SOCIETY OF ECOLOGICAL CHEMISTRY
AND ENGINEERING

Proceedings of ECOpole

Vol. 9 No. 2
2015




EDITORIAL COMMITTEE
Maria WACLAWEK (University, Opole) - Editor-in-Chie f
Michael BRATYCHAK (Lviv Polytechnic National Univsity, Lviv, UA) - chemical technology
Stanistaw MAZUR (University of Agriculture, Krak6WpL) - agricultural chemistry

SCIENTIFIC BOARD
Witold WACLAWEK (Society of Ecological Chemistry drEngineering, PL) - Chairman
Jerzy BARTNICKI (Meteorological Institute DNMI, GsiBlindern, NO)
Mykhaylo BRATYCHAK (National University of Technogy, Lviv, UA)
Bogustaw BUSZEWSKI (University, Tofi PL)
Andrzej GAWDZIK (University, Opole, PL)
Milan KRAITR (Western Bohemian University, PizeCZ)
Andrzej KULIG (University of Technology, Warszawgl,)
Bernd MARKERT (International Graduate School [IHIjitau, DE)
Jacek NAMIBNIK (University of Technology, Gdssk, PL)
Mark R.D. SEAWARD (University of Bradford, Bradfart/K)
Antonin SLABY (University, Hradec Kralové, CZ)
Wiestaw WASIAK (University, Pozng PL)
Andrzej KLOS (University, Opole, PL) - Secretary

STATISTICAL EDITOR
Wiadystaw KAMINSKI (University of Technology, t&d PL)

LANGUAGE EDITORS
lan BARNES (University of Wuppertal, Wuppertal, DE)
Zdzistawa TASARZ (University of Technology, €&tochowa, PL)

Editorial Office
Opole University
ul. kard. B. Kominka 6, 45-032 Opole
phone +48 77 455 91 49
fax +48 77 401 60 51
email: maria.waclawek@uni.opole.pl

Secretary Office

phone +48 77 401 60 42
email: mrajfur@o2.pl

Copyright © by
Society of Ecological Chemistry and Engineering

The primary version of the journal is the online ore
Proceedings of ECOpole
were partly financed by

Ministry of Science and Higher Education, Warszawa

ISSN 1898-617X



Dear ECOpole Participants
we invite you to publish in the journal
your contributions presented during the Conference

Editors






CONTENTS / SPIS TRESCI

PaperS/AIYKULY  .ooveeiieeiieiiiecc e e e e e e e e 395

Wioletta ADAMUS-BIALEK, Monika WAWSZCZAK and Ann&WIERCZ
Impact of sewage treatment plant on local enviramme...............ccccccvvvviiiieeeeeeenenn. 397

Aneta Helena BACZEWSKA, Wojciech DMUCHOWSKI

Piotr DABROWSKI, Paulina BRGOSZEWSKA

and Dariusz GOZDOWSKI

The impact of urban environment on the phenologibalses

of Crimean lindenTilia ‘BEUCNIOra’) ..........uuiiiiiiiiiiiiiiiie i 405

Magdalena BOBIK, Irena KORUS and Maria BRACHMSKA
Controlled synthesis of iron oxide nanoparticlesdis
as an efficient heavy metal ions adsorbent .occcc....vvvviiiiiiiii 413

Iwona DOMAGALA-SWIATKIEWICZ and Piotr SIWEK
Effect of biodegradable mulching on soil quality
in stenotermal vegetable crop production ........cccceeeeeeeeiiniicc e 425

Stanistaw FAMIELEC
Environmental effects of tannery waste incineration
iN @ tuNNel fUrNACE SYSLEIM ...t ceeeeee e e 441

Adam GNATOWSKI
Effect of ageing on the structure
and thermal properties of polymer composites wéttdboard fiber ..........cccccvvveeeennin. 451

Katarzyna GRATA and Matgorzata NABRDALIK
Assessment of the antifungal properties
of nettle extracts againBusarium proliferatum  ...........cccccoooeiiiiiieeee 459

Josef JAMPILEK and Katarina KRAOVA
Applications of nanoformulations in agriculturabpiuction and their impact
on food and human health ... 465

Matgorzata NABRDALIK and Katarzyna GRATA
Assessment of antifungal activity of extracts froettle (Urtica dioica L.)
AgaAINSTAILErNAria SOlANT ...vvieieeeeeeeii i s e e e e e e s e s e e e e e e e e aeeeeeees A7

Damian PANASIUK
Inventory of mercury emission to air, water and soPoland for year 2013 .............. 483



390

Terese RAUCKYTEZAK
Comparison of the sequential extraction methodsddrsubjected

to the long-term effect Of SEWAQE ........iiiiiiiiiiiiii e

Monika SPOREK, Agata JURASZ afidmasz CIESIELCZUK
Effect of fertilisation on the changes of soil pH

and exchangeable aluminium content in SOIl  cccecvvviiiiiiiii e

Stawomir WIERZBA
Removal of Cu(ll) and Pb(ll) from aqueous solutions

by lactic acid baCterian ..........oooii oo

StawomirZAK
Application of the trial research set for pretreain

of casings Processing WasSteWaLErS ........ccoovvevccuevrniiiiiiiiiieer e e e e e e e e e e e e e s seeaees

F N Y0 LY/ =1 0= = PSSR

Ewa ADAMEK, Wojciech BARAN, Izabela SZOLTYSEK-BOLDS
i Andrzej SOBCZAK
Ocena efektywngi procesu fotodegradacji barwnikéw azowych

W 0becn@Ci tIENKU CYNKU ..oovviiiieee i

Wojciech BARAN, Ewa ADAMEK i Andrzej SOBCZAK
Ocena wraliwosci mikroorganizméwsrodowiskowych na antybiotyki

z wykorzystaniem testOw PHytKOWYCH .........ouemeeeereeiiiiiiiee e

Martyna BLUS, Elwira TOMCZAK i Michat TYLMAN
Wptyw dodatku nanorurek gglowych

na hydrodynamik membran polimerowych .........ccccccceviiiieiiien i

Edyta BURDZIK-NIEMIEC i Mariusz DUDZIAK
Badania poréwnawcze rozktadu wybranych estrogendésemnoestrogenéw

W procesie fotokatalizy ...........ooooiiiiecee

Zuzanna CHKD, Klaudiusz GRUBEL, Stanistaw WACLAWEK
i Lucyna PRZYWARA
Wptyw nadsiarczanu i mononadsiarczanu

na wiasnéci fizykochemiczne osadu CZyNNEgo .........cceeemveeiiiiiiiieeeiniinieenenn

Dorian CZARNIECKI i Daniel St %
Mozliwosci odzysku ciepta odpadowego &@ekow

w gospodarstwach rolno-hodowlanych .........ccceeeiii s



391

Lidia DABROWSKA
Frakcjonowanie metali etkich w osadach dennychdiekowych

Z wyciem ekstrakcji SEKWENCYJNEJ ....euiiiiiieeeeae e

Mariusz DUDZIAK i Edyta BURDZIK-NIEMIEC
Badania poréwnawcze rozktadu wybranych estrogerisemnoestrogenéw

W procesie UV i UVIQ .ot ee s e e e e e e e

Adam HALAT, Renata EDZIOR, Dawid GRZESIAK i J6zef GLOWISKI
Analiza termiczna kompozytu polipropylenowego wzmooego

WIOKNEM SZKIANYIM  1.oiiiiiiiiiiic e ettt e e e e e e e e e e

Marta HUCULAK-MACZKA, Dariusz POPLAWSKI, Maciej KANIEWSKI
Ewelina KLEM i J6zef HOFFMANN
Analiza termiczna mieszanek zawigjch azotan amonu

i odpadovg Wete MINEIAIME  ........uviiiiiiiiiiiiii e

Monika JAKUBUS, Agnieszka WOLNA-MARUWKA
i Joanna JORDANOWSKA
Rola preparatu Eco Tabs™ w stabilizacji osadéiwkowych

Cz. I: Ocena sktadu chemicznego 0SadOW ......cccccvvieeiiiiiiiiieeeeee e

Ewelina KLEM-MARCINIAK, Marta HUCULAK-MACZKA
Krystyna HOFFMANN i J6zef HOFFMANN

Whplyw czasu reakcji na otrzymywanie chelatow nawagch ...........c.covcvvvnennn.

Teresa KRZWKO-LUPICKA, Magdalena MYSLEK
i Katarzyna BLASZCZYK
Wrazliwo$¢ na olejki eterycznérodowiskowych

lekoopornych szczepofscherichia Coli ......vvvvveeiiciiiiiie e,

Edyta KUDLEK, Jolanta BOHDZIEWICZ, Mariusz DUDZIAK
i Klaudiusz GRUBEL
Oznaczanie wybranych niesteroidowych lekdw przetSiayych

i przeciwzapalnych wrodowisku wodnym .............cooiiiiiiiiicemmem e

Alicja MACHNICKA i Ewelina NOWICKA
Higienizacja osadéciekowego wykorzystywanego rolniczo we gsiej

obrébce i dwustopniowe] fermentacji .........ccceeveeiiiiiiiiiee s

Hanna OWCZARCZAK i Matgorzata RAJFUR
Sorpcja miedzi w glonach morskich

Laminaria ochroleuca Bachelot de la Pylaie ...



392

Natalia PERLICEUSZ, Magdalena SENZE, Marcin SKWARKA

Monika KOWALSKA-GORALSKA i Tomasz SKWARKA

Metale cézkie w wodzie i osadach dennych

z miejskich zbiornikéw wodnych rejonu Watbrzycha............ccooccviiiiiiiiiinne i 667

Ewa PUSZCZALO, Ann&WIERCZYNSKA i Jolanta BOHDZIEWICZ
Zastosowanie biopreparatoéw do intensyfikacji oczganiasciekdw
(9110 Te o ET= Lo [T o34/ 12 1=To [o TN SR 677

Matgorzata RAJFUR
Fitokumulacja metali eizkich w wybranych gatunkach zi6t ............cemmeiiicveereen.. 685

Paulina RDZANEK, Joanna MARSZALEK i Wiadystaw KAMBKI
Perwaporacyjne zgtanie uktadu butanol-etanol-aceton-woda
na membranach KOmercyjnyCh ... 693

Tadeusz RODZIEWICZ, Aleksander ZAREMBA i Maria WABKWEK
Postp w fotowoltaice w POISCE i MAVIECIE ........ccoiiiiiiiiieiiii e 699

Agnieszka RGEJ
Jaka¢ wody pitnej po zastosowaniu trzystopniowej bat@tiow
I dEZYNTEKC]I UVC ettt e e e e e e e e e e e bbb eeee e 721

Milena RUSIN i Janina GOSPODAREK
Wplyw zwiazkdw ropopochodnych na zawaitovybranych
makroelementéw w &inach bobu Yiciafabal.) .........cccoooiciiiiiiiiiiiicc e, 729

Michat RYBAK, Tomasz JONIAK i Tadeusz SOBCXSGKI
Monitoring zanieczyszczenia azotem i fosforem behpslowego jeziora
PO OdCECIU AOPHYWUSCIEKOW ..ottt 737

Jakub SIKORA i Mateusz MALINOWSKI
Wptyw rzesy wodnej w substracie na wykorzystanie pofermentu
NA CElE ENEIJELYCZINE ..oooiiiiiiiee e e e e e e e e e e e e s e eeeees 747

Mariusz STARZEC i J6zef DZIOPAK
Wptyw kierunku i pedkosci fali deszczu na wspotdziatanie kanalizacyjnych
ZbiorniKOW retenNCYJNYCR ..ooviiiii i 755

Bartosz SZEIWG, Jarostaw GORSKI, tukaszAK i Katarzyna GORSKA
Zastosowanie programu SWMM do modelowania
ilosci i jakosci SCIEKOW dESZCZOWYCH  ......ciiiiiiiiiiii it 767

Sebastian WERLE
Badania procesu zgazowania alg i innej biomasyamelencjonalngj ............ccc.......... 777



393

Sebastian WERLE i Mariusz DUDZIAK
Zanieczyszczenie ubocznych produktéw ciektych
ze zgazowania 0Sad@GmEKOWYCH ........coiiiiiiiiiii e 785

llona WRQNSKA, Mirostaw ONYSZKO, Krystyna CYBULSKA

Arkadiusz TELESNSKI i Sanaa MAHDI-ORAIBI

Zawarta¢ biomasyzywych mikroorganizmoéw oraz ich liczebsto

w glebie ogrodniczej wzbogaconej biopreparatem. .. .eeeeeeeeeeeeeeeeeiiiiieiceeciiieens 795

Joanna WYCZARSKA-KOKOT
Badania meliwosci zagospodarowania poptuczyn
Z 0hIegOW basENOWYCH .......oviiiiie e 803

Urszula WYDRO, Etbieta WOLEJKO, Bogumita PAWLEKIEWICZ
Tadeusz tOBODA i Andrzej BUTAREWICZ
Wplyw nawazenia osadamiciekowymi na wzrost i biordorodna¢ traw

na terenach zurbanizowanyCh ... 815
INAEXES .eeeeieeeiiitee ettt ettt et e e e e et e e st e e s e e e e e nnrreeae s 821
Contents of volume 9 of “Proceedings of ECOPOIE............cocoviiiiiiiiiiiiiiiiies 823
Author index of volume 9 of “Proceedings of ECOPOLE........ccovvviiiiiiiiiiiiiiis 829
YU o] [=Te3 £=31T  o = R 832
TaTo =] R =T o740 11 PSP 836
RV 2= 14T PR 841
Central European Conference ECOpole’l5 - Confer@eqmort ........ccccccvevvvevveeeeenennn, 843
Invitation for ECOPOIE™LE .....ccceeeeeiiiei s ccmmmr ettt e et e e e e e e e e e e s e e s e s s eennne e e e e e e aaeeas 853
Zaproszenie na konfereRdECOPOIE™16 .........coooviiiiiiiviiiiiieeererrre e 855
GUIde fOr QUENOIS ..ttt e e e e e e e e e e ee e 857
Zalecenia dla QUIOTOW ........eeiieiiiiiiiieeeeee e e sttt e e e st e e e s st aae e e e s snnaeee e s anseneeeens 859

Acknowledgement Of FEVIEWETS .......uuviiiiieeereeiii s it e e e e e e e e e e e e s e e snennnneees 861






Papers

Artykuty






Proceedings of ECOpole
DOI: 10.2429/proc.2015.9(2)047 2015;9(2)

Wioletta ADAMUS-BIALEK?, Monika WAWSZCZAK and AnnaSWIERCZ

IMPACT OF SEWAGE TREATMENT PLANT
ON LOCAL ENVIRONMENT

WPLYW OCZYSZCZALNI SCIEKOW NA OKOLICZNE SRODOWISKO

Abstract: The aim of the study was the analysis of threeteveater treatment plants operations (Busko Zdroj,
Kazimierza Wielka and Pinczow in Swietokrzyskiewaziship). The sanitary condition of sewage sludue the
management of sludge in wastewater treatment plare investigated. These data were made availablbdse
wastewater treatment plants. The analyses of thege sludge have included the sanitary basic asalys
especially the identification dBalmonella spp. and the present of intestinal parasites egggated, that the
sanitary condition of the analyzed sewage sludge azeptable. Microbiological purity of sewage geichnd
mineral composition similar to soil organic matfieamus) allows to use them as natural fertilizbeg,not for the
cultivation of the plants intended for human conption. These deposits have been widely used ageriaidor
land reclamation in Pinczow. The further aim of theearch was to investigate the microbiologicaitpwf air
near the two wastewater treatment plant (Stykow &neizecno in Swietokrzyskie voivodship). The numiier
colony forming units of mannitol-positivesaphylococcus sp. and the total number of mesophilic and
psychrophilic bacteria were analyzed in four d#fer distance from wastewater treatment plants.
Mannitolo-positive staphylococci belong to micrdbiical indicators of air pollution. The numberrakesophilic
and psychrophilic bacteria indicate the level ofganatter contamination. The air pollution was abed at all
measurement points. It is known, that pathogenicraorganisms can easily pass from the water taathand
next spread in the environment. This analysis shbassthe use of sewage sludge to land reclaméatibalpful to
preserve and restore the ecological balance ofraliméements, which is an important aspect of egsooand
environmental protection. It is also likely, thaastewater treatment plants may have an impactrgroBition.

Keywords: sewage sludge, environment pollution, air poliutiertilizers

Introduction

There are many sources of emissions, which inchise wastewater treatment plants
(WWTP). Sewage treatment plants are a serious sainoxic chemical compounds, gases
and biological contaminations. That may have a datlirempact on the surrounding
environment. A separate threat are microorganismsept in wastewater. Microorganisms
gets into the wastewater and sewage sludge witrahshand animals’ excrements [1]. The
most frequently identified species includéscherichia sp., Salmonella sp., Shigella sp.,
Pseudomonas aeruginosa, Clostridium perfringens, Bacillus anthracis, Listeria
monocytogenes, Vibrio cholerae, Mycobacterium tuberculosis, Streptococcus faecalis,
Proteus vulgaris [2, 3]. Most of the pathogenic microorganisms amaeved, but some of
them can get in to a sewage sludge and survive fveam few months [4]. The highest
number of pathogens are identified in the sewagegs arising from purification of
municipal and industrial wastewater [7, 8]. The twem of microorganisms in the
wastewater also depends on climate, wastewateityj@ald the method of wastewater
purification [9]. Mineral and organic compositiorf sludge from municipal sewage
treatment plants is similar to soil organic maftfermus). Therefore, sewage sludge can be

! Department of Environment Protection and Modellidan Kochanowski University, uBwictokrzyska 15,
25-406 Kielce, Poland, phone +48 78 886 06 04, lemailetta.adamus-bialek@ujk.edu.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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treated as a good organic fertilizer rich in nigng phosphorus and easily degradable
organic matter. This allows to use of sewage sluddertilize crops and soils [10-12]. Due
to the economic growth in Poland, the productiocréase of sewage sludge is observed.
The rules of the management of sewage sludge emBare based on European directives.

Another issue related to the wastewater treatngenti¢robial air pollution. Air is not
an optimal environment for microorganisms [13, IBhey form different bioaerosols to
transmission from different environments (soil, evatwaste, surface plants, animals and
others) by wind gusts, sneezing or coughing. Thecsoof bioaerosols is also wastewater
treatment during the purification of water [15-17Jhere can be found mostl. coli,
Salmonella spp.,Shigella sp., but alsdMicrococcus sp., Saphylococcus sp., Streptococcus
sp., Klebsiella pneumoniae, Neisseria meningitidis [13]. The main place in the treatment
plant, where the contamination is most likely islbgical reactor chamber. Aerosols are
formed during aeration of waste water. Another @jachere aerosols may be formed, is the
place where the vacuum trucks deliver wastewatéhdadreatment plant [18]. Bioaerosols
spread for about 800 meters from the source of rgéina. Spread range is addicted to
weather conditions, seasons, landform and sizg€jaof sewage treatment [9, 19, 20].

The aim of the study was the analysis of wastewtatatment plants operations,
presence oBalmonella spp. and intestinal parasites eggs. The next stéeastudy was to
investigate microbiological purity of the air negastewater treatment plants.

Materials and methods

The five wastewater treatment plants (SzczecnokdSty Pinczow, Busko Zdroj,
Kazimierza Wielka) in Swietokrzyskie voivodship weanalyzed in differend field.

The documentation of the analysis provided by sewmgatment plants located in
Pinczow, Busko-Zdroj and Kazimierza Wielka was uasa research material. Analysis of
sewage sludge management was based on data fraewassr treatment plant in Pinczow.

The total number of aerobic plate count in the veéis measured based on culture
settling plate technique. Open Petri dishes withdbar were distributed at the processing
areas and exposed for 10 minutes. The Petri diskes closed and incubated at 37°C for
24-48 hours. The colony forming units (CFU) of nsiic bacteria were counted on
plates with enriched agar. The colony forming un{tSFU) of mannitol-positive
Saphylococcuc sp. were counted on the Mannitol salt agar. Theetegf contamination
was determined based on the total number of CFU i’ of air according to Polish
standard PN-89-Z-04111/02 [20]. The microbiologiaal pollution was carried out on a
four points between the sewage treatment plant veaigr reservoir in Szczecno. The
second place of analysis was in the six pointsectfitly distanced from the centre of
sewage treatment plant in Stykow. The analyses perfermed in autumn and winter.

Results and discussion

The aim of this study was to analyze two importspects related to the functioning
of wastewater treatment plant (WWTP). The invesitiga of the management and the
sanitary condition of sewage sludge in wastewagstment plants was the first research.
In the other hand we have analyzed the microbioldgiondition of the air around and near
the WWTPs. The study covered the period 2008-20# capacity of the sewage
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treatment plant in Pinczow in 2010 and 2011 wasual®000 m per day. Wastewater
came mainly from private households and blockdat$f public facilities and also from the
industrial sector. Examined sewage sludge in Piwcmk the earthy form. Dry matter
content was various. In 2010, the obtained dry enattis 22.5% of sludge, in 2011 - it was
14.7%. The excess sludge was generated in sewagnént plant in Pinczow in the
bioreactors and Imhoff tank. Sludge after stabiimaand dehydration should be removed
from the area of wastewater treatment [8]. Recedatd shows that precipitate was used on
private lands. In 2010, 1011 mg of sludge was wsethe surface of the 4.22 hectares of
the soil. The precipitate was used for the recl@omadf soils intended for arable land in
two villages Pasturka and Szczypiec. In 2011, weigh sewage sludge used for
fertilization was lower - 760 mg of sludge was ggt®n the surface of 25.24 hectares. In
2011, the fertilizer was used in Kije, Brzescie dpaksturka. Within this two years, the
proportion between the weight of sewage sludge thadtreated area were considerably
different. This was mainly due to the doses linmtatof sewage sludge, which was
distributed on the land. The amount of sludge deethe reclamation depends on the type
of soil, method of use, the quality and compositafnthe used sludge [14]. In 2010,
0.23 mg of the sludge was spread on?ofnsoil, but in 2011, quantity of sewage sludge
was 0.02 mg/m

Subsequently, the provided data of microbiologarslysis of sewage sludge of three
sewage treatment plants (Pinczow, Busko Zdroj, idaiza Wielka) were compared. The
aim of the study was to identify the microbial pegensSalmonella spp. and the eggs of
intestinal parasiteAscaris sp., Trichuris sp., Toxocara sp. The presence d&almonella spp.
was identified only in the one sample, in sewagatment plant in Pinczow. It should be
mentioned that in this WWTP the study was conductady in 2011. These
microorganisms were not detected within five ye@®08-2011) in the other treatment
plants. The presence of eggs of intestinal pasasites found in Busko Zdroj (two positive
samples) and Kaziemierza Wielka (one positive sajnplarasites were not detected in the
sewage treatment plant in Pinczow. It can be caleduthat examined sewage sludge were
no danger and could be used in agriculture andldod reclamation for agricultural
purposes, as it was performed in the case of sewiagge from Pinczow. Used sludge
from the treatment plant did not contain elevatexiels of heavy metals and
microbiological contamination. Therefore, there was risk to contamination of the
environment. Data analysis leads to the concludiuat, the use of sewage sludge to soll
remediation in the municipality was relevant. Aatiog to the publication, there is no
universal solution to the issue of sludge managénten the solution must be appropriate
to local conditions. Pinczow is a small town in ehithe amount of sludge formed in
wastewater treatment is not big. There is alsopiesibility of using sludge for energy
recovery by combustion, co-firing and others. Useamponents of sewage sludge for soil
fertilization is cost-effective. It is also bene#it to soil provided that the levels of
contaminants in sludge will be acceptable. Thessftite use of sludge as fertilizer in this
case is appropriate [4, 21]. As previously mentihreelot of different bacterial species can
be present in the savage sludge. Some of them canlde pathogenic. The use of savage
sludge as an organic-mineral fertilizers and orgasdil conditioners should be careful.
They can be source of bacterial, viral and paadigeases in humans and animals [22, 23].
This fact is evidenced by descriptions of epidendi@esed by infection of soils in Poland
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and Europe. In Darmstadt (Germany), 89% of the [adjoin became sick for salmonellosis
after eating vegetables from field irrigated wittwsge sludge [3]. Also epidemic of
typhoid fever was recorded in Stuttgart. Duringstkpidemic, 600 people get sick and
10 people died. The cause of epidemic was lettwowvry on field fertilized with fresh
sludge. Similar epidemics have also been reportdgrance after ingestion of lettuce and
watercress from cultivation of contaminated seditmenin Poland, epidemics of
salmonellosis and viral hepatitis A in Pisz, Bravide Chelm, Ustrzyki Dolne was recorded
as a result of water polluted by sewage and sewlagge. Nevertheless, the use of sewage
sludge can be useful as a natural fertilizer foil, dout after a careful examination
[3, 24, 25].

30001
@ mesophilic bacteria
'g mannitolo-positive
b Staphylococcus sp.
3 = 20004
5 E
=D
]
26
32 1000
s T
e
O- T T T T
1 2 3 4

place of measurement

Fig. 1. Total number of bacteria in 2 wf air in wastewater treatment plant in SzczedMace of measurement:
1 - area of sewage treatment plant, 2 - basirflddd area and 4 - pond

600+

400+

2004

total number of bacteria
[CFU/m®]

1 2 3

place of measurement

Fig. 2. Total number of bacteria in 2% f air in wastewater treatment plant in Stykowadel of measurement:
1 - 3 meters from the aeration chambers, 2 - 5 métem the border of sewage treatment, 3 - 20 raete
from the compost flitch and 12 meters from the th@nachambers. All places (8) were symmetrically
arranged on East and West side of WWTP

The further research included the microbiologicalgsis of the air near to wastewater
treatment plants in Szczecno and Stykow. Studies lheen conducted to determine the
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total number of bacteria. In the sewage treatmbmtpn Szczecno also identified the total

number of mannitol-positiv&aphylococcus spp. The WWTP in Szczecno was analyzed in
four places: area of sewage treatment plant, bélsiod area and pond. The WWTP in

Stykow was analyzed in three places, each from &astWest sides first located 3 meters
from the aeration chambers, second - 5 meters frmrborder of sewage treatment and
third - 20 meters from the compost flitch and 12erefrom the aeration chambers. It was
observed, that the number of bacteria was gendrajlyand varied (Figs. 1 and 2).

The number of bacteria was not dependent on the datsampling. The highest
number of bacteria was detected in the furtheradist from WWTPs, but the differences
wasn't significant. According to standard PN-89-Zt01/02, in case of WWTPs in
Szczecno (Fig. 1) the total number of mesophilictéxda in the air near to sewage
treatment plant and basin was not too high, buh migmber ofStaphylococcus spp. in all
cases classified air as contaminated. The restiltsierobiological analysis of the air in
WWTP in Stykow were similar to the WWTP in Szczedkrm. 2).

It has been shown that the total number of bacisdkated from the air from each
places was acceptable. There was no relationshipeba the number of microorganisms in
the air and the distance from the individual eletaeari the sewage treatment. However, it
was observed the slight increase of the numberacfelia in further distance from the
sewage treatment plant. It is known, the humbebaatteria in the air may depend on the
wind direction, temperature and intensity of operain sewage treatment plants [15, 25].
Our results indicate high number of bacteria evelong distance from WWTPs. The low
temperature of the air also didn’t influence on baeterial transport. The results confirm
that the presence of sewage treatment plants &ect #fe air pollution in the area.

The number of detected bacteria seems to be lowawrparison to studies conducted
in other WWTPs [8, 16, 18, 19, 25]. The similardiés were performed in municipal
sewage treatment plants located in Kujawsko-Ponmargkhe number of microorganisms
isolated from the air was two times higher tharSitzecno and nearly six times higher
than in Stykow. These differences may result frtwa Yarious size of the object and the
amount of sewage wastewater flowing into the treatnplant. In Kujawsko-Pomorskie
voivodship is about 13 000 *hof sewage wastewater. On the contrary, in Szczerb
Stykow is about 300 Pof sewage wastewater [16]. In the sewage treatrplmit in
Kujawsko-Pomorskie also identified a significant aamt of Pseudomonas fluorescens,
which belongs to the bacteria naturally living hetheavily polluted surface waters and
wastewater [2, 16]. In our study, we analyzed dhé/presence of total number of bacteria
and mannitol-positiveStaphylococcus sp. This group of bacteria is epidemiologically
important and it can be a more dangerous sourgathfogenic bacteria for human. It is
worth noting, that wastewater treatment plants adag affect the sanitary condition of the
local rivers. This aspect has not been presentatieinvork. To fully understanding the
influence of sewage treatment plants on the enwieott, there should be carried out the
examination of the waters from local rivers. Th&ealso another aspect of monitoring
bacteria in WWTPs. On the basis of reports in fterdture, along with the spread of
bacteria from sewage treatment the risk of occeeén environment of strains resistance
to antibiotics is higher. To the treatment plantméewage may get microorganisms which
are multidrug-resistant [26, 27]. Tests of air aetvage sludge should be carried out more
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frequently. Carrying out such monitoring allows faonstant control of risks of
environmental pollution by treatment plants.

Conclusions

Analysis of sanitary condition of sewage sludge #mel management of sludge in
wastewater treatment plant shown, that the useewhge sludge as fertilizer is a valid
option. Properly neutralized and examined sludgg become an important element in the
process of land reclamation [21]. Also, based @ndhtained results, there is a risk of air
pollution in the vicinity of sewage treatment pknt

Acknowledgements

We would like to thank wastewater treatment plamtSwietokrzyskie voivodship for
providing source material for the analysis. We wolike to thank also Ewelina Bech,
Martyna Drabik, Karolina Gluszek and Beata Pacekdohnical support.

This study was supported by Jan Kochanowski Unityerstatutory research
No. s612488.

References

[1] Kusnierz M, Swierczek E. Infrastruktura krytyczna a niezawoinsystemu odprowadzania i oczyszczania
sciekébw w niekorzystnych warunkach pogodowych. (€ait infrastructure and reliability of wastewater
drain and wastewater treatment system in adversghese conditions). Krakow: Polska Akademia Nauk;
2010;1(1):125-135. http://dx.medra.org/10.145974at0.2014.1.1.010.

[2] Salyers AA, Whitt DD. Mikrobiologia R#énorodng¢, chorobotworcz& i srodowisko. (Microbiology.
Diversity, Disease and the Environment). Warszatgd Nauk PWN; 2005.

[3] Kilapet T, Cholewa A. Zagrzenia dla zdrowia zwzane ze stosowaniem nawozéw organicznych
i organiczno-mineralnych. (Health risk asociatedhvthe use of organic and organic-mineral fertiize
MONZ. 2012;18(2):131-136. http://monz.pl/fulltxtpPICID=1003556.

[4] Werle S, Wilk RK. Thermal utilization of sewagdudge. Materiaty Pokonferencyjne, Il Ogolnopalsk
Kongres Irtynierii Srodowiska. Politechnikélaska. 2009;1. http://wis.pol.lublin.pl/kongres3/ta8i. pdf.

[5] Michalska-Szymaszek M. The Influence of temp@m on survival, phenotype and antigen properties
Escherichia coli O157 strains isolated from water and clinical mateRoczn PZH. 2010;61(2):213-219.
http://www.ncbi.nlm.nih.gov/pubmed/20839472.

[6] Szala B, Paluszak Z. Wykorzystanie paciorkowcé&atowych w mikrobiologicznej ocenie procesu
higienizacji kompostowanych osad&aiekowych. (Application of faecal stretococci iretmicrobiological
assessment of composted sewage sludge sanitizatMater Environ Rural Areas. 2010;10(2):179-188.
http:/lyadda.icm.edu.pl/baztech/element/bwmetathetd.baztech-article-BATC-0004-0022.

[7] Prazmo Z, Krysiiska-Traczyk E, Skorska C, Sitkowska J, Cholewa GikiBwicz J. Exposure to
Bioaerosols in a municipal sewage treatment plaktn Agric Environ Med. 2003;10:241-248.
http://lwww.aaem.pl/pdf/10241.pdf.

[8] Okoh Al, Odjadjare EE, Ighinosa EO, Osode ANastéwater treatment plants as a source of microbial
pathogens in receiving watersheds. Res J Chem dn8ci. 2014;2(6):11-19. http://www.aelsindia.com/
ricesdecember2014/3.pdf.

[9] Kolwzan B, Jadczyk P, Pasternak G, Gluszczdkallik M, Krawczyiska M. et alOcena stanu sanitarnego
powietrza w otoczeniu wybranej oczyszczakuiekéw. (Assessing air quality in the proximity of
a municipal sewage treatment plant: A case studPchr Srod Wroctaw. 2012:34(2):9-14.
http://www.os.not.pl/docs/czasopismo/2012/2-2012MKan_2-2012.pdf.

[10] Rastetter N, Gerhardt A. Toxic potential offelient types of sewage sludge as fertiliser inicadfure:
ecotoxicological effects on aquatic and soil inthcaspecies. J Soils Sedim. 2015;15:565-577. DOI
10.1007/s11368-014-1031-0.



Impact of sewage treatment plant on local enviremm 403

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]
[24]

[25]

[26]

[27]

Heeb A, Lundegardh B, Ericsson T, Savage PifacE of nitrate-, ammonium-,and organic-nitrodersed
fertilizers on growth and vyield of tomatoes. J PlaNutr Soil Sci. 2005;168:123-129. DOI:
10.1002/jpIn.200420420.

Nowak M, Kacprzak M, Grobelak A. Osadgiekowe jako substytut glebowy w procesie remediacj
i rekultywacji terenéw skenych metalami eikimi. (Sewage sludge as a substitute of soil in the
process of remediation and reclamation of sitestaroimated with heavy metals). ZInOchr Srodow.
2010;13(2):121-131. http://yadda.icm.edu.pl/yaddatent/bwmetal.element.baztech-article-LOD7-0025-
0023/c/Nowak_Kacprzak_Osady 2 2010.pdf.

