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DREAMS OR REALITY - FOSSIL FUELS, RENEW ABLES
OR NUCLEAR POWER?

MARZENIA A RZECZYWISTO S$C - PALIWA KOPALNE, ODNAWIALNE
ZRODLA ENERGII CZY TE Z ENERGETYKA J ADROWA?

Abstract: The recent developments regarding energy produgilans and the measures needed to follow to
ensure environment conservation including the preor of climate changes are discussed. The rdsearc
performed concern development of nuclear fuel basedcountry indigenous resources and application of
hydrometallurgical sol-gel technology, the nuclearergy is the most environmentally friendly tecluggl
allowing fossil hydrocarbon resources preservatidavertheless, biotechnologically based renewabégy is
other important resource for energy production antew biogas plant is under development. Never fesshe
next generation the coal will be a main energy s®ewnd flue gas treatment technology based onl¢céran
accelerators has been developed.

Keywords: energy, nuclear energy, uranium, biogas, eledieam flue gas treatment

Introduction

The human being is a creature which dreams ordelimore than agrees with the laws
of the science. Therefore we do believe or we ddoebieve in global warming, in Hubbert
peak, in results of Chernobyl's disaster or in wenfid panacea on our diseases and
miracles in the energy savings or productions whigtoke down the rules of
thermodynamics.

Next what we do believe are taxes, we do not likgpay more for health care, for
electricity, for waste collection, for nothing. Tieéore the next players beside the dreams
are money. Some countries which claim that they amplementing sustainable
development are using more and more natural gasldotricity production in the big power
units, what is in principle a crime, as said an pldfessor of organic technology who
knows as important is the gas as raw material lier dll industries. One day the next
generation will generate hydrogen from the wateictvive produced in the gas combustion
process. Do we know the Hess'’s law?

YInstitute of Nuclear Chemistry and Technology & p@gment of Chemical and Process Engineering,
Warsaw University of Technology, ul. Dorodna 16,-85 Warszawa, Poland, tel. +48 22 504 12 05,
email: a.chmielewski@ichtj.waw.pl
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Despite of environmental limitations the world neeshergy; still two billion of the
people do not have access to the electricity. Tleeease in the electricity production is
a must. Here from the dreams we come to the redty will burn fossil fuels, we will
develop renewable energy sources and we will develalear energy. The future and the
limitations of these technologies are discussdtierpaper.

The present state of art does not guarantee sabktaiand economical development of
the sector. The activities of the author’s reseagobup in the field of development of
environment protection processes in fossil fuel @owector (electron beam plasma),
renewable high efficiency technologies testing gh® production and upgrading) and
nuclear fuel cycle (uranium resources, fuel repssitg) and radioactive waste storage) are
presented to demonstrate that some solutions ahbe.

The research follows the international and natiggragrams and is carried out in the
frame of several R&D projects; Balticnet - PlasTgkectron plasma gaseous pollutants
treatment c/o TZV, Greifswald), INITECH (high effénicy biogas plant and mobile
membrane installation for biogas enrichment, c/oisehv, Gliwice), POIG (uranium
resources c/o PIG - PIB, Warszawa), EURATOM (urarithorium oxides fuel precursors -
ACSEPT). Collaboration of the scientists all ovee tvorld and support of governments of
the research in the field of energy production setadthe positive conclusion, if we will be
smart enough we will solve the problem. Howevert th@ money but real sustainable
development must be a priority.

Energy production

Energy demand and primary energy sources are listéithble 1 [1]. The share of
transport rose from 24.2% in 1973 to just under 3092001. World energy demand has
continued to increase even while the efficiency noény vehicles and energy-using
appliances has improved. Both developed and dewejamuntries are responsible for the
growth. Improvements in energy efficiency in developed ¢oes over the recent past did
not lead to decreases in energy demand, becaulerHiging standards have resulted in
higher consumer expectations. In developing coestrrural and urban electrification
programmes, together with the development of trarispnd industrialization, led to
a strong increase in energy demand.

Table 1
World primary energy demand (million tones oil eqient)
1971 2002 2010 2020 2030
Coal 1407 2389 2763 3193 3601
Oil 2413 3676 4308 5074 5766
Gas 892 2190 2703 3451 4130
Nuclear 29 692 778 776 764
Hydro 104 224 276 321 365
Biomass and waste 687 1119 1264 1428 1 605
Other renewables 4 55 101 162 256
Total 5536 10 345 12194 14 404 16 487

The increase in demand was often faster than thethrin population. However, still

some 2.4 billion people rely on traditional bioméas cooking and heating. That number
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will increase to 2.6 billion by 2030. In developioguntries, biomass use will still represent
over half of residential energy consumption in 3ang. Without policy changes, world
energy demand is projected to increase steadily7db per year through 2030, less than the
2.1% annual growth over the past 30 years. In évant, fossil fuels will remain the
primary sources of energy and will meet 90% ofittoeease in demand to 2030.

Special attention should be put on electricity maitbn, since all over the world a big
percentage of population lives in the mega - cigegl in this case huge electricity
generation power plants are required. The secoadoreis that in some cases power
stations are located close to open - cast mines Biklchatow and Turow in Poland.
Therefore their impact on the environment is megfiuin

The installed electricity generation capacity bg firimary energy source category is
presented in Table 2. Some 1.6 billion people —aguerter of world population - have no
access to electricity. About 80% of these peopke lacated in India and sub-Saharan
Africa.

Table 2
Electricity generation capacity installed by sosrce
Fuel Power [GW]
Installed in 1995 Estimated for 2020 Net increase
Coal 870 1836 966
Gas 435 1296 861
Oil 435 648 213
Hydro 667 1026 359
Nuclear 348 378 30
Other 145 216 71
Total 2900 5400 2500

In Poland more than 30% of electricity productianbased on coal combustion.
However, very soon the taxes on L£@mission will be introduced. Therefore the
government has decided to develop nuclear powes.rébent crises on gas and oil market
have shown that the countries have to relay orr thwh energy sources if possible, the
study regarding shale gas resources and searcinaioium deposits have started in Poland.
Beside the knowledge about the ore localizationdhemical methods for its extraction
have to be studied to evaluate the economy of theegs [2].

Coal combustion

Although nuclear energy will become available iddnd, for decade the coal will be
the main energy source. However it is most dirtgl filom all fossils. A big amounts of
CO,, SO, and NQ are emitted, additionally beside the fact that Etestatic Precipitator
(ESP) are applied PM2.5 emission becomes be a emolimited by standards. New
concerns in the case of coal combustion are Hgpotgaromatic hydrocarbons (PAH)
emission. The new technologies are searched forpallution control. The plasma
technologies are among promising ones. The mostessful is Polish solution based on
electron beam application. The big industrial itaten for deSQ and deNQ has been
built in EPS Pomorzany, Szczecin [3]. The technglpgovides simultaneous removal of
the both pollutants [4] and additionally laboratogxperiments have proven that the
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technology can be applied for PAH [5, 6] and Hgtféatment. Therefore the process has
be qualified as one of the most advanced procdésse# pollution control [8].

Renewable energy sources

Being realistic in the future of energy productidhe coal will be a main primary
energy source, however to make it environment dfiemir pollution control have to be
introduced, what was discussed in the previoustehaphe other developments concerning
base load electricity supply should be based orenuenergy, while dispersed sources
should consider usage of renewable energy souftesbig expectations were devoted to
the development of the last mentioned type of gndfgwever, the market penetration of
renewables is slower than was hoped and improvenieenergy efficiency in general have
not offset the increasing demand for energy duectmomic development (Table 3). Some
aspects of limitations their applications are tiste Table 1. The real role in further
development will play hydroenergy and biomass. @tmbustion of biomass is followed by
a big concern regarding environment pollution dffedhe most promising in the field of
biotechnological means of biomass energetic conieiot energy seems to be biogas
production. The Institute of Nuclear Chemistry ahechnology in cooperation of SEP
Zamosc and Uniserv Co., Gliwice is developing a mgve biogas production plant based
on the two stage process in which hydrolysis wasuisged form methanogenesis providing
higher biogas yield and higher concentration ofhaeé in biogas in comparison with
conventional single stage processes. Further endoh of the biogas is based on the
membrane system applications [8], after this emnneht biogas can be used as a standard
gas for municipal and industrial applications ocampressed form as vehicle fuel.

Table 3
Present status of renewable energy
Photovoltaic Wind power Nuclear energy
20 nf/kW 500 nf for two 250 kW class unit (height]
Area 130 kn?/1000 MW 30 m, diameter of vane 28 m) 0.4 knt/1000 MW
Annual Capacity
Operation Factor ca.12% Annual Capacity Factor 20+25% Annual Capacity
rate No generation during Wind velocity > 6 m/s Factor ca 80%
night-time
Conclusions

The energy production for the few next decadesdeépend on fossil fuel combustion,
however these processes require air pollution obtéchnologies application. One of the
most advanced processes based on plasma prindples electron beam flue gas
technology, which can be used for simultaneous wanof different pollutants from flue
gas.

However other options which have to be developednarclear energy and renewable
energy sources. First of them has to have ensueddtipply at reasonable prices, what can
be achieved by new resources exploration and dewedot of chemical and process
engineering methods of the extraction of fissilen@nts from depleted uranium or thorium
resources.



Dreams or reality - fossil fuels, renewables orleacpower? 261

From the renewable energy acquisition the biogadymtion and enrichment seems to
be most promising and new highly effective procesee biomass conversion and biogas
enrichment are searched for.
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MARZENIA A RZECZYWISTO S$C - PALIWA KOPALNE, ODNAWIALNE
7ZRODLA ENERGII CZY TE Z ENERGETYKA J ADROWA?

Instytut Chemii i Technikialrowej, Warszawa oraz Wydziatzynierii Chemicznej i Procesowej, Politechnika
Warszawska

Abstrakt: W opracowaniu analizowane programy dotyczce rozwoju energetyki i zwzane z jej rozwojem
wymagania dotyce ochronysrodowiska, dcznie z zapobieganiem zmianom klimatycznym. Bepignia
najbardziej przyjaznérodowisku jest energetykadrowa, ktérej rozwéj pozwala na ochrprasobéw kopalnych
weglowodoréw. Innymi wanymi w rozwoju energetykiaszrédta odnawialne oparte o biotechnolggiv tym
wykorzystupce nowy typ biogazowni. Jednakjeszcze dla naginego pokolenia ygiel pozostanie gtdwnym
paliwem energetycznym i dlatego rozwijane $echnologie oczyszczania gazéw spalinowych, w tym
wykorzystupce akceleratory elektrondw.

Stowa kluczowe:energetyka, energetykadfowa, biogaz, oczyszczanie gazéw spalinowychzie elektronéw
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THE ROLE OF ENVIRONMENTAL ENGINEERING
IN INTRODUCING SUSTAINABLE DEVELOPMENT

ZADANIA IN ZYNIERII SRODOWISKA
WE WDRAZANIU ROZWOJU ZROWNOWA ZONEGO

Abstract: Sustainable development is perhaps the most impoitiea of our present time. This concept
anticipates major civilisational change on the egimal, social and economic level. In this paperdiscussion is
extended to ethical, technical, legal and politiaapects. The tremendous scope of these changess ntak
reasonable to expect this new vision of developnerdachieve the status of a “Revolution” comparabith
those known from the past: the agricultural, sdfienand industrial revolutions. To make this happee need
not only the knowledge given by the social scienbes also technical means. This is the aim of remvhental
engineering, which is shaping the human environmgné second part of the article is showing thenestion
between sustainable development and environmengaheering, especially in the field of energy issughich
must include the shift from fossil fuels to otheueces of energy.

Keywords: sustainable development, environmental engineeeingrgy, globalization

Introduction

The Persian king Xerxes lived at the turn of tffea®d %' centuries B.C. During an
expedition through today's Turkey, near the townKatflatebus, he paid attention to
a beautiful plane-tree. In order to preserve tlee,tra special sign was hung on it and
a guard was left to see that the tree was not@whdl]. Perhaps it is the first documented
human action for the protection of nature in higtor

Probably the earliest formal decree on protectioth® environment in wider scale was
introduced in China, during the reign of Zhou Dyyaaround 1122 B.C. It regarded the
necessity to preserve the more valuable tree tfpessts and green areas and establishing
the office of forester. The decree was repeategilytnroduced and found its place among
general rules of forest economy, which even indiutie financial support for afforestation
of private property [2].

1Fau:ulty of Environmental Engineering, Lublin Unisigy of Technology, ul. Nadbystrzycka 40B,
20-618 Lublin, Poland, email: pawel@fenix.pol.lubfil
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Unfortunately, it can be noticed that not only pation of nature date back far into the
past. We must mention that also the problem ofrdetsvn of the environment caused by
mankind has long history, and actually refers tdaasas human appearance on Earth. Still,
the earliest changes were purely local and causedisturbance in the environment. The
primitive nomad usually moved elsewhere in the fa¢ean ecological problem. With
territorial expansion, increase in the human pdmraand obtaining new skills - the scale
of our impact on the environment grew and the sitngbecame much more complicated.

Underestimating the environmental conditions leadhe downfall of the first literate
and highly advanced civilization in history, the nrians [3], stabilized as early as
3000 B.C. The area it occupied, between the rividrEEuphrates and Tigris (Lower
Mesopotamia), favored agricultural development. Viedds were high due to the highly
developed irrigating system. A rapid increase ipylation was observed, along with the
increasing demand for food. The increase in yialdsved down however, and depleted
systematically, reaching one-third of the maximalds about 1800 B.C. The signs of crisis
were ignored, however, which led to a complete kaewn of the agriculture as well as the
entire civilization. Among many causes of the y#ldecrease, two deserve a special
mention.

*  Widespread irrigation favored the increase of saiilinity (one of the major causes of
soil degradation).

e The growing demand for food, along with the incheggopulation entailed expanding
cultivated area. After utilizing all available faimg areas, forests were cut out and the
land obtained in this way was cultivated. This hesliin increasing erosion - another
important form of soil degradation. Moreover, déjple of plant cover and erosion
made way to creating large runoffs and the siliifigivers, which caused floods as
a consequence.

Modern technical powers of mankind are much biggewever, than those of the
Sumerians. Our pressure on the environment hasiatseased. Not only can mankind
cause its own extinction, but the destruction eféhtire biosphere.

Not so long ago it seemed that environmental ptimecwill bring rescue.

A breakthrough moment of its development was th@hdht report in 1969. Media

publicity, that accompanied the report helped shhpeworldwide society's awareness of

the environmental threats.

Alas, classic environmental protection was not ablestop biosphere degradation.
Therefore, the discussion was broadened in 198t thie formulation of sustainable
development concept, merging various problemateigs, including technology, ecology,
economics, but also politics, philosophy or sobatkgrounds.

Discussion over the Notion of Sustainable Developmie

Some studies suggest describing this notion obswtle development as primary and
indefinable. In my opinion, such an approach i®inect, since the concept of sustainable
development is already too ambiguous - hence ttiadion of an ordering definitive aspect
has become necessary.

Sustainable development idea refers to a highlyjsopategory of “development” as
such. It plays a major role in economics, especiglthe context of economic growth.
Apart from that, many other features are assigredyrowth, such as: intensiveness,
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dynamism, rapidity, speed, and on the other harndnsieness, slowness or durability,
sustainability, suspense [4]. It can also be retkto pan-civilizational changes as well as
more specific issues, such as science, culturgubege, economy or society.

Generally speaking, “development” may be conneetitd “progress”, so is a change
of state of a given structure (in a civilizatiors&nse, it would be the whole of a society's
activities: aware or unaware) that is thought ofdasirable (better, more perfect) in the
given conditions, based on a set of criteria [5Jn§equently, “regress” is an undesirable
(worse, less perfect) change of state of a givartistre, based on the same criteria. At the
same time, it needs to have a normative charadterawery specific axiological aspect. It
should include both materialistic as well as spaitaspects. In both cases it can be assumed
that a change for the better is expected. In tesmsaterialistic values, usually a more
complicated state (eg improved machines) will beogmized as progressive. In terms of
spiritual aspect, it need not be such - a turnrtpkicity may be presented as more desirable
(a commonly known slogan: through simplicity towgretfection, the value of asceticism).
Moreover, the interactions between the two fields @ significance, i.e. “to have” or “to
be”, or maybe “to have and to be"?

Having this in mind, sustainability may be expreksse structural aspect of a given
system and means reaching a state of balance bettsemmponents, eg the actions taken
within separate fields of sustainable developmenstimot lead to degradation of the
bio-social system.

Sustainability also means durability, whose maiarabteristic is measured in time.
If a given system has been functioning in the gastinctioning now and nothing indicates
it could be damaged - that means it is durableme.tTime is also an important factor when
it comes to the devastation caused by humans terthiegonment. In some cases, they are
visible almost immediately, but often - especialifaen it comes to health issues - they
become observable after a long period of the dedtahibernation”.

Durability also means self-support of the develophmgocess, related to the dynamism
of life. This includes securing the reserves (eetcgamong others), that not only would
support the present-day status, but also allowngpkip new challenges as well as foster
creativity, which creates stimulation of furthevd®pment.

The commonly accepted definition of sustainableetlpment comes from the UN
reportOur Common Futurérom 1987. This publication was the result of theearch of an
independent World Commission on Environment anddlmpment, established in 1983. It
was an attempt on a holistic approach to the proeblef the modern world. It discouraged
from the commonly accepted narrow understandinghef term ‘progress' (which only
included purely economical development) as well fasn an equally narrow term
“environment”. In the modern world - as pointed dytDonald J. Johnston in the OECD
commentary - the environment is not independemh froman actions, ambitions nor needs
[6]. Modern crisis situations (in their environmantspect, as well as developmental,
agricultural, social or energetic) are also notpehdent from each other. It is one global
crisis related to man's approach towards the emwiemt, which cannot be resolved within
jurisdiction of separate countries.

Sustainable development has been defingdunCommon Futureeport as such, “that
meets the needs of the present without compromisiagability of future generations to
meet their own needs” [7]. Despite a couple of lsinproposals and definitions, it waair
Common Futurereport that proved to be a breakthrough. Its maghievement was to
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accept the concept of sustainable developmentiémse as well as in politics and among
the broad circles of global public opinion. Theidigion (referred to as the principle of

sustainable development) gained a normative chlaraahd is connected with all

development strategies presently formulated [8-10].

Sustainable Development Problematics

Speaking in detail, three problematic fields of taumble development are
distinguished in UN documents and strategies:

v Ecological (natural and artificial environment gction, also spatial planning).
v Social (not only natural environment, but also egcmay degrade).
v' Economic (taxes, subsidies and other economicuimstnts).

In 2006 in the journaProblems of Sustainable Development/Problemy Ekavpr
[11], I have introduced an enhancement to the Visth a couple of other problematic
groups. Discussing the multidimensionality of simghle development, | have pointed to
the following additional aspects:

Ethical layer (human responsibility for nature).

Technical layer (new technologies, saving raw niatet

Legal layer (environmental law).

Political layer (formulating strategies of sustdilea development, introduction and
control thereof).

Then, in 2008 in the journagbustainable Developmeni2], and later on in the

Problems of Sustainable Development/Problemy Ekeapr [13], | have proposed

a hierarchical order of the layers in question (Bakle 1).

AN

Table 1
Hierarchy of the layers of sustainable developmaathor's own work
Level | Ethical layer
Level Il | Ecological layer| Social laye Economic éay|
Level Il | Technical layer Legal layer Political leyy

The first level, which is the foundation to othassan ethical reflection. It is one matter
when a person makes decisions based on their $eligheir system of values, and entirely
different, when those decisions are determined bwlthe regulations of a legal system in
force. It is the ethical justification of importamfuestions like: what values must be
accepted, or: why should we act in this way andatberwise - is the foundation of the
whole discussion [14-16].

Level two covers ecological, social and economisués, all treated as equally
important.

The third level is an analysis of technical, legald political issues. It is equally
important as level Il, however covering more de@iareas of problems.

The traditional discussion over sustainable devakm concentrates on the second
level. It will be incomplete, however, if not rodtén ethics (level one). On the other hand,
without level three, actual practical solutions neagape our mind.

It needs to be pointed out that, despite their dn@ical structure, the layers
interpenetrate one with another, which makes id Har discuss problems characteristic
exclusively for any one of them. Even in the castilfilling mankind's nonmaterial needs,
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we cannot avoid associations with the environmdrttis results from the biological
principles of the functioning of the human body,iethis in constant need for nourishment
and therefore interacts with the environment is #gnse at least.

The presented hierarchy proposal offers a new \aéwhe problem of sustainable
development. Such a wide range of problems propotegbther with an equally vast
variety of changes postulated within individualdesy as well as within the actual adopted
strategies, allows for making the following assertishould sustainable development be
implemented, it would become a revolution comparablthe breakthroughs in mankind's
history, also referred to as revolutions.

In this context, is it not - after the agricultyratientific and industrial revolutions [17]
- the time for a sustainable development revolutisee Table 2)? Or are present
environmental problems still part of the industri@volution? Also, it cannot be ruled out
that another stage of human development will g@nnentirely different, unsustainable
direction [18].

Table 2
Key stages in mankind’s development. Author’s overkv
Name of the stage Time period referred to
Hunter-gatherer period Upper Paleolithic
Began around 9000 years ago in Asia, and appr®0 ¢8ars later in

Agricultural Revolution
Europe.

1543 - symbolic beginnings with Copernicus' pulilma of On the
Revolutions of the Celestial Spheres.
1687 - development period, with I. Newton's pulilima of Principia
Mathematica
1769 - significant improvement to steam engine attw
Industrial Revolution | Further stage (1860-1914): the beginning of oil is&ombustion engines)
and electricity.

Three crucial dates:
Sustainable Developmen 1969 - U'Thant's report.

Revolution 1987 - sustainable development definition introdiiog the UN.
1992 - UN conference in Rio de Janeiro.

Scientific Revolution

=3

The problem is, that the current phase of developrhas not been clearly defined so
far. Industry certainly still plays an importantrpan the shaping of our civilization, but
a number of new phenomena have also appeared. &se tbhanges mean another
revolution? Some authors support this and suggest tve are now dealing with
a modernization revolution, understood as a comverfsom the agricultural society living
in the countryside, to a typically urban and indastsociety. This process would not be
possible without prior scientific and industrial vodutions. These entailed ie the
development of a new kind of modern urban infrattme (water supply, waste collection,
transportation of people and goods, including fdator market and health service) that
ensures the safe functioning of hundreds of thalsar people living in the same place.
Does mankind's transfer from the countryside tdesitdeserve the title of a revolution?
Certainly, the negative human impact on the pldtsath is associated with urban rather
than rural environments; therefore their massiygaagion increases human pressure on the
environment. However, this does not change theepteshape of the relations between man
and nature.
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Also, there are opinions that we are currently idgaith Informatics Technologies
Revolution bound up with the widespread use ofititernet, which is thought of as the next
step after the industrial revolution. The Interietindeed an extraordinary platform that
allows accessing and spreading important informatievhich contributes to the
development of an information society. On the othend, this technology seems to run
toward a dead end. In 2008, up to 95% of emaileived by the users were the so-called
spam messages, namely unwanted material containampn advertisement (as recently as
2001 this was only 5% of the mail). Moreover, thathars of these messages are
impersonating well-known institutions and websii@sthe purpose of fraud and swindling
personal data. Furthermore, the Internet has remigdd people's approach towards nature,
whereas even with their ever-improving ability wmamunicate, the people did not reduce
their pressure on the environment. Informatics ieédgies are but a tool, which may be
utilized in a more general revolution (analogicaly significant improvement to steam
engine by Watt was but a symbol of the Industrie®ution).

If so, what can bring about a desirable change?

In my opinion, sustainable development can be oeb thing. Although development
of this type has not been introduced yet, many eropbrary political, as well as legal,
economic and technological initiatives move in tia¢ction.

Assessment of sustainable development revolutidiffisult because of the relatively
limited time horizon available. Moreover, therenist much we can say about the future,
since different factors may appear at any momaeait ¢buld change our previous point of
view completely. Just as terrorist attacks of Smpter 11" in New York destroyed the
illusion of safety in the modern world, we can exgece unexpected ecological
catastrophes, resulting from environment pollutansed by humans (such as rapid climate
changes). We may as well witness new groundbreaddrntific or technical discoveries
that could regard new, efficient energy sourcesraslternative to decreasing fossil fuel
reserves.

Undoubtedly, current human impact on the biosplhasa global character and calls
for a global and sustainable immediate responsdl iareas of human activity. Therefore,
intense work is being made on international forumsclarify the basic paradigms of
sustainable development, short-, middle- and lemngitobjectives as well as to search for
the tools necessary to achieve the established.goal

Securing sustainable development is among the mmmtrtant priorities in the EU
politics. It can, therefore, be assumed that segwsustainable development is becoming the
most important goal contemporary societies setreefeem.

Environmental Engineering

Introduction of sustainable development is assediatith using the knowledge from
the fields of both social and technical scienceggthM/the second group, a crucial position
is occupied by environmental engineering.

Environmental engineering can be defined as [18iseipline in the field of technical
science, utilizing engineering methods:

v' For preserving, rational shaping and using exten@lral environment (eg water
resources, waste management, air protection, saiggtion),
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v' For preserving and shaping internal environmentooins and constructions (devices
and installations).

Environmental engineering realizes a wide varidtpro-ecologic activities within the
described fields:

*  Shapes appropriate conditions and technologicahoastto uphold proper parameters
regarding the human environment,

e Shapes appropriate technical conditions and teobieal methods to secure the
environment's natural biological balance,

« Limits adverse effects of mankind's economic atgtjvi

e Provides technology allowing to reduce the usage nofirenewable resources
(eg cleaner production, recycling raw materialsrfroaste),

« Mitigates the effects of natural disasters (floadigughts, pollution in water, air and
soil).

This definition shows how important environmentagjmeering is for realization of the
sustainable development concept. It shapes thatmmglof human life; it touches upon the
issue of resources, which in turn determines mgdtimiman material needs, both for the
present generation and in the future.

Also environmental engineering is connected withv riechnical approaches to the
environment known as:

v industrial ecology - which aim is to adapt an ustinding of the natural system and
apply it to the design of the manmade system [20],

v/ and green chemistry, known also as green engiref2it] - which is about the design
of chemical products and processes that reducénoinate the use and generation of
hazardous substances [22],

Among detailed problems, energy issues must be tgmbirout: energy supply,
preserving energy carriers and, especially, thgaisffossil fuels.

Energy issues

Much has been said in recent years about energyitsedVithin the EU, situation is
very diversified (see Table 3). Denmark is in thesstbposition, since it has a surplus of
energy reaching almost 40%.

All countries are grappling with the problem, tpadbducing energy out of conventional
fuels means an irrevocable loss of those resources.

Estimates say [24] that the world's reserves contahough coal for about
150-200 years, enough oil for about 40 years andughm natural gas for about
60 years.

These periods may actually be slightly longer. Datiblished in various sources
vary from one to another, moreover, some authoist @ the possibility of exploiting
deposits that are uneconomic today, and therefprelonging the time of resources
availability (eg of crude oil by another 20 yearBhis does not change the main problem,
however: world's resources will run out and thectiofi that disaster is very near. That is not
all - it needs to be remembered that natural gdsodrdeposits are distributed unevenly on
our planet.
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Table 3
The characteristic of energy consumption and imgependence of individual EU countries; data fromend of
2008 [23]

Total energy [%] of
No. Country consumption in millions imported

of tons of fuel energy
1. Cyprus 2.6 100
2. Malta 0.9 100
3. Luxemburg 4.7 98.9
4. Ireland 155 90.9
5. Italy 186.1 86.8
6. Portugal 25.3 83.1
7. Spain 143.9 81.4
8. Belgium 60.4 77.9
9. Austria 34.1 72.9
10. Greece 315 71.9
11. Latvia 4.6 65.7
12. Lithuania 8.4 64
13. Slovakia 18.8 64
14. Hungary 27.8 62.5
15. Germany 349 61.3
16. Finland 37.8 54.6
17. EU 27 1825.2 53.8
18. Slovenia 7.3 52.1
19. France 273.1 514
20. Bulgaria 20.5 46.2
21. Netherlands 80.5 38
22. Sweden 50.8 374
23. Estonia 5.4 33.5
24. Romania 40.9 29.1
25. Czech Republic 46.2 28
26. United Kingdom 229.5 21.3
27. Poland 98.3 19.9
28. Denmark 20.9 -36.8

Table 4 characterizes the available gas reseradsTable 5 crude oil deposits.

Table 4
Countries in possession of the world's largestrabtias deposits, data from the end of 2008 [23]
No. Country [trill(i?)lrjlasnc?ft)r/n 3 Graphic presentation
1. Russian Federation 43.30
2. Iran 29.61
3. Qatar 25.46
4. Turkmenistan 7.94
5. Saudi Arabia 7.57
6. USA 6.73
7. United Arab Emirates 6.43
8. Nigeria 5.22
9. Venezuela 4.84
10. Algeria 4.50




The role of environmental engineering in introdgcsustainable development 271

Table 5
Countries in possession of the world's largesteritideposits, data from the end of 2008 [23]
No. Country [billi?jlrjlal;]etxlr?/els] Graphic presentation
4. Kuwait 101.5 [ ]
5. Venezuela 99.4 _
6. Un. Arab Emirates 97.8 _
7. Russian Federation 79.0 _
8. Libya 43.7 [ ]
9. Kazakhstan 39.8 -
10. Nigeria 36.2 [ ]

Unquestionable position of the Russian Federatonoteworthy. Beside it, Iran and
Qatar have large gas reserves - although halfdizat The Russian Federation also has
significant coal reserves't®o the US, see Table 6).

Table 6
Countries in possession of the world's largest depbsits, data from the end of 2008 [23]
No. Country [m(i?llijoi\n:g\s] Graphic presentation
2. Russian Federatior 157010 _
3. China 114500 | [
4. Australia 76200 ]
5. India 58600 [
6. Ukraine 33873 [
7. Kazakhstan 3300 | [
8. South Africa 30408 [
0. Poland 7502 |
10. Brazil 7059 |

Another significant issue is that, along with theplktion of natural resources,
a demand for energy, required for the processinth@fpoor resources, rises, eg smelting
1 Mg of iron from a 5% iron ore requires much higle@ergy input than in the case of
a 20% iron ore.

Moreover, the growing consumption of fossil fuedsassociated with an increasing
emission of dust and gases to the atmosphere. fidngas that has drawn scientists' special
attention is carbon dioxide, considered to be ta@mause of global warming.

Taking into account that GQroncentration in the atmosphere was 0.0280% at the
beginning of the industrial era, 0.0315% in 1960 8r0385% at present day, is it possible
that an increase in carbon dioxide concentratioth@atmosphere by 0.0105% had such
a long-term impact?
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Or do other issues play a more significant roleefieCutting out forests - especially
tropical forests - can be pointed out. It is no teggsthat during the 2bcentury alone as
much as half of them have been cut out [25] ab&umillion ha is being cut out every year
and about 50 ha every minute [5]. Since forestskamvn to serve as climate stabilizers,
cutting out such a large part of the world's faestist have a significant impact on Earth's
climate destabilization.

In fact, the issues of the diminishing forest coaed the growing carbon dioxide
emission are linked to each other. It is estimatet forests - tropical and subtropical
forests in particular - can bind around 25% of,C&eased to the atmosphere! Moreover,
with a proper economy the plant-based binding cannbreased before 2050 by another
10+20% [26].

Table 7
Characteristic of the changes in &nission in the chosen countries in the years ZWIB-. Emissions shown
in millions of tons of CQ@per year [23]

Country | 2003 | 2004 | 2005 | 2006| 2007 |in1Ki£t(())12 O/}Eyt:)etg"l’l"nize
Latvia 107 | 107 | 109| 11.7] 121 23.3 +48.07
Estonia 212 | 212| 207] 192 22.0 40 +45.00
Lithuania 16.7 | 211 | 226| 228 247 441 +43.99
Romania - 60.1 | 153.7] 539 52.3 259.9 T41.40
Bulgaria - 689 | 698 | 715| 757 1273 +40.53
Hungary 833 | 795| 805| 788 759 114.9 133.94
Slovakia 511 | 495| 48.7| 49.0] 47.0 67.2 +30.06
Poland 3825| 96.7| 399| 99.3 98.9 551.7 127.70
CzechRep. | 1475 1471 1456  49.] 150.8 | 180.6 +16.50
Sweden 709 | 69.7 67 66.9 654 75.2 +13.03
Un. Kingdom | 658 | 60.4 | 657.4 6479 636.7 | 6783 +6.13
France 560.0| 556.1 5534 541 53L.1 564 15.83
Greece 137.2| 137.6) 1392  128[ 131.9 | 1396 +5.52
Belgium 1476 | 1476| 1438 366 1313 | 1359 +3.38
Germany | 1024.4] 1025| 10015 98000 56.1 972.9 +1.73
Country 2003 | 2004 | 2005| 2006| 2007 "nﬁf%’lz O{Ey"’:)kzg‘?m:‘e
Netherlands | 215.4| 2184 2121 2085 2075 | 200.4 354
Portugal 837 | 846| 855 847 8l8 77.4 568
Ireland 68.4 | 686 | 699| 697 692 63 —9.84
Finland 854 | 8l2| 693| 799 783 711 ~10.13
Slovenia 197 | 199| 203| 205 207 186 ~11.29
Italy 5773 | 580.5| 5822| 5630 5528 | 4857 ~13.82
Denmark 736 | 682| 639 710 666 54.8 2153
Austria 925 | 912 | 933| 916 880 68.7 —28.09
Spain 407.4 | 4252| 4408  433.0 4423 | 3316 —33.38
Luxemburg | 113 | 128 12.7] 133 12.9 9.1 —41.76
Malta 31 3.2 3.4 29 | 30 - }
Cyprus 9.2 9.9 9.9 9.9 10.1 - -

Admittedly, the question of connecting climate apesito anthropogenic G@mission
is being challenged [27, 28], but we should utiltbe attitude of humility. The large
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emission of various pollutants from our scientiBchnical civilization to the environment
certainly does no good to the nature. Should oncems over C&urn out to be false, we
will bear the costs, but the environment will netetiorate. And what if our concerns are
confirmed? We must remember that drastic climasnghs and anomalies may lead to the
downfall of our civilization - in this context thexample of the Sumerians is a notable
warning. Taking remedial action is fully justified.

Table 7 shows Cg&emission in the years 2003-2007 as well as theedegjfrindividual
countries closeness to the limit specified’ire Kyoto ProtocolThe data indicate that 15 of
the EU countries (including Poland) have alreadched CQ emission below the limit set
by the Kyoto agreement for the year 2012.

Limiting CO, and other pollutants’ emissions does not changeringary challenge,
namely the depletion of the resources. The priecgdl sustainable development calls for
preserving our planet's ability to meet the neddatare generations, and since their access
to energy carriers is threatened that means atteensolutions are required.

The progress of nuclear power is one of the passilklys we may choose. Contrary to
the popular belief, uranium deposits are limitedwadl. If only the most popular reactor
types are exploited - that is Pressurized Waterc®Rea (PWR, 60% of the market) and
Boiling Water Reactors (BWR, 24% of the markethere should be enough fuel for some
140 years. There are, however, alternative teclgimdbsolutions. Introducing fast-neutron
reactors for exploitation would prolong the time ofanium availability for power
production by hundreds of years. The problem igguast reactors in civilian technology
is associated with facilitated access to matettes$ might be used for the manufacture of
nuclear weapon. Also, the risk of meltdowns andearcdisasters is being disputed. Even
with the use of the most advanced technology, aotédcannot be ruled out. In September
1999, there has been a major breakdown at a Japanetear power plant Takamura,
which could have ended up in disaster. The causedigaiegard for safety procedures - as
much as 7 times more enriched uranium was addéietaontainer than the technological
standard allowed. A chain reaction broke out, bass Wckily suppressed. Still, the radiation
level jumped to such value that two employees Weéled and several hundred people have
been heavily radiated [29]. This incident entaitederies of publications critical towards
safety in the supposedly highly advanced Japanesiear power plants. Therefore, since
erecting new nuclear power plants is probably itade, the scientific community must pay
special attention to safety issues - there carotsanings here.

Or should we rely on renewable energy sources [30]?

In economic policies of the EU action can be obsérvieading to combining
sustainable development with a well-balanced energiyagement, including renewables.

Even now one of these sources - water energy - isegto as much as 20% of power
installed in various power plants around the wdsige Figure 1). In Europe's scale Norway
and Brazil are among water tycoons.

Still, the largest potential source of energy & $olar radiation. During one year 7500
times more solar energy (86000 TW) hit the Eartintthe energy consumed by the whole
human civilization. Perhaps that is why the EU amtdd research over building
a 400-billion-Euro solar power plant on the Saharhich could cover about 20% of the
whole EU's energy demand. This is in accordanceth® general policy of the
Commonwealth, which postulates that the member tciesnwill gain 20% of their energy
from renewables before 2020.
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2.15%

9.65%

68.5%

m 1. Thermal power (coal, oil, gas) 2652269000 kW
B 2. Hydropower 761863000 kW

@ 3. Nuclear power 374195000 kW

m 4. Other 83624000 k'

Fig. 1. Total installed electricity capacity by g/fSource: International Energy Annual 2006 [31]

Table 8 shows the characteristic of renewable gneogerage of individual member
countries of the EU.

Developing technologies related to the usage dbuarenergy sources is an important
engineering task. The development of energy-sa@olgnologies is just as significant. This
is not only the issue of industrial facilities, baiso of internal environment. It is a key
problem field in environmental engineering, relatesl heating, ventilation and air
conditionings. Its needs consume 17+32% of the distbtal energy consumption. In the
EU countries, it came at 26.5%.

This means that there are huge prospects botmfmgg saving and decreasing fossil
fuel consumption in this sector. It is a cruciahltdnge for environmental engineering!

Speaking in detail, the main directions of engiseeork for the coming years should
include searching energy-saving solutions and neyswo use renewable energy sources
also in the communal sector - the usage of biorteakeat rooms in particular.

In some countries, eg in Poland, biomass is alr#aelynost popular renewable energy
source.

Dry biomass burning for heating purposes in prgpfixed ovens (another key design
task for environmental engineering) is not the whibing, however. The ash left over from
the process should be used for fertilizing eneldgyts in plantations (lik&ali¥), so that the
soils occupied by them would not deteriorate. Tifiene of the most important directions
consistent with the principle of sustainable depgient, since not only it helps to reduce
the consumption of nonrenewable energy sourcedaep with the biomass), but also
prevents the soil from exhaustion of elements resggdor cultivation.
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Table 8
A percentage characteristic of the renewable ersrgye in the energy balance in the EU countrigk [2

No. Country Srr;?]fwo;bﬁgseri?]yzggg] 2020 objective Amount missing
EU 9.25% 20% 10.8%
1. United Kingdom 1.5% 15% 13.5%
2. Ireland 2.9% 16% 13.1%
3. Denmark 17.2% 30% 12.8%
4. France 10.5% 23% 12.5%
5. Netherlands 2.7% 14% 11.3%
6. Spain 8.7% 20% 11.3%
7. Greece 7.15% 18% 10.9%
8. Italy 6.3% 17% 10.7%
9. Latvia 31.4% 42% 10.6%
10. Belgium 2.6% 13% 10.4%
11. Cyprus 2.7% 13% 10.3%
12. Germany 7.8% 18% 10.2%
13. Luxemburg 1% 11% 10%
14. Malta 0% 10% 10%
15. Portugal 21.5% 31% 9.5%
16. Slovenia 15.5% 25% 9.5%
17. Finland 28.9% 38% 9.1%
18. Austria 25.1% 34% 8.9%
19. Lithuania 14.6% 23% 8.4%
20. Estonia 16.6% 25% 8.4%
21. Hungary 5.1% 13% 7.9%
22. Sweden 41.3% 49% 7.7%
23. Poland 7.5% 15% 7.5%
24. Slovakia 6.8% 14% 7.2%
25. Bulgaria 8.9% 16% 7.1%
26. Romania 17% 24% 7%
27. Czech Republic 6.5% 13% 6.5%

These positive conditions of 'green' energy do exdtaust the topic, however. The
point is that the energy gained from renewable ggneources still is more expensive than
that derived from fossil fuels. Adopting appropeidgal and economic mechanisms is the
key. There is plenty of possible solutions; let'sntion few examples regarding biomass
burning. In countries like Finland, wider use obiniass as an energy source was achieved
by introducing an appropriate tax on fossil fuétsAustria a similar effect was reached by
subsidies for investments making use of biomasthdrcase of Netherlands, three separate
fiscal instruments were applied: green funds, arggntax and tax credits [32]. Also, we
may expect that EU limits on GCemissions will favor the development of renewable
energy, including biomass burning.

Moreover, it is noteworthy that the development rafw technologies regarding
renewable energy sources contributes to a growmgfloyment level. When it comes to
biomass, according to Hillring [33], each PJ of rggeproduced with the use of biomass



27¢€ Artur Pawtowski

gives from 1.5 (where wood waste is used) to evé® jbbs (in the case of weakly
mechanized, rapidly-growing plantations).

Conclusion

When, at the end of the @entury, gas lamps used so far were replaceddmnriel
lights, the quality of air in the cities improvemirhediately. Unfortunately, the progress in
coal energetics lead to much greater pollutionlteirethe second half of the 2@entury,
growing over the urban environment and becominglabay problem. It is a peculiar
paradox. A solution, which brought good resultérat, turned out to be a threat in the long
run [10, 34].

Research conducted in the field of sustainable Idpugent is interdisciplinary, which
makes it ideally adapted to coping with the commeallenges of the modern world. There
is, however, one phenomenon that escapes corglobalization.

Nowadays globalization is defined as an integratgdbal socio-economic system,
linked with large corporations, characterized sy titansnational diffusion of capital and
adopting the principle of free trade in the fiefdesonomy - so economic globalization - as
well as assimilation of cultural models - so cudluglobalization [35].

Large corporations are an obstacle in the impleatiemt of sustainable development,
because they are profit-oriented and because df th@nsnational, post-national or
somewhat anti-national character [36], thus weaigrthe role, played so far by the
authorities of individual countries. If the solui® or strategies adopted by a country or
a group of countries (even one like the EU) aren seeadverse, they simply move that part
of their activities to other countries, where sactions are acceptable. Moreover, as many
economists point out, corporations are able tordgstearly any company that does not
belong to them [37, 38].

In this context it is worth asking: is sustainaldevelopment an alternative to
globalization? Suggestions are formulated, thabaiaation and sustainable development
are both two sides of one coin. Just as Duncanchreonvinces us, globalization organizes
the world anew, whereas sustainable developmentptn the threats brought by this new
order, which result from previous mankind's histf#9].

Note that globalization needs not to rely on therently dominant egoistic axiology -
there also is an eco-humanistic (inclusive) glatzdion - one that refers to the common
good. As John Paul Il said in 2001 “globalizati@nniota priori good or evil. It will by
such, as we make it’ (the address at tHePienary Session of the Pontifical Academy of
Social Sciences, held in Vatican City on"2&" April 2001). This line of thought is
carried on by Benedict XVI. In his address in 20@8said that egoistic globalization “is not
the synonym of the world order - on the contrarge Tonflicts generated by the pursuit of
economic primacy and providing for oneself accessrtergy, water and resource reserves
impede the efforts of those who struggle for a dariore just. It became clear that only
through adopting a balanced way of life accompanisd serious efforts for equal
distribution of goods, a fair and sustainable deperlent is achievable. This requires people
who have great hope and great courage” (the addiress1® June 2008, made during
Epiphany mass). This line of thought has been ed@énn the encyclicalaritas in
Veritate[40].
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Such is the outline of the road towards eco-huniiangdobalization, as well as an

outline of the road towards sustainable developméntis also the road, which
environmental engineers take, providing us withessary technical tools that would show
us how to preserve the environment and use itnallip It is a challenge, but also a great
responsibility in the struggle for our planet'suiet

Be it assumed that we are on the threshold of a mwlution - the sustainable

development revolution - then our conversion frassfl fuels to new energy sources is one
of the most important tasks. Environmental engimgeis the one discipline that can
achieve this.
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ZADANIA IN ZYNIERII SRODOWISKA WE WDRA ZANIU ROZWOJU
ZROWNOWA ZONEGO

Wydziat Inzynierii Srodowiska, Politechnika Lubelska

Abstrakt: Rozwdj zréwnowaony to jedna z najwaiejszych idei naszych czaséw, ktéra postulujengt@miany
cywilizacyjne na poziomach ekologicznym, spoteczriygkonomicznym. W artykule dyskusja ulega poszgtze
o kwestie etyczne, techniczne, prawne i polityczdgromny zakres tematyczny prowadzonej dyskusjawpia
do sformulowania postulatu glegego, ze ta nowa wizja rozwoju nie osagnaé status ,rewolucji”
poréwnywalnej ze znanymi z dziejéw ludzkorewolucjami rolnica, naukowy i przemystow. Aby tak st stato,
potrzebujemy nie tylko wiedzy z zakresu nauk spoigch, ale take technicznych. Taki jest tak cel irzynierii
srodowiska, odnoszej st do ksztaltowaniasrodowiska, w ktérym bytuje cztowiek. Druga e$g artykutu
ukazuje powjzania pomjdzy rozwojem zroéwnowsnym a irkynieria $rodowiska. Szczegddn uwag;
poswiecono kwestiom energetycznym, odngszn st do koniecznéci poszukiwania alternatywnychrédet
energii, dzgki ktérym zmaleje presja na pozyskiwanie wyczerpyyezdn kopalnych nmikdw energii.

Stowa kluczowe:rozwoj zréwnowaony, inzynieriasrodowiska, energia, globalizacja
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RESPONSE OFHypericum perforatum PLANTS TO SUPPLY
OF CADMIUM COMPOUNDS CONTAINING
DIFFERENT FORMS OF SELENIUM

WPLYW RO ZNYCH FORM SELENU NA AKUMULACJ E ZWI AZKOW KADMU
PRZEZ ROSLINY Hypericum perforatum

Abstract: The effect of cadmium compounds containing seleninrdifferent oxidation states such as Se(IV),
Se(VI), and Se(-Il) on production characterist&tgot water content and chlorophyll content inléaees as well

as Cd and Se accumulation in plant organsiyericum perforatunplants was investigated. Complexes with
nicotinamide (nia) of the type Cd(NCxXhia), where X = Se or S as well as CdS@ere used to compare the
effect of Se and S on the above-mentioned paramelére studied compounds applied at concentrations
12, 24 and 6Qumol - dm?®reduced dry mass of plant organs. In general, wagatent of shoots as well as
chlorophyll content in the leaves decreased witbreasing the compound concentrations. Se speciation
significantly affected accumulated amount of Cd &ed[mg - g d.m.] in plant organs dfl. perforatumplans
what was reflected in the values of bioaccumulafamiors (BAF), translocation factors (TF) as wal portion
from the total metal amount accumulated by the tptencurring in the shoots. Tlewmparison of the effect of
CdSQ and CdSe@as well as Cd(NCgiay and Cd(NCSe}nia) showed that exchange of S for Se in the
NCX ligand led to decreased translocation of Cd ihtoghoots. The application of CdSe@sulted in intensive
translocation of Cd as well as Se into the shd@tstion of Cd allocated in shoots related to thelt6d amount
accumulated by the plant was about 20% for treatméh CdSQ and Cd(NCS)nia), about 12.8, 10 and 6%
for treatment with Cd(NCSghia),, CdSeQ and CdSe@ On the other hand, portion of Se allocated inosho
related to the total Se amount accumulatedHbyerforatumplants achieved approx. 86, 48.6 and 45.9% after
addition of CdSe@) Cd(NCSe)(nia) and CdSe@

Keywords: bioaccumulationcadmium, chlorophyll, selenate(VI), selenate(I\), hn's wort, water content

Introduction

Hypericum perforatumlL. is a plant which has been traditionally used foany
ethnopharmacological purposes, including treatroémental disorders. Preclinical studies
on the central nervous system activities of thetpdxtracts have exhibited that the extracts
showed antidepressant, anxiolytic, sedative, npatroantischizophrenic, anticonvulsant
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and analgesic activities. Several clinical dataehagnfirmed the extracts or commercial
preparations as effective as some standard anéigegmts used for mild or moderate
depression [1].

Metals have been investigated in different medicipant materials in order to
establish their normal concentration range andidensheir role in plants as part of human
medicinal treatment. Metal monitoring as a pattertognition method is a promising tool
in the characterization and/or standardization bftgmedicines [2]. Since common
St. John's wortHypericum perforatuinis particularly responsive to changes in climéte,
could serve as indicator of biological responseditbate change [3].

Metal treatment can significantly change the chamicompositionof secondary
metabolites irH. perforatumplants andhereby seriously influence the quality, safety and
efficacy of natural plant products produced by roedil species. A treatment with
0.01 mmol - dnf Cr(VI) for seven days resulted in an increaseddpection of
protopseudohypericin (+ 135%), hypericin (+38%) @sdudohypericin (+ 5%). Treatment
with 0.1 mmol - dr? Cr(VI1) for two days also caused an increase ofgpeeudohypericin
(+ 167%), hypericin (25%) and pseudohypericin (+38fagreas after 7 d treatment massive
increase of protopseudohypericin (+404%) and pseymkricin (+379%) was observed but
hypericin content was not be changed [4]. Murclalef5] observed thaH. perforatum
seedlings grown in a sterile, controlled environtmesupplemented with 25 or
50 mmol - dri?® nickel lost completely the capacity to producectumulate hyperforin and
demonstrated a 15-20-fold decrease in the condemtraf pseudohypericin and hypericin.

Masarovicova et al [6] found that stress-induceghér root respiration rate of the
Cd-treatedH. perforatumplants correlated with root growth inhibition acgoanied with
the lower value of root dry mass. Relatively higth @ptake into the root required increased
energy costs coming from root respiration. Prewiplts was confirmed that cadmium
accumulation in plant organs of medicinal plafatricaria recutita L. could be strongly
affected by the presence of Se in different oxatattates [7, 8].

This paper is aimed to investigate the study of effect of cadmium compounds
containing Se in different oxidation states suclsegV), Se(VI), and Se(-Il) on production
characteristics, shoot water content and chlordgioyitent in leaves as well as Cd and Se
accumulation in plant organs oHypericum perforatumplants. Complexes with
nicotinamide (nia) of the type Cd(NCXpia), where X = Se or S as well as CdS@ere
used to compare the effect of Se and S on the alnewtioned parameters.

Material and methods

For experiments the following cadmium compounds ewesed: (CdSgs(H,0)g,
CdSeQ, CdSeQ@, Cd(NCSexnia), and Cd(NCS)nia). (CdSQ)s(H,O)s of analytical
purity was purchased from Lachema (Brno, Czech Rigguthe further compounds were
prepared according to procedures described by Haatbd al [8, 9].

For cultivation of experimental plants seedsHyfpericum perforatuni. (Research
Institute of Agroecology in Michalovce, Slovakiaeme used. Six weeks old plants were
cultivated in hydroponic solution at controlled didions (photoperiod 16 h light/8 h dark;
irradiation: 80 pmol - m?- s* PAR; mean air temperature: 28°C): control variant
in Hoagland solution and metal variants containingtudied compounds
(12, 24 and 6Qmol - dm®, respectively) and the response of plants to ntetatment was
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evaluated 7 d after Cd application. Then dry méiseats and shoots as well as shoot water
content and chlorophyll concentration in the leawese determined. Fresh and dry shoot
mass (dried at 80°C to constant dry mass) was a&dnn order to determine the shoot
water content [100 - (dry mass x100/fresh masd)lo®phyll concentration was estimated
spectrophotometrically (Genesys 6, Thermo Scientifl.S.A) after extraction into 80%
acetone and calculated according to Lichtenthdl®f. [The results were evaluated by the
multifactorial ANOVA algorithm (p< 0.05) after verification of normality and homogewei
of the variance. The multiple comparisons of meaase based on the method of Tukey
contrast.

Cadmium and selenium concentrations in shoot drgsneere determined using the
flame atomic absorption spectrometry (AAS) (Perlimer 110, USA). Cadmium
concentration was determined according to methedrieed by Kralova et al [8]. Selenium
concentrations were determined using hydride géoer@AS. Prereduction of Se(VI) to
Se(1V) was achieved by heating of 5 *atiquot of the digest in 6 mol - dFrHCI for 15
min at 90°C. Hydride generation was performed ftbenmedia of 6 mol - dMHCI using
solution of 10 g - dim NaBH, in 10 g - dri NaOH as the reductant.

Results and discussion

Production characteristics of. perforatumplants treated with the studied compounds
are presented in Table 1. The phytotoxicity of thighest concentration of studied
compounds (6Qumol - dm® was manifested by desiccated leaves and leafvfadit was
reflected in reduced shoot dry mass. The leavéiseske experimental plants were yellow or
brownish.

Table 1
Root and shoot length and dry mass$igpericum perforatum plantseated with the studied compounds. Mean
S.E., n = 6. Data followed by different letters aignificantly different at the 0.05 probabilityvk.
| - CdSQ, Il - CdSeQ, Ill - CdSeQ, IV - Cd(NCS)(nia), V - Cd(NCSe)(nia)

Compound Concn. Root length Shoot length Root d.m. Shoot d.m.
[umol dm™3] [cm] [cm] [mg] [mg]
Control 0 18.7+1% 19.7 + 1.8¢ 65.3+ 8.7 245.4 + 52 %
12 175+1.% 22.0 +1.6° 70.6 +13.8 259.5 + 45 %
24 17.7+0.9 22.9+1.6° 70.1+ 8.9 218.3 + 1450
60 197 +1.% 212+1.7%% | 474+ 3.6 158.5 + 22.8°
12 172+14 185+ 2 % 74.7+11.0 234.4 + 47 &%
I 24 19.1+1.8 21.8 +1.8° 725+14.% 174.8 + 33.%
60 192+2% 17.9 +1.7°< 509+ 6.2 100.7 +16.2
12 18.1+0.% 249+14 79.2+18.3 293.6+49.5
1] 24 185+ 1.8° 22.3 +2.6° 72.1+14.9 2728 +59.8
60 189+ 2.8 19.4 +1.8% 61.3+11.9 187.4 + 24 .3
12 21.8+1.3 225+ 1.5« 77.9+16.7 284.1+41.%
\Y; 24 16.7 + 1.8 20.0 + 1.8%¢ 574+ 9.9 228.9 + 20.%¢
60 192+1.% 20.6 + 1.4° 55.6+ 6.9 234.4 + 18
12 196 +2.P 19.6 + 2.8° 541+ 6.0 199.3 + 41.3bcde
\Y 24 17.1+18 22.0 + 1.8 528+ 7.9 163.2 + 20.%°
60 185+1.% 21.6 + 1.8° 67.0+17.0 150.3 +18.%°
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Figure 1 presents results concerning dependentetaifchlorophyll (Ch) content of
leaves on the applied compound concentrations. &eduof Chl content by CdSGnd
Cd(NCS)(nia), (compounds without Se) application was found tddveer than the effect
of selenium containing compounds. The most toximpound was found Cd(NCS@)ia),.
Cadmium was reported to affect chlorophyll biosgsik and inhibit protochlorophyll
reductase and aminolevulinic acid (ALA) synthedi][ According to Padmaja et al [12]
the inhibitory effect of Se on Chl synthesis is ooty by acting on constituent biosynthetic
enzymes but also through lipoxygenase-mediated lg@roxide levels and inhibition of
antioxidant defence component. Moreover, cadmiurso abffects degradation of
assimilation pigments [13]. Reduction of chlorophgbncentration in lettuceL&ctuca
sativg treated with HSeQ was observed by Xue et al [14] and also adulteeofflants
leaves infiltrated with selenate(IV) showed sigrafit decrease of photosynthetic pigments
(chlorophylls, carotenoids and xanthophylls) [1Bkduction of chlorophyll concentration
after application of studied compounds was alsdignad previously inM. recutitaplants

[7].

chl conc.+S.D. [mg g™ d.m.]

1 T T T T T T T T T T T T T
0 10 20 30 40 50 60

¢ [umol dm]

Fig. 1. Dependence of chlorophyll concentrationléaves ofH. perforatumplants treated with the
studied compounds. | - CdgOIl - CdSeQ, Il - CdSeQ, IV - Cd(NCS)(nia),
V - Cd(NCSe)(nia)

Stronger loss of water (water stress inductionyhinots ofH. perforatumplants was
observed only for treatment with @mol - dm® Cd(NCSe)(nia), CdSeQ and CdSQ
(Fig. 2). Toxic metals such as cadmium affect plasnembrane permeability what results
in reduction of water content [16, 17].
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Fig. 2. Dependence of water content in shootd.gferforatumplants treated with the studied

Cadmium and selenium concentration in roots andtshtypericum perforatunplants
treated with the studied compounds and correspgndifues of bioaccumulation (BAF)
and translocations factors (TF) are summarizedaibld 2. Bioaccumulation factors (BAF)
express the ratio of the metal concentration inbilséogical material fimol orpg - g* dry
mass] to the metal concentration in external soiuitn [umol or pg - dm®. This parameter
is important from the aspect that for phytotheraigall use the aboveground parts of
chamomile plants are of the interest.

The higher BAF values estimated for shoots reflactre effective mobility of the
corresponding elements (Cd or Se) in the plants.tiidnslocation factor TF corresponds to
the ratio of accumulated Cd (or Se) amount in shaot roots and thus it depends also on
the actual dry mass of these plant organs (similag the portion from the total
accumulated metal amount by the plant occurrirthénshoots).

The dependence of accumulated Cd concentratiamoits on the applied concentration
of CdSeQ, CdSQ and Cd(NCS)nia), showed linear increase, whereas for the treatment
with CdSQ and Cd(NCSejnia), at 60umol - dm? consecutive saturation of the roots with
Cd was observed. The concentration of Se in roots shoots of experimental plants
increased linearly with the applied compound cotregion. However, due to the treatment
with the highest Cd(NCSghia), concentration saturation of the roots with Se was
observed. The highest accumulated Cd concentritibath plant organs was obtained with
CdSQ treatment. Substitution of sulphur with Se led tworsy decrease of Cd
concentration, mainly in shoots, indicating Cd-Beiiference. It is necessary to stress that
selenium and sulphur in plants share common metalpaithways and these elements
compete in biochemical processes affecting uptakanslocation, and assimilation
pathways in plants [18].
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Table 2

Cadmium and selenium concentration in roots andtshafHypericum perforatunplants treated with the
studied compounds.- CdSQ, Il - CdSeQ, Ill - CdSeQ, IV - Cd(NCS})(nia), V - Cd(NCSe)(nia), and

corresponding values of bioaccumulation (BAF) aiath$locations factors (TF)

Cd (Se) concn. [mg kdd.m.]
Comp. [pmofdm*] Root BAF Shoot % Cd (Se) in shoot
Cd Se Cd Se Cd Se
Control 0 31.8 7.0 2.5 4.6 - -
1 2197 ] 126.5 i 0.212 ]
1628.6 93.8 17.5
| 24 3811 ) 270.7 i 0.221 )
1412.5 100.3 18.1
60 6081 ) 531.0 i 0.292 )
901.6 78.7 22.6
12 595 28.2 23.0 78.3 0.121 8.713
441 29.8 17.1 82.6 10.8 89.7
I 24 1021 63.9 47.1 149.6 0.111 5.645
378.4 33.7 17.5 78.9 10.0 85.0
60 2578 140.3 135.9 370.2 0.104 5.220
382.2 29.6 20.2 78.1 9.4 83.9
12 251 99.5 4.72 18.2 0.070 0.678
185.7 105.0 35 19.2 6.5 40.4
I 2 491 178.2 7.5 37.8 0.058 0.803
182.1 94.4 2.8 19.9 5.4 44.5
60 1337 319.0 27.8 116.8 0.064 1.119
198.2 67.3 4.1 24.7 6.0 52.8
12 571 ] 25.7 i 0.164 ]
423.3 19.1 14.1
997 65.1 0.260
v 24 369.5 i 24.1 ) 20.7 i
60 2010 ) 172.8 i 0.362 ]
298.0 25.6 26.6
12 723 192.4 311 109.6 0.158 0.558
536.0 101.5 23.1 57.8 13.7 35.8
v 2 1263 262.9 62.8 212 0.154 0.519
468.1 69.4 23.3 55.9 13.3 34.2
60 2400 329.3 138.5 398.2 0.129 0.372
355.8 34.6 20.5 42.0 11.5 27.1

Chizzola and Lukas [19] collectddlypericum perforatunplants and soil samples from
many regions in Eastern Austtia study the variability in the Cd content. TheHhag Cd

levels often with bioaccumulation factor >wkere determined in plants growing in regions

with somewhat lower soil pH and carbonate contéwntin other regions. High Cd
concentrations have been found in theperforatumshoots in mining valley in NW Madrid

(Spain) where soils affected by mining activitiesegented total Cd, Cu and Zn

concentrations above toxic thresholds [20]. Gernalef21] applied foliar spraying with
selenium (10 mg - dmSe in the form of sodium selenate(VI))Ho perforatumplants. The

concentration of Se in the organs of plants foliasprayed with Se ranged from
1000 ng - @ to 12 000 ng - gwhereas Se concentration in unsprayed plants waewec
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only 20 ng - @' - 120 ng - @ what indicate that foliar application of Se fesidr is feasible
and effective in St. John's wort and results ireBeehed nutritional supplements.

It is evident that accumulation of Cd in plant argawas strongly affected by Se
oxidation state (Table 2). After selenate(VI) treaht Cd root concentration drops to
a half in comparison with that obtained in the pree of selenate(VI), however this
decrease was even significantly higher for Cd skoatentration (approx by 80%). Cd root
concentration after CA(NCS@)ia), treatment was lower than that obtained after
selenate(VI) addition (nevertheless higher thaaradelenate(lV) treatment) but shoot Cd
concentration slightly exceeded that determined deftenate(VI) addition (Table 2).
Substitution of Se with sulphur in Cd(NCX)ia), increased root Cd concentration approx
by 24%, shoot Cd concentration was comparable éprently, similar increase of Cd
shoot concentration as in case of C¢g80Ocomparison to CdSe@vas not observed). With
regards to application of individual studied compads root Se content decreased in the
following order: CdSe@> Cd(NCSexnia), > CdSeQ, whereas for shoot Se concentration
this sequence was opposite: CdgeOCd(NCSe)nia), > CdSeQ. This is in accordance
with previous findings confirming higher mobilityf selenate(VI) in the plants [7, 22].
However, the presence of selenium reduces the adility of metal ions (such as
cadmium), blocking them in insoluble compounds. dxding to Shanker et al [22] the less
mobile selenate(lV) after being reduced to selemétaels to form Cd—Se complex, which
appears to be unavailable for the plants. On therohand, the more mobile anion
selenate(VI) is available for Cd—Se formation oaler following a more complicated
redox processes involving Se(VI) 8eG, Se(IV) in SeG™, and Se(0) species.

In general it can be concluded that root to shatdlocation of Cd ifd. perforatum
plants was relatively low. Portion of Cd allocaiedshoots related to the total Cd amount
accumulated by the plant was about 20% for treatméh CdSQ and Cd(NCS)nia),
about 12.8%, 10% and 6% for treatment with Cd(Ng8®),, CdSeQ and CdSeg On
the other hand, portion of Se allocated in shoelested to the total Se amount accumulated
by H. perforatumplants achieved approx 86%, 48.6% and 45.9% aftdition of CdSeQ)
Cd(NCsSe)(nia), and CdSe@ For comparison portion of Cd allocated in showatss
53.9% (CdSeq), 33.2% (CdSe¢), 23.4% (Cd(NCSegjnia),) and 42.5% (Cd(NCgnia))
for Matricaria recutita cv. Goral [7], 61.8% (CdSelp 42.9% (CdSe§),
36.2% (Cd(NCSe}nia)) and 53.9% (Cd(NCg(nia),) for Brassica junced23] as well as
38% (CdSe@ and 18% (CdSepand Cd(NCSejnia),) for Pisum satium plants [24];
portion of Se allocated in shoots reached 91.5% SECy), 25.8% (CdSeg),
27.8% (Cd(NCsSeg}nia),) for M. recutita[7], cv. Goral, 90.3% (CdSef) 26.4% (CdSeg),
51.5% (Cd(NCSegjnia),) for B. juncea[23] as well as 89% (CdSe0and 18% (CdSe
and Cd(NCSejnia),) for Pisum sativunplants [24].

The differences in the toxicity of both studied gdexes could be also connected with
diverse values of the corresponding stability camist related to NCSand NCSe ligands.
The overall stability constantf{ of the complex compound Cd(NGS)s 602.56
(8, = 10°"®), whereass, estimated for Cd(NCSgjs only 199.534, = 10°®) indicating three
times lower stability of the compound comprising $8&ligands [25]. Due to the release of
NCS or NCSé€ anions from the complex, not only cadmium but dlsese toxic anions
could interact with suitable target groups of bidecales
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WPLYW RO ZNYCH FORM SELENU
NA AKUMULACJ E ZWI AZKOW KADMU
PRZEZ ROSLINY Hypericum perforatum

Abstrakt: Badano wplyw zwizkéw kadmu zawieragych selen na edym stopniu utlenienia m.in. Se(IV),
Se(VI) i Se(-l) na charakterystyki produkcji, zawed¢ wody w gdach i zawart@ chlorofilu w lisciach, a take
akumulacg Cd i Se w organach §in Hypericum perforatumDo poréwnania wplywu Se i S na ey
wymienione parametry wykorzystano kompleksy amiduasu nikotynowego (nia) Cd(NCxphia), gdzie
X =S lub Se, a tale CdSQ. Zastosowanie badanych awkdéw o stzeniach 12, 24 i 60 pumol - dfrzmniejszato
suchy mag, organow rélin. Zazwyczaj zaréwno zawait wody w gdach, jak i zawartei chlorofilu w lisciach
malata wraz ze wzrostemgsénia zwizku. Specjacja Se miata znaczny wplyw ngiestie zaakumulowanych Cd
i Se [mg - g s.m.] w organach &tin H. perforatum,co znalazlo swoje odzwierciedlenie w wédach
wspotczynnikdw bioakumulacji (BAF), wspoétczynnik@vansferu (TF), a tale w stzeniach zaakumulowanych
przez rgling metali. Poréwnanie wplywu Cd3® CdSeQ oraz Cd(NCSYnia), i Cd(NCSe)(nia) wykazatoze
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wymiana S na Se w ligandzie NCXrowadzita do zmniejszenia przenoszenia Cd eidyw. Zastosowanie
CdSeQ spowodowalo intensywne przenoszenie Cd oraz Sadidw. Stzenie Cd w gpdach w odniesieniu do
catkowitego sizenia Cd zaakumulowanego wslinie wynosito ok. 20% w przypadku stosowania CdSO
i Cd(NCS)(nia), oraz okoto 12,8, 10 i 6% w przypadku stosowanigNGHe}(nia), CdSeQ i CdSeQ.

Z drugiej strony, po dodaniu CdSgQd(NCSe)nia) i CdSeQ stosunek sten Se w gdach do catkowitego
stezenia Se zaakumulowanego przediny H. perforatumosiagnat ok. 86, 48,6 i 45,9%.

Stowa kluczowe:bioakumulacja, kadm, chlorofil, selenian(lV), se@n(VI), ziele dziurawca, zawabdwody
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ANALYSIS OF LESS BIOACTIVE ELEMENTS IN GREEN
PLANTS, FOOD AND FEED SAMPLES (Sc-Y-La-Ce-Rb-Cs-Ti)

ANALIZA PIERWIASTKOW O NISKIEJ AKTYWNO  $CI BIOLOGICZNEJ
W ROSLINACH ZIELONYCH, PROBKACH ZYWNOSCI | PASZ
(Sc-Y-La-Ce-Rb-Cs-Ti)

Abstract: Standard digestion and multielement methods westedefor routine application to analyze selected
elements of low bioactivity (Sc, Y, La, Ce, Rb, & Ti) in food and plant samples by ICP-OES ar@-MS
methods. For ICP-OES, medium power input resultedetter detection limits than high power. Sc and T
seemed more reliable from the ICP-OES, but it wassansitive enough to detect Y, La, Ce and Cshioaatrix

at ambient levels. Small Rb concentrations werasionally swallowed by a U-shaped background. TGMS

as the more sensitive method was preferable foaiadysis of Y, La, Ce, Rb and Cs, using In-11&ménternal
standard. Digests of green plants, feed and clesesples were tested for recoveries of 2 pg and dagh. The
classical HN@-HCIO, digestion in glass cannot be recommended for thlesaents. Quantitative recoveries of
Y, La, Sc, Ce and Ti were obtained from microwasgsisted digestions with HNEHF in pressure bombs;
whereas green plants needed some hydrofluoric #tslwas not the case for the cheese samplesntitre
fluoride containing digests in glass yielded sigmift blanks. The microwave assisted digest witHQ¢EHNO3
yielded good recoveries of all these elements fgoeen plants and cheese, but suffered from Rb-bldRé&cently
obtained data for green plants, cheese and chescddaé given, and compared with older unpublistad ffom
Austrian coals.

Keywords: rare earth elements, green plants, cheese, chegotifiests

Introduction

The levels of many elements in the living organisane governed by metabolic
processes, like active transport or excretion.ePattecognition of metabolically governed
element levels of known food might reveal deficiescor contaminations till respective
diseases. For elements of low biological signifarhowever, there is no need for active
transport, and their transfer into the food webusthoeflect the overall availability from the
feed without further enrichment or excretion stefiieir pattern should match the
geochemical availability from where feed and patalvhter are taken, indicating a certain

! Competence Centre of Elements, Austrian AgencyHerlth and Food Safety, A-1220 Vienna, Austria,
tel. +43 50555 32801, email: manfred.sager@ages.at
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assignment to the geographical origin of the sampieir occurrence in coals is usually at
or below mean crust levels [1], thus no enrichnietat the biosphere has taken place.

Elemental analysis of green plants, food and feadhptes is mainly aimed to
investigate nutritional quality or contaminationitiVrespect to the origin of these samples,
there is much belief in the labels; thus a datalsdmmrild be created to get a scientific
background of this problem. In order to test thepdihiesis of a connection between
geographical origin and fingerprint elements onamyé scale, methods to obtain larger
datasets by multielement methods, are needed.

Trace element patterns, in particular rare eatthge been used to assign the origin of
wines to certain soils and locations [2-4], androits also [5].

In cow milk, geogenic elements (Al-Au-Ce-Co-Dy-Eu-Bd-La-Lu-Nd-Pr-Sm-Sr-Th-
Th-Y) were considerably higher when fresh grasslaver grass was major part of the diet,
than soybased feeding. During a sampling periodbafut one year, the concentrations of
most elements varied significantly according to wWeek of sampling. Approximately one
third of the trace elements showed a consideralgiseased concentration in the milk in the
early summer period [6]. Cow milk from Eastern ddpper Styria purchased in a local
supermarket contained more Rb, Cs, Mo, but lesMBuZn, La, Tl per litre than soybased
baby formulas, which were prepared as 13+15% swapes in local tap water [7]. Trace
element pattern of Li-K-Rb-Cs-Mn-Se contents codiscriminate the region of origin in
Italian cheese [8].

Thus, pattern recognition of elemental data migisult in a profound assignment of
the geographical origin of fruits (wine) and vedpes, the origin of milk and dairy products
in a global market, and possibly, if vegetableseagmown in soil or in hydroponic cultures;
the latter do not get rare earth elements or #ee Milk and dairy products from cows fed
on local grass (organically grown, or “bio”-prodsictnight be an argument for higher price
levels than products from cows fed on soy from eagis.

Elements of low bioactivity suffer from a low nunml available data in the food web,
as well as from the lack of certified reference enats. Therefore, this work is primarily
aimed to test the suitability of our routinely dagigestion and determination methods for
the analysis of green plant, food and feed samptegddition to other routine work.
Scandium, yttrium, lanthanum and cerium were chaserexamples for all rare earth and
related elements. Rubidium and cesium, as wehagpotassium/rubidium relationship, are
well known in geochemistry, but data from the biws@ are scarce. Mean crust levels of
titanium are rather high, but data from the biosplee very scattering, possibly because of
digestion problems (see below).

These effects may be counteracted by the introoluaif rare earth elements to our
soils via mineral phosphates. Superphosphate fhenkbla peninsula contained 0.26% of
total rare earth elements within the final prodwdtich means that at an annual fertilization
rate of 300 kg P/ha, significant amounts of ramthsaget introduced into the ecosystem [9].

In China, mixtures of rare earth nitrates or césain the range of 200+-600 mg/kg have
been used to increase weight, egg or milk prodncfi®]. Currently, such experiments
have been started with pigs in Vienna also, avel lef 15 and 30 mg/kg of La and Ce.

Within our laboratory, among low bioactive elemerstsreening by ICP-multielement
spectroscopy includes also Li, Sr and Ba, and ¢kelts have been confirmed by ring test
utilizing the IPE [nternational Plant Exchangesamples of Wageningen University (the
Netherlands). Current series of cheese, chocolasesgll as green plant reference samples
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(from International Plant Exchange, Wageningen, MEye analyzed for Sc-Y-La-Ce-Rb-
Cs-Ti, in addition to the selection of other tradements routinely done, to get some idea
about reproducibility, blanks, and if detectionitisrare sufficient.

Material and methods
Equipment

Microwave digestion unit: mls 1200 mega high perfance microwave digestion unit,
MLS GmbH, D-88299 Leutkirch.

ICP-OES: Perkin ElImer Optima 3000XL with axial ptes

ICP-MS: Perkin Elmer Sciex ICP mass spectrometeékNEDRC II.

Digestions

In general, 2 blanks were run with each batch.

a) Digestion with nitric(V)/chloric(VIl) acid: 1 @f dried green plant, feed, or manure
sample was weighed into a 50 tglass Erlenmeyer flask, 15 &mitric(V) acid and
4 cn? chloric(VIl) acid were added, and the sample wasligally fumed at a heating
block to almost dryness. 25 tmvater was added, the sample was filtered intqppes
plastic vessel.

b) Microwave assisted digestion with nitric(V) acll3 g of dried green plant, feed, or
manure sample was weighed into a PTFE vessel, @%5nitric(V) acid + variable
amounts of hydrofluoric acids were added, the Jesss closed and heated by
microwaves. The digest was made up to 25 @ma plastic volumetric flask (one
experiment was done using 20 tcgiass flasks). The subsequent program time/power
program was run: 2 min 250 W/1 min 0/8 min 250 WWin 0/6 min 450 W/
4 min 600 W/1 min 500 W.

c) Microwave assisted digestion with nitric(V) acielé g of cheese was weighed into
a PTFE vessel, 5 ¢mitric acid + 1.5 crhH,0O, were added, the vessel was closed and
heated by microwaves. The digest was made up tg i2Oa capped plastic vessel at
a balance. Similarly, 2 chrof milk were digested with 3 chHNO; and made up to
10 g in a capped plastic vessel at a balance.

d) Microwave assisted digestion with potassium itk(V) - nitric(V) acid: 1 g of dried
green plant or feed, resp. 0.5 g of cheese or damceample were weighed into
a PTFE vessel, 8 ¢hmof a solution containing 20 g KCIO+ 200 cml H,O +
80 cn? HNO; were added, the vessel was closed and heated dypwaives. After
reopening, 1 crhof digestion solution was added, and the digestemsp to 25 crhin
a plastic volumetric flask. The subsequent progtame/power program was run:
1 min 250 W/2 min 0/5 min 250 W/5 min 400 W/5 mid05W.

Determinations

For ICP-OES determinations, the digests were rudiluted and 1+1 diluted with
water. The ICP-power was varied between 1300 Wa(dgfand 1400 W. Calibration was
done with 2-4-10 mg/dfrcalibrants each.

For ICP-MS determinations, samples were diluted,1a8d indium added as an
internal standard. Calibration was done with 1-284ug/dni calibrants each.
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Results

Determination conditions and detection limits

Detection limits were calculated at first from tsandard deviations of the blanks of
the entire procedure. For real series of data dogero (Y, La, Ce in cheese), a Gaussian
distribution with the mean at zero was formed, talsignificant values defined as outliers
thereof.

In the optical system, lower power did not decrehsesignal, but reduced the blank
noise, thus resulting in lower detection limits.t&ion limits for the lines Ce-413, Ce-418,
La-379, La-408, Rb-780, and Sc-361 were 2 timesebathen the forward power was
reduced from 1400 W to 1300 W, whereas they wemutabqual for Ti-334, T-336 and
Y-371. The Rb-signal was placed in a U-shaped backgl, and recoveries of additions
revealed that small amounts might be swallowedspé&zxtral interferences were noted.

In ICP-MS, the isotopes Rb-85, Rb-87, Y-89, Cs-188] La-139 were found reliable,
when 1+9 diluted digests versus In-115 as an iatestandard were measured. Scandium
blanks due to dissolved G@ppeared; the zero and calibrants have to be isulffig acid.
According to the manual, scandium is positivelyeifegred by Ca-H, B Si-O and Al-O,
which led to incorrect values for some green plalotg chocolates and cheeses seemed to
be OK. The signal for titanium was low and softweoerected for Ca, and not quite
reliable (too high) in many real samples; for grgdants, the OES was sufficiently
sensitive. Though Ti-47 and Ti-49 are recommendedsus Ti-46 and Ti-48, the
Ti-47-ICPMS data for the cheese samples were disdafmass C-CI?), because they were
much higher than from the OES, and just the dat#hf chocolates seemed reliable (low S,
Si, Aland F).

For the analysis of feed samples (for pigs), damrclimits of the ICP-OES were
sufficient to obtain data for Y, La, Ce, Ti and Rioit not for Sc and Cs. The Rb should be
checked by standard addition, however. The ICP-MS about 1000-fold more sensitive
towards Ce, and 100-fold more sensitive towardéa’and Rb, but not applicable for Sc.
Due to the low salt tolerance of the ICP-MS, howewel + 9 dilution of the digests is
essential, thus one order of magnitude of sentitigi lost. In the screening of digests of
cheese samples (about 0.6 g wet weight in 20 goatat8 cni), contents of Y, La, and Ce
remained at or below detection limits in many cases a dataset for Rb, Cs, Sc and Ti
could be got. As Cs is used in a neighbouring latooy as a matrix modifier for the
K-determination, however, some flyers appeared, @ntbast double determinations are
needed for confirmation.

Recovery from digests

Recovery was tested with 2 pug and 4 ug added teaimples, for all procedures.

Recovery from milk digested with HNQvas o.k. throughout. From our traditional
digest of 1 g feed or plant sample with HME@CIO, in glass, recovery was suitable just for
Rb and Cs, others had slight losses. Recovery afe5c26+69%, Y 70+95% La 69+93%,
Ce 70+100% and Ti 78%. This matches the resultsn fformer experiments, where
interactions of the glass with low levels of Ba a@dvere noted.

Improvements were seen in the microwave-assistgéstlin the pressure bomb with
HNQOs;, but a slight addition of hydrofluoric acid waseded in order to keep added Sc and
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Ti in solution. Addition of 100 mmHF was sufficient for complete recovery of Y anal, L
whereas Sc and Ce needed 200°mif, and recovery of Ti was matrix dependent: Zero
lucerne, 83% for rice, and 120 % for cherries. i&tpof fluoride-containing digests in glass
volumetric flasks led to high and variable blanis &Il elements investigated here, except
Rb. In addition, Al, Ba, Be, Bi, Cr, Mo, Ni, Li, Pénd V were significantly released from
the glass, rendering the digests unsuitable fardehations of these elements.

To the contrary, recovery from cheese samples tidgesith HNQ was complete,
without additional fluoride. Maybe there is suféioi fluoride, phosphate, oxalate, chloride
or aromatic acids in the sample to keep them iblstaomplexes. Even titanium was
recovered at 82+84%.

The digests obtained with KCKHNO; proved surprisingly suitable and yielded
correct recovery; just titanium scattered from 63626, and high blanks from rubidium
(but not cesium) had to be considered.

Data from analyzed samples

Table 1
Data for scandium, yttrium, lanthanum and cerium
[mg/kg] Sc Y La Ce
median range median range median range median ranpge
mean crust 5.0 26 18 46

brown coal 6.24 0.19+13.6 10.2 1.6+46.p 17.7 2.1840 27.9 3.9+65.3
hard coal 4.16 1.17+16.8 9.6 5.3+19.b 16.[7 5.0+4(0.725.8 8.4+99

0.004~+ <0.0006+ <0.0001+
q =
green plants| 0.03% <0.012+0.2610.122 0.805 0.057 1.15 0.45 213
| <0.0026+ 0.0020+ 0.0055+ 0.014~+
chocolate | 0.005%5 0.020 0.0040 0.0056 0.014 0.0153 0.035 0.037
<0.0015+ 4 <0.00033+ <0.0004+ <0.0006+
cheese 0.026 0.094 <0.00033 00039 |< 0.0004 0.040 <0.0006 0.0026
Table 2
Data for rubidium, cesium and titanium
[ma/kg] Rb Cs Ti
median range median range median range
mean crust 310 7.0 5600
brown coal 38.7 2.0+144 3.84 0.09+11.3 140 100952
hard coal 15.5 7.4+59.2 2.33 0.37+18.0 100 2000400
green plants 4.96 1.67+48.8 0.014 <-0.138 158 764134
chocolate 6.35 4.51+7.55 0.015] 0.0086+0.021% 5.6 .74:3.77
cheese 1.19 0.56+2.12 0.0045 -* 0.087Y -*

*for cheese, just a few samples were read fomdi @s

Discussion and outlook

In general, the concentrations levels of rare eglgments in green plants are very low,
particularly in the grain crops and vegetables. fidre earth element concentration patterns
of leaf, stem and root are generally very similarelach other and to their host soll,
including the negative Ce and Eu anomaly, becabs& uptake is governed by the
geochemistry of the host soil [11]. In green plamre earth element concentrations
generally decrease in the order root > leaf > stegmain (fruit). This was demonstrated for
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maize, wheat, rice, paprika, and citrus. Like eitic several rare earth elements increase
almost linearly with the age of the tissue [9]. ®&bm this work (Table 1) show in general
that the rare earth elements plus scandium arerggnéepleted versus coal on an ash
basis, which can be assumed at about 2%. The etalhdve been taken from an Austrian
government report, based on 84 brown coal and &6 dwal samples, which were analyzed
by ICP-OES and XRF (X-ray-fluorescence) methods Fdrns are known to accumulate
rare earth elements [11], and their proportion agnomal forming plants might have been
more significant than today. Another simple exptamais the presence of inorganic clay
between the coal macerals.

As the ash content, about 2% can be assumed feoldtes and 3% for cheese, which
was obtained via the sum of all elements determihe@hocolates, many trace elements,
like Cu, Fe, B etc., and also Rb, Cs and Ti (Tahleare within the same concentration
range than the green plants, because their corgrogtdominated by the composition of
the cocoa beans. The level of rare earth elemergsandium was found to be lower,
however. The levels of the investigated elementhimwork were lower in cheese than in
green plants and chocolates, except for scandium.
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Analysis of less bioactive elements in green pldiotsd and feed samples (Sc-Y-La-Ce-Rb-Cs-Ti29E

ANALIZA PIERWIASTKOW O NISKIEJ AKTYWNO SCI BIOLOGICZNEJ
W ROSLINACH ZIELONYCH, PROBKACH ZYWNOSCI | PASZ
(Sc-Y-La-Ce-Rb-Cs-Ti)

Abstrakt: Omoéwiono wyniki testéw standardowych metod mineeadji i analizy wielopierwiastkowej
pierwiastkébw o matlej aktywrigi biologicznej (Sc, Y, La, Ce, Rb, Cs i Ti) z pesbzywnoici i roslin,

z wykorzystaniem ICP-OES i ICP-MS. Za poma@malizy metod ICP-OES wykazana,e zastosowanigredniej
mocy wefciowej daje lepsz wykrywalngsé niz przy stosowaniu diej mocy. ICP-OES jest odpowiedninetod,
analityczry, do wykrywania Sc i Ti, jednak nie byta wystarezay czuta, by wykr§ Y, La, Ce i Cs w biomatrycy.
Stezenie Rb bylo czasami maskowane przez U-ksztaltoe IEP-MS, jako metoda bardziej czuta, byla
odpowiednia do analizy Y, La, Ce, Rb i Cs z wykatapiem In-115 jako standardu westanego. Z prébek
roslin zielonych, pasz i sera odzyskiwano jednorazooi 4 pg z nich. Mineralizacja w mieszaninie
HNOs-HCIO4 nie jest zalecana do oznaczaniu tych pierwiastktngciowe odzyskiwanie Y, La, Sc, Ce i Ti
z prébek sera prowadzono w mieszaninie HMPB (dla prébek rédin stosowano kwas fluorowodorowy)
z wykorzystaniem pieca mikrofalowego i hermetyczaemknitych pojemnikéw. Przechowywanie ptynow
zawierajcych fluorki w pojemnikach szklanych powodowalo izhaczne ubytki. Zastosowanie mineralizaciji
mikrofalowej i roztworu KCI@-HNO3; umailiwiato odzyskiwanie wszystkich tych pierwiastkow roglin
zielonych i sera z wytkiem Rb. Otrzymane wyniki badacslin zielonych, sera i czekolady poréwnywalne

z wynikami wczéniejszych badaoraz z niepublikowanymi danymi dotyezymi wegli austriackich.

Stowa kluczowe:pierwiastki ziem rzadkich, tiny zielone, ser, czekoladki, ptyny
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Abstract: According to the projections, world net electrigiisoduction is predicted to increase from 18.0iaril
kWh in 2006 to 31.8 trillion kWh in 2030. Coal cabution to world electricity supply remains theyhest and is
said to even slightly increase to 43% in 2030. Befre most abundant and competitive, coal recoleraberves
could satisfy the world’s energy needs in the peripe of about 120 years at the current consumpgguels.
There is, however, a need for further improvemérttoal-fired power generation in terms of its ecmits and
environmental impact. The so-called Clean Coal Tetdgies (CCT) enabling energy efficient and
environmentally friendly use of coal include: caglgrading, improvements in efficiency of existirgygr plants,
advanced power generation technologies, near zeiss®n technologies and technologies for,@@nsport and
storage. In the paper the future role of coal iergy systems with a special focus on Polish enpaljgy, and the
main trends in coal processing in the aspect cdiC{@oal Technologies are presented.

Keywords: coal, processing, energy

Introduction

A continuous increase in the demand as well ashénshare of coal in the energy
consumption and electricity production is declamedhe reports and forecasts for energy
sector. In 2006 the respective values equaled DINBQ., 27% and 42% [1]. The energy
demand is expected to reach 16,95Q.Nt 2030 and the share of coal in the energy
consumption and power generation are said to bthersimilar significant levels of 28%
and 42% for it is regarded as a safe and relialdé, favailable from large reserves and
worldwide market free of geopolitical constraintdien compared with other fossil fuels as
crude oil or natural gas.

! Department of Energy Saving and Air Protectionpt@# Mining Institute, pl. Gwarkéw 1, 40-166 Katime,
Poland
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The estimates of coal R/P ratipréved reserves to productipim 2009 support the
forecast for its future major role in energy mixitssreserves are said to be sufficient for
122 years, while those of crude oil and naturalfgad2 and 60 years, respectively.

The prices of coal are generally lower and moraliptable than prices of crude oil
fluctuating in the last decade from about 14 toveb®0 USD/bb! (with a peak in 2008 of
100 USD/bbl) and prices of natural gas dependethetatter ones [2]. Coal price levels in
the relevant period in Northwest Europe have risem about 30 to 80 USD/ton (with a
peak in 2008 of about 150 USD/ton). Storage andspart of coal is also economically
competitive, eg it does not require high pressipelimes.

Nevertheless, coal is considered the most carbtensive fuel. Global dependence on
all fossil fuels since the mid-19th century ledthe release of over 1100 Gtg@to the
atmosphere [3]. World CCemissions from fuel combustion account for abd®o of total
greenhouse ga§GHG) emissions and 80% of total €€mission [4]. The emission of GO
from energy sector is expected to grow from 29lidbhi metric tons in 2006 to 40.4 billion
metric tons in 2030. Coal share in world £#nissions is also expected to grow from 42%
in 2006 to 45% in 2030 [1].

In the light of the above, the technologies aimatgnore sustainable coal processing,
the so-calledClean Coal Technologie§CCT) are of special importance in regard to
economies with energy sectors heavily dependecbah The paper presents the up-to-date
trends in coal utilization technologies for energgeds in the aspect of CCT and
characteristics of Polish energy system, with acigpeemphasis put on coal gasification
with CO, capture.

Clean Coal Technologies

Coal processing technologies are regarded as ortbeofnost CQ@ intensive with
present-day 42% share in fossil fuels-based, @@ission [5]. But with an increasing
deployment of energy efficient and low carbon tedbgies coal could be considered
addressing its environmental challenges.

The term Clean Coal Technologies refers to teclyietodeveloped and implemented
in order to mitigate the negative environmental actpof coal utilization. During about 40
years of CCT development the focus in CCT movethfB0, NO,, Hg and dust emissions
reduction to GHG emission reduction, with a speeraphasis put onarbon capture and
storage (CCS) technologies. At present there are five gsoof technologies with a high
potential for CQ reduction from coal processing specified by th&erimational Energy
Agency (IEA). These include coal upgrading, improeats in efficiency of existing power
plants, advanced power generation technologieslirfeggrated Gasification Combined
Cycle IGCC), near zero-emission technologies and tdolgies for CQ transport and
storage. It is estimated that wider deployment o&lcupgrading technologies, well-
established in developed countries, such as coshing, drying and briquetting, could
contribute to 5% C@emission reduction, while increasing thermal édficy of existing
coal-fired power plants to 40% by equipment upgrgdind monitoring would reduce it by
22% [6].

Ubbl - barrel
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Advanced power generation technologies includeipercritical (SC) and
ultrasupercritical(USC) giving outlet steam temperature of 540+566f@50 bar and over
590°C under pressure over 250 bar, respectivetyetsed thermal efficiency of up to 45%
at present and 50% expected in the future (with @G& Pressurised Fluidized Bed
Combustion PFBC) results in lower levels of GQvhich would havdo be captured per
kwWh produced.

The IGCC technology has been under developmenaliout thirty years now. The
level of operating expertise required for its eaoi competitiveness still has not been
reached, though there are examples of commeradd-$acilities operating worldwide.

In the gasification process known since the t@thtury coal is converted into synthesis
gas.

The first step of gasification process is pyrolysaking place at temperatures above
400°C, resulting in carbon-rich char and hydrogeh-kolatiles production in the absence
of oxygen. In the second step, at temperatures @3@TC, the char is gasified. In the IGCC
process thevater gas shifWGS) step is introduced to convert CO into,Cihd thus
increase the COcontent in the final gas. The following reactionstviieen coal and
gasifying medium, like oxygen and/or steam canibérdjuished (the heats of reactions are
calculated for 850°C using HSC Chemistry ver.3]p:[7

C+0,, — CO,, AH =-394.9 ki/mol (1)
C+050,, — CO, AH =-113.0 ki/mol 2)
CO+050,,, — CO,, AH =-281.9 ki/mol 3)
C+H,0,, — COy +Hyg AH = +135.7 ki/imol 4
COy, +H,04 — COyp+Hyg AH =-33.2 kd/mol ®)
2CQ,, - CO,,+C AH =-168.9 ki/mol (6)

CH, +H,0 — COy +3Hy, AH = +226.7 kd/mol )
C+2H,q — CH,, AH =-91.020 kd/mol ®)
CHy) +COy — 2COy +2H,,, AH = +259.942 k/mol 9)

In general, gasification technology and IGCC intigatarly, offers higher potential
efficiencies, wider variety of feedstock and pradufeg electricity, synthetic natural gas
SNG, H, chemicals) when compared with SC or USC.

The CCT focus is moving in developed countries freonventional pollutants
emission control to decarbonization of coal procesdy increasing efficiency and GO
capture and storage.

CCS technologies are of special importance in ihlet lof Kyoto Protocol targets,
increasing energy demand and role of fossil fueksniergy supply.

The technologies for CQeparation have been used in industry for a cemtovy but
with and aim of producing pure GQtreams rather than of its emission mitigation., CO
capture is performed among the others in purificatf natural gas and in chemical plants
for ammonia, alcohols and liquid fuel productiomeOof the processes of GEeparation
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from methane in natural gas treatment is chemibabption. Amine scrubbing could be
also used in post-combustion €€apture processes, applicable for conventiondHoea
power generation and gas-fired power generationgusombustion turbines. In this case,
however, the C@ concentration in the gaseous mixture is lower,uat%, and the
relevant energy cost for new power plants is 20+25%lant output, resulting from the
energy requirements of the process (for ,C@esorption from the amine solution,
dehydration and compression) and reduced plartieffty. The chemical absorption and
other components of the post-combustion capturesgs although operated commercially,
have not been used and optimized for large scaleoalfired plants yet. Still, they are
attractive in terms of modernization of the exigtplants.

In oxyfuel combustion process, operated in a nundfesystem worldwide, coal is
burned in oxygen. The flue gas is mostly £Dd thus the cost of amine scrubbing is about
half the cost of C@ capture from conventional plants. The cost of sEparation unit
operation for oxygen production is however consité. It is applicable tpulverized coal
(PC) oxygen-fired combustion in an enriched oxygmvironment using pure oxygen
diluted with recycled C® or H,O. In the oxy-combustion process with flue gases
recirculation: Q/CO,, fuel is combusted in the mixture of oxygen and,G&hich is next
recycled with flue gases for combustion temperaeoatrol. In a result the flue gases
contain mainly C@ and steam, which can be condensed. The resulisgtgeam contains
high concentration of sequestration ready,CO

O,
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The pre-combustion CQapture is applicable to gasification plantsslisuitable to be
used in the IGCC plants where coal is gasified wiam to gas composed of hydrogen and
carbon monoxide, which is further converted in W&&ctors to hydrogen and carbon



301

Environment friendly coal processing technologmssustainable development of Polish ...

dioxide mixture. After separation hydrogen is uasd fuel and carbon dioxide is ready for
sequestration. Still no commercial scale systethisftype is operated yet.

A novel method of the pre-combustion £€apture is under development consisting in
CO, absorption by CaO [8-16]. The idea of the coalkldalydrogen production and €O
capture in a single step is presented in Figure 1.

In the process coal is gasified in a presence lofura oxide at 600+700°C and under
the pressure of 3 MPa [9].

The summary reactions may be presented as follows:

C + 2H0 + Ca0 = CaCo+ 2H, AH,,, = —69.420kJ/mol (10)
Calcination reaction used to produce CaO and reganet for cyclic application
should also been taken into account in a heat balafthe process:
CaCQ — CaO + CQ AH,,, =166786kJ/mol (11)
Other materials (CaOSpOMgO) have also been tested as L&0Orbents in the process

but it was calcium oxide which was proved to praggas of the best quality and highest
volume (K 75%, CH 24%) [17].

Table 1
Selected C@storage sites operated or planned [19-25]
Location, reservoir name and process | Injection start | Average injection | Total planned storage
type, scale [year] rate [ton of CO,/d] [ton of COg]
Fenn Big Valley, Canada, ECBM, pilot 1998 50 200
Sleipner, Norwey, Utswe saline formatiop, 1996 3,000 20,000,000
commercial
Weyburn, Canada, EOR, commercial 2000 3,000-+5,00( 0,000,000
Mmaml—l\_lagoaka, Japan,_ aquifier, gag 2002 40 10,000
filed, demonstration
Recopol, Poland, ECBM, pilot 2003 1 10
Qinshui Basin, China, ECBM 2003 30 150
Yubari, Japan, ECBM, demonstration 2004 10 200
In Salah, Algeria, depleted gas field, 2004 3,000+4,000 17,000,000
commercial
Frio, USA, saline formation, pilot 2004 177 1,600
K12B, the Netherlends, EGR, 2004 100 8,000,000
demonstration
Salt Creek, USA, EOR, commercial 2004 5,000+6,000 7,020,000
CSEMP, canada, ECBM, pilot 2005 50 10,000
Pembina, Canada, EOR, pilot 2005 50 50,000
Teapot Dome, USA, EOR, demontration 2006 2,600y@20/
Snohvit, Norway, saline formation 2007 1900 23,000,
Ketzin, Germany, saline formation 2008 100 60,000
Otwey, Australia, _sallne formatlon_s ang 2008 1265 100,000
depleted gas field, demonstration
Gorgon, Australia, saline formation planned for 200 10,000 120,000,000
Belchatovy,_ Poland, onshpre saline planned for 2014 - over 500,000
aquifiers, commercial

In summary, C@ concentration from the post-combustion process1%% vol. in

coal-fired systems and 3+4% vol. in gas-fired tnds) and pressure is low, which implies
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the need for treatment of high volumes of gas amulirities such as particulate matter,,SO
and NQ present in flue gas degrade sorbents. The prewstob and oxy-combustion
processes utilize air separation units to combaat m an oxygen-enriched environment,
but the amount of oxygen required in oxy-combustisnsignificantly higher than in
the pre-combustion process, increasing Capture costs.

In the pre-combustion process £&ream is much more concentrated than in the
post-combustion flue gas, and less oxygen is reduiin comparison with the
oxy-combustion process, which makes the, Capture less expensive. At present, however,
there are few gasification plants in full-scale igi@n and capital costs are higher than for
PC plants [6, 18].

Captured C@can be commercially utilized for enhanced oil &ad recovery or for
enhanced coal bed methane recovery from deep ubhrinaal seams.

The CQ storage capacity is estimated to be on the lewél$75+900, 3+200,
1,000+10,000 GtC®for oil and gas fields, unminable coal seams andpdsaline
formations, respectively [19]. The first industrgadale CQ storage was started at Sleipner
gas field in the North Sea (Norway), where commddigjuid CQ separated from methane
is injected into a deep saline aquifer below trelsed.In Table 1 selected G@torage sites
operated or planned are listed [19-25].

Role of coal in energy mix of Poland

Poland is listed among the major world coal prodsicé#s energy system depends
heavily on coal with 58% of electricity generatadlard coal and 32% on lignite (data for
2007) [26], while as much as 70% of natural gas @%b of crude oil is imported [27].
Polish proved reserves of crude oil in 2007 amalitded.096 billion bbl and of natural gas
5,820 billion cubic feet [28].

6,85% 0,36%

47,52%

/

O hard coal pow er plants | lignite pow er plants

O coal heat and pow er generating plants O natural gas heat and pow er generating plants
B hydroelektric pow er stations O wind pow er stations

| biogas and biomass pow er plants

Fig. 2. Total installed electricity capacity forltaad (2008) [26]
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The production, consumption and capacity of eleityrigeneration in Poland in years
1998-2008 are given in Figures 2 and 3. The totsthiled electricity capacity in Poland in
2008 was 35,850 GW. The prognosis of power gemaratiructure up to 2020 is given in

Figure 4. The total electricity generation is expdcto amount to 128.7, 140.10 and
156.10 TWh in years 2010, 2015 and 2020, respégti26].
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Fig. 3. Net electricity generation and consumptiofoland (2002-2007) [5]

The investments in Polish energy system plannedhernext ten years are given in

Table 2.
Table 2
The planned investments in Polish energy syster [26
. Capacity | Start date
Compan Location Technology / Fuel
bany MW] | (year) o
Opole 460 2012 hard coal
Opole 460 2013 hard coal
Polska Grupa Turow 500 2014 lignite
Energetyczna combined cycle gas turbine
Dolna Odra 400 2016 (CCGT)
Dolna Odra 400 2019 CCGT
Poludniowy Koncern Halemba up to 440 2012 hard coal
Energvgyczny ' Blachownia 100+200 2012 hard coal or coke oven gas
EC Bielsko-Biala 100 2012 hard coal
Vatenfall Vatenfall Heat Poland 400 2013 hard coal
Warsaw
CEZ Skawina 600+1,00p 2014 hard coal
Polish Power Zarnowiec 1,600 2013-20014 hard caadifigation)

As can be seen their majority are coal-based plamtieh comes as no surprise, taking
into account the domestic fossil fuel resourceseretgy police principles specified below.
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The documented balance resources of hard coallan&®are estimated on the level of
43 201 million tons (31.12.2008) with 75% of steemals and 25% coking coals (see Table
3). The resources located in operating depositstitate 37.2% of the balance resources
and amounts to 16,082 million tons. The resourgesla@cated in three basins with the
largest being the Upper Silesian Coal Basin (Gdastiee Zaglebie Weglowe - GZW) with
the area of 5,800 kirand over 78% of total domestic hard coal deposftsshich 19% are
classified as exploited, 24% reserve and 27% puisge

Table 3
Hard coal resources in Poland (2008) [29]
No. of deposits Geological resources [million tons] Industrial
balanced off balance
Total 138 43,201 24,667 4,338
of which resources of exploited deposits:
Operating plants | 47 | 16,082 | 8,464 | 4,166
of which resources of off balance deposits:
Total 50 26,493 12,291 171
1. Deposits explored 37 13,569 5268 171
2. Deposits pre-explored 13 12,923 7,023 -
of which resources of abandoned deposits:
Total | 41 | 626 | 3,922 | -

The Lublin Coal Basin (Lubelskie Zaglebie Weglowd.ZW) covers the area of
9,100 knf with 21.5% of the total domestic hard coal deposit which only 0.8% are
exploited, 10% reserve and the majority - prospecftlhe identified and exploited deposits
of the Lower Silesian Coal Basin (Dolnoslaskie 2&i Weglowe - DZW), abandoned for

technical and economic reasons, are placed inréee af 350 krh and amounts to about
150 million tons.
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The documented balanced lignite reserves in tha sohount of 13,563 million tons
are located in Belchatow, Turow, Patnow and Adanf@8}. The levels of geological and
industrial lignite resources are given in Table 4.

Table 4
Lignite resources in Poland (2008) [29]
No. of deposits Geological resources [million tons] Industrial
balanced off balance
Total 77 13,5623 4,599 1,371
of which resources of exploited deposits:
Total 13 1,744 104 1,371
1. Operating plants 12 867 90 751
2. Plants under construction 1 877 14 620
of which resources of off balance deposits:
Total 59 11,810 4,491 -
1. Deposits explored 29 2,791 715 -
2. Deposits pre-explored 30 9,019 3,776 -
of which resources of abandoned deposits:
Total | 5 | 9 | 4 |

The principles of Polish Energy Policy by 2030

The primary directions of Polish energy policy ur#030 include strengthening the
fuels and energy supplies security, improvemergnafrgy efficiency and mitigation of the
hazardous environmental impact of power industnythle light of unquestionable leading
role of coal in domestic energy mix and limited gudtality for import of liquid and gas
fuels and electricity (up to 10%) the energy andldusupplies security is defined as
ensuring stable supplies to meet domestic neealscaptable prices and with optimal use of
own resources, that is coal as the main fuel fowgvoindustry. The meaning of
diversification of liquid and gas fuels supply waslened and now takes into account not
only diversification of supply directions but aldiversification of technologies. The latter
one refers to a development of coal-based techieslagf liquid and gas fuels production.
Meeting the expected increasing demand for elédtricy creation of new generation
capacity is to be performed using low-emission mebbgies of coal-based energy
generation to ensure meeting the required pollstantission levels, including SONO,,
dust and C@Q in line with climate protection and climate-engqackage adopted by EU
[30]. The reduction of C@emission is to be performed to the extent techlyidehsible,
while avoiding too strong dependence on importedsturhe above mentioned technologies
include coal gasification to synthetic natural ¢8kIG) and coal liquefaction to liquid fuels
as well as efficient coal-pretreatment technolag{@snstruction of new, highly efficient
power generation units and cogeneration technolyg020 is also declared among the
policy objectives. CCS technologies are plannedbéo implemented to enhance fuel
recovery in gas and crude oil extraction. New wafy€0O, industrial utilization are to be
subject of R&D activities in terms of CCS developmeAt least two demonstration CCS
installations are expected to be located in Polaihe. electricity transmission system is to
be modernized and extended to enable cross-boxdbaege of at least 15% by 2015 and
25% by 2030 of electricity used. But at the sameetindependence in terms of electricity
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and heat generation is expected to be maintaindbabeost entirely on domestic coal
resources.

The preparatory works in terms of legal, socialeptance and technical aspects of
nuclear energy systems are to be undertaken. Tevedle energy production in Poland
nowadays takes place mainly in small local poweregation units and for local users. An
increase in renewable energy sources in the fimadgy use to the level of 15% in 2020 and
20% in 2030 and biofuels in the transport fuelskaato 10% by 2020 is, however, to be
strongly supported.

The importance of CCT should therefore be recoghiespecially in countries with the
energy systems dependent on coal and commitmentsrims of international activities
aiming at sustainable development and GHG emissaatuction in particularly. The
technical advances within CCT development can moathieved without partnership and
cooperation between enterprises and local govertsmanwell as between companies and
scientific and research communities. Creation ef litmovative Silesian Cluster of Clean
Coal Technologies, constituting the platform for R&nd policy activities, aimed at
promotion of such wide cooperation in terms of G§&velopment in Poland [31].

Summary and conclusions

The Clean Coal Technologies are of special intesest importance in the light of
increasing energy demand and stable role of coahsuring energy security. The focus of
CCT development has changed and nowadays theseiifothis regard are more devoted to
optimization and implementation of highly efficientero-emission coal-based power
generation technologies. The importance of CCT ldgweent, as a part of sustainable
energy system, is recognized worldwide as over 40%ontinuously increasing electricity
demand is and will be generated in coal processystems. Considerable financial support
is secured for R&D projects worldwide within nataand international programs.

The need for undertaking intensive activities ia field of CCT is also acknowledged
in Poland. This should come as no surprise corisglghe structure of Polish energy
system, characteristics of domestic fossil fueloveses base as well as national
commitments in terms of European climate packagergdts and means aiming at
facilitating development of CCT are included in thaergy Policy for Poland by 2030.
There is also a considerable level of know-how awgertise available from the R&D
institutes and industry traditionally related toning and power generation fields.
Coordination and support of future and already wadten efforts as well as cooperation
between different stakeholders of research andloewent, scientific and industry circles
have, however, to be ensured. Some activitiesignréigard have already been initiated.
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PRZYJAZNE SRODOWISKU TECHNOLOGIE PRZETWORSTWA W EGLA

DLA ZROWNOWA ZONEGO ROZWOJU
POLSKIEGO SEKTORA ENERGETYCZNEGO

Zaktad Oszcadnasci Energii i Ochrony Powietrza, Gléwny Instytut Gémtwa, Katowice

Abstrakt: Wedtug analitykéwswiatowa produkcja energii elektrycznej wémee z 18,010'2 kWh w 2006 do
31,810 kWh w 2030. Udziat wgla jako surowca do produkciji energii elektryczpeyostaje najwkszy od lat
i w roku 2030 ma osgna¢ 43%. Ocenia 8 ze z uwagi na najbogatsze zasoby i konkurengyjmgnkowa

dostpne zasoby wgla mog zaspokat swiatowe zapotrzebowanie na energi perspektywie okoto 120 lat przy
obecnym poziomie zycia. Istnieje jednak konieczbo doskonalenia technologii produkcji energii
z wykorzystaniem wgla w zakresie ich sprawsa i oddziatywania narodowisko. Tak zwane czyste technologie
weglowe (CTW) umaliwiaja wysoko sprawne i przyjazrseodowisku uytkowanie vegla i obejmug: technologie
wzbogacania wgla, poprawy sprawroi istnieacych elektrowni wglowych, zaawansowane technologie
produkcji energii elektrycznej, technologie zerogyjrie oraz technologie transportu i sktadowania.G® pracy
przedstawiono przewidywanrolg wegla w energetyce ze szczeg6lnym uwdgieniem polityki energetycznej
Polski oraz gtéwne tendencje w zakresie technolpgiietwarzania wgla w aspekcie czystych technologii
weglowych.

Stowa kluczowe:wegiel, przetwarzanie, energia
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FUNCTIONAL PETROLEUM RESINS BASED ON
PYROLYSIS BY-PRODUCTS AND THEIR APPLICATION
FOR BITUMEN MODIFICATION

WYKORZYSTANIE FUNKCYJNYCH ZYWIC NAFTOWYCH
Z PIROLIZY PRODUKTOW UBOCZNYCH DO MODYFIKACJI BITUM U

Abstract: The possibility of petroleum resins with epoxy,dhyxyl and carboxyl groups application for
modification of bitumen properties has been shaiwhas been suggested to modify bitumen by regi@goint
oxidation of tars and petroleum resins, as welliagompounding of functional resins with oxidatedubien.

Keywords: petroleunresin, functional group, petroleum bitumen, mogifion, adhesion

Wastelessness and ecological compatibility are hm&n problems of modern
technological processes in petrochemistry. Theeeftie rational use of petrochemical
by-products is a guarantee of environmental primtect

Hydrocarbon pyrolysis is the main source of ethgleand propylene production.
A series of polymeric materials are produced oir thasis. The main problem of pyrolysis
is the presence of liquid by-products. Their yigdthged from 25 to 30% depending upon
process conditions and raw material.

It is known that the €hydrocarbon fraction of pyrolysis liquid productentains
a great amount of unsaturated compoumnils styrene, vinyltoluenes, dicyclopentadiene,
indene etc. We have developed a method obtaining of petrolezgims (PRs) with different
functional groups (epoxy, hydroxyl and carboxyl) the basis of the {fraction. PRs with
functional groups were obtaineda initial cooligomerization of unsaturated compounds
present in the gfraction in the presence of azodinitrile or perdmifiators at 353+393 K
for 10+40 h [1-3]. Functional groups in petroleuasins improve their properties and allow
to use them more widely.

1 Lviv Polytechnic National University, 12 Banders, §9013 Lviv, Ukraina
2 Opole University, ul. Oleska 48, 45-591 Opole,aPdl, email: waclawek@uni.opole.pl
* Corresponding author: mbratych@polynet.lviv.ua
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One of the perspective ways of PRs with functiaraups practical application is their
use for bitumen modification. Previous investigasioconfirmed such possibility [4, 5].
Bitumen may be modified by introduction of PRs i@ raw material (tar) for oxidation
process or into finished bitumen. The industriat@eum resin “Pyroplast-2” was used for
modification. The drawback of mentioned modifieras absence of functional groups.
Bitumen materials of improved quality may be ob¢ainto our mind using PRs with
functional groups for modification.

Experimental

Reactants and their characteristics

The residuum after, tar vacuum distillation wasdugss a raw material for bitumen
production. Tar was produced at JSC “Ukrtatnaft&d'efmenchuk, Poltava region) from the
mixture of Russian oils. Tar softening temperatuas 299 K.

For the investigation of bitumen modificatiera compounding two different types of
commercial oxidated bitumens were used: buildirigrbén BN-70/30 by DSTU 4148-2003
obtained at JSC “NPK-Galychyna” (Drogobych, Lvigi@n) and road bitumen BND-60/90
by DSTU 4044-2001 obtained at JSC “Ukrtatnafta” gikenchuk, Poltava region).
Bitumen characteristics are represented in Table 1.

Table 1
Characteristics of initial bitumens
Factor BN-70/30 BND-60/90
Needle penetration depth at 298 K (0.1 mm) 15 81
Softening temperature by “ring and ball” method [K] 345 325
Ductility at 298 K 3 77
Solubility in toluene or chloroform [%] 99.0 99
Mass change after heating [%] 1.0 0.85
Flash point [K] 503 518

Following PRs were used as modifiers:

PR with epoxy groups was obtained according topttteedure described in [1]. Its
characteristics: molecular mass M= 850; epoxy number (e.n.) = 8.2; bromine number
(br.n.) =9.3 g B¥100 g.

PR with carboxyl groups was obtained accordinghtogrocedure described in [2]. Its
characteristics: M= 1320; br.n. = 23.8 g BA00 g; acid number (a.n.) = 51.9 mg KOH/g.

PR with hydroxyl groups was obtained accordinght procedure described in [3]. Its
characteristics: M = 610; unsaturation is 26.5%; hydroxyl number (ha 155.3 mg
KOH/g.

“Pyroplast-2” PR was a commercial product obtainedthermal oligomerization of
the pyrocondensatey@action after hydrocarbon pyrolysis. Softeninppperature is 358 K,
M, = 710. All resins used for modification were sdigbstances with light-yellow color.

Experimental and analysis methods

Joint oxidation of petroleum tar and petroleumngsvas carried out at the laboratory
plant consisting of a reactor block, air supply @aedling systems and system of volatile
products recovery. The procedure is described]in [6
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Bitumen-polymeric mixtures were prepared by mixaiggcomponents at the laboratory
plant consisting of electric heater, metal vessih wnixer and thermometer [6]. The
composition was mixed at 393 K till the mixture Bee homogeneous. The temperature
must be higher than softening temperature of PR.

Ductility, penetration and softening temperaturerev@etermined using standard
procedures [7]. The factor “adherence with glassiswdetermined using procedure
described in [8].

Results and discussion

Polymeric and oligomeric products used for the fication of petroleum bitumen are
introduced into the raw material directly beforeidation or mixed with bitumen after
oxidation. Taking this fact into account bitumenswaodified also by two methods:

- PRintroduction into the raw material for bitumengbuction;
- PR introduction into the finished bitumen afterdation.

Using method of PR introduction into the raw matkhitumens were modifiedia
joint oxidation of tar and different petroleum mesi PRs with epoxy and carboxyl groups
were used as modifiers. For comparison bitumen maslified by Pyroplast-2 (resin
without functional groups).

Table 2
Effect of PRs with epoxy groups amount on the pridge of oxidated bitumens
Factor PRs amount in the initial mixture [mass %]
0 1 3 5 10
Softening temperature by “ring and ball 308 309 311 313 315
method [K]
Ductility at 298 K [cm] 40 43 49 56 84
Penetration at 298 K (0.1 mm) 260 224 174 131 94
Penetration index -1.3 -1.4 -1.5 -1.7 -1.9
Brittle temperature [K] 229 229 230 231 232
Plastic range [K] 79 80 81 82 83
Adherence with glass [%)] 14.5 20.6 34.3 42.5 77)8
Acid number [mg KOH/g] 0.28 0.32 0.41 0.49 1.1
Table 3

Effect of PRs with carboxyl groups amount on theperties of oxidated bitumens

PRs amount in the initial mixture [mass %)
Factor
0 1 3 5 10
Softening temperature by “ring and ball 308 309 310 312 318
method [K]
Ductility at 298 K [cm] 40 43 47 66 92
Penetration at 298 K (0.1 mm) 260 226 197 158 72
Penetration index -1.3 -1.4 -1.5 —1.4 -1
Brittle temperature [K] 229 229 230 231 236
Plastic range [K] 79 80 80 81 82
Adherence with glass [%] 14.5 20.9 34.7 39.5 79/4
Acid number [mg KOH/g] 0.28 0.33 0.42 0.51 1.14
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The joint oxidation of tar and petroleum resins wasglied at different ratios tar : PR.
The resin was introduced into the raw material moant from 1 to 10 mass %. The
oxidation was carried out at 523 K for 3 h. The sjirace velocity was 2.5 min The
experimental results are presented in Tables 2-4.

Table 4
Effect of “Pyroplast-2” PR amount on the propertiéexidated bitumens
PRs amount in the initial mixture [mass %]
Factor
0 1 3 5 10
Softening temperature by “ring and ball” 308 309 310 311 317
method [K]
Ductility at 298 K [cm] 40 41 42 64 93
Penetration at 298 K (0.1 mm) 260 223 200 168 6
Penetration index -13 -14 =14 -1.6 2.1
Brittle temperature [K] 229 229 230 230 232
Plastic range [K] 79 80 80 81 85
Adherence with glass [%] 14.5 19.6 31.6 36.9 758
Acid number [mg KOH/g] 0.28 0.31 0.39 0.48 1.06

One can see from the results that introduction R$ Bf different types into the raw
material essentially affects the bitumen properfid®e increase of PR amount increases the
softening temperature from 308 to 315+318 K depsgndipon modifier. The introduction
of PR increases also bitumen ductility. The inceeaE PR amount from 1 to 10 mass %
increases ductility from 40 to 84+93 cm, whereasgp@tion decreases from 214 to
68+94 mm.

In order to investigate the colloid degree of bitumand its divergence from standard
viscous state penetration index was determined.céfe see from Tables 2-4 that the
increase of PR amount slightly decreases penetratabex. At the same time there is the
increase in brittle temperature which characterib#simen properties in pavement.
Following bitumen characteristics plastic ranga wifference between softening and brittle
temperature. Bitumens with wide plastic range hmymoved cracks formation resistance at
low temperatures and shearing strength at higheeayres. The increase of PR amount in
the raw material increases the plastic range ithalcasesv{de Tables 2-4).

The change of acid number and “adherence with ‘glse has been studied. It was
established that the increase of PRs content fram 0 mass % in the raw material the
acid number of modified bitumen increases from 0t@81.06+1.14 mg KOH/g. It is
a positive factor for the improvement of bitumenhesion which is characterized by
“adherence with glass”. This index increases alsmfl4.5 to 75.3+79.4%.

Comparing characteristics of bitumen obtainuig tar oxidation without modifier and
that obtainingvia tar oxidation with PRs of different types one sae that introduction of
petroleum resin allows to increase bitumen adhesgsentially. The optimal amount of
modifier is 5 mass %. Using greater amount of medif inexpediently from the economic
point.

From the results presented in Tables 2-4 one centlsat there is no essential
difference between properties of bitumen modifigdPAR with epoxy or carboxyl groups
and bitumen without functional groups. The possitdason is the fact that functional
groups in PRs are unstable against high tempegafthre temperature of oxidated bitumen
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obtaining is 523 K). Therefore it is necessaryrigestigate the modification of bitumen by
petroleum resins after oxidation.

In order to estimate the efficiency of bitumen nfigdition the effect of PRs amount on
the performance characteristics of commercial bitiosn has been studied. Bitumens
BN-70/30 from JSC “NPK-Galychyna” and BND-60/90m)SC “Ukrtatnafta” were taken
for investigations. Mentioned bitumens differ byeogtional performance, application field
and initial raw material. For instance, buildingtuonen BN-70/30 was obtainedia
oxidation of tar extracted from the mixture of Uikian oils and road bitumen BND-60/90 -
via oxidation of tar extracted from the mixture of Rias oils.

Petroleum resins with epoxy, hydroxyl and carbogybups were used for the
modification. Obtained results were compared widtsuits received during bitumens
modification by “Pyroplast-2” resin without functial groups. PRs were introduced into
finished oxidated bitumen. The PRs amount was withe range of 1+10 mass %. The
results are presented in Tables 5 and 6.

