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Biological and chemical studies on soil contaminated
with Persistent Organic Pollutants (POP)
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The Centre for Biotechnology of the Silesian University of
Technology conducts research project FILOMATA with students
of the secondary school. The funding was obtained under the
programme of the Minister of Science and Higher Education
“Universities of Young Inventors”.

The studies have shown stimulating effect of calcium peroxide
(Ca0,) on change of physicochemical and biological parameters of
soil contaminated with used engine oil (UEO) and levamisole (LEV),
a veterinary drug.

In samples with introduced CaO, two times higher decrease of
LEV was observed. For UEO, removal effect was comparable, while
introduced CaO, optimized soil pH and physical and chemical changes
leading to production of increased amount of catechol in relation
to phenol.

Introduction

Progress in application of modern methods of instrumental
analysis (High Performance Liquid Chromatography, HPLC, Mass
spectrometry MS, Raman, X-Ray, IR, UV-Vis spectroscopy, etc.) results
in increased identification of persistent organic pollutants (POP) such as
petroleum products (including PAHs), pesticides, antibiotics in various
components of natural environment [, 2]. However, the current state
of environmental pollution with these substances makes it necessary
to look for new methods of their removal that would provide better
results than those used nowadays [3 — 5].

Bioremediation is a good alternative for conventional technologies
used for removal of POPs. Techniques using environmental ability
to self-clean can be, after proper adaptation of microorganisms,
effective and commerecially attractive, but are usually time-consuming;
in case of incorrect course can generate side products that can equally
contaminate natural environment as starting substances. The latest
research focuses on work involving increasing efficiency of these
processes [6, 7]. Such possibility is provided by technologies combining
chemical and biological processes of decomposing pollutants.

The studies involved determination of physicochemical and
biological changes in soil contaminated with used engine oil (UEO)
and levamisole (LEV), a veterinary drug with application of indigenous
microflora (naturally present in soil), whose activity was stimulated
with calcium peroxide (Ca0,). The selection of substances from POP
group was based on their commonness in the environment.

Calcium peroxide (CaO,) was used in such doses and concentrations
that did not eliminate biological processes, but enhanced and
stimulated them [8]. The literature data highlights a dual action CaO,,
i.e. generation of free radicals causing decomposition/decrease in
persistent organic pollutants and generation of oxygen required for
aerobic biodegradation processes [9]. Thus, occurrence of hybrid
biological-chemical system was assumed, where chemical substance of
peroxide nature was used as a stimulator of biological activity.
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The presented research concept was set out in project accepted
by the Ministry of Science and Higher Education and which was funded
as a result of competition in the programme “Universities of Young
Inventors”. The programme helps students of middle and secondary
school to develop their scientific activity and stimulate innovation
and creativity in solving research problems. Financial support for the
academic institution for the project covers costs of reagents needed
for studies and scientific and educational materials.

To our joy, for over two hundreds submitted from entire Poland,
the application of the Centre for Biotechnology got second place in
the ranking of the Ministry, after the Faculty of Biology of the Adam
Mickiewicz University in Poznan. The letter of congratulations to the
Rector of the Silesian University of Technology was sent by Prof. Lena
Kolarska-Bobirska, Minister of Science and Higher Education, where she
stressed importance of the continuity of education from kindergartens,
schools, to universities.

During the project, students shown practical skills related to testing
solutions (lysimetric leachate) and solid samples (soil). They also
learned new biological methods for indication of ecotoxic effect of both
contaminants (oil derivatives, pharmaceuticals), as well as intentionally
introduced to the environment substance CaO, of expected stimulating
action. The number of repetitions allowed statistical analysis appropriate
for biological studies. The project was interdisciplinary in nature, as
it required both chemical and biological expertise and application of
engineering solutions when organising test station (construction of
lysimeter system with sprinklers and technological calculations).

Tests were conducted in lysimetric systems (Photo |) that simulated
natural behaviour of substances leached from the upper soil layer due
to precipitation.

Photo |. Test station — lysimeters

The studies involved use of:

— natural substance with organic substance content equal to approx.
2% (average for Polish soils determined by the Institute of Soil
Science and Plant Cultivation)

— as pollutant — petroleum product, i.e. used engine oil (UEO) and
pharmaceutical substance, levamisole (LEV) — antiparasitic veterina-
ry drug used at livestock fattening farms.
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— calcium peroxide (CaO,) — strongly alkaline calcium compound,
slowly dissolving in soil solution exhibiting environmental chemical
and biological activity (increasing pH, generating oxygen, stimulating
decomposition of pollutants by formation of free radicals affecting
their chemical structure).

UEO pollutantand LEV was introduced to | kg of soil in the amounts
of 2% and 4.5 mg/kg, respectively. CaO, was also added. Physical and
chemical analyses of soil were conducted in order to determine starting
parameters, after which soil was placed in lysimeters for 6 months. Soil
in lysimeters was watered regularly every 7 days with 0.0/M CaCl,
solution acting as rain. Amount of rain per day was calculated based
on 2013’s average rainfall. Soil leachates were collected in glass flasks
secured against excessive evaporation and analysed regularly every 6
weeks (Photos 2, 3, 4).

Photo 2, 3, 4. Project participants during classes in the laboratory
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The experiment was conducted with three repetitions for each
sample:
I. soil - reference sample (lysimeters: I, 2, 3)
2. soil with CaO,, 0.5 g/kg causing increase of pH by | (lysimeters:
4,5,6)
soil with used engine oil — UEO (lysimeters: 7, 8, 9)
soil with UEO and CaO2 as for system Il (lysimeters: 10, |1, 12)
soil with levamisole — LEV (lysimeters: 13, 14, 15)
soil with LEV and CaO2 as for system Il (lysimeters: 10, |1, 12)
Diagram of lysimeter tests of soil contaminated with POP is
presented in Figure 1.

oUW

Watering 0,01M CaCL

=
Soil analysis performed
- at the beginning and end
i of the experiment

Soil leak-water analysis organic substance
Ly organic cnrbon
TOC vl pitrogen
pH ; pH
i;nmiufl_lﬂ'.__-'_ \ | hydrolytic acidity
HPLC {—:! alkaline sum
biological research extraction of pollutanis
PCR-DGGE into the HPLC analysis
hinlogical research
PCR-DNGOE

Fig. 1. Diagram of lysimeter tests

A measurable effect of completed tests is obtaining results increasing
chances of success of the young people participating in biology and
chemistry contests. Currently, the research results are comprehensively
analysed. Its results will be used to prepare the publication. Within the
project, patent publication P. 411232 “Biostimulation method for solid
substrate with calcium peroxide, especially in technological processes”
was submitted.
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Wybitni naukowcy nagrodzeni przez Premiera RP

Nagrody Prezesa Rady Ministréw przyznawane sa za wybitna
dziafalno$¢ naukowa, naukowo-techniczng i artystyczng. Nagradzane
sa takze najlepsze rozprawy doktorskie i habilitacyjne. W tym roku
wyroéznionych zostato 41 naukowcéw i 3 zespoty naukowe. Nagrody
za wybitng dziatalno$¢ naukowa otrzymato 6 badaczy; nagrodzono tak-
ze 10 rozpraw habilitacyjnych i 25 doktoratow. Petna lista zwyciezcow
dostepna jest na stronie internetowej MNISW. (kk)

(http://www.nauka.gov.pl/, 5.11.2015)

iENA’2015

W dniach 29 pazdziernika — | listopada 2015 r. w Norymberdze
(Niemcy) odbyta sie 67. Miedzynarodowa Wystawa Wynalazkéw iENA
2015 — Pomysty, Wynalazki, Nowe Produkty. Instytut Chemii Przemy-
stowej zaprezentowat trzy wynalazki. Wsréd nagrodzonych znalazty
sie: ,,Sprytne opakowanie biobdjcze”, autorzy: dr hab. inz. Regina Je-
ziorska, prof. IChP; dr hab. Maria Zielecka, prof. IChP; mgr Agniesz-
ka Szadkowska, inz. Elzbieta Bujnowska, mgr inz. Magdalena Wenda,
Krystyna Cyruchin — ztoty medal oraz ,,Absorber toksycznego formal-
dehydu w aminoplastach i fenoplastach”, autorstwa: dr hab. |zabelli
Legockiej, prof. IChP; mgr inz. Ewy Wierzbickiej, dr Elzbiety Wardzin-
skiej-Jarmulskiej, dr inz. Barbary Szczepaniak — srebrny medal. (kk)

