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Agnieszka ULANOWSKA, Tomasz LIGOR Monika MICHEL?
and Bogustaw BUSZEWSKI

HYPHENATED AND UNCONVENTIONAL METHODS
FOR SEARCHING VOLATILE CANCER BIOMARKERS

£ ACZONE | NIEKONWENCJONALNE METODY POSZUKIWANIA
LOTNYCH BIOMARKEROW CHOROB NOWOTWOROWYCH

Abstract: Volatile organic compounds produced inside theybm@vide valuable information about human state
of health and they are detected in breath, bloabuaime samples. Therefore, volatile biomarker ggialseems to
become accurate and fast method for tumour detectsw far, there are known several volatile organic
compounds (VOCs) recognized as potential cancendrikers. For the detection of VOCs different arnedjt
techniques are used. The most popular is gas chograahy coupled with mass spectrometry (GC/MS)réMo
recently, selected ion flow tube mass spectroméitfFT-MS), proton transfer reaction mass spectromet
(PTR-MS) and ion mobility spectrometry (IMS) ares@lapplied for biomarker research. Besides typical
instrumental methods used for VOCs analysis, uneational methods such as sensitive canine sensmeif
can be used. In recent years, this very sensitigstds also used for cancer biomarker detectiamystare trained

to recognize the smell of skin, breath or urine giasmfrom patient with different kind of cancerrfrahe control
group. The application of dogs’ smell for the pretiary screening of tumour in human body is pasiles
noninvasive and fast method. Additionally, it does need the preconcentration of analytes bef@attalysis.

Keywords: analytical methods, canine scent, biomarkers tl@larganic compounds, cancer

Introduction

Cancer diseases are leading a few million deathiklwimle every year. Early detection
of tumour increases the chance to survive. Satliere are known many different methods
used for tumour diagnosis. The most popular is edemptomography, nuclear magnetic
resonance, positron emission tomography, mammoygraiu single photon emission
computed tomography [1]. However, these methodegpensive and could be harmful for
patients. Biomarker analysis is complementary nebthiod seems to be screening method
for early cancer detection. Molecular biomarkedédined as a molecule which reflects the

! Chair of Environmental Chemistry and Bioanalyti€sculty of Chemistry, Nicolaus Copernicus Univitsi
ul. J. Gagarina 7, 87-100 TdruPoland, tel. 56 611 43 08, fax 56 611 48 37

2 pesticide Residue Laboratory, Plant Protectiontitins, ul. Wegorka 20, 60-318 Pozfha Poland,
tel. 56 611 43 08, fax 56 611 48 37, email: M.Mi@#®r.poznan.pl
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pathological state of the organism and it can baradteristic pharmacologic response to
a therapeutic intervention. The expression of gstnaeceptors (ER), progesterone receptor
(PR), p53, B-cell lymphoma-2 (Bcl-2), cyclin E, oleratin 5/6, human epidermal growth
factor-2 (HER-2/neu) oncogenes and the Ki-67 indexyroliferative activity are protein
biomarkers used in medicine [2, 3]. However, hugemiper of various classes of
compounds present in the tissue makes protein bi@rgasearching extremely difficult.
Therefore, analysis of substances present in edHaleath seems to be easier to perform,
faster and non-invasive method which can be usedafiacer detection [4, 5].

In exhaled air more than 2000 different compounda be detected [6]. These
substances are in the most cases volatile orgamiepeunds (VOCs) but nonvolatile
organic compounds (proteins, leukotrienes, eta)iaarganic volatile compounds (carbon
oxide, nitrogen oxides, carbonyl sulfide) are aldentified. Their exhaled amount may
change depends on age, state of health, life gigleder. However, in pathological states of
the organism some additional compounds are prodws®tior their concentration is
changed [7].

Gas chromatography with flame ionization detectelD] or with mass spectrometry
(MS) has been applied for detection and quantitatiompounds existing in breath. [8, 9].
Different mass spectrometry techniques such a®piiansfer-reaction mass spectrometry
(PTR-MS) [10], selected-ion-flow-tube mass specetsn (SIFT-MS) [11], ion mobility
spectrometry (IMS) [12] allow to on-line breathtieg.

Except analytical methods, canine sense of smallbeause for cancer detection [13].
At first, dog’s olfactory system was used in finglibombs, drugs and people [14].
Nowadays, trained dogs smelling different probes gkin, urine, breath) are able to
recognize samples from people with cancer andhesatilunteers.

The aim of this review is the presentation of imstental analytical methods and
canine scent which can be used for detection cdtivel cancer biomarkers. Substances
recognized as potential biomarkers have been atsept.

Volatile organic compounds proposed as cancer biorrieers

Volatile organic compounds present in exhaled airehboth origins - endogenous or
exogenous. First are produced during different eodical processes which occur in living
organisms and second can be undertaken with fobd|ed with the air or absorbed by the
skin. Only the first group can be considered asiseages marker. There are known
metabolic pathways of formation only limited exaeplof endogenous substances.
Saturated hydrocarbons (ethane, pentane) and adehfacetaldehyde) are generated
during lipid peroxidation of fatty acids (Fig. 13][ According to Spanel et al formaldehyde
is a potential biomarker of bladder and prostatacer [15]. Concerning to another
aldehydes such as heptanal and hexanal they appsegto be characteristic for patients
with breast or lung cancer [16-21]. Acetone is ohthe most abundant compound in breath
and an important metabolic marker in breath [22].isl ultimately formed by the
decarboxylation of acetoacetate, which is deriveminf lipolysis or lipid peroxidation
(Fig. 2). Acetone has been recognized by Phillipal¢18] as a potential marker of lung
cancer. Isoprene (2-methyl-1,3-butadiene) is adgahbon always present in breath which
is a by-product of cholesterol synthesis [23] (R3)- Poli et al found that in breath of
patients with lung cancer concentration of isopreves higher than in control group.
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Volatile organic compounds chosen as hypothetiaater biomarkers are summarized in
Table 1.

Polyunsaturated fatty acids (PUFAS)

enzymatic oxidation autoaxidation

initiation
HOH

reactions

Loo*

LOOH
Fatty acids hydroperoxides PGs Conjugated diene radical
THs
0y
propagation
Aldehydes Peroxyl radical
termination
Fatty acids hydroperoxides Hydrocarbans

F.-isoprostanes

Fatty acids hydroxides Aldehydes

Fig. 1. Products generated in polyunsaturated &atiys oxidation [4]
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Fig. 2. Biochemical pathway of acetone generatigh excess of acetyl-CoA [24]
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Acetyl-CoA

HMG-CoA

Mevalonic acid

Isopentenyl-PP

Dimethylallyl-PP

Isoprene

DecaprMsyl-PP Polyprenyl-PP

r
Squalene v
Ubiquinone Dolichol

r
Cholesterol

Fig. 3. Biochemical pathway of isoprene generaliin

Table 1
Volatile organic compounds recognized as cancenhikers
Applied .
Compound Type of cancer technique for Conr,izcterlatlon References
VOCs analysis
. SPME-GC/MS [ppb/ppt]
isoprene lung SPME-GC/FID [opm] [14, 15]
pentane lung SPME-GC/MS [ppb/ppt] [14]
octane lung SPME-GC/MS [ppb/ppt] [14]
SPME-GC/MS [ppb/ppt]
decane lung SPME-GC/EID [opm] [14, 15]
undecane lung SPME-GC/FID [ppm] [15]
methylcyclopentane lung SPME-GC/FID [ppm] [15]
formaldehyde b'add‘ﬁjhzro“ate' PTR-MS [ppb] [17, 18]
SPME-GC/FID [ppm]
heptanal lung, breast SPME-GC/MS [ppb/ppt] [15, 19-22]
TD-GC/MS [ppt]
SPME-GC/FID [ppm] [15, 19-22,
hexanal lung, breast SPME-GC/MS [ppb/ppt] 26]
TD-GC/MS [ppt]
TD-GC/MS [ppt]
acetone lung SPME-GC/MS [bpb/ppt] [20, 24]
2-propanol breast TD-GC/MS [ppt] [22]
SPME-GC/MS [ppb/ppt]
benzene lung SPME-GC/EID [opm] [14, 15]
toluene lung SPME-GC/MS [ppb/ppt] [14]
. SPME-GC/MS [ppb/ppt]
xylene isomers lung TD-GC/MS [bpt] [14, 20, 21]
ethylbenzene lung SPME-GC/MS [ppb/ppt] [14]
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Analytical methods for detection of biomarkers

According to the requirements and biochemical pridge of analyzed compounds,
different analytical methods can be used for viddiiomarkers analyzes (Tab. 1). Some of
them such as GC/MS are usually applied for semaratind identification of unknown
substances present in gaseous samples. OtherBRiMB or SIFT-MS are often used for
on-line monitoring of target compounds presentrigakh air.

Gas chromatography with mass spectrometry (GC/MS)

Gas chromatography is one of the most importantydca methods in organic
chemical analysis for determination of individuabstances in mixture. Mass spectrometry
became an indispensable detector for GC becausselettivity, high sensitivity and
identification potential.
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Fig. 4. The exemplary GC/TOF-MS chromatogram ofadadth air from healthy volunteer
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Fig. 5. The exemplary GC/MS chromatogram of exhaledrom healthy volunteer
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Therefore, GC/MS technique is still gold standandbreath analyses [25-27] and
gaseous emission from lung cancer cell lines atgpéven ppt level [21]. Nowadays, GC
combined with time of flight analyser (GC/TOF-MS3dmmes forceful for identification of
complicated gaseous mixture. The exemplary GC/TGB-avid GC/MS chromatograms of
exhaled breath of healthy persons are presentEwjime 4 and Figure 5, respectively. Due
to very low concentrations of VOCs (ppb-ppt) exigtiin breath samples the
preconcentration techniques such as trapping oid smrbents followed by thermal
desorption (TD) or solid-phase microextraction (39Mare used prior chromatographic
analysis [21, 27].

Gas chromatography with flame ionization detector GC/FID)

Due to simplicity and high sensitivity the flamenipation detector is often using for
breath analysis. The application of GC/FID systdliows to detect hydrocarbons and their
derivatives at ppm even ppb level (Tab. 1). Thieckr was applied for determination of
acetone, pentane, isoprene, hexanal and others ¥@Gent in the breath samples [9, 16].
Chen et al applied GC/FID technique for determoratof decane, isoprene, benzene,
hexanal and heptanal in the headspace of lung caetis [16]. Isoprene and sulfur related
compounds released by bacteria cultures were athligy Schfller et al with using this
technique [28].

Proton transfer reaction mass spectrometry (PTR-MS)

The proton transfer reaction mass spectrometriigstechnique appropriate for rapid
and on-line measurements of VOCs present in humaathp [29]. Some of volatile
compounds can be detected in ppb concentratioh leve

pump pump

ion detector
drift tube

‘ II-----II.IJ
ﬁ i venturl -type inlet
hollow | ;
cathode
I._I 'ﬂg
1 electrostatic lenses ; selector

--I---IIII-
source drift
region i

|on source |

quadrupole

water vapour T
inlet
I I gas inlet high vacuum

pump electron
T multiplier

Fig. 6. Scheme of separation system in PTR-MS [30]

The basigrinciple of PTR-MS involves the mixing of a flovgrair samplen a drift
tube equipped with a source of®. lonization of vapour water can be done with using
corona discharge, electron impact or alpha radiagimitted by**Am. Analytes rapidly
react with reactant ions. During proton transfeact®ns protonated cations of analyzed
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substances are formed which then are separatelbdtrie field according their mass to
charge ratio /2. ldentification in PTR-MS is based on moleculaas® and thus it is
possible interferences from various molecular ssetd appear. The scheme of PTR-MS
separation system has been shown in Figure 6. fidnerehis method should be used for
monitoring the concentration of analyte rather tfarmmixture separation [30]. This method
was used to analyze breath isoprene with no precration or preseparation [31] and for
determination of acetonitrile and benzene conctatran smokers’ breath samples [32].

Selected ion flow tube mass spectrometry (SIFT-MS)

Selected ion flow tube mass spectrometry is usedafuid detection and quantification
of trace gases [33]. SIFT-MS involves the chemigaization of trace gases introduced into

flow tube using selected precursor positive iorghsas HO*, NO" and O; [34]. However,

the most commonly used precursor ion Hwhich reacts with a wide range of organic
species. In this technique sample of VOCs is adddtie carrier gas/precursor ion swarm
and the trace gases in the sample react with tbeupor ions generating characteristic
protonated product ions. Then mass spectrometesuresathe count rates of the precursor
and product ions. The quantification of particul@ce gases in the air sample is achieved.
Figure 7 presents the scheme of SIFT-MS systeml-$16 technique requires minimum
sample preparation and no separation of analytesa$ used for on-line analysis of
acetone, isoprene, ammonia and acetonitrile preisemtxhaled breath of smokers and
nonsmokers [33, 35] and for analysis of formaldehya the headspace of urine from
bladder and prostate cancer patients [15].

) detection quadrupole
helium mass spectrometer
carrier gas

injection quadrupole

mass filter Roots pump
sample (M) entry port
channeltron
microwave ion detgctor
resonator l\ heated sampling line
| | - d _ _lPe
L@ o H0* — MH*, MH"M i
11— || = EI_III
injection vacuum pump detection vacuum pump

Fig. 7. Scheme of separation system in SIFT-MS [33]

lon mobility spectrometry (IMS)

lon mobility spectrometry is very effective and séime technique for the
determination traces of aldehydes, ketones andsestdow ppb/ppt range [36, 37]. The
time required to acquire a single spectrum is exringe of 20+50 ms. There is no vacuum
required for IMS operation and the ambient air banused as carrier gas. Therefore, the
IMS can be miniaturized and applied as an on-lendnique for breath detection. Working
principles of this device have been described taitbeby Baumbach [36]. IMS shows low
sensitivity in case of alkanes and benzene-reladetpounds - analytes with the low proton
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affinity. It is often coupled with standard gas amatographic columns or multicapillary
column (MCC) which enables analysis mixture of gasesubstances on-line and in very
short time [38]. The MCC-IMS system was used foilina breath analysis and compounds
such as acetone, ammonia and ethanol were detetf88¢ Scheme of typical drift tube
used in IMS is presented in Figure 8.

The main advantages of PTR-MS, SIFT-MS and IMShagbk sensitivity, possibility of
VOCs determination without preconcentration pro@ss$on-line analysis.

Electric Field

o
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Fig. 8. Scheme of drift tube in ion mobility spextreter [36]

Sensors

Sensors are become more popular in breath tedisesuammonia, ethanol, NO, CO
detection [40]. These systems are relatively cheapy to provide and fast response. There
is now great interest in the clinical applicatioham electronic nose; that it is possible for
e-nose to diagnose different illness [41, 42]. &int types of sensors are used: bulk
acoustic wave sensors [43], surface acoustic wamweass [44], and multiple conducting
polymer sensors [45]. A novel type of gas sensomyawas used for quick self-check of
breath of malodor components like ammonia, hydrogelfide and methanethiol [46].
Another type of sensor is e-nose, hamed Cyrano9,d3ased on multiple conducting
polymer sensor technology. It has been used tindissh the breath of smokers from that
of non-smokers [47]. The advantage of the senstiraispresence of humidity that not has
any influence on the outcome of analysis. Nitrogeide/dioxide measurement sensor
system is used for on-line recognition of comple®G6 mixtures from patients with asthma
[48].

Canine scent

According to Walker et al dog’s sense of smellstinsated to be 10,000 times more
sensitive than human, that means they have froro 2@ times more nasal receptor cells
than human [49]. Figure 9 shows smelling procesddms. This ability for many years has
been used in finding bombs, drugs, and people [Edpm 1989, when William and
Pembroke published the letter irancet[50] and described a case of woman seeking
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medical attention because of her dogs’ continugetrést in a skin lesion, scientists decide
to use canine scent for cancer detection.

Many analytical investigations confirmed that tumeells produce volatile chemicals
[21] that can be detected in breath [51], uring],[B®od [53] or emitted through the skin
[54]. A different smell of probe sampled from hégltand ill persons enable recognizing
them by dogs. Nowadays, dogs are trained to dateetrious type of cancer by smelling
urine [13, 55, 56], breath [57] and skin sample®].[Five dogs were trained to distinguish,
by scent, exhaled breath samples of 55 lung andrdast cancer patients from those
of 83 healthy controls [57]. Horvath et al taughte tdog to distinguish different
histopathological types and grades of ovarian naroas, including borderline tumours,
from healthy control samples [55]. For the experitees, recruited dogs, should reveal high
level of eagerness to sniff objects and respondoimmands [57]. Canine scent of six
trained dogs has been used to discriminate betweea from patients with bladder cancer
and urine from diseased and healthy controls [9%illis et al achieved the successful
detection of urine samples from patients with b&ddancer 41%. Multivariate analysis
suggests that the dogs’ capacity to recognize arosignature characteristic of bladder
cancer is independent of other chemical aspedtseairine detectable by urinalysis, such as
the presence of blood. Melanoma is the skin camg¢gch can be first aided by visual
inspection by the physician and then confirmed whitstopathological research. Another
way for its detection is finding the source of cleah markers with using the canine
olfaction [59]. Two dogs with satisfactory resutere trained to localize melanoma and
recognize it from healthy skin.

\

\ /

fragrance
source

Fig. 9. Smelling process [60]

Quality control in bioanalytical method validation

Selective and sensitive analytical methods for gbantitative evaluation of analytes
such as drugs, their metabolites or VOC's are catitifor the successful conduct of
preclinical, biopharmaceutics and clinical pharmegyp studies or therapeutics.
Bioanalytical method validation includes all of thwocedures that demonstrate that
a particular method used for quantitative measunéroé analytes in a given biological
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matrix, such as blood, plasma, serum, urine, aerdtbris reliable and reproducible for the
intended use. The fundamental parameters for #iglation include accuracy, precision,
selectivity, sensitivity, reproducibility and sthty. Validation involves documenting,
through the use of specific laboratory investigagiathat the performance characteristics of
the method are suitable and reliable for the imkendanalytical applications.
The acceptability of analytical data correspondedlly to the criteria used to validate the
method [61, 62].

Published methods of analysis are often modifiedsud the requirements of the
laboratory performing the assay. These modificatisimould be validated to ensure suitable
performance of the analytical method (Fig. 10). Withanges are made to a previously
validated method, the analyst should exercise jwgnas to how much additional
validation is needed. During the course of a typirag development program, a defined
bioanalytical method undergoes many modificatiotse evolutionary changes to support
specific studies and different levels of validatidemonstrate the validity of an assay’s
performance.

Analysis of drugs, their metabolites or VOC's ibialogical matrix is carried out using
samples spiked with calibration (reference) stamglaand using quality control (QC)
samples. The purity of the reference standard trsgurepare spiked samples can affect
study data. For this reason, an authenticated ticellyeference standard of known identity
and purity should be used to prepare solutionsn@iwki concentrations. If possible, the
reference standard should be identical to the #malWhen this is not possible,
an established chemical form (free base or acidpsaster) of known purity can be used.

Method
Development

Pian method Valldation
Experment

Calibration modsl, Range
and Lineartty

Precision and Aceurancy

‘ Analyste Stabiilty ‘

Method
Validation

Collate Results

"-—‘F-

Complie Validation
Feport

Method Apply Valldated Method

Application

Fig. 10. Method of validation process

Three types of reference standards are usually: usatified reference standards,
commercially supplied reference standards obtafr@tt a reputable commercial source,
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and/or other materials of documented purity cussgnthesized by an analytical laboratory
or other non-commercial establishment. The sounce @t number, expiration date,
certificates of analyses when available, and/@rivdlly or externally generated evidence of
identity and purity should be furnished for eacterence standard.

The method development and establishment phasaedethe chemical assay. The
fundamental parameters for a bioanalytical methatidation are accuracy, precision,
selectivity, sensitivity, reproducibility, and sthty. Measurements for each analyte in the
biological matrix should be validated. In additidhe stability of the analyte in spiked
samples should be determined [63-65]. Assays dfaatiples of an analyte in a biological
matrix should be completed within the time periad Which stability data are available.
In general, biological samples can be analyzed aviéingle determination without duplicate
or replicate analysis if the assay method has agbkpvariability as defined by validation
data. This is true for procedures where precisioth accuracy variabilities routinely fall
within acceptable tolerance limits. For a difficpliocedure with a labile analyte where high
precision and accuracy specifications may be diffi¢co achieve, duplicate or even
triplicate analyses can be performed for a bettmate of analyte.

A calibration curve should be generated for eacalyém to assay samples in each
analytical run and should be used to calculate cvecentration of the analyte in the
unknown samples in the run. The spiked samplescoamain more than one analyte.
An analytical run can consist of QC samples, catibn standards, and either all the
processed samples to be analyzed as one batchadctacomposed of processed unknown
samples of one or more volunteers in a study. Hfibration (standard) curve should cover
the expected unknown sample concentration rangeadifition to a calibrator sample
at LOQ. Estimation of concentration in unknown skespby extrapolation of standard
curves below LOQ or above the highest standardtisecommended. Instead, the standard
curve should be redefined or samples with highercentration should be diluted and
reassayed. It is preferable to analyze all studypses from a subject in a single run.

Conclusions

Analysis of VOCs produced during metabolic processepply the information
concerning human state of health. Because of fagtldpment of separation techniques,
detection and identification of volatile biomarkexsvery low level is possible. Therefore,
analysis of volatile biomarkers seems to become, mem-invasive method for cancer
detection. For on-line monitoring of one or a fe®@®s in breath PTR-MS and SIFT-MS
methods are used. Obviously, in medical practiceemend more popular is sensors
technology, because of its high sensitivity, sékdgtand short time response. However,
GC/MS system is still indispensable for searchieg biomarkers.

The newest experiments (from year 2001) showed dhaine sense of smell can be
also used as natural sensor for early cancer dmiedirained dogs are able to accurately
distinguish breath samples of cancer patients fittwse of controls. However, there is not
known, what compounds they smell indeed.
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£ ACZONE | NIEKONWENCJONALNE METODY POSZUKIWANIA
LOTNYCH BIOMARKEROW CHOROB NOWOTWOROWYCH

! Katedra Chemifrodowiska i Bioanalityki, Wydziat Chemii, UniwersftMikotaja Kopernika
2Pracownia Pozostaloi Pestycydéw, Instytut Ochrony im

Abstrakt: Lotne zwizki organiczne (VOCs), powst@ie wewntrz organizmu ludzkiego dostarczayvielu
cennych informacji na temat stanu zdrowia pacjesgaone identyfikowane w prébkach powietrza wydychaneg
krwi i moczu. Wiedz na ten temat wykorzystujegspodczas analizy lotnych biomarkeréw, ktora w priysi
moze zaowocowé opracowaniem nieinwazyjnej metody diagnostyki nozdgj stosowanej do wczesnego
wykrywania nowotworéw. Obecnie znanych jest kilkadiat zwiazkow organicznych, ktére uznane zostaly za
potencjalne biomarkery choréb nowotworowych. Subge lotne § analizowane rymi dostpnymi
technikami analitycznymi. Waéd nich najbardziej znana jest chromatografia gazsprzzona ze spektromeiyi
mas (GC/MS). Jednak do oznaczania biomarkeréw wykorzystywana jesniémspektrometria mas z jonizacj
w strumieniu wybranych jonéw (SIFT-MS), spektrormeetmas z reakgj przeniesienia protonu (PTR-MS) oraz
spektrometria ruchlingzi jonéw (IMS). Techniki te umidiwiaja bezpgredni analiz np. powietrza
wydychanego, ktéra prowadzona jest w czasie rzestym. Oprocz tradycyjnych metod instrumentalnych
stosowanych do wykrywania biomarkeréw wykorzystyaajest réwnié dos¢ niekonwencjonalna metoda
korzystajca z niezwykle czutlego powonienia pséw. Tresowasye g w stanie niemal bezidnie odréni¢ po
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zapachu prébk moczu, oddechu oraz skéry efsj czerniakiem, pochodea od pacjenta i od osoby zdrowe;j.
Technika ta jest bezbolesna, nieinwazyjna oraz kezyPPonadto probki do analizy nie madzy¢ wczeniej

wzbogacone.

Stowa kluczowe:metody analityczne, ggh psow, biomarkery, lotne zgzki organiczne, nowotwor
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ENVIRONMENTAL HETEROGENEOUS CATALYSIS
AND WATER PURIFICATION BY ACTIVATED INTERFACES:
A SURVEY OF DIFFERENT WAYS OF SURFACE ACTIVATION
AND DEMONSTRATION OF A NOVEL, SIMPLE
AND EFFICIENT PROCEDURE

HETEROGENNA KATALIZA SRODOWISKOWA.
OCZYSZCZANIE WODY PRZEZ AKTYWOWANE INTERFEJSY -
NOWE PROCEDURY AKTYWACJI POWIERZCHNI

Abstract: Besides the established procedures, a multitudeensironmental organic compounds can be
mineralized or at least degraded to species liletasée by irradiating iron(lll) complexes adsorbedcertain
broad-gap semiconductors by visible light. Quanguetds are increased considerably by adsorptioh véspect

to LMCT photochemistry in homogeneous solution, #imel semiconductor acts as a electron- (ratheencal
band hole) transfer agent which conserves the zirgliproperties of the ligand radical originallyoduced for
longer periods of time (although modulated dowa,tp. The SC colloid particle, not excited itself,rtsports the
hole, then allowing to oxidize co-adsorbed spegiessent in small concentrations but also accurmdilate
adsorption. Water purification from various kind$ pollutants is feasible, and the reaction which is
photocatalytic at turnovers 100 referring to Fe complex can be kept up byirgut into the suspension also
tolerating repeated inputs of compounds to be reaioExcept for some acetate formed, mineralizatibn
substrates is complete.

Keywords: photooxidation, semiconductor, iron complex, waiarification, heterogeneous catalysis, methods
of enhanced surface activation

Introduction

The principal end of environmental chemistry isdesign or understand chemical
reactions which are relevant to the status of ewirenment or suited to improve it, ie to
remove or convert chemical compounds before theséntp contact with the environment
and do harm to it. Like all other chemical reacsiorthese can occur in either
a homogeneous or a heterogeneous setting, the dattmvolving heterogeneous catalysis
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* Corresponding author: email: fraenzle@ihi-zittau.d
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like in the catalytic car exhaust converter [1].tétegeneous systems mainly draw upon
adsorption (physi- and chemisorption) inducing pekion, cleavage and rearrangement of
chemical bonds in the (potentially hazardous and th be removed) substrate.

Apart from eutrophicating pollutants (nitrate, ppbates) and certain toxic cations and
anions (eg cyanide, nitrate(lll)) most of the commpds which deteriorate the status of
ambient and groundwaters are organic compoundst wibghem (except for CGl
perfluorinated sulfonates and the like) being samstowards oxidation. However, most of
these compounds are fairly stable even under Baotkidizing atmosphere under ambient
conditions, making them capable to pass througltagewreatment plants and persist in the
environment for quite some period of time. Thus/tben accumulate in both water and - if
unpolar - biomagnify in aquatic organisms along thephic chain. Besides organic
compounds wilfully passed into the environment, asgbiocides, there are others with
similar properties which get there after passingugh and out of human or animal bodies
after being applied as pharmaceuticals. Severalthebe compounds actually reach
levels where adverse effects to fishes and othewatag beings are noticeable,
including 1@-ethynylestradiol (EE 2, for oral anticonception)nda diclofenac
(2,6 -dichloranilinophenylacetate-2, an analgetigent, known as Voltar&y both
remaining essentially unchanged by classical praeedf sewage water treatment.

Although oxidation of most environmentally relevanganics is exothermic, it need
not occur readily; rather, efficient and complet@-T oxidation of organics requires the
use of platinum group metals (PGM) or complexesetbieas catalysts, like in fuel cells.
One also has - apart for cost and large-scaleabitity - to be aware that eg a catalytic car
exhaust converter best operates at some 400°Ctlewagh it contains both Pt and Rh. This
T value of operation otherwise is rather typicat s®lective air or NQ oxidations of
organics, such as production of nitriles or HCN\hframines at BOs, but anyway unsuited
for water purification (“wet combustion”) essenlyalMoreover, certain functional groups
are able to produce highly toxic by-products, esdlgcif combined with inorganic
catalysts. A classical example is formation of dnlated dioxines and dibenzofurans by
partial air oxidation of halophenols or other hatgamics which occurs when Cu is present.
Stepwise oxidation may (when caused by,NDd NQ radicals) or may not (by OH)
decrease subsequent reactivity of intermediatearttsvmineralization, also [1]. Thus there
apparently is a necessity either to achieve compieidation by appropriate, far more
active catalysts of oxidation (eg enzymes) or tangfe reaction conditions at interfaces
sufficiently. While it is hardly understood whatatly happens on heterogeneous catalyst
interfaces except for direct view in some STM cagaguof simple cases, like CO oxidation
on neat Pt [2], it is more feasible to increasévagtby actively altering electronic (binding)
conditions at the interface rather than simply lagkfor more active (and probably more
“exotic” and expensive) catalyst formulations. Hdgnspeaking, even PGM interfaces
(including Ru, Rh) will not accomplish organic oattbns near RT (room temperature). The
reasons for this are related to the band modellwapplies to all solids, metals, insulators
and semiconductors alike.

It takes additional activation of the interface pgssing energy through it - be it
electrical, electromagnetic (visible, UY,radiation) or even mechanical (tribochemistry)
[3] - to achieve reasonable turnover rates neaodm temperature, which is essential for
water treatment in substantial amounts, like inag@mvtreatment. An energetized interface
then becomes actually capable of complete minetédiz of certain sorbates. Such
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interfaces absorbing and transferring energy (dradge carriers) can be prepared from/on
all of metals, semiconductors and isolators, be thalid or liquid (Hg, Ga, or liquid
semiconductors as molten iodine or PAHs). The maltqand reasoning) of stepwise
activity increases from “mere” heterogeneous catalyp to this novel method is outlined
below.

All shape, population and energy levels of givendsamay be changed, for example
by exposure to UV/VIS radiation, inclusion of radimlides, microwave impact or simply
electric polarization. Except for formation of r&dtory, insoluble oxides with some valve
metals (W, Nb, Ta, to some lesser extent Ti and<Zability of catalyst all of which will be
influenced in both aqueous and other liquid medgialch treatments, however. The same
holds for semiconductors as the anionic partidickatis composed of species which all are
more reducing than valence band holes - whichesiiable given the origins of the valence
band. Conversely, cations mtype materials are more oxidizing than conductiand
electrons. Hence the “normal” result of semicondueixcitation across the band gap will
be corrosion of the support, unless coupled to egtote redox systems such as
polychalcogenides. Stability can be improved byeaitdoing simple electrochemistry or
“fixing” one kind of charge carrier to the site it€ origins, to be cleaved sometime later by
a thermochemical transformation.

Catalytic oxidation

Catalytic oxidation [4] - of all gases, fluids asdpercritical fluids - is commonplace in
environmental technology. As usual in environmentathnology, the corresponding
techniques and catalyst materials were not tailadenfor this purpose but taken from
similar tasks in technical chemistry: eg the 5:/RRtcatalyst used in car exhaust converters
for NOy redox treatment is simply the classical Ostwalthlgat originally taken for air
oxidation of ammonia into NO, eventually producinitric(V) acid. Likewise, Cu- or Bi
oxides are used in similar functions like in tedahicatalysis [1]. Recently, this approach
was extended to biological or biogenic catalystezyemes, for similar purposes
(“biowashers”). Apart from heating (which is notafble with enzymes), corresponding
interfaces are not “energized”, however.

Electrochemistry

Of course, polarization during adsorption depenusetative polarities of sorbent and
sorbate plus energy levels and topology of the Feurface of the solid and can be altered
by “deforming” the latter. The classical way of dgithis is by applying a stationary
electrical potential, that is, by doing electroclgng. After transfer of electrons to or from
a sorbate, its internal bond energies will changmvang for cleavage of some chemical
bonds (dismantling weaker ones, eg M-C bonds)ndffiiiting critical functional groups,
while charging of the sorbate (turning it into m@lications or anions) alters its sensitivity
towards hydrolysis: eg, radical cations will regd#act with and take up Ohbns [5, 6].

In organic electrochemistry, the material of eledts is of paramount importance for
the product distribution obtained in both reducsiofeg of CQ) and oxidation [5, 7].
Aqueous electrochemistry at metal interfaces algtualthat of/at interfacial oxide films,
except for gold electrodes. Unless these oxidesfittisplay metal conductivity, (eg RpO
IrO,), there actually is a liquid-semiconductor integfaand polarization of the electrode
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brings about deformation of the Fermi edge. Benehib, there is another metal-
semiconductor interface, acting like a Schottkyddiaunless the oxide layers are so thin
(like on Pt, about 0.4 nm) that tunnelling is reletz Certain “critical” functional groups are
particularly sensitive towards anodic oxidation;ogganotin compounds are readily cleaved
[8]. While electrooxidations of hazardous compoutite substituted phenols [9, 10],
trialkyltin ions [8], or aromatic amines work wéfl aqueous media including mud, position
and stability of corresponding electrodes remainsane for often very high potentials are
used. Electrochemical (anodic) processes requgeffecient electrical conductivity of the
medium to be purified; as a rule, it should beitiqu

Photoelectrochemistry

In photoelectrochemistry, oxidation and reductiatitees are produced side by side [1,
2], although usually with either a poor photocataltability (non-oxide semiconductors) or
minimal response at most towards visible light diation (Ti, Sn, Nb... oxides and
ternaries made thereof). On the other hand, aipahadvantage of photoelectrochemistry
with respect to classical electrochemistry is tlia¢re are no preconditions on the
conductivity of the medium to be altered; in faett only liquids (organic or aqueous,
containing salts or acids or not) and solids camptmcessed but also gases. There are
applications of this latter in environmental chemyiseg air purification removing all CO,
VOCs and nitrogen oxides alongside heavy-traffiads and -tunnels, usually using FiO
(rutile, anatas or un-specified). So, given theriigrence of both CB electrons and catalyst
lability, a method would be welcome for oxidatiori sorbates (dissolved potential
pollutants) which produces oxidation equivalental¢nce band holes in semiconductors)
selectively while the electrons moving at same time‘classical” PEC would get and
remain confined to certain sites. In the optimursecageneration of mobile carriers, ie
holes, and trapping of electrons should be diremtiynbined, with holes in semiconductors
maintaining rather high oxidation potentials untithe later, the better - recombination
occurs or there is attack on some co-sorbent.

Semiconductor-mediated photooxidation by metal cormpxes

This aim was achieved in our laboratory using swrbéayers of (LMCT
[Ligand-Metal-Charge-Transfer]-active) transitioretal complexes on eith&r or p-type
semiconductors of sufficiently large bandgaps (B@.5 eV) [11-14], doing photo- rather
than electrochemistry. Radiation absorption is doethese complexes only while the
suspended semiconductor particles do just shutjézted holes to the co-sorbates to be
oxidized. The mechanism of selective hole injecti@s corroborated in subsequent studies
[13, 15, 186].

Metal complexes containing oxidizing (redox-activieansition metal or f-group
[Eu(ill), Yb(lll), U(VI), Ce(IV)] elements or H§" can undergo photoinduced electron
transfer (LMCT-type photochemistry [17, 18]) witlppopriate ligands bound to them;
however, unless for subsequent irreversible defaxidized ligands (azide, oxalate), the
quantum yieldsb of such reactions are low as the lifetimes of @gponding excited states
are very short (usually, << 1 ns) and hence ligaasked oxidants will hardly get into
a position to react with any external substratesstieg as cosolutes [13]. However,
recombination (backward electron transfer) canumprsessed most simply by adsorbing the
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complex (which is the only component to absorb tlidiere) to some broad-gap
semiconductor [12-14, 16]. Then, valence band hatesnjected, reconstituting the ligand
anion while the additional electron is “fixed” thet metal centre. Afterwards these valence
band holes diffuse through the semiconductor gartieventually oxidizing organic
co-sorbates somewhere at its surface. This is hisyréaction - which was discovered and
developed by one of us [11] - can be employed fidiping water pollutants also. In other
cases, fragments from functional groups or fromGHeackbone of molecules thus degraded
are trapped by either the metal centre (CO, hagli8€3N) or transferred to the activating
ligand, eg to glycinate or anions of other aminadsaqsee formation of morpholinone)
which, however, occurs at small quantum yieldstang poses no problems.

Materials and methods

For the purpose of wastewater treatment, an envientally acceptable (ie, non-toxic)
system was developed which consists of amino aoit(lil) complexes as light absorbers
and Bi or Nb oxide colloids (semiconductors; Bi des being the basis of versatile
heterogeneous catalysts also, although at far hmnsh conditions). Reoxidation of Fe after
photocharge transfer - leaving behind an amino akidro complex of Fe(ll) - is done by
simply passing air through the illuminated (visiblght) suspension; there is no
photoexcitation of the SCs themselves.

Except for bismuth oxide (Fluka) and niobia, .,0b (Riedel-deHaen, 99.99%,
metal-based), the compounds and solvents (THF, yingtbetate, ethyl acetate) were
obtained from Sigma-Aldrich (p.a. grade or higrem)l used as purchased. Deionized water
was obtained from a Millipore system. Diclofenac Nalt, also from Sigma-Aldrich
(98.5%) was dissolved in tetrahydrofuran (10 g)damd kept as a stock solution of which
corresponding amounts (3 &mwere added to the aqueous suspension (13 tmget
a 20 mg/dr solution in water. Fe(lll) compounds (10 mg Feldm180 pM) and amino
acids (1 : 2 molar ratio) were mixed shortly befasing in distilled water as stock solutions
were not stable over long times but produced Fdeogrecipitates. The 1:2 ratio left a fifth
and sixth coordination site “vacant” for either @thligands (chloride, water) or
chemisorption to an oxide interface; however, theglexes could in fact be removed from
either semiconductor by washing with methanol aRespective stabilities of Fe(ll) and
Fe(lll) glycinato complexes are given in Table howing there should be only weak
dissociation of Fe(ll) photoreduction product coexpbefore it gets reoxidized by air.

Table 1
Stability of glycinatoferrates (data from [20, 21])

Metal ion (oxidation

First association

Second association

Third association

state of Fe) constant constant constant
Fe(ll) 4.2
Fe(lll) 10.0 18.3 26

Irradiation (Fig. 1) was done under permanentistirwith admission of air under
pressure for periods of 30 min or one hour each;cfampounds more refractory than
diclofenac and diphenylamine this was extended omérnight periods. Experiments were
done with multiple additions of organic pollutaris@ Extraction of the suspension was
done by ethyl acetate, concentrating the solutioa Turbovap. In addition, tests were run
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whether hydrolysis of ethyl or methyl acetates midie catalyzed by the oxide
semiconductor colloids. No hints for formation afetate ions in this manner were found,;
accordingly, all the acetic acid detected can kertas a metastable degradation product of
this photoreaction.

The photoreactor (Fig. 1) is an all-glass airlfactor, 2 drhivolume. Due to the large
densities of the suspended oxides, magnetic baingtihad to augment suspension by air
bubbles. Illlumination was done by three 15 W nemafthrge bars arranged vertically
around the glass vessel (that is, parallel toatsylaxis). This glassware causes complete
UV absorption, precluding direct excitation of eittBi or Nb oxides. The Fe complexes
are brownish-coloured; their spectra were obtalmed Lambda 40 spectrophotometer.

Fig. 1. The airlift reactor filled with niobia (2dm® and the Fe amino acid complex; suspension by air
passage and stirring. Three neon discharge bulb¥\(&ach, to the left) provide light. For better
viewing, the device is partly opened; in the or@digystem, the bulbs are fitted to the glass vessel
directly by wire. Photograph taken by H. Silberrage

Analysis was done mainly using a Varian GC/MS systeonsisting of a GC-3800 gas
chromatograph and a Saturn 2000 mass spectronitételr tb it (El ionization at 70.1 eV
electron energy). The GC device contained a DB-1&¥mipolar GC column
(30 mx0.25 mmx0.25 um). Retention times of diclafgnits proxy diphenylamine and
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possible fragments or isomerisation products oheeitsuch as aniline, carbazol,
phenylacetic and 2,6-dichlorophenylacetic acids$ ftalm Sigma-Aldrich) were measured
and compared with published mass spectra of thesepaunds. Among unknown
fragmentation products, acetic acid and morphoknevere identified from their mass
spectra, compared with retention behaviour of athemticated CHCOOH sample. The
retrieved sorbent samples were washed with methemalbtain adsorbed primaries or
intermediates to distinguish either from resultsgehnuine” photodegradation.

Results

Complete removal of 10+20 mg soluteimsually takes less than two hours in the
irradiated suspension. Small amounts of acetic adormed from the degraded organics,
besides mineralization products. There are no oblganics left over in the product
mixture (MS isotopic patterns). The three aminodactombined with Fe(lll) [glycine,
alanine, tyrosing in these experiments reacted similarly, bringiayj about complete
destruction of diclofenac (retention time: 14.7&)mwithin reasonable periods of time. The
efficiency of diclofenac cleavage decreased acogrth tyr > gly > ala. The morpholinone
by-product at 11.60 min retention time did appetn glycine only; with alanine, there was
a novel peak at some 14 minutes, instead. Comp#rage(lll) sources FeChydrate and
FeSQ + H,0,, the latter yielded more active photocatalysteyst after addition of amino
acid (afterwardd. Accordingly, the white-light irradiation actives aminocarboxylate
chelate ligands rather than Cl or OH ligands, timecting holes. There were no larger
amounts of (unidentifiable) additional by-produetken replacing glycine with the other
amino acids.

There is some conspicuous by-product of this kifidplmotochemical degradation,
namely morpholinone (3-azavalerolactone), presumably formed by transfer ok o
ethylene-like G unit to a glycinate ligand subsequent to its pertitation. While this
reaction is both observed with FgQiydrate and Fe(lll)sulphate as iron reducts baside
glycine, it does not occur without an external carlsource such as diclofenac or aniline,
and, by replacing glycine with other amino acidkiiane, tyrosine], the corresponding
signal also vanishes to be replaced by more coatplicones with longer column retention
times. There is precedent for ligand exchange atrietal site in such photoreactions
[11-13], affording CO ligands and thus metal cagerfM = Mo, Os, Ir, Cu) but hitherto
not for alkylation of an organic ligand in this Hiof photoreactions.

In the niobia system, it is seen that Fe compl¢leswvnish to orange) are deposited on
the white sorbent directly, tanning it accordinglyhis is no precipitate of Fe oxides
although this sorption brings about a pH decreéise @pposite with BD3) but just the
adsorbed complex which, unlike Fe oxides, can lslile removed by washing with
methanol. By this adsorption of complexes to semicmtors (SCs), quantum yields of
LMCT photoreactions increase vastly [13]. Succds#gradations, including both removal

! Tyrosine was selected for comparison due to ies iro photosynthetic water oxidation which suggebt the
tyrosinyl radical, once formed, can also transfearges to other solid supports. Although the formemlox
potential of the tyrosinyl phenoxy radical is bu®® V, it is involved in oxidation of water therth our
experiments, tyrosinatoferrates(lll) show an enlednteactivity with respect to the more simple gigto or
alaninato complexes.

2 This is not a FENTON system; in the catalytic eydbrmation of ferryl F¥O?* species as (then likely more
efficient) hole injectors is very unlikely.
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of functional groups like —CHO, halide, and comelehineralization or degradation to
acetate ion, were demonstrated with PAHs (naphtkalep to tetracyclic ones),

hetero-PAHs (eg carbazol), aldehydes [11, 15]haliic and aromatic (this work) amines,
carboxamides, phenols [14] and CH-acids, includpigarmaceutical residues such as
diclofenac and its environmental decay productschvidio harm eg, to fishes and vultures.
While chlorinated compounds are entirely removedclgéenac, 4-chlorophenol or

2,6-dichlorophenylacetic acid), carbazol remairabl&t, except for adsorption, probably
because its 1e-oxidation potential is too highrtdargo hole attack (Tab. 2).

Table 2
Electron-, hole-, oxidation and reduction potestial metal oxides and (data from [6] [PAHS]; [24]
[aniline, phenols]) organic substrates

Ecp Or 1le-reduction Eb or le-oxidation
Substance potential (V vs SCE)|  potential (V vs SCE) Remarks
BiOs About 1.5 About 1.4 Een Ca'cu('gtgig)c’;“;f%ba”dgap
Nb;Os About —1.2 22 Een Ca'cu('gtzi{;)c’;“;f%ba”dgap
diphenylamine 0.83
carbazol 1.70
aniline 0.63 Solvent: 2-propanol
phenol 0.63 Solvent: 2-propanol or water
4-cresol 0.54 “
4-chlorophenol 0.65
4-nitrophenol 0.92
tyrosine 0.93 Forming phenoxy radical
naphthalene 1.31 Solvent: gEN
anthracene 0.84 “
phenanthrene 1.23
pyrene 0.86;1.12
biphenyl 1.48
glycinate (1.32) Re_fers to onset of (_)xidation at Pt anodes
) in a manner of bidentate adsorptiol

The turnover TON (oxidation yield with respect te Eatalyst) can be estimated as
follows, giving proof this is really a photocatatytoxidation: [Fe] is 10 mg/din(some
180 uM/dnd), while during six repeated additions up to 120 fagme 590 pM) of G
compound diclofenac are degraded down to,,¥@me acetate plus TINHs..., that is,
about 8.2 millimoles of carbon undergo oxidation4% times the amount of Fe in the
system). The Fe(lll)-induced photooxidation is #fanring one electron (or hole,
respectively) each time, whereas oxidation of at@m@H moieties to COwill take three
electrons per carbon. Although the yields of aeebgt-product are not exactly known (yet
small), and degradation of C-Cl sites and of thphatic side chains are to be treated
differently, with diphenylamine nitrogen appareniilydergoing release as NkpH increase
during photoreaction) rather than any oxidationNa{N remaining NH is common in
“classical” photoelectrochemistry of organonitrogealso) taking place it is safe to
conclude that every iron complex central ion préserthe suspension will undergo the
cycle of complex formation with amino acid excgslsptodissociation, charge transfer and
air reoxidation (Fig. 2 a-c) more than a hundretks. Thus it is a catalytic reaction indeed.
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Some, thus small, part of glycinate or other amawetd ligand will become alkylated to
yield (substituted) morpholinone.

While in removals of aromatic amines including dfehac, phenols or aldehydes, both
niobia and bismuth oxide are completely stablequnemus suspension even though oxide
partial lattices might undergo*induced oxidation, there are problems with longrte
stability in decomposing PAHs: while" loxidation potential suffices to remove them alll
(including naphthalene and biphenyl) at@y, triplet states of some PAHs adsorbed can
reduce bismuth oxide to elemental bismuth, causitg turn first green, then dark-brown
and finally black (colloidal Bi). Bleaching by hyation is also observed, forming white
BiO(OH). Otherwise, only minute traces of dissol\&idare passed into solution/suspension
by these alterings.