Table 5
Effect of PRs of different types on the propertésuilding bitumen BN-70/30
from JSC “NPK-Galychyna”
PR amount in the composition [mass %]
Factor
0 ‘ 1 | 3 | 5 ‘ 7 | 10
PR with hydroxyl groups
Softening temperature by “ring and ball 72 72 73 74 75 76
method [K]
Ductility at 298 K [cm] 3 4 4 4 3 2
Penetration at 298 K (0.1 mm) 15 12 8 6 3 Y.
Adherence with glass [%] 81.9 83.1 86.3 87.8 904 1.49
PR with epoxy groups
Softening temperature by “ring and ball 72 72 73 74 75 76
method [K]
Ductility at 298 K [cm] 3 3 3 3 2 2
Penetration at 298 K (0.1 mm) 15 14 12 9 6 4
Adherence with glass [%] 81.9 84.3 87.6 89.Y 911 259
PR with carboxyl groups
Softening temperature by “ring and ball 72 72 73 74 75 76
method [K]
Ductility at 298 K [cm] 3 3 3 3 2 1
Penetration at 298 K (0.1 mm) 15 13 11 8 5 3
Adherence with glass [%] 81.9 89.2( 97.7 99.8 995 99.6
Acid number [mg KOH/g] 0.8 3.8 5.4 6.4 7.1 9.7
Pyroplast-2
Softening t ture by “ri d ball”
oftening temperature by “ring and ba 72 73 74 75 76 77
method [K]
Ductility at 298 K [cm] 3 4 4 4 2 1
Penetration at 298 K (0.1 mm) 15 13 9 7 6 4
Adherence with glass [%] 81.9 83.2 85.5 87.1 89J)7 9.98
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Table 6
Effect of PRs of different types on the propertésoad bitumen BND-60/90
from JSC “Ukrtatnafta”
Factor PR amount in the composition, [mass %]
o | 1 | 3 | 5 ] 7 | 10
PR with hydroxyl groups
Softening temperature by “ring and ball 325 325 326 328 329 330
method [K]
Ductility at 298 K [cm] 77 78 79 80 81 80
Penetration at 298 K (0.1 mm) 81 79 75 72 66 g0
Adherence with glass [%] 715 74.7 79.8 82.4 864 2.39
PR with epoxy groups
Softening temperature by “ring and ball 325 325 326 397 328 329
method [K]
Ductility at 298 K [cm] 77 77 78 80 81 81
Penetration at 298 K (0.1 mm) 81 80 77 74 71 g5
Adherence with glass [%] 715 74.0] 80.1 82.8 8813 3.49
PR with carboxyl groups
Softening temperature by “ring and ball 325 325 326 397 328 329
method [K]
Ductility at 298 K [cm] 77 78 80 82 82 81
Penetration at 298 K (0.1 mm) 81 79 76 73 70 q4
Adherence with glass [%] 715 75.3 80.9 84.1 89J)7 5.59
Acid number [mg KOH/g] 2.6 3.9 5.1 6.5 8.2 104
Pyroplast-2
Softening temperature by “ring and ball 395 326 307 328 329 331
method [K]
Ductility at 298 K [cm] 77 78 80 83 84 83
Penetration at 298 K (0.1 mm) 81 80 77 71 66 61
Adherence with glass [%] 715 73.6 78.9 81.6 854 1.39

We can see from Table 5 that bitumen softening &ratpre increases by 4-5 degrees
after introduction of PRs. Bitumen ductility is pteally constant (minimum ductility
is 3 cm). The bitumen hardness characterized bgéation” increases with the increase
of PRs amount.

One of the main characteristics of building bituséntheir ability to hold out on the
solid surfaces (adhesive property). This properighiaracterized by “adherence with glass”.
Mentioned factor increases with the introductionP&ts into the bitumen. Moreover, the
greater amount of PRs, the greater value of “adiverevith glass”. It is interesting to note
that petroleum resins with functional groups affbittmen adhesion in a greater degree
than “Pyroplast-2” resin. The best results areiobthusing PRs with carboxyl groups. The
introduction of 10 mass % of such oligomer increabe “adherence with glass” from 81.9
to 99.6%. The main regularities determined fording bitumen BN-70/30 are the same for
BND-60/90 bitumen, except for ductility (Tables Bda6). Small amount of PRs increases
bitumen ductility but when this value equal to 5n@ss %, the ductility decreases.

Conclusions

On the basis of obtained results it has been ésitall that petroleum resins may be
used as active additives for bitumen-polymeric cosions. It has been shown that
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introduction of PRs with functional groups in ambwi 5 mass % increases softening
temperature by 5+13 K, decreases penetration b9 21 mm and decreases oxidation
time by 1.5+2 times. The best result is achieveithqu®Rs with carboxyl groups. The
presence of carboxyl functional groups improvesrhén adhesion by 21.5+33.6%.

Comparing two investigated methods of bitumen nicdifon their advantages and
disadvantages have been determined.
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WYKORZYSTANIE FUNKCYJNYCH ZYWIC NAFTOWYCH
Z PIROLIZY PRODUKTOW UBOCZNYCH DO MODYFIKACJI BITUM U

Abstrakt: Badano maiwos¢ wykorzystaniazywic naftowych z grupami epoksydowymi, hydroksylaaiyoraz
karboksylowymi do modyfikacji wigiwosci bitumu. Zaproponowano modyfikowanie bituragwicami poprzez
wspolne utlenianie smoly zywic naftowych, a take poprzez przygotowanie mieszangjwic z grupami
funkcyjnymi z utlenionym bitumem.

Stowa kluczowe:zywice naftowe, grupy funkcyjne, bitum naftowy, méidtgcje, adhezja
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TEMPORAL VARIABILITY IN CONCENTRATION OF SELECTED
PHYSICAL AND CHEMICAL PARAMETERS WITH RESPECT TO
DISCHARGE IN A RIVER IN THE PUCK BAY BASIN

CZASOWA ZMIENNO SC STEZEN WYBRANYCH WSKA ZNIKOW
FIZYCZNO-CHEMICZNYCH NA TLE NAT EZENIA PRZEPLYWU WOD
JEDNEJ Z RZEKI ZLEWISKA ZATOKI PUCKIEJ

Abstract: The goal of this work is to determine the concatitn variability and the values of selected phafkic
and chemical parameters, including the discharggesdor the Plutnica River, as well as the catdiseshanges
in these values. When it comes to physical and atewater quality, the downstream waters of theri#ta are
freshwaters with elevated chloride concentraticrtss is due to the fact that the Baltic Sea actssiallow
groundwater along this part of the coast as weltaaperiodically occurring saltwater intrusionsannland
surface waters. The concentrations of the remaioa@mgmon ions were fairly stable during the coursthe year
and their annual variability levels were similar.

Keywords: water quality, discharge, temporal variability, pltal and chemical parameters

The degradation of man’s natural environment is ofnthe most important, if not the
most important, problem of the modern world. Wonsgwater quality leads to limiting of
its use, and it becomes a problem in many areadt[l§ especially noticeable on a local
basis. Although globally, the processes and natpih@homena adversely affecting water
quality are still dominant with respect to anthrgpnic processes and phenomena [2],
locally it is just the opposite. The degradationwadter quality, and related to it water
deficits, including river discharge magnitude deses, are always noticeable on the local
scale first. Natural characteristics of river flamd initial quality of water are more and
more often just an abstraction. At present, hurmeings significantly influence the natural
environment causing the initiation, acceleration slowdown of certain physical,
geographic, and biochemical processes [3]. ThenletRiver is an example of a river on
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the Polish coast of the southern Baltic Sea, winesley coexisting factors are observed,
both natural and anthropogenic (Fig. 1).

o} 45 90 135 km

Pucka Bay Legend

— Plutnica catchment
— Rivers  —— Borders of Poland

Fig. 1. Location of the research area in northerarr

Legend
—— Water section of Plutnica catchment
)¢ watergate

~—— the receptive areas
without outflow
partial sections
insecure section

“—— the evapotranspiration areas
without outflow

the receptive isolation depressions
without outflow

.~ theevap piration isolation dep
without outflow
— rivers
periodical rivers

— river Plutnica
[ ] Lakes
Shore line
0 2 4km
e —

Fig. 2. Hydrographic map of the Plutnica River basi
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Today, it is a hydrographic entity, whose surroagdenvironment has been modified
by man to a lesser or greater degree. One shotiffibryet that, once naturally formed, the
environment still plays a fundamental role in thapng of water relationships in this basin.
The Plutnica River, in its downstream section, bagn entirely reengineered by man,
creating a polder system with forced water cirdafaiFig. 2). Its headwaters and middle
section have been significantly reengineered buemeirculation remains gravity-based.
The most natural conditions exist in the upland pérthe basin, where the hydrological
conditions are controlled primarily by natural pesses.

The goal of this work is to determine the concditnavariability and the values of
selected physical and chemical parameters, thbalige values for the Plutnica River, as well
as the causes for changes in these values.

Hydrological characteristics of the Plutnica Riverbasin

The Plutnica is a small coastal river flowing asr@slowland. It empties into the Bay
of Puck (Fig. 1). The river originates in the Pudkls in the vicinity of the town of
Starzynski Dwor. It is 11.2 km in length and theaaof its basin is 85.2 KmThe Plutnica
flows in a proglacial valley and drains the southpart of the Swarzew Hills as well as the
northeastern part of the Puck Hills. The river dsathe area’s autochthonous waters. The
water level in the river influences the drainagehaf basin. In the downstream section, the
drainage of the basin depends on the water levieliagk Bay. With a heightened water level
in the Bay, the outflow comes to a halt, and dustayms, seawater intrusions into the river
channel do occur. In its downstream section, ther rilows through wetlands, called Puck
Swamps. They cover an area of 1,600 hectares. dep@las created in the swamp area and
is maintained by a pumping station that servegatibon and drainage purposes. The station
is located on the Pump Canal at its outlet to fénia River. In this area, there are several
operational locks and a weir that are used to obtitre drainage and irrigation system.
There are no lakes in this basin, if a lake isrdafias a reservoir whose area is greater than
1 hectare. In the Puck Upland, it is typical formarous ponds and kettle lakes to be found
(over 200), quite often functioning as fisherieev&al reservoirs were built in the river
valley in the 1960s. Since 1992, seven new smakri@irs have been built on streams
flowing down from the Puck Hills. The reservoirgea totals 0.14 kf which produces
a low lake area to overall land area ratio, whighads 0.0016%.

Methods

Fieldwork was performed during the 2006 hydrolobigaar. Water samples were
collected monthly in the Plutnica River at a pdotated 400 m upstream from its mouth.
The point was chosen because it lies downstream &ibthe tributaries and the influence
of Puck Bay waters on river water quality can bé&ded here. The water samples were
tested at the Hydrochemical Laboratory of the Ursitg of Gdansk Department of
Hydrology in order to determine the basic ion cantéchloride, sodium, potassium,
calcium, magnesium, sulfate, bicarbonate, as veB@D, and COD-Cr) in the waters of
the Plutnica River. The methods used to performicgide measurements are described in
Table 1. The fieldwork for this project involvedrfming the following measurements:

- dissolved oxygen (DO) via the electrometric methising an oxygen electrode CellOx

325 made by WTW,



32C Roman Ciélinski and Marek Ruman

- water pH via the electrometric method using anTse 41-3 gel electrode made by
WTW,

- electrical conductivity and water temperature the TetraCon 325 conductometric
probe made by WTW.

Methods used to determine basic ion content of wB@®Ds and COD Tebled
Parameter Being Determined Method Standard Procedwr Equivalent
Chloride Titration PN-ISO 9297:1994
Sulfate Colorimetry None
Calcium Titration PN-ISO 6058:1999
Magnesium Titration PN-ISO 6059:1999
Sodium Flame photometry PN-ISO 9964-3/AK:1997
Potassium Flame photometry PN-ISO 9964-3/AK:1997
Bicarbonate Titration None
BODs Electrochemistry PN-EN 1899-2:2002
COD-Cr Colorimetry ISO 6060-1989

Concurrently to the collection of water samplesaswgements of the discharge rate
were conducted using a StreamPro Acoustic Dopplerre@t Profiler (ADCP).
Measurements using this device are done as foll8MBCP emits acoustic waves and
receives them after they are reflected off pasidaspended in the water and in the river
bed. The time needed for a wave to reflect and doaek determines the distance from the
suspended particle, while the frequency changehef reflected waves determines the
direction of movement. Waves reflected by the rived carry information about its shape.
Waves reflected off suspended particles are usetktsure discharge. The device does not
measure discharge in the subsurface layer or ¢togbe river bed; instead, it takes an
average of it based on calculated flow velocityadjacent layers. Today, this is the most
accurate of discharge measurement methods.

The discharge irregularity coefficieatwas also used in this work, whetés the ratio
of maximum discharge to minimum discharge [4]:

_ Qmax
o= ﬁ
Based on the instantaneous discharge values mdasming fieldwork, average

monthly discharge values were calculated as follangraph was drawn on technical paper,
where 1 mm corresponds to 1 day in a year. Thenetld of each month was marked with
a vertical line and points were marked that repriesbthe instantaneous discharge value for
the particular day. The next step was to conneetpbints and read off the values for
discharge at the points of intersection of the eward the vertical lines marking the end of
each month. Finally, an average of three numbesstaken: the discharge value read at the
beginning of a particular month, the instantanedissharge value, and the discharge value
at the end of a particular month. In this mannteg, honthly average discharge values were
obtained.
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Results and discussion

The direct cause that influences discharge vaitabil rivers is weather conditions,
especially the amount of rainfall and its timindheBe factors are further affected by the
geographic characteristics of the natural envirammaf a basin [5]. Highly variable
discharge is typical of basins with poorly permeaslrfaces, a significant slope of land,
and a scarce amount of forest. In basins with kiglermeable surfaces, a small slope of
land, large forested areas, and a significant pesef lakes, the rate of discharge is stable
throughout the year [6].

The basin of the Plutnica River is dominated by [msvmeability surfaces (58%) and
variable permeability surfaces (17%). Moreover, lddee to overall land ratio is low and
equals 0.0016%, and the slope of land is rathepst€hese factors lead to an irregular
regime in the basin, as evidenced by a high caefficof discharge irregularityn(= 11.4).

Table 2
Instantaneous discharge during the 2006 hydrolbgezx
Date Instantaneous discharge [fhs™]
30.11.05 0.617
15.12.05 0.993
30.01.06 0.128
23.02.06 0.56
30.03.06 11
13.04.06 1.12
27.04.06 1.08
17.05.06 0.197
22.06.06 0.782
20.07.06 0.098
30.08.06 0.959
27.09.06 0.865
25.10.06 11
Table 3

Average specific runoff during the 2006 hydrolodipear

Average specific runoff

Months [dmg's_l.km_z]
Xl 7.27
XII 9.08

[ 4.03

Il 5.55
1] 11.05
\Y 12.27

\Y 6.05

VI 6.94

VI 3.75

Vil 8.86
IX 10.75
X 11.88
Average 8.12
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The instantaneous discharge rate (Table 2) forRh#nica River during the 2006
hydrological year ranged from 0.098-g"to 1.12 nis ™, and its specific runoff (Table 3)
ranged from 1.168n?s km?to 13.317 diskm™. The average discharge in the 2006
hydrological year was 0.68°s™. Compared with 1988, it was lower by 0.23s1, and
compared with the year 2000, it was higher by Gr8%™. The average specific runoff for
the Plutnica River was 8.12 ds-km™. This value is close to the average specific riinof
values for rivers such as the Reda (a.s.r. = 9.3sdhm™) and the Radunia, whose
average specific runoff is 7.9 dsr-km2[7].

Maximum discharge values, over 1.3:s1t, occurred in mid-April, in March, and in
October (Table 2). The lowest discharge rates wererded in the Plutnica River in July
and January (Fig. 3).
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Fig. 3. Average discharge rate for the PlutnicaeRduring the 2006 hydrological year

Comparing the winter half of the year (Nov.-Apr.jttwthe summer half of the year
(May-Oct.), it can be concluded that the averageldirge rate in the winter half of the year
was greater and equaled 0.7s1, and in the summer half of the year, it was sliglawer
and equaled 0.68%s™

The monthly discharge coefficient, which is a raifdhe average monthly discharge to
the average yearly discharge, and is expressedoascantage, shows an existence of two
flood events that took place during the 2006 hyalymlal year - a spring flood event and an
autumn flood event (Fig. 4). In the case of tharia River, one can infer the existence of
a spring and an autumn regime.

It should be mentioned, that the discharge ratthénPlutnica River depends on the
operation of a pumping station, which is locatedhat outlet of the Pump Canal to the
Plutnica River. In early spring and in autumn, tfesvnstream part of the basin is drained,
therefore the discharge values are higher. In kgteing and summer, when high
temperatures increase evaporation and a watertdsfizurs, the irrigatiosystem is turned
on, which decreases the amount of water flowing out

In order to determine the quality of the water urestion, the water’'s hydrochemical
type has to be determined first. Water type is thase the content of the following ions:
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calcium (C&"), magnesium (M), sodium (N3), bicarbonate(HCO;), sulfate (SO7),
chloride (Cr), and the ratios between them, expressed in tine &6 equivalents [8, 9].
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Fig. 4. Monthly discharge coefficient for the Pligiim River during the 2006 hydrological year

According to Alekin’s classification system [10]ater is divided into the following
types: bicarbonate-, sulfate-, and chloride-typgewadepending on the dominant anion.
Plutnica River water is classified as bicarbonat¢ew(Fig. 5). Groundwater belongs to this
group and so does lake water and river water poanineral content [11]. Next, waters
were divided into three groups, depending on thmidant cation: calcium, magnesium,
and sodium. As shown in Figure 6, the dominanbaeatiere is calcium (9. The groups
are then divided into three water types, whichdatermined by the ion concentration ratio.
For the waters of the Plutnica River, the concéiotnaratio is as follows:

[HCO;] < [Ca®]+ [Mg *] < [HCO;]+[SO] ']

16.20% OHCO3
Anions
mSso4
17.20% mCl
66.60%

Fig. 5. Circle graph of common anions in PlutnideeRwaters during the 2006 hydrological year
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Fig. 6. Circle graph of common cations in Plutniriger waters during the 2006 hydrological year

The third ion, dominant for most of the year, is fulfate ion §O;”). Only in autumn,

this ion is replaced by the chloride ion {Cwhich may be related to storms taking place in
that period of time, which in turn, cause saltwategrusions [12]. Seasonal variability of
sodium and magnesium with respect to one anothgr afsn be observed. Magnesium
concentration reaches higher values in the wintad a&he spring, while sodium
concentration does so in the summer and the aufbign7).

Considering the results obtained for the selecteginical parameters, on a monthly
basis, it can be observed that the lowest cond@mgaof most of the parameters occurred
in March, and the highest in November (Fig. 8).a8sium reached one of its higher
concentrations of the year in March only, and irvé&faber, one of its lowest. Usually, the
potassium to sodium concentration ratio is abodit But in this case, it was almost 1:2.

The concentrations of all the parameters considegihg the research period are
shown in Table 4.

1,6

1,4 m—

— 1,2 o SO4
g’ — 1 m Cl
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S e 8 Na
E
04 m Mg
0.2

Fig. 7. Seasonal variability of sulfate, chloridedium, and magnesium concentrations during thé 200
hydrological year

The temperature variability of the Plutnica Riveater during the 2006 hydrological
year corresponded to variability in air temperatu@ne unusual increase in water
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temperature was noted: from 2.5°C in November ®°@.in December. The average

temperature of the river water was 9.9°C (Table. 4)
In the course of the year, pH ranged from 7.0 & Which is a range that falls within

what is considered to be a neutral range for w@ér-8.5) (Table 4). Similarly, the average

value of pH of the river water (7.3) was approaghieutral.

100
90 1] _ 1
80 I
70 OcCa
T o mso4
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Fig. 8. Variability in the concentrations of commions during the 2006 hydrological year
Table 4
Variability of selected physical, chemical, andlbgical parameters during the 2006 hydrologicalyea
Temperature - 1 | Dissolved oxygen BODs COD
Months ] pH | Conductivity [pS - cm] [MgO; - dn/ %] | [mgO, - dn] | [mgO; - dm
Xl 25 7.4 641.0 6.8/50.0 0.97 80.0
Xl 4.9 7.6 478.0 9.4/735 1.82 -
| 1.0 7.2 461.0 - - -
I 2.6 7.4 470.0 - - -
11} 55 7.4 284.0 11.1/88.0 3.65 34.3
\ 8.8 7.2 491.0 8.5/73.3 1.68 22.8
\ 11.2 7.2 403.0 13.6/122.7 13.59 26.2
\ 18.9 7.2 405.0 3.3/35.6 2.72 46.9
VII 20.1 7.5 449.0 3.8/41.7 1.10 15.2
Vil 20.1 7.4 450.0 3.4/37.3 0.70 24.9
IX 11.8 7.4 547.0 3.9/35.7 0.98 16.4
X 11,0 7.1 484.0 3.5/31.9 0.37 18.8
Average 9.9 7.3 463.6 6.7/59.5 2.76 31.7

The conductivity of the waters of the Plutnica dgrthe 2006 hydrological year ranged

from 284 to 641uS - cm®. In clean surface waters, conductivity is in teB000uS - cm*

range [13]. Higher values usually indicate the pneg of wastewater pollution in analyzed
water samples. Seawater intrusions are anothentuteeason for elevated values. The

conductivity values calculated for the Plutnica&iwater indicate that it is clean.
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Dissolved oxygen content in clean water usuallyresgonds to 100% saturation. The
lower the value, the more polluted the water. Rédnof dissolved oxygen content below
40% may be dangerous to equilibrium in natural taébi[14]. Plutnica River water is
characterized by unfavorable living conditions ggithat the average oxygen saturation during
the 2006 hydrological year was 59.5%. The cleasdira# the river's water was unsatisfactory
from June until October, with dissolved oxygen eomtbelow 42%. The best oxygen
saturation was detected in the spring, when dissobxygen content was 94.7%, on average,
as well as in May, when full oxygen saturation wated.

In the case of BOP) its lowest values were recorded in the autumrgnathe average
value was 0.8 mg© dm? (Fig. 9), with a minimum of 0.37 mgO dm?in October (Table
4). The highest values of BQ@Dwere recorded in the spring (the average value of
6.3 mgQ - dm?), with a maximum of 13.59 mgO dm?®recorded in May (Table 4).

The average value of COD during the 2006 hydrokgiear was 31.7 mgQ dm ™. In
the case of COD, it is difficult to speak of seadarariability, because low and high values
occur regardless of the season. However, the Higivesage values of COD were recorded

in the autumn (38.4 mgO dm®):; specifically, 80 mg®- dm?® was recorded in November
(Table 4).
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Fig. 9. Seasonal variability in BQ@nd COD [mg®- dni?] in Plutnica River water

The average concentration of chloride in the PtatriRiver was 31.5 mgCl dm?®and
chloride concentration ranged from 14.5 to 58 mg@im?®. Measured values of chloride
concentration in Plutnica River water did not canfia significant influence of Puck Bay on
the water in the Plutnica River (no evidence ofwsdar intrusions). A chloride
concentration above 100 mgGl dm® was not observed at any time. However, there are
periods of time during which values occur that ext80+40 mgCl- dm?® (Fig. 10). This is
at least double the concentration values observadand waters [15].
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Fig. 10. Temporal variability of chloride concenitoa in Plutnica River water during the 2006
hydrological year

Conclusions

Human activity, concentrated primarily in the PioénValley, is the reason why it is
difficult to compare this river to any other rivierthe Pomerania coastal region. This applies
not only to hydrographic or hydrological characes but to qualitative characteristics as
well. The reengineered mouth of the Plutnica Rimaly be compared with the mouth of the
Reda River. The Reda, however, has been substaméahgineered only in its downstream
stretch, while the Plutnica has been reenginedozd és entire length.

When it comes to physical and chemical water qgualite downstream waters of the
Plutnica are freshwaters with elevated chlorideceotrations. This is due to the fact that
the Baltic Sea acts on shallow groundwater aloig ghrt of the coast [16] as well as to
periodically occurring saltwater intrusions intolaind surface waters [12]. The
concentrations of the remaining common ions wendyfatable during the course of the
year and their annual variability levels were samilFor all common ions, except potassium,
the lowest concentration values were noted in Mavdhich can be linked to the spring
snowmelt season. On the other hand, the highesevakere detected in November, and
this increase was due to storm weather conditidmsincrease in the concentrations of
chemical parameters commonly knowmaaritimenormally takes place in November.

Water quality in the Plutnica River, as indicated dhemical parameters, is not the
best. Human impact on the river's basin is sigaifit; and the results of tests show that its
water quality is bad. The cleanliness of Plutni¢ceeRwater was unsatisfactory from June
until October, with dissolved oxygen content be®. BOD, values for the autumn, with
the minimum being in October, confirm the bad ctindi of the river water as far as its
level of cleanliness is concerned. This is prinyadle to wastewater pollution. The low
COD values, determined during the entire reseamtiiog, also confirm that the river's
water quality is not as good as it could be.

In the 28" century, especially during its second half, thetfta River basin became
more agricultural in nature, crop areas increasedize, and the amount of artificial
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fertilizers and pesticides being used increasegrésent, arable land occupies 57% of the
basin area. Due to the agricultural land use, pilynghe use of fertilizer, a seasonal
increase in potassium concentration is observegrdéess of discharge rate. This occurred
in March, when potassium concentration reached afnthe high values for the year,
regardless of the high rate of discharge. This diaes to the washing out of potassium
fertilizer applied to crop fields in the autumn. eThighest potassium concentration was
recorded in June, which was related to fertilizee wn meadows following the first hay
harvest of the year.

The monthly discharge coefficient values for thetiita River are different than those
for other coastal rivers in Poland. For the Redd beba rivers, coefficient values were
higher than 100% (which means that discharge wgisehithan average annual discharge)
from November until April, but they were lower froMay until October [17]. In the
Lupawa River, discharge values that were highan theerage annual discharge were noted
from October until April. In the case of the PlaaiRiver, values of the monthly discharge
coefficient that were higher than 100% occurredirdudifferent months of the year: in
May, April, from August until October, and in Deckear. Values lower than 100% were
noted in January, February, from May until July,daim November. According to
Bogdanowicz [17], coastal rivers are characterizgdnegligible discharge variability and
a high degree of discharge steadiness”. Researdafischarge rate variability during the
2006 hydrological year indicates that the aboveckmion does not apply to the Plutnica
River, where discharge is not steady.
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CZASOWA ZMIENNO SC STEZEN WYBRANYCH WSKA ZNIKOW
FIZYCZNO-CHEMICZNYCH NA TLE NAT EZENIA PRZEPLYWU WOD
JEDNEJ Z RZEK ZLEWISKA ZATOKI PUCKIEJ

! Katedra Hydrologii, Uniwersytet Gdaki
2Katedra Geografii Fizycznej, Zaktad Hydrologii i §mdarki Wodnej Obszaréw Urbanizowanych
UniwersytetSlaski

Abstrakt: Celem niniejszej pracy bylo ustalenie zmiesmiostzen i wartasci wybranych wskanikow
fizyczno-chemicznych oraz przeplywéw na rzece Réytra take okrglenie przyczyn tych zmian. Pod wzdem
jakasci fizyczno-chemicznej wody rzeki Plutnicy w jej Idgm biegu § wodami stodkimi o podwiszonych
wartdsciach stzen chlorkéw. Wplywa na to niegtpliwie sssiedztwo morza, ktére oddziatuje na plytkie wody
podziemne w tej e&ci wybrzeza, a take okresowo wyspujace zjawisko intruzji wéd stonawych drpg
powierzchniowy. Sktzenia pozostatych gtéwnych jondw wagu roku charakteryzowaly gsiduza stabilndcia

i podobra zmienndcia roczry uzyskanych wynikéw.

Stowa kluczowe:jakas¢ wody, natzenie przeptywu, czasowa zmierapwskaniki fizyczno-chemiczne
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MODELLING TRANSPORT OF HYDROCARBONS
IN SOIL-WATER ENVIRONMENT

MODELOWANIE TRANSPORTU W EGLOWODOROW W SRODOWISKU
GRUNTOWO-WODNYM

Abstract: The paper deals with the diffusive model of hydrbons migration in porous medium. To assess the
risk of groundwaters contamination by hydrocarbomgrating in the soil the mathematical model is lagup
Incorporation of diffusion into the equation of masansport enables the description of hydrocarti@rsport
deep into soil profile. The biodegradation equatiakes it possible to consider the effect of miogaaisms
upon reduction of hydrocarbons content, especiailyfractions. To verify a theoretical model a seriof
experiments on the so-called soil filter were @atrout. The parameters of theoretical model weterahéned for
benzene, toluene, xylenehexanen-heptane and 2,2,4- trimethylpentane.

Keywords: petroleum derived products transport, transporpénous media, infiltration into the soil, organic
compounds leakage, hydrocarbons transport in soil

Introduction

Although practically all petroleum constituents dafiltrate the soil the ones that do it
most frequently are petroleum fuels as they hawe riajor share in the turnover of
petroleum products [1, 2].

Petroleum products spilt on the ground surface mametrate deep into the ground.
Their soluble components are the source of contimim and can reach as far as the
underground water table threatening fauna, flord anderground water reservoir of
drinking water [3].

Toxicity of petroleum products results from theiypical and chemical properties.
Thick, hydrophobic oils block soil pores limit thecess of air to its deeper layers [4, 5].

Hydrocarbons enter human organism through respyratgstem, skin and alimentary
system [6-8].

! Civil Engineering and Environmental Protection Bement, Kielce University of Technology, al. Taslecia
Paistwa Polskiego 7, 25-314 Kielce, Poland, tel./fd8 41 342 45 27
* Corresponding author: jgawdzik@tu.kielce.pl
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Aromatic hydrocarbons constitute a significant grad petroleum products. They are
relatively volatile and widely applied in chemi@ald oil industry [9]. The percentage share
of aromatic hydrocarbons in fuel oil is approx. 25Btit in "Super” petrol it oscillates
within 30+50% [10].

The potential sources of contamination with BTX ribene, toluene, xylene) are
refineries, petroleum storehouses, filling statjormking plants, pulp and paper factories,
dry-cleaners, pharmaceutical and metal works [10].

The health risk of VOCs like benzene, toluene, letyzene, xylenes, formaldehyde
and acetaldehyde even at low concentrations is es#blished and some of them have
been identified as proven or probable carcinoggnshb US Environmental Protection
Agency [11].

Benzene exposure has the most serious effects.dtviolatile organic compound of
a ring structure characteristic of homologous sepfearomatic hydrocarbons. It is a natural
constituent of crude oil with the percentage sharall distillations below 1%. To reduce
knocking more hydrocarbons were added to petrdudtieg benzene whose share rose to
5%. The areas exposed to the highest benzene daatam are filling stations and their
surroundings [12, 13].

Benzene is a first group carcinogen. The reseaastploved that high concentration of
benzene occurs in European cities. Thus, EC Due@0D00/69 specifies the permissible
level of benzene in the atmospheric air as notexdiog 5 mg/m

The toxic hazard caused by the leakage of petroleraducts to the soil increases in
lower temperatures due to decreased vapour preassurdower ability of the system to
biodegradate contaminants. The dynamics of physaal chemical processes and
microbiological changes caused by petroleum hydbms are dependent upon
environmental factors. In hot and humid climate rfogarbons decompose relatively fast
while in the cold climate the process is much slojid].

Recharge

b | Leaky DNAPL 4oy LNAPL
tank ke

Water table e
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Fig. 1. Migration of petroleum products in aerataond saturation sphere [15]

Particular emphasis is laid upon the transportedfgieum products in atmospheric and
soil - water environment. Understanding the procdés¢sansport in soil - water environment
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makes it possible to predict contamination risk femdlitate remedy when contamination
occurs. It is difficult to use a mathematical mottelillustrate the transport of petroleum
products as their constituents in the soil envirenimare heterogeneous mixtures whose
sorption on soil particles shows different charasties and so does the dynamics of their
migration in pores. To a large extent these praesse dependent upon structure and
characteristics of the soil, that is, porosity, llity, organic matter content etc.

The durability of petroleum contaminants in thel dsi determined by [16] soil
graining, climate as well as by their compositionl @oncentration.

The description of petroleum hydrocarbons migratiosoil should include penetration
of light phase through aeration sphere and surfaceement on the mirror of the
underground water. During aeration phase the tahg volatile substances formed by the
phase change of migrating hydrocarbons takes place.

In the soil porous space different phases coegisil: air phase, water phase and
organic phase which seeps to the ground. Spreadipgtroleum products is the resultant
of several single processes: convection, diffus@ispersion, adsorption and biochemical
degradation [17-19].

The starting point for theoretical diffusive model$-ick’s second law [20, 21]:

oc 9°C
ot b 0z* @)

In natural environment petroleum products undergmcHemical degradation. The
ability of bacteria to decompose petroleum prodingts been built over centuries. Such
bacteria are mostly found in the places where coideaturally occurs [22]. They produce
enzymes biodegradating petroleum hydrocarbons. dpygearance of enzymes is the
reaction of microorganisms upon certain chemicaimpounds [23]. Since most
hydrocarbons do not dissolve in water, microorgasigproduce egzoenzymes allowing
formation of hydrophilic structure.

In theoretical models the first-order model of liemical reaction is frequently
assumed [24]. However, the descriptions of moreperkinematics are also found [25]:

dc _ BIC

ket AP 2
dt Hmax Y II:ks ( )

where:

max- Maximum rate of bacteria multiplication{s

B - biomass concentration [mgni]

C; - hydrocarbon concentration [mgni]
Cws - hydrocarbon concentration for partial valygy [mg - dm?|
Y - biomass produced for the unit of metabolizeldsstat
Biodegradation rate depends upon organic matesigkat [25].
Another group of models is based on classical thebmultiphase flow and modified
Darcy's formula for water - hydrocarbons [14]:

Q =k; [A [grads, 3
where:

A - area of soil cross section fm
ki - intrinsic permeability [m - 7§
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Q - flowrate [nf - s7

0, - volume share of pores filled with free petroleproduct [ - 3|
%z—Kii a—h+1 + ALNAPL 4)
ot 0z\ 0z

where:

h - hydraulic pressure loss in porous matrix [m]

Ki - intrinsic permeability [m - 7§

ALNAPL - mass gain of free product [kg™~]s

The model consistent with equation (4) provides mahensive description of
transport in aeration and saturation spheres wetfand to transport of volatile phase and
sorption of contaminants. The model does not irelbbchemical degradation, migration
in orthogonal direction to the main stream and does allow for migration below
saturation sphere.

A majority of petroleum products' transport modelsporous matrix belong to the
group of diffusive models. The diffusive model ieegented in [14] with regard to heavy
fractions and light ends concentration as well tooés and biochemical changes and
chemisorption:

R 9, +aai‘t1 = —div(vl E;l)+ div(D1 Egradcl)— n(Vl + |1)‘111

' ot
dc, , da : .
20_'[2 +0_t2 = —div(v, [&,) + div(D, [gradc,) - n(V, +1,) -n, (5)
RS§ +%1 = —div(vS E't)+ div(DW @rads)
ot ot
where:
ci. - concentration of oil heavy fractions [kg ~°m
c, - concentration of oil light ends [kg “th

v: - convection rate of oil heavy fractions [m]s
V, - convection rate of oil light ends [m™]s
Vs - convection rate of water [m =~
s - soil moisture [kg - i
a - mass of adsorbed moisture per unit volume ibflap- m3|
a,, - mass of absorbed hydrocarbons [kg3m
I, - rate of heavy fractions degradation caused byahiological factors [kg - §
I, - rate of light ends degradation caused by miciobioal factors [kg - g
. - transformation rate of the adsorbed heavy foastinto other forms [kg %
n. - transformation rate of the adsorbed light emtis other forms [kg - §
V. - transformation rate of heavy fractions in frestetinto other forms [kg =%
V, - transformation rate of light ends in free stai® iother forms [kg -§
R, - retention constant
D, - dispersion coefficient of heavy petroleum progyet’ - %
D, - dispersion coefficient of light petroleum prodsifit? - s
D, - water dispersion coefficient fm s7]
The left-hand side of equation (5) consists of theression showing the mass
accumulation in the balancing area. The right-hsidd of the first two equations describes
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kinetics of the following processes: convection,spdirsion, biodegradation and
chemisorption. To these equations the equatiossmption kinematics [14] may be added:

aa;atizﬁl E(Cl_c;.)

% <p.de,-c) ©

%= pifs-s)
where:

B. - kinematic coefficient of oil heavy fractions'rption [s}]
B, - kinematic coefficient of oil light ends' sorpigs™]
B - kinematic coefficient of water sorption{s
* - parameter values in state of equilibrium
The model presented in [14] contains heat balance:

C, [p, E%—I = div(x [gradT) (7)

where:
C, - heat capacity of hydrocarbons - soil systerf {187 - de@’]
L - heat conductivity [kg - m 7% deg’]
po - apparent density of soil [kg - Th
T - temperature [°C]
The disadvantage of model (5) is the necessityterthine several parameters.
The theoretical model described in [17] can be gl by means of the following
boundary value problem:

C
30 rAD, (€ ~
OCOIAz _ 02 44 VOB E) g, pgz yTAdz (8)
ot 0z 0z
where:
v - mass adsorption rate [kg ~msY
u - rate constant[§

More complex theoretical models are presented &), [@here the authors discussed
transport models in heterogenic environment onbihsis of four scenarios with different
combinations of uniform/heterogeneous rate-limiéssolution and uniform/heterogeneous
rate limited sorption/desorption. The results shibat both heterogeneous rate-limited
sorption/desorption and heterogeneous rate-lindtssblution can significantly increase the
time or pore volumes required to elute immiscilidgild constituents from a contaminated
porous medium. However, sorption/desorption hasmahinfluence on elution behaviour
until essentially all of the immiscible liquid hbsen removed [26].

The alternative approach towards modeling the parisof polycyclic aromatic
hydrocarbons (PAH) is shown in [27]. The authorever the effect of adsorption upon
petroleum hydrocarbons' dispersion in the porousrism&ontaining dissolved organic
matter DOM. The presence of the dissolved orgarattanin the matrix containing SO
results in the increase of the retardation factor R[27].
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The purpose of the model suggested here was tdisimmthematical operations. It
was also verified on the research stand with the af using it in practice to assess
contamination risk expressed by migration timeaftaminants from the soil surface to the
underground-water table. The suggested algorithquires prior determination of "input”
parameters.

Research methodology

Basing upon literature, for example, [12, 28] tb#ofving assumptions were made to
construct the model:

- soil medium is highly porous and permeable foritiggontaminants,
- sorption processes are neglected,
- biodegradation rate of hydrocarbons is greater feso.

The next step was the experimental verificatiorthef model. For that purpose dry,
sand soil of three different grain sizes was useadhoosing petroleum hydrocarbons both
their high toxicity and relatively good water salitip were taken into account as they effect
contamination risk in the cases of oil leakage frgnmund objects [29-31]. The following
hydrocarbons were selected: benzene, toluene, exylsomer mixturep-hexanen-heptane
and 2, 2, 4-trimetylopentane.

The results of experimental research were stadiftiassessed with Student t and
Snedecor F tests.

The model of petroleum hydrocarbons' transport

Ground modeling is most frequently conducted ondséitiers simulating loose,
permeable grounds. In the theoretical models tffasiie transport of hydrocarbons and
convection resulting from water flow through aesatsphere are usually taken into account.
These models properly describe the transport of rdoatbons with viscosity
v > 2-:10°m? - s. To verify the results obtained experimentallydiéusive model of
hydrocarbons' transport (the initial boundary ctind) in the sand - hydrocarbon system
was proposed:

aC, _ _ 0°C,

R ? =D, azzl -G 9)

- G(@z0=0 fo 0<z<S
- (7 (O,t) =G - exp (-pt, : t) fort>0
- %=Ofort>0andzzs
The solution of the problem (1) describing the $movt of petroleum product in the
ground is the equation:

2
Clzt)=—al® ex%—{ Z_ 4y u}} (10)
JAGRD, R? 1 4, O
where:

wi - hydrocarbons' biodegradation coefficient][s
C; - concentration of key component "i” in the matfiog - m3|
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Coi - initial concentration of key component ,i” in tieatrix [kg - m?|

D: - equivalent diffusion coefficient of key componéiifm 2 - s7]

S - the maximum depth of hydrocarbon penetratiooudh the ground [m]
R, - retardation factor of key component "i” in the tniva

t - migration time [s]

z - direction of hydrocarbons' migration [m]

Sand soils usually do not contain organic mattelrtaeir sorptivity is smaller than that
of migrating organic contaminants and heavy mdRls~>1) [27].

On the basis of coefficients determined for mod®l &nd the solution (10), the
maximum depth of hydrocarbon infiltration into saswll after timet from the leakage can
be calculated. The result shows to what degreedggibons' transport is a menace to
underground-water table.

Hence, the sought value is the concentration ofdoatbons Cwhich in time t cover
the distance z. If z is the distance of contamimatiource from underground-water table the
time of ecological disaster - groundwater contatimmacan be assessed.

The boundary-value problem (9) is the descriptidn petroleum hydrocarbons'
transport in the aeration sphere. The model waiegron the research stand simulating
natural ground medium.

Experimental research

To simulate real conditions a propylene model obugd filter with diameter
¢ =135 mm and height = 2000 mm, was constructegl @i

Fig. 2. Model of soil filter for examining the magion of hydrocarbons
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The column is a segmented structure consistinggtfteen 100 mm high cylindrical
elements filled with the sand and the base thehheid 200 mm, filled with gravel
(supporting layer).

Three ground matrices with high water permeabilityd small sorptivity were
prepared.

The matrices were obtained by passing natural sarmigh sieves with diameters
d; = 2.0 mm and g= 0.5 mm. The porosity factor of the sorted samdtfons is shown in
Table 1.

Table 1
Basic parameters of ground matrices used in researc

Sorted sand Minimum die}meter Maximum digmeter Porosity &
fraction of sand grain, dhin of sand grain, Onax (%]
[mm] [mm]
Soil No. 1 0.5 2.0 34
Soil No. 2 0.25 0.5 33
Soil No. 3 0.033 0.25 31

Sand fractions of soil no. 1, soil no. 2 and soil & were obtained by sieve separation
(according to PN-ISO98/B-04481).

Three aromatic hydrocarbons were used to examiee ntfgration of petroleum
contaminants:

- benzene,
- toluene,
- xylene (isomer mixture),

and two aliphatic hydrocarbons (octane numbers ON):

- n-hexane,
- n-heptane,
- 2,2,4-trimetylopentane.

The experimental research was conducted on thelmédee ground filter filled with
dry matrix in the following experimental conditions
- ambient temperature t = (20 £ 0.5)°C,

- air relative humidity: (70 £ 2.5)%,
- atmospheric pressure.

The porositye of soil no. 1, soil no. 2 and soil no. 3 was detieed in the measuring
cylinder of the volume of 250 chrontaining 100 crof the tested hydrocarbons and
200 cnf of the previously weighted granular material. Whiem level of hydrocarbons was
determined as valug,dhe porosity of matrix in relation to petroleum hydrocarbons was
calculated according to the formula (11):

€ :M 100 [%] (11)
20C
where g - hydrocarbon volume in the measuring cylinderjcm
The minimum (close to zero) level of petroleum pratd’ biodegradation was assumed.
The assumption resulted from the method of pregahe sand to fill the columns (drying
at the temperature of 105) to obtain dry matter. This system poses a riglere is high
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probability that groundwaters will be contaminateith petroleum products due to lack of
organic matter and low sorptivity in comparisonhwitigrating oil derivatives (R->1) [27].

The hydrocarbon concentration in the model of gdofiker C(z, t) - the value from
equation (10) - can be determined by measuringtiment of hydrocarbon in each of 18
segments after the set migration time (Figs 3 gnd 4

exposition time - variable
100
—1t=1d
80
% l t=2d
E - 60 ’\
2E \ ——t-4d
X 40 |
=
C =&
% ¥ —_—1t=8d
o 20
o
——t=16d
0 T T
0 1 2 3 4
migration depth square, x [m?]

Fig. 3. Distribution of benzene content in the nloodkeground filter in relation to migration time
(soil No. 1)
exposition time - variable
100
—t=1d
% &80
e t=2d
SE ¢ I\
5% ——t-4d
‘g = 40 |
g " ——t-8d
] 20 -
——t=16d
O T 1 1 1
0 1 2 3 4
migration depth square, x [m?]

Fig. 4. Distribution of toluene content in the mbdé ground filter in relation to migration time

(soil No. 1)

Q@
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The biodegradation factor/coefficient of petroleum hydrocarbons was examined in
the single cell of the soil filter where the sandtrix was filled with 290 kg/fhd.m., of
hydrocarbons which corresponded to filling the pare100% volume. The cell was sealed
from the top in order to eliminate the loss of lpahrbons by evaporation (Fig. 5).

y =-0,004x + 5,667

benzene (soil no 1) Eamp

5,68
"

5,66

>

5,64 2

In Ch

T
5,62 A
=

5,60 = -

5,58 &

5,56 T T T 1
D 5 10 15 20
time, [d]

Fig. 5. Loss of benzene in relation to time in &l 1

The migration rate of petroleum products was eistiabtl by determining their content
in individual segments in the exposition time t toydrocarbons: 24, 48, 96, 192 and
384 hours, respectively.

The equivalent diffusion coefficient;[vas determined by inserting 290 kd/dhm.,
145 kg/mi d.m. lub 72 kg/md.m.of the tested hydrocarbon on the top of the colimm
the sand matrix.

To determine the content of petroleum hydrocarbonghe ground matrix gas
chromatography was used. The content of aromaticdeparbons was determined by gas
chromatograph of INCO N-503 type (a 2-metre coldithed with 5% SP-1200 and 1.75%
Bentone 34). The content of aliphatic hydrocarbeas determined by gas chromatograph
of GCHF 183 type (a 2-metre column filled with 5%pi#&zon L on chromosorb W
80/100 mesh).

Results of experimental research and discussion

The results of tests on the soil filter (Figs 3dowed the authors to determine
equivalent diffusion coefficient D(Fig. 6) and hydrocarbon biodegradation factar,
(Fig. 7).

The value of equivalent diffusion coefficient far petroleum hydrocarbons depends
upon the type of sand soil and assumes valuegiratige (3.3+24)-10m? - s,
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25
20
-
~ 15
E
'-"3 m SoliNol
5 10 # Soil No2
m Soi
S SoilNo3
o -
benzene toluene xylene isooctane hexane heptane
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Fig. 6. Values of equivalent distribution coefficieD, determined on the model of ground filter
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Fig. 7. Comparison of biodegradation coefficientdetermined on the model of ground filter

From among hydrocarbons examined benzene has thkesimequivalent diffusion
coefficient, it equals 3.5-16n7 - s*(Fig. 6).
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In spite of that it may be considered the key comembd of petroleum hydrocarbon
mixture. Despite low diffusion coefficient, benzehas the highest water solubility and
acutest toxicity.

When predicting the transport of oil derivatives sand, porous soils hydrocarbon
distribution may be estimated as the transporefkey component - benzene.

The value of the biodegradation constant does ragttigally depend on the grain size
of the soil matrix and for toluene oscillates ie tlange (3.8+4.0) - 1Tt (Fig. 7).

Summary and conclusions

The results obtained in the research on the modghtion of petroleum hydrocarbons
by means of soil filter enable prediction of pettah hydrocarbons' migration.

It has been proved that function (10) may be usqutdctically evaluate actual menace
caused by hydrocarbons migrating in the soil. Gnliasis of coefficients determined from
model (9) and solution (10) the maximum depth afrbgarbons' infiltration in the sand soil
after timet from the onset of the leakage can be predictednBagon prediction it can be
assessed to what extent the transport of hydronariposes threat to the underground
water-table.

It has been confirmed that in the experimental @@ the presence of the
biodegradation constant in the properly preparéldnsatrix only insignificantly influences
the concentration loss of the key component aswvdlee of y; factor in the range
(2.56.0) - 10°dtis very small.
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MODELOWANIE TRANSPORTU W EGLOWODOROW W SRODOWISKU
GRUNTOWO-WODNYM

Katedra Irtynierii i OchronySrodowiska, Wydziat Budownictwa i ynierii Srodowiska
PolitechnikaSwictokrzyska

Abstrakt: Przedstawiono dyfuzyjny model transportugglowodoréw w d&rodku porowatym. Model
matematyczny pozwala na ogeryzyka skaenia wod gruntowych przez migage w gruncie wglowodory.
Uwzglednienie dyfuzji w réwnaniu transportu masy pozwalgisa transport wglowodoréw w gib profilu
gruntowego. Wprowadzenie réwnania biodegradacjiwade na uwzgidnienie wplywu mikroorganizméw na
obnizenie zawartéci weglowodoréw, zwtaszcza frakcji olejowych. W celu wigtacji modelu teoretycznego
wykonano sed bada eksperymentalnych na tzw. filtrze gruntowym. Wyaz@no parametry modelu
teoretycznego dla benzenu, toluenu, ksylerlbeksanun-heptanu oraz 2,2,4-trimetylopentanu.

Stowa kluczowe:transport produktéw ropopochodnych, transportémaku porowatym, infiltracja w gruncie,
odcieki organiczne, transportglowodoréw w glebie
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USEFULNESS OF NATURAL ESSENTIAL OILS
IN THE CONTROL OF FOXGLOVE APHID
(Aulacorthum solani Kalt.) OCCURRING ON EGGPLANT
(Solanum melongena L.)

PRZYDATNO SC NATURALNYCH OLEJKOW ETERYCZNYCH
W ZWALCZANIU MSZYCY ZIEMNIACZANEJ ( Aulacorthum solani Kalt.)
WYSTEPUJACEJ NA OBERZYNIE ( Solanum melongena L.)

Abstract: The purpose of the study was to determine theafficof natural essential oils, such as basil olil,
citronella oil, eucalyptus oil, juniper oil and phbuli oil, in the control of foxglove aphidAglacorthum solani
Kalt.) occurring on eggplant. The above-mentioniésiwere used at concentrations of 0.02, 0.05 ah@%. The
mortality of pest was evaluated 24, 48 and 72 hatdisr treatment. After application of citronelld and
patchouli oil at a concentration of 0.05 and 0.1884 juniper oil at 0.10%, 100% mortality Af solaniwas
observed. In the remaining combinations with the eftested essential oils mortality amounted t®2489.40%
(72 hours after treatment).

Keywords: natural essential oils, eggplaAilacorthum solani¢ontrol

Increasing problems have been observed in recans y@ the control of pests found on
crops, including aphids. These results first of fadm the generation of pest biotypes
resistant to applied chemical preparations. Atgame time the range of admissible plant
protection agents has been considerably reducedew of the Directive of the European
Union many active substances of these preparalians been withdrawn from use in plant
protection due to their being a hazard for humaaltheand for the natural environment
(Directive of the EEC Council of 15.07.1991, coidaled version of 01.08.2006, on the
marketing of plant protection products - 91/414/&EQ. Thus it is necessary to search for
new, alternative methods of pest control. At préserplant protection we may observe
increasing interest in the applicability of natuoaigin preparations, based on essential oils
produced from different plant species. Essentid are characterized by a complex
chemical composition (Table 1) and many compourtsy tcontain exhibit toxic or
repellent action against pests.

! Department of Plant Protection Methods, Poznarvéfsity of Life Sciences, ul. Zgorzelecka 4, 60-Fagna,
Poland
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Usefulness of natural essential oils in the corafdoxglove aphid Aulacorthum solankalt.) ... 347

The aim of the study was to determine the efficaicgelected natural essential oils in
the control of foxglove aphidAulacorthum solanKalt.) occurring on eggplanSlanum
melongend..).

Materials and methods

Experiments on the efficacy of natural essentild i the control of foxglove aphid
(A. solan) occurring on eggplant were conducted in 2009. fbHewing essential oils were
tested: basil@cimum basilicury citronella Cymbopogon winterianudowitt), eucalyptus
(Eucalyptus globulgs juniper Quniperus communjis and patchouli Fogostemon
patchoul) oils, which were applied at a concentration 082).0.05 and 0.10%. The
above-mentioned aroma substances were producedllan&@Aroma Sp. z 0.0., Warsaw,
Poland. Leaves of eggplant cv. “Epic” infested bg pest were removed from plants and
immersed for 3 s in the prepared solution (waterulsion) containing different
combinations of essential oils at appropriate cotvegions. After leaves were removed
from the solution they were placed for several sdsoin the vertical position for excess
liquid to drip down. In order to obtain 0 homogea@mulsion an emulsifier, RO-1, was
added to solutions of tested oils at a concentratid 0.0125%. In the conducted
experiments the effect of the emulsifier RO-1 ontaddy of foxglove aphid was also tested
by treating the pest with its solution at the agghlconcentration. In the control combination
no essential oils were applied and eggplant leavested by the bug were immersed in
water with no addition of aroma substances. Eadmbawation was performed in 10
replications. After the oils were spread, leavesewplaced on glass dishes lined with
moistened filter paper and next plastic plates \witkes of 35 mm in diameter were placed
on leaf surface. The number of pests was countddeirocation of holes in these plates.
After counting was completed plates with holes wereered with glass plates, constituting
a physical barrier preventing migration of bugsteffipaper was moistened with water daily
in order to maintain leaf turgor.

The efficacy of tested essential oils was deterchilfger 24, 48 and 72 h. Results were
analyzed statistically using the Newman-Kels teéshea significance level p = 0.05.

Results and discussion

In the conducted experiments high efficacy of ratessential oils was recorded in the
control of foxglove aphidA. solan). After the application of citronella and patchiails at
a concentration of 0.05 and 0.10%, as well as gmipl at 0.10% a 100% mortality of the
examined pest was recorded at 72 h after treatnherthe other combinations of tested
essential oils mortality of the bug on the last ddyobservations was 24.63+89.40%
(Table 2).

At the same time no effect on survival rates ofgloxe aphids was found for the
emulsifier RO-1 applied at a concentration of 0842 No significant differences were
found in terms of mortality between pests treatath van emulsifier solution and the
control.

Literature contains information on the suitabilitiynatural essential oils in the control
of different pest species, although data conceraptyds are relatively scarce. Digilio et al
[7] found high mortality of pea aphid\¢yrthosiphon pisuriiarris) and green peach aphid
(Myzus persica&ulzer) following the application of oils produc&dm anise Rimpinella
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anisum L.), basil ©cimum basilicumL.) and fennel Foeniculum officinaleAll).
Satisfactory results in the control of peach apiédle recorded by Chiasson et al [8] when
applying oil from wormseed goosefod@henopodium ambrosioidés). In turn, Masotoshi
[9] showed a strongly toxic action against peachidfor oils from penny-royalMentha
pulegiumL.) and garden thymeThymus vulgarid..). Usability of different essential oils,
including thyme oil, in the control of cabbage aphBrevicoryne brassicad..) was
determined by Goérir et al [10]. Thyme oil exhibitiyé strongest action, mainly due to the
content of such compounds as carvacrol and thyiigh mortality of pests was also
reported after the application of oil produced frdmg speedwell\(eronicaofficinalis L.)
and agrimonyAgrimonia eupatorid..). Essential oils used in the control of cabbaghid
when applied at lower doses caused reduced fertfitthe pest. As it was reported by
Soliman [11], high efficacy in the control of catt@phid Aphis gossypiiGlover) was
observed for essential oils produced from two woomevspecies, idrtemisia herba-alba
(Asso) andArtemisia monospermi@elile), with the former exhibiting higher effégtness.

Table 2
Average mortality of foxglove aphid\(lacorthum solankKalt.)
occurring on eggplant after application of nat@sdential oils
No. of hours after treatment
Essential oil Concentration 24 | 48_ | 72
[%] mortality
[%]
0.02 31.38 ab* 35.50 ab 36.03 a
Patchouli oil 0.05 91.04d 100.00d 100.00 ¢
0.10 96.40d 100.00d 100.00 ¢
0.02 35.29 ab 53.96 bc 58.90 ab
Citronella oil 0.05 59.66 bc 96.44 cd 100.00 ¢
0.10 96.57d 100.00d 100.00 ¢
0.02 22.28 a 34.47 a 39.22 a
Juniper oil 0.05 26.71 ab 54.01 bc 71.60 ab
0.10 92.18d 100,00d 100,00 ¢
0.02 21.33a 46.56 bc 49.84 a
Basil ol 0.05 39.68 ab 59.08 bc 84.24 b
0.10 69.11c 85.00 cd 89.40 b
0.02 16.55a 20.07 a 24.63 a
Eucalyptus oil 0.05 17.69 a 44. 26 ab 67.53 ab
0.10 37.54 ab 61.00 bc 68.69 ab
Emulsifier RO-1 0.0125 21.55a 24.45 a 28.05a
Control - 2143 a 24.56 a 28.71a

*Means in columns denoted with identical letters dot differ significantly (p = 0.05) according to
Newman-Keuls’ test

Natural essential oils not only exhibit toxic actiagainst aphids, but also may have
a repellent activity. Masotoshi [12, 13] reportétt such properties in relation to peach
aphid M. persicag are shown by gingeZ{nigiber spp.), lavenderL@vandula officinalis
Chaix), peppermint Mlentha piperital.), spear-mint K. spicatal.), thyme {TThymus
vulgarisL.) and rosemaryRosmarinus officinallisoils. At the same time that author found
that among the 13 tested chemical compounds c@utaimrosemary oil a repellent action
in relation toM. persicaeis exhibited by such compounds as linalool, dyglaor and
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terpineol. According to Masotoshi [12] rosemary aldo shows repellent action in relation
to cotton aphidA. gossypiiGlover) and potato aphidiacrosiphum euphorbiaghomas),
also repelled by ginger oil.

Conclusions

1. Natural essential oils such as citronella aihiper oil and patchouli oil may be useful
in the control of foxglove aphidAilacorthum solanKalt.). After application of these
oils 100% mortality of the pest was recorded.

2. A lower efficacy in the control of. solaniwas found for the other tested natural
essential oils, which exhibited 24.63+89.40% efficd72 hours after treatment).
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PRZYDATNO SC NATURALNYCH OLEJKOW ETERYCZNYCH
W ZWALCZANIU MSZYCY ZIEMNIACZANEJ ( Aulacorthum solani Kalt.)
WYSTEPUJACEJ NA OBERZYNIE ( Solanum melongena L.)

Katedra Metod Ochrony Riin, Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem bada bylo okrelenie skuteczni@i naturalnych olejkéw eterycznych, takich jak: ydazvy,
cytronelowy, eukaliptusowy, jalowcowy i paczulowy awalczaniu mszycy ziemniaczandjulacorthum solani
Kalt.), wystpujacej na obetynie. Wyzej wymienione olejki stosowano wegeniach 0,02; 0,05 i 0,10%.
Smiertelng¢ szkodnika okrédono po 24; 48 i 72 godzinach po zabiegu. Po zastasiu olejkéw: cytronelowego
i paczulowego o steniach 0,05 i 0,10% oraz jatowcowego 0;10% zanotowano 100%miertelnG¢
A. solani W pozostalych kombinacjach zyeiem testowanych olejkéémiertelné¢ wynosita 24,63+89,40%
(72 godziny po zabiegu).

Stowa kluczowe:naturalne olejki eteryczne, oligna, Aulacorthum solanizwalczanie
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USING FLUORESCENCE QUENCHING APPROACH

BADANIE ODDZIALYWA N MIEDZY KWASAMI HUMINOWYMI
| FULERENAMI C g0 Z WYKORZYSTANIEM
SPEKTROSKOPII FLUORESCENCYJNEJ

Abstract: The interaction between buckminsterfullereng @nd humic acids (HA) of different origins was
compared using fluorescence spectroscopy as aidanaft pH, humic acid concentration, ionic strenddimding
constants between fullerene and humic acids wdmilaged. It can be suggested that the complexatias
driven by hydrophobic interactions depending on pieperties of the interacting compounds. Hydroptiob
interaction model as indicated by linear Stern-Vaimlots and high Kvalues is characterizing the interaction
between buckminsterfullerenesdCand humic acids The results of this study supploet development of
understanding of the fate of nhanomaterials in thérenment as well as the development of analytiathods
for nanomaterials in waters and wastewater treataygoroaches.

Keywords: humic acid, fluorescence spectroscopy, fulleregielinding

The growth of nanotechnology applications requeegironmental impact assessment
of elaborated nanomaterials to reduce environmeigks in case of their releases and
possible pollution. Buckminsterfullerene ¢gCis an example of carbon containing
nanomaterials with diversity of potential applicais [1, 2], but also possible environmental
and health effects [3, 4]. Poor solubility ofo@ natural waters is a major factor controlling
environmental transport and biological interactioffowever in several studies toxic
impacts on living organisms has been found reltdetecrotic and apoptic cellular damage
and impacts on fish embryos [5], but also otheesgypf the toxic action might be identified
[6]. The first phase of the action on living orgams in the aquatic environment could be
the action of nanoparticles, carbon nanomateriadsadso Gy with natural organic matter -
humic substances [7, 8].

Humic substances in surface waters have a key iroléerrestrial and aquatic
biogeochemistry [9]. Humic substances (HS) arentbst widely found naturally occurring
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organic substances [10]. Humic substances are erglecategory of naturally occurring,
biogenic, heterogeneous organic substances thageaerally be characterized as being
yellow to black in color, of high molecular weigid refractory. Humic substances can be
divided in three fractions: a) humin is the frantiof humic substances that is not soluble in
water at any pH; b) humic acid (HA) is the fractiohhumic substances that is not soluble
in water under acidic conditions (below pH = 2)t beacomes soluble at greater pH values;
¢) fulvic acid is the fraction of humic substandbat is soluble under all pH conditions
[10]. Humic substances influence mineral weatherimgtrient cycling, aggregation and
photochemical reactions in waters and they are lasteate for bacterial growth in
hydroecosystems and control light absorption [1]L-14

The interaction of humic substances with xenobsotinay modify the uptake and
toxicity of these compounds, and affect the fatpadfutants in the environment [15, 16].

It is found that aquatic humic substances (HA) salubilise fullerene g and their
apparent water solubility in presence of HAs can-t&00 times higher than in pure water.
A significant stage in the solubilisation procedayp the adsorption of g on humic
substances and this process might influence theaviimlir of nanoparticles in the
environment [17].

To study interaction between humic substances amckrhinsterfullerenes high
performance liquid chromatography on a humic atidianary phase has been suggested
[18], but also dynamic light scattering has beeadufl9]. However, as a tool to study
complex formations with humic substances, a fluogase spectroscopic method
(fluorescence quenching due to complex formatiay tound widespread application [16,
20]. This method has an advantage in that it isnple, quick and reliable method avoiding
the complicated separation of the complex fromviitilial substances [21].

The aim of the present study is to analyse the temmformation between humic
substances and fullerengoCthe impact of environmental factors and propsrté humic
substances.

Materials and methods

Analytical quality reagents were used without fertipurification. All chemicals used
in this study were of analytical quality. For theeparation of solutions, high purity water
Millipore Elix 3 (Millipore Co.) 10+15 M2/cm was used throughout.

Table 1
Composition and characteristics of the humic aagkd in this study
Aldrich HA Leonardite HA Daugava HA Gagu HA
Elemental analysis [%)]
C 60.70 63.81 51.42 54.32
H 3.70 3.70 4.48 5.03
N 1.50 1.23 0.97 2.36
@) 34.10 31.27 40.21 36.78
Functional analysis
COOH [mEq/g] 2.15 3.16 4.34 4.15
Total acidity [mEq/g] 3.32 5.77 5.39 5.63
o/C 0.65 0.37 0.59 0.51
H/C 1.13 0.69 1.04 1.10
E4/Es 451 3.65 8.97 5.84
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The fullerene was purchased from TCI Europe nv iBeig

Humic acids from Gagu bog (Latvia) peat were exé@@nd purified using procedures
recommended by the International Humic Substanoesety (IHSS) [22]. Humic acids
from waters of the River Daugava (Latvia) were of#td as suggested by Thurman and
Malcolm [23]. Reference humic acids were purchagedh Sigma-Aldrich Co (Aldrich
HA) and the International Humic Substances Sodjegonardite HA). The properties of
the studied humic substances are as reported iie Tab

Fullerene solutions were made as previously desdrif24] in dimethyl sulfoxide
because of its poor solubility in water. Stock solu concentration of fullerene was
10 mg/dm. Solution of Aldrich HA was prepared by dissolvingcessary amount of HA in
water, however Leonardite, Gagu and Daugava HAdiss®lved in 0.1 M NaOH and then diluted
to the necessary concentration. Aliquots of theksteolutions of HS and fullerene were
mixed 1:1. Final concentration of HA was 5 mgfdibut final concentrations of fullerene
were 5, 4, 3, 2, 1, 0.5 and 0.1 mgfdfhe solution of HS and fullerene was poured into
a quartz cell. The fluorescence spectra were ofdagm a spectrofluorometer Perkin Elmer
LS55 at room temperature (25°C). The fluorescemgisston spectra results were recorded
at a speed of 500 nm/min, at a excitation 350 nm, 8 nm (Ex) and 8 nm (Em) slit widths.

Influence of pH on interactions of HA-fullerenaldrich HA was dissolved in water,
and Leonardite HA was dissolved in 0.1 N Naihial concentration of HA was 5 mg/dmn
and mixed with the stock solution of fullerene &ach a final concentration of fullerene
(5 mg/dni); pH values were adjusted to fixed values from §189 to pH 8.98 with
0.1 N HCI and 0.1 N NaOH. Conditions for fluoresceranalyses were as previously
mentioned.

Influence of ionic strength on interactions of HAlérene Binding sites of HS were
investigated using a solution of HA, fullerene aNdNQ; so that the concentrations of
NaNO; were 1 mol/dmy 0.75 mol/dmi, 0.5 mol/dni, 0.25 mol/dm, 0.1 mol/dm and
0.05 mol/dm, while the final concentrations of HA was 5 mgfdamd the fullerene was
also 5 mg/drh Solutions were well mixed and fluorescence emissipectra were then
recorded.

Results and discussion

The synchronous-scan fluorescence excitation emmsspectra (SSFS) of humic
substances are shown in Figure 1 and they diffgifgiantly depending on the origin of the
humic acids: spectra of highly humified HAs (IHSSerence humic acids: Leonardite HA,
the industrially produced Aldrich HA, peat HA anguatic HA) were characterized by two
major fluorescence peaks. Aquatic humic acid isoldtom water of the River Daugava
was characterized by one peak~ 375 nm), but peat humic acid (isolated from Gagu
sphagnum bog peat) was characterized by two p@aks3@5 and 375 nm). Synchronous
scan spectra of humic substances isolated froniyhigimified organic material (leonardite,
coal) had an intensive fluorescence peak475 nm that was determined by the presence of
conjugated unsaturated bond systems bearing cdrlodycarboxyl groups (substituting
aromatic core structures), but its intensity défmwith respect to aromaticity of the humic
acid selected [25].
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Fig. 1. Fluorescence synchronous spectra of hupiitsaised in the studyx = 25 mg/dm, pH = 7)
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Fig. 2. Fluorescence emission spectra of humicsaoied in the studyi{a = 5 mg/dni, excitation
A =350 nm)
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Fig. 3. Fluorescence emission spectra of fullefgag = 5 mg/dni, excitationk = 350 nm)

Fluorescence emission spectra of studied humicsamiel shown in Figure 2. However
in comparison to SSFS emission spectra does nat gieat differences - their main
differences are intensity and wavelengths wherkodated fluorescence maxima of each
humic substance. This may be attributed to thesidifft modifications of the fluorophoric
structures in humic molecules.

Fluorescence emission spectra of fullereng (Eig. 3) is similar to that of humic
substances, but comparatively intensity of fullereamission spectra is lower and also
fluorescence maxima peaks were slightly shiftecarols the shorter wavelengths.

The fluorescence emission spectra of the studiedichacid in the presence and
absence of fullerene demonstrated quenching of flilk@escence peak ~440 nm,
associated with the presence of aromatic struciarésimic molecules (Fig. 4). Thus, the
fluorescence quenching methodology in our studfediffrom the approach used to study
binding between humic substances and polyaromatiookarbons [15]. As far as this case
is concerned, the fluorophore structures in the ibumolecules were quenched and the
fullerene was the quencher. In this respect theraation between humic acids is similar to
that with metal ions [26] and carbamazepine [20§l @uch an approach supports the
interaction analysis between humic substances dady@ number of substances of interest.
The fluorescence intensities of peaks. at440 nm exhibited a successive decrease as the
concentrations of the fullerene increased (Fig. 4).

The intensity of the fluorescence quenching is sspd to be proportional to the
concentration of the formed humic substance - smigst of interest complex according to
the Stern-Volmer equation [27]. The fluorescencéhefhumic acids quenching mechanism
by fullerene is considered in the 1:1 interactiomde.
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Fig. 4. Fluorescence emission spectra of Daugava illAhe absence and presence of fullerene
(Yua = 5 mg/dn)

The binding constants are obtained by steady-sfhierescence quenching
measurements and are given as a slope in the Btémrer plot. The interaction between
humic substances and fullerengdi@an be described as follows:

Ceo + HA = G-HA 1)
With the corresponding binding constant K
- [CGO — HA] (2)

" [CeollHA]

The total concentration of the humic acid +&n be expressed as a sum of freg HA
and bound to humics HA

HA; = HA; + HA, ?3)
By substituting Eq (2) into Eq (3) we obtain:
HA; = HA; + HA; Ky[Cqg(] 4)
HA
H_Aft =1+ K, [Cel (5)

As far as fluorescence intensity ratio of the @littubstance and fluorescence in the

presence of quencheg/llis proportional to HXHA; then Eq (5) can be modified to:
I
TO =1+ K [Cgol (6)

However, for practical application the equilibrisancentration of fullerene g can
be replaced by the total concentratiogsd@as the concentrations of thga@ound to humic
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substances under the experimental concentratiores mech lower than the concentrations
of the humic substances:

I
TO =1+K,Ceeo (7)
And thus the binding constant can be calculated:
o4
I
CCGO

Ky = 8)

The character of the relationships from modifiedriSi¢olmer plots (Fig. 5) offer
strong support for the 1:1 compleX ¢ 0.97).
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Fig. 5. Stern-Volmer plots: the ratio @fllof HA-Cgo as a function oficeo (yua = 5 mg/dni)

Quenching may occur by a wide range of mechanissngither static or dynamic
quenching. Dynamic quenching is a process wherdlubeophore and the quencher come
into contact during the lifetime of excited statedanvolves energy transfer, while static
guenching is a process where non-fluorescent congiléhe ground state fluorophore are
formed. For monodisperse systems fluorescence fuendata have a linear dependence
when presented as a Stern-Volmer plot. By plottiligagainst concentration of quencher
and deviations from linearity carry information thre nature of the quenching process and
fluorophore-quencher interaction [28]. If the line&tern-Volmer plot is indicative of
a single class of fluorophores with equal accel#tyiltd the quencher, then a combination of
dynamic and static quenching typically produces -lwgar Stern-Volmer plots [29].
Therefore it is very important reason to explore lihearity of Stern-Volmer plots; it is an
excellent tool to understand organic matter intdoas with fullerene nanoparticles.
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Fluorescence quenching of humic acid by fullereras described by linear Stern-Volmer
plots (Fig. 5), therefore it is possible that thex®nly one quenching process, on a base of
HA - fullerene interaction. This quenching mostelik involves one - static or dynamic
quenching mechanism. In comparison with interactbother nanoparticles (for example
iron nanoparticles) and humic substances, Sterm¥olplots is non-linear - indicating
more than one quenching process [28], but interadbetween humic substances - pyrene
and its derivatives shows linear Stern-Volmer pldi§] as well as interaction between
phenanthrene and humic substances, which also stutfust either static and dynamic
fluorescence quenching mechanism dominate [30]. é¥ewinteraction between fullerene
(Cs0) and cryptophanes A and E shows linear Stern-Violphets and similar to our study
fluorescence of the studied substance is quenchédlbrene. It is suggested that fullerene
may interact with natural organic matter due hytiaipc interaction model [31, 32].

The calculated log K values for different humic acids and fullerene ah®wn in
Figure 6.

4.0

L)
il

L
=

(=]
"yl

Daugava HA Leonardite HA Gagu HA Aldrich HA

Fig. 6. Stern-Volmer binding constants p(Kdnt/mol) between the studied humic substances
(yua = 5 mg/dni) and fullereneyeso = 5 mg/dmi)

For the studied humic substances and fullerene, ltigeK value ranged from
4.11 to 5.25 drifmol. The observed log Kvalues for the interaction between fullerene
and studied humic acids was similar with the valieeind in a previous study
(log K, = 3.85 — 4.82 difmol) using soil humic acid and polycyclic aromatismpounds
[15] and also interaction between fullerene andcbtmphanes shows log K values from
4.93 to 5.93 driimol [31]. Strong binding was found in the casehef interaction between
Gagu HA and fullerene. The lower log K value was tfte interaction between fullerene
(Yeso = 4 mg/dni) and Leonardite HAy(;» = 5 mg/dm) log K, = 4.11.
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Fig. 7. Influence of pH on fluorescence quenchirfighomic acids by fullereneyga = 5 mg/dni,
Yeso= 5 mg/dn)

To understand the likely fate and behavior of namtgles in environment it is
important to understand their interaction with makuenvironment components under
a variety of physicochemical conditions, for exaepH, a type and concentration of
natural organic macromolecules. It is suggested thea aggregate size increases with
increasing humic acid concentration and pH. It dobhve one or more reasons, for
example increased particle aggregation, increasmeichacid adsorption, because of the
increase of surface coating thickness, changingiduagid conformation, additional
formation of nanoparticle layers on the existingtipbes by further hydrolysis with the
increase in pH [8]. It also could be related to pbksed chemical changes, leading to
electronic changes in humic acid molecules, fulprdéonation of carboxylic and other
functional groups leading to charge repulsion amahge in the conformation of the humic
acid as pH increases [28]. The pH will affect desation of functional groups and develop
differences in amount of negative charge on theibigbstances. At lower pH values there
is less dissociation, at neutral pH humic substameduce electrostatic forces by aligning
hydrophobic structures together in a core and alggreharged functional groups in the
molecule towards solvating water molecules. On érigiH, there will be more dissociation
but it will be energetically more favourable foethydrophobic groups to align on a surface
[33].

Obviously in Figure 7 fluorescence quenching abastant nanoparticle and constant
humic acid concentration is highly pH dependentdtild be suggested that humic g C
interaction is influenced by the conformation chesgf humic substances.
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Fig. 8. Influence of ionic strength on fluorescengaenching by fullereneysa = 5 mg/dm,
Yeso= 5 mg/dnd

Figure 8 shows that with increasing ionic strenih fluorescence intensity of HA -
Ceso complex significantly decreased. As mentionedierapgH affects particle size and also
ionic strength can alter size of particles and titnesstability of the formed complexes as it
is found on example of humic-polyaromatics intarmctt[33]. This may indicate the
preferential binding of highly hydrophobic fulleeiiGsg) to more hydrophobic structures,
with consecutive changes in the conformation of isumacromolecules.

Conclusions

Cso buckminsterfullerene causes quenching of the désoence signal of humic
substances and the intensity of the quenchingopgstional to G, concentration. Thus the
ratio lo/l can be used to estimate the complex forming ggs@s known in metal - humic
interaction studies.

We have determined the binding constants betwdesrdne and studied humic acids,
using fluorescence quenching technique. Obtaindaesaare similar to that determined in
other studies between humic substances and poly@rdmatic hydrocarbons. Our findings
suggest that a hydrophobic interaction plays a dantirole in the complex formation
between humic acids and fullereng,.CThe importance of the hydrophobic attraction
between humic acids and fullereng,@vas also confirmed by a salt effect and pH
dependence of the fluorescence quenching effeat. fydrophobic interaction between
fullerene Gy and HA was weakened at low pH, resulting in a desgein the binding
constants. The results of this study support theeldpment of an understanding of the fate
of nanomaterials in the environment as well asdixeelopment of analytical methods for
nanomaterials in waters and wastewater treatmembaphes.



Study of interaction between humic acids and faherGo using fluorescence quenching approacB61

References

[1] Bogdanov A.A., Deininger D. and Dyuzhev G.Bevelopment prospects of the commercial produation
fullerenes Techn. Physics, 20085, 521-527.

[2] Masciangioli T. and Zhang W.XEnvironmental technologies at the nanosca&aviron. Sci. Technol.,
2003,37, 102A-108A.

[3] Klaine S.J., Alvarez P.J.J., Batley G.E., Fedes T.F., Handy R.D., Lyon D.Y., Mahendra S., Majlalin
M.J. and Lead J.R.Nanomaterials in the environment: behaviour, fabéavailability and effects
Environ. Toxicol. Chem., 2002,7(9), 1825-1851.

[4] Velzeboer I., Hendriks A.J., Ragas A.M.J. anéevit D.:Aquatic ecotoxicity tests of some nanomaterials
Environ. Toxicol. Chem., 2002,7(9), 1942-1947.

[5] Usenko C.Y., Harper S.L. and Tanguay R.ln: vivo evaluation of carbon fullerene toxicity mgi
embryonic zebrafisiCarbon, 200745, 1891-1898.

[6] Oberdorster G., Oberdorster E. and Oberdoktédanotoxicology: an emerging discipline evolvingnfro
studies of ultrafine particle€nviron. Health Perspectives, 2003.37), 823-839.

[7] lles E. and Tombacz EThe effect of humic acid adsorption on pH-dependemface charging and
aggregation of magnetite nanoparticlels Colloid Interface Sci., 200895 115-123.

[8] Baalousha M., Manciulea A., Comberland S., KahdK. and Lead J.R.Aggregation and surface
properties of iron oxide nanoparticles: influencé pH and natural organic matterEnviron. Toxicol.
Chem., 200827(9), 1875-1882.

[9] Neff J.C. and Asner G.PDissolved organic carbon in terrestrial ecosysteragnthesis and a model
Ecosystems, 200%(1), 29-48.

[10] Stevenson F.J.: Humus chemistry: Genesis, ositipn, reactions." ed.Wiley, N.Y. 1994, 496 pp.

[11] Depetris P.J. and Kempe &arbon dynamics and sources in the Parana Rikiennol. Oceanogral993,
38(2), 382-395.

[12] Pettine M., Patrolecco L., Camusso M. and €gegio S.:Transport of carbon and nitrogen to the
Northern Adriatic Sea by the Po Rivé&stuar., Coast. Shelf Sc1.998,46, 127-142.

[13] Wasterhoff P. and Anning DConcentrations and characteristics of organic carhtia surface water in
Arizona: influence of urbanizatiod. Hydrol., 2000236, 202-222.

[14] Evans C.D., Monteith D.T. and Cooper D.Nlong-term increases in surface water dissolved piga
carbon: observations, possible causes and enviroteth@npacts Environ. Pollut., 2005137, 55-71.

[15] Karthikeyan K.G. and Chorover Jumic acid complexation of basic and neutral potjicy aromatic
compoundsChemosphere, 20028, 955-964.

[16] Nakashima K., Maki M., Ishikawa T., YoshikaWg Gong Y.-K. and Miyajima T Fluorescence studies on
binding of pyrene and its derivatives to humic a8gectrochim. Acta, Pt A, 20087, 930-935.

[17] Terashima M. and Nagao Solubilization of [60] fullerene in water by aguatiumic substance€hem.
Lett., 2007 36(2), 302-303.

[18] Casadei N., Thomassin M., Guillaume Y.C. anddfe C.:A humic acid stationary phase for high
performance liquid chromatography separation of Wmmsterfullerenes: theoretical and practical
aspectsAnal. Chim. Acta, 2007588, 268-273.

[19] Chen K.L. and Elimelech M.Influence of humic acid on the aggregation kinetidsfullerene (Go)
nanoparticles in monovalent and divalent electrelyolutions J. Colloid Interface Sci., 200309,
126-134.

[20] Bai Y., Wu F., Liu C., Guo C., Fu P., Li W. @Xing B.: Interaction between carbamazepine and humic
substances: a fluorescence spectroscopy staayiron. Toxicol. Chem., 2002,7(1), 95-102.

[21] Peuravuori J.Partition coefficients of pyrene to lake aquaticntiac matter determined by fluorescence
quenching and solubility enhancemefihal. Chim. Acta, 20014291), 65-73.

[22] Tan K.H.: Soil Sampling, Preparation, and Aiséd. Second Ed., Taylor & Francis, N.Y. 2005, pp6

[23] Thurman E.M. and Malcolm R.L.Preparative isolation of aquatic humic substanc&swviron. Sci.
Technol., 198115, 463-466.

