoréw do kumulowania zanieczyszczae ilosciach, ktére dla innych formycia stanowg
wartdci letalne. Wykorzystanie mtzakéw i ich zdolnéci do koncentracji metali etkich w ilosciach wyszych

niz w $rodowisku stwarza mitiwos¢ uzycia tej grupy organizméw jako bioindykatoréw bipésv wodnych.
Réznorodndé¢ sposob6w oghywiania i rodzaj pobieranego pokarmieiowanie na osadach, filtracja zawiesiny,
roslinozerna¢) pozwalaj na wskazanie edic w koncentracji metali ¢ikich mimo pochodzenia gatunkéw
z tego samego akwenu. W przypadku malakofazeryijacej na osadach dennych #iae jest uchwycenie
zaleznosci migracji pierwiastkow w ukfadzie: woda -stma - osad denny - malakofauna. Badaniamiciabj
Zalew Kielecki, zbiornik utworzony w granicach miakielce poprzez zamkggie doliny rzeki Silnicy jazem, na
jej 8 km. Tereny wokoét zbiornika zagospodarowane zarébwno na cele rekreacyjne, mieszkaniowe, jak
i gospodarcze. Dodatkowo w beZpednim gsiedztwie przebiega droga krajowa w kierunku todeidaca
zrodlem zanieczyszcaekomunikacyjnych, oraz zlokalizowany jest basenjshkie z ktérego wprowadzana jest do
zbiornika woda chlorowana. Zalew zasilany jest i@k wodnym stanowcym odbiornik zanieczyszcae
komunalnych z miejscovgoi Mastoéw, potaonej w pobliu Kielc. llos¢ oraz rénorodnd¢ zwiazkéw zaréwno
organicznych, jak i nieorganicznych, dostgich s¢ do zbiornika, powodujeze wody zalewu $ bardzo
zanieczyszczone. Uzyskane wyniki analiz chemicznyaz biologicznych pozwalajna ocen stanu czystwi
zbiornika, stwarzaj system ostrzegania przed zagmiem oraz pokazajreakcje malakofauny na zmiany
zachodzce w biotopie.

Stowa kluczowe:malakofauna bezkgowa, osad denny, bioindykacja, detrytus
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ACCUMULATION CAPACITY OF CADMIUM AND MANGANESE
IN SURFACE WATER MICROLAYER OF ESUTARINE LAKE

WZBOGACANIE MIKROWARSTWY POWIERZCHNIOWEJ
W KADM | MANGAN W ESTUARIOWYM JEZIORZE

Abstract: In order to investigate the effect of salinity ééwn the concentration of cadmium and manganese in
the surface microlayer, several samples were telieitom an estuarine lake Gardno in a quartertyecgver the
period of four years. Three testing stations watatdished in locations typical of this lake. Ire thstuarine lake
Gardno, one can distinguish three areas with varieels of salinity, with a sampling site for eadtthese areas.
The volume of water taken as samples varied, depgrah the techniques used. During the experimmnface
microlayer samples of ca 0.1 and 0.25 mm were obthi The subsurface water was obtained at the dgpth
15 cm. The collected samples were analysed witatamic absorption spectrometer in order to detesntire
concentration of cadmium and manganese. Cadmiumnadation in microlayers of surface waters in Lake
Gardno was dependent on the concentration of tleiginin the deep waters and varied with water gglil
turn, counts of heterotrophic bacteria had a sicaitt effect on the concentration of manganesec@unations

of both metals in analyzed surface water microkyegre higher than in the subsurface layer.

Keywords: surface microlayer, heavy metals, estuarine Isga@sonal changes

The surface water microlayer is a thin layer, foamdhe interface of water and the
atmosphere. This layer represents a tiny sectionhefaqueous environment, forming
a unique ecotone at the boundary of this exchange.zZThis surface microlayer in water
reservoirs is a special chemical and physical enwrent, completely different from
subsurface water [1, 2]. The surface microlayeypka significant role in gas exchange and
transport of different substances from the coluriwater to the atmosphere anide versa
Dissolved substances, particles and microorganggransported to this unique zone by
simple diffusion, lifted eg by convection movemefitam bottom deposits and subsurface
water. At the same time the surface microlayemjgpied by precipitation with dust and
aerosols. The above mentioned processes lead @cthenulation of chemical substances
and microorganisms in the boundary microlayer [3].

! Department of Environmental Chemistry, Pomerard@ademy, ul. K. Arciszewskiego 22, 76-200 Stupsk,
Poland, tel. +48 59 840 53 86
" Corresponding author: antonowicz@apsl.edu.pl
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The aim of the study was to investigate the accatiur capacity of the surface water
microlayers of estuarine lake in relation to margggnand cadmium in three parts of lake
characterized different scale dilution of brackigkter in freshwater. The second aim was to
analyze the seasonal changes in the concentratfongestigated metals in the microlayers
and in subsurface water.

Material and methods

Object of study was an estuarine lake Gardno wisictharacterized by a total area of
2,468 ha, shallow mean depth 1.3 m and maximurrhd2ptm and salty water. The lake is
located at a latitude of 53°39.4" and longitudd 6T07.1' [4]. Three research stations were
located on the lake. The first station was esthbtisnear the Lupava river confluence (Fig.
1), where water of the lake indicates inland charéstics, the second station was located in
the middle part, and the third near the canal lih&s the lake with the Baltic Sea. On the
third post highest cumulation of chloride anionsswadoserved. This is due to the fact, that
winds transfer sea water into the lake, where xesiwith the lake’s waters.

— POLAND N

BALTIC SEA

Fig. 1. Lake Gardno with marked sampling positions

Samples of surface water were collected periodadsyfrom 1998 to 2002 in quarterly
cycle using three methods:

a) the glass plate method (SM) - was used [5] tiectothe surface water microlayer, with
a thickness of approx. 100 um = 20 um. The plate sudbmerged and after the surface
stabilized it was taken out with a speed of cam5se;

b) the Garrett's mesh technique (GM) - was appl&dvhen sampling the surface layer
with a thickness of approx. 240 um + 50 um. Thehmeas submerged like the glass
plate and after taking it out, the water sample pigisin a container with the help of
a wiper;
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¢) subsurface water (PW) was collected at a dep#fOa@m from the water table, and it
was taken as a comparison sample for the surfao®layer samples.

Determinations of heavy metals in samples and statical analysis

Water samples after being delivered to the laboyatere mineralized using HNO
trace pur. In mineralized water samples conten&nafyzed metals were determined using
a Carl-Zeiss Jena AAS3 atomic absorption spectrmgpheter. Manganese was analyzed by
the flame technique [7], while cadmium using an Eél8ctromagnetic atomizer and an
automatic sample injector [8].

Statistical analysis of results was conducted wiita use of a Statistica software
package. When comparing means a one-way analysiaraince (ANOVA) with Tukey's
t-test was used [9].

In order to compare both investigated environmeigswater from the surface
microlayer and subsurface water, enrichment factBf§ were used, calculated from the
following formula: EF = G/Cr where: G, - concentration of the analyzed component in
respective surface microlayer; € concentration of the same component in subsurface
water [1, 10].

Results and discussion

Lake Gardno, which is connected with the Baltic,Se@eriodically supplied with sea
water. Due to this, the lake has three areas viftbrent salinity. The first one (station no.
1) is dominated by fresh water and is charactertaed low concentration of Clons. In
the central area (station no. 2), the concentratfdhose ions was intermediate. The highest
concentration was observed in the third area (statio. 3), which is under a direct
influence of sea water supply.

Table 1
Concentrations of cadmium [pg-dfnin surface microlayers and subsurface watersaelGardno;
arithmetic mean (X) minimum (MIN) maximum (MAX) stdard deviation (SD) enrichment factor (EF), analys
of variance (ANOVA) with Tukey's t-test was usedttampare stations (** p < 0.01, * p < 0.05)

X R SD CV [%] EF
1SM 2.75 11.93 3.51 127.4 3.11
1GM 3.25 10.42 2.88 88.4 4.15
1PW 0.82 0.89 0.28 33.4
2SM 1.65 1.67 0.47 28.7 6.82
2GM 1.35 1.88 0.48 35.7 452
2PW 0.42 0.88 0.27 63.3
3SM 2.13 1.65 0.55 26.1 473
3GM 2.16 3.46 1.12 51.6 5.49
3PW 0.68 0.78 0.30 45.1

ANOVA df = 33, F=6.30, p < 0.01 o
Tukey Test * (2PW — 1PW) ; ** (2PW — 3PW)
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Table 1 presents average concentrations of cadmidine three areas of Lake Gardno,
while Table 2 gives manganese concentrations. @nbtsis of provided data, one can
observe that both elements were more concentratéldei surface microlayer than in the
subsurface water (Tables 1 and 2). This is comistih results reported by [11-16] and it
is true for both fresh and sea water reservoirsb&bly this is due to the absorbing and
combining ability of chemical substances and miogaaisms contained in the surface
microlayer.

Table 2
Concentrations of manganese [ggrm the surface microlayers and subsurface watktske Gardno;
arithmetic mean (X) minimum (MIN) maximum (MAX) stdard deviation (SD) enrichment factor (EF), analys
of variance (ANOVA) with Tukey's t-test was usecctonpare stations (** p < 0.01)

X R SD CV [%] EF

1SM 101.94 291.52 77.95 76.5 241
1GM 151.90 282.70 92.13 60.7 3.61
1PW 82.77 231.94 79.25 95.8

2SM 144.67 331.25 88.30 61.0 6.20
2GM 198.50 887.76 233.61 117.7 7.25
2PW 76.33 254.13 72.88 955

3SM 329.41 1119.85 296.70 90.1 1.86
3GM 298.86 883.83 244.67 81.9 1.71
3PW 174.10 219.85 59.51 34.2

ANOVA (PW) df=33,F=7.11,p<0.01 *
Tukey Test 3PW — 1PW and 3PW — 2PW *

When analyzing the concentration of cadmium and gamese in the surface
microlayer samples from the three samplings sitesught to be mentioned that the
concentration of the latter element was the loviestboth the surface microlayer and
subsurface water layer in the central area ofdke (station no. 2). In the case of this metal
a correlation between its concentration in the gifse and in the surface microlayer
becomes significant. This suggests that in thestigated lake cadmium migrates to the
surface microlayer from subsurface water, to whiclprobably gets from the bottom
sediments. This kind of correlation was not obsgrue the case of manganese. The
concentration of this metal was higher in areasle¥ated salinity. In the subsurface water,
the concentration of manganese was, similarly asddmium, lowest in the central part of
the lake (station no. 2).

Using the calculated enrichment factors (Tablesndl @) we may determine the
cumulative abilities of the investigated surfacenmiayer for cadmium and manganese. The
obtained averages of cadmium enrichment were risingultaneously with the ratio of
chlorine ions (station 1). This is clearly evidémtthe GM microlayer, for which the EF
ratio increases from 4.15 (station 1) to 5.49 i@taB). The literature concerning studies on
the microlayer indicates that the sea water surfam®olayer enrichment ratios for most
metals are higher than those observed in freshrwadervoirs [17]. Thus it may be inferred
that variation in salinity influenced the concetitla of cadmium, especially in the GM
microlayer. The high enrichment factor for cadmiinimthe SM microlayer, recorded in
station number 2, correlates with a high ratio efnganese in this area. Both microlayers
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analyzed in terms of manganese enrichment havieighest factor in the central area of the
lake (SM = 6.20 and GM = 7.25), while the lowestiaters under the direct influence of
the Baltic Sea (station no. 3).

Probably the key factor that influences the conegiain of cadmium and manganese in
the surface microlayer is the level of salinity ahd presence of various microorganisms,
exhibiting different preferences for salinity. Th®mver manganese enrichment in the SM
layer in comparison with the GM layer may have beaumsed by the effect of sea water and
the behaviour of microorganisms. This influencelearly visible in the GM microlayer.
Enrichment ratios (EF) in this microlayer correlédethe number of heterotrophic bacteria
(CFU) (Fig. 2). In testing site no. 2, exceptiopdllgh rates of microlayer enrichment were
observed for manganese and CFU {FE 7.25 and Efy = 5.82, respectively), even
though the concentration of manganese in the sfarsuwater is lower than that in stations
nos. 1 and 3. In addition, despite the fact thatpbpulation of heterotrophic bacteria in this
lake is the smallest in this area, the EF in cdsthe number of heterotrophic bacteria is
high here. In this case manganese, as an elemsenties for the existence of these
organisms, is likely to stimulate their populatignowth in the surface microlayer of
Gardno. Probably the reason for the high conceatrattio of heterotrophic bacteria in
sampling site no. 1 is the domination of particidemains, that are characteristic for fresh
water reservoirs. These bacteria have differenabmisms and thus the diagrams for CFE
and magnesium are not consistent in case of tesitiagno. 1. Sources in available literature
[18-20] describe the relation of these microorgasisvith heavy metals.

12 — — 12
10 — - 10
8 L8
6 — G
14 — 4
2 — 2
0 0

st 1 st 2 5t. 3

Fig. 2. Enrichment factors in heterotrophic baetg¢@il] and manganese in SM and GM microlayers in
lake Gardno for research stations 1-3

Seasonal dynamics of cadmium concentration in tledyaed water layers of Lake
Gardno varied for different testing stations. fatisns nos. 1 and 3 the minimum value of
the factor for the SM microlayer was observed dursmmmer, while in station no. 2 in
autumn (Fig. 3). No considerable seasonal diffezgmeere observed in the concentration of
this metal in testing stations nos. 2 and 3. Irntreh, the above mentioned concentration in
station no. 1 was three times higher in autumn thawummer and spring. Seasonal changes
in cadmium concentration in the GM microlayer wesieilar to the ones in the SM
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microlayer. Only in sampling site no. 1 no summémtmum was observed. The
concentration of this metal in the GM microlayesummer was similar to that in spring. In
the PW layer slight seasonal differences in cadn@ancentration were observed.

7,00

- ERLY st.3
s [REE
A W

‘hell L

Fig. 3. Seasonal changes in concentrations of aaunfjitg-dm in analysed water layers (SM, GM
and PW) of Lake Gardno at sampling stations no® and 3 in seasonal cycle: W - spring,
L - summer, J - autumn, Z - winter

The dynamics of seasonal changes in manganesentrtmmn in the analyzed water
layers is shown in Figure 4. Changes in both mégreds were similar for stations nos. 1 and
2. The highest concentration was observed duringewi while in the GM microlayer in
station no. 1 the ratio was high also during autuimmrnurn, in station no. 3 the highest value
of this factor was recorded in spring and winter.the PW layer seasonal changes of
manganese concentration were different in all sengsites.

550,00 WESM st.2
50000 2z

45000 2P

40000 O

w L J z

Fig. 4. Seasonal changes in concentrations of nmasga[lig-di] in analysed water layers (SM, GM
and PW) of Lake Gardno at sampling stations no® and 3 in seasonal cycle: W - spring,
L - summer, J - autumn, Z - winter

Conclusion

Cadmium and manganese show the ability to accuenitathe surface microlayer of
Lake Gardno at a much higher ratio than in the widhse water. Cadmium concentration in
surface microlayers is mainly related to its comion in the subsurface waters. In the
case of cadmium, the ability to enrich the micrelawas affected by mixing of sea water
with the fresh water. In the case of manganesefatter stimulating enrichment was not
only the sea water, but also heterotrophic bactfiiee accumulation of analysed heavy
metals in the surface microlayers seems to exkéasonal dynamics and it was generally
comparable in the analyzed water layers.
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WZBOGACANIE MIKROWARSTWY POWIERZCHNIOWEJ
W KADM | MANGAN W ESTUARIOWYM JEZIORZE

Zaktad ChemiSrodowiskowej, Akademia Pomorska w Stupsku

Abstrakt: Badajc wplyw zasolenia na koncentradjadmu i manganu w mikrowarstwie powierzchniowepwo
probki tej mikrowarstwy pobierano z estuariowegrigea Gardno w cyklu kwartalnym przez okres 4 Ma
jeziorze usytuowano trzy stanowiska badawcze w jegrezentatywnych punktach. Jezioro Gardno jest
zbiornikiem estuariowym i nmima w nim wyréni¢ trzy zasadnicze strefy oadym zasoleniu. W zateosci od
stosowanej techniki pobierania prébek wody zbieramikrowarstw powierzchniow wody o grubéci okoto
0,1 mm i okoto 0,25 mm. Wed podpowierzchniow pobierano na gbokaici 15 cm od lustra wody.
W pozyskanych prébkach wyznaczonezehie kadmu i manganu metodami spektrometrii atompdieemulacja
kadmu w mikowarstwach powierzchniowej wody jezi@ardno byla zala od sizenia tego metalu w toni
wodnej i zmieniata si wraz z zasoleniem wody. Natomiast na koncenirawanganu diy wplyw miata
liczebna¢ bakterii heterotroficznych. Stenia obydwu metali w badanych mikrowarstwach pazgieniowych
wody byly wigksze nk w warstwie podpowierzchniowe;.

Stowa kluczowe:mikrowarstwa powierzchniowa, metaleiie, jezioro estuariowe, zmiany sezonowe
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Abstract: The aim of conducted studies was to assess thet eff the application of Effective Microorganisms
(EM) on changes in contents of available and rgasbluble forms of nutrients in the peat substestevell as
growth, development and yielding of rodRoéa x hybridajand gerberaGerbera jamesonjigrown on the
substrate. Effective Microorganisms were appliefbtegethe vegetation season in the form inoculunB a
preparation-5 dfii substrate and in foliar application as plant sipgrepeated three times, with an aqueous
solution at a concentration of 0.1%). In the conddcstudies the effect of EM, applied both to thets and as
foliar application, was found on changes in cordesftavailable nutrients in the substrate, at theibaneous
substrate acidification, in relation to the contombination. The significantly highest yield obwfers in case of
both examined species was recorded at the applicafithe EM inoculum to the roots. This had a pesieffect

on the number or formed shoots and the diametdionfers (in case of roses) and the number of formed
inflorescences (in case of gerberas). Foliar apptio of Effective Microorganisms had a positivéeef on the
diameter of flowers in roses and the number of &tninflorescences and the number of leaves in oése
gerberas. Results of conducted analyses indicate=ffective Microorganisms may be useful in thé&ieation of
roses and gerberas, due to their positive andeasame time significant effect on growth and yieidof these
plants.