Golofit-Szymczak M, Zapo6r L. Zagtenia biologiczne w oczyszczalniackciekéw komunalnych.
(Biological hazards in municipal wastewater treatmplants) BezpiecZstwo Pracy. Centralny Instytut
Ochrony Pracy - Restw Inst Bad. 2007:3. http://yadda.icm.edu.pl/belztelement/bwmetal.element.
baztech-article-BPC1-0008-0063/c/Golofit-Szymczdk.p

Papciak D, Zamorska J. Podstawy biologii iteahnologii srodowiskowej. (Basics of Biology and
Environmental Biotechnology). Rzeszéw: Ofic WydiPBlzeszowskiej; 2005.

Filipkowska Z, Janczukowicz W, Krzemieniewsk, Pesta J. Microbiological air pollution in the
surroundings of wastewater treatment plant withivatgéd-sludge tanks aerated by horizontal rotors.
Pol J Environ Stud. 2000;9(4):273-280. http://wwjegs.com/pdf/9.4/273-280.pdf.

Budzinska K, Jurek A, Szejnuk B, Michalska M, Weki G. Mikrobiologiczne zanieczyszczenie powietrza
na terenie oczyszczaliciekéw komunalnych. (Microbiological air pollutiom the area of municipal
sewage treatment plant.). Rocz O$tod. 2011:13. http://old.ros.edu.pl/text/pp_20118.p8f.

Filipkowska Z, Janczukowicz W, KrzemieniewdWi Pesta J. Municipal wastewater treatment plarih wi
activated sludge tanks aerated by CELPOX devices aource of microbiological pollution of the
atmosphere. Pol J Environ Stud. 2002;11(6):639-8#&s://www.infona.pl/resource/bwmetal.element.
agro-article-f540b4ab-ad67-4103-9fee-5d9d2f14a77b.

Breza-Boruta B. Ocena mikrobiologicznego zamjszczenia powietrza na terenie oczyszczatigkow.
(An assessment of microbiological air pollutiontaé sewage treatment plant). Wolaod Obsz Wiej.
2010;10(3):49-57.  http:/lyadda.icm.edu.pl/baztdeiient/bwmetal.element.baztech-article-BATC-0004-
0030.

Cyprowski M, Krajewski JA. Czynniki szkodliwdla zdrowia wysfpujace w oczyszczalniackciekdw
komunalnych. (Harmful agents in municipal wastewateeatment plants). Med Pr. 2003;54(1).
http://test.imp.lodz.pl/upload/kasia/czy_szkod_ kouffi.

Norma (Polish Norm) PN-84/Z-04008/02, Ochrooaystdci powietrza. Pobieranie préb. (Air purity
protection. Sampling), PN-89/Z-04008/08. Ochrongstdéci powietrza. Badania mikrobiologiczne. (Air
purity protection. Microbiological studies).

Lundin M, Olofsson M, Petterson GJ, Zetterludd Environmental and economic assessment of sewage
sludge handling options. Resour Conserv Rec. 20255%-278. DOI: 10.1016/j.resconrec.2003.10.006.
Andrés P. Ecological risk of the use of sewagelge as fertilizer in soil restoration: effects the soil
microarthropod populations. Land Degrad Dev. 199%7-77. DOIl: 10.1002/(SICI)1099-
145X(199901/02)10:1<67::AID-LDR322>3.0.CO;2-H.

Sahlstrom L, Aspan A, Bagge E, Denielsson-Thdl Albihn A. Bacterial pathogen incidents in sged
from Swedish sewage treatment plants. Water R€#l;28:1989-1994. DOI:10.1016/j.watres.2004.01.031.
Dumonet S, Scopa A, Kerje S, Krovacek K. Thmportance of pathogenic organisms in sewage
and sewage sludge. J Air Waste Manage. 2001;53&880. DOI: 10.1080/10473289.2001.10464313.
Niazi S, Hassanvand MS, Mahvi A. Assessmenbiofierosol contamination (bacteria and fungi)he t
largest urban wastewater treatment plant in the dMidEast. Environ Sci Pollut Res Int.
2015;22(20):16014-21. DOI: 10.1007/s11356-015-4793-

Li J, Zhou L, Zhang X, Xu C, Dong L, Yao M. ®@ireosol emission and detection of airborne
antibiotic resistance genes from a wastewater rivesat plant. Atmos Environ. 2015;124(B):404-412.
DOI:10.1016/j.atmosenv.2015.06.030.

Huang JJ, Hu HY, Lu SQ, Li Y, Tang F, Lu Y, a Monitoring and evaluation of antibiotic-resist
bacteria at municipal wastewater treatment plant Ghina. Environ Int. 2012;42:31-36. DOI:
10.1016/j.envint.2011.03.001.



404 Wioletta Adamus-Biatek, Monika Wawszczak and ASmaercz

WPLYW OCZYSZCZALNI SCIEKOW NA OKOLICZNE SRODOWISKO
Katedra Ochrony i Ksztaltowangrodowiska, Uniwersytet Jana Kochanowskiego, Kielce

Abstrakt: Celem pracy byla analiza dzialalwo trzech oczyszczalniciekéw (Busko Zdréj, Riczow

i Kazimierza Wielka) w wojewddztwigwietokrzyskim. Materiaty zrodiowe zostaly udogpnione dzgki
uprzejmdci oczyszczalniciekow. Analizowano sposéb zagospodarowania i stanitarny osadéwciekowych.
Badania mikrobiologiczne osadu dotyczyly podstawoaealizy sanitarnej, zwlaszcza identyfikacji balte
Salmonella spp. i jaj pasiytow jelitowych. Stwierdzonaze stan sanitarny analizowanych osadéigkowych nie
zagraat srodowisku. Mikrobiologiczna czys§é osadéwsciekowych i sktad mineralny byty zlibne do materii
organicznej gleby (humus) i pozwalaty na wykorzggtach jako nawozéw naturalnych, ale nie do upra@élin
przeznaczonych do spyria przez ludzi. Materiat ten byt szeroko stosowamo rekultywacji gruntéw
w Pinczowie. Kolejnym celem pracy byto oktenie czystéci mikrobiologicznej powietrza w polili dwoch
oczyszczalni sciekow (Szczecno i Stykéw w wojewddztwigwictokrzyskim). Okrélano ogdln liczbe
gronkowcéw mannitolo-dodatnich oraz bakterii memgfih i psychrofilnych w czterech mdych odlegtéciach
od oczyszczalni sciekéw. Mannitolo-dodatnie gronkowce naje do wskanikow mikrobiologicznego
zanieczyszczenia powietrza. Liczba bakterii memgdih i psychrofiinych wskazuje na poziom zanieczyenia
matery organicza. We wszystkich punktach pomiarowych zaobserwowamamieczyszczenie powietrza.
Wiadomo, ze patogenne mikroorganizmy mpdatwo przedostawasic z cieczy do powietrza za pompc
bioareozoli. Analiza ta pokazujge wykorzystanie osadoéseiekowych do melioracji jest pomocne do zachowania
i przywrécenia réwnowagi ekologicznej, co jestzmgm aspektem ochrony ekonomiczndyadowiskowej. Jest
réwniez prawdopodobnese oczyszczalniéciekdw mog miec niekorzystny wpltyw na czysté powietrza.

Stowa kluczowe:osadiciekowy, zanieczyszczenseodowiska, zanieczyszczenie powietrza, nawozy
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Abstract: Trees growing in urban areas are constantly expdeethe adverse conditions of the urban
environment. The effect of increasing in concerdrabf pollutants is observed by systematic reductn the
number of trees in the streets and their poor hestitus, whose symptoms are discoloration andnleafosis
occurring at the turn of May and June, and accidrkeaf fall. The subject of the study was thex@an linden
trees growing along the middle strip of Zwirki andgury Avenue. Control trees were growing in thekpat the
Cemetery of Soviet Soldiers. Phenological obsemwati(concerning the development of the leaves) wanged
out in years 2010-2011. Crimean linden trees artcpéarly sensitive to soil salinity. Phenologicsilidies were
complemented by visual assessment of the healtlissté trees. For this purpose, the degree ofdaafage was
determined based on the six level scale, wheraf@ant the healthy tree (no visible damage to tatdmde). In
2011 from 128 trees - 83 trees rated as "healtbnt' leaf damage index), 34 as “relatively healtfigtlex of leaf
damage 2-3) and 11 as “sick” (index of leaf dam&@. In the previous year 136 trees were obsed@dated as
"healthy", 56 as “relatively healthy” and 20 treesre classified as “sick”. For most of the surveyegs of their
health condition slightly improved. It was obsenthdt with increasing degree of leaf damage shgsilortened
the period of activity of the tested tree vegetatibhere were no significant differences betweenstiudied street
trees in leaf development. Trees from the contredh @&haracterized by a longer growing season theetgrees.

Keywords: Crimean linden, urban trees, city environment, jphagical stages

The city is a specific natural environment, transfed for the benefit of the
dominance of technical elements. In the cities atim soil and water conditions affected
by human activities have a significant impact ogetation occurring there [1, 2]. Street
trees planted in cities are exposed to unfavoratdeditions for their growth and
development. The factors limiting the growth andelepment of vegetation in cities are
primarily: higher temperatures, low humidity, naetits deficiency in the soil, high pH of
the sail, limited soil volume, vandalism, mechahidamage and lack of maintenance [3-6].
The use of sodium chloride to deicing the roadwiimertime, as well as water deficiency
result in a worsening condition of street trees ik withering away on a big scale [7-9].
An important factor is also the occurrence of pests sucking mouthparts - mainly aphids
andtetranychus [10].
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The course of the various phases of developmemnfgbgical phases) in urban trees
is markedly different than in trees growing outsithe cities [11]. Many studies have
demonstrated that trees growing in extremely unfavie conditionseg street trees, have
a much shorter growing season and less growth tiiigin counterparts growing in park
[1, 12-14]. Urban trees vegetation begin and cotmdise end earlier [15]. Trees growing in
the harsh urban conditions earlier reach maturity faster get older. During the aging of
the trees lose their adaptability to changing emrnental conditions [1, 16, 17]. Also
street trees have a much higher mortality rates paak trees [18-21]. The most vulnerable
to the adverse effects of environmental stressyareg trees. Life expectancy newly
planted tree in urban conditions is no longer tharears [1]. Miller and Miller [22] found
that the highest mortality is characterized by thewly planted trees and young
(4-5 cm trunk circumference), within a year or twears after planting. The literature
suggests that the life expectancy of trees in udarironment may be only 10 years [23,
24]. According to a study by Foster and Blaine [28] life expectancy for linden is about
23 years.

The response of trees to stress factors can maitdel in different ways, depending
on their individual level of sensitivity and intetys time and type of harmful effects. The
reactions of trees to natural stress factors aosktlof anthropogenic origin are complicated
and often lead to trees exclusion from many pdrtsltzan areas [9,-10]. For many years we
have seen a reduction of the number of trees irarurbreas due to the progressive
weakening of viability [20, 25]. This process mgirgffects of street trees [26]. It is
estimated that in 1971, more than 700,000 tredsastern Europe died [27]. In Liverpool
from downtown trees planted in recent years, 398pd within five years [4]. Studies
conducted in Warszawa by Dmuchowski et al [8] stobteat within 34 years, more than
half (59%) of trees along the main streets of theaenter died. The greatest losses related
species of treesSorbus aucuparia L. (94%),Acer pseudoplatanus L. (83%), Tilia cordata
L. (65%) Tilia 'Euchlora’ (62%). While the smallest losses shoWwidic platyphyllos L.
(44%).

The aim of this research was the determinatiorhefinfluence of urban environment
on the health status of street tred#ia ‘Euchlora’and their phenological development.

Materials and methods

The study was performed on trees belonging to peeiss - the Crimean lindefilia
‘Euchlora’), a sterile hybrid lime betweéhlia cordata Mill. and Tilia dasystyla Steven.
The species is known since the mid-nineteenth cgrdnd grown in many countries in
Central and Western Europe. From the interwar petgothe 70s of the last century it was
often used for lining the roads, avenues, wideetéteas well as parks [28]. Currently none
of street tree selection does not recommend thefuge Crimean limes for growing along
the streets, due to the high sensitivity of thiscsps to soil salinity.

The objects of research were planted in the migtllp of Zwirki and Wigury Avenue
in Warszawa. Control areas was park in CemeteSoefet Soldiers located at the distance
of 150 m from studied avenue. The leaves conditias evaluated in mid-July and
mid-September using the six grade scale methodr@ftdbbservation. In 2010 studies were



The impact of urban environment on the phenoldgibases of Crimean lindeffi(ia ‘Euchlora’) 407

carried out on 136 trees and in 2011 it was 128str®educing the number of trees bring
about their dieback.

Phenological observation method was based on ttwding date of the beginning of
beginning and duration of each phenological phaseghenological studies we used
a modified summary of the descriptions offered byangn authors. Phenological
observations were carried out from the beginningeafetation until its completion. Due to
the different intensity of trees development presessin urban areas studies were carried
out at intervals of every 2-3 days throughout ttengng season.

The various development stages of leaves were idedcin accordance with the
following principles:

— leaf buds start to open - visible becomes green part of the leaf on tipeaobud scale;

— the beginning of leafage - after mining out of the bud first leaves oped &oth halves
of the upper surfaces of the leaf blade becomeleisi

— the beginning of the staining of leaves - 10% of the leaves are discolored;

— the beginning of the leaves fall- the tree dropped at least 10% of the leaves;

- theend of the leaves fall -all the leaves have fallen.

In order to compare the average length of the iddad phases of phenological stages
under different health conditions, univariate aseyof variance was applied. Multiple
comparisons were made using the Tukey proceduréh®©hasis of the analysis mentioned
above the groups of means were separated. Forntlgsés the significance level was
assumed at = 0.05 [29].

Results and discussion

The health condition of trees from middle strip Dfvirki and Wigury Avenue
(assessed by observing the degree of leaf damage)es a large variation. The studies
were conducted on more than 120 trees of Crimewieti in years 2010-2011. Despite the
fact that the trees were growing in the same cimdit(climate and habitat) and in the
same distance from the roadway diverse responsnydonmental pressures has been
observed. The health status of the surveyed tieebe period from July to September,
steadily deteriorated. In 2011 from 128 trees &®grwere rated as “healthy” (0-1 leaf
damage index), 34 as “relatively healthy” (indexle&f damage 2-3) and 11 as “sick”
(index of leaf damage 4, trees with index of leamage noted as 5 - removed). In the
previous year 136 trees were observed: 60 ratégeadthy”, 56 as “relatively healthy” and
20 trees were classified as “sick”. Increased eaface with characteristic necrosis were
observed. Many studies have shown that main caulEabdamage of urban trees is the
adverse effects of the salt used for de-icing theets in winter [4, 7-11]. The presence of
chlorine in the leaves results in the initially isible changes inside the plant cells, and with
the increasing amounts of this ion, in morphologezanges such as chlorosis visible on
the leaf lamina. Research conducted in Warszaw@ranean linden trees confirmed that
even minor salinity of the soil can cause necrosishe edges of leaves, and result in rapid
withering and death of trees [7, 8, 10, 30].

Studies conducted in Warszawa by Dmuchowski eBaB[ 31] and Borowski [32]
have shown a relationship between the degree bkvwiitg, and the conditions for growth.
Relevant factors include: the type of land covexw(l, paving, asphalt), the size of
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uncovered area under the tree and the distancetfrerroadway. Street trees growing on
the wide lawns are characterized by much bettde si& health than those growing on
narrow lawns [5, 31-33]. In July the health statfistudies trees was relatively better than
the health status of trees growing on other streetse center of Warszawa [8, 31]. This
may be caused by relatively better growing condgiof the Zwirki and Wigury Avenue -
a wide lawn of the Avenue creates more favorablaitions for trees development than
concret surfaces or narrow lawns, predominant atbagstreet Warszawa. Changes on the
leaves manifested by chlorotic and necrotic edBe$ormities and dieback part of the leaf
blade was observed in early July. The comparisdaneef health status recorded in July and
in September (classifying trees into specific catEg) revealed a general trend of
significant decline in the percentage of treesgaieed as 0 and 1 (leaves healthy or with
minor damage) and increased share of trees in @dsg3, 4, 5 with the duration of the
growing season. This trend was confirmed by obsiems made on different species of
trees [8, 9, 30]. Not only does it contribute te theterioration of decorative qualities of the
trees, but also, which is more important, it obssuheir biological functions [1].

b)

2010

2011

é;-\ |10IF ?': "I 1t r|21| . II3|| . IF4I| |r5l|

Fig. 1. The number of trees from individual headtatus categories based on the index of damageeoleaf
blade, in two periods: a) July and b) September

Comparison of leaf state within two years of resegd2010-2011) showed that in 2011
the trees were characterized by a relatively betedition both in July and in September.
Probably the main reason for better state of heafltbtudied trees were more favorable
weather conditions observed in this year of thedystuSummer in 2011 was rich in
precipitation, while winter at the turn of 2010/20Was characterized by a large snowfall
and low temperatures. No damage was observed deaflies of the trees from the control
area (park at the Cemetery of Soviet Soldiers)utpnout the growing season.
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Fig. 2. The duration of the phases of developmeantds of Crimean linden in: a) 2010 and b) 2011

On the basis of phenological studies we found slidjfferences in the time and
duration of observed phases of the leaves of thestwith different health status. The
phenological studies were conducted only in 201@ 201.1. This period was too short to
draw definite conclusions concerning impact of thban environment on the course of
phenological phases of trees. This will be possily after a longer period, at least a few
years, of systematic research and comparison ofebelts with the thermal conditions

prevailing during their pursuit.
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Table 1
Weather conditions during the phenological obsémat

Year The average monthly temperature [°C]

| Il 11} v \Y \i Wl 1 IX K Xl Xl
2010 | -8.0 | -1.9 3.9 9.5 13.69 17.8 2119 197 12.4 6.1 5.8-5.4
2011 | -0.6 | -3.8 3,3 11.1 14.4 19.0 18]1 189 15.1 8.5 02,6
Year The average monthly rainfall [mm]’

| Il 1l \Y \Y VI VII 11l IX Xl 1l
2010 | 25 37 24 39 116 87 92 143 89 3 109 34
2011 | 39 21 8 34 48 49 295 62 7 9 0 32

“"Data derived from statistical yearbook of Warsz#2@10-2012). The measurements refer to the metsgioall
station Warszawa - Okecie, located approximatédgndrom the surveyed trees

The length of the vegetation activity best diffdiates the influence of weather -
climatic conditions and habitat on urban green&wyeet trees were characterized by
a shorter growing season than trees growing inrobatea. The length of the active period
of the vegetation shortened due to degree of leafiadje of studied trees. The biggest
difference concerned the trees with no apparentadenof leaves and those with the
highest degree of damage (an average of 5-9 dapgnding on the year of observation).
There was also interference in the course of iddial phenological phases. In the case of
discoloration phase, there were no clear and rejibtk differences in both the date and
duration of this phase. Similar results were olgdiamong others trees [12-14].

An interesting observation related to the contmalaain which the phase of leaf fall
lasted longer than in street trees, regardlesteflegree of damage to their leaves. This
can be explained based on the specific light camdit namely: a relatively large park trees
shading the leaves that may have contributed toetvéer cut-off zone produce leaves.
Low light intensity or change in intensity from hi¢gp low may cause premature cut off the
leaves, buds and fruits [34]. Trees growing in W@@nity of lights, much later discolor
leaves than the rest on the same tree (which arexposed to direct light).

Conclusions

1. There was a large variation in health conditiorstoidied street trees. In July the trees
showed less damage than in September. Share efuiie average and considerable
damage of leaves between July and September hastadioubled.

2. The deterioration of the health condition of trg@eceedings in the course of the
growing season was observed. The influence of the ©f health of trees on the
length of the growing season has been shown- wi¢hitcrease in the degree of
damage of trees, vegetation activity period wastehed by a few days (5-9 days,
depending on the year of observation).

3. No significant differences were observed in theation of the various phases of
development leaves. Significant differences foundy obetween street trees and
control group.
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WPLYW SRODOWISKA MIEJSKIEGO NA PRZEBIEG
FAZ FENOLOGICZNYCH LIP KRYMSKICH ( Tilia ‘Euchlora’)

!Polska Akademia Nauk Ogréd Botaniczny - CZRB w Roies
2\Wydziat Rolnictwa i Biologii, SGGW, Warszawa
SWydziat Budownictwa i laynierii Srodowiska, SGGW, Warszawa
4Instytut OchronySrodowiska - PIB, Warszawa

Abstrakt: Drzewa rosgce na terenach miasi saraone na nieustanne oddziatywanie zespotu niekorgghtn
warunkéwsrodowiska miejskiego. W wyniku wzrostuesgnia zanieczyszcaeobserwowane jest systematyczne
zmniejszanie siliczby drzew rosgcych przy ulicach oraz ich zty stan zdrowotny, kg objawem g miedzy
innymi przebarwienia i nekrozysti, wysepujace jw na przetlomie maja i czerwca, oraz Warejsze opadanie
lisci. Przedmiotem przeprowadzonych batigty drzewa lipy krymskiej rosite wzdhi pasa midzyjezdniowego
al. Zwirki i Wigury. Kontrole stanowity drzewa rogoe w parku przy cmentarzdotnierzy Radzieckich.
Obserwacje fenologiczne dotyez rozwoju lici prowadzono w latach 2010-2011. Lipy krymskiesgczegdlnie
wrazliwe na zasolenie gleb. Badania fenologiczne unipeb o wizualg ocerp stanu zdrowotnego drzew.
W tym celu okrélano stopié uszkodzenia §ci na podstawie sieiostopniowej skali, gdzie ,0” oznaczato drzewo
zdrowe (brak widocznych uszkodzeblaszki léciowej). W 2011 r. na 128 drzew rasych w pasie
miedzyjezdniowym al.Zwirki i Wigury (od ul. Banacha do wiaduktu kolejog® 83 drzewa oceniono jako
,zdrowe” (indeks uszkodzeniastii 0-1), 34 jako ,wzgldnie zdrowe” (indeks uszkodzeniacii 2-3) oraz 11 jako
schore” (indeks uszkodzeniatii 4-5). W poprzednim roku obserwacji na 136 obssvanych drzew 60 oceniono
jako ,zdrowe”, 56 jako ,wzgldnie zdrowe” oraz 20 drzew sklasyfikowano jako j&@ioW przypadku wikszaci
badanych drzew ich stan zdrowotny poprawgt sieznacznie. Zaobserwowange wraz ze wzrostem stopnia
uszkodzenia dici nieznacznie skracat¢siokres aktywnéci wegetacyjnej badanych drzew. Drzewa z terenu
kontrolnego charakteryzowatyesiltuzszym okresem wegetacjiznprzyuliczne. Nie stwierdzono istotnychznic
migdzy badanymi drzewami w rozwojudi.

Stowa kluczowe:lipa krymska, drzewa ulicznéodowisko miejskie, fazy fenologiczne
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CONTROLLED SYNTHESIS OF IRON OXIDE NANOPARTICLES
USED AS AN EFFICIENT HEAVY METAL IONS ADSORBENT

KONTROLOWANA SYNTEZA NANOCZ ASTEK TLENKOW ZELAZA
STOSOWANYCH JAKO EFEKTYWNY ADSORBENT JONOW
METALI Cl EZKICH

Abstract: In this paper a few attempts of iron oxide nandpled synthesis via chemical co-precipitation are
presented. Iron(ll) and (lll) salts were used gsrecursors and agueous ammonia as a precipitatezium.

In the literature it was proved that there are sdawntors, like reaction temperature, base amount ¢p the
reaction mixture) or the concentration of iron salthich affects characteristics of formed nanaglag such as
their size distribution. The aim of presented reseavas to select such reaction parameters whialdaead to
the production of the most effective sorbent faw feeavy metal ions, such as: Cr(VI), Pb(ll), ClICu(ll),
Zn(11), Ni(ll) and Cd(ll). The synthesis of nanoparticles were carried outhi@e temperatures (30, 60, 90°C) and
three ammonia volumes (8, 10, 15%or each temperature. Furthermore the influerfdeoa salts molar ratio
Fe(ll) : Fe(lll) in the reaction mixture on resalg sorbent was examined. Because the synthesedeaeré the
oxidizing environment, in order to compensate phrtixidation of Fe(ll) to Fe(lll), a few molar rat
Fe(ll) : Fe(lll) beyond the stoichiometric value Hieh is 1 : 2 for magnetite E®,;) were investigated.
Additionally for the magnetite synthesized in thelested conditions the effect of pH on the sorption
of heavy metal ions were examined. The pH conditimere estimated to not exceed 7 in order to anwithl
precipitation.

Keywords: adsorption, heavy metals, magnetite, nanopatrticles

Introduction

Heavy metals are used by human beings from thogsarfidyears. Despite the
awareness about their toxicity and negative impacte living organisms the exposure to
heavy metals is still significant, especially i ttheveloping countries.

Most of heavy metals in the environment have imndistorigin. The serious
environmental problems constitute the industriabnpd which discharge effluents
containing such heavy metals as Cd, Cr, Cu, NioP&n. These heavy metals tend to
accumulate in the living organisms, causing margithadisorders like organs and nervous
system damages, tumours, reduced growth and deweldpof children and in some cases,
even death [1, 2].

In the last years intensification of research om tbconomical and efficient
technologies in order to reduce quantities and awprqualities of wastewater discharged
into environment is noticeable. There are many eativnal technologies for heavy metal
removal such as ion exchange, chemical precipitaflotation, chemical decomposition or
adsorption [1]. Considerable attention is paid ba tievelopment of applicable and cost
effective adsorbents. Among various researchesdsorbents, many works confirm that
iron oxides are those which can be used for effideavy metal removal [3-6]. Iron oxides

! Institute of Water and Wastewater Engineeringestin University of Technology, ul. S. Konarskiet®,
44-100 Gliwice, Poland, email: magdalena.bobik@pals
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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in form of magnetite, maghemite or goethite arerthtiral minerals which occur in earth
crust. They are characterized by very reactiveaserf Active sites and large surface area
made them able to bound contaminants in the forrmatibns and anions as well [7]. Iron
oxides application in wastewater treatment areaspgecially attractive when their size is
limited to nanoscale. As nanoparticles they providgh efficiency, fast reaction kinetics
and high reactivity with respect to the separatets.i These properties are caused by the
extremely small particles size and a large spesiiitace area. Besides, those nanoparticles
have also another important feature - magnetisnis Tdature is especially important in
water and wastewater treatment systems as it peadyreat convenience in the process of
separation of the nanoparticles from the water aftisorption process. Separation can be
carried out using a small magnetic field or evendieeld magnet [8, 9].

One of the simplest and the most economical metbbdise magnetite nanoparticles
production is chemical co-precipitation. The methedounded on co-precipitation from
Fe(ll) and Fe(lll) salts by addition of a base [1The stoichiometric reaction can be
written as follows:

Fe* + 2Fé" + 80OH — Fe0,(magnetite) + 4D (1)

The properties of nanopatrticles produced duringrita@ co-precipitation, such as
their size, chemical composition or morphologyostly depend on the synthesis reaction
parameters. Among them one can point out such dessas reaction temperature, pH
and type of base, mixing rate, ionic strength ofdimen, presence of the coating agent
(eg surfactant), reaction mixture deoxidization by #tample nitrogen gas bubbling or
Fe(ll) : Fe(lll) molar ratio value [11, 12]. Forgtance, it was proved that the size of the
nanoparticles increase with the temperature ofgtmthesis reaction and decrease with the
increasing amount of base [12, 13].

The aim of this study was to investigate how thetlsgsis conditions influence the
resulting magnetite efficiency as a heavy metabesot. Thus syntheses reactions were led
at different combinations of temperatures and k@weunts. The properties of the iron
oxides were examined on the basis of following isegaration efficiencies - Cu(ll), Ni(ll),
Zn(ll), Cd(11), Pb(l), Cr(lll) and Cr(VI). After boosing the reaction conditions which
seemed to be most reasonable for the efficienteswrproduction, the pH effect of the
sorption process on its efficiency regarding torfiams,ie Zn(ll), Cu(ll), Cd(Il) and Pb(ll),
was investigated.

Experimental
Chemicals and methods

The syntheses of magnetite nanoparticles were aeduusing iron salts -
FeCk-6H,0 (Warchem), RS0, 7H,0 (Stanlab) and base solution - NH,O 25%
(Stanlab).

Heavy metal solutions at a concentration of 20 BMang/dni were prepared based on
the following, mainly nitrate, salts - Cr(NRR-9H,O, Ni(NGs),- 6H,0, Cd(NQ),-4H,0,
Cu(NGs),- 3H,0, Pb(NQ),, Zn(NGs),-9H,0 (POCH S.A)), KCr,0; (Merck). For pH
correction base - NaOH (0.1M) and acid - HNQ.1M) solutions were used (POCH S.A.).
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Atomic absorption spectrometer SepctrAA 880 (Variamith atomization in

acetylene-air flame was used to determine the nuatatentration of the solution after
sorption process.

Magnetite nanoparticles preparation

Nanoparticles syntheses were conducted followinglifieal Liu et al method [5].

General procedure of all syntheses includes suaugsteps:

dissolution of appropriate FebH,0O and FeSQ 7H,0O salts amounts in 100 érof
distilled water,

placing the mixture in the water bath followed bgating in order to reach required
temperature,

starting the mechanical stirring of the mixture,

rapid addition of 50 cfhdistilled water and appropriate volume of the basitiate
magnetite precipitation,

vigorous stirring for 30 minutes whilst keeping thexture in the same temperature
conditions,

cooling the mixture to the room temperature (oplgoH measurements of mixtures
after synthesis),

washing of black precipitate of magnetite by distil water with the help of
a neodymium magnet in order to separate sorbemh fumreacted residues of
chemicals,

preparation of approximately 5 g/dsuspension of magnetite nanoparticles.

The synthesis at different temperature and pH conditions

In first part of the research the influence of temgpure and volume of precipitating

medium, which affected pH of reaction mixture, @sulting adsorbent efficiency were

examined.
Table 1
Magnetite synthesis conditions at different tempeeibase volumes
Number of Temperature Ammonia | Molar ratios of chemicals| Final pH after
syntheses/combinations water volume Fe?*: Fe*": NHzH,0 synthesis
[°C] [cm? []
1 30 7.31
2 60 8 1:15:38 5.81
3 90 531
4 30 8.84
5 60 10 1:15:47 8.53
6 90 6.95
7 30 9.37
8 60 15 1:15:7.1 9.16
9 90 7.92

The molar ratio of iron salts was according to ktual [1] maintained stable, equal

Fe(ll) : Fe(ll)=1:1.5 (4.2 g Fegl6H,0 and 6.1 g ESO,- 7TH,0O) whereas temperature of
syntheses was settled at 30, 60 or 90°C and baseduaed in volume of 8, 10 or 15tm
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Summarizing, nine syntheses combinations at diffteréemperature/base volumes
conditions were carried out. The amounts of chelmiessed in each combination in
comparison to the stoichiometric synthesis reactiamich for pure magnetite is
F&': F€*: NHyH,0 = 1 : 2 : 8, and final pH of a mixtures after leaynthesis were
collected in Table 1.

The synthesis at different Fe(l1)/Fe(I11) molar ratio conditions

The aim of second part of the research was to figate how the molar ratio of iron
salts effects the resulting adsorbent efficiencgcdise of the fact that syntheses were
conducted with an oxygen access, the partial oxidaif Fe(ll) to Fe(lll) were predicted.
Therefore a few syntheses with different Fe(ll) &®qlll) salts amounts were conducted.
Four Fe(ll) : Fe(lll) ratios below stoichiometrim® were chosen, that is 1 : 1, 1 : 1.25,
1:1.5,1:1.75, one equal to the pure magnstitichiometry - 1 : 2 and one ratio above -
1:2.25. The molar ratios and corresponding irdtssamounts were collected in Table 2.

Table 2
Magnetite synthesis conditions at different Fef)ill) molar ratios
Iron salts molar ratio Iron salts amount
Number of syntheses Fe(ll) Fe(lll) FeSO,- 7THO | FeClh. 6H,0
[a] [l
1 1 1 4.20 4.08
2 1 1.25 4.20 5.10
3 1 15 4.20 6.13
4 1 1.75 4.20 7.15
5 1 2 4.20 8.17
6 1 2.25 4.20 9.19

All syntheses with different iron salts amounts evesonducted under the most
appropriate temperature/base volume conditionsirdddarom the first part of the research
- that is at 30°C and with 15 émf ammonia solution.

Batch sorption tests

In order to examine how the synthesis conditionsafjnetiteje the temperature, base
volume and molar ratio of iron salts added to tkaction mixture, effect resulting
adsorbent the batch adsorption tests were condudtegvery heavy metal removal
procedure 5 cfof magnetite particles suspension (5 gidwas placed in plastic container
and poured over with 20 émf metal solution (Cu(ll), Zn(ll), Ni(ll), Cd(I)Cr(V1), Cr(Ill)
or Pb(ll)) at concentration of 20 mg/dnffor temperature/base volume testing) and
50 mg/dni (for molar ratio testing). Every sorption experithevas performed in triplicate
without pH correction. Then the reactors were pdage mechanical shaker and shaken for
8 hours at room temperature. In the next day trsordents were separated via external
magnetic field and supernatants were collectednital concentration measurement.

Moreover, following the procedure of sorption désed above, the influence of pH
during the separation process on its efficiency @emmined for four metal iong Cu(ll),
Zn(ll), Cd(I) and Pb(ll). The sorbent was preparatl 30°C, 15 crhof base and
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Fe(ll) : Fe(lll) molar ratio equal to 1 : 1.5, hgawmetal solutions were used in
concentration of 50 mg/dinThe pH conditions during sorption process waalgished at
different values for each test, namely 3, 4, %,.6,

Results and discussion
The separation process efficiengyas evaluated according to the following equation:
n = (G -Cy)/C] [100% 2)
where C; and C; are metal ion concentrations before and aftertsorg(initial and final
concentration), respectively.

Theresults for synthesis at different temperature and base volume conditions

Results of each ion separation effectiveness avenshat Figures 1-7. Analysed ions
can be divided into two groups. The first group u(IQ, Zn(ll), Cd(Il) and Ni(ll) ions,
which removal is substantially smaller than sepanadf the second group - Pb(ll), Cr(lll)
and Cr(VI) ions.

T 60

= 50

g

IS 40

© 30

5 20

g 10

g 0 m M M m M M m M
(=] o %y [+s] o %y [+s] o %y

— — — — — —

30[°C] 60[°C] 90[°C]

synthesis conditions [em?;°C]

Fig. 1. Removal efficiency of Cu(ll) ions by irorxides synthesised at different ammonia volume/teaipee
conditions

While analysing the first group of ions it can Heserved that the maximum separation
efficiencies amounted to more than 50% for Cu(hyl &n(ll), over 30% for Ni(ll) and
about 20% for Cd(ll). Concerning the effect of tieese volume added during syntheses, it
can be said that the smallest removal of these fionthe whole range of temperatures,
were achieved using 8 énof ammonia solution. It is related to the too lp of the
reactions environments and thus to insufficient amt® of -OH groups required for proper
synthesis of iron oxides. The pH values measuradediately after syntheses was in the
range from 5 to over 7 (Table 1). Especially ladjeersity in separation results was
obtained for Zn(ll) ions. Their removal using matijee synthesised at 30 and 60°C
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increased from 20% while using 8 tof base to over 50% while using 15%aof ammonia
solution. Similar trend can be observed for Ni{di)s.
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Fig. 2. Removal efficiency of Zn(ll) ions by irorxides synthesised at different ammonia volume/teatpee
conditions
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Fig. 3. Removal efficiency of Cd(ll) ions by irorxides synthesised at different ammonia volume/teaipee
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The effect of temperature conditions on resultiogbent separation efficiency was
also most noticeable for Zn(ll) ions sorption - thighest removal was obtained while using
magnetite produced at 30°C. Similar tendency wesemied for Ni(ll) ions with less
noticeable removal efficiency decrease while usiathent synthesised at 60°C and more
noticeable for iron oxides synthesised at 90°Czase of Cu(ll) ions, although the biggest
removal was obtained during sorption on the matm@tioduced at 60°C, the results was
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not so differ from those observed for material bgsised at 30°C. In turn, the noticeable
decrease of Cu(ll) ions removal was observed whiimg sorbent made at 90°C. The
smallest differences at sorption by using sorbebtsined at different temperatures was

noticed for Cd(ll) ions.
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Fig. 4. Removal efficiency of Ni(ll) ions by ironximles synthesised at different ammonia volume/teaipee
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Analysing the results for second group of ions MDOr, Pb(ll) and Cr(lll), their high,
up to 100%, removal is noticeable. Despite smdfedinces in removal efficiencies while
applying sorbents synthesised in different tempeedhase amounts conditions some
tendencies also can be observed. Especially wighrdeto the amount of base addition.
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Similar as for ions from the first group, the 8%ofi ammonia was insufficient to produce
efficient sorbent. While using this amount of basgemperature increasing up to 90°C,
a clear decrease in the sorption properties of mahteras noticeable (due to increased
evaporation, pH of the reaction mixtures during $yathesis decreased). In turn, for the
majority of these metals there was no significaiffecence between sorbent synthesised
with 10 and 15 crhof base. The quite observable difference can ba sely for Cr(lll),
wherein the removal properties of the sorbent ssided at 90°C with 10 ¢rof ammonia
usage was less than with 15 %of base applied. Slight differences can also biceo

while analysing the effectiveness of the Pb(ll) osal.
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Given the above analyses, for further researchmthgnetite syntheses was carried out
at 30°C with the 15 chrof a base addition.

The results for synthesis with different amount of Fe(l1) and Fe(l11) salts

The results of ions separation using magnetitehggited under optimal temperature
and base volume conditions (selected in the previesearch) but with different molar
ratios of iron salts added to the reaction mixtne shown at Figure 8.
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Fig. 8. Removal efficiency of heavy metal ions tni oxides synthesised at different Fe(ll) : Fg(tholar ratios

Except Pb(ll) ions, which removal regardless of thelar ratio Fe(ll) : Fe(lll) used
during sorbent production was maintained in thegeamf 100%, the differences in
separation efficiencies for other ions can be okeskr

The least effective sorbent for most of heavy migtas (Cu(ll), Zn(ll), Ni(ll), Cd(ll),
Cr(111)) was obtained with a molar ratio Fe(ll) efll) equal to 1 : 1 and 1 : 1.5. Over this
ratio, while trivalent iron salt amount increaseg to proportion 1 : 1.75, the sorption
capacity of magnetite also increased. At Fe(ll)e(IF) ratio equal to 1 : 2, which is
stoichiometric one for pure, solid magnetite, tepagation efficiencies decrease and then
increase again at ratio 1 : 2.25. Considering maetl results, Fe(ll) : Fe(lll) molar ratios
between 1 : 1.5-1: 1.75 seem to be the most optima

Although good separation effectiveness was alsainodd for the ratio of 1 : 2.25, this
proportion of iron salts is not recommended becadighe product purity uncertainty. The
aim of the study was the usage of iron oxides @&s strbent meanwhile the product
obtained at 1 : 2.25 was characterized by slightbwnish colour and slower or incomplete
settling on a neodymium magnet that can indicatessvanagnetic proprieties. It can be the
evidence of other iron forms presence such ashiyainoxides.
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The pH of sorption process effect on Cu(ll), Zn(Il), Cd(ll) and Pb(Il) ions separation
efficiency

The results of Cu(ll) zn(ll), Cd(ll) and Pb(ll) isnseparation at different pH
conditions are shown in Figure 9.

—-—Cd —&—2Zn —O-Pb —O-Cu
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Fig. 9. The effect of pH on heavy metal ions sefianaeffectiveness

The sorption was carried out at the following pHues: 3, 4, 5, 6, 7 and, for
comparison, without pH adjustment after pouring shspension of nanoparticles with
a solution of heavy metal (marks filled in blackig. 9).

Analysing series of data at the graph, the closgioaship between pH of the sorption
process and separation efficiencies of each nmtatan be noticed.

The low pH values result in the small removal ofIQdZn(1l) and Cu(ll) in range of
2-3% and about 35% for Pb(ll). The gradual sepamathcrease with the rise of the
alkalinity was noticed for all ions. In case of @fifrom 3% at pH 3 to 60% at pH 7, for
Zn(ll) ions from 2 up to 87%, for Cu(ll) ions frogto 92% and finally for Pb(ll) ions from
35 to 100%.

Moreover, for Pb(ll) ions the pH of 5 was enoughathieve almost 100% separation
and more than 90% of Cu(ll) ions were removed atGpHt is an important information,
because especially in case of Pb(ll) ions, thee@msing pH values of its solutions above 6,
cause their visible precipitation. Thus the higmoeal efficiency at pH 7 could be not the
result of sorption by itself but also chemical pp@ation process.

Conclusions

It can be concluded that the sorbents synthesindérudifferent temperature/amount
of base conditions are characterized by relatifferdint separation properties with respect
to various ions. It turns out that too small amoohtammonia seems to be generally
insufficient to produce the effective sorbent. lsaproved that usage of 10 or 15°awh
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base with an indication of the latter volume is mjpsstified. It was confirmed mainly
during the Zn(ll), Ni(ll) and also Cr(lll) ions semtion analysis. Moreover, considering
the effect of synthesis temperature on the magnefficiency, it appears to be reasonable
to carry out the syntheses at the temperature @€.3Bcreasing the temperature to 60°C
and 90°C does not appreciably change the sorptiopepties of magnetite (ions Cd(ll),
Cr(VI1), Cd(ll) or worsen it more or less noticdal§Cu(ll), Zn(ll), Ni(lIl)).

Also the Fe(ll) : Fe(lll) ratio in the reaction niixe affects separation properties of the
sorbent. It comes out that the most effective surbeas synthesised while keeping Fe(ll)
and Fe(lll) in the proportion between 1 : 1.5 andl175.

During the sorption process, the important eleniend maintain pH at proper level.
For all ions considered in this part of researehCu(ll), Zn(ll), Cd(ll) and Pb(ll) the
gradual increasing tendency in their separatiors wisible while increasing pH from 3 up
to 7. In summary, it can be said that during thgtson the pH values should be maintained
at high, efficient for the process level but alsdesel low enough to prevent heavy metal
precipitation.
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KONTROLOWANA SYNTEZA NANOCZ ASTEK TLENKOW ZELAZA
STOSOWANYCH JAKO EFEKTYWNY ADSORBENT JONOW
METALI Cl EZKICH

Instytut Inzynierii Wody i Sciekéw, Politechnikslaska, Gliwice

Abstrakt: W pracy przedstawiono proby syntezy nanstek tlenkow zelaza poprzez ich chemiczne
wspoéistgcanie. Jako medium sgtrajgce zastosowano wedamoniakalp. W literaturze udowodniono wplyw
takich czynnikéw, jak temperatura reakcji, $ilo zasady czy te skzenie soli zelaza Fe(ll) i Fe(lll)
w mieszaninie reakcyjnej na charakterystykniedzy innymi wielka¢, powstagcych nanoczstek. Celem
niniejszej pracy byto dobranie takich parametréakogi, aby w efekcie uzyskanajbardziej efektywny sorbent
wzgledem jonéw kilku metali eizkich: Cr(VI1), Pb(ll), Cr(lll), Cu(ll), Zn(Il), Ni(ll) i Cd(ll). Przeprowadzono
syntez nanoczstek w kombinacji trzech temperatur: (30, 60, 90%@pz trzech objosci amoniaku:
(8, 10, 15 cr). Ponadto sprawdzono, jaki wplyw na powstgj sorbent ma stosunek molowy jonéelaza
Fe(ll) : Fe(lll) w mieszaninie reakcyjnej. Bigr pod uwag fakt, iz synteza przeprowadzana byta przy dost
tlenu, w celu kompensacji gciowego utlenienia jonowelaza Fe(ll) do Fe(lll), wyriowy stechiometryczny
stosunek tych jondw, ktéry dla magnetytu {88 wynosi 1:2, obriono do kilku wartéci poniej 1 : 2.
Dodatkowo dla magnetytu zsyntezowanego w wybranygtymalnych, warunkach przeprowadzono pgréb
wplywu pH na sorpgj jondw metali. W celu unikgtia maliwosci wytracania st osadéw maksymalne pH
ustalono na nieprzekraczeg wartgci 7.

Stowa kluczowe:adsorpcja, metalegikie, magnetyt, nanogsgtki
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EFFECT OF BIODEGRADABLE MULCHING ON SOIL QUALITY
IN STENOTERMAL VEGETABLE CROP PRODUCTION

WPLYW MULCZOWANIA Z WYKORZYSTANIEM
WLOKNIN BIODEGRADOWALYCH NA JAKO SC GLEBY
W UPRAWIE WARZYW CIEPLOLUBNYCH

Abstract: Mulching with plastic materials that cover the soibates a physical barrier to soil water evapomati
preserves good soil structure, controls weeds aotegs plants from soil contamination. The remoaad
disposal of non-recyclable and non-degradable iplagastes after harvest is difficult and expensiusing
alternative biodegradable polymers as covers has b&increasing concern in recent years. This pppevides
a presentation of results concerning the physiodl @hemical properties of soil under biodegradaiolewoven
covers. Biodegradable PLA (polylactide) and Bioadhn aliphatic polyester of butylene glycol andcitic and
adipic acid) films covering the soil on tomato attumber fields were evaluated to estimate the ggwain
several physical soil properties including bulk sign water field capacity, wet soil aggregate Bitgband
chemical soil properties including soil acidity, E@ganic matter and soil mineral status. Favoarablnges in
the physical structure of soil can be achieved hyching the soil surface of biodegradable polymédrse
obtained results show that using covers with PLA Bionolle biofilm significantly increased the anmbwf large
aggregates and decreased the percentage of thiesinside aggregates in soils; however, the obdegifects
were strongly affected by weather conditions. Unaler conditions, mulching increased the soil butksity and
decreased soil water capacity. The results ofckmimical analyses demonstrated the low impacteatiments on
macro- and microelement concentration measured #@fteato and cucumber harvesting. Soils under Phé a
Bionolle covers had smaller low ion concentratiomeelation to bare soils.

Keywords: biofilm, bulk density, water-stable aggregatesl e@anic matter, tomato, cucumber

Introduction

Plastic soil film covering has been used as muicbesthe 1960s, mainly in vegetable
production [1, 2]. It is well known that plastic foh film increases the yield of many
vegetables, in particularly early in the seasonstntigely by increasing soil temperatures
and moisture and inhibiting weed growth [3-8]. Hoee the removal and disposal of
non-degradable plastic mulch (polyethylene and grolgylene) after harvest is difficult
and expensive. Disposal concerns and environmdatitlation are forcing plastics
manufactures to consider biodegradable polymersaraslternative material. A large
amount of research is in progress to find the rsaghble alternative to plastic mulch in
vegetable production [9, 10]. Degradable plastiesenintroduced in the 1980s, though
there remain many questions regarding their efficdegradability and potential residues
[11]. After being used, photodegradable or biodeghbte synthetic mulch does not need to
be recollected, transported to a collection cerdre landfill, or disposed through
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incineration [12]. Degradable films’ breakdown isinparily affected by temperature,
sunlight, moisture and microbial activity [13, 14].

An example of a successfully commercialised bioddgble polymer is poly(lactic
acid), or PLA - a synthetic polymer made from ladicid, a monomer found in nature.
PLA is biodegradable and compostable [15]. Sushéitiaand eco-friendly characteristics
make PLA an attractive polymer. PLA degrades malmyhyhydrolysis, even in the absence
of microorganisms. The rate of biodegradabilitylia composting environment depends on
the size and shape of the article [16]. Anothermgda of a completely mineralised
synthetic polymer is trademarked Bionolle™, proaudérough the polycondensation
reactions of glycols with aliphatic dicarboxylicids such as succinic and adipic acids used
as the principal raw material [17]. Aliphatic potyers can be degraded with enzymes and
microorganisms in soils [2].

The benefits of mulching on the growth and yield v&fgetables have long been
recognised. Mulching with organic or inorganic metls covers soils and creates
a physical barrier to soil water evaporation, pinese good soil structure, control weeds and
protect plants from soil contamination. Soil suefamovering decreases erosion, protects
against raindrop impact and increases aggregdi#itstfl8]. In addition, mulches improve
soil structure by creating favourable conditions goil aggregationeg through higher soil
water content and temperature and the efficienteralisation of soil organic matter [3].
Soil aggregates formed by the arrangement of sailtiges are the fundamental
components of soil structure. The linkage betweslnparticles depends on the interactions
between primary particles and organic constitugéotform stable aggregates [19]. The
stability of soil structure affects soil fertilityquality and sustainability. Thus, the
recognition of soil aggregate size distribution awil aggregate stability is important to
properly interpret soil structure [20]. In agrieuthl soils bulk density, various air and water
capacity relationships and soil aggregate parametss commonly used to indicate the
physical quality of the soil. In general, soil plogd quality is a central concept for
developing “best management” land use practicesdciihg is known to attribute enhanced
mineral nutrient availability to enhance nitrificat. Mulching also improves soil aeration,
creates better biological activates and thus famaequent beneficial effect on soil fertility
[11]. One of the advantages of using plastic mudciee also a reduction in fertilizer
leaching. Plastic mulch covering prevents rainfesim percolating through the soil and
moving nutrients. Preventing leaching improves #féiciency of plant nutrition and
production. Li et al [21] demonstrated the £ghrichment of the soil surface under plastic
mulch. The metabolism, biomass, activity and dikgisf the microbial community in soils
can be significantly altered by G@nrichment. It can also increase carbonate weaather
differ the rhizospheric exudation and enhance tneumt of available C in the soil. GO
improvement can influence the transformation amcmilability of metals in soils. Li et al
[22] showed lower pH values and higher concentnatibCu, Pb, Zn and Cd in soil under
plastic mulching. The authors also suggested tleetip mulching most likely causes the
accumulation of heavy metals in surface soils Ijucing metal leaching from surface
runoff.

Many tomato or/and cucumber growers in Poland aiagupolyethylene mulch to
warm the soil to advance harvest maturity underl ml conditions. Warm season
vegetables, including tomato and cucumber haveuymex better quality fruit and a greater
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yield when grown on plastics [6, 7, 23]. Black piadiim was used for many years for its
ability to absorb light and raise soil temperatwbjch extended the production season in
a colder climate [24]. Ngouajio et al [25] and Miowet al [26] showed that tomato growth,
yield and fruit quality from black biodegradable lotu was equivalent to that in
low-density polyethylene mulch. Martin-Closas [Z@lind similar results for organically
grown tomato. In addition, Anzalone et al [8] iratied that paper, biodegradable plastic
and rice straw are potential substitutes for pdiylethe and herbicides. There is
an increasing interest in the use of degradableclmmg for protected -cultivation.
Unfortunately, there are few published reports ow physical and chemical soil properties
change after modifications in land use. Additioirgbrmation on the biochemistry and
decomposition of biodegradable films and their riaat&ion with soil properties and
environmental conditions to promote aggregationldi@liow for the identification of more
effective management practices.

Although agricultural land management is recognise@ffect near-surface physical
qualities of soil, little is known about how bidafil covering affects physical and chemical
soil parameters. In this research, biodegradabte dovering tomato and cucumber were
tested to estimate the changes in several physigdl chemical soil properties. Soil
properties selected to indicate physical qualigiuded bulk density, water retention and
wet soil aggregate stability, whereas the chemaitelracteristics considered were total
organic carbon, nutrients and heavy metals content.

Material and methods
Soil sampling and analysis

The field experiment was carried out at the expenital farm of the Agricultural
University of Krakow in MydIniki in 2008-2011. Theffect of film covering tomato and
cucumber on the physical and chemical soil propenvas studied. The trials consisted of
a randomised complete block design with the follmyvireatments: biodegradable films -
Bionnole, PLA and bare soil (control). Bionollen aliphatic polyester of butylene glycol,
succinic and adipic acid - is a completely mineedi polymer. Poly(lactic acid) or
polylactide (PLA) is a thermoplastic aliphatic pedfer. Both polymers can biodegrade
under certain conditions.

The seeds of the tomato cultivar ‘Mundi’ were sawm greenhouse on 15 April 2008,
16 April 2009 and 31 March 2010, respectively. $iagd were planted in the field on
29 May 2008, 2May 2009 and 28May 2010, respectively, at a distance of 100 x B0 c
Black nonwoven PLA 61 g m™? was used for soil mulching. Plants cultivated with
covers were the control.

On the cucumber experimental fields, black nonwoB&molle 200 g- m™? (except
2008) and PLA 130 g m™ were used for soil mulching. The nonwovens weretched
before the seeds were sown. Plants cultivated withoovers were the control.
Experimental fields with a soil surface of 7.5 mere established with four replications.
The seeds of the cucumber cultivar ‘Mirabelle’ wspavn into the field on 7 May 2008,
14 May 2009 and 8 July 2010, respectively, at adize of 200 x 25 cm (two seeds per
hole cut in the nonwoven).



428 Iwona Domagatswiatkiewicz and Piotr Siwek

The mineral fertilisation of phosphorus, potassiand magnesium was based on the
results of chemical analyses of the soil samplé® @ontent of soil P, K and Mg was
supplemented before seedling planting. Nitrogetilifmr was applied at the rate of
100 kg N- ha™.

Soil samples with their natural structure preserivdaict were collected from the plots
divided into sections differentiated by covers Blnn each section, soil samples were taken
at a depth of 0-20 cm after tomato and cucumbegyping. The soil samples were air-dried
at room temperature and sieved.

Intact soil cores (250 cthat a depth of 0-10 cm were sampled in four regiin to
measure soil bulk density (BD) and water retentmarameters. The undisturbed soil
samples for determining the soil bulk density weren-dried at 105°C to a constant
weight. Volumetric (%vw) and weight (Yoww) water lfie capacity of the soil was
determined by a Kopecki-type procedure [28]. Gramgtric analysis was made using the
Casagrande aerometric method modified by ProszyRa8ki This procedure is regulated by
the PN-R-04032 [30] standard published mostly fgtcaltural soil analysis in Poland.

Soil aggregates were separated by wet sieving usiader’s procedures [31].
Previously separated out by dry sieving, a single soil fraction (< 5 mm) was disrupted
under water, where the nest of sieves was suspeidead container of water. For
measurements, forty grams of air-dried aggregatdise replications were placed onto the
top sieve and immersed in water for a period ofeti® min) before beginning the
mechanical sieving process for 20 minutes. A matat a mechanical arrangement lowered
and raised sieves through a distance of 5 cm ateaaf 5 cycles per one minute. There
were five size classes used: 0.25, 0.5, 1.0, 1d528m mm. The amount of soil retained on
each sieve was determined by drying and weighihg. Water-stable aggregate index based
on the wet soil fragmentation procedure was caledlaas a sum of five size classes of
aggregates.

Soil pH was measured in water and 1 mdh® KCl at a soil to solution ratio of 1:2.
Soil organic carbon (SOC) was determined usingdicbromate oxidation method [29].
The available form of nitrogen (N-NGand N-NH), phosphorus, potassium, magnesium
and calcium was determined by the universal met®dlescribed by Nowosielski [32].
The extractable forms of metals were measuredrimll- dmi® HCI extractant [29]. This
soil extractant and procedure is currently useestomate the availability and critical levels
for soil micronutrient cations in Poland. AvailalNewas detected using the Flow Injection
Analysis (FIA) technique with spectrometric detenti[33], and P, K, Mg and Ca were
determined using the inductively coupled argon rpasatomic emission spectroscopy
ICP-OES technique (ICP-OES Teledyne Prodigy, Leebados spectrophotometer).

Satigtical analysis

Data collected from the study were analysed udiegane-way analysis of variance
test based on the ANOVA module in Statistica 8.0calkk for each treatment were
separated using the Fisher test aftke0.05 level of significance.
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Climatic conditions

In 2008 and 2009 temperatures were near the avévagiee Krakow area from April
to October (Table 1). Rainfall during the growirgason in 2010 was very high, especially
in May and September. This growing season was cteized as warm (July) but very wet
(May and September) in compared with the years 200%.

Table 1
Precipitation sums and mean monthly temperaturgaglthe vegetation period 2008-2010
Year April May June July September QOctober
[°C] |[mm] | [°C] | [mm] [[°)C] |[mm] |[°C] [[mm] |[°C] [[mm] [ °C] | [mm]

2008 | 10.1 35.2| 144 26.8 195 26.7 19.0 1426 18.@1.6 125| 96.7
2009 | 12.0 0.5 13.3 91.0 154  128]0 4 827 18.93.15 151 | 348
2010 8.5 375| 124 2979 176 1220 1.8 11p4 188B38.2 | 124 | 924

=

N

Results and discussion

Data from three tomato/cucumber growing season® wellected. We determined
several physical and chemical soil parameters laseteto the impact of biofilms on soil
characteristics after harvest. In the presentediysthe particle size analysis showed a silty
clay soil texture (14% of size particles 1.0-0.1 n#%5% were 0.1-0.02 mm and 41% were
< 0.02 mm). Soil texture has a significant influeran aggregation. Clay content affects
aggregation through swelling and dispersion. Ir&irga clay concentration is usually
associated with increased soil organic contenvilnesid wet soil structure stability [18].

Soil bulk density and water capacity

A minor effect of the treatments on soil bulk dénpsivas observed. In 2008, in the
tomato season, the bulk density (BD) measuredchiicontrol soil was 1.39 g (Table
2). In the 2009-2010 seasons, the average BD fer dbntrol soil was 1.39 and
1.17 g- e, respectively. There was no significant impactaéering with biodegradable
films on the soil bulk density, although soil called from under PLA covering
demonstrated a relatively low value (1.28 and HOZnTin 2009 and 2010, respectively)
as compared to the control treatments. AccordinBegnolad [34], the optimal BD range
at the field site is 1.10 to 1.23 Mgm™ for medium to fine-textured soil$e(18-60 wt.%
particle sizes < 0.002 mm) for a soil depth of 0elf. Soils often react individually to
agricultural practices such as tillage, croppingtasn, mulching, etc. Reynolds et al [35]
indicated that most of the soil physical qualitgizators show complex and site-specific
interactions. The nature and amount of the chaagewften inconsistent, or predictable
only in a general way.

In all of the tomato cropping seasons, the useowéing films did not affect the field
water capacity expressed as a per cent of mass [hitvw]. Only in 2009 was the weigh
water field capacity relatively higher in soil cot/®LA biofilm in relation to the bare soil
(34.9 and 33.0% ww, respectively). Results frontualy by Ndubuisi [36] indicates that
polymer film mulches improved the physical propestpf the soil, such as the soil water
content and the temperature in top soil layersmpting the emergence of seedlings and
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greater root distribution in the soil. Martin-Cles§27], Moreno and Moreno [6] and
Moreno et al [7] found similar results.

Table 2
Physical and chemical properties of soils from tanmantations covered
with biodegradable film, 2008-2010
Bulk densi Water capaci Water capaci
Treatment Mg - m’%y % wvf/)] y % wvr\)/] y [% C]
2008
Before planting 1.33 39.5 52.5 2.07
Control 1.39a 36.0 a 499 a 2.0l a
PLA 144 a 35.0a 504 a 225a
2009
Before planting 1.25 40.1 49.9 1.38
Control 1.39a 33.0a 46.0 a 1.36a
PLA 1.28 a 349 a 46.0 a 1.35a
2010
Before planting 1.20 30.8 43.8 1.68
Control 117 a 40.1a 46.8 a 1.63a
PLA 1.07 a 38.7a 43.7 a 159 a

o = 0.05. Fisher test - the same letter indicatesigwificant differences between means

In 2010, the soil bulk density differed significgntbetween treatments on the
cucumber plantation. We measured higher BD foramikred by biofilms than for the bare
soil (Table 3). This controversial result was pblssthe effect of very high precipitation in
that year (798.4 mm in April-October). The increasehe soil density led to a reduction
of the water capacity parameters. The some trend wlaserved for tomato soils.
In 2008-2009, no significant effects of treatments water retention parameters were
demonstrated in the cucumber cropping seasons.

Table 3
Physical and chemical properties of soils from enioar plantations covered
with biodegradable films, 2008-2010

Bulk densi Water capaci Water capaci
Treatment Mg - m,gﬁy % wve] Y % VV\‘I)] v [% C]
2008
Before planting 1.37 374 514 2.07
Control 1.39a 36.0 a 49.9 a 201la
PLA 144 a 35.0a 50.4 a 2.25a
2009
Before planting 1.30 39.7 51.6 141
Control 1.34a 35.7a 47.8 a 1.44 a
PLA 131a 38.7a 51.1a 1.36 a
Bionolle 1.33a 37.0a 49.1 a 1.37a
2010
Before planting 1.32 37.1 49.6 1.34
Control 1l.11la 42.2b 46.8 a 1.35a
PLA 1.34b 34.7a 46.6 a 1.39b
Bionolle 1.33b 35.0a 45.0 a 1.42b

a = 0.05. Fisher test - the same letter indicatsignoificant differences between means
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Soil water-stable aggregates

High soil aggregate stability is an important facfor improving soil fertility and
increasing agronomic productivity. Aggregate anialysay help to explain most aspects of
soil water properties, including runoff and infition, as well as soil aeration and root
growth [37]. Aggregates are susceptible to disoupby physical disturbances such as clay
swelling, tillage and rainfall impact [18]. Mulchgrand covering improve sail structure and
enhance soil water-stable aggregate contents hyealsing soil erosion, reducing raindrop
impact and increasing the magnitude of soil orgaaitbon in the soil pool.

In the 2008 tomato season, there were no signifidéferences between wet-stable
amounts of aggregates in any of the size classéerudifferent treatments (Table 4). The
sum of wet-stable aggregates in the diameters £.2%1m ranged from 83.8% (Control) to
84.1% (PLA). In 2009, the wet-stable aggregate xnd@s high and varied from 94.4%
(Control) to 98.7% (PLA). The PLA biofilm significély increased the amount of large
aggregates 4-2.5 mm in diameter (41.8%) in compangith the bare soil (23.6%) in 2009.
An adverse effect for aggregates in the diamete®.60-0.25 mm was found. There is
evidence that macroaggregates are very susceptibléand use modifications and
agricultural practices, and are less stable thamaaggregates. They are weakly cemented
by SOM [38]. In extremely wet 2010, we measuredanfi@0.8% (PLA) to 94.2% (Control)
of water-stable aggregates in soil after tomateédwstr Paradoxically, the results of the 2010
season showed the highest content of large waibtesaggregates 4.0-2.5 mm in diameter
(45.6%) in relation to 2009 and 2008 (32.7 and %8 .fespectively) (Table 4). In extremely
wet 2010, the lowest amount of small aggregates measured in relation to the years
2008 and 2009 (21.5 and 14.3%, respectively). Tioegsses responsible for forming
aggregates include drying and wetting, freezing traving, tillage and the activity of
roots and the soil biota. Soil moisture and wet-dggeles have a variable effect on
aggregation.

Table 4
Percentage of soil water-stable aggregates (mstamglard deviation arldSD for o = 0.05)
in soil from the tomato plantation covered withdegradable film, 2008-2010
Aggregates in diameter of [mm]
Treatment 4025 | 2515 | 1510 [ 10050 050025 ¥ 0.254.0
2008
Before planting 14.445.9 6.922.0 18.8#2.8 274428 16.2+1.8 83.8
Control 19.6t3.1 a 5.305a 10.20.3 a 25.81.7a 22.312.8a 83.8
PLA 18.a:5.0 a 6.41.0a 11212 a 26.425a 21521a 84.1
mean 18.8 5.8 113 26.1 21.8
2009
Before planting 21.3:3.3 6.30.6 14.40.9 37.%3.2 18.¢1.7 97.5
Control 23.6:1.4 a 7.915a 13.60.2 a 31.525b 18.22.2b 94.4
PLA 41.826b 7.60.2a 14.81.3a 25.418a 10.80.5a 98.7
mean 32.7 7.8 138 28.4 14.3
2010
Before planting 36.6:3.3 6.720.5 13.2¢0.9 23.80.6 11.32.0 92.4
Control 44.0:2.3 a 9.30.7a 15.509 a 16.21.3b 10.80.8 b 94.2
PLA 41.2+4.0a 951.1a 15.30.8 a 14.805a 7.30.8a 90.8
mean 42.6 9.4 154 15.1 85
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During wetting, clay particles tend to dispersesdils and form bridges and coatings
while drying. This influence on closer contact beé&nw particles increases bridging,
especially in the presence of bivalent cations’{@ad Md?) in the clay colloidal complex
[18].

In the 2009 and 2010 cucumber cropping seasonsreatdrend to increase the
water-stable aggregate index, calculated as a duiineosize classes of aggregates, was
observed for covered soil in regard to the corgadl (Table 5).

Table 5
Percentage of soil water-stable aggregates (metamglard deviation arldSD for o = 0.05)
in soil from the cucumber plantation covered withdegradable film, 2008-2010
Aggregates in diameter of [mm]
Treatment 4025 | 2515 | 1510 ] 1.0050]  050-0.2p 3 0.254.0
2008
Before planting 22.1+7.9 7241 22.8#1.9 21.3#4.8 11.4+2.8 84.8
Control 19.6:3.1a 5.305a 10.20.3 a 25.81.7a 22.32.8 a 83.8
PLA 18.at5.0 a 6.41.0a 11.71.2a 26.42.5a 21.52.1a 84.1
mean 18.8 5.8 113 26.1 21.8
2009
Before planting 30.5#2.6 8.240.4 16.941.6 26.8#1.7 15.042.6 97.3
Control 29.at3.3a 10.24.8a 16.93.2 a 25.43.8a 16.85.3 a 91.3
PLA 34.5:1.8b 8.20.8 a 15.31.3 a 248l.1la 12.80.7 a 94.8
Bionolle 38.42.7b 9.204 a 15.31.2a 21512a 11.60.8 a 96.2
mean 36.2 9.9 15.2 21.8 13.2
2010
Before planting 36.6#3.4 6.720.5 13.940.9 23.820.6 11.34.7 92.4
Control 44144 7a | 7520.95b| 13.423a 14.62.0a 10.20.6 a 90.5
PLA 44.422a | 7.7#021b| 12.20.7a 15.40.3 a 10.#1.1a 90.6
Bionolle 48.004.3b | 59%#0.90a| 10.¥20a 19.81.9b 11.50.7 a 95.3
mean 455 7.1 121 16.3 10.6

In 2009, 94.8 and 96.2% of the water-stable aggecigalex were noted, respectively,
for PLA and Bionolle biofilms in relation to the rwwol (91.3%). In 2010 the highest value
for this parameter was found for biodegradable Bae (95.3%) in comparison with the
control soil (90.5%).

In 2010, similar to the tomato study, the highesttent of water-stable aggregates in
cucumber soils was measured for 4.0-2.5 mm diam€#r.3%) in relation to 2008 and
2009 (18.8 and 36.2%, respectively). Consequettitly, percentage of small wet-stable
aggregates{ 1.0-0.5 and 0.5-0.25 mm) decreased in the we@&02The highest amount
of the smallest aggregates were found in 2008 21 ®llowed by 2009 (13.2%), while
the lowest was in 2010 (10.6%) (Table 5).

In 2009 of the cucumber season, the PLA and Bienbibfilms, and the Bionolle
biofilm in 2010, significantly increased the pertage of large aggregates (4.0-2.5 mm in
diameter) in relation to the control treatment (f€ab). The uncovered soil was directly
exposed to the destructive effects of rain (raipdsplash), wind and solar radiation. The
film covering (physical protection) showed a beciefi effect on the number of large soil
water-stable aggregates. Indeed, the water stabflinacroaggregates is known to prevent
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the detachment of easily transportable particlad, thereby surface clogging and runoff.
It is generally considered that large aggregatestare indicative of a good soil structure
for most agricultural purposes (availability of,Qvater and resistance to penetration by
roots and shoots in seedbeds created by tillage) $mall aggregates [18]. Soil structure
not only affects the ability of roots to grow amal supply the leaves with water and
nutrients. Macropores provide places for microorgias, both symbiotic and pathogenic
[39]. The process of soil aggregate stabilisatisncomplex and involves a variety of
binding mechanisms. Plant roots and the organibatslive in the soil are influential both
in the creation of pores and aggregates. Jastr@k[@D] demonstrated the importance of
fine roots and mycorrhizal hyphae as driving fastéor macroaggregate stabilisation.
Under biofilms, more stable aggregates were prgbfmiomed in favourable conditions for
rooting and intense soil microbial activity.

Soil organic carbon

The soil organic carbon (OC) content in the analysenato soils ranged from 1.35 to
2.25% (Table 2). At the cucumber plantation we eteed from 1.34 to 2.25% of OC
(Table 3). The obtained results do not point owacldifferences between treatments.
However in 2010, a higher organic carbon amoum thahe control treatments was noted
on cucumber fields under PLA and Bionolle mulchsifilar observation was found in
leak and onion soils under polypropylene and Bilenfilm covering [41]. Nevertheless, it
can be concluded that the use of soil film coversygtems that lead to greater organic
matter contents also results in higher values dfpoysical quality as measured by soil
structure stability. Stable microaggregates arenddo form macroaggregates with organic
compounds. Soil organic matter forms complexes wgtimary mineral particles and
secondary structural units [18]. The consequendbeohigh organic matter content is good
soil structure and high strength in wet conditiphd]. Candan and Broquen [38] showed
a significant relationship between aggregate stgbdnd organic carbonr (= 0.57).
Management practices include film covering and mmnlg a moderate moisture and
temperature regime in the soil and altering thgéazhemical cycling of C, and can result
in organic matter accumulation [7, 43]. The biotadistatus of the soil depends strongly on
the physical and chemical conditions of the soil.

Generally, relatively high organic matter and ctaytent could explain the high wet
aggregate stability in arable silty clay soils frtime tomato and cucumber plantations.

Chemical soil analyses

The data from the soil chemical analysis are ptteseim Tables 6-9. In both tomato
and cucumber cropping seasons, the soil pH was f@aor higher, and any significant
differences among the treatments were not obsefValiles 6 and 7). A high level of
bivalent cations (about 1000-2000 mg Ca and 100+260Mg - m > of soil) encouraged
high water-stable aggregate content irrespectitbetreatments. Bivalent cations improve
the soil structure by binding clay and soil orgamatter particles [44, 45]. A high pH
raises the negative surface charge on clay pastiatel flocculate dispersive clays [46].
Increased pH often resulted in increased microb@lvity and higher organic matter
content and consequently encouraged soil partggeegation [45].
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Table 6
Acidity, pH, electrical conductivityEC and available form of macronutrients [mgnTJ in soil from the tomato
plantation covered with biodegradable film, 200820

pH H;0 | pH KCI EC
Treatment Bl Bl [uS - o] N-NH; | N-NO3 P K Mg Ca
2008
Before planting 7.17 6.35 620.0 11.8 70.1 62.1 73.6 140.3 1734
Control 7.27 6.52 323.0 04 9.5 7.5 59.8 934 2249
PLA 7.52 6.66 186.5 1.1 6.6 6.6 82.6 96.p 1773
2009
Before planting 6.63 5.77 155.6 34 15.7 55.1 225 123 1164
Control 6.77 5.90 136.7 1.9 9.3 34.1 89.4 94 978
PLA 7.07 6.10 90.5 3.1 4.9 30.2 81.8 106 1025
2010
Before planting 7.58 6.45 1275 0.70 2.30 45.3 129 241 2031
Control 7.86 6.89 111.0 0.6§ 1.5( 53.8 118 185 1736
PLA 7.84 6.89 130.0 1.02 2.20 69.4 207 14p 2396

Electrical conductivity estimates the concentratanions in the soil solution, and
predominantly consists of the cations sodium, aafcipotassium and magnesium, and the
anions chlorines, sulphates and bicarbonates. Gaisr PLA and Bionolle covers had low
ion concentrations in relation to the bare soilseSe results were recorded for tomato (with
the exception of 2010) and cucumber fields in alng.

Table 7
Acidity, pH, electrical conductivityeC and available form of macronutrients [mgnTJ in soil from the
cucumber plantation covered with biodegradable, f2608-2010

pH H-0 |pH KCI EC
Treatment Bl Bl [uS- e N-NH4| N-NOg3 P K Mg Ca
2008
Before planting 7.17 6.35 620.0 11.8 70.1 62.1 73.6 140.3 1734
Control 7.27 6.52 323.0 0.4 9.5 7.5 59.8 934 2249
PLA 7.52 6.66 186.5 1.1 6.6 6.6 82.6 96.p 1773
2009
Before planting 6.29 5.82 421.3 30.0 91.0 48.9 95 128 1097
Control 6.87 6.02 232.7 17 17.3 35.2 115 104 1313
PLA 6.90 5.96 87.6 1.6 9.5 31.8 69 147 1262
Bionolle 6.93 6.01 91.5 2.8 10.5 36.4 71 124 1167
2010
Before planting 7.02 6.13 67.3 0.76 6.90 40.5 86.0 116.0 1075
Control 7.19 6.15 182.0 1.39 4.80 314 833 129.8 1171
PLA 7.28 5.88 91.0 0.84] 9.00 39.5 89.2 137.0 12p4
Bionolle 7.18 6.02 110.0 0.91 6.5(Q 36.3 94.6 125%.01027

The most probable explanation of these resulthas better plant growth and higher
plant biomass in places where moisture and temyreratere most favourable (data not
presented) resulted in higher nutrient uptake. béeefits of polyethylene mulch to crop
production are well documented and include greaistr growth and nutrient uptake [11].

The results of the soil chemical analysis demotestréhe low impact of treatments on
macro- and microelement concentration measured #fteato and cucumber harvesting.
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Mulching is known to contribute to augmenting malenutrient availability to enhance
nitrification. Mulching creates better biologicattiwates and thus has a consequent
beneficial effect on soil fertility [11]. In our wily, NH,-N concentration in tomato soils
after harvest ranged from 1.02 to 3.1 mg N for Rhé\ treatment and from 0.4-1.9 mg N
for the bare soils. Nitrate concentration variedween 2.2-6.6 mg NN for the PLA
treatment and 1.5-9.5 mg N for the control soilal{fE 6). In 2008-2009, the cucumber
plantation soil with PLA and Bionolle treatmentsdha slightly elevated NHN
concentration and lowered N®! content (Table 7). An inverse effect of this vedoserved

in the extremely wet 2010.

Table 8
Micronutrient and heavy metals content [mgy* d.m. of soil] in soil from the tomato plantatioovered with
biodegradable films, 2008-2010

Treatment | zn | Cu | Mn | Fe | B | cd | Pb [ Cr | Ni
2008
Before planting 57.2 5.88 276.5 2428 1.84 1.06 33.4 1.38 2.97
Control 48.5 5.92 221.8 2347 1.33 0.8y 249 1.15 193.
PLA 42.6 4.20 183.2 2356 1.00 0.74 17.9 0.88 3.12
2009
Before planting 42.3 5.81 182 1844 1.47 0.92 25.2 1.34 2.73
Control 51.3 5.33 161 1739 2.10 0.9¢ 29.6 1.30 2.61
PLA 48.4 5.67 182 1846 2.57 0.97 30.4 1.43 2.82
2010
Before planting 83.2 6.81 170.3 1467 2.67 3.53 36.5 1.04 1.96
Control 74.8 7.80 196.5 1768 2.77 1.06 346 1.24 242,
PLA 66.9 8.45 195.9 1751 2.65 1.0 33.8 1.32 2.80
Table 9

Micronutrient and heavy metals content [mgj™ d.m. of soil] in soil from the cucumber plantaticovered with
biodegradable films, 2009-2011

Treatment | Zn | Cu | Mn | Fe | B | & | Pob [ Cr [ Ni
2008
Before planting 47.8 512 2474 2250 154 0.87 272 1.10 3.09
Control 48.5 5.92 221.8 2347 1.33 0.87 249 1.15 193.
PLA 42.6 4.20 183.2 2356 1.00 0.74 17.9 0.88 3.12
2009
Before planting 42.6 5.83 184 1841 144 0.89 24.9 1.32 2.75
Control 54.5 7.39 233 1878 2.38 1.03 324 1.33 2.82
PLA 61.4 6.70 230 2042 1.81 1.07 33.2 1.4p 3.10
Bionolle 51.2 5.94 204 1984 1.64 1.07 31.4 1.38 92.8
2010
Before planting 46.2 5.27 162.5 1459 1.63 0.98 271 1.22 2.66
Control 46.5 6.28 159.5 1520 1.53 0.99 265 1.20 602.
PLA 47.0 5.75 138.5 1450 1.36 1.0d 27.2 1.13 2.76
Bionolle 50.7 6.29 170.2 1619 1.58 0.97 28.6 125 .872

In both tomato and cucumber cropping seasons, jglawvgring did not affect heavy
metal concentration in soils (Tables 8 and 9). Lak[47] studied the effect of plastic
mulching on copper and zinc bioavailability in @@l in Chinese cabbage. Results showed
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that the mulched field had lower soil pH and,$Q@ontents; however, this did not have
a significant effect on the distribution and tramsition of Cu, while it did affect Zn.

Conclusions

There is an increasing interest in the use of didi® plastic mulching for protected
cultivation. Determining the effects of biodegraldalsynthetic polymer mulch in crop
production with regards to microclimate modificatiqphysical, chemical and biological
properties of soil, weed control and pest and disgaanagement requires many studies.
Little is known about how biofilm covering affegiysical and chemical soil parameters,
however soil quality has been of increasing conaerecent years.

The soils in our study had high clay content, reutr slight alkaline pH, and a high
level of available Ca and Mg concentration. Theseameters guaranteed a very good soil
structure (wet-stable). The obtained results gdiyeshowed that biofilm covering with
PLA increased the amount of large aggregates atibased the percentage of the smallest
size aggregates in soils in tomato and cucumbegmping, though only in 2009. In the wet
year 2010, the inverse effect was observed. Thendli® treatment in the cucumber
plantation also increased large aggregates in »o@® and 2010. During wet conditions,
mulching increased bulk soil density and decreassdwater capacity in the cucumber
field.

It should be emphasised that the obtained result® wery dependent on weather
conditions. This study only addressed arable sily soil managed conventionally using
typical crop rotation, tillage machinery and levefssehicular traffic. We observed a slight
tendency to encourage some physical soil parametdéts biofilm treatments. The
investigation should be carry out in different sodnd climatic conditions. As stated
elsewhere, individual soils may differ significanih behaviour from typical values and
trends.
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WPLYW MULCZOWANIA Z WYKORZYSTANIEM
WELOKNIN BIODEGRADOWALYCH NA JAKO SC GLEBY
W UPRAWIE WARZYW CIEPLOLUBNYCH

! ZaktadZywienia Ralin, Instytut Biologii Rdlin i Biotechnologii, ZaktadZywienia Ralin
Wydziat Biotechnologii i Ogrodnictwa, UniwersytebRiczy w Krakowie
2 Katedra Warzywnictwa i Rtin Zielarskich, Wydziat Biotechnologii i Ogrodniga
Uniwersytet Rolniczy w Krakowie

Abstrakt: Mulcze z tworzyw sztucznych tway4izyczrg barieg dla parowania wody, pozwalagachowa dobg
struktug gleby, kontrowa zachwaszczenie oraz chrgmosliny przed zanieczyszczeniami glebowymi. Usuwanie
i unieszkodliwianie po zbiorach odpadéw z tworzywtusznych nienadagych si¢ do recyklingu

i niepodlegajcych degradacji jest trudne i kosztowne. W ostatiatach stosowanie alternatywnych widknin
biodegradowalnych jako mulczy lub okrw uprawie rélin cieszy s coraz wegkszym zainteresowaniem. Praca
jest prezentagj wynikdw dotycacych wihaciwosci fizycznych i chemicznych gleb mulczowanych
biodegradowalnymi wtékninami. W badaniach ocenianoany niektorych fizycznych wdaiwosci gleby, takich
jak: gestas¢ objetosciowa, pojemné&t wodna i wodoodporrid agregatow glebowych po uprawie pomidora
i ogodrka. Do $ciotkowania gleby wykorzystano wiokrinPLA (polilaktyd) i Bionolle (poliester butylenu,
alifatycznego glikolu, kwasu bursztynowego i adypiego). Chemiczne wdaiwosci gleby oceniano, oznacaaj

w nich odczyn, stenie soli, zawart® wegla organicznego, dagine dla rélin sktadniki pokarmowe oraz
zawartd¢ metali cizkich. Okrywanie powierzchni gleby wtokninami z pokréw biodegradowalnych wplyio
korzystnie na struktgrgleby. Biowtdkniny PLA i Bionolle zwikszaly ilas¢ makroagregatéw wodoodpornych,
a zmniejszaly odsetek najmniejszych agregatéw Wiglgednak obserwowane zmiany byly silnie modyfikoe
poprzez warunki atmosferyczne w poszczegéinyclehapmowadzenia badaW bardzo mokrym roku okrywanie
gleby zwikszalo jej gstas¢ objetosciowa oraz zmniejszalo pojem#éd wodny. Mulczowanie gleby z ayciem
biodegradowalnych wiéknin nie wpltywalo znaca na zawart@ sktadnikéw pokarmowych i metali ggkich

w glebie. Obserwowano nieznaczny spadek EC w ghepadsciotkami w poréwnaniu do gleby nieokrywanej.

Stowa kluczowe:biowtokniny, gstas¢ objetosciowa, agregaty wodoodporne, materia organicznamighar,
ogorek
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ENVIRONMENTAL EFFECTS OF TANNERY WASTE
INCINERATION IN A TUNNEL FURNACE SYSTEM

EFEKTY SRODOWISKOWE PROCESU SPALANIA ODPADOW
GARBARSKICH W PIECU TUNELOWYM

Abstract: Processes applied commonly in the leather taninithgstry pose a serious impact on the environment.
Leather processing requires a substantial inpenefgy, water and chemicals. Moreover, it genemsitggficant
amounts of liquid and solid waste. Processing bfglraw hides gives up to 600-700 kg waste, the idenable
amounts of which are solid tannery waste generdtathg or after the proper tanning process. Suchteva
contains chromium compounds, which are commonly asetanning agents. Utilization of solid tannepste is
a severe problem for tanneries, the main methodleappractically is landfilling. Solid tannery wasexhibits
a relatively high heating value (approx. 12-14 MJ/kbut also a considerable water content (for stypes of
waste up to 40-50%) as well as a chromium contatthing approx. 3%. Incineration of such wastessible, it
requires maintaining the proper process conditioneder to minimize the negative impact on theiemment,
however. The research was carried out using atypedunnel furnace designed especially for s@ithery waste
incineration. The article presents a brief overvighthe experimental installation and the reseamhditions as
well as environmental effects of the process in dbpect of flue-gas composition, energy and makEnta
regarding particularly the chromium content in ginecess residues. As the research revealed, bigtiteprocess
conditions setting it is possible to obtain chrom{ll) oxide in the ash, which can be used as amlum ore
substitute in the chemical or metallurgical indwstr

Keywords: tannery waste, tunnel furnace, waste incinerattbromium(lil) oxide

Introduction

Processing of raw hides into leather is one ofdldest and most important industrial
activity in the history of the mankind. It can beramarized as the conversion of raw hides
or skins, which are prone to natural decay prossse the stable and durable material,
namely the leather [1]. Further on, the leather mamsed for manufacturing a wide range
of products. Through the ages the technology ofitepwas changing, especially in the
aspect of tanning agents which varied form urinenadural substances extracted from
plants. The currently applied technology is baspdnuthe process developed in thé"19
century, in which chromium(lll) salts are used las tanning agents. Nowadays more than
90% tanneries worldwide apply chromium salts durthg tanning process [1]. This
technology allows to produce products of high dualt brings about a severe burden for
the environment, however. The leather productiajuires a significant input of energy,
process water and chemicals. There is a huge anosdw@ngerous by-products generated
as well, including wastewater (with high COD andrianic salts concentration), solid
waste and odours [1, 2]. Figure 1 presents thetfoptput overview of the process.

In recent years many developments have been peskent aspect of tannery
wastewater treatment, including biological oxidatiomnembrane processes and others [3].

! Department of Technical Infrastructure and Eco-o@Engineering, Institute of Agricultural Enginewgiand
Computer Science, University of Agriculture in Keak ul. Balicka 116b, 30-149 Krakéw, Poland,
phone +48 12 662 46 58, fax +48 12 662 46 60, estaihislaw.famielec@ur.krakow.pl
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One of the main problem for tanneries is the pregmdid waste management, however. As
presented in Figure 1, processing of 1 Mg rawhieleegates up to 730 kg of solid waste.
There are different types of such waste, depengimtihe operations, during which waste is
generated. In many cases the only technology apjidie waste treatment is landfilling,
which has a negative impact on the environmer]/1,

INPUT ouUTPUT
Chemicals 5| o Leather
~ 500 kg 200 -250 kg
COD 230-250kg
BOD ~100 kg
‘Water = ‘Water ss ~150kg
15 — 50m?* 15-50m? Chrome S—6kg
Sulphide ~10kg
Rawhide | Untaoned  Trmmimgs  ~120kg
1 Mg Fleshings ~70—-350kg
=2 Tamned Splits, ~225kg
Sulid Shavings,
waste Trimmings
~450—730 k,
| Dyed / Dust: ~2kg
Finished
Tnmmings ~30
Energy ke
93-42GJ | < Sludge from (~40%dry ~500kg
treatment matter content)
=D Air Orpanic
~4kg solvents

Fig. 1. Input/output overview for a conventionataime-tanning process for bovine salted hides pdgbf raw
hide processed [4]

The main aim of this work was to present the tetdmo of solid tannery waste
incineration developed in cooperation with Faculty Chemical Engineering and
Technology, Krakow University of Technology, as has to discuss the results of pilot
tests and the environmental effects of the process.

Tannery waste

Types of tannery waste

The production of leather involves many single agiens. The most important one is
the proper tanning during which tanning agent commgs crosslink collagen fibres of
hides. It assures the biological stability of theaf product. In the group of operation prior
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to the proper tanning (knows as beamhouse opesattbere are generated such types of
waste as hide trimmings (unused pieces of hided)¥lashings (rest of the tissues scrapped
mechanically off). They are biologically unstabledgprone to decay processes. The types
of waste generated during the operations condwdftedthe proper tanning, namely leather
trimmings, splits, shavings and dust, are of theeshiological stability as the leather itself,
as they contain the same chromium compounds in ive@r structure. Solid waste comes
also form wastewater sludge [1, 2, 4, 5].

Amounts o tannery waste

As the FAO statistics reveal [6], the worldwide aahproduction of bovine hides and
skins amounts to about 6 million Mg (wet salted git) - see Table 1. Sheepskins,
lambskins, goatskins and kidskins are processed®@ thousand Mg (dry weight). It
means that, roughly calculating, about 3.5-4.0ianlMg solid waste is generated annually.
In Poland the production of bovine hides in recgsdrs is stable and amounts to approx.
28 thousand Mg. Other sources give information lsn amounts of leather produced in
Poland - in years 2012 and 2013 it was 14.4 and th®usand Mg, respectively [7]. Based
upon these values the amounts of solid tanneryengesterated annually in Poland can be
estimated giving not less than 15 thousand Mg waste

Table 1
Production of bovine hides and skins (wet salte@jtgthousand Mg]) [6]
2001-2003 2007 2010 2011 2012 2013 2014
average (prel.)
World 5934.0 6 777.0 6 416.5 6 390.2 6 400.8 64674 6617.1
Europe 1149.0 1030.2 1012.1 989.1 959.1 9655  7.797
EU (27) 668.7 702.2 700.6 699.2 670.3 668.2 669.3
Poland 30.7 24.6 26.6 33.8 28.3 28.2 28.3

" EU (15)

Characteristics of tannery waste

Tannery wastes consist mostly of organic mattelichvindicates that its incineration
is feasible. Table 2 presents the characterisfitarmery waste which is of importance in
the aspect thermal treatment.

Table 2
Characteristics of tannery waste [5, 8]
Lower Water Combustion | Total organic substances content
Types of waste heating value| content | residue - ash in dry matter
[kd/kg] [Yow/w] [Yow/w] [Yow/w]
Hide trimmings 7 753 59.9 4.7 86.9
Untanned——rc hings 8952 595 4.6 91.4
Shavings 6 663 53.6 7.8 87.5
Tanned| Buffing dust 16 953 14.3 6.2 87.4
Leather trimmings 19 772 10.2 4.7 87.7
Sludge 716 54.7 24.3 65.5
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Worth noticing are: relatively high heating valusmall amounts of inorganic matter
(apart from sludge), as well as high water contats in cases of some waste types, which
implies the necessity of waste drying prior to theineration process. The tanned waste
(trimmings, shavings, dust) contains approx. 3-4#@mium, which comes from the proper
tanning operation [1, 8].

Experimental
Theinstallation

In [8] the concept of tannery waste incineratiorsvaescribed. The idea was to use
a tunnel furnace system to enable the drying oftevasthe first zone and assure proper
conditions of combustion. In order to carry oute@sh an experimental installation was
built. In a tunnel furnace it is possible to maintthermal conditions which continuously
change along the length of the tunnel. It enablestaal division of the tunnel into a few
sections, in which successive processes take pleaste drying, volatilization of organic
matter and combustion.

The system was manufactured by Firma Czylok, Poldig tunnel is approx. 7 m
long. The waste is put in special containers wittrfgrated bottoms (to allow air
circulation), which are transmitted through therteihby a roller system. Preheating and
maintaining the temperature during the processossiple due to the three sections of
electric heaters. The nominal power of the totatesy is 78 kW. The system is equipped
with temperature, pressure and oxygen sensorshvgie information about temperature
at several points of the system, pressure at ttraree and in the combustion section, as
well as oxygen concentration in the flue gas. Thattexchanger enables cooling the flue
gas, which eventually goes out through a chimneypged with measurements inlets for
flue gas analyzers. The detailed information onsystem can be found in [7].

Flue gas analysing

In order to measure the concentration of contantinam the flue gas following

instruments were applied:

e AWE-PW analyzer (producer, ZAM Kety sp. z o.oqlahd) for analysis of VOC
concentration in the flue gas;

e Ecom-Sg Plus analyzer (producer: rbr ComputerikchcmbH, Germany) for
measurements of SONO, NG, and CO in the flue gas;

e P-10ZA analyzer (producer, ZAM Kety sp. z o.oaldd) for the determination of
flue-ash concentration in the flue gas.

Process conditions

There is a wide range of process conditions sedtimdnich vary depending on types
and amounts of waste processed, amounts of pratesemperatures in the successive
zones of the tunnel, process air temperature, iglo€ transmitting containers with waste
along the tunnel, etc. For the purpose of the afirthis work such parameters were set
which enable the stable and controllable work efitistallation. It was possible due to long
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period of initial tests which helped the staff &ain how the process varies depending on
changes of the input parameters.

The incinerated waste was: leather trimmings, stgsviand buffing dust, mixed
together, in a weight ratio of 2:2:1. The averagatimg value of the mixture was approx.
13 900 kJ/kg, the average water content - appr8% 2v/w. Each container consisted
3 kg (+0.1 kg) of the waste mixture. In one senégxperiment about 27-30 containers of
waste were submitted to the process (approx. 8ke)0 The waste flow was 15 kg/h
(5 containers in an hour), which gives 12 min afdiinterval between the introduction of
successive containers. The temperature of the gteth@rocess air was 350°C. The air was
introduced right after the entrance door of thenainThe temperature in the combustion
section was set at 875°C in order to exceed 850%@ minimum temperature of waste
incineration allowed by EU regulations [9]. Theraduction of containers started when the
temperature in the combustion section approaché®@5The total time of container
transmission through the tunnel was 1 h 45 min. {Elneperatures, pressures, and oxygen
content in the flue gas were recorded.

Results

As the result of the process the waste was indieérd he residues were flue gas and
ash. After the initial time of stabilizing the tesrature in the tunnel it reached the level of
860-870°C in the combustion section of the tuniibéle temperature changes along the
tunnel are periodic and correspond to the intradacnd ignition of successive portions of
waste.

Process balancing

In order to describe environmental effects the gynérput/output ratio as well as mass
fluxes have to be known. The balance was calculfzted hour of incineration process in
the most stable conditions which could be obtaihatihg the experiment.

Mass balance

To calculate the input mass fluxes the waste abasgehe process air were taken into
consideration. The average composition of tanneagt& as given in [2, 10] enabled to
calculate the fluxes of C, N, O, S, H and inorgardmpounds in the waste. The mass flux
of air was calculated thanks to indications of woéuflux measurements enabled by the
measurement equipments installed in the experirhmtael furnace system.

To calculate the output mass fluxes, the ash amd flile gas were taken into
consideration. According to ash analysis the dty esntains 56.4% w/w chromium [5].
This allows to establish the mass flux of chromiumthe output. The mass fluxes of flue
gas components were either calculated based anghemass fluxes (nitrogen mass flux),
combustion stechiometry (carbon dioxide and watassrfluxes) or analyzes carried out
during the process (oxygen and contaminants maged). The average concentration of
contaminants is shown in Table 3. The details encdculating procedure are presented in
[5]. The mass balance of the tannery waste inciimergrocess are presented in Table 4.
There is a slight difference in input and outputuea which undoubtfully is related to
measurements errors and is negligible.
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Table 3
Concentrationsand mass fluxes of measured contaminants in tieegfhs
Average
Contaminant concentrgtion Mass flux
[mg/m? [o/h]
VOC 10.7 2.53
Flue-ash 69.5 16.4
SO 753.2 178.1
NOy 502.1 118.7
CcO 296.4 70.1
Sum 385.8
" in the process conditions, without reference angardized oxygen concentration in the flue gas
Table 4
Mass balance of the tannery waste incinerationga®{kg/h]
Input Output
1. Waste 15.0 1. Ash 1.10
« Water 4.20 e Chromium in ash 0.62
» Carbon 5.08 2. Flue gas 302.0
« Nitrogen 1.51 « Nitrogen 218.5
« Sulphur 0.10 » Carbon dioxide 18.6
* Hydrogen 0.65 « Water 12.85
« Mineral content 1.08 * Oxygen 51.7
* Chromium 0.59 « Contaminants 0.39
2. Combustion air mass flux 287.7
* Water 2.8
« Nitrogen 218.5
* Oxygen 66.4
Sum 302.7 303.1

Energy balance

The energy fluxes which enter the system are: ctanenergy of the waste and
electrical energy required by the installation taimtain the appropriate temperature in the
combustion section and to drive rollers, fans atlteiosystem elements. To assess the
output fluxes the energy exchanged in the heatamgdr as well as energy losses in the
flue-gas and in form of heat radiation have todkeh into consideration.

Electrical energy consumption and the energy flkchanged in the heat exchanger are
recorder by the installation controller. The enefigix which enters the system with the
waste (chemical energy) was calculated on the hafsiseating value. The values are
presented in the Table 5. It has to be emphasisaddue to the technical limitations
(necessity to use electrical heaters instead degalele gas burners, inability to increase
heat recovery rate in a given heat exchange systemgfficiency rate is low (21%). The
calculations were presented here in order to dieedomplete overview of the process.
They show that more than 100 kW is lost or pagtiaicumulated in the furnace walls. The
low efficiency rate is an important indication fibve further upgrading of the system into
the full-scale.
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Table 5
Energy fluxes input/output overview
Value
Flux type
[kw]
Input
Chemical energy flux (in waste) 57.9
Electrical energy flux 74.0
Sum 131.9
Output
Exchanged heat flux | 28.0

Environmental effects of the process

To describe the impact of the tannery waste inaith@n process on the environment
one important aspect has to be take into accoamety the comparison of the presented
treatment method with the one applied so far. Thetevused in the research were bound to
be landfilled as landfilling is the most commonlypéied treatment method for such waste
in Poland [1].

Tannery waste landfilling requires minimal energgut as the disposal yards are most
commonly located on the sites of tanning facilities most cases, there are no or little
safety measures to protect the sites from emittidgstances into ground waters (leaching
through atmospheric fall) or atmosphere (odoursst demissions). The main risk is
connected with probability of chromium extractionrh waste into environment, especially
through leaching. Solubility of chromium(lll) compads, which predominate in tanned
leather and leather waste, is very slight, buk gtissible. The pH is of importance - in the
slightly basic conditions a redox reactions mayetakace, giving as a result much more
soluble chromium(VI) compounds. Furthermore, orgamatter originated form hide
material processing is effective in forming solublganic Cr(lll) complexes [11, 12]. In
case of uncontrolled chromium extraction from wastéor 1l class surface waters for each
single Mg waste approx. 1am* water may become polluted (meaning the chromium
concentration exceed 0.05 mg/ifh3]). For this rough calculations the extractiate on
the level of 3-5% was assumed. The environmenfatebf tannery waste landfilling is
therefore definitely negative, unless precautioasehbeen taken to ensure the proper
bottom and cover sealing of the landfill site.

The presented incineration method for tannery walstgment affects the environment
mainly in two fields. The first effect comes format fact that the technology generates
waste itself, namely the flue-gas and the ash. Betidues contains contaminants which
may affect negatively the environment.

In case of the ash it is noticeable that this tesidmounts to less than 1/10 of the
waste input mass and that it consist mostly of mhwen(lll) compounds. As the
preliminary tests reveals [5, 8], the process teatpee is too low for the chromium
oxidation to take place, so nearly all chromiumtle ash is the chromium(lll). With
relatively simple means it is possible not onlyctillect the ash in an environmental safe
way, but also to reuse the ash in such applicatiadsch require high chromium(lll)
concentration. It could be the chemical industrso@uction of sodium chromate(VI), the



448 Stanistaw Famielec

basic chromium substrate for a wide range of imihlgtrocesses) or metallurgy (the ash as
a substitute of chromite ore for stainless steedipction).

The emission to atmosphere includes carbon dioaitte contaminants. The analyzes
of the basic gaseous contaminants show that teexeéed for the flue gas cleaning system
to be installed in the case of implementing thénbetogy to industrial applications. This
means additional costs and also waste generat@tydbe flue gas cleaning (collected ash,
absorbed sulphur compounds, etc.).

The second aspect of the process contributing tenvironmental impact is the energy
consumption. As the rough calculations show thegnaptake is too high in comparison
to the energy reused. The low heat exchange i&t&, df gas burners (instead electrical
preheating system was applied), as well as the fmrgpd of heat accumulation in the
tunnel walls were these factors which lowered thergy efficiency of the whole system. In
the optimal case, it should be possible to regaergy from the process, which would limit
the negative environmental impact. As the experismshow, the additional energy input
(apart from the chemical energy of the waste) carsignificant and has to be taken into
consideration.

Conclusions

Without full data on costs, emissions factors ameérgy uptake the comparison
between waste incineration process in a tunnebftersystem and waste landfilling, which
in most cases takes place so far, could be onliitgtiee. Even facing the fact that the
incineration process requires some energy inputgives out emission of the substances
which are not neutral to the environment, tannedtevdandfilling seems to pose more
potential threat to the environment componentsujgdoand surface water, soil and living
organisms) than any thermal treatment technologystim due to the risk of chromium
penetration outside the waste disposal sites. &tlenblogy of tannery waste incineration
presented in this paper is an attempt to develah sweatment method which would be
implementable in industrial practise and safe te #mvironment. The research so far
proved that incineration of tanned waste is possitile tunnel system can be applied for
such a process and that the combustion is comjgeteing no or little organic matter in the
ash, which can be treated as the chromium condentraarious applications.
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EFEKTY SRODOWISKOWE PROCESU SPALANIA ODPADOW
GARBARSKICH W PIECU TUNELOWYM

Zaktad Infrastruktury Technicznej i Ekoenergetykistytut Inzynierii Rolniczej i Informatyki
Uniwersytet Rolniczy w Krakowie

Abstrakt: Stosowane powszechnie w przefeygarbarskim technologie garbowania i wyprawy skoistotnym
obciazeniem dlasrodowiska. Procesy te wymagagnacznych naktadéw energii, wody oraz chemikaliow,
powstaj rowniez duze ilosci odpaddw, zaréwno statych, jak i ciektych. Szacsi, ze podczas procesu obrobki
1 Mg skor surowych garbarnia generuje ok. 600-79@dtpadéw. Znaczna €& tych odpadéw to odpady state,
powstate podczas lub po procesie garbowanigomego, dlatego te zawieraj w swoim sktadzie zvgizki
chromu, stosowane powszechnie jako garbnik. Un@siskianie tych odpaddéw jest dla garbarni aitive,
najczsciej @ one sktadowane na przyzaktadowych sktadowiskatdle Sdpady garbarskie charakteryzsje
stosunkowo wysak wartccia opatows (ok. 12-14 MJ/kg), ale feznaczim zawartdcia wilgoci (dla niektérych
rodzajow odpaddéw nawet do 40-50%) oraz udziateroror wynoszcym ok. 3%. Unieszkodliwianie tych
odpaddw poprzez ich spalanie jestziwe, wymaga jednak zachowania odpowiednich warunkdowadzenia
procesu, by nie stwargaagraenia dlasrodowiska. Badania prowadzono z wykorzystaniemagbypbwego pieca
tunelowego zaprojektowanego do prowadzenia prot¢esuicznego unieszkodliwiania odpadéw garbarskich.
W artykule przedstawiono kratkcharakterystyk instalacii, przebieg badaoraz efektysrodowiskowe procesu
spalania odpadéw garbarskich w aspekcie sktaduwgaamiiotowych, bilansu energetycznego oraz bilansu
masowego dla procesu ze szczegblinym ugdzgéniem zawartei chromu w pozostadgiach poprocesowych.
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Jak wykazaly badania, przy odpowiednim doborzerpetedw procesu chrom wygtuje w popiotach w postaci
tlenku chromu(lll), maliwe jest wic ich wykorzystanie jako substytutu rud chromowyeh procesach
chemicznych czy metalurgicznych.

