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1 INTRODUCTION

In the atmosphere of financial, economical and foasis, whether on regional or
global level, the need for maximal exploitation exkisting natural resources
becomes more and more prominent. This process oughb be ill-considered, but
well-judged, globally planned and controlled in theal outcome. A precipitous
kind of action is for instance the production obfoels with good intensions to
lower the emission rate. In the final aftermatheréhis no real movement in the
existing carbon cycle. It is not exactly clear thieh extent anthropogenic activity is
yet capable to reverse global warming in curreatestThere are major natural
phenomena, e.g. volcanic activity, whose sharhisoigsue is rather fair-sized.

Needless to say, action of men on this planet in&® ttemperate and regardful to
the natural environment, but the effects of someeheial operations have to be
balanced and their negative impacts on other pfeeses ought to be minimized. In
global scale, biofuels utilized only regionally atedsmall extent do not extremely
improve on the climate issues. On the contrary,ir tigoduction interferes
insensitively with the availability of some cropsack of these crops on the market
iIs remarkably accountable for recent food crisis.thhe present situation, it is
necessary to distinguish which — also natural —rcgsu are a store of easily
discharged C@®and give added attention to their stabilizatiome®f the biggest
pools of relatively stable carbon is present idssoihe major problems of lasting
soil organic matter stabilization are demandingcadfural exploitation, extensive
deforestation and desertification in certain regione of possible solutions to the
guestion of carbon loss in soils could be extensigplication of other existing,
natural materials — for example humic substanceS) (Which exhibit positive
influence on the carbon sequestration in soils @mdhe overall biological activity
and fertility of soil. By supporting transport pesses in soil and possibly enhancing
the photosynthesis, HS aid the formation of biomasd thus humus. In order to
approach this systematically, it is useful to egtenme areas of basic research and
dedicate a study to the solutions suitable padityfor soil maintenance.

2 STATE OF THE ART
2.1 FORMATION OF HS

Although the formation process of HS has been stuiard and for a long time,
it is still the subject of long-standing and cooad research. Some theories have
lasted for years, e.g. the “sugar-amine” condeosaheory, the “lignin” theory or
the “polyphenol” theory. A review of such theoriean be found for example in
Davies and Ghabbour [1]. Nowadays, most investrgadappose that HS originate
in lignin [2], [3], [4]. Polyphenols come mostlyoim lignin during its biodegra-
dation, and probably play a key role in the formatprocess. Polyphenols are also
regarded as the main agents in the formation offld® some plants that do not
contain much lignin and/or from non-lignin planBolyphenols can be considered
humic acid precursors. They themselves possessgbn@active sites to permit



further transformations, for example some condemsatactions [5]. According to

a recently introduced concept, humification in ®@h be seen as a two-step process
consisting of biodegradation of dead-cells comptsmend aggregation of the
degradation products [6]. In light of the suprancalar model, one needs not to
invoke the formation of new covalent bonds in thenkfication process that leads to
the production of humus. Humification is a progressself-association mainly of
hydrophobic molecules which resist biodegradati®hese suprastructures are
thermodynamically separated by the water mediumaasdrbed on the surfaces of
soil minerals and other pre-existing humic aggregiaExclusion from water means
exclusion from microbial degradation and persistesichumic matter in soil.

2.2 FUNCTIONAL GROUPS AND MOLECULAR CHARACTERISTICS

Physical and chemical properties, as well as tlaetinaty of HS reflect the
abundance of individual functional groups in HSaditional dividing of HS
according to their solubility is a logical conseqoe of the distribution of polar
functionalities in their structure. It is a mattdrfact that humins represent the less
understood and studied humic material. Accordinglg, information on chemical
composition of humin is rare. Elemental analysiglifferent fulvic acids (FAs) and
humic acids (HAs) shows that the major elementhé@r composition are C, H, O,
N, and S. A variety of functional groups, includi@@OH, phenolic OH, enolic OH,
guinone, hydroxyquinone, lactone, ether, and alto@H are present. Nitrogen,
sulphur and phosphorus functional groups or boadsbe found in small amount, as
well. Major difference between the functional graxgntent of HAs and FAs is that
a smaller fraction of the oxygen in the former t@naccounted for in COOH, OH,
and C=0 groups. The quinone C=0 content of HAsnisarsally higher than for
FAs whereas the latter are richer in ketonic C=0te&at. Another difference is that
practically all the oxygen in FAs can be accountedknown functional groups
(COOH, OH, C=0) whereas a high proportion of thggen in HAs occurs as a
structural component of the “nucleus” (ether oeebhkages) [5].

Several hypothetic supramolecular structures, tholy different diagrammatic
and schematic models without chemical structuraintdas, have been proposed
during the long history of humus chemistry to actdor the chemical composition
and behaviour of HS. The most frequently adopteslvvivas that humic-like
constituents in solution were polymers which wiilcat high concentrations, low
acidity, and high ionic strength but become linaarneutral acidity, low ionic
strength, and low concentration [7]. This model Hmeskn strongly criticized by
Wershaw [8], because mathematical equations usedefioe it were originally
derived for high-molecular-mass linear polymers. r$dfaw et al. [8], [9] had
presented an alternative schematic membrane mouelh like a protein, for the
supramolecular structure of humic matter. In theswmhrane model, humic materials
are composed of partially degraded molecular comptsnfrom natural organisms
which were held together in ordered aggregatedctstres by weak interactions,
such as hydrogen bonding ambonding, van der Waals and hydrophobic forces.



Piccolo et al. [10] have recently presented a the¢bat humic constituents at
neutral and alkaline acidities are supramolecutmoeiations of relatively small
heterogeneous molecules held together by weak rdigpeforces. This conclusion
was based on large-scale experiments confirming aftar addition of modifiers
such as natural small organic acids to the origimamic-solute mixture, the
macroscopic dimension of this supramolecular aasioai is disrupted in smaller
sized associations with reduced chemical compleXitys disruption by organic
acid additions was attributed to the formation efwvninter- and intramolecular
hydrogen bonds which are thermodynamically morélstéhan the hydrophobic
interactions stabilizing humic conformations attnaluacidities [11].

2.3 BIOLOGICAL ACTIVITY OF HS

HS are resistant to microbial degradation [12] amd not considered to be
involved in microbial metabolism, especially in ammohabitats. However, Lovley et
al. [13] showed that some microorganisms foundoits and sediments are able to
use HS as electron acceptors for the anaerobi@terdof organic compounds and
hydrogen. This electron transport is supposed étdyenergy to support growth.
Scott et al. [14] demonstrated that the electrarepting capacity of HS relates
directly to their free radical content. Organicicads in HS are primarily quinone-
like groups, thus their amount could be importamtthe biological activity of HS.
Some studies [15], [16] suggest that HS might stiphe carbon and electron flow
under unaerobic conditions and serve as an electhottle. Canellas et al. [17]
investigated the effects of HAs isolated from eattlanure earthworm compost on
the earliest stages of lateral root development @amdhe plasma membrane-H
ATPase activity. They demonstrated that these HAsaece the root growth of
maize seedlings in conjunction with proliferatiohsttes of lateral root emergence.
According to Canellas et al., they also stimuldie plasma membrane™fATPase
activity, apparently associated with the abilitypromote expression of this enzyme.

It has been reported that HS can stimulate plawtr by the release of bioactive
molecules with auxin-like activities. A series atidies by Nardi et al. [18], [19],
[20] have been devoted to the clarification of natdblms resulting in bioactivity of
HS. Some of their findings showed, that the effecison uptake in barley seedlings
appear to be selective and their magnitude ise@ltd the concentration of HS and
to the pH of the medium. It was also shown that ilcumatter stimulates carrier-
protein synthesis at a posttranscriptional levedrd\ et al. [18], [20] also tried to
determine auxin-like activity of HAs according tieetr size distribