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Preface

Dear colleagues and friends,

it is honour to welcome you at th® thternational Conference on Biotechnology and Neta

Biotechnology is a broad discipline in which bidleej processes, organisms, cells or cellular
components are exploited to develop new progressdedinologies. European Union considers
biotechnology as one of the key scientific discipi of the 21st century. New tools and products
developed by biotechnologists are useful in re$eagriculture, industry and medicine.

Environmental biotechnology is the branch of bibtemogy that addresses environmental problems,
such as the removal of pollution, renewable engmgyeration or biomass production, by exploiting
biological processes. At present time environmebiaiechnology have increasing importance in the
metal recovery from low grade ores, industrial d@ss and secondary metal-bearing materials, in
pollution classification and protection of natuextvironment. By application of biotechnological
methods such as bioleaching, biosorption, biopittipn, phytoextraction etc., they provide a
convenient alternative to conventional industriaitihods.

Our reaction to rapid development of aforementiobiedechnological methods in the field of metal
processing and metal removal from the environmgtrganising the conference “Biotechnology and
Metals”. Its main aim is to provide a forum for ex{s to knowledge, ideas and results exchange in a
broad range of topics relevant to the biotechnolagplication in the treatment and processing of
mineral raw materials and their waste.

Conference topics are following:

1. Biotechnological processes of metal and metalleidgaction from soil, water and air.
2. Biotechnological treatment of metal-bearing waste.

3. Application of biotechnological methods in practice

The conference will be held in honour of Assoc.fpktéria Kusnierov4, PhD. the life jubilee. She is
one of the first researchers in the field of amlan of biotechnology methods for the treatmertt an
processing of mineral raw materials in Slovakia daer founder of the Department of Mineral
Biotechnology of Institute of Geotechnics, Slovasaflemy of Sciences.

The conference is organized by two institutionsnstitute of Geotechnics, Slovak Academy of
Sciences and Faculty of Science, Pavol Jozef RKdftmiversity in KoSice.

We hope you will enjoy your visit to the confereree well as to KoSice — European city of sport
2016.

We believe that we will meet again also at nexryed the conference Biotechnology and Metals.

Alena Luptakova and Jana Kadukova
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INTAKE OF POTENTIALLY TOXIC ELEMENTS TO REPRESENTAT IVES
OF GENUSPINUSL. AND QUERCUSL. AT SELECTED SLOVAK, ITALIAN
AND PORTUGUESE CLOSED COPPER DEPOSITS

Peter Andra&, Ingrid Turisova?® Giuseppe Bucchefi, Peter Andras Jr”

& Faculty of Natural Sciences, Matej Bel Universitgjovského 40, 974 01 Banska Bystrica, Slovakia,
peter.andras@umb.sk, ingrid.turisova@umb.sk, gi@gmail.com
® |nstitute of Environmental Engineering, FacultyMifing and Geology, VSB— Technical University Ostra
17. Listopadu 15, 708 00 Ostrava-Poruba, Czech Blégypaand4@gmail.com

Abstract

The research was realized at four abandoned cajgpmsits: af’ubietova (Podlipa dump-field, Slovakia), Libioladan
Caporciano (Italy) and Sdo Domingos (Portugal). flghest Fe contents in soil are at Libiola (x =7B3%). For this
deposit are characteristic also high Cu (x = 365&gt) and Ni (x = 717 mg.k§ contents. Similary high Cu contents
(x = 0.73 %), were described also at Caporciano.amhrosol at Sdo Domingos are extraordinary high P
(x = 2219 mg.kg), Zn (x = 765 mg.kg) and As (x= 1072 mg.kY contents. The results of the potentially toxenetnts
contamination study of the representatives of trugPinusL. andQuercusL. at four abandoned but historically important
European Cu-depositEubietova (Slovakia), Libiola and Caporciano (Italg)Sdo Domingos (Portugal) are relatively
complicated. The plant contamination at mining sile@omparison with reference areas substantidéigr. At the mining areas
show the plants much more bioaccumulation of piigntoxic elements in their tissues. The bioaadality of individual
potentially toxic elements is varied but genersdiatively limited. Most of the studied plants asecluders (BCF<1). Only Ag
shows extraordinary high degree of bioconcentrafdso BCF values ifPinussp. fromCubietova indicate high level of Pb and
Zn bioaccumulation. Zinc is accumulated in neealled| four Cu-deposits. The rest of the metade@imulated preferentially in
roots.

Keywords: soil, plants, bioconcentration factor, translamafactor, enrichment factor

1 Introduction

The results of research were obtained at four aivetticopper deposits:Tatbietova (Podlipa dump-field,
Slovakia), Libiola and Caporciano (Italy) and Samniingos (Portugal).

The ore fieldPodlipa (Figure 1) al’ubietova (NE from Banska Bystrica) in Starohorskis.Monsists of
residual spoil material from mining activity in fjalleries. The deposit is situated in sandstondfeupus shales
and conglomerates of lower Permian age on sousiepes of Vysok& Hill above Zelena Valley [1, 2heT
economically most important minerals were chalcopyrAg-tetrahedrite and pyrite, as well as accesor
galena [3]. The oxidation and cementation zone eesloped very well. In this zone were the masin Cu
minerals cuprite and native copper. For this démosypical also the wide range of rare secondanerals.

. 1.Podlipa dump-field atubietova

Fig
Fig. 2. Abandoned open-pit mining activities at Libiola
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Copper depositibiola (Figure 2)is situated in northern Italy (Liguria) close tes®elevante. In the past it
belonged to the important deposits with great ewiced significance [4]. The exploitation activityopped in
1962 and since this time is the mining polygon dbaed. The stratiform VMS (volcano-sedimentary mass
sulphidic) form lenses and irregular bodies [Saxsated with bazaltoid rocks of pillow-lavas ctaea as well
as with ofiolites of internal Ligurian sequences/al di Vara serie [6].

The TuscarCaporciano copper deposit (Figure 3) at Val di Cecimas in 19th century one of the most
important European Cu-mineralizations [7]. In perioetween 1830 and 1907 was at the deposit exploite
30 000 tons of copper. The mine was closed in 1863 he mezothermal mineralization was formedfialites by
remobilization of ore components from rock matef@l The most important ore minerals were chaldtgy
bornite and chalkocite [10].

Fig. 3. Erosion on the slpof the dump-field at Capmial di Cecina)
Fig. 4. Acid mine drainage water in open pit mining polygdrsdo Domingos

Sao Domingog(Figure 4) in Iberian Pyrite belt was exploitedcsi pre-Roman times for pyrite which was
used for sulphur production. FratB67 to 1966 was here exploited 25 Mt of copperingtuding 9.9 Mt of Cu-
bearing pyrite which was used (as in pre-Romans)irfee sulphur production. Within range of yeard39- 1932
was from the deposit exploited 3 445 533 tons ppea The resources og the ore are still estintatéd700 Mt.
The mining was realized predominantly by surfaenqpit system [11, 12].

2 Material and methods
2.1 Material

The individual parts dPinusspp. andQuercusspp. (roots, branches and needles/leaves) werdeshathe
studied localities. Af’ubietova was sample@inus sylvestrisand Quercuspetraea at Libiola Pinus pinasteland
Quercus rotundifoligat Libiola dump-field was found onRinus pinaster The sampling was realized in August
2012 and in August 2015. The similar sampling veadized also at the suitable traced polygons efeate areas
(with exception of locality S&o Domingos).

2.2 Analytical procedure and methods of evaluation of esults

The dry antrsoil and plant samples were analysé®ONE Laboratory (Vancouver, Canada) by ICP-MS
using weight of 2 g. The samples were steamechabiad-bath in H¥D-HF-HCIQ,-HNO; solution prepared in rate:
2:2:1: 1. After adding of 10 ml 50 % HCI wae tsample heated on the water-bath. The coolletigolwas
analyzed by ICP-MS for set of 38 elements.

The Bioconcentration factor (BCF) represents the allotment of the potentially t@t@nent (PTE) content
in assimilations organs (leaves or needles) vs.iRE&il [13]. It is possible distinguish accordiogBCF values the
next plant strategies [14]:

- excluder BCF < ] plantsaccumulate PTE from soil into their roots and imiti@dthem in such a way that
they are no able entry to their aerial parts (resddhves) [15].

- indicator type plants (BCF = 1) accumulate PTE in the apagis and their PTE content is equal to those in
soil [15].
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- accumulators and hyperaccumulatorsBCF > 1)accumulate 100- to 1000-times more PTE in theialaer
parts [16, 17].

Translocation factor (TF) shows the efficiency of the plant ability to tsfotate PTE to selected plant
organs [18]. It reflects allotment of the PTE concation in needles/leaves vs. their content insrga?].
According to [19] the plants characterized by T& BCF >1 are suitable for phytoextraction apligatio

Enrichment factor (EF) was calculated as a PTE fraction in anthrosaoifplieom the contaminated site
divided by PTE content from the reference area.[20]

3 Results and discussion

The highest average values of potentially toxianelets (metals) in anthrosol at Podlipa dumps in
Lubietovd were described for Fe (2.415%), Cu (3654 mdkds (224 mg.kd), Co (44 mg.kg),
Sb (33 mg.kd), Ni (29 mg.kg), Pb (21 mg.kg), Zn (20 mg.kg), Ag (1.15 mg.kd) and Cd (0.1 mg.kD.

Both tree specieP(nus sylvestriand Quercus petragaare predominantly contamined by FePinus
sylvestriscontinue Cu > Pb > Zn >Ag > Ni > Co > As > Sb >&dl inQuercus petraedn > Pb > Ag > Ni > Cu
>Co>As >Sbh>Cd (Table 1).

The average PTE contentsHimus sylvestrigind inQuercus petraeare given in Table 1. The highest Cu,
Zn, Pb, Ag, Cd, Ni, Co contents Rinus sylvestrisvere found irQuercus petrae@ roots. Only in case of As
was the highest content described in leaves. TheRents and less markedly also the Pb conteméfeaience
area are substantially lower as at the contamiresd a

Table 1.Average ICP-MS analyses of PTERImus sylvestrisndQuercus petredrom dump-fields and
reference areas of studied deposits

Fe | Mn | Cu | zn | Pb| Ag | Cd| Ni | Co| As| Sb
Tree sp. % koL
0 mg.kg
IUBIETOVA - PODLIPA
dump-field
Pinus sylvestris 150.1| 544 | 28.53| 24.32(26.95] 3.53 | 0.05| 3.34 | 2.03[0.30| 0.19
Quercus petraea 204.9| 1896 | 4.90 | 33.77[28.33| 22.01] 0.07| 5.73 | 1.63]0.54| 0.14
referencearea
Pinus sylvestris 0.01 | 694 | 5.21 | 24.63] 1.43] 20.97]0.04| 1.27 | 1.66]0.45| 0.25
Quercus petraea 0.01 | 2064 | 1.90 | 35.70] 2.32 | 14.28| 0.03] 3.25| 3.04|0.48| 0.14
LIBIOLA
dump-field
Pinus pinaster | 800 | 94 [68.11]189.02(11.00, 44 | 121]| 4.8 | 0.6 |0.88] 1.57
referencearea
Pinus pinaster | 314 | 112 [19.08] 22.00[1.21] 12 | 11 | 2.2 | 0.3 [0.40][1.76
VAL DE CECINA — CAPORCIANO
dump-field
Pinus pinaster 0.047| 43 | 162 | 0.70 [82.02] 125 [2.75| 1.3 | 0.7 [ 0.1 |0.09
Quercus petraea 1128 | 104 | 1.03 | 104 |[1128| 88 |3367| 4.3 | 2.63]| 0.1]0.17
referencearea
Pinus pinaster 79 16 17 07 | 38 | 10 [0.08] 0.6 | 0.3]0.1/0.04
Quercus petraea 77 16 20 0.2 28 9 0.20| 0.9 | 1.0 | 0.1 | 0.07
SAO DOMINGOS
dump-field
Pinus pinaster 0.117| 361 [ 19.00] 72 | 40 | 540 [0.83] 3 | 20 | 25 |0.91
Quercusrotundifolia 0,076| 665 | 23.00| 66 20 172 10.32| 4.1 | 2.2 | 6.6|0.81

The highest average values of potentially toximelets at.ibiola dump-field anthrosol were recognized
for Fe (13.75%), Cu (6226 mgKg Mn (1812 mg.kd), Ni (717 mg.kd), Zn (439 mg.kg), Co
(212 mg.kg), Pb (56 mg.kd), As (11 mg.kd), Sb (3.4 mg.kd). The average metal contentsFimus
pinasterdecrease in range: Fe (890 mgkg Zn (189 mg.kd) > Mn (94 mg.kgd) > Cu (68 mg.kg) > Pb
(11 mg.kg"). The highest Fe, Zn, Cu, Pb accumulation wasriest in roots. The only exception is Mn,
which is predominantly concentrated in needles.



e-Proceedings

At Caporciano dump-fields was the average content of some mataksnthrosol very high: Fe
(5.79 %), Cu (0.73 %), Mn (809 mg:Kg Zn (582 mg.kg) a Ni (115 mg.kd).

The average contents of PTERmus pinasterand inQuercusrotundifolia decrease in range: Mg >
Fe > Al > Cu. InQuercus rotundifolias the Mn vs. Zn and Pb vs. Cd rate opposite: Nin> Pb > Cd. The
highest metal accumulations are in roots. Only Magtents in needles &finuspinasterare higher as those
in roots. The PTE contents in soil at referenca ame substantially lower. Also their sequenceifferént
(Table 1).

The highest average PTE contents in anthrosol ssrfpbmS&o Domingoswere contents of Fe
(9.84 %), Pb (2219 mg.Ky As (1072 mg.kd > Cu (890 mg.kd > Zn (765 mg.kgd) > Mn
(488 mg.kg) > Sb (71 mg.kd) > Bi (27 mg.kg) > Ni (26 mg.kg) > Co (25 mg.kg).

The average PTE contentsRmuspinasterdecrease in range: Fe > Mn > Ag > Zn > Cu > Pbs>A
Ni > Co > Sh. It is most heavily contamined by e &g (Table 1). Also Mn and Zn contents, as wslPa&
contents are plumbless. The As, Co, Cu, Ni anddBltenits are lower. The highest Fe, Cu, Pb, Ni, @k 3b
contents are in roots, the highest Ag contentsamdhes and the highest Zn, Co and Mn accumulaiions
needles. The highest accumulation of PTE (with pttog of Zn and Mn) were iQuercus rotundifolian
roots. Zn is accumulated mainly in leaves.

The research showed relatively important differehian ability ofPinusL. andQuercusL. at various ore
deposits accumulate PTE to their organs (Tabl&®.calculated BCF values of studied tree specdisate that
with exception of Ag and Cd iRinussp. all of them are excluders (BCF<1). BBihussp. andQuercussp. are
accumulators of AgRinussylvestrisat dump-field Podlipa is also accumulator of Zd 8. The same trend was
proved also in area of abandoned Sdo Domingos itleép&snusrotundifolia. It seems to be accumulator of Mn,
Ag, Cd and Co. The bioaccumulation and translaedtiends at Libiola and Caporciano deposits arsepied in
Table 2.

Table 2.Bioconcentration, translocation and enrichmenbfaatalculated fdPinusL. andQuercud...
Deposit | Treesp.] Fe]l MQ Cd zh Pbh Ag cCci  Ni do As
Bioconcentration factor — BCF

U7
o

Lubietova Pinuss. | 0.010| 0.11] 0.27| 2.22| 1.60| 5.00, 1.00 0.00| 0.05/ 0.00 0.00

Quercus p.| 0.000| 0.17| 0.16] 0.5011.19 | 18.93 0.60 | 0.12| 0.02 0.00 0.00

Libiola Pinusp. | 0.002| 0.12| 0.01] 0.68 0.0266.36| 0.69 | 0.01)] 0.04 0.01 0.02

Caporciano Pinusp. | 0.002| 0.07| 0.01] 0.29 0.0473.75| 0.45| 0.01) 0.02 0.05 0.01

Quercusr.| 0.006 | 0.14| 0.01] 0.08 0.0666.59| 0.07 | 0.03] 0.1 0.52 0.34

S. Domingos Pinusp. | 0.003| 4.97| 0.01 | 0.42| 0.01) 57.51| 1.85| 0.24| 5.62| 0.01| 0.00

' Quercusr.| 0.004| 3.54| 0.24 | 0.41] 0.01] 43.79| 0.27 | 0.16] 0.11 0.01 0.01

Translocation factor — TF

o . Pinuss. | 0.940| 1.1| 2.14| 295 0.18 1143 333 1{81 19 0.3®80D0

Lubietova

Quercusp| 0.770| 099 0.87] 05p 05p 0.5 0.60 0|31 Q.29%54)| 0.44
Libiola Pinusp. | 0170 1.1 | 018 | 1.6 | 0.14| 0.23| 0.20/ 3.75|0.31| 0.09] 0.0§
Pinusp. | 0.590| 4.26 | 0.19 | 2.37| 1.46| 159 0.67 |1.00| 1.75] 1.0Q 0.36

Caporciano = o s pl 0.400 | 3.82 | 0.11 | 1.36| 0.94 | 2.29 | 0.23 | 1.27] 3.60] 1.04 1.94
. Domingos|_PMUS p. | 0.10315.20{ 0,14 [ 2.49] 011 | 0.45] 0.70| 0.6716.4| 0.23] 030
Quercus pJ 0.300] 5.56 | 0.21 | 1.36] 0.32 | 0.45| 0.41] 099 051 045 0.10
Enrichment factor — EF
Cubietova |_PUS'S. | 8466 026] 073 829 00p 005 1p8 165 1.28 0.42
Quercus pJ 32200 021 1.40 1471 011 021 636 040 05320.1
Libiola Pinusp. | 1.77 | 7008] 1.28] 0.36 5.5 576 264 186 3.90
Pinusp. | 2.54 | 410 6.13] 9.00 8.6L

Caporciano

Quercusr.| 26.52| 7.00| 17.67 5.5f 10.00 20.67
ExplanationsPinus s. — Pinus sylvestris; Pinus p. — Pinus p@afuercus p. — Quercus petraea;
Quercus r. — Quercus otundifolithe BCF and TF values >1 are shown in bolt fonts.

The TF values, which reflect ability of plants sttate PTE (contaminants) from roots to shootaks@
relatively low. The value 1 is exceeded only for,Mn, Ni and Co (Table 2). The highest TF valuesimaPinus
pinasterand Quercusrotundifolia from Caporciano dump-field and for CoRinus pinasterfrom Sdo Domingos
deposit (Table 2).
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In majority of the tree species are the PTE accatedlin roots [14] and only in several few cases ar
able tranfer to the aeral parts (needles/leavasyotiplete set of EF data indicates great differencsoil
and plants contamination (mainly for Fe, Mn, Cu &hJ at reference areas vs. dump-fields (Table 2).

In the areas with extraordinary high PTE contaniimate.g. dumps are the plants used more usually
for phytostabilization. The purpose of phytostagaition is to control broadering of polutants toreunding
[21]. The phytostabilization stabilize polutantsregox reactions and both transform them to insslfdsms and
incorporate them to the plant organs [22]. The atign of contaminants in soil is controlled anditégd by
absorption and accumulation of polutants in roetgentually their adsorption on root-system, présiion,
formation of complex compounds or reduction or lixmgebn organic mater [23]. Mainly plats with lowilip
accumulate contaminants in biomass [24, 25].

4  Conclusions

The most contamined technosoils are at dump-fiatdSdo Domingos and Libiola. The highest Fe
contents in soil are at Libiola. For this deposé eharacteristic also high Cu, Ni and Co contegitsilarly
high Cu contents were described also at Caporciananthrosol at S&o Domingos are extraordinary hig
Pb, Zn, As and Sb contents.

Differencies in the degree of the trees contanomast reference areas is in comparison with
those at contamined sites are significant. Thedmwaulation of the PTE to the tree organs is very
limited. Most PTE are accumulated preferentiallyaots so the studied tree spedisusspp. and
Quercusspp. are excluders (BCF<1). The excluders aresuitdble for phytoextraction application
which removes the PTE from soil. It is possiblaise them only for phytostabilization. This methed i
oriented on immobilization of PTE by their influenon chemical, biological and physical conditiohs o
the environment (soil).
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Abstract

The work deals with the study of adsorption prapserof natural raw materials bentonite and kaoBnpatential
adsorbents of Cu(ll) and Zn(ll) cations. These rattaw materials are generally not pure, ofteroeissed with iron
hydroxide and oxy-hydroxide impurities usually metform of F& phases adsorbed onto the mineral surface. The
effect of bioleaching (using iron-reducing bacteBacillus spp) onto the sorption properties of the samples were
investigated and compared. The values of specififase area were studied by the low temperaturegeén adsorption
measurementn the introductory experiments in static regintes flask contain samples of bentonite and kaolith wi
Cu(ll) and Zn(Il) model solutions. The results froine batch adsorption experiments of Cu(ll) andiZnémoval were
processed by the column graph. Obtained resulta gperiments indicate slight decrease in sorptimperties of
samples after bioleaching (reducing of iron contdmit the difference was not significant. We cammarize that the
sorption of Cu(ll) and Zn(ll) ions onto the individl samples was effective in the following order >BB(bio) > K >
K(bio). In the batch adsorption experiments botimgles showed higher affinity to Cu(ll) ions compsre&n(ll) ions.

Keywords: bentonite, kaolin, sorption

1 Introduction

Heavy metals discharged from various industriesepssrious environmental problems and are
dangerous to human health. In recent years thevamdheavy metals ions from waste water has vecka
great attention for global awareness of the undeglgetriment of toxic metals in the environmerit [1
Iron oxides, a common constituent of soils, sedisieand aquifers, have high surface areas and are
dominant adsorbents in many environments becaudbkeaf capability to be finely dispersed and act as
coatings on other particles [2]. Reduction of irafso plays an important role in the geochemical
transformation of iron-containing minerals and @susnobilization of metals in the environment. The
concentration of some toxic metals is higher thamssible discharge levels in effluents. Toxic ahet
pollution in ecosystem is an important environmemi@blem encountered in many industrial areas. It,
therefore, becomes necessary to remove these moatals from these wastewaters by an appropriate
treatment before releasing them into the environmBentonite is one of the clay minerals, hydrated
aluminium silicate. The application areas of beitemvary depending on the amount of their corestits.
Bentonites are used as selective adsorbents, idmargers, catalysts, catalysts support, for proatuaif
pillared clays and organoclays [8ince the clay fraction in soil is a preferentiatlzent for organic matter,
reference kaolinite is a useful model for studyihg mechanism and the strength of sorption. Kaslian
economically important raw material often used idewariety of ceramic applications, from high dtyal
tableware and sanitaryware to electrical porcelties and glasses. There are some less common uses
including glass fibre, white cement and refractosulation bricks [4]. These clay minerals weredusethis
study to determine and compare the affinity todoxetal cations. The copper and zinc ions werearhés
the sorption studies with regard to their wide ins@dustry and potential pollution impact.

2 Material and methods
2.1 Kaolin and bentonite samples

In the laboratory sorption experiments we compasetption properties of the natural bentonite
originated from the Kadadeposit with the chemical composition, (see Tdl)l@nd natural kaolin sample
from the Horn& Bza deposit with the chemical composition, (seeld & before and after bioleachinthe
samples were denoted as natural kaolin (K) andralahentonite (B) and after bioleaching as benéonit
(B-bio) and kaolin (K-bio).
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Table 1.The chemical analysis of the bentonite sample
Na|Mg| Al | Si|P| S| K |[Ca|Ti |Vn|Cr|Mn|Fe| Zr | Zn
[%] | [%] | [%0] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
0.27|2.06| 18.6/53.2|0.9 | 0.01/ 0.98/2.91|5.11|0.13]0.01| 0.10| 15.2| 0.04| 0.02

Table 2. The chemical analysis of the kaolinite clay
Na|Mg| Al | Si| P | K |Ca|Ti |Vn|Cr|Mn|Fe|Co| Zr | Zn
[%] | [%] | [%] | [%0] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
0.26|1.37|27.4|56.4| 0.13| 3.64|0.29| 1.18| 0.03| 0.01| 0.09| 8.91| 0.01| 0.03| 0.01

2.2 Adsorbents characterization

The adsorption and desorption isothermere measured with the Quantachrome NOVA 1200
apparatus (Quantachrome Instruments, USA) by thodeof physical adsorption of nitrogen at 77 K. To
obtain the value of specific surface afggr of the studied materials the experimental datesevpeocessed
by the Brunauer, Emmett, Teller (BET) isotherm Ive trange of relative pressure 0.05-0.2,.p/he
micropore volumeVicro and the external surface ar§awvere calculated from theplot method using the
Harkins-Jura standard isotherm. The value of tptale volumeV, was estimated from the maximum
adsorption at relative pressure close to the datararessure. The pore size distribution was olethifrom
the Barret—-Joyner—Halenda (BJH) method from themti®n branch of the isotherm [5].

The adsorbents morphology was observed by the-diglidsion scanning electron microscope
(FE-SEM) of type TESCAN MIRA 3 (Oxford Instrumeneuipped with EDX detector.

2.3 Adsorption experiments

The sorption measurements were made by a batchigeehat the ambient temperature using the
rotary shaker (30 rpm). Through the study, the @4 adjusted to pH 5, Cu(ll) and Zn(ll) concentnatio
model solutions was 50 mg'LThe adsorbents dose was 17 L

20 mg of adsorbents was added into the plasticstebataining 20 ml of Cu(ll) or Zn(ll) solution.
The suspensions were shaken for 24 hours to repclibeium and then consequently filtered using filter
paper. The supernatant solutions were analyzed H®y dtomic absorption spectroscopy (AAS,
Varian 240 RS/2400). To interpret the experimedédh, the column graphs were used.

3 Results and discussion

The low temperature nitrogen adsorption was useletter characterize the textural properties of
natural samples. Both isotherms were of type IVhvhisteresis loop corresponding with the capillary
condensation taking place in mesopores [6], Figuigroader loop was observed for natural bentonitet
could point at the higher porosity in comparisonkémlin sample. For both samples, the adsorptiah an
desorption branches are nearly horizontal and lphmler a wide range of relative pressure - Tiiddoop,
often associated with narrow slit-like pores. TRpressive increase of adsorbed gas volume at@® can
be observed for both natural samples, what inditeteresence of macropores in their structures.

80
I —®—B:ads J
701 | —o—B:des Cj
60 L —A—K:ads S|
| | —2—K:des o

Fig. 1. Adsorption and desorption isotherms of natural damp
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The higher value of specific surface area was &atled for the bentonite sample, what corresponds
with its mineralogical composition and structure domparison to kaolin, Table 3. While the value of
external surface of kaolin is almost equal as @& of specific surface area, for the bentonitefda the
difference in these values was obtained. The vafuexternal surface of bentonite was lower tharciioe
surface due to content of micropores. On the dihad, the kaolin sample is only meso-macroporous.

Table 3.Surface parameters of studied materials

Sample | Sger[m’g’] Valcn?® g7 Vimicro [CM° ] S Mg
B 28.9 0.1092 0.0035 21.0
K 13.7 0.0652 - 15.2

The comparison of pore size distributions curvesattiral samples are shown in Figure 2. Maxima
for pore radius 1.9 nm correspond with the decremséhe desorption branches atyp#0.45 and do not
represent the real pores [7]. Both samples showeadhdistribution in the range of mesopores withbet
expressive maximum. The distribution curve of baisample is shifted left in comparison to kaotm
lower values of pore radius. The bentonite showisttilbution in the range of pore diameter from #5
30 nm. Larger pores, in the range 4.8 — 90 nm i@mdter), contains the kaolin sample, what cornadpo
with results presented above.

04t
\
02F ¢

lo

L I o
0.0 _W‘ QR'Q’“Q‘/*'Q: mrer—A N,

1 10 100 1000
r (nm)

Fig. 2.Pore size distribution curves of natural samples

The scanning electron microscopic data for mostpsesnof the bentonite can be summarized as
follows: montmorillonite occurred either as ultradi thin, leaf-like crystals forming a dense aggtegr in
a more open honeycomb texture [8]. The SEM micnolgraf the sample used for the investigation showed
their sheet structure, Figure 3 and 4.

The concentration of iron in the bentonite samplaft@r 30 days of bioleaching was decreased only
by 5.33 %. The concentration of Fe in the kaolimgke K decreased by 9.29 % after 30 days of bidliegc
process.
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Figure 5 shows the adsorption of copper ions amdovidual samples. In case of Cu(ll) ions slightly
decreased sorption properties of both samples laifiezaching process. Higher Cu(ll) uptake was shéar
B sample compare to K sample. Whereas the valgpatfific surface area to a certain extent relatdsthe
adsorption properties it was expected, that thedméie sample will be better sorbent for selectedamions.
The influence of the bioleaching process on sompficoperties of the samples in Zn(ll) removal was n
significant, see Figure 6. Also higher affinity &fi(ll) ions to B sample than to K sample was obsérand
the copper ions demonstrated higher affinity ordthlsamples compare with zinc ions.

cu(n) zn(ll)

N

NB N B-bio =K = K-bio \NB N B-bio =K =K-bio

Fig. 5. Sorption of Cu(ll) ions onto individual samplesff)
Fig. 6. Sorption of Zn(ll) ions onto individual samplegytrt)

<)
o \

4  Conclusions

Equally often like zeolite, bentonite and kaolirvldeen used as model adsorbents because they have
large specific surface area, cation exchange dypacd adsorptive affinity for organic and inorgaions
and are widespread in natuMatural samples of bentonite and kaolin beforeaftet bioleaching were used
and compare in sorption properties of Cu(ll) andlXrnons from the model solutionNVe can summarize
that the sorption of Cu(ll) and Zn(ll) ions ontcetindividual samples was effective in the followiogler
B > B(bio) > K > K(bio). In the batch experimentsth samples showed higher affinity to Cu(ll) ions
compare to Zn(ll) ions. The influence of the bialeiag process of the samples (reducing of iron et
not enhance the sorption properties of samplaghthlidecrease sorption ability in case of Cu(h)case of
Zn(1) the sorption efficieny was comparabBased on metal uptak®th metal ions showed higher affinity
to bentonite sample compare to kaolin samplewever, the regeneration step needs to be perform
evaluate the economical aspect of sorption process.
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Abstract

The recycling of waste car tyres is a very impdremvironmental task. The waste tyres usually eresed or recycled
by thermal processes like pyrolysis, gasificatiorincineration. The main problem associated withsthprocesses is
the sulphur content of waste tyres, which pollatesenvironment and the valuable products as well.

In our research the desulphurisation of waste, @achlly pre-treated tyre sample was carried out thy
biosolubilisation withAcidithiobacillus thiooxidansstrain Karitas

It was found that sulphur does solubilise, the Isitiked sulphur then forms precipitates. The priéggips form in the
solution bulk, as well as on the surface of rubeticles. The origin of the precipitates was irigeged using XRD
and scanning microscopy with micro probe.

Special efforts were done to elaborate the propparstion of precipitate from rubber particles.t&ion process was
applied for this purpose. The parameters were chbssed on the revealed surface properties of teeigitates.
Finally, conclusions are drawn.

Keywords: tyre desulphurisation, bioleaching, flotationpoécipitates

1 Introduction

Waste tyres are generating all over the world uge amount. In Europe the recycling of waste tyres
is related to their reuse or thermal treatment uride target “Waste to Energy”. The sulphur content
originated from the vulcanisation of rubber is Hwdtle-neck of the recycling. There are chemicahtéques
for the desulphurization of the waste tyres. In seepe of the creating of circular economy the ibbss
application of bioprocessing techniques for thia & a very promising. There are some attempteteldp
a biotechnique for the rubber desulphurizationobier and anaerobic treatment, and both the metaboli
pathways and associated enzymes degrading andingcyyre rubber waste [1]. Autotrophic acidophilic
microorganisms were also tested [2-5]. Nevertlselidere are still a lot of questions to answeludliag the
mechanism of desulphurization Bgidithiobacillus ferrooxidans

2 Materials and methods

A sample of waste rubber originated from not trugkste tyres was ground below 0.5 mm using
Retschcutting mill, then the steel wires were removed rbggnetic separation and hand picking. The
average composition of the prepared rubber samspd@own in Table 1 as it was revealed by micro @rob
scanning electron microscope at Materials Scient®@, University of Miskolc.

Acidithiobacillus ferrooxidanstrain Karitas obtained by courtesy of Slovak Acageof Sciences,
KoSice was cultivated at 25 °C for six days with B#trition medium. To 2 L deionized water the follog
salts were added:

-6 g (NHy)2S Oy,

-0.2 g KCl,

-1 g KHPO,,

-1 g MgSQ.7H0,

- 0.0288 g Ca(Ng)2.4H,0,

- 88.4 g FeSQ7H,0.

pH was 2.5.
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Table 1. Average composition of the rubber sample
(micro probe, the ICP measured S-content was dsdsd .75 %)
Element | Wt % | At%
CK 7747 | 87.33
O K 10.18 8.61
Na K 0.11 0.07
Al K 0.26 0.13

SiK 1.93 0.93
SK 2.93 1.24
KK 1.24 0.13

CaK 1.03 0.35
FeK 0.88 0.21
Zn K 4.84 1.00
Total 100.00] 100.0(

The bioleaching experiments were carried out ukimgnmeyer flasks of 250 mL. Solid concentration
was 10 g/L. All Erlenmeyer flasks were shaken at@@nd 150 rpm by Wise Cube shaker with adjustable
heating. The residence time was 7 days. Pardtlelekperiment using sterile 9K medium was alsoiexrr
out under the adequate conditions. After that thiel-diquid separation by filtration was carriedto8ince a
yellow coloured precipitate was observable in bexberiments, the solids were then separated byitgens
using poly-tungstanate solution pf= 1.5 kg/dm, the light and the heavier fractions were investg
further. The experimental flow-sheet is shown ig.Ei The micro probe (SEM, Materials Science School
University of Miskolc), the X-ray diffraction anais (the Institute of Mineralogy and Geology, Umgity
of Miskolc), the optical microscopy and the ICP wieal analyses (Institute of Chemistry, University
Miskolc) were applied.

3 Results and discussion
3.1 Biosolubilisation with Acidithiobacillus ferrooxidans Karitas and solubilisation with 9K

As it was mentioned above it was found after thaldaiching withAcidithiobacillus ferrooxidans
Karitas, as well as the contacting with 9K that skieface of the rubber particles was covered wetfow-
coloured precipitates, which was separated by tenBie heavier product was a pure precipitatéoalgh
the light product (rubber) was not completely ppéeaie free. The mass balance of the experimersisag/n
in Table 2.

It can be seen that the mass of the solid phase tife biosolubilisation withAcidithiobacillus
ferrooxidansKaritas is higher by 24 %, while that after theusidlisation with 9K is lower by 22.5 % as
compared with the initial sample mass (2 g). Néwaess, the yield of the pure precipitate is higher
almost 10 % in case of solubilisation with 9K asnpared with the bioleaching witAcidithiobacillus
ferrooxidansKaritas.

Table 2. The mass balance of rubber biosolubilisation witidithiobacillus ferrooxidan&aritas
and solubilisation with 9K

Experiment | Mass of solids after the solubilisation Separation density| Light fraction | Heavier fraction
Q) (kg/dm®) (%) (%)
KARITAS 2.48 15 93.55 6.46
9K 1.55 1.5 83.24 16.13
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X < 0.5 mm rubber

A

200 mL biosolution or —p| Suspension preparation

4_
oK 29 rubbr

\ 4

Biosolubilisation or
solubilisation (7 days)
Solid-liauid senaratio
\ 4 h 4

Solids Solution

A
Heavy liquid separatio

(1.5 kg/dn)
\ 4
Heavier fraction Light fraction
(precipitate) (rubber)

Fig. 1. The rubber bioleaching witAcidithiobacillus ferrooxidan&aritas and leaching with 9K,
experimental flow-sheet

‘.-
Fig. 2. The rubber and preC|p|tate particles after theHmy:wnh 9K
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Fig. 3. The rubber and precipitate particles after thedaiching withAcidithiobacillus ferrooxidan&aritas

The rubber and the precipitate particles are shiowkig. 2 and Fig. 3, respectively for the leaching
with 9K and the bioleaching witAcidithiobacillus ferrooxidan¥aritas. In both cases the precipitates are
yellow coloured. pH drop from the initial pH = 2iB case of the solubilisation with 9K was dowr2t6; in
case of the biosolubilisation down to 1.99.

Fig. 4. Solid and liquid phases after the bioleaching withdithiobacillus ferrooxidan&aritas (left)
and leaching with 9K (right)

As it can be seen from Fig. 4 the liquid phasesusdpd after the experiments have different colours
after the bioleaching withcidithiobacillus ferrooxidan&aritas the colour is darker, in case of the lelaghi
with 9K it is turbid, which is the evidence of thet complete solid-liquid separation.

X-ray diffraction analysis was carried out in thestitute of Mineralogy and Geology, University of
Miskolc. The X-ray diffraction patterns are shownhkig. 5 and Fig. 6. It was revealed that whilehe
process of the sulphur solubilisation with 9K mexdithe jarosite (KF&3(SOy),(OH)s) forms, the process of
the biosolubilisation withAcidithiobacillus ferrooxidanaritas is accompanied by the formation of the
jarosite and the halotrichite (Fef$0y)4.22H,0) as well. The density of the minerals differs0%B.as
opposite 1.89 kg/dMmThat can be an explanation of the different gi¢ate yields shown in Table 2.
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The ICP-measured sulphur content of the separatsmipgate obtained in the solubilisation with 9K
was 2.95 %, while that formed in the process o$dligbilisation withAcidithiobacillus ferrooxidan&aritas
was 4.15%!

3.2 Separation of rubber from precipitates by flotation

It was measured so far that the sulphur contetiteoprecipitates is almost three times higher thah
of the rubber. At the meantime, the rubber padiclere still covered by the precipitates, that s/ whe
sulphur content of solids was two times higherhasinitial. Thus, the main problem is to find aleigue
for proper separation of the precipitates fromrtitgber particles.

A technique which is promising in this conceptlatdtion. Flotation is very versatile and promising
selective recycling technique for the fine andaiitre disperse wastes. Prior to the implementatiothe
recycling flotation process, it is essential toedetine the surface properties of particles to masged in
different aqueous surroundings, as well as to éskathe theoretical background for their conti@jl [

In order to do so the surface properties of syithatosite were investigated using zeta-potential
measurements carried out with Zeta PALS Brookhawmsttrument. (The instrument was purchased within
the framework of the GVOP-3.2.1.-2004-0219-3.0 blai Project (Project Leader: Dr. L. Bokany[)y)].

Fig.7 illustrates that the anionic oxhydryl Hosttdl M91 (mixture of dithiophosphate,
mercaptobenzothiazole and thiocarbamate) adsorbisessurface of the synthetic jarosite by chemisonp
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2] 1 COD 9010312 Fe3 H6.4 K0.6 O14 S2 Jarosite
ik 1 COD 9009974 Al1.98 Fe0.99 H44 Mg0.02 Mn0.01 038 S4 Halotrichite
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Fig. 5. X-ray diffraction pattern of precipitate originatédm the bioleaching
with Acidithiobacillus ferrooxidan&aritas
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Fig. 6. X-ray diffraction pattern of precipitate originatédm the leaching with 9K
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Fig. 7. Zeta-potential of artificial jarosite as a functiohpH (upper curve)
and in presence of 1000 mg/L anionic Hostaflote Ni®tver curve) [7]

The flotation experiments were carried out using tleagent at various pH after the attrition for
40 min. The aim of the latter was to detach theipiate particles from the rubber ones.

B >

Fig. 8. Waste rubber after biosolubilisation witlidithiobacillus ferrooxidan&aritas
and flotation at pH = 10, still covered with jartesand halotrichite

It was found that the sulphur content of rubbel-gedduct obtained at pH = 10 decreased below the
initial value, although the separation was not cletep Further investigations are needed to findpitoger
way to separate the rubber and the precipitates.tif@atment of the biosolution is also in the scopeur
future research.

4 Conclusions

Series of experiments were carried out to studyptssibility of the desulphurisation of waste tibgs
bioleaching with withAcidithiobacillus ferrooxidan¥aritas. Parallel, the solubilisation with 9K ntitvn
medium was also tested.

21



4™ International Scientific Conference on Biotechmyi@nd Metals

It was revealed thdhe sulphur does solubilise both due to the bio- aedctiemical leaching.

The mechanisms of the bio- and chemical solubitisat are rather different as it was found and
experimentally proved by several tests.

The solubilised sulphur forms precipitates. Thecimitates form in the solution bulk, as well astba
surface of rubber particles. The origin of the pitatesis also differentlt was revealed by XRD-analysis
that while in the process of the sulphur solubiiga with 9K medium the jarosite (KEg(SQOy),(OH)s)
forms, the process of the biosolubilisation wAttidithiobacillus ferrooxidan&aritas is accompanied by the
formation of the jarosite and the halotrichite (F£€80,)4.22H,0) as well.

The idea was to separate the particles of pretgsittom the rubber ones using flotation after the
relatively long attrition to detach the precipistd@he tenzide for the flotation of jarosite wakested based
on the investigation of the surface properties. éheless, further research work is needed to felseal
the dissolution mechanisms, to optimise the bidsbéation process, to develop the proper treatment
technology for the separated liquid phase, as agetb successfully separate desulphurised rubber tine
sulphur-rich precipitates.
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Abstract

The application of natural organic materials olgdinfrom plant wastes or by-product is very ofteedugs a
replacement of the costly conventional methodseaiaving heavy metal ions from wastewater. It isl\abwn that
cellulosic waste materials can be obtained and asecheap adsorbents for removal of heavy metal ilmrchemical
treatment. Nowadays are used many kinds of natugainic materials as adsorbents including rice fiusgent grain,
sugarcane bagasse, fruit wastes, weeds, and woollisa

This study is aimed to the static and dynamic sompexperiments with using of organic natural sotbegoplar
sawdust, for removal Cu(ll), Zn(ll) and Fe(ll) fromodel solutions. The presence of hemicelluloseBulose and
lignin in structure of wood sawdust was studiedifyared spectrometry. Poplar sawdust had effigieat metal

cations removal from aquatic model solutions apjpnately of 80 % under static conditions. Under dyiaconditions
efficiency of the sorption processes reached 80#alf model solutions in 5 minutes. The highesicefcy of Cu(ll)

removal (98 %) was observed after 30 minutes. @ efficiency of zinc removal (88 %) and iron caml (85 %)

were reached after 45 minutes. Changes of pH vatoefirmed a mechanism of ion exchange on the Ipéuin
adsorption process.

Keywords: heavy metals, absorption, poplar wood sawdust

1 Introduction

Heavy metals and their excessively released intoetivironment due to industrialization created
contamination of water environment in wide scalpe Jadmium, zinc, copper, nickel, iron, lead, meycu
and chromium are often detected in industrial weaters, which originate from metal plating, mining
activities, smelting, battery manufacture, tanrgriand many others branches of industries [2]. In
comparison with organic wastes, heavy metals anebimdegradable and they can be accumulated imglivi
organisms what is causing various diseases anddéiso From these reasons, heavy metals must be
removed before discharge into the aquatic environirf. In this times, researches have an intevasthe
production of cheaper adsorbents as a replacemestt commonly wastewater treatment methods such as
chemical precipitation, ion-exchange, membranersg¢ipa, reverse osmosis, electro-dialysis, etc4]1,

Using of the physic-chemical processes based oortitsn on the natural organic materials is one
treatment processes to cheap and effective renodVaavy metals from contaminated water. According
Bailey et al. [5] adsorbents can be used as edamer and cheaper replacements of industrialhgpeed
sorbents if they have at big abundance in nathes; origin is a by-product or waste material fromdustry.

Wooden materials or wastes are cheap due to a ¢®t6 ®n their producing and processing [1].
Researches, which are focused on the study of ptimomproperties by wooden materials, many timessde
with authentic and untreated wooden products otegas many cases [6-8]. Some of the benefits wigus
of wooden by-products or wastes for wastewatetrtreat include simple technique, requires low cesid
processing, potential at selective removal or goagacity for adsorption of heavy metal ions, sigfit
amount and possibility of regeneration [1, 3]. Betw often used wooden materials for absorptiostaaey,
tree bark, peanut skins, wood sawdust, moss ant Péeod sawdust, like low-costs adsorbents, are
perspective for removing heavy metals, some tyfdeaca and basic dyes, and some other unwanted
compounds from waste water [6, 9].
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Ahmad et al. [10] studied sorption properties ofoddsawdust and they discovered that are formed
complexes compounds with a metal cations using ligeind or functional groups. The sorption of nietay
sawdust may be caused by lignin, cellulose and ¢ehaiose, carbohydrates, and phenolic compounats th
have carboxyl, hydroxyl, sulphate, phosphate, anith@ groups that can bind metal ions [11, 12]. Tike of
wood sawdust brings a potential as a replacementuiment expensive methods. The using of sawaust f
removing pollutants would be benefit also for thevimnment and timber industry. Contaminated water
could be cleaned, and a new market would be opemede sawdust [6].

The aim of this article is a study of sorption pedpes of poplar wood sawdust for removal heavy
metals (copper, zinc and iron, respectively) fromdel solutions with initial concentration of catson
10 mg.L". Poplar sawdust was analysed by infrared spectrgrfar characterization of functional groups.
Efficiency of heavy metals removal was analysedcolprimetric method and changes of pH values were
also observed.

2 Material and methods
2.1 Wood sample

The sawdust of poplar, species of locally availakted, was sieved, and the fraction with particle
size max. 2.0 mm was used for experiments. 1 gyopdplar sawdust was mixed with 100 mL of eactdkin
of the used model solution. FTIR measurements giignosawdust were carried out on Bruker Alpha
Platinum-ATR spectrometer (BRUKER OPTICS, Etting&srmany). A total of 24 scans were performed
on sample in the range of 4,000-400tm

2.2 Adsorbate solutions

Adsorbate solutions of Cu(ll), Zn(ll) and Fe(lIpitial concentration & 10 mg.L") were prepared by
dissolving CuS@ 5H,0, ZnSQ- 7H,0 and FeSQ7H0O, respectively in deionised water. Concentratiains
appropriate ions were determined by colorimetricthmé by Colorimeter DR890 (HACH LANGE,
Germany) with appropriate reagents to determine@atnation of dissolved cooper, zinc, and iron. iiZfea
of pH value was also measured by pH meter inoLaB3th(WTW, Germany).

2.3 Adsorption studies

Batch adsorption experiments were carried out ahcsand dynamic conditions of experimental set
up. In both cases 1 g of poplar sawdust was mixéu ¥00 mL of model solutions containing of 10 mg.L
copper, zinc, and iron, respectively. In case afistconditions, after 24 hours reaction time, weagidust
was removed by filtration through a laboratoryefilpaper for qualitative analysis, residual conegiuns of
appropriate ions were determined by colorimetrithod and pH change was also measured.

In case of dynamic condition was poplar wood sawdogensive mixed with model solutions
containing of 10 mg.t cooper, zinc and iron, respectively. The reactiore of these experiments was 5,
10, 15, 30, 45, 60 and 120 min, respectively. Attterend of each reaction time, wood sawdust wasved
by filtration through a laboratory filter paper fqualitative analysis, residual concentrations pyfrapriate
ions were determined by colorimetric method andchbinge was also measured.

In both cases the % removal was calculated usdpitowing equation (Eq. 1):

,7 - (COC_OCe) xloc%), (l)

wheren is efficiency of ion removal (%),,ds the initial concentration of appropriate iomsg(L") and
C. equilibrium concentration of ions (mgt).

3 Results and discussion
3.1 Poplar sawdust infrared spectrum

The heavy metals adsorption capacity is influensedngly by the surface structures of carbon—
oxygen (functional groups) and surface behaviowasbon [13]. Functional groups in poplar wood sastd
were determined using FTIR spectroscopy. The IRctsp@ of poplar sawdust is shown in Figure 1.
According to a literature [14], we can suppose that structure of wooden sawdust is mainly formgd b
cellulose, hemicellulose, and lignin. As is cleafipm Figure 1, the strong broad OH stretching
(3,500-3,000 cif) and C—H stretching of methyl and methylene gra@p@50-2,850 cify are present. The
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strong broad OH stretching at this area can beecalsy the presence of water or damp too. For
hemicelluloses are typical the stretching band7&llcm' (presence of C=0 from the acetyl groups) [15].
Infrared spectra of lignin were observed by Zhahgle [16]. The characteristic bands of lignin were
confirmed at 1503 and 1452 chiaromatic skeletal vibrations of lignin) and at203cm™ (syringyl and
guaiacyl condensed lignin). Deformations detecteinge from 1421 to 894 cnwavenumber appertain to
cellulose that occurs in two forms (in crystallemed amorphous). Functional groups of aromaticeaatic

acids, alkyl halides were found at 828 ¢fi7]. At 554 cnmi were also determined alkyl halides (C—Cl and
C-Br stretch).
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Fig. 1.Infrared spectra of poplar wood sawdust

3.2 Adsorption study of poplar wood sawdust - static caditions

Results of sorption experiments under static catitfor solutions with concentrations of 10 mg.L
cation are shown in Table 1. The poplar sawdustl ise sorption confirmed a capability to removaé th
ions. Siban et al. [7] investigated of heavy metals renidyapoplar sawdust as promising adsorbent for
metals removal from wastewater with potential memmnomical than conventional removal processes.
Poplar sawdust exhibits the best effect on sorptiotopper from solution with efficiencies above8tf %.

For zinc and iron removal the poplar sawdust wdb efficiencies above of 70 %.

Changes of pH values in solutions were observeel afdrption too. The pH value of the model
solutions is an important controlling parametethia adsorption process. The pH values have affabied
surface charge of adsorbent, the degree of ionizand speciation of adsorbate during adsorpti8h [At
lower pH, the positive charged metal ion specieg omampete with Hand be absorbed at the surface of the
sawdust by ion exchange mechanism. At elevatednminly neutral, metal cations may be absorbed by
hydrogen bonding mechanism along with ion exchamgee to different properties of Cu(ll), Zn(ll), and
Fe(ll) of model solutions, the adsorption took plan a slightly different pH range for different taks.
Sorption of Cu(ll) by a poplar sawdust increaseaitie pH. Possibility of ion exchange between dissb
Zn(ll) and Fe(ll) metal cations and’ ftom poplar sawdust was indicated by decreasing-bf

Table 1.Results of static sorption experiments with pogkarvdust
(initial concentration of cations in solutiong=¢0 mg.L™%)

Initial concentration Initial concentration Initial concentration
co(CU¥)=10 mg.L ™ at pH=5.8| co(Zn*)=10 mg.L* at pH=5.4| co(F€*)=10 mg.L* at pH=5.4
2
ce(CLF_? oH &(2n") oH ce(Fez_? oH
[mg.L7] [mg.L7] [mg.L]
1.42 5.3 2.6 5.8 2.2 5.7
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3.3 Adsorption study of poplar wood sawdust - dynamic enditions

Comparison of sorption efficiency and changes pldasover time are shown in Figure 2. Using the
poplar sawdust for absorption experiment in moad&htions with dissolved ions Cu(ll), Zn(ll), Fe(ldhe
curve indicates the rapid progress of sorptioneAfinly 5 minutes of the sorption process was aekie
over 80 % efficiency in all cases. The residualetiof experiment can be considered as a relativkedet
only with little changes at efficiency of removal. the case of dynamic absorption conditions ofl(L iy
poplar sawdust, after 30 minutes was obtained itjeekt efficiency of removal 98 %. At 45 minutes of
reaction time, were reached the highest efficiesfcdn(ll) (88 %) and Fe(ll) (85 %).

Also in this case changes of pH values in solutiwase observed after adsorption. The pH is one of
the most important parameters controlling adsonpdibheavy metals from aquatic solutions. Resultrogn
Figure 2, using of poplar sawdust in dynamic caadi is connected with decreasing {Qwand increasing
(Zn** and F&") of pH values of the tested samples. Holub et[#8] found, that with higher initial
concentration of dissolved heavy metal is signifitcghange of pH value, because the ion exchangmis
intensive. In all cases were recorded markedly gésrof pH values after 5 minutes of the adsorption
experiments. The most significant change of pHeslwas in case Fe(ll) removal, where at beginniag w
value of pH changed from 5.4 to 6.4. By intensiveréasing of pH values, metal cations were absdblyed
mechanism of ion exchange by hydrogen bonding. \Wi¢hdecreasing concentrations of dissolved metals
cations in solutions, the ion exchange is not smidant and is not affecting on the changing of pH

value [20]. After the completion of the ion exchangH value began decrease slowly to approximateiyt
value in all cases as is illustrated on Figure 2.
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Fig. 2. Comparison of sorption efficiencies and changgstbfalues over the experimental time

4  Conclusions

Despite of the existence of various technologieshieavy metal ions removal from wastewaters
(chemical precipitation, ion exchange, membranértggies, etc.), is still trend to discover furthesw
researches with aim of getting more economicallg anvironmentally sustainable technology that could
provide the lowest level of heavy metal ions inreated effluent that will be low enough to be safel
discharged in a surface water stream. One from niatgyesting researches is directed to a study the
adsorption of heavy metal ions from wastewatersifing various natural materials. The main bendfit o
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using such materials as the conventional adsorlmentmn exchange resins is in their availabilitydaheir
low price, so that they are also known as “low-tastsorbents. A special attention in these researéh
dedicated towards bark and wood sawdust of differees as by-products of timber and wood induttay
could be used particularly for a passive treatneémastewaters with potential for active treatmeat

Poplar sawdust shows as suitable product for rehmoegals from solutions. The function groups of
poplar sawdust were characterized by infrared spettat confirmed the presence of hemicelluloses,
cellulose and lignin (aromatic skeletal vibratiafidignin syringyl and guaiacyl condensed lignin).

In case of static conditions, results of the adsmmpexperiments confirmed the poplar wood sawdust
capability to removal various ions with best effect sorption of copper from solution with efficiéas
above of 80 %. At zinc and iron removal, the poglarvdust was with efficiencies above of 70 %. Cleang
of values pH under static conditions showed thegsses of adsorption and ion exchange.

Under dynamic conditions efficiency of the sorptimocesses reached 80% for all model solutions in
5 minutes. The highest efficiency of Cu(ll) remoyaB %) was observed after 30 minutes. The best
efficiency of zinc removal (88 %) and iron remoy85 %) were reached after 45 minutes. In all cates
dynamic conditions were recorded markedly chandeptb values after 5 minutes of the adsorption
experiments. The most significant change of pHeslwas in case Fe(ll) removal, where at beginniag w
value of pH changed from 5.4 to 6.4, where metaboa were absorbed by mechanism of ion exchange by
hydrogen bonding.

The sorption experiments showed a potential ofpbelar sawdust to remove cations from model
acidic solutions. The results from experiments gsovide promising perspectives for the utilizatioh
poplar sawdust as a natural adsorbent for redunigigl pollution in wastewaters and they showedngatke
to be used on an industrial scale.
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Abstract

This study describes the mobilization of arsenanfrtechnosols through laboratory dynamic experimestudied
environmental burden in Zemianske Kdstoy is the most polluted area in Slovakia, wherg@d65 a dam failure of a
coal combustion ash impoundment released approgiyn@ million n? of power plant ash in the surrounding
environment. The total content of arsenic in theligd soil samples (technosols) is in the rangel60-1139 mg.kd.
Column experiments were performed in two glassmokl Using a peristaltic pump leaching solutionsenwffowing
through the column (demineralized water, 1 mM ciaicid and 0.1 M hydrochloric acid) from bottontlie top for 105
days, whereas every 35 days leaching agent wagietdan compare the efficiency of solutions. Mosteaic during
experiments with demineralized water released ftbensample ZK2 from a depth of 60 cm (= 11.11 %nfrAs
1100 mg.kd), during the experiment with citric acid from agn sample of 16.58 % As was obtained and duriag th
experiment with hydrochloric acid from a given sédenpf 5.18 % was obtained. From the results obthime can find
that the strongest extactant was citric acid. Tvosk confirms that soil microorganisms producinganmic acids play
an important role in the environmental fate of arsén soils.

Keywords: technosol, Zemianske Ko$tmy, arsenic, laboratory dynamic test

1 Introduction

The studied locality Zemianske Kobsamy is the most polluted area in Slovakia. In 18&&m failure
of a coal ash impoundment released 3 millichacoal fly ash with a high content of arsenic anther
potentially toxic trace elements in the surroundamyironment. Instead of remediation the ash layas
covered by 40 to 100 cm of different soil typescéwling to the new morphogenetic classificatiorneys
we call the soil with a layer of power plant ashexhnosol [1].

Soil is a medium through which the contaminants ge&ting from the earth’s surface into the
groundwater. During the movement of pollutants tigto the soil profile, these substances are subjects
complex physico-chemical and biological transfoliora, so it is important to understand the processe
(environmental characteristics, physico-chemicabpprties, mineral composition of the ash, sedimants
soils) controlling their fate in soil ecosystems 32 The rate of leachability of potentially toxdements is
related to their concentration in coal and ash, @egends on the conditions of coal combustion,hen t
processes of sorption/desorption, on the redox aadninantly on the pH conditions of the
environment [4, 5].

On the basis of the results of numerous studidsoaeervations, the main soil parameters that gover
processes of sorption and desorption of potentiakic elements are presented as follows:

e« pHand Eh values

e Cation exchange capacity (CEC)

« Fine granulometric fraction (<0.02 mm)

¢ Organic matter

e Oxides and hydroxides, mainly Fe, Mn and Al
e Soil microorganisms [4, 6].

Living organisms, often referred to as the soiltdjocomposed of fauna and flora of various
dimensions, occur abundantly in soils. Several isgecf biota are known to be useful indicators af s
contamination. However, growth, reproduction, angtaholic activities of soil biota are sensitiveatier
soil variables as well as to the concentrationsrade pollutants. The Eh-pH system and organic enatt
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content are highly important. Humic substanceskaomevn to have both beneficial and deleterious ¢dfen
biota caused by mobilization of metals [7].

2 Material and methods
2.1 Study area and sample collection

Collection of soil samples (technosols) intendedl&doratory (dynamic) experiments took place in
location of the Upper Nitra region, in Zemianskeskiany (Figure 1). From soil probes there were two
samples - ZK1 and ZK2 collected from the depth @fa®d 60 cm. The soil samples were processed in
a standard manner (drying, homogenisation and rgjeuito a fraction smaller than 2 mm). Chemical
analysis of the soil samples were performed at ACMtalytical Laboratories Ltd (Vancouver, Canada)
by AES-ICP, AAS-F and AAS-HG.
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2.2 Column (dynamic) experiments

Laboratory dynamic tests were performed in twogBdumns (Figure 2). 25 cm long duplicate glass
columns with a 2.5 cm internal diameter were packed 70 g of dry solid soil samples. Before fitljrihe
columns with a dry sample, a filter paper (por@ i um) and 1 cm of clean silica sand was addéleto
column top and bottom in order to prevent fine iplas to penetrate into the plastic tubes. Usipgmstaltic
pump ISMATEC IPC 12 leaching solutions were flowthgough the column from bottom to the top for 105
days (upward flow was regulated at a rate of 7.18nm™), at which every 35 days leaching agents were
changed to compare the efficiency of the solutidimere were used three leaching agents: deioniz¢ek w
standard agent in the extraction experiments, 1 oifvic acid — organic acid naturally produced by
microorganisms in soil ecosystem, 0.1 M hydrocklagid — strong inorganic acid. Leachates werentake
intervals (day): 7, 14, 21, 28, and 35. After tlefextion, the basic physico-chemical parameteks @C
and temperature) were determined in leachates. iChkmnalyses of the extracts were realized in the
laboratory of EL spol. s.r.o., SpiSska Nova VesARS-ICP, AAS and UV/VIS.

leachate

wE
soil s 1 cm of sand layer
samp!e—) "}»’i ’
(e ek

A?‘.u

peristaltic pump Jeaching agent

Fig. 2. Scheme of the column experiments [8]
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2.3 Mineralogical analyses

The sieved soil samples were evaluated by qudattat-ray diffraction analysis. Sample preparation
for X-ray analysis was performed as follows: 1 goil sample was mixed with 0.25 g of corundum pemvd
— Al,O3 (internal standard). The obtained mixture was thkiced to the container with a corundum roller
and added 4 ml denatured alcohol. At first the @imer was shaked by hand and after the shaking the
container was put into a special mill (MicronizimgCrone Mill) and the sample was milled for 5 miesit
The obtained fraction was analyzed with a machin&k& D8 Advance using CuKradiation. The primary
identification of minerals was conducted in thegseon DIFFRACplus EVA. Quantitative representatién o
mineral phases in X-ray diffraction pattern wased®ined in the program TOPAS.

3 Results and discussion

The total content of selected contaminants in tesbls used in the column experiments confirm the
fact that the area is highly contaminated with ptédly toxic trace elements. In the case of arsend
mercury limited value for agricultural soils (sdijpe — sandy loam to loamy) is 25 mg-kgs and
0.5 mg.kg" Hg). The total content of arsenic in the studiathgles is in the range of 1100-1139 md.kg
Table 1 shows the total content of selected chdralements in the soil samples.

Table 1.Thetotal content of selected chemical elements irstbdied samples

As | Hg | Pb Fe| ca| A
mg.kg* wt.%

ZK1 1139 0.58| 7.10| 4.09 3.70 3.45

ZK2 1100 0.97| 8.20| 3.91 3.66 3.18

Sample

On the basis of the results it is stated that thetrof arsenic released during the experiment giitic
acid and the least with the agent of hydrochloditl ahough the leachability of arsenic did not beeo
persistent with none of the leaching agents (Fig)reThe results with deionized water show decrepsi
trend of arsenic leaching. According to the resulilsic acid was the most effective leaching ageritich
confirms the assumption that the organic acids leageeat effect on the mobilization of arsenic atter
potentially toxic elements (Figure 4). In the saenpK2, most arsenic was released after applicatianitric
acid 16.58 % of Ag:. Demineralized water released 11.11 % of,AsDuring the experiments with
hydrochloric acid 5.18 % of As was released (Table 2).

7] deionized water

1 mM citric acid
E= 0,1 M hydrochloric
acid

- n
e

Time (d)

Fig. 3. The average content of arsenic (mgkin the leachates during the experiments
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Fig. 4. The total content of As leached (mgXgluring the experiments

Table 2. The comparison of total content of arsenic (mg)kig soil samples
with the contents of As in leachates (wt.%)

Total Total Total Total Total Total Total
content of | content of | content of | content of | content of | content of content of
Samples As in the As in the As in the As in the Asinthe | Asinthe As in soil
leachate leachate leachate leachate leachate leachate |
(mg.kg") — | (wt.9%)— | (mgkg")— | (Wt 9%)— | (mg.kg')—| (wt.9)—| ~oib s
de. water | de. water | citric acid | citric acid h. acid h. acid (mg.kg)
ZK1 110.49 9.7 165.63 14.54 39.84 35 1139
ZK2 122.26 11.11 182.36 16.58 57.03 5.18 1100

Soil pH is one of the most indicative measuremeasitshe chemical properties of the soil. All
(bio)chemical reactions in soils are influencedobyton (H) activity, which is measured by the soil pH. The
pH values of most natural soils vary between <3@tremely acid) and 8.00 (weakly alkaline). The
solubilities of various compounds (e.g. heavy n®tah soils are influenced by soil pH, as well a3s b
microbial activity and the microbial degradationpafillutants. Optimum pH values for pollutant-degnad
microorganisms range from 6.5 to 7.5. Soil pH #uenced by various factors: the nature and typéhef
inorganic and organic constituents that contribioteéhe soil's acidity, the soil/solution ratio, thsalt or
electrolyte content, and the ¢Qartial pressure [9]. Trace metal mobility depewndsthe following soil
characteristics: soil pH and texture, the type guodntity of the oxy-hydroxides present, the conteint
organic matter, carbonates, phosphates and cl@ys frsenic is characterised by a pH-dependermthieg,
and displays a plateau of maximum solubility in fid 7 - 11 range [11]. Figure 5a, b, ¢ shows the
dependence of leached arsenic on the pH valuedgltirencolumn experiments. Figure 5a shows the asere
of extracted arsenic with the increase of the pHievan the given extract. Figure 5b, ¢ also shohes t
opposite trend of the fact in the relation of thadhed arsenic in citric acid (negative trend),rbghloric
acid (negative trend) and demineralized water {pesirend).
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> o ] . =

40 D 4 .
S 20 - . r=-03186 % 1% °
£ E r= 0.8450 = 354 £ ] r=-0,5654
0 ° : 0 . > =10
< < 1 ]
10 30- ° P < 1
] a) ] ® b) 5 & °
° 1 . c
0 T T T = T T T 25 1 M 1 I 1 0 )
6.8 71 7.4 7.7 8.0 8.3 7.4 7.7 8.0 8.3 8.6 28 35 4.2 4.9 5.6 6.3 7.0
pH pH pH
a b c

Fig. 5. Dependence of As leached (mgXk@n the pH value during the experiments with dizied water (a),
1 mM citric acid (b) and 0.1 M hydrochloric acid (c
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In the studied samples the major component ar@at@phous mineral phases. This group may also

include unburned residues of coal and amorphouws¥#dydroxides. Amorphous aluminosilicate glasses a

the most common phases present in the sample (ap@tely 40 wt. %), also there are common quartz,

calcite, mullite, plagioclases, magnetite, hematiiestobalite, rutile, pyrrhotite, pyrite, montniltonite,
albite and biotite. Amorphous glasses are chaiatiteby highly variable content of Si, Al, Ca aRd. They
are able to accumulate a wide range of chemicatari¢és and are the main mineral phases bearingiarsen

The second mineral phase with the ability to absAsbare less commonly occurring unburned coal

particles [12]. Quartz is present in the all stddsamples (cca 3 wt. %). It is the dominant prinramgeral in
the coal fly ash, because its melting point is 172(13]. Quartz particles in the power plant reastcan
burst at higher temperatures (above 870 °C) to foristobalite [14]. Mullite is strongly representedthe
samples and arises from high temperature changekyfminerals, especially kaolinite [13]. Figure, ®
shows the quantitative representation of the mirgrases in the soil samples.
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Fig. 6. Quantitative representation of the principal mihefases in the sample ZKI and ZK2

4  Conclusions
The aim of the realization of column experiments waassess the potential mobility and leachability

of arsenic from the solid phase of the soil sampleser influence of the chosen leaching agents

(demineralized water, citric acid and hydrochlaamd) and compare their effectivity. The total @nitof
arsenic in the technosols is in the range of 1118BImg.kd". After application of demineralized water most
arsenic was released from the sample ZK2 (of thal tds — 1100 mg.Kg leached 11.11 % of As).
Experiments with citric acid showed that it wascleed 16.58 % of Ag; from sample ZK2. During the

experiments with hydrochloric acid 5.18 % of As wesdeased. In the studied samples the major

mineralogical components are amorphous glassestzgaalcite, albite, rutile, montmorillonite anibtite.
From the results we can obtain tlafter the experiments there were not any significdranges in the
mineralogical composition of the samples. Studyficms that the soil microbiota which produce organi
acids play an important role in the environmenrdéé fof arsenic in soils.
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Abstract

The mining represents one the most common humavitiest that fundamentally impact not only the ctryritself but
also have adverse effects on the fauna, flora anthh beings. The negative impacts also include mém drainage
which is formed by the dissolution of products tesg from the oxidation (chemically and microbigioally
mediated) of sulphide minerals, mainly pyrite asnirdisulphide. According to stringent European Wnaffluent
discharge regulations it is necessary to look intwovative technologies to remove considerable arnhof effluent
rather than discharging into surface water.

Resulting from previous partial achievements, ttela is focused on the combination of chemicaqipitation, ion
exchange and biosorption techniques for the acidentirainage treatment. Concentrations of four wiffe metal
cations (copper, iron, manganese, aluminium) atghates were observed. First stage of treatmefided chemical
precipitation by combination of oxidation using @&l hydrogen peroxide and subsequent precipitatich @il M
sodium hydroxide. After the first stage, the iortleange using two different exchangers (PUROLITE MB4esin and
AMBERLITE MB20 resin) took place. The last stage tbk experiments was focused of the biosorptiomystu
Low-cost sorbents included in this case natural-modified peat “PEATSORB” and hemp shives in maxtifistate.
Overall, the best results were observed after coatlzin of MB20 resin in the second stage and sulesgqusing of
modified hemp shives in the third stage of thettreant.

Keywords: sorption, precipitation, ion-exchange, heavy nsetgulphates, acid mine drainage

1 Introduction

Manufacturing processes, primarily mining actiatieoften result in the production of effluents
containing high amounts of inorganic pollutants égpvy metals or sulphates.

The problems connected with the extraction of Sdiplores are present throughout the whole process
of mining, but arise especially during the lasigst@f mining, closure and abandonment of the etktrac
area, when the conditions for the generation oigtracid water are most likely to occur [1].

This generation consists from weathering of sulphidnerals under oxidation conditions (in contact
with water, atmospheric oxygen, micro minerals aadobic bacteria) and effluents are characterizigd w
very low pH value of about 2 and limit concentra@f heavy metals (Cu, Zn, Cd, As, Mn, Al, Pb, Aly,

Hg, Cr and Fe), toxic elements and sulphates [2dmportantly, once acid mine drainage (AMD) has
formed, it can remain for hundreds of years, amslgienerally difficult and costly to control [5].

Currently used technologies for removal of inorgatompounds are result of a need by industry to
achieve acceptable effluent quality standards gethb governments. These conventional and emerging
treatment methods include precipitation, secondarprecipitation, differential precipitation, ioxahange,
membrane separation, evaporative recovery, reduetactrolysis, etc [6-9].

Precipitation has found its wide application fortale removal, particularly in industrial treatment
technologies. The fact that precipitation can aelguce the dissolved metal concentration to thebdaly
product level, create the motivation for change yar@m these metal control technologies. Another
limitation can be found in treatment of wastewatstaining low concentrations of elements, whakesa
in this case applications of common methods foro@ng of heavy metals either technically complichte
economically unfavourable. Precisely such problamescreating a space for new and innovative metfards
treatment of heavy metals and sulphates contandinagestewater. It is also possible to combine dffer
treatment techniques in order to apply the posjiaperties of each method.
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Adsorption or ion-exchange onto low-cost particellataterials such as biosorbents now offers an
attractive, inexpensive option for the removal afadal and dissolved metals [10].

lon exchange represents a very powerful technofogyemoval of toxic elements from water and
other solutions. Undesirable ions are replaced thgre which do not contribute to contamination lod t
environment. The method is technologically simpid anables efficient removal of even traces ofypalits
from solutions [11].

The present paper is focused on the study of teenidal and physical methods combination for the
heavy metals and sulphates removal from acid miamage out-flowing from the Pech shaft locatedhmn
deposit Smolnik in the Slovak Republic. The treathprocess includes oxidation and chemical preatipib
in the first stage, followed by ion exchange usimg different resins. Last stage is focused on the
biosorption processes with the dead biomass (pebatr@dified hemp shives).

2 Material and methods

As mentioned above, the treatment process cordigtaree stages. Overall, concentrations of four
different metal cations (copper, iron, manganekeniaium) and sulphates were observed. Concentratio
of metal ions before and after the experiments wietermined by colorimetric method using Colorimete
DR890 (HACH LANGE, Germany) with combination of appriate reagent. Concentrations of sulphates
were analyzed by X-ray fluorescence analysis (X&fg SPECTRO iQ Il (Ametek, Germany) with silicon
drift detector with resolution of 145 eV at 10 Ofl@ses.

pH values were determined by pH meter FiveGo FGet{ler — Toledo AG, Switzerland) which was
standardized using buffer solutions of differentyatues (4.01, 7.00).

First stage is focused on the oxidation and chdnpicecipitation of iron cations due to their high
concentration. Precipitation was followed by iorcleange and finally in the last stage AMD was caeishc
with two different biosorbents.

The percentage of efficiency (%) was calculatedgitie following equation:

Efficiency :% X 100%, (1)

0
whereg, is the initial concentration of ions (mdY), c. is equilibrium concentration of ions (mgL

2.1 Acid mine drainage samples

Real sample of AMD containing a high level of sw@d@s and heavy metals (concentrations of
monitored metals are listed in Table 1). The expental sample was collected from abandoned sulzsurfa
mine Smolnik (Slovakia).

Table 1.Properties of experimental AMD samples (input cormcion)
pH Feotal Cu Al Mn SO,
mg/L 3.52 305 0.86 44.8 24.4 2400

2.2 Oxidation and precipitation
Chemical precipitation (combination of oxidationings 31 % hydrogen peroxide and subsequent
precipitation with 0.1 M sodium hydroxide) was uded the removal of iron cations due to their high
concentration which is several times higher thamceatration of the others monitored metals. Thepbauwf
1L of AMD was continually stirred after adding 4fmL H,O, and sequentially neutralised by NaOH under
continuous stirring and pH measuring. The resulfingcipitate was filtered through laboratory filfgaper
and concentration of monitored metals and sulphatikrate was determined.
Following reaction takes place during the experimen
2F&" + H,0, — 2F€" + 20H (2)
F¥ + OH + SO% — Fe(OH)SQ (3)

2.3 lon exchange

For the removal of sulphates and metals by ion &xgh process, two inorganic ion exchange resins
PUROLITE MB400 and AMBERLITE MB20 were used.

PUROLITE MB400 is a high quality resin mixture fdirect purification of water. It is suitable foreus
in regenerable or non-regenerable cartridges andarige ion exchange units. Passage of water at
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recommended flow rates through the resin as supman achieve almost complete reduction of total
dissolved solids.

AMBERLITE MB20 resin is an ionically equilibratedixed bed resin. It is a fully regenerated, ready-
to-use mixture of a strong acid cation exchangé aistrong base type 1 anion exchanger. AMBERLITE
MB20 resin has been developed for the productiohigh purity water. It can be used for all applicas
requiring totally demineralised water, free ofcliand of carbon dioxide.

The cations removal efficiency by ion exchangecpss was tested at laboratory temperature
(23£0.2 °C) under static conditions. 1 g of eachirevas mixed with 100 mL of AMD sample after
precipitation. After 24 hours reaction time, resivere removed by filtration through a laboratottefi paper
for qualitative analysis and equilibrium concentmas were determined.

2.4 Biosorption

In the biosorption study two types of adsorbentsavalosen. As a biosorption materials non-modified
peat “PEATSORB” (provided by REO AMOS; Slovakia)damemp shives (provided by Hempflax;
Netherlands) were used. In experiments finer hgareous fraction of peat prepared by sieving thrcag
2 mm sieve was used.

The final fibre length of used technical hemp shiv@nged between 4 mm and 0.063 mm. According
the previous results, hemp shives were used onthenmodified state. Hemp fibres were modified by
chemical treatment in order to gradually removilegihemicelluloses or lignin. The progressive reah@f
the hemicelluloses and keeping the lignin contelchanged was brought by treating the fiber sampitrs
1.6 M NaOH solution, at room temperature, for 48Hpwed by neutralisation with 1 % acetic acidbries
were then washed with deionised water until thevpide was 7.0.

The adsorbents were dried at 105 °C for 2 h and éilewed to cool in the desiccators before using i
experimental set-up.

For the purpose of removal efficiencies investgatibatch adsorption experiments were carried out.
Each type of sorbent was mixed with AMD samplergftecipitation and ion exchange. Batch experiments
were carried out at room temperature (23+0.2 °@)dakers by adding of a constant mass of sorbehigjl
in 100 mL of AMD sample. After 24 hours reactiomé, sorbents were removed by filtration through a
laboratory filter paper for qualitative analysiesidual concentration metals and sulphates wersrdeted
by colorimetric method and pH change was also mredsu

3 Results and discussion
3.1 Precipitation

The removal of sulphate ions from water environmerst complex problem due to the high solubility
and stability of these anions in aqueous solut[@@% The hydrogen peroxide, in acid solution, osggtes
from ferrous ions to ferric ions. During this oxiien is mainly formed the ferric hydroxy-sulphateat is
insoluble precipitate (see Fig. 1). A substantat pf sulphates is remaining in the solution dustability
of sulphate anion [13].

Fig. 1.Precipitate of Fe(OH)SO
The removal efficiency was 99.8 % and 25.1 % foniand sulphates, respectively. Removal of the

other monitored metals was insufficient what crédtee space for the application of ion exchangéha
next step. Summary changes in concentrations anova efficiencies are shown in Table 2.
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Table 2.Concentrations of heavy metals and sulphates féipitation

pH Feotal Cu Al Mn SO,
mg/L 3.66 0.71 0.79 42.2 20.4 1820
Efficiency [%] - 99.8 8.1 5.6 16.4 25.1

3.2 lon exchange

Samples of AMD after chemical oxidation were subsgdly treated by ion exchange. The main goal
was reduction of sulphates and metals that wereff@dtively removed in the first phase of treatinémom
the results (listed in the Tables 3 and 4) it iglent that both MB400 and MB20 resins exhibit sanil
results. The most significant decreases in conagotis are observed in the case of aluminum and
manganese. pH values are stable at the level bet?Beand 2.6. MB20 resin is partially more effeetihan
MB400.

Table 3.Concentrations of heavy metals and sulphates iaftexchange by PUROLITE MB400

pH Feotal Cu Al Mn SO,
mg/L 2.52 0.63 0.39 121 8.8 1200
Efficiency [%)] - 11.3 50.6 71.3 56.9 33.8

Table 4.Concentrations of heavy metals and sulphates iaftegxchange by AMBERLITE MB20

pH Feotal Cu Al Mn SO,
mg/L 2.60 0.69 0.39 11.3 8.2 1150
Efficiency [%] - 2.8 50.6 73.2 59.8 36.6

3.3 Biosorption
The last stage of experiments consists of biosmmpti Four different combination of
adsorbate/adsorbent system were evaluated:
» AMD after precipitation and ion exchange by PUROEIVIB400 vs. peat;
» AMD after precipitation and ion exchange by PUROEIVIB400 vs. hemp shives;
» AMD after precipitation and ion exchange by AMBERHE MB20 vs. peat;
» AMD after precipitation and ion exchange by AMBERHE MB20 vs. hemp shives.
The results are presented in the Tables 5 and 6.

Table 5.Concentrations of heavy metals and sulphates laiftsprption
(Input: PUROLITE MB400 pre-treated AMD)

pH Feotal Cu Al Mn SO,
Peat mg/L 2.61 0.53 0.08 9.7 7.6 1190
Efficiency [%] - 15.9 79.5 19.8 13.6 0.8
Hemp shives ___ mg/L 3.08 0.09 0.03 8.0 7.8 1060
Efficiency [%] - 85.7 92.3 33.9 11.4 11.7
Table 6.Concentrations of heavy metals and sulphates lifbsorption
(Input: AMBERLITE MB20 pre-treated AMD)

pH Feotal Cu Al Mn SO,
Peat _ mg/L 2.77 0.50 0.14 6.7 7.6 1120
Efficiency [%] - 27.5 0.64 40.7 7.3 2.6

Hemp shives ___ mg/L 3.39 0.00 0.06 5.3 7.1 905
Efficiency [%] - 100 84.6 53.1 13.4 21.3

Overall, biosorption was more efficient by usingrmebdified version of hemp shives which exhibit
better results for all monitored elements. The Itesshowed that biosorption could be powerful mdtio
the case of trace concentration. Iron and copp@srcavere eliminated bellow 0.1 mg/L. On the othend
decrease in manganese concentration was minimgl ljedow 15 %).
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Changes in pH values were also measured. Peatdcausmall increase in pH value after sorption.
Generally, peat as a product of humification caurser®asing in pH values. Metals react with théoaylic
and phenolic acid groups of the acids to releastops or, at sufficiently high pH, with their anisiies to
displace an existing metal [14]. In this case osiyall concentration of metals is adsorbed and danno
significantly influence pH value in already acidionditions. Increase in the pH values caused byphem
shives may be result of the OH functional groupease into the solution in both cases of adsorbatgis

theory is also supported by the results obtainemnfithe previous sorption experiments at higher
concentration levels.

3.4 Overall results

For the clear representation of the results, tiegbachievements were summarized into the grabhic
form (Fig. 2).
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Fig. 2. Summarized results
(A — best option: combination of MB20 resin and Ipeshives sorption;
B — worst option: combination of MB400 resin anéipgorption)

Two of the combination were chosen (A — best opdad B — worst option). As the most efficient
option, combination of precipitation, ion exchanggng MB20 and hemp shives sorption has proved. The
efficiency in this case is around 100 % for elintio@ of iron and copper cations. 88 % of aluminumsw
also removed. The sulphate removal reached thd t#v62 %. The worst results were obtained using
combination of precipitation, MB400 ion exchangeé aorption by peat.

4 Conclusions

The experiments presented in this article werededwn the combination of chemical precipitation,
ion exchange and biosorption techniques for thel agine drainage treatment. Concentrations of four
different metal cations (copper, iron, manganelsgiaium) and sulphates were observed.
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Chemical precipitation (combination of oxidationings 31 % hydrogen peroxide and subsequent
precipitation with 0.1 M sodium hydroxide) was ugedthe removal of iron cations. Another positiaet
in this first stage of treatment is partial remofabund 25 %) of sulphates.

After the chemical precipitation, the ion exchanggng two different exchangers (PUROLITE
MB400 resin and AMBERLITE MB20 resin) took placee®easing in sulphates concentration was
observed around 34 % and 37 % for MB400 and MBXnge respectively. The ion exchange also
influenced the concentration of heavy metals; thestmprominent was decreasing in manganese and
aluminium concentration (around 60 % and 70 %,eesyely).

AMD after precipitation and ion exchange was usedu input for the biosorption study. Low-cost
sorbents included in this case natural non-modibeat “PEATSORB” (provided by REO AMOS, Slovakia)
and hemp shives in modified state.

Generally, biosorption was more efficient by usofgnodified version of hemp shives. Hemp shives
exhibit better results for all monitored elemenibe results showed that biosorption could be pawerf
method in the case of trace concentration. Ironcapger cation were eliminated bellow 0.1 mg/L.

Overall, the best results were observed after coatisin of MB20 resin in the second stage and
subsequent using of modified hemp shives in thre #tage of the treatment.
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Abstract

BacteriaStreptomycestrain K11 was isolated from highly alkaline almmim brown mud samples. The obtained
isolate was identified on the basis as of 16S rRijghe sequence and it is probably a representafivee mew
streptomycete species related to $hevuyuanensiandS. variabilis.High level of heavy metal resistance was reported
for isolated bacterium with the highest resistatioceinc.

Biosorption experiments revealed that studied bisria highly effective for the removal of Zrions from diluted
solutions. More than 97 % of zinc was removed figotution at the lowest initial zinc concertationng/| when dead
Streptomycebiomass was used. At initial concentrations up@® mg/l still 50 % of zinc was sequestered. Howgeve
very low biosorption efficiency (about 4 %) was fauat the highest studied initial concentration® @/l) suggesting
that biosorbent derived from bacte8t&reptomycesould be effective for the treatment of low-coricated solution but
not suitable for zinc recovery at higher‘Zions concentrations.

Keywords: Streptomycesinc, biosorption, metal resistance

1 Introduction

Heavy metals in contrast to other pollutants regmmespecific group because there is no way how to
destroy them so that after they enter the envirairtieey circulate there posing a serious threavésious
ecosystems [1]. To remove heavy metals from thér@mwent different approaches based on physical and
chemical methods are used. However, most of thetbads are expensive, non-specific, and of limited
effectiveness, especially when the concentratidn®obuting metals are below 100 mg/l [2]. Utiligat of
different kinds of biomass offers an attractiveealtitive for treatment of groundwater or wastewdater
retaining heavy metals from dilute solutions. Bidenals of microbial and plant origin interact effieely
with heavy metals. Metabolically inactive dead b&w® due to their uniqgue chemical composition segrses
metal ions and metal complexes from solution, wtobtlviates the necessity to maintain special growth-
supporting conditions. The method of utilising bigical materials for metal recovery, called biosiom is
based on passive adsorption of metal ions on thewrace [3, 4].

While choosing biomaterial for metal biosorptiats, @rigin is a major factor to be taken into acdoun
As a natural part of soil ecosystem, microbial camities have some characteristics which greatlyanfce
the interaction of microorganism with metal ionsr Example, the high surface-to-volume ration potesia
large contact area and a great number of functignalips to interact with metal ions; the resistatwe
extreme environment makes them successful colendddnarsh metal-rich habitats.

The aim of the article was to characterise thedsjaifon abilities of theStreptomycestrain isolated
from brown mud in Ziar nad Hronom, Slovakia.

2 Materials and methods
2.1 Sample collection and analysis

Brown mud samples were collected from three diffeites at Slovalco co. disposal site near Ziar
nad Hronom (Slovakia). The samples were stored @ dntil microbiological analysis. According toeth
Slovalco data the average composition of mud is, $iQ-14 %), FgO; (30-35 %), TiQ (3-4 %), ALO;
(10-12 %), CaO (24-26 %), Ma (3-6 %). Heavy metal content is 10 ppm for Hf) ppm for Cu, 400 ppm
for Cr, 700 ppm for V, 150 ppm for Pb and 800 pmmAs. pH of the sample was determined according to
the 1ISO standard and was found to be 11.6.
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2.2 Isolation and characterisation of bacteria

To the mixed sample of mud (0.5 g) 10 ml of steRRS solution were added and after 20 min of
intensive mixing aliquots were spread on non-selecgar medium (Tryptone Soya Agar, Oxoid, USA).
Cultivation was conducted under aerobic conditiang2 °C for 72 h. The streptomyces-like isolatesen
selected visually and used for further analyses.

The total DNA from streptomycete isolates was etéd by Bacterial DNA Isolation Kit —
BACTOZOL (Molecular Research Centre, Inc., Cincimnn@H). Isolated DNA was used as a template for
PCR amplification of 16S rRNA gene fragments. 16NA sequences were identified using the RDP
database and subsequently subjected to BlastNsimalyhttp://www.ncbi.nim.nih.gov.

The minimal inhibitory concentrations (MIC) of ALi, Mn, Mg, Fe, Ag, Hg, Co and Zn for the
bacterial isolates were determined by the agatioilumethod [5].

2.3 Zinc biosorption experiments

Spores ofStreptomyce&11 strain were inoculated to 100 ml TSB liquiddi@eand cultivated for
2 days at 25 °C. Cultures were sterilised in aatgelat 120 °C for 15 min. Cells were harvested diyuum
filtration and washed twice with deionised watehneTcells were re-suspended in 100 ml of deionisamw
and placed in shaker for 15 minutes. To removeréise of cultivation media the procedure was repkate
three times. The biomass was oven dried at 55 F4dours.

Dried bacteria were used for the biosorption experits in concentration 1 g/l. Initial concentragion
of zinc in studied solution ranged from 0 — 1200/ImBxperiments were carried out according to the
protocol for equilibrium biosorption experimentg.[3pH value of used solutions was 6.5. Experimental
solutions were stirred during 24 hours. After tfiise, solution samples were withdrawn for metallysia.
The concentration of zinons was measured by atomic absorption spectrosdtmyan AA20+). The metal
uptakeq was calculated from the mass balance equatioollasvt:

_V(C,-C,)
q - )
whereq - the quantity of metal uptake by biomass [ril}.g
G- the initial metal concentration [mg.dfn
C. - final (after sorption at equilibrium) metal c@mtration [mg.dri]

V - the volume of solution [drh
m - dry weight of the biomass added [g].

3 Results and discussion
3.1 ldentification and characterization of isolate

Brown mud sample from disposal site near Ziar nadnbm was analysed for the presence of
cultivable bacteria. Upon cultivation on non-sdlectTSA plates number of bacterial colonies were
observed with frequency of about 3500 cfu per gghAmud. Based on colony morphology isolate K11 with
colonies showing typical streptomycete morphologgsvisolated. Streptomycete-like isolates repredente
less than 5 % of cultivable bacteria on TSA meditihe isolate was characteristic by white aerial etiyen
and produced dark brown diffusible pigment duringvgh on TSA medium. For many heavy metal
contaminated soils it has been shown that streptetag are a dominant group of bacteria in thessmilthat
growth of soil bacteria had positive effects onréiediation. From alkaline soils several alkalighiéind
alkalitolerant streptomycetes were described [6,There are no data available on occurrence of
streptomycetes in brown or red mud environment.

Due to very high number of validly describ®tteptomycespecies phylogenetic analysis of amplified
16S rRNA gene was used for correct identificationd @hylogenetic placement of obtained isolate. The
sequence analysis confirmed that the isolate bsltmgheStreptomycegenus. The 16S rRNA sequence of
K11 isolate showed the high similarity to the 18NA of recently describe&. wuyuanensi§98.1 %,
KF730778) andS. variabilis strain NRRL B-3984 (97.9 %, DQ442551), when corefdaagainst 16S
ribosomal RNA database of archae and bacteria. Vebewpared against non-redundant database the K11
16SrRNA sequence showed the highest similarity resgeseveral 16S rRNA sequencesSofvariabilis,
howevermultiple sequence alignments indicated that Kllatsois probably a representative of a new
streptomycete species (data not shown). All reld®@8rRNA sequences have origin in soils mainly from
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China. There is no report on occurrencesSolvariabilisrelated bacteria from extreme alkaliphilic or heavy
metal contaminated environments.

The K11 isolate showed high minimal inhibitory centrations to several heavy metals. Heavy metal
resistance is frequently occurred in streptomycf@esThe resistance level against®Zis even higher those
observed fofs. zinciresistenf®] isolated from soil from a zinc and copper minéChina.

3.2 Study of Zn** biosorption

The efficiency of zinc biosorption on dead cell Streptomyced11 strain was determined as a
function of initial Zrf* ions concentration using initial concentrationnfr® — 1200 mg/l. The equilibrium
sorption increased from 5.3 to 54.2 mg/g. The tsessihow thatStreptomycediomass is very efficient
biosorbent of Zf" ions from diluted solutions. At the lowest init#hc concentration (6 mg/l) 97 % removall
was observed (Fig. 1).
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Fig. 1. Zinc removal efficiency at different initial Zhion concentrations

With the increase of initial Zf ions concentrations, the decrease of zinc remeffaiency was
observed, however up to initial concentration oh@§1 still more than 50 % of zinc was removed. Wlhige
initial zinc concentrations were higher than 900/Imihe biosorption efficiency was 4 % and no ferth
change in the efficiencies was observed with tieesimse of the initial zinc concentration.

The maximum uptake calculated from experimentad éads 48.9 mg/g of dry biomass. It was found
to be comparable with the highest measured biasorptapacities found for different bacteria from
Streptomycegenus (Table 1).

Table 1.Comparison of zinc biosorption capacity of diffear&treptomycespecies

Bacterial strain Zn uptake [mg/g] | Reference
Streptomyces aureofacienes 0.73 [10]
Streptomyces rimosus 27.4 [11]
Streptomyces ciscaucasicus 75.85 [12]
Streptomyces zinciresistens 165.38 [13]
Streptomyces noursei 1.6 [14]
Streptomyces lunalinharesii 13.64 [15]
Streptomycesp. K11 48.9 This study
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4 Conclusions

Biosorption is a process which offers many advaedaghen applied in the industry such as low

operation costs, high efficiency, low waste produtctusage of biodegradable materials etc. buietlee

still many studies necessary to understand its am@sim. Biosorption of zinc usingtreptomyceslerived
biomass was evaluated in the article. From theeptesl results it is obvious that zinc can be sdquex
from diluted aqueous solutions with very high affitcy when dead biomass is used. Thus, biosorption
offers good way for studying zinc recovery fromwmns with zinc concentrations under 100 mg/l.
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Abstract

Using the method of computer molecular modellingedrined the structural formula and the quanturmbal

characteristics of the energetically most probafgeformation of the molecule oxidant metal sulpbidgnthesized
mesophilic iron-oxidizing bacteria. Based on thalgsis of the quantum-chemical characteristics ribigeally proved
experimentally established biooxidants large oxatagctivity relative to iron sulphate (lll) by reting with metal
sulphides.

Keywords: computer molecular modellinpiooxidant, quantum-chemical characteristics, stmad formula, oxidation
activity, partial atomic charge

1 Introduction

Leaching non-ferrous metals from sulphide ores,ceantrates and enrichment technogenic raw
polysaccharide is used, which is synthesized byotenghic bacteria mesophiliAcidithiobacillus
ferrooxidansin the oxidation of iron ions (Il) in a solutiori sulphuric acid [1]. It is found that the oxidant
biooxidants molecule consists of iron ion (lll) artle three acidic residues glucuronic acid -
Fe(SHq0-)s [2]. According to the results of experimental sésdbiooxidants possesses greater oxidative
activity by reacting with sulphide minerals thawnrsulphate (lll) [3]. To study the properties tiet
molecules being effectively used method of molecatanputer modelling [4]. Identified and analyzée t
guantum-chemical characteristics of the moleculeokidants and evaluated the effectiveness of its
interaction with the sulphides compared with irafpkate (l11).

2 Material and methods

For the research used method frontier moleculaitadsh a semi-empirical molecular modelling
package ChemBio3D programs specialized complex CHioe corporation «Cambridge Soft» and
software module MOPAC 2012.

3 Results and discussion

Minimize the potential energy of the possible stunes of molecules biooxidants found that the most
probable energy, stable conformation of the mokea@antains acid residues of glucuronic acid nodicyc
structure, the potential steric energy is almasings less than the cyclic (Table 1).

Table 1. Quantum-chemical characteristics of stable conéions of molecules, kJ/mol

Mlnlm_um Heat of 1/4-VDW N.O 1/4'V.DW Interaction of Stretching Bending
Molecule steric . . . interaction . . bond
formation interaction dipole-dipole | valence bonds
energy angles
Fex(SOy)3 0.31 -55.166 -0.834 -0.01355 0.628 0.0023 0.53
Fe(SHq0y)3 structure:
cyclic 220.488 -193.606 10.755 18.796 8.302 65.785 48.302
a noncyclic 55.298 -194.232 9.914 77.852 6.817 1.533 20.06

Characteristics that affect the efficiency of iatgtion - the volume, heat of formation, steric gyer
and its components: Van der Waals interaction (VDtfetching valence bonds, etc., biooxidants nubésc
are many times more than the moleculg $@,); (Table 1, 2).
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The ionization potential of the energetically mpsbbable conformation of the molecule biooxidants

less, and the electron affinity 5 times lower thiza molecule F€SQ,); (Table 2).

Table 2. Quantum-chemical characteristics of stable conéions of molecules, eV

Cosmo volume, Electronic Core-core lonization Electron
Molecule 3 Total energy ! - L
A energy repulsion potential affinity
Fe(SOy); 267.76 -4861.14 -26123.08 21261.95 10.511 -2.535
Fe(SHgq0)s structure:
cyclic 602.79 -9173.06 -79238.51 70065.45 9.808 -0.803
a noncyclic 642.52 -9172.3 -92354.61 83182.38 9.918 -0.503

Calculated in accordance with the theorem of Koamsrenergy of the Highest Occupied Molecular
Orbital (HOMO) and energy of the Lowest Unoccupidlecular Orbital (LUMO) biooxidants smaller than
a molecule F£SQ,); (Table 3). Biooxidants molecule is characterizgalgreater absolute rigidityand at
the absolute electronegativitythan a molecule of iron sulphate.

Table 3. Energy characteristics of molecules, eV
Energy of the Highest OccupiedEnergy of the Lowest Unoccupigd Absolute Absolute
Molecule Molecular Orbital Fomo Molecular Orbital Eymo rigidity electronegativity
n X
Fe(SOy)3 -10.511 -2.535 7.976 6.523
Biooxidant -9.918 -0.503 9.005 5.306

The partial charge of the iron atom in the moleduileoxidants 1.15 eV larger than the molecule
Fe(SOy); — 0.54, and 0.91 that it defines a large oxidaéiotivity.

Contact of iron with oxygen atom biooxidants lessrsy (bond length 1.85 A) than one atom of iron
to oxygen atoms in the ferrous sulphate (lengts Bidd 1.76 A), but firmer than the second iron atom
oxygen atoms in the ferrous sulphate (1.99 and524)2 The dipole moment of the molecule biooxidants
3.240 D (debye) 2 times less and less polar madedbbin a molecule of iron sulphate (lll) — 6.523 D
Bioreagents in accordance with the principle ofrBearelates to a rigid Lewis acid, electron acmefitan
iron sulphate (lll), less polarized bioreagents enale and characterized at absolute electronetyativid
a 2-fold larger volume.

4  Conclusions

Molecular modelling method for the first time edislited the most probable energy, stable
conformation of molecules and quantum-chemical amxid characteristics, synthesized by bacteria
Acidithiobacillus ferrooxidans

Analysis of the quantum-chemical characteristidswakheoretically justify greater oxidative actiyvit
bioreagents respect to iron (lll) sulphate in contaith sulphide minerals, due to the large valagshe
amount of the heat of formation, steric energy @asadomponents bioreagents molecules and largéapart
charge of the iron atom and lower energy lower gapid molecular orbital.
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Abstract

The paper presents comparison of using the bacBgulfovibrio and activated sludge to biodegradation waste
generated in the paint stripping process. The pstinpper used in study consists of esters andhalcsolvent,
dioxolane, thickener agent and an inorganic perxith study we used sulphate-reducing bacteria JSRB
Desulfovibriosp. isolated from natural mineral water Gajdovkant Kosice in Slovakia. Second medium used to
biodegradation was activated sludge from sewaggrtent from Tarnéw in Poland. During the study ¢hange of
chemical oxygen demand (COD) was measured. Biodatiom products were analysed by the gas chromapbgr

Keywords: paint stripperDesulfovibrig activated sludge, biodegradation

1 Introduction

Care of the environment is important aspect of gachnology in the today’s world. Therefore the
non-waste technologies are sought. However, sorastime can't eliminate all waste which is formedimigir
process. One of such process is the paint strippiagess. The waste which is formed during thicese
can be incinerated or landfilled.

The studies on biodegradability tests of waste @eged during paint stripping process were
conducted. Arquiaga et al. [1] in their work sealidecomposition of wastewater after removing ogati
The wastewater contained methylene chloride at dbecentration of 5000 mg/dmphenol at the
concentration of 1800 mg/dmand other organic compounds, such as paraffilulosé derivatives,
petroleum sulphonates and naphthalene at totaleotration of 2200 mg/dinin the study the activated
sludge was usedhe authors conducted the identification of baat@resent in the tested activated sludge.
They studied the ability of isolated bacteria t@vgth in the presence of phenol and wastewater after
removing coatings. Moreover, they determined ite@dscompounds can be a source of carbon for the
isolated bacteria.

The most common bacteria isolated from the studiastewater was Gram-negative bacteria, among
which were dominated blgseudomonasThe Gram-positive bacteria representedBagillus occurred less
frequently. The study showed that the majority of isolated &aathave the ability to biodegradation of
phenol and paint stripping wastewatddowever the most important role in biodegradatiampstripping
wastewater have bacteria of the geRssudomonaandBacillus[1].

The same bacteria are used by authors of pater2@2324. Almadidy et al. described the process of
waste biodegradation obtained after the paint remmnt. The waste contained a high concentration of
organic compound. They used two types of bacteseudomonas fluoresceasdBacillus subtilisand one
type of fungusCunningham elegansn their work they studied changes of the wasiages COD which
were exposed to the activity of microorganisifise research showed that it is possible to obtaem &7 %
decrease of COD by using selected strains of haciad fungi [2].

The attempts of solvents biodegradation used imtpstrippers were conducted Wanderberg-
Twaryet al. [3].In their work they studied biodegradation of typisalvents used in paint strippefhey
prepared two kinds of preparationspreparation 1 contained toluene, acetone and dmtiethane,
preparation 2 contained dichloromethane, 2-propandl methanol. In the research they used two kifids
bacteriaHyphomicrobium spandRhodococcus rhodochro().
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Substrate (mM)

Time (hrs)

Fig. 1. Degradation of a surrogate paint stripper 1 byctirabined culture dR. RhodochrouandHyphomicrobiumnsp.
Open triangles: toluene; closed circles: dichlortirane (DCM); open squares: acetone [3]

The study showed that selected strains of bactmgaable to degrade solvent present in paint
strippers [3].

We deal with the paint stripping process from mgagrs. We work out the recipe of paint stripping
preparation on the base of waste fraction from sdewhnologies. Our recent studies focus on the
biodegradability tests of waste generated duringtsripping process. This work presents attenfiptsing
the anaerobic bacter@esulfovibrioand aerobic bacteria in the activated sluftgebiodegradation of waste
generated in paint stripping process.

2 Material and methods
2.1 Paint stripper

The paint stripper was obtained from by-productsictvhare produced in installation for
cyclohexanone production. The process is a catatyidation of cyclohexane. The paint stripper used
this study consists of esters and alcohol solvEm. alcohol solvent consists mainly of n-pentybalal and
small amount of such alcohols as n-propanol, igugmol, n-hexanol and cyclohexanol. The ester sblven
consists mainly of pentyl alcohol esters and peatgbhol. Moreover it consists of small amounts of
ethylcyclohexane and dipentyl ether. Moreover theipstripper used in the study contained dioxalane
thickener agent, surfactant and hydrogen peroXe [

2.2 Bacteria and growth conditions

In study we used sulphate-reducing bacteria (SB&julfovibriosp. isolated from natural mineral
water Gajdovka from Kosice in Slovakia. As the nuediwe used selective culture medium for sulphate-
reducing bacteria DSM-63, with a pH value of 7.5.

Second medium used to biodegradation was activstelie from sewage treatment from Tarnéw in
Poland. The activated sludge was adapted for ore&.viFor adaptation we used a medium consist of @ %
distilled water, 25 % of tap water, peptone (750dm$) and 4 critdm® of phosphate buffer of pH 7.5.

2.3 The sample preparing

Bacteria Desulfovibrio

To the study the three samples were prepared. ahpls PA consists of 400 érof selective growth
medium, 50 crhof waste and 50 chof active bacteria. The sample PA-DLNa consistgt@® cni of
selective growth medium with additional carbon seyi50 cr of waste and 50 ml of active bacteria. The
sample PA-K consists of 450 &rof selective growth medium, 50 &rof waste. As the medium we used
selective culture medium for sulphate reducing ér@etDSM-63, with a pH value of 7.5. As an additibn
carbon source we used sodium lactate (DL-Na). Thdyswas conducted at the temperature of 30 °C,
without oxygen access in glass bottle [6].
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Activated sludge
The study was conducted at the room temperaturggurrium with aeration. To the aguarium were
added 400 cfof activated sludge and 2 dwf growth medium with 0.2 % of paint stripper weast

2.4 Methods

In the work the change of chemical oxygen demanslstiadied. The chemical oxygen demand (COD)
was measured by method of Hach Chemical CompanypeuRACH 8000 [4].

Biodegradation products were analysed by the gesn@tography. The procedure of preparation of
the sample for chromatographic analysis was shawhRigure 2. Gas chromatography was performed using
SRI 8610C chromatograph. The initial temperatures 88 °C and it was rising 10 °C per minute up to
120 °C, next temperature was rising 20 °C per raimgt to 200 °C. Temperature of 200 °C was mairdaine
for 15 minutes.

Collecti £ Adding of Shaking on The separation
. 0 Bec flon 0 1 1 cm3 a shaker for of hexane from
JU G0l Saln e of hexane 60 min sample
Chromatographic
analysis

Fig. 2. Preparation of the sample to chromatographic aisalys

3 Results and discussion
Bacteria Desulfovibrio
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Fig. 3.The change of COD for sample PA, PA-K, PA-DLNa dgrihe experiment

The experiment was conducted by five weeks. TherrEi@ shows the change of chemical oxygen
demand during the experiment. For the sample Pfobaerved dispersion of resultfter one week the
COD increased from level of 1150 mg/ino 1440 mg/drh for sample PA. After two weeks COD of
samples PA decreased to the same level like abelgening of experiment. Next, after three weele th
COD again increased and after four weeks the CQiedsed to the output level. For the sample PA-®LN
we observed the decreasing of the COD level for weeks from 1317 mg/dhto 1118 mg/drh For the
next two weeks the COD level was increased fron8Iha/dni to 1250 mg/drh In the control sample we
observe maintenance of the chemical oxygen demaradamnstant level. Comparing all sample we observe
decrease of COD level for samples PA and PA-DLNapared to control sample.

The chromatograms of samples PA, PA-DLNa, PA-K at®wn on the Figures4-6. The
chromatograms of other samples are similar. We tdafiserve significant differences between
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chromatograms of control samples and test samBlegardless of the type of sample we observe on the
chromatograms peaks which derived from esters mathals.

9
‘ 34 7 8
LA ﬂ
Fig. 4.The chromatogram of sample PA-K; (1) cyclohexe(ﬂ)aamyl alcohol; (3) pentyl formate;
(4) 2-methylcyclopenthanone; (5) cyclohexanonep@)tyl acetate; (7) pentyl butyrate; (8) pentyvate;

(9) unidentified peak
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Fig. 5. The chromatogram of sample PA-DLNa; (1) cyclohexe(ﬁ) amyl alcohol; (3) pentyl formate;
(4) 2-methylcyclopenthanone; (5) cyclohexanone p@)tyl acetate; (7) pentyl propionate; (8) pebtytyrate;
(9) pentyl valerate ; (10) pentyl caproate; (1ligentified peak
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Fig. 6.The chroqmatogram of sample PA; (1) cyclohexeﬁ)aa(nyl alcohol; (3) pentyl formate;
(4) 2-methylcyclopenthanone; (5) cyclohexanone p@)tyl acetate; (7) pentyl propionate; (8) pebtytyrate;
(9) pentyl valerate; (10) pentyl caproate; (11)denitified peak; (12) unidentified peak
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Activated sludge

The experiment was conducted by twenty four hoissyou can see at the Figure 7, after the two
hours the COD decreased from 1245 md/tni777 mg/dr After 24 hour the COD decreased to the level
of 309 mg/dm. The experiment was conducted three times. Eaoh We observed decrease the COD level
respectively from 1782 mg/dh©, to 260 mg/dm O, for the first time, from 1473 mg/dhto 370 mg/dm
for the second time and from 1245 mgfdm309 mg/dmfor the third time.
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Fig. 7. The change of COD during the experiment of actiyatedge

Fig. 8.The chrbfnatogram of sample before treated a aetiveludge; (1) amyl alcohol; (2) pentyl formate;
(3) pentyl acetate; (4) pentyl propionate; (5) pebtityrate; (6) unidentified peak; (7) pentyl vales;
(8) unidentified peak; (9) pentyl caproate; (10)dentified peak; (11) unidentified peak

52



e-Proceedings

AL

Fig.AQTThe chromatogram of sample after treated activsitgde; (1) pentyl formate

The conducted study of gas chromatography confirnieel ability of activated sludge to
biodegradation of paint stripper waste. In the ofatogram of sample before treated activated slwdge
observe the 11 peaks which derived from estersadgwhols. However in chromatogram of sample after
treated activated sludge we can observe only o pdiich derived from pentyl formate. The same
situation took place in all three experiments. Stedults can attest to effectiveness of activatedge to
biodegradation of paint stripper waste.

The obtained results, in particular lack of a cletuction of COD, can attest to the ineffectivenafs
bacteriaDesulfovibrioin biodegradation of this type of waste. In thsutes of gas chromatography we don't
observe change in samples subjected to biodegoadaticomparison to the control sample. It canshtie
the ineffectiveness of a selected strain of baxierbiodegradation of this type of waste.

The opposite situation we observe in the case tfadied sludge. The reduction of COD level and
results of gas chromatography can attested toteféeess in biodegradation of paint stripper waste.

4  Conclusions

The conducted studies show the ability of activesiedge for biodegradation of paint stripper waste.
The research showed that it is possible to obtaém &0 % decrease of COD by using activated sludge.
the same time the studies shows the ineffectiveokbacteriaDesulfovibrioin biodegradation of this type
of waste.
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Abstract

The presence of both arsenic and high concentsat@nnitrates is a negative phenomenon in the enmient.
Different fertilization regimes influence the uptakf toxic elements by plants but the mechanisrasnat clear and
results of different studies inconclusive. We stddihe effect of different nitrogen concentratig@s35 mM of N
applied as ammonium nitrate) on accumulation odricsin wheat plants grown in hydroponics. Arseatithe dose of
5 mg.I* affects the function of the photosynthetic appasainder each of eight different nitrogen condii¢@, 0.75,
5.25, 7.5, 15, 25, 30 and 35 mM of N). Chloroptijlbrescence and pigment content varied with dds@tomgen in
the medium. At the same time, nitrogen availabgifiected arsenic accumulation in plant tissuewést amount were
accumulated in both leaves and roots under starvatonditions, highest at N doses close to optirgakess of
nitrogen in shoots but not in roots apparentlyrietetd the metalloid accumulation. Thus, nitrogertrition plays a key
role in the photosynthetic capacity of the plangtow in contaminated soil as it determines thelabdity of resources
for growth as well as for activation of defensectems. However, our present data show that atsskee N doses the
transfer of metalloid to shoots is limited, and tbever content of accumulated metal in tissue it the result of
commonly accepted dilution effect.

Keywords: arsenic, metal pollution, nitrogen excess, stamwmaTriticum

1 Introduction

In cereals up to 90 % of the nitrogen can be reliaeli from the vegetative plant parts to the grain.
This strongly influences yield and also bread dyals a result, nitrogen (N) is a very importanitnient
that limits plant productivity. A considerable ambwf knowledge is available on mechanisms of tetra
uptake, transport and N remobilization, especialiygler growth in soils with limited N. More recently
however, the excess of N fertilizers is becomingedous problem due to intensive use in agricultiie
together only 30-40 % of N applied as fertilizewutsized by plants; the rest remains and is deamafd in
soil by microbial and results in a series of enwmental and economic problems [1].

The effects of N deficiency and of excess on plants described very well. Deficiency impairs
photosynthesis and limits the growth and produgtief plants. Longer period of N starvation negalyv
interferes with basic metabolism of plants [2, Similarly, N concentrations above 10 mmol/l alsonpar
plant growth and higher values can be even toxdots. The plants have damaged root system, asgxg
assimilation and mineral uptake, but also affedtedering and reproduction. In addition, non-optinha
conditions can strongly affect the ability of plartb defend themselves from environmental stredsas.
example, various phenolic compounds that have gtigéeeffects in plants are synthetized in loveoants
under conditions of limited nitrogen, although tbeposite has also been observed e.g. for terpenes o
alkaloids [3]. Unfortunately, the number of repods effects of broader range, non-optimal nitrogen
availability on plants is rather limited.
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Nitrogen dose and the form in that it is applieghact the uptake of metals by plants. It can caade s
acidification, which alters heavy metal mobilitydaavailability for plants. Previously it has beamcluded
that N supply can be used as a means of decreasitay toxicity to soybean seedlings since it cacrase
accumulation and development of oxidative processe®ots [4]. In contrast, a mere dilution effent
plants with larger biomass under favouring nutnitias also been suggested [3].

The aim of this study was to study and compareeffects of a range of N conditions, starting with
starvation (O mM N) up to toxic doses (35 mM N)rortalloid uptake by wheat in hydroponic conditions.
Arsenic (As) is a non-essential element that igdhr phytotoxic and seriously affects the growttd an
development of plants. In the environment, As caistein inorganic and organic form, while of the
inorganic forms oxidized arsenate is more prevalererobic conditions and the more reduced arsesit
typical for anaerobic environment [5]. Plants abéedao take up ASthrough phosphate [Ptransporters,
while As" through aquaporin channels [6]. They act in pldnytsiifferent mechanisms either by replacing
phosphate and restricting ATP production {()Asr by binding sulphhydryl groups and interferinigh plant
metabolism (A%) [6].

Here we studied the effect on N concentration ostggynthetic performance of wheat leaves and the
rate of arsenic uptake in both leaves and roototzlude on the effects of studied parameters ididaly
and in combination.

2 Material and methods
2.1 Plant material and growth conditions

Seeds of wheatTfiticum aestivunlL. cv. Genoveva) were surface sterilized in 10 W)(sodium
hypochlorite solution (Savo) for 15 minutes, tharsed three times with distilled water and germédabn
Petri dishes (@ 15 cm) with a double layer of fipaper (Whatman no. 1) in sterile distilled waWhen the
roots reached the length of 6-8 mm, germinated sseeele transferred to hydroponic containers with
standard Hoagland solution in that N was suppladig in a form of (NH)NOs to final concentrations od
0, 0.75, 5.25, 7.5, 15, 25, 30 and 35 mM N. Thetslavere cultivated for 5 days under 25 °C, humiéid-
70 %, of the light period of 12 hours light / 12 un® dark, the maximum radiation intensity of
500 umol.mi’s™. As stress was applied to the 2 containers aftéay$ at a concentration of 1 mg'kgs®*
(in form of AsO; solution) for 24 hours. After 5 day of growth canitand stress plants were analysed. After
determination of fresh weight shoots of wheat @amere dried at 105 °C to constant weight, and then
weighed on an analytical balance.

2.2 Qualitative detection of HO,

Hydrogen peroxide was detected histochemicallyctliyen the leaf tissue using solution of 1 mgtml
(pH 3.8) 3,3'-diaminobenzidine-HCL (DAB-HCL). Coals and stress shoots were placed into DAB-HCI
and incubated for 3 hours in the dark. Afterwartusoss were washed in distilled water and photogedph

2.3 Measurement of maximal quantum yield

Measurement on intact leaves was performed withaadyd FluorCam FC 1000-H fluorometer [7].
Prior to fluorescence measurements the plants wark-adapted for 1 h at room temperature (22 °C).
Measuring flash duration was 18 — 33us. Continuous actinic light was adjustable in doraind power
(up to 660umol photons Ms™). Fluorescence signal was detected by a hightagtysCCD camera.

2.4 Content of arsenic in the tissue

The measurement was done ICP MS (mass spectromigtrinductively coupled plasma) on a Perkin
Elmer Elan 6000. The procedure has been validasathuwo CRM products: NCS NCS DC73349 and
DC73350 (China).

2.5 Statistical analyses

All experiments were performed in three independsalogical replicates. The obtained data were
subjected to statistical analysis using MS ExcéhtiStically significant differences were determinby
Student's t-test.
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3 Results and discussion

In this work we observed changes in the growthhobss as well as roots of wheat in relation tolthe
availability in media. When combined with presenéenetalloid as a stressor, we observed strongctimu
of growth by means of dry biomass (Fig. 1) compat@dhe control as described previously [8]. The
observed effect was more obvious in roots sincetstl growth was typical regardless on nutrient
availability (Fig. 1A). Thus, the presence of mietidl is harmful to roots as to the first tissuegam) that
comes into contact with, while the upper plant paftwheat are apparently better protected.
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Fig. 1. Growth parameters of wheat plants
Impact of arsenic presence (black symbols) on dright of wheat roots (A) and leaves (B) under vaeiaditrogen (N) availability
(in mM). The values correspond to the arithmetierage + confidence intervals (95 %) (n = 5 for B &).

The growth patterns indicate that the plants ar¢hatextreme N doses (starvation, toxic doses)
stressed. This is apparent also when the formafitrydrogen peroxide is observed in leaf tips (R)g.The
presence of hydrogen peroxide is to certain lemetsnal in plants, but as any other reactive oxygggries
is very carefully controlled in plants. Disbalanmauses stress since accumulation overveils thitieny
mechanisms. In the experimental plants obviousraatation was detected only in the plant set expased
metalloid, however, only under extreme N conditidmswv (0 and 0.75 mM) and excess (25, 30 and 35 mM)
nitrogen in media triggered in combination with gteess (Fig. 2).
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Fig. 2. Formation of hydrogen peroxide complexes in wheat
The complexes (brown dots) indicate stress in wiggdittips grown in absence (upper panel) or preser arsenic (lower panel)
under variable nitrogen (N) availability (in mM).
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Levels of Faxand K /F, were under optimum conditions and higher nitrogatrition unchanged as
observed by some others [9], probably due to pvatien of the Photosystem Il integrity. Howevere th
presence of arsenic significantly influenced theapeeters of photosynthetic apparatus. The values of
examined photosynthetic parameters showed signtfieuction caused by the effect of arsenic coetgpar
with corresponding controls. However, this effe@swess pronounced at low doses of the nutrient. Th
maximum value of chlorophyll fluorescence angdfmaximum quantum yield of photosynthesj#Hz were
significantly increased in the presence of arsamder nutritional deficiencies (0 mm, 0.75 mM N)
compared to control plants (Fig. 3). At optimal @®g7.5 mM) and excess nitrogen in the media the
metalloid exerted almost no effect on these pararseThe interaction between the effects of mdthéod
different doses of nitrogen in the medium was stiglly significant for the values of /. In contrast, the
values of minimum chlorophyll fluorescencgremained unaffected by the action of arsenic oeavplants
(data not shown); for this parameter we did not olestrate interaction between metalloid and nutritio
conditions. Zhang et al. [10] suggest that nitrogets as a detoxifying factor in stress becausexaess
allows unlocking the biosynthesis steps for thevession of Urogené” to Coprogef that is blocked under
the influence of heavy metal(loid). At low dosesnitfogen, on the other hand, higher photosynthgétd
is probably due to the compensation mechanism piintbetic apparatus in order to acquire energycssur
for growth.
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Fig. 3. Photosynthetic parameters of wheat plants expmsstttalloid under variable nutrition conditions
Impact of arsenic presence (black symbols) on oployl fluorescence of wheat leaves under variaibtegen (N) availability
(in mM) is shown on the values of maximum chlordpfiyorescence (A) and the maximum quantum yieldHm (B).

Data correspond to the arithmetic average * confidéntervals (95%) (n = 5 for B and C).

In our experiment, the amount of accumulated acseas lower in the shoots and roots grown at low
concentrations of nitrogen comparing to optimalditons (Fig. 4). Arsenic amounts in the roots grayv
under optimal (7.5 mM) and supra-optimal nitrogeses were comparable. This suggests a more e#ectiv
retention of toxic elements in the roots at suéfiti nutrition, which is a prerequisite for toleraraf plants
against metal toxicity [11]. Variable distributiai Cof* between roots and shoots depending on nutritional
conditions have also been described by Chen gt2jlin Arabidopsis as a result of the regulatiémitrate
transporters.

Recently it has been shown [10] that ethylene, famte and low affinity nitrate transporters
(ET/JA/NRT) form a signalling module that enablesrass-talk between stress-initiated nitrate atiocato
roots and the environment. This module further dmates nitrate allocation and the trade-off betwd®
growth and environmental adaptation. Thus, optitiopaof fertilization management can greatly afftut
mineral uptake (including toxic metals) in plants.
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Fig. 4. Accumulation of metalloid in experimental wheadmts
Values for arsenic (black symbols) comparing tote@mplants (empty symbols) in wheat roots (A) aadts (B) leaves under
variable nitrogen (N) availability (in mM) correspab to the arithmetic average + confidence inter(@i6) (n = 4).

4  Conclusions

Nitrogen nutrition plays a key role in the photodatic capacity of the plant to grow in contamihte
soil as it determines the availability of resouré@sgrowth as well as for activation of defencaatons.
Our present data show that at excessive N dosdsatiisfer of metalloid to shoots is limited, and thwer
content of accumulated metal in tissue is not éselt of commonly accepted dilution effect.
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Abstract

Cultivable bacteria from the heavy metal pollutéddge bed Slovinky in the north-eastern part ofvakia were
isolated and characterized. Using cultivation onn-selective media followed by MALDI-TOF typing and
identification 3 taxonomic groups of bacteria whidbminated the microflora of the drainage water e flotation
sludge in Slovinky sludge bed were recognised. iogmtly different bacterial population were ddtt in the
drainage water compared to the solid flotation géudBacteria ofBacillus genus (Firmicutes) were found
predominantly in solid sludge. Bacteria 6brynebacteriumgenus (Actinobacteriajvere found exclusively in the
drainage water. Gammaproteobacteria, representeBlsbydomonasand Aeromonasgenera, were found in both
drainage water and the flotation sludge. The reaflthe heavy metal resistance tests show thatd 00the selected
isolates were resistant to Mn at the concentrat®mM and 96 % to As at the concentration 10 mMe prevalence of
heavy metal resistance to other heavy metals veaver| for instance 40 % of isolates showed resigtdowards Mn
(25 mM) and only 12 % were resistant to Cu (5 mMjl ainc (5 mM). Since these bacterial species caw dn the
presence of heavy metals, we assume their poteapglicability in removing of toxic compounds frowur
environment, in bioremediation.

Keywords: sludge bed, heavy metals, bioremediatPseudomona8acillus, Corynebacterium

1 Introduction

Environmental pollution represents one of the serithreats to the ecosystem and human health.
Sources of pollution are introduced into our enwnent during various human activities like mining,
refining ores, industrial processes, combustionfasfsil fuels, etc. what causes the accumulation of
contaminants in soils, ground waters and subselyuarthe food chain. Those anthropogenic actisitrave
led to the emission of heavy metals such as CANGUCo, Zn and Pb into the environment and theget
elements negatively impact all biological systems.

Because of their chemical composition, heavy metedsnot biodegradable and therefore difficult to
remove from the environment. When heavy metalgpegeent in higher concentrations, they accumutate i
living organisms and can cause serious health @nubland a threat to the environment. Of courseyyhea
metals are also toxic to bacteria and normallyyvieaetals can cause serious cell damage, e.g. ehamng
damage of their proteins, cell membranes or DNAaweanetals can modify functions of some enzymes and
cause oxidative stress too [1, 2]. Heavy metalslyre reactive oxygen species (ROS) by auto-oxidatio
which can cause peroxidation of lipids, oxidatidrpmoteins, inactivation of enzymes, DNA damage4J,
Taken together, negative effects of heavy metalsltren changes of metabolism, growth and morphplafig
bacterial cells [5-8].

Long-term exposure of bacteria to heavy metalssafettion pressure usually lead to the development
of several mechanisms which help bacteria to sariivextreme toxic environmental conditions viapiag
metal homeostasis in balance. The heavy metaltaess can be either acquired or inherited. Bacteria
acquire resistance by mutation of genes or by feammsg and subsequent accepting of resistancesgeo
other bacteria via mechanisms, such as conjugdtemsformation and transduction [9-11].

In recent years, researchers have paid more and attention to this worldwide problem of the
environmental pollution and have tried to develpprapriate methods to remove toxic compounds frioen t
environment. Some interactions and strategies wdniehused in the mechanisms of bacterial resistanage
be exploited as a basis for possible strategieshimreco-friendly method of removing pollutantsnfrohe
environment - bioremediation [12].
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One of those heavy metals polluted ecosystem inaRla is represented by Slovinky sludge bed.
Slovinky is a village and municipality in the SpiadsNova Ves District in the KoSice Region of Sloizakn
the past, tailing impoundments Slovinky was usedifposition of flotation sludge from the procegsamd
mining of ores (siderite-sulphidic). The mine tagjiSlovinky is currently not being used and reféne the
so-called ,dry tailing pond“ [13]. Tailing impoundmt Slovinky contains high concentrations of selvera
toxic elements and heavy metals (i.e. As, Sb, Hg,F&, Mn, Ba, Al, Pb, Cd, Ni, Zn) [13-16]. The agh
this study was to identify and to characterizeicalile bacteria outlast in the Slovinky sludge bed.

2 Material and methods
2.1 Isolation of bacteria

The drainage water and sludge samples were obtainddcollected from Slovinky sludge bed in
October 2014. Bacteria were isolated using sprdatk pnethod, when 20 ul of drainage water/sludge
sample were transferred to the centre of the st@i8A (Merck, Germany) agar plate and spread dwer t
surface with a sterile L-shaped rod. The platesewecubated at 25 °C and 37 °C for 18 hours toiobta
individual bacterial colonies.

2.2 MALDI-TOF analysis

The method of MALDI-TOF (Matrix — assisted lasersolgtion ionization time-of-flight) mass
spectrometry is a method used for classificatiom identification of microorganisms based on thelysia
of protein profiles. Single bacterial colonies wprepared for MALDI-TOF analysis according to Feaet
al. [17]. MALDITOF MS was performed using a Micref LT instrument (Bruker Daltonics GmbH,
Leipzig, Germany) with FlexControl software (versi®.0). The spectra were recorded and analysed
automatically with Biotyper 2.0 software (Brukerli@aics), containing reference database.

2.3 Heavy metal resistance test

The bacterial isolates were tested for their rasitst to heavy metals on sterile Nutrient agar nmadiu
(Conda, Spain) supplemented with different conegioins of CuSQ5H,0 (5 mM, 10 mM), ZnGl (5 mM,
10 mM), MnC} (10 mM, 25 mM), and N&AsO,.7H,O (1 mM, 2 mM, 5 mM, 10 mM). The plates were
inoculated with the individual bacterial sampled arcubated for 24 hours at 25 °C.

3 Results and discussion

In our work the bacterial isolates from the dramamater and sludge from Slovinky sludge bed
(Slovakia) were characterized, analyzed and classift the beginning of our experiment, 78 puretbaal
isolates were obtained and subjected to identifinaby MALDI-TOF analysis. Using this approach 3
taxonomic groups were identified which dominated thicroflora of the drainage water and the flotatio
sludge (Table 1). Significantly different bacter@dpulation were detected in the drainage waterthed
solid flotation sludge. Bacteria &acillusgenus (Firmicutes), representedBythuringiensisandB. cereus
species, were found predominantly in solid sludgacteria ofCorynebacteriungenus (Actinobacteria),
represented by single specie€. callunae, were found exclusively in thedrainage water.
Gammaproteobacteria, representedPlsgudomonasand Aeromonagyenera, were found in both drainage
water and the flotation sludg®. chlororaphisdominated in the flotation sludge while other spgc
P. brassicacearum P. koreensis, P. brenneri, P.taddaomans, P. extremorientalis, P. veroraind
Aeromonas spglominated in drainage water.

In heavy metal resistance test the bacterial isslatere tested for their ability to grow on Nuttien
agar plates supplemented with four heavy metals,-Z@, Mn and As. The frequence of resistance th ea
heavy metal is presented in the Figure 1. The t®shbw that most of the bacterial isolates greW wehe
presence of low concentrations of heavy metals siciCu, Mn and As while in the presence of Zn no
isolates grew. Strain®seudomonas thivervalensis, P. azotoformans, Rialis, P. extremorientalis,
P. rhodesiae, P. brenneri, P. chloroaphis, P. kossg, P. veronii, Aeromonas popoffii, A. salmoracid
Corynebacterium callunae, Bacillus thuringiensisd B. cereusshowed multiple-metal resistance to Mn
(10 mM, 25 mM) and As (1 mM, 2 mM, 5 mM, 10 mM). kaover, isolate®. brassicacearum, P. jesenii
andP. chlororaphiswere resistant to three heavy metals — Cu (5 mM),(M mM) and As (1 mM, 2 mM,

5 mM, 10 mM).

However, some differences between heavy metaltagsistrains in the sludge and water were

observed. For instance, in case of copper-resistacteria only species from the sludge had thetylbil
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grow in the presence of this heavy metal, nanhbrassicacearunand P. chlororaphis Of the total
number of ten Mn-resistant strains (25 mM), onlye aresistant strail. cereus(L58) was found in the
sludge. Moreover, there was only one arsenic seasipecie®. brenneri(P11) in the water samples.

Table 1.Incidence of bacterial strains in drainage water fiotation sludge by MALDI-TOF analysis

Taxonomic group Species Water Sludge
Corynebacterium C. callunae - 11x 12x -
Corynebacterium sp. 1x
B. cereus 1x 8x
Bacillus B. thuringiensis 2X 14x 23x
Bacillus sp. 1x 1x
P. azotoformans 2X -
P. brassicacearum - 4x
P. brenneri 2X -
P. chlororaphis 1x 9x
P. extremorientalis 2X -
P. jessenii - 1x
P. kilonensis 1x -
P. koreensis 2X 1x
Pseudomonas like | P.rhodesiae 1x 24x - 17x
P. thivervalensis 1x -
P. trivialis 1x -
P. veronii 1x -
A. bestiarum 2X -
Aeromonas eucrenophila - 1x
Aeromonas salmonicida 1x -
A. popoffii 1x -
Pseudomonas sp. 6X 1x
Heavy metal resistance
1o0% . 00% 100% 959  96%  96%
90%
2 80%
'—§ 70%
= 60%
8 50% 0%
§ 40%
% 30%
e 20% 12%
10% 0
oot . 0% 0% .
Mn Mn Cu Cu Zn As As As As
(10mM) (25mM) (5mM) (10mM) (10mM) (1mM) (2mM) (5mM) (10mM)
Heavy metal

Fig. 1.Heavy metal resistance

4  Conclusions

In recent years, the environmental contaminatios lecome a serious problem and researchers do
efforts to discover and develop new and effici¢rategies of toxic compounds removal from the estesy.
The most common physic-chemical processes suchemical precipitation, electrochemical treatment or
reverse osmosis processes and their cost-effeegesre limited. In addition, these processes hdwoe of
disadvantages, e.g. the contaminating reagentsis@ for desorption which results in toxic sludgel a
secondary environmental pollution. Bioremediatiosing bacteria could be an effective and successful
biotechnological method. Heavy metal resistantdyétare able to take up heavy metals from the agpie
ecosystems or produce biosurfactants which canneehaiodegradation of petroleum products and tbesef
they could be used in the process of biodegradation
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In our work the bacterial isolates from heavy metlluted ecosystem were identified, classified and
characterized. Some of the determined species dmuldotentially applied in bioremediation due teith
ability to survive in such extreme environmentahditions. They are able to tolerate heavy metatsthank
to this nature we consider them a successful dariton to bioremediation of toxic agents distritlwite our
environment. Further investigation and charactédmaare still required which could be the subjett
following research experiments.
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Abstract

Wild type strains of thé\. nigermicroscopic filamentous fungus originated fromson the sites of Banska Stiavnica-
Sobov, Pezinok-Kolarsky vrch, G&kovo and Slovinky, marked here as (An-S), (An-BAn-G) and (An-Sl),
respectively, were used. The substrates obtairemd these sites differ in various pH values (py@®H3 - 8.3) and
contents of organic matter (%,®.3 - 7.2) and chemical elements (As, Sb, Al, &, Cu, Pb and Zn). According to
observation of changes in physiological propersesh as growth and formation of colonies, enzymattvity,
production of organic acids and degree of pell&tnaof four Aspergillus nigemwild type strains, significant effects of
factors of the environment representing origindlstrate of these strains, were found out.

A. nigerspecies are capable to effectively degrade commiganic pollutants to simple organic acids as hammful
compounds. Moreover, other microorganisms careatilhese substances as a source of carbon or eA@gjication
of obtained results includes recycling of wastethwiigher contents of metal and metalloid polluargspecially
bioleaching of mining wastes, which are often yg@ogr in organic carbon.

Keywords: environmental factors, microscopic filamentousgiyAspergillus nigerorganic acids, pellets, fine-grained
montmorillonite

1 Introduction

Aspergillus nigerbelongs to the most widespread microscopic filamemntfungus not only in the
soil [1, 2] but also in the other environments. Emwmental factors of soil, which is the primary
environment of the occurrence of microscopic filatoeis fungi, such as pH, contents of organic maielr
heavy metals and potentially toxic elements; adlsthrepresent primary indicators with very fadugrice
on microorganisms [3]. Physiological propertiestoéroorganisms changed in dependence on thesadacto
Four wild type strains of\. niger originated from variable environments and theituafce on growth,
colony size, enzymatic activity, production of angaacids and their pelletization in water suspamsiwith
montmorillonite was studied.

2 Material and methods
2.1 Microscopic fungi

All wide type of Aspergillus nigerstrains were isolated from terrestrial substratestream sediment
using the dilution plating method (dilution 1GCFU) from 10 g of substrate. Dilutions were plated
Sabouraud Maltose Agar (SAB) (Himedia, Mumbai, &)dfor isolation.Aspergillus nigerstrains were
isolated from mixed culture of soil microscopic §iinPure cultures of\. niger strains were cultivated in an
incubator at 25 °C for 5 - 7 days on SAB. All stimiwere identified according to micromorphological
features and PCR analyses [4, 5].
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2.2 Growth and colony size ofA. niger strains

The growth and the size of colonies of all studledigerwild strains were observed by cultivation on
SAB agar in temperature-controlled oven at 25 °C5a 7 days in three replicated runs. Influencehef
original substrates (Sobov, Pezinok, Glbvo and Slovinky) was studied by adjustment of yatues of
SAB agartopH 3-5-7 and 9.

2.3 Enzymatic activity of A. niger strains

Enzymatic activity of the strains was studied usthggnostic culture media as follows: cellulase
activity (CE) on CongoRed medium, esterase actifif) on Tween 80 medium, lipase activity (LA) on
Spirit Blue medium and protease activity (PA) orldBire P3 medium as so-called "halo" effect [6, 7].

2.4 Production of organic acids ofA. niger strains

Pre-treatment of the samples

The samples were stabilised at -4 °C. The sampées defrosted in water bath at 20 °C before HPLC
analysis. Then, all samples were homogenised #tedefi through regenerated cellulose membranadilte
with pore size 0.45m.

HPLC analysis
Analysis of the samples was realized using HPLOodgewith PDA detector (YoungLin 9100). The

mobile phase used to analysis included methanolater; their concentration during analysis wasgeal
from initial ratio 10:90 up to 90:10. Analysis ofiet samples was carried out at 25 °C. The column
(GraceSmart, RP 18, 150 mm length, OD 4.6 mm) étective separation of analytes was used. The flow
rate was 1 ml.mihand the wave length of PDA detector ranged frof 220, 200 to 235 nm [8].

2.5 Pelletization of A. niger strains

The fungal pellets were prepared in 60 ml SAB mexivith adjusted pH to 3 -5 - 7 - 9 enriched with
a 10 ml suspension of conidia from each strain agdof montmorillonite. Controls at each adjustéd p
value were without montmorillonite. Cultivation waarried out using the shaker Unimax 2010 (Heidolph
Germany) at 135 rpm. Then, the pellets were wastitda huge amount of distilled water and stored in
Petri dishes where number and size of the pellete wneasured. Microstructure of the pellets wasrdsc
using digital stereomicroscope Leica DMD 108.

3 Results and discussion
3.1 Microscopic fungi
Wild strains ofA. nigeroriginate in soil and river sediment from variaites in Slovakia (Table 1).

Table 1.Studied sites with different environmental factors
Strain Locality Substrate/environmental factors
An-S | Banska Stiavnica-Sobov  Dystric Cambisol taorinated and eroded without vegetation
pH H,O = 3.12 (ultra acid); % &= 0. 49; Al = 727 - 506 mg/kg

An-P Pezinok Stream sediment; pEH= 5.3 (strong acid); %= 7.2;
As = 363 mg/kg; Sb = 93 mg/kg; Fe = 82.8 mg/kg

An-G Galgikovo Eutric Fluvisol; pH BHO = 7.7 (slightly alkaline); % & = 6.3;
without any contamination, vegetatiorSalicFPopuetum

An - SI Slovinky Technosol without vegetation; pH@= 8.5 (strongly alkaline);

% Gy = 0.3-0.8; As =305 - 511 mg/kg; Cd = 8.6 - 18g/kg;
Cu =7 372 -9 227 mg/kg; Pb = 2964 - 8 078 mgluy= 24 786
- 47 291 mg/kg

The first strain An - S were isolated from Dyst@ambisol (contaminated and eroded) on the locality
Sobov, near Banska Stiavnica. The ultra acid soitithout vegetation and very poor on organic niater
From stream sediment on the locality Pezinok walaisd second strain An - P. Substrate is stroity gch
on organic material, but contaminated with veryhhamount of As, Sb and Fe. From of Eutric Fluvisol,
slightly alkaline and rich on organic material, thre locality Gabikovo was isolated third strain, An - G.
This strain was as a control strain, because ofdbality is without any contamination. Stronglykaline
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Technosol without vegetation was as a source othiairain An - SI. Amount of organic material is the
minimum, but the soil is enriched on very toxicreéts as As, Cd, Cu, Pb and Zn.

3.2 Growth and colony size ofA. niger strains

The smallest colonies in size produced those straimere the difference between the original pH of
the substrates and adjusted pH of the media wasfisant (An - G 1.4 + 0.2 at pH 3; An - S 1.6 #0.
atpH5; An-P 1.5+ 0.1 at pH 7 and 0.8 £ 0.pHt9). On the other hand, the highest diameterthef
colonies were achieved in the environment, whicls te most similar to their original environmenheTl
average diameters of the colonies on the growthiunedith adjusted pH value were very similar at p}b
and 7 (2.37cm at pH = 3; 2.42cm at pH = 5 an@ 218 at pH = 7). It is interesting that tAenigerstrain
originally isolated from strongly alkaline subsedSlovinky site) always produced the smallest wiel® at
all examined pH values. Likewise, the average diarseof the colonies of other strains were alwdngs t
lowest at pH = 9 (Tab. 2). Even though microscdp@mentous fungi occur in soil and other terrestri
substrates under various pH values, it is obvibas they prefer acidic environmental conditions paned
with alkaline conditions [9].

Table 2.Colony size of alAspergillus nigemwild type strains

Strain | pH of original substrate Colony size (cm)
pH 3 pH 5 pH 7 pH9
An-S 3.0/2.7 28+0.1 1.6 0.1 1.9+0.] 14.2
An-P 5.3/4.8 3.1+0.1 3.7+0.2 1.5%0.] 08.%
An-G 7.717.4 14+0.2 2.4 0.1 4.0+0.1 10.%
An - Sl 8.9/8.6 22x0.1 2.0 0.1 1.9+£0.1 2.8.%
Diameter of colony (cm) 2.37 2.42 2.32 1.55

3.3 Enzymatic activity of A. niger strains

Enzymatic activity is very important because alhatons in living organisms are catalysed by
enzymes. Relatively low growth of all species wexeorded on the substrate assigned for esteraséyact
assessment and very low growth, almost negligiéess recorded on the substrate assigned for prosemse
cellulase activities. Though, the growth of All niger strains was very good on the substrate assigned fo
lipase activity. The so-called "halo" effect wasarled for all strains (Fig. 1).

An - P An - S|
Fig. 1. Growth of theA. niger strains on SAB Agar (as a control)
and activity of lipase on Spirit Blue Agar aftedays of cultivation

The obtained results confirm the higher lipasevigtfor the An - G strain compared with the other
studied strains. Inhibition of metabolism as wallemzymatic activity is likely due to metal(loiddljutants
(As, Sh, Al, Cd, Cu, Pb and Zn), which occur in afher substrates besides the &latwo substrate.
Inhibition of enzymatic activity in the samplesrndhe Sobov and Slovinky sites was significantfgetied
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not only by higher contents of potentially toxiecmlents but also by extremely low content of organic
carbon. The higher content of organic carbon inghbstrate (Tab. 1) does not cause higher enzymatic
activity in case of comparison of the An - P and-AB samples.

3.4 Production of organic acids ofA. niger strains

According to production of organic acids By niger strains (Tab. 3), achieved results of HPLC
analysis refer to the ability of all strains to degpose organic pollutants in contaminated soil $asauch
decomposition products can include lower acidsalpigtoxalic, formic and acetic acids. Their ratiothe
samples vary, likely due to enzymatic activity loé¢ tparticulatA. nigerstrain. The highest concentrations of
organic acids, especially of oxalic acid were rdedrin pre-treated sample of the control straigioated
from Galgikovo (An - G) as a probable consequence of thedsigenzymatic activity of the microorganism

(Fig. 1).

Table 3.Production of organic acids in mg/l of Alspergillus nigewild type strains

Sensitivity mg/l 0.095 0.1 0.1
Strain formic acid acetic acid oxalic acid
An-S 0.108 0.143 0.173
An-P 0.144 0.1 0.175
An-G 0.238 0.1 0.228
An - S| 0.164 0.11 0.138

Partial intermediates of decomposition of orgamidsduring bioleaching gradually separated organic
acids due to disruption of the equilibrium in teofrlysis of the cells of. nigerstrains. Due to disruption of
the equilibrium, the complete degradation of orgaatids e.g. to acetone, methanol, aldehyde ets. wa
reached [10]. Thé. nigerstrains effectively degrade pollutants to simglels with no significant negative
ecological impacts to the environment. Subsequestigh produced substances can be utilized by other
microorganisms as a source of carbon or energyselpeocesses can stimulate decomposition procedtires
resistant types of pollutants occurred in landfienfirmed by seepages [11]. Metabolites of micopsc
filamentous fungi such as organic acids and amiidsaaffect pH of the medium. Acidification of the
medium supports the mobility of metals, especitily transport mechanism of metal from the envirantme
into the fungal cell and backwards [12].

3.5 Pelletization of A. niger strains
Significantly higher number of pellets in the pmese of montmorillonite was produced; however,

diameter of the pellets was in all growth stageglo(Fig. 2a-c).

pH 7 An P-B - pH74nG-B pH 9 An SI-B

Fig. 2. Significantly higher number of pellets with the lemdiameter as a consequence of the montmorillpnésence
usingA. nigerisloted from Pezinok at pH = 7 (2&), niger from Galgikovo at pH = 7 (2b)
andA. nigerfrom Slovinky at pH =9 (2c)

This can be explained by several reasons. The pnobable one is that higher amount of nucleation
sites is responsible for increasing of the numbkempallets and spherical inhibition of fungal growth
expressed in the diameter changes. Another pos®hbkon is a relative increase in the length ofjdlin
filaments in pellets (Fig. 3).
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a ‘ 3b
Fig. 3.Changes in length of filaments of pellets in thatool sample An - G (3a)
and their relative lengthening in the presence aftmorillonite (3b)

According to control experiments, the biggest pelleere produces as follows: by the An - S strain a
pH = 3 (2.67 mm) and pH = 9 (3.04 mm), An - P at pt% (5.28 mm) and pH = 7 (4.7 mm), An - G
at pH = 3 (4.39 mm) and pH =5 (3.65 mm) and Ahat®H =9 (5.35 mm), (Fig. 4).

pH T An P-K pH 3 An G-K pry anorn

4a 4b 4c
Fig. 4.Pellets sizes in the control samples. Strain Rrat pH = 7 (4a) with a diameter 4.7 mm,
strain An - G at pH = 3 (4b) with a diameter 4.3 mnd strain An - Sl at pH = 9 (4c¢) with a diameéie85 mm

The changes in size of the pellets and shape angthleof their mycelia ofCladosporium
cladosporioidesand Humicola griseawas also confirmed by other authors [13]. Fungdleps have many
advantages of easy harvest, low fermentation bristosity and high yield of some proteins [14]wias
discovered, that mycelial pellets are effectiveadsomass carrier for the immobilization of baaédr the
degradation of target pollutants [15], for degramatof lignin in water and bioremediaton of soll
contaminated with PCB [16].

4  Conclusions

Obtained results confirm the direct effects of emwinental factors such as pH values of the sulestrat
% G contents of potentially toxic elements on physiital properties ofAspergillus nigerstrains,
especially to colony growth and metabolism (productof enzymes and organic acids). Higher lipase
activity using the An - G strain if compared withher studied strains, was found out. Inhibition of
metabolism as well as enzymatic activity is likelye to presence of pollutants (As, Sh, Al, Cd, Eh,
and Zn), which occur in all other substrates besifthe substrates from the Gétovo site. Inhibition of
enzymatic activity in the samples from the Sobos Slovinky sites was significantly affected notybly
higher contents of potentially toxic elements Habdy extremely low content of organic carbon. Tifgher
content of organic carbon in the substrate (Tabddgs not cause higher enzymatic activity in case o
comparison of the An - P and An - G samples. Thelgetion of pellets was significantly reduced ie th
presence of montmorillonite. In this case, allissgroduced a lot of pellets with small sizes. Blained
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results can be applied in remediation of landfiidiere the contents of metal(loid)s are highereesly
during bioleaching of mining wastes with low corteaf organic carbon.
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Abstract

Biosorption is a promising process regarding theaeal of toxic and non-toxic metals from differdabds of liquids.
Numerous organic and inorganic materials have lmemined as potential biosorbents for the last dmweades.
Enormous sorption ability is one of the most impattfactors in the selection of biosorbents. Besitlethey shall be
easily separable and cheap to obtain. Establighiegircular economy is crucial, as well. Due te tatter mentioned
issue, different materials generated as biowasks-@roducts deserve extraordinary attention afaeshers. Sunflower
seed hulls and soybean hulls represent this kily-qfroducts, because they are cheap and avaitaldege quantities.
In the paper presented the sorption abilities offlewer seed hulls and soybean hulls are beingrodted and
compared with the sorption ability bfndaria pinnatifidamacro algae andyngbya tayloriimicro algae in case of &d
and PB'. Although the mentioned algae have enormous soribility towards more metals, they are unfortahyanot
appropriate to be operated in aqueous environnegrd fong term causing difficulties in case of thieeatment and
possible industrial applications.

Keywords: biosorption, sunflower seed hulls, soybean hallgae, zeta-potential, FT-IR

1 Introduction

Biosorption is a promising process for removingicoxetals from different kinds of solutions, e.g.
contaminated groundwater, industrial effluents, étithough there are countless research reportghisn
biosorption process topic, the majority of them atdl at laboratory scale. Nevertheless, findirp t
appropriate, cheap and effective industrial biosotb is also an encouraging challenge.

Many kinds of biological materials have an affinfty binding inorganic and organic pollutants, so
that there is an enormous biosorption potentiahiwithe countless types of biomaterials [1, 2].

Micro- and macro algae have outstanding toxic m&bgbtion ability [3, 4] and they are available in
large quantities, but several other circumstanbesild be considered as well in case of a possikégel as
an industrial bisorbent. Macro algaidaria pinnatifidaand micro algad.yngbya tayloriican only be
effective when the pH value of the initial solutinadjusted between pH = 4...6. To achieve thecttffe
separation the micro algae must be immobilized rostheer carrier materials. It was revealed thatgbya
taylorii immobilized on zeolites has higher sorption caattian that of biomass and the carrier zeolite
together due to the synergy [5]. The place of arighd ways of previous treatment of the biomass -
especially in case of macro algae - are also impbrto know, because it can be contaminated with
pollutants (e.g. heavy metals) from the environngming its growth and from the treatment processes
harvesting, as well. Interactions (e.g. swellinghviquids should be also considered [6].

Different by-products and their biosorption capaeite also widely investigated, and could be applie
in the development of biosorbents. Sunflower sadls$ ISFH) and soybean hulls (SBH) are the by-pet&iu
of vegetable oil processing and occur in great daooe in Hungary, too. According to our estimatioore
than 100,000 tons/year of SSH are generated agpeoldyct in Hungary. Most of the hulls are usea disel
in biomass power plants or as commercially avadldisiquettes. New uses for these agricultural lmgpcts
are possible, because they can be converted ifgotigé biosorbents (potentially value-added prasjuc
when used in such applications as metal-ion adstslfer wastewater treatment. It would be important
create the circular economy as well.

Several previously reported studies confirmed 8# [7, 8] and SBH [9, 10] are promising potential
biosorbents for different metals, e.g?RICd*, Zr**, CU* or CF*. The optimal pH for biosorption in case of
both biosorbents is around 5.0, as far as adsodaipgcity is concerned [7, 8, 10].
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The objective of this study was to investigate soeption ability of SFH and SBH generated in a
Hungarian vegetable oil production plant for cadmiand lead. This paper also contains comparisoinedaf
sorption ability with that ofUndaria pinnatifidamacro algae andlyngbya tayloriimicro algae. Several
examinations like BET specific surface, FT-IR a@ghotential measurements were also performed to
understand the mechanism of metal uptake process.

2 Material and methods
2.1 Biosorbents preparation

SFH and SBH were supplied by a biomass power pEifSERO Ltd.) and originated from a
vegetable oil production company located in SVIRBabony Industrial Park, Hungary.

The hulls were ground in Retsch SM 2000 cuttind eduipped with a 2 mm screen and afterwards
sieved. The particles with size between 200 and.@3hawvere stored for further experiments. Thesdifras
were repeatedly washed three times in deionizeér(&0 g of biomass with 3 times 200 mL of deiodize
water) in order to remove surface contaminationgt@écontent of the first washing water was also
analysed). The hulls were then dried at 80 °C fbh2and cooled in a desiccator.

2.2 Biosorption experiments

Biosorption of cadmium and lead onto SFH or SBHenarvestigated in mono-cationic systems.

Lead(ll) solutions were prepared by adding différevass of lead(ll) nitrate powder into deionized
water to reach the following desired concentratidiisp, = 20; 50; 80; 100; 200; 300; 400; 600; 800 and
1000 mg/L. This metal salt was obtained from VWR@itals company.

Cadmium(ll) solutions were prepared by adding difeé mass of cadmium nitrate tetrahydrate
powder into deionized water to reach the followitggired concentrationsy g = 20; 50; 80; 100; 200; 300;
400; 600; 800 and 1000 mg/L. This metal salt waaiobd from SIGMA-ALDRICH.

The initial pH values of the working solutions (bef the biosorption) were adjusted between 5.0 and
5.2 by adding 0.1 M NaOH or 0.1 M HCI using pH med#cTTLER TOLEDO SevenEasy.

Batch equilibrium sorption experiments were perfedmin 250 mL Erlenmeyer flasks. The
concentration of biomass was 1 g/L (100 mg bioniased0 mL solution). The suspension was shaken at
150 rpm for 18 h and at the temperature of 25 i@guadjustable incubator shaker WiseCube WIS-20.

2.3 Determination of sorption isotherm

Suspended solid particles were removed after theobption experiments by using filter paper (grade:
1,289; diameter: 150 mm; 84 gzljnAfter the filtration some drops of HNQvere added to the separated
liquid samples. Prior the testing in ICP-OES, la#l samples were refrigerated at approximately 4 °C.

The concentrations of the metals in liquid phaseevgibsequently determined by using inductively
coupled plasma optical emission spectrometer (I3 type SPECTRO CIROS VISION at
KISANALITIKA Laboratory Services Ltd.

The biosorption capacity at equilibrium conditiofgky) was calculated by using the following
equation (V: volume of sample solution; m: dry makgased biosorbent):

(€p—€Ceq)V

Qeq = m (1)

The highest initial concentration {Cwas 600 mg/L (2.9 mmol/L) in case of lead and 30§/L
(2.7 mmol/L) in case of cadmium regarding the isatfs.

2.4 Other measurements on the biosorbents

Zeta-potential of SFH and SBH was measured befoteadter conditioning with magnetic stirrer for
10 minutes by Zeta Potential Analyzer (Brookhavestruments Corporation ZetalPALS, purchased by
GVOP-3.2.1-2004-04-0219/3.0. Project; Project LeaBe. Ljudmilla Bokanyi) in deionized water and in
mono-cationic model solutions (G, or G, cq Were 800 mg/L) at the Department of Bioprocessang
Reaction Techniques, Institute of Raw Material Brapon and Environmental Processing, University of
Miskolc.

FT-IR analysis was performed by JASCO FT/IR-420@&chmmeter before and after biosorption
experiments with £p,= 1000 mg/L or G cq= 1000 mg/L at our Institute.
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Specific surface area of SFH and SBH was measwerriBtar 3000 Micromeritics at Institute of
Metallurgy, University of Miskolc.

3 Results and discussion

It was experimentally established that both the Sid SBH do have sorption ability towards
dissolved cadmium and lead-ions as it can be seemFig. 1. The sorption capacity of SFH at equilitn
can reach 0.30...0.35 mmol/g, while the SBH reashghtly higher g;s with 0.35...0.45 mmol/g in case of
Pt and Cd" in mono-cationic systems, if the maximung, & not higher than 3 mmol/L. It can be stated
that there are no significant differences betwdensorption ability of SFH and SBH. Remarking ttegtse
Oeq Values cannot be considered as maximum uptakesdly.,), further examinations are required on
higher G4 values to determinate,g.

Sunflower seed hulls - Cd, Pb (monocat. ) - ICP Soy hulls - Cd, Pb (monocat.) - ICP
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Fig. 1. Sorption isotherm measured points of SFH (left) &8¢ (right)
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Fig. 2 contains the results of our previous expents withUndaria pinnatifidamacro algae (9 mg
biomass in 9 mL solution) [12] arld/ngbya tayloriimicro algae (0.02 mg biomass in 9 mL solution)][11
The higher g, values were measured with the two tested algaeiespeompared with these by-products
(Fig. 1) in mono-cationic systems. Neverthelésggbya tayloriihas similar sorption ability as the SFH or
SBH regarding the cadmium.

Undaria pinnatifida - Cd, Pb (monocat.) - AAS Lyngbya taylorii - Cd, Pb (monocat.) - AAS
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Fig. 2. Sorption isotherm measured points in casémdaria pinnatifida[12] andLyngbya taylorii[11]

Although the different algae species could have mhigher sorption ability, the chance of their
applicability as effective industrial biosorbenssléss practical in comparison with the by-produatsich
are cheap and can be obtained easily in HunganwelsThe main problems with the micro algae dna&t t
they require even light in the rector volume foeithcultivation, which is expensive. Furthermoreeit
separation after the biosorption is difficult tdve&g thus immobilization process is also necessargolid
carrier. The latter may cause the significant desein the adsorption capacity due to the blockdgbe
active centers. Exceptions are if, thgxpf the immobilized algae can be very high, e.g. ithmobilized
Lyngbya tayloriion A4 zeolite can have higher sorption capacityarals cadmium and lead than that of
biomass and the carrier zeolite together [11].

Our previous experiments carried out willhdaria pinnatifidamacro algae showed very promising
results regarding metal uptake, but its excessielling occurred when it was applied in column
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systems [6]. Thus its application is not recommenae sorption material of column beds. Besides that
macro algae can be contaminated with pollutants f@avy metals) before the biosortion process fitwen
environment during its growth and from the treattmprocesses after the harvesting as well [6]. The
investigating the initial metal concentration ofarmalgae purchased as food stuff is highly reconued
before using them in biosorption process.

In order to remove surface contaminations of SFtl @BH, the biosorbents were repeatedly washed
three times in deionized water before biosorptispeeiments. Metal content of the first washing weffit
was also analysed (Table 1) with ICP-OES.

Table 1.Metal concentration in liquid phase remained aftashing the biosorbents before biosorption process

. ) Metal concentration . Metal concentration
Metals in washing [mg/L] Mgtals in mg/L]
water SFH SBH washing water SFH SBH
As < 0.002 < 0.004 Hg 0.000 0.000
Cd 0.027 0.040 Ni 0.004 0.025
Cr 0.001 0.000 Pb 0.009 0.248
Cu 0.071 0.040 Zn 0.119 0.297

It is clearly observable that the cadmium concdioina are very low in the washing water, but the
lead concentration is higher in case of SBH, amauiit reach 0.248 mg/L. The source of this contatinimas
unclear and needs to be investigated further. Zicextrations of the washing effluents are the hgie
case of both biosorbents, but it is still under®g@L. However, washing effluent &fndaria pinnatifida(as
food stuff) could contain more than 43 mg/L zinhe$e data state that the initial metal concetration
biosorbent should be investigated before the bjmsnr, because the eq. dssumes that@quals zero, thus
sorpition isotherms can be inaccurate, as welhagptocess itself can be disturbes without thergaiehent
(e.g. washing) of biosorbents.

Table 2 summerizes the results of zeta-potentialsonements.

Table 2. Zeta-potential of the biosorbents before and iftesorption

&-potential il
average [mv] cor%?fi%ﬁng conﬁ{:i%rning aor

SBH in deionized water -4.72 5.13 6.23 -1.1
SBH in Pb(ll) solution (Cy, pp,= 800 mg/L) -2.42 5.01 4.12 0.89
SBH in Cd(ll) solution (Cy cq= 800 mg/L) -4.60 5.03 4.73 0.3

SFH in deionized water -13.29 5.13 5.72 -0.59
SFH in Pb(ll) solution (Cy, pp, = 800 mg/L) -1.97 5.01 4.23 0.78
SFH in Cd(ll) solution (Co_cq = 800 mg/L) -4.84 5.03 4.90 0.13

The SFH shows the highest increase of zeta-poltantiaase of both metal-ions, thus it can be
concluded that there is an electrostatic interacbhetween Pb and Cd cations and the negativelygetar
SFH surface. The SBH uptakes them by a specifigtisor mechanism, since there are only slight chaige
&-potential. Additionally, the SBH having a near @aeta-potential is able to agglomerate spontamgous
This phenomenon can be later used for the developai@n immobilisation technique.

The specific surface area of SFH and SBH is preseintFig. 3 and Table 3. All the three calculation
methods proved that the SFH has more than douglehipecific surface area than the SBH in casbeof
applied fraction (between 200 and 315 um). The BBl 0.52 rfig, while SBH has 0.21 #y specific
surface area according to multipoint BET methodveMtineless, this more than twice higher specifitase
of SFH does not respond with its Pb and Cd upta&ed, the SBH can reach some highgy \@lues
(see Fig. 1).
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Fig. 3.BET-isotherm plot of sunflower seed hulls (leftdasoybean hulls (right)

Table 3.Specific surface area of SFH and SBH

Method of Specific surface area, g

calculation SFH (between 200 and 315 pm SBH (between 200 and 315 pm)
Singlepoint BET 0.44 0.17
Multipoint BET 0.52 0.21
Langmuir-type 0.78 0.32

Fig. 4 shows the FT-IR spectra of SFH and SBH leeford after biosorption of lead and cadmium.
Both SFH and SBH have peaks at similar wavenuméedswhen the biomasses were loaded with Pb and
Cd, the FT-IR spectrum showed some changes.

The highest deviation from the unloaded curve @itzisses appears at around 1030",cwhich
corresponds to the —C-O alcohols and carboxyliclsag7]. The broad peak observed at 3444'cm
corresponds to the O-H stretching vibrations ofutede, pectin, absorbed water, hemicellulose, and
lignin [9]. These infrared measurements also regedhe presence of such functional groups as amide
groups (1651 cif), -C=0 from carboxyl or ester groups (1739°%7].
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Fig. 4.FT-IR spectra of SFH (upper) and SBH (lower)
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Fig. 5 shows the photos obtained by SEM of theasariof biosorbents according to [7] and [9]. The
SBH shows a regular surface with robust consistg®¢y while the surface of SFH is irregular and
porous [7]. Porous character of the surface of Sk&l can explain the more than twice higher specific
surface area of it.

The higher sorption ability of SBH towards lead aradimium cannot be directly deduced from the
FT-IR and SEM measurements.

Fig. 5. The SEM images for SFH [7] (left) and SBH [9] (rigbefore metal sorption

The sorption ability strongly depends on the pHhef solution. Table 4 and Table 5 contain the pH
values before and after biosorption process. Intwiohe cases there is some increase or decréasé but
these changes are typically under 0.5. In somesaaik Pb there are changes close to 1, but Cesepts
changes under 0.5 in all the measurements.

Table 4.pH values before and after biosorption in casebf P

Before biosorption process After biosorption process Difference
[m%(}LFib Or'a'_?a' Adjusted pH SBH SFH i?: igﬂ
20 4.43 5.15 5.75 5.74 -0.6 -0.59
50 4.42 5.13 5.6 472 -0.47 0.41
80 5.02 - 4.73 4.66 0.29 0.36
100 5.08 - 4.9 451 0.18 0.57
200 4.92 5.13 4.61 4.24 0.52 0.89
300 4.92 5.05 451 4.14 0.54 0.91
400 4.76 5.05 4.43 4.19 0.62 0.86
600 4.69 5.09 4.39 4.07 0.7 1.02

Table 5.pH values before and after biosorption in casedf C

Before biosorption process After biosorption process Difference
[% I O”gl'_[‘a' Adjusted pH SBH SFH igHH ig:

20 5.52 5.09 5.47 5.49 -0.38 0.4
50 5.23 5.02 5.36 5.52 -0.34 05
80 5.31 5.01 5.50 5.48 -0.49 -0.47
100 5.19 - 5.49 5.53 -0.3 -0.34
200 5.21 5.07 5.32 5.02 -0.25 0.05
300 5.18 - 5.22 5.18 -0.04 0
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4  Conclusions

Batch biosorption experiments showed that microraadro algae e.d.yngbya tayloriiandUndaria
pinnatifidahave higher sorption ability towards lead and cacimihan the investigated by-products such as
sunflower seed hulls (SFH) and soybean hulls (SBRBvertheless, it can be worth studying their
applicability as a biosorbents, since they represeuge potential occurring in a great abundamce i
Hungary, too. Additionally, the capabilities of seeby-products for adsorbing metals can be enhalged
citric acid modification as it was reported in ta&ure by [13, 14]. Our future experiments willdzried out
in this direction.

Our zeta-potential measurements proved that teeap electrostatic interaction between Pb and Cd on
SFH. Moreover, SBH uptakes these metals by spesofigtion mechanism.

Although the SFH has more than twice higher spesifirface area than the SBH in case of particles
between 200 and 315 um, this characteristic of BHibt reflected in the sorption ablility towardsd and
cadmium. SBH has slightly higher capability towattasm.

FT-IR spectra showed that SFH and SBH have sirfulactional groups on their surface, for example
—C-0 alcohols and carboxylic acids, O—H groupsgdangroups and —C=0 from carboxyl or ester groups.

Initial metal content of the biosorbents alwayswdtide investigated before biosorption, becauge it
not necessarily equals zero and can cause disttebam the isotherms and in the process itself.
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Abstract

Large amounts of water used for municipal, agricaltand industrial purposes result in issues dube large volumes
of wastewater generated. Wastewaters contain lewgdld of various substances — nutrients, heavylsnatal organic
pollutants. In recent years, there has been a gmpwnterest in developing biotechnology based ogaal
Phycoremediation is a process of use of algaehorémoval or biotransformation of pollutants fravide variety of
wastewater. Biosorption and bioaccumulation arentbst frequently used mechanisms. Laboratory rebdacuses on
the use of algae in biometallurgy and wastewagstinent, indicated by the amount of published siiefiterature.
However, currently there is no comprehensive aadsparent system describing algae studies andmusieid area. The
present work contains 36 information lists of algpécies and genera used in treatment procesgedlatants from
wastewaters, and it provides the first comprehensiystematic review of algae studied in wastewaatment in
laboratory or semi / pilot - scale.

Keywords: Algae, wastewater, treatment, nutrients, heavy Isiedaganic pollutants

1 Introduction

One of the main problems of the society in the 2dsmtury is an environmental pollution.
Wastewaters contain high levels of various subssrad when they get into the environment, they can
cause major problems. The untreated municipal wedtzs have high concentration of nutrients, mainly
nitrogen and phosphorus, causing eutrophicatiowaiér bodies and can upset the balance of theiaquat
ecosystem. Heavy metals are the important envirateh@ollutants, many of them are toxic at very low
concentration [1-3]. Many industrial activities,cbuas metal plating, mining operations, fertiliredustry
introduce heavy metals to environment via their tevasffluents. The most conventional wastewater
treatment technologies are based on chemical ayslgath methods. However, application of these migho
is often restricted because of technical or econah@onstraints. Organic pollutants are introduicgad the
aguatic environment as a result of human activitigslving fuel use, textile industry, agriculturaldustry,
oil industry and many more [1, 2].

In recent years, there has been a growing intere#veloping biotechnology based on algae, tteat ar
less expensive and more “environmental frienditedogies”. Phycoremediation may be defined asiiee
of algae for the removal or biotransformation oflytants, including nutrients, heavy metals andoteatics
from wastewater. Algae have been proven to beiefficn removing nitrogen, phosphorus, toxic metaid
organic pollutants from wide variety of wastewat@®mass obtained in this way may serve as a sooifrc
biofuel or feed [1, 2]. Biosorption and bioaccuntida are the most frequently used mechanisms. They
include interactions between the particular politifioxic metal or organic pollutant) and biomasiher
living (bioaccumulation) or dead (biosorption). éJsalgae play an important role in controlling and
monitoring of pollutants in aquatic environmentk [1

Laboratory research focuses on the use of algh@imetallurgy and wastewater treatment. The aim
of present study is summarize all available infdramaabout characterization and utilization of &geed in
wastewater treatment and biometallurgy from sdieritterature.

2 Book review

Laboratory research focuses on the use of algd@imetallurgy and wastewater treatment indicated
the amount of published scientific literature. Hoa®e currently there is no comprehensive and traresy
system describing algae studied and used in tkes. dihe present work is focused on the summarizatio
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all available information about characterizatiord artilization of algae used in wastewater treatremd
biometallurgy from scientific literature. This woHas been written in collaboration with VSB — Teichh
University of Ostrava and it is available as a baolprint version for students and scientists. phesent
work provides the first comprehensive systematidesg of algae studied in wastewater treatment in
laboratory or semi / pilot - scale.

|
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BIOTECHNOLOGIACH

Jana Kadukové, Dominika Rudzanovi, Jaromir Lukavsky,
Viadimir Cablik

Ostrava, 2015

Fig. 1.Characteristics and utilization of algae in biorflatgy and biotechnologies in print version [1]

The present work is divided into three major sexgio
* a general biological description, description ofodscumulation and biosorption, a short general
characterization of removal of pollutants and mdition of algae used in wastewater treatment and
biotechnologies,
» “Atlas of algae” - 36 information lists of algaeegjes or genera, which contain basic biological
information, cultivation conditions, utilization @flgal genera or species for removal of pollutants.
An example of information list is shown at Fig. 2.

Name pamednmss .
Biological system el
- division b g
e
- class P
- order PR —
- family R
- genus
000, 5 wmmebnimes gt  Ahon bigral | Lidiashi)
Biological
description

Hdotupeooria b sl

Cultivation - pH

Utilization in biotechnology

- Pollutants: Macronutrients
Heavy metals
Organic compounds

- Mechanism: Biosorption
Bicaccumulation

PODMIENKY KULTIVACTE

K 1T

aeribnych pedmichiok

¥ médin B alebo i wduchi SO0 mi ea mimiitn 5 ovwetleni

190 gl s (Pea-Castio et al. 2

VYUHTIE V BIOTECHNOLOGIACH

Odutrubovanie kovon u polakovos

Terry a Stone (2002 Swdovali Bioskumuliciu 4 bosorpeiu kadmia s medl pommeicoa
B kv, Exgerisnenty boli vykousod » 304 mit* ciasy s pei podiuiotnic] hincentsicli
kovoy [0mg.t!. Pocas 36 bodin doile & anifeniv keneesracic Cd: pomosou Fivieh buniek
opotiaiodmyeh [0mgl' na 026 mel ' [(97.4% oinnost, knpacita procesu 83,1 mpg ),
Pomacen mitvych homiek ¢ 10mgl’ na [2mgl’ (8% Glinnow, kepecita procews
HShmpg') podoboe pri Cu, dolle krnileniu keacentricke pomocos Hvich bumick

conditions -time
- medium

-temperature
- light intensity

- Initial concentracion
- Experimental conditions

- Maximal removal capacity

- Removal efficiency

Fig. 2. An example of information list [1]

* summary tables of algae used in wastewater treatmigim original source of literature for quick

search.
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3 Phycoremediation

The ability to survive in polluted wastewaters @ning high quantities of various pollutants makes
algae a sustainable platform for wastewater treatnfithycoremediation may be defined as the uségaka
for the removal or biotransformation of pollutafrism wide variety of wastewater and it is the ederfdly
process with no secondary pollution as long asbtbmass produced is reused and allows efficiernienit
recycling [1, 2].

Phycoremediation comprises several applicationgriemi removal from municipal wastewaters,
nutrients and xenobiotic compounds removal withaiteof algae-based biosorbents, treatment of t@im
wastewaters, transformation and degradation of bietios and detection of toxic compounds with thea
algae-based biosensors [2].

The advantages of algae are that they are presesit existing earth ecosystems, they are cheap
sorbents and need cheap substrates (sunlight anil f@Ctheir growth, what enable them to produce
compounds with added value. The algal biomass ftwrtreatment of wastewaters can be easily cortverte
into added value products. Depending by the speges for this purpose, the resulting biomass @n b
applied for different aims, including the use aditades for animal feed, as biofuel [2] or bioengrgsed in
medical, cosmetics or food industry [1].

“ I Cnlbesi
il‘ o Products

T T

-

Select Propietany Coromw n L Harvest Aligan
Akgas Srakn P olticsisac o0 % Adgae Ponds

© © 0 O

Fig. 3. Utilization of algae [4]

4 Removal of macronutrients (N and P)

The treatment of wastewaters by algae to removegah and phosphorus was proposed over 50 years
ago by Oswald and Gotaas. Municipal and agricultweastewaters contain high concentration of nitroge
and phosphorus, which lead to eutrophication irewhodies. Eutrophication causes uncontrolled drafit
certain aquatic plants and undesirable algal blotvatscause a shift the aquatic environmental dxjwim
by negatively affecting the natural nutrient reaygl process and can upset the balance of the aquati
ecosystem. However, under controlled conditionsatjae offer a cost-effective approach to remotiesge
nutrients from wastewaters [1-3]. Algae can beceadfitly used to remove significant amounts of j&o
and phosphorus for protein (45 - 60 % of algaevagight), nucleic acid and phospholipids synthesj<L].
Nutrient removal with aid of algae compares vemofaably to other conventional technologies [2].

Gonzéles et al. usel dimorphudor phosphorus removal from industrial wastewatesith removal
efficiency of 20 — 55 %, after 9 days and initimncentration 112 mg‘l[1, 5]. Lavoie and De la Noue
studied the ability ofA. Obliquusin nutrient removal and reported a nutrient edficiy of 79 — 100 % for
NH," and 47-98 % for P [1, 6]. Lau et al. useld. vulgarisand reported an elimination of NH90 %) and
PQO,* (80 %) in municipal wastewaters during 10 days7]1Khan and Yoshida observed removal of 99 %
NH," in solution with addition of L — glutamic acid [8]. Other algae used for nutrient removal areabl&
1[1].
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Table 1.Removal of nutrients — nitrogen and phosphorusdmgesalgal species [1]

Macronutrients Algae Initial concentration [mg.|™] Removal efficiency [%]
Acutodesmus obliquus 27 79 - 100
Desmodesmus sp. 14 - 44 30 - 100
Chlorella minuttisima 37 99
3-8 60 - 78
NH, - > 90
Chlorella vulgaris - 99
13- 410 23-100
3-36 30-95
Trentepohlia aurea 262 5
Chlorella minuttisima 350 58
NOy Desmodesmus sp. 14 - 44 30 - 100
Parachlorella kessleri 168 8-19
Trentepohlia aurea 504 20
Desmodesmus sp. 1.4-6 30-100
Dunaliella salina - 64.7
a Chlorella minuttisima 12.8 99
PO,
Chlorella vulgaris 5-8 46 - 94
112 20 -55
Trentepohlia aurea 158 35
Total nitrogen Chlorella pyrenoidosa 267 87 - 89
Chlorella sp. 100 - 240 76 - 83
Total Acutodesmus opliquus 12 47 - 98
phosphorus Chlorella pyren_o@osa 56 70
Chlorella sokoriniana 22 45 -72

4.1 Cultivation of algae

Basically there are two main commercial cultivatisystems for algae: open raceway ponds and
closed photobioreactors.

Algal high-rate ponds (HRAP) were developed by Qdywaeginning in the 1950s for municipal
wastewater treatment and have been used for owged8 [1, 2, 3, 9]. HRAPs were designed to prortiote
symbiosis between algae and aerobic bacteria iasiewater treatment processes. Open ponds aressimpl
open tanks or ponds and they are relatively sinipl€onstruction and operation compared to closed
photobioreactors. Algae growth in open raceway poisdcheap and amenable to nutrient removal in
domestic wastewaters [2]. There are 2 - 3 m widkGh — 0.3 m depth [3]. The circulation is donéhwthe
help of a paddle wheel. Algal biomass can be h&defor animal feed or used as biofuel [2]. Theria
Mexico, California, Hawaii, Japan or Australia [1].

\

A ! |
o A ; k. o . .

. Spirulind.ft Haefratokducus in Hawaii Dimnaliella in Australia

. . I i

N hlorellain Japa
S, } ) I

™
Fig. 4.Large scale commercial algae production in out¢gmads [10]

The photobioreactors or PBRs are used to cultizddme under controlled conditions in closed
systems. These systems can be constructed asrtabdlat plate and horizontal or vertical colunypés.
The cultures are less susceptible to contaminatimhevaporative losses are very low as compareg@da
ponds [9].
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Fig. 5.Closed systems for algae cultivation: flat-plat@izontal tubular and polybags [10]

There is a wide array of harvesting methods thathm employed to harvest algal biomass such as
centrifugation, flocculation, sedimentation, fiticn and any combination of these [2].

5 Removal of heavy metals

Heavy metals are the important environmental pafitd, many of them are toxic at very low
concentration. Many industrial activities, suchnatal plating, mining operations, fertilizer induyst
introduce heavy metals to environment via their tevadfluents. Algae can be efficiently used to reeo
heavy metals from wastewaters.

There is a long list of sorbates which can be readdwy biosorption and bioaccumulation: Ag, Al, Cd,
Cr, Co, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Pt, Se, U, W, [A]. The removal of heavy metals by algae isdfae
well described in the literature (Table 2).
Luptakova and Kadukova studied biosorption and dmoeulation of Cu from model solutions using
P. kessleriMaximal biosorption capacity for dry algae was80mg.g" (86.5 %) and for bioaccumulation
from 1.7 mg.g (89.3 %) to 7.6 mg:y (99.6 %) [1, 11].H. valentiaehas been successfully used for

biosorption of Cs. The maximal sorption capacitgsfwas 71.9 mg.g1, 12].

Table 2.Removal of heavy metals by algae [1]

Metal Algae Initial concentration [mg.I™] | Capacity [mg.g'] | Removal efficiency [%]

Ag Parachlorella kessleri 48.5 12.1 70

B Caulerpa recemosa 8 0.78 78

Acutodesmus incrassatulys 3.5 0.84 24.1

cd Caulerpa lentilifera 11.2 0.95 90.9

Parachlorella kessleri 26.5 8.7 65.8
Sargassum muticum 250 78.7 78.7
Cr Acutodesmus incrassatulus 1.2 0.63 52.7
Laminaria digita 250 42 33.6
Hypnea valentiae 20-500 71.9 -
Padina australis 20-500 16.2 -
Cs Caulerpa lentilifera 6.35 0.2 69.9
Ecklonia maxima 30-300 92.6 -
Parachlorella kesslerri 15.4 10.9 86.5
0-5000 1260 -

Eu Sargassum polycystum 460 151 65.7
La Sargassum polycystum 460 138 60
Pb Caulerpa lentilifera 20.7 9.67 90.9

Pithophora oedogonia 10 9.1 91

Rh Ulva lactuca - 5.2.10° -

U Acutodesmus obliquus 5.5 12,4 -
Yb Sargassum polycystum 460 121 52.6
7n Caulerpa lentilifera 10 - 88

Ulva fasciata 100 26.8 89.2
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Biosorption and bioaccumulation are the most fratjyeised mechanisms for removal of metals from
the solutions and they differ in that in the fipsbcess pollutants are bound to the surface ofwalland in
the second, they become also accumulated insileBoatorption is a metabolically passive procelssi].
Bioaccumulation is metabolically active and is perfed by living cells, and goes further, the fstp is
biosorption and then subsequent stages occuredelaith transport of pollutants into inside of seind
eventually the concentration of cells increase$.[13

5.1 Biosorption

Biosorption is metabolically passive process anpeidormed by not living biomass. The process is
simple in operation and very similar to conventioadsorption or ion exchange, except that sorbént o
biological origin is employed. Biosorption is a gkiprocess. The equilibrium is usually reached witew
minutes. Biosorption can be performed by immobdizbiosorbents. Biosorbents are selective and
regenerable and a process is in particular higiiéctve in the treatment of dilute effluents [1].

The factors which influence biosorption performama&ude the type of biomass, pH, temperature,
presence of other competing ions [13]. The advastad the process include low operation costswfdost
sorbents are used, low quality of sewage sludgepoded; COD of wastewater does not increase.
Disadvantages include additional costs, higher iaaiclal diffusion resistance, lower capacity, intéien of
carrier with active sites.

There are some commercial biosorbents availablth@market: AlgaSORB and AMT-BIOCLAIM.
AlgaSORB is produced by the company Biorecoveryteys. The other commercial available biosorbent is
BIOCLAIM [1, 13].

Biowuccumsilation

Biosorption

1. Diffusion to the
surface of the cell
2. Sorption

3. Binding to the
groups on the
surface of the cell
4 Transport into
inside of the cell
(passive or active)
5. Binding in
organo-metallic
form — metal 1s
excluded from
metabolic processes

Fig. 6. The mechanism of biosorption and bioaccumulaticj [1

5.2 Bioaccumulation

Bioaccumulation can be defined as the cultivatibaroorganism in the presence of sorbate. It is the
intracellular accumulation of sorbate, which ocaarsvo stages: the first identical with biosorptiahich is
quick, and the subsequent, which is slower andiifed transport of sorbate into inside of cells. process
is more complex than biosorption [1, 13].

The advantage of bioaccumulation is that it ismetessary to include a separate biomass cultivation
mode or harvesting biomass from the environmené fifocess of removal of pollutants is highly aféelct
by the operational conditions, in particular by firesence of pollutants in the growth medium whiah
inhibit the growth of the cells and also bioaccuatioh itself. This is a limitation of the procesgcause it
makes it impossible to treat solution with highda pollutants. Moreover, it is necessary to sygpiternal
source of energy to growing cells [13].

6 Removal of organic pollutants

Organic pollutants are introduced into the aquaivironment as a result of human activities
involving fuel use, textile industry, agriculturaddustry, oil industry and many more. In some cafes
algae do not participate on biodegradation of agaollutants, directly, but they are suitable mexdifor
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bacteria. In system algae — bacteria, the algaseap®nsible for removal of macronutrients, heaeyais or
pathogens and they supply bacteria with oxygen.tdBac are responsible for degradation of organic
compounds and produce g@hich is used by algae duripgotosynthesis [1].

Ozer et al. studied the biosorption of dyes Acidl R#4, methylene blue, Acid Red 337 and Acid
Blue 324 from wastewaters from textile industry dmeen algaeE. prolifera [1, 14, 15]. Green algae
M. braunii is promissing species for the treatment of wastemsatvhich contain Bisphenol A [1, 16]. The
algaeC. indica, S. glaucescsemsdS. marginatunshowed great removal efficiency for Acid Black 1 —
91 %, 94 % and 96 % [1, 16].

Marungrueng and Pavasant have investigated thepaidsoof dyes Astrazon Blue, Astrazon Red and
methylene blue b. lentilifera C. lentilifera exhibited greater sorption capacity than activai@don, for
Astrazon Blue 38.9 mg’y Astrazon Red 47.9 mg@nd for methylene blue 417 mg.f, 17]. The ability
of algae to removal organic pollutants is showmable 3 [1].

Table 3.Removal of organic pollutants by algae [1]

Organic NG Initial concentration Capacity | Removal efficiency
compounds 9 [mg.I"] [mg.g!] [%]
Cystoseira indica 10 8.39 91
Acid Black 1 Sargassum glaucescens 30 4.7 94
Stoechospermum marginatum 30 5.78 96
Acid Blue 9 Turbinaria conoides 100 21.3 63.8
Acid Blue 25 Jania rubens 20 17.2 68.6
Acid Blue 324 Enteromorpha prolifera 100 160.6 80.3
Acid Red 274 Enteromorpha prolifera 300 244 40.7
Acid Red 337 Enteromorpha prolifera 100 210.9 100
. - 38.7 -
Astrazon Blue Caulerpa lentilifera 1800 943 57
. - 47.6 -
Astrazon Red Caulerpa lentilifera 1800 1136 100
2 - 39
Bisphenol A Monoraphidium braunii 4 - 48
10 - 35
Caulerpa recemosa 50 5.6 93
s A Enteromorpha prolifera 50 10 100

7 Conclusions

Many research reports and articles described mawardages of using algae in environmental
biotechnologies. Algae can be successfully usedastewaters treatment. They are able to removeuari
types of pollutants, such as nutrients, heavy reedald organic compounds from domestic and indlistria
wastewaters. Algae are easy to cultivate and cawtgralmost anywhere, they are cheap biosorberds an
their biomass can have many commercial applicatisugh as biofuel, animal feed or be used in
pharmaceutical, medical, food or cosmetics indugitgo, algae play an important role in controlliagd
monitoring of pollutants in aquatic environments.

Laboratory research focuses on the use of alga@metallurgy and wastewater treatment indicated
the amount of published scientific literature. Hoa®e currently there is no comprehensive and trairesy
system describing algae studied and used in tleg. aThe present work contains 36 information ligts
algae used wastewater treatment with 137 notes utfients (16), heavy metals (98) or organic
compounds (23) removal from domestic and industsastewaters and provides the first comprehensive
systematic review of algae studied in wastewagattnent in laboratory or semi / pilot - scale.
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Abstract

Methods of microbiological leaching enable to expental exploitation of poor sulphides ores of dgbaolybdenum,
nickel or zinc. However, on the industrial scalelsumethods are used only to process the ores giecpgold,
uranium, zinc and nickel. In the article short auderistics and processing parameters of such niethe presented.
Biological processes are also used to recover métain different kinds of waste. Biohydrometalluraji treatment of
waste has a lot of advantages such as: limitatisgheoneed for natural sources, energy or wastdfilarBioleaching is
cheaper and simpler than the conventional methbus.possible metals that could be recovered byaabling can be
divided into four groups: basic metals (Cr, Pb, @n, Ni), precious metals (Au, Ag and Pt), speniatals (rare earth
metals, Li) and radionuclide. In the article chéeaistics concerning the possibilities of recovefythe mentioned
metals from different types of waste was shown.

Keywords: biohydrometallurgy, bioleaching, waste treatment.

1 Introduction

Since the fifties of the twentieth century it halveen investigating the recognition and industrial
application of bacterial leaching processes — foeying the basis of the modern biohydrometallunggd
to utilize metals from poor ores, waste or off-ln@ka sheet resources. The earliest reports talktaheu
unconscious using of the bacteria to obtain coppetflphate(VI) from ores containing sulphur corapds,
(to obtain copper the solution is then precipitateg iron). Such technique was applied in China
in 1l century BC, although unconsciously biohydrdatergical recovery of copper from ores was used
significantly earlier — in XI BC by Phoenicians. & area of south-west Spain with the mines in Riudlis
seems to be the cradle of biohydrometallurgy. Sarela was exploited from early ancient times as slepo
rich in copper, silver and gold. From the eighteerentury copper bioleaching in Rio Tinto was cartdd
on an industrial scale [1-3]. The low quality oremntaining 0.75 % of Cu, was formed in heaps
(10 m of height) and left in that the atmosphegictérs influence on them from one to three yeasimndlthis
method 20 to 25 % of copper was recovered yeadlél 1 presents short historical reports concerning
biohydrometallurgy.

Table 1.Breakthroughs in the biohydrometallurgy [1-3]

Period/year Happening

1000 BC Phoenicians — copper recovery

100-200 BC| China — recovery of copper from mindrdrge probably using the method of precipitatiorirby

23-79 AD | Gaius Plinius Il (the Older) — copper reexy from drainage water coming from mines

166 AD Galen (Claudius Galenus) — in situ bioleaghin Cypress

500-1200 | Aztec, Maya — using the plants juice &salved copper oxides

1493-1541 | Paracelsus — copper bioleaching fromiorge area of formerly Hungary (today Slovak Rem)

1494-1555 | Agricola — in situ bioleaching, crystadlion of metals sulphtes

1752 Spain — copper bioleaching in Rio Tinto

1922 Waksman, Joffe — isolation of bacteria oxiatizsulphur Acidithiobacillus thiooxidansfrom soil

1947 Colmer, Hinkle — isolation of the bacterigAaidithiobacillusstrain, giving proofs of bacterial catalytic
iron oxidation and sulphuric acid production

1970 Toromocho, Peru — bioleaching in heap and dump

1985 Minera Pudahuel, Chile — first plant basinmptetely on bioleaching technology

1994 Youanmi mine, Australia — thermophilic ba@esias used in industrial scale to treat gold comats

1995 The commercial bioleaching of chalcopyrite Vs used
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2 The main information about biohydrometallurgy
2.1 Characteristics of the process

Biohydrometallurgy has been developed basing onirterdisciplinary studies taking a lot from
different scientific disciplines such as: biochemyisphysical chemistry, geochemistry. Today itlimles
bioleaching and biosorption processes for metabvexry. Bioleaching is mainly based on microbiol@agic
oxidation of insoluble metals sulphides and tramsfg them into soluble sulphates (MeS MeSQ),
oxidation of the elemental sulphur and other redusidphur compounds, oxidation of iron ion$'Fand the
formation of organic and inorganic compounds emgblihe mineral disintegration due to dissolution or
creation of complex compounds. Biosorption allowsancentrate metals from solutions by microorgasis
inside the cell (heavy metals) [4].

The choice of bioleaching methods depends on ithe gquality or the size of ore particles. For low
guality ores (containing 0-2 % of metal) the folingg methods are commonly used: in situ, bioleacling
heaps and dumps. For concentrates and high qoaét/(2-5 %) the more expensive way of bioleacksng
applied — in tanks, tanks with stirring, in tankskéd in series. Fig. 1 shows the main characteristitures
of the mentioned methods.

* Low quality ores BIOLEACHING PROCESS * Concentrates

* Low costs * Highcosts

» Weak control * Good control
of the process heap—dump —tank — tank with stirnng of the process

¢« Long-time process * Short-time process
e Large capacity e Small capacity

Fig. 1. Main characteristic features of bioleaching meth@js

Bioleaching process depends on many physicochenfiszdbrs such as: bacteria concentration,
oxidizing agent concentration, temperature or phk More details presents Table 2.

Table 2.Factors influencing the bioleaching process [1, 2]

Factor Parameter
Physicochemical | Temperature, pH, redox potential, carbon dioxideygen accessibility, availability of
and nutrients, mass transfer, surface tension, preseafcenhibitors, pressure, iron iorjs
microbiological | concentration, variety of microorganisms, activitiybacteria, tolerance for metals and their
factors adaptation.

The type of mineral, composition, particle size atdrelease, the size of particles and
Properties of the | surface porosity, water repellency, the presencaddftional minerals, the speed of leaching

mineral is increased with the decreased size of partithesi{igger surface, the higher speed of mass
transfer and oxidation, higher adhesion of badtegls).
Procedure of bioleaching, pulp density (bioleachiagidity decreases with the increase| of
Bioleaching pulp density — lower mass transfer speed, highcefé attrition), stirring speed (reacto
geometry of dump/heap.

~

2.2 Advantages and disadvantages
Bioleaching is a cheap method, especially direcsitn methods, and needs substantially lower

investments taking into account the traditionalniafy and melting processes. The rest advantageiseof
process are following:
- it does not require large amount of energy;

it has a lower technological requirements, ther@isieed to apply expensive, complicated apparatus;

it is cleaner and more environmental friendly, ghex no emission of sulphur dioxide in the procefss

sulphides leaching;

there is no need of high pressure or introducirgjka@eping high temperature;
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continuous regeneration of leaching agent;

the remains after bioleaching are less chemicaleattan in physicochemical processes;

easy to expand the further piles in case of dunaphaap;

ideal for poor sulphides ores and waste, typicatmasition of solutions after leaching is: 2-3 gfdron,

several g/drhother useful metals such as Zn, Ni, Cu, 20-30 J/siniphates, population — 106 bacteria

per dni, the obtained solutions are treated by classigdidmetallurgical methods to recover metals.
Apart from the advantages also drawbacks shoulthéetioned, for example the time of process course
(slow process compared to traditional methods)clvitould be several years. Other disadvantagethare
following:

climate dependence;

toxic influence of heavy metal on the microorgaragsm

possibilities of leakage and migration of acid solwand metals to the environment.

3 Practical application of biohydrometallurgy

Up to now, the worked out technologies of bioleaghenable to extract many metals from waste
materials or low quality ores. Bioleaching procéssapplied for treatment of such metals as: copper,
uranium, zinc and nickel. Biological oxidizing ised to process pyrite and arsenopyrite gold migeheait
are hardly leached. Apart from technologies, wtHfidd practical applications, there are constantkspr
which aim is to look for new methods and develoisténg technical solutions of metals bioleachingble 3
presents the most important technologies applieididnstrial scale and being in experimental or tpie
phase. Table 4 shows the characteristics of bibleg@rocess of ores and concentrates of such snasal
copper, nickel, cobalt, gold and uranium; whereabl@ 5 presents the example of industrial planisgus
bioleaching processes.

Table 3.Biohydrometallurgical technologies applied over waeld [2, 5-8]

Technology owner Name Application — kind of minergdchnique
: M Copper sulphides
BioCOP™ Process Cu Oxidation and leaching in tank with stirring
- . ™ . | Nickel sulphides
BHP Biliiton Ltd. BIoNIC ™ Process Ni Oxidation and leaching in tank with stirring
. ™ Zinc sulphides
BioZINC'™ Process Zn Oxidation and leaching in tank with stirring
Newmont Mining BIOPR® Process Au Ores that are hard processed
Heap leaching
Gold Fields, Ltd BIOX Process Au| Ores thatare hard processed

Oxidation in the tank with stirring

BacTech Environment| BacTech/Mintek Process Cgo_ppe_r sulphides L . _
xidation and leaching in tank with stirring

Au | Sulphides ores and concentrates

Cu | Heap leaching

GeoBiotics, Inc. GEOCOAY Process

4 Possibilities of using biohydrometallurgy to recovemetals from waste

Together with bioleaching the primary materialsdzected on the industrials scale scientists teams ar
carrying out research [13-18], which main aim is fbod out possibilities and effectivity of metals
bioleaching process from many secondary materiabste). Such big interest results in advantages of
biological methods. Biohydrometallurgical treatmefitwaste is similar to natural geochemical cyadés
metals, decreases the demand for natural sounmsdgbmetals), energy and places of waste deposits

Research finding the possibility of metals extmctifrom waste materials using microorganism
(see Table 6) were carrying out for a wide gameadte (waste after flotation process, slimes, slsigsige
and slurry from electroplating, fly ashes, bauxé@sidues obtaining after bauxite leaching progesgliery
and electronic scrap, spent petrochemical and eattalysts, spent Ni-Cd and Li-ion batteries) [18{ich
waste is treated as a complex material containgigalso a basic metals but also precious metalgelisas
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dangerous substances. Metals, that were analykid) ato account their possible recovery, can ivédd
into the following categories:

a)
b)
c)
d)

basic metals (e.g. Cr, Pb, Zn, Cu, Ni),
precious metals (Au, Ag, Pt),

special metals (Li, rare earth elements REES),
radionuclides (Th, U).

Table 4.Bioleaching of the chosen ores of metals [2, 5-12]

Metal

Characteristics

copper

The oldest bioleaching plants were useddogss very poor copper ores; later the bioleachmogess

was also adopted to the copper concentrates; aeas conducted in heaps or appropriate bioread
in 2006 there was more than 20 installation to iobtapper via bioleaching; these plants producalltot
more than 2 million Mg of copper; oxidation procéssarried out mainly in the presence of bacte
A. ferrooxidans Leptospirillum ferriphilum A. thiooxidansand L. ferrooxidans A. caldus which
introduction to the leaching system considerablgriomes the kinetics of oxidation by the participat
in reaction of iron (lll) and sulphuric acid (Vijhe bioleaching conditions: relatively high Eh putal
(about 650 — 700 mV), pH (more than 2) can pronti¢eprecipitation of iron in the form of hydroxid
iron hydroxy-sulphates, including jarosites.

tors

ra:

D

gold

Biological oxidation of sulphides minerals dnafs to the processes of primary treatment of hegyvy
leachate gold ores carried out for example in samintries like: Australia, Brazil, Ghana, Peru @R
This technology is basing on processing the arsgitepand pyrite ores with chemoautotrophic baets
(in 2001 there was more than 10 industrial plamplyang such technologies), it replaced roast
oxidation processes, which were in many cases karynful for the environment (emission of sulph
oxides and arsenic).

containing gold, which processing in traditionalpa not profitable:

—ponds located near mines gathering through mangs y@aste, which can contain even 1 g gold
1 Mg of material,

—lower quality gold ores containing less than 1/&ugper 1 Mg of material,

—very hardly treated gold materials, in which sngdld particles are dispersed and captured in
matrix of sulphides minerals, that is way theiatraent is not effective using direct method of dgtan
solving.

B

ng
ur

Bioleaching can be also an effective alternativetfeatment of nonconventional materials and waste

per

the

nickel
and
cobalt

The extraction of cobalt using biological methodaswommercialized and introduced into marke
1999 as a pilotage project Kasese in Kilembe muhgafda). In this technology bioleaching is carr
out in reactors with continuous stirring using masbc bacteria oxidizing iron. The plant is usitige
solvent extraction and electrolysis to recover tidfibam solution after bioleaching.

Nickel is found in nature mainly in the form of phides or laterite ores. Both forms can be bioleddh
heap or bioreactors (for nickel concentrates). imafd in 2005 there was introduced a bioleach
technology Talvivaara to process sulphide nickekoiThis technology is based on bioleaching in h
using endemic bacteria settling the heap and vdilisted to the existing atmospheric condit
(subarctic climate). Process is conducted in tages$ containing primary leaching lasting from 13 8o
months (80 % of Ni recovery) and then secondarghis lasting additionally 3.5 years (Ni recove
more than 90 %).

in
ed

uranium

Commercial bioleaching of uranium has beenducted from 1957 — in Urgeirica in Portugal ésA

as: Canada, Australia, Nigeria, Russia, Namibiabdaltistan developed the technologies of uran
leaching using microorganism. Today two biggestpieps of uranium (Canada and Australia) ha
obtained more than 50 % of the total uranium prtidac The extraction process is conduc
periodically by watering in heap, dump or pourihg tinderground tunnels by leaching agent.

The used microorganism consortium consists of méxtf acidophilus, autotrophic and heterotrop
strains. In the microbiological leaching bacteliaferrooxidansoxidizing the pyrite phase (additives
uranium ore) to iron (Ill) and in the same timep$wlr to sulphuric acid solving in that way the uiuzam

initialized obtaining this metal using poor uraniones. During the next years many other countiies $

D
um
e
ed

hic
to

from ore.

The more and more attention is paid to Rare Edegmeénts (REEs). REEs are identified as the most
critical raw materials — they world demand in 2@t&s about 210000 tones. Additionally, almost 971% o
total output is in one country — China. Better usthnding of the biological role of REEs and their
acquision by microorganism can allow the developnwbioremediation strategies for cleanup of REE
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mining sites and biorecovery of REEs from wastetéwa[19-21]. Table 7 shows the microbe-metal
interaction for immobilization of REEs.

Table 5.Plants applying bioleaching processes for coppes,a@jold concentrates and uranium ores [2, 5-12]
Metal Mine, country, date of introduction, applieidleaching method, production
Cu Cerro Colorado, Chile (1993) heap, 115 000 tondgdzu
Ivan Zar, Chile (1994) heap, 12 000 tones Cu/year
Zaldivar, Chile (1998) heap/dump, 150 000 tones/€ar/
Cerro Verde, Peru (1977), heap, 54 200 tones Cu/yea
Nifty Copper, Australia (1998), heap, 16 000 toGegyear
Morenci, Arizona USA (2001), leaching in mine, 3810 tones Cu/year
Whim Creek and Mons Cupri, Australia (2006), hebp000 tones Cu/year
Phoenix deposit, Cyprus (1996), heap bioleachir@)@tones Cu/year
Au Fairview, Barberton, South Africa (1986), BIOX, ithes
Wiluna, Australia (1993), BIOX, 158 tones
Ashanti, Obuasi, Ghana (1994), BIOX, 960 tones
Beaconsfield, Tasmania, Australia (2000), BacTeabd®, ~ 70 tones
Laizhou, Shandong Province, China (2001), BacTeatoR, ~ 100 tones
Suzdal, Kazakhstan (2005), BIOX, 196 tones
Kokpatas, Uzbekistan (2008), BIOX, 1069 tones

Co Kilembe, Uganda, 241 tones/day
Ni Talvivaara Mining, Finland, 33 000 tones Ni
U Rio Algom, Canada, heap

Olympic dam, Australia, heap

Agnew Lake, Canada, mine
Ranger, Australia, dump
Denison, Canada, mine
Beverley, Australia, heap
Figueria, Brazil, dump
Stepnogorsk, Kazakhstan, dump
St. Pierre, France, dump

Southern ISL, Kazakhstan, heap

Table 6. Examples of waste being bioleached [2, 18]

Group of metal Kind of waste Leachate metal Usinigroorganism
Elv ashes Zn, Al, Cd, Cu, Ni,| A. niger, A. thiooxidans
y Cr, Pb, Mn, Fe A. ferrooxidans
Tannery sludge Cr A. thiooxidans
Plating sludge Cu, Ni, Zn, Cr Bacteria oxidizingnr
Slag from steel production I .
Basic metal (convertor), slag from Cu Zn, Fe, Cu, Ni AC|d|th|ql:.)aC|IIusand. .
. Leptospirillumbacteria strain
production
. . A. ferrooxidans
Electronic slag Cu, Ni, Al, Zn A. ferrooxidans + A. thiooxidang
Ni-Cd batteries Ni, Cd A. ferrooxidans
Spent catalyst from cracking Al, Ni, Mo, V, Sb A. niger, A. thiooxidans
. Jewellery waste, spent auto C. violaceum, P. fluorescens,
Precious metal : Ag, Au, Pt -
catalyst, electronic scrap P. plecoglossicida
Li-ion batteries Li, Co A. ferrooxidans
Special metal | Bauxite residue QE ZErJ1a’ Cr, Cu, Ni, A. niger
Bauxite residue Sc, Y, La, Nd, Ga, Yt Penicillium tricolor
Radionuclides Bauxite residue U, Th Penicillium tricolor
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Among the possibilities of metals bioleaching indaenvironment the more and more role in
biohydrometallurgical techniques play microorgarssable to create cyanic acid (HCN) [2]. Bacteria
Chromobacterium violaceurar Pseudomonas fluorescemgve such ability. On the contrary of using
microorganisms having ability to oxide sulphur caupds and create sulphuric acid or heterotrophic
microorganisms creating organic acids when usimgnogenic bacteria it is possible to mobilize mefiam
solid phase in basic environment. For solving nsesdikaline conditions can be favorable — the bedravi
metals comparing with the acidic environment canob&ly different than in basic environment foraexple
in the range of solubility, mobility, sorption, pipitation or creation of secondary minerals. Esgc
taking into account the cyanide it is easier tamvec metals e.g. by sorption on active carbon. taidlly,
the created eluates with basic character are gggessive to the environment. Table 8 presentsathdts of
experimental research of bioleaching process afigus metals using cyanogenic bacteria.

Table 7.Microbe-metal interaction form immobilization of RE [19]

Metal Organism/mixed culture Metal source Biochahprocess / remarks
Dy Penidiellasp.T9 DyC} Bioaccumulation / this fungi strain showed high
bioaccumulation of Dy from acidic solutions and
selectivity for REEs
P. aeruginosa DyCl; Biosorption / capacity of 1000 mmol Dy /g at pH5
La Pseudomonas aeruginosa, Bacillus La(NGs)s Biosorption / La(lll) removal from aqueous
subtilis, Myxococcus xanthus, solutions.Pseudomonasp. showed loading as
Myxococcus smegmatis, E. coli, high as 950 mg La per g of dry biomass at pH|5
Pseudomonas sp.
Nd P. aeruginosa NdCl; Biosorption / removal of Nd(lIl) from pH 5 watef
Sc | Saccharomyces cerevisiae, Rhizopus ScCk Biosorption / Sc(lll) removal from low pH
arrhizus, Aspergillus terreus (0.6 to 3) water
Eu P.aeruginosa, Myxococcus xanthys EuCk Biosorption / Eu(lll) removal from waters with
low pH
Yb M. smegmatis YbCl; Yb(Il) removal from acidic waters

Table 8.The level of leaching the precious and basic mdtaia waste using iron, sulphur and cyanogenic
bacteria [2]

Using microorganism Waste Level of metals leaching
A. fe.rroo?qdans * Electronic scrap Cu, Ni, Al, Zn > 90 %
A. thiooxidans
A. ferrooxidans Electronic scrap Cu-99 %
Sulfobacillus : C a1 0 000 a0 0
thermosulfidooxidans Electronic scrap Ni - 81 %, Cu - 89 %, Al - 79 % Z83 %
C. violaceum Electronic scrap Au -14.9 %
C. wolaceuml?..ﬂuorescens Electronic scrap, jewelle Ag -5 %, Al - 65.5 %, Pt - 0.2 %
P. plecoglossicida waste, spent auto catalyst
. . N Au-10.8%, Cu-11.4%
C. violaceum Printed circuit boards (phon,V% th H,0,: Au -11.31 %, Cu - 24.6 %
. . - |Au - 11 % (pH 11)
C. violaceum Printed circuit boards (phon.éE - 11.4 % (pH 10)
C. violaceum Electronic scrap Cu -79 %, Au - 69 %, Zn - 46 %,-P %, Ag -7 %
C. violaceumt P. aeruginosglectronic scrap Cu -83 %, Au-73 %, Zn - 49 %13 %, Ag—8 %
C. violaceum Electronic scra Au - 30 % (adopted strain)
' P Au - 11 % (wild strain)
C. violaceum Electronic scra Au - 22.5 % (adopted strain)
' P Au - 11 % (wild strain)

5 Conclusions

Exploitation and primary treatment of ore minenal€onnected with the generation of great amount
of waste, which are deposited on the special ldadfsuch waste contains many useful metals, which
content is almost no more than 0.5 % (0.1-0.5 % Qaj). Extraction of metals from such waste using
physicochemical methods is not profitable. The eogin alternative for processing and recovery the
precious metals from such waste is to apply thiogical leaching methods.
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Main argument for applying biohydrometallurgicaltimed is economical factor. Bioleaching is not so
expensive method and requires considerably lowegsiiment inputs taking into account the traditional
refining and melting methods. If bioleaching methedused the following advantages are observed: no
emission of sulphur dioxide, low energy consumpitiompossibilities of applying for not easily acabss
sources containing metals. Apart from advantageetare also some disadvantages such as time adgsro
course, which can reach even some years.

Methods of microbiological leaching enable to expental exploitation of poor sulphides ores of
such metals as: cobalt, molybdenum, nickel, zirmweéler, today on the industrial scale these metlaoels
used to process ores of copper, uranium, goldsangtimes even zinc and nickel.

In the biological leaching of waste the identicaainanisms and natural abilities of microorganisen ar
used to transform metals present in the solid mafrivaste to the dissolved form, similarly liketime case
of leaching the ore minerals. Bioleaching processarried out in the acidic environment, theretbie key
role in biohydrometallurgical techniques plays #@dophilic microorganisms. The most often are used
consortium of chemolitotrophic bacteria (liking dicienvironment) such aé:. ferrooxidansA. thiooxidans
Leptospirillum ferrooxidanand heterotrophs e.g§ulfolobus Apart from this, fungi such aRenicilliumand
Aspergillus nigerare the example of some eukaryotic microorganipplied in bioleaching to recover
metals from industrial waste.

In the last years more and more attention will b po research which concerns the microbiological
methods of metals recovery from waste. Althouglsehmethods are only in experimental stage thdyastil
considered as the most promising and in the same itiis expected they can lead to developmentaem
effective and costless processes. Perspectivesaofigal using of microorganism potential in |leachiof
basic and precious metals from secondary wasterialatequire further advanced research work with th
participation of microbiologist and specialist frdwydrometallurgy.
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ABSTRACT

Starting with original contaminated area until #ved of overall site remediation is a lengthy and
expensive process, consisting of a large set eflinked work including main procedures like geabtady
survey for range detection of contamination - rglalysis of pollution - feasibility study of rematon -
remediation works - risk analysis after decontanmma Completion of each of these sub-tasks isuated
by the final report showing general view of theuieed range and intensity of remediation actions.

All of this can be implemented also in remediatwimere critical contaminants are complex organic
substances with a massive content of PAHs (policyrlomatic hydrocarbons). Possible dilemma occurs
here due to conventional comparative diagrams ahculations for determining the environmental and
health risks applicable throughout the whole dgwetbworld are not counting with all individual PAHat
only with selected ones. This point of view mayceartain situations distort the calculated risks aritigate
the degree of danger of pollution.

To assess the possibilities of optimizing biodegtmd and determine the potential removal speed of
contaminants from the site polluted by various oiggollutants laboratory respiratory tests wergied
out. In addition to the continuous measurement oé@sumption and C{production including calculating
the respiratory quotient, during the whole setests samples were examined before and after biadiaton
for quantitative and qualitative analysis of orgacdmpounds.

Sample for measuring respiration rate was extrerpeluted. Therefore, in the first part of the
contribution respiratory characteristics of biodetation tests are considered. The second partds@rsthe
gualitative characteristics of composition of delgh substances, including the determination of the
potential options for individual contaminant rembv&valuation of the results in terms of their use
optimize the decontamination in rock environmentase of remediation is discussed in conclusioms an
recommendations.
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Fig. 1.Instant C degradation and cumulative C degradati@olumn

During the testing (500 hours), all methods of numimg the decomposition of organic matter have
confirmed more than 10 % decrease of pollutiorc(imulative respiratory tests 18,000 mg/kg and ntioae
18,000 EXlgc in chemical analysis) which presents a high degfe®ntaminant degradation. However, these
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indicators are only quantitative and in terms afividual assessment of organic matter degradatieriitiie
selective. Specific issue is to determine the diggian or transformation of those PAHSs, where thaeno
monitoring requirements in terms of the actual rodits.

Proven results indicate risks, where despite tharabbservance of the established methods of amalys
evaluation and calculation of the health and emwirental risks, resulting assessment may negleatatieus
hazards. Therefore, an essential part of analysigld be toxicity tests before and after biodegtiada This
indicator helps to objectify the efficiency of realmodel remediation works with complex organidygmn.

Keywords: contamination, remediation, risk, PAHs, pollution
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Abstract

The environmental problems caused by mining hataciéd a great deal of research attention. Inntegears,
numerous water and sediment heavy metal contammassessment methods have been developed, irgltitén
index method, the dynamic method, the synthesisiodstin chemistry, ecology and toxicology, etc. phesent work
is aimed to investigate the pollutants levels ahecheavy metals (Ca, Mg, Fe, Mn, Al, Cu, Zn, As, €b) in water
and sediments relate to acid mine drainage (AM@dpcing from abandoned sulphide mine in Smolnile@stern
Slovakia. Metal pollution index was used to compéaeetotal content of metals at five sampling stai

Keywords: heavy metal, metal pollution index, acid mineidage

1 Introduction

Heavy metals are considerable environmental concemn to their toxicity, wide source, non-
biodegradable properties and accumulative behawigl}. With rapid industrialization and economic
development, heavy metals are continuing to beodliced to soils and sediment via several pathways,
including fertilization, irrigation, rivers, rungffatmospheric deposition, and point sources, wineséal
mining, refining and refinishing by products. Sedits can be sensitive indicators for monitoring
contaminants in aquatic environments [2]. They @o#uted with different kinds of hazardous and toxi
substances including heavy metals and are impoftarihe water quality [3]. Heavy metals are impoit
environmental pollutants threatening the healtthhuian and natural ecosystems [4]. Although sedisnent
act as one of the ultimate sinks for heavy metghsitiinto the aquatic environment, they cannothizavy
metals permanently [1]. Taking into account thedmgnce of sediments and the toxicity of heavy edta
them, related researches have been done to undethmeffects of heavy metals on ecological systgh
Specifically, opencast mining activities have a@es environmental impact on soils [6] and wateeamns,
having generated millions of tons of sulphide-rielilings [7]. Runoff from mining operations can leav
negative impacts on the surrounding aquatic enment including heavy loads of suspended solids,
decreased pH levels and increased levels of heatglsn Acid mine drainage (AMD) is recognized as on
of the more serious environmental problems in ti@ng industry, its cause, prediction and treatmente
become the focus of a number research initiatieangissioned by governments, the mining industry,
universities and research establishments, withtiaddi inputs from general public and environmental
groups [8]. In Slovak republic there are some litieal with existing AMD generation conditions. Thest
critical values were observed in the abandoned siefmnolnik [9]. Because sediments are responsible
transporting a significant proportion of many hamars contaminants, not only research and modetifng
erosion phenomena is very acute, but also congidershould be given their quality and their impaatthe
aquatic environment. For better knowledge aboutratiign, transformation behaviour and rules of heavy
metals in sediment, it is necessary to make anratcassessment of contamination level and extezdcn
site. This paper describes the consistency in ta&lnpollution indices of the various stations lie water
and sediment of the contaminated Smolnik creek.

2 Material and methods
2.1 Study area

The Smolnik stratiform deposit, historically onetbé best-known and richest Cu — Fe ore deposits in
Slovakia, was exploited from the 14th century t®@@9Mining was primarily focused on the extractmn
copper ore. At the beginning of the 19th centueghhology for obtaining copper by cementation was
installed. Pyrite, which was mined from about 120l the 1960s, was used to produce sulphuric. daid
1954, flotation plants for the treatment of coppers and the tailings pond was completed. Lackitefréest
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in pyrite and copper ores led to the cessationiofrmg at Smolnik [10]. The mine was flooded untd94,
when a breakthrough caused a local environmentakttaphe in Smolnik Creek, which annihilated fish
populations. The mine is represented by a partigtlgn geochemical system into which rain and sarfac
water drain [11]. More than 6 million tons of pyeitore of various qualities were abandoned in the
mine [12]. An analysis of water in the desertedaramd in the broader area surrounding the mineneete
after the ecological accident in 1995. Surface widu®t penetrates the mine had their metal comentased
and pH values decreased [13].

The Pech shaft is currently the lowest locatedatiudif the flooded Smolnik mine and serves as the
main drainage conduit. The Pech shaft collects mbghe water draining from the flooded mine ared a
discharges them as AMD (pH = 3 - 4, Fe 400 - 500LmmGu 1 - 3 mg/L, Zn 8 - 13 mg/L, and Al 70 —
110 mg/L). The water acidifies and contaminates I8ikacreek, which transports the pollution into the
Hnilec River catchment [14].

Fig. 1. Water and Sediment samplings of Smolnik Creek

2.2 Sampling preparation

Sediment was taken from five sample site duringg2@®15. Two localities were in the upper part of
the Smolnik creek without contamination by acid einwaters from shaft Pech
(1 — outside the Smolnik village, 2 - small bridgerossing to the shaft Pech) and another two sagpl
localities were located under the shaft (4 — app2®0 m under the shaft Pech, 5 — inflow to thelétni
river). The outflow of AMD from shaft Pech (Smolmnikine) has number 3.

The samples of sediment were air-dried and growmyua planetary mill to a fraction of 0.063 mm.
The chemical composition of sediments was detemining means of X - ray fluorescence (XRF) using
SPECTRO iQ Il (Ametek, Germany). Sediment samplesevprepared as pressed tablets with diameter of
32 mm by mixing 5 g of sediment and 1 g of dilutroaterial (Hoechs Wax C Micropowder - M — HWC —
CagH76N20,) and compressing them at a pressure of 0.1 MPa/m

The total concentrations of Fe, Mn, Al, Cu, Zn, &=l Pb in water and sediment of Smolnik creek are
presented in Table 1.

2.3 Metal pollution index

The Metal Pollution Index as a mathematical modaictv could solve some of the highlighted
problems. MPI has been calculated to enable ptatsem of all results from the metal concentratiassone
value if a possible, yet overcoming the difficudtierith both application and understanding of derrand
statistical analysis [15, 16]. To compare the totaitent of metals at the different sampling statibe MPI
was used. The MPI was obtained with the equation:

MPI = (Cfy X Cfy o Cf) /K )

Where; Cf = concentration value of the first metal,,Gf concentration value of the second metal,
Cfk = concentration value of the, knetal.
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3 Results and discussion

Surface sediment and water pollution is considdrgdnany regulatory agencies to be one of the
largest risks to the aquatic environment. The mleaals of the metals in the surface water and botto
sediments of Smolnik creek as presented in Talhelitated Zn to be highest in water and As in sedim
Cd is the least in both media.

Table 1. The mean levels of the metals in the suda water and bottom sediments of Smolnik creek

Fe | Al Cu | zn | As | cd | Pb
[mg/L]
wi| 0.13 0.05 0.0043 0.0039 0.0019 0.0003 0.0050
W2| 0.96 0.17 0.0133 0.0469 0.0014 0.0005 0.0045
W3| 341.67 69.64 1.6788 7.597¢ 0.031¢ 0.0011 0.0958
W4| 14.92 1.42 0.1163 0.4061 0.0017 0.0006  0.0053
W5|  6.49 0.42 0.0506 0.2959 0.0012 0.0006 0.0050
[mg/kg
S1| 42400 74900 138.56 153.78 46.22 0.50 45.92
S2| 51100 61400 248.81 179.44 82.22 5.33 08.88
S3| 338700 22900 493.78 126.78 1973.56 1.22 714,22
S4| 82800 65100 420.78 197.44 149.11 0.5p 177/89
S5| 104000 61600 518.78 237.78 98.0( 0.5p 109|22

For the seven metals studies in the surface setinard water (Fe, Al, Cu, Zn, As, Cd and Pb)
significant differences were not established amstagjons means. The pattern of the metal leve#dlithe
stations studied followed W3 > W4 > W5 > W2 > Wt $oirface water (Fig.2) and S3 > S2 >S4 > S5 > S1
(Fig.3). This may be due to continuous dilutiontlud water body from the lower and upper reachabef
creek, similarity in physical conditions of the Berdnts, particle composition and organic matteithsf
sediments between the stations. The MPI of thesenivater in station W3 (Pech shaft) was higher that
of the other stations while that of the sedimestations S3 (Pech shaft) was higher, too. Althotingise
difference between other stations were not sigaificThe high MPI in this station could be duedimanine
drainage runoff.

MPI Water
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Fig. 2. Water Metal pollution index (MPI) for each samplisigtion
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Fig. 3. Sediment Metal pollution index (MPI) for each saimglstation
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4  Conclusions

The data obtained in this study has showed consigtan the metal pollution indices of the five
stations of the study area. This may be due t@timéinuous dilution of the water body from the lovesmd
upper reaches of the river, similarity of the plgsiconditions of the sediments, particle compositnd
organic matter of the sediments may have also glay&or role. The stations with higher pollutionlices
are related to areas of intense activities suchea§$4, S5 for the surface water and for the sauine

The pattern of the metal levels in all the statishadied followed W3 > W4 > W5 > W2 > W1 for
surface water and S3 > S2 > S4 > S5 > S1 for sedinidese results of MPI can be used to certain the
heavy metal toxicity among the sampling sites.
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Abstract

In the present study, the screening method, germuityyf sediments collected from the water resar®Ruzin No.l
(Hornad and Hnilec Rivers) was used to establistpthtential genotoxic risks on the aquatic envirentn This area is
well-known by contamination of heavy metals comiram mining and metallurgical activities. Genotakjoof bottom
sediment was evaluated by test SOS-ChromoPadTMaB.8olid samples without extraction. The mentiortedt
represents simple, quick, inexpensive, direct sedinphase toxicity testing procedure. In this testterial strain
Escherichia coli K12 PQ37%vas used. The results of SOS-ChromoPadTM 3.0 sthawaet sample 1Hornad has
genotoxic potential effect on the environment. &svdetermined on the basis of blue colouratiorhodmogenic paper
at the point of sediment application. The samplai&d was negative. This test allows significantbguce the time
for obtaining information about the sediments geriaity and accept necessary security proceedirtigrie.

Keywords: sediments, heavy metals, genotoxicigcherichia coli K12 PQ3 7% nvironmental risk

1 Introduction

Research on sediment quality has been in focusglulie last decade. The current problems of
environmental protection largely related with conit@ation of watercourses with wide spectrum of
chemicals, degradation of agricultural land, arss$ lof retention ability for water and high draintafrential
rains, loss of self-cleaning abilities. Thus, asaly of sediment samples are an important tooldeessing
impact of anthropogenic activities on aquatic ayst¢l, 2]. The water reservoir Ruzin No.1, branasfebe
Horndd and Hnilec Rivers drained a former miningaarhave been polluted in the long-term by heavy
metals (Hg, Cu, Cd, Cr, Ni, As, Sb), which sigrafitly contributed to environmental degradation Many
of these metals have genotoxic effects that aetctlyr or indirectly on organisms (talking about aqggns
and carcinogens). Action of matter with mutagerffeas leads to damage of genetic information stane
nucleic acids. In cells non-lethal genetic chanaesformed, that are of permanent character. Thlese
itself with defective offspring of cell. In somesas, the process of cell replication as a resuljenfetic
damage information can completely overthrow cealimsformation originate and develop, for example:
cancerous process-carcinogenicity. For testing tgeioyty organisms or community of organisms
Escherichia coli(e.g. SOS-ChromoTest) d8almonella typhimurium(e.g. ChromoPlate kit) are most
commonly used [4, 5]. The tests are commerciallgilasle in the form of sets involving concentrated
solutions, reference materials, test organismsénform of latent eggs, algae embedded in algiveltéch
allow detecting genotoxic material even in non-fabory [6, 7]. The genotoxicity tests were develbper
the detection of chemical mutagens and carcinogeeavironmental samples. A result of genetic dgena
material of an organism can thus show up for a long, sometimes in the next generation [8-10].

The purpose of the present study was to use geoiyoas useful screening method to assess toxicity
of polluted bottom sediments from Eastern Slové&incretely from the water reservoir Ruzin No.l).

2 Material and methods
2.1 Material for sediment genotoxicity testing

The samples of the sediment were collected fromathier reservoir Ruzin No.l (Eastern Slovakia).
The first sample (1) is from the locality Hornddabeh and the second (2) is from the Hnilec braitie.
sampling was performed in the year 2012. The sanplebottom sediments were sampled into plastic
bottles by sample device ,Multisampler” at a depth50 cm. The samples were first dried at room
temperature (25 °C), and then were mechanicallydgaemized and quartered. The sediments comprised
sand, silt and clay fractions. The silt and clacfions were determined as the percentage of tlimeets
passing through a sieve with an opening size gire3The total extractable metal concentrations & th
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sediments were determined after mineralization aitmixture of acids (HCI/HNGHF) in a microwave
pressure digestion system (MWS-3, Berghof, Germahkie metal concentrations in the sediments were
determined by atomic absorption spectrometry (AX8RIAN, Australia). The certified reference matéria
LGC6187 was river sediment (Control), which wademiked from a monitoring station lagoon on the rive
Elbe close to the Czech-German border. This maté@iantrol) was systematically used to control the
analytical precision and bias. Incubator-drier Meanin100-800 (incubation at 37 °C), were used fartec
genotoxicity study. The used chemicals and medithef SOS-ChromoPa{3.0 test contains: a nutrient
medium for bacterial growth, lyophilized bactefzscherichia coli K12 PQ37{non-pathogenic strain),
a Petri dish with blue chromogenic substrate, 4NQ®ENitro-Quinoline-oxide-for positive control),
disposable plastic pipette, test tubes, plastics dag incubation and ampicillin. Sample (0.1 g)atraent
before determining genotoxicity was performed bg fbllowing procedures: SOS-ChromoPadsersion
3.0-fresh-solid. Sediment samples without extractiere used.

2.2 Methods of sediment genotoxicity testing

Preparation of bacterial straiBscherichia coli K12 PQ 37For sediments genotoxicity testing,
bacterial strairEscherichia coli K 12 PQ 3 test SOS-ChromoPadTM was used. Lyophilized dréct
Escherichia coli K12 PQ 3%ere 24 hours before each test mixed with 10 mtuwfure medium and
incubated in a thermostat for 16-18 hours at teatpez 37 °C. On the next day, the concentratiogrofvn
bacteria of indicated strain was modified by abande measurement and by dilution with nutrient rnedi
to a final concentration of 2@d/ml. The concentration of bacteria was measured tiy UV-Vis
Spectrophotometer HELIOS-at a wavelength of 620 nm. Required bacteria aunagon corresponded to
the absorbance value of 0.07.

The principle of the test SOS-ChromoPAdersion 3.0 is that genotoxic agents cause DNAadgm
and immediately thereafter, the cell tries to replais damage with activation reparation systemictviis
called SOS. The result of SOS reparations afféetsurther development of cell. At incomplete replaent
of cell, it leads to permanent changes of the gefietic structure, which may lead to geneticallytqdue
mutation or carcinogenic cell transformation. Inglue of SOS functions is evaluated using sfiA g€r@.

In this test is possible to use bacterial stéscherichia coli K12 PQ.3

Working scheme of SOS-ChromoPadTM 15 version Bi@paration of test tubes for each sample:
The bacterial suspension and sediment in the tubg fnixing 1 ml active bacterial culture with 0.1 g
weighed portion of sediment was prepared. Tabledlwvs dilution of prepared suspension in tubes 2-5 o
concentrations: 0.5n (50 %) - 0.25n (25 %) - 0.1252.5 %) - 0,0625n (6.25 %) - 0,0313n (3%3
6 - negative control (only bacteria/0.5 ml), 7 spiwe blue control (4NQO/0.050 ml). Incubation thie
tubes was in a thermostat during 4 hours at tertyper@7 °C. Then 0.020 ml of a bacterial sludg¢hm
form of dots on a Petri dish with blue chromogesitstrate was applied. Arrangement of dots was as
follows: in the middle was a positive control, agative control and diluted samples were on the ®dge
(7 dots on chromogenic plate). Incubation of theilkeshes with active bacterial culture was irharmostat
for 20 hours at 37 °C. After incubation wash of Hegliment particulate from the surface of chromagen
paper was followed. Evaluation was realized by pbaphic documenting and visual evaluating of the
intensity of blue colour dots versus positive irdar (dark blue) using colour-index. The scale iso®ur
tones. White colour corresponds to colour-indexd@n{genotoxic) and the darkest blue colour cornedpo
to the colour-index 5 (the most genotoxic samgt@ally, the minimum effective concentration in@wmne
of the sample was determined.

Table 1. Colour Index SOS-ChromoPad and their associatéllfton
NC PC 1 /50 2 /25 3 /125 4 16.25 5 /3.13

Ol @ @ &6 O O] O

3 Results and discussion

The pH of the sediment samples (1 and 2) was irrahge 7.25 - 7.59, which indicate an alkaline
nature of sediments. Organic matter of the sedisneahged from 8.1 to 14.2 % [3]. The sediments
comprised sand, silt and clay fractions. The sill alay fractions were determined as the percertagiee
sediments passing through a sieve with an operiiggf 63um. Table 2 summarizes the results of the
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chemical analyses of the metals Cu, As, Sb andrHipe sediments, revealing significant contamimatio
with arsenic and mercury according to the law of #ethodological Instruction of the Ministry of
Environment of the Slovak Republic No. 549/19982 Assessment of Risks from Pollution of Sediments
of Streams and Water Reservoirs. In terms of tvr@mmental risk, Cu, As, and Hg exceeded the peohi
concentrations in all samples.

Table 2. Metal concentration (average + standard deviaiiotfle sediments 1 (Hornad) and 2 (Hnilec) and f@dnt
(certified reference material)

sample Cu | As | Sh | Hg
(mg/kg) dry weight
1 198+3.4 39+2.7 27+3.6 6.5+0.4
2 35945.1 59+4.3 52+5.7 1.9+0.5
Control 82+2.7 25+1.9 14+2.5 1.6+0.3
Law used for comparison (mg.Kgdry weight
TV 36 29 3 0.3
MPC 73 55 15 10
\Y 190 55 - 10

Norm No. 549/1998-2: TV-Target Value (Negligiblesk), MPC—Maximum
Permissible Concentration (Max. Tolerable Risk)liervention Value (Serious Risk)

SOS-ChromoPad test has the great advantage the¢dimaents were used in solid state and it was not
necessary to use an extraction method of sampfam@ton. Because of the rapid indicative detertiona
of acute toxicity in monitored sediment samplespirthe short-term indicative genotoxicity testss tiest
was used. The endpoint of the bioassay is anteasyerpret colour reaction. In Figures 1, 2, tesults of
the visual — colour evaluation of two parallel sest sediments according to colour-index, whictidscribed
in the Table 1 are shown. Dots on chromogenic pequierce a toxicity state of sediment samples cosgpar
to negative and positive signal light. The basisadres is intensity of blue colour of positiversiblight test
and its comparing with samples according to % iditut Figure 1 shows colour evaluation of sample
1 (Hornad) at plate SOS-ChromoPad. From Figureid évident, that the sample 1 (Hornad) is nonetoxi
only at 3.13 % dilution. Only in this dilution t@sple 1 (Hornad) does not have genotoxic poteaffakt
on the environment. The Figure 2 shows the reafltsediment 2 (Hnilec) genotoxicity. The sample
2 (Hnilec) has not got the blue colour at chromag@aper at the point of application. It confirnhat the
sample 2 (Hnilec) is negative - non-toxic in thastt

F - w

Fig. 1. - 2.The colour evaluation of samples 1 (Hornad) an@ldlﬂléc) at plate SOS-ChromoPad
(NC-negative control - without sediment and PC-fresicontrol with 4ANQO)
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4  Conclusions

The purpose of this study was to describe SOS-Chirad" 3.0 test for testing of bottom sediments
from the water reservoir Ruzin No.l (in the areardo and Hnilec Rivers). This test was used tobésta
the potential genotoxic risks on the aquatic emriment. The results of acute genotoxicity were tongle
1 (Hornad) potential genotoxic and for sample 2ilgt) non-toxic in used SOS-ChromoPad test. The tes
SOS-ChromoPad is usefulness because is easy torrperfaster, require minimal amount of sample,
environmentally friendly and cost effective. Obtdninformation from this study can be useful fordra
identification and risk assessment of sedimentasatal contaminants.
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Abstract

Bacteria of Acinetobactergenus isolated from different anthropogenicallyllyted areas of Slovak Republic:
aluminium plant brown sludge dump near Ziar nadridro, landfill waste sludge from nickel smelter n€arel’ and
mine tailing Slovinky were characterised. Analysiscultivable bacteria population of environmentghwelevated
levels of heavy metals, realised in 2010 (Ziar méidnom), 2013 (Se® and 2014 (Slovinky), indicated that
Acinetobacterspp. constitutes 18.75 % from bacterial populatibbrown sludge dump near Ziar nad Hronom, 30 %
from bacterial population of landfill waste sludgear Seré and 5.26 % from drainage water population of mine
tailing Slovinky. MALDI-TOF MS confirmed that ther@valent bacterial speciesAs calcoaceticugk6, K13, NHL1,
NHL2, NHL3, NHL4, P19, and P20) and the others Arelwoffii (K1) and A. johnsonii(NHL11). Heavy-metal
tolerance of bacterial strains to 5 selected heagtals (Cu, Zn, Ni, Co, Mn) in concentrations 1 mdmM, 4 mM,

8 mM, 15 mM, 30 mM, 60 mM shown thdt. calcoaceticudK6, K13, NHL1, NHL4, P19, P20) exhibited higher
tolerance to Mn (30 mM), Zn (15 mM), Cu (8 mM) coaned toA. Iwofii (K1) or A. johnsonii(NHL11). Despite
differences in heavy metal content of tested emvirents all isolates exhibited similar levels ofisemce to cobalt
(2 mM) and nickel (2 mM). Extremophiles aAginetobacteispp. often adapt to environmental conditions duthéo
plasmid DNA and genetic information carried by the&uarprisingly, no plasmid DNA was detectedAincalcoaceticus
isolates. On the other hand, multiple plasmid patah was detected in bo# lwoffii andA. johnsoniiisolates.

Keywords: Acinetobacterheavy metals, resistance, bioremediation, plasmid

1 Introduction

Species of the genuscinetobacterare wide-spread in nature. They can be reguladiaied from
human skin or mucous membranes of healthy peopl@][but presence of these species in the hospital,
especially in the Intensive Care Units, as a sowfcearious nosocomial infections, for example &ps
urinary tract infections, meningitis, endocarditissteomyelitis, peritonitis, pneumonia, ambustiord a
wound infections was reported [3, #cinetobacter baumaniiepresents three quarters of clinical isolates
and infections caused by them have worse courseitifiections caused by another species [5-7]. titeh
to antibiotic resistance [8, 9] which is one of theasons that allow their survival in a hospital,
Acinetobactesspp. species are often heavy-metal resistant aed peesent in various naturally or
anthropogenically polluted environments. Typical viesnmental representative of the genus is
A. calcoaceticus It has been shown that this species could remuvesphate or phenol from the
environment [10-14], produce platinum nanopartidigsbio-reduction from hexachloroplatinic acid []15]
and synthesize silver nanoparticles which can leel tsr biofilm disruption [16]. This information etvs
that the biotechnological applicability of theseteaial species is quite extensive.

Heavy metal pollution of soil, water and envirommés serious problem of today’s society and in
recent years increasing the tendency of use mareoementally friendly approaches to clean our rmatu
Study of metallotolerant extremophiles is importdrgcause heavy metal resistant genes, present on
chromosomal DNA or on bacterial plasmids, can besdusn bioremediation or biosensors
construction [17-19].

2 Material and methods
2.1 Sampling and identification of bacteria

Samples were collected from aluminium plant browrdge dump near Ziar nad Hronom in 2010,
from landfill waste sludge from nickel smelter n&arel’ in 2013 and from mine tailing Slovinky in 2014.
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The samples were collected in sterile boxes andedmately brought to the laboratory. Isolated baater
were identified by using MALDI-TOF MS (Matrix — dsted laser desorption ionization time-of-flight $8a
spectroscopy) method [20].

2.2 Test for heavy metal resistance of bacterial isolas

All Acinetobacterspp. isolates (K1, K6, K13, NHL1, NHL4, NHL11, R1P20) were checked for
metal tolerance and for their ability to grow onATl Slates supplemented with five different heavy ahet
salts (CuCl.2H,0, ZnC}, NiCl,.6H,0O, CoC}.6H,0O, MnCh) in concentrations 1 mM, 2 mM, 4 mM, 8 mM,
15 mM, 30 mM, 60 mM (pH=7.3). Isolates were inceobtor 24 hours at 25 °C.

2.3 Test for bacterial ability to grow at alkaline pH

Soil samples from brown sludge near Ziar nad Hrorsfrow high alkaline pH with value 10.2.
Alkaline nature is also characteristic for soil gdes from landfill waste sludge near S&igpH=8.1) and for
drainage water samples from Slovinky (pH=7.8). Baat isolates were tested for their ability togron
TSA plates with controlled pH=9 and 10.5. Bactev&xe incubated for 24 hours at 25 °C.

2.4 Plasmid isolation and gel electrophoresis

The plasmid DNA occurrence in studied isolates wlatermined using alkaline lysate method.
Bacterial strains were inoculated in 5 ml LB (LuBartani) liquid medium (pH=7) and cultivated for
24 hours at 25 °C in a shaker. The grown culturesevadded to Eppendorf tubes and centrifuged fam3
at 13 000 RPM at room temperature. This step wasated twice. Supernatants were removed and 260 pl
solution P1 (50 mM Tris-HCI, 10 mM EDTA) and lysamg were added to bacterial pellets. Pellets were re
suspended, mixed by vortexing and incubated fanitbat 37 °C. The next step was addition of 250/sik
solution P2 (0.2 M NaOH, 1 % SDS) to the tubes gedtly mixing by inverting. Then a neutralisation
solution P3 (3 M potassium acetate, pH = 5) in r@u350 pl was added to bacterial lysates and gently
mixed by inverting. After 15 min incubation and 18in centrifugation at 13 000 RPM at 4 °C, the
supernatants were transferred to new Eppendorkiubiee next step was an RNA removal with 1 pl of
RNase which was added to the supernatants. Cleaniteres were incubated at 37 °C for 30 min. After
incubation, a half volume of chloroform was addedhe tubes and centrifuged at 4 °C for 3 min. idpe
aqueous phases were removed and transferred tosteike Eppendorf tubes. Then a 3% volume of
isopropanol was added to the tubes for precipitasiod centrifuged at 4 °C for 10 min. The supemtata
were carefully removed and 500 ul of 70 % ethared wdded to bacterial pellets and centrifuged fimird
The supernatants were removed again and pellets evexd in a thermostat at 37 °C. Dried pelletsewe
dissolved in 50 pl of TE solution (10 mM Tris-H@I,mM EDTA). Bacterial plasmids DNA were separated
by agarose electrophoresis on a 1% agarose gethwivas stained with ethidium-bromide. After
electrophoretic separation, we visualised DNA i dgarose gel under UV light.

3 Results and discussion

Variable population of bacteria was identified oil @and water samples from analysed polluted areas
using MALDI-TOF MS. From brown sludge dump nearrZied Hronom 16 isolates were obtained and
three of them belong tacinetobacteispp. (18.75 %)A. lwoffii (1x) andA. calcoaceticu$2x). From landfill
waste mud from nickel production near SE20 bacterial isolates were obtained and six afnthelong to
Acinetobactespp. (30 %)A. johnsonii(1x) andA. calcoaceticug5x). From drainage water of mine tailing
Slovinky 38 bacterial isolates were obtained and ¥ them belong toAcinetobacterspp. (5.26 %):
A. calcoaceticug2x). The results from bacterial identificationoghthat the dominant species in polluted
environments ifA. calcoaceticusvhich corresponds to its frequent presence inraptgenically polluted
industrial areas and its high applicability in leichinology [15, 16, 18, 19]A. calcoaceticusvas isolated
from every cultivable bacterial population of arslgl areas and represents 75 %Aoinetobacterspp.
isolates. This strain exhibit higher tolerance to {80 mM), Zn (15 mM) and Cu (8 mM) compared toeoth
analysed species éfcinetobactegenus. No differences in nickel (2 mM) and colpalinM) tolerance were
observed among studied isolates. The results anenanzed in Tab. 1. Heavy-metal toler@winetobacter
species were isolated from different polluted ar€asm sewage treatment plant in Guheswori (Nepafe
isolated Acinetobacterspp. resistant to cadmium (MIC 150ug/ml), coppditQ 200ug/ml) and cobalt
(MIC 180pg/ml) [21]. From Madurai district sewagater (South India) was obtain@d radioresisten8C3
with minimum inhibitory concentration to arsenit3 mM, cadmium - 4 mM and chromium - 0.7 mM [22].
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A. baumaniiN2S4 andA. rhizosphaera®IHB 723 were present in samples from field whisHdcalised

1 m away from landfill waste sludge of heavy metaar Seré (Slovak Republic). These strains contain
resistant genes czcA and nccA [28].baumaniiHAF-13 isolated from industrial area Hafar Al-Ba{Saudi
Arabia) showed high tolerance to several heavy Ismetdh maximum tolerable concentration for mercury
100 mg/l, lead 175 mg/l, cadmium 200 mg/l, chromiamd arsenic 250 mg/l [24]. The analysed
Acinetobacterspp. isolates are obtained from environments wditterent alkaline pH values: soil samples
from Ziar nad Hronom have pH 10.2, soil samplemf@er@’ have pH 8.1 and drainage water samples have
pH 7.8. Test for bacterial ability to grow on aika& pH show that all these isolates grow on pH Onloti on

pH 10.5 indicating that despite different origili,isolates probably possess similar adaptationfraeism to
alkaline pH.

Table 1.Characterization of bacterial isolates

sampling
point growth Minimum inhibitory
Sample :\élgrl;tﬁlc;noo'; at pH concentration (mM)
locality environment| pH
9| 10.5| Mn| Zn| Cul Nif Cag
K1 A. lwoffii Ziar nad Hronom soil 10.2 + - 4 2 2 PR 1
K6 A. calcoaceticus | Ziar nad Hronom soil 10.2 + - 30 15 8 2 11
K13 A. calcoaceticus | Ziar nad Hronom soil 10.2 + - 30 15 8 2 11
NHL1 | A. calcoaceticus Serel’ Soil 81| + - 30 15 4| 2 1
NHL4 | A. calcoaceticus Serel’ Soil 81| + - 30 15 4| 2 1
NHL11 | A. johnsonii Serel’ Soil 81| + - 8 4 4| 2| 1
P19 A. calcoaceticus Slovinky water 7.8 + - 30 1% § 2 1
P20 A. calcoaceticus Slovinky water 7.8 + - 30 1% § 2 1

Heavy metal resistance is frequently plasmid eedod acinetobacters [25]. Figure 1 shows plasmids
occurrence of\cinetobacterspp. populations from Ziar nad Hronom, Skend Slovinky. Despite greater
tolerance to Mn, Zn and Cu than KA. (woffii) and K6 A. johnsoni), isolates K6, K13, NHL1, NHL4, P19,
P20 Q. calcoaceticusdon’t contain plasmid DNA. K1 and NHL11 isolatesntain several plasmids some
of them of similar size. These differences in mimiminhibitory concentration of heavy metals andpial
content may mean that isolates K& (woffii), NHL11 (A. johnsonij and K6, K13, NHL1, NHL4, P19, P20
(A. calcoaceticushave different heavy metal resistance mechanisthe. ability of bacterial strains to grow
in the presence of heavy metals or other contartsnanuld be helpful in the environment treatmenthwi
bioremediation or in monitoring the cleanliness tbe environment through various bioluminescent
biosensors. Heavy metal or antibiotic resistantegemay be present on bacterial chromosomal or dasm
DNA. But only mobile genetic elements as plasmidsehability to transfer to other bacterial specad
genera by horizontal gene transfer which allowsdfer of various resistance genes and providesehigh
bacterial adaptability in extreme environment [&j-2

K1 K6 K13 NHL11 NHL1 NHL4 P19 P20

Fig. 1. Agarose gel electrophoresis of plasmids DNA fraoinetobactespp.
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4 Conclusions

Our data indicate that extremophile metallotolermmd alkali-tolerant bacteria éfcinetobacterspp.

are frequently encountered from anthropogenicadljuped areas of Slovak Republic. Minimum inhibytor
concentration of Mn (30 mM), Zn (15 mM) and Cu (&1nis higher inA. calcoaceticussolates compared
to A. Iwofii andA. johnsonii On the other hand, minimum inhibitory concentmatdf Ni (2 mM) and Co
(1 mM) is same. Multiple plasmids were detectedAn lwoffii and A. johnsoniiisolates but not in
A. calcoaceticusThe putative role of the plasmids in heavy megaistance was not elucidated yet.
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BIOLEACHING EFFECT AND EXTRACTION OF Cu, Zn, As, Fe
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Abstract

The soil and sediment samples with different cantdfhmetals were investigated during heterotrofdhimeaching.

Heterotrophic bacteria caused decomposition of ibomding deposition as is adsorption on clay witilofved

dissolving of Fe mainly by the sediment bioleachifige concentration of iron decreased by precipitatvith As

sorption after 19 days of sediment bioleaching. Thieand Zn extraction was inhibited by bioleachihging the iron

and arsenic dissolution and precipitation. By castirthe additives 3 mM Cu and 3 mM Zn were appid medium

and thus affected the activity of soil resistantehatrophic bacteria with followed increasing oéthion and arsenic
extraction by the soil bioleaching. Therefore, thtady confirmed the soil and sediment bioleachimdg-e or As

releasing efficiency under different conditionsuleged by indigenous bacteria. To examine the &ffe€chelant and
biological leaching on the mobilization of Cu, ZAs and Fe we conducted a batch and column nextdigshg

laboratory conditions. The use of bioleaching tharte chelate extraction techniques is one metkotykested to
make biochemical extraction efficient enough toused as a biochemical remediation technique. Wionmeed the

batch tests with stabile solution condition to istgate the use of the biochemical remediationaiturated zone of
polluted soil and sediment and the column testé ywircolation of solution to investigate the use Hiochemical
remediation in unsaturated zone. The biochemicathimg can be a suitable technology for As remdrah the

untreated soil and sediment by stimulation of #s#stant bacteria activity in water environment.

Keywords: bioleaching, toxic elements, soil, sediment

1 Introduction

Soil and sediment are major reservoirs for contantis as they possess an ability to bind various
metals. In general many of them contain a wide eanigheavy metals with varying concentration ranges
depending on the surrounding geological environnagidt anthropogenic and natural activities occurang
once occurred [1]. Bioremediation is an option thif¢rs the possibility to destroy contaminantgemove
them innocuous using natural biological activity. [2

The mining waste, mineral processing and industrétment processes represent potential source of
heavy metals in the soil in close proximity of ihdustrial area KOVOHUTY Krompachy with production
of Cu and Zn. The soil contamination investigatecehs located close to the river Hornad which #dnto
reservoir Ruzin and contaminated sediment.

This study was conducted to determine the distobubtf heavy metals in two different contaminated
samples of soil and sediment. The purpose of tesgmt test was to verify the resistance of bacterfeeavy
metals and to investigate the effect of indigenoasteria on mobilization of Fe, Cu, Zn, As by bawking
in percolation and stable conditions.

2 Material and methods
2.1 Sediment and soil analyses

The soil and sediment used in this study were ctglte close to the industrial area of Kovohuty
Krompachy (source - Z) and at border of the rederaea of Ruzin near town Margecany in Slovakia
(outfall - O), where the river Hornad flows intoeservoir.

After the manual homogenization, the soil and sedimsamples were sieved through a 2 mm
sterilized stainless steel sieve (No. 1) in ordekdep indigenous bacteria. The samples were deeerf (at
— 40°C) before the laboratory tests. The separatiom@fctay fractions (< 2m) were performed from the
homogenized 4 samples of different depth (soil = Z&liment — OC) by sedimentation in the sterilized
physiological solution (8.5 g NaCl per liter). Tlokay fractions (< 2um) were obtained only from the
samples of 30 cm depth from the sediment (OC3)almex the soil contained very low amount of clay
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fraction (< 0.1 %) for laboratory tests. The sagian of the silt fractions without the clay fraarti (< 63um)
were also performed from samples of 30 cm depth s8S3, sediment — OS3) and from homogenized 4
samples of different depth (soil — ZS, sediment S) @y sedimentation in the sterilized physiological
solution (8.5 g NaCl per liter).

The elements of the solid samples were analyzetiefused beads using an energy dispersive X-ray
fluorescence spectrometer (Spectro X-LAB 2000, @Geyh The XRD analyses of the clay fraction from
sediment and soil were carried out using a Phillyg 1710 diffractometer (35 kV, 20 mA) with CuK
radiation and a graphite monochromator. All samplese scanned with a 0.029 &tep.

2.2 Bioleaching of sediment and soil

Bioleaching experiments were carried out in 25@uohure flasks containing 50 g samples and 150 ml
medium without metals (denoted as M1, M2, M3) anthwW.2 g/l sodium azid (denoted as Al, A2, A3).
Sodium azid was used as biocides in chemical cisntrbhe each media for the next bioleaching coethi
the metal salt solution 3 mM Cu$@90 mg/l Cu) and 3 mM ZnSOH,O (196 mg/l Zn). Medium M1
contained (per liter) N and P fertilizers (DAM 3%kavit), chelating agent 0.59 g-N®DS, 0.5 g MgSQ
0.14 g CaGl, 0.075 g NaCl, 0.35 g KClI, 2 g b&0,, 0.05 g yeast extract, 20 g glucose and 0.01 tatige
as a fungal growth inhibitor; pH 6.0 (adjusted withOH). Medium M2 and M3 contained besides thedist
chemicals 0.28 g SDS and 0.53 g,R&®;, respectively. The experiments with metals addgiavere
performed to assess the potential of indigenoustees heterotrophic soil and sediment bacterientals
accumulation. Two replicates were run per expertaleonset. The initial pH of all experiments was
adjusted to 7.00 £ 0.04 by addition of ultrapurgl NaOH before the bioleaching. The batch bioleaglah
the soil and sediment test was performed undesttiie conditions at 24 °C during 14 - 21 days. hikure
solution was separated from the samples after hites of centrifugation at 10 000 rpm and by mezns
0.2um pore size membrane filtration. The liquid suptanawas collected for the chemical analyses.

3 Results and discussion
3.1 Toxic elements composition of sediment and soil

The soil is approximately 15 times more contamiddig heavy metals than sediment (Table 1, 2).
The content of heavy metals in the clay fractioa igery good indicator of environmental pollutidm.the
finest fractions of soil and sediments due to ttteva surface of their components a continuouscénment
with heavy metals takes place. The XRD analysitheffine clay fraction revealed no significant ches in
the mineral composition between soil and sedimieribllowed from the qualitative determination tithe
soil (Z) and sediment (O) consist predominantlyrfrquartz, micas and clay minerals [3].

Table 1.Chemical composition of soil (Z) from different ded0 cm (Z1), 20 cm (Z2), 30 cm (Z3), 40 cm (Z4)

hietals Cu fn Cd Hg h hin Mi

mg'kg

£l 0323 5 6Bl 25 123 1 603 2025 803
L2 2881 3074 0.5 7 783 1297 033
£3 2 580 1962 38 16.8 8203 2457 852
Z4 4628 3812 57 143 27438 1787 2483
Elements As Fe Al 51

mgkg

£l 7422 30 460 61 300 200 700

L2 712.0 43 470 46 300 122 100

£3 6230 74 540 35 300 175 700

4 732.0 36 870 73 300 180 800
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Table 2.Chemical composition of sediment (O) from differdepth 10 cm (O1), 20 cm (02), 30 cm (03), 40 cA#)(O

Metalz Cu in Cd Hg Fh Min Mi
mg'kg

o1 1785 3174 22 7.7 308 1127 306
o2 2236 3642 37 T8 354 1 290 622
03 3143 3122 1.1 70 381 1632 63.0
o4 3488 3093 0o 6.5 363 1 638 67.8
Elements As Fe Al 51

mg'kg

o1 537 41 460 75900 236 100

02 72 40 7440 73300 233000

03 140.6 43 400 76 000 232000

04 146.8 45 840 78 300 237 300

3.2 First bioleaching test

The ability of indigenous heterotrophic bacteriastubilize Cu, Zn cations was investigated in the
sediment (O3) and soil (Z3) bioleaching experiméntstable conditions with medium M1, M2, M3 and
these results were compared with chemical con&b|sA2 and A3 [4].

The concentration of metal cations in the sedimexg lower than in the soil. That is why a relatyvel
low extent of Zn cations leached from the sedinsamhple was observed mainly in the chemical controls
(Fig.1, A1 > A3 > A2) which decreased by the preseof indigenous heterotrophic bacteria.
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E 3,5 A W Cu < 0,05 E 54 B =
— I 'B H
? 3 3 E » [HZn
- 25 C1Zn ] — 20 % ¥
e < | _E ] .
8 2 - | 8 15 |2 »
b i S| 8 N s
8 15 4 g 1w [ .
= 1 - K ¥ E 1 ) :
8 P 3 E 5 _c * i
w 0.5 - H i A | ¥ )
— E » -] ) ¥
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Fig. 1. Extraction of metals after 21 days of A - sedim@B) and B - soil (Z3) bioleaching in stable corudis

The significance of Cu and Zn cations releasingnsdium M1, M2 and M3 leaching was the
decrease by the presence of heterotrophic resiséatéria during the soil and sediment bioleaclaingd not
only by the presence of dissolved organic sour@iatic control (A1, A2, A3). These results indid that
live heterotrophic microorganisms can affectedrttodilization of Cu and Zn cations from soil andissght
in the presence of organic matter in natural emvirent as well as in the chemical remediation psEeby
EDDS and N#,0;.

Iron (FE®) bound in clay minerals should be considered gronant electron acceptor supporting the
growth of bacteria in soils or sedimentary enviremts. Along with microorganisms, clays provide sarhe
the most catalytic surfaces in sedimentary envimmts) which are important to a variety of biogeouical
cycles [5].

Ferric minerals also cover clay minerals in sedinmard soil, the interaction of ferric minerals and
clay minerals is disturbed by bacteria as a raffultissolution of ferric minerals. These processesurred
during the bioleaching and the Fe concentratiorthim leachate was highest during the bioleaching of
sediment OC sample in medium M1 > M3 > M2 thanmiyithe leaching of soil sample ZC (Fig. 2). In both
cases of bioleaching the difference in the amoditon in solution between the sediment sample soid
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sample is probably caused by bacterial amountgi$tant bacteria because greater amount of bdotetia
was in the clay sediment samples [3].
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Fig. 2. Total iron concentration in leachates during irissdlution and bioleaching
of the clay fraction from soil and sediment

3.3 Second readsoption test after bioleaching

The ability of indigenous heterotrophic bacteriauptake Cu, Zn cations was investigated in the next
step of soil (Z) and sediment (O) bioleaching &b#t conditions with medium M1, M2, M3 amended with
3 mM Cu and 3 mM Zn [3]. The soil was more contaat@d by heavy metals than sediment (Table 1) and
contained less clays than sediment. Thus, the pietdimulated Cu, Zn was 100 % from the amendedaned
M1, M2 and M3 by sediment after 19 days biotic abibtic leaching. By addition of Cu and Zn catiim®
medium of sediment bioleaching, Fe dissolutioniglytdecreased and As concentration was below 4 mg
(data not showed). In the soil leaching by bactend by media without bacteria (A1, A2, A3) wasatsd
the difference of qualitative analysis of leachafdss difference in the yield of accumulated Cu, #as
detected only during soil bioleaching. This imniiabition process was negligible in the abiotic skes@nd
the soil bioleaching enabled mainly the Cu catibns also observed in Zn accumulation during tbé s
bioleaching (Fig. 3).
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Fig. 3. Concentration of Cu, Zn in leachate of biotic saenf@) and abiotic samples in medium M1, M2 and M3
after 19 days bioleaching in stable conditionshef ¢lay fraction from soil (ZC)

The decreasing of Cu and Zn concentration of add¢idns in medium M3 > M1 > M2 was caused
by bacteria because the soil contained the low emnation of clay minerals than the sediment. Cu is
immobile in samples with bacteria because of itqusstration with organic matter, precipitates by
metabolites or cellular assimilation is taken up fimetabolic purposes, or and cell sorption adsorits
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bacterial surfaces. The bioleaching caused pH @drmgn 5 to 4 during Cu and Zn accumulation and
decomposition of iron minerals in the next soil dimel sediment bioleaching.

However, the concentrations of Fe and As in thé Issichates were significantly higher in the
presence of added cations than in the abiotic olsntFe and As < 1 mg/l) or during the first sadlbaching
without Cu and Zn addition (Fig. 4, Fe < 30 mg/tlaks < 1 mg/l). The bacterial dissolution of Fenfrgoil
sample was affected by the addition of Cu in mediand by the addition of Zn in medium M1 a M3
(Fig. 4).
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A Soil samples + CuS04 B Soil samples + ZnS04

Fig. 4.Concentration of Fe, As in leachate of the clagtfoam from soil (ZC)
affected by the addition of Cu (A) and Zn (B) inanen M1, M2 and M3 after 19 days bioleaching

The gradual bacterial decomposition of iron minecdused the As extraction from the soil sample.
Probably the metabolic activity of soil indigendaacteria is inhibited by the Cu and Zn additionsigdium
and only resistant bacteria are responsible foexteaction of As.

In the presence of added chelators, the removaoaf in the bacteria soil test was lower. In the
presence of chelators, the bioleaching by indigeneacteria and strains of Bacillus clearly prodtiee
highest yield of iron dissolution. The effectiveaad As mobility in treated soil removal is depenidffom
addition of chelators, fertilizers and metals towation of resistant bacteria.

3.4 Third bioleaching batch and column test
The third 1 month bioleaching experiment with thized soil (Z1, Z2, Z3, Z4) and sediment (O1, O2,
03, 04) was performed in columns (percolation cooas) and also in flasks (stable conditions) with

parallel samples and biochemical leaching was coedpavith the untreated samples before leaching
(Table 3).

Table 3.The difference toxic element concentrations in dasipetween batch (A) and column (B) bioleaching tests

Sample Cu | Zn | As | Fe
(mg/kg)
Saoll

(Mixed) 5340 6 132 717 78 620

Soil (A) 4617 3210 522 69 110

Soil (B) 4 453 3 469 644 70 565

Sediment

(Mixed) 267 352 82 42 090
Sediment (A) 253 200 49 31 070
Sediment (B) 287 323 76 40 355

Chemical analyses of solid sediment samples aftenobth bioleaching show that static flasks
bioleaching was very active in 40 % As and 26 %rémaoval. The same removal effectivity was in flask
bioleaching in 43 % Zn removal. Columns bioleachimgler percolation of medium was not very effective
Cu was very stable metal in bioleaching heterotimglistem. The difference between columns and glask
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bioleaching was also similar in soil, so there wédmsgher removal of elements except Cu in flasksvéler,
columns bioleaching under percolation of medium wase effective than in sediment. Flasks bioleaghi
removed 27 % As and 12 % Fe. Zn removal from sai$ wimilar in flasks and columns bioleaching with
48 % and 43 % removal. Cu removal was also siniks in flasks and 16 % in columns bioleaching.

4  Conclusions

Soil is a major source of metals for contaminatbisediments. The concentration of dissolved Fe in
the soil clay leaching experiment did not exceedn3f| Fe. The iron was solubilized mainly by the
sediment clay bioleaching. The bioleaching inhibi€&u and Zn dissolution and the addition of Cu Znd
cations increased Fe dissolution and As extractiom the soil clay sample. The dissolution of Fe by
resistant bacteria leads to the extraction of sbke from the soil. In batch test, heterotrophiolééaching
increased the removal As and Zn from the soil &redsediment in the comparison with chemical leaghin
Chelating agents are active in extracting heavyalsétom contaminated soils and sediments anchithedp
in the increasing of As removal from soil by biatkang. The addition of resistant sedimentary baet@nd
Zn cations in media increased Fe dissolution anexsaction from the soil sample by flasks bioléagh
Organic matric or heterotrophic bacteria can causadsorption and immobilization of Cu during cheahi
leaching. Mixed chelators and resistant heteroimophcteria systems with other additives — nutseamd
organic sources increased As removal from the aginted sediment. The heterotrophic bioleachingbean
a suitable technology for Zn and As removal from fediment and the soil by the stimulation of tasis
heterotrophic bacteria in the isolate lake envirentnThe presence of heavy metals in the soilesemts a
significant environmental hazard, and one of thetmaportant problems of contamination to solve.
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Abstract

Bioleaching of non-metallic raw materials is thethoal of biological conversion the insoluble ironmgmound to a
water soluble form. For treatment specialized f#tephic microorganisms are used in order to remavwequested
iron from silicate industrial minerals via biole&of with consumption of organic source. An assetlaprocess is
biological reduction of ferric iron to ferrous iran leachates. In perspective bioleaching threbrieal processes are
differentiated: tank bioleaching, heap bioleachimgsitu or on placebioleaching. The laboratory tests verified the
activity of microorganisms during the imitation tafnk or heap bioleaching, the suitable medium wétous carbon -
nitrogen sources and the influence of differentapaaters on iron dissolution. The biological reduttof iron minerals
is associated with chelation necessarily for thensification of iron removal. The chelating redagealso prohibited
precipitation of secondary ferrous compounds ichetes. Bioleaching of non-metallic is ecologicadgess which is
perspective for commercial application to the gyalinprovement of industrial minerals such as quagnds, kaolin
and feldspars together with magnetic separation.

Keywords: bioleaching, quartz sands, kaolin, feldspars) monerals

1 Introduction

Kaolin, feldspar rocks and quartz sands are largebd as a raw material in the ceramic and glass
industry, however, are often associated with irod fitanium impurities that decrease their econovaicie
and hinder their application. Iron is a major elemesubstituting for aluminium in silicate struatsr or
present as iron oxyhydroxides, influences the otfireness and whiteness of non-metallics. To remove
Fe(lll) impurities from the non-metallic ores, plga and chemical methods such as flotation, magnet
separation, and chemical treatments have been[iddowever, these methods have many disadvantages
The efficiency of the removal of iron from clay ranals by the first two methods is low because eithis
present in the structure or it is strongly adsor@fl It has been suggested that iron-reducing
microorganisms could be used effectively for mi¢abbefinement of non-metallics [2-4].

Bioleaching is also a technology applicable to inetetraction from low grade ores and ore
beneficiation. The technology is environmentallyursd it may lower operational cost and energy
requirement. Non-metallic ores such as oxides,arates and silicates contain no energy sourcehfor t
microorganisms to utilize. Such ores may be leachiding heterotrophic bacteria and fungi, whichursg
an organic carbon source as a source of energgabdn for their growth. Heterotrophic bacteriaddve
potential for producing acidic metabolites that csosiubilize oxide, silicate, carbonate and hydrexid
minerals by reduction, acid attack, and complexatieechanisms [5]. The application of the bioleaghin
the improvement of quality of non-metallic matesiabs yet to lead to commercial-scale processes.

Recovery or removal of iron from non-metallic ravaterials using heterotrophic microorganisms is a
poorly studied area of biotechnology. Iron extractwith oxalic acid produced by fungi has been regubin
several papers. This is a two-step process: meétatpobduction and leaching by the metabolite. Thumi
were first cultured under conditions optimized foetabolite production and then the spent medium was
used as leaching agent. High concentrations ofioalid can be produced by some fungi and a kaolin
whiteness index of 80 % has been obtained followiregleaching [6]. In other research; oxalic, ci@nd
glycolic acids which are principal organic acidsnatroorganisms to be used in leaching were usédese
slime sized (-75 um) feldspar ores in order to cediron amount. As a result of the tests, effective
parameters were determined and discussed. Therdmdt was obtained as 67.90 % iron removal from
feldspar by using oxalic acid [APxalic acid has also been tested for iron remawahfquartz sands. Yields
of iron extraction were 35-45 %, obtained on treatjuartz sand with 3 kg oxalic acid/t and 2 kgbkutic
acid/t at 90 °C for 4-5 h [8].
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The purpose of the present study was to investidatéeasibility of bioleaching in the deferritizat
of non-metallics. The experiments were designedeiermine: (a) the effect of Fe-containing mineials
iron removal in the samples, (b) whether a comimnatf bioleaching and magnetic separation candasel u
to increasing the quality of samples, and (c) tifieceof bioleaching conditions on the extent ofrEenoval
from samples.

2 Material and methods
2.1 Characteristics of bioleaching and separation

The heterotrophic bacterial cells were subsequemthtrifuged at 4000 rpm for 15 min, subsequently
washed twice with saline solution (0.9 % NaCl) added in a concentration of “I€ells per ml to modified
different liquid medium according to the publicatso[9-14]. pH value of medium was adjusted befbee t
beginning of experiments at 7.

The batch experiments were carried out in flasksheontaining 1: 10 from sample and medium. The
column-leaching tests were conducted using 44 namelier glass columns, with a height of 160 mmc&ili
filter paper was placed on the bottom and of tipediothe columns. During the 60 days of a bioleaghest,

a 25°C solution was pumped from flask containing sameliom into the top of the sample bed. Leachates
were discharged from the bottom of the sample bed.

Dry electromagnetic separation was carried outgusinaboratory high gradient magnetic separator
with the induction of magnetic field at 1.3 T.

3 Results and discussion

Experimental studies of the bioleaching on ironodegosition rates and reactions are commonly
performed in closed (batch) and open (flow-througdaction vessels. In batch experiments, minenads a
solutions are placed in a container, solution caitjpm is monitored over time, and reaction rates a
calculated from the evolution of solution chemistity flow-through experiments, solution passes ugto
reaction vessels (columns) containing mineral sampind reaction rates are calculated from theesiftlu
concentration and flow rate. These laboratory tesitsited tanks and heap leaching (Fig. 1 A, B).

A

Silica sand
100 ton 5-10 Its/hr m?

100ton 5-10 ftsfhr m?

Fig. 1. Tanks (A) and heap bioleaching (B)

Bioleaching is effective for the removal of surfalegers of fine iron minerals and fine-grained
micaceous fraction. Visual comparison of colors wHected by mineralogical composition of all sae®pl
before bioleaching and after bioleaching showedugosition and release of iron and clay mineralés T
fact confirms combination of silicate destructioannected with iron dissolution detected by chemical
analyses of leachates. Discrete iron minerals wereoved by established process such as magnetic
separation. This could be combined technology ¢eeimse the quality of non-metallics for ceramic glass
industry.

It was tested ability and activity of heterotrophiacteria at Fe removal from various non-metallics,
from various deposits under laboratory conditiofize overall effect of batch and columns bioleactong
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Fe removal was different in individual samples.tiekr size of iron minerals, mineralogical and clieah
composition of non-metallics and iron bearing matem@are major factors in determining the rate aridre

of any bioleaching effect before magnetic sepamaficable 1). The extent of iron removal from kaokas

36 %, although from feldspars and quartz sand mapgdoximately 79-93 % in combination of bioleachin
and magnetic separation. Bioleaching of kaolin eesording to analyses of solid phases less effeeind
decrease of Fe content was in range 17 % becanggles@ontained mica and pyrite admixtures where
bacterial destruction was slow and magnetic sejparatas not effective in the iron removal. The éesed
effect in iron removing was evident in bioleachiof feldspar (58 %) and quartz sands (59 %) sample
dependent also to iron mineral composition and size in the samples.

Table 1.The Fe concentration of non-metallic raw matergdisr treatment by bioleaching and magnetic sejoerat
Bioleached and Magnetic

Untreated Bioleachead

Sample separated
(%)
Quartz sands

(Sastin) 0.32 0.13 0.02
Feldspar

(Rudnik) 0.29 0.12 0.06
Kaolin

(Rudnik) 1.10 0.91 0.70

The bioleaching steps dissolve Fe(lll) impuritiesating the surface of quartz grains, thereby
increasing the amount of iron removal by subseqoegnetic separation. The removal of Fe(lll) impesi
could be performed by indigenous microorganisms isugreatly enhanced by addition of chelator and
heterotrophic bacteria [13]. Bacterial respiratatranged aerobic into anaerobic conditions, thusemting
the iron oxidation and reversible contaminationsofface particles. The bioleaching samples in cokim
were less effective than in flasks and the diffeeeim the Fe-removal was about 50 %. The heapdiblag
with heterotrophic bacteria took two times moredithan bioleaching in tanks. The bioleaching latooya
tests with stationary flasks had significantly heghactivity during partial imitation of tanks bialehing
because the organic source and nutrients were awvarkable for heterotrophic bacteria in water eonment
than in percolate water environment. The dissatutid Fe was distinctly higher in the presence of
heterotrophic bacteria than in the correspondingti@bcontrol where the content of Fe was belowedgbn
limit (< 0.1 mg/l). The heterotrophic bacteria are ubiqustin the soil and non-metallic deposits and may
accelerate the iron dissolution and decompositibnir@an minerals such as goethite. Bioleaching is
considerably slower than conventional techniqueseafoving iron impurities, and this needs additiona
optimization and possibly even input of other forofignicroorganisms. The removal of Fe(lll) impuwegiis
possible with indigenous bacteria, but is greatiphamced by augmentation with iron-reducing bacteria
These bioleaching results could be very importantte quality improvement of non-metallics.

4  Conclusions

Non-metallics contain iron minerals as coatingggaains or impregnations in the matrix. The extent
of iron removal from samples depends on the minggahnd distribution of iron in material. For théason,
bioleaching tests with industrial minerals for thguality improvement have examined the kineticsron
dissolution from the sample by batch or column.t&ke feasibility of the bioleaching treatment hade
tested specifically to each type of non-metalli€his bioleached treatment may be applicable to the
extraction of surface layers of fine iron minerilsm non-metallic materials such as quartz sandsl|irk,
and feldspars.
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Abstract

The non-metallic raw materials as kaolin and beitécare industrial minerals widely and extensivedgd as fillers and
coating agents in the manufacture of paper, cemngiass, paint and cosmetics or as a sorbentdigeoluted toxic
metals. Kaolin and bentonite are generally not poften associated with iron hydroxide and oxy-loydle impurities
usually in the form of F& phases adsorbed onto the mineral surface. Iras#ls; the presence of iron affects the colour
and the physical properties of the mineral, andosers the industrial value and limits their apation. Due to the
environmental, economic and operational disadvastagsociated with conventional physical and chanéaching
processes, this work considers a microbial leacpiogess in a batch experiment. The iron removadetfll)-bearing
impurities from these samples was investigatedgusion-reducing bacteri8acillus spp from reservoir Ruzin. The
flasks were incubated under static conditions trahd 30 days at 24 °C. The experimental resutisvsti that these
bacteria are able to remove 9.29 % of Fe occuriingaolin in amorphous form of oxyhydroxides (K-hda K-R
samples) and approximately 12 % of Fe from bergofBtK and B-JP samples) after 30 days of bioleagiprocess.
The purpose of this work was to investigate thenphgenon of microbial iron reduction in industrialnerals and
materials.

Keywords: bioleaching, kaolin, bentonite, iron minerals

1 Introduction

Non metallics are important and valuable industrealv materials widely used in paper, glass,
ceramics, cosmetics, paint, porcelain, potteries] subber production. They are also used in waste
treatment, agriculture, pigments, nanocomposites@mting, and filler materials [1].

Kaolin is an economically important raw materiaieof used in wide variety of ceramic applications,
from high quality tableware and sanitaryware tatieal porcelain, tiles and glasses. There areestass
common uses including glass fibre, white cement rafichctory insulation bricks. Bentonite are a kiwfd
wide-spread and low-cost natural minerals anel characterizelly many specific properties, e.g. high ion
exchange capacity, compliance to water dispersanellent theological and sorption properties, rejro
swelling in polar liquids, and high tixotropy. Tleproperties determine its commercial applicationa
wide range of markets, including foundry, drillingyil engineering, agriculture, ceramics etc [2].

The quality and commercial value of these minelaigely depends on their overall purity, texture
and colour properties such as brightness, whitetieassind opacity [3].

Crystal size and shape of the mineral particle, thed bulk chemical composition, are, among other
properties of considerable importance in industajplication, in addition to their gloss, rheol@iand
abrasion properties. These minerals are generatlpure, often associated with iron hydroxides intms
usually in form of F& that are adsorbed on the mineral surface covénimgntire mineral mass or admixed
as a separate iron bearing phase. The impuriteegi@mnerally in the form of hematite, magnetite,tigive,
lepidocrocite, and/or ferrihydrite coating and bigd strongly on the surface of individual grains as
discrete fine particles covering the entire claynenal. The presence of such associated impurities
remarkably lowers their industrial value and limiteir area of application [4]. Therefore to ackieand
maximize the required industrial quality and valsgecification of kaolin and bentonite, removal of
associated iron impurities becomes absolutely iatpar. The current conventional practice for thmoegal
of iron impurities both as surface coating andiasrdte fine form, involves physical and chemicatinods
such as froth flotation, magnetic separation, aglécsive flocculation [5]. However, these methods a
known to have substantial technological, econormd @&nvironmental disadvantages. Because of the
environmental disadvantages associated with theectional physical and chemical refinement procgsse
recently, microbial leaching of iron has been reiogj much attention as an alternative for refinkalIl)-
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containing minerals. Microbial Fe(lll) reduction shaver the decades been established as an important
process that catalysibe oxidation of organic matter coupled to Fe(t#pluction. Therefore, the ability to
remove ferric iron impurities in kaolin and bentenihrough other means, such as application of méta
activities of dissimilatory iron-reducing microorgams and other fermentative organisms as the agent
iron bioleaching may potentially reduce cost, allower grade minerals to be recovered and henceowap

the efficiency of mineral processing [6]. The puweaf this work was to investigate the phenomerfon o
microbial iron reduction in industrial minerals améterials.

2 Material and methods
2.1 Experimental samples

Natural samples of kaolin and bentonite were ingattd. First sample of rich Fe kaolin was taken
from the Horn& Bza deposit (denoted as K-I) and second kaolin f&amiph lower Fe content was from the
Rudnik deposit (denoted as K-R). Samples of Fe biehtonite was collected from the Kaddeposit
(denoted as B-K) and bentonite with lower Fe canteas from the JelSovy potok deposit (denoted d&B-
Individual samples were different by form of Fe diitg and with different content of iron. Their cheai
composition is shown in Table 1.

2.2 Bacteria and media

Bacteria were isolated from the sediment of therridornad locality near the Ruzin dam, loaded with
toxic metals from the metallurgical industry. Thegs were purified by heating at 80 °C for 15 rorkill
vegetative cells. The isolate was identified withe tBBL Crystal Identification System (Becton,
Dickinson & Co., Franklin Lakes, NJ). For ident#dt@n, the isolate was cultivated on Columbia giates
according with the instructions of the manufactufidre strains oBacillus sp were grown in Nutrient broth
No.2 (Imuna, Slovak Republic) at 28 °C for 18 houtells were centrifuged at 4000 rpm for 15 min,
washed twice with saline solution (0.9 % NacCl). led contained (per liter) N and P fertilizers (DABS0,
Pekavit), chelating agent 0.59 g H®TA, 0.5 g MgSQ, 0.14 g CaGl 0.075 g NaCl, 0.35 g KCI, 2 g
Na,SO,, 0.05 g yeast extract, 20 g glucose and 0.01 tatigs as a fungal growth inhibitor; pH 7.0 (adggst
with NaOH).

2.3 Bioleaching of mineral samples

Bioleaching of the 10 g kaolin and bentonite sampl@as carried out in 250 ml flasks containing
100 ml of medium inoculated with a mixture Bécillus sp bacteria. The flasks were incubated under static
anaerobic conditions at 24 °C for 15 and 30 daybiokaching process. Bioleaching test involved two
changes of 100 ml medium. Bioleaching process deduproduction of organic acids into leachatesnduri
the fermentation process when glucose was usedsagree of carbon, because pH at the beginning of
laboratory test was 7 and after 30 days was lowtretin every sample. The results were compared wi
the abiotic control experiments. The abiotic coistere incubated under similar conditions but dad
include an inoculum, only medium with glucose.

2.4 Chemical analyses

Concentration of metals in liquid phase were evallidby standard analytical method — atomic
absorption spectrometry on a VARIAN spectrometer A20 apparatus (Varian, Australia) after dissoluti
of the samples by standard procedure.

3 Results and discussion

The release of Fe was used as indicator of mingissolution and beneficiation of kaolin and
bentonite quality in this study. K-l sample of kaotlaw material composed of 8.91 wt.% iron (Tab)e 1
which was found especially in the form of Fe oxyloyddes. The presence of Fe oxyhydroxides was
identified by visible brown-red colour of this magd. The second kaolin sample K-R differed froml K-
sample in lower content of iron (Table 1). K-R s#npontained 1.10 wt.% of Fe, however, this makevas
of white colour. White colour suggests that a samtsal part of iron in the sample is bound in the
aluminosilicate lattice. Bentonite samples also kaphificantly different content of iron. B-K sanepbf
bentonite composed of 15.2 wt.% iron in the fornfrefoxyhydroxides which confirmed its red colowJB
sample of bentonite contain only 2.99 wt.% iron &ad a white colour (Table 1).

121



4™ International Scientific Conference on Biotechmgl@nd Metals

Table 1.Chemical composition of kaolin and bentonite sample
Element Na|Mg| Al | Si | K | Ca| Ti | Fe
[%] | [%] | [%] | [%] | [%] | [%] | [%] | [%6]

Kaolin-Horn& Biza

(K1) 0.26/1.37| 2.4 |56.4|3.64|0.29] 1.18|8.91

Kaolin-Rudnik
('K_R;J ! 0.36 0.83| 23.2| 66.2| 3.33| 0.17| 0.47 1.10

Bentonite-Kada

(B-K) 0.27|2.06| 18.6| 53.2| 0.98| 2.91| 5.11| 15.2

Bentonite-JelSovy potok
(B-JP) 0.54| 4.3 |20.9|60.5| 0.83| 1.98| 0.30| 2.99

Chemical analyses of the solid phases showed #taictive dissolution of iron from kaolin and
bentonite increased due to the heterotrophic kibieg. The concentration of Fe in the kaolin sanifle
decreased by 2.57 % in the sample K-l 15D afteddys and by 9.29 % in the sample K-l 30D afted&@s
of bioleaching process and maximal concentratiodisgolved iron in leachates was 82805 mg/l (Fidyre
The removal of iron from the second kaolin sampiR Mvith lower iron content was by 1.51 % after Hysl
and by 7.54 % after 30 days of bioleaching prodelsscimal concentration of dissolved iron in K-R gaen
was 5802 mg/l (Figure 1). In the bioleaching precesbentonite samples, the iron removal was |dwen
sample B-K with higher iron content. The concemraof iron in sample B-K after 30 days of biolesuh
was decreased only by 5.33 % and maximal conc@ntraf iron in leachates was 81077 mg/l (Figurel®).
can be linked with presence of fungi in sample B®D which can inhibit activity oBacillus sppin the
reductive iron dissolution because loss of Fe mpa B-K15D after 15 days was 4.20 %. The bioleaghi
of sample B-JP with lower iron content showed lvétten removal than in case of sample B-K afterda®s
of bioleaching process. The concentration of ir@swecreased by 7.58 % in the sample B-JP 15Dywnd b
12.02 % in the sample B-JP 30D, the maximal comagah of dissolved iron was 21039 mg/l after 39=a
(Figure 2).
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Fig. 1. Concentration of dissolved iron in kaolin sampléeral5 (15D) and 30 days (30D) of bioleaching
and their comparison with abiotic control (AB)
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Fig. 2. Concentration of dissolved iron in bentonite sam@ier 15 (15D) and 30 days (30D) of bioleaching
and their comparison with abiotic control (AB)

4  Conclusions

Bacterial leaching is a suitable way for the imgnoent of qualitative properties of raw materials as
kaolin and bentonite which have a significant vafae their utilization in different areas. Bacterid
Bacillus spp.can decrease the content of Fe, which often can&as kaolin and bentonite. An enrichment
of the kaolin samples by fine-grained fraction lisoaan accompanying positive fact of bacterial héag.
This process is time consuming from the technokdgiwcew but very advantageous with the respect to
ecology and economical cosfshe process of conversion the insoluble iron compoip a water soluble
form can remove Fe from the non-metallic materialsdifferent intensities which can influence their
properties. A leaching process can break Fe bindmdy transform Fe particles to the active form,ahi
participates in surface reactions forming complexes Fe ions and which could be used for the
improvement of adsorption properties of clay maieri
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Abstract

The consumption of batteries has continually acediteg trend. Disposal of spent batteries represantere
environmental problem due to the metallic contbeing considered as hazardous waste. Reutilizatidnrecycling of
spent batteries are appearing in order to minimiaste as well as to preserve raw materials.

The present experimental work involves the new Hyidrometallurgical application, considering theeigation of
physical-chemical and biological-chemical methoaisMin—Zn recovery from spent alkaline batteriese Thain aims
of the research were to recover selectively Mradd Zn from bioleaching solutions containing Mndafin by
electrolysis, with the scope to apply electrocheiniechnologies for Zn and Mn recovery from speaitdries and to
verify the possibility of spent batteries procegdiy bioleaching withAcidithiobacillus ferrooxidansogether with the
molasses coming, as waste materials, from agro-fodastry.

Average content of Zn in alkaline batteries wasua®? %. The average Mn content was similar (21 Aterage
content of K was 4.9 %, while Ni 0.65 % and Fe%.6

Experimental results have demonstrated the techigiasaibility of the application of bio-hydrometatbical processes -
integrated by electrochemical technologies - fomBd Mn recovery from exhaust batteries.

On the basis of the experiments outlined, a pretmi flow-sheet for the recycling of alkaline bate has been
realized.

Keywords: bio-hydrometallurgy, heavy metals, spent batteeéctrowinning, zinc, manganese

1 Introduction

The consumption of batteries has continually acagley trend. Disposal of spent batteries represent
severe environmental problem due to the metalliotert, being considered as hazardous waste.
Reutilization and recycling of spent batteries @ppearing in order to minimize waste as well asréserve
raw materials [1].

According to European Union Battery Directive Exted Impact Assessment [2] each year
approximately 800 000 tones of automotive battedi®® 000 tones of industrial batteries and 160t006s
of portable batteries are placed on the commundayket. The total weight of portable batteries salthe
East and West Europe in 2003 was about 164 008 tof&hich 50 197 and 99 138 tones were zinc—carbo
and alkaline batteries, respectively (30.5 % an@® 60 of the total annual sales). The collectiore riat
average is currently 13.6 % for the EU whereagsalget is 25 % in 2012.

Battery is a collection of two or more electrocheahicells which represent a source of direct carren
The inside of battery contains an anode, a cathaelectrolyte and separators [3]. In an alkatiatery,
the anode is made of zinc powder (which allows nsundace area for increased rate of reaction tberef
increased electron flow) and the cathode is composearbon and manganese dioxide (Mn@cquisition
of electric energy is based on chemical reactiotwéen zinc and carbon in the presence of alkaline
electrolyte (potassium hydroxide) [4]. Electrocheahireactions are:

» anodic: Zn + 20H— ZnO + HO + 2é
» cathodic: 2Mn@+ H,O + 2é — Mn,0O; + 2 OH

Zinc and manganese represent the greatest pereearitagetals in alkaline and zinc-carbon batteries.

The amounts of these majority elements in alkading zinc-carbon as well as mixture of alkaline amg-
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carbon batteries according chosen authors desdrddge 1. The minority elements are carbon (3.5 -v8.%),
potassium (3.5 - 7.5 wt.%), iron (0.1 - 0.5 wt.%d (0.005 — 0.03 wt.%) and nickel (0.3 - 0.5 Wt.%

Table 1. Amount of zinc and manganese in alkaline and zarban batteries

Alkaline | Zinc-carbon| Mixture of alkaline and zinarbon
Battery
(wt. %)
Mn 36.53 26.30 33.59
Zn 17.05 28.3 15.46
Ref. [5] [6] [7]

After exhausting of chemical energy batteries bexdrazardous waste, but contains useful parts
particularly Zn and Mn in the different forms. Thpent zinc-carbon batteries contain Zn, Mn&s well as
ZnO and MRO; produced from discharging reaction [8]. Therefatas zinc and manganese that are of
interest when it comes to the recycling of thedéehas.

General ways of their recycling can be divided ittioee groups: physical, pyrometallurgical and
hydrometallurgical treatment.

In physical treatment the same methods are usatcasommonly used in mineral and ore processing
with the aim to separate interesting metals or¢ate fractions rich in metals. Usually it is fissep also in
pyrometallurgical or electrolytic treatment. Butrpsetallurgical processes need a lot of energyusecthe
temperature during treatment is often more than-8Q000 °C [9]. When hydrometallurgical processes a
used, metals are leached into solution and thesvesed by precipitation or electrolysis. Zinc aspawoteric
element may be leached in sulphuric acid but alssbdium hydroxide. The advantage of acidic leagisn
relatively high efficiency; but part of the mangaees also leached. When hydroxide is used efiogiari
Zn leaching is lower, only up to 40 %, but othertale stay insoluble. So it is possible to remove Zn
selectively [10]. Very interesting possibility atiigh not very studied in present time is the pd#gib
offered by biohydrometallurgical processes usinimgj bacteria to recover metals [11].

Bioleaching is environmentally-friendly, economicaihd cost-effective. The activity of different
groups of microorganisms, alkalophilic or acidojhilmainly mesophilic, moderate and extremely
acidophilic bacteria are used in bioleaching. Thesgzobes aid in dissolving metals by secretinggaoic
and organic acids into aqueous media. Among majars of bacteria most commonly used are acidaphili
and chemolithotrophic microbial consortia A€idithiobacillus ferrooxidansAcidithiobacillus thiooxidans,
Leptospirillum ferrooxidangnd heterotrophs for examgeilfolobus spln addition, microscopic fungi such
as Penicillium sp. and Aspergillus nigerare examples of some eukaryotic microorganismal use
bioleaching during metal recovery from industriadste [12]. Acidophilic and chemolithotrophic bater
produce enzymes, oxidize ¥¢o F€*, produce HSQ,, oxidize film of elemental sulphur formed on the
leaching material surface and create the envirohfioenhe metal dissolution. Bactedeidithiobacillusare
most used for the bioleaching of the spent batefibese bacteria are chemoautotrophic and steetigbic.
They gain energy by oxidation of reduced sulphungounds. Some species oxidize ferrous ions or use
sulphides to gain energy, some species oxidizedggdr. As the carbon source they utilize,Cthe growth
optimum is 30 — 35 °C for mesophilic species and@5or moderately thermophilic species. They are
tolerant to acidity. Optimum pH is lower than 4 J1Qne of the first studies on microbiological lbagy of
metals from electronic waste was carried out insgnee of mixed bacteria dk. ferrooxidansand
A. thiooxidang[14]. Authors observed toxic influence of waste raitroorganisms. Gradual adaptation of
bacteria to the environment and the addition ofliaghg agent improved the efficiency of the proses
Research on bioleaching of metals from spent estdry using acidophilic and chemolithotrophic leaiet
strains were also carried out by some authorsi[ap,

The present experimental work involves the newhyidrometallurgical application, considering the
integration of physical-chemical and biological-ohieal methods for Mn—Zn recovery from spent alkalin
batteries. The main aims of the research were:et@ldp the preliminary experimental work to recover
selectively MnQ and Zn from bioleaching solutions containing Ml &m by electrolysis, with the scope to
apply electrochemical technologies for Zn and Mroxery from spent batteries; to verify the posgipibf
spent batteries processing by bioleaching witidithiobacillus ferrooxidangogether with the molasses
coming, as waste materials, from agro-food indudry.
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2 Material and methods
2.1 Physical preparation and characterization

By manual dismantling, products of spent alkalimgtdries (Fig. 1), such as plastic films, ferrous
scraps and paper pieces were separated, while nmigfuthe cathodic (manganese oxides) and the anodi
(zinc oxides and electrolytic solution) materialader form of powder, was extracted [18].

The powder was dried ground, using a ball millvete and analyzed by X-ray diffraction (XRD),
utilizing an automatic diffractometer Bruker mod3 Bdvance (data not shown here). Quantitative cbaimi
analysis was conducted by Inductively Coupled Ptashass Spectrometry (ICP-MS). Average content of
Zn in alkaline batteries was about 22 %. The awveidg content was similar (21 %). Average conterKin
was 4.9 %, while Ni 0.65 % and Fe 0.6 %.

Iron has been precipitated by an alkaline reagemie potassium has been removed by washing with
distilled water. Fig. 2 shows the equipment usedpioysical treatment (sampling, magnetic separation
milling).

Fig. 2. Equipment used for physical treatment (samplinggmetic separation, milling)
2.2 Bioleaching

A pure bacterial culture dicidithiobacillus ferrooxidansriginated from acid mine drainage coming
from Smolnik, Central Slovakia, has been utilizemhculation and growth and cultivation of the baiete
have been carried out [19, 20]. Bacteria adaptdatidhe powder of alkaline batteries was done lirag5 g
powder per 1L of 9K medium. Adaptation process tooke month at t = 30 °C. Before the start of the
bioleaching experiments, the adapted bacteria wansferred into the fresh 9K medium and cultiviad
3 days, after adding of 10g/L powder of alkalindtdrées. Then 5g/L molasses were added as reducing
agents. The bioleaching experiments were carriddabtwo different levels of temperatures (22 °Gl an
35 °C) [21]. Kinetic of the bioleaching process vagdied by analysis of the liquid samples — coddc
during the bioleaching process - for 29 days. Thea@d Mn concentration in each sample was detetnine
by Atomic Absorption Spectrometry (Varian AA20+).

2.3 Electrowinning

To develop the electrowinning study, synthetic sohs, constituted from a manganese and zinc
sulphate, together with the dissolved metals pitesenthe real solutions from bioleaching, haverbee
prepared, by reagents of high analytical degrgmudfy [22].
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A cylindrical glass laboratory cell of 200 mL inlume has been used (Fig. 3), equipped by a theatiwost
water jacket connected with thermostatic bath, ratgsystem for stirring and three electrodes [23].

The cell was connected to a potentiostat-galvaho@MEL mod. 555B), equipped with an
instrument system to automatically control the pescparameters at constant potential conditiorgs @i
By analysing the residual solution with ICP-MS, theity of the MnQ and Zn deposition was monitored,
while the deposit was analysed by XRD.

Electrowinning experiments were carried out in pttestatic operations at constant anodic potential
and stirring conditions. The kinetics of Mp@nd Zn deposition were studied by selected voit§2é).

The voltage between working and reference electrodg&as automatically monitored. The
corresponding voltages (V) between working and tamuelectrodes (cell voltages) were measured with
differential electrometer.

Average experimental cell voltages were utilisedatrulate the energy consumption during the tests.
The current flowing through the electrolytic cellasvautomatically integrated. To calculate the curre
efficiency and the average energy consumption, r@xpatal data were utilized [25].

Fig. 3. Equipment used for chemical treatment-electrowignwith the electrolytic cell

3 Results and discussion

The bioleaching experiment was carried out to sthdyinfluence of temperature and molasses on Mn
and Zn dissolution [26]. Zinc concentration in gwution increased in the first 14 days of bioléaghwhen
the highest amount of Zn was dissolved. In generhigher metal leaching efficiency By ferrooxidands
reached in the 35 — 38 °C temperature range [A@ever, based on our results (Tab. 2) a higher Zn
bioleaching efficiency was reached at a lower teapee (room temperature). The addition of molasses
reducing agent did not enhance Zn dissolution.

The Mn bioleaching process rates were the similahdse in Zn bioleaching. Manganese dissolution
was the highest during the first 14 days of bidhag. Mn bioleaching efficiency at a low temperatur
(22 °C, room temperature) and in the absence ofssek was found to be 30 %. The addition of maasse
did not increased Mn bioleaching efficiency sigrafntly (Tab. 2).

Based on the results (Tab. 2) it may be assumeadathégher temperature can slightly enhance Mn
dissolution from spent alkaline batteries.

Table 2.Efficiency of alkaline batteries bioleaching aftér days

N Zn | Mn
Conditions %
22 °C 63 45
22 °C + reducing agent 45 41
35°C 53 51.5
35 °C + reducing agent 45 41
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Main observations consequent to the experimenks tor electrolytic selective recovery of MpO
from synthetic solution containing Zn, have beenftillowing:

« On the basis of data achieved during the prelingidectrodeposition texts, the experiments should
be conducted at temperature of 95 °C, at constatenpal, at fixed value of 1.8 V (Anode - SCE)
and corresponding cell potential (anode - cathoflg)6-2.8 V.