Discussion

The reaction can be done with environmentally atddp (non-toxic) sensitizer
systems, concerning both metal complexes and seductors (which, however, was not
the only criterion for selecting the two SCs usetel:; it is photocatalytic (TON > 100 with
respect to Fe), allowing for multiple additions aethovals of pollutant compound(s) and
the by-products are not toxic either. Concerning tbptimum” extent of interaction
between a possible catalyst and the substrate@slsider Sabatier’'s rule stating that
“intermediate”ly strong binding is best. This alsalds for biological catalysis [4, 21]. This
is an appropriate description of the sorbent prigenf both used oxides also.

It is better suited for combination with sewage avareatment than cleaning up an
already polluted open water as the product mixtiueen ambient photolysis contains
substantial amounts of carbazoles (more persistemt the original diclofenac and thus
piling up eg in Lake Zurich) formed by photochenhickosure of a third ring in the same
manner as diphenylmethanes and diaryl ethers, |dg@arfides convert into fluorenes,
dibenzofuranes or dibenzothiophenes, respectiv@®], [ under UV irradiation. As
carbazoles readily adsorb to the semiconductorsiduibt undergo oxidation owing to their
high-lying oxidation potentials there, they canbetremoved in a catalytic fashion by this
procedure, at least when using these semicondustorsensitizers.

All the experiments showed that diclofenac was nregaetive (degraded faster) than
either simple diphenylamine or phenylacetic acigpfithesized product of aniline group
cleavage). Accordingly, oxidations of arylaminesasomatic carboxylic acids conform to
the expectation that kinetics are controlled byHsnmett equation [23] with a positige
value like is commonly observed in oxidations ohenoid aromatics, be they induced by

free radicals like OH or electrophilic agents sashiNO; , SG; or by simple oxidants (eg,
bromine in glacial acetic acid, Bgin water [which latter causes aryl anion trangfem
EAr,, E = Si to Pb, according to Hg+ EAr, — EAr; {or ArsE-OH} + ArHg']). The same
trend of liability towards this kind of photooxiden vs o, was observed with a series of
para-substituted phenols (and some others, includigmtth and salicylic acid) earlier [14];
however, the inertness of 4-nitrophenol here magkb be attributed to the fact that its

anodic oxidation potential of 0.924 V (in both Zpanol [24] and neutral water [our
measurements by CV; [14]) is very closesfpfor a-Bi,Os. Also see Table 2.
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There is a relationship among a}l, the le-oxidation potential of aromatic organics
and loy (both in air and aqueous; Franzle 2000, unpuldiskdile reactions with common
le-oxidants like Ce(1V)'O, [25], follow Hammett-type kinetics also. The saamparently
is observed here in photoelectrochemistry, whenrthilg” of the data by electron transfer
from conduction band is suppressed.

The key mechanism is hole injection to the valedmnd of the sorbent by
photoproduced (LMCT transition) ligand radicals g&:i 2a-c) [11, 15] and subsequent
oxidative quenching of the holes by organic pohtitao-adsorbed to the semiconductor
particles, with air reoxidation (Fig. 2c) of Feflland amino acid excess in solution
effecting reconstitution of the photosensitizingdeenplex.

,,ﬂ\fj\;J j ~
‘\\ e OH
\_\

L / \
L 2l
\.MUII:? .
i /r : x/ |
/ j
/ 7 L '/ . A
h*v & -

L L |

M e (rrle
Ligang)

Fig. 2b.Ligand removed and back-reduced, metaltecenlso reduced, hole diffusing to organic
co-sorbent
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Fig. 2c. Admission of @ removal of phenol fragment after lattack by mineralization, Fe gets
reoxidized. Complex restores spontaneously at [araaid]~ 0.4 mmol/dni

When there is no semiconductor around, Fe(@Hamino acid complexes undergo
photooxidation readily producing G@nd aldehydes (or glyoxylic acid) besides/NA7,
26], starting in the visible wavelength regioniat 450 nm. Adsorption to (either or
p-type) semiconductors obviously suppresses thigiogain favour of hole transfer.

The Kolbe electro- and Photo-Kolbe photoelectroati@hs of carboxylate ions from
acetate onwards take potentials much above + 2 \B@E, on Pt or semiconductors,
respectively. Subjecting glycin(at)e to Kolbe eteokidation conditions does not vyield
ethylene diamine [7], but trimethylamine [27] agpipal product; PEC produces traces of
oligopeptides. While photodecarboxylation may tplace in presence of diverse oxidizing
ions causing formation of some organometal spdeigl the oxidation potential of amino
acid ligands still remains unknown whereas thatReCOO radical is estimated to

be= 2.0 V (also see, photooxidations wiNO2" [11]), with just psec lifetimes against ¢O

cleavage which still is sufficient for hole injemti. Thus glycinate “survives”, except for
small extents of ring-closing alkylation or appaherof oligopeptide formation (which
latter [glycine oligomers] was noticed earlier lagsical PEC setups [29]).
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HETEROGENNA KATALIZA SRODOWISKOWA.
OCZYSZCZANIE WODY PRZEZ AKTYWOWANE INTERFEJSY -
NOWE PROCEDURY AKTYWACJI POWIERZCHNI

Abstrakt: Poza ustalonymi procedurami wiele zekiéw organicznych wyspujacych wérodowisku mae byé
mineralizowanych lub co najmniej degradowanych go octanéw przez gwietlanie swiattem widzialnym
kompleksow zzelazem(lll), zaadsorbowanych na niektérych szerakopwych pétprzewodnikach. Wydagéo
kwantowa znacznie wzrasta ek adsorpcji ze wzgbu na fotochemgi LMCT (Ligand-to-Metal Charge
Transfer) w jednorodnym roztworze. Pétprzewodnik dziata pakekanik elektronu (lub raczej dziury w gaie
przewodnictwa), ktéry utrwala utlenigje wiaciwosci rodnikéw ligandu, pierwotnie wytwarzanych w géaych
okresach czasu. Koloidalnaastka potprzewodnika, sama niewzbudzona, jesnik@m dziury i umaliwia
utlenianie wspoétadsorbowanych awkéw wystpujacych w niewielkich s{zeniach, a take zgromadzonych
w wyniku adsorpcji. Oczyszczanie wody zzmégo rodzaju zanieczyszdzejest maliwe, a reakcja
fotokatalityczna o wydajrigi > 100 w odniesieniu do kompleksu Fe za@ozachodZi z udzialem powietrza
wprowadzanego do zawiesiny, tolesuponowne wprowadzenie zygkow, ktére maj by¢ usunite. Z wygtkiem
niektorych octanéw mineralizacja substratu zachodkiowicie.

Stowa kluczowe:fotoutlenianie, potprzewodniki, komplekselaza, uzdatnianie wody, kataliza heterogenna,

metoda zwgkszonej aktywacji powierzchni
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Abstract: The moss biomonitoring technique was used to stratye element atmospheric deposition in four
areas of Bulgaria (the Western Thracian-Rhodope, Bastern Thracian-Rhodope, the South-Eastern land t
North-Central Bulgaria) during the European mossesuin 2005. A total of 41 elements (Na, Al, Cl, ®a, Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, R&t, Mo, Cd, Sb, |, Cs, Ba, La, Ce, Nd, Sm, Th, Dy, Yb, Hf,
Ta, W, Au, Pb, Th, and U) were determined by imsgntal epithermal Neutron Activation Analysis (NAand
Atomic Absorption Spectrometry (AAS) in 97 sampt#sterrestrial moss. The moss species usedHygaum
cupressiforme. Principal component analysis (factor analysisy waed to identify and characterize different
pollution sources and to point out the most potliaeeas. The interpretation of the factor analfysiings points

to natural crust, marine, and vegetation componestsvell as to anthropogenic sources: ferrous @ov
Haskovo) and non-ferrous industries (Plovdiv, Kaag Burgas); oil refining (Burgas), and centraaking
stations (Plovdiv, Haskovo, Stara Zagora, Burgasmparison of the medians of the elemental conagaotrs in
moss samples collected in Bulgaria with those énBhalkan and other European countries revealshieaBalkan
countries show considerably higher concentratidnmast elements in moss than observed in other f&amo
countries where moss sampling has been employed.

Keywords: atmospheric deposition, moss biomonitoring, neutractivation analysis, atomic absorption
spectrometry, trace elements, factor analysiscesur

Introduction

The moss technique [1, 2] first introduced in Séaada, has shown to be very
suitable for studying the atmospheric depositiotrafe elements. It is now being used as
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part of monitoring programs for air pollutants imsh European countries [3]. Mosses have
a rudimentary root system and readily take up efesnigom the atmosphere. The advantage
of the method is in the simplicity of sample collen, although the determination of the
species needs an experienced hand. Data from rexigurveys of heavy metal
concentrations in mosses is an invaluable resdarceternational negotiations on heavy
metal pollution.

The data from moss surveys allow examination oh spatial and temporal trends in
heavy metal deposition, and identification of arehgre there is high deposition of heavy
metals from long-range atmospheric transport andllsources. In the Republic of Bulgaria
the study of air pollution from heavy metals andhesttoxic elements based on moss
analysis was undertaken since 2000 within the freone of a Bulgarian-Russian
collaboration, in order to assess the generalt@tuaegarding heavy metal pollution and to
jointly report these results to the European Adasleavy Metal Atmospheric Deposition
issued by UNECE ICP Vegetation [4, 5].

The presence of heavy metals in air within the Brln territory had been previously
studied only for some geographic regions usingroaudctivation analysis (NAA) [6] and
inductively coupled plasma emission spectromef@PHAES) for determination of a limited
number of elements [7-11]. The primary task of gresent study was to elucidate the
present-day environmental situation in the samplimgas and to compare the results
obtained with existing data from the previous msss/eys in Bulgaria. Furthermore the
biomonitoring results could serve the purpose ek rassessment of certain endemic
diseases such as Balkan nephropathy, arsenosiswiich are hypothetically connected
with the environmental contamination with toxic stdmces [12]. This approach is in line
with the European trend in establishing correlatbthe environmental biomonitoring with
human health aspects [13].

Study area

The Republic of Bulgaria is located in the soutktemn part of Europe and in the
central-eastern part of the Balkan Peninsula. Taa af the country is 110 910 knmostly
in mountainous territories. Four regions: the West&hracian-Rhodope, the Eastern
Thracian-Rhodope, the South-Eastern and the Naert@Gentral, comprising around 25% of
the whole territory of Bulgaria, were sampled iistbtudy. The climate in most of this area
is continental with very hot and dry summers. laaar along the Black Sea coast there is
a Mediterranean climate. In summer temperaturethensouth of Bulgaria often exceed
40°C, and the highest temperature ever of 47°Cre@sded at a site near Plovdiv. At such
climatic conditions only a limited number of mog®sies are able to grow in arid areas.

Industry plays a key role in the Bulgarian econofylgaria is among the leading
countries in Europe in production of lead, zincpper, caustic soda (NaOH), and nuclear
energy. It possesses vast reserves of ligniteragita coal, and gold. Bulgaria has abundant
non-metalliferrous minerals such as rock-salt, ggmsand marble. Ferrous metallurgy is of
major importance. Much of the production of stesd @ig iron takes place in Kremikovtsi
and Pernik, with a third metallurgical base in Debk production of steel and steel
products per capita the country heads the BalKBins.largest refineries for lead and zinc
operate in Plovdiv (the biggest refinery betweettyland the Ural Mountains), Kardzhali,
and Novi Iskar; for copper in Pirdop and Eliseifta;aluminium in Shumen. Bulgaria ranks
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first in south-east Europe in production of manytatse measured per capita. About 14% of
the total industrial production relates to machidéding, and 24% of the people work in
this field. Electronics and electric equipment protibn have developed to a high degree.
The largest industrial centres include Sofia, Piowahd the surrounding area, Botevgrad,
Stara Zagora, Varna, Pravets and many other cifibese plants produce household
appliances, computers, CDs, telephones, medicabkaiedtific equipment. Many factories
producing transportation equipment currently dooprate at full capacity. These factories
produce trains (Burgas, Dryanovo), trams (Sofiglleys (Dupnitsa), buses (Botevgrad),
trucks (Shumen), and motor trucks (Plovdiv, Lom,fi&§olLovech). Lovech has an
automotive assembly plant. Rousse serves as the ceatre for agricultural machinery.
Most Bulgarian shipbuilding takes place in Varnajrggas and Rousse. Bulgarian arms
production mainly operates in central Bulgaria (&alak, Sopot, Karlovo). Foreigners
seeking additional homes have recently boostedBiligarian properties market. Buyers
come from across Europe, but mostly from the UnKatgdom, encouraged by relatively
low property prices and easy accessibility viaravel.

Economic Activity
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Fig. 1. The economic map of Bulgaria [14]

Experimental

Sampling. Samples of the moss specidgpnum cupressiforme were collected at
97 localities covering four geographic regions dfe tcountry during the period
July-October, 2005. The sampling sites are showtmemap in Figure 2.
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Fig. 2. Study area - Republic of Bulgaria [15]

The sampling was carried out in accordance withstingtegy of the European moss
survey program [5]. Samples were collected at tadée of at least 300 m from main roads,
at least 100 m from roads and at least 200 m friflages, in forest glades or in open heath
to reduce through-fall effects from the forest ganon order to make the moss samples
representative for a reasonably large area, eanipleawas composed of five to ten
sub-samples collected within an area ofxL00 m. Collected samples were stored in paper
bags. A separate set of disposable polyethyleneeglavas used for collection of each
sample.

Analysis. NAA. The neutron activation analysis (NAA) was performag¢dhe pulsed fast
reactor IBR-2 at the Frank Laboratory of Neutrogdits, Dubna, Russia.

At the laboratory the samples were cleaned fromaggbus plant material and air-dried to
constant weight at 30+40°C for 48 h. The samplesewet washed and not homogenised.
Green-brown moss shoots representing the last yle@s” growth were subjected to analysis,
as they correspond approximately to the depositver the last three years. Previous
experience from the use of NAA in moss biomonitgrmployingHylocomium splendens has
shown that samples of 0.3 g are sufficiently laogbe used without homogenization [16]. The
samples were pelletized before irradiation usingpg press-forms. For short irradiation
unwashed samples of about 0.3 g were heat-sealealyiathylene bags. For long irradiation
samples of the same weight (about 0.3 g) were gaickaluminium cups. Characteristics of
neutron flux density in the channels equipped wiineumatic system are given in [17].

For determinations involving short-lived radiondels samples were irradiated for 3 min.
After irradiation two gamma-spectrometric measumgsevere performed; the first one for
5 minutes after 2+3 minutes of decay, and the sefm20 minutes after 9+10 minutes decay.
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Determinations using long-lived radionuclides wpezformed following an irradiation
for 100 h in the cadmium-screened channel 1. Aftadiation samples were repacked into
clean containers and gamma spectra were regisifterd4+5 and 20+23 d for 45 min and
for 3 h, respectively as described elsewhere [18].

Table 1 lists selected peak energies for NAA andthowe of analysis. The
gamma-spectra of the induced activities were aedlyasing software developed at the
Frank Laboratory of Neutron Physics [19].

AAS. The environmentally important element lead canmotibtermined by INAA, and
cadmium and copper are difficult at low concentratilevels. These elements were
therefore determined by flame atomic absorptiorcspphotometry (Perkin Elmer 303)
with background correction and acetylene as fughatinstitute of Botany, BAS, Sofia.
About 1 g of the moss material was treated wittcd nitric acid (9.67 M) overnight. The
wet-ashing procedure was continued by heating wmatar bath, following by addition of
2 cnt portions of hydrogen peroxide (30%). This treattnsas repeated until complete
digestion. The filtrate was diluted with doubly tilled deionised water (0.06 uS thto
25 cnt. All solutions were stored in plastic flasks.

Table 1
List of selected peak energies for NAA
Gamma- Gamma-
Element Isotope Half-life ray peak Element Isotope Half-life ray peak
[keV] [keV]
Na Na 14.7 h 2753.6 Sr 855y 64.8 d 514.0
Al | 2.2m 1778.9 Mo Mo 66.0 h 140.5
Cl 3BC| 37.2m 2168.8 Cd 15%¢cd 53.5h 527.7
K 2K 12.4 h 1524.7 Sh 1245 60.2 d 1691.0
Ca *Ca 8.7m 3084.4 I 128 25.0m 4429
Sc 485 83.8d 889.2 Cs 139Cs 21y 795.8
Ti ShTj 5.8m 320.1 Ba Blgg 11.8d 496.8
v 52y 3.8m 1434.1 La 149 5 40.2 h 1596.5
Cr ey 27.7d 320.1 Ce lce 32.5d 145.4
Mn Mn 2.6 h 1810.7 Tb 1607 72.3d 879.4
Fe >Fe 445d 1099.2 Hf 181 42.4d 482.0
Co 50Co 53y 1173.1 Ta 18219 114.4d 1221.4
Ni 8Co 70.9 d 810.8 W By 23.9h 685.8
Zn %Zn 244.0d 1116.0 Au 98U 2.7d 411.8
As SAs 26.3 h 559.1 Th 2Py 27.0d 312.0
Br 52Br 35.3h 776.5 U ZNp 2.4d 228.2
Rb S6Rb 18.7 d 1076.6

Quality control

The quality of NAA results was ensured by simultauee analysis of the examined
samples and reference materials (RM) Lichen 336AAKternational Atomic Energy
Agency) and NORD DK-1 (moss reference sample pezbé&r intercomparison in 1990).
The NAA data and recommended/certified values &remce materials one may find in
[21]. The quality contro[(QC) of AAS determinations was based on the stahdddition
method and it was found that the recovery of thesstigated elements ranged between
98.5 and 101.2%. Beside standard addition methadkb parallel to the decomposition of
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samples and preparation of sample solutions fotysisawere analyzed. Moreover the
quality of the determinations was checked by siamdbus analysis of the moss reference
materials M2 and M3 prepared in Finland for the dp@an moss surveys. The obtained
concentrations of Cu, Pb and Cd were in good ageaemvith the corresponding
recommended values [20]. Deviations between dupgliceample solutions analyzed
simultaneously were always below 5%.

Results and discussion

Median values and ranges of the elements studegrasented in Table&ong with
corresponding data from similar studies in the meauring Balkan countries: Macedonia,
Romania, and Serbia [5, 19-21].

Table 2
Comparison of the results obtained in the pregeidly§mg/kg] with other Balkan countries and a finie area
(Northern Norway)

Bulgaria Bulgaria Macedonia
(Present work) (West and South) [6, 8]* [21]
No. of samples 99 103 73
Element Median Range Median Range Median Range

Na 725 189+8210 523 155+5580 419 118+867PD
Al 6930 1532+43600 3840 1110+46400 3740 825+176p0
Cl 232 84+1330 161 59+1180 149 43+693

K 6020 2750+13800 5760 3270+20500 862D 2860+18200
Ca 8960 4530+32200 7280 2270+19700 5590 1210+23p40
Sc 0.92 0.21+7.20 0.65 0.2+6.4 0.8 0.12+6.79
Ti 340 94+2590 - - 163 12+1370

\Y 8.7 2.23+64 8.4 2.2+113 6.9 1.79+43

Cr 5.6 1.18+55 3.2 0.5+26.9 7.47 2.33+127
Mn 243 45+1270 251 32+986 186 37+1480
Fe 3000 689+19400 2310 692+14700 2460 424+17380
Co 1.49 0.35+28 1.08 0.23+10.6 1.09 0.24+13.6
Ni 5 1.08+29 4.1 0.5+18.6 2.4 0.09+24
Cu* 6.84 0.1+63.9 14.5* 5.34+1860 22 3+83

Zn 45 23+774 41 19+379 39 14+203

As 0.97 0.27+8.76 1 0.3+59.0 0.8 0.12+8.0)
Br 4.4 1.33+18 3.6 1.1+11.6 2.16 0.06+7.7|
Rb 15 5.16+68 12 3.0+69 10.9 5.0+87

Sr 36 14+170 25 7+106 31 11.8+136
Mo 0.37 0.01+1.22 0.99 0.16+3.36 0.19 0.0321.1
Cd* 0.23 <0.1+5.56 - - 0.16 0.016+2.9%
Sb 0.29 0.07+8.7 0.23 0.07+20.2 0.2 0.039+1.4

| 2.6 0.85+6.31 14 0.6+4.4 1.18 0.36+2.8
Cs 0.52 0.18+5.71 0.4 0.10+2.96 0.39 0.097+1)7
Ba 79 21+294 68 17+517 54 14+256

La 33 1+61.79 2.9 0.8+23.7 2.32 0.50+22
Ce 6.8 1.75+143 - - 5.6 0.83+42
Nd 3.15 0.01+47 - - - -

Sm 0.6 0.19+8.30 - - - -

Th 0.076 0.02+0.98 0.068 0.016+0.610 0.06 0.01+0.56
Dy 0.43 0.01+4.40 - - - -
Tm 0.057 0.02+0.67 - - - -
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Yb 0.22 0.05+3.32 - - - -
Hf 0.45 0.11+12.1 0.46 0.11+4.78 0.26) 0.05+3.9
Ta 0.127 0.03+1.52 0.076 0.018+0.563 0.09 0.013-07
w 1.22 0.25+13 0.193 0.03+1.39 1.2 0.25+3.9
Au 0.015 0.0007+0.043 0.0042 0.0009+0.047 0.0061 001:0.034
Pb* 11.7 0.5+368 18.9* 4.55+887 6 1.5+37.2
Th 0.86 0.27+23 0.56 0.11+4.53 0.67 0.12+7.6
U 0.3 0.09+6.28 0.2 0.03+1.87 0.21 0.03+1.4%
Romania Northern Serbia Northern Norway
(Transilvania) [24] [25] [22]
No. of samples 70 92 100
Element Median Range Median Range Median Range
Na 902 192+4330 694 178+2440 - -
Al 5550 830+23000 6800 1280+22100 200 67+820
Cl 370 160+1300 256 105+1030 - -
K 7770 4770+20000 5090 2710+11800 - -
Ca 5770 1250+23500 7720 2890+18120Q 2820 1680+5490
Sc 0.94 0.21+6.13 131 0.27+4.13 0.05p 0.009+0.220
Ti - - 71 11+297 23.5 12.4+66.4
\ 8.7 1.95+32 11 2.85+39 0.92 0.39+5.1
Cr 13.8 2.72+51.9 6.51 1.14+22 0.55 0.10+4.2
Mn 265 27+1470 217 30+2340 256 22+750
Fe 3290 815+21340 3110 720+9230 209 77+137
Co 141 0.32+7.0 8.24 1.42+39 0.207 0.065+0.6p4
Ni 5.4 0.6+32 6.73 1.96+26 1.14 0.12+6.6
Cu* 21.5 2.21+2420 16.9 6.31+3140 3.6 2.1+9.2
Zn 135 39+2950 44 14+415 26.5 7.9+173
As 2.2 0.59+45.1 3.35 0.46+61 0.093 0.020+0.5p5
Br 8.6 2.03+20.9 5.75 1.83+18.0 4.5 1.4+20.3
Rb 15 5.8+135 13 17200 7.7 1.3+51.5
Sr 374 1.8+290 22 34900 15.8 3.6+43.3
Mo 0.65 0.13+10 0.85 0.12+23 0.135 0.065+0.7/0
Cd* - - 0.4 0.4+6.5 0.058 0.025+0.17]
Sb 0.88 0.16+51 0.52 0.13+7 0.034 0.004+0.240
| 2.17 0.76+5.55 2.09 0.87+4 25 0.6+41.7
Cs 0.51 0.12+3.4 0.76 0.11+18.2 0.072 0.016+0.88
Ba 101 20+658 39 13+130 17.1 5.6+50.5
La 2.4 0.4+15.2 4.66 41518 0.189 0.045+2.56
Ce 6.1 0.9+42.5 9.2 1.84+28 0.342 0.095+4.41
Nd - - - - - -
Sm - - - - - -
Tb 0.07 0.01+0.42 0.11 0.02+0.36 0.003 0.002+0.0B0
Dy - - - - - -
Tm - - - - - -
Yb - - - - - -
Hf 0.56 0.12+4.66 0.78 0.15+2.6 - -
Ta 0.1 0.01+0.66 0.11 0.024+0.29 - -
w 1.02 0.12+8.74 1.34 0.19+3.3 0.127 0.009+1.23
Au 0.025 0.003+0.114 0.0041 0.00029+0.087 - -
Pb* 14.3 6.45+31.5 - - 117 0.64+6.12
Th 0.81 0.21+4.16 0.82 0.18+2.4 0.03 0.004+0.240
U 0.28 0.04+1.36 0.32 0.08+1.03 0.01% 0.001+0.1B8