Keywords: Effective Microorganisms, rose, gerbera, developgmgalding, nutrient content, substrate

Several popular species of ornamental plants, asatg rose, gerbera or pelargonium,
are grown in soilless culture systems, ie in salastrbeing completely isolated from the soil
medium. The substrate used most commonly in coartainlture of these species is peat
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substrate. In the course of plant vegetation tlgaric matter it contains is mineralized,
as a result of which process nutrients are releésdtie root medium of plants, at the
simultaneous deterioration of air and water refetioMineralization of organic matter is
performed by soil microorganisms. Thanks to theernsification and targeting of
microbiological processes taking place in the metlium, among other things as a result of
enhanced nutrient availability, it is feasible naprove quantitative and qualitative yielding
of plants.

One of the microbiological preparations used foiis thpurpose is Effective
Microorganisms (EM), being a commercial mixture photosynthesizing bacteria,
Actinomycetes, lactic acid bacteria, yeasts anaéeting fungi ApergillusandPeniciliun
[1-3]. The microbiological composition of the EM raentrate (population size in 1 tm
given in brackets):Streptomyces albu§lC®), Propionibacterium freudenreichi(10°),
Streptococcus lacti§l0®), Aspergillus oryza¢10°), Mucor hiemalis(10°), Saccharomyces
cerevisiae(10°) and Candida utilis(10°) [4]. Moreover, EM also contain an unspecified
amount ofLactobacillussp., Rhodopseudomonasp. andStreptomyces griseu&ffective
Microorganisms have a positive effect on the deamsitipn of organic matter, limiting
putrefaction, increasing nitrogen content in thet nmedium of plants (the role of nitrifying
bacteria), phosphorus (the role of Actinomycet@sproving soil fertility and as a result
contributing to growth and development of root eyt of plants [3, 5, 6]. To date several
studies have been conducted on the applicatiorivbfrEgrowing of different plant species
[7-13]. The use of EM, apart from the improvemefitptant yielding, also results in
increased counts of beneficial soil microorganisangl enhanced resistance of plants to
pathogens [12, 13].

The aim of the presented studies was to assessfédut of the application of Effective
Microorganisms on changes in contents of avail&dries of nutrients in the peat substrate,
as well as growth, development and yielding of soaed gerberas grown to produce cut
flowers.

Material and methods

The vegetation and laboratory experiments were wcted at the Experimental Station
of the Department of the Faculty of Horticulturee tPoznan University of Life Sciences.
Analyses were conducted on the effect of Effectilieroorganisms (EM) on changes in
contents of available nutrient forms in the pedisstate (macro- and microelements as well
as sodium, substrate pH and salinity), as wellrag/l, development and yielding of roses
(Rosa x hybridagnd gerberag3erbera jamesonjigrown for cut flowers.

In the experiments highmoor peat was used, comiogn fdeposits in Latvia
(Hartmann), with the following chemical compositiin mg-dm?): N-NH, 28, N-NQ, 7,

P 37, K 11, Ca 107, Mg 21, S-$@0, Fe 50.2, Zn 1.3, Mn 1.3, Cu 0.4, B 0.43, Na 11
Cl 27, pH 3.86, EC 0.16 mS-:chand bulk density of 460 g-dfIn order to optimize its
reaction peat was limed based on the neutralizatiowe, applying 7.5 g dolomite- din
After liming the chemical composition of peat was fallows (in mg-dri): N-NH, 35,
N-NO; trace amounts, P 20, K 18, Ca 2045, Mg 164, $-&0)Fe 19.8, Zn 1.8, Mn 2.7,
Cu 0.4, B 0.50, Na 18, Cl 29, pH 6.31, EC 0.49 m&'cAt 14 days after liming the
following fertilizers and technical salts were apdl ammonium saltpetre (34% N),
monobasic potassium phosphate (22.3% P, 28.2% kpgnaesium sulfate (9.5% Mg,
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12.7% S-SQ@), iron chelate Librel FeDP7 (7% Fe), manganesdataul(MnSQ-H,0O,
32.3% Mn), zinc sulfate (ZnSOrH0O, 22.0% Zn), copper sulfate (Cug6H,0,
25.6% Cu) and borax (M3,0;-10HO, 11.3% B), providing the contents of nutrients
conforming to the standard levels, recommendedgfowing the analyzed plant species,
amounting in case of roses to (in mg-9mN-NH, 35, N-NQ, 220, P 220, K 260, Ca 2045,
Mg 220, Fe 50, Zn 20, Mn 20, Cu 5, B 0.50, pH 665, while in case of gerberas it was
(in mg-dm® N-NH, 35, N-NQ, 230, P 220, K 250, Ca 2045, Mg 240, Fe 50, Zn\20,
20, Cu 5, B 0.50 and pH 6.0+6.5, respectively.

The experiments were established in the systendssign in 10 replications. The
following application methods of Effective Microa@gisms (EM): root and foliar
applications (described in the text as EM-substeatd EM-spraying) were used. The
control was not treated with EM. In case of the baration in which EM was applied to the
substrate, its inoculation at a dose of 3 g prdjmarger 5 dm substrate was performed
10 days before planting to a permanent locationuin, plants were sprayed 3 times in the
vegetation season in June at 10-day intervals, suthy liquid at a concentration of 0.1%.
Both roses and gerberas were growing at a starstieckiing of 3 plants-mThroughout the
vegetation period cultivation measures for invegg species were performed following
current recommendations.

During the vegetation period at 3- to 4-day intégvéhe following biometric
measurements of plants were taken: the lengtheop#iduncle, the number of cut flowers,
diameters of the flower head, the number of inoemces, the number of leaves, the
number of removed leaves (for gerberas), the nurahdrlength of shoots, the number of
cut flowers and their diameters (for roses).

Chemical analysesiowards the enaf the vegetation period substrate samples were
collected in order to conduct chemical analysestifier contents of soluble nutrients and
sodium. One mixed sample comprised 8-10 individsamples collected from each
combination. Collected samples were analyzed cladipiaising the universal method
according to Nowosielski [14]. Macroelements (N-NN-NOs, P, K, Ca, Mg, S-S§), Cl
and Na were extracted in 0.03 M g@EOOH, at a substrate: extraction solution ratio of
1:10. After extraction the following parameters weatetermined: N-NE N-NO; - by
microdistillation according to Bremner as modifiegt Starck, P - by colorimetry with
ammonium vanadium molybdate, K, Ca, Na - by photomélg - by absorption atomic
spectrometry (AAS, a Carl Zeiss Jena apparatu§QsS- by nephelometry with Baghnd
Cl - by nephelometry with AgN§ Microelements (Fe, Mn, Zn and Cu) were extracted
from the substrate using Lindsay’s solution, caontgj in 1 dni, 5 g EDTA
(ethylenediaminetetraacetic acid), 9%8&5% NHOH solution, 4 g citric acid and 2 g
Ca(CHCOO): 2H,0. Microelements were determined by AAS. Salinitgswdetermined
using conductometry, as electrolytic conductivifytioe substrate (EC in mS-cly while
pH was determined by potentiometry (substrate:watér2). Results of investigations were
analyzed statistically and means were clusteredgutsie Duncan test at the significance
levela =0.05.

Results

Multi-faceted changes were observed in the contehtsutrients and sodium in the
radical zone of plants (Table 1). In case of sabstinoculation with EM the assayed
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contents of ammonium nitrogen, nitrate nitrogengguhorus, potassium and magnesium
were markedly lower than in the control combinatiaha similar content of sulfate sulfur
(in case of gerberas) as well as phosphorus, caleind magnesium (in case of roses).
A reduction of nutrient contents may be the effe€ttheir higher uptake by plants,
stimulated by the formation of a higher number lofvers. Root application of Effective
Microorganisms in case of both species resulted stight acidification of substrate. The
highest contents of nitrate nitrogen, phosphorugagsium, magnesium and sulfur were
shown for substrates sampled from under gerbersplavhile those of nitrate nitrogen in
case of roses, sprayed with Effective Microorgasisithe application of EM as
a microbiological inoculum of the substrate reqliitea slight increase in its salinity.

Table 1

The effect of Effective Microorganisms on contest&mmonium nitrogen, nitrate nitrogen, phosphorus,

potassium, calcium, magnesium, sulfate sulfur (@ dnT) as well as pH and salinity (EC) of substrate in
growing of gerberas and roses

Combination N-NH4 | N-NOj3 P-POy K Ca Mg S-SQ H EC
[mg: dnv3|[mg- dm3[mg- dm3[mg- dn3[mg- dm3|[mg: dm[mg-dmy| P [mS-cntY
Gerbera

Control 101.5b| 150.50h 169.7a 134.4b 1649.2b 328.3454.6a 6.27b 0.09a]
EM-substrate 52.5a 73.5a 157.23 76.8a 1665/8b 287\0a 451.5a 7a5|5 0.12ab
EM-spraying] 31.5a 518.0c| 396.8N 236.8c 1095/3a 689|8b 651.5b46a5| 0.14b
Rose

Control 35.0a 59.5a 262.5b 184.3a 2166,2b 417.7a 8.480| 5.97a 0.16a
EM-substrate 49.0b 61.3a 212.04 155.0a 1989.7ak6l.6a | 514.44 5.694 0.17a
EM-spraying| 42.0a 280.0b| 163.13 365.8b 1626/3a 360,8a 487.5a06a6| 0.36b

Table 2
The effect of Effective Microorganisms on conteoftéron, manganese, zinc, copper, chlorides aniusod
(in mg-dm?®) in substrate in growing of gerberas and roses

Combination Fe . Mn . Zn . Cu . c . Na .
[mg-dn® | [mg-dm? | [mg-dm? | [mg-dm? | [mg-dni® | [mg - dnTd
Gerbera

Control 17.85a 5.52a 21.40a 2.15ab 87.1a 174.3a
EM-substrate 21.37a 7.90a 17.52a 1.884a] 112.3a 6479.
EM-spraying 26.29b 13.45b 23.11b 2.46b 197.94 427.9

Rose

Control 27.03b 15.21b 27.83b 2.39ab 250.44 273.5p
EM-substrate 36.25b 19.52¢ 28.92b 2.44b 257.3a .1260
EM-spraying 16.90a 6.74a 17.06a 1.92a 248.0a 230.8a

A marked increase was shown for contents of iroanganese and chlorides in
substrates both in the cultivation of gerberas rmsés, in case of application of EM to the
radical zone (Table 2). This may have resulted feoraduction of substrate pH, with which
metal solubility increased, including that of métainicroelements. In case of gerberas the
highest contents of iron, manganese, zinc, copperchlorides were recorded for substrate
sampled from under plants sprayed with Effectiverfgiorganisms, while in roses at the
application of these microorganisms to the rootezon

The application of Effective Microorganisms in theowing ofrosesfor cut flowers
had a positive effect on growth and developmenplahts. In the conducted analyses
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a significant effect on the number of shoots waswshfor EM supplied to the roots
(an increase by 32.9%) (Fig. 1). Significant diéfleces were found towards the end of the
vegetation period (August) in terms of the lendtfioomed shoots. The longest shoots were
recorded for plants in the control combination {@3%m), while significantly shorter
(33.5 cm) were observed in case of plants growthénsubstrate inoculated with EM. This
dependence was confirmed for the mean value from dnalyzed combinations.
A significant positive effect connected with thephgation of Effective Microorganisms to
the radical zone was shown on quantitative yieldifgoses. This measure, similarly as
spraying of plants with EM, had a significant effen an increase in diameters of rose
flowers.

A positive effect of spraying plants with EM, aslwas EM being supplied to the
radical zone was shown on the number of formedieficences imgerberas which is
confirmed by the number of cut inflorescences irsecaf plants sprayed with EM
(an increase by 31%), and for plants grown in titesgate inoculated with EM (an increase
by 62.1%) in comparison with the control combinati®@he length of peduncles was similar
in case of all tested combinations. No effect ef éipplication of Effective Microorganisms
was shown on the diameter of flower heads in thergscences.

Number of formed shoots [number- plaht Length of formed shoots [cm]
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Fig. 1. The effect of Effective Microorganisms oslexted biometric parameters of roses; number of
formed shoots [number- plafit length of formed shoots [cm]; diameter of flowgcm]; number
of cut flowers [number- plari

Significantly the highest number of leaves was fednby plants sprayed with EM
(30.5 leaves: plar) in comparison with the control combination (28es-plant) and to
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plants grown in the substrate inoculated with EM.82leaves: plar). Similar trends were
recorded in case of the number of leaves removedresult of cultivation measures.

Number of inflorescences formed by plants Length of peduncle [cm]
[number- plant]
80 51,0
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48,0
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47,0 po.
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b sl
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Fig. 2. The effect of Effective Microorganisms alexted biometric parameters of gerberas; number of
inflorescences formed by plants [number-ptintlength of peduncle [cm]; number of cut
inflorescences [number-plafit diameter of flower head [cm]; number of leavesr plant
[number-plant]; number of removed leaves [number- ptdnt

Discussion

Results of investigations conducted by the authofrsthis study are positively
correlated with literature data. Studies conduttedate indicate an advantageous effect of
the application of Effective Microorganisms on gldrealth, including the protection of



Effect of Effective Microorganisms (EM) on nutriezaintents in substrate and development ...511

wheat against septoria leaf spoSeftoria nodorun and leaf-spot [frechslera
tritici-repentis), winter rape against brown rusPuccinia reconditq [13] and triticale
against leaf diseases [15].

Numerous authors have confirmed the positive efi¢&M on growth and yielding in
different plant species. Effective Microorganisnasd an advantageous effect on the uptake
of nutrients by mung bean, they improve its yiefdiand the development of the root
systems [16]. The application of a mixture of EMdamolasses in growing of onion
contributed to yielding of this vegetable increabgd®9% [4]. In case of pea the increase in
yields amounted to 31%, while in sweat corn it ®8%. Moreover, the effect of Effective
Microorganisms was shown on yielding of cotton [afhfl maize [17].

Studies also confirmed the positive effect of thepleation of Effective
Microorganisms in case of orchard plants, as unideir influence yielding of plum was
improved [18]. Moreover, a positive effect was sham growth, development and yielding
of apple trees [12]. Trees treated with the abowsentioned microbiological preparation
formed more shoots, which were markedly longer t@mcker than in case of the control
combination. The application of EM had a positiffe@ on leaf area in apple trees and
chlorophyll content in leaves. Application of EMysificantly modified nutrient content in
leaves, improving nutrient status of plants in tewhnitrogen, phosphorus, potassium, iron,
manganese and zinc. Similar changes in nutrienteots in leaves as a result of the
application of Effective Microorganisms were alsgarded in cotton growing [11].

Conclusions

1. A significant effect was found for the applicatiohEffective Microorganisms, both in
the radical zone and foliar applications, on charigecontents of available nutrients in
peat substrate.

2. A trend was observed for substrate pH to decreasmse of the combinations with
applied Effective Microorganisms in relation to ttentrol combination.

3. Significantly the highest yield of flowers in caskboth analyzed species was recorded
at the application of Effective Microorganisms inbgn to the radical zone. This
method of EM application had a positive effect atsothe number of formed shoots
and the diameter of flowers (in case of roses)thachumber of formed inflorescences
(in case of gerberas).

4. Spraying of plants with EM had a positive effecttbe diameter of flowers in roses
and on the number of formed inflorescences ancekeavcase of gerberas.

5. Results of conducted analyses indicate that Effeddlicroorganisms may be useful in
the cultivation of roses and gerberas due to tpesitive and at the same time
significant effect on growth and yielding of thedants.
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WPLYW EFEKTYWNYCH MIKROORGANIZMOW (EM)
NA ZAWARTO SC SKEADNIKOW POKARMOWYCH W PODLO  ZU
ORAZ ROZWOJ | PLONOWANIE RO ZY (Rosa x hybrida)
| GERBERY (G erbera jamesonii)

!katedra Metod Ochrony Rlin
2Katedra Nawgenia Rélin Ogrodniczych
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem przeprowadzonych badayta ocena wptywu stosowania Efektywnych Mikroariganow (EM)
na zmiany zawartei dostpnych i tatwo rozpuszczalnych form skladnikow pokewych w substracie
torfowym, a take wzrost, rozwoj i plonowanie uprawianych w ninky{Rosa x hybrida) gerbery Gerbera
jamesoni). Efektywne Mikroorganizmy zastosowano przedweggtae w formie szczepionki w dawce 3 g
preparatu-5 dfi podiaza oraz dolistnie w formie opryskiwaniastio (3-krotnie roztworem wodnym o eniu
0,1%). W przeprowadzonych badaniach stwierdzongwiM, aplikowanych zaréwno w formie dokorzeniowej,
jak i dolistnej na zmiany zawa# dostpnych form sktadnikow pokarmowych w podin przy jednoczesnym
zakwaszeniu podi@, w stosunku do kombinacji kontrolnej. Istotnigwigkszy plon kwiatéw, w przypadku
obydwu badanych gatunkéw, uzyskano przy dokorzeynowstosowaniu szczepionki EM. Wplywata ona
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pozytywnie na ilé¢ wytwarzanych pdéw orazsrednig kwiatow (w przypadku rdy) oraz liczlg wytworzonych
kwiatostanéw (w przypadku gerbery). Aplikowanie idimle Efektywnych Mikroorganizméw oddziatywato
pozytywnie nasrednig kwiatéw r&y oraz liczle wytworzonych kwiatostanéw orazdi w przypadku gerbery.
Wyniki przeprowadzonych badavskazuy, iz Efektywne Mikroorganizmy megby¢ przydatne w uprawie #§

i gerbery ze wzgdu na ich pozytywny i zarazem guwptyw na wzrost i plonowanie tychdlm.