[24] Chen Z., Westerhoff P. and Herckes @uantification of G fullerene concentrations in wateEnviron.
Toxicol. Chem., 200&7(9), 1852-1859.

[25] Peuravuori J., Koivikko R. and Pihlaja KCharacterization, differentiation and classificati@f aquatic
humic matter separated with different sorbents:chyanous scanning fluorescence spectroscapgter
Res., 200236, 4552-4562.



362 Maris Klavins and Linda Ansone

[26] Alberts J.J. and Takacs M.otal luminescence spectra of IHSS standard areteate fulvic acids, humic
acids and natural organic matter: comparison of atjo and terrestrial source term®rg. Geochem
2004,35, 243-256.

[27] Gauthier T.D., Shane E.C., Guerlayn W.F., 5@ilL.R. and Grant C.LFluorescence quenching method for
determining equilibrium constants for polycyclicoaratic hydrocarbons binding to dissolved humic
materials Environ. Sci. Technol., 19880, 1162-1166.

[28] Manciulea A., Baker A. and Lead J.R.fluorescence quenching study of the interactioBuwannee river
fulvic acid with iron oxide nanoparticle€hemosphere 20096, 1023-1027.

[29] Gadad P., Lei H. and Nanny M.ACharacterization of noncovalent interactions betweepropionyl-
dimethylaminonapthalene (PRODAN) and dissolvedidubnd humic acids Water Res., 200741,
4488-4496.

[30] Lee C.L., Kuo L.J., Wang H.L. and Hsieh P.Effects of ionic strength on the binding of phehagrte and
pyrene to humic substances: three stage variatiodehWater Res., 20037, 4250-4258.

[31] zhang C., Shen W., Fan R., Zhang G., ShangfuaBhao J., Shuang S., Dong C. and Choi M.NSkudy
of the contact charge transfer behavior betweerptughanes (A and E) and fullerene by absorption,
fluorescence antH NMR spectroscopyAnal. Chim. Acta, 2009650, 118-123.

[32] Isaacson C. W., Kleber M. and Field J.AQuantitative analysis of fullerene nanomaterials in
environmental systems: A critical revieinviron. Sci. Technal 2009,43 (17), 6463-6474.

[33] Wilson M.A., Tran N.H., Milev A.S., Kannanga@.S.K., Volk H. and Lu M.G.CNanomaterials in soils
Geoderma, 200846, 291-302.

BADANIE ODDZIALYWA N MIEDZY KWASAMI HUMINOWYMI
| FULERENAMI C 60 Z WYKORZYSTANIEM
SPEKTROSKOPII FLUORESCENCYJNEJ

Abstrakt: Poréwnywano oddziatywania guzy buckminsterfulerenami ¢¢ i kwasami huminowymi (HA)
réznego pochodzenia w zalesci od pH, stzenia kwaséw huminowych i sity jonowej. Do badstosowano
spektroskopi fluorescencyjn. Obliczono state trwakmi zwiazkéw kwaséw huminowymi i fulerenéw. Moa
przypuszczé ze kompleksowanie jest powodowane oddziatywaniarmdrdfpbowmi, zalenymi od wigciwosci
zwiagzkéw. Model interakcji hydrofobowych wskazanychgwiniowe zalgnosci Sterna-Volmera i die wartgci
Kq charakteryzyj interakcje midzy buckminsterfulerenami¢g i kwasami huminowymi. Wyniki opisanych
bada s3 wazne dla poznania losu nanomateriatéwéradowisku, a take dla rozwoju metod analizy zawaito
nanomateriatdw w wodach oraz metod oczyszczaniekow.

Stowa kluczowe:kwasy huminowe, spektroskopia fluorescencyjnafréumg Go, wiazanie
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EKSPLOATACJA ZASOBOW WODNYCH WOJEWODZTWA OPOLSKIEGO -
PROGNOZOWANIE Z WYKORZYSTANIEM
SZTUCZNYCH SIECI NEURONOWYCH

Abstract: The paper performs forecasting based on FlexibieSian Models on Neural Networks. On the basis
of changing factors like number of population anduistrial water consumption the amount of undenggoand
surface water resources was predicted. The prognweas performed for the Opole province and forfdts
individual districts. Teaching series were realad&tken from the Central Statistical Office. Theelihood of
these results is 94% by checking the verificatiatad

Keywords: water resources, underground water, superficiativédrecasting, artificial neural networks

Water plays an exceptional part in nature. Unfataly, water resources are
insufficient in compared with the demand. If we arg@posed to prevent ourselves from
possible problems in the nearest future, the cummater management should mainly take
into consideration economic development and fotedaslimate changes. It is estimated
that in the nearest decades the shortage of waseurces due too climatic changes will
increase by 20% [1]. Moreover, it is further estieththat an increase in temperature may
result in a variety of changes, among others, trams®erning the form and model of
precipitation, adjustment and capacity of outfl@jy [

The basic way of using the water resources whicle l@aspecial impact on their state
of quantity and quality is water consumption fooeemic and industrial usage and using
the reservoirs and watercourses as sewage rece®aes of the more important actions
accepted for realisation in the nearest years ey Bl member states is the Water
Framework Directive which seems to be the most magpd directive concerning
appropriate water management and water policy. ibar of EU countries, in spite of the

! Department of Economics and Regional Research ltfyagfuManagement and Production Engineering, Opole
University of Technology, ul. Wafgkiego 4, 45-047 Opole, Poland, tel. +48 77 454 3% w. 42,
fax +48 77 453 04 71, email: a.kolasa-wiecek@pdeopb



364 Alicja Kolasa-Wkcek

valid Directive, have problems related to the effexwater resources management. The
problem is even more significant because the glal@nges essentially modify water
problems which are different in the course of ti@hanges in water sector management are
necessary [3]. Water pollution is increasing grdlguand the quality of water environment
is deteriorating. Hence, steps towards approprshtategies of water management and
exploration are invariably essential [4].

Appropriate tools, eg those employing artificiabl® and methods serve to solve
problems associated with management through unoléngr water optimisation. The
method used by Chang-lei et al allows to calcutaig adjust underground water resources.
The authors suggest that it may be successively insareas similar to the investigated one
[5]. Nowadays, balanced water resources managestemild cover a wide variety of
subjects concerning, among others, power issuescanthminants - mainly persistent
chemicals [6]. Estimations indicate that over 40Pawater stock in Western and Eastern
Europe is acquired thanks to urban aquifers, efficand cost-effective management tools
[7]. That is why appropriate water resources mamege is so essential. The protected
objects should be first of all non-renewable resesrof underground water which are
limited and have the highest market value, as agliresh water of rivers and lakes [8]. In
water consumption by population and economy, uségeter for production needs has the
biggest percentage - 73%.

Polish water resources calculated for one inhabitae significantly smaller than
average in Europe and amount to ca 36% of the Earo@verage [9]. There have been
settled middle-term goals for the ecological sfaiécy by the year 2010, focusing mainly
on the following issues:

1) continuation of actions in the scope of reasonabéeof water,

2) reduction and elimination of underground water comgtion for industrial needs,

3) all national water reaching a good state - by #ear 2015,

4) reaching at least the level of 75% in biogenes kathion basins of the Odra and Vistula
rivers,

5) modernisation, extension and construction of newioipal sewage plants,

6) reduction of contaminant emission from point sosr&.

Water resources of the Opole region

The Opole province is characterised by availabitityrich resources of underground
water and sufficient resources of surface water bhsic sources of water supply are
underground water resources, accumulated in 14 mesiarvoirs of underground water.
Surface water is used only in part. Generally,stia¢e of water is insufficient. Providing all
inhabitants of the province with an access to lgjgality, potable water is considered a task
of priority. The target will be reached through pytage of the underground water
degradation, intensification of processes contitfguto reasonable usage of the existing
water resources and appropriate management of tbheection areas around water
reservoirs. The Regional Operational Programmeheryears 2007-2013 assumes actions
aimed at economical use of water and general deengawater consumption [10]. At the
territory of the province, water is collected fraurface and underground intakes both for
municipal and industrial purposes. Surface watsougces of the province if calculated for
one inhabitant amount to 796'iM/year (almost twice as low as throughout the ¢in
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They are estimated in a border section with thevippe of Lower Silesia as
448.5 min m in the dry year and 860 mIn’rim the normal year. Layout of surface water in
unfavourable both in time and space, which alorih Vaiw retention additionally results in
temporary water shortages in some areas of th@megig in the Glubczyce plateau or
Olesnica plain. Usable resources of undergrounémare estimated as 469.3 hwhich
corresponds to 2.8% of the total resources in Rlol@he most valuable water reservoir due
to its high usage advantages is the Main UndergfoMdater Reservoir 333
Opole-Zawadzkie. Unfortunately, the reservoir & sbuthern part is characterised by low
natural resistance to contaminants due to thedadeeposits insulating it from the impact of
the environment [12]. Six reservoirs along withitrsupplying area have been classified as
reservoirs of the highest protection against deagiad and eight more - as areas requiring
strict protection. Underground water resources alpée to satisfy potential needs of
municipal management, industry and agriculturehim province. The highest consumption
of water by industry can be noticed in districts @pole, Kedzierzyn-Kozle and
Krapkowice (Fig. 1).

The Opole province is characterised by a succesdeaease in the number of
population. This problem applies to all districfgtee province (Fig. 2).

Research methodology

The research aimed at indicating the extent in white development and water
consumption in industry influences and may inflieetite consumption of underground and
surface water resources in the Opole provinceéamtarest future. The modelling also took
the human factor into consideration, yet the falll aise of the number of inhabitants was
considered. Several variants of solutions were @ based on the quantity of water
consumed by industry.
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Fig. 3. Chosen numerical and graphic parametdeaofing neural network in FBM program
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The artificial neural network of the Flexible Bay@sModels on Neural Networks [13]
was employed for forecasting. Teaching series af data from 1997 to 2007 were
obtained from the Central Statistical Office datsha

Flexible Bayesian methods allow complex neural netwnodels to be used without
fear of the “overfitting” that can occur in the easf traditional neural network learning
methods [14].

The parameters are: number of population, indusiréer consumption and surface
and underground water consumption constituted mileg series [11]. The forecasting was
executed for ten consecutive years for individustratts of the Opole province. Numerical
and graphic parameters of the network learningityuaddicate, among others: rejection
index and diagrams of control values trajectory igive hyperparameters) indicate an
appropriate and relatively optimal process of nekwearning (Fig. 3).

Results and discussion

In view of the large number of options considereelow (Figs 4 and 5) exemplary
modeling results reflect the scale exploitatiorunflerground and surface water resources
for changing conditions-decline or increase in gafion number and consumption of water
for industrial use.

On the basis of the forecasts received, one may tie following conclusions for
individual districts of the Opole region:

- district of Brzeg - underground and surface waésources in the district will mainly
depend on the amount of its industrial consumpdine the human factor will affect the
quantity of resources far more weakly,

- district of Kluczbork - the main factor conditiog the underground and surface water
consumption is its industrial usage - along with ihcrease, water consumption
increases as well. Similarly, water consumptiorréases in proportion to the increase
in the number of inhabitants,

- district of Namyslow - an increase in water canption by industry is the main factor
influencing the quantity of underground water usagg the resources are used more
extensively along with the simultaneous increagbénumber of the local population,

- district of Nysa - the usage of water resourdessralong with an increase in the
industrial water consumption,

- district of Prudnik - the consumption of supe€lcwater resources rises very
significantly along with an increase of water cangtion for industrial needs; the
usage of underground water resources rises as well,

- district of Glubczyce - first of all, industrialsage of water will decide on the
successive increase in the underground and swifats consumption, yet the rise of
the surface water consumption is directly proposido its usage for industrial needs,

- district of Kedzierzyn-Kozle - the both factonsder investigation have a direct impact
on the quantity of water resources usage; alonb wait increase in the number of
inhabitants, the surface water consumption inceased an increase in water
consumption for industrial needs means a rise dértground water consumption,

- district of Krapkowice - the number of the locpbpulation is the main factor
influencing the quantity of surface and undergrowader consumption,
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Fig. 4. The use of water resources in the Opolevipce in forecast 2009 year with an increase
population: a) a decrease in the industrial watersamption, b) with an increase in industrial
water consumption
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- district of Olesno - underground water resouraes mainly used in this area; the
underground water consumption remains at a sirt@lal in the period of years under
analysis,

- district of Opole - a predominant influence flistry on the quantity of underground
water consumption has been observed in this area,

- district of Strzelce Opolskie - the size of urgteund and surface water consumption is
determined mainly by the quantity of water consuimgihdustry,

- municipal district of Opole - industry influencéise consumption quantity of surface
and underground water resources in this area.

Conclusions

Neural models, thanks to the process of learninghenbasis of real data make it
possible with satisfactory precision to forecast #tate of water resources depending on
their usage. The likelihood of the results amownt84%, which was checked by means of
data verification.
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EKSPLOATACJA ZASOBOW WODNYCH WOJEWODZTWA OPOLSKIEGO -
PROGNOZOWANIE Z WYKORZYSTANIEM SZTUCZNYCH SIECI
NEURONOWYCH

Katedra Ekonomii i BadaRegionalnych, Wydziat Zaggzania i Irkynierii Produkcji, Politechnika Opolska

Abstrakt: W pracy dokonano prognozowania stopnia ekspldatazgsobéw wod podziemnych
i powierzchniowych w wojewddztwie opolskim, baorpod uwag zmieniajice s¢ warunki - liczly ludnaici oraz
ilos¢ wody pochtaniam przez przemyst. Seriuczica stanowity rzeczywiste dane uzyskane z bazy Gléwneg
Urzedu Statystycznego. Modelowanie przeprowadzono z ovaylstaniem sztucznej sieci neuronowej.
Prawdopodobigstwo wynikéw sprawdzono na podstawie weryfikacjngtzh i wynosi ono 94%.

Stowa kluczowe:zasoby wodne, wody podziemne, wody powierzchniopmgnozowanie, sztuczne sieci
neuronowe
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DECOLORIZATION OF POST-INDUSTRIAL LIGNIN
BY MUTANTS OF Bjerkandera adusta CCBAS 930
WITH ENHANCED LIGNINOLYTIC ACTIVITY

DEKOLORYZACJA LIGNINY POPRZEMYStOWEJ
PRZEZ MUTANTY Bjerkandera adusta CCBAS 930
O ZWI EKSZONEJ AKTYWNO $CI LIGNINOLITYCZNEJ

Abstract: The paper describes the mutagenesis of the anhioiyngusBjerkandera adusteaCCBAS 930
capable of decolorization and biodegradation oft4posduction lignin with participation of extracelr
peroxidase. Seven mutants were isolated, out whialere characterized by shortened time of decaltam of
model solutions of post-industrial lignin, from 817 or 14 days. The effect was caused by fastordposition
of the lignin polymer, as measured by decreashercontent of total phenols and of metoxyphendie firocess
of biodegradation of lignin was catalyzed by arraoellular peroxidase that was not fully charaztsti Two of
the mutants studied, R59-2 and R59-5, were chaizetieby increased biosynthesis of that enzymeplealwith
accelerated transition of the fungus from the togitase (primary metabolism) to the idiophase (sdgn
metabolism). This was accompanied by a drop in pthe substrate that was more pronounced compaitéd w
the parental strain and to the other mutants.

Keywords: decolorization, ligninBjerkandera adustanutants, peroxidases

The primary source of contamination of waters isagge, including industrial sewage,
that from the pulp and paper industry being esfigciaxic and also produced in great
quantities. In terms of the amount of contaminaaksased to the environment, that industry
is ranked sixth in the world [1]. This is due tceethcale of production of that industry,
amounting to not less than 300 million tons of paped paper products [2]. The
composition of effluents from the pulp and papetuistry, from various stages of pulping
and bleaching of wood pulp, includes large amouwofitshromatophores, mainly lignin and
its derivatives, and partially tannins [2]. Deperglon the technological processes applied -
alkaline lignin and thiolignin in the Kraft proceard lignin sulfonates in the sulfite (sulfate
IV) method [3] - the amounts of effluents produgeel 1 kg of paper are, respectively

! Mycological Laboratory, Department of Microbiolggniversity of Life Sciences, ul. Leszemkiego 7,
20-069 Lublin, Poland, tel. +48 81 524 81 49
* Corresponding author: teresa.kornilowicz@up.lnlgl
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270+450 dm of effluent containing 40+50 g of lignin or 300-@dn? of effluent
containing 200+250 g of lignin [2]. Migration ofhin-rich sewage to waters contributes to
disturbance in the biological balance and to chamiontamination and colorization of
waters [1].

Methods used so far for the decolorization of s@vegntaining post-industrial lignin
are mainly of physicochemical character and invadsorption with the use of activated
carbon [4] and coagulation of lignin in the pulpdain paper industry sewage [5]. Those
methods lead only to the transition of lignin franwater-soluble form to a solid form, and
are considered to be costly and of low efficien8}y Pecolorization of lignin-containing
sewage with the method of chlorination, on the ottend, is conducive to the formation of
colorless but resistant to biodegradation and gtyotoxic and mutagenic chlorinolignins
and other chlorino-aromatic complexes, includingcitebgenic dioxins [1, 3]. The
application of toxic chlorine can be limited thrdughe use, for the purpose of
decolorization of lignin-rich sewage, of selectéf@&tive microorganisms, mainly white rot
fungi and ligninolytic enzymes - laccase and peatages [2, 7]. Until now, the greatest
attention has been paid to the ligninolytic capaesd of such species of wood white rot
fungi (Basidiomycota as Phanaerochaete chrysosporium, Trametes (Corioles$isolor
and Pleurotus ostreatug6, 8-10]. Less researched in this respect argewtot fungi
representing the gen@erkandera[11,12]. Our own studies [13] indicate that in &taary
cultures, the anamorphic straBjerkandera adustaCCBAS 930, isolated from soil,
decolorizes 0.2% solutions of lignin originatingrn the process of wood pulp pulping
(alkaline fraction 1). The process of decolorizatiwas of enzymatic character and was
dependent on the presence of extracellular persaidBecolorization of lignin by the
fungal strainBjerkandera adustaCCBAS 930 was coupled with the production of deria
mycelium, which corresponded with the secondanabwtsm of that fungus. Its maximum,
observable as complete brightening of the substizéeame evident after 25 days of
culturing [13].

The objective of the study presented here wastamat at increasing the efficiency of
post-industrial lignin decolorization by the abawentioned strain oBjerkandera adusta
through mutagenesis. The criteria applied in thenasion of the decolorization activity of
the mutants included the rate of decolorizatiopast-industrial lignin, changes in the total
content of phenolic and methoxyphenolic substaiCésO - phenols), and the activity of
extracellular peroxidase as compared with the pafrstrain.

Material and methods

Fungus strain

The anamorphic straiBjerkandera adust&CBAS 930 was isolated from samples of
a soil (Phaeazems acc. FAO) collected in the regiosouth-east Poland. The isolation,
identification and morphological and taxonomic @werization of the fungus have been
described in the paper by Kornillowicz-Kowalskaakf14].

Lignin
Lignin (LG) precipitated from the first alkaline afttion (from wood extract) by
acidification with HSO, was obtained from InterCell S.A. Ostroleka (Po)arBlefore
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usage the lignin was dissolved in sterile 0.1 M MNa@nd adjusted to pH = 7
with 0.2 M HCI. Lignin contained (g - kgd.m.) 408.2 of carbon, 40.4 of hydrogen, 0.2 of
nitrogen and no ashes.

Isolation and selection of mutants of B. adusta CCBS 930

Induction of mutants ofB. adustaCCBAS 930 was conducted with the use of
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and UV radiation in accande with the
method of Kornillowicz-Kowalska and Iglik [15]. Sadtion of mutants was performed in
the test of decolorization of 0.2% lignin in therlPaand Robinson substrate [16]:
0.07% glucose, 0.05% Mg300.02% KHPQ,, 0.01% NHNO;, agar 2%, pH 6.5, after
inoculation of plates (g = 9 cm) with a circle ofeelium (g = 0.5 cm) obtained from 7-day
culture on glucose-potato agar (20% potato, 2% aglec 2% agar). The alkaline lignin
concentration applied corresponded to the contkttiad waste as encountered in the first
fraction of wood pulp pulping with lye, called théack liquor. The culture was incubated at
26°C, measuring the decolorization zone after 3,17,and 14 days. Mutants that
decolorized agarized lignin faster than the patesteain were selected for further
experiments.

Culture conditions

Liquid cultures of the parental strain and of thelested mutants were set up
in 100 cni Erlenmayer flasks with 50 chof mineral medium for f ligninolytic fungi [17]
enriched with 0.2% of lignin and 0.25% of glucoSehe inoculum were 3 circles of
mycelium, 1 cm in diameter, obtained from 7-daytu@ on glucose-potato agar.
Non-inoculated medium was used as control. Theusdtand the control medium were
incubated at 26°C for 30 days under static conutiavith 3 parallel replications.

Analytical methods

Clear post-culture fluids, obtained after strainiofymycelium and centrifuging at
3000 revs miftfor 5 minutes, were used to determine the following
« Degree of decolorization of lignin (LG) at = 430 nm (maximum of absorbance),
calculated from the formula [18]:

0

% decolorizéion = M o

Ali

where: % decolorization = degree of decolorizatian%, Al - initial absorbance,

AMf - final absorbance.

e Content of phenolic)(= 400 nm) and metoxyphenoliz € 500 nm) substances, with
the method of Malarczyk [19], using standard cunvespared for protocatechuic acid
and vanillic acid, respectively.

e Peroxidase activity, according to Maehly and Chamdgth o-dianisidine as substrate
[20].

* Laccase activity, according to Leonowicz and Grzgwicz [21], using syringaldasine
as substrate.

e Protein content in the substrate, with the methbtoovry [22] with beef albumin as
protein standard.

e pH of medium.
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Culture observations

Microscope observations of mycelium growth and tgwaent and of changes in the
substrate comprised the morphology of the vegetatimycelium, formation of
spore-producing aerial mycelium, substrate colanges, and mycelium color changes.

Evaluation of results

All results obtained are given as means from 3icepbns for which standard
deviations were calculated.

Results

Selection of mutants with enhanced post-industridignin decolorization activity

UV irradiation (UV-C,A = 200+280 nm) and treatment with nitrosoguanidMaiNG)
(0.01%, 5 min) of 10cfu - cm® B. adustaCCBAS930 resulted in the survival of
44 . 10 cfu after treatment with MNNG and 0.6 -'fu after ultraviolet irradiation. This
indicated greater survivability of the fungus undéudy in the presence of MNNG than
under UV irradiation, at 0.04% and 0.006%, respebti Among the 50 colonies grown,
seven were characterized by notable structural ggmnconsisting in “felting” of the
mycelium, which produced colonies more flattened mompacted compared with the
parental strain which grows in the form of fluffplonies, with loose and wooly aerial
mycelium.

Subsequent post-mutation selection took into adcthmm rate of decolorization of
post-industrial lignin (alkaline lignin) in cultuseon Park and Robinson solid medium
containing 0.2% of that substrate. That selectewealed that only three (R59-5, R59-9 and
R59-14) out of seven morphological mutants decpéatilignin faster than the parental
strain (Table 1). A characteristic phenomenon & fthitially (cultures 1-3 days old) the
clones mentioned above caused an increase intdesity of coloring of the substrate (dark
brown), and only afterwards its brightening. Thesinactive decolorizer of lignin in the
solid substrate was mutant R59-5 which, after Bdhagightened ca 80% of surface area of
substrate with 0.2% of alkaline lignin (Table 1).

Table 1
Decolorization of 0.2% lignin in solid substrate ¢Blected mutants &. adustaCCBAS 930 with modified
morphology of colonies

Strains - D?ys of cultlirg =
CCBAS 930(parent strain) 10*/0** | 60/10 90/40 90/50
R59-2 35/0 60/0 90/20 90/30
R59-5 35/0t 90/70 90/80 90/80
R59-9 20/0t 90/25 90/70 90/70
R59-14 40/ 0t 90/0 90/ 65 90/80
R59-28 0/0 25/0 50/0 70/20
R59-29 15/0 90/0 90/0 90/30
R59-30 20/0 65/0 90/0 90/0

Explanations: * - growth diameter in mm; ** - diatee of decolorization zone [mm]; 1- substrate daikg in
growth zone of 15.10 and 10 mm; plate diametecm9
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Decolorization of lignin by mutants ofB. adusta CCBAS 930 in liquid cultures

Among the 7 mutants tested, only one (R59-30) dead 0.2% solution
of post-industrial lignin at a rate similar to thaft the parental strain (Fig. 1). The other
mutants removed the coloring caused by the presehtiat biopolymer at rates two- to
three-fold faster than the parental strain. Thégotfbecame noticeable after 7-10 days of
culturing, as 52+83% (7 days) and 51+85% (10 daysyubstrate decolorization (measured
by drop in absorbance), respectively. During theesdime, the parental strain removed
only 26+27% of the coloring, and mutant R59-30 dedped 17+34% of lignin contained
in the solution. Decolorization of solution contaip 0.2% of alkaline lignin proceeded the
fastest in cultures of mutants R59-2 and R59-2%rAY days of culturing, both of those
clones removed 73+83% of the coloring. Mutant R5%%&t decolorized lignin the fastest
in the solid substrate, was less efficient heriter & days of growth it removed 52% of the
color.

- -¢= =parent strain

—— R50/2

——R595
—¢—R59/9
—%—R59M14
—a R59/28

A 430 nm

——R58/2
R59/30

0.4 4

02

0 & 7 10 14 18
days of culture

Fig. 1. Decolorization of 0.2% lignin by mutarBsadustaCCBAS 930

In culturing time of the mutants under study longfgan 10 days, a recurring though
less pronounced increase was observed in the atdswloring as measured with increase
of absorbance (Fig. 1). However, no biosorptioligrfin was observed, either in the mutant
cultures or in the non-mutated strain; their myxedimained colorless (white).

Changes in the content of phenolics in the culturmedium

In the course of decolorization of 0.2% solutiohsl&aline lignin in the cultures of the
mutants and of the parental strain Bf adustaCCBAS 930 the content of phenolic
substances\(= 400 nm) was decreasing (Fig. 2A). In the mutaiiiures that decrease was
2-3-fold stronger than in the cultures of the p#akstrain. The exception were mutants
R59-28 and R59-30 which displayed low effectiven@ssthe removal of phenolics
(maximum 20%) - similar to that of the control (patal strain). The reduction of the total
level of phenols was the fastest between days 714r{d8) of culturing. That effect was the
most pronounced in the cultures of mutant R59-2%64@duction of the concentration of
phenolics after 7 days of growth. Whereas, the tgetadecrease in the total phenolic
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content was observed in the case of the cultuR58F29 - 53% after 14 days of growth of

the strain. The slowest decrease in the level @hplic substances was observed in the
cultures of mutants R59-28 and R59-30, with deaeates of 21% and 24%, respectively,
after 18 days of culturing (Fig. 2A).

70

250

200

..
- \2>3§r3;
100

pg vanilic acid « em?

ng protocatechuic acid * cm?

~————
50 10
0 0 T T T T T
0 3 7 10 14 18 0 3 7 10 14 18
days of culture days of culture
= =4= = parent strain —— R59/2 —a——R595 ——R50/8
—x—R58M14 —e— R59/28 —+—R59/29 R59/30

Fig. 2. Changes in the content of total phenolisy gnd methoxyphenolics (B) in culture fluids of
mutants oB. adustaCCBAS 930 containing 0.2% of lignin

Initially, changes in the content of methoxyphee®lin the substrate had a run similar
to that in the total content of phenols, but weanpronounced (Fig. 2A,B). The content
of methoxyphenolic complexes decreased the fastateen days 7 and 14 (18). The most
effective in this respect was the mutant R59-2 twhadter 7 days, removed 58% of ¢H-
phenols, while the parental strain removed only 18%o relatively effective were mutants
R59-29 and R59-5 - removal rates of 43% and 35%peactively. The level of CiD -
phenols-decreased the most slowly in cultures efrttutant R59-30 - 14% after 7 days
(Fig. 2B).

Changes in peroxidase activity in the culture medion

Extracellular peroxidase activity of the parentahis of B. adustaCCBAS 930 and its
7 mutants became observable on the 3rd day ofrigdton the substrate with 0.2% lignin
and gradually increased from then on. The maximdiractivity of that enzyme became
evident in cultures of 10-14 (18) days old. Howeuwee strain under study was notably
varied in the level and dynamics of activity of tttemzyme (Fig. 3). The highest levels of
peroxidase activity were observed in cultures oftamts R59-2 and R59-5. The mean
specific peroxidase activity in the cultures ofgacstrains was 101.0 and 125.5 mU - g
of protein, respectively. Those values were 20-d8-higher with relation to the peroxidase
activity of the parental strain. Considerably lowatues of activity of the phenoloxidase
under study were observed in the case of mutant3-2R5and R59-30 (12.5 and
46.9 mU - mg of protein, respectively). Peroxidase activity bé tremaining 3 clones,
R59-9, R59-14 and R59-29, was at the same low k@i the culture of the parental strain

(Fig. 3).
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Fig. 3. Peroxidase activity in culture fluids of faots ofB. adustaCCBAS 930 containing 0.2% of
lignin

Laccase activity

In the experimental design adopted in this studyhae the parental strain nor its
mutants produced any laccase.

Increase and changes in pH of the culture fluids

Under the conditions of stationary culture on sraistwith 0.2% lignin, mutants of
B. adustaCCBAS 930 were characterized by faster rate ofvtirand by the production of
aerial mycelium, as compared with the parentalirstr@he process of aerial mycelium
production (reflecting the transition of the fungosthe phase of secondary metabolism) in
the mutant cultures began on tH& day, while in the cultures of the parental strainthe
10" day of culturing (Tab. 2).

Table 2
Visual characterization of growth of mutantsBofadustaCCBAS 930 in liquid cultures enriched with 0.2%
lignin
. Days of culture
Strains 3 7 14 18(217)
CCBAS 930(parent strain) -/ - ++ /- +++ [ + +++ [ +
R59-2 -/ - _ +++ [ ++ +++ [ ++
R59-5 +/- +++/ + +++ [ ++ +++ [ ++
R59-9 -/ - ++ [/ ++ +++ [ ++ +++ [ +
R59-14 -/ - +++/ + +++ /[ + +++ [ +
R59-28 -/ - ++/ + +++ [ + +++ [ +
R59-29 +/- +++ [ ++ +++ [ ++
R59-30 -/ - +++ [+ +++ [ + +++ [ +

Explanations: - no growth; + mycelium growth 20%t -ycelium growth 50%; +++ mycelium growth
80+100%; + / + ratio of vegetative mycelium to akmycelium

no decolorization

weak decolorization

distinct decolorization

I strong decolorization

* - for parental strain
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This was accompanied by visually observable grabtightening of the substrate that
progressed with the passage of the time of culjurdin the mutant cultures, its maximum
was observed on the 14th day. Within a longer firagie, a slight re-colorization of
substrate was observed. Whereas, in the culturédsegbarental strain, visually observable
brightening of substrate was apparent as late &iseopf' day of culturing (Table 2).

In the course of the growth of the parental steaid the mutants d@. adustaCCBAS
930, pH of the substrate (6.33+6.40) decreased (y+1.3 units, attaining values of
5.02+5.59. The process of acidification was théefgswithin the first week of culturing,
which should be attributed to assimilation of glseoBeginning with day 10 in the mutant
cultures, and day 14 in the parental strain cutusegradual re-increase in pH values was
observed, most pronounced in the case of the @remnéin and of the mutant R59-14. The
weakest re-increase of pH was noted in culturgautfnts R59-2 and R59-5, by as little as
0.15+0.29 of a unit after 18 days of culturing (F4g.

6.6
- -¢- =parent strain

o4 —a— 592
e —&— RS0/
6 —— RS9
T 58 —%—R50/14
56 —e—R59/28
5.4 ——R55/29
= R59/30

5

days of culture
Fig. 4. Changes of pH in culture fluids of mutaot8. adusta CCBAS 930 containing 0.2% of lignin

Discussion

Decolorization of lignin solutions in stationarylituies ofBjerkandera adust& CBAS
930 is an enzymatic process catalyzed by a nop-thihracterized extracellular peroxidase
of that fungus [13]. That extracellular peroxidask B. adusta CCBAS 930 is also
responsible for biodegradation and, in consequeiocejecolorization of daunomycin (an
anthracyclin antibiotic) and of pigments with ardimastructure, including anthraquinonic
pigments [14, 15]. That enzyme is an enzyme ofsisgondary metabolism &. adusta
CCBAS 930, and the processes of decolorization ainidiodegradation of lignin and of
related compounds (humic acids, daunomycin, antlimagic pigments) are of cometabolic
character, as they require the presence of anyeagdilable source of carbon, such as
glucose [14, 15].

In the present study, out of the 50 morphologicatants isolated after mutagenesis of
homogenate of mycelium &. adustaCCBAS 930 (1 x 10cfu - cm®) under the effect of
UV and nitrosequanisidine (MNNG) treatment, 7 mtgamere selected that had increased
capacity for decolorization of post-industrial lign(first alkaline fraction). UV exerted
a stronger lethal effect compared to MNNG - outthef 50 clones isolated only 6 were
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obtained after UV irradiation. Stronger fungiciddiect of UV radiation was also observed
by Miura et al [23] during induction of mutants nbn-sporification stage of white rot
basidiomycete (des. as 1ZU-154) with increaseditigiytic activity. Out of the seven
selected mutants oB. adustaCCBAS 930 (1 after UV mutagenesis, 5 after MNNG
mutagenesis), two: R59-2 and R59-5 (both aftetrireat with MNNG) were characterized,
on average, by 20-25x greater peroxidase activitingared with the parental strain.
Stimulation of peroxidase activity (manganese-ddpah peroxidase MnP) of mutants of
non-sporifying fungus 1ZU-154 after mutagenesisitefancestors with UV radiation and
with MNNG has been reported earlier by Miura e{28] who applied their capacity to
decolorize synthetic melanin as the criterion déstion. Higher ligninolytic activity of
mutants (UV induction) compared with the parentahis of the white rot fungus
Phanerochaete chrysosporiumas also observed by Kakar et al [24]. Those asatho
applied decolorization of chromatophores from theug Poly-R (polymeric pigments) as
the criterion for the estimation of ligninolytictagty.

In our study, using the degree of decolorizationatifaline lignin as the index of
ligninolytic activity of B. adustaCCBAS 930, we observed similar relationships. The
selected mutants of the fungus decolorized watieitisas of post-industrial lignin faster 3x
compared with the parental strain. After 7 daygrofvth, the most efficient clones - R59-2,
R59-5 and R59-29 - caused color reduction by 732% and 83%, respectively, while the
parental strain rate of decolorization was 26%.

Our earlier study [13] showed that decolorizatioih atkaline lignin in stationary
cultures ofB. adustaCCBAS 930 was caused by biodegradation of thatnpet, which was
accompanied by a reduction in the level of totadmailics and of methoxyphenolic in the
substrate. The decrease in the content of methexygic indicated demethylation of the
lignin polymer under the effect of peroxidase [18Yhereas, in cultures d8. adusta
CCBAS 930 containing lignin no presence of laccagss detected. Laccase, like
peroxidase, can catalyze the reaction of demetbpld25]. Also mutants oB. adusta
CCBAS 930 did not synthesize laccase in stationalyres containing lignin. Mutants (but
not the parental strain) &. adustaCCBAS 930, on the other hand, synthesized lacicase
cultures containing synthetic dyes: carminic aeigthrosine, and brilliant green, which was
reported in the work by Kornillowicz-Kowalska andylik [15]. The process of
decolorization of lignin in mutant cultures, ascultures of the parental strain, proceeded
along the cometabolic path, as indicated by itseddpnce on the presence of glucose [13].
Whereas, the mutants did not decolorize 0.2% swistiof lignin under conditions of
absence of glucose (unpublished data). It was fobhodever, that the selected mutants
R59-2 and R59-5, in cultures containing lignin agldcose, were characterized by faster
growth of vegetative mycelium (trophophase) anchdition to idiophase (secondary
metabolism) compared with the parental strain. Tiislved faster absorption of glucose,
causing increased acidification. The glucose méisthan the parental strain cultures was
notably weaker [13].

The study reported herein indicates that MNNG nemagis, increasing the
biosynthesis of extracellular peroxidasae, acctdsrdahe process of biodegradation of
lignin. This was indicated by stronger than in pgakstrain cultures decrease in the content
of phenolic substances, which caused faster dezatmm of solutions of post-industrial
lignin. The production of peroxidase by the parkstiin and the mutants began on tffe 3
day, but only in the case of the mutants R59-2RB@-5 it intensified rapidly and remained
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at a considerable level throughout the period dfudng. The observed dynamics of
peroxidase production in the cultures of mutant®-R5nd R59-5 was similar to that of
peroxidase activity (lignin peroxidase, LiP) in ttues of mutants obtained after UV
mutagenesis of conidia & chrysosporiumobserved by Kakar et al [24].

The results of this study, therefore, indicate asiality of improving the efficiency of
decolorization and biodegradation of post-indubtigain by the strairB. adustaCCBAS
930 through mutagenesis, as it leads to stimulatibrgrowth and to biosynthesis of
peroxidase catalyzing that process.
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DEKOLORYZACJA LIGNINY POPRZEMYStOWEJ PRZEZ MUTANTY
Bjerkandera adusta CCBAS 930 O ZWIEKSZONEJ AKTYWNO SCI
LIGNINOLITYCZNEJ

Pracownia Mikologiczna, Katedra Mikrobiologii Rabziej, Uniwersytet Przyrodniczy, Lublin

Abstrakt: Opisano mutagenezanamorficznego grzyb®jerkandera adustaCCBAS 930 uzdolnionego do
dekoloryzacji i biodegradaciji ligniny poprodukcyjneprzy udziale zewstrzkomdrkowej peroksydazy.
Wyizolowano 7 mutantéw, z ktérych 6 odznaczalp siréceniem czasu dekoloryzacji modelowych roztword
ligniny poprzemystowej z 21 do 7 lub 14 dni. Efedt byt wywotany szybszym rozktadem polimeru lignirego,
mierzonym zmniejszeniem zawaitd fenoli ogdétem i metoksyfenoli. Proces biodegigddigniny byt
katalizowany przez blej niescharakteryzowanzewrgtrzkomérkows peroksydaz Dwa spérdéd badanych
mutantéow R59-2 i R59-5 odznaczahg sivzmazong biosyntez tego enzymu, spezong z przypieszeniem
przejcia z trofofazy (metabolizm pierwotny) do idiofaynetabolizm wtérny) grzyba. Towarzyszyt temu
silniejszy w stosunku do szczepu rodzicielskiegozostatych mutantéw spadek pH padio

Stowa kluczowe:dekoloryzacja, ligninaBjerkandera adustanutanty, peroksydazy
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CHEMICAL, THERMAL AND LASER PROCESSES
IN RECYCLING OF PHOTOVOLTAIC SILICON SOLAR CELLS
AND MODULES

OBROBKA CHEMICZNA, TERMICZNA ORAZ LASEROWA
W RECYKLINGU OGNIW | MODULOW FOTOWOLTAICZNYCH
Z KRYSTALICZNEGO KRZEMU

Abstract: In recent years, photovoltaic power generatioriesys have been gaining unprecedented attention as
an environmentally beneficial method to solve thergy problem. From the economic point of view thee
silicon, which can be recapture from the used callshe most important material due to its cost ahortage.

In the paper selected methods of used or damagetllenand cells recycling and experimental resutts a
presented. Advantages and disadvantages of thelseidaes are described, what could be helpful dutire
optimization of the method. The recycling proces®¥ module consists of two main steps: separabicells

and its refining. During the first step cells aeparated due to the thermal or chemical methodgeudéext, the
separated cells are refining. During this procesdass layers are removed: antireflection, metdibn and p-n
junction layer, for silicon base - ready to the nege - gaining. This refining step was realizethwhe use of
chemical and laser treatment as well.