Stowa kluczowe:odpady garbarskie, piec tunelowy, spalanie odpatdének chromu(lll)
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EFFECT OF AGEING ON THE STRUCTURE
AND THERMAL PROPERTIES OF POLYMER COMPOSITES
WITH CARDBOARD FIBER

WPLYW STARZENIA NA STRUKTUR E | WLA SCIWO SCI TERMICZNE
KOMPOZYTOW POLIMEROWYCH Z WLOKNEM TEKTUROWYM

Abstract: In this work the results of investigations of timet properties and structure PE-HD with addition of
cardboard fibre before and after UV radiation ageirre presented. In this work composites with eonof 1, 3,
5% of cardboard fibre in relation to the polyetmgehave been produced. The investigations forrifieeince of
the fillers on the properties of prepared compestiefore and after ultraviolet radiation ageing ehdneen
conducted. Investigations of crystallinity degrege means of DSC method as well as investigationshef
structure using optical microscope have been cdeducThe DSC investigations prove the decreasenén
crystallinity degree of PE-HD during addition ofrdhoard fibre and increase for the samples afteaviblet
radiation ageing. While increasing the amount oflbeard fibre in the composite the Vicat softerniegperature
and absorptivity of water decreases for the saniésre ultraviolet radiation ageing.

—

Keywords: composites, thermal properties, cardboard filiractire, ultraviolet radiation ageing, recycling

In recent years, in various industries, polymer posites are in demand as a group of
materials with interesting, sometimes very specpioperties. Properties of polymer
composites depend on structural factors of therpetyand the conditions of use. Structural
factors include: molecular weight, chemical struetwf the macromolecules chain
constitution, crystallinity, molecular orientationand the presence of additional
components. However, among the conditions of ytilitan be distinguished: temperature,
time loading, pressure, type of deformation, e1c9]. Modification of polymers is very
important, as to obtain the best properties of inedified polymer. Polymers can be
modified by introducing various kinds of polymer difters, fillers or stabilizers. There are
three methods of modification: physical, chemicadl hysicochemical. Modification of
natural polymers include changing their structune tb the forced orientation, mixing the
polymer with modifiers, polymer complex formatiaanging the degree of dispersion and
the construction of supramolecular individual plsasganging the structure and nature of
the interactions in the interfacial zones. The atlvge of physical modification is a chance
to fast implementation of research results and ahiity to carry it as a part of the
production process, which allows you to adjust sdme extent - their characteristics to the
requirements of customers. To obtain composited Wigh homogeneity and necessary
properties depends on the mixing conditions and sigbghemical properties,
thermodynamic and rheological characteristics efdfarting polymer [4, 5]. The aim of the
research was to determine the effect of UV aginghmnthermal, utility properties and
structure of the composite produced by using pbijene (PE-HD) and fiber cardboard.
The choice of fiber cardboard as a filler is justf by the possibility of changing specific

! Czestochowa University of Technology, al. Armii ajowej 21, 42-201 Gstochowa, Poland,
phone +48 34 325 05 34, fax +48 34 325 05 55, emgadtowski@ipp.pcz.pl
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properties of PE-HD for specific applications, fecycled paperboard and reduce the cost
of developing a new polymer material.

Materials, apparatus and methods

Polyethylene PE-HD, produced by “CHEMO PETROL, acgirdboard and fiber with
an irregular shape and length of 1-2 mm obtainednfthe packaging by mechanical
fragmentation, have been used for study. The drgiogess of cardboard fibers has been
carried in the dryer Zelmet with heat chamber K@/200 at 80°C for 12 hours. In order to
obtain composite, polymer was blended mechaniaaitia fiber carton. Then plasticized
and extruded in injection molding machine KraussffdakKM65 - 160C, using the
following parameters: rotational speed of the scr@80 mm/s; each barrel zone
temperatureT,; = 180°C,T, = 190°C,T; = 200°C,T, = 210°C; die temperatuiie = 220°C.
Follow this method, composites were prepared witie tfollowing composition:
PE-HD + 1 wt.% fiber cardboard, PE-HD + 3 wt.% fibmardboard, PE-HD + 5% by
weight fiber cardboard. Samples for testing of PB-&hd composites made by injection
molding were made on injection molding machine KRF&JMAFFEI KM65 - 160C1. The
parameters of the injection molding, which wereaat®#d at the optimal values of the
characteristics were as follows: maximum permissfiressure in the plasticizing 60 MPa,
injection time 0.7 s, the contact pressure 30 Miéding time 30 s, cooling time 20 s,
dosage time 6.8 s, mold closing force 650 kN, mtchperature 50°C, barrel zone
temperaturest; = 160°C,t, = 170°C,t; = 180°C,t, = 195°C, die temperatute = 205°C.
Samples for testing of composites with differentcpatage compositions were prepared
with the same parameters of the injection. Difféiedrscanning calorimetry studies were
performed using a scanning microcalorimeter type20@ NETZSCH 200. DSC curves
were recorded during the heating rate of 10°C/mia femperature range from 20 to 190°C.
Preparations for DSC test were cut perpendiculah¢odirection of flow of the samples
obtained by injection molding. To determine the réegof crystallinity, the software PC
200 NETZSCH was used. This program allows exanonatif the course of melting of the
sample at a given temperature range and the ddisignaf the area between the
thermographic curve and the base line on the oecoer of reflexes endothermic. Indium
was used as the pattern, sample weight was ranged/fto 10 mg.

The samples were weighed by scale, produced by ®RUS company, with an
accuracy of 0.01 mg, and internal calibration andasurement enclosed space. The
structure was observed under an optical microsddigen Eclipse E 200. Test samples
were applied to a thickness of 20 microns whicheaast by microtome Thermo Electron
Corporation of core samples used for DSC studiestefnination of Vicat softening
temperature brought by a device HAAKE. The studyater absorption was carried out
for samples weighing from 0.8 to 2.5 g in accor@awith applicable standards. The ageing
process was performed in a test chamber using aatéVtube high-pressure mercury
discharge lamp. Time of the ageing process in thember calculated assuming the
literature data 1000 kWh/mas the power of global solar radiation during ylear and
amounted to 223 hours, which using a discharge Maitipspecified capacity equivalent to
4 years of solar radiation.
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Results and discussion

In Figures 1-3 is shown a DSC thermogram of polyjetile and composites with
cardboard fiber before and after UV ageing. Tabdairhmarizes the sizes of determined on
the basis registered thermography DSC curves. Aeploylene sample by subjecting the
radiation, the energy absorbed by the polymer vdeereased. The lowest values of the
melting enthalpy obtained after the process ofataati.
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Fig. 1. DSC thermograms of polyethylene: a) befbjafter UV ageing
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Fig. 2. DSC thermograms of polyethylene + 1% ofibaard fibers: a) before, b) after UV ageing

In proportion to changes in the enthalpy of fusistart and stop temperature of
convertion agent were changing. As a result ofexthjg the reflexes of ageing has been
narrowed and shifted to higher temperature rangea Aesult of subjecting the composite
polyethylene of 1% cardboard fiber ageing, the gyeabsorbed by the sample is
increasing. As a result of the ageing processxefidnas been narrowed and shifted to the
higher temperature range, and the value of theegegfr crystallinity increased (Fig. 2). For
polyethylene with 3 and 5% of fiber carding aftgeang showed an increase of enthalpy of
fusion. The average value of the crystalline mgltpoint has increased and reflexes has



454 Adam Gnatowski

narrowed (Fig. 3). From the analysis of the stuglyOSC shows a significant effect of

ageing UV rays on the thermal properties of polylethe and cardboard fiber composites.
In the case of test materials, the method of pedjwar and thermal history of the samples
affect to the mobility of macromolecular segmemisgleation, growth and orientation of

the crystallites.
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Fig. 3. DSC thermograms of polyethylene +5% of basatd fibers: a) before, b) after UV ageing

Table 1
The results of DSC tests

Composition of the The degree . o The melting point of max.
sample of crystallinity [%] Melting range [*C] reflexes [°C]
PE 64.5 125.4-143.5 134.6
PE + 1%
cardboard fibers 67.1 129.2-143.6 136.4
0,
PE + 3% cardboard 52.4 125.4-144.5 137.2
fibers
PE + S%cardboard 49.6 127.3-143.8 137
fibers
PE aged 61.9 128.2-142.4 135
PE + 1% cardboard
fibers aged 61.1 128.6-142.6 136
PE + 3% cardboard 60.4 128.3-145.2 134.8
fibers aged
PE + 5% cardboard 58.8 127-145.2 138.8
fibers aged

In studies on the structure of the polyethyleneoptical microscope after ageing the
growth of crystalline structure was found. There alearly visible shapes of spherulites
with large dimensions. The structure is more vesiéohd organized (Fig. 4).

Based on the analysis of the DSC thermograms rededlanges in the melting range
of the crystalline phase, the temperature at whightallization takes place at a maximum
rate and the crystallization start temperatures Tiiection of changes reflects the capacity
of the crystallization of polyethylene in the comsfie, which also affects to higher degree
of crystallinity UV aged composite. A small amowritfiber carding, its specific shape and
arrangement along the direction of flow may affébe increase in the degree of
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crystallinity (Table 1, Fig. 5). It follows to higih probability of intermolecular interactions
in the polymer, leading to the creation of centefsrystallization upon cooling of the
composite PE + 1% fiber.

; -3y ¢
Fig. 6. Structure observed under an optical mi@pscat a magnification of 400x: a) PE/5% cardbddvelr,
b) PE/5% cardboard fiber after UV ageing

- SV e - L

The results of DSC tests show a decrease in theeeled crystallinity for composites
with fiber 3 and 5%, which alters the performandecomposites. The reason for the
decrease in the degree of crystallinity may be ghmanthe structure system: the fiber
orientation along the direction of the polymer flinvthe injection mold cavity, however,
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small disturbances at 3% of the fiber board and the entanglement of fibers together in
the fiber content of 5% (Fig. 6).

The study shows that with increasing filler contenthe composite increases the value
of Vicat softening temperature. The same increasteinperature followed by a sample
after ageing. In the case of samples with the saonéent of the filler, the softening point
was lower after aging. The higher the filler contenin the composite, the greater is the
water absorption (Table 2).

Table 2
The results of Vicat softening temperature and mealbsorption tests
Composition of the sample Vicat softening temperate [°C] Water absorption [%]
PE 115 0.01
PE + 1%
cardboard fibers 116 0.02
PE + 3% cardboard fibers 117 0.11
PE + 5%cardboard fibers 118 0.13
PE aged 113 0.01
PE + 1% cardboard fibers aged 114 0.01
PE + 3% cardboard fibers aged 115 0.17
PE + 5% cardboard fibers aged 115 0.25

Conclusions

On the basis of DSC tests, it was found that theest of filler fibers in the form of
a cardboard a composite of polyethylene influenites crystalline melting point. The
influence of the degree of crystallinity of thddil whose value decreases with the increase
of its content in the composite. The propertieshef polyethylene as well as a test of the
composite are significantly affected by UV ageiAdter UV ageing decreases the degree
of crystallinity, however, an increased with inged fiber content compared to the
paperboard samples instead of the aged. There signdicant changes in the structure
during the test composites under an optical miapsc At higher fiber content in the
composite cardboard are arranged in clusters, la@me is no visible direction along the
direction of the flow lines. With an increase iretfiller content, the softening temperature
increases. In the case of samples with the santertoof the filler, the softening point was
lower after ageing.
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WPLYW STARZENIA NA STRUKTUR E | WLA SCIWO SCI TERMICZNE
KOMPOZYTOW POLIMEROWYCH Z WLOKNEM TEKTUROWYM

Politechnika Cgstochowska

Abstrakt: W pracy przedstawiono wyniki balavtasciwosci termicznych oraz struktury polietylenu ozeji
gestasci i kompozytdéw polietylenu z widéknem tekturowymzpd i po procesie starzenia promieniami UV.
Zbadano stopie krystalicznéci metody DSC oraz struktgr za pomog mikroskopu optycznego viwietle
przechodzcym. Okré&lono réwniez temperatuy mieknienia wg Vicata oraz chtonédwody. Badaniom poddano
kompozyty polietylenu o zawado widkna: 1, 3 i 5%. Stwierdzono wplyw napelniaczen stopié
krystaliczndci, ktérego warté¢ maleje ze wzrostem zawastd widkna tekturowego zaréwno przed, jak i po
starzeniu promieniami UV. W przeprowadzonych baaeimi zarejestrowano asze wartéci temperatury
migknienia wg Vicata i wikszz chlonndé¢ wody dla kompozytéw polietylenu z widknem tektusow po
starzeniu promieniami UV.

Stowa kluczowe:kompozyty, wiaciwosci cieplne, wiokno tekturowe, struktura, starzepmmieniami UV,
recykling
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ASSESSMENTOF THE ANTIFUNGAL PROPERTIES
OF NETTLE EXTRACTS AGAINST Fusarium proliferatum

OCENA WA SCIWO SCI PRZECIWGRZYBOWYCH
POKRZYWY ZWYCZAJNEJ WOBEC Fusarium proliferatum

Abstract: The aim of conducted research was to determineatiiéungal properties of the leaf and nettle rot
extracts on the growth ¢fusarium proliferatum. The antagonistic properties of nettle extractg.at 5.0, 10, 20
and 40% concentrations were assayed with a duaireyplate method on PDA and Tomato media. Theigng
process was conducted at 26°C for 9 days and tiyaflinear growth was measured every 1-2 days.pbséive
control in the experiment was Topsin M 500 SC whsmegative the distilled water. The fungistatitvéiy of
nettle extracts was determined against the comjédiaination rate index, the growth rate index amal rate of
mycelial growth inhibition ofFusarium proliferatum. Obtained results shows that the nettle rot etdrahibited
the spore germination (from 7.5 to 47.3%) at alteéd concentrations and nettle leave extracts (§@1o 54.0%,
respectively) towards negative control, while stiated compared to positive control. The highesthitlon of the
linear growth of mycelium has been observed bothnfitle rot and leaf extracts on Tomato mediur8 ¢hd
11.2%, respectively) and on PDA medium (5.5 and/a3.Bespectively) at 40% concentration towards regat
control, while stimulated compared to positive coht

Keywords: stinging nettleantifungal activityFusarium proliferatum

Fusarium are ubiquitous in soil and can exist as saprophgtepathogens in plant
tissues. They belong to the most frequent pathogensing disease and losses of
agricultural crops around the world. Particulahg E. oxysporum, F. solani, F. culmorum
and F. proliferatum are causing severe damage to agriculture in prd-pmst-harvest.
Fusarium spp. belong to the most dangerous pathogens afalsertomatoes, corn,
asparagus. In addition, they have the ability tmdpce highly toxic to humans and animals
with differentiated structure mycotoxins such ashiwthecenes, zearalenone, fumonisin
[1-4]. The most important method of protecting filants against phtytopathogens is the
use of fungicides. However, many of which are tpxmon-biodegradable and have
undesirable effects on other organisms presenhénenvironment. Therefore, there is
a need to find alternative agents for the contfopathogenic fungal diseases in plants.
There is a good reason to suppose that the segomddabolites of plants have evolved to
protect them from attack by microbial pathogens, 8atural products from plants
(eg essential oils, extracts) have great potentiai@eel fungicide sources for controlling
phytopathogens in agriculture [5, 6].

Urtica dioica L. belongs to the family Uriticaceae, commonlyledlas stinging nettle,
is a perennial plant growing in temperate and talpivasteland areas around the world
[5, 7]. The different parts used include leaf, raiem, flower and modified plant organs.
Phytochemical studies revealed the presence of m#ifgyent valuable classes of organic
compounds. The compounds which are reported from tlettle are flavonoids,
phytosterols, tannins, proteins, polysaccharydessertial oil, fatty acids, volatile
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compounds, vitamins and minerals in this plant 7-For this reason Wioica has been
reported to have various activities like antioxijaimsecticide, antimirobial antiviral.
The effect of nettle extracts on microorganism haen studied by a very large number
of researches that indicate activity of the netiéxtracts against of bacteria
(eg Bacillus spp.,E. cali, S aureus, P. aeruginosa) [8, 9, 11, 12] and fungiQandida
albicans, Aspergillus flavus, Alternaria alternata, Alternaria solani, Curvularia lunata,
Botritis cinerea and Rhizoctonia solani [5, 8, 11-14]. The antifungal effects of the
phyto-extracts indicate the potential of selectddnip species as a source of natural
fungicidal material [5, 13].

The main purpose of this study was to evaluatattigungal properties of the leaf and
root extracts ofUrtica dioica on the growth and spore germination Bfisarium
proliferatum.

Materials and methods

In this study the fungistatic properties of thetlee¢xtracts at 2.5, 5.0, 10, 20 and 40%
concentrations were determined against the cogielimination, the growth rate index and
the rate of mycelial growth inhibition &fusarium proliferatum.

Conidial germination. Analysis of effect the nettle extracts on sporergeation was
performed with the modifying slide germination nadh Fungal cultures were cultivated
on PDA medium slants at 25 + 2°C for 7 days andwbi-developed fungal culture was
rinsed with 10 crhof sterile water containing 0.05% Tween 80. Mywaeliwas filtred from
sterile gazue and suspension was adjusted td cthidia/cni in hemocytemetr.
Subsequently 30 mhof nettle extracts and 30 mimof fungal spores were transfered on
1 cnt sterile, clean glass slide. Control treatmentsewsepared by substitution of nettle
extracts by Topsin M 500 SC (positive control - R@y distilled water (negative control -
NC). The slides were incubated in humid chambersijpticate at 25 + 2°C for 24 hours.
After this period the number of germinated and gemminated conidia were counted under
microscope using x200 magnification. Conidia gemation was presented as the
germination rate index [15].

Mycelium growth. The antagonistic activity of the nettle extragtye assayeih vitro
tests with a dual culture plate method using twiedént media: PDA and Tomato media.
First, on this media were inoculated with 0.5’@fthe appropriate concentrations of nettle
leaf and nettle root extracts. Next, the media weoeulated with fungal mycelial-disks
(diameter of 10 mm) obtained from growing cultuoégestedr. proliferatum strains. The
positive control in the experiment was Topsin M 580 whereas the negative one the
distilled water. The culturing process was condiige25 + 2°C for 9 days and the fungal
linear growth were measured in two directions owrheplate every 1-2 days. Each
experiment was run in four replicates, where one vegpresented by one culturing plate
with the growth medium and the mycelial disc. Théagonistic activity of this extracts on
the growth ofF. proliferatum was estimated as the growth rate index [16].

The fungistatic properties of the nettle extraetgehbeen designated on the basis of the
percentage reduction of the linear growth offheroliferatum.
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Results and discussion

The plants are the source of many important patkbibactive metabolites used in the
limiting the growth of microorganisms. Certain psextracts act in many ways on various
fungi and may be applied to the crop as agricultcin@micals.Urtica dioica may also be
leading factor in wide range of activities agaimsany phytopathogens, where these
pathogens have developed resistance against spéuifgicides [5, 8]. Therefore, the
antifungal activity extracts of nettle leaf and tleetroot of Urtica dioica on the conidia
germination and linear was evaluated toward testegroliferatum. Conducted studies
have shown differences in fungistatic activity oktracts, depending on theirs
concentrations and the stage of the fungus. Thenfiat of infectious the pathogenic fungi
largely depends on their ability to produce spotésially they make the infection of plant
organs, and less frequently the perpetrator offiis¢ stage of the disease are hyphae.
The extracts of stinging leaf and nettle root shebwiee capacity to inhibit the spore
germination and linear growth of tlke proliferatum.

The degree of fungal conidia germination was déffer depending on the kind
of extracts and also its concentrations. The result shown in Figure 1.

leave extractdd root extracts

conidia germination [%

PC NC 2.5% 5% 10% 20% 40%

Fig. 1. Influence of the nettle extracts on theidiangermination ofusarium proliferatum. PC - positive control,
NC - negative control

The value of the conidia germination was at a l@fdfom 34.15 to 19.43% when the
extracts of nettle leaves were used, and from 3#40736.95% after application of the
extracts of nettle root. However, Topsin M 500S@duas the positive control inhibit the
spore germination at the level 16.4%, while 36.9096ase of the negative control. For the
both extracts, it has been observed that withrtbeease of theirs concentrations, the higher
inhibition of the conidia germination was obtairf(&. 1).

The percentage of noted reduction of the conidiemg&tion amounted between
47.4% when applying 40% extract of nettle root &ottito 7.5% (for 2.5% root extract) and
54.1% for 40% of the nettle leaves extracts to 5(8%2.5% leaves extract) towards to the
negative control, while stimulated compared topbsitive control. However, the strongest
inhibition of the spore germination &% proliferatum was observed when Topsin M 500
SC was used.
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Moreover the antifungal activity of the leaves andttle root extracts towards
F. proliferatum cultured on 2 different media was evaluated bywhleies of the growth
rate index of the mycelium and the degree of thedr growth inhibition of fungi.

| leave extractdd root extractsl

growth rate index [-

PC NC 2.5% 5% 10% 20% 40%

Fig. 2. Influence of the nettle extracts on thewghorate index of-. proliferatum on PDA medium. The symbols
are in Figure 1

leave extractdl root extracts

growth rate index [-

PC NC 2.5% 5% 10% 20% 40%

Fig. 3. Influence of the nettle extracts on thewglorate index ofF. proliferatum on Tomato medium. The
symbols as in Figure 1

The value of the growth rate indexefproliferatum on PDA medium amounted from
53.46 to 57.31 for extracts of nettle root and fr6s39 to 57.79 for extracts of nettle
leaves. The antagonistic activity of the both eotgavere most effective on PDA medium
when the nettle root extract at 40% concentratias applied. The percentage decrease was
about 4.8% compared with the negative control.dnti@ast, the results obtained with nettle
leave extract at the same concentration was lomertlae percentage reduction was about
3.2% (Fig. 2). Similar activity of nettle extraagainstF. proliferatum were obtained on
Tomato medium, while the inhibitory efficacy bf dioica was slightly higher. The value
of the growth rate index amounted between 59.0-%®6 extracts of nettle root) and
58.8-54.8 (for extracts of nettle leaves). The dase in the growth rate index was from
4.4 to 9.8% and from 4.6 to 11.2% compared withitp@s control, respectively. The
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highest measured value of the growth inhibition wated at 40% concentration both the
extract of nettle root and extract of nettle leaffeg. 3).

Selective activity ofJ.dioica against the phytopathogenic fungi has been destiiip
many research papers [5, 8, 13, 14, 17]. It has peaved that antifungal activity of nettle
extracts is closely related to composition and eotrations of extracts, the sensitivity of
spores and mycelium of the fungus. Hadizadeh [&] alugested that extract of nettle at the
highest concentration of 0.9% markedly inhibite@ tmycelium growth ofA. radicina
completely (100%) or almost completely (97%)Rofsolani and showed a relatively high
degree (80%) of. oxysporum andF. solani. Similarly Tapwal et al [13] found that the
U.dicica can restrict the growth ofA. radicina (41.6%), R. solani (18.8%) and
F. oxysporum (20.1%) but at a higher concentration the leaweaekie 20%. Other studies
[17] report that the ethanolic extract and theimpounds had inhibitory activities on the
growth rate (from 3.17 to 8.97%) and mycelial weighP. digitatum.

On the other hand nettle herb extracts stimulateeai growth of colonies, biomass
increment and formation of spores A sclerotiorum and A. alternata. In the case of
F. oxysporum increasing the number of macroconidia was recomidg in the highest
concentration of nettle extract, although the iithih of the linear mycelial growth was
observed [14]. Similarly Modarresi-Chahardehi et{Hl] observed a different effect of
nettle extract on the fungi, notably inhibition tlgermination of conidiaA. flavus,

A. fumigatus, Penicillium sp. andRhizopus sp., while found no effects on mycelium. The
resistance of fungal species against crude extrafictd. dioica could be due to their
morphological structure, fungi have thicker cellliwaand contain higher percentage of
chitin. Furthermore inhibition of mycelial growthné production of morphological
elements may significantly reduce the survival athpgens in the soil [11, 18].

Conclusions

On the basis of conducted research one can drafeltbesing observations:

1. Increased concentration the extracts of nestbvds and nettle root inhibit linear
growth of mycelium and spore germinationFefproliferatum compared to negative
control, but increased compared to Topsin M 50Q8Gitive control).

2. Nettle root extracts has demonstrated 2 foldenpmtent on the mycelium growth than
the extract from the nettle leaves.

3. Much more intense effect (3-4 fold higher) comgolato the linear growth revealed
extracts on spore germination.

4. On the tomato medium inhibiting the linear grovaf Fusarium proliferatum was
2-3 fold higher than on the PDA medium.

5. Due to the stronger effects of the Topsin M S@should be carried out studies with
higher concentrations of the nettle leaves andenetbt extracts of.dioica.
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OCENA WA SCIWO SCI PRZECIWGRZYBOWYCH POKRZYWY
ZWYCZAJNEJ WOBEC Fusarium proliferatum

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstract: Celem przeprowadzonych baddyta ocena whkriwosci przeciwgrzybowych ekstraktow z$di

i korzenia pokrzywy zwyczajnej wobé&wsarium proliferatum. Ocery wiasciwosci antagonistycznych ekstraktow
w stzeniach 2,5, 5,0, 10, 20 i 40% przeprowadzono mehadiowlano-plytkow z zastosowaniem pocip PDA
pomidorowego. Hodowl prowadzono w temp. 26°C przez 9 dni, dokaaypomiaréw co 1-2 dni. Kontrel
pozytywry stanowit Topsin M 500 S.C, a kontgahegatywn woda destylowana. Okdleno indeks kietkowania
zarodnikéw, indeks tempa wzrostu oraz stopedukcji liniowego wzrostlrusarium sp. Uzyskane wyniki bada
wykazaly zahamowanie kietkowania zarodnikéw przezystkie zastosowaneesténia ekstraktow z korzenia
pokrzywy (od 7,5 do 47,3%) orazstnia ekstraktow zdei pokrzywy (od 5,9 do 54,0%) w poréwnaniu do préby
negatywnej, lecz stymulafe dziatanie w poréwnaniu do proby pozytywnej. Ngjszy stopié zahamowania
liniowego tempa wzrostu obserwowano zaréwno poozastaniu ekstraktu z korzenia, jak §cli na podtau
pomidorowym odpowiednio o 9,8 i 11,2%, a na pedi®®DA odpowiednio o0 5,5 i 3,2% przyestniu 40%
w poréwnaniu do proby negatywnej, lecz stymadej dziatanie w poréwnaniu do préby pozytywne;j.

Stowa kluczowe:pokrzywa zwyczajna, aktywsdé przeciwgrzybowak-usarium proliferatum
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APPLICATIONS OF NANOFORMULATIONS
IN AGRICULTURAL PRODUCTION AND THEIR IMPACT
ON FOOD AND HUMAN HEALTH

ZASTOSOWANIA NANOZWI AZKOW
W PRODUKCJI ROLNEJ | ICH WPLYW
NA ZYWNOSC | ZDROWIE CZL OWIEKA

Abstract: In last years, an increasingly growing number @ngagrochemicals such as nanopesticides,
nanofertilizers or plant growth stimulating nandsyss is put into the practice. This is connecteth tie demand

to decrease the dose-dependent toxicity of pesday reduction of the amount of applied activereédgents in
nanoscale formulations, securing not only theireased aqueous solubility resulting in better kadaility but
also targeted delivery, controlled release andfotegtion against degradation. Application of nantifzers
enables more effective supply of nutrient to plafiise contribution is focused on nanoformulatiopglizd in
agriculture enabling controlled release of thevactngredient into weeds and the body of pestsraridents to
plants as well as on benefits of the use of nanuftations in food industry related to food packagifood
security, encapsulation of nutrients and develognoémew functional products. The environmental aoipof
nanoagrochemicals and related health risks ardigigld as well.

Keywords: nanoinsecticides, nanoherbicides, nanofungicidesntrolled release and targeted delivery,
environmental impact, health risks

Introduction

Nanotechnology, one of the key technologies ofzhst century, can improve current
agricultural practices through the enhancement afiagement and conservation of inputs
in crops, animal production and fisheries [1, 2§l a0 secure “sustainable intensification”
of agricultural production resulting in increasigtpbal food production, improved food
quality and reduction of waste [3, 4].

Formulations containing nanoparticles (NPs) or paakated nanoscale materials with
various coatings are suitable for improving theubdity and permeability,ie the
bioavailability of an active ingredient (Al), redng the dose of the Al and its
dose-dependent toxicity, securing controlled redeand targeted biodistribution of the
Al and alleviating its impact on the environment7p

Nanoscale herbicides, insecticides and fungicidestelp to attenuate environmental
pollution, loss of biodiversity and emergence ofriagtural pests and pathogens.
Moreover, the use of NPs in food sector can couiteiio improvement of food safety by
pathogen detection, design of smart food packagisgems and enrichment of food with
nutraceuticals [2, 8, 9]. The increasingly widesgreuse of NPs in various areas of
anthropogenic activities requires a thorough irgasibn of their environmental impacts
and possible negative effects on human health.

! Faculty of Pharmacy, University of Veterinary aPldarmaceutical Sciences Brno, Palackého 1/3, 612rd@,
Czech Republic, email: josef.jampilek@gmail.com

2 Faculty of Natural Sciences, Comenius Univerditiynska dolina Ch-2, 842 15 Bratislava, Slovakia
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Nanopesticides

Nanoscale herbicides, insecticides and fungicidesewdesigned for better protection
of plants from damaging influences such as ween®cts or plant diseases in comparison
with the application of bulk active ingredients. thleds of preparation of NPs and
nanoformulations were summarized in [10]. Encapmraof pesticides in polymeric core
shells of NPs can result in safer and more conwtnieanagement of pesticides that
promises environmental safety [11]. The contropafasitic weeds with nanoencapsulated
herbicides was found to reduce the phytotoxicity hefrbicides on crops [12]. The
application of nanoherbicides is connected witheduced environmental impact with
simultaneous preservation of herbicidal effectiwsnd-oliar application of nanoemulsion
systems can be used to increase penetration an#leupf an active ingredient by weeds.
Nanoformulations of a herbicide with polymer cogtianable its controlled and slower
release due to potential interactions between ¢hnkit¢ide and the polymer. CuO NPs were
found to be more toxic than bulk CuO or dissolvad(I{} ions to Landoltia (Spirodela)
punctata [13] and Zea mays [14]; the activity of antioxidant enzymes increassdter the
treatment oElodea densa plants with CuNPs [15]; CuO NPs induced also DNAndge in
several plants.

Problems connected with plant fungal diseases carmalkeviated by design and
preparation of effective nanofungicides that camticd fungal diseases by specifically
inhibiting or killing the fungi that cause the dises. Several metalg( Ag, Cu) or metal
oxides €g, CuO, ZnO) NPs were found to be effective fungisidWell-dispersed and
stabilized AgNPs solution can act as an excellemgitide due to good adhesion on
bacterial and fungal cell surface [16], and biokgsized AgNP-based biopesticides can be
used in the future as nanoweapon against phytogatiso[17]. Also the antifungal activity
of CuNPs is connected mainly with NPs adhesiorhtoliacterial cell surface because of
their opposite electrical charges, resulting ireduction reaction at the bacterial cell wall
[18]. Hexaconazole NPs (100 nm) stabilized by piblylene glycol (PEG) were more
potent than bulk hexaconazole and were found tcabsafe nanofungicide [19]. The
controlled release of carbendazim from nanofornat of PEG-based functionalized
amphiphilic copolymers was observed, and the efficaf these nanoformulations against
plant pathogenic fungRhizoctonia solani expressed by Efg values varied from 0.40 to
0.74 mg/dm [20]. However, in the case of application on namgicide formulations in
field, possible interactions of nanofungicides withn-target organisms affecting directly
or indirectly the maintenance of soil fertility ddibe always considered [21].

Nanoinsecticides are agents of chemical or biokdgrigin that control insects
in more effective manner than the bulk insecticid@he insecticidal efficacy of
liposome-based formulations was described also Wwarid et al [22] and Kang et al [23],
and the chitosan coated nanoliposomes exhibitedaisable slower release of the
entrapped core material (etofenprox and alpha-oyptrin) due to thicker coating layer
[24]. Pyridalyl nanosuspension prepared using sodalginate was 2- and 6-fold more
effective as stomach poison agaihigicoverpa armigera than the technical product and
the commercial formulation, respectively [25]. Alsome nanosized inorganic materials
(eg Al,Os Fe(0), TiQ, ZnO, Ag, SiQ) were found to be good insecticides (in detail
see in [10]).
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A comprehensive survey on nanoherbicide, nanofishgicand nanoinsecticide
formulations and their biological effects was psbéd by Jampilek and Kralova [10].

Nanofertilizers

Fertilizers play a pivotal role in increasing thgriaultural production by up to
35-40%. Nanofertilizers represent an efficient nsendistribute fertilizers in a controlled
fashion with high site specificity, thus reducingllateral damage. They can reduce the
dosage of nutrient, ensure its controlled slowwgeli resulting in the increased efficacy of
the fertilizer and thus overcome the problem ofraahtication. In nanofertilizers, the
nutrients can be capsulated inside nhanomateriadged with thin protective polymer film
and delivered as particles or emulsions of nanesadimensions [26]. Fertilizers
formulations of chitosan NPs for controlled relea$eNPK [27, 28], hydroxyapatite NPs
for the supply of P nutrients to crops [29] andifieer loaded nanoclay/superabsorbent
polymer composites [30] were used. Foliar applaratiof nano-potassium and
nano-calcium chelated fertilizers @timum basilicum had beneficial effect on production
characteristics of plants [31]; calcium phosphaamgel fertilizer composites were found
to increase the germination {Dryza sativa, Arachis hypogea and Amaranthus spinosus
plants [32].