Stowa kluczowe:Efektywne Mikroorganizmy, réa, gerbera, rozwdj, plonowanie, zawéftoskladnikéw
pokarmowych, podige
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Abstract: Age-related colour changes of biological objects tie results of changes in structure and progertie
which may reflect the influence of the extrinsidantrinsic environment. The method able to disanite these
two factors was not published yet. Non-eruptedhtegtich are isolated from the environment of thal cavity
(intrinsic factors) have not yet been explored #alevice for research the dentist's chair-side sneements of
vital erupted teeth as well as extracted impaatetht(immediately after extraction) was built freommercially
supplied components (fiber optic spectrometer) Ebipiith specific custom-made parts and a spesiftware
driver. The measurement method related tooth fal tmlour changes in system CIELAB 1976 was evallizo

be inadequate. For more precise method ofABevc(l:c) were theoretical trichromatic coordinatesstdndard
tooth and the ratio of extrinsic and intrinsic farst for vital erupted and impacted teeth modellgdnoltivariate
3D-mathematical regression models. The rate of ¢emxgiscolouration caused by the total factors e@ses over
the life of humans. The rate of colour changes eduny intrinsic factors is nearly constant overlifeetime. Age
estimation of the vital erupted teeth 21 (inversexponencial function of CMgiy) will be only approximate
(s.d. 6.2 years). More convenient for approximage astimation are the impacted teeth immediateigr af
extraction (inversion linear function of CNiG)), significant correlation with the known real gg&alue < 0.001,
(s.d. 3.1 years). Correlation between the subjagts and the yellowness of b* values of skulls gnificant

(> = 0.80). The similar correlation between the suisiege and yellowness of b* values of impactedhteet
(= 0.79) suggests a presumably similar mechanisnolour changes in bone and impacted teeth. These te
are relatively available biological samples and lbambtained without any difficult medical or eticssue.

Keywords: age-related colour changes of teeth, intrinsic artfinsic factors, 3D mathematical regression
models, estimation of real age
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The colour of teeth is determined by combined eéffenf intrinsic and extrinsic
colourations. Age related colour changes have mrayeeful in clinical dental practice,
concerned with prosthetic treatment (especiallyrtratogenic). Intrinsic tooth colour is
associated with the light scattering and absorpgpicoperties of the enamel and dentine.
Extrinsic colour is associated with the absorptidmaterials at the surface of enamel and
in particular the pellicle coating which ultimatelguses extrinsic stains etc. [1, 2].

Many colour scales has been developed for thisqaarBerns [3]. Most frequently
used system CIELAB was designed in 1976 year.ifmntkiiee-dimensional colour space the
colour co-ordinates values L*, a*, b* are calcutafeom the X,Y,Z tristimulus values for
both the reference and specimen as follows:

L* =116(Y/Y, )" -16 (1)
a* =500|(X/X , }° - (Y1v, ] @)
b* = 200|(Y/Y, 2 - (z/z, ] 3)
where X/X,, YIY ., Z/Z,>0.008856
or:
L* =903.3(Y/Y,) 4)
a*=3893.5[(x/X ) (Y7v,)] (5)
b*=1557.4(Y/Y,)-(z/z,)] (6)

where X/X,, Y/Y, Z/Z,<0.008856.
Tristimulus X,, Y,, Z, values are of the iluminant/observer combination.
Evaluation of total colour changes &g (shortened symbol E*) are simple, but too

much imprecise.
e =farf+ bof + L] )

The L value is lightness (black 0, reflecting 100), #nevalue is redness (Haor
greenness (—p and the b value is yellowness (+p or blueness (=p. The a and b
co-ordinate values near zero correspond to nectdalurs (white, greys) and their values
increase in for more saturated or intense colours.

CIELAB colour space has been modified to a morecipee CMC system and
standardised in International Standard ISO 10518®%(E): Calculation of colour
differences [4]. Evaluation of total colour chan@é€suc (I:c), (shortes symbol CMg ) is

calculated
CMC (I:C):[(IA[;TJ +(§EC;;J +(A;*J }2 (8)

The three separate components of the colour dif&®\Ecyc(l:c), (shortened symbol
CMC.) lightnessAL*, chromaAC*, and hueAH* are weighted by weighting factors,S
Sc, § calculated from the chromatic coordinates of anddiad L%, a*, b*,. Other
weighting factors (1:c) may be numerically optingise suit the desired purposes. The
calculation CMC of colour differences was usedewesal studies published recently. These
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articles usually compare teeth and selected filbngrosthetic materials and use CMC
calculation just as an indicator of perceptibilityacceptability. The purposes of this study
were to evaluate the CMG) CMC,.y and CMGg.,) formulas to identify which of them
provides the best indicator for acceptability ofaiaolour differences in the esthetic dental
restorative materials. Trichromatic coordinatesttofd standards are defined from these
materials [5-7].

The third standard is used for the calculation efghting factors. These values were
not yet determined for human teeth (theoreticalddiad tooth) and so another aim of this
study was to set them and consider the benefitgsiofg the spectral parameter (eg the
colour change compared with a standardised tootkead of the white standard and
establishing weighting factors, the rest is useddfirk signal). CMg, values had not yet
been used as a spectral parameter for age-relateglations of teeth. Age-related colour
changes of impacted teeth which are isolated fimenenvironment of the oral cavity have
not yet been explored. These teeth are not affdntale ambient conditions, the change in
colour is only caused by physiological processaga the human body and so they are
ideal for determination of the ratio of intrinsindaextrinsic factors that cause the change in
tooth colour. The concept of a custom-made instnimaew use of the CMC system for
calculating colour differences and 3-D mathemativaldels of the ratio of extrinsic and
intrinsic factors for vital and impacted teeth agk estimation using inverse functions of
colour-age relationship has been demonstrated rendescribed in the following text.

Materials and methods

A special instrument was built from commerciallypplied components. The designed
device consisted of an Avantes S 2000 fibre opiEctrometer coupled with an XE 2000
xenon light source and an FCR 7 UV 200-2-ME reflace probe, which contained six
200 um optical fibres for the light source around on® géh sampling fibre (AVANTES,
Eerbeek, Netherlands). These components were ctedpleith custom-made parts, for
example a special holder for the measurement odebetd teeth or spectrometric standards
or special plastic probe shield for chair-side meaments, which was designed for frequent
resterilisations. The same geometric configuratisi8, was found optimal for all types of
determinations (chair-side measurements, extraetttl). A special software-driver (called
VIS) was supplied with the spectrometer for Objeénted Design Lab view TM. This
unique software was programmed using VIS to corttiel spectrometer, the xenon light
source, collect data and calculate trichromatiadioates X, Y, Z, colour co-ordinates L*,
a*, b*, E* and CMG, values.

The spectrometer Avantes S 2000 was Tzerny-Thutesign spectrophotometer with
CCD detector with 2048 diodes. Just 1902 pixelsumed for data collection, the rest is
used for electric dark signal correction functidime output of the VIS is Spectral Output
table containing 1902 values of subject reflectafidtee spectrometer was calibrated with
white and black standards before each measurethemis programmed to switch off the
light for black standard calibration. The followirgpectrometer parameters were set:
integration time 100 ms, delay before flashes Oamsraged samples 10. It was necessary
to perform one cycle of ten flashes to stabilize ttenon light source before every
measurement.
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The following groups of patients were collectedhwthe agreement of the ethical
committee of Central Army Hospital in Prague, CZo@ding to the Helsinki Declaration):

The group for the determination of Total factorsvithl erupted teeth discolourations
consisted of 69 probands (35 males and 34 fema@sy5 years old. All of them were
non-smokers, in good overall health and their dngdiene was satisfactory (standard
hygiene indices PBI, CPITN, API, DMF > 10). Thisete was was polished with
a mechanical brush with DepuralNeo paste (Dental &Z) and rinsed with deionised
water. This tooth was measured in its central aredl subjects.

The group for the determination of Intrinsic fastoof extracted impacted teeth
discolourations (measured immediately after extiagtconsisted of 23 probands (12 males
and 11 females), 20-69 years old, non-smokerspad gverall health with satisfactory oral
hygiene (standard hygiene indices PBI, CPITN, APMF > 10). The tissue and blood
residues of these extracted teeth were removedutbarand the coronal part was polished
with a mechanical brush with DepuralNeo paste arsd with deionised water.

The Extrinsic factors were determined by a difféemmethod using data of extracted
impacted teeth (immediately after extraction) atdl \erupted teeth of the some probands
before surgery. This group of differential measwesimwas collected over more than five
years, because the patient had to have not ondfracted impacted tooth, but also a vital and
intact erupted tooth 21.

The SubVISs for calculating X, Y, Z, and,la, b and CMC were created. The
computation of CMC was based on predefined valdigbeotrichromatic coordinates,l,
&, by of third standard (theoretical standard tooth avedght factors |, c). Another
additional module was created for approximate agerchination using inverse functions of
colour-age relationship [8, 9].

Results and discussion

Parameters of all used mathematic-statistical nsodeintioned above were obtained
by linear and nonlinear regression methods, depgnali the model type. Data were fitted
using the least squares method (LSM). Since the L8§lires normal distribution, all
residual errors were tested for normality. Stat#tsignificance of all parameters was tested
using t-test and normal standard deviations weed ts quantify uncertainty of parameters.

Figure 1 shows the age dependence of the mearrametic coordinates "(21),
a(21), b(21) of the vital left central incisors. A 3D-mathatical model of this dependence
of the age-related changes trichromatic coordinafethe vital erupted and the extracted
impacted teeth were used to determine theoretadakg of standard tooth. This model used
data to determine the extrapolated values of tbleromatic coordinates for near-zero age.

For all significance tests and for constructioncohfidence intervals of parameter
estimates and confidence intervals of predictiaggR and 3) at the significance leeek
0.05 was used.

Figure 2 shows the age dependence of mean speatia@ineters E* of vital erupted
teeth 21 as well as extracted impacted teeth (IMfediately after extraction).

Figure 4shows estimated models for total discolouration GMGital erupted teeth
(21), extracted impacted teeth (IMP) and diffe@ntialues (21-IMP) for erupted and
impacted teeth after surgery as a function of aaget on experimental data (Fig. 4a) and
mathematical models of total, extrinsic and inidndiscolouration derived from spectral
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parameters (Fig. 4b). The outer limits are 0.25%ntles of the data, i& 3c. The
relationship is described by the formulas in Tdble
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Fig. 1. The age dependence of mean trichromaticdauates L*(21), a*(21), b*(21) of the vital left

central incisors. Method CIELAB (L* - lightness, *a redness, +b* - yellownessNote:
Estimates of the trichromatic model parametersgiven in Table 1
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Fig. 2. Age dependence of mean spectral paramEteo$ vital erupted teeth (21) as well as extracted
impacted teeth (IMP) immediately after extraction
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Fig. 3. Mean age estimation from inverse modelspefctral parameters of the vital erupted teeth, (21)
use of inversion exponential functid’i‘YCMC(z;l) and extracted impacted teeth (IMP), use of
inversion linear function dfYCMC.1)

Table 1
Estimates of parameters and their confidence iaterfer the models of trichromatic coordinates
and spectral parameters of vital teeth (21), eteéthimpacted teeth (IMP) and differential values-(21P)
for vital (21) and impacted teeth (IMP) after suyge

Spectral Age Number of teeth Parameter estimates (_)f the model .Y =A % @xp(-k-Age) and
parameter t ME(M)(F) Y = A + C-Age with their confidence intervals (CI)

Y [year] A JalN] ¢ [co] k [d®
L*(21) 20:75 | 69(35)(34) | 66.09 gg:ii 18.26 2123"7681 ~0.03 _5%26
a’21) | 20:75| 69(35)(34) | 499 0o 475 | —O>00) 004 o0
b*(21) | 20475 | 69(35)(34) | 2632|5200 ~18.01 223 002 |00
E*(21) 20:75 | 69(35)(34) | 69.97 gf:gg 15.21 1199'7‘118 ~0.04 _5%26

CMC(MP) | 20:69 | 23(12)(11) | 007 —g 00— 008 [—S7— 0.00) —
CMC(21) | 20:75| 69(35)(34) | 23.90 ;g:gg —22.22 _‘2225.6736 ~0.02 _5%23
CMC(21-IMP) | 2069 | 46 (24)(22) | 13.05 E:Zg ~13.02 _‘1140.5987 ~0.03 _5%24

Note: }'... Very low value of the parameter k allows the oglinear model

Figure 4 shows approximate age estimation, sigmificorrelation with the known real
age p-value < 0.001, from inverse models of spepaeameters of the vital erupted teeth
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(21), use of inversion exponential functiBYCMC(zzl) and extracted impacted teeth, use of
inversion linear function dF'CMCz.)

a)
20
CMC A
16 ERUPTED
12
ERUPTED-IMPACTED
IMPACTED
1
80
Age [year]
b)
20
CMC
Loy TOTAL
124
i EXTRINSIC
8_
- INTRINSIC
44
0 I I T T T T 1
10 20 30 40 50 60 70 80
Age [year]

Fig. 4. Estimated models for total discolourationvial teeth (21), extracted impacted teeth (IMP)
immediately after extraction and differences valaksital erupted and extracted impacted teeth
(21-IMP) from patients after surgery as a functairage based on experimental data (Fig. 4a)
and mathematical models of total, extrinsic andinstc factors of discolouration derived from
spectral parameters (Fig. 4bjote: Estimates of the trichromatic model parametme given in
Table 1

Table 1 gives age dependence of the mean trichibroadrdinates 1(21), a(21)
b'(21), E*(21) of the vital left central incisors arestimates of parameters and their
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confidence intervals for the mathematic-statistizaddels of Total factors-vital erupted
teeth (21), Intrinsic factors-extracted impactedthie(IMP), immediately after extraction
and of Extrinsic factors-differences values of iigaupted and extracted impacted teeth
(21-IMP) of probands after surgery as a functioagé based on experimental data.

Table 2 gives of the contributions of intrinsic and extrinsic facs to the total
discolouration and rate of colour changes obtaiinech mathematical models of spectral
parameters of vital and extracted impacted teethfaaction of age.

Table 2
Estimates of the contributions of intrinsic andrigdic factors to the total discolouration and rate
of colour changes obtained from mathematical moofetpectral parameters of vital teeth (21), exadc
impacted teeth (IMP) and differential values (21PMor vital (21) and impacted teeth (IMP) aftergary

Age | Number Discoloration Discoloration rate [year?]

group of teeth W (Intrinsic) S (Intrinsic S(Extrinsic
CMC(IMP) d(CMC(21) d(CMC(21-IMP))

[year] MF CMC(21) s.d. d(Age) s.d. d(Age) s.d.
20+29 20 0.26 0.02 0.08 0.01 0.18 0.03
30+39 20 0.27 0.03 0.08 0.02 0.14 0.04
40+49 20 0.29 0,07 0.08 0.02 0.11 0.04
50+59 20 0.31 0.08 0.07 0,02 0.08 0,06
60+69 12 0.34%) — 0.07 — 0.06 * —

Note: ) extrapolated values¥)calculated from extrapolated values

The statistical software package QC-Expert 3.1I¢Byte Statistical software, CZ)
was used to calculate the regression models anplaibthe figures. This software is
validated with US National Institute for Standait§ echnology (NIST).

The vital erupted central left incisor of 69 (35 84 F) probands was measured using
the method CIELAB. The averaged values and standiwations for trichromatic
coordinates were L* = 71.3 (s.d 4.7), a* = 3.6 (4.8), b* = 15.4 (s.d. 4.8). Hasegawa and
Motonomi [10] published trichromatic coordinate wes of L* = 73.0 (s.d. 5.0),
a* = 3.5 (s.d. 1.5), b* = 16.5 (s.d. 5.0) for thpper incisors (87 humans, age 20-75).
Analogous values were determined by Xiao et al [B0b young humans) and Tenbosch
and Coops [12] (102 extracted teeth). Accordinghese results, the developed method of
tooth colour measurement is comparable with ther@moentioned authors.

The trichromatic coordinates of the vital impactedth, immediately after extraction
23 (12M, 11F) were measured by the same method.aVheage values were L* = 77.5
(s.d. 1.9), a* = 2.7 (s.d. 0.5), b* = 8.7 (s.d.).@bis very difficult to compare this, because
it was measured for the first time. Schafer [13]ameed 124 skulls post mortem
(0-83 years), which was isolated from the environimeo. Trichromatic coordinates values
were L*=72.5 (s.d. 8.22), a* = -7.4 (s.d. 3.22)= 16.4 (s.d. 5.52).

The difference between the male and female agétkleolour change of the vital
central incisor 21 is not conditioned sexuallysthkifference was not found in the same
group in impacted areas (two sample t-tpstalue < 0.05). The divergence in the average
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L* value for the male and female group could beetecaused just by a different level of
hygiene at a younger age.

The age dependences of the trichromatic coordinatak erupted teettin vivo are
usually measured for use in prosthetic stomatofdgyalo-Dias et al [14] and are expressed
by a linear mathematical model. In forensic odamggllinear mathematical model was used
for age related colour changes of extracted telésh [

Experimental age related data of L*, a* b* E*abfouration of vital erupted teeth
have decreasing rate of colour change and thersp@erameters converge to a constant.
However, the total discolouration E* is not suiabdr differential method of determination
extrinsic factors. A modern weighting method based CMG,. could not be applied
because the trichromatic coordinates of the stahttaoth are experimentally unavailable.
A 3D-mathematical models of this dependence of dge-related changes trichromatic
coordinates of the vital erupted and the extradtepgiacted teeth was used to determine
theoretical values of standard tooth. This modeldudata to determine the extrapolated
values of the trichromatic coordinates for neaczge.

These valued,, &, by rounded to 2 decimal places were defined as tiselaie
standard for teeth colour. The computation of CM& wased on predefined this values of
the trichromatic coordinates theoretical standaadht and weight factoisc.

The ratio of extrinsic and intrinsic factors fortali and non-erupted teeth was
demonstrated by mathematic-statistical models. Theves were calculated by new
weighting method to the general spectral param@MC ..., from the above values of the
spectral parameters of vital erupted teeth 21 a#i a® extracted impacted teeth
(immediately after extraction) and their differ@htiletermination. The extrinsic factors are
more powerful in terms of the colour change over life of the human being compared
with intrinsic factors. This effect decreases wdthe. The extrinsic/intrinsic ratio is more
than three times larger for the youngsters than deniors. The rate of complex
discolouration decreases over the life. The rateotdur change caused by intrinsic factors
is nearly constant over time and the extrinsic geamlecreases with the age. The
contributions of intrinsic and extrinsic factorstbe total discolouration obtained from the
differential values for vital erupted and impactedth (immediately after extraction). The
rates of colour changes were obtained as the niesamérivatives from the curves of total,
extrinsic and intrinsic environmental factors withén-year intervals.

The inverse model age-related colour-changes EM®f teeth can also be used to
estimate standard deviations and confidence intenfathe estimated age. Mean errors of
age determination as well as two calibration syst€dfELAB and CMC system were
compared. The mean error of the determined age 4®people (23 males, 23 females) of
the vital erupted teeth 21 was 11.9 years for limegression model CIELAB and 6.2 years
for nonlinear regression mod@I’CMC(zzl), In the case of 20 extracted impacted teeth
(10 males, 10 females), immediately after extragtibis error for linear regression model
CIELAB was 3.1 years. More convenient for approxenage estimation are the vital
impacted teeth immediately after extraction (ini@rsinear function of"CMC @1). There
is only one possible article for comparison [13pri@lation between the subjects age and
the yellowness of b* values of skulls i$ & 0.80). The similar correlation between the
persons age and yellowness of b* values of impateteth (f=0.79) suggests a presumably
similar mechanism of colour changes in bone andcted teeth.
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Conclusions

Extracted impacted teeth are relatively availabielolgical samples and can be
obtained without any difficult medical or ethicakues. These teeth may become suitable
objects for research of the age-dependent andamagntal changes in human organism.
The new biophysics concept of custom-made instriméth fibre-optic spectrometer, new
use of the CMC system for calculating colour diéfeces and 3-D mathematical models
described here is suitable even for other bioldgibgects where the estimation of intrinsic
and extrinsic environmental factors or properteftecting biological age is necessary.
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OCENA CZYNNIKOW WEWN ETRZNYCH | ZEWN ETRZNYCH
POWODUJACYCH ZMIANY BARWY Z EBOW ZWI AZANE Z WIEKIEM

'0ddziat Stomatologii, Centralny Szpital Wojskowyaga, CZ
2Katedra Fizyki, Wydziat Nauk Przyrodniczych, Uniwgiet w Hradec Kralové, Hradec Kralowe, CZ
SKkatedra Analizy Matematycznej i ZastosdaaVydziat Nauk Przyrodniczych,
Uniwersytet im. F. Palackiego w Otorieu, Otomuniec, CZ
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Ssamodzielna Katedra Biotechnologii i Biologii Moigrnej, Wydziat Przyrodniczo-Techniczny
Uniwersytet Opolski, Opole, PL

Abstrakt: Zmiany koloru obiektéw biologicznych wraz z wiekiesy wynikiem zmian w ich strukturze
i wlasciwosciach, ktére mog odzwierciedla wptyw srodowiska zewegtrznego i wewntrznego. Dotychczas nie
badano wplywurodowiska jamy ustnejebéw niewyrznétych. Opisano stanowisko do badania zarowgmow
niewyrznitych, jak rownie zebdw usungtych (bezpérednio po ekstrakcji), zbudowane z elementow ghstch
w handlu (spektrometrswiattowodowy), obstugiwane sterownikami programowan Metod: pomiaru
catkowitej zmiany barwy ¢béw w systemie CIELAB 1976 oceniono jako niewystagrcs.
W badaniach wykorzystano bardziej precyayjmetod AEcmc(l:c), wprowadzajc wspétrzdne tréjbarwne
standardowych ¢b6éw oraz stosunek zewtnznych i wewstrznych czynnikéw istotnych dla ¢ladw
niewyrznitych i zatrzymanych. Do opisu zmian zastosowandowigmiarowy model regresji 3D. Szyb#®
przebarwienia goéw spowodowana przez wiele czynnikdw zmniejszavstiagu zycia czlowieka. Zmiana barwy
zebdw spowodowana przez czynniki wesnzne jest prawie niezmienna przez caly okigsia. Ocena wieku
z¢bow wyrznitych 21 (odwrotna zakaos¢ wyktadnicza funkcji CMG.q) jest tylko przyblzona (SD = 6,2 roku).
Wygodniejsze dla przykionej oceny wiekugzeby badane natychmiast po ekstrakcji (odwrotna fimkniowa
CMC2.1)), dobrze korelujca ze znanymi, prawdziwymi diugmami zycia p < 0,001 (SD = 3,1 roku). Korelacja
miedzy wiekiem badanych szgkéw oraz zadlceniem wartéci b* czaszek jest znagza (R = 0,80). Podobna
zalerncsé miedzy wiekiem pacjentéw i zalceniem wartéci *b zebéw zatrzymanych (R= 0,79) sugeruje
podobny mechanizm zmiany koloru skd i zebéw. Zeby s1 stosunkowo tatwo dagbna préblg biologiczry

i moga by¢ uzyskane bez trudéa natury medycznej lub etycznej.

Stowa kluczowe:zmiany barwy gbéw zwizane z wiekiem, czynniki wewtrzne i zewgtrzne, model regres;ji
3D, szacowanie rzeczywistego wieku
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BIOFUMIGATION AS AN ALTERNATIVE METHOD OF CROP PROT ECTION

Abstrakt: Zagraenia zdrowotne zwrane z powszechnym stosowaniem pestycydéw i nawaziucznych
przyczynily sé do wzrostu zainteresowania alternatywnynaidkami ochrony rdin. Wsréd nich coraz wksze
znaczenie zyskuje biofumigacja. Polega ona na veystaniu naturalnych zwikow wystpujacych gtéwnie

w roslinach z rodziny kapustowatyctBi@ssicaceagw zwalczaniu szkodnikéw i drobnoustrojéow atajayich
uprawy rolne. Ponadto korzystnie wplywajne na jak& gleby oraz wielké plonu. Przedstawiono informacje
0 substancjach wykorzystywanych w biofumigacji, iclziataniu antybiologicznym oraz opisano préby
praktycznego zastosowania tej metody.

Stowa kluczowe:biofumigacja, alternatywne metody ochronylig glukozynolany, izotiocyjaniany, mirozynaza

Wprowadzenie

Rolnictwo stanowi gtéwnerddto zywnosci oraz zapewnia miejsca pracy dla znacznej
czesci spoleczéastwa. Ze wzgldu na rosgce zapotrzebowanie ngwnosé, ograniczon
powierzchn¢ gleby dosipnej pod upraworaz jej pogarszaga sic jakas¢ niezledne stato
sie chemiczne wspomaganie rolnictwa. Przejawemegpogicej chemizacji jest stosowanie
przemystowo otrzymywanychirodkéw chemicznych, takich jak pestycydy i nawozy
sztuczne, w celu zwkszenia wydajngi upraw oraz ochrony gbn przed szkodnikami
i chorobami.

Nawozy sztuczne zawiemprzede wszystkim wae dla wzrostu rdin pierwiastki,
takie jak azot (azotany, mocznik, sole amonu), dogbuperfosfaty, polifosforany) oraz
potas (azotan, siarczan lub chlorek potasu). Diaveid ludzkiego, szczeg6lnie matych
dzieci, niebezpiecznegsazotany(V), ktére gromagzsic w warzywach pochodzych
z nawaonych upraw. Azotany(V) as przeksztalcane w przewodzie pokarmowym do
azotanow(lll), ktére po zwianiu st z hemoglobin, transportujca tlen we krwi, powoduj

1 Katedra Chemii Analitycznej, Wydziat Chemiczny, limhnika Gdaska, ul. G. Narutowicza 11/12,
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jej przepcie w stabo wjzacg tlen methemoglobiy co prowadzi do niedotlenienia

organizmu, a nawet zag@zyciu.

Wieksze obawy & jednak zwazane ze stosowaniem pestycydow. Stapawie dug
i r6znorodry grupe srodkéw chemicznych wykorzystywanych w rolnictwiea lgodstawie
danych zawartych w roczniku statystycznym (2008)zmao stwierdzt, ze udziat
poszczegodlnych grup pestycydéw w ogdlnym icheyziu w Polsce jest nagiujacy:
herbicydy (62,3%), fungicydy (23,3%) oraz insekiygy(4,6%), a ichdczna produkcja
wynosita blisko 41 tys. ton [1]. Zwzki te umaliwiaja ochror i wzrost wydajnéci upraw.
Nalezy zauwayc¢, ze niekorzystnym efektem stosowania pestycydow igsttoksyczne
dziatanie, ktére nie ograniczaestylko do szkodnikéw, ale ma wplyw rowiiena
pozyteczne organizmy bytgge na danym terenie oraz ludzi - w szczegd@nmséb
pracupcych przy opryskach. Ponadto pestycydy mdoy¢ przemieszczane przez wiatr
Z miejsc stosowania nassednie uprawy i tereny. Jest to zjawisko niekomzg's poniewa
przenikanie tych zwikédw do gleby, wody, powietrza narusza natuyalbwnowag
i moze przyczynia sie do wyginkcia niektdrych dziko rogjych gatunkéw réin oraz
zwierzyt. Ze srodowiska pestycydy magwnikaé do pasz izywnosci oraz kumulowa sie
w organizmach zwierrych. Ich ilg¢ maoze zosté zwielokrotniona na kolejnych grach
tahcucha pokarmowego. Przyktadowceglowodory chlorowcoorganiczne (DDT, PCB),
obecne w produktach spgavczych, tatwo kumuly sie w organizmie ludzkim w tkance
tluszczowej, wtrobie, nerkach, mézgu i sercu, co z@oby przyczym zaburzenia
funkcjonowania tych organéw i prowadzilo zwgzanych z tym choréb. Z tego wzdu
najwicksze obawy dotyegprzenikania pestycydow diywnosci. Artykuty spazywcze mog
zosta zanieczyszczone pestycydami na skutek:

- bezpdredniego spryskania warzyw i owocéw (2eki te przenikaj do wszystkich
czesci roslin, niezaleznie od sposobu ich stosowania),

- zatrzymania w tkance tluszczowe] zwigirzrzeznych pestycydow, iytych do
zwalczania szkodnikéw bezfednio zagraajgcych zwierztom lub w wyniku
spazycia pestycydow z zanieczyszcaguasa lub wod,

- stosowania pestycydéw do zapobiegania stratgwnosci podczas magazynowania
i transportu [2].

Obawy dotyczce bezpieczestwa stosowania DDT (dichlorodifenylotrichloroetan)
spowodowaty wycofanie tegérodka powszechniezywanego w ochronie ébn w latach
80. XX w. Obecnie zwzek ten podejrzewany jest o zaburzanie gospodanknbnalnej,
a by moze take o wywotywanie choréb nowotworowych. Od 2005 rakoowigzuje
réwniez zakaz produkcji i stosowania bromku metylu z atkiem szczegélnych sytuacji
typu kwarantanna, zgodnie z zaleceniami tzw. PwadtolMontrealskiego, w ktorychas
zawarte zalecenia ograniczenia produkcji i wykotayg® zwizkéw majcych wplyw na
niszczenie stratosferycznej warstwy ozonowej [3gsticyd ten byt wykorzystywany
w rolnictwie do niszczenia obecnych w ziemi niciegrzybdw, ochrony upraw zthpkawy,
kakao, tytoniu, a tale do zwalczania owaddw w spichlerzach, podczaschmeywania
oraz transportu. Jednak okazale, se bromek metylu ma szkodliwe dziatanie na organizm
ludzki. Przy zwgkszonym poziomie nazania powoduje wymioty, drgawki, uteat
przytomndci, zaburzenia widzenia i mowy, uszkodzenie neeehawetsmierc w wyniku
poraenia uktadu oddechowego [4]. Stwierdzonoztakego niekorzystne dziatanie na
uprawy, bowiem obna sik kietkowania nasion, ma wplyw na powstawanie uszkad
owocow, warzyw i rélin ozdobnych. W przypadkaywnosci ujemnie wplywa na jaka
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przechowywanych produktéw, m.in. prowadzi do znszepia zawartei witamin, obnka
wartas¢ wypiekowg mgki, zmienia jej smak i zapach. Inny powszechnis@imny zwazek

- izotiocyjanian metylu - jest potproduktem w otmaywaniu pestycydéw z grupy
karbaminianéw, ale me tez by¢ stosowany samodzielnie. Skutecznie zwalcza wiele
szkodnikéw, grzybow, insektéw powoduajch straty i choroby upraw $iinnych. Jest to
zwigzek silnie toksyczny, powodigy u ludzi zaburzenia oddychania, krwotokinnier¢,
dlatego jego stosowanie ze wadll na maliwo$¢ przedostania sido zywnosci uznano za
wyjatkowo grazny i wycofano go z iytku, niedawno take w Polsce [5].

Pestycydy $ na ogét zwazkami trwatymi, a produkty ich rozpadu czasem mbgt
bardziej szkodliwe i trwalsze niwyjsciowy zwigzek, dlatego odchodziesbd stosowania
pestycydéw trwatych na rzecz zwkoéw o krétkim czasie rozpadu, bez tendencji do
biokumulacji [2]. Poszukuje sitez naturalnych metod ochrony &m, ktére bylyby
skuteczne, ale i bezpieczne w stosowaniu. Ich negpechnienie powinno przyczynsie
do zmniejszenia zycia syntetycznych pestycydéw, a tym samym przyoims korzéci
zdrowotne i ekologiczne. Jednym z alternatywnychosspow ochrony mdin jest
biofumigacja.

Biofumigacja

Fumigacja to sposob zwalczania szkodnikow i patdgerza pomog trujacych
substancji stosowanych w postaci gazéw i dymoéw igamiéw). Ze wzgldu na ochrog
srodowiska odchodzi siod wywania syntetycznych fumigantéw na rzecz ich naiuch
odpowiednikéw. To bardziej ekologiczne podég nazywane jest biofumigacjPolega
ona na wykorzystaniu zazkow o dziataniu antybiologicznym, naturalnie vegatjgcych
w roslinach. Substancije te nie tylko nisgaziepazadane grzyby, bakterie i inne szkodniki,
ale rownie korzystnie wptywaj na biologiczn jakos¢ gleby, a przede wszystkimg s
bezpieczne w stosowaniu. W biofumigacji gtéwnie osgystywane s zarowno réliny
z rodziny kapustowatychBfassicaceag do ktorych nalgs liczne rdliny uprawne:
warzywa (kapusta, rzodkiew, rzepa, brukiew, kaRfioosliny oleiste (rzepak, rzepik,
Inianka, gorczyca), jak rownierodliny ozdobne (np. lewkonia) i zielarskie (rukiew,
tasznik).

Rosliny z rodziny kapustowatych zawdezzap swoje biobojcze dziatanie obedao
glukozynolanéw i enzymu mirozynazy. W nienaruszom@morce tkanki réinnej
glukozynolany s oddzielone od enzymu, ktéry znajdujee sw tzw. komdrkach
mirozynowych. Gdy komorka ébnna zostanie uszkodzona, mechanicznie lub w wynik
ataku rdlinozercow, dochodzi do kontaktu mirozynazy z glukozgmalmi. Wéwczas
uwalniane zostgj produkty ich hydrolizy o wigiwosciach biobdjczych, takie jak
izotiocyjaninany, nitryle, tiocyjaniany i epitiomfe (rys. 3). W ten naturalny sposéb
zaatakowane #tiny bronig si¢ przed szkodnikanjb-8].

Termin biofumigacja jest tak stosowany w przypadku wykorzystania przeciwko
patogenom lotnych zwrkéw syntetyzowanych przez pewne mikroorganizmy. nikly
bada informuja o skutecznéri niektorych metabolitow wytwarzanych przez grzyba
Muscodor albusv hamowaniu wzrostu grzyb6®hytophthora erythroseptica, Sclerotinia
sclerotiorum, Botrytis cinerea, Penicillium expansuP. digitatum, Geotrichum citri-
aurantii oraz bakterii Erwinia carotovora pv. carotovora, Pseudomonas rlsgens,
Escherichia coli, Listeria innocumikroorganizmow przyczyniagych sé do rozktadu
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warzyw i owocOw podczas przechowywania. Grib albus syntetyzuje alkohole, estry,

ketony, kwasy (m.in. kwas izomastowy i izobutandf)ore g toksyczne dla patogendw

i dzieki temu mae by wykorzystany w ochronie ptodéw rolnych [9-11]. Wkinbada

prowadzonych w innym svodku dowodz skutecznéci M. albus w walce z larwami

szkodnikéwPhthorimaea operculellaiszczcych uprawy ziemniakéw [12].

Wyniki bada dowodz, ze nie tylko rodzina kapustowatych, ale#aknne rdliny, np.
papryka Capsicum annujn jako przedstawiciel rodziny psiankowatycBo(anaceag
wykazuje widciwosci biofumiganta. Stosyg eksperymentain mieszank papryki
i odchodoéw zwiergcych podczas uprawy pomidoréw, zaobserwowano ziyaspadek
populacji nicieniM. incognita(nawet 98%miertelnaci) [13].

Jednak to winie raliny z rodziny kapustowatych stanawigtowny obiekt
zainteresowania naukowcOow poszukych naturalnych pestycydédw na potrzeby
biofumigacji. Wykorzystanie glukozynolanéw w ochi®nrcilin ma bowiem wiele
wymiernych zalet:

- bezpieczastwo stosowania,

- dostpnd¢ i maty koszt stosowania biofumigantow,

- przypadkowe przedostaniee sproduktéw hydrolizy glukozynolanéw daywnosci,
w przeciwigistwie do syntetycznych pestycydow, nie tylko nensti zagraenia, ale
dzieki prozdrowotnym wiéciwosciom mog one pozytywnie oddziatywana zdrowie
cztowieka,

- mozliwos¢ biodegradacji przy jednoczesnym wykorzystaniu jakadia tatwo
przyswajalnego wgla i azotu dla upraw,

- do korzyci srodowiskowych meéna tex zaliczy¢ zmniejszenie emisji C{do atmosfery
w wyniku ograniczenia produkcji syntetycznych pegtdow.

Biofumiganty nie g jedynym typem naturalnych pestycydéw. Obecnie pode sk
préby wykorzystania innych zwikéw raslinnych i mikrobiologicznych w zwalczaniu
szkodnikéw o znaczeniu rolniczym. Antyfidanty tobstancje cgiciowo lub catkowicie
hamupce zerowanie owadéw. Jako zygki naturalne pochodzenia étmnego g
biodegradowalne, a ponadtp aktywne tylko wobec wskiej grupy owadéw. Oddzialwpa
ich narady smaku, powoddf zaprzestanigerowania na chronionychdmach i w efekcie
smier¢ gtodowg [14]. Jako przyktady antyfidantéw raca wymiené: demisyr, solanir
oraz tomatys, glikozydy wyizolowane z rdin z rodziny psiankowatych. Stosunkowo
uniwersalnym antyfidantem jest acetoanilid dimetydzenowy, chromicy miedzy innymi
kapust przed gsienicami bielinka rzepnik&{eris rapas.