* Determined by ICP-AES [8]
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Table 3
Factor analysis of NAA and AAS data on moss samiptes Bulgaria
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Na 0.893 0.030 0.070 0.111 —0.026
Al 0.668 0.138 0.596 0.077 0.205
Cl 0.060 0.032 —-0.027 0.782 0.090
K 0.526 -0.027 0.175 0.419 0.322
Ca 0.058 0.089 0.034 0.695 0.145
Sc 0.732 0.027 0.626 0.011 0.115
Ti 0.605 0.106 0.703 0.074 0.147
\Y 0.229 0.159 0.837 —0.159 0.087
Cr 0.598 0.077 0.737 0.025 —0.001
Mn 0.215 0.150 0.278 -0.092 0.573
Fe 0.710 0.030 0.628 0.113 0.158
Co 0.691 -0.084 0.274 0.173 0.071
Ni 0.424 0.023 0.824 -0.011 0.105
Cu* 0.033 0.355 0.176 0.259 0.037
Zn 0.148 0.954 0.070 0.021 0.081
As 0.470 0.172 0.580 0.158 0.225
Br 0.214 0.091 0.097 0.048 0.779
Rb 0.729 0.136 0.390 0.044 0.292
Sr 0.737 0.228 0.057 0.123 0.352
Mo 0.145 0.479 0.149 0.075 0.327
Cd* 0.026 0.956 0.053 —0.008 -0.014
Sh 0.041 0.954 0.068 0.022 0.066
[ 0.112 —0.090 0.330 —0.034 0.750
Cs 0.605 0.180 0.377 —0.006 0.292
Ba 0.687 0.097 0.424 0.099 0.255
La 0.954 0.074 0.163 -0.028 0.003
Ce 0.943 0.088 0.137 —0.066 —0.019
Nd 0.912 0.030 0.206 0.013 -0.070
Sm 0.955 0.064 0.205 —0.031 0.026
Th 0.924 0.061 0.300 —0.048 0.005
Dy 0.776 0.001 0.406 0.011 0.230
™ 0.872 0.053 0.371 0.050 0.163
Yb 0.924 0.025 0.294 0.042 0.121
Hf 0.868 -0.037 0.168 0.080 0.134
Ta 0.817 0.072 0.383 0.109 0.232
W 0.736 0.164 0.116 0.077 -0.092
Au —0.049 —0.032 -0.014 0.721 —0.307
Th 0.975 0.110 0.049 —0.029 0.052
U 0.904 0.106 0.094 0.049 0.191
Pb* 0.131 0.929 0.058 —0.009 —0.076
expl.var 16.665 4.313 5.582 2.181 2.615
Prp.totl 0.406 0.105 0.136 0.053 0.064

For comparison with a pristine territory correspiogddata for northern Norway [22]
are shown in the right-hand column. The Norwegiatues were obtained by ICP-MS
analysis and were based on nitric-acid solutiomgemgially leaving out fractions of the
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elements in moss samples contained in silicate naméattached soil particles). The same
argument may apply to the present AAS results.

Based on the data in Table 2, countries can besthagcording to the median values
for each element. This presents a generally favserpicture for Bulgaria in comparison
with the other three Balkan countries concerningments predominantly of industrial
origin. In comparison with the pristine northernrivay however the Bulgarian data are
substantially higher for typical air pollution elenmts (V, Cr, As, Ag, Cd, Sb and Pb). The
opposite is the case for halogens of presumed mariigin where the Norwegian data are
higher. The Norwegian data are also much lowerefements that have been previously
ascribed mainly to soil particles attached to tlossn(Sc, Ti, Fe, REE [rare earth elements],
Th and U). In this case, the fact that INAA deteresi the whole content could be one
factor contributing to this difference. For elenerthere the local microenvironment is
known to be a more dominant source to the mossatraospheric deposition (Mg, Ca, Mn,
Rb, Sr, Cs, Ba and partly Zn) the Norwegian dagacdithe same order of magnitude as the
Balkan values.

A similar comparison (cfr. Fig. 3) with data frofmet European Moss Atlas [4] reveals
that the Balkan countries show considerably higlagicentrations of most elements in moss
than observed in other European countries wheres masipling has been employed. This
simple comparison confirms that the East and thestVé Europe differ greatly by the
levels of many contaminants in the atmospheric gigpa, and indicates that some eastern
European countries still have a long way to gorideo to bring their emissions down to
a satisfactory level. The only exception in the twedBelgium where high levels of Cu, Cr,
V and Zn in moss are explained by smelter emissiotisis industrialized country.

The unfavourable air pollution situation may adegrsaffect not only the natural
environment, but also human health. An environmemgpothesis suggests that endemic
distributions of diseases directly correlate wite geographic patterns of soil deficiencies
or excess of essential elements, which could benaifiral or anthropogenic origin.
Examples of adverse health in the Balkans assaociaih trace element deficiencies and
excesses have been described in the literature 28] example environmental chronic
exposure to non-essential elements such as arsasibeen considered to possibly affect
human health, given the fact that elevated conatotrs of arsenic were observed in
drinking water in some areas of Serbia (ZrenjariRgmania (Baia Mare), and other Balkan
countries.

Considering heavy metal atmospheric depositiorhéBalkans specific geographical
distribution patterns of several elements are ewiddhe highest median value for
As (present data) were observed in Bulgaria, maiolynected mostly with the mining and
smelting of copper ores and coal combustion. $tid most severe metal pollution in
Bulgaria comes from old iron mines and metalluggants (Cu, Fe, Cr, As, V and Zn).

Multivariate statistical analysis (factor analysigs used to identify and characterize
different pollution sources and to point out thesmgpolluted areas. Factor analysis is
a multivariate technique for reducing matrices afadto their lowest dimensionality by the
use of orthogonal factor space and transformatitiest yield predictions and/or
recognizable factor [27]. Values of the five fastare given in Table 3. Factor scores
representing the contributions of individual samglsites to the relevant factor are given in
Figure 4. Five identified factors are interpretedalows:
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Fig . 4.Plots of factor scores for moss samples from Bidgar

Factor 1 has particularly high values of Na, Al, Sc, Ti, Ee, Co, Ni, As, Rb, Sr, Cs,
Ba, W, U, and REEs (rare-earth elements). Moshe$e elements are typical for crustal
material, and most probably this component at Ipastly reflects the contamination of
moss samples with soil particles. Another possikdeirce could be fly-ash particles
resulting from high-temperature processes suchoaklwrning, which may have a major
element composition similar to crustal material.

Factor 2 is an exceptionally clear-cut industrial componeith high values for Zn,
Mo, Cd, Sb, and Pb. These elements show partigukagh concentrations at a limited
number of sites located within the region of KamlzhThe main source of high pollution in
this region is extraction of lead-zinc ores. Eleteesuch as Cd and Sb are used in chemical
industry, which may explain their high concentratio the regions of Burgas, Gabrovo,
Troyan, Panagiurishte, and Pazardzhik.

Factor 3 has high values for Ti, V, Cr, Fe, Ni and As. Tdheslements may be
associated with metallurgical and chemical indastriThe main contribution to the
concentration of V and Ni is likely to come froml-fifed power plants. For the other
elements the main source may be mining of irona@mdmium ores in areas around Medet,
Teteven and Burgas, and Ivailovgrad, respectively.

Factor 4 has high levels of Cl, Ca, and Au. These elemeatg be associated with
emissions from metallurgical industry in Balkan mtain region and from gold mining in
Zlatitza.

Factor 5 has high levels for Br and |, which are associatgd atmospheric deposition
of aerosols influenced by processes in the manw@@ment. In our case this is strongly
supported by high Br and | concentrations in sampt#lected near the Black Sea.

Arsenic. The elevated concentrations of this toxic andinagenic element are mainly
related to the copper and gold mines, as well asotd combustion. The relatively high
values at sites 67, 68, 74 might be from the coppieing in the «Rosen basin» and coal
combustion at Burgas region, which is another pdeissource of air pollution. A high
correlation of As with Fe (R = 0.79) and Ni (R $670) is noted.

Chromium. Cr is mainly associated with the crustal compon&he median value of
Cr in the investigated region is similar to the regponding values in the neighboring
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countries. Cr correlates most strongly with Sc (B.83), Ti (R = 0.86), and V (R = 0.74).
The highest factor scores are observed at sitedB3849, 54, 58, 67, and 75, where high
concentrations of V are also evident. In the cas88 chromium may originate from
a nearby metallurgical plant situated in PirdopnBastion of coal may also lead to an
increased chromium load on the ecosystem.

Iron. The concentration in moss is accounted for bystiiefactor as indicated by the
high Fe-Sc correlation (R = 0.96) and the princigmhponent analysis (sites 53, 56, 58, 68
and 91), pointing to iron ores in region near Troyowever, high concentration of iron
was also observed within the Burgas region (sit'e%8), which is likely to be due to local
emission sources such as the metallurgic planeipeD.

Vanadium. The median value of V in Southern Bulgaria is &mito the
corresponding values in the neighbouring areasamaia and Serbia [24, 25]. V in the
present samples is most strongly correlated withS&l, Ti, and Ni. Vanadium and nickel
are usually found in relatively high concentratianscrude oil and these elements are
therefore often used as markers of fuel oil combuasin air pollution studies (including
moss surveys). The over-all correlation betweem¥ Mi in this material is R = 0.78, and
high factor scores are evident at sites 75, 74 anfl, 73 in the Burgas region. The reason
for high vanadium deposition is associated withdteefinery and chemical industry in the
town of Burgas and with the nearby metallurgic plan

Nickel. The element distribution pattern of nickel corremi® closely to that of
vanadium. The slightly elevated Ni concentrationssites 67, 68, 69 may thus also be
related to the Burgas oil refinery and to the ngamletallurgic plant.

Zinc. The median value of zinc in the investigated regis similar to the
corresponding values in other continental regidnEwope. Only a few sampling sites (1,
5, 8, 18, 22, 23, 91) showed high Zn values. Appifyrehe extraction of lead-zinc ores is
mainly responsible for these values.

Bromine and lodine. These elements are strongly correlated and shglwlbadings
in Factor 5. The highest scores of this factoraogerved at sites near the Black Sea coast,
confirming the marine origin of these elements.

Thorium and Uranium. The concentrations of these elements in the presanples
are of the same order as those found in neighbgpuwiaas in other Balkan countries. The
highest values were observed at two sampling $68s 68) located in the vicinity of
a uranium mine, which may be a source of windbleath material.

Aluminum. The regional distribution of Al is typical for ttgroup of crustal elements
predominantly supplied to the moss by windblown dost, showing relative uniform mean
values for different regions. However, it is alstypical representative of ferrous industry
and cement plants.

Calcium. The level of Ca in moss is high and uniform, ptaareflecting
a contribution from higher vegetation. Calcium $alfe is used as construction material.
Quicklime is calcium oxide (CaO) and may be respgmesor high concentrations at the
other sampling sites.

Manganese.The concentration of this element shows a higlatively uniform level
in the interior areas of the country, and decreemgislly towards the coast. This is probably
due to the low retention capacity of Mn in mosserehMn may be lost by exchange with
Na and Mg ions from marine aerosols.
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Antimony. The association with Factor 2 suggests a predamtijnindustrial origin of
this element.

Gold. The concentration of this element shows a higlatively uniform level in the
interior areas of the country. Bulgaria is richgimld ores. Mines such as «Chelopech» in the
Central Balkan Mountains and the nearby Krumovgrade «Ada Tepe» in the Eastern
Rodopi may be responsible for high concentratidngotd and other related elements such
as As used for gold extraction along with cyanide.

Conclusions

This study confirms that the moss method is suitédt detecting temporal and spatial
trends in heavy metal deposition. The effects afipantroduced measures in order to
decrease heavy metal emissions are clearly vi$idemethod is thus a valuable tool for the
evaluation of atmospheric input of metals to theimmment. Although deposition levels in
Bulgaria decreased, we still found very high lexaflsome heavy metals (Pb, Cd) in mosses
due to still heavily contaminated soils around des industry, polymetal works and old
mines, appeared local emissions, and site-spetificacteristics as serpentine spots. It thus
appears to be important that new technologies aefemably also new environmental
legislation and controls are implemented and thatrhonitoring of deposition of heavy
metals is continued.
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WYKORZYSTANIE MCHOW W BADANIACH BIOMONITORINGOWYCH
ZANIECZYSZCZENIA POWIETRZA W BULGARII

Abstrakt: Za pomog biomonitoringu z wykorzystaniem mchéw zbadano zéwarpierwiastkdwsladowych
w opadzie atmosferycznym na czterech obszarach aButdZachodnia Tracja - Rodopy, Wschodnia
Tracja - Rodopy, potudniowo-wschodnia i péthocmodkowa Butgaria). Badania prowadzono w ramach
europejskiego programu badania mchow w 2005 rolzma€zono 41 pierwiastkow (Na, Al, Cl, K, Ca, Sg, Vj
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Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rd, Sr, Mg, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Tb, Dy, Tm, Wb, Ta,
W, Au, Pb, Th i U) w 97 prébkach naziemnych mchawyykorzystaniem neutronowej analizy aktywacyjnej
(NAA) i absorpcyjnej spektrometrii atomowej (AASPo bada wykorzystano mechHypnum cupressiforme.
Do identyfikacji i charakterystyki vhych zrédet zanieczyszcieoraz wyznaczenia obszaréw najbardziej
zanieczyszczonych wykorzystano angligtbwnych sktadowych (analiza czynnikowa). Intetpoga wynikéw
analizy czynnikowej pozwala wskazaaturalnezrodta tych pierwiastkow: skorgpziemsk, sktadniki morskie
oraz elementy hinne, a take zrédta antropogenne: przemygtlaza (Plovdiv i Haskovo), przemyst metali
niezelaznych (Plovdiv, Kyréali i Burgas), przetwdrstwo ropy naftowej (Burgawpz cieptownie (Plovdiv,
Haskovo, Stara Zagora i Burgas). Poréwnanie Weirtnediany sizen oznaczanych analitow w prébkach mchow
pobranych w Butgarii z pobranymi na Batkanach immyjich krajach europejskich wskazuje,mchy z Batkanow
wykazup znacznie wiksze stzenia w przewzajacej czsci tych pierwiastkbw w poréwnaniu z mchami w innych
krajach europejskich.

Stowa kluczowe:opad atmosferyczny, biomonitoring z wykorzystaniemchéw, neutronowa analiza
aktywacyjna, absorpcyjna spektrometria atomowarwiéestki sladowe, analiza czynnikowa,
zrodla zanieczyszche
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Abstract: The purpose of the study was to determine theteffea permanent magnetic field together with the
shielding of an alternating electric field on seadour and germination of carrot cultivars 'Perfekcand
‘Nantejska’. An ADR-4 AdvancedDielectric Radiation Trap) apparatus constructed of the poceuamic with
embedded water in a crystalline form was used énettperiment. This material has a very strong gimgleffect
on alternating electric fields in the low frequerrapge from 1% Hz to 16 Hz. The maximum dielectric loss is
reached at about 50 Hz. Ten ferrobaryte permanegneis were placed on the dielectric in a wellrdefi
configuration. During germination seeds were exgdeehe action of the ADR-4 apparatus, the ceramaterial
without magnets and magnets alone. Seed vigougamdination were evaluated at°20in the dark. Seed vigour
was determined by means of the rate and uniforofityeed germination. The percentage of germinatesegls,
germination capacity, the percentages of diseasediaformed seedlings and dead seeds were evalddd&d4
did not affect seed vigour, but improved the geation capacity of seeds and decreased the pereeofag
diseased seedlings. In cv. ‘Nantejska’ a lower gati@ge of dead seeds was observed compared witiortitel.
The ceramic dielectric without magnets accelergtthination of ‘Perfekcja’ seeds at the initial ppaimproved
germination capacity and decreased the number ad deeds in cv. ‘Nantejska’. ‘Perfekcja’ seeds eggoto
magnetic field alone germinated faster than undébaeeds, whereas in case of cv. ‘Nantejska’ ay delaeed
germination was found. In cv. ‘Perfekcja’ a loweargentage of diseased seedlings and in cv. ‘Néatepn
improved germination capacity were observed.

Keywords: stationary magnetic field, alternating electriddijecarrot, seed vigour, germination

! Department of Seed Science and Technology, Pozhmmversity of Life Sciences, Baranowo,
ul. Szamotulska 28, 62-081 Pfe@erowo, email: hanna.dorna@op.pl

2 Department of Plant Protection, Poznan UniversityLife Sciences, ul. Zgorzelecka 4, 60-198 Pdzna
email: rgorski@up.poznan.pl

3 Institute of Materials Technology, Poznan Universif Technology, ul. Piotrowo 3, 60-965 Po#n#&oland,
email: jan.jurga@put.poznan.pl

* Corresponding author: hanna.dorna@op.pl



54 H. Dorna, R. Gorski, D. Szafska, K. Tylkowska, S. Wosski and M. Tomczak

Organic crop production demands even higher qusdigds than conventional farming.
Preventive and control measures using chemicalpratebited and competition with weeds
requires high vigour propagation material. Moregver organic farmers, seed health is
very important. Hence, physical methods of imprgweed quality have been the subject of
intense research. First successful attempts toowepquality of seeds by their exposure to
magnetic or electromagnetic fields were carried iouthe 1930s. At present research
concerning this area is still being continued, mith a better understanding of the
mechanism of action of magnetic fields on planteshd&hcement of seed vigour and
germination of different species by treating seaith magnetic or electromagnetic fields
has been confirmed by many scientists [1-6]. Vdlkhisnd Nagarajan [7] reported
a 46+71% increase in chickpea seed vigour, a 58-@@8ovement in seedling root length
and a 25+47% increase in seedling dry weight. Hemewot all results are so spectacular.
They depend to a large extent on the conditiorexpériments.

The purpose of the study was to determine the teffe@a permanent magnetic field
together with the shielding of an alternating eiedield on seed vigour and germination in
carrot cultivars 'Perfekcja’ and ‘Nantejska’.

Methods and materials

In the experiment a ADR-4 platddvancedDielectric Radiation Trap) constructed of
a porous ceramic with embedded water in a crystafiorm and ten permanent magnets was
used [8]. Magnets made of ferrobaryte of magnétid induction ca 40 mT were placed on
the ceramic in a well-defined configuration. Therareic dielectric shows a strong,
characteristic, low-frequency absorption of an gleccomponent of the electromagnetic
wave in the frequency range from i@z to 16 Hz at room temperature. The ceramic
exhibits a broad low-frequency dielectric anomalguad the temperature of 273 K. The
size and shape distribution of pores in the ceratd@ment is responsible for a broadening
of the dielectric anomaly related to freezing of tonfined water. The effect is a strong
absorption of an electric field from the surrourgdimedium. The maximum dielectric loss
is reached at about 50 Hz (Figures 1-3).

- -
SEM MAG: 3.00 kx DET: SE Detector
HV: 12.0 kv 20 um

Vega ©Tescan
VAC: HiVac

Fig. 1. Topography of surface of ceramic fracture aa compressing pressure of 20 MPa and
a temperature of 1100°C shown on a SEM image
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The effect of the ADR-4 plate, the ceramic dieliectvithout magnets and magnetic
elements without the ceramic dielectric on vigond germination of carrot ‘Perfekcja’ and
‘Nantejska’ seeds was examined in the experiment.

Seed vigour was evaluated at°€0in the dark on 8 replicates of 50 seeds from each
treatment. Seeds were placed in 9 cm diameter &etres containing 6 layers of blotting
paper moistened with distilled water. The Petrhdswith seeds were placed directly on
the top of ADR-4 plates, ceramic dielectrics ortba top of plates which contained only
magnetic elements. Germinating seeds, i.e. showingsible root protrusion through the
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pericarp, were counted daily until no new germseaped and they were removed from
Petri dishes. Values ofJ (time to 10% of the total number of germinatingd® and d
(time to 50% of the total number of germinatingd®ewere calculated. These parameters
describe the rate of seed germination. The unifigrofiseed germination was evaluated by
means of 5 (time between 75 and 25% of the total number aomgeating seeds).
Untreated seeds constituted the control.

Germination tests were conducted on 8 replicateS0oseeds from each treatment.
Seeds were incubated under the same conditioneswilled above. After 14 days of
incubation, the percentages of normal seedlingsrigation capacity), diseased seedlings,
deformed seedlings and dead seeds were evaluatexidang to the ISTA Rules [9].
Moreover, G,y (the percentage of germinating seeds) was detethmin

The SeedCalculator version 2.1 software [10] wadieg to calculate T, Tso, U7s.05
and G, parameters. All vigour and germination results evervaluated by means of
variance analysis followed by the Duncan test.

Results

ADR-4 did not affect seed vigour, but improved giration capacity of seeds and
decreased the percentage of diseased seedlingshircidtivars. In cv. ‘Nantejska’ a lower
percentage of dead seeds was observed after tkeasere to the action of ADR-4
compared with the control (Tables 1-3).

Table 1
Effects of treatment on seed vigour
‘Perfekcja’ ‘Nantejska’
Seed treatment T10 Tso T1o Tso
days] | [days] | U] | jgays) | [aays) | Uresldaye]
Untreated seeds 2.354 3.01a 0.83 a 2.27|ab 3.11b 099a
ADR-4 2.29 ab 2.98 ab 0.86 a 2.24 ab 3.07/b 1.07a
M1 2.18b 2.90 ab 0.93 a 2.210 3.08p 1.08 a
M2 2.15b 2.86b 091a 2.42 a| 3.26 @ 1.02a

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.
T1o - time to 10% of the total number of germinatiegds.

Tso - time to 50% of the total number of germinatiegds.

Urs.25- time between 75 and 25% of the total numbereoininating seeds.

Ceramic dielectric without magnets increased geation rate of ‘Perfekcja’ seeds at
the initial phase. The ;fvalue was significantly lower than that for untezhtseeds. In cv.
‘Nantejska’ this treatment improved seed germimatioapacity and decreased the
percentage of dead seeds (Tables 1-3).

Magnets without the ceramic dielectric acceleragedmination of ‘Perfekcja’ seeds.
The Tjpand T values were significantly lower than those forreated seeds. On the other
hand, this treatment had an adverse effect on geedination rate in cv. ‘Nantejska’. The
Tso value was significantly higher than that in thentrol (Table 1). Exposure to magnetic
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field improved germination capacity of ‘Nantejsks®eds and decreased the percentage of
dead seeds. In cv. ‘Perfekcja’ a lower percentafjediseased seedlings and higher
percentage of deformed seedlings were observed thfte treatment compared with the
control (Tables 2 and 3).