A significant improvement of some production chéedstics of Pennisetum
americanum L. plants due to application of ZnO NPs was obséryy Tarafdar et al [33],
while Pandey et al [34] reported about the enharmetivity of some enzymes after
application of Zn nanofertilizer. Nano-&); enhanced root elongation @frabidopsis
thaliana [35] andLemna minor [36] and increased the quantum yield of photosyste
[37]. Production characteristics of plants sigrifily increased also after the application of
iron fertilizers [38, 39]. Nano-iron oxide was alfmund to facilitate the photosynthate and
iron transferring to the leaves of peanut [40]. T$iegle-walled carbon nanotubes
(SWCNTSs) were found to activate seed germinatiahemmhance growth of different organs
of several plants [41]. A beneficial effect on trewth of plants after application of multi-
walled carbon nanotubes (MWCNTSs) was observed dq4#44]. Using nanotechnology,
intelligent nanofertilizers can be designed in vahéxtremely thin layer of polymer would
be placed over the fertilizer granules and extrgrtialy biological sensors situated in this
polymer would be able to detect “signals” sent relty by plant roots, which would
essentially tell the polymer when to dissolve agidase the nutrients into the soil [45].

Nanotechnology in food industry

Important areas of nanotechnology in food secta, &or example, food safety
(through the use of nanosensors for pathogen detgcsmart packaging and valorisation
of food products by nanoencapsulation/nanodelivefyfood ingredients g flavours)

[8, 46]. Nanostructured lipid carriers may improtree bioavailability and stability of
bioactive compounds, consumer acceptability, fumaiity, nutritional value and safety of
food systems, prolong shelf-life and provide colhtb release of encapsulated materials
[47]. Novel functional foods developed using nacbtelogy may have physiological
benefits or reduce risks of diseases. Vitamin D@/lmey protein isolate NPs was found to
be suitable for use in clear or non-clear beveragemnriching agent [48].
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The function of packaging is to protect the packmoil and to maintain its integrity
and quality. The package should hinder gain or loBsmoisture, prevent microbial
contamination and act as a barrier against tramdgfexygen, carbon dioxide and aromatic
compounds. The packaging material itself should proimote deteriorative food quality
changes or endanger the health of the consumdreopacked food as a consequence of
uncontrolled migration of any chemical substancemfpackaging into food [49]. The use
of NPs in food packaging can improve protectionfadds, for example, by reducing
permeation of gases, minimizing odour loss andeiasing mechanical strength and thermal
stability. Nanoscale food packaging materials metered food life, improve food safety,
alert consumers that food is contaminated or sgpilepair tears in packaging and even
release preservatives to extend the life of the fodhe package [50]. Intelligent packaging
is an emerging technology that uses the communicdtinction of the package to facilitate
decision making to achieve the benefits of enhariced quality and safety [51]. Current
nanocomposite technologies suitable to enhancendgwhanical and barrier properties of
synthetic polymers and biopolymers for food packggithe development of intelligent
packaging with enhanced communication function $ig mainly on oxygen, humidity
and freshness indicators and nanostructured caatied enhance the barrier properties of
packaging films were summarized in a review papédibindukulasuriya and Lim [52].

Environmental impact of nanoparticles

Most hazardous chemicals applied in agriculturetexewarranted toxicity and lethal
effects on non-target organisms, develop physiollgresistance in target and cause
adverse environmental effect. By the use of greed afficient alternatives for the
management of insect pests in agriculture, toxfects on the environment could be
alleviated [53, 54]. As favourable could be coneideformulations that target the pests
specifically and in turn, prevent pollution, for aarple, the “gut buster” i€ the
encapsulated product) breaks open only when it soimecontact with the alkaline
environment like the gut of the insects [55]. Tipplacation of such smart pesticides results
in more precise, controlled and effective use dftipeEles enabling potential reduction of
the overall quantities of applied pesticides [56].

On the other hand, some NPs, for example, AgNRstoxic because they can destroy
bacteria and other microorganisms, and their @nttile environment represents a risk that
useful bacteria and aquatic organisms will be dgstl as well [57]. Consequently,
although AgNP-based biopesticides could revolutierthe agricultural sector in the future,
increased attention must be given to the impactséffactors associated with their usage
on the environment.

The toxicity of NPs depends on the shape, sizéasitarea and surface charge of NPs
as well as on several abiotic factors such as @hi¢istrength, water hardness, presence of
organic matter. The most frequent mechanisms oic tekfects exhibited by NPs are
damage of membranes, generation of reactive oxgpeties (ROS) and genotoxicity.
Increased attention must be devoted to toxicoldgimeestigation of non-biodegradable
materials due to risks connected with their accatoh and persistence in soil, plants and
mammals, which may subsequently result in varicathgogical processes [58, 59]. The
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most important regulations related to the applaratf NPs especially in relation to nature,
environment and health are discussed in [10].

Health risks of nanoparticles

NPs can enter the human body in several ways: ié)the lungs where a rapid
translocation through the blood stream to vitalamgyis possible, including crossing the
blood brain barrier; (ii) absorption by the intesti tract; and (iii) absorption by the skin
[60]. Toxic effects of nanomaterials are closelymected with physicochemical properties
of NPs such as particle size and size distributigglomeration state, shape, crystal
structure, chemical composition, surface area,asarfchemistry, surface charge, and
porosity [61].

Small sized (1-100 nm) NPs derived from Ag, Cu, 3il, carbon or metal oxides were
found to easily cross the blood-brain barrier angfeduce damage to the barrier integrity
by altering endothelial cell membrane permeab|i3]. According to Cho et al [63], metal
oxide NPs induce unique inflammatory footprintghe lung with a subsequent increase of
the risk of asthma attacks and caused DNA damadgfeeitnuman lung epithelial cell line
A549 [64, 65]. A comprehensive critical review pa@dout applications of AgNPs and
human health was presented by Ahamed et al [66§rupiion of the mitochondrial
respiratory chain by AgNPs resulting in increas&SRporoduction and interruption of ATP
synthesis and leading to DNA damage was observBd A@NPs exhibited also geno- and
cytotoxic effects in human mesenchymal stem celd1Cs) at high exposure
concentrations [68] and reduced the cell viabilitly alveolar macrophages and lung
epithelial cells [69].

Zero-valent iron NPs induced oxidative stress tewylin the damage of lung cells
[70]. After exposure to SWCNTSs, pulmonary granulsmeere observed in rats [71], and
functionalization of SWCNTSs played an importanterah their cytotoxicity [72]. Dermal
exposure to unrefined SWCNTSs led to dermal toxidiiy to accelerated oxidative stress in
the skin of exposed workers [73]. On the other haimel diameter of MWCNTSs was found
to be a critical factor for inflammogenicity andetsubsequent mesothelial carcinogenesis
[74, 75]. Oxidized MWCNTSs were found to induce masdoss of the viability of human
T cells through programmed cell death at doses Qff rg/dni, which corresponds to
approximately 10 million carbon nanotubes per [c&sl.

Conclusion

The application of nanoscale science and nanotémfmdn agricultural and food
industry/production demonstrated to have a gretdrmial in providing various innovations
and improved solutions. In this contribution, thestnimportant and frequent applications
of nanotechnology in agricultural and food prodmetiare summarized. NPs and/or
controlled release and targeted delivery nanofcatiarls are broadly used for
agrochemicalsey, nanopesticides, nanofertilizers) and were pritpatésigned to reduce
the amount of applied active ingredients by medantheir enhanced bioavailability and
protection against degradation, which finally résdlin a decrease of dose-dependent
toxicity for non-target organisms and environmentalirden. The application of
nanotechnology in the areas such as food packafyind, security, detection of pathogens
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and contaminants by using nanosensors and indscasmcapsulation of nutrients and

development of new functional products is growimgidly. Nanoscale food packaging

materials help to extend food life. Nano-size materchange their physical and chemical
properties in comparison with bulk materials andh deecome toxic when reaching

nano-size. Therefore increased attention must hetee to the impact of risk factors

associated with their usage on the environmentpasdible adverse effects on non-target
organisms and mammals, especially humans.
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ZASTOSOWANIA NANOZWI AZKOW
W PRODUKCJI ROLNEJ | ICH WPLYW
NA ZYWNOSC | ZDROWIE CZLOWIEKA

Abstrakt: W ostatnich latach coraz bardziegmée liczba nanochemikaliéw stosowanych w rolnietwakich jak:
nanopestycydy, nanonawozy lub stymabg wzrost rélin nanosystemy. Jest to zwane z potrzep
ograniczenia, zalmej od dawki, toksyczrigi pestycydéw poprzez zmniejszeniesdbstosowanych sktadnikéw
aktywnych w nanopreparatach, zapewgdajie tylko ich zwgkszory rozpuszczalrng w wodzie, co gwarantuje
lepsz biodostpnas¢, ale réwnie kontrolowane uwalnianie i/lub ochrenprzed degradagj Zastosowanie
nanonawozOow unidiwia bardziej efektywne dostarczanie skladnikéwzysdczych rdlinom. W pracy
przedstawiono nanozyiki stosowane w rolnictwie, umlbwiajace kontrolowane uwalnianie sktadnika czynnego
do chwastow i szkodnikow oraz sktadnikowzgpdiczych dla rélin, jak réwnie korzyéci wynikajace z uycia
nanozwjzkOéw w przemyle spaywczym zwhzanym z pakowanieniywnosci, bezpieczéstwem zywnosci,
kapsutkowaniem sktadnikéw é@gwczych i rozwojem nowych produktéw funkcjonalnydBméwiono réwnie
wplyw nanoagrochemikaliéw ri@odowisko i zwjzane z nimi zagteenia dla zdrowia.

Stowa kluczowe:nanoinsektycydy, nanoherbicydy, nanofungicydy, kalotvane uwalnianie i ukierunkowana
dostawa, wptyw narodowisko, zagrzenie dla zdrowia



Proceedings of ECOpole
DOI: 10.2429/proc.2015.9(2)055 2015;9(2)

Matgorzata NABRDALIK and Katarzyna GRATA

ASSESSMENT OF ANTIFUNGAL ACTIVITY OF EXTRACTS
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Z POKRZYWY ZWYCZAJNEJ ( Urticadioica L.) WOBEC Alternaria solani

Abstract: The aim of research was to assess antifungal gctivinettle extracts at 2.5, 5.0, 10.0, 20.0, 4©.0
concentrations obtained from a root and leavesnagahytopathogenic straidternaria solani. Their antifungal
activity was assessed on the basis of the grovithin@ex of mycelium and the spore germination xadehas
also been assessed how different sterilisatiomtqubs affect the properties of extracts underystiichas been
proved, on the basis of obtained results, thatetdrsterilised with saturated steam under presidraot show
antifungal activity. For the root extract, whichosied the highest antifungal activity, only 7% o€ tinycelial
growth inhibition have been obtained. Whereas, it extracts sterilised by filtration limited thmaycelial
growth by 75% and spore germinationfofolani by 38%.

Keywords: antifungal activity Urtica dioica, Alternaria solani, growth rate index, spores germination index

Introduction

Tomatoes grown in field conditions are very oftafested byAlternaria fungi, which
cause alternaria diseases. The crops may be dedreage to leaves damage and the
tomatoes damage. The pathogen may cause the tge®dbing blight and fruit rot [1]. The
protection of plants is mainly based on the praagicultural technology, an application of
resistant plant varieties and the use of conveati@hemical fungicides. However, the
current schemes of plant disease control are beéndied more frequently and natural
substancegg plant extracts, are introduced as a possibilityplaint protection [2]. In
ecological cultivations of tomatoes, it is recomaeth to perform copper-sprayings
alternately with grapefruit extracts, once the rigkplant disease occurs. The results of
recently conducted research have proved that naswarces of compounds with
antibacterial, antifungal and antioxidant propertiee herbal plants includiridytica dioica
L. often called common nettle or stinging nettle43

Urtica dioica is widespread through Europe and North America, also occurs in
North Africa and parts of Asia. There are natusaligoopulations in several other parts
of the world. The plant has a long history of useaasource of medicine, food and
fibre [3, 5, 6].

The commonly known phytochemical compounds frdndioica are lectins, sterols,
terpenes, volatile compounds and fatty acids, palgisarides, protein, vitamins, minerals
and flavonoids [3, 6]. The flavonoids are mainlyek®ferol, isorhamnetin, quercetin,
isoquercitrin and rutin. The shikimic acid derivat like phenylpropanes, caffeic acid and
various esters of this acid such as chlorogenid acid caffeoyl malic acid have been
identified. The leaves are rich in vitamins B, C, (ghylloquinone), carotenoids and

! Chair of Biotechnology and Molecular Biology, OpdUniversity, ul. kard. B. Kominka 6a, 45-032 Opole
Poland, phone +48 77 401 60 56, email: mnabrdaliki@pole.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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minerals such as calcium, iron, magnesium, phosphgootassium and sodium [6, 7].
Other main constituents present are amino aciasiirta, glucokinnins and chlorophyll.
GC-MS analysis ofJ. dicica essential oil by Gul et al [8] identified 43 conymals. The
main components of essential oil &f. dioica are carvacrol, carvone, naphthalene,
(E)-anethol, hexahydrofarnesyl acetone, (E)-gerangtone, (Ep-ionone and phytol [8].

Due to varied phytochemical composition, the commettle has been universally
applied, however, among herbal plants it has beest mnderrated. Not many research
papers describe its potential application whentiiigh against phytopathogenic moulds,
focusing on its medical properties instead. In folkdicine, nettle plants have been used
as a diuretic, antibleeding, stimulating blood wiation, nutritional, anticancer,
antiatherosclerotic, antiasthmatic, antidandruéfimistatic and hypoglycemic. For a long
time nettlehas been used to treat arthritis and rheumatisaisdt inhibits inflammation of
the urinary tract and the digestive tract, improgiggestion and an absorption of nutrients.
It stimulates the immune system, increasing theistaasce against infections
(immunostimulant) 3, 6, 9, 10].

The raw materials collected for the research aaeds, stem, root with rhizomes and
seeds. Most often, however, leaves and roots & [3s 6]. The raw material is very often
microbiologically infested and may be an additioralirce of contamination. Therefore,
prior to its application, it is recommended to pemi a sterilisation process, which in
consequence, as it a thermal process, may leatatoges in natural compounds content
and their activity. The above mentioned changegun@pn the processing conditions of the
plant, mainly the length of time and the tempemtifrheating.

The aim of the research was to assess the antifuaivity of nettle extracts
(U. dicica) subject different sterilisation processes agaiphtytopathogenic strain
Alternaria solani.

Materials and methods

In the research, the antifungal activity of comn@rextracts from the root and leaf
subject to sterilisation process have been assefbeddry root extract containing 0.8% of
phytosterols contained less than 300 CFU/g of moigganisms and the leaf extract of about
100 CFU/g. The analysed extracts were used to pregrpueous solutions at the following
concentrations: 2.5, 5.0, 10.0, 20.0 and 40.0%. Sidhetions were left for several hours at
the room temperature and sterilised afterwards. Sthdlisation process was carried out
with saturated steam pressure in an autoclaveSanihutes at 121°C and the pressure of
2 bars. The other sterilisation method employedivacfiltration with Sartorius membrane
filters with pore size of 0.2 um. Obtained extrageye marked as STA (sterilisation in the
autoclave) and STF (filtration sterilisation) resiely.

In the experiment, an indicator strain wasernaria solani - strain isolated from the
surface of the tomato fruit infested with alteraadisease.

A fungistatic activity of the extracts under studgs assessed with the culture-plate
method on PDA medium containing [g/8Jmglucose 20.0, potato extract 4.0, agar 15.0. In
test trials, certain concentrations of root and ledracts were added on the culturing
medium and then the plates were inoculated withgifutiscs of 10 mm diameter. The
control trial contained cultures &f solani with sterile water instead of the supernatant. All
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plates were incubated at 25+2°C for 10 days. E¢e2ydays the measurements of the fungi
discs diameter were noted until the myceliunfAo$olani in the control trial overgrown the
plate. All measurements were conducted in 3 refglicavhere one replicate was the plate
with the culturing medium and one mycelial disc.eTéctivity of nettle extracts on the
growth ofA. solani was assessed against the growth rate index, atdduficcording to the
formula [11]:

GRI =§+ﬁ+&+...+&

d d, d
where GRI represents the growth rate indejs a mean value of diameter measurements
[mm], D is the length of the experiment (number of daipg)b,, by denote an increase in
a diameter size since the last measuremendagr), d, are the number of days since the
last measurement.

The evaluation of fungistatic activity was also r@d out on the basis of spores
germination ofA. solani in the presence of tested concentrations of netité and leaf
extracts. In the control trial the spores were sanded in water. All tests were run in
3 replicates. Microscopic observations were corgpleafter 24 hours of the extracts
activity, and the spores germination evaluation besed on the following scale [11]:

0 - non-germinatin conidia,

1 - germ tube shorter than the length of the spore,

2 - the length of germ tube equal to the lengtthefspore,

3 - germ tube twice as long as the length of tloeesp

4 - germ tube branched and many times longer tiasore.

The effect of tested extracts on the spore germimdtas been evaluated on the basis
of germination index, calculated according to therfula [11]:

« :Z(nta)uoo
N 2

where:SGI represents the spores germination ingexhumber of the spores in the specific
grade on the scal@ - grade on the scald\ - general number of the counted spores,
4 - the highest grade of the scale.

The toxicity of the nettle was measured as a peéagenof the colony growth inhibition
or the germination ability showed in the presentéhe analysed extracts against control
trials containing water (controls).

The research has not included tests on the cotriedé which were not sterile, as
preliminary analysis showed that plant material wdseavily contaminated
microbiologically, which prevented the measuremeftthe mycelium and conidia
observation.

In order to determine the significant statisticéledences < 0.05) betweek). dioica
extracts sterilised with different methods, ANOVAadysis has been applied with Tukey’s
HSD test.

X
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Results and discussion

Presented papers show a pilot research, in whiegidtatic activity ofU. dicica root
and leaf extracts against pathogenic stfisolani have been evaluated. Conducted tests
allowed to determine how sterilisation methodshaf éxtracts affect their activity and the
growth pace of tested strain.

Table 1
Influence of extracts df. dioica sterilised in the autoclave (STA) and by filtrati(BiTF)
on the mycelial growth rate index Af solani

STA STF
Root extract | Leaf extract| Root extract Leaf extract
mean| SD | mearl SD| mean| SD| mean] SD
Control| 57.5% +2.2 | 58.2 +2.1| 58.8* +1.2| 58.8 1.2
2.5% 55.54 +0.64| 55.4% +1.6| 15.14° +0.81|15.80° +0.69
5.0% 547 13| 549 14| 195° 28] 16.47 +0.82
10.0% | 54.6 +3.8| 55.F +3.2]15.60™ +0.45|16.80° +0.86
20.0% | 549 +1.9|53.9 +1.6[17.97° #43]| 155 +2.0
40.0% | 53.3 24| 55.6 3.2 147" +1.4]17.09 +0.86

Different letters indicate significant differend@NOVA, p < 0.05, Tukey's HSD test)
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Fig. 1. The reduction of the mycelial growth ratdeéx ofA. solani induced byJ. dioica extracts sterilised in the
autoclave (STA) and by filtration (STF)

The values of GRI characterising the mycelial groystace ofA. solani, for the
consecutive concentrations of the roof and leafexs sterilized in autoclave (STA) and by
filtration (STF) have been presented in Table le Tdble presents arithmetic mean values
of GRI and standard deviation for the trial. Thghast noted values of GRI, not exceeding
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58 units, were obtained in control trials. Plantrasts sterilized by saturated steam under
pressure did not inhibit the mycelial growth Af solani and no statistically significant
differences were noted for the root and leaf exsrat comparison with the control trials.
The opposite has been observed when sterilisappliea filtration method. In this case
statistically significant differences were obtainkdtween tested and control trials.
However, no clear correlation has been found betwd#® type of the extract, its
concentration and GRI. The highest value of GRI besn noted for the root extract at
0.5% concentration and the lowest at 40.0% conagoir obtaining the growth reduction
of 75% (Table 1, Fig. 1). For the remaining extsaghder study and their concentrations,
measured values of GRI fluctuated at a similar ll@rel obtained differences were not
statistically significant. Antifungal activity ohe nettle extracts have also been proved by
other researchers [12, 13]. Hadizadeh et al [12&iobd full inhibition of the mycelial
growth of A. alternata after the application of 0.9% nettle extract. lbshl be noted,
however, that applied extract was the ethanol ekinat the aqueous extract used in the
presented paper. The same results were obtainetidunyzadeh et al [13] with the
application of 1500 and 2000 ppm essential nettlésamilar results were noted by Tapwal
et al [14], who observed the highest mycelial gtowhibition of A. solani andA. zinniae
(41.67 and 29.87% respectively) when 20.0% aqumetike extract was applied.

In conducted studies, it has also been assesseduhalivica extracts affect spore
germination abilities oA. solani depending on the concentration of the extractsshsvn
in Table 2 the extracts sterilised in the autocldidenot show antifungal activity. Although
no statistically significant differences have bewred between the control trial and tested
trial, it should be noted that SGI values in tedtads were higher than the values obtained
in the control trials. On the basis of microscopliservations, it has been noted that in the
control trials dominated germinating spores of #tle type on the scale and single
non-germinating spores were present. In the teds tonly spores constructing very long
and multi-branched tubes were visible. It has bessumed that all spores germinated as
type 4 and the value of SGI amounted 100. The abesats show, that extracts sterilised
in the autoclave simulated germinationfofsolani only slightly. Therefore Figure 2 does
not include any data concerning values of SGI olethiwhen sterilisation in the autoclave
was applied. However, extracts sterilized withrdifion inhibited spores germination.
Siginificant statistical differences in values @lShave been noted for all concentrations of
the root extracts and for 5.0% concentration ofdkieact from the nettle leaf. For the root
extracts, the lowest value of SGI amounting 60.Bitsuhave been obtained for 40.0%
extract, which caused reduction higher that 37%blg2, Fig. 2). However, according to
other research papers, the spores transportedhwitrain drops or by wind are responsible
for spreading the pathogen and their growth redactvould allow to inhibit the alternaria
diseases [1, 15]. For this reason, 37% reductidaieéd in own research might not be
sufficient in practice, as proved by research df Bad Kolte [16], who obtained 86.6%
reduction of the germinating sporesfotbrassicae after the application dfl. dioica extract
and described it as a poor result. The essenttderal used by Hadizadeh et al [13] did
not allow to completely reduce germinating spoiifsee. The authors obtained the dicrease
in germinating spores of 93.9% and the reductiothénlength of germinating hyphae. The
above show that spores Alternaria spp. are less sensitive to the nettle extracts than
mycelium.
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Table 2
The effect ofU. dioica extracts sterilised in the autoclave (STA) andiltsafion (STF)

on the spore germination indexAfsolani

STA SF
Root extract | Leaf extract | Root extract Leaf extract
mean| SD [ mean] SD | mean| SD| mean| SD
Control| 96.2% +3.9] 96.2% +3.9| 97.09° +0.61| 97.09% +0.61
2.5% | 100 0 | 100° 0 [ 82.03° +0.78] 94.8% 3.2
50% | 1000 0 | 100° +0 [ 89.72° +0.14| 740 +25
10.0% | 10 +0 | 100*° +0 | 92.2° +12| 96.# =+1.7
20.0% | 100 +0 | 100®° +0 91.3> #13| 957 1.7
40.0% | 100 +0 | 100° +0 | 60.2" 13| 943 1.6

Different letters indicate significant differend@NOVA, p < 0.05, Tukey’s HSD test)
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Fig. 2. Reduction of the spore germination index Aof solani induced byU. dioica extracts sterilized
by filtration (STF)

In Poland, the tomato field plantations are praécagainst alternaria disease with
numerous conventional fungicides. In order to reduloe risks associated with the
application of pesticides and their effects on pe'sphealth it is advised to develop and
introduce an integrated plant protection or techegj which aim at reducing the amount of
applied pesticides. A good solution might be extrgmrepared on the basis of common
herbal plants. However, natural extracts used amtpbrotection, may be microbiologically
contaminated and become a new source of contaminalihe contamination may be
primary and may depend on the natural environmestoondary, caused for example by
an improper storage of plants, their packagingrangportation. In order to avoid the
contamination of herbal material, the plants agxilsted. It should be noted, that it is
a thermal process and may lead to change in thiemoaf natural ingredients, which will
directly affect their properties. These changeseddplargely on the conditions of the
process, that is the time and the temperature ahing the plant material, which has been
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proved by the authors’ own research. It has beemegr that extracts df. dioica under
study, sterilised with saturated steam under presdo not show antifungal properties
against phytopatogenic strafn solani contrary to extracts sterilized with the use téfes.
Furthermore, in the research, the root extradt.afioica was more active than the extract
from the leaf. This is probably associated with tliiéerences in chemical content of the
extracts and further changes in this content winigly occur under the high temperature.
The influence of the temperature on antimicrobigtivity of plant extracts is not clear
though. It may be stated, referring to other redearapers, that the activity is closely
connected with chemical composition of the extrtimost cases, extracts sterilised with
the filtration method show higher inhibitory actiwiagainst fungi than extracts sterilized in
the autoclave [17]. For example, Venturoso et 8| [iroved high antifungal activity of
garlic extract sterilised with filtration method,hereas sterilisation method applied to
cinnamon and clove extracts had no effect on thetivity. In the research of both
Abimbola [19] and Hashemi et al [20] plant extrasterilised in the autoclave showed
lower antimicrobial activity in comparison with tHitered ones. The authors explained
that the differences in the antimicrobial activibgduced by high temperature may be the
result of many factors involved. The heating precesid higher pressure may cause
damage to the cell wall and thus increase the bitahility of antimicrobial substances.
Moreover, during the thermal process new compouwritis antifungal properties may be
formed. Furthermore, filtration is a mechanicapbiysical operation. Mechanical filtration
is typically achieved by passing water or solvémbtigh materials which act as a sieve,
physically trapping the particulate matter. Contaanits or bacteria are removed by filter
through a membrane having microscopic holes tHatvalvater or solvent molecules, but
not larger compounds, to pass through. It is alsssible that some phytochemical
compounds cannot pass through the filter [20]. fdsailts obtained in Kim et al [21] study
seem to suggest that any loss in the antimicrobdivity of a compound which had
undergone hydrolysis is being compensated by tkee#@se in activity of some other
compounds as a result of the high temperature.

Chemical analyses dfl. dioica revealed the presence of many valuable chemical
compounds like phytosterols, saponins, flavonoidsl dannins [6]. Some of these
compounds have been reported to be hydrolysableghttemperatures either into more
active compounds or less active compounds. In adeduesearch the extracts sterilised in
the autoclave have not shown antifungal propertiesefore there is high probability that
inhibitors in the nettle are thermolabile. High fgerature caused damage in their structure,
which led to either complete or partial loss ofifamigal activity.

Conclusions

The paper presents obtained results in conductedareh on the assessment of
antifungal activity of extracts frotd. dioica, which were subject to the sterilisation process
in the autoclave and with the use of filters. Tokofving has been concluded:

- root extract fromUJ. dioica shows higher antifungal activity in comparison wigaf
extract. An application of 40.0% aqueous root etticaused 75% mycelial growth
inhibition and 38% inhibition of spores germinatiohA. solani;
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antifungal activity of nettle extracts is not intbed when extracts are sterilized with
filtration; it may be an indication that filtratias a suitable choice for the sterilisation
of U. dioica root extract;

sterilisation with the saturated steam under qunes caused a complete loss of
inhibitory properties of extracts under study;

extracts from nettle have the potential applaratin the protection of tomato plant
againstA. solani. The future for using plant extracts and plantdpiais is promising,
because they are less expensive and less hazaodibiesenvironments.
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OCENA AKTYWNO SC PRZECIWGRZYBOWEJ EKSTRAKTOW
Z POKRZYWY ZWYCZAJNEJ ( Urticadioica L.) WOBEC Alternaria solani

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Celem pracy byta ocena aktywico przeciwgrzybowej ekstraktéw z korzenia orazszié pokrzywy
zwyczajnej Urtica dioica L.) w sezeniach 2,5, 5,0, 10,0, 20,0, 40,0% wobec fitopatoggo szczepAlternaria
solani. Aktywnos¢ przeciwgrzybow ekstraktow z pokrzywy okéno w oparciu o indeks tempa wzrostu grzybni
oraz indeks kietkowania zarodnikéw. W badaniached&no réwnie wplyw metod sterylizacji testowanych
wyciagébw na ich aktywn&. Na podstawie uzyskanych wynikow wykazano,ekstrakty sterylizowane par
wodrg pod cénieniem nie wykazuj aktywndci przeciwgrzybowej. W przypadku ekstraktu z koiaerktory
charakteryzowat giwigksz aktywndcia inhibicyjna, uzyskano zaledwie 7% redukdiempa wzrostu grzybni.
Natomiast ekstrakt z korzenia poddany sterylizpciiez gczenie ograniczat o 75% wzrost grzybni i o 38%
kietkowanie zarodnikéwA. solani.

Stowa kluczowe:aktywnaé¢ przeciwgrzybowalrtica dioica, Alternaria solani, indeks tempa wzrostu, indeks
kietkowania zarodnikéw
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Abstract: Poland is one of major mercury emitter to air urdpe but this emission is constantly decreasiog fr
level 33.3 Mg in 1990. Newest official inventoryfibed mercury emission to air from industrial preses and
fuel combustion in residential sector on level 0@ annually. Additionally estimation of emissiamim the use
of mercury-containing products was based on moaleldfstribution and emission (0.46 Mg). Dental pice
(0.29 Mg) and bodies cremation (0.06 Mg) are nextraes of mercury emission to air. Totally 11.2 Mgrcury
annually is emitted to air. According to E-PRTRal&r 2013, mercury discharge to water was 2.99viith
majority of 2.75 Mg from large and medium indudtfeilities as well as rest from municipal wastater plants
in large towns. Sewage sludge from waste watertplaansferred to agriculture is source of mer@myssion to
soil (0.31 Mg). Mercury discharges to water and 8om dental amalgam in buried bodies (0.16 M@ ather
emission source. In sum mercury emission to aitemand soil in Poland in year 2013 can be estidhatelevel
14.7 Mg annually. Significant load of 10.4 Mg marcwannually is safely stored in wastes from the ake
mercury-containing products and from dental practic

Keywords: emission, mercury, air, water, soil

Introduction

Poland is one of major mercury emitter to air irrdpe. There are two countries in
official EMEP inventory for year 2013 [1] with analuemission on level 10 Mg: Germany
and Poland. Next countries are ltaly (8.1 Mg), UWhea(6.8 Mg), the United Kingdom
(6.1 Mg), Spain (5.4 Mg) and France (3.8 Mg). Thes§tan Federation not report own
mercury emission but its last available data orssion was 14 Mg in 2006.

This ranking mainly is result of coal combustiongower and heating plants with
mercury emission in countries: Germany (6.6 Mg)laRd (5.9 Mg), Spain (2.5 Mg), the
Czech Republic (1.7 Mg) and the United Kingdom (¥@), not data for Ukraine. Industry
and other stationary combustion are next imporsantces of mercury emission to air in
Europe.

Historical inventories of mercury emission

Mercury emission in Poland is constantly decreagiog 1990. Inventories for EMEP
are prepared with delay of 2 years, for exampléviarch 2015 for year 2013. In first
inventories prepared until 2008, officially repattannual mercury emission decreased
from 33.3 Mg for 1990 to 19.8 Mg for 2002 and iresed to 21.3 Mg for 2006
(36% decrease in 16 years), see Figure 1. In 2G88ury emissions for period 2005-2007
were recalculated to level 15.4-16.1 Mg [2]. Nertvantories for years 2008-2010
maintained reported emission on level 14.5-15.7 Mg.

! Faculty of Biology and Environmental Sciences, diimal Stefan Wysazyski University in Warsaw,
ul. Wéycickiego 1/3, 01-938 Warszawa, Poland, phet# 22 569 68 37, email: d.panasiuk@uksw.edu.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-17.10.2015
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Fig. 1. Changes of inventories of mercury emissooair in Poland for years 1990-2013

In 2013 Polish National Centre for Emissions Mamaget (KOBIZE) [3] decided to
change reported emissions from year 2000 for datapteteness and consistency. Applied
emission factors for public power sector have Hessed on a country study conducted by
Polish energy group PGE. Mercury emissions weralcetated to level 9.6-10.7 Mg.
In next year inventories from year 1995 were adddily recalculated. Reported emission
decreased from 13.0 Mg for 1995 and 13.4 Mg for6l8911.6 Mg for 1999. In future
recalculations for period 1990-94 are also expediat there are significant lacks of
statistical data. Now only inventories for perid@®5-2013 are comparable [4]. Due to new
assumptions mercury emission in Poland decreas@@%yin last 18 years. Comparison of
inventory for 1990 and 2013 shows bigger 3-timegekese of this emission.

Emission to air

Newest official inventory for 2013 [5] estimated mmigry emission to air on level
10.4 Mg annually. National inventory covers emiasidrom following SNAP sectors:
energy industry (5.8 Mg), commercial and residérd@mbustion plants (1.7 Mg), other
industries (2.9 Mg) and incineration of municipahstes (0.1 Mg). Detailed data for
emissions from industrial branches are availabteNBR sectors [4]: non-ferrous metals
production (1.4 Mg), iron and steel production (¥§), cement production (0.3 Mg) and
chemical industry (0.2 Mg). E-PRTR database [6insomplete source. It reported only
emission 3.3 Mg of mercury to air with majority fincenergy sector (2.6 Mg).

Estimation of additional mercury emissions to aiaswprepared by Panasiuk and
Glodek [7]. Mercury is intentionally used for pradion of batteries, measuring and control
equipment, light sources as well as other eledtdcal electronic equipment. Emission
from the use of these products was assessed [Bjeobasis of model for distribution and
emissions [9]. Consumption of mercury for productiof mercury-containing products
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launched annually to Polish market (9.4 Mg) wasebaen data for EU-25 [10] with
assumptions of population proportion and smalletteb@s consumption in Poland.
Mercury emission to air from one year’s mercury suomed in products (initial and later
within 10 years) was estimated on level 0.46 Mge THiggest emission originates from
steel scrap and landfills. Smaller shares are setbdy breaking and waste incineration.
The other 2.90 Mg Hg contained in products is rikected and stored safely. Mercury
stream in wastes of mercury-containing productasparted to municipal landfills was
estimated on level 4.84 Mg. Remaining 1.20 Mg ofeugy is still accumulated in products
used to 10 years after production [11].

Dental practice and bodies cremation are next ssuof mercury emission to air.
Amount of mercury in dental materials launched atiguto Polish market (10 Mg) was
estimated on the basis of the Polish Ministry oalttedata (13 million of amalgam fillings
per year) and Maxson’s study [10]. It was assurhetl 2.2 Mg of mercury is accumulated
in society as new dental fillings and 7.8 Mg isgaakto solid waste. From this amount, the
excess of prepared mixture (2.0 Mg) is recollectesd hazardous waste. Remaining
5.8 Mg of mercury in old amalgam wastes is in kalfected and later treated as hazardous
waste. However second half (2.9 Mg) is transpottethfectious wastes and incinerated
with average 90% emission reduction (currently oimlyindustrial plants, earlier also in
hospital plants without proper equipment). Theseocess causes emission
of 0.29 Mg mercury to air.

M Energy industry

O Commercial and residential
combustion plants

@ Other industries

M Incineration of municipal
wastes

@ Use of mercury-containing
products

O Dental practice

Fig. 2. Main sources of mercury emission to aiPéland in 2013

Mercury emission to air from bodies cremation idaRd was reported by EC [12] on
level 0.06 Mg. It was assumed that 9% of corpseamasated in Poland in 2011, there are
3 crematoria applying mercury removal techniquesth(ws0% Hg capture) and
10 crematoria not applying these techniques. TofEll2 Mg mercury is annually emitted
to air from industry, products and dental practice.

Emission to water and soil

Data on mercury discharges to water was used freRRER database [6] for year
2013. These direct and non-direct discharges @eteand transfers) from Poland were



486 Damian Panasiuk

2.99 Mg. Majority of mercury discharge (2.75 Mg)iginates from large and medium
industrial facilities. The biggest discharges tatawan Poland were from production and
processing of metals (1.82 Mg), landfills (0.51 Magid mining (0.23 Mg). Among smaller
sources of releases and transfers are independeptyated industrial waste water
treatment plants (0.10 Mg), industrial scale prditdunc of basic inorganic chemicals
(0.05 Mg) and basic organic chemicals (0.02 Mgyel as energy sector (0.01 Mg).

In Europe chlor-alkali industry was using mercusfl electrolysis for many years.
This process was source of mercury emission tarairwater. Last Polish electrolyzer for
chlor-alkali production was working in PCC Rokitcfory in Brzeg Dolny. For year 2013
this factory reported release of 0.06 Mg mercupmfrindependently operated industrial
WWTP. This electrolyzer was closed in the beginrohg015.

Mercury discharges to water were also reportednfioinicipal waste water plants
in 20 Polish large towns. These discharges frondeesial sector, hospitals and dental
clinics as well as small industrial facilities 923 were 0.25 Mg. The biggest mercury
releases were reported for plants in Poznan (78 ®dansk (35 kg), Sosnowiec (27 kg),
Szczecin (22 kg) and Lodz (21 kg).

B Production and processing
of metals
O Landfills

B Mining

B Independently operated
industrial WWTP

@ Production of basic
inorganic chemicals

O Production of basic organic
chemicals

O Other industrial facilities

@ Municipal waste water
plants

Fig. 3. Main sources of mercury discharges to wiat&oland in 2013

Sewage sludge from municipal waste water plantssfeared to agriculture is source
of mercury emission to soil. This emission wasneated on level 0.31 Mg [13]. Mercury
discharges to water and soil from dental amalganburied bodies are other emission
source. These discharges was calculated on letél KRlg on the basis of burial data,
assuming that 20% of Hg is reaching groundwaterthadest is chemically bounded. Any
releases to soil from Polish industry are repoited-PRTR.

Conclusions

In sum mercury emission to air, water and soil @aRd in year 2013 can be estimated
on level 14.7 Mg annually. The biggest inventoriedd of mercury is emitted to air, see
Table 1.
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Table 1
Main mercury flows in Poland in 2013

Emission/storage
[Mglyear]
Emission to air 11.2
Discharges to water 3.0
Identified emission to soil 0.5
Safe storage of hazardous wastes 10.4

Significant load of 10.4 Mg mercury annually is edgfstored in hazardous wastes.

This load covers 2.9 Mg contained in recycled wastebatteries, measuring and control
equipment, light sources as well as other eledtdcal electronic equipment and from
dental practice, 4.9 Mg collected in dental clirdesl 2.6 Mg captured from incineration of
dental wastes.
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INWENTARYZACJA EMISJI RT ECI DO POWIETRZA, WOD | GLEBY
W POLSCE W 2013 ROKU

Wydziat Biologii i Nauk oSrodowisku, Uniwersytet Kardynata Stefana Wyssiiego w Warszawie

Abstrakt: Polska jest jednym z gldwnych emitoréwait do powietrza w Europie, ale emisja ta stale apad
z poziomu 33,3 Mg w 1990 r. Najnowsza krajowa intaeyracja okréita emisg rteci do powietrza z proceséw
przemystowych i spalania paliw w sektorze mieszkaym na poziomie 10,4 Mg rocznie. Dodatkowo
oszacowanie emisji zzytkowania produktow zawierggych re¢ zostato oparte o model dystrybucji i emisji
(0,46 Mg). Kolejnymizrédtami emisji réci do powietrza g praktyka dentystyczna (0,29 Mg) i kremacja zwiok
(0,06 Mg). tacznie 11,2 Mg &ci rocznie jest emitowanych do powietrza. Na podialanych E-PRTR dla roku
2013 zrzuty rgci do wod wyniosty 2,99 Mg z wkszdicia 2,75 Mg z duych i srednich zaktadéw przemystowych
oraz reszf z komunalnych oczyszczaléciekéw w duych miastach. Osad§ciekowe z oczyszczalriciekow
przekazywane do rolnictwa grédtem emisji rgci do gleby (0,31 Mg). Innyrarédiem emisji § uwolnienia r¢ci

do wdd i gleby z wypelnie amalgamatowych w grzebanych zwiokach (0,16 Mg)sithie emisja ¢ci do
powietrza, wod i gleby w Polsce w 2013 r.zedy oszacowana na poziomie 14,7 Mg rocznie. Zaackadunek
10,4 Mg rtci rocznie jest bezpiecznie sktadowany w odpadaakytkowania produktow zawiergych rt¢ oraz

z praktyki dentystycznej.

Stowa kluczowe:emisja, r¢¢, powietrze, woda, gleba
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COMPARISON OF THE SEQUENTIAL EXTRACTION METHODS
FOR SOIL SUBJECTED TO THE LONG-TERM EFFECT
OF SEWAGE

POROWNANIE METOD EKSTRAKCJI SEKWENCYJNEJ GLEBY
PODDANEJ WIELOLETNIEMU DZIALANIU  SCIEKOW

Abstract: The collation and comparison of two sequentialastion procedures: 5-stage Tessier's and less-known
4-stage Sposito’s for samples of soil treated wilstewaters from the low-tonnage vegetable and asifats
production were presented. The subject producticieahnological fats was carried out in a smallboleemical
plant and the presented results are the continuafidhe previous papers. The doses of wastewdirsrsted to
fields used fotesting were limited by total nitrogen concentnatin the total batches not exceeding the threshold
value of 170 kgN/ha - year. The experimental plaése sown in the consecutive years with vegetatiamh as:
oat, rape, triticale and mustard, which were inticetl to the examined soils in bulk in a form ofeeq fertilizer.

In order to compare the changes taking place ip,tilme acreage of the fields used for testing we#lifed with

the separately mixed raw wastewaters after thefatiiley and physicochemical pretreatement. Featilon
processes were carried out on regular basis ogearawithin the period of four years. The soil séeapised for
the analyses were taken from the surface layer fiteenexperimental fields. The obtained resultsdatdi the
significant variability of changeability levels omerning exchangeable and residual fractions detewnin
accordance with the selected sequential extraatiethods.

Keywords: sequentiakxtraction procedures, wastewaters from oleochérpioaluction, exchangeable fractions,
residual fractions

Introduction

Pretreated industrial wastewaters from the produoctf industrial fats of vegetable
and/or animal origin produced in small oleochemahts have the beneficial N:P:K ratio
for the fertilization needs [1]. The essential dtiod for the agricultural use of such
wastewaters is their effective defatting and thienielation of colloidal and suspension
systems [2, 3]. In specialist literature, there soene examples of papers concerning the
issue of agricultural utilization of wastewatersrir the production of vegetable or animal
fats production including the aspect of total ctem@ heavy metal concentrations being
the result of agricultural utilization [4-10]. Hower, there have been only few reports on
changeability of the individual fraction fields @vgsed during many years of carrying out
experiments concerning soil fertilization with suslastewaters. This issue seems to be
particularly essential because the total metalsceatnations do not reflect the changes
taking place with their participation and the papation of wastewaters pollutants’ load
components during many years of providing the wih these substances.

The aim of the paper was the quantitative idemtifan of the dynamics of fractional
changeability taking place in the surface layersofl in case of two fractions: the
exchangeable one and the residual one for thetsdléeavy metals during the period of

! Faculty of Chemical Technology and Engineering,iversity of Science and Technology in Bydgoszcz,
ul. Seminaryjna 3, 85-326 Bydgoszcz, Poland, phet&52 3749063, email: terra@utp.edu.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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four-year agricultural utilization of defattenedwaand physicochemically pretreated
wastewaters from the low tonnage oleochemical prtiolo. In order to achieve this aim,
one of the frequently used for soil assessmentesgigl extraction methods, that is the
5-stage Tessier's procedure [11] and the less knbatage Sposito’s procedure [12] were
applied.

Materials and methods
Sudy area and soil sampling

Soil from the experimental fields was rated as light soils category with sandy
granulometric composition - sandy clay loam in glowand decayed material layer. The
examined soils were produced from glacial till dinely have the genetic material sequences
typical of the category of brown soil, soil profilap-Bw-Ck [13]. Before the experiment,
the soil reaction was acidic, pH in 1.0 M KCI 3. 02 and the active acidity (in distilled
H,0) measured potentiometrically was pH 6.7 = 0.2e Hverage decay content in the
accumulation layers was 13.21 g/kg and the orgeaniocon 7.66 g/kg, and the total nitrogen
content was 0.70 g/kg, plant assimilable forms lidgphorus amounted 52.0 mgORkg,
potassium 27.0 mg 40/kg and magnesium - 14.0 mg/kg.

Doses of wastewaters directed to fields used &img were limited with total nitrogen
concentration, in portions not exceeding the amo@iif70 kg N/ha- year. The experimental
plots were sown every year in the consecutive yedtls vegetation such as: oat, rape,
triticale and mustard, which were introduced to éxamined soils in bulk in a form of
green fertilizer. Soil samples from the fields ugded testing (50.0 acres each) fertilized
with mixed defattened raw wastewaters and the gmetd ones were taken in accordance
with the Polish standard PN-ISO 10381-2 from thdame layer 0.0-20.0 cm. The soil
reaction sample was determined in accordance with methods given in PN-ISO
10390:1997. The soil material for the analysedeftotal heavy metals contents was taken
within 4 years in equal monthly intervals.

Soil analysis

Soil samples collected from the areas of experiaigribts were sequentially extracted
acc. to Sposito’s and Tessier's methods [11, 12]ubing air dried analytical samples
(40.0 g each) which were treated with extractinlyitsans of increasing extraction power
(Table 1).

After filtering solid parts, the filtrate was anabd by using AAS (apparatus: BUCK
Scientific 210 VGP and Spectr AA Varian 220 SS)e Hoil specimens, washed with water
and dried, were used at the next stage of the aixira- at | (Tessier and Sposito), IV
(Sposito) and V (Tessier) fractions. The resulttheffiltrate analyses for the contents of Cd
and Zn in first and fifth (fourth) speciation frams during four experimental years are
presented in Figures 1 and 2.
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Table 1
Sposito’s and Tessier’s procedures used for fraation analysis
No | Fraction | Extraction steps®
Sposito’s procedure [12, 14, 15]
1 || Exchangeable a-1) 400 ci0.5 M KNG;, shaken at Z& (16.0 h).
a-1.1) 400 crhdeionized water, shaken at’252.0 h).
Il Sorbed b-1) 400 c 0.5 M NaOH, shaken at 25 (16.0 h).
Il Organic c-1) 400 cm 0.05 M NaEDTA, shaken at Z& (6.0 h).
IV Carbonate and sulfide forms| d-1) 400 cmi4.0 M HNQ;, shaken at 8C (16.0 h).
Tessier’'s procedure [11, 14-16]
2 |l Exchangeable a-2) 320 c1.0 M CaCj(pH 7), shaken at room temperature (1.0|h).
Il Carbonate b-2) 320 ci1.0 M CHCOONH, acidifying with 80% CHCOOH up

to pH 7 and shaken at room temperature (5.0 h).

Il Bound to Fe and Mn oxides | c-2) 800 cm0.04 M NHOHHCI in 25% CHCOOH (pH 2) shaken
at 96 + 3°C (5.0 h).

IV Organic d-2) 120 cmi0.02 M HNQ and 200 crfi30% HO, (pH 2) shaken at
85 £ 2°C (3.0 h).

d-2.1) 200 cr™3.0 M CHCOONH, in 20% HNQ (v/v) was added
and shaken at room temperature (pH 2) (0.5 h).

V Residual e-2) 120 criHNO; and 200 crfi30% HO, were added and mixed
(pH 2). The mixture was shaken at boiling point ahthat time it
was treated twice with HNGand HO, up to the moment of releasing
white fumes (1.0 h). 200 ¢i80% HO, was added and was shaken at
boiling point (0.5 h).

¥ sequential extractions were carried out using 4@fied at room temperature soil samples

Physicochemical method for pretreatment of wastewaters from the oleochemical
production

The simplified technological scheme of physicocheahi installation in the
wastewaters treatment plant where the pretreatofemixed wastewaters from the subject
oleochemical production was carried out was preskmtith the detailed description in
paper [1]. Post production wastewaters from thelpetion of fats of vegetable and animals
origin were directed to the preliminary chambebéomixed and averaged and then pumped
into the aerated chamber at the first stage ofrgathent where hydrogen peroxide was
additionally introduced in doses 150.0-175.0 Dim® of wastewaters in order to separate
the protein and fat flotate. Pretreatment at ttomisé, chemical stage was carried out with
lime milk (in unit doses 1.25-1.50 kg CaC/uf the defattened wastewaters after the first
stage of pretreatment) with the final flocculatiaith aqueous 0.3% flocculant solution
(Praestol 859 BC Stockhausen dosed in the amoumtucé component 50.0 giof
wastewaters). The process was additionally aideld eissolved air flotation (DAF) (basic
flotation parameters: saturation time 10.0 minussion pressure 500 kPa, the level of
pretreated wastewaters recirculation 20%) and pedtliwith hydrogen peroxide in doses
235.0-250.0 g bD./m® of wastewaters. After oxidation and separatioptases, the flotate
was directed to the tank to be additionally conddrend next to the plate and frame filter
press in order to be dehydrated, while the predtbatastewaters were directed to the
storage tank from where they were directed to empmntal fields.
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Results and discussion

The subject production of technological fats ofetadple and animal origin was carried
out in a small oleochemical plant located in theakarea, and the presented results of the
research are the continuation of papers [1, 2]. dihe of this study was the quantitative
identification and the comparison of the dynami€€tmnges in two fractions, that is the
exchangeable one and the residual one, obtainedthé application of Tessier’'s extraction
procedures (fractions | and V) and Sposito’s efiwacprocedures (fractions | and V) for
such heavy metals as Cd and Zn. The dynamics eiggsawas analyzed in the surface soil
layer (0.0-20.0 cm) during the period of four-yagricultural utilization of the defatted raw
and physico-chemically pretreated, mixed wastewatitom the subject production.
In order to compare the changes taking place due,tthe acreage of the experimental
fields was fertilized with the separately mixed rawastewaters after their defatting and
with the ones which were physico-chemically predaDuring the experimental period,
the ranges of basic parameters values for the miaedwastewaters after their defatting
and the ones which were physico-chemically predaatere in accordance with the data
given in Table 2.

Table 2
Compilation of ranges of basic parameters valuethidraw and physico-chemically pretreated wastessa
directed to the experimental plots [1, 2]

Item Parameter Unit Crude wastewater|Pretreated wastewatef’

1 Reaction (pH) [-] 3.9-5.0 8.4-9.3

2 Total suspended solids (TSS) [mgRim  477.3-2530.0 18.9-42.7

3 Chemical oxygen demand (CQBP | [mg O/dnv] | 3348.9-10201.6 809.6-440577

4 Biochemical oxygen demand (B@D | [mg G/dn] 905.8-4593.9 467.9-2067.8

5 Total nitrogen (TN) [mg N/dfh 175.3-720.9 88.8-170.7

6 Total phosphorus (TP) [mg P/dn 60.7-220.8 11.3-40.8

7 Ether extract (EE) [mg/dth 703.3-5999.0 3.7-27.3

8 Potassium (K) [mg/dh 149.4-606.2 66.9-483.7

¥range of values after two stages of pretreatnfensing HO,, the values of COD were given as corrected ones:
COD, = COD,—f-c (f = 0.25 based on the data from the study [17, 18])

In case of soil samples being subject to raw dedatvastewaters, their acidity over
time was found from the initial level of pH 6.7 + 0.3 to the final value pH= 5.9 £ 0.4
(there was no liming of this experimental plot, dhd raw wastewaters after the defatting
process have the reaction p+8.9-5.0). In soil samples, where pretreated weastiens with
reaction pH = 7.8-8.8 were applied during the fgaars of experiments, no significant
change of this parameter was found because its Wagwithin pH~ 6.7 + 0.2, during the
whole experimental period. On the basis of theiedrout analyses of the soil samples it
was found that cadmium and zinc concentrations imedaat the level of natural
background in case of the subject soils. There m@ssignificant influence of dosing
wastewaters on the level of the registered valdethese metals. The total load did not
undergo any changes during the experimental pemmtwas roughly in accordance with
the polynomial equatiol©y(t) = at®> + bt + ¢ (where:Cy, - total Cd or Zn concentration
determined with the use of AAS, and paramétareans experimental time expressed in
monthly units) [2].
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Fig. 1. Comparison of changes in exchangeableidraciontents (fraction I) for: a) cadmium and b)cziwithin
the period of four-year fertilization with raw défed wastewaters and the ones which were physico-
chemically pretreated and originated from oleochahproduction
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Fig. 2. Comparison of changes in the residualstimdfraction IV in Sposito’s procedure and fractiV in
Tessier's procedure (Table 1)) for: a) cadmium landinc within the period of four-year fertilizatiovith
raw defatted wastewaters and the ones which weysiqichemically pretreated and originated from
oleochemical production
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Cadmium concentrations registered during the erpental period did not exceed the
level of 1.0 mg/kg dry mass and they were arouedvdiues of 0.6 (+ 0.2) mg/kg dry mass.
The zinc contents in the determined samples respdct fluctuated around
49.7 + 2.7 mg/kg dry mass, not exceeding the vafoesuch type of soils applied to
agricultural utilization [3]. In case of fraction determined for cadmium and zinc, the
results obtained with the use of Tessier's and iBps®xtraction procedures differed both
with regard to results obtained for soil sample=atied with raw, defatted as well as
physico-chemically pretreated wastewaters (Ficad&b).

In case of cadmium, the higher percentage conttieachable fraction determined
with Tessier’'s method was obtained with the indregasrend in its quantity in line with the
time of long-term dosing of raw defatted wastewatddowever, in case of Sposito’s
procedure, no evident tendencies or trends welisteegd over the time of dosing during
the whole experimental period (Fig. 1a). In casehid fraction’s content, determined in
soils treated with physico-chemically pretreatecstewaters, the application of Tessier's
procedure allowed to determine the content with ékielent tendency of its successive
decrease over time and the stable level in casmmtent determined in accordance with
Sposito’s procedure (Fig. 1a). In case of zinc,dbtermined contents of fraction | for soil
samples treated with raw defatted wastewatersrdifén values - the ones obtained in
accordance with Tessier's procedure contained hitghwels of values (from 6 to 14.9%)
than the ones received with the use of Spositaisquure (from 3 to 7%) (Fig. 1b). In case
of contents analyses of this fraction for the s@iimples treated with physico-chemically
pretreated wastewaters equal stable values weraineldt in the experimental period
(Fig. 1b). Therefore, the thesis can be suggedtatl ih case of soil being subject to
long-term treatment with raw defatted wastewatenst Mithout lime there are
transformations leading to the increase in cadmiamexchange resin. This parameter
functionally depends on a range of factors inclgdime reaction value concerning the soil
environment [19-22]. The labile forms of metal tians which are present in soils
significantly influence Cd and Zn mobility, bioassibility and toxicity [15]. Definitely,
the highest percentage participation was registarechse of so called residual fraction
(fraction V in Tessier's method and fraction 1V 8posito’s procedure). In case of soil
samples treated with pretreated wastewaters, cadrad zinc contents in this fraction
were registered at the level around 70% (Tessieeshod) and above 85% (Sposito’s
method). In case of fraction V, being the residaad for soil samples treated with defatted
raw wastewaters, the decrease in the qualitatinéeoo registered over time was observed
in case of any metal (Fig. 2a and b). The lowest was in case of zinc - around 10-15%.
The residual fraction is the load which is the tedetermined with regard to its qualitative
and structural content and its properties signifilya depend on local soil formation
and environmental conditions, which at the sameetimakes it difficult to describe
and interpret it fully and only on the basis of giitative changes taking place over time
[1, 19, 23].

Conclusions

Analyzing the fractional content with the use obtextraction procedures during the
experimental period, different percentage levelghef determined fractions are obtained
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and often the different trends during the timeasfg-term treatment of the examined soils
with wastewaters. On the basis of the comparisoresdits obtained for an exchangeable
fraction and the so called residual fraction, itdifficult to explicitly characterize the
direction of changes taking place between the ivactoads in soils being subject to
long-term treatment with wastewaters from oleoclwainproduction. In case of cadmium,
the phenomenon of significant differences in petage participation of fractional loads
over time should be also assessed with regardntiora scattering of the received values,
considering its relatively low concentration inlg@or Cdyg) = 0.6 (+ 0.2) mg/kg dry mass),
and at the same time the statistical assessmém @btained results.
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POROWNANIE METOD EKSTRAKCJI SEKWENCYJNEJ GLEBY
PODDANEJ WIELOLETNIEMU DZIALANIU ~ SCIEKOW

Wydziat Technologii i Iynierii Chemicznej, Uniwersytet Technologiczno-Rogniczy im. J.JSniadeckich
w Bydgoszczy

Abstrakt: Przedstawiono zestawienie i poréwnanie dwdch pracelistrakcji sekwencyjnej: 5-etappiessiera
oraz mniej znam4-etapow Sposito dla probek gleby traktowardejekami z matotonawej produkcji ttuszczéw
roslinnych i zwierzcych. Przedmiotowa produkcja technicznych ttuszchbd¥a prowadzona przez maty zaktad
oleochemiczny, a prezentowane wynililontynuacy dotychczasowych prac. Dawktiekdw kierowanych na
poletka déwiadczalne limitowano steniem azotu og6tem wadznych porcjach nieprzekraczeych granicznej
ilosci 170 kg N/ha-rok. Poletka testowe corocznie byisiewane rdinnoscia, w kolejnych latach: owsem,
rzepakiem, pszemtem i gorczyag, ktére w formie zielonego nawozu byly w catej neasiprowadzane do
badanych gleb. Dla poréwnania zachagzh zmian w czasie, eksperymentalne arealy nam® oddzielnie
mieszanymi sciekami surowymi po ich odtluszczeniu i podczyszgzoi fizykochemicznie. Nawenie
prowadzono regularnie raz w roku w okresie cztedathPrébki gleby do analiz pobierano z powierzotme]
warstwy z poletek daviadczalnych. Uzyskane wyniki wskagujna znaczce zrénicowanie poziomow
zmienndci frakcji jonowymiennych i pozostatych oznaczanygodnie z wytypowanymi metodykami ekstrakcji
sekwencyjnej.

Stowa kluczowe:procedury ekstrakcji sekwencyjnégieki z produkcji oleochemicznej, frakcje wymienoimaz
pozostatéc¢
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EFFECT OF FERTILISATION ON THE CHANGES OF SOIL pH
AND EXCHANGEABLE ALUMINIUM CONTENT IN SOIL

WPLYW NAWO ZENIA NA ZMIANY ODCZYNU
ORAZ ZAWARTO SCI GLINU WYMIENNEGO W GLEBIE

Abstract: We assessed the level of acidification of the @od the content of exchangeable aluminium inicelat
to the type and dose of mineral fertiliser. Thedgtwas based on a vase experiment with barley obtewery
variety Propino. The results showed that minendilifeng with NPK combined with ammonium nitratengg the
highest acidification and the highest contentsxahangeable aluminium. Calcium sulphate appliedifferent
doses did not change soil reaction, and the cowfegtchangeable aluminium was lower than when ¢oation
of NKP fertilizing and ammonium nitrate was applied

Keywords: acidification, exchangeable aluminium, mineratifieation, Hordeum vulgare

One of the most important problems of agricultupabduction in the world is
extensive and retaining acidification of soils [I}. conditions of acidic soils typical for
Poland the content of exchangeable aluminium ih adich causes decrease in the quality
of cultivated plants [2, 3], is one of the maintéas that affect crops. Aluminium occurs in
its insoluble forms in soils of the neutral anddicireaction. With a decrease of pH
aluminium changes into forms that dissolve in soilution and are toxic for plants. The
most toxic forms for plants are Al@I;(OH),4(H,0):,"" (commonly denoted as A) and
Al(H,0)s™ (denoted as Af) [4]. Unbalanced fertilizing without applicatiorf bme leads
to strong acidification of soil, which causes cdesable decrease in crops of cultivated
plants, including barley.

This study was aimed to determine the effect offéintlizer dose on the soil reaction
and the content of exchangeable aluminium. In tEeement we used calcium sulphate
(CaSQ:-2H,0) which is a waste during gas desulphurisatiomeiat and power stations.

Material and methods

We conducted the vase experiment with barley obtiesvery variety Propino in 2014.
The experiment was designed with the method offeddent series in three repetitions and
five variants. Dosing of fertiliser was conductedcarding to the methods of vase
experiments:

e variant I: control cultivation without fertilizing;

« variant Il: mineral fertilizing NPK at a dose of 3012 dnf;

« variant Ill: mineral fertilizing NPK at a dose 002)/12 dri, ammonium nitrate at two
doses of 6 g/12 din

! Ecology and Nature Protection Unit, Chair of Basteology and Molecular Biology, Opole University,
ul. kard. B. Kominka 6A, 45-035 Opole, Poland, pbed8 77 401 60 60, email: mebis@uni.opole.pl
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«  variant IV: mineral fertilizing NPK at a dose of g012 dni, ammonium nitrate at two
doses of 6 g/12 dfand calcium sulphate at a dose of 15 g/12 dm
« variant V: mineral fertilizing NPK at a dose of g0L2 dni, ammonium nitrate at two
doses of 6 g/12 dfand calcium sulphate at a dose of 30 g/13.dm
Soil used in the experiment was prepared earliéffigted into 15 vases. The initial pH
of the soil was measured. After four months of gtowe again measured pH of soil and
checked exchangeable aluminium by the method o0bISwk[5]. During growth period we
determined the relative content of chlorophyll gsimlorophyll meter CCM 200.

Results and discussion

In Poland at present 20% of arable soils have glyascidic reaction (below 4.5 pH).
Acidic and strongly acidic soils form 50% of aratded [6]. Optimum pH of soil enables
proper growth and function of the root system thgtplies plants with sufficient in water
and nutrients, which provides high crop of goodligpavith efficient use of fertilizers [7].
Outwashing of calcium by rainwater, about 140 k@@ during a year, is the main cause
for strong acidification of soils retained on aglararea of Poland. Light and very light soils
are particularly susceptible to washing out of iceic[8]. Retaining low pH (very acidic) in
soils leads to their chemical degradation. Thiduides increase of concentrations of
aluminium and manganese which are toxic for plaatg] freeing heavy metals, mostly
cadmium, zinc, lead and nickel, alongside with d&ph of magnesium available for plants
in soil. Highly acidic heavy soils deteriorate itnusture which creates hydrological and
aerial conditions unfavourable for plants.

Table 1
Reaction of soil used in the experiment
" pH []
Repetitions H,0 KCl
1 4.98 4.50
2 4.99 4.59
3 5.04 4.82
Means (pH) 5.00 4.64
Table 2
Reaction of soil after the experiment in differeatiants
i pH []
Repetitions ] T m v v
H,O KCI H.O KCI H.O KCI HO KCI H.O KCI
1 4.98 4.93 5.06 4.71 4.22 4.05 4.59 4.41 445 405
2 5.05 4.69 5.00 4.61 4.44 4.12 4.47 4.40 425 4127
3 5.10 5.01 4.94 4.61 4.30 4.1Q 4.55 4.33 4)53 438
Means (pH) 5.04 4.88 5.00 4.64 4.32 4.00 4.64 4.384.41 4.23

Soil reaction measured before and after the exmetirvas acidic (Tables 1 and 2).
Calcium sulphate did not change pH of soil despitentains calcium. Thus it is unsuitable
for improvement of reaction of acidic soils, butghmi be good fertilizer for soils of alkaline
reaction with a deficiency of calcium. In such salvailability of calcium from chalk or
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dolomite would be too low for plants. Thus appliocatof calcium sulphate might give
good results in soils where calcium occurs in s#oih form temporarily unavailable for
plants.

In our study the control variant had low contenaafminium - 0.39 mg/100 g of sail,
and variant I, where only NPK fertilizing was amali- 0.55 mg/100 g of soil (Table 3).
Similarly low content of exchangeable aluminiun®at mmol(+)-kg" (0.36 mg/100 g) was
noted in studies of Rutkowska et al [3], also fbe tcontrol sample with no mineral
fertilization. In our study the highest contentatfiminium occurred with the combination
of NPK fertilizing and ammonium nitrate (1.9-2.2 #h@0 g of soil) (Table 3, Fig. 1). The
mean content of exchangeable aluminium was inuhigant more than five times higher
than in the control sample. The literature shoved #mmonium nitrate causes acidification
[9], which favours increase of the content of exadeable aluminium in soil [10].

Table 3
Effect of fertilizing on changes in the contenteathangeable aluminium in soil
Content of exchangeable aluminiumAl fv* [mg/100 g]
Variant
| Il 1l |\ \
0.433 0.276 2.244 1.536 1.457
0.354 1.062 2.087 0.827 1.575
0.394 0.315 1.969 1.221 1.457
X 0.394 0.551 2.100 1.194 1.496
£ 25
£
5520
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T oj
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Fig. 1. Changes in exchangeable aluminium

Calcium sulphate used in different doses (varighathd V) did not cause any change
of the initial reaction of soil (Tables 1 and 2)eWecorded three times higher content of
exchangeable aluminium in the variant 1V (1.2 m@of soil with the dose of calcium
sulphate at 250 kg/ha) and more than three tingtsehiin variant V (1.5 mg/100 g of soil
with the dose of calcium sulphate 500 kg/ha). Butthese variants also NPK with
ammonium nitrate were applied, besides calcium haip Ammonium nitrate causes
decrease of soil pH and increase of the contemtxohangeable aluminium, as shown in
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variant Ill. Additional applying of calcium sulptetin the soil did not increase its reaction,
but caused higher concentrations of exchangealteimium than in variant 111,

The content of chlorophyll estimated in tissueesves using chlorophyll meter CCM
200 indicates varied in relation to applied feztilig. This meter uses two wave length to
determine absorbance. One wave length increaséinviie range of the absorbance by
chlorophyll, while the other one is used to compgmdor mechanical changes, such as
thickness of the leaf. The meter measures traremoitt of both wave lengths and calculates
the CCI (Chlorophyll Content Index), which is prefonal to the content of chlorophyll in
a sample. Thus the value of the CCI is an indea oflative content of chlorophyll. The
lowest CCI was recorded in the control variant. NRitilizing (variant 1) or the
combination of NPK with ammonium nitrate (variant) Icause small increase of the
chlorophyll content in leaves of barley. Introdugicalcium sulphate in the soil doubled the
content of chlorophyll in relation to the contra@nant (Fig. 2).

25

20

e

Variants

L

wn

Chlorophyll Content Index [-]

Fig. 2. Relative content of chlorophyll in leavddarley

Mineral fertilizing in one of the most importantcfars that affect the amount of crop
[11]. Application of calcium sulphate (Ca@H,0) in agriculture and gardening in Poland
is not a common practice.

Studies in this direction should be continued vétttended diagnostics including the
value of crop, the content of protein in crop, dhd control of the chemical content of
barley. Preliminary results in this direction shthat it is rather the chemical content of the
waste from gas desulphurisation will be decisive fis commercial application in
agriculture [12].

Conclusions

Based on the study the we drew the following cosiolus:

1. NPK fertilising with ammonium nitrate increased dicireaction and the content of
exchangeable aluminium in soil.

2. Calcium sulphate did not cause change of soil pHs it can be used as fertilizers on
soils of alkaline reaction with a deficit of caloiu
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3.

Application of calcium sulphate had a positive effgn on the content of chlorophyll
in leaves of barley.
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ORAZ ZAWARTO SCI GLINU WYMIENNEGO W GLEBIE
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Abstrakt: W pracy oceniono stopiezakwaszenia gleby oraz zawattaglinu wymiennego w zaimosci od
rodzaju zastosowanego nawozu mineralnego orazdegdi. Badania prowadzono w oparciu cswimdczenie
wazonowe z gczmieniem jarym odmiany browarniczej Propino. Uzarsk wyniki wskazuj, ze najweksze
zakwaszenie oraz najyisze zawartei glinu wymiennego stwierdzaesiv warunkach stosowania naiemia

w kombinacji NPK wraz z saletframonow. Zastosowany w tdych dawkach siarczan wapnia dwuwodny nie
wplynat na zmiag odczynu gleby, a odnotowana zawéétglinu wymiennego byta sza nk w kombinacji NPK
wraz z salety amonov.

Stowa kluczowe:zakwaszenie, glin wymienny, nasenie mineralne gczmien jary
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REMOVAL OF Cu(ll) AND Pb(Il) FROM AQUEOUS SOLUTIONS
BY LACTIC ACID BACTERIA

USUWANIE Cu(ll) | Pb(ll) Z ROZTWOROW WODNYCH
PRZEZ BAKTERIE KWASU MLEKOWEGO

Abstract: The aim of the study was to compare the remov&udil) and Pb(ll) from aqueous solution by lactic
acid bacteria (LAB). Effect of various process pagters, viz., initial metal ions concentration, @d contact
time has been studied for the removal of copperlead ions. Langmuir and Freundlich models werdiego
describe the biosorption isotherm of the metal lopd AB biomass. Langmuir model fitted the equilibn data
better than the Freundlich isotherm. The sorbemwsld the maximum sorptive capacity amounting to be
11.07 and 10.51 mgg™ for Cu(ll) and Pb(ll) ions, respectively. The optim conditions were pH 6.0 with
equilibrium time of 40 min for both metal ions. Tirevolvement of functional groups on the surfaceddéd
biomass in biosorption process is also discussed.

Keywords: biosorption, Cu(ll), Pb(ll), isotherm, lactic adidcteria

Lactic acid bacteria (LAB) are nonpathogenic, faade bacteria that are used in the
production of many fermented food products. Thaynint glucose into lactic and acetic
acid, ethanol and CQwhich contributes to better quality, texture amdma of fermented
products. LAB also produces bacteriocins and otieanpounds that inhibit the growth of
undesirable microorganisms present in food. Theyaapart of the microbial population of
the digestive tract of healthy humans and aninaadd, are involved in their metabolism [1].
Microbial cell is the natural adsorbent for metahs due to its nature and composition of
the cellular membrane [2]. Application of LAB ingtprocess of metal ions binding has
started recently, although studies that examinedbihding ability of metal ions by other
microorganisms were carried out. Most of the stsidiave used readily available waste
microbial biomass from the pharmaceutical or foodustries, in order to remove heavy
metals from industrial wastewater. However, theestigated waste microbial biomass
cannot be used in the field of food technologydtimking water and food processing only
food safe microorganisms can be used. Among athex, LAB has the added advantage
because of probiotic properties of some strain@dFand water contamination by heavy
metals continues to increase due to the increasimgonmental pollution. Heavy metals in
food, even at a very low concentration, may leadeweelopment of adverse health effects.
If they enter the body, they are not degradabletand to form complexes and accumulate
in the tissues [3]. There are various conventigoiaysical and chemical methods for
removing heavy metals from water as chemical pietipn, ion exchange, membrane
technologies etc. These methods are effective, dfteh dependent on the metal ion
concentration, expensive and not environment ftienBinding of heavy metals on the
LAB could be a promising solution for heavy metainoval from water, liquid food and
from the body [1].

! Chair of Biotechnology and Molecular Biology, OpdUniversity, ul. kard. B. Kominka 6, 6a, 40-035dkp
Poland, phone +48 77 401 6055, email: slawomirzkia@ uni.opole.pl
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The objective of the present work is to investighie biosorption potential of LAB in
the removal of Cu(ll) and Pb(ll) from aqueous siolut The influence of different
parameters on biosorption, such as pH, initial medacentration and contact time, were
performed. Different equilibrium and kinetic modelgere applied to describe the
biosorption process. The desorption experiment® waplemented to identify the release
of metal ions and recovery of biosorbents, whilenpetitive biosorption and the Fourier
transform infrared (FTIR) analysis were also usethis study to look at potential binding
sites and possible functional groups of LAB.

Material and methods

The bacteria used in this work were lyophilizedterds ofLactobacillus rhamnosus,

L. casei andL. plantarum (Avet PHARMA, Warszawa, Poland). The bacteriasfarred to
MRS plates and cultured anaerobically for 71 h Z&C3 A colony from the plate was
transferred to MRS broth and incubated under améeonditions for 48 h at 37°C. The
cultured biomass was washed twice with deionize@mand lyophilized.

The concentrations of Cu(ll) and Pb(ll) in the lig#ion experiments were
determined spectrophotometrically (Photolab SpedtvadW, Germany). Before measuring
the samples were passed through a Whatman filtee (pize 0.45 um) and then diluted
with deionized water. The initial and the final centrations of heavy metals used in batch
mode studies were estimated spectrophotometricdlhe removal efficiency of the
microorganisms was calculated from the differenevien initial and final concentrations.

Experimental tests were conducted in 25C¢ &rlenmeyer flasks with of 50 chof
metal solution at constant level of biomass (0.1al)37°C and agitation of 120 rpm.
Biosorption experiments were carried out to inst the effects of pH, contact duration
and initial metal concentration. The pH values wadgusted between 2.0-8.0 by adding
0.1 M NaOH or 0.1 M HN@ The contact durations ranged from 0-120 min. THitgal
Cu(ll) and Pb(ll) concentrations varied from 8.0 150.5 g - dm and 9.5 to
154.6 g - dr, respectively. The functional groups present mhifomass, before and after
interaction with Cu(ll) and Pb(ll) were detectedngsa Fourier transform infrared (FTIR)
spectrometer. The spectrum was recorded in theerang000-500 cit.

The metal uptake [mg metal ~*giry biomass] was calculated:

_ (CO B Ce)w
e M 1)
where C, and C, are the respective initial and equilibrium metahcentrations in the
solution [mg - dm], V is the volume of the solution [dinandM is the dry weight of the
biomass [g]. The metal sorption ability of the basa was determined by the above-
mentioned procedure in all the following experingemless stated otherwise.

Heavy metals biosorption isotherms were obtainedoastant pH and ionic strength.
To test the fit of data, Langmuir and Freundlichhisom models were applied to this study.
The Langmuir isotherm model is valid for monolagerption onto a surface and a finite
number of identical sites, and is given by:

_ qmaxK LCeq

= 2
O = K.C. @)
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or presented in linear form as follows:

T ®)

—+
qeq Omax KL |]1ma>< |:([:eq

wheregmax [Mg - g7 is the maximum amount of the metal ion per urgight of the cell to
form a complete monolayer on the surface bound &igh Cy [Mg - dm? and K,

a constant related to the affinity of the bindintgs gnax represents a practical limiting
adsorption capacity when the surface is fully cedewith metal ions and assists in the
comparison of adsorption performance, particularlgases where the sorbent did not reach
full saturation in experiments.

The empirical Freundlich isotherm model based betarogeneous surface is given by:

Gy = K CY' (4)

where K and n are Freundlich constants characteristic of theesysKr and n are
indicators of adsorption capacity and intensitgpextively. Freundlich parameters can be
determined from the linear form of the eq. (4) bytfing the Ingy versus INCy, the slope

is the value of h and the intercept is equal toKi. The Freundlich isotherm is also more
widely used and provides information on the monetagdsorption capacity, in contrast to
the Langmuir model. All data shown are the meameslof three replicate experiments,
and error bars are indicated wherever necessary.

Results and discussion

The pH of the solution is one of the most importg@rameters affecting the
biosorption process due to its impact on both tiebslity of metal ions and the ionization
states of surface functional groups of the biosoirkgstem [4].

14 —e— Cu(ll)
—o— Pb(ll)

pH [

Fig. 1. Initial pH effect on Cu(ll) and Pb(ll) rema conditions by LAB (metals concentration 78.0dan
92.0 mg- dn® respectively, contact time 60 min, biomass 0.ltegnperature 37°C, agitation rate
120 rpm)

As depicted in Figure 1, the metal ions uptake mas strongly affected by the pH of
the medium as it increased with solution pH inceedshe sharpest increase in maximum
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capacity ¢,) was obtained between pH values of 2 and 6, qooreting for the latter pH
value to capacities of 14.47 and 4.57 mg"fay copper and lead, respectively. Further lead
and copper biosorption studies were carried ouptat6. At low pH values, the high
concentration of H protons competes with and decreases the adsorpfigositively
charged metals ions [5, 6] but an increase in theguses the ionization of the biosorbent
surface functional groups and thus, increases dta hegative charge which increases
biosorption. At pH values higher than 6, precipitatof insoluble metals hydroxides may
be formed and the concentration of free Cu(ll) du{ll) ions decreases, thereby the
adsorption capacity of Cu(ll) and Pb(ll) decred3és

The biosorption rates of Cu(ll) and Pb(ll) ionslohB biomass were shown in Figure
2. Rapid uptake of metal species was occurred mwifd min and an equilibrium was
reached in 40 min. After this equilibrium periogtamount of adsorbed metal ions did not
change significantly with contact time. Such a gihmanon of rapid removal of Cu(ll) and
Pb(Il) ions has also been reported earlier fordroesnts such aBacillus thioparans, green
algaeCladophora fascicularis, Neurospora crassa andCandida ablicans [8-11].

30
25
— 20
‘>
E 15
[0
S 10 —e— Cu(ll)
: —o— Pb(ll)
5
0

0 20 40 60 80 100 120
time [min]
Fig. 2. Biosorption of Cu(ll) and Pb(ll) by LAB aa function of time (metals concentration 101.5 and
102.7 mg dnr® respectively, pH 6.0, biomass 0.1 g, temperatdf€ 3agitation rate 120 rpm)

0.1 4 L4 CU(”)
o Pb(ll)

0.0 0.2 0.4 0.6 0.8 1.0
1/C,, [dm® mg™]

Fig. 3. Langmuir isotherms for Cu(ll) and Pb(llpborption by LAB (initial pH 6.0, biomass 0.1 gnteerature
37°C, agitation rate 120 rpm)
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° e Cu(ll)
0.5 o Pb(ll)

0 1 2 3 4 5 6
In C,, [

Fig. 4. Freundlich isotherms for Cu(ll) and Pb@ipsorption by LAB (initial pH 6.0, biomass 0.1tgmperature
37°C, agitation rate 120 rpm)

The linearized Langmuir and Freundlich isotherm€afll) and Pb(ll) ions are given
in Figures 3 and 4. The isotherm constants anctladion coefficients are given in Table 1.
Langmuir sorption model served to estimate the mari metal uptake values where they
could not be reached in the experiments. In genésalgood biosorbents, high.., and
high K. are desirable [12]. However, biosorbent with a lgw, and a highK_ could
outperform a biosorbent with higi..x and a lowK, [13]. In this studyK, andqm.x value
were found out 0.197 and 11.07 mg™ for Cu(ll) and 0.088 and 10.51 mg™ for Pb(Il)
which indicated that LAB is an encouraging biosaoitbfer the tested metal ions (Table 1).
The correlation coefficients @R were found to be 0.96 and 0.99 for Cu(ll) andIiPb(
biosorption, respectively. Mii¢ et al [1] reported &, value of 15.53 mgg™ for Cu(ll)
biosorption byLactobacillus plantarum.

Fitting of the biosorption data of Cu(ll) and Ph(#d Langmuir isotherm showed that
the binding energy on the whole surface of the L uniform. Fitting adsorption data to
Langmuir isotherms also showed that the adsorbedlrimns do not interact or compete
with each other and they are adsorbed by formimgoaolayer. This phenomenon, at the
same time, indicated that chemosorption was thecipal removal mechanism in
biosorption [14].

Table 1
Adsorption isotherm parameters for Cu(ll) and Bh@hs on LAB
. Langmuir model Freudlich model
Metal ions — > >
K|_ | Omax [mg - g ] | R n | KF R
Geq = Amaki Cedf (1+ K Ceg) Oeq = KFCequ"

Cu(ll 0.197 11.07 0.96 0.73 2.87 0.90
Pb(ll) 0.088 10.51 0.99 112 1.63 0.98

Table 1 suggests that metal biosorption is lesdidemially explained by Freundlich
model, on the basis &, than Langmuir model.

The FTIR spectra of LAB before and after interactivith heavy metals (copper and
lead) are shown in Figures 5-7. The sharp peal8z8 8m™* was characteristic of hydroxyl
groups bound to alcohol, and strong LCHiretching frequency gave rise to peak
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at 2926 cr. Differences were also noted at 1634 t(@=0, stretching vibrations). Some
differences in the spectra of the 3 samples weserd in the broad range of 1218 to
1413 cm® indicating the presence efOH groups, COO- anions, and=0O groups
(deformation and stretching vibrations). A cleaffadience in signal intensity was also
found at 1028 cit (C—O groups).
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Fig. 5. FTIR spectrum of native LAB
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Fig. 7. FTIR spectra of LAB after treatment with(Pb
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The analysis of the FTIR spectrum confirmed thesgnee of many ionizable
functional groups, which are able to react withlQw(nd Pb(ll) ions. Carboxyl or hydroxyl
groups are known to be involved in metal binding foyming coordination bonds that
facilitate the stability of the metal complexes]1bhe results of FTIR analysis obtained in
this study demonstrated thaOH, G=0, and COO- groups played an important role in the
binding of Cu(ll) and Pb(ll) ions onto the LAB barbent.

Conclusions

In this study, the LAB were used as effective bibsats of Cu(ll) and Pb(ll) from
waters. The biosorption performances were stroadfigcted by parameters such as pH,
contact duration and heavy metal concentration. dpttmum pH for the biosorption of
Cu(ll) and Pb(ll) by LAB at pH 6.0. The uptake ofetals was very fast. Adsorption
equilibrium was reached within 40 min of biomassditidn. The batch experimental results
fitted well to the Langmuir isotherm model. The rmaMm adsorption uptakeg(.,) of
respectively Cu(ll) and Pb(ll) calculated from thangmuir equation for biosorption by
LAB were 11.07 and 9.79 mg “‘gThe FTIR analysis also suggests the involvemént o
some functional groups-OH, G=0, and COO-) in Cu(ll) and Pb(ll) biosorption.
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USUWANIE Pb(ll) I Cu(ll) Z ROZTWOROW WODNYCH
PRZEZ BAKTERIE KWASU MLEKOWEGO

Samodzielna Katedra Biotechnologii i Biologii Molg&rnej, Uniwersytet Opolski

Abstrakt: Celem pracy byto poréwnanie zdofgousuwania Cu(ll) i Pb(ll) z roztworu wodnego [zZeakterie
kwasu mlekowego (LAB). Badano wptywzrych parametréw, tj. atenia jonéw metali, pH i czas kontaktu, na
proces usuwania jonéw miedzi i otowiu. Do opisutézm adsorpcji jondw metali przez biorpatAB
zastosowano modele Langmuira i Freundlicha. Uzyslkdame déwiadczalne byty lepiej dopasowane do modelu
Langmuira nt Freundlicha. Sorbent wykazat maksymgahtlolngé sorpeyjm, wynosaca 11,07 i 10.51 mg g*
odpowiednio dla jonéw Cu(ll) i Pb(ll). Optymalne maki biosorpcji obu jonéw metali wynosity: pH 6i@zas
réwnowagi 40 minut. Oméwiono réwrieidziat grup funkcyjnych na powierzchni biomasy wqesie biosorpcji.

Stowa kluczowe:biosorpcja, Cu(ll), Pb(ll), izoterma, bakterie lsmamlekowego
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APPLICATION OF THE TRIAL RESEARCH SET FOR
PRETREATMENT OF CASINGS PROCESSING WASTEWATERS

WYKORZYSTANIE PILOTA ZOWEGO ZESTAWU BADAWCZEGO
DO PODCZYSZCZANIA SCIEKOW Z JELICIARNI

Abstract: The designed research set of capacity up to £/B for testing physicochemical methods of raw
industrial wastewaters pretreatment directly atsttherce of their origin or storage was presentéa. ifistallation
built on the mobile pallet is equipped with theiegier-conical central flotation chamber with thefaoe flotation
fodder, pipe reactors, where the chemical reagargsdosed from the preparation and dosing statéomts
processing units where the dispersed air flotatbordissolved air flotation or oxidation aided witlydrogen
peroxide in accordance with own invention. The sabget can be used to optimize different physieogbal
pretreatment methods, including coagulation, chahpeecipitation and final separation of disperpbdses with
the use of the mentioned above flotation methodi® @xperimental conditions and the obtained rednstof
indicator values with the application of the subjasearch installation were set for the selectestewaters from
casings processing.

Keywords: mobile research installation, pretreatment of waaters from casings processing department,
flotation

Introduction

Technological wastewaters generated by a convaitaasings processing department
mainly originate from the degumming process on fanauring which grinding, softening
in wash water, burnishing, final grinding, degumgiend debonding are frequently used
[1-4]. The second important process generatingefsential pollutants load is intestines
sorting which includes the quality control from tpeint of view of the occurrence of
perforation, measurements and sorting in accordafttethe size, arrangement in bunches
and salting as well as final packaging [1-4]. Algeneral technological wastewaters may
sometimes contain the pollutants load originatiragrf the incomplete or inadequately run
process of their preliminary treatment and cleamihgnimal intestines from the remains of
the easily decomposed feed, the remains of fakatr@ils which should be removed at the
stage of slaughtering [1, 4]. The typical pollusanibad in general technological
wastewaters generated by casings processing degdstroontains significant amounts of
salts (mainly NaCl), total suspended solids (TSSheric extract (EE) and significant
concentrations of loads of chemical and biochem@algen demand (COD & BQJp
mainly originating from intestinal mucus [1, 2]. &tknown methods of physicochemical
pretreatment of technological wastewaters from quuduction are mainly based on the
application of coagulation [5] and microcoagulatioethods induced by electrolysis [6, 7],
the application of membrane processes [8, 9] osethmethods additionally aided with
oxidation [10-13]. However, the known methods ofl fueatment generally consist in
physicochemical stages of preliminary pretreatnasrthe ones mentioned above, and at the

! Faculty of Chemical Technology and Engineering,iversity of Science and Technology in Bydgoszcz,
ul. Seminaryjna 3, 85-326 Bydgoszcz, Poland, phet&52 374 90 37, email: zak@utp.edu.pl
" Contribution was presented during ECOpole’15 Canfee, Jarnoltowek, 14-16.10.2015
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second stage in the application of biological mdthbased on for example the activated
sludge with the low concentration [14] or otheriaetsludge variants cleaning in the
conditions with the high concentrations of chlosdd, 9]. The other known method of
neutralizing are agroutilization processes whicimsist in their application in order to
hydrate and to a smaller extent for the fertiliaatfeatures of the subject wastewaters [15].
In order to work out the detailed wastewaters inesitt technologies from such
productions, apart from choosing the optimum metlilod key aspect is the determination
of sequence of work of particular processing bosmad their efficiency. Many operations
and unit processes applied to processing of wastesvirom the tested casings processing
department in laboratory scale, undergo the prold&stale - up during their practical use
- at the stage of implementation. In case of lomatige quantities of wastewaters, to which
wastewaters generated by casings processing depustibelong, the key issue before the
stage of project work is to assume the treatmemditions selected in laboratory scale and
verified during the next processing scales.

The aim was to work out the effective method of gibgchemical pretreatment of
wastewaters generated from the degumming and ggptiocesses of animal intestines as
well as the processing conditions on the self -stigted experimental installation for
testing the methods, including the ones used imitions concerning the flow technology
[16, 17].

Experimental part
Construction of experimental installation

The mobile experimental installation for testing/picochemical methods of industrial
wastewaters pretreatment was presented in a dkfails in paper [17]. The experimental
set was constructed on the moveable palette andisted in the following processing
bonds: a) central air dispersed flotation chamlgeipped with surface flotation fodder and
two pipe reactors, b) the self-invented saturatidispersion scheme [16] and the pressure
saturation chamber, c) the operating panel foristgeand process optimization, d) stations
for preparing and dosing chemical reagents. In o&skee variant with continuous work of
the experimental installation, the raw wastewaadier exact averaging were directed to the
pipe reactor (or two pipe reactors), where reagest® introduced in a form of flow. In
case of such mode of work, the cylinder - coniedlimne functions as a dispersed chamber
for the flotation scheme at the same mechanicadiyasating of the concentrated by
flotation dispersed phases with the use of surfetation fodder. The flocculant in this
option is dosed at the intake to the dispersed beanDepending on the applied flotation
technique, the saturation tank is used (DAF teamgl or the scheme of connected in rows
aeration modes (to the volumes to which air is pesnpinder pressure) consisting in
permanently concentrically arranged cylindrical rbeame aeration devices and external
cylindrical pump chambers, to which wastewaters iateoduced with the linear speeds
enabling optimum air saturation (IAF technique)][1Bhe exemplary experimentally set
parameters regarding physicochemical pretreatméht the use of the mentioned above
flotation techniques were set in Tables 1 and 2.
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Analytical part

The elimination efficiency of particular loads wdstermined in accordance with
standards for water and wastewaters: reaction ((PN-EN 1SO 10523:2012), total
suspended solids (TSS) (PN-EN 872:2007), deterimimatf chemical oxygen demand
COD by dichromate method (PN-ISO 15705:2005 and $M-6060:2006), determination
of biochemical oxygen demand B@Dy the dillution method (PN-EN 1899-1:2002 and
PN-EN 1899-2:2002), determination of total nitrog@N) (PN-EN 25663:2001), total
phosphorus (TP) (PN-EN ISO 6678:2006) and ethexicaete (EE) PN-ISO (PN-86/C-
04573.01). In case of application of hydrogen piglxthe value correction was introduced
for the determination of COD. The value of realroimal oxygen demand was given after
correcting its value by subtracting the mass pgsditon introduced by the residual
hydrogen peroxide on the basis of the followingtien COD = COD, —f - ¢ (COD, - real,
COD, - determined in the sample after the reactionvieroc - H,O, concentration in
a sample determined iodometricalfy= 0.25 - correction ratio, assumed on the basis of
literature data [18, 19]).

Results and discussion

During the period of time of carrying out testssioaparameters concerning raw
wastewaters from degumming and sorting processes vegistered at typical levels of
values (Tables 1 and 2) comparable with the avVeilbderature data [1, 15]. The aim was
to find out such a physicochemical method of pegtreent for the flow conditions, which
apart from high efficiency of reduction of the Ia3iSS, EE, COD & BOPand TN & TP
loads would allow to eliminate the potential loadfs microbiological charges, which
presence in such streams cannot be excluded. Orbdhis of preliminary samples,
one-stage coagulation with final flocculation withe use of flocculant Praestol 859 BC
(Stockhausen) was selected for the physicochermpiesteatment of raw wastewaters. The
application of flocculation before the stage ofagpion by flotation results in measureable
reductions in basic indicator values. However, they at relatively low level and within
the wide range of percentage reductions (Tablesnd 2). It is induced mainly by
condensation of the dispersed phases of colloigal suspension protein and fatty
complexes as well as oligo- and/or polysaccharidspecially in the form of components
of raw intestines mucus and the remains of visdarease of such type of pretreatment, the
differences in the reduction levels of particulaargmeters according to the applied
flotation technique are vague for wastewaters fthmprocess of degumming or sorting.
Additional aiding the flotation with aggregated hgden peroxide pollutants results in
a slight increase in effectiveness of the separdéuel of TSS, EE, COD & BODloads.
Separated flotates are resistant to gravitationdl @essurized dehydration. Lime milk in
form of 7.5% solution was selected from the grofigaagulants tested in a laboratory as
the most effective one to accomplish the assumedegsing and sanitary aims. The
application of this coagulant and flocculation witle mentioned polyelectrolyte results in
significant improvement in quality parameters a@ fhstallation outlet and the evident
increase in the reduction level of the indicatoluga (Tables 1 and 2) while the deposits
sediments can be distinguished by the beneficiateqtibility to their gravitational or
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pressurized dehydration, which is connected withititrease in CaO, g&0,), and lime
soaps participation in these flotates’ dry mass.

Table 1

Examples of wastewaters from the casing separptang for which methods of physicochemical
pretreatment have been developed to be appliecefdying the process in semi-technical scale
of the presented here testing set

Raw effluent parameters Reduction : )
No. | Pretreatment method (concentration) levels [%)] Used flotation typé®
COD (2650-6740 mg/di 19-32
final flocculation BODs (1070-2590 mg/dri 15-27 IAF (pH = 6.69-7.33)
1 (Praestol 859 BC) EE (149-310 mg/df) 57-74 (air pressure: 200-210 kPa,
TN (173-283 mg/dri) 6-14 recirculation level 10%)
TP (22-58 mg/dr) 2-6
COD (3440-5370 mg/df 23-34 OXIAF (pH = 6.80-7.40)
) . BOD; (1460-2140 mg/di 16-30 7 i |
final flocculation (air pressure: 200-220 kPa,
2 EE (117-299 mg/dri 65-84
(Praestol 859 BC) TN (132-201 mg/dr) 5.10 H,0, dose - 120-140 gfin
TP (11-48 mg/gdr?) 37 recirculation level 5%)
COD (2960-4680 mg/df 24-35 _ i
; . BODs (1220-1840 mg/df) 19-28 DAF (pH = 6.73-7.27)
3 inal flocculation EE (88-303 mg/dr) 71-86 (saturation pressure:
(Praestol 859 BC) 300 kPa,
TTNP(E)127—_25257£1gg/gdﬁr§) gg recirculation level 5%)
COD (2450-3820 mg/df 29-35 OxDAF (pH = 6.94-7.519
final flocculation BOD:s (980-1570 mg/df) 26-31 (saturation pressure:
4 (Praestol 859 BC) EE (126-211 mg/dr) 77-88 300 kPa,
TN (109-166 mg/dr) 6-12 H,0, dose - 90-110 g/in
TP (23-39 mg/dr) 3-8 recirculation level 5%)
coagulation and COD (3070-4310 mg/df 60-66 _ ] )
precipitation with lime| BODs (1280-1770 mg/dri 48-59 O)((;'?;F 5225&2:72508.&;21
5 milk and final EE (137-244 mg/d) > 98 P ' '
X H,0; dose - 50-65 g/fn
flocculation (Praestol TN (64-199 mg/dr) 9-17 irculation level 10%
859 BC) TP (26-38 mg/dr) 76-80 recirculation level 10%)
coagulation and COD (2790-4010 mg/d 67-71 OxDAF (pH = 8.64-9.05)
precipitation with lime| BODs (1070-1620 mg/dri 51-63 (saturation pressure:
6 milk and final EE (141-341 mg/df > 98 300 kPa,
flocculation (Praestol TN (92-227 mg/dr) 12-20 H,0; dose - 50-55 g/fn
859 BC) TP (14-54 mg/dr) 78-81 recirculation level 5%)

3 flotation technique acc. to Author's solution [16]

b different types of applied flotation techniques final separation of the dispersed phases areetdaak follows:
IAF - induced air flotation, DAF - dissolved aiofation, OxIAF or OXDAF - flotation using inducedr and
dissolved air enhanced by the oxidation with hydrogeroxide

Aiding the flotation with hydrogen peroxide doest rmignificantly influence the
efficiency of the processes of charges’ reductiahibonly allows to change the process
parameters (for instance lower levels of saturapoessure, lower recirculation levels).
However, this aiding reagent needs to be dosedinwitie concentrations range and the
range of reaction values preventing its sudden mecgition together with the liberation of
molecular oxygen. Lime milk components and hydrogemroxide are the reagents
significantly increasing the sanitary safety ofusttial wastewaters processing, which is
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also the notable aspect concerning such productibas must satisfy the determined
veterinary criteria.

Table 2
Examples of wastewaters from the mucous stripgertgbr which methods of physicochemical pretreatnhave
been developed to be applied for verifying the pssdn semi-technical scale of the presented bsting set

No. | Pretreatment method| ~RaW effluent parameters Reduction Used flotation type?
(concentration) levels [%]
COD (1560-2770 mg/dg)h 18-26
) ’ BODs (850-1430 mg/d 12-21 IAF (pH = 7.15-7.63)
1 (f,'anrg'e'l?gfg';g'g”c) EE (97-211 mg/dr) 49-78 | (air pressure: 200-220 kPa,
TN (214-297 mg/dr) 6-15 recirculation level 10%)
TP (25-38 mg/dr) 2-5
e s T T
final flocculation s (air pressure: 300-310 kPa,
2 (Praestol 859 BC) EE (132-187 mg/dr) 7685 | 11,0, dose - 210-220 gfin
TN (155-198 mg/dr) 5-14 o o 58
TP (8-31 mg/dr) 36 recirculation level 5%)
COD (2210-2630 mg/dfj 22-32 _
final flocculation BOD; (1180-1480 mg/drh 12-25 D(':aFtl(J[:e:ionz.)?rgsz.uzrt)'
3 EE (140-170 mg/dr) 81-93 ’
(Praestol 859 BC) TN (277-349 mg/d ) 300 kPa,
g/drh) 6-11 recirculation level 10%)
TP (34-43 mg/dr) 2-6
COD (1870-2730 mg/dfn 24-32 OxDAF (pH = 7.06-7.38)
final flocculation BOD:s (980-1610 mg/df) 16-23 (saturation pressure:
4 (Praestol 859 BC) EE (249-407 mg/df) 89-95 300 kPa,
TN (264-295 mg/dr) 8-13 H,O, dose - 90-110 g/in
TP (14-39 mg/dr) 3-7 recirculation level 5%)
coagulation and COD (1880-2540 mg/di 52-64 OXIAF (pH = 8.80-9.33
precipitation with lime BOD:s (940-1510 mg/dr) 45-53 (air pressure:
5 milk and final EE (130-244 mg/dr) 79-91 200 kPa, HO, dose - 50-60
flocculation (Praestol TN (187-203 mg/dr) 8-15 g/, recirculation level
859 BC) TP (21-38 mg/dr) 63-78 10%)
coagulation and COD (2380-2660 mg/din 60-73 OxDAF (pH = 8.81-9.23)
precipitation with lime| BODs (1270-1470 mg/dfi 54-69 (saturation pressure:
6 milk and final EE (177-431 mg/dri 82-96 300 kPa,
flocculation (Praestol TN (152-201 mg/dr) 10-16 H.,0, dose - 50-60 g/fn
859 BC) TP (12-34 mg/dr) 76-80 recirculation level 10%)

¥ flotation technique acc. to Author's solution [16]

b different types of applied flotation techniques fioal separation of the dispersed phases areedaak follows:
IAF - induced air flotation, DAF - dissolved aiofation, OxIAF or OXDAF - flotation using inducedr and
dissolved air enhanced by the oxidation with hydrogeroxide

The mixed wastewaters from the process of degumrairdy the process of sorting
were subject to physicochemical processing wittelimilk with final flocculation at the
comparable level of reduction of the basic indicatalues, where the increase in the
participation of the wastewaters volume from theisg process indicated the tendency to
lower the reduction decrease levels of the analyaditator values. The deciding factors
were also the intensity of mixing and the influemdesalts concentration on the efficiency
of the separation processes - the significant émfte of these parameters on the
phenomenon and intensity of foaming during theafion release of the condensed
pollutants were observed. The increase in saltsartration and the intensity of mixing
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(for example due to pumping through the systemisting in two series of pipe reactors)
probably resulted in the increase in the conceantraif sodium soaps in the volume of the
treated wastewater, which resulted in periodicudisinces in the coagulation process and
precipitation of insoluble lime soaps.

Conclusions

Physicochemical pretreatment of technological waaters generated by conventional
casings processing department may consist in thkcapion of coagulation based on lime
milk combined with flocculation with the extremetwationic flocculant. Then at the doses
above 50 g bD,/m?, the process of separation of the aggregatedtpatisi by flotation can
be additionally aided with this reagent. The addiil, beneficial result of applying the
alcaic coagulation reagent and the oxidant in fofrhydrogen peroxide is hygienisation of
the pretreated stream, which can significantly ilate or reduce the incidental
microbiological infections [20].
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WYKORZYSTANIE PILOTA ZOWEGO ZESTAWU BADAWCZEGO
DO PODCZYSZCZANIA SCIEKOW Z JELICIARNI

Wydziat Technologii i Iynierii Chemicznej, Uniwersytet Technologiczno-Rogniczy im. J.JSniadeckich
w Bydgoszczy

Abstrakt: Przedstawiono skonstruowany zestaw badawczy o psmepdci do 1,0 nih do testowania
fizykochemicznych metod podczyszczania surowygtiekéw przemystowych bezp@dnio u zrédia
ich powstawania lub gromadzenia. Zbudowana na mepil palecie instalacja jest wypasaa

w cylindryczno-stakowa centrallm komoke flotacji z powierzchniowym zgarniaczem flotatuakéory rurowe, do
ktorych dozowaneasreagenty chemiczne ze stacji ich przygotowaniazowania, oraz zespoty procesowe do
prowadzenia flotacji technikami zdyspergowanym Iuzpuszczonym powietrzem albo z zastosowaniem
wspomagania utlenianiem nadtlenkiem wodoru wedidgsmego wynalazku. Za pompgrzedmiotowego
zestawu mgna optymalizowé rézne metody fizykochemicznego podczyszczania z zas@siem mgdzy
innymi koagulacji, sticania chemicznego oraz do finalnego wydzielaniazZidyspergowanych wymienionymi
technikami flotacji. Dla wytypowanyckciekow powstajcych podczas przetwdrstwa jelit przedstawiono ostal
doswiadczalnie warunki oraz uzyskiwane wyniki poziomdsdukcji wielk@ci wskanikowych z zastosowaniem
omawianej instalacji badawczej.

Stowa kluczowe:mobilna instalacja badawcza, podczyszczaciekdw z jeliciarni, flotacja