Zwigzki pochodzenia naturalnego, zwalega insekty, s okreSlane mianem
bioinsektycydéw. Owadobdjcze dziatanie mogywolywat pojedyncze zwizki zawarte
w rodlinach, jednak najezciej 3 to kompozycje zwizkéw, takich jak: alkaloidy,
niebiatkowe aminokwasy, steroidy, fenole, flawongidjlikozydy, chinony, terpenoidy
i garbniki. Zazwyczaj dziatanie bioinsektycyddw tjewolniejsze nt syntetycznych
pestycydéw, a cena znacznieasya. Ponadto niektdre z nich mogywolywat reakcje
alergiczne lub toksyczne u zwigti ludzi [15].

Odmiennym sposobem biologicznej ochronyliro jest zastosowanie insektycydow
pochodzenia drobnoustrojowego. W Hiszpagiwa st preparatu sposzizonego z grzyba
Paecilomyces fumosoroseds zwalczania jaj, larw i dorostychaeenikéw, wystpujacych
np. na pomidorach w szklarniach. W ochroniglinowykorzystuje s takze Gram-dodatni
baktere Bacillus thuringiensispowszechnie wygpujaca w glebie. Jest ona uwana za
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bezpieczn dla ludzi, zwierat i mikroorganizméw niespecyficznych. ki waskiemu
spektrum dziataniaBacillus thuringiensisnie zagraa paytecznym drobnoustrojom,
a czasem nawet wspomaga ich dziatanie. Wykorzystgwast do zwalczania gtéwnie
szkodnikéw zywigcych sé lisciami, m.in. nicieni, bakteriiHelicoverpa zea Niektore
szczepy Bt. israelensis dzialap tez przeciwko komarom i meszkom [16, 17]. Bakteria
Bacillus thuringiensis syntetyzuje biatko, tzw. toksgn krystaliczrz Bt, ktora
w srodowisku zasadowym przewodu pokarmowego owagayt st ze specyficznymi
receptorami i powoduje powstawanie poréw w blogi,prowadzi dasmierci szkodnika
[18]. Bardzo skuteczny insektycyd uzyskano z toklsghterii Photorhabdus luminiscens
0 dziataniu podobnym jak preparaty na bazie Bt. bgé one stosowane wymiennie
w celu uniknécia tworzenia si odpornych odmian szkodnikéw.

Preparaty zawiergge komorkiBacillus thuringiensismog by¢ stosowane w formie
ptynnej lub jako granulat. Niestety ich dziatanestj krotkotrwate, po aplikacji bakterie
utrzymup sie tylko okoto tygodnia na powierzchnidlm. Ponadto, aby bakteriBacillus
thuringiensis mogly dziatd efektywnie, ich komorki mugz zostd zjedzone przez
szkodniki, a to ogranicza zakres dziatania tylkatytdh szkodnikéw, ktéreywia sie lis¢mi
[19]. Problemy te udalo sirozwigzat, wprowadzajc do rdlin bakteryjne geny
odpowiedzialne za synteztoksyny Bt. Zastosowanie genetycznej modyfikagélin
umazliwia powstawanie biatek szkodliwych dla pagthw wewngtrz rasliny. Dotychczas
odkryto ponad 100 genéw koduaych toksyczne biatka, co pozwala na specyficzne
wykorzystywanie ich w zwalczaniu tylko konkretnyaatunkéw szkodnikéw. Jednak
genetycznie modyfikowane iy wywoluja wiele kontrowersji dotyccych
bezpieczastwa ich stosowania.

Takich zastrzgeh nie budzi wykorzystanie &bn z rodziny Brassicaceaejako
naturalnych biofumigantéw. Nie ma tu ryzyka wprowexia obcych gendéw d@odowiska
i powstawania niekontrolowanych mutacji, a to $mie jestzrédiem obaw zwjzanych ze
stosowaniem  organizméw  modyfikowanych genetycznidJprawianie  kapusty
naprzemiennie z innymi warzywami bytozjuawniej stosowane w celu poprawy jé&kio
gleby i zwkkszenia wydajn&i zbiorow. Aspekty ekologiczne i bezpieéasbvo stosowania
powodup, ze biofumigacja ma szagsta sie technologi preferowag w zréwnowaonym
rolnictwie.

Aby w petni zrozumié zjawisko biofumigacji, naley doktadnie pozna wszystkie
czynniki biogce udziat w tym procesie, m.in. glukozynolany jakwigzki wyjsciowe,
mirozynaz, dzieki ktérej mazliwa jest hydroliza i powstage substancje o wdeiwosciach
antybiologicznych.

Glukozynolany

Glukozynolany (rys. 1) to zwrki organiczne zawierage grug p—D-tioglukozowvg,
sulfonowe ugrupowanie oksymowe orazdach boczny (alifatyczny, aromatyczny lub
indolowy). Zaliczane sdo drugorzdowych metabolitéw rdin. Ich biosynteza obejmuje
elongac} tancucha aminokwasowego, konwergjo tiohydrooksymu i ewentualne dalsze
modyfikacje. Glukozynolany alifatyczne powstaj pochodnych metioniny, aromatyczne
z pochodnych fenyloalaniny lub tyrozyny, indolowpachodnych tryptofanu.
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tancuch boczny: /S_ CeH1206

alifatyczny, R —C glukoza

aromatyczny lub

indolowy \N— 0S0. -
3

ugrupowanie sulfonowe

Rys. 1. Ogolny wzér glukozynolanéw
Fig. 1. General structure of glucosinolates

Dotychczas zidentyfikowano ok. 200zriych glukozynolanéw w wielu gatunkach
rodlin, gtéwnie z rodziny Brassicaceae, Capparacede Caricaceae[20]. Zwigzki te
wystepujg w réznych ilosciach zaréwno w korzeniachgdiach, gdach, jak i nasionach tych
rodlin. Przyktadowo korzenie kapusty polneB.(rapd i rzepaku B. napu} zawieraj
wiecej i bardziej ranorodry gane glukozynolandw ri pedy [8]. Wyniki podobnych bada
potwierdzay taky zalenos¢, wskazujc na 4-5 razy wksz ilos¢ tych zwhzkow
w korzeniach m.in. gorczycyS(napsis alby kapusty czarnejB. nigra) i biatej B. rapd
[21, 22]. Wystpowanie poszczegolnych glukozynolanéw i ichzehie zaley takze od
stadium rozwoju rdiny. W nieskietkowanych ziarnach poziom glukozyawdw waha si
od 93umol/g s.m. (w brokutach) do 120mol/g s.m. (w czerwonej kageie), podczas gdy
3-4-dniowe kietki zawieraj od 46 umol/g s.m. (biata kapusta) do 14#mol/g s.m.
(czerwona kapusta) [23]. Dowiedziono zak ze w miodych Kciach rzodkiewnika
(Arabidopsis thaliana) przewaajs alifatyczne glukozynolany, ktére stangwiok.
80% catkowitej ilgci tych zwigzkow, jednak z uptywem czasu ich liczba maleje zecz
indolowych pochodnych. Ponadto w waednanych Igciach znajduje si wiecej
glukozynolanéw i w zewretrznych [24]. llég¢ i rodzaj tych zwizkéw zaley jednak
przede wszystkim od gatunku slay. Najczsciej wystpujagcymi glukozynolanami
w rodlinach zrodziny Brassicaceae s3 synigryna, glukoiberyna, glukobrassycyna
(odpowiednio w 63, 30 i 23 odmianach na 153 badamgmian). Na podstawie wynikéw
bada przeprowadzonych w Hiszpanii ma stwierdzt, ze jarmu zawiera glukozynolany
w ilosci 11+52,8umol/g s.m. $ to gtéwnie glukozynolany alifatyczne i stangwine ponad
60% catkowitej zawartaei tej grupy zwyzkéw. Natomiast w kapuie bialej zawarté& tych
zwigzkéw waha si na poziomie 10,9+27umol/g s.m., a w najwkszej ilaci wystpuje
glukobrassycyna i glukoiberyna [25, 26]. Nasdaylukozynolanéw ma wptyw tale pora
zbioru i klimat regionu, w ktdrym zlokalizowaney siprawy. W kapécie ogrodowej
(Brassica oleracenzbieranej wiossp znajduje si wiecej tych zwizkéw (22 umol/g s.m.)
niz w tej ze zbioréw jesiennych (48mol/g s.m.) [25]. W czasie innych badaawartdé¢
glukozynolanéw w kapicie biatej oznaczono na poziomie 3,3+7pmol/g s.m.
w wiekszych ilgciach ze zbioréw jesiennych mniwiosennych. Riénice w ildci tych
substancji mog wynikat z r&nic klimatycznych regionéw, na ktérych uprawianatje
kapusta, i czasem ekspozycji stonecznej, ktéraygpg/ntezie wikszych ilgci aktywnych
zwigzkéw w ralinie [27]. W tabeli 1 zestawiono informacje o rmjtciej wystpujacych
glukozynolanach i produktach ich hydrolizy.

Oprocz warunkéw uprawy ébn, wazne g takze sposéb i warunki ich dalszej obrébki.
Transport i przechowywanie dlin z rodziny kapustowatych, nawet w niskiej tengiarze,
mog prowadzé do straty znacznych #oi glukozynolandéw. Stwierdzona,e w trakcie
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przychowywania kapustyBrassica oleraceaprzez 7 dni w temp. 1°C (co odpowiada
warunkom magazynowym), a ngshie kolejne 3 dni w temp. 15°C (warunki sklepowe)
ubytek glukozynolanéw byt erlu 70+80% w stosunku do zawaito pocztkowej,
zmniejszyta si  rowniez zawartd¢ innych cennych skladnikéw agwczych,
m.in. flawonoidéw [28]. Natomiast wyniki innych bad wykazaly, ze dwudniowe
przechowywanie warzyw w temperaturze —22°C nie myasaimego wplywu na ilét
glukozynolanéw [29]. Ich zawardé moze sk zmieni& takze w zalenosci od skiadu
atmosfery, w ktorej przechowywane warzywa. W przypadku brokutéw zaobserwowano
spadek iléci glukozynolanéw o 15% w stosunku do $to pocztkowe] podczas
przechowywania (7 dni, 10°C) w atmosferze zawieegj20% CQ. Natomiast w powietrzu
lub atmosferze zawiergie] 0,5% tlenu i 20% C©Ozanotowano wzrost odpowiednio
0 42 i 21% w poréwnaniu do zawastd glukozynolanéw wswiezych warzywach [30].
Informacje te mog by¢ wazne przy przygotowaniu &bn do zastosowania ich jako

biofumigantéw.

Tabela 1
Glukozynolany i produkty ich hydrolizy najeziej wystpujace w rglinach z rodziny kapustowatych

Table 1

Glucosinolates and products of their hydrolysigj@irently occuring in plants @rassicafamily

Budowa tancucha Nazwa systematyczna Nazwa zwyczajowa Gtéwne produkty
bocznego glukozynolanu glukozynolanu degradacji
) ) q . izotiocyjanian
3-metylosulfinylopropylo GLS glukoiberyna 3-metylo-sulfinylopropyly
2-propenylo GLS synigryna izotiocyjanian allilu
) ) . izotiocyjanian
Alfatveane 4-metylosulfinylobutylo GLS glukorafanina 4-metylo-sulfinylobutylu
Y 3-butenylo GLS glukonapina izotiocyjanian 3-butenyl
) . . izotiocyjanian
4-pentenylo GLS glukobrassikonapina 4-pentenylu
) . izotiocyjanian
4-metylotiobutylo GLS glukoerucyna 4-metylotiobutylu
indolo-3-karbinol,
3-indolometylo GLS glukobrassycyna askorbigen,
indolowe indolo-3-acetonitryl
1-metoksy-3-indolometylo neoglukobrasveyna 1-metoksy-3-
GLS 9 yey! indoilometyl
§ izotiocyjanian
2-fenyloetylo GLS glukonasturcyna 2-fenyloetylu
aromatyczne benzylo GLS glukotropaeolina izotiocyjanian benzylu
) . . izotiocyjanian
4-hydroksybenzylo GLS sinalbina p-hydroksybenzylu
Glukozynolany nie wykazagj wiasciwosci biobdjczych, dopiero w wyniku

enzymatycznej hydrolizy powstgjzwiazki o takiej aktywnéci: tiocyjaniany, nitryle,
epitionitryle i najwaniejsze z nich izotiocyjaniany (rys. 2) [31, 32].

Na skuteczn& dziatania izotiocyjanianéw ma wplyw ich budowa; witksza lotnéé

zwiazku, tym weksza aktywnéé antybiologiczna. Wany jest take rodzaj zwalczanych
mikroorganizméw, a nawet faza ich wzrostu [32, 33].
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GLUKOZYNOLANY PRODUKT PRZEJSCIOWY
S—— Glukoza S—H
/ MIROZYNAZA /
R—C » |R—C .
\ H,0 \ + Glukoza
N—OSOgz N—OSOg
NITRYLE \ [ZOTIOCYJANIANY

EPITIONITRYLE TIOCYJANIANY

Rys. 2. Produkty enzymatycznej hydrolizy glukozyamaiw
Fig. 2. Products of enzymatic hydrolysis of glucatates

Aktywnos$¢ biobéjcza izotiocyjanian6w jest pordwnywalna ze utskzndcia
syntetycznych pestycydow, takich jak bromek metytuaz niektérych antybiotykow
(gentamycyna) [8, 34]. O antybiologicznym dziataproduktéw hydrolizy glukozynolanéw
decyduje to, z jakiej €#ci stosowanej rdiny pochodz te zwizki. Produkty hydrolizy
glukozynolanéw obecnych w korzeniach mapacznie skuteczniejsze dziatanie biobdjcze
niz zwigzki pochodace z gdow. Stosowanie preparatu uzyskanego z korzeni stapu
i rzepaku wywotalo zahamowanie wzrostu prawie calepulacji grzybowR. fragariae
(96% kolonii), podczas gdy preparat edpw tych rglin spowodowatimier¢ tylko 16%
kolonii [8]. Wykazano take, ze im starsze korzenie, tym skuteczniejsze jestiatzia
biobdjcze uwalnianych z nich izotiocyjanianéw. Addiomtode lécie B. rapa zawieraj
wigcej glukozynolanéw (75,amol/g s.m.) ni stare licie i dlatego s rzadziej atakowane
przez szkodniki [35, 36]. W gorczycznikBdrbarea vulgaris)najwiecej glukozynolanow
znajduje s} w nasionach (40+9Qumol/g s.m., w zalenosci od odmiany), a najmniej
w kwiatach (10umol/g s.m). Wyniki bad& pokazuj, ze w Europie domingjodmiany tej
rosliny bogate w glukobarbargn(glukozynolan 2-hydroksy-2-fenyloetylu), ktéra sbavi az
94% catkowitej zawart@i glukozynolanéw. Maliwe produkty jej hydrolizy to
izotiocyjaniany lub malo szkodliwe tiony. Rzadzigystepuja odmiany zawierage duo
glukonasturcyny (82% catkowitej zawastd glukozynolandw), ktérej produkty hydrolizy
(izotiocyjanian 2-fenyloetylowy)gsbardziej toksyczne dla szkodnikow [37].

Proces enzymatycznej degradacji glukozynolanéw datiacyjanianéw zachodzi
szybciej w obecriwi wody, przy podwygszonej temperaturze gleby i przy silnym
uszkodzeniu komorek [33]. Z calych koméreklimych przechodzi do ziemi tylko 1%
izotiocyjanianow, ktore powstaly z glukozynolandwwartych w rélinie, natomiast po
uszkodzeniu (zamganie i rozmraanie) & 26% izotiocyjanianow [38]. Najwksza ich
iloé¢ jest uwalniana po 30 min od wprowadzenia utartyadiin do gleby, a obecri¢
izotiocyjanianbw mena wykr$ nawet 12 dni péniej. Do izotiocyjanianéw zostato
przeksztatconych odpowiednio 14 i 53% glukozynolar® rzepaku i gorczycy w czasie
30 min. Ponadto indolowe glukozynolany, ktére rjégdrolizowane do izotiocyjaniandw,
pozostaj w ziemi przez diaszy czas [39].
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Spairdd produktdw enzymatycznej degradacji glukozynélamajwiksze znaczenie
w biofumigacji mag izotiocyjaniany. To one wykazyj najskuteczniejsze dziatanie
biobdjcze, dlatego tak wma jest wiedza na temat warunkéw hydrolizy i czkomi
wplywajacych na ich powstawanie.

Mirozynaza

Hydroliza glukozynolanéw jest mbwa dzicki enzymowi o0 zwyczajowe] nazwie
mirozynaza, naleacemu dop-tioglukozydaz (EC 3.2.3.1). Mirozynaza katalizbjgrolize
wigzan tioglukozydowych, w wyniku czego powstaje niestapiprodukt przejciowy -
tiohydroksym o-sulfonowy, ktéry w zalenoici od srodowiska reakcji mioe zosté
przeksztatcony do izotiocyjaniandw, tiocyjaniandiryli lub epinitryli [40].

Warunki hydrolizy enzymatycznej maajwplyw na rodzaj i wiéciwosci produktu
reakcji. Przyktadowo glukozynolany zawiegeg alifatyczny tacuch boczny wérodowisku
0 pH 7 po procesie hydrolizy z udzialem mirozynazlegap przeksztatceniu do
odpowiednich izotiocyjanian6w, natomiast w kwem s$rodowisku (o pH 3+5) lub
w obecndci jonow zelaza Fe(ll) powstaj mniej szkodliwe nitryle [31]. Na aktywsdé
mirozynazy ma tale wplyw obecn& innych substancji, np. kwas askorbinowy z@o
dziatat jak kofaktor, utatwiajc odszczepienie molekuty glukozy [41-44].

Kinetyka dziatania i aktywri@ mirozynazy rani si¢ takze w zaleénosci od gatunku
i czesci rodliny, z ktorej enzym pochodzi. Przykltadowo, w rzaniku pospolitym
(A. thaliang znajduje sj kilka rodzajow mirozynazy. Geny odpowiedzialnesgatez tych
enzyméw mog by¢ odmiennie uruchamiane w tej sameglime: w korzeniu ulegaj
ekspresji genyGG4, TGG5a w czsci naziemnej genfGG1, TGGZ35].

Na kierunek reakcji hydrolizy glukozynolanéw wphmajs takze dodatkowe czynniki
biatkowe (rys. 3). Naly do nich: biatko nitrylospecyficzne NSP, biatko teggpecyficzne
ESP, modyfikujce biatko epitiospecyficzne ESM oraz biatko twme tiocyjaniany TFP.
Obecnd¢ biatka epitiospecyficznego ESP sprzyja powstawanitryli i epinitryli
z glukozynolandw [45, 46]. W sbnach, w ktorych powstajwytacznie izotiocyjaniany, nie
zachodzi ekspresja genow odpowiedzialnych za syntmalek ESP. Jest to cecha
gatunkowa rélin, np. niektdre gatunki rzodkiewnik#&rabidopsis (ekotyp Landsberg
erectg syntetyzuy biatko ESP, a w innych §tnach, ktére s zdolne do wytwarzania
alkenowych glukozynolanéw hydroliza biegnie raczép nitryli jako produktow
enzymatycznego rozktadu mizotiocyjaniandéw [31]. Natomiast epitiospecyficzbheatko
modyfikujace pithiospecifier modifier protein- ESM), zidentyfikowane m.in.
w rzodkiewniku, promuje powstawanie izotiocyjanianda nie nitryli jak w przypadku
dziatania ESP. Okazalogsize owad btyszczka niTfichoplusia nj preferuje licie raslin
pozbawionych ESM ze wzglu na mniejsz zawarté¢ izotiocyjaniandw [47]. Oprocz
biatek ESP i ESM opisano jeszcze jedno biatko, thmatko tworzce tiocyjaniany
(thiocyanate-forming protein TFP), ktore take ma wptyw na rodzaj produktéw hydrolizy
glukozynolanéw. Zostato ono zidentyfikowane w nasich i kwiatach rzaichy Lepidium
sativurm), a powoduje tworzenie ¢stiocyjaniandéw z glukotropaeoliny oraz prostychrylit
i epitionitryli z alifatycznych glukozynolanow [388].

Oprocz rdlinnej mirozynazy zidentyfikowano tak mirozynaz pochodzaca
z drobnoustrojow obecnych w glebie oraz baktersiedlajcych przewdd pokarmowy
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ludzi i zwierzt. Wyniki bada dowiodly, ze zachodzi proces degradacji synigryny do
izotiocyjanianu allilu przez mikroflerjelitows cztowieka [41, 49].

GLUKOZYNOLANY PRODUKT PRZEJSCIOWY
S—— Glukoza S—H
MIROZYNAZA
R—C » (R—C )
\ 1,0 \ + Glukoza
N—OSO3 N—OSO;3
(ESP/NSP/TFP)
kwasne pH (ESP/TFP) (TFP)
R—C=N
Hg R—N—C=—7S
R H,C—CH—C -C=N R—§—C=N
S 1ZOTIOCYJANIANY
TIOCYJANIANY
EPITIONITRYLE

Rys. 3. Schemat przebiegu reakcji hydrolizy glukmtgnéw w zalenosci od obecnéci czynnikéw
biatkowych [ESP - bialko epitiospecyficzne, NSP iatko nitrylospecyficzne, TFP - biatko
tworzace tiocyjaniany, ESM - epitiospecyficzne biatko ryfiklujace]

Fig. 3. The routes of hydrolysis of glucosinolatiepending on the presence of specific protein facto
[ESP - epithiospecifier protein, NSP - nitrile-sifigiag protein, TFP - thiocyanate-forming
protein, ESM - epithiospecifiermodifier protein]

Bakterie Pseudomonas borepoligakze map zdolng¢ degradacji syningryny
i glukonapiny do odpowiednich izotiocyjanianow. Zuki te dziatag toksycznie na grzyby
Rhizoctonia solani Sclerotium rolfsii,patogeny warzyw i owocow, co bynaze kgdzie
mozna wykorzystd w ochronie upraw [50]. Szczegélnie wma z punktu widzenia
biofumigacji jest aktywn& mirozynazy drobnoustrojow zasiedieych glels. Wyniki
bada probek gleby na zawab glukonasturcyny magby¢ podstaw do stwierdzeniaze
mikroorganizmy, dla ktérych ziemia jest naturalny$rodowiskiem bytowania, maj
zdolnas¢ do rozkladu glukozynolanéw. Po 44 godzinach wteigtizowanej probce gleby
stwierdzono obecri¢ tylko sladowych ilgci glukonasturcyny, natomiast w sterylnej ziemi
taki efekt osignigto po 91 godzinach [51]. Potwierdzdp wyniki innych bada, w trakcie
ktorych take oznaczono wksze sgzenie glukozynolandw w sterylnej glebiezm glebie
z naturala mikroflora [52]. Kolejne wyniki badad dowodz zwickszonej aktywn£ci
enzymatycznej mirozynazy w glebie, na ktorej upeme byly réliny z rodziny
kapustowatych, syntetyzige ten enzym. Wynika z tegae obecné&¢ glukozynolandw,
pochodzcych z uprawianych warzyw, me stymulowa produkcg enzymu przez
mikroorganizmy glebowe [33, 53].

Jednak zdrugiej strony pewna aktywfioenzymatyczna wynikaga z obecr<ri
drobnoustrojow meze przyczynida sii do obnienia skuteczriwi stosowania
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biofumigantéw. GrzybAspergillus nigerobecny w glebie syntetyzuje enzym sulfataz
(EC 3.1.5.6), ktory hydrolizuje glukozynolany dosdéoglukozynolanéw. $one nasipnie
przeksztalcane przgiglukozydaz (EC 3.2.1.21) take syntetyzowan przezA. nigerdo
nitryli, ktére wykazug mniejsze wtéciwosci biobojcze (rys. 4) [54].

S—— Glukoza S—— Glukoza

SULFATAZA / o
R—C » R—C B-GLUKOZYDAZA

N N

» R—C=——=N

N—O0SOy N—OH

GLUKOZYNOLANY DESULFO-GLUKOZYNOLANY NITRYLE
Rys. 4. Schemat przebiegu reakcji rozktadu glukolmow do nitryli przez grzybs. niger
Fig. 4. The reaction of glucosinolate decompositmnitriles induced by funghspergillusniger

Mirozynaz zidentyfikowano take w tkankach szkodnikéw, m.in. w mszycy
kapuciance Brevicoryne brassica)i kapustnicy wielaernej (Lipaphis erisim) [20].
Owady te potrafi wykorzystywd glukozynolany zawarte w étinach, na ktorychierujg, do
obrony przed atakami innych szkodnikéw. Mirozynadeecna w ich organizmach bierze
udziat w hydrolizie glukozynolanéw, a uwalniane tinayjaniany dziata synergicznie
z Ef-farnezenem, feromonem, ktéry sygnalizuje innym yosm nadchodce
niebezpieczistwo [55].

Dzi¢ki naturalnej zawartxi glukozynolanéw i mirozynazy #gbny z rodziny
kapustowatych s w stanie skutecznie brahnisic przed atakami grzybéw, bakterii oraz
wiekszacig roslinozercoOw, a mechanizm ten uma tez wykorzystg w ochronie innych
roslin.

Aktywno §¢ roslin z rodziny kapustowatych jako biofumigantéw

Jak wspomniano, wdaiwosci biobdjcze  wykazwj produkty hydrolizy
glukozynolanéw, a spgodd nich najwgksze znaczenie mgjizotiocyjaniany. Ich szeroki
zakres aktywnéri antybiologicznej obejmuje zaréwno bakterie, drgzyjak i owady. Dane
literaturowe wskazaj na zr@nicowany wplyw tych zwjzkéw na drobnoustroje. Na
przykiad, ekstrakt z mielonych nasion rzepaBu Qapu} wykazuje dziatanie hamage
wzrost grzybow Aphanomyces euteichesle i lekko stymuluyjce wzrost bakterii
propionowych [56, 57].

Toksyczne dziatanie izotiocyjanianéw w stosunku miiogenéw korzysta z dwoch
gldwnych mechanizméw: hamowania syntezy ATP lub kiywacji enzymow
wewmngtrzkomorkowych. U podia tych zjawisk ley zdolng¢ izotiocyjanianéw do
rozrywania mostkéw disiarczkowych oraz wchodzenia re@akcje z grupami N
wystepujacymi w strukturze biatek [34].

Aktywno $¢ bakteriobdjcza

Wyniki bada wskazuj, ze izotiocyjaniany dzialaj przeciwko takim Gram-ujemnym
bakteriom, jak:Agrobacterium tumefaciens, Erwinia chrysanthemgu®monas cichorii,
Pseudomonas tomato, Xanthomonas campestris, Xandigl Bakterie te powody;j
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z0tkniecie lub ciemnienie dci, zaburzenia rozprowadzania skladnikowzyczych
w roslinie, gnicie owocow, todyg i korzeni. W efekcie opvadzi to dosmierci ralin

i wplywa na obnienie wydajnéci upraw. Co wgcej, atakowanegswewretrzne czsci
rodlin, co utrudnia stosowanie tradycyjnyckrodkéw ochrony. Najskuteczniejsze
w hamowaniu wzrostu wymienionych patogendw okazadyizotiocyjaniany powstage

w wyniku hydrolizy glukonasturcyny oraz glukorafapi Generalnie, izotiocyjaniany
otrzymane z aromatycznych glukozynolanéw wykazugilniejsze witaciwosci
bakteriobdjcze i produkty hydrolizy alifatycznych glukozynolanow43 Wsréd tych
ostatnich znacge witaciwosci antybakteryjne ma izotiocyjanian allilu, produkizpadu
rozpowszechnionej w ébnach z rodziny kapustowatych synigryny, ktéryretai az 90%
wszystkich lotnych zwizkdw obecnych wéwiezym chrzanie. Ma on zdoléé niszczenia
komoérek patogendw w kdym stadium rozwoju. Badane bakterie Gram-ujemne,
Salmonellaoraz E. coli byly bardziej wraliwe niz Gram-dodatnie paleczkiisteria
monocytogeneatomiast bakterie fermentacji mlekowkp¢tobacillus sakKeokazaty si
by¢ odporne na jego dziatanie. Izotiocyjanian allilykazuje skuteczne dziatanie zaréwno
w stanie gazowym, jak i ciektym, co daje #iwos¢ jego wykorzystania réwnie
w technologii utrwalania produktéw spavczych [34, 58, 59].

Aktywno §¢ grzybobdjcza

Niektore gatunki grzybow powodughoroby rélin, przez co g przyczyry duzych strat
w rolnictwie i przechowalnictwie ptodéw rolnych. dzocyjaniany w rénym stopniu
hamup rozwdj grzybéw, co dokumentugane zawarte w tabeli 2.

Tabela 2
Zakres toksycznego dziatania produktéw hydroliagkgzynolanéw na e gatunki grzybéw

Table 2
Spectrum of toxicity of glucosinolates hydrolysi®gucts towards various species of fungi

Roslina wykorzystana Glukozynolany, ktorych

w badaniach produkty hydrolizy sa Badane grzyby Literatura
toksyczne
gorczyca czamgBrassica nigra, synigryna Fusarium sambucinum [60]

kapusta sitowataBfassica juncepn

Fusarium culmorum
Rhizoctonia solani
Sclerotinia sclerotorium [61]
Diaporthe phaseolorum
Pythium irregulare

ubiorek gorzki [beris amara, glukoiberyna,
rokietta siewnaHruca sativa glukoerucyna

rokietta siewnaHruca sativa,
kapusta sitowataBfassica juncep
ubiorek gorzki [beris amarg
gorczyca etiopskeBfassica carinaty
kapusta sitowataBfassica juncen glukotropaeolina Fusarium oxysporium [63]
gorczyca czarnéBrassica nigra

glukoerucyna, synigryna, Rhizoctonia solani

glukoiberyna Pythium irregulare [62]

Pythium irregulare
Rhizoctonia solani
Meloidogyne javanica
gorczyca biataBrassica mirta glukotropaeolina Tylenchulus [65]
semipenetrans
Sclerotinia minot
Sclerotinia sclerotoriung

kapusta sitowataBfassica juncep synigryna [64]

gorczyca etiopskeBfassica carinati synigryna [66]
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Rhizoctonia solani
Phytophthora
erythroseptica

Pythium ultimum
Sclerotinia sclerotiorun
Fusarium sambucinam
rokietta siewnaHruca sativa glukoerucyna Monilinia laxa [68]
Rhizoctonia fragariae
Pythium ultimum
Fusarium oxysporium [8]
Altenaria alternata
Phytophthora cactorun

kapusta rzepatBrassica napus glukonasturcyna [67]

kapusta polnaBrassica rapa glukonapina,
kapusta rzepakBrassica napus glukonasturcyna

Wazng obserwacj jest to, ze gatunek poytecznego grzyba obecnego w glebie,
Trichoderma jest mniej wraliwy na dziatanie izotiocyjanianéw hi patogeny, np.
Pythium ultimum, Rhizoctonia solatzy Fusarium oxysporiumStd tez propozycjazeby
pofaczy¢ grzybobodjcze dziatanie izotiocyjanianéw z wypigesn patogennych grzybow
przez payteczne gatunki mikroorganizmoéw. Jednak analiza ikdwm, ktére uzyskano
w efekcie przeprowadzenia ddiadczenia polegagego na wspdlnym stosowaniwcaki
Z gorczycy Brassica carinatai grzybow Trichoderma do ochrony uprawy buraka
cukrowego,swiadczy, ze nie nasfpita redukcja populacji badanego patog&haultimum
chocia znacznie zmniejszylaeiiczba zaatakowanych przez niego burakéw. Wydaje s
wiec, ze pohczenie dziatania izotiocyjanianéw oraz kolonizagjrawianych rélin przez
grzyby Trichoderma moze d& dobre efekty, ale niiwos¢ wykorzystania takiego
podefcia w praktyce rolniczej i ogrodniczej wymaga dgtdzbada [69].

Zwalczanie roélinozercow

Szkodniki, takie jak nicienie, stonki czy wolkig pasaytami raslin o znaczeniu
gospodarczym, w uprawie ktorych mpogowodowé olbrzymie straty. Zwalczanie
szkodnikéw za pomacbiofumigacji daje maliwos¢ ograniczenia tych strat, a ponadto
chroni konsumentéw przed szkodliwym dziataniem sgyuiznych pestycydéw, co jest
szczegOlnie wane w przypadku rdin jadalnych.

Nicienie Meloidogyne incognita 3 przyczyrp sckowacenia korzenia #bn
uprawianych w szklarniach, gtéwnie pomidoréw i dgiw. Izotiocyjaniany, zwlaszcza
produkty hydrolizy synigryny, glukoerucyny i glukopaeoliny, zastosowane wegtniu
11+35 uM, skutecznie hamygj rozwoj tych szkodnikéw [70]. Zbadano tak wpltyw
omawianych zwjzkéw na nicienie Heterodera schachtii Glukozynolany: sinalbina,
synigryna i glukotropaeolina nie wykazabkadnego efektu letalnego wobec badanych
roslinozercow nawet po 96 godzinach ekspozycji. Jednakiogfniany otrzymane
w trakcie hydrolizy tych samych zyakéw spowodowahgmieré prawie wszystkich nicieni
juz po 24-48 godzinach, nawet dla matyctreh (0,05+0,5% wi/v) [7]. Dowiedziono tak,
ze aromatyczne izotiocyjaniany sajbardziej toksyczne dla jajeczek ctazcza opuchlaka
truskawkowca VYine weevil, natomiast metylowe izotiocyjaniany w stosunku ldow
wotka.

Wyniki wieloletnich bada wykazaty,ze uprawa truskawek na jednym polu przez 10 lat
powoduje zahamowanie ich wzrostu i rozwoju. Uprawiav ten sposéb truskawki wydaj
0 50% mniej owocéw w poréwnaniu z truskawkprawian przez dwa lata na danym polu.
Najczsciej do obnkenia wzrostu i plonowania truskawki dochodzi w 4eku uprawy
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[71]. Jednak wyniki niedawnych batlgpokazaly,ze naprzemienna uprawa truskawek,
brokutow i kapusty warzywnejBfassica oleraceazwiekszyla plon truskawek o 18+44%
w poréwnaniu ze zwykt pojedynca upravwg. Mieszana uprawa nie wplgia natomiast na
zmniejszenie zachorowalém owocoéw na werticilog, wywotary przez grzybyerticillium
dahliael[8].

Wyniki licznych badé pokazuj, ze owady mog wytworzy¢ system neutralizowania
szkodliwego wptywu izotiocyjanian6w. Oprécz opisaehywczéniej mszycBrevicoryne
brasicae i Lipaphis erysimminalezy wspomni€¢ o motylu tantnisiu krzzowiaczku
(Plutella xylostella, zywiagcym sk roslinami z rodziny kapustowatych, ktéry usuwa
ugrupowanie siarkowe z glukozynolanéw za poimsulfatazy, przez co przesiapy¢ one
substratem dla mirozynazy (rys. 5) [72].