Table 2
Effects of treatment on germination of ‘Perfekgatds
A . Diseased Deformed Dead
treifn?gnt ([%)Z]ax Germlnat[lt;)o? capacity seedlings seedlings seeds
[%0] [%0] [%0]
Untreated | g3 4 56.5b 353a 13b 7.0a
seeds
ADR-4 93.0a 64.3 a 26.5 bc 2.8ab 6.5 4
M1 91.8a 56.5b 31.5ab 2.8 ab 9.3 4
M2 91.0a 62.3 ab 24.0c 4.8a 9.0 3|

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan'’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.

Gmax - the percentage of germinating seeds.

Table 3
Effects of treatment on germination of ‘Nantejskaéds
Seed G Germina_tion Disea_sed Deformed Dead seeds
treatment [%)] capacity seedlings seedlings %]
[%] [%] [%]
Untreated seeds$ 913a 50.5b 345a 0 15.0 4
ADR-4 90.8 a 67.8 a 215b 0 9.3 bc
M1 90.0 a 69.0 a 233 a 0 6.3 bc
M2 88.8a 64.0 a 28.0a 0 7.3 bc

Means in columns followed by the same letters aesignificantly different atd] = 0.05 level according to
Duncan’s test.

ADR-4 - AdvancedDielectricRadiation Trap.

M1 - ceramic dielectric without magnetic elements.

M2 - ten magnets in the same configuration as ilRADwithout ceramic dielectric.
Gmax - the percentage of germinating seeds.

None of the treatments applied influenced the umifty of germination or the
percentage of germinating seeds (Tables 1-3).

Discussion

Both seed samples used in the study were of poalitguGermination capacity of
untreated seeds was low and a high percentagesefsbd seedlings was observed. Seed
health evaluation showed that seeds were infecteddrge extent by two pathogenic fungi
Alternaria dauci (J.G. Kiihn) J.W. Groves & Skolko amd radicina Meier, Drechsler &
E.D. Eddy, which cause seedling damping-off (unjshield data).

This study showed that exposure of seeds from bathples to ADR-4 plates or the
ceramic dielectric in general did not affect thagour. The influence of magnets alone on
seed vigour was differentiated. Magnetic field dewded seed germination in cv.
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‘Perfekcja’, but delayed it in cv. ‘Nantejska’. Hewer, ADR-4 improved seed germination
to a larger extent than the ceramic dielectrichar magnetic field alone. It increased seed
germination capacity and decreased the percentadsaased seedlings in both samples.
All treatments decreased the percentage of deals seev. 'Nantejska’.

The range of permanent magnetic fields appliednttuée seed germination is from
several to 500 mT [11], while for alternating matmdields it is 0.1uT+30 mT, 1 Hz to
100 Hz, respectively [11-14Boltani et al [15] found that in a magnetic fiell ©mT
asparagus seeds imbibed and germinated more ragidsd germination percentage and
epicotyl and hypocotyls lengths were also signiftbahigher than without the influence of
a magnetic field. Carbonnel et al [6] reported thaan germination time dfestuca
arundinacea Schreb. andLolium perenne L. seeds was reduced by more than 10%,
compared with controls, when the seeds were exptsadagnetic fields of 125 mT
or 250 mT. The roots of treated grass seedling® wagnificantly longer than those of
untreated ones when seeds were permanently expgelseelz et al [2] found that the higher
germination rate of rice seeds treated with staggnetic fields of 125 mT or 250 mT was
in agreement with the higher lengths and weightscefplants exposed to a magnetic field.

Mano et al [3] found that an extremely low frequemeagnetic field (60 Hz, 5 mT)
applied toArabidopsis thaliana (L.) Heynh.,Lactuca sativa L. and Zinnia elegans Jacq.
seeds suppressed the reduction in germinationedaog seed incubation at high relative
humidity (90%) and temperature (37°C). The authsuggested that the magnetic field
suppressed the irreversible deterioration of sga@venting water absorption.

The main phenomenon investigated by different asthfound to be responsible for
enhanced seed germination capacity and accelertimorphogenetic processes, is increased
water absorption by seeds [14-16]. Water subjeitéde action of a magnetic field is altered
in a certain way so that it not only penetratetdaseeds faster, but also affects the rate of
enzymatic reactions. In the first phase acceleratbibition is observed in seeds subjected to
the action of a magnetic field and their weighréases. Additionally, a plant weight increase
may also be connected, apart from effects relatdth aster metabolism, with
higher water content in plants, including fruit§].1

The influence of a magnetic field on seeds mayhoetgerm, e.g. 10 min, followed by
the effect in the form of increased water absorptocurring after several hours and lasting
for at least several days [14]. This fact is canéd by the variant, in which an effective
action of a magnetic field on plants, including geration, may be replaced by the action
on water or substrate which is used to water pldrits17]. In this respect it is important to
remember that studies on water exposed to theraatia magnetic field indicate an altered,
usually reduced, surface tension, viscosity [18]well as heat of evaporation, manifested
in a faster vaporization of such water [11, 19]e3é three phenomena are interrelated by
the power of actions defined as hydrogen bondsn@ms in these parameters result in
a faster penetration of water inside seeds and #iss faster and more effective
germination [11, 15]. This facilitated penetratioihwater solutions is confirmed by a more
efficient extraction of chemicals from plant ma#&{20]. Moreover, changes in activity are
observed in these enzymes, for which water is ireelin the notation of their reaction.
Such an enhanced enzymatic activity under the eénfte of a permanent or alternating
magnetic field is observed in case of catalase, [2diseradish peroxidase (the participation
of H;0O" ion), esterase [11], amylase, protease and lipa8k Bome of these enzymes
participate in seed germination.
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The above-mentioned extended action after wateseeds cease to be exposed to the
action of a magnetic or electromagnetic field ibechwater memory. Probably the primary
role is played here by the reversal of nuclearsspirhydrogen atoms in the water molecule
[23], leading to the parallel or antiparallel oigiion of hydrogen nuclear spins in the water
molecule and determining the occurrence of two mwnof water -ortho andpara. These
isomers are of limited stability and in case oftilesl water they spontaneously reach the
state of dynamic balance in a matter of severagédazinutes [24]. These isomers affect the
formation and stabilization of specific structucgdsvater bound by hydrogen bonds, with an
opposite effect also occurring - structures of wateengthened e.g. by the presence of ions
may increase many-fold the time, over which watepprties changed by the magnetic
field are retained [25]. Baran and Degtyarev [28fgn before reports on the separation of
water into ortho- and para-isomers was published, had interpreted the infleeof
a magnetic field on water as its effect on the natigrmoment of protons participating in
the hydrogen bond, resulting in a loosening of thad. In reference tortho- and
para-hydrogen they also reported that clusters formgdwhter are controlled by the
orientation of proton spins, by which the energyimérmolecular interactions of water in
clusters is weakened and ion hydratation in thetewl increases [26].

Sensitivity to the action of a magnetic or electagmetic field covers especially the
period from the dry kernel phase before sowingperax. 17+-24 h swelling period (in case
of wheat) [12]. The time of the action of infornmtiintroduced by the magnetic field is
limited, although it lasts for many days. An ingean plant weight at the vegetative stage
is much more marked than at the generative stageeXample, after the activation of seeds
by a field of 90 mT and 60 Hz for 10 min, the leaka increment in tomato at the
vegetative stage was 58% and at the generative &tags 22% [4]. Moreover, it was also
significant that an advantageous effect of the exp® of seeds to the action of a magnetic
field is found mainly in seeds with low viabilit{ .

Krélicka et al [27] found a two-fold higher accuratibn of umbelliferone in
transformedAmmi majus L. callus grown on a medium exposed to ADR-4. Fartlesearch
on the accumulation of secondary metaboliteArmmi majus L. callus treated with ADR-4
or its components separately, as in our experingaywed the effect of the interaction of
the magnetic field and the ceramic dielectric (Uijshed data).

The decrease in the number of diseased seedlingsaa seeds observed in our study
suggests that the treatments controlled to sonenegtie growth of fungi. Nagy and Fischl
[28] investigated the effect of a static magneitidf of 0.1, 0.5 and 1 mT on the growth of
selected phytopathogenic microscopic furgternaria alternata (Fr.) Keissley Curvularia
inaequalis (Shear) Boedijn andrusarium oxysporum Schlecht. The magnetic field
decreased the growth of colonies by 10%. Lipieal ¢§29] found that oscillating magnetic
field pulses reduced the number of bacté&tiainia carotovora (Jones) Bergey et al and
Sreptomyces scabies (Thaxter) Waksman et Henrici in a liquid nutrientedium
4 000 times and the number of the fungiternaria solani (Ellis & Martin) Jones & Grout
30 times.

Conclusions

1. The ADR-4 plate AdvancedDielectric Radiation Trap) did not affect the rate and
uniformity of germination of carrot seeds.
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Exposure to ADR-4 improved germination capacitycafrot seeds and decreased the
percentage of diseased seedlings in both cultivArscv. ‘Nantejska’ a lower
percentage of dead seeds was observed.

The ceramic dielectric without magnets accelergtunination of ‘Perfekcja’ seeds at
the initial phase and improved germination capaaitg decreased the number of dead
seeds in cv. ‘Nantejska’.

‘Perfekcja’ seeds exposed to magnetic field aloeeminated faster than untreated
seeds, whereas in case of cv. ‘Nantejska’ a delagéd germination was found. In cv.
‘Perfekcja’ a lower percentage of diseased seesllingd in cv. ‘Nantejska’ an
improved germination capacity were observed.
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WPLYW STALEGO POLA MAGNETYCZNEGO
Z ROWNOCZESNYM EKRANOWANIEM PRZEMIENNEGO
POLA ELEKTRYCZNEGO
NA WIGOR | KIELKOW ANIE NASION MARCHWI

Katedra Nasiennictwa Ogrodniczego, Uniwersytet fdwyiczy w Poznaniu
Katedra Metod Ochrony Rlin, Uniwersytet Przyrodniczy w Poznaniu
Instytut Technologii Materiatéw, Politechnika Pozska

Abstrakt: Celem prowadzonych batldylo okrélenie wplywu stalego pola magnetycznego z réwnoozes
ekranowaniem przemiennego pola elektrycznego narwidgietkowanie nasion marchwi odmiany ‘Perfekcja’
i ‘Nantejska’. W déwiadczeniu wykorzystano wdzenie o nazwie ADR-4AdvancedDielectric Radiation Trap)
zbudowane z porowatej ceramiki, w ktorej znajdujeveoda w postaci krystalicznej. Tak wytworzony méstier
ma silip zdolng¢ do ekranowania przemiennego pola elektrycznegoniskich czstotliwosciach, to jest
w granicach od 18 do 16 Hz, przy czym maksimum tangensa delta (stigtrmla elektrycznego) poprzez
proces technologiczny zostalo wyznaczone dla ol&flo Hz. Na takiej bazie dielektrycznej umieszczono
10 elementéw magnetycznych wykonanych z ferrytolmaokrelonej konfiguracji. Przez caty okres kietkowania
nasiona poddano dziataniu wdzenia ADR-4, a tate samego dielektryku ceramicznego bez elementéw
magnetycznych oraz samego pola magnetycznegoadanie elementy magnetyczne). Ogerwigoru

i kietkowania nasion przeprowadzono w temperati@eC w ciemnéci. Wigor nasion okrdono za pomog
parametrow opisagych szybké¢ i wyréwnanie kietkowania. Przy ocenie kietkowamasion okréano ogéln
liczbeg kietkujacych nasion, zdolrigé kietkowania, odsetek siewek z objawami chorobowymmieksztatconych
oraz nasion martwych. Poddanie nasion dziatanigdzenia ADR-4 nie wplygto na ich wigor, ale stwierdzono
poprawe zdolnaci kietkowania i zmniejszenie liczby siewek z obgmi chorobowymi. U odmiany ‘Nantejska’
obserwowano réwniemniej nasion martwych aiw kontroli. Zastosowanie samego dielektryka cecamego
przyspieszyto kietkowanie nasion odmiany ‘Perfekejgpocztkowej fazie oraz poprawito zdolsokietkowania

i zmniejszylo liczly nasion martwych u odmiany ‘Nantejska’. Nasiona @iy ‘Perfekcja’ poddane dziataniu
samego pola magnetycznego kietkowaty szybcigjnaisiona kontrolne, natomiast w przypadku nasianiady
‘Nantejska’ stwierdzono opienie kietkowania. U odmiany ‘Perfekcja’ notowanmiej siewek z objawami
chorobowymi, a u odmiany ‘Nantejska’ obserwowanprpog zdolngci kietkowania nasion.

Stowa kluczowe:state pole magnetyczne, zmienne pole elektryamaechew, wigor nasion, kietkowanie
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CALORIMETRIC AND KINETIC STUDIES
OF THE EFFECT OF NITROGENOUS FERTILIZERS
ON ORGANIC MATTER DECOMPOSITION IN SOILS

KALORYMETRYCZNE | KINETYCZNE BADANIA
WPLYWU NAWOZOW AZOTOWYCH
NA ROZKEAD MATERII ORGANICZNEJ W GLEBIE

Abstract: The course of changes for the rate of heat pramlu¢RHP) provides information on kinetics of
biodegradation processes of organic matter in $bik following publication aims at reviewing theefiature and
presenting on its background the results of oweaeh on applying calorimetric method for kinetialysis of
glucose decomposition in soil in presence of nerays fertilizers and nitrificaton inhibitor -
N-Serve. Additionally, a process of biodegradatidpig liquid manure in different soils has beeamined. The
kinetics of glucose decomposition has been detehby charting change curves for the rates of peatuction
(RHP), graphs for total heat effect (Qt), and basethose - the time (PT) of reaching the maximaue of heat
power (maxRHP) and the value of apparent constet (k) of the examined changes. Using the caldrime
coefficient (%MHP), the percentage of produced inglfa heat in relation to the enthalpy of organienbustion
of the substrate introduced to the soil has beesgmted. The results of the research have showindtease of
the rate of glucose decomposition in soil in preseof (NH)>.SQs, NHsNOs; and urea. Diversification of
thermokinetics of glucose and liquid manure bioddgtion in various soils has been identified.

Keywords: calorimetry, kinetics, soil, organic matter, ngemous fertilizers

To obtain high crops of cultivated plants, nitrogserintroduced to soils in a form of
mineral or organic fertilizers. Nitrogen is paryalsed by the plants, migrates to ground
and surface waters, escapes to the atmosphere aticipates in a cycle of processes,
including ones that stimulate metabolic activity sifil [1-3]. Changes of nitrogen and
carbon compounds in soils are widely describedciargific literature [4-7]. Kinetics of
those processes depends on numerous factors: #umeeroxygen concentration, soil
moisture, availability of the organic substrated amany more that are difficult for
prediction and submitted to conscious or unconscibuman activities [8-10].

1Chair of Chemistry, University of Warmia and Magur pl. toédzki 4, 10-957 Olsztyn,
email: jerzy.dziejowski@uwm.edu.pl
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Microbial decomposition of organic substances iitssentails heat effects measured
with a calorimetric method. The application of tbeil, microbiological and ecological
calorimetry have been discussed in several reviimpsrs [11-15].

The heat output from the soils unamended with aegsubstrate shows a wide range of

values between 2+38W g_l for mineral soils, and the higher values for glaass, organic
and forest soils and peat. The freshly collectdts $@mve higher heat output than stored.
[16-19]. Values of specific heat rate productiortted soils collected in Galicia (Spain) and
Brazilian Amazon were in the range 0.49+6.59 Jig[@q].

Microcalorimetric measurements and other methodse wesed to assess biomass
content and activity of Scotland soils. The rateheft production of soil biomass was
remarkably constant for the most soils but showifférdnces for freshly-collected, stored
or amended with glucose [17-19]. Correlation betwearginine ammonification,
N-mineralization biomass carbon, heat output, ABRtent, protease activity and microbial
numbers for twenty-two agricultural and grasslaoitbsvas assessed by Alef et al [21].

Calorimetry has found an application for the thekmetics determination during
decomposition of organic substrate at the presehcestrogen fertilizers. Mortensen at
[22] and Ljungholm et al [23] investigated processef glucose and cellulose
biodegradation in soil in presence of ammonium lsadp and other salts. The effect of the
water content, the effect of nitrogen in the formnaonium sulphate and the effect of
amount of substrate added to soil in pre-culturghenshift of growth thermograms were
investigated by Konno [24]. Kinetic analysis of thewth thermograms showed that soil
microbial growth can be expressed quantitativelyusing specific growth rate constant,
doubling time and the calorimetric coefficient afestibility of organic matter in soil [25].
The first Konno's paper [24] and review paper [2&re published only in Japanese. In
excellent work Yamano and Takahashi [26] presemedomposition thermograms of
D-glucose, D-fructose, D-galactose, D-mannose,csgcand lactose in presence W80,
over the incubation temperature range of 295.220.8 K in alluvial soil The apparent
activation energies and the apparent Gibbs enegjiestivation for various sugars were
determined during this study, too. Kimura and Talsih showed [27] that the changes in
the number of soil viable microbial cells and thaoant of glucose degraded revealed
linear relationships both between heat productimhthe viable cell counts.

Soil microbial calorimetry can be preferentiallyedsas a tool to assess side-effects of
chemicals on the soil microbial activity. Kawabah al [28] used mercury, cadmium,
selenium, copper compounds, iodoacetic acid wezd as pollutants of soil and the course
of thermograms of glucose decomposition in allugail showed different kinds of
inhibition. Effects pesticides such as: loxinilufam and HgGlon actual and potential heat
output (for glucose amended soil) were comparedrgiinine ammonification, fluorescein
diacetate hydrolysis, Fe(lll)-reduction [29, 30] dabMSO reduction method [31].
Calorimetry applied to testing of the effect Pai@giquat, Posphamidon [32], 2,4-D [33,
34] and Diuron [35] on glucose biodegradation iaBlian soils.

The heat evolution and N-mineralization were deteeith and compared with other
methods estimation of soil microbial biomass [2bdaalso for soils which contained
insecticides [36]. Barros and Feijoo [37] proposedew method to quantify the efficiency
of carbon utilization by soil microbes. In anotheark Barros et al [38] applied calorimetry
for testing the sensitivity of calorimetric indicés comparative study between the basal
respiration and the degradation of an externalaradources in soils. A combination of
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flow-microcalorimetry and gas chromatography wasedusfor measuring the heat
production, CQ and NO emission for soils incubated with glucose underobic and
anaerobic (N conditions [39]. Additionally, a range of valuahinicrocalorimetric studies
were carried out examining the microbial activity soils that included nitrogenous
fertilizers mainly in the form of (NJ,S0O,[40-44].

Most of the calorimetric examinations of the sasadissed in this paper have been
performed using a Calvet microcalorimeter (Setargh7)}19], a Bio Activity Monitor
(LKB) [16, 21, 24], a Thermal Activity Monitor (Thometric) [38, 39] and Takahashi's
multi-channel calorimeters [28, 41].

Based on calorimetric measurements, the examirsaioned at identifying kinetics the
following soil microbial processes:

* glucose biodegradation in presence of various gétnous fertilizers and N-Serve,
« biodegradation of liquid manure with high contefhitrogen.

Experimental
Materials and methods

Soils: The soils were sampled from the Agricultural Stagicof the University of
Warmia and Mazury in Tomaszkowo and Balcyny. Theyrencollected from the upper
surface layer (0+20 cm) and after sieving (23nr-2 months stored in polyethylene bags
at room temperature with air admission and aftat &t temperature of 277 K. The soils
classification performed according to the Polisil Society standards.

Table 1
Characteristics of the experimental soils

N [ Cog | POs | MgO [ KO | MWHC

[%] [mg/100 [9/100 g]
1 Cambisol| loamy sand 6.30 0.057 0.42 24.05 5.p7 .7815 31.8
2 Luvisol sandy loam 5.40 0.08¢ 0.9/7 8.9B 5.47 20.1 325

MWHC - Maximum Water Holding Capacity

No. Soil Texture pici

j—

Soils before calorimetric measurements were préiatd 24 hours at 295 K. Then,
soil samples were introduced to a stainless meapuessel (0.5 dfjy a measured amount
of water was added and the whole was left closedcéo 4+5 hours for preliminary
thermostating. After that, the thermostated sotutidgth the examined organic substance
was placed on the surface of the soil and the Vessas moved to
a measuring chamber of the calorimeter. In a rafsrechamber there was a vessel with
thermally passive and microbiologically inactivelséicrobiological deactivation of the
soil was performed by heating it for ca 15 hoursl@b°C, additionally sterilising it and
introducing double-distilled water in the amountieglent to 60% MWHC.

Calorimetric measurements: A KRM-type calorimeter, produced by the Institute o
Physical Chemistry of Polish Academy of SciencesWarsaw was been used for
calorimetric measurements. A temperature regulaigre 660, produced by UNIPAN
Warsaw, with a Pt100 sensor, ensured a stable tatope of 25°C for the measurement
system, to an accuracy of > 0.005°C. The calorimstgnal®(t) was recorded by a system
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including a microvolt amplifier by UNIPAN and a wder by VEB Messgeratewerk,
Magdeburg.

Calorimetric calculations: Heat effects of the studied changes were calallatethe
basis of the course @¥(t) changes, read every 0.5 hour. Before startiegetxaminations,
the calorimeter was characterized by determinimghbat loss coefficient) and value of
O(t) for the baseline. Time constant (T) was detaediin separate measurements, based on
the curves for cooling the measuring vessel coimgithe microbiologically inactive soil of
identical origin, mass, and water content, whenmamad with the examined sample of soil.
Just after inserting the measuring vessel contgiriire soil into the calorimeter, its
temperature may vary from the temperature of th@smement system. That situation
results from different environment temperature avttter factors. Therefore, initial
fragments of the thermograms were corrected wittalstic method using the curves for
cooling or heating the vessels containing the tldyminactive soil [45]. Applying that
method seems to be justified in the case of the kddMrimeter with a high value of time
constant (T) and examining low-energy processesnigfobiological decomposition of
organic substances in soil. The time of introdudimg organic substrate into the soil was
accepted as the beginning of the examined chamecks was assumed that the initial rate of
the heat production from the soil equals zero.

Tian’s equation [45-47] was the basis for calcualgtihe rate of heat production (RHP)
and total heat effect (Qt), based on the changethefcalorimetric signa®(t) and the
defined value of the time constant T

f(t) = O(t) +TdO(t)/dt

Methods for calculating RHP, Qt and apparent cangtte (k) of the microbiological
increase were described in the author’s previoldigation [48]. Based on the RHP change
curves, a peak time (PT) was defined, after whioh RHP value is at its maximum
(maxRHP). When discussing the results of the rebedine (%MHR)) indicator was used,
which represents a percentage of metabolically yred heat () after time (t) and in
relation to enthalpy of combustion of the glucdS&C) introduced to the soil. For 1 mol of
glucose, the EGC is equal to 2803 kJ [49]

%MHP(t) = Q(t)/EGC

Results and discussion

The results of calorimetric examinations of decosifien of 75 mg of glucose in
75 g of brown soil (No. 1) in presence of nitrogesdertilizers have been presented in
Figure 1. The fertilizers were introduced to 75 fgtlee soil in a dose equivalent to
15.9 mg N-NH in ammonium fertilizers and N-NHn urea. Basing on the carried out
research, it may be conducted that the thermogmdrghucose decomposition in presence
of (NH,),SO, and NHNO; manifest similar course and close values of maxRRdPPT.