Keywords: recycling, solar energy, silicon, photovoltaic salells, renewable energy

Production of photovoltaic modules on a commersalle dates back to 1980's. PV
module manufacturers provide a work warranty of30years, so modules produced back
in the 1980’s should be put out of commission aedycled during this decade, while
modules manufactured in 2000 should be recycle@a30. A particularly difficult task is
developing an optimal technology of recycling aodaring its high investment costs. This
question is especially interesting because of theket's demand on silicon for PV cell
production and - consequently - the need for ityakng.

This paper covers selected methods of recyclingl wsedestroyed PV modules and
photovoltaic cells and practical experiments reswlith chemical, thermal and laser
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2 Institute of Fluid-Flow Machinery Polish AcademfyScience, ul. J. Fiszera 14, 80-233 @slg Poland

Y Corresponding author: ewa.klugmann-radziemska@agty



38¢€ Ewa Radziemska, Piotr Ostrowski, Adam Cenian ana$fiw Sawczak

recycling methods. Advantages and disadvantagéisese methods, helpful in optimizing

the recycling process for commercial use, were riteest.
PV recycling process requires two main stages:

- PV solar cell separation. In this process, cells that are part of the commkiRV
modules have been separated as a result of thermhEmical processes;

- cleaning the surface of PV solar cells. In this process, silicon solar cells separated
from the PV modules underwent a process of putifioa in which unwanted layers
were removed (antireflection layer, metallizatiomdaa p-n semiconductor) - it was
possible to recover the silicon substrate suitdtereuse. Stage surface cleaning of
silicon PV cells was carried out using chemical &ser techniques.

Separation of silicon solar cells from damaged orsed PV modules

In PV module production process, a predeterminechbu of silicon cells is
hermetized with the use of such materials as EVpoboner, Tedlar®, glass. The PV cell
hermetization aims to secure it from harmful efeof atmospheric conditions or from
mechanical damaging. EVA copolymer hermetiziat®mane through covering both sides
of cells with the polymer, while Tedlar® is usedyoan the bottom surface. Additionally,
the front of a PV module is covered with glass (Big

Solar cell

Tedlar® Ribbon

Fig. 1. Encapsulation of PV cells

In order to recycle silicon cells from damaged P¥dules, it is required to introduce
the delamination process [1]. In this process,EMA is removed and materials such as
glass, Tedlar, aluminum frame, steel, copper, dastips are separated. Properties of the
EVA copolymer have been thoroughly analyzed in pgpe The delamination process was
conducted through two methods:

e Chemical treatment;
e Thermal treatment.

Chemical treatment in PV module recycling

As a result of the conducted chemical delaminatidth tetrahydrofurane (THF)
(Fig. 2) it was possible to separate the matefials a damaged PV module.
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Fragments of damaged PV iy

Fig. 2. The process of the removing of PV cell grsedation using THF

The efficiency of the used method of chemical wreatt was insufficient. Too long
period of time needed for achieving satisfying hssun conjunction with a fairly high price
of the solvent used, does not justify the use & thethod for commercial PV cell and
module recycling purposes. That is why, thermalttreent was proposed and investigated.

Thermal treatment in PV module recycling

In order to separate silicon photovoltaic cellsvfra damaged PV module, the module
was placed in a Sikbed which then was heated, to increase its teraperan time (Fig. 3).

evaporative emissions

/ ex}w:.aust \

& Temperature sensors

measurement
of temperature

layer SiCy

Fower Temperature

SUpply control
\—/ heating plate

Fig. 3. The stand-up for the photovoltaic modutaifeation removing

In comparison to chemical treatment, the duriaténthe process is significantly
shorter, also the problem of spent solvent doesosotr. However, a disadvantage of
thermal treatment is the emission of gas during E&Gpolymer thermal degradation.
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Nevertheless, this method, taking into accounsiitsplicity and high efficiency, may be
used in commercial PV recycling installations.

A SINGLE DAMAGED
HERMETIC SILICOMN
SOLAR CELL

THERMAL
TREATMENT

Damaged

: .t_'-_-
%\ ' PV cell
& . v h : -

E e T
| Fragments
oy EVA

Fig. 4. The process of thermal removing of PV medericapsulation

When comparing chemical treatment with thermaltineat, it was found that for the
delamination process, thermal treatment is a farenwnvenient method to use. With
a moderate energetic cost, it is possible to olidetter process effectiveness. On the other
hand, chemical treatment effectiveness is fairly, lthe process lasts for a longer period of
time, which additionally decreases effectivenedse Price of chemical compounds used,
because of their type as well as their quantifeefigh. Additional costs of waste solution
disposal must also be taken into account in casberhical treatment.

Surface purification of PV modules

Another stage of PV cell and module recycling eaftell separation - is the recovery
of pure silicon. In order to extract the silicorsbdrom exploited, obsolete or damaged PV
cells, two methods were introduced: chemical treatnand laser surface cleaning.

Chemical treatment of silicon-based PV cells

After separating the cells from PV modules, in ortterecover pure silicon, different
layers of material, put on in the production pracenust be removed in specific order:
frontal metallization, bottom metallization, anflegtive coating and n-p junction
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connector. A chemical process of removing differtayter, needed for recovering the
silicon bed, was designed (Fig. 5).

scﬁgircc?enll CHEMICAL scﬁgircgenll-
before TREATMENT after

chemical chemical
process process

!

pee——]

KOH
solution

Fig. 5. Recovery of silicon base from the damagéaélls

The main problem is choosing the proper compositidnetching solutions, its
concentration and optimal process temperature.

The application of laser technique for PV cell surice purification

Two types of PV cells were chosen for experimerttge-samples for unnecessary layer
removal originated from mono- and polycrystallifefvoltaic cells (Fig. 6).

Fig. 6. Selected samples for the surface cleanitigtive use of laser

The experiments were carried out with the use obdgmium impulse laser
(wavelengthh = 1064 nm) Nd:YAG Yttrium-Aluminum-Garngt frequency up to 120 Hz,
beam energy of 300 mJ per impulse, with 10 ns lonmylses. It was possible to remove the
aluminum bottom metallization and the antirefleeticoating from the PV cells.
(Figs 7 and 8).
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Fig. 7. Removing the ARC layer from PV cells uslager technology

Fig. 8. Removing the back metallization from the &\Ms, using laser technology

When comparing the methods used, it was determtim&dchemical treatment is far
more advantageous. Because of the laser methagltsprice and low effectiveness, it is
essential to further improve and optimize chemioathods of removing unwanted layers
from PV cells. An estimated time of removing layeiigh the use of laser method is about
1 min/cnd.

When utilizing chemical treatment, it is possibée gurify the whole cell's surface
during that time. For chemical purification, thdéldaing etching solutions may be applied:
HF/HNOy/H,0, H:SiFs/HNOs/ H,O or H,SiFs/HNO3/C,H,40; [3-5].

Conclusion

The reason for conducting experimental work descriim this paper was the effort to
solve a more and more important problem of recgctibsolete, damaged or exploited PV
devices with a minimal impact on the environmerd arith acquiring ecologically as well
as economically worthy results.

The results of PV cell separation processes ancniaa layer removal processes, in
order to recover pure silicon, show that recyctifi¢V modules is possible.
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Separation of cells from damaged PV modules throcigbmical treatment is not
economically worthwhile, a far more better solutisrto use thermal treatment. Also, the
implementation of laser techniques in unwanted rlagenoval stage, in comparison with
chemical treatment, is also disadvantageous. Aimapsolution is to use thermal treatment
for cell separation and chemical treatment for reimgp the metallization, contacts,
antireflective coating and the n-p junction.
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Abstrakt: W ostatnich latach systemy fotowoltaiczne sta¢ bardzo popularne na calgwiecie jako korzystne
dla srodowiska rozwizanie probleméw energetycznych. Zagadnienie zagiaspwania ziytych elementow
systeméw fotowoltaicznych, ktérych flow przyszidci maze by znaczna, nie zostato do tej pory opracowane.
Konieczne jest znalezienie optymalnej metody rengkl i ponownego wykorzystania wycofanych zycia
elementéw sktadowych systeméw PV. W artykule prizegi®no wybrane sposoby prowadzenia recyklingu
zwzytych lub uszkodzonych modutéw i ogniw fotowoltaigzh oraz praktyczne wyniki prac eksperymentalnych
z wykorzystaniem metod: chemicznych, termicznycedechniki laserowej. Opisano wady i zalety staogh
technik, pomocne przy optymalizowaniu metody reigdd dla zastosowakomercyjnych. Proces recyklingu
modutéw PV wymaga zastosowania dwoch zasadniczyap6we: separacji ogniw PV i oczyszczania ich
powierzchni. W procesie separacji ogniwa - wchgdzw sktad modutu PV - zostajozdzielone w efekcie
zastosowania proceséw termicznych lub chemicznyh.nastpnej fazie ogniwa poddaje esiprocesowi,

w ktérym usuwa si niepazadane warstwy: antyrefleksyjn metalizac} oraz zhcze n-p, aby uzyskapodiaze
krzemowe, nadage st do powtérnego zastosowania. Etap oczyszczaniagpmpetini krzemowych ogniw PV
realizowano z zastosowaniem obrébki chemicznej taelaniki laserowe;.

Stowa kluczowe:ogniwa fotowoltaiczne, krzem, recykling, enerdiangeczna, odnawialngddta energii
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OZNACZANIE ST EZEN JONOW FLUORKOWYCH
W PROBKACH WODY PITNEJ Z TERENU MIASTA MALBORKA

DETERMINATION OF FLUORIDE IONS IN DRINKING WATER SA  MPLES
COLLECTED FROM THE AREA OF THE TOWN OF MALBORK

Abstrakt: W pracy przedstawiono badania prébek wody pitrtefenu miasta Malborka. Prébki wody pobierano
szd&ciokrotnie (w miesicznych odsfpach - padziernik 2008, listopad 2008, grudzi@008, stycze 2009, luty
2009 oraz marzec 2009) w siedmiu punktacghdgch w gtéwnych dzielnicach miasta Malborka. Poleranobki

podano analizie w celu oznaczenia ppsjicych parametrow: zawadd anionéw: F, CI, Br, NO,, NO;,
PO, SO ; zawarté kationéw: N&, NH} , K*, Mg?*, C&"; przewodnéc; wartasé pH. Uzyskane wyniki
pozwolity na jakdciowa i ilosciowa analizz sktadu prébek wody do picia. We wszystkich analiaoych
probkach zauweno wiksze ni dopuszczalne atenie jonu fluorkowego, ktére na podobnym poziomie

utrzymuje st od lat. Mana réwnie zaobserwowa wyrazna zaleznos¢ pomidzy zawartécia poszczegdinych
jonéw a porami roku.

Stowa kluczowe:woda pitna, Malbork, jony fluorkowe

Wprowadzenie

Fluor jest pierwiastkiem, ktéry dladowych ilgciach niezkdny jest do prawidtowego
rozwoju. Aktywnie uczestniczy w metabolizmie zar@mmslin, zwierzt, jak i czlowieka.
Jednak ze wszystkich nieginych mikroelementdw ma najmniejszy margines
bezpieczastwa pomidzy niezledna dla ustroju ildcia a dawk, powyzej ktérej wystpuja
objawy szkodliwego dziatania.

Powszechnie znany jest pozytywny wptyw fluoru ngamizm cztowieka. Fluor jest
dodatkiem do rénego rodzaju preparatow stomatologicznych, stosgebamtéwnie do
walki z préchnia. Wzmacnia szkliwo gbdw, niestety - zdaniem wielu naukowcéw -
pozbawia zby i kosci wapnia, przez co stagic one bardziej kruche. @ile jednak za mato
méwi sk 0 jego szkodliwym, a wcz toksycznym dziataniu. ¥w6d skutkéw ubocznych
stosowania fluoru naukowcy wymieniajzmiany szkieletowe, osteoporgzzapalenie

1 Katedra Chemii Analitycznej, Wydziat Chemiczny, liewhnika Gdaska, ul. G. Narutowicza 11/12,
80-952 Gdask, Poland
* Corresponding author: zaneta@chem.pg.gda.pl



394 Zaneta Polkowska, Malwina Diduch i Jacek Naimile

stawdéw, a nawet raka k@. Diugotrwata ekspozycja organizmu na ponadoptyma
stezenie fluoru skutkuje ogdlnoustrojawchorola nazywan fluoroza, ktéra w kacowej
fazie prowadzi do uszkodzeniaatnoby, nerek, zaburze wzroku, a nawet ataksji.
Fluor mae tez negatywnie oddzialywa na uklad nerwowy, immunologiczny,
a u dzieci powodowastate zmczenie, maly wspdétczynnik inteligencji, osp&tpa nawet
depresi.

Dla wickszaici 0s6b przyjmowanie produktéw zawies@ych fluor w dopuszczalnych
przez normy dawkach nie i sie z klopotami, ale sosoby bardziej wrdiwe lub podatne
na jego dziatanie ni pozostale. Do nich nale przede wszystkim ludzie
z zaburzeniami pracy nerek, gdio one widnie s odpowiedzialne za wydalanie fluoru
Z organizmu.

Problem zanieczyszczenidrodowiska przez zwieki fluoru zostat zauwaony
stosunkowo niedawno i zgdany jest gtéwnie z przemystavdziatalngcia cztowieka oraz
z szerokim zastosowaniem jego zmkéw w rolnictwie i profilaktyce stomatologicznej.
Obecnie fluor obok otowiu, ¢ti, kadmu i arsenu traktowany jest jako jeden
Z najbardziej niebezpiecznych pierwiastkéw odpoajgaych za skzenie srodowiska.
Dlatego tak wane jest monitorowanie gten tego pierwiastka oraz prowadzenie hada
pokazujcych jego rzeczywisty wptyw na organizm ludzki.

Zwigzki fluoru w wodzie

Fluor dag¢ powszechnie wyspuje w wodach podziemnych, esto w ilgciach
wzglednie duych w poréwnaniu do zawasc innych mikrosktadnikow. Najwaniejszymi
naturalnymizrodtami fluoru, ktére mogprowadzé do zwikszenia jego skenia w wodach
podziemnych, & mineraly (fluoroapatyt, fluoryt, kriolit oraz fluonane biotyty,
hornblendy i turmaliny).

Podobnie jak w przypadku powietrza, do nakszego miejscowego wzbogacania
wody w fluor dochodzi w strefach wulkanicznych or@zro rzadziej) w przypadku wéd
kopalnych. Przyktadowo stenie 20 000 mg/dinstwierdzono w kondensatach z wulkanu
Kilauea [1]. Wody podziemne, ctiav niewielkim stopniu, $réwniez wzbogacane w fluor
poprzez opady atmosferyczne (cykl obiegu fluoruyr&iha sklonnd¢ do koncentrowania
sie fluoru mazna zaobserwowaw przypadku wod podziemnych w krajach o klimacie
goracym [1].

Podobnie jak w przypadku powietrza i gleby, rowinieoda wzbogacana jest w fluor
gtéwnie w zwizku z przejawem antropopresji. Builosci fluoru przedostaj sic do wéd
podziemnych razem z atmosferycznymi zanieczyszam@ingazowymi i pytowymi, jak
i wskutek przenikaniasciekbw oraz tugowania odpadéw statych [2]. W naksizym
stopniu przyczyniaj sie do tego: produkcja superfosfatu, hutnictwo aluommj ale take
przemyst chemiczny, szklarski, emalierski i rolmiot[1].

Stezenie fluoru w wodach podziemnych na terenie Polgkdzwyczaj nie
przekracza wartai 0,2+0,5 mg F/drh Wyjatkiem s regiony Gdaska, Malborka
i Tczewa, gdzie zawart6 fluoru przecitnie wynosi 1,2+3,2 mg/di natomiast lokalnie
przekracza warté 5 mg/dni [3]. Najwicksze dopuszczalne cgenie (NDS) tego
pierwiastka w wodzie pitnej w Polsce wynosi 1,5 dmg? [4]. W wickszaici krajow na
$wiecie jest ono znacznie mniejsze. Przyktadowo wAUSynosi ono 0,6 mg/df
a w Indiach 0,5 mg/dn
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Whplyw fluoru na organizm ludzki

Korzystny wplyw fluoru

W organizmie cziowieka fluorki ulegaj absorpcji gtéwnie poprzez przewod
pokarmowy oraz ptuca. Ich wchianianie przélmzéwke jamy ustnej jest ograniczone
i stanowi mniej nt 1% dziennego wchianiania. Gtéwna absorpcjaazidw fluoru ma
miejsce wzotadku i wynosi okoto 40+50 % przaftiej dawki. Stopig i szybkad¢ wchianiania
sa odwrotnie proporcjonalne do pH e zoladka. Pozostata ikei fluorkow ulega
absorpcji w gérnej eZci jelita cienkiego. Wchtanianie w dej mierze zalgy od rodzaju
zwiazkéw fluoru (przede wszystkim ich rozpuszczdbiph Obecnéé wapnia, magnezu
i glinu w diecie ogranicza absorpdjuorku w przewodzie pokarmowym, ponieivavorza
one z nim nierozpuszczalne sole. Absogmnniejsza rowniespaycie mleka, witaminy C
i D, a zatem chroni przed jego przedawkowaniemzediie fluoru w wekszaci tkanek
migkkich raénie proporcjonalnie wraz ze wzrostem poziomu fluarwosoczu, a piniej
spada w sposob analogiczny. Gtéwnym miejscem usiavroru z ustroju g nerki.

Fluor w §ladowych ilgciach jest niezédny do prawidtowego rozwoju koi i zebOw.
W duwzym stopniu znaczny spadek préchnicy, obserwowan§wigcie, mana przypiséa
stosowaniu miejscowemu i ogllnemu zmkéw fluoru. Profilaktyczny mechanizm jego
dziatania jest wielokierunkowy. Zasadniczo jednaklega na wspomaganiu dwdéch
procesow: zmniejszaniu rozpuszczaliczkliwa oraz prz§pieszaniu jego remineralizaciji.

Jony fluoru reaguj z hydroksyapatytami szkliwa, wchagiz w miejsce jondéw
wodorotlenowych. W wyniku wymiany e& hydroksyapatytow szkliwa przeksztalca wsie
fluoroapatyty, ktére majlepsze wihéciwosci krystaliczne oraz gsstabiej rozpuszczalne
w kwasach. Jon fluoru w apatycie tworzy silneyzeinie z grup NH organicznego zbu
szkliwa, co warunkuje wksz stabilng¢ krysztatow fluoroapatytu [5].

Druga mdaliwos$¢ profilaktycznego dziatania fluoru jest uwarunkowarjego
zdolngsciami stymulowania procesu demineralizacji [6]. Zdolna¢ jest scisle zwiazana
z obecnécia tego jonu wélinie oraz plytce nagbnej, a take na powierzchni szkliwa, gdzie
moze wystpowa® w postaci fluorku wapnia. Niekorzystne dla szklineharakterystyczne
dla procesu préchnicowego mate waciopH sliny prowadz do zwikszenia aktywngci
jonu fluorkowego. Dzki swoim wiaciwosciom fluor wplywa hamujco na tworzenie
piytki bakteryjnej oraz produkejkwasow przez bakterie tej ptytki [5].

Dane literaturowe wskazujréowniez, ze ma on zdolnid hamowania enolazy
bakteryjnej - enzymu waego w przemianie gglowodanoéw. Maliwe tez jest utrudnianie
przez fluor transportu glukozy przez blony komorkovbakterii kwasotwdrczych.
Prawdopodobnie miejscem inhibicji jest przengsz protony ATP-aza blony bakteryjnej

[5].
Toksyczny wptyw fluoru

Korzystne dziatanie zwikéw fluoru spowodowatoze zaczto szeroko stosowaje
w réznych dziedzinach medycyny (zwlaszcza stomatolog)nictwie oraz przemje.
Przyczynito st to do ich szczegodlnej populaged w drugiej potowie XIX w. Jednak
obserwacje méwte o pozytywnym dziataniu zwzkow fluoru przystonity rzeczywisty
obraz ich oddzialywania na poziomie molekularnyrh Po chwili obecnej ukazaly si
tysiace prac na temat oddziatywania i zawéetofluoru w ptynach ustrojowych (krew,
mocz, ptyn moézgowo-rdzeniowyslina), w tkankach mikkich (nerki, watroba, mézg,
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tozysko), w tkankach twardych (ko, zcby, paznokcie, wlosy, kamienie moczowe)
potwierdzajcych ich negatywne, toksyczne i destrukcyjne dniataS, to miedzy innymi:
ostra i przewlekla toksyczég mazliwosé powstawania fluorozyebowej i szkieletowej,
liczne zaburzenia metaboliczne (np. cukrzyca flu@)y osteoporoza, zaburzenia syntezy
kolagenu, hamowanie aktyw§w niektérych enzyméw, negatywny wplyw na procesy
bioenergetyczne i oddychanie tkankowe, przyspigezprocesow starzenia [7]. Paej,
w sposob bardziej szczeg6towy, przedstawiono negstywptyw jonéw fluorkowych na
wybrane elementy organizmu cztowieka.
e Skéra

Efekt biologicznego oddziatywania jonu fluorkoweg@ tkank taczm dotyczy:
kolagenu, biatek niekolagenowych oraz komorek tkambznej. Efektem takim mie by
mineralizacja kolagenu, zmniejszenie zawanitdiatek kolagenowych oraz nievtawe
usieciowane, zaburzenie struktury i reguldomomvokien kolagenu. W pierwszym etapie
dochodzi do zaburzenia procesu syntezy bialka lkolagego (stanowtego 30%
wszystkich bialek ustrojowych). Stabe am@nia wodorowe zostgjzastpione przez
silniejsze wizania fluorkowo-wodorowe, ktére zaburzajnormalny proces jego
powstawania. Zmiany konformacyjne takiego kolagpnowadz do zaburzé w budowie
przestrzennej matrycy, na ktérej zachpgrocesy mineralizacji. W takiej sytuacji produkt
mineralizacji rownie¢ obarczony jest defektem. Pod wpltywem fluoru doahaedwniez do
zwickszenia produkcji bialek niekolagenowych (proteghiow i glikozaminoglikandw),
mimo ogolnie hamucego wplywu fluorkow na biosyntezbiatka. Jest to powodem
szybszego starzeniagsskory (jej zwekszonego pofatdowania i pokrycia zmarszczkami),
gtdéwnie w grupie osob portdzy 30 a 40 rokiemycia [8].
e Uktad kostny

Istota patogenezy zmian w nadzie ruchu wysfpujacych pod wptywem fluoru jest
szczegllne powinowactwo jonu fluorkowego do hydyakmtytu kéci. Fluor ulega
wbudowaniu w heksagonalny krysztat hydroksyapatytbo jednej molekuty
hydroksyapatytu mag wbudowa si¢ maksymalnie dwa jony fluorkowe, jednak jego
catkowite wysycenie mdiwe jest jedynie teoretycznie. Fluor epodstawi jedynie dwie
grupy hydroksylowe ze wzgdlu na ograniczenia wynikgje z budowy sferycznej. Pomimo
niecatkowitego wysycenia (maksymalnie 3+4%) w shbsu do catkowitej masy,
hydroksyapatyt jest peatnym depozytem fluoru. W tych warunkach z e&z
hydroksyapatytu (gtéwnego nieorganicznego budkeaki kostnej) powstaje fluoroapatyt,
ktéry zmienia whciwosci fizykochemiczne k&ci. Traci ona spzystas¢ i staje st mniej
elastyczna, za to bardziej twarda, krucha i tamliwh ludzi obserwuje si wéwczas
pogrubienie kéci oraz czste zlamania ki konczyn gdérnych i dolnych. Fluoroza
szkieletowa mge prowadz do trwatego inwalidztwa, bowiem fluor powoduje ez
mineralizacg wiazadet i tkanki chrgstnej, przez co uktad szkieletowy ulega deformaciji,
poruszanie Zastaje st bardzo utrudnione [8].
e Przemiany biochemiczne

Do zaktocenia szeregu przemian biochemicznych dixilo powodu tworzenia przez
jon fluorkowy trwatych, jednak biologicznie nieczyth kompleksow z kationami metali
oraz whzaa wodorowych z wanymi biologicznie grupami amidowymi. Jednym
z wazniejszych metali w organizmie jest magnez, bowigmt@ 300 enzyméw wymaga
jego udziatu, gtéwnie w roli aktywatora. Jon fluovky, przenikajc z krwi do komdrek,
wiaze jony magnezu, twogz z nimi nierozpuszczadn sol. Inhibicja enzymow



Oznaczanie sten jonéw fluorkowych w probkach wody pitnej z teremiasta Malborka 397

powodowanych przez jony fluorkowe @ dotycz¢ enzyméw metalozamych oraz
takich, w ktérych kofaktor nie jest potrzebny, adit blokuje bezp&ednio enzym (np.
acetylocholinoesteraza). Udowodniono rowniee wrazliwe na jon fluorkowy g sktadowe
tahcucha oddechowego odpowiedzialne za transport relektv: dehydrogenaza
bursztynianowa, cytochrom C oraz oksydaza cytochwan Fluor odpowiedzialny jest
réwniez za hamowanie niektérych enzyméw cyklu Krebsa nigieia kwasow ttuszczowych
oraz przemiany glikolizy.
+ Ptod

Dowiedziono,ze fluor pokonuje bariertozyskowa u ludzi, przedostag sk z krwi
matki do krwi ptodu. taysko tylko czsciowo spetnia raf filtru dla jonéw fluoru, gtéwnie
w czgéciach brzenych (ze wzgldu na dua zawarté¢ w tej czsci jondw wapnia). Jak
wykazaly badania na obszarachzazwigzkami fluoru, badane &yska charakteryzowaty
sig spadkiem aktywni@i enzymatycznej. Na efektyw#o transportu fluoru przez iysko
wplyw maj nastpujace czynniki: stopig dojrzatcgci tkanki tazyskowej, prawidiowsé
przeptywu maciczno-toyskowego krwi oraz obecké zwapnién w tkance tayskowe;.
Przyjmuje s§, ze okoto 99% fluoru w organizmie jest awane z tkankami twardymi.
W miodych organizmach dochodzi do zlszonej retencji fluoru w tkankach twardych.
Jego retencja w szkielecie mtodych organizmoéw ¢ésto 2 razy szybszanu dorostych.
W trakcie ekspozycji na mate #a fluoru dordgli magazynuy okoto 10% wchionitego
fluoru, natomiast rosite dzieci mog go magazynowanawet w 50%. Zwgkszona ild¢
fluoru w tozyskach kobiet ezarnych powoduje zaburzenia rozwojowe ptodu, zmpejge
masy urodzeniowej dziecka, a poprzez to zmniejszi@go szans na praeie [9].

W chwili obecnej trwaj badania nad poawzaniem wplywu ponadoptymalnychesen
jonéw fluorkowych na rozwdj takich chordb, jak: raddosci, zesp6t Downa i choroba
Alzheimera [7].

Fluoroza

Pierwszym widocznym objawem nadmiernej ekspozygjanizmu na ponadoptymalne
stezenie fluorkéw pochodgych z wody, atmosfery orazywnosci bogatej w ten
pierwiastek g przebarwienia szkliwa. Wygtuja one w odcieniach od kredowobiatych do
brunatnych, a nawet czarnych. W okresie rozwojbignia efektem dtugotrwatego zatrucia
fluorkami jest fluoroza gbowa, natomiast w okresie dorostym - utratahienia. Choroba
ta poza wspomnianymi juprzebarwieniami sprawiae zby staj sie matowe, tamliwe
i kruche, natomiast ich korzeniea skrétkie. Dochodzi do zachwiania proceséw
mineralizacji, ktére bezgoednio dotyca ukladu kostnego. Powodujone zmiany
w gestasci oraz strukturze ki [10].

Fluoroza zbdéw jest rodzajem zaburzeniem pochodzenia rozwajowelest ona
okreslana jako stan patologiczny, powstalty w wyniku name] ekspozycji gba na
ponadoptymalne atenie fluorkdw pochodgych z wody, atmosfery orazwnosci bogatej
w ten pierwiastek w okresie rozwoju szkliwa. Pieryra widocznym klinicznym objawem
fluorozy zbdéw jest wystpowaniem zmian w szkliwie. W zaleosci od stopnia
zaawansowania choroby zmiany te mowgystpowa w postaci pojedynczych lub
zlewapcych sé pasm lub plam opalizagych, kredowobiatych albo brunatnych, zduién,

a takze ubytkéw szkliwa, prowadzych w cezkich przypadkach do zmiany ksztatteba.
W obrazie histopatologicznym stwierdzae shietypowe utéenie i rozszczepienie
pryzmatéw szkliwnych oraz brak substancjiedaypryzmatycznej, w miejscu ktorej



39¢€ Zaneta Polkowska, Malwina Diduch i Jacek Naimile

odkltada s barwnik brunatny. gbina jest slabiej zmineralizowana i zawiera sze¥oki
przestrzenie mdzykuliste. Szkliwo mge by matowe, nieprzezroczyste i chropowate.
Stopier zaawansowania fluorozy zaleod stzenia zwizkéw fluoru w wodzie pitnej, czasu
ekspozycji na fluor, od indywidualnej weavosci organizmu i czynnikow
srodowiskowych. Obecrié wapnia i magnezu w diecie wplywa na ograniczenie
wchianiania fluoru. Niedobdr tych pierwiastkbw w zgwieniu sprzyja wysfpowaniu
fluorozy.

Mechanizm powstawania szkliwa plamkowego nie jestkiatinie wyjdniony.
W niektérych pracach zawarto sugestig, pod wpltywem jondéw fluoru dochodzi do
hamowania aktywni@i enzyméw lizosomalnych w ameloblastach,zemeéwniez dojs¢ do
bezpdredniego uszkodzenia ameloblastéw. Wavask, ze szkliwo plamkowe wyspuje
u 0sob, ktére w dziesstwie spaywaty wock o stzeniu fluoru wiekszym n optymalne -
czyli 1 mg/dmi. Poghdy na temat wyspowania szkliwa plamkowego niea ednak
jednolite [10].

Do rozpoznania fluorozyebéw upowania nie tylko sam wyghl szkliwa, lecz take
dodatkowe informacje uzyskane podczas wywiadu wghkee na zwgkszor, poda
zwiazkéw fluoru lub potwierdzenie zekszonej zawartei fluoru w tkankach (szkliwo,
$lina).

Przyjmuje st, ze fluoroza asrednim i diym stopniu nasilenia wygpuje na terenach,
na ktérych fluor w wodzie pitnej agja stzenie okoto 3,5 mg/dih Powstawanie fluorozy
powoduje nadmierna poglazwiazkéw fluoru w okresie krytycznym, przypadeym na
pézne stadia przederupcyjnego rozwojha. ROwnocz@ie uwaa sk, ze krytyczny okres
dla uzbienia statego wysgpuje od okresu okotoporodowego do okoto 7 roku
zycia.

Fluoroza jest zwykle bardziej nasilona w przypadkiow, dla ktérych proces
mineralizacji przypada na pdiejszy okreszycia. Najczsciej uszkodzonymi gbami
staltymi @ zeby przedtrzonowe, naginie drugie trzonowe,e¢by sieczne gérne i kly.
Pierwsze trzonowce i dolne siekacaezsvykle najmniej dotkrite zmianami, z wyjtkiem
przypadkéw o diym stopniu zaawansowania choroby. Fluorozasae] wystpuje
w zebach stalych i w zebach mlecznych. Uwarunkowane jest to prawdopodobnie
dostarczaniem wkszych ilégci zwiazkéw fluoru do organizmu przez dzieci starsze.
Fluoroza zbéw mlecznych przebiega tagodnief fluoroza zbdéw statych. Przyczyntego
faktu jest ponad 2-krotnie krotszy okres dojrzevmamboéw mlecznych i zebdw statych
[10].

Wymagania stawiane wodzie pitnej w Polsce

Wykorzystanie wod do celéw konsumpcyjnych gzeine jest ze spetnieniem przez nie
okreslonych wymaga (tab. 1). W wekszaci przypadkéw woda wyspujaca
w przyrodzie nie nadajeesido wykorzystania jako woda pitna. ¥¥é sk to z zawartymi
W niej zanieczyszczeniami oraz zbytzgduloscia zwiazkdw mineralnych, organicznych
i bakterii. W Polsce zgodnie z rozpadzeniem ministra ochronyrodowiska (z dnia
11 lutego 2004 roku) obowduje pkciostopniowa klasyfikacja wod (jedynie wody
pierwszej i drugiej z nich nadgjsic do wykorzystania jako woda pitha bez
przeprowadzania zabiegéw uzdatadgich).
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Tabela 1
Wymagania jakie powinna spetdisoda przeznaczona do picia [3]
Table 1
The requirements for drinking water [3]
Wskaznik, nazwa substancji Jednostka Polska
Odczyn [pH] 6,5+9,5
Konduktywndé [nS/dn?] 2500
Jon amonowy [mg/dfh 0,5
Azotany(V) [mg/dm] 50
Azotany(lll) [mg/dnT] 0,5
Chlorki [mg/dnT] 250
Fluorki [mg/dnT] 1,5
Magnez [mg/dri 30+125
Siarczany [mg/drj 250
Séd [mg/dn] 200

Procesy wptywapce na sklad wdd podziemnych

Ze wzgkdu na wysoki stopie zanieczyszczewdd powierzchniowych giéwnérédio
wody pitnej stanowd powinny wody podziemne. Procesy, ktre ksztattltad chemiczny
wod podziemnych, nazywane grocesami hydrogeochemicznymi. Obejmone udziat
osrodka skalnego w tworzeniu chemizmu wdd podziemnydRAoza skatami
w sktad uktadu wchodgz réwniez; woda wraz z rozpuszczonymi w niej substancjami
i zawiesinami oraz gazy. Na proces éatowy sktada si wiele proceséw jednostkowych,
ktére mana opisé prawami fizyki ladz chemii [8]. Wszystkie procesy hydrogeochemiczne
mozna podziekt ze wzgédu na efekty, jakie powodj
e procesy, w ktorych nagiuje przemieszczaniegssubstancji w wodach (np. dyfuzja),

e procesy, w ktérych woda jest wzbogacana w dkrey sktadnik (np. tugowanie),

*  procesy, w ktorych woda jest zutama w okrélony sktadnik (np. sorpcja),

e procesy, w ktorych woda jest zaréwno wzbogacank,ijaubaana w okrélony
sktadnik (np. wymiana jonowa).

Inna klasyfikacja, o dtym znaczeniu metodologicznym, za podstawowe Kiyteri
dziehce wszystkie reakcje chemiczne na dwie grupy, prajg stosunki energetyczne
reaguacych uktadéw oraz szybké przebiegu reakcji. Do grupy pierwszej naleeakcje,
ktérych szybké¢ oraz zachode stosunki energetyczne sprzyjaptalaniu & réwnowagi
chemicznej - reakcje odwracalne (np. rozpuszczamy&racania). Analogicznie do drugiej
grupy reakcji nalga procesy trudniej odwracalne lubzteieodwracalne (np. procesy
wietrzenia skaleni).

Przebieg okrédonych proceséw, estotliwos¢ ich wystpowania oraz ich wplyw na
ksztattowanie chemizmu wod podziemnych wzygua stopniu zalea od warunkéw
srodowiska. Niektore jednostkowe procesy zachoulawszechnie i odgrywajwazna role
w ksztattowaniu chemizmu wéd podziemnych. Malelo nich: hydratacja, hydroliza,
sorpcja, wymiana jonowa, rozpuszczanie oraz amgnie, utlenianie i redukcja. Inne
natomiast wywieraj wptyw tylko w okr&lonych warunkach (np. ultrafiltracja) lubztenaj
charakter wydcznie lokalny (np. radioliza wody - w przypadku stamcji
promieniotwérczych) [8].
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tugowanie i wymywanie skat

Przyktadem procesu powszechnie zachodgo wsrodowisku jest tugowanie skat. Jest
to proces definiowany szerzej znirozpuszczanie. tugowanie jest rozumiane jako
rozpuszczanie minerahadlz tez grupy mineratdw i wynoszenie produktow rozpuszézan
poza obszar wygpowania tugowanych skat. Jest to proceszahy, na ktéry sklada
sic wiele proceséw jednostkowych: hydroliza, hydradacja take procesy
utleniapco-redukcyjne. Dzy wplyw na tugowanie ma obecfiotakich gazow, jak: CQ
0,, H,S, oraz takie czynniki, jak pH, temperaturén@nie. Do mineratéw skat osadowych,
ktore najtatwiej ulegaj rozpuszczaniu, nate: halit, gips, anhydryt, kalcyt oraz dolomit.
Nieco inaczej przebiegajprocesy tugowania skat magmowych oraz metamoryicizn
Tworzace je mineraly § znacznie trudniej rozpuszczalne, natomiast wodyake migdzy
nimi map charakter szczelinowy, co w znacznym stopniu dgeankontakt z &rodkiem
skalnym.

Wymywanie jest procesem pokrewnym do tugowaniangédodnosi & do wickszych
komplekséw skalnych lub obszaréw [11].

Wytr gcane faz statych

Czynnikiem inicjupcym proces wytcania s¢ réznego rodzaju faz statych w wodach
podziemnych mgze by¢:

e zmiana warunkéw fizycznych (temperatura@n@nie),
*  zmiana warunkéw chemicznych¢gtnia, pH),
e dziatalng¢ mikroorganizmow.

Pod pogciem fazy kryj sic zarébwno mineraly, jak i organiczne oraz nieorgamec
substancje amorficzne. Te drugie charaktery®ig duzo wieksz rozpuszczalnieia niz
krystaliczne mineraty, a zatem ich wplyw na skidtemiczny wod podziemnych ma
wieksze znaczenie. Jednak ich rola jest dé d&to zbadana.

Wytracanie mineratéw jako faz statych zmienia zaréwntadkwod, jak i warunki
srodowiska (ich przeptyw) poprzez zmiamozmiaru i geometrii przestrzeni porowych.
Powoduje to pogorszenie parametrow filtracji, a azmacznych gibokasciach procesy
wytracania mog prowadzé do przejcia osadu w lig skak. Do wytracania dochodzi
w momencie trwalego przesycenia wody wedgim danego skiladnika, czyli po
przekroczeniu jego iloczynu rozpuszczdlio Zatem kolejné¢ wytracania s faz statych
zalezy od ich rozpuszczaldoi. W pierwszej kolejnéci wytracaja sie mineraty najtrudniej
rozpuszczalne [11].

Mieszanie s¢ wod o réznym skladzie

Proces nazywany e wspétdziataniem hydrogeochemicznym wodzmégo rodzaju
w przyrodzie wysipuje powszechnie i ma podstawowe znaczenie w kswiahiu s¢
chemizmu wod podziemnych. Mieszanie zwykle zachsdybko i obejmuje znaczne masy
wod. Efekty procesu zate od chemizmu wod twoszych ten uktad, proporcji ikziowej
miedzy nimi oraz od warunkoéwrodowiska (gtéwnie hydrodynamicznych). Mieszanig si
wod o r@&nym chemizmie zawsze prowadzi do przestiai réwnowag
hydrogeochemicznych. Ogdlnie mma wyré&ni¢ trzy podstawowe typy takich efektow:
* wytracanie faz gazowych i statych,
e rozpuszczanie faz gazowych i statych,
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» zastpowanie jednych mineratow wsmdku skalnym przez inne.
W warunkach naturalnych napstwa mieszania giwdd mog wzajemnie przechodzi
z jednych w drugie lub wspotwygiowa [11].

Utlenianie i redukcja

Reakcje redoks (utleniania i redukcji) naledo najpowszechniej zachagt¥ch
w $rodowisku i majcych ogromne znaczenie w ksztattowaniu sktadu wodzigmnych.
Utlenianie jest procesem, w ktdrym dany pierwiagteklwyzsza swdj stopie utlenienia -
poprzez utrat elektrondéw walencyjnych jego atoméw. Analogiczreeukcja to obrienie
stopnia utlenienia poprzez przgje elektronéw przez atomy danego pierwiastka. Zeaie
tych proces6w jest bezfrednio zwizane ze zmian zdolngci migracyjnych
poszczegolnych pierwiastkOw przy zmianie ich stapuoflenienia. Reakcje redoks maj
wptyw na skltad wod podziemnych zaréwno w warunkaeturalnych, jak i zaktdconych
antropopresj. Odgrywaj one réwnie wazna role w procesach samooczyszczaniavedd.
W wodach podziemnych najbardziej aktywnym utlenégazest tlen, jednak jego roinogy
spehid takze: zelazo(lll), mangan(1V), siarka(VI) oraz azot(V) [11

Procesy sorpcyjne

Podobnie jak procesy utleniania i redukcji, te procesy, ktére bardzo powszechnie
zachodz w przyrodzie i maj duzy wplyw na ksztattowanie siskladu chemicznego wéd
podziemnych. Skfadajsi¢ na nie: adsorpcja, desorpcja i wymiana jonowahdde one na
granicy fazy statej i cieklej (np. mineratu i wodyy znacznym stopniu zmienigpne skiad
gleb, skat, gruntu, a jednocrée wod podziemnych. Podobnie jak procesy redoks,
odgrywaj one szczegOin role w samooczyszczaniu e¢siwéd powierzchniowych
i podziemnych. Adsorpcja to proces fizykochemicolegajcy na gromadzeniu gina
powierzchni adsorbentéw (mineratow) molekut adstrbgmolekut rozpuszczonych
w wodzie). Analogicznie desorpcja jest procesemrotivym i polega na przechodzeniu do
roztworu uprzednio zaadsorbowanych molekut. Na lpege tych proceséw wplywa wiele
czynnikéw, médzy innymi stzenie adsorbatu, rozdrobnienie i ¥davosci powierzchni
adsorbentu oraz warunkiodowiska (pH, temperatura,snienie). W wodach podziemnych
klimatéw umiarkowanych domingjprocesy adsorpcji kationéw, natomiast w wilgotnych
tropikach cgsciej do czynienia mamy z adsorp@nionow. Podstawowymi adsorbentami
kationébw w wodach podziemnycha smineraly ilaste, zeolity, substancja organiczna,
wodorotlenki i tlenki szeregu metali. Adsorbentaamionéw z& gtownie wodorotlenki
glinu i zelaza. Szczegddnuwag; paswieci¢ nalezy wymianie jonowej. Proces ten polega na
adsorbowaniu z wody przez sktadniki fazy statejojenna miejsce innych, ktére adkzap
sig i przechodz do roztworu. Najogciej jest to reakcja odwracalna i przebiega Wadiach
réwnowanych [11].

Czynniki abiotyczne i biologiczne wptywagce na chemizm wod podziemnych

Sktad wod podziemnych jest efektem wspotdziatam@esow oraz wielu czynnikow
zachodzcych w okrélonych warunkacKrodowiska. Maemy podziek je na geograficzne,
w skiad ktérych wchodg
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 rzetba terenu - wplywa na przebieg procesOéw warwgaejj chemizag wod
podziemnych, im bardziej urozmaicona #za terenu, tym intensywniej zachadz
procesy mineralizaciji;

e hydrografia - w daym stopniu zaley od budowy geologicznej i warunkéw
klimatycznych, najwzniejsze znaczenie mgjgestas¢ sieci hydrograficznej, gbokas¢
wcie¢, kontakt wéd powierzchniowych z podziemnymi oragerencja wod morskich
na terenach przybrzeych;

» klimat - pdgrednio wplywa na chemizm wéd podziemnych, neksze znaczenie mgj
takie czynniki, jak: opady atmosferyczne, tempeampowietrza, parowanie, wiatr (na
terenach morskich);

« gleby - jako strefa aktywna biologicznie dostarata wod tatwo rozpuszczalne
zwiazki, jej tatwas¢ zmiany pH ma znaazy wplyw na migragi poszczeg6lnych
pierwiastkow.

W przypadku czynnikéw geologicznych naferéwniez wymienic procesy: diagenezy,
wietrzenia, magmatyzmu, tektoniczne, sktadu mimergd oraz énien geostatycznych.

Wody podziemne stanowbspecyficza, zr&znicowarny przestrzennie nigzekologiczra
dla wielu r&nego rodzaju organizméwywych, ktére w znacy sposéb wplywaj na
sktad zamieszkalych przez nie wéd. Najgize znaczenie magjtutaj bakterie, ale

w przypadku wéd gruntowych mma zauway¢ rowniez wplyw roslin naczyniowych.

Bakterie wystpuja w réznych srodowiskach hydrogeochemicznych, od powszechnie

wystepujacych stabo mineralizowanych wéd gruntowych po skeajkwane wody

kopalniane czy wody termalne obszaréw wulkaniczngdrdzo aktywnie uczestnigcone

w cyklu wielu przemian biogeochemicznych - obiegenpiastkow, takich jak: egiel, azot,

siarka, zelazo, mangan, jod, miegdkadm, a nawet ¢€. Dzieki zdolndsci biodegradacii

materii organicznej odgrywajpgromrn, role w procesach samooczyszczanigvedd [11].

Czes¢ eksperymentalna

Budowa geologiczna terenu Malborka

Pod wzgtdem geologiczno-tektonicznym teren Malborka maledo syneklizy
perybaltyckiej i ley w peryferyjnej strefie platformy wschodnioeurcglegj. Skaly
prekambryjskiego podim leza gigboko (na gibokdsci ponad 3000 m) i podobnie jak
zalegagcy na nich kompleks staropaleozoiczny (kambr, oilpsylur) nigdzie na terenie
miasta nie zostaly nawiercone. Ze skal mezozoiaznegklu sedymentacyjnego
rozpoczynajcego s¢ w cechsztynie nawiercono na terenie powiatu tyflegmiodsze -
kredowe. Osady trzeciogdowe 3% niecigle przestrzennie. W rejonie depresji padio
czwartorzdu przebiegaicej w rejonie koryta Nogatu osady czwartglawe zalegaj
bezpdrednio na osadach kredowych mastrychtu nawierconych Malborku na
gkebokasciach 87,0 i 94,5 m p.p.m. Dno depresji musidegiebiej, gdy: w bezpdrednim
sasiedztwie miasta w kamienicy nawiercono krath gtbokasci 106,5 i 111,9 m p.p.m.
Wigksze mizszdici uzyskup osady trzeciorgowe na wyniesieniach podi czwartorgzdu
(-60 do -70 m n.p.m.) i tam lokalnie wystje zaréwno paleogen (pleocen
i oligocen), jak i wysipujacy wyspowo neogen-miocen. Na terenie miasta nawsgrc
utwory trzeciorzdowe w potudniowej,srodkowej i wschodniej eZci miasta. Utwory
miocenu udokumentowano w dwdch otworach rgakasci od 62,6 m p.p.m. do 80,1 m
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p.p.m. oraz od 73,8 do 81,0 m p.p.m. Utwory oligacprzewiercono w czterech otworach
na gkbokadsciach odpowiednio 80,1+88,5 m p.p.m., 83,5+89,5 )mm. i 87,8+93,8 m
p.p.m. oraz 96,7+104,7 m p.p.m., a \wtpin nawiercono oligocen na gt. 81,0 m p.p.m., nie
osihgajac spgu na gt 88,7 m p.p.m. Tylko w ostatnim przypadiRiaski) zostaty
udokumentowane utwory paleocenu nabgkasci 93,8+117,8 m p.p.m. W pozostatych
glebszych wierceniach na terenie miasta, ktéreagvely spag czwartorzdu, nie
rozdzielono utworéw trzecioedowych nawiercanych na effokcsciach 64,0, 70,0

i 78,7 m p.p.m. W pierwszym przypadku osady kredpagtaza stwierdzono na gbokasci
102,0 m p.p.m., w pozostatych nalgbkasciach odpowiednio 132,0 i 108,2 nie qgiicto
jednak spgu trzeciorzdu [9].

Generalnie mizsza¢ utwordw czwartorgdowych jest dga (rzdu 70 i wkcej
metrow). Wykazuj one due zr&nicowanie genetyczne i litologiczne, gdpbejmuj
osady lodowcowe i wodnolodowcowe, zastoiskowe, z@ecjeziorne, morskie i bagienne.
Osady morskie i rozlegty kompleks deltowych osad@ecznych s charakterystyczne dla
Zutaw. W Malborku stwierdzono dobrze wyksztalconadysinterglacjalne interglacjatu
mazowieckiego 0 miszaci do 50 m i emskiego o miszaici dochodacej do 40 m.
W Katdowie osady aluwialne, powszechnie dominajwérod utwordéw powierzchniowych,
przewanie o dd¢ ciezkim skltadzie mechanicznym, stahe sikah macierzyst dlazyznych
gleb typu mad. Wysoczyzna polodowcowa Pojezierasvdkiego w okolicy Malborka
wykazuje dominagj glin zwatowych i itbw zastoiskowych [12].

Zaopatrzenie Malborka w wode

Mieszkacy powiatu malborskiego na og& gaopatrywani w wogl z wodocagow.
W Malborku pracuj studnie gtbinowe pobierajce wody podziemne zaréwno dla potrzeb
przemystu, jak i wodoggéw komunalnych. Jaké ujmowanych tam wéd jest lepsza, co
lezy u podstaw projektowanego pragkenia tej sieci do sieci Centralnego Wodgui
Zutawskiego.

Tabela 2
Zwodocihgowanie miasta Malborka na tle powiatu malborskigd
Table 2
Water supply of the town of Malbork on the backgrdwf Malbork District [12]
Gmi Dlugosé sieci Liczba przytaczy do Stopien
mina . . : . .
Lp. wodociagowej budynkéw zwodochgowania
[km] [sztuki] [%]
Miasto
1 Malbork 135,80 2686 100
Gmina
2 Malbork 35,90 572 96
3 Mitoradz 37,00 927 99
4 Lichnowy 46,80 525 98
5 Stare Pole 57,00 729 100
6 Nowy Staw 50,20 837 95
7 £ acznie 362,7 6276 X

Dotychczas jednak miasto posiada iy sie¢ wodochagows zaopatrywam
Z whasnego uicia (8 studni) czerptego wody z ghbokasci 190+250 m p.p.t. i e&ciowo
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zaopatruje réwnie podmiejskie miejscowdei gminy Malbork. Wedtug ,Strategii rozwoju
powiatu malborskiego” eksploatowanych jest 7 studfinujacych wody z warstw
kredowych (studnia nr 3, 4, 5, 6, 7) - 95&/mi trzeciorzdowo-czwartorzdowych (studnia
nr8i9) - 389 mh.

Zatwierdzone zasoby dla categoeaip miasta Malborka zgodnie z obawijacym
pozwoleniem wodnoprawnym na pobér wéd podziemnygmosz 450 i 9800 nyd.
Szczegobtowe informacje na temat dhsgsieci w Malborku przedstawiono w tabeli 2.

Cze$é gmin podiczona jest do Centralnego Wodgni Zutawskiego (gminy Nowy
Staw i Stare Pole w caid, gminy Malbork i Lichnowy - cgciowo). Miasto Malbork jest
w pelni zwodocigowane. Problemy sprowadzajsii do dbatéci o jaka¢ wody
dostarczanej wodaoggiem (budowa stacji uzdatniania wody), modernizagirzebudowy
sieci oraz konserwacji udzen [12].

Zuzycie wody na potrzeby gospodarki narodowej w 2003vrmiescie Malbork
wyniosto 1970,6 dams3, z czego 1877,4 dam3® na poyrzgospodarstw domowych
i socjalno-bytowe, reszta 93,2 dam? przypada nerpyst. W tabeli 3 przedstawiono dane
dotyczice jakdci wody do spaycia w migcie Malbork z ug¢ wéd podziemnych powiatu
malborskiego (ocena GUS w 2001 i 2002 roku) [12].

Tabela 3
Jaka¢ wody do spoaycia w migcie Malbork z u¢ wod podziemnych powiatu malborskiego
(ocena GUS w 2001 i 2002 roku) [12]

Table 3
Quality of drinking water in Malbork from intakesagindwater of Malbork District
(Evaluation of the GUS in 2001 and 2002)
Mieiscowosé Rodzaj Rok 2001 Rok 2003
! wodociagu [mg/dm?] [mg/dm3]
Malbork publiczny zla: fluorki 1,5+3,5 zla: fluorldi,5+2,9
za: zelazo 2,8
. zla: zelazo 1,6+6,0, mangan 0,06+0,19, amon|ak r oy
Malbork - szpital lokalny 0,9:2.4, minoié 15237, barwa 5:50 me;tm_)sc 22,
amoniak 1,79
Malbork -
wytwérnia waty lokalny dobra Dobra

Wartcici dopuszczalne: fluorki - 1,5 mg/dmzelazo - 0,2 mg/df mangan - 0,05 mg/din amoniak -
0,5 mg/dni; metnas¢ <dn?

Lokalizacja miejsca pobierania prébek

Probki wody pitnej pobierano z siedmiu odlegtychsiebie punktéw (gtowne dzielnice)
potozonych na terenie miasta Malbork (rys. 1):
e miejsce pobrania prébek nr 1 - dzielnica PiaskgauDaleka,
* miejsce pobrania probek nr 2 - dzielnica KatdowejeaRodla,
e miejsce pobrania prébek nr 3 - dzielnica Potuduiiea Kotarbhskiego,
+  miejsce pobrania prébek nr 4 - dzielnRrédmiecie, ulica Kéciuszki,
* miejsce pobrania prébek nr 5 - dzielnica Czwartaldja Armii Krajowej,
e miejsce pobrania prébek nr 6 - dzielnica Wielbaitica Stupecka,
* miejsce pobrania prébek nr 7 - dzielnica Wielbatlga Gtowackiego.
Prébki pobierane bylty sgeiokrotnie: w padzierniku 2008, listopadzie 2008, grudniu
2008, styczniu 2009, lutym 2009 oraz marcu 200%hi€tano je bezpwednio z sieci
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wodocihgowej do pojemnikéw z tworzywa sztucznego pojefshd00 cni, a nastpnie
zamraano. Po przetransportowaniu ich do laboratoriumeghawywano je w niskiej
temperaturze i poddawano jak najszybszej analgoajewa nie byly one konserwowane
za pomog srodkéw chemicznych.

Rys. 1. Plan miasta Malborka z zaznaczonymi miejégebierania probek
Fig. 1. The Malbork city map with marked sampldextion places

Oznaczane zwgzki i parametry

Badaniom poddano prébki wody pitnej pobrane za@megtownych dzielnic miasta
Malborka. Dokonano ich analizy w celu oznaczeniastpajacych skladnikéw
i parametréw fizykochemicznych:

« aniony: F, CI, Br, NO;, NO;, PO}, SO,
« kationy: N&, NH,", K*, Mg®*, C&*,

e konduktywnd¢ (przewodnictwo wiéciwe),

*  pH.
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Uproszczony schemat pepbwania z zebranymi prébkami wody pitnej przedsteni
na rysunku 2.

Pobieranie probek

Przechowywanie
prébek

Transport probek

Oznaczanie kationow Oznaczanie anionow Pomiar przewodnosci Pomiar pH

Rys. 2. Schemat pegtowania z prébkami przeznaczonymi do kiada
Fig. 2. Schema of the handling of samples undeggaialysis

Aparatura

W tabeli 4 przedstawiono zestawienie sz wywanego do o0znaczania
poszczegolnych sktadnikéw oraz parametrow fizykoalenych.

Tabela 4
Wykaz aparatury pomiarowej wykorzystanej do przezenia bada
Table 4
List of measuring equipment used for analysis
Analizowana substancja lub parametr Aparatura
Aniony . .
Kationy Chromatograf jonowy Dionex 500
Konduktywndgé¢ pH/tlenomierz mikrokomputerowy CX - 401 firmy ELNFHON
pH Konduktometr mikrokomputerowy CX - 401 firmy EIRRTON

Wyniki i ich omowienie

Badaniom poddano 42 probki wody pitnej pobrane edmiiu odlegtych od siebie
dzielnicach miasta Malbork. W tabeli 5 zestawioti@ymane wyniki (zakres oraz waéto
srednie) oznacze poszczegllnych analitbw oraz waxtb zmierzonych parametréw

fizykochemicznych. Ich graficzna interpretacja zesaiczona zostata na rysunkach 3-15,
natomiast dyskusjuzyskanych wynikéw przedstawiono w tabeli 6.
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Tabela 5
Zestawienie uzyskanych wynikéw - zakres i wéttaednia
Table 5
Summary of the obtained results - the range anthgeevalue
Jesien 2008 Zima 2008/2009 Wiosna 2009
Parametr [Jednostka Zakres \{Varto_sc Zakres Warto_sc Zakres Warto_sc
srednia srednia srednia
pH - 7,67+8,62 8,10 7,54+8,14 7,80 8,018,384 8,10
Konduktywng¢| [mS/cm] | 0,91+1,21 1,08 1,01+1,1y 1,10 0,87+1,04 90,9
F [mg/dm3] 1,90+3,39 2,42 1,66+2,77 2,15 2,04+2,88 2,53
_ 106,00+ 86,37+ 124,61+
Cl [mg/dnT] 143,00 118,38 131,11 105,79 159,67 137,13
NO; [mg/dn?] | n.0.=0,30 0,02 n.0.+0,41 0,08 n.o. n.o.
NO; [mg/dnT] n.o. n.o. n.o. n.o. n.o. n.o.
PO [mg/dnT] n.o. n.o. n.o. n.o. n.o. n.o.
Slorg [mg/dn?] | n.o.+0,65 0,24 n.0.=0,18 0,03 n.0.+0,42 0,14
N B 287,76+ 325,60+
Na [mg/drr?] 83,44+360, 325,08 364,28 329,03 397,21 371,87
NH; [mg/dnT] n.o. n.o. n.o. n.o. n.o. n.o.
K* [mg/dn?] | 5,95+9,98 7,18 6,05+9,96 7,72 9,07+12,08 10,44
Mg?* [mg/dn?] | 7,61+12,08 10,05 7,56+13,03 9,96 8,04+8,88 8,43
ca* [mg/dn?] | 9,92+25,26 14,99 9,02+22,55 13,75 1,72+4,B4 2,70
4,00
3,50 ‘T
3,00 4 T f i
2,50 é T ? ® Probka nr 4
, Prébka nr 2
g £ ¥ ; i i { Probka nr 3
Ez 2,00 - I 2 ) ? A Probka nr 4
= i 1 @ Prébka nr §
L ® Prébka nr
1,50 1 Prébka nr 7

1,00

0,50

0,00

3

Miesiac pobrania probki

Rys. 3. Zmiany stenia jonu fluorkowego w prébkach wéd pitnych z ayszmiasta Malborka
Fig. 3. Changes in the concentration of fluoride iio drinking water samples from the town of Malbo
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Rys. 4. Zmiany stenia jonu fluorkowego w probkach wod pitnych z aysz miasta Malborka
(z uwzgkdnieniem por roku)

Fig. 4. Changes in the concentration of fluoride ii® drinking water samples from the town of Makor
(depending on the season)
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Rys. 5. Poréwnanie oznaczonyckzsfi jondw fluorkowych w prébkach waéd pitnych z obszaniasta
Malborka z wynikami pomiaréw prowadzonych przez RWlalbork

Fig. 5. The comparison of concentrations of flueridn in drinking water samples from the town of
Malbork with the results of measurements carriedbguPWiK Malbork
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Rys. 6. S¢zenie jonu fluorkowego w prébkach woéd pitnych z @yszmiasta Malborka w okresie
2004-2009

Fig. 6. The concentrations of fluoride ion in diimi water samples from the town of Malbork city
during the 2004-2009
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Rys. 7. S¢zenie jonu fluorkowego w probkach wad pitnych znygch regionéw geograficznych [13]
Fig. 7. The concentrations of fluoride ion in diiimy water samples from various geografical regions
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Rys. 8. Wartéci pH probek wod pitnych z terenu miasta Malbafkawzgkdnieniem por roku)

Fig. 8. Value of pH in drinking water samples froihe town of Malbork (depending on the seasons of
the year)
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Rys. 9. Konduktywn& probek wod pitnych z terenu miasta Malborka (z giednieniem por roku)
Fig. 9. Conductivity of drinking water samples fréhe town of Malbork (depending on the seasons)



Oznaczanie gken jonéw fluorkowych w prébkach wody pitnej z teremiasta Malborka 411

200,00

180,00

160,00 ‘{’

140,00 T % T T T
= 120,00 4
o 0 jesien
2
g’ 100,00 + Dzima
= O wiosna|
© 80,00

60,00

40,00 A

20,00

0,00 - : Ly

1 2 3 4 5 6 7
nr probki

Rys. 10. Zmiany stenia jonu chlorkowego w prébkach wdd pitnych z neremiasta Malborka
(z uwzgkdnieniem por roku)

Fig. 10. Changes in the concentration of chloride in drinking water samples from the town of
Malbork (depending on the seasons)
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Rys. 11. Zmiany sfenia jonu siarczanowego w prébkach wod pitnych rente miasta Malborka
(z uwzgkdnieniem por roku)

Fig. 11. Changes in the concentration of sulfateimodrinking water samples from the town of Malkor
(depending on the season)
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Rys. 12. Zmiany stenia jonu sodowego w prébkach woéd pitnych z teremiasta Malborka
(z uwzgkdnieniem por roku)

Fig. 12. Changes in the concentration of sodium indrinking water samples from the town of
Malbork (depending on the season)
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Rys. 13. Zmiany sfenia jonu potasowego w probkach wéd pitnych z tereniasta Malborka
(z uwzgkdnieniem por roku)

Fig. 13. Changes in the concentration of potassiomin drinking water samples from the town of
Malbork (depending on the season)
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Rys. 14. Zmiany stenia jonu magnezowego w probkach wod pitnych znteremiasta Malborka
(z uwzgkdnieniem por roku)

Fig. 14. Changes in the concentration of magnesamin drinking water samples from the town of
Malbork (depending on the season)
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Rys. 15. Zmiany stenia jonu wapniowego w probkach wdd pitnych z teremiasta Malborka
(z uwzgkdnieniem por roku)

Fig. 15. Changes in the concentration of calcium io drinking water samples from the town of
Malbork (depending on the season)
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Tabela 6
Wyniki i ich oméwienie
Table 6
Results and discussion
Parametr Omowienie wynikow Numer
rysunku
e obecndéé jondw fluorkowych stwierdzono we wszystkich anadimnych
prébkach;
* we wszystkich badanych prébkach waétstzen przekroczyta warts
1,6 mg/dni - przekraczaic wartdi¢ dopuszczaln1,5 ma/dns;
* wida¢ wyrazny spadek stenia jondw w sezonie zimowym w przypadku
Jony fluorkowe punktéw pomiarowych 1-5; 3-6
¢ poréwnanie danych dotyszych wynikéw otrzymanych przez PWIK
Malbork wskazujeze nie rénia sic one statystycznie istotnie na poziomie
prawdopodobigstwa 95%;
e Oznaczony poziom @ten utrzymywat s¢ na podobnym poziomie
w okresie 2004-2009.
« wszystkie badane prébki miaty odczyn paeiy7,5;
« wszystkie badane probki spetriayvymagania dotyere pH stawiane
pH wodzie pitnej - zakres 6,5+9,5; 8
e uzyskane warkxi sa nieznacznie mniejsze w porze zimowej (dla
wszystkich punktéw pomiarowych.
« wszystkie probki spelniaj wymagania dotyecre — wartdci
Konduktywng¢ konduktywndci dla wody pitnej - do 2,5 mS/cm; 9
* uzyskane wart@i nie zmienia si¢ znacaco w zalenasci od pory roku.
* obecné¢ jondw chlorkowych stwierdzono we wszystkich analizanych
probkach;
e wszystkie badane prébki spetriajwymagania dotycxe jondw
Jony chiorkowe chlorkowych stawiane wodzie pitnej - 250 mghim 10
« wida¢ wyrazny spadek gtenia jondw w sezonie zimowym w przypadku
punktéw pomiarowych 1-4.
e obecné¢ jonéw azotanowych(lll) stwierdzono w 6 z analizoweh
probek;
Jony e wszystkie analizowane prébki spehaiajvyymagania dotyezre jondw R
azotanowe(lll) azotanowych(lll) stawiane wodzie pitnej - 0,5 mgfdm
e obecndci jonéw azotanowych(lll) nie stwierdzono wzadnej
z analizowanych prébek;
Jony e wszystkie analizowane prébki spehaiajvyymagania dotyezre jondw R
azotanowe(V) azotanowych(V) stawiane wodzie pitnej - 50 mgidm
* obecnéc¢ jonéw siarczanowych stwierdzono w 25 analizowarnyabek;
« we wszystkich analizowanych prébkaclkzsnie jonéw nie przekroczylo
Jony siarczanowe  wartasci 0,65 mg/drﬁ; 11
« wszystkie analizowane probki spetaiajvyymagania dotyezxe jonow
siarczanowych stawiane wodzie pitnej - 250 mgidm
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« obecné¢ jondw sodowych stwierdzono we wszystkich analizoyeh
prébkach;

e stzenia jondw sodowych we wszystkich probkach wodyefraczg

wartas¢ 280 mg/dr;
Jony sodowe ) o o ) 12
« wszystkie badane prdbki nie spelaiajyymaga dotycacych jonow

sodowych stawianych wodzie pitnej - 200 mgidm

* wida¢ wyrazny wzrost sgzenia jondw w sezonie wiosennym w przypadku
wszystkich punktéw pomiarowych.

« obecndci jonébw amonowych nie stwierdzono #adnej z analizowanych

prébek;
Jony amonowe ) ) ) o ) ) -
« wszystkie analizowane probki spetaiajvyymagania dotyexe jonow

amonowych stawiane wodzie pitnej - 0,5 mgidm

« obecndci jonéw potasowych stwierdzono we wszystkich zliaoevanych

prébkach;
Jony potasowe ) o o 13
* wida¢ wyrazny wzrost stzenia jonOw potasowych w sezonie wiosennym

w przypadku wszystkich punktéw pomiarowych.

« obecnéci jon6bw magnezowych stwierdzono we  wszystkich
z analizowanych prébkach;

wszystkie badane probki spetniajwymagania dotyere jondw| 14

Jony magnezowe magnezowych stawiane wodzie pitnej - 125 mgidm

« wida¢ wyrazny spadek sfenia jondw w sezonie wiosennym w przypadku
wszystkich punktéw pomiarowych.

¢ badaniu poddano 42 prébki wody pitnej;

e obecnéci jonébw  wapniowych  stwierdzono we  wszystkich
Jony wapniowe z analizowanych prébkach; 15

¢ wida¢ bardzo wyrane zmniejszenie @enia jondw w sezonie wiosennym
w przypadku wszystkich punktéw pomiarowych.

Whnioski

W ramach przyjtego programu badawczego poddano analizie 42 prgblly pitnej
Z terenu miasta Malborka na zawaétavybranych jonéw, wartai pH i konduktywndci.
Wykonano 4cznie 168 analiz. Otrzymane wyniki poréwnano z \kginii uzyskanymi przez
Przedsibiorstwo Wodocigéw i Kanalizacji (PWiK) Malbork (z okresu 10.08-09) oraz
z danymi z lat 2004-2008.

Gtéwnym odsgpstwem od normy jakei badanej wody jest ponadnormatywne
stezenie jonow fluorkowych. Niezadowalgy stan jakéciowy wéd podziemnych na
terenie powiatu malborskiegogziowo wynika z uwarunkowanaturalnych i stanowi ich
trwala cecle. W zwiazku z tym woda dla zaopatrzenia ludcio wymaga statego
i skutecznego uzdatniana. ¥#& st to z koniecznfcia modernizacji Centralnego
Wodochgu Zutawskiego. Dodatkowo zly stan wody z wielu lokalhyugé wskazuje na
koniecznd¢ ich modernizacji lub podtzenia wodoeigéw lokalnych do wodoagu
centralnego, bowiem w dym zaktadzie uzdatniania wody tatwiej jest uzyska
odpowiednie dla niej parametry.

Dodatkowymzrddiem zanieczyszczenia wod podziemnych jest rGwith kontakt
Z zanieczyszczonymi wodami powierzchniowymi. Do emikania zanieczyszcie
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z powierzchni terenu dochodzi w wyniku dziatadcio rolniczej, ,dzikich” Ilub

niedostatecznie zabezpieczonych skladowisk i wykwdbdpaddéw, z nieodpowiednio

sktadowanych nawozéwgrodkéw ochrony rélin i innych substancji chemicznych,

z nieszczelnych zbiornikbw sanitarnych (szamb),ywptv zanieczyszczonych waéd

z terendw komunikacyjnych i magazynowych. Przyazgnoznego zanieczyszczenia wod

podziemnych mag by¢ réwniez katastrofy naturalne lub sztuczne: zalanie przezyw

powodziowe terendw oczyszczalnisciekOw, awarie komunikacyjne pojazdow
przewaacych substancje szkodliwe, awarie w zaktadach pyswych i stacjach paliw.
Dla ochrony i poprawy stanu wéd podziemnych konecest:

« realizowanie programu zwianego z ochran wéd powierzchniowych, w tym
zwlaszcza programu skanalizowania powiatu, oczysrez sciekw kanalizacji
opadowej i zmniejszania zanieczysacpewierzchniowych;

e rygorystyczne przestrzeganie ograniczeagospodarowania izytkowania terenu
w strefie ochrony piyedniej ugcia wody;

« wlasciwa polityka lokalizacyjna terenéw i obiektow pragstowych i magazynowych
(m.in. poza zaspiem zagraenia powodziowego);

e likwidacja dzikich wysypisk i wylewisk, kontrola fikcjonowania sktadowisk
odpadow;

»  kontrola funkcjonowania sktadowisk i magazynow sabsji chemicznych.
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DETERMINATION OF FLUORIDE IONS IN DRINKING WATER SA MPLES
COLLECTED FROM THE AREA OF THE TOWN OF MALBORK

Department of Analytical Chemistry, Chemical Fagudansk University of Technology

Abstract: The analysis of drinking water samples collecteuinfthe area of town of Malbork was presented in
this research study. The water samples were cetlesix times at one month intervals from Octobed& €
March 2009 at seven sampling sites located in thie miistricts of town of Malbork. The parameterstsas: the

content of cations: Na NH} , K*, Mg®" and C4&"; the content of anions:FCI, Br, NO;, NO;, PO} and

SO? ; conductivity and pH were determined in theamtd samples. The obtained results allowed toys@dhe

drinking water samples qualitatively and quantitlfy. In all investigated samples, the concentratibfluoride
ions was higher than the permissible limit, whaoliserved for years. The significant relationshgpneen the

concentration of selected ions and the seasoreofaar was also noticed.

Keywords: drinking water, Malbork, fluoride ions






VARIA






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 highlycsessful 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 Umitgrof 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 pertainimgioretals 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 - spatmd 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 ia i9th annual Central European
Conference ECOpole’10, which will be held @8-16 X 2010 (Thursday-Saturday)
on Wilhelms Hill at Uroczysko in Piechowice, thedgty Mts., Lower Silesia, PL.

The Conference Programme includes oral presentaind 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 Slll Risk, Crisis and Security Management

« SIV Forum of Young Scientists and Environmental Edaation

e SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published a
« abstracts on the CD-ROM (0.5 page of A4 paper doeiat)

« extended Abstracts (4-6 pages) in the semi-anouah@l Proceedings of ECOpole

o full papers will be published in successive issw#sthe Ecological Chemistry
and Engineering/Chemia i fgnieria EkologiczngEcol. Chem. Eng.) ser. Aand S.
Additional information one could find on the Cordace website:

ecopole.uni.opole.pl

The deadline for sending the Abstracts3#s08.2010and 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 cand f(starting from 15.07.2010)
on the Conference website.

The papers must be prepared according to the GiasideAuthors on Submission
of Manuscripts to the Journals.

The Conference fee is 300 € (covering hotel, meaisl transportation during
the Conference). It could be reduced (to 170 €)yimung people actively participating
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in the Forum of Young Scientists. But the colleaghas to deliver earlier
the Extended Abstract (4-6 pages) of his/her coution (deadline is ori5.08.201),
and a recommendation of his/her Professor.

At the Reception Desk each participant will obtan CD-ROM with abstracts
of the Conference contributions as well as ConfegdProgramme (the Programme will be
also published on the Conference website).

Maria Wactawek

Further information is available from:

Prof. dr hab. in. Maria Wactawek

Chairperson of the Organising Committee

of ECOpole’10 Conference

Opole University

email: Maria.Waclawek@o2.pl

and mrajfur@o?2.pl

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

Conference series

1992 Monitoring’92 Opole

1993 Monitoring’93 Turawa

1994 Monitoring’94 Pokrzywna

1995 EKO-Opole’95 Turawa

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

CoNoO~WNE



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

SUBSTANCJE CHEMICZNE W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewstnasta z rgdu konferencja piawiccona 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 magharakter midzynarodowy
i za takie g uznane przez Ministerstwo Nauki i Szkolnictwa 28Fego. Obrady konferenc;ji
ECOpole’10 lgda zgrupowane w gciu Sekcjach:
* Sl Chemiczne substancje wrodowisku przyrodniczym oraz ich monitoring
» Sl Odnawialne zrodta energii i jej oszczdne pozyskiwanie oraz aytkowanie
» Sl Zarz adzanie$rodowiskiem w warunkach kryzysowych
e SIV Forum Miodych (FM) i Edukacja pro srodowiskowa
* SV Wplyw zanieczyszczi srodowiska oraz zywnosci na zdrowie ludzi
Materialy konferencyjnedula opublikowane w postaci:
« abstraktow (0,5 strony formatu A4) na CD-ROM:-ie;
» rozszerzonych streszaze objtosci 4-6 stron w pétrocznik&roceedings of ECOpale
e artykuldw: w abstraktowanych czasopismaEitological Chemistry and Engineering/
Chemia i Iaynieria Ekologiczna(Ecol. Chem. Eng ser. A i S oraz niektérych
w poétrocznikuChemia-Dydaktyka-Ekologia-Metrologia
Termin nadsytania angielskiego i polskiego streszemia o obgtosci 0,5-1,0 strony
(wersja cyfrowa + wydruk) planowanych wysgpien uptywa w dniu 31 sierpnia 2010 r.
Lista prac zakwalifikowanych przez RadNaukowa Konferencji do prezentacjiedzie
sukcesywnie publikowana od 15 lipca 2010 r. nangéravebowej

ecopole.uni.opole.pl

Aby praca (dotyczy to tale streszczenia, ktére powinno khigytul, trei¢ i stowa
kluczowe w gzyku angielskim) przedstawiona w czasie konferengjogta by
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opublikowana, jej tekst winien Byprzygotowany zgodnie z wymaganiami stawianymi
artykutom drukowanym w czasopismakhological Chemistry and Engineerisgr. Aoraz

S, ktére g dostpne w wielu bibliotekach naukowych w Polsce i zanim. Sa one takie
same dla prac drukowanych w pétroczn&aemia-Dydaktyka-Ekologia-Metrologia

Koszt uczestnictwa w catej konferencji wynosi 1G00pokrywa optat za udziat, koszt
noclegow i wyywienia oraz rocznej prenumeraty Ecol. Chem. Eraggm blisko 2000 ss.)
tacznie z materiatami Konferencji. Jest tiwos¢ udziatu tylko w jednym wybranym przez
siebie dniu, wéwczas opfata wyniesie 650 z¢ddie upowaniata do uzyskania wszystkich
materiatéw konferencyjnych, jednego noclegu i threpositkdw §niadanie, obiad, kolacja),
natomiast osoby zainteresowane udziatem w dwochctinit. w pierwszym i drugim
lub drugim i trzecim, winny wni€ optat w wysokaci 800 zt. Optata dla magistrantéw
i doktorantéw oraz mtodych doktoréw bigych aktywny udziat w Forum Miodych me
by¢ zmniejszona do 600 zt przy zachowaniu takich sdnéydadczer. Osoby te winny
dodatkowo dostarcZy rozszerzone streszczenia (4-6 stron) swoich apiest
(do 15.08.2010 ). Jest take wymagana opinia opiekuna naukowego.

Sprawy te bda rozpatrywane indywidualnie przez RadNaukows oraz Komitet
Organizacyjny Konferencji. Cztonkowie Towarzystwdeii i Irzynierii Ekologicznej
(z optaconymi na bimco sktadkami) maj prawo do obrionej optaty konferencyjnej
0 25 zt. Optaty wnoszone po 15 wémea 2010 r. s wigksze o 10% od kwot podanych
powyzej. Wszystkie wptaty powinny ldydokonane na konto w Banilaskim:

BSK O/Opole Nr 65 1050 1504 1000 0005 0044 3825

i mie¢ dopisek ECOpole’10 oraz nazwisko uczestnika kamfeji.

Po konferencji zostanwydane 4-6-stronicowe rozszerzone streszczenidapigs
w poétroczniku Proceedings of ECOpale Artykuly te winny by przestane do
1 pazdziernika 2010 r. Wszystkie nadsytane prace podlegawykiej procedurze
recenzyjnej. Wszystkie streszczenia oraz programnféfencji zostap wydane
na CD-ROM:-ie, ktéry otrzyma kay z uczestnikbw podczas rejestracji. Prograguzie
takze umieszczony na stronie webowej Konferenciji.

Prof. dr hab. in. Maria Wactawek

Przewodniczca Komitetu Organizacyjnego
Konferencji ECOpole’'10

Wszelkie uwagi i zapytania moa kierowa na adres:
Maria.Waclawek@ 02.pl

lub mrajfur@o2.pl

tel. 77 401 60 42

tel. 77 455 91 49

fax 77 401 60 51
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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. kard. B. Kominka 4, 45-032 Opole, Poland
tel. +48 77 401 60 42, 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 transéelr
to Towarzystwo Chemii i Hhynierii Ekologicznej (Society for Ecological Chemistry and
Engineering. In preparation of the manuscript please follbn 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 an abstract and
keywords, if possible also in Polish language.df then the Polish abstract and keywords will be
provided by the Editorial Office. All authors amexjuested to inform of their current addresses, @hon
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 guetease 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.sAbService 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 czasoijg Ecological 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/Chemiazyimeria Ekologiczna
Uniwersytet Opolski
ul. kard. B. Kominka 4, 45-032 Opole
tel. 77 401 60 42, fax 77 455 91 49
email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (veP 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 izynierii Ekologicznej. W przygotowaniu
manuskryptu nalgy przede wszystkim wzorowssie na postaci artykutdw w nitiwie najnowszych
zeszytactEcol. Chem. EngPrace przesytane do publikacji winnychyapisane wegyku angielskim
lub polskim oraz zaopatrzone w abstrakty oraz stklwazowe w obydwu tychegykach. Zalecamy,
aby artykut zawierat adresy i emaile oraz numelgfomow i fakséw 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 wiellkai. W przypadku artykutéw
pisanych po polsku podpisy tabel i rysunkéw powibgg podane wegzykach polskim i angielskim.

Polecamy symbolik zalecan przez PTChem (Symbole i terminologia wielkbi jednostek
stosowanych w chemii fizycznej, Ossolineum, Wrocl89; Pure Appl. Chem., 19781, 1-41).

Materiat graficzny (rysunki, wykresy), obok wersjia papierze, powinien réwriebyé
dostarczony w postaci cyfrowych plikéw wektorowyahp. za pomag programoéw: CorelDraw
wersja 9.0, Grafer dla Windows lub przynajmniephie (TIF, JPG, PCX, 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 amerykiaska Chemical
Abstracts Servigea w przypadku polskich publikacji niepodawanyazagg CAS nalgy stosowa
skrét zgodnie z zaleceniami Biblioteki Narodowej. téwu maze, jezeli uwaza to za wskazane,
podawa tez tytut cytowanych artykutdow z czasopism (ktérydaie sktadany kursyay oraz numer
zeszytu danego woluminu (w nawiasie, po numerzeimmiu).

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