§—— Glukoza
R—C/
\N—OSO3'
GLUKOZYNOLANY

MIROZYNAZA ROSLINNA SULFATAZA

(P. xylostella)
GLUKOZA, SO, *

S—— Glukoza

R—N—/C—=S R—¢C
N—~OH

[ZOTIOCYJANIANY DESULFOGLUKOZYNOLANY

Rys. 5. Schematyczne przedstawienie sposobu di#ateslinnej mirozynazy (A) oraz sulfatazy
pochodzenia mikrobiologicznego (B) na glukozynolany

Fig. 5. Scheme of enzymatic activity of plant minese (A) and microbial sulfatase (B) towards
glucosinolates

Z kolei larwy bielinka Pieris sp), ktore zywia sic wylacznie ralinami z rodziny
kapustowatych, wytworzyly inny mechanizm obronnyodtikup one nitrylospecyficzne
biatka NSP, przez co glukozynolanylsydrolizowane przez mirozynazo nitryli, a nie do
toksycznych izotiocyjanianéw (rys. 6) [73-75].
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Rys. 6. Schemat reakcji rozktadu glukozynolanéwiyli przez larwy bielinkePieris rapae
Fig. 6. Reaction of glucosinolate degradation tdles byPieris rapaecaterpillars

Larwy gnatarza rzepakowcaithalia rosa¢ w celach obronnych w tylnej efi
tutowia kumuluj wybrane glukozynolany ze spavanej raliny, gtéwnie sinalbig
i synigryre. Szkodniki te nie wykazugjaktywndaci zwigzanej z mirozynag desulfatag ani
nie maj biatek nitrylospecyficznych. Glukozynolany sydalane, a ewentualne produkty
ich przemian niegobecne w organizmie [76, 77].

Niektore glukozynolany i produkty ich rozktadu modziata® jak atraktanty podczas
wyboru miejsca skladania jaj przez owady. W przypadamicPiersi rapaeindolowe
i aromatyczne glukozynolany stymuujwybdr tego miejsca bardziej mizwigzki
alifatyczne. Natomiast genetycznie modyfikowane i@ahy rzodkiewnika A. thaliana)
cyp79B2 i cyp79B3, ktére nigzdolne do syntezy indolowych glukozynolanéwpswiele
mniej atrakcyjne pod tym wzgdem dlaP. rapaeniz tradycyjne odmiany tej étiny [78].

Izotiocyjaniany uwalniane z glukozynolanéw zawahtyev railinach z rodziny
kapustowatych sstoksyczne dla szkodnikéw, ale mptez hamowa rozwdj paytecznej
mikroflory glebowej. W badaniach przydatedo nawozéw z kapusty i gorczycy
w eliminowaniu stonkiLeptinotarsa decemlineatpasayta ziemniakéw, okazato ize
zmniejszyta si réwniez populacja nicieniSteinernema feltiaé Steinernema riobrave
naturalnych wrogéw stonki. Nieztine jest, jak widg dokladne zbadanie dziatania
biofumigantéw na organizmy zaréwno te szkodliwek japozyteczne oraz midiwosci
tgczenia rénych metod ochrony &bin [79-81].

Problemy zwiazane z wykorzystaniem biofumigacji w rolnictwie

Naturalne wiéciwosci biobdjcze rélin z rodziny kapustowatych mag by¢
potencjalnie wykorzystane w ochronie upraw naker skak, dlatego w wielu érodkach
naukowych prowadzone szeroko zakrojone badania nad biofumigaBjroponowane jest
stosowanie preparatow otrzymanych z wybranychliro przez ich wysuszenie
i sproszkowanie. W jednym z §leiadczé wykorzystano odttuszczammaczke z gorczycy
etiopskiej B. carinatg, zawieragcg glukozynolany, gtéwnie synigrgn (98%), oraz
odpowiedny ilos¢ mirozynazy. Mczke recznie rozprowadzono po polu, a rgstie
zwilzono na 6 dni przed zasadzeniem cukini. Efektem lalzi@ tego preparatu byta
poprawa jakéci badanej gleby i zwkszenie plonu cukini 0 14% w poréwnaniu z plonem
uzyskanym z uprawy, w ktorej wykorzystano syntetycpreparat ochronny. Dodatkowo
uzyskano wyrane zahamowanie rozwoju szkodnikdeloidogyne incognitd6]. Innym
sposobem wprowadzenia glukozynolanéw do gleby pstadzenie &liny z rodziny
Brassicacea@ma chronionym polu przed upraws#asciwych warzyw.

Ze wzgkdu na due spaycie ziemniakéw n@wiecie ochrona upraw tej §tiny jest
szczegolnie wana. Obserwacje dwiadczalnej uprawy ziemniakow w stanie Maine (USA)
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mog by¢ podstawy do stwierdzeniaze przed chorobami bulwy najlepiej chronita gorczyca
a przed atakiem grzybé®hizpous- rzepak. Réliny te zasadzono w lipcu i po migsu
zaorano jako nawdz naturalny, a wigsmastpnego roku na tym samym polu posadzono
ziemniaki i zbadano ochronny wptyw poprzedniej ugraoslin z rodziny kapustowatych
na jakaé¢ plonu [67]. Natomiast wyniki innych baflanad ochrog ziemniakéw przed
matwikami Globodera rostochiensiga pomog ekstraktéw z réin Brassicaeagokazuj,

ze najskuteczniejsze w hamowaniu rozwoju tych nicignrzezucha, kalafior i kapustaB(
rapa) [34].

Wyniki licznych badé dowiodly zalenosci pomidzy iloscig glukozynolanéw
w roslinach od warunkéw prowadzenia uprawy. Jest to naedktdén mozna wykorzysta
w kontrolowanym zwikszaniu zawart®i tych zwhzkéw w rdalinach stosowanych
w biofumigacji. Wanym czynnikiem decydaggym o zawartéci glukozynolanéw w rélinie
jest zyznos¢ gleby. Przykladowo, zawaéd siarki i azotu ma wplyw na ifd
glukozynolanéw w nasionach rzepaku [72]. Mala zassdrwody w glebie zwiksza ilg¢
glukozynolanéw w rzepaku i jego nasionach oraz gmpwedobnie w wikszaici roglin
krzyzowych. Ograniczenie ikzi wody, zwlaszcza we wczesnym stadium rozwojlimg
(36-62 dni po wysianiu), me doprowadz do wzrostu zawartgi glukozynolanéw nawet
0 ponad 40% w poréwnaniu zétimami z uprawy kontrolnej bez ograniczenia wodg][3
Wyniki bada opisanych w literaturze maggby¢ réwniez podstawy do wniosku, ze
temperatura uprawy fn ma wpltyw na zawart@ glukozynolanoéw - rdiny rosmgce
w podwyszonej temperaturze (30°C w dzig 15°C w nocy) zawieraj wiecej
glukozynolanéw ni te, uprawiane przy mézych temperaturach (22°C/15°C oraz
18°C/12°C) [82].

Mozna by przypuszcza ze glukozynolany i produkty ich hydrolizy, jako nedine
zwigzki, beda szybciej ulegaty procesowi degradacj syntetycznegrodki ochrony rélin.
Przecz temu wyniki bada, ktére pokazy na przyktadzie tropaeoliny i izotiocyjanianu
benzylu,ze potowa wprowadzonej ioi tych zwhgzkéw jest nadal obecna w glebie po
60 dniach [83]. Jednak inne badania przeprowadmopedobnych warunkach wskazuja
catkowity degradagj tych samych zvwazkéw w cggu 15 dni [84].
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Rys. 7. Schemat przedstawgiey los glukozynolanéw i izotiocyjanianéw w glebie
Fig. 7. The fate of glucosinolates and isothiocyasién soil
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Wplyw rodzaju gleby na efektywdé biofumigacji mana rozpatrywéa w kilku
aspektach. Los badanych zwkéw w ziemi przedstawiono na rysunku 7. Rozktad
glukozynolanéw nagpuje szybciej w gliniastych aiw piaszczystych glebach, zajetakze
od ilosci i rodzaju mikroflory wystpujacej na danym terenie, temperatury i wilgatrio
Glukozynolany g stabo adsorbowane w ziemi, co pozwala na ich rojgrav glebie
i skuteczniejsze dziatanie, ale powodujeztakyzyko przedostaniaesdo wéd gruntowych.
Natomiast daa zawarté¢ materii organicznej powoduje adsorpgotiocyjaniandw, przez
co obnia skuteczn& ich dziatania. Wilgotn& ziemi take jest wanym czynnikiem
w degradacji glukozynolanéw. Mniejsza zawéftevody w glebie powoduje wydhenie
czasu hydrolizy tych zwekdéw, co znacznie opdia antybiologiczne dziatanie
biofumigantéw [33, 39, 85, 86].

Kluczowg role w procesie biofumigacji odgrywajizotiocyjaniany, jako produkty
hydrolizy glukozynolanéw, dlatego vma jest ild¢ mirozynazy, ktéra umidiwia
otrzymywanie tych bioaktywnych zwakéw. Enzym ten mae pochodz bezpdrednio
z wytych raslin lub z dodatkowegarddta w postaci gotowego preparatu. Ngleakze
uwzgledni¢ aktywnd¢ mirozynazy pochodzej z glebowej mikroflory, ktéra przyczynizesi
do hydrolizy glukozynolandw.

Skuteczné¢ biofumigacji zaley takze od interakcji produktéw hydrolizy
glukozynolanéw wsrodowisku. Gdy uprawa na danym polu byta vécaej chroniona za
pomog soli sodowej kwasu ditiokarl-metyloaminowego, mikroorganizmy glebowe braty
udziat w procesie degradacji glukozynolanéw i iaotijanianéw pochodzych z ralin
krzyzowych zbyt szybko, aby mogly one skutecznie chrorasliny. Przykladowo,
izotiocyjanian allilu ulegt degradacji wagju 11 dni w glebie, w kt6rej nie byto pestycydu,
natomiast w glebie traktowanej pestycydem - yggi21 godzin, co spowodowato mniejsz
$miertelnad¢ szkodnikéw. Wana jest wec wiedza na temat rodzaju i tawosci wezeniej
wykorzystywanych pestycydéw oraz opracowanie adtigmunych sposobéw ochronystm,
np. ptodozmianu i biofumigac;ji [52].

Podsumowanie

Glukozynolany stanowi liczng grupe bioaktywnych zwizkéw o ré&norodnych
witasciwosciach  wynikagcych z ich zdolnéci do wigzania s z  molekutami
i makromolekutami o znaczeniu biologicznym. Stanpwne naturalpochror roslin przed
szkodliwymi drobnoustrojami i #inozercami. Maliwos¢ biodegradacji i brak
toksyczndci dla ludzi pozwala na wykorzystanie glukozynolangako biofumigantow
w zwalczaniu szkodnikéw w rolnictwie, szczegélngaw raglin jadalnych. Aby zapewni
w petni bezpieczne i efektywne stosowanie glukoamaw i produktéw ich hydrolizy jako
biofumigantéw, nalgy doktadnie poznamechanizmy ich dziatania oraz interakcje, ktére
wywotuja w srodowisku. Wyniki dotychczas prowadzonych baddkazuj ztozoncs¢ tych
proceséw, ale jednocg@e wyniki dowiadczéd zackcajp do kontynuowania prac
w kierunku upowszechnienia stosowania biofumigaojichronie upraw rgdinnych.

Badania nad wykorzystaniem kapusty w ochronie upmwowniez prowadzone
w ramach projektu AGROBIOKAP, w ktdrym udziat bjoiPolitechnika Gdaska, Instytut
Chemii Przemystowej w Warszawie oraz UniwersytetinRay w Krakowie. Celem
projektu jest opracowanie technologii wykorzystankapusty biatej w procesach
biofumigacji oraz fitoremediacji prowadzonych naetgach zdegradowanych. Badania s
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skoncentrowane na oléteniu przydatnéci kapusty jako surowca do produkcji
biopreparatu, ktéry mégtby stu¢ do biofumigaciji gleby oraz na opracowaniu wydajnej
i przyjaznej s$rodowisku technologii jego uzyskiwania na skalprzemystow

z uwzgkdnieniem maksymalnego zagospodarowania biomasy tderémv kapusty.
Opracowanie i wdrzenie prostej, niskoenergetycznej i niemeabezodpadowej, a tak
taniej technologii oczyszczania gleb dodatkowo ezymi st do stymulacji rozwoju
rolnictwa ekologicznego. Zastosowanie w praktycenik@w bada realizowanych
w ramach projektu przyczyniesido rozwihzywania najbardziej aktualnych probleméw
spotecznych, do ktérych nale spadek zdrowotrgi spoteczéstwa, zwjzany

Z postpujacym zanieczyszczeniegnodowiska i pogorszeniem jad@ zywnaosci.

Podziekowania

Projekt ,Wykorzystanie kapusty bialej na potrzeltgremediacji i biofumigacji gleby
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BIOFUMIGATION AS AN ALTERNATIVE METHOD OF CROP PROT ECTION

! Department of Analytical Chemistry
2Department of Food Chemistry, Technology and Bimtedogy
Gdansk University of Technology

Abstract: Health risks related to common use of pesticided arificial fertilizers raised the interest in
alteranative methods of crop protection, among theéofumigation is becoming the most important. Iist
process natural compounds, mainly glucosinolatgsadkation products fromrassicaspecies are used to combat
pests and microorganisms attacking crops. Moredwethe case of glucosinolate degradation prodatis
beneficial influence on soil quality and yield eféincy can be expected. This article reviews tlerimation on
compounds used in biofumigation, their biocidaiagt and describes a few trials of practical apation of this
method.

Keywords: biofumigation, alteranative methods of crop prtitet glucosinolates, isothiocyanates, myrosinase
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ZYGADLO Maria (3) 33122
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3D mathematical regression models (4) 336,

absorption (4) 4631

adhesion (3) 3020

age-related colour changes of teeth (4) 865,
alternative methods of crop protection (4) 527,
alternating electric field (1) 53,

ammonia (2) 16111

ammonification (4) 47732

analytical methods (1) 9,

artificial neural networks (3) 3625
atmospheric deposition (1) 33,

atomic absorption spectrometry (2) 183,
atomic absorption spectrometry (1) 37,
atomic fluorescence spectrometry (2) 183,
Aulacorthum solan(3) 345,23

beer (4) 44129

biological samples (2) 18713
binding (3) 35124
bioaccumulation (3) 279,7
bioaccumulation coefficient (2) 1420
biofumigation (4) 52737
biogas (3) 25715
bioindication (4) 48533
biomarkers (1) 91
Bjerkandera adusté3) 373,26
bottom deposit (4) 4833

cadmium (3) 27917

calorimetry (1) 635

cancer (1) 91

canine scent (1) 9,

carrot (1) 534

cheese (3) 289,8

chemical vapor generation (2) 183
chlorophyll (3) 27917

chocolates (3) 289,8

CO, removal (4) 46331

coal (3) 29719

cold vapor generation (2) 1873
common mushroomAQ@aricus bisporus(2) 177,12
control (3) 34523

controlled release (2) 118,
correlation matrices (2) 2034

decolorization (3) 3736
deposition (2) 16111

detritus (4) 48533

development (2) 1770,2; (4) 505,35
diffusion (2) 1178

digests (3) 28918

discharge (3) 3121

drinking water (3) 39328

drug delivery (2) 1178

Effective Microorganisms (4) 5085
eggplant (3) 34523

electricity generation (4) 4530

electron beam flue gas treatment (3) 287,
energy (3) 25715; (3) 263,16; (3) 297,19
environmental engineering (3) 261%
environmental samples (2) 18013
erosion (2) 1178

estimation of real age (4) 5136
estuarine lake (4) 4984

external cost (4) 4530

factor analysis (1) 33
fermentation (2) 137
fluorescence spectroscopy (3) 334,
fluoride ions (3) 39328
foam (2) 1379

food (2) 18713
forecasting (3) 3635
FRAME (2) 161,11
fullerene Go (3) 351,24
functional group (3) 3020
fungicides (4) 47732
gerbera (4) 50835
germination (1) 534
globalization (3) 26316
glucosinolates (4) 5287
Greece (4) 4530

green plants (3) 2898

heavy metals (2) 1490; (4) 497,34
heterogeneous catalysis (1) 25,
humic acid (3) 35124

hydride generation (2) 18713
hydrocarbons transport in soil (3) 322,
hydrodynamic disintegration (2) 139,
hydrogel (2) 1178

infiltration into the soil (3) 33122
inhibition (2) 177,12
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insecticides (4) 47732

intrinsic and extrinsic factors (4) 5136
invertebrate malacofauna (4) 483
iron complex (1) 252
isotachophoresis (4) 4429
isothiocyanates (4) 5237

K fertilization (1) 83,7
kinetics (1) 635

layers of snow cover (2) 2034
lignin (3) 373,26
lignite (4) 453,30

maize (1) 837

Malbork (3) 39328

mass spectrometry (2) 1813
mathematical modelling (2) 113,
methods of enhanced surface activation (1225,
methyldiethanolamine (4) 4631
microorganisms (1) 78
maodification (3) 30920

moss biomonitoring (1) 383
mutants (3) 376

myrosinase (4) 5287

natural essential oils (2) 1772; (3) 345,23
neutron activation analysis (1) 3,
nitrogen (1) 837

nitrogen oxides (4) 4530

nitrogenous fertilizers (1) 63,

nuclear energy (3) 2515

nutrient content (4) 5085

optical emission spectrometry (2) 188
organic compounds leakage (3) 332,
organic matter (1) 6%

peroxidases (3) 3726

petroleum bitumen (3) 3020

petroleum derived products transport (3) 334,
petroleum resin (3) 3020

petroleum substances (1) B3,

phosphorus (1) 83,

photooxidation (1) 252

photovoltaic solar cells (3) 3837

physical and chemical parameters (3) 3T,
plants (1) 736

Poland (2) 16111

pollution (2) 20314

post-flotation waste (2) 1490

processing (3) 29719

rare earth elements (3) 2838
recycling (3) 38527
reduced nitrogen (2) 1611
renewable energy (3) 3887
rose (4) 50535

seasonal changes (4) 494,

seed vigour (1) 53

selenate(lV) (3) 2797
selenate(VI) (3) 2797
selenocystine (4) 4429
selenomethionine (4) 4429
semiconductor (1) 2%

sewage sludge (2) 1490

silicon (3) 38527

slurry samples (2) 18713

snow (2) 20314

soil (1) 63,5; (1) 73,6; (4) 477,32
solar energy (3) 3827

sorption (2) 14910

sources (1) 373

sources of contamination (1) 73,
speciation analysis (2) 1873

St. John's wort (3) 2797
stationary magnetic field (1) 58,
stirred cell (4) 46331

struvite (2) 1379

substrate (4) 5085

superficial water (3) 3625
surface microlayer (4) 4934
sustainable development (3) 2838,
swelling (2) 1178

temporal variability (3) 31721
toxicity (1) 73,6

trace elements (1) 33,

transport in porous media (3) 322,
Trichoderma harzianur(R) 177,12

underground water (3) 3635
uptake (1) 837
uranium (3) 25715

volatile fatty acids (VFA) (2) 13@
volatile organic compounds (1) 9,

waste management (2) 149)
water content (3) 279,7
water purification (1) 252
water quality (3) 31721
water resources (3) 3635

yielding (4) 50535
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Sposaéb zapisu odéaikow haset - (nr zeszytu) pierwsza strona artykafartykutu
(w spisie tréci rocznika)

absorpcja (4) 4631

absorpcyjna spektrometria atomowa (1) 37, (2)