In the case of urea presence, the maxRHP valudomased in comparison with the
remaining nitrogenous fertilizers. The analysedugalfor the glucose decomposition were
at their lowest with no nitrogenous fertilizers.eTbhange curves Qt were of similar shape
and their courses do not indicate so clearly asthieemograms the differences in the
kinetics of glucose decomposition. Table 2 pres#mgsvalues that characterize the course
of glucose biodegradation. After 30 hours, the hegptivalent to ca 39+41% MHP was
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produced from the examined samples of soils coimgir(NH,),SO,, NH;NO; and
CO(NH,),. After 50 hours of decomposition, those valuesewatrca 52+53% MHP, which
indicates that after that time more than half of themical energy provided with the
glucose was released as the heat, and the resineghia the soil in a form of metabolites
and soil biomass. For the soil with no fertilizerdhose values were at
37.41 and 44.51% MHP, respectively.

RHP , Qt
[uw/g] A — (NHy ]2 SO4+G [/l
——— NH4NO3+ G
7
“1 — (NH,),CO+ G
......... - G- glucose 5 ————— (NH_|]2SO-I+G

ool —— — NH4NO3 + G

—— (NH,),CO+ G

........... G - glucose

0 20 ot [h] 0 20 40 t[h]

Fig. 1. Changes of RHP (A) and Qt (B) in soil dagriglucose decomposition in presence of nitrogenous
fertilizers

Table 2
Calorimetric and kinetic characteristics of glucdseomposition in soil

. " PT | maxRHP| Qt(30h) Qt(50h) k+SD At
Soll Additives I TTuW g | Dg7 | [%MHP] | D91 [[%MHP]| _ [h 1 [h]
G 16 148 5.82 37.41 6.94 44.61 | 0.221+0.034| 513 | 0.90

G + (NHy)2SOy | 16 185 6.02 38.69 8.08 51.95 | 0.409+0.075| 6+15 0.87
G + NHINO3 18 185 5.94 38.18 7.96 51.16 | 0.359+0.064| 7+14 | 0.81

G + (NHy),CO 17 160 6.33 40.68 8.31 53.41 | 0.231+0.039 6-+14 0.86

G - Glucose

Higher values of maxRHP and apparent constant ({gteconfirm the increase of
glucose metabolism rate in the soil with of nitroges fertilizers present, when compared
with the soil with no fertilizers. The nitrogen gimating from mineral fertilizers stimulates
synthesis of soil microbial biomass. The differenethe course of changes of RHP and Qt
(Fig. 1) indicate a periodical lower availability nitrogen from urea for microorganisms,
when compared with sulphate and ammonium nitratat Tact may be linked to the rate of
urea hydrolysis - a reaction leading to creatioammonium ions that later are used for the
synthesis of soil biomass and other products. Trea aiydrolysis is a first-order reaction
and its rate it influenced by environmental fact@nsl other, soil-connected ones [50-52].

Nitrification inhibitors are introduced to soils ilacrease the level of nitrogen usage by
cultivated plants, particularly in acid soils [53]An emulsion preparation,
known as N-Serve (by Dow AgroSciences LLC, USA), nteins
2-chloro-6-(trichloromethyl)pyridine (nitrapyrinNitrapyrin limits the process of nitrogen
oxidization in the soil environment, which favoumesence of nitrogen ions and
compounds that are more easily accessible for plant soil microorganisms, and which
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decreases the possibility of transforming nitrogie gas products of nitrification. The
efficiency of N-Serve as and soil nitrification iblor results from physical and chemical
properties of nitrapyrin, used dose of this commhwand numerous environmental factors
[53-59]. The aim of the research was to defineitiimence of the N-Serve nitrification
inhibitor on the process of decomposition of 75 afgglucose in 75 g of soil (No. 2)
containing 75 mg of (NE,SQO, The inhibitor was introduced into the soil in des
of 1, 2 and 3ig g*. The characteristic of those examinations has peesented in Table 3.
The course of RHP and Qt changes during the glubamiegradation was similar to the
research results presented in the Figure 1.

Table 3
Characteristics of glucose decomposition in sod.(R) in presence of nitrapyrin
Nitrapyrin | maxRHP PT
Soil additives |~ ks ) _Qlaon
ngg] | [WWgT] (h] Bgl | %MHP] | [DdT] [%6MHP]
G 0 135 21 9.94 63.8 - -
G + (NH)2SOy 0 153 18 9.53 61.2 10.73 68.9
G + (NHy)2SOy 1 152 19 9.26 59.5 10.53 67.7
G + (NHy)2SOy 2 175 18 9.03 58.0 10.21 65.6
G + (NH,)2SOy 3 159 18 8.36 53.7 9.73 62.5
G - Glucose

The data from Table 3 confirm that N-Serve, evermwhsed in the highest dose, did
not have any significant influence on the kineti€she glucose decomposition in presence
of (NH,)>SO,. The changes of %MHP indicator show a higher actation of chemical
energy in the soil in presence of N-Serve. To fulhderstand that interesting result of
calorimetric measurements, the scope of the relsednmuld be significantly broadened and
include the changes of nitrogen forms as well @srémations of the content and the activity
of the soil biomass.

Decomposition of Organic Fertilizers in Soils

Liquid manure is a waste product of non-litter-l@g or cattle farming. Particularly
high content of nitrogen in liquid manure make$ét treated as an organic nitrogenous
fertilizer of high content of other macro- and noielements [60]. The aim of the so far
research was to characterize calorimetrically anétically the decomposition of organic
fertilizers in soil [25, 48, 61]. The results pretw in this paper are concerned with
calorimetric research on the decomposition of piguii manure (PLM) in soil
(No. 1 and 2). The pig liquid manure was collectiabctly from a sewage channel in
a pig farm. The PLM contained 5416 mg of Ndn5.63% of dry mass, and its pH was
6.92. The PLM dose was 20 mg for 100 g of soail.

The thermograms in Figure 2 and the data in Taldhelidate a faster decomposition of
the fertilizer in the brown soil (No. 1). In casétbe soil (No. 2), lengthening of the lag
phase and a lower value of maxRHP were found, hewete determined value of the
apparent constant rate of microbiological incremas higher.
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Fig. 2. Changes of RHP (A) and Q(t) (B) during g liquid manure decomposition in different soils

Table 4
Characteristics of pig liquid manure decompositiodifferent soils
. . Dose PT| max RHP Qt(50h) k+SD At
Soll Organic substrate — = = R
9 [mgN/g] | [h]] [uWg g [h] [h]
1 pig liquid manure 20 13 206 11.3 0.282+0.054 | 2+9 | 0.84
2 pig liquid manure 20 14 172 10.4 0.344+0.109 | 4+9 | 0.89

The obtained results indicate diversification oérthokinetics of decompositions for
the examined organic fertilizer in soils of varidypes. The course of that process depends
on physical and chemical properties of the soifg the liquid manure was introduced into,

as well as on others conditions of microbiologgaiwth.

Conclusions

The high-capacity KRM calorimeter and the applieethds of calorimetric research
make it possible to monitor the kinetics of proesssf organic matter decomposition in
soils. Based of the carried out examinations, ¢lewing conclusions has been found:
1. The kinetics of organic substances decompositibrc¢ge and liquid manure) depends

on the type of the soil.
Nitrogenous fertilizers intensify the decompositminglucose in soils, and the kinetics

depends on the type of the fertilizer.
The N-Serve nitrification inhibitor, dosed in 14§ g, was of insignificant influence

3.
on the kinetic parameters of glucose decompositiaoil in presence of (NHLSO,.

2.
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KALORYMETRYCZNE | KINETYCZNE BADANIA
WPLYWU NAWOZOW AZOTOWYCH
NA ROZKEAD MATERII ORGANICZNEJ W GLEBIE

Katedra Chemii, Uniwersytet Warfigko-Mazurski w Olsztynie

Abstrakt: Przebieg zmian szybko wydzielania ciepta dostarcza informacji o kiretyproceséw biodegradacji
materii organicznej w glebie. Celem niniejszej fkdudji jest przegld literatury i przedstawienie na jego tle
wynikéw bada whasnych dotyczych zastosowania metody kalorymetrycznej do kicmetgj analizy rozktadu
glukozy w glebie w obecroi nawozéw azotowych i inhibitora nitryfikacji - Serve. Dodatkowo zbadano proces
biodegradacji gnojowicy trzody chlewnej wzrych glebach. Kinetykrozktadu glukozy okrdano, wyznaczaic
krzywe zmian szybkei wydzielania ciepta (RHP), wykresy catkowitegoeldts cieplnego (Qt), a na ich
podstawie czas (PT) aginiccia najwikszej wartéci mocy cieplnej (maxRHP) oraz waftopozornej stafej
szybkdci (k) badanych przemian. Za pomoowspéiczynnika kalorymetrycznego (%MHP) wiaao

w procentach metabolicznie wydzielone ciepto w wbdsl do entalpii spalania organicznego substratu
wprowadzonego do gleby. Wyniki badavykazaly wzrost szybkai rozkladu glukozy w glebie w obecim
(NH4)2SQi, NHsNOs; oraz mocznika. Stwierdzono zrécowanie termokinetyki biodegradacji glukozy
i gnojowicy w r&nych typach gleb.

Stowa kluczowe:kalorymetria, kinetyka, gleba, materia organicarayozy azotowe
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TOXICITY OF PETROLEUM SUBSTANCES
TO MICROORGANISMS AND PLANTS

TOKSYCZNO SC SUBSTANCJI ROPOPOCHODNYCH
DLA DROBNOUSTROJOW | RO SLIN

Abstract: The paper discusses sources of petroleum substamesavironment and threats caused by petroleum
contamination of water and soil. The physicocheim&a biological properties of petroleum substantage
been determined along with their toxicity, partanly that of aromatic hydrocarbons, including tlwecalled
BTEX group (benzene, toluene, ethyl benzene and xylénemicroorganisms and plants. Much emphasis has
been laid on the properties which shape toxicitye Effect (typically degrading one) on live orgamispresent in
water and soil environment, including biologicaudiprium of soil (abundance of microorganisms, @natic
activity), has been discussed as well as the grawthdevelopment of plants growing on soil polluéth these
substances. In addition, factors (soil or waterpprties and condition, C:N ratio, pH reaction, suibisture,
content of organic substance, fertilization, tymel @&pecies of aquatic or land organisms) whichuérfte the
effect produced by petroleum substances on livarosgns in environment have been mentioned.

Keywords: toxicity, petroleum substances, sources of contatign, microorganisms, soil, plants

Sources of petroleum substances in environment

Man has long been interfering with and frequentistudbing the natural balance in
ecosystems, thus modifying and re-shaping the sndiog nature [1]. The development of
civilization, accompanied by industrialization, hemused severe contamination of natural
environment over extensive parts of many countfiée. whole biosphere is being degraded
due to man’s destructive activity, and live orgamssare poisoned by noxious substances
from various sources [2, 3].

Recently, the advancing industrialization of therldoeconomy has led to a large
increase in the consumption of petrochemical comgdsy4, 5]. Likewise, in Poland the
dynamically growing number of motor vehicles leamlincreased demand for fuel, which in
turn means purchasing and processing more cruddtalso stimulates fuel transport,
storage and distribution. As a result, the risk fhetroleum substances will permeate into

! Department of Environmental Chemistry, University Warmia and Mazury, pl. tédzki 4,0-727 Olsztyn,
tel. 89 523 35 66
* Corresponding author: miroslaw.wyszkowski@uwmjgdu.



74 Agnieszka Zidtkowska and Mirostaw Wyszkowski

environment has increased [6]. Thus, contaminatfomatural environment with petroleum
substances has become a major issue in ecologyafibig of petroleum substances to open
water reservoirs, groundwater and soil can haveserconsequences due to the highly
toxic and cancerogenic nature of such chemical8][7,

Petroleum substances when introduced to environaféatt both its abiotic (non-live)
and biotic elements, including microorganisms, fdamnimals and people. Thus, soil
contamination with these chemicals is a grave pmbhas the components of petroleum
products affect all live organisms [9].

Petroleum products consist of over 1,200 diffetgitrocarbons [10], of which around
230 contain from 3 to 12 carbon atoms, which meahatthey include aliphatic, aromatic
and cyclic hydrocarbons [11]. Paraffin (aliphatig)drocarbons are the basic hydrocarbon
group of the oldest types of petrol and dominatthepetrol fraction. They are chemically
inert, therefore are of no risk to environment [1LPJowever, the most abundant in
petroleum (over 50% of its mass) are naphtheneldpgcaffin) hydrocarbons, whose
amount increases as the boiling point is highethiwithis group, methylcyclopentane and
methylcyclohexene are the most numerous, in sorsesceonstituting 2% of petroleum
mass [13]. As for aromatic hydrocarbons, petrolearely contains more than 15% of these
compounds. Noticeable are mono- and polycyclic at@nhydrocarbons. The former
include the so-called BTEX group: benzene, toluetieyl benzene and xylenes, which are
highly toxic and common pollutants of soil and grdwater due to petrol leaks from
leaking tanks [14]. Polycyclic hydrocarbons are wety mobile in soil, hardly soluble in
water and resistant to physical, chemical or bilaigdegradation [15].

Products obtained from petroleum have differentspdal, chemical or toxic properties;
they are characterized by different refinement &g and produce various effects to
environment [8]. It is unquestionable that use effgleum and petroleum-based products is
very dangerous to nature. Therefore, identificat@fntoxicity of particular petroleum
components is extremely important as it will engideple to recognize potential ecological
threats connected with exploitation of petroleummdurcts [16].

The actual toxicity of petroleum and petroleum prctd can vary depending on the
chemical composition and structure of hydrocarbobarge concentrations of such
substances in nature are sources of severe cotifonimand an immediate threat to all live
organisms dwelling in a polluted habitat. Petrolegollution also influences plant
production, threatens groundwater and createskaofipoisoning animals and people, in
extreme cases causing death [17]. It needs to Iphasised that petroleum substances can
accumulate in food and this is the most common imayhich they enter live organisms
[16].

Besides, hydrocarbons and their derivatives arenthet numerous and widespread
group of organic compounds which occur in surfawé groundwaters. It is so because they
can penetrate the hydrosphere as a result of wanapcidents or industrial failures, in
surface effluents or with sewage [18]. Contaminatid water reservoirs with petroleum
substances is extremely dangerous as such poButegdte on the surface of a water body
a membrane, which cuts off oxygen supply and himdee self-cleaning of water [19].
Moreover, decomposition of petrol in water causeggen consumption from water and is
determined by the water temperature, salinity, dbahcomposition and reaction [20].

Seas are mainly polluted by crude petroleum, whiah be spilt due to accidents
involving tankers, faulty operations on oil rigsdaeaking tanks stored in port warehouses.
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Such spills are typically single events, but volsnoé spilt oil are usually large enough to

cause enormous ecological disasters. Much smatteuats of petroleum enter seawaters
with waste discharged from ships and as naturékl@@m oil deposits under seabed [21].
However, the amounts of petroleum reaching sea®e@ans due to tectonic motions of the
earth’s crust are almost negligible when comparik tlve oil spills occurring as a result of

man’s activity [22]. Evidently, the highest progort of the pollutants found in seawater,

over 1/3 of crude oil permeating into sea, is mapldy petroleum and paraffin derivatives
released during regular exploitation of ships. @fehe major sources is ballast water
discharged from cargo holds of tankers, which dostabout 0.3+1.0% of petroleum [18].

A small amount of petrol spilt on sea makes a sylilich spreads with waves and wind
at a speed of about 3+4% of the wind speed. THeispbviously the thickest at the source
of spill and thinner at the edges, and typicallyadg 0.01 to lum. An oil spill disappears in
12-24 hours owing to evaporation, photolysis ansbagttion by sea plants and animals [6].
Nevertheless, petroleum and its products are vemntful to water bodies as they can float
on water surface for a long time [20], thus limitioxygen and sunlight access to deep
water. Besides, under the influence of gravitatidoaces and surface tension, a petroleum
spill spreads and stratifies itself over the sedasa. In between one to three weeks, some
petroleum (about 1/3) evaporates and, airborneglsaver large distances. With rainwater,
it can re-enter sea or reach land [18].

Effect of petroleum substances on microorganisms

Both small and large oil spills affect organismiahiting aquatic habitats, causing
their diseases and death [23]. Petroleum compowfig® accumulate in organisms of
animals dwelling at seabed, thus entering a foagincin which man is the final link.
Aromatic hydrocarbons of a low boiling point arglily toxic to nearly all water organisms,
unlike paraffin hydrocarbons, which do not revexdit properties. Furthermore, petroleum
lying on feeding grounds of birds may acceleraggrtextinction [22].

Among the components of petroleum and petroleundymts, the most toxic are
aromatic compounds, particularly polycyclic aromaliydrocarbons, which are highly
mutagenic and cancerogenic. It has been foundhatippresence of petroleum pollutants in
water facilitates solubility of PAHs and increasesntamination of water with toxic
combinations of these compounds. According to thadif@nce of the Minister
for the Environment of 20 August 2008 [24], the permissible quantity of pktum
derived compounds, the oil index for inland watesBpuld not exceed 0.2 mg din
including 0.1 pg dm® of benzo[a]pyrene, 0.0g dm* of total benzo[b]fluoranthene
and benzo[k]fluoranthene, and 0.002g dm?® of total benzo[g,h,i]perylene and
indeno[1,2,3-c,d]pyrene.

Petroleum compounds can enter soil environment failing dust, after which they
strongly absorb to soil surface [22]. Benzene, @énki and other aromatic hydrocarbons
make up 82% of the total hydrocarbon pollutantsciwtpermeate from the aeration sphere
into groundwater [25]. Moreover, the uptake of théydrocarbons by edible and fodder
plants can have serious ecological consequenctgssanitary and health-related ones [15].

Due to their very slow migration, which is assoethtwith the persistence and
insolubility of their particles, PAHs accumulatedail and can persist in it for a very long
time. It is important to add that these compounds lzardly biodegradable. They can
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undergo biotransformation via adduction to othegamic compounds and entering
biochemical cycles. Benzo[a]pyrene is considered b the strongest cancerogenic
polycyclic hydrocarbon [22]. The list of mutagerind cancerogenic substances includes
a large number of indirect products obtained wipl®cessing petroleum [26]. The
Ordinance of the Minister for the Environment df September 2007 [27] states that the
permissible amount of benzo[a]pyrene in soil, dejregn on soil usage, ranges from
0.02 to 5 mg kg d.m., that of the total PAHs is from 1 to 2 mgd.m. and for benzene
from 0.05 to 3 mg kg d.m. of soil.

It is also important that aromatic hydrocarbonscaeable to join DNA and RNA, thus
revealing mutagenic activity by disturbing the peopstructure of genetic material of
multiplying cells in a living organism, typicallynia way that is not seen in a given
individual but in its progeny, resulting in phydioar mental retardation or in genetic
diseases. Aromatic hydrocarbons act as initiatbrsdation and cancer processes, which
cause transformation of healthy cells, which methas they do not always directly cause
mutation in DNA but are the so-called premutagers$iaving entered an organism they
undergo metabolic activation, stimulated by appaiprenzymes, and this activated form of
PAHs has a degenerative influence on the cell DRBY.[

Qils, like other petroleum products entering sodn produce varied effects on soil
microorganisms [29, 30], including saprophytic fuq@l, 32], causing changes in
quantitative and qualitative composition of soilcmiorganisms. Moreover, petroleum
products can affect other soil properties. In adwgteonducted by Wyszkowski and
Ziolkowska [33], soil pollution with diesel oil reéd the acidity of soil, expressed as
lowered soil pH, total exchangeable cations, tetethangeable capacity and degree of
alkaline cation saturation as well as tendency tdwancreasing hydrolytic acidity. The
influence of petrol on physicochemical propertiésail was evidently weaker than that of
diesel oil. Petroleum substances can also influgeheecontent of organic carbon and
available forms of micronutrients in soil [34]. $umodifications of the physicochemical
soil properties cause changes in the biological prmsition of soil habitats, particularly
mass mortality among animals inhabiting topmosetayof soil and rapidly increasing
content of organic matter [18]; resultant is therdiption of the biological equilibrium of
soil [35]. This is due to the decreasing numberaefobic microorganisms [30]. Small
amounts of petroleum substances can stimulate albgrdof soil microbes. With this
respect, diesel oil produces better effects thamopewhich is more toxic [36]. Many
studies [37-43, 45, 46] confirm that petroleum sabses can considerably modify the
natural biological activity of soils. In most caséisey are highly toxic, strongly inhibiting
the development of microorganisms and, consequetgfyressing the enzymatic activity of
soils. Oleic components derived from petroleum cmiélt particles and crops with thin film
which retards proper course of live processes astdrd microbiological processes in soil
[19].

Moderate soil pollution with petroleum substancas stimulate the enzymatic activity
of soil [41], including the activities of dehydromgses, urease, alkaline phosphatase and
nitrification activity of soil [35]. Galas et al }4 as well as Xu and Johnson [48] found out
that the level of the activity of dehydrogenasekigely a function of the concentration of
hydrocarbons in soil. Higher biological activity wfost of the examined parameters of soil
contaminated with diesel oil is most likely causeg enhanced multiplication of
microorganisms and their raised activity, as diedlels a good potential nutrient substrate
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to some microorganisms [45, 49-51]. Soil contanimatvith petroleum substances for the
first few weeks caused increased activity of angdaf®], proteases [9], dehydrogenases
[9, 35], urease [35], alkaline phosphatase [35] switinitrifying activity [35], whereas later

it typically depressed the activity of these enzgri$e 35].

However, the enzymatic activity of soil dependsnueny other factors, such as soil pH
reaction or presence of organic matter. Amendinigvéth organic substance, for example
compost, or modifying the soil reaction by limingncstimulate the activity of urease,
alkaline phosphatase and soil nitrifying activiB5]. Raised activity of dehydrogenases,
urease, alkaline phosphatase and soil nitrifyirtgyi#g in a limed series can most probably
be attributed to the increased pH value, as insthik of a reaction close to neutral the
growth of bacteria andctinomycess more intensive whereas that of fungi slows down
[47]. Moreover, amounts of plant available nutrgeimtcrease, which stimulates the growth
and development of plants [5, 52]. Activities ofrgialar soil enzymes are mutually
correlated. In the study of Wyszkowska and Wyszkowf35], the activity of
dehydrogenases, urease, alkaline phosphatase lic@tdaminated with diesel oil was
positively correlated while that of acidic phosplea- negatively correlated with soil
nitrifying activity.

Effect of petroleum substances on plants

Small amounts of petroleum or petroleum-derivedstuires are not harmful to soil.
However, more than 1 kg petroleum pet o soil surface can lead to necrosis of plants.
This effect is due to the anaerobic, hydrophobitditions created by the pollutants, which
cause disorder in the soil-plant-water relationstiiB]. Strong contamination of soil with
petroleum substances can lead to extensive degradat plant cover up to its complete
disappearance [54-56]. Surface contamination df moi only limits or deteriorates the
conditions for plant growth, but also depresseswviilee as well as the technological and
nutritional usability of plant yields [57]. Wlodkaevand Tomaszewska [4] prove that plants
respond variously to soil contamination with pedtoh substances. It has been
demonstrated that spring oilseed rape is highlgitea to hydrocarbons leached from soil.
Wyszkowski and Ziolkowska [58, 59], who completexperiments with spring barley,
spring oilseed rape and yellow lupine as main crampg maize and oat as aftercrop,
demonstrated that depressed growth of crops athtitel to soil contamination with
petroleum substances depended on plant specieshaiidsensitivity to contamination.
Petroleum substances retarded the growth of plamsortionately to the contamination
rate. They affected main crops more strongly thiéer@ops. Rates of pollutants even as
small as 2.5 cfhkg™ of soil depressed the growth and development @p<rin general,
diesel oil produced stronger effect than petrolgdding spring barley, the highest rates
(10 cnt kg™ soil) of petrol completely stopped plant germioativhereas identical rates of
diesel oil strongly inhibited the process. Toxideef of diesel oil on growth and
development of spring barley has also been evidkirta study by Przybulewska [60], in
which soil contamination with diesel oil at a raqual 10% w/w soil caused complete
inhibition of germination of spring barley kernelslso Wyszkowska and Kucharski [61]
confirmed toxic influence of diesel oil on plants they demonstrated that it was highly
toxic to yellow lupine on light soil (plant massadeased by half) when it was introduced to
soil in an amount as low as 0.5% of the maximuneweapacity. In heavy soll, its negative
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effect was much weaker. Toxicity of petroleum sahses towards yellow lupine has also
been verified in a study by Wyszkowski et al [5]which the extent of the effect produced
by soil contamination with diesel oil on the tesbg depended on the type of sall,
fertilization and plant organ.