(http:/fwww.ichp.pl/, 6.11.2015)

SPOTKANIA

Grupa Adamed na Europejskim Forum Nowych Idei

W dniach 30 wrze$nia — 2 pazdziernika br. w Sopocie odbyto si¢
migdzynarodowe spotkanie srodowisk biznesowych z udziatem przed-
stawicieli $wiata nauki, kultury i polityki. Europejskie Forum Nowych
Idei skupito 1000 oséb z catego $wiata. Grupe Adamed w tym wy-
darzeniu reprezentowat Maciej Adamkiewicz — Prezes Zarzadu firmy.
Tegoroczne debaty skupity sie wokot koniecznych priorytetéw, jakie
trzeba podja¢ dla usprawnienia m.in. europejskiej gospodarki. Istot-
ne miejsce w programie miaty tez najwazniejsze wyzwania, jakie stoja
przed Unia Europejska: przyszios¢ strefy euro, jednolity rynek cyfro-
wy, czy europejska unia energetyczna. (kk)

(http://adamed.com.pl/, 5.10.2015)
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KONKURSY, STYPENDIA, STAZE

750 min PLN na innowacje w duzych firmach - nabér

whioskow

Do konca listopada br. Narodowe Centrum Badan i Rozwoju
przyjmuje wnioski w nowym konkursie dla duzych przedsigbiorstw.
Konkurs przeznaczony jest dla przedsigbiorstw zatrudniajacych po-
wyzej 250 pracownikoéw. Skierowany jest na wsparcie duzych i ambit-
nych projektéw B+R i podniesienie konkurencyjnosci polskich firm
dzieki wykorzystywaniu rezultatéw prac badawczo-rozwojowych
w ich dziatalno$ci gospodarczej. Konkurs pozwoli przedsiebiorstwom
na wdrozenie ambitnych i innowacyjnych projektéw, obarczonych
czesto duzym ryzykiem. Budzet konkursu wynosi 750 min PLN.
Przedsiebiorcy moga ubiega¢ sie o dofinansowanie projektéw obej-
mujacych realizacje badan przemystowych i prac rozwojowych lub
samych prac rozwojowych. Jezeli ponad potowa catkowitych kosz-
tow kwalifikowanych projektu jest ponoszona na badania przemy-
stowe, finansowanie moze siggna¢ nawet 20 min EUR. Jesli ponad
pofowa kosztéw przeznaczona jest na prace rozwojowe — moze on
zosta¢ dofinansowany kwota 15 min EUR. (kk)

(http://www.nauka.gov.pl/, 14.10.2015)

Ideas Plus Il - Szansa na dofinansowanie przelomowych

odkry¢

Ideas Plus Il, to nowy program MNiSW, w ktérym o $rodki ubie-
ga¢ moga sie naukowcy, ktérzy zajmuijg sie pionierskimi badaniami.
taczna kwota przeznaczona na dofinansowania to 3,5 min PLN.
W programie MNiSW na finansowanie moga liczy¢ projekty inter-
dyscyplinarne, poruszajace zagadnienia ze wszystkich dyscyplin na-
ukowych; moga sie o nie ubiega¢ badacze, ktérych projekty zostaty
wysoko ocenione w konkursach ERC, jednak z réznych przyczyn nie
otrzymali oni grantéw. Nabor wnioskéw rozpocznie sie po otrzyma-
niu oficjalnych informacji z Krajowego Punktu Kontaktowego Progra-
moéw Badawczych UE o wynikach konkurséw ERC. Okres realizacj
projektu nie moze przekroczy¢ 36 miesiecy. (kk)

(http://www.nauka.gov.pl/, 4.11.2015)
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