187,13

adhezja (3) 300

alternatywne metody ochronystim (4) 527,37
amoniak (2) 16111

amonifikacja (4) 47732

analiza czynnikowa (1) 33,

analiza specjacyjna (2) 1873

atomowa spektrometria fluorescencyjna (2) 18%,
Aulacorthum solan{3) 345,23

azot (1) 837

azot zredukowany (2) 1611

bioakumulacja (3) 2797

biofumigacja (4) 52737

biogaz (3) 25715

bioindykacja (4) 48533

biomarkery (1) 91

biomonitoring z wykorzystaniem mchéw (1) &,
bitum naftowy (3) 30920

Bjerkandera adusté3) 373,26

chlorofil (3) 279,17

czasowa zmienrsé (3) 317,21

czekoladki (3) 28918

czynniki wewretrzne i zewgtrzne (4) 51536

dekoloryzacja (3) 3726
depozycja (2) 16111
detrytus (4) 48533
drobnoustroje (1) 78
dyfuzja (2) 1178

Efektywne Mikroorganizmy (4) 5085
energetyka (3) 25715
energetykagdrowa (3) 25715
energia (3) 26316; (3) 297,19
energia stoneczna (3) 3857

erozja (2) 1178

fermentacja (2) 139
fosfor (1) 83,7
fotoutlenianie (1) 252
FRAME (2) 161,11
fulereny Go (3) 351,24
fungicydy (4) 47732

generowanie par (2) 1813
generowanie wodorkéw (2) 1873
generowanie zimnych par (2) 183
gerbera (4) 50835

gleba (1) 635; (1) 73,6; (4) 477,32
globalizacja (3) 26316
glukozynolany (4) 52737

Grecja (4) 45330

grupy funkcyjne (3) 3020

hydrodynamiczna dezintegracja (2) 197,
hydrazel (2) 1178

infiltracja w gruncie (3) 33122
insektycydy (4) 47732
inzynieriasrodowiska (3) 26316
izotachoforeza (4) 4429
izotiocyjaniany (4) 52737

jakaos¢ wody (3) 31721
jezioro estuariowe (4) 4934
jony fluorkowe (3) 39328

kadm (3) 27917

kalorymetria (1) 635

kataliza heterogenna (1) 25,
kietkowanie (1) 534

kinetyka(1) 635

komplekszelaza (1) 252
kontrolowane uwalnianie (2) 118,
korelacje (2) 20314

koszt zewngtrzny wytwarzania elektryczioi (4) 453,
30

krzem (3) 38527
kukurydza (1) 837

kwasy huminowe (3) 3524

lignina (3) 37326

lignit (4) 453,30

lotne kwasy tluszczowe (LKT) (2) 139,
lotne zwizki organiczne (1) 91

malakofauna bezkgowa (4) 48533

Malbork (3) 39328

marchew (1) 534

materia organiczna (1) 63,

metale cjzkie (2) 149,10; (4) 497,34

metoda zwgkszonej aktywacji powierzchni (1) 28,
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metody analityczne (1) 9,
metylodietanoloamina (4) 4631
mikrowarstwa powierzchniowa (4) 4934
mirozynaza (4) 52737

model regresji 3D (4) 5186
modelowanie matematyczne (2) 187,
modyfikacje (3) 30920

mutanty (3) 37326

natzenie przeptywu (3) 3121

naturalne olejki eteryczne (2) 1712; (3) 345,23
nawozy azotowe (1) 63,

nawaenie potasem (1) 83,

neutronowa analiza aktywacyjna (1) 37,
nowotwor (1) 9.1

oberyna (3) 34523

oczyszczanie gazéw spalinowych (3) 253,
odcieki organiczne (3) 3322
odnawialnezrodta energii (3) 38%27
odpady poflotacyjne (2) 1490

ogniwa fotowoltaiczne (3) 3827

opad atmosferyczny (1) 33,

optyczna spektrometria emisyjna (2) 183,
osad denny (4) 48833

osadysciekowe (2) 14910

peroksydazy (3) 3726

pecznienie (2) 1178

piana (2) 1379

pieczarka dwuzarodnikowaA@aricus bisporus (2)
177,12

pierwiastkisladowe (1) 373
pierwiastki ziem rzadkich (3) 2898
piwo (4) 44129

plonowanie (4) 50535

ptyny (3) 289,18

pobranie (1) 837

podawanie lekéw (2) 113,

podiaze (4) 50535

Polska (2) 16111

pétprzewodniki (1) 252
prognozowanie (3) 3625

probki biologiczne (2) 18713
proébki srodowiskowe (2) 18713
przetwarzanie (3) 2971,9

reaktor z mieszadtem (4) 4631
recykling (3) 38527

rosliny (1) 73,6

rosliny zielone (3) 28918

rozwoj (2) 17712; (4) 505,35
rozwdj zréwnowaony (3) 26316
réza (4) 50535

selenian(IV) (3) 27917

selenian(VI) (3) 27917

selenocystyna (4) 4429
selenometionina (4) 4429

ser (3) 28918

sorpcja (2) 14910

spektrometria mas (2) 1873
spektroskopia fluorescencyjna (3) 324,
state pole magnetyczne (1) %8B,

struwit (2) 1379

substancje ropopochodne (1) B3,
szacowanie rzeczywistego wieku (4) 536,
sztuczne sieci neuronowe (3) 3@3,

$nieg (2) 20314

tlenki azotu (4) 45330

toksyczndé¢ (1) 73,6

transport produktéw ropopochodnych (3) 332,
transport w érodku porowatym (3) 3322
transport wglowodoréw w glebie (3) 3322
Trichoderma harzianurfR) 177,12

usuwanie CQ@(4) 463,31
uzdatnianie wody (1) 2%,

warstwysniegu (2) 20314

wech pséw (1) 91

wegiel (3) 297,19

wigzanie (3) 35124

wiazka elektronéw (3) 2575

wigor nasion (1) 5%

woda pitna (3) 398

wody podziemne (3) 3625

wody powierzchniowe (3) 3625
wskazniki fizyczno-chemiczne (3) 3121
wspotczynnik bioakumulacji (2) 1490

zagospodarowanie odpadow (2) 149,
zahamowanie (2) 1712

zanieczyszczenia (2) 2084

zasoby wodne (3) 3625

zawartd¢ sktadnikéw pokarmowych (4) 5085
zawartd¢ wody (3) 279,17

zawiesiny (2) 18713

ziele dziurawca (3) 279,7

zmiany barwy zb6w zwigzane z wiekiem (4) 5136
zmiany sezonowe (4) 4934

zmienne pole elektryczne (1) 58,

zwalczanie (3) 3423

zrodia zanieczyszcag(1) 37,3; (1) 73,6

zywice naftowe (3) 3020
Zywnos¢ (2) 187,13
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Agaricus bisporug2) 177,12
Aulacorthum solan{3) 345,23

Bjerkandera adusté3) 373,26

carrot (1) 534
common mushroom (2) 1712

drobnoustroje (1) 73

efektywne mikroorganizmy (4) 5085
Effective Microorganisms (4) 5085

gerbera (4) 5085
green plants (3) 2898

invertebrate malacofauna (4) 5@
kukurydza (1) 837

maize (1) 837

malakofauna bezkgowa (4) 50533
marchew (1) 534

microorganisms (1) 78

mutants (3) 376

mutanty (3) 37326

pieczarka dwuzarodnikowa (2) 1712
plants (1) 736

rose (4) 50535

rosliny (1) 73,6

rosliny zielone (3) 28918

réza (4) 50535

St. John's wort (3) 2797
Trichoderma harzianurfR) 177,12

ziele dziurawca (3) 279,7
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INNOWACYJNA UNIA EUROPEJSKA o
GOSPODARKA ROZWOJU REGIONALNEGO

NARODOWA STRATEGIA SPOJNOSCI
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WYKORZYSTANIE KAPUSTY BIALEJ NA POTRZEBY
FITOREMEDIACJI | BIOFUMIGACJI GLEBY
(AGROBIOKAP)

Projekt nr UDA-POIG.01.03.01-00-138/09
wspotfinansowany przez Ung Europejska zesrodkéw Europejskiego Funduszu Rozwoju
Regionalnego w ramach Programu Operacyjnego Innowajna Gospodarka, 2007-2013

O$ priorytetowa 1.: Badania i rozwoj nowoczesnych technologii
Wsparcie projektéw B+R na rzecz przetsorstw
realizowanych przez jednostki naukowe
Poddziatanie 1.3.1.: Projekty rozwojowe
Rekomendowana kwota dofinansowania3 391 950,00 PLN
Termin realizacji projektu: 01.07.2007-01.07.2013

Dziatanie 1.3.:

Cele projektu:

>

>

opracowanie innowacyjnej i ekonomicznej technolodiioremediacji terendw
zdegradowanych

produkcja naturalnegosrodka do biofumigacji gleb aytkowanych rolniczo
i ogrodniczo

Zadania badawcze projektu:

>

YVVV VY

przeprowadzanie badafizjologicznych kapusty z upraw prowadzonych wmgch
warunkach

opracowanie technologii uprawy kapusty

badania analityczne w celu oklenia wptywu warunkéw uprawy kapusty na zawéfto
zwigzkow bioaktywnych i biokumulagjmetali cézkich w kapgcie

statystyczne opracowanie wynikow pomiaréw

opracowanie technologii otrzymywania biopreparaadnie z wymogami przemystu
zaproponowanie metod zagospodarowania odpadu plukej biopreparatu

Kontakt:
Wydziat Chemiczny Politechniki Gdakiej
ul. G. Narutowicza 11/12, 80-233 Gk
tel./fax +48 58 347 26 25
email: agrobiokap@chem.pg.gda.pl
http://www.chem.pg.gda.pl/agrobiokap/







INVITATION FOR ECOpole’1l1 CONFERENCE

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part i@ #0th annual Central European
Conference ECOpole'll, which will be held1i8-15 X 2011(Thursday-Saturday) at the
Conference Center ,Rzemieslnik” in Zakopane, PL.

The Conference Programme includes oral presensaéind posters and will be divided
into five sections:

e Sl Chemical Pollution of Natural Environment and its Monitoring

e Sll Environment Friendly Production and Use of Enegy

e Sl Risk, Crisis and Security Management

e SIV Forum of Young Scientists and Environmental Edgation in Chemistry
e SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.
Contributions to the Conference will be published a
e abstracts on the CD-ROM (0.5 page of A4 paper soeiat)
* extended Abstracts (4-6 pages) in the semi-anouah@l Proceedings of ECOpole
e full papers will be published in successive issaéshe Ecological Chemistry and
Engineering/Chemia i bynieria EkologiczngEcol. Chem. Eng.) ser. Aor S.
Additional information one could find on Conferengebsite

ecopole.uni.opole.pl

The deadline for sending the Abstractsl%07.2011and for the Extended Abstracts:
1.10.2011 The actualised list (and the Abstracts) of th@f€nce contributions accepted
for presentation by the Scientific Board, one ceml f(starting from 15.07.2011) on the
Conference website.

The papers must be prepared according to the GiaideAuthors on Submission
of Manuscripts to the Journals.
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At the Reception Desk each participant will obtairCD-ROM with abstracts of the
Conference contributions as well as Conference rarogne (the Programme will be also
published on the Conference website).

Further information is available from:

Prof. dr hab. Maria Wactawek

Chairperson of the Organising Committee

of ECOpole'll Conference

University of Opole

email: Maria.Waclawek@o02.pl

and mrajfur@o2.pl

phone +48 77 455 91 49 and +48 77 401 60 42
fax +48 77 401 60 51

Conference series

1992 Monitoring '92 Opole

1993 Monitoring '93 Turawa

1994 Monitoring '94 Pokrzywna

1995 EKO-Opole '95 Turawa

1996 EKO-Opole '96 Kdzierzyn Kale
1997 EKO-Opole '97 Duszniki Zdro;
1998 CEC ECOpole '98¢dzierzyn Kale
1999 CEC ECOpole '99 Duszniki Zdrgj
2000 CEC ECOpole 2000 Duszniki Zdrgj
10. 2001 CEC ECOpole'01 Duszniki Zdroj
11. 2002 CEC ECOpole'02 Duszniki Zdroj
12. 2003 CEC ECOpole'03 Duszniki Zdroj
13. 2004 CEC ECOpole'04 Duszniki Zdroj
14. 2005 CEC ECOpole'05 Duszniki Zdroj
15. 2006 CEC ECOpole'06 Duszniki Zdroj
16. 2007 CEC ECOpole'07 Duszniki Zdroj
17. 2008 CEC ECOpole'08 Piechowice
18. 2009 CEC ECOpole'09 Piechowice
19. 2010 CEC ECOpole'10 Piechowice

COoNOOR~WNE



ZAPRASZAMY
DO UDZIALU W SRODKOWOEUROPEJSKIEJ KONFERENCJI
ECOpole’ll
W DNIACH 13-15 X 2011

SUBSTANCJE CHEMICZNE W SRODOWISKU PRZYRODNICZYM

Bedzie todwudziesta z radu konferencja péwiecona badaniom podstawowym oraz
dziataniom praktycznym dotygea r&nych aspektéw ochron§rodowiska przyrodniczego.
Odhkedzie sé ona w Grodku Konferencyjno-Wypoczynkowym ,Rzengieik” w Zako-
panem. Doroczne konferencje ECOpole gneharakter midzynarodowy i za takiegs
uznane przez Ministerstwo Nauki i Szkolnictwa X&ego. Obrady Konferencji
ECOpole’l1 lgda zgrupowane w gtiu Sekcjach:

e Sl Chemiczne substancje vrodowisku przyrodniczym oraz ich monitoring

«  Sll Odnawialne zrodta energii i jej oszczdne pozyskiwanie oraz aytkowanie
e Slll Zarz adzanie srodowiskiem w warunkach kryzysowych

e SIV Forum Miodych (FM) i Edukacja pro srodowiskowa

e SV Wplyw zanieczyszcz srodowiska orazzywnosci na zdrowie ludzi

Materiaty konferencyjnedala opublikowane w postaci:
e abstraktdw (0,5 strony formatu A4) na CD-ROM-ig;
» rozszerzonych streszazeo obgtosci 4-6 stron w poéiroczniku Proceedings
of ECOpole
e artykutbw: w abstraktowanych czasopismachEcological Chemistry and
Engineering/Chemia i bynieria Ekologiczna (Ecol. Chem. Engsgr. A i S oraz
niektérych w pétrocznikiChemia-Dydaktyka-Ekologia-Metrologia
Termin nadsytania angielskiego i polskiego streszemia o obgtosci 0,5-1,0 strony
(wersja cyfrowa + wydruk) planowanych wystpien uptywa w dniu 15 lipca 2011 r
Lista prac zakwalifikowanych przez RadNaukows Konferencji do prezentacjicdzie
sukcesywnie publikowana od 15 lipca 2011 r. nangéravebowej

ecopole.uni.opole.pl
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Aby praca (dotyczy to tale rozszerzonego streszczenia, ktére powinnaod ryitut
w jezykach polskim i angielskim, stowa kluczowe w obydy¢zykach) przedstawiona
w czasie konferencji mogta bypublikowana, jej tekst winien byprzygotowany zgodnie
Z wymaganiami stawianymi artykutom drukowanym wszgaismachecological Chemistry
and Engineeringser. A oraz S, ktéregsdostpne w wielu bibliotekach naukowych
w Polsce i zagranic S one takie same dla prac drukowanych w pétroczniku
Chemia-Dydaktyka-Ekologia-Metrologi@alecenia te gsréwniez umieszczone na stronie
webowej konferencji.

Po Konferencji zostanwydane 4-6-stronicowe rozszerzone streszczenidapigs
w poétroczniku Proceedings of ECOpale Artykuly te winny by przestane
do 1 pazdziernika 2011 r. Wszystkie nadsytane prace podlegajvykiej procedurze
recenzyjnej. Wszystkie streszczenia oraz programmféfencji zostamp wydane na
CD-ROM-ie, ktory otrzyma kaly z uczestnikow podczas rejestracji. Prograoizte take
umieszczony na stronie webowej Konferenciji.

Prof. dr hab. Maria Wactawek

Przewodniczca Komitetu Organizacyjnego
Konferencji ECOpole'l1l

Wszelkie uwagi i zapytania moa kierowa na adres:
Maria.Waclawek@o02.pl

lub mrajfur@o2.pl

tel. 77 401 60 42

tel. 77 455 91 49

fax 77 401 60 51

Kalendarium

1992 Monitoring '92 Opole

1993 Monitoring '93 Turawa

1994 Monitoring '94 Pokrzywna

1995 EKO-Opole '95 Turawa

1996 EKO-Opole '96 kdzierzyn-Kdale
1997 EKO-Opole '97 Duszniki Zdrgj
1998SEK ECOpole '98 Kdzierzyn-Kale
1999SEK ECOpole '99 Duszniki Zdroj
2000SEK ECOpole 2000 Duszniki Zdroj
10. 2001SEK ECOpole '01 Duszniki Zdrdj
11. 2002SEK ECOpole '02 Duszniki Zdrdj
12. 2003SEK ECOpole '03 Duszniki Zdrdj
13. 2004SEK ECOpole '04 Duszniki Zdrdj
14. 2005SEK ECOpole '05 Duszniki Zdrdj
15. 2006SEK ECOpole '06 Duszniki Zdrdj
16. 2007SEK ECOpole '07 Duszniki Zdrdj
17. 2008SEK ECOpole '08 Piechowice

18. 2009SEK ECOpole '09 Piechowice

19. 2010SEK ECOpole '10 Piechowice

CoNoO~WNE



GUIDE FOR AUTHORS ON SUBMISSION
OF MANUSCRIPTS

A digital version of the Manuscript addressed:

Professor Witold Wactawek
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