The sanitary and nutritional quality of yields caiso be questionable when
contamination of soil with petroleum substances sda®t weaken the vegetative
development of crops but can cause accumulatiorhyafrocarbons in plants [57].
Hydrocarbons, derived from petroleum products, tafpam producing an indirect effect on
plants via soil [62, 63], can have a direct infloerby producing oily film on aerial parts of
plants, thus reducing plant transpiration and raspin, decreasing permeability of plant
membranes, causing disorders in metabolic proceskieh result in modifications in the
chemical composition of plants and, finally, duette toxic effect of some hydrocarbons in
plants [5, 64].

According to Siuta [57], soil can be degraded ®ftilowing degrees:

» small degree, when contamination does not proddeerae effect on plant vegetation
but the occurrence of hydrocarbons in the soil togintayer is high;

 moderate, when point necrosis of grass plants sembble and the growth of arable
crops is strongly weakened;

« large, when patches of grass plants die out arldsydd crops decline by about 50%;

e very large, when grass plants disappear or conipldte out and crop cultivation is
impossible without soil rehabilitation treatments.

The actual effect of such pollutants on plants ddpeon many factors, including the
concentration of petroleum substances in soil, paiperties and condition, the C:N ratio,
pH reaction, moisture and oxygen content, contérdrganic substance, fertilization and
plant species [65]. Plants which are grown on smilbuted with petroleum substances are
often characterized by delayed germination; in sahm@meristemal and root hair zones can
be damaged. Furthermore, such plants have thireseaf’ small assimilation surface and
thin, short and poorly branched stems [18, 66]. §t@vth and development of plants is
affected not only by the toxic influence of petuie substances but also due to the lack of
conditions needful for existence of plants [15] swdi by the negative influence of
petroleum substances, and in particular deficieghosphorus and potassium [67] as well
as that of nitrogen, oxygen and water [68]. Becaafstheir indirect toxicity, petroleum
leaks are harmful to plants, whose resistance lerance to contamination with petroleum
substances is connected with the depth of rooesystefficiency of replacing leaves that
have been shed due to the contamination and whetheot the plants are equipped with
storage organs and underground stalks, particulabizomes. Biodegradation of
hydrocarbons in soil leads to the appearance ofrab& conditions in the plant
rhizosphere. Lack of oxygen and consequent proaluctf hydrogen sulphide destroy roots
of most plants, including large trees, which havevell-developed root system [53].
Petroleum contaminants, apart from increasing theust of hydrocarbons in soil [56, 69],
considerably raise the predominance of organicaradwer the content of nitrogen in the
humus horizon, and when its availability is verghiwith a consequent large supply of
energy and proportionately depressed availabilitynitrogen, strong competition for
nitrogen beings between microorganisms decompobidrocarbons versus plant root
systems. This competition results in an acute algerof nitrogen for plants, minimizing and
sometimes completely inhibiting their growth [48].
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The influence of petroleum substances on the groavtth development of plants
depends on their type and degree of contamindiegative impact of small pollution with
diesel oil on plants can be stronger than that yced by petrol. The effect produced by
these pollutants on aftercrops is typically smalthough it can be negative as well [58]. At
the same time, petroleum substances affect th&eigtimany macro- and micronutrients.
Their influence on the content of macronutrientpliants depends on the type and rate of
a petroleum substance involved on the species aftql In an experiment reported by
Wyszkowski and Wyszkowska [52], small rates of diesl (up to 3 g k@' soil) raised the
content of nitrogen, potassium and sodium in odtereas higher ones depressed these
values. The negative influence of diesel oil omagien concentration in plants has also been
confirmed by Wyszkowski et al [5] testing yellowpine. In other experiments, carried out
by Wyszkowski and Ziolkowska [58, 70], it has befennd out that evidently negative
correlations occur between the degree of soil comation with petrol or diesel oil and the
content of N-total and N-protein in yellow lupineda partly, in maize (only when polluted
with diesel oil) [58]. They also depressed the eahtof most macronutrients in spring
oilseed rape and, to a smaller extent, in oat E&&ept calcium and magnesium in spring
oilseed rape and potassium in oat, whose concemtsain plants increased under the
influence of petroleum substances. Smaller modifica were observed in treatments
polluted with petrol and larger ones when diesklwais introduced to soil [70]. Diesel oil
favoured accumulation of most macronutrients iniahgrarts of maize, particularly the
content of sodium, potassium and calcium [52]. Biovi and Mitova [71] found out that
three out of the seven species they tested codtatevated amounts of macronutrients
whereas the content of phosphorus and calcium didchange significantly under the
influence of diesel oil. Petrol and diesel oil aamination favoured accumulation of
potassium in grain and phosphorus in straw (onlyojeand roots of spring barley, but
depressed the concentration of other macronutrjgéis

Thus, petroleum products polluting environment are increasingly more serious
ecological problem as contamination of water andl with these chemicals has adverse
effect on the microbiological and biochemical pndjgs of soil and on plant production.
They also have negative impact on animal and hunesfth due to the fact that most of
them are toxic to live organisms.
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TOKSYCZNO SC SUBSTANCJI ROPOPOCHODNYCH
DLA DROBNOUSTROJOW | RO SLIN

Katedra Chemifrodowiska, Uniwersytet Warmsko-Mazurski w Olsztynie

Abstrakt: Przedstawionazrédfa obecnéri substancji ropopochodnych svodowisku i zagrgenia zwizane

z zanieczyszczeniem nimi wdd i gruntow. Ghweo ich wiaciwosci fizykochemiczne i biologiczne
z uwzgkdnieniem toksycznwi (zwtaszcza wglowodoréw aromatycznych, w tym tzw. grupy BTEX enzenu,
toluenu, etylobenzenu i ksylenéw) dla mikroorgardami roslin. Szczeg6lny nacisk patono na whciwosci
decydujce o ich toksycznii. Opisano oddziatywanie (najgziej degradujce) na organizmyywe wystpujace

w $rodowisku wodnym i glebowym, w tym na biologiazméwnowag gleby (liczebné¢ drobnoustrojow,
aktywng¢ enzymatyczg) oraz wzrost i rozwdj in rosmcych na terenach zanieczyszczonych tymi
substancjami. Przedstawiono #akczynniki (widciwosci i stan wod lub gleby, stosunek C:N, odczyn pH,
uwilgotnienie gruntéw, natlenienie, zawadsubstancji organicznej, nawanie, rodzaj lub gatunek organizméw
wodnych i hdowych), ktére wplywaj na oddzialywanie substancji ropopochodnych na rorgay zywe
wystgpujace wsrodowisku.

Stowa kluczowetoksyczné¢, substancje ropopochodrieddta zanieczyszczenia, drobnoustroje, glebdingo
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ACCUMULATION OF NITROGEN AND PHOSPHORUS
BY MAIZE AS THE RESULT OF A REDUCTION
IN THE POTASSIUM FERTILIZATION RATE

AKUMULACJA AZOTU | FOSFORU PRZEZ KUKURYDZ E
POD WPLYWEM OGRANICZONEGO NAWO ZENIA POTASEM

Abstract: The field experiment was carried out to evaludte effect of K fertilization rates on uptake and
distribution of macroelements (N and P) in maizewgr in a soil with very high soil-test K levels
(>250 mg K - kg"). Plant samples were taken at 37, 48, 58, 69899100, 109, 118, 132 and 140 days after
maize sowing and analyzed for nitrogen and phosghoontents. Data was subjected to analysis oéwegi with
significant differences among means determined 8 lat p < 0.05. It was found that fertilization wast

a factor that significantly differentiated nutriamtake by maize. Additionally, under conditionssofl with very
high soil-test K levels, potassium fertilizationcha minimal effect on nutritional status (optimal a&kd P
contents) of maize plants.

Keywords: maize, nitrogen, phosphorus, uptake, K fertilizati

Recommendations of balanced fertilization with getam, one of the principle plant
nutrients underpinning crop yield production andildy determination, should take into
account a soil K fertility test as a chemical metHor estimating the nutrient-supplying
power of a soil [1]. Over-fertilization with potasm can lead to an increase of this element
in soil, its luxury consumption, and as a consegaenduce a nutrient imbalance in plants
(eg nitrogen and phosphorus). Non-application déKilizer under conditions of soil with
very high soil-test K levels may constrain envir@mtally and economically undesirable
potassium flow [2, 3]. The aim of the research teasvaluate the effect of K fertilization
rates on uptake and distribution of macroelemextanid P) in maize grown in a soil with
very high soil-test K levels (> 250 mg K - Kg

! Department of Agricultural and Environmental Chsimyi, University of Life Sciences in Lublin,
ul. Akademicka 15, 20-950 Lublin, Poland
* Corresponding author: monika.skowronska@up.luplin
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Material and methods

The two-year field experiment was conducted at gwicaltural farm situated in the
south-eastern part of the Lubelin province, wheadzm {Turini variety) was grown. Soil at
the experimental site was classified as Cambisel$veld from loess, characterized by
a neutral reaction, middle soil-test levels of Rl ang and very high soil-test K levels
(> 250 mg K kg"). Taking into account soil K concentration, NPKiaWP fertilization was
supplied.

Fertilizers were applied prior to planting at rafgs hectare of 140 kg ammonium
phosphate (16.8 kg N and 31.9 kg P) and 280 kg Ke@orn fertilizer (16.8 kg N,
24.6 kg P and 65 kg K). Additional N fertilizer arate(V) ammonium (81.6 kg N
was side-dressed at the 5-6 leaf growth stage.

Plant samples were taken at 37 (I term), 48 (Injer58 (Il term), 69 (IV term),
79 (V term), 89 (VI term), 100 (VII term), 109 (Vlterm), 118 (IX term), 132 (X term)
and 140 (Xl term) days after maize sowing and amalyfor nitrogen and phosphorus
contents. Nitrogen concentrations were determinediding the Kjeldahl method and the
phosphorus concentrations, in the samples digéstedlfuric acid and hydrogen peroxide,
by colorimetric analysis using the phosphovanadghbdit complex. Data was subjected to
analysis of variance with significant differencemamng means determined by LSD
atp <0.05.

Results and discussion

The uptake and content of nitrogen and potassiummaize plants were not
significantly influenced by potassium fertilizatiqfigs. 1 and 2, Tab. 1). However, the
analyzed nutrient accumulation rate for maize wifferént at critical phases. During an
intensive growth of new tissues (from th& [af stage up to thé"deaf stage) the nitrogen
uptake rate was respectively 66.7% greater, atasaeling 35.7% lower under soil without
additional potassium supply (Fig. 1).
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Fig. 1. Nitrogen uptake by maize during vegetation
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The highest phosphorus accumulation in maize waadiat reproductive stages (at
tasseling and early dough). It should be underlitieat fertilization with potassium
intensified this process slightly during tasselargl slowed it down at early dough (Fig. 2).
According to data from Niu et §] concentrations of N and P transferred in thtogim
and xylem sap did not change in the case of arbptiassium supply for plants. Some
authors reported that increase in the availablepstassium levels above the threshold
value of 150 mg kd, does not influence nitrogen and phosphorus ackaiion by maize
[3, 5].
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Fig. 2. Phosphorus uptake by maize during vegetatio

Nutrient distribution pattern within plant organasvdependant on the intensity of
metabolism processes. Therefore, the leaves aivd\geae the main accumulation pool for
elements such as N and P (Tab. 1). Regardlesseofettilization applied, the higher
translocation efficiency for P (phosphorus harvestex (PHI) - 0.80+0.81) than N
(nitrogen harvest index (NHI) - 0.64+0.65) was alied.

Maize treated with K fertilizers tended to incre#lse amount of nitrogen accumulated
in grain, while an adverse trend was found withTRBb( 1). However, from the nutritional
point of view, the concentrations of N and P agregth data from other authors for the
optimal growth of maize [2, 6]. Changes in the @ntcations of phosphorus and nitrogen
in NPK-treated maize were probably due to the rédomdn soil pH. Potassium fertilizer
induced acidification of the soil (the physiolodicand the exchange acidity) could
indirectly influence the bioavailability of nutrien[7]. The relatively high replacing power

of H" is an important factor in mobilizing non-exchanigieaNH . Protons leave the crystal

lattice in an expanded state and thus render theerchangeabl&NH, more accessible to

replacing cations. On the other hand, with a derda the rhizosphere pH, phosphate
activity depletes as a result of the specific aod-gpecific anion adsorption by soil [5, 8].

Furthermore, K fertilizer shows beneficial effeatsthe absorption, the translocation rate
and the reduction of nitrates in plants [9, 10].
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Table 1
N, P concentration in maize organs [§%g
Fertilization Organ N P
leaves 7.84 1.3
stalks 4.48 0.6
NPK grain 15.96 5.4
cobs 3.22 0.5
roots 3.92 0.4
X 7.08 1.64
leaves 8.68 2.0
stalks 3.78 0.6
NP grain 14.42 6.2
cobs 3.08 0.4
roots 3.92 0.4
X 6.78 1.91
LSDy.gs fertilization n.s. n.s.
leaves 8.26 1.63
stalks 4.13 0.58
X grain 15.19 5.80
cobs 3.15 0.45
roots 3.92 0.40
LSDg.05 0rgan n.s. n.s.
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Fig. 3. The N:P ratio in maize during vegetation &xd in the final yield (B)
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The dynamics of phosphorus and nitrogen accumulationaize were reflected in the
N:P ratios of plant biomass (Fig. 3). The N:P ratigere lower (by about 14 %) in the
treatments without K application in comparison witte treatments with K application
during the vegetative period. Analysis of the datficated a greater influence of P uptake
than of N uptake on the N:P ratios, i€ R 0.59 for phosphorus versus R 0.16 for
nitrogen. This was probably due to the higher taoation efficiency for P than N.
According to some authors the greater importangghobphorus as a source of variation in
crop N:P ratio is connected with a molecular congmnsince the P content of major
biomolecules is more variable than their N conféntl1]. The narrowing of the N:P ratios
with plant age (Fig. 3) may be attributed to thieitéhn effect (Fig. 4), and additionally, in
the case of final yield (grain), to the intensifioa of phosphorus accumulation during the
reproductive stage when seeds were formed.
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Conclusions

1.

Under conditions of the very high soil-test K leyelertilization with potassium had
little effect on the uptake and concentrationsitbgen and phosphorus in maize.

2. Regardless of the potassium supply, the macromaiteecumulation (N and P) was
intensified during the highest metabolic activifynmaize plants, ie at leaf development
(N), at tasseling (N, P), and during early dough (P

3. In spite of the fertilization applied, the procesfsremobilization of N and P from
vegetative organs (mainly leaves) appeared to bhenpartant pool for these nutrients
in generative organs (grain).

4. Maize treated with K fertilizers tended to incredise N:P ratio, which was attributed
to a greater degree to changes in P uptake thatdke1
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Katedra Chemii Rolnej$rodowiskowej, Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Celem przeprowadzonego sidadczenia polowego byto oldlenie wplywu naweenia potasem na
pobranie i rozmieszczenie makroelementow (N i P)kwkurydzy uprawianej na glebie o bardzozeju
zasobnéci w potas (> 250 mg K kg). Prébki rélinne pobierano 37, 48, 58, 69, 79, 89, 100, 10, 1.32

i 140 dnia po wysiewie kukurydzy i oznaczano w rielwarté¢ azotu i fosforu. Dane opracowano statystycznie
za pomog analizy wariancji przy poziomie istotm o = 0,05. Stwierdzonge nawaenie nie byto czynnikiem,
ktory statystycznie istotnie #dicowat pobranie sktadnikéw pokarmowych przez kyklag. Ponadto,

w warunkach gleby o dej zasobnéci w potas nawzenie K miato niewielki wptyw na stan égwienia
(optymalry zawartd¢ N i P) ralin kukurydzy.

Stowa kluczowe:kukurydza, azot, fosfor, pobranie, nasnie potasem



VARIA






CENTRAL EUROPEAN CONFERENCE ECOpole’09
Short Conference Report

The Conference ECOpole’09 was held in hotel Urokaygear Szklarska Poreba,
Poland), from Oct. 14th, 2009 to Oct. 17th, 2000.whs the eighteenth ecological
conference of the series of meetings organisedéySbciety of Ecological Chemistry and
Engineering, Opole, PL.

126 participants, including delegates representidgcountries (from Austria, Czech
Republic, Germany, Greece, Great Britain, LatvialaRd, Russian Federation, Slovakia
and Ukraine) took part in the event and presenedral contributions and 118 posters.

The Abstracts of the Conference contributions waveailable on the Conference
website

ecopole.uni.opole.pl
before and during the conference.

The Conference issue of the quarteHgological Chemistry and Engineerin§
containing among others keynote speakers papers, digributed at the Conference
Reception desk together with a CD-ROM (containitgrs info on Keynote Speakers,
Abstracts of the Conference presentations as welGOpole’09 Conference Programme).
The Conference Agenda was divided into 5 sections:

S| Ecological Chemistry and Engineering - 15.002 (Thursday)

Sl Risk, Crisis and Security Management - 15.10.2009 (Ttaysd

Sl Environment Friendly Production and Use afegy - 16.10.2009 (Friday)

SIV Forum of Young Scientists and EnvironmentdluEation - 16.10.2009 (Friday)

SV Health, Ecology and Agriculture - 17.10.20@xa{urday).

The Conference was opened by prof. Maria WactaW@élairperson of the Organising
Committee and prof. Witold Wactawek, Chairman af cientific Board and President of
the Society of Ecological Chemistry and Engineering

Prof. Magnuss VIRCAV&{University of Latvia, Rya, LT)initiated the Plenary Session
with the invited lecture: “Chemical composition aagsessment of Latvia drinking water
quality”. During the conference the plenary lectumere delivered also by other invited
lecturers: prof. Waldemar WARDENCKGdansk University of Technology, Ga&, PL:

“ Application of gas chromatography, mass spectrgmatrd olfactometry for quality
assessment of selected food products”, prof. Ed\B&RODZICZ Portsmouth Business
School, UK: “Risk, crisis and resilience”, prof. Elena MASBR/ICOVA (Comenius
University Bratislava, SK “Cost and benefit of energetic plants - challesgfor
environment friendly management”, prof. Marina \RGNTASYEVA (Joint Institute for
Nuclear Research, Dubna, Moscow, )RFAccumulation of trace elements by biological
matrice ofSpirulina platensis’and dr Hagen SCHERBHEImholtz Zentrum Minchen -
German Research Center for Environmental Healthuhdeberg DE): “Increased
reproductive health risks after Chernobyl acrosoper’.

Very interesting presentations were also giventioy. (5. FRANZLE (HI Zittau, DE):
“Environmental chemistry on activated interfacegtof. R. Tsitouridou Jniversity

* O F Xk *
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of Thessaloniki, Thessaloniki, ZRNanoparticle air pollution a case study of Téaeniki,
Greece”, dr Z. A. SZYDL(Highgate School, London, YUK‘Environmental chemistry in
English schools” and prof. Manfred SAGERustrian Agency for Health and Food Safety,
Wien, AT: ,Potassium chlorate — nitric acid reagent foe #inalysis of trace metals and
selected non-metals in food and agricultural présfuc

Thursday, a day of hard work, was finished by tlest®x Session of the Section
Chemical Pollution of Natural Environment and itomitoring. Many of the discussions
begun at the posters, lasted until the eveningshour

The next point of Thursday Conference Programme tlvasone-hour-long concert
of ,Tadeusz Pabisiak Trio”. Classical and contemapprcompositions were played.
The audience applauded the musiciensdaithed for bis.

At 19.30 the Conference participants were invit@daf Conference Dinner.

On Friday morning, the day started with an ecolalgexcursion to Kostrzyca Forest
Gene Bank in Mitkdw. This is one of the five exigfigene banks around the world, the first
to set up in Central Europe.

As usually during the ECOpole Conference, the seaay included the Session of the
Young Scientists (a forum of young scientists thegsent and discuss local ecological
problems of their countries). During the Young ®tigs’, Environmental Education and
Renewable Energy Poster Session 37 posters weenpee. The Scientific Board
(consisting of prof. Elena Masardeva (Comenius University Bratislava, $K
prof. Bohumil Vybiral (University of Hradec Kralové, Hradec Kralové, CZ
and prof. Witold WactawekSociety of Ecological Chemistry and Engineeringpl@pPL)
granted awards (sponsored by the Society of Ectdb@ihemistry and Engineering) for the
best presentations. The awards for poster pregamatere given td. Baljinnyam for the
poster: N. BaljinnyamSh. Gerbish, G. Ganbold, S. Lodoysamba, M.V. Fey#ea and
S.S. Pavlov Joint Institute for Nuclear Research, Dubna, )RUHeavy metals in the
environmental objects of non-ferrous industrialioegof Mongolia, the town of Erdenet”,
to P. Ostrowski for the poster: E. Radziemska, P. Ostrowski, A.i@gmand M. Sawczak
(Gdansk University of Technology, Ga#t, PL): “Chemical, thermal and laser treatment in
recycling of photovoltaic solar cells and modulesonf crystalline silicon”
and toL. Trnkova for the poster:L. Trnkova, |. BouSova, I. Ortova and J. DrSata
(University of Hradec Kralove, Hradec Kralové, 2ZDamage to proteins caused by free
radicals from environment: effect of natural antitants”. The Scientific Board awarded
also honourable mentions for two oral presentatiand two posters presented during
Forum of Young Scientists. They were givenkioNawrotek for the oral: K. Nawrotek,
R. Zarzyckiand Z. Modrzejewska l(odz University of Technology, tHdPL): “Kinetics
of adsorption and release from chitosan hydrogetsl toM. Wortowska for the oral:
M. Wortowska and M. Marko-Wortowskaldgiellonian University, Krakéw, BL “Can
works of art shape respectful attitude towards ne&tu ecological art in Poland” as well as
to F. Donigiewicz and M. Wadowski for the poster: F. Donigiewicz, M. Wadowski,
K. Hoffmann and J. HoffmanniNroclaw University of Technology, Wroctaw, )PLStudy
on the concentration of extractive phosphoric aidl for fodder phosphates receiving
requirements” and t&. tagdd andZ. Suchorab for the poster: G. Lagéd, Z. Suchorab,
H. Sobczuk, J. Malicki, M. Chomc#igka and A. Montusiewicz L(blin University
of Technology, Lublin, PL “Methodical aspects of bioreactor modeling intevaand
wastewater management”.
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After the conclusion of the Friday scientific aganthe Conference participants were
invited for a Grill Party.

The third day was dedicated to the impact of emvirent food and pollution on human
health.

After very interesting plenary lectures deliveradoag others by Keynote Speakers
Marina V. Frontasyevand Hagen Scherb the last Conference Poster Sessizaup.

Closing the conference, prof.,, prof. Maria and WitdVactawek made short
recapitulation. In general, ECOpole’09 was focusedmonitoring the quality of natural
environment, its effects on human life, environraéreducation as well as application
of renewable sources of energy.

They expressed gratitude to all participants fomiog and taking active part in the
Conference and thanked all Chairpersons of Sessions

They announced, that full text of the presentecepapill be published (after obtaining
reviewers' positive opinions) in the successiveiéssof the journalEcological Chemistry
and Engineeringd andSand they will be distributed to all participants.

The Extended Abstracts of the presentations wilhbiglished in two subsequent issues
of semi-annuaProceedings of the ECOpole

Thanks to the financial support of the Polish Minyisof Scientific Research and
Higher Education, it was possible, among othergublish Extended Abstracts and full
Conference contributions as well as to help to thayfees of the young scientists taking
part in the Conference.

At the end they invited all Colleagues to attenel BCOpole’10 conference, which will
be held also in Piechowice in next October.

Maria Wactawek



SPRAWOZDANIE
zeSrodkowoeuropejskiej Konferencji ECOpole’09

W dniach 14-17 palziernika 2009 r. w hotelu ,Uroczysko” w Piechowibaodbyta
sig osiemnasta proekologiczna konferencja ECOpole.a@rgtorem konferencji byto
Towarzystwo Chemii i laynierii Ekologicznej (TChIE) w Opolu.

Uczestniczyto w niej 126 osoOb, reprezeatych Austre, Czechy, FederagjRosyjsk,
Grecg, totwe, Niemcy, Polsk, Stowacg, Ukrairg i Wielka Brytank.

Kazdy z uczestnikow otrzymat w teczce konferencyjregzyt kwartalnikeEcological
Chemistry and Engineering, zawierajcy referaty zaproszonych wyktadowcéw, oraz
CD-ROM z krétkimi informacjami o zaproszonych wysttavcach, abstraktami wygtien
oraz programem konferencji. Abstrakty wysien byly takze dosgpne na stronie webowej
konferencji

ecopole.uni.opole.pl

przed i w czasie jej trwania.

Podobnie jak w latach poprzednich, konferencja EQ&@9 byta péwigcona rgnym
aspektom ochronyrodowiska przyrodniczego. W czasie jej trwania alwstvygtoszonych
16 referatébw oraz przedstawiono 118 posterow. Qbreshferencji ECOpole'09 byty
zgrupowane w griu Sekcjach:

e Sl Chemiczne substancjeswodowisku przyrodniczym oraz ich monitoring
« Sl Odnawialnerodta energii i jej oszezine pozyskiwanie orazytkowanie
e Sl Zarzadzaniesrodowiskiem w warunkach kryzysowych

e SIV Forum Miodych (FM) i Edukacja psoodowiskowa

e SV Wplyw zanieczyszczesrodowiska orazywnosci na zdrowie ludzi

Konferencg otworzyli prof. Maria WactawekUniwersytet Opolski- przewodniczca
Komitetu Organizacyjnego i prof. Witold WactawekKofvarzystwo Chemii i hynierii
Ekologicznej, Opole- przewodnicacy Rady Naukowej Konferencji i prezes TChIE.

Sesg plenara rozpocat prof. Magnuss VIRCAVS Wniversity of Latvia, Rja, LT)
referatem: “Chemical composition and assessmebatvia drinking water quality”.

Zaproszeni wyktadowcy wygtosili w czasie konferénggszcze pi¢ referatow
plenarnych, a mianowicie: prof. Waldemar WARDENCHKPolitechnika Gdéska,
GdaisK): “Application of gas chromatography, mass spectroynand olfactometry for
quality assessment of selected food products”,. pteflward BORODZICZ Fortsmouth
Business School, UK “Risk, crisis and resilience”, prof. Elena MASARICOVA
(Comenius University Bratislava, BKCost and benefit of energetic plants - challenépr
environment friendly management”, prof. Marina \RGNTASYEVA (Joint Institute for
Nuclear Research, Dubna, Moscow, )RFAccumulation of trace elements by biological
matrice of Spirulina platensis”i dr Hagen SCHERB Helmholtz Zentrum Minchen -
German Research Center for Environmental Healthuhdeberg DE): “Increased
reproductive health risks after Chernobyl acrosope!’.
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Ponadto bardzo interegup referaty przedstawili: prof. S. FRANZLBH( Zittau, DE):
“Environmental chemistry on activated interfacgw’df. R. TSITOURIDOU University of
Thessaloniki, Thessaloniki, ERNanoparticle air pollution a case study of Téadsniki,
Greece”, dr Z.A. SZYDLOHlighgate School, London, UK“Environmental chemistry in
English schools” and prof. Manfred SAGERustrian Agency for Health and Food Safety,
Wien, AT): ,Potassium chlorate - nitric acid reagéor the analysis of trace metals and
selected non-metals in food and agricultural présfuc

Naukowy czwartkowy program zakczyta Sesja Posterowa Sekcji Chemiczne
substancje wrodowisku przyrodniczym oraz ich monitoringadznie zaprezentowano na
niej 57 plakatéw.

O 18.30 rozpoc# sie godzinny koncert zespotu ,Tadeusz Pabisiak Trio”.
W programie znalazty si utwory z r&nych epok i ranych stylbw muzycznych.
Publiczng¢ dziekowata artystom za wygh hucznymi oklaskami i skutecznie domagata si
bisow.

W piatek, w czasie wycieczki proekologicznej, zwied@aly Lesny Bank Genow
(LBG) Kostrzyca w Mikotowie.LBG Kostrzyca to jedyny bank gendw, nie tylko w jlara
ale i w Europie, skupiagy sk przede wszystkim na ochronie i zachowaniu zasobéw
genowych lénej raslinnosci drzewiastej. W ubiegtym roku key Bank Gendw Kostrzyca
zostat laureatem dziegej edycji Konkursu Ministr&srodowiska ,Lider Polskiej Ekologii”
za ochronr bior&znorodndci i lesnych zasobéw genowych.

W piatek po potudniu tradycyjnie odbywataedrorum Miodych (FM).

Jury w skfadzie prof. Elena Masardeva (Uniwersytet Comeniusa Bratislava, BK
prof. Bohumil Vybiral Uniwersytet w Hradec Kralové, Hradec Kralové, )Ca@raz
prof. Witold Wactawek Towarzystwo Chemii i kynierii Ekologicznej, Opodeprzyznato
nagrody i wyré@nienia mtodym pracownikom naukowym w nim uczestpogm. Zostaty
przyznane trzy nagrody, ktore otrzymal. Baljinnyam za poster: N. Baljinnyam,
Sh. Gerbish, G. Ganbold, S. Lodoysamba, M.V. Fsy#ea and S.S. Pavloddint
Institute for Nuclear Research, Dubna, )RFHeavy metals in the environmental objects of
non-ferrous industrial region of Mongolia, the towhErdenet”,P. Ostrowski za poster:
E. Radziemska, P. Ostrowski, A. Cenian and M. Saw@olitechnika Gdaska, GdasK):
“Chemical, thermal and laser treatment in recycbifigghotovoltaic solar cells and modules
from crystalline silicon” oraz.. Trnkova za posterL. Trnkova, |. BouSova, I. Ortova and
J. DrSataUniversity of Hradec Kralove, Hradec Kralové, CZDamage to proteins caused
by free radicals from environment: effect of natanatioxidants”.

Ponadto przyznano wytdienia F. Donigiewiczowi i M. Wadowskiemuza plakat:
F. Donigiewicz, M. Wadowski, K. Hoffmann and J. fio&nn Politechnika Wroctawska,
Wroctaw): “Study on the concentration of extractive phasph acid and for fodder
phosphates” orafs. tagodowi i Z. Suchorabowi za plakat: G. tagdéd, Z. Suchorab,
H. Sobczuk, J. Malicki, M. Chomc#gka and A. MontusiewictPolitechnika Lubelska,
Lublin): “Methodical aspects of bioreactor modeling ineveand wastewater management”.

Przyznano takte wyr&nienia dlaK. Nawrotek za referat: K. Nawrotek, R. Zarzycki
and Z. Modrzejewska Folitechnika todzka, t&t “Kinetics of adsorption and release
from chitosan hydrogels” oraz dla m@d. Worlowskiej za referat: M. Wortowska
and M. Marko-Wortowska Uniwersytet Jagielléski, Krakow: “Can works of art shape
respectful attitude towards nature? - ecologicainalPoland”.

Przed kolagj odbyta s¢ prezentacja i wystawa produktow naturalnych fil@afio.
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Trzeciego dnia motywem przewodnim obrad byto rdimé; zdrowa zywnosé
i zdrowie. Ses plenarm rozpoczly 2 referaty wygtoszone przez prof. Magin
V. Frontasyeyi Hagena Scherba. Program naukowy konferencji zatayBesja Posterowa
Sekcji Rolnictwo - Zdrowie - Ekologia.

Duzym zainteresowaniem uczestnikbw konferencji cieszgk wystawa ksizek
Wydawnictw Naukowo-Technicznych (WNT), Warszawa zorazasopism i ksitek
wydanych przez Towarzystwo Chemii zimierii Ekologicznej w Opolu.

Na zakdiczenie konferencji Maria i Witold Wactawek poekmwali wszystkim
uczestnikom za udzial, a szczegodlnie agor osobom magym wystpienia oraz
przewodnicacym obradom. Stowa gacych podzikowan zostaly take skierowane do
cztonkéw Komitetu Organizacyjnego konferencji zazyjuwielomiesgczny wklad ich
pracy. Do publikacji swoich prac zostali zaproszevszyscy uczestnicy konferencji.
Organizatorzy zapewnilie petne artykuty z wyspien konferencyjnych &da sukcesywnie
publikowane wEcological Chemistry and Engineering &az S Poinformowali oni,ze
rozszerzone streszczenia #kaie w poétrocznikuProceedings of ECOpale

Organizatorzy konferencji zaprosili wszystkich diziatu w dziewgtnastej konferenciji
ECOpole. Zapowiedzieli onize na konferencji ECOpole’10 aktywni uczestnicy Foru
Mtodych mog liczy¢ znowu na znaczne olmenie optaty konferencyjnej. Do
uprzywilejowanych w tym wzghbzie nalea takze cztonkowie Towarzystwa Chemii
i Inzynierii Ekologicznej.

Konferencjia ECOpole’09 uzyskata wsparcie finansowdinisterstwa Nauki
i Szkolnictwa Wyszego w Warszawie, co umiwito czesciowe sfinansowanie druku
Proceedings of ECOpolaraz optat konferencyjnych mtodych uczestnikéwfkosncii.

Maria Wactawek



15t ICHMET [l

15" INTERNATIONAL CONFERENCE
ON HEAVY METALS IN THE ENVIRONMENT

SEPTEMBER 19-23, 2010
GDANSK, POLAND

ORGANIZED BY
CHEMICAL FACULTY, GDANSK UNIVERSITY OF TECHNOLOGY ( GUT)
TOGETHER WITH
COMMITTEE ON ANALYTICAL CHEMISTRY
OF THE POLISH ACADEMY OF SCIENCES (PAS)

15" ICHMET- is a continuation of a series of highlycsassful conferences that have
been held in major cities of the world since 19These conferences typically draw
500-1000 participants from countries in many paftthe world. Well over 5000 scientists
have taken part in this series of conferences diefumost leaders in the field. Apart from
the city’s natural beauty, Gfisk is logical choice for the ¥5Conference to highlight the
outstanding work that is being done on heavy metals Central Europe.
The venue for the meeting will be the Gdansk Uritgrof Technology (GUT) which
features many tourist attractions.

The Conference will include a number of invited tlges treating frontier topics
prepared by specialist with international reputatioral presentation and poster sessions.
ICHMET welcomes contributions on all aspects of hagvy metal in the environment. All
presentation will be connected with such topics as:
= Risk assessment and risk management pertainimgiormetals in the environment
Susceptibility and protection of children from toxnetals in their environment
Measurement and exposure assessment
Biomarkers of exposure and effects of heavy metals
Gene-environment-metal interactions
Trend tracking/analysis of heavy metal data - spatd temporal
Risk communication pertaining to heavy metals
Life cycle analysis for metalliferous consumer prois
Soil quality criteria
Remediation technologies
Control strategies for heavy metal emissions anbsidon
Metal mixtures - mechanistic and epidemiologicatists
Nutrient-metal interactions
Advancements in analytical tools (procedures andsmement devices)

Toxicology of heavy metals, from cellular and gemoto ecosystem levels
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= Heavy metals in foods
= Impact of global change on heavy metal cycle

For further information on the conference, pleassact:
Professor Jacek Nandigk (Conference Chairman)
Gdansk University of Technology, Chemical Faculty
Department of Analytical Chemistry

G. Narutowicza 11/12, 80-233 Gk (Poland)

email: chemanal@pg.gda.pl

homepage: http://www.pg.gda.pl/chem/ichmet/



INVITATION FOR ECOpole’20 CONFERENCE

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part i@ #9th annual Central European
Conference ECOpole’10, which will be held ¥8-16 X 2010(Thursday-Saturday) on
Wilhelms Hill at Uroczysko in Piechowice, the Sudbtts., Lower Silesia, PL.

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

e Sl Chemical Pollution of Natural Environment and its Monitoring
e Sl Environment Friendly Production and Use of Enegy

e Sl Risk, Crisis and Security Management

e SIV Forum of Young Scientists and Environmental Edgation

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 soeeiat)

« extended Abstracts (4-6 pages) in the semi-anouahal Proceedings of ECOpole

o full papers will be published in successive issaéshe Ecological Chemistry and
Engineering/Chemia i Bynieria EkologiczndEcol. Chem. Eng.) ser. A and S.
Additional information one could find on the Cordace website:

ecopole.uni.opole.pl

The deadline for sending the Abstractd%07.2010and for the Extended Abstracts:
1.10.2010 The actualised list (and the Abstracts) of th@f€ence contributions accepted
for presentation by the Scientific Board, one cimd f(starting from 15.07.2010) on the
Conference website.

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

Maria Wactawek

Further information is available from:

Dr hab. Maria Wactawek, prof. UO
Chairperson of the Organising Committee

of ECOpole’10 Conference

Opole University

email: Maria.Waclawek@uni.opole.pl

and mrajfur@o2.pl

tel. +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 Zdroj
1998 CEC ECOpole '98¢fizierzyn 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

©COoONOOR~WNE



ZAPRASZAMY
DO UDZIALU W SRODKOW OEUROPEJSKIEJ KONFERENCJI
ECOpole’10
W DNIACH 13-16 X 2010

SUBSTANCJE CHEMICZNE W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewgtnasta z rgdu konferencja paviecona badaniom podstawowym oraz
dziataniom praktycznym dotyaea r&nych aspektéw ochron§rodowiska przyrodniczego.
Odhkedzie sé ona w d@rodku ,Uroczysko” na Wzgérzu Wilhelma w Piechowibakoto
Szklarskiej Pagby. Doroczne konferencje ECOpole maharakter midzynarodowy i za
takie & uznane przez Ministerstwo Nauki i Szkolnictwa 28Fego. Obrady konferencji
ECOpole’10 lgda zgrupowane w gciu Sekcjach:

* Sl Chemiczne substancje wrodowisku przyrodniczym oraz ich monitoring

* Sl Odnawialne zrédta energii i jej oszcazdne pozyskiwanie oraz aytkowanie

*  Slll Zarz adzanie srodowiskiem w warunkach kryzysowych

e SIV Forum Miodych (FM) i Edukacja pro srodowiskowa

e SV Wplyw zanieczyszczé srodowiska oraz zywnosci na zdrowie ludzi
Materialy konferencyjnedula opublikowane w postaci:

e abstraktéw (0,5 strony formatu A4) na CD-ROM-ie;

» rozszerzonych streszazeo obgtosci 4-6 stron w potrocznikuProceedings of
ECOpole;

e artykutdbw: w abstraktowanych czasopismactEcological Chemistry and
Engineering/Chemia i Inzynieria Ekologiczna (Ecol. Chem. Eng.) ser. Ai S oraz nie-
ktérych w pétrocznikuChemia-Dydaktyka-Ekologia-Metrologia.

Termin nadsytania angielskiego i polskiego streszenia o obgtosci 0,5-1,0 strony
(wersja cyfrowa + wydruk) planowanych wystpien uptywa w dniu 15 lipca 2010 r.
Lista prac zakwalifikowanych przez RadNaukowa Konferencji do prezentacjiedzie
sukcesywnie publikowana od 15 lipca 2010 r. nanséravebowej

ecopole.uni.opole.pl
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Aby praca (dotyczy to tale streszczenia, ktére powinno ihigtut w jezyku polskim
i angielskim, stowa kluczowe w obydwgzykach) przedstawiona w czasie konferencji
mogta by opublikowana, jej tekst winien Byprzygotowany zgodnie z wymaganiami sta-
wianymi artykutom drukowanym w czasopismagtological Chemistry and Engineering
ser A orazS, ktore jest dogpne w wielu bibliotekach naukowych w Polsce i zagra
Sa one takie same dla prac drukowanych w potroczrikemia-Dydaktyka-Ekologia-
Metrologia.

Po konferencji zostanwydane 4-6-stronicowe rozszerzone streszczenidapigs
w potrocznikuProceedings of ECOpole. Artykuty te winny by przestane dd pazdzierni-
ka 2010 r. Wszystkie nadsytane prace podlagajvyklej procedurze recenzyjnej. Wszyst-
kie streszczenia oraz program Konferencji zastapdane na CD-ROM-ie, ktéry otrzyma
kazdy z uczestnikbw podczas rejestracji. Progragdzie take umieszczony na stronie
webowej Konferencji.

dr hab. ir. Maria Wactawek, prof. UO
Przewodniczca Komitetu Organizacyjnego
Konferencji ECOpole’10

Wszelkie uwagi i zapytania moa kierowa na adres:
Maria.Waclawek@uni.opole.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-Kcale
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

CoNoO~WNE



GUIDE FOR AUTHORS ON SUBMISSION
OF MANUSCRIPTS

A digital version of the Manuscript addressed:

Professor Witold Wactawek
Editor-in-chief
Ecological Chemistry and Engineeriigcol. Chem. Eng.)
Uniwersytet Opolski
ul. Oleska 48, 45-951 Opole, Poland
tel. +48 77 452 71 34, fax +48 77 455 91 49
email: waclawek@uni.opole.pl

should be sent by email to the Editorial Office r@&ariat - mrajfur@o2.pl

The Editor assumes, that an author submitting @mfap publication has been authorised to do
that. It is understood the paper submitted to hgir@al and unpublished work, and is not being
considered for publication by another journal. Afeinting, the copyright of the paper is transéer
to Towarzystwo Chemii i hynierii Ekologicznej (Society for Ecological Chemistry and
Engineering. In preparation of the manuscript please follbnw general outline of papers published
in the most recent issues Btol. Chem. Eng a sample copy can be sent, if requested. Papers
submitted are supposed to be written in Englistgdage and should include a summary and
keywords, if possible also in Polish language.df then the Poliskummary and keywords will be
provided bythe Editorial Office. All authors are requestedriform of their current addresses, phone
and fax numbers and their email addresses.

It is urged to follow the units recommended by 8ystéme Internationale d'UnitéSI). Graph
axis labels and table captions must include thetifyaunits.

Symbols recommended by the International Union wfePand Applied Chemistry (Pure and
Appl. Chem. 197951, 1-41) are to be followed. Graphics (drawingstglshould also be supplied
in the form of digital vector - type files, eg Cdbeaw, Grapher for Windows or at least in a bitmap
format (TIF, JPG, PCX, BMP). In the case of any quaease feel free to contact with the Editorial
Office. Footnotes, tables and graphs should be apeelp as separate files. References cited
chronologically should follow the examples giveridve
[l Kowalski J. and Malinowski A.: Polish J. Chert990,40(3), 2080-2085.

[2] Nowak S.: Chemia nieorganiczna. WNT, Warszaw@019

Journal titles should preferably follow the Chem.sfAbService recommended abbreviations.
Receipt of a paper submitted for publication will backnowledged by email.

If no acknowledgement has been received, pleaseckche with the Editorial Office
by email, fax, letter or phone.



ZALECENIA DOTYCZ ACE PRZYGOTOWANIA
MANUSKRYPTOW

Praca przeznaczona do druku w czasopisniaiiogical Chemistry and Engineering S/Chemia
i Inzynieria Ekologiczn& (Ecol. Chem. Eng.)$0owinna by przestana na adres Redakcji:

Profesor Witold Wactawek
Redakcja
Ecological Chemistry and Engineering/Chemiadyimeria Ekologiczna
Uniwersytet Opolski
ul. Oleska 48, 45-951 Opole
tel. 77 452 71 34, fax 77 455 91 49
email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (ve{P dla Windows) emailem (mrajfur@o2)plib
na dyskietce.

Redakcja przyjmujeze autor, przesytag artykutu do druku, w ten spos6kwiadcza,ze jest
upowaniony do tego, oraz zapewnize artykut ten jest oryginalny i nie byt wéreej drukowany
gdzie indziej i nie jest wystany do druku gdzie Zigj orazze po jego wydrukowaniu copyright do
tego artykutu uzyskuje Towarzystwo Chemii kynierii Ekologicznej. W przygotowaniu manuskryp-
tu naley przede wszystkim wzorowsasie na postaci artykutébw w nitwie najnowszych zeszytach
Ecol. Chem. EngPrace przesylane do publikacji winnyc¢byapisane wezyku angielskim lub pol-
skim oraz zaopatrzone w streszczenia oraz stowazélve w obydwu tychegykach. Zalecamy, aby
artykut zawierat adresy i emaile oraz numery teiéfo i faksow wszystkich autoréw danej pracy,
szczegolnie gtbwnego autora, ktérego nazwisko wyiedny gwiazdk.

Usilnie prosimy o stosowanie uktadu jednostek Stratamy uwag, ze osie wykreséw oraz
gtéwki tabel powinny bezwzgtinie zawieré jednostki stosownej wielléai. W przypadku artykutéw
pisanych po polsku podpisy tabel i rysunkéw powibg§ podane wegzykach polskim i angielskim.

Polecamy symbolikzalecan przez PTChem (Symbole i terminologia wiedkoi jednostek sto-
sowanych w chemii fizycznej, Ossolineum, Wroctav8a9Pure Appl. Chem., 19791, 1-41).

Materiat graficzny (rysunki, wykresy), obok wersja papierze, powinien réwridy¢ dostar-
czony w postaci cyfrowych plikéw wektorowych, n@ gomog programoéw: CorelDraw wersja 9.0,
Grafer dla Windows lub przynajmniej bitowe (TIF,GPPCX, BMP).

Przypisy i tabele, podobnie jak rysunki, zapisujgakp osobne pliki.

Literatur prosimy zamieszczavg ponizszych przyktadéw:

[1] Kowalski J. i Malinowski A.: Polish J. Chem., 9®,40(3), 2080-2085.
[2] Nowak S.: Chemia nieorganiczna. WNT, Warszaw@019
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Tytuty czasopism naky skracé zgodnie z zasadami przfymi przez amerykisska Chemical
Abstracts Servigea w przypadku polskich publikacji niepodawanyazeg CAS nalgy stosowa
skrét zgodnie z zaleceniami Biblioteki Narodowej.téumaze, jezeli uwaza to za wskazane, poda-
wac tez tytut cytowanych artykutéw z czasopism (ktorydaie sktadany kursyay oraz numer zeszytu
danego woluminu (w nawiasie, po numerze woluminu).

Redakcja potwierdza emailem otrzymanie artykutu dda. W przypadku braku potwierdzenia
prosimy o interwengj emailem, faksem, listem lub telefonicznie.
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