« After 120 min of electrolysis 97.55 % of MaMas been recovered, with average faradic yield of
about 49 %, while the energetic consumption wek 488 kwWh/kg of MnQ@ recovered.

« Zinc remains quantitatively in solution, after Mp&hodic deposition.

« By Zn electrolysis of a solution containing only Znlphate, conducted at temperature of 40 °C,
constant potential, fixed value of 1.4 V (cathod8CGE) and corresponding cell potential (anode -
cathode) of 3.6 V, about 99 % of metallic cathodiéposition of Zn was achieved, with a faradic
current efficiency of 72.89 %, in 2 hours of elebisis and an energetic consumption 4.08 kWh/kg
of Zn recovered.

« Selective recovery of MnOQand Zn from synthetic solution containing Mn and, zdoth in
concentration of 10 g dihhas been achieved. Best electrowinning resulthefexperiments have
been shown in Tab. 3. Ma@nd Zn deposit at high grade of purity (99 %) Ibesn attained; this fact
was demonstrated from the results of the analyseducted by diffractometric techniques.

Table 3.Main electrowinning results of the solution contaghMn and Zn

. Recovery | n E
Species % (KWhikg)
MnO, 97.55 49.00 3.48

Zn 98.90 72.89 4.08

n = faradic current yield, E= energetic consumption

These laboratory results are very encouraging,iderisg that it is an innovative process that p&mi
to recover purified metals. The further work, irdthg the optimization of parameters and operating
conditions and the subsequent scale-up in contmagpplications, will permit to increase the procgstds
and to determine the economical sustainabilityhefdpplication.

According to the experimental results, the follogvpreliminary flow-sheet has been proposed (Fig.4).

Exhaust SORTING
Batteries — M, Cd, etc.

Flow-sheet for the recycling of alkaline

FERROUS SCRAPS,
PAPER, PLASTIC batteries
(HAMMER MILL)

‘ POWDERS — 57% OF THE
L. TOTAL WEMSHT OF THE
BATTERIES

WASHING

BIO-LEACHING
Zn dust

NH,OH  s— PRECIPITATION CEMENTATION ELETTROWIN NING

|

Fig. 4. Flow-sheet for the recycling of alkaline batteries
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4  Conclusions

The obtained results have demonstrated the tedhriézsibility of the application of bio-
hydrometallurgical processes - integrated by edetimical technologies - for Zn and Mn recoveryrfro
exhaust batteries.

Bioleaching of spent batteries is one of the pdlitsis how in economical and environmentally
friendly way recover metals from batteries. As éhex only very little knowledge about alkaline leaigs
bioleaching our aim was to verify the possibilioyuse bacteria in this process. In according toresults,
bioleaching - integrated by electrochemical techgi@s - can be successfully used in the procesperit
alkaline batteries treatment. Influence of tempgeaton Zn and Mn bioleaching can help in selective
recovery of mentioned metals from batteries.

A quantitative recovery (about 98 %) of purifiedmganese (Mng) and zinc dissolved in solution has
been achieved at the end of the electrodepositém s
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Abstract

In this paper fungal contribution on antimony mibilwas evaluated during 14-d&spergillus nigercultivation in
presence of manganese oxides. Manganese oxidesnsifmrmation process was analysed by X-ray podifaction
analysis (XRD), and fungal antimony bioaccumulatéord biovolatilization was confirmed and determirmdflame
atomic absorption spectrometry (FAAS). XRD analydetermined manganese oxides as hausmannite whrash w
dissolved during cultivation and transformed to gemese oxalate - lindbergite. Due to rapid manganes
biomineralization, almost 99 % of antimony was dbsed from manganese mineral surface. Antimony neztibn
was further enhanced by fungal biovolatilizatiord aelative small amount of antimony remained ingainbiomass
(8-17 %). This concludes that enhanced activitymidroscopic filamentous fungi significantly increasmobility of
antimony in the environment.

Keywords: filamentous fungi, bioleaching, antimony

1 Introduction

Manganese oxides are highly reactive mineral phgl§eand one of the strongest oxidants in the
natural environment. Thus, they take part in vagioedox and sorption reactions in wide range of[pJH
For their strong ability to scavenge elements amdpmounds, manganese oxides are recognized as anport
natural geochemical barrier [3]. This also inclugégient immobilization of antimony [4]. Despites low
distribution, industrial application of antimony widespread, thus posing serious problem for the
environment, especially in the vicinity of miningcasmelting areas [5].

One of the most significant environmental factdfeaing antimony and manganese geochemistry is
microbial activity. Especially in case of bioleaatpj various risks emerge from enhanced activity of
autochthonous microbial consortia in contaminateshs and should be elucidated in more details. Both
bacteria and fungi have been recognized as the rtemio manganese and antimony transformation
agents [6]. However, filamentous fungal bioleachmgdvantageous over bacteria because of (1)iginerh
leaching rate, (2) ability to grow under wide phhga and (3) resistance to high toxic metal conagintrs
exposure [7]. Therefore, enhanced fungal metalsdiivity can cause mineral phases deterioration and
enhance the mobility of various hazardous metalserenvironment.

Although microbial formation of manganese oxidesehgained substantial attention, especially as a
fundamental factor in potentially toxic metals amétalloids geochemistry [8], little is known abdbe
fungal contribution to the manganese oxides sadtibn and transformation [9] and its impact on
environmental fate of inorganic pollutants. Therefahe main objective of this study was to evaudangal
manganese oxide (hausmannite) biodeterioratiorbaidaching of potentially toxic element (antimong
well as to elucidate effects of biologically inddcemineral transformation on antimony mobility,
bioavailability, accumulation and volatilization hyngus.

2 Material and methods
2.1 Fungal strain

Aspergillus nigesstrain was isolated from mercury contaminated ato8lovakia. Strains are deposited
in fungal collection of the Department of Mycologgd Physiology, Institute of Botany at Slovak Aaage
of Sciences.

2.2 Manganese oxide synthesis

Manganese oxides used in this study was preparedkhaiine (40 g NaOH) precipitation of MngO
(111.5 g MnSQ6H;0) in 1 liter of deionized water under laboratopnditions, respectively. After 5 hour
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heating under reflux, the freshly prepared preaipitwas filtered, washed with distilled water amedl at

80 °C. Precipitate was then oven heated at 95 tClftnour prior to use and analysis. Sample X-ray
characteristics were established by X-ray powdiradition (XRD) analyses on difractometer BRUKER D8
Advance in Bragg-Brentano geometry (theta-2thefde XRD patterns were collected using CualK
(A Ka1=1.5406 A) radiation in the 15 - 6B ange with 0.01 step size and a counting time ©peér step.

2.3 Bioleaching experiment

Series of 50 mL culture Sabouraud Dextrose BrotdianéHiMedia, India) autoclaved at 121 °C for
15 min were supplemented with 0.1 g i@ Except of control experiments, all treatments ewer
supplemented with 5 mL of 98 mg br 528 mg T potassium antimony tartrate concentrations amckdtiat
130 rpm (Unimax 2010, Heidolph, Germany) for 2 tsoand subsequently inoculated with fungal spores
followed by 14-day incubation at 25 °C in the dafkereafter, fungal biomass was separated from the
culture media, washed with distilled water anddia¢ 25 °C. Prior analytical determination of artirg, the
resultant insoluble residue in culture medium waltected by filtering the medium through 0.45 pm EIC
membrane filter, analyzed by XRD and then dissolve®& ml of concentrated HNODry biomass was
weighted, and pH of filtered culture medium wasedmined (HI 8424; Hanna, Italy) before analysis of
antimony. Control experiments were carried out autheither antimony or synthesized phase followirey
same protocol as described previously. All treatarere in triplicate.

2.4 Analysis of antimony in culture medium, biomass andnsoluble residue
Total biomass antimony was analyzed following micawe digestion (Multiwave 3000, Anton Paar,
Austria) in 8 ml of concentrated HNOT otal amount of antimony was analyzed by flantara¢ absorption
spectrometry (F-AAS) with the Perkin-Elmer Atomibgorption Spectrometer model 1100 (USA) [10-13].
Analytical procedure accuracy was tested by analgéeertified reference materials (CRM) of plants
NCS DC 73349 (Bush Branches and. Leaves) and NCSEB50 (Poplar Leaves); both from the China
National Analysis Centre for Iron and Steel, BgjjiChina.

3 Results and discussion

X-Ray diffraction patterns in Fig. 1 detected alvdratory prepared manganese oxide as hausmannite
[Mn?*(Mn®*",0,]. Hausmannite was transformed completely duringldy cultivation ofA. nigerinto new
biomineral, while no changes in XRD patterns weetedted in fungal-free control. Filamentous fungi
naturally produce great amount of oxalic acid [14]our case, this organic acid served as suitalibstrate
for manganese biomineralization. Our newly formeanganese containing biomineral was identified by
XRD (Fig. 1) as oxalate monohydrate - lindbergin(C,0,).H,0)].

— before cultivation
— after cultivation
Hl hausmannite
B linbergite

Y Y

AL bl AR L

20 30 40 50 60
2 Theta

Fig. 1. XRD patterns of synthetically prepared and biotfamsed manganese mineral phases hausmannite
[Mn?*(Mn®*",0,] and lindbergite [Mn(@0,).H,0)]

From geochemical point of view, this unique andddpotransformation with significant contribution
of filamentous fungi as geoactive agent [15] cdiecfnot only environmental fate of manganese,abst
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the fate of some nutritious elements and pollutangzenged by manganese oxides [16]. This alsadesl
antimony which was pre-adsorbed onto hausmannifacgiin our experiments.
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Fig. 2.Changes in pH values and values of relative biordassveight increase or decrease compared to antitt)-
and hausmannite-free control after 14-day cultbraperiod in mineral phase treatments (MP) andrtreats without
mineral phase (NMP). Values in legend indicatdahantimony concentrations in culture media.

It was suggested that highly insoluble mycogenidamexalates are formed to enhance fungal
resistance against metal toxicity [17]. Therefoeawnsider manganese solubilization and biomireatadin
an efficient fungal mechanism to regulate concéiomaof bioavailable manganese in the culture madiu
Furthermore, the uptake and distribution of mangarns critical for proper function of various mangae-
requiring enzymes, including free radical detoxifyienzymes [18]. Fig. 1 highlights that the biomdss
weight in hausmannite presence was significantiyhéi compared to control, even in antimony(lll)
treatments. This finding is explained by (1) exeellsorption properties of applied mineral phastriting
antimony bioavailability in culture media duringitial growth phases; and its role as fungal growth
enhancing nutrient [19], and (2) enrichment of endtmedia with tartaric antimony(lll) salt. Tareatan be
utilized by A. nigeras carbon source and thus enhancing fungal grestthsignificantly higher biomass
yield compared to control as reported by Litteralef20].
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Fig. 3.Changes antimony content in culture medium and imwaege mineral phase during 14-day statiniger
cultivation. Treatments varied in initial antimoogncentration — (a) 8.9 mg (b) 48 mg t. Manganese mineral phase
was biologically transformed during cultivation tvinitial hausmannite to final lindbergite minerahis resulted in
antimony bioleaching and its negligible immobilinaitin new biogenic mineral phase affernigercultivation.
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Fig. 4. Relative antimony distribution in biomass, cultunedium and mineral phase with indicated volatilaat
efficiency after 14-day cultivation period Af niger Labels in bars indicate total amounts of disst\a&lsorbed,
bioaccumulated and biovolatilized antimony. Antip@udsorption onto mineral phases was negligiblé wit to 1 %
efficiency. Distribution of antimony in treatmemtsth mineral phase (MP) was relatively similar caargd to controls
without mineral phases (NMP).

Fig. 2 also depicts culture medium pH decreasellitrgatments including control during 14-day
cultivation period. Naturally, we would expect thaedia acidification reflected metabolic activity o
fungus, including organic acid production and biemaynthesis [21, 22]. However, it is more likehatt
antimony prolonged one of the early fungal growtlages resulting in higher culture media pH of aotiya
free treatments on the 14th cultivation day.

Table 1.Calculated Langmuir isotherm parameters with eggdharrors for antimony(lll) sorption onto mangames

phases
manganese phase  Langmuir constan€_ maximum sorption capacity for r?
(L.mg™ antimony Spax (Mg g*)
hausmannite 0.049+0.011 40.2+2.2 0.98
lindbergite 0.067+0.058 3.7+0.5 0.8

Nevertheless, hausmannite solubilization and toansition was triggered by culture media pH
decrease and fungal organic acid production [238iis Talso resulted in biologically induced antimony
leaching from hausmannite surface. While at theirm#igg of cultivation almost 85 % of total Sb was
immobilized on the hausmannite surface, at the @ndultivation the amount of antimony detected in
insoluble residue was negligible (Fig. 3). Thisnmst likely due to hausmannite biotransformation to
lindbergite. We hypothesize that during this precesme of fungal exometabolites (e.g. oxalate, \@ata)
reduced manganese(lll) to soluble manganese(Ihoimunction with dissolved oxygen depletion during
fungal incubation [23]. This led to hausmanniteubdization and continual antimony release from enai
surface and its subsequent bioaccumulation [24hl&& then complexed with dissolved manganese and
formed new mycogenic mineral lindbergite. Howewan, results indicate that this mineral had sigafity
lower efficiency to scavenge dissolved antimonyh(€dl).

This phenomenon has significant impact on undedgtgnof antimony geochemistry in soils. We
know that in soil fairly large amount of antimorsylikely to be sorbed onto oxides/oxohydroxidesl|uding
manganese oxides [25]. Therefore, antimony mobifitgoil is considered low [26]. However, our reasul
indicate that in case of enhanced fungal actidttjmony can be easily remobilized from manganesdeo
surfaces due to (1) manganese reductive or acadiditization and (2) manganese biomineralization i
form of mycogenic minerals with low sorption capqadior antimony. Besides, antimony mobility in the
environment is further enhanced by its unique nfiieotransformation into its volatile derivative®7], 28].

It is clear from Fig. 4 that bioleached antimony swavailable for fungal bioaccumulation and
biovolatilization. Furthermore, our results showattithere is no significant difference in antimony
distribution in hausmannite treatments comparedotutrols with no mineral phases. This is despitgain
antimony up to 85 % efficient adsorption onto haasnite.
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This finding highlights environmental significancEmanganese bioleaching and biomineralization by
fungi in the environment, where manganese oxidesimportant sink of toxic metals [29]. Our results
indicates that antimony is easily leached at fungasence from mineral surfaces, accumulated and
transformed into volatile derivatives by biovolattion, such as in case of arsenic [30].

4  Conclusions

Manganese oxides play an important role in geoctanaycle of various elements. Because of their
extensive occurrence and high sorption capacityngamese oxides are recognized as scavengers and
reservoir of potentially toxic elements. Our resuliighlighted that increased fungal activity anddiac
metabolite production led to hausmannite (mangangsk mineral) solubilization and transformatiornoi
mycogenic manganese oxalate. This was identifieKIRip as lindbergite. This phenomenon has affected
antimony(lIl) mobility in cultivation system. Whilat the beginning of cultivation almost 85 % ofianany
was adsorbed onto mineral phase, after hausmaswoiibilization and lindbergite biomineralizationlpn
negligible amount of antimony was immobilized inneral phase. At fungal presence, antimony mobility
was further enhanced by its unique microbial tramshtion into its volatile derivatives. These fings
provide a deeper insight and understanding of bmthganese and antimony geochemistry and theitrfate
the environment. It also gives a basic backgrowndurther studies on potentially toxic elementshitity at
contaminated sites treated by bioremediation teghes, including bioaugmentation.
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Abstract

Article presents results of bioleaching experimesft€u and selected associated metals (Zn, Al,ffdloh electronic
waste in the form of a printed circuit boards byuomn method, using\cidithiobacillus ferrooxidandacteria. The
influence of the basic parameters such as pH aitthtion-reduction potential (ORP) on the extractidmmetals from
the solid phase into solution was taken into actoBioleaching was conducted in two separate tesitsg column
reactor filled with: i) waste material shreddedbitihe fraction < 0.2 mm, ii) waste material shratlid@o the fraction
<5 mm. Within 45 days 36.5 % of copper, 50 % ofafxa Al of 3.4 % was recovered from PCB fraction.s @im. For
e-waste shredded into grain size < 0.2 mm resudte wslightly better: 77.1 % of Cu, 49.8 % of Zn ddd6 % of Al.

Keywords: e-waste, bioleaching, column reactor, coppeferrooxidans

1 Introduction

Periodical leaching is commonly used method in aege of metal extraction from waste material
using microorganisms. Few reports in the literaf@ancerning polymetallic postconsumer waste) fedus
on conducting the experiments in dynamic conditioasg column method [1]. Typical column tests are
carrying out to simulate the long-lasting physiadiemical and biological processes occurring inugtidal
condition (or natural) on the leached heaps orfldsof waste coming from treatments of mineratayetal
ores. Undoubtedly, an advantage of continuous ndetithe possibility to conduct the experimenhwite
participation of significantly higher levels of gbland liquid (leaching) phase, in the same tineeflocess
enables also to choose better the physicochemaralngeters that influence on the kinetics of theaet
dissolution process, by this on its effectivity.

In the experiment the column reactor was used taeixmetals from shredded e-waste in the form of
Printed Circuit Boards (PCB). The main aim of therkwvas to estimate the kinetics of copper ion ati@h
and other accompanying metals such as zinc, alumirliead usingicidithiobacillus ferrooxidan®acteria
in the controlled conditions of leaching solutidow in the closed circuit of column reactor. It was
considered the influence of the basic parametesk ag pH and oxidation-reduction potential ORP fan t
extraction of Cu, Zn, Al and Pb from the solid phasto solution. Experiment of biological leachings
carried out in two independent variants applyingcgbnic waste PCB shredded into the fraction:
i) <0.2 mm;ii) <5 mm.

2 Material and methods

The material under investigation was electronic tevas the form of printed circuit board (PCB)
coming from spent cell phones. Material was shrddiemeans of cutting mill into the fraction of peles
lower than 0.2 mm and cut into pieces with sizedpthan 5 mm. The content of metals in samples was
determined by atomic adsorption spectrometry (SORMAG6-UNICAM) — Table 1 shows the results of the
analysis.

Table 1. The content of the basic metals in PCB
Metal Cu Fe Zn Pb Al
Content % 39.55 0.62 0.23 0.67 0.55

Acidithiobacillus ferrooxidandacteria strain was used in the research — thietiaavas cultured in
the Silverman/Lundgren culture medium 9K (S/L), wibllowing composition (g/df): (NH,),SO; - 3.0;
KCI - 0.1; KkHPGQ, - 0.5; MgSQ: 7H,0 - 0.5; Ca(N@), - 0.01; FeSQ 7H,O - 44.2; initial concentration
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Fe(ll) — 9.0 g/dm initial pH — 2.5. The leaching solution (9K) witlolume of 2.7 drfy inoculated with
300 cnf of bacteria, was used in experiments.

Experiments were carried out in the column reaatade from plexiglas in the form of pipe with
1000 mm length and 40 mm diameter — see Fig. lur@olwas fulfilled with 100 g of cut PCB material
(I variant) and 50 g of shredded PCB material @étiant). Column was supplied with the leaching gofu
from the bottom using the peristaltic pump with fleav 10 dni/h. Solution was received at the top of the
column and directed to the overflow tank with ttapacity of 5 dm The research was carried out in the
ambient temperature (20-22 °C) without aerationthef leaching solution. pH and oxidation-reduction
potential (ORP) was measured in the overflow tavleasurements were conducted at gH2.0 and
corrected the deviation by addition 0$0,. The concentration changes of the solution compisneere
analyzed by taking the solution samples from therfbsw tank. The content of copper and other
accompanying metals such as Zn, Al, Pb was measigiag AAS method.

A

| pH | Temp _i
Eh
Y 1

lw
—
I

[N]

&
N
—~
a

Fig. 1. The scheme of measuring apparatus: 1 — reactiomeolith leaching material, 2 — overflow tank,
3 — control of physic-chemical parameters, 4 —gpaltic pump

3 Results and discussion

Fig. 2 presents the change of pH during bioleacbinglectronic waste packed in the column for two
variants (I — fraction < 0.2 mm and Il — fractiorbsmm). To ensure the appropriate condition of ghoand
activity of microorganisms pH of solution was catesl by sulphuric acid maintaining the level vaaigoH
2.0. pH of the leaching solution circulating in thelumn fulfilled with the shredded waste (fraction
< 0.2 mm) was corrected several times. The effeatmlification of the system was observed from 2fi¢h
day of the process. The course of pH changes ia isnthe confirmation of microbiological mechanisi
oxidation the ions Fé to F€*, under which the solution vaccinated by microoigias are gradually
acidified. In the column with bed in the form ohdtion <5 mm, after correction of the pH solut{pi 2.0)
in the initial phase of the process, the incredsptbto 3.1 was observed. The increase of pH may be
associated with the presence of alkaline compon@jts the leaching material and accompanying this
delayed growth of bacteria — this is reflectechia ORP changes registered during the experiment.

3,5 1

—a— fraction <5 mm
—&— fraction <0,2 mm

Time, days
Fig. 2.Changes of pH during e-waste bioleaching process
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Fig. 3 summarizes the changes of ORP registeréueitime of PCB bioleaching. In the bioleaching
with fraction <5 mm the value of ORP after initkedeping on the constant level (350 mV) was, as the
reaction was going on, gradually reduced to thellef’298 mV — in the same indicating that thergeglIl)
oxidizer usage in the process of waste dissolufinming the next days the value of ORP oscillatethie
range 302-318 mV. Probably the extremal environngendition (high value of pH) influenced negatively
on the microorganisms causing reduction of biomgigsvth and the limitation of oxidizing abilities.
Oxidation of ions of iron (Il) byAt. ferrooxidangapidly going down when pH is higher than 2.54B,

650
600
550

=
= 500

—a fraction<Smm —e— fraction <0,2 mm

250 r . : T : '
1 5 S 13 17 21 25 29 33 37 41 45 49

Time, days
Fig. 3. Values of ORP recorded during e-waste bioleachioggss

In bioleaching of shredded material the constanteimse of ORP was observed from initial value
385 mV till 405 mV in the 19th day of the experirmhefss the reaction was going on in the next 14 dhgs
oxidation-reduction potential rapidly increasedtte value 620 mV. The increase of ORP together loith
pH during leaching is the indicator of significagrowth of microorganisms and shows the course ef th
reaction by the biological way.

Fig. 4 and Fig. 5 show the comparison of metal¢éebithing efficiency from electronic waste during
45 days of bioleaching respectively for fractio®.2 mm and fraction <5 mm. In the process of PCB
leaching with particle size <5 mm the efficiendycopper and zinc extraction was increasing witheti
During 45 days the recovery of copper was at thell86.9 % and there was also 50 % degree of zinc
extraction to the solution. Aluminium concentrationthe solution was kept on the constant leveinfithe
18 day (about 3.5 % aluminium recovery). Lead, Wwhit the initial period (from 25th day) went intoet
solution in the amount of 0.5 %, during the nexysd@&s concentration in solution was decreased — it
probably went to the precipitate.
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Fig. 4. Efficiency of metals bioleaching from PCB: fractiarbmm
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In the column filled with the pulverized fractioh electronic material (< 0.2 mm) the degree of heta
extraction from solid phase into solution was cansly increasing with time. The efficiency of biatghing
was as follows: Cu 77.1 %, Zn 49.8 % and Al 14.6/84he solution there was no lead, which wenthi t
precipitate. The similar observation was notecesid of bioleaching of the electronic waste usiegoalical
method [5].
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Fig. 5. Efficiency of metals bioleaching from PCB: fractigr0.2 mm
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4  Conclusions

Based on the bioleaching of metals from PCB uswigran reactor it was stated that for the fraction
<5 mm the process of bioleaching oxidation wagtéch Most likely the rapidly increase of pH caused
stopping the metabolic activity of bacteria. In tbendition of limited growth of microorganisms the
following results of metals recovery were obtain2@l:9 % of copper, 50 % of zinc and 3.4 % of aluorn
Registered during the experiment decreasing vatidesH solution and accompanying this increase of
oxidation-reduction potential confirm the coursé@fleaching reaction from pulverized fraction (2 Gm)
on biological way. During 45 days the followingieiéncy of metals extraction into solution was afeal:
77.1 % of Cu, 49.8 % of Zn and 14.6 % of Al.
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at their spreading in working and living environrhen

2. Application of theoretical knowledge from presengedas for detailing the top technologies prinapie
the following fields: rock cutting, mineral process monitoring of selected components of working a
living environment, monitoring of environmental, ezhical and geological changes in the waste
repositories with the aim of ecological remediation

3. Advisory and expertise services related to maiividets

4. Scientific education in terms of generally validiiation,

5. Publication of the scientific-research activitiesng the periodic and non-periodic press. The ghbip
of periodic and non-periodic press follows the tagans of the SAS Presidium.

The Institute of Geotechnics is divided into five esearch departments:
» Department of Physical and Physico-Chemical MinBrakessing Methods
» Department of Destructional and Constructional &elmics
» Department of Environment and Hygiene in Mining
» Department of Mineral Biotechnology
» Department of Mechanochemistry

Department of Mineral Biotechnology

Research program in the field of mineral biotechgygl at the Institute of Geotechnics SAS was
founded by Dr.h.c. prof. Ing. FrantiSek SpaldonS@rin 1985. In 1992, a detached Department of Mine
Biotechnology was established and led by Assocf. dng. Méaria KuSnierova, PhD. The department
currently employs a group of experts in variouddfeof this interdisciplinary research. From 20@6 i
department working under leading of MVDr. Danielgka, PhD.

Research in the department is focused on the bibgeaistry, geomicrobiology and environmental
biotechnology. Research ihiogeochemistry and geomicrobiology is focused on the investigation of
biogeochemical processes in the upper part of #rghEjeosphere in connection with mineral weatlgerin
and global cycle of the elements, microbial intdoas with inorganic and organic components of ritiek
environment in the mineral transformation processemineral deposits and mine and industrial waste
repositories, paragenesis of secondary minerattstes, biodegradation of natural and syntheticenls,
biodiversity of various natural matrices (soil, eratsediments).

Research in the field @nvironmental biotechnologyis focused on the development and application
of biotechnology methods for mineral processingaadte recycling, improving the quality of raw nréits
for ceramic and glass industry, remediation of elivironmental burdens and sites contaminated by
anthropogenic activities, synthesis of advanced)(ivaterials and bio-composites for selective repoed
usable components from solid and liquid municipa &ndustrial wastes, prediction and preventioriof
corrosion of construction composite materials.
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Study of fundamental knowledge and possibilityladit application is aimed at research areas:

» Explanation of biological — chemical oxidation proesses and sulphide transformation forthe
development of environmental technologies, thewcpssing with utilization of autochthonous and
physiological adapted bactedaidithiobacillus ferrooxidanandAcidithiobacillus thiooxidans

» Determination on factors affecting metabolic functbns and interactions of bacteria with mineral
surface. These factors are enable to rectify bioleachingg@sees rate and efficiency in Fe extraction,
which is main ineligible component of non-metalteov materials as kaolin, quartz sands, feldspars,
zeolites and fly-ashes.

» Study of sulphate-reducing bacteria metabolism andheir application in processes of heavy metals
and sulphates elimination from acid mine drainagjady of mineral raw materials and their wastes
treatment, study of biological-chemical preparatbmanosorbents.

» Study of biodiversity of autochthonous acidophilusbacteria — Acidithiobacillus ferrooxidans,
Acidithiobacillus thiooxidansand Leptospirillum ferrooxidansn the areas of abandoned and flooded
mines as well old mine leadings after mining atiggi of sulphide ores in Slovakia.

» Study of organic pollutants biodegradation,mainly oil hydrocarbons in soils and water. In tte
operation with company Environcentrum Ltd. was diewed kinetics monitoring of biodegradation
processes in laboratory as well as “in situ” inrsundings of ecological disaster or decontaminating
station.

» Study of autochthonous microflora influenceat the exogenous process behaviour in energetitewas
stock-piles (fly-ashes) and at the coal-masse fibamsition from the point of its adsorptive
characteristics.

» Biological-chemical oxidation study of metallurgich wastes with Fe contenin order to prepare Fe
nanodispersions industrial utilizable like a sotseand pigments.
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Pavol Jozef Safarik University in Kosice
Faculty of Science

The Pavol Jozef Safarik University in KoSice beleng the significant and recognised teaching and
educational facilities not only in the Slovak Refulbut in the developed Europe as well. The Ursitgr
belongs to the institutions, which present a laagition of scientific research, which follows thession of
the university and which belongs to its priorities.

The Faculty of Science of the Pavol Jozef Safarikversity in KoSice is a significant scientific
institution, which offers courses in undergradugteduate and post-graduate level of studies idi¢ha of
natural sciences, mathematics, computer sciencéeaotier studies of select academic courses. Thdtra
amid natural science oriented faculties, is longstered as one of the top scientific, researchteaching
institutions in the Slovak Republic (it has beenradited in 8 out of the 16 scientific fields ofceeditation
at the Pavol Jozef Safarik University). The achitwesults in all of the fields of natural scienblogy,
physics, chemistry, computer science and mathes)atibich are taught either as one major or two majo
courses in teaching, a wealth of publications,rm@#onal connections and cooperation with peopléhe
field elevate its position among scientific institns not just at home but in Europe and in theldvas well.
The faculty’'s main role in scientific research witiés is the support of successful grant schemes,
strengthening of the interdisciplinary and multoidinary character of science and research and the
expansion of international cooperation, mainly bking part in European scientific and scientifiadan
technological projects.

Institute of Biology and Ecology

Institute of Biology and Ecology is an institutiovith a complex approach to the solution of broad
range of biological and ecological problems of therent science using the newest molecular methods.
Highly educated researchers and up-to-date equipprexide education in main study branches — Biplog
and Ecology. Institute is part of the Faculty ofedce and consist of 8 Departments:

e Department of Botany

e Department of Cell Biology

» Department of Animal Physiology

* Department of Genetics

» Department of Microbiology

e Department of Zoology

» Laboratory of Molecular—biological Diagnostics
» Division of Didactics of Biology

Department of Microbiology

Department of Microbiology covers several scieattfipics from the field of clinical, environmental
and applied microbiology. The main emphasis infiblel of environmental and applied microbiologyois
the metal-microbe interactions study on populat@s well as individual levels. It deals with a
characterisation of microorganisms from extremed@@ns (including high metal contamination), wigh
study of metal resistance and cross metal andiatitilbesistance with the aim to shed light on nagbms
which could lead to the development of bioremedratechnologies.

Knowledge obtained from the research is spreadlic&ional process within several study courses
such as Microbiology and Virology, Environmental ditibiology, Applied Microbiology, Bioinformatics,
Genetic Engineering, Laboratory Diagnostics in Miology and Environmental Biotechnology.
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AMEDIS

Milynska 10, 921 01 Piestany

tel. 00421-33-7744230, 7744231
fax:00421-33-7720932

e-mail: amedis.py@amedis.sk

AMEDIS spol. s r.o. je 25-!‘06”0 tradicia v oblasti predaja a servisu laboratornej a

zdravotnickej techniky,

dakujeme za spoluprdcu!

Zastupenie, dovoz, instaldcia, zaskolenie, zdruény a pozdrucny servis:

hmotnostné spektrometre SCIEX Triple QUAD,

QTRAP, TripleTOF, Q-TOF a TOF/TOF

kapilarna elektroforéza SCIEX pre chemicke, farmaceutické
a genetické analyzy

GC/MS systémy na baze jedn. kvadrupdliu SCION 5Q
plynovy chromatograf SCION 456-GC
kapilarne a naplnoveé GC koldny

vysoko rozlidovacia ICP-MS
prvkova a izotopova hmotnostna spektrometria=Attom
hmotnostna spektrometria stabilnych izotopov

analytikjena

ICP-M5 spektrometre PlasmaQuant M5 a
PlasmaQuant MS Elite

laboratérne mikrovinné systémy:

-mineralizdcia tlakova - MARS 6, otvorend mineralizicia, extrakcia,
proteinova hydrolyza, kjeldahlizacia,

slanovenia vibikosti @ susiny,

NMPR bezkalibraéné stanovenie tukov,

mikrovinng organicka syntéza, syntéza peptidov

pristroje a imunoafinit. koldnky na stanovenie mycotoxinov
plne automatizovana GPC a SPE

automat. priprava vzoriek na stan. dioxinov a PCB — DEXTech
zariadenia na post-koldnovl derivatizaciu firmy Pickering

A Taledyne Technoingies Compery

q TELEDYNE ISCO

nizkotlakovd LC, Flash chromatografia - CombiFlash
zberace frakeil
vysokotlakové linedrne cerpadla
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W lider v X-ray fluorescenénej analyze
stolné XRF - spektrometre X-Supreme8000,
Lab — X3500

ERWENKA

TIealiiy (e sial) bosgedilmiis o

disoluéné systémy pre testovanie tabliet — DT 820
5 fyzikalne testery tabliet

ScitAps

Ramanove spektrometre — Inspector 500

jedineéné spektrometre, nepouiivaju optické vldkna,

patentom chranena opticka Géinnost bez poufitia laserovych lG¢ov,
ktoré by mohli poskodit vzorku

OtAnalytical @
) xylem brar

analyzatory celkového organického uhlika -
Aurora TOC Analyzer

prietokové analyzatory - Flow Solution FS 3700
analyzator Purge-and-Trap s autosamplérom

unico

UV- VIS a VIS spekirofotometre pre laboratdria - SQ 4802
mikroskopy, centrifigy

47 INFICON

prenosny GC/MS systém INFICON HAPSITE ER na detekciu,
identifikaciu a kvantifikaciu chemickych latok

prenosné mikro-GC systémy na analyzu plynov

INFICOM 3000 Micro GC

kontinualny monitorovaci systém INFICON 5000 CMS

@Kinesis

Scientific Experts

Siroka ponuka spotrebného materialu pre kvapalinowud a plynova
chromatografiu

PHOTRON

“PTY. LTD.

wybojky pre AAS Varian, GBC, Unicam, Perkin-Elmer, Shimadzu,
Zeiss

autorizovana podpora pristrojovej techniky Thermo SCIENTIFIC -
dodavka nahradnych dielov a spotrebného materidlu pre ionova
a kvapalinovi chromatografiu

VARIAN ‘:,1.5 autorizovany servis pristrojovej techniky Varian
4~ dodavka nahradnych dielov a spotrebného materidlu

AMEDIS spol. s r.o. je drziteflom certifikatov 1SO 9001:2014, //_R\@)

1SO 14001:2009, OHSAS 18001:2007. = l A

Ncery”

sTEM

ICO: 00 612 758
DIC: 2020395432
IC pre DPH: SK2020395432

Kancelaria BRATISLAVA
Kamenarska 7, 821 04 Bratislava
tel. 02-43414351, fax 02-43634052
e-mail: amedis.ba@amedis.sk
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Eﬁda Li

Levn%ska 3
851 01
Bratislava 5

‘™ 'f—‘* \’L"?WM;E

LAMBDA LIFE

LIFE SCIENCE REAGENCIE

ANALYTICKA CHEMIA A CHROMATOGRAFICKE SYSTEMY

LIFE SCIENCE PRISTROJE

ZAKLADNE LABORATORNE PRISTROIE
FILTRACNE SYSTEMY

LABORATORNA CHEMIA

LABORATORNE POMOCKY A SPOTREBNY MATERIAL

UZ25 ROKOV PARTNEROM VAS‘.JCH LABORATORII

PN sl A% WG
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Lambda Life — zastupovani vyrobcovia a distribuované znacky

Woaters

THE SCIENCE OF WHAT'S POSSIBLE™

analytikjena
Biometra

FROBUCT LINE

Agilent Technologies

PR T

Kvapalinova chromatografia (HPLC, UPLC) » Hmotnostnd
spektrometria (MS) » Software pre LC, MS a Labinfo =
Spotrebny material pre chromatografiu (kolény, SPE, vialky,
filtre, kapilry)

Laboratérme chemikilie (syntézy, iGnové kvapaliny, izotopy,
rozpuistadld) « Analyticka chémia a chromatografia « Life
Science reagencie » SAFC chemikdlie » Produkty pre vedu
a vyskum

PCR Termocykléry » Real-Time PCR cykléry » Blotovacie
systémy » Elektroforetické systémy a zdroje » Fotodokumen-
tafné zariadenia « Susicky gélov » Termobloky * Transilumi-
natory « PCR Boxy = Spektrofotometre « Hybridizaéné pece «
Homogenizitory = Inkubétory » Trepatky

Kity na izoldciu DNA/RNA  PCR a RT PCR master mix
Reagencie na syntézu cDNA s Life Science reagencie »
Diagnostické &inidla

GCa LC koldny = prisludenstvo ku kalénam = linery «
k ktory » septd « ferulky  strickatky « Standardy

Honeywell

SIGMA-ALDRICH"

mEREK MiLLIPDRE

|
ESCD!

Hetticr

LAB TECHNOLOGY

IRIEERE:

IKERN

TN
science

+421 2 4488 0160 =

systémy na predpripravu vzoriek (SPE, SPME, filtrdcia,
QUEChERS)

Rozpu3tadls, reagencie a anorganické chemikélie
* Fluka® » Hydranal® s Chromasolv® » Riedel-de Haén®
» Burdick & Jackson ®

Pristroje pre molekuldrnu a bunkovi bioldgiu »

Bunkové eseje  Kity na izoldciu DNA/RNA « Reagencie
pre molekuldrnu a bunkovi biologiu = Identifikaéné sety
pre forenznu biolégiu

Striekackové filtre « Membranové filtre « Filtraéné systémy
= Sterilné filtraéné jednotky » Membranové pumpy =
Ultrafiltrécia a zahustovanie vzoriek * Zariadenia na dpravu
vody « Life Science produkty

Lamindrne boxy * biohazard boxy * Kombinované
PCR/lamindme boxy # Izolagné stanice pre zvieratd «
Laboratérne digestory

Centrifigy

Prenosnd a stolnd elektrochémia (pH/ORP/EC/ISE/TDS/DO)
» Prislutenstvo k elektrochémii « Titratory » Fotometre »
Fotometrické reagencie = Refraktometre » Turbidimetre

Laboratéme vahy « Analytické vahy

Elektroforetické aparatury  Elektroforetické zdroje
Fotodokumentagné systémy » Susicky gélov = Termobloky »
UV transiluminétory

info@lambda.sk *« www.lambda.sk

150

APELEX?

AI.I rora

Vlbil-Bichuasieal
Amwanh & lectraligaes

BANDELIN

BRAND

tchipron

CCNVIRON

eLGa () VEOLIA

Elisabeth”
@hﬂrmam

Thermo Finnpipetie
SCIENTIFIC

4 GILSON

Membrénové filtre » Blotovacie membriny » Strickatkové
filtre » Sklovidknité a kremenné filtre » Filtraéné systémy »
Filtra&ny papier = Extrakéné patrény

Elektroforetické zostavy » Elektroforetické zdroje

Automatizované stanice: NAP-PCR, NGLP, SPE, LLE «
Elementdrna analyza: AAS, AFS » Mikrovinné rozklady *
Spektrofotometre UV/VIS

Labi trepacky, i y . i i .
Mini centrifigy, stolné centrifigy * PCRboxy =
Termobloky vratane chladiacich ¢ UV dekontamindtory «
Vodné kipele » Vortexy

Ultrazvukové kipele « Homogenizitory

Sterilizdtory » Inkubdtory ® termostaty » autoklavy

Pipety

Ultrazvukové kipele = Homogenizitory

LCD-Array kity na identifikdciu humannych patogénov
aanalyzu potravin

Klimatické a rastové komory

Zariadenia na Upravu vody

Diagnostické testy a sipravy = Diagnostické a zdravotnicke
pomdcky  Laboratérne pristroje

Mraznicky e Centrifigy eTrepatky = Termobloky » Pipety

Jednokanalové a viackandlové pipety = Elektronické pipety
= Ddvkovacie pipety » Davkovate » Pipetovacie piStole =
Prislu3enstvo k pipetovacim poméckam

Striekackové filtre » Membranové filtre » Sklovldknité
a kremenné filtre o Filtracné systémy » Filtratny papier
Extrakéné patrony

Jednokandlové a viackandlové pipety » Elektronické pipety
= Davk ie pipety * Pip ie pistole » Prislus vo

k pipetovacim poméckam = Pipetovacie stanice
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www.mikrochem.com

» chemické produkty pre priemyselnt
vyrobu

* chemické produkty v roznych
kvalitach a baleniach pre laboratérnu
¢innost

* produkty spolo¢nosti Acros Organics
a skupiny Thermo Fisher Scientific

* aerometre, teplomery, vihkomery

* laboratérne sklo, laboratérny porcelan,
plasty a pomocky

* spotrebny material pre davkovanie,
filtraciu a chromatografiu

Za drahou 33, 902 01 Pezinok, tel.: 033/69 05 611, mob.: 0903 481 012

fax: 033/69 05 600, e-mail: mikrochemtrade@mikrochem.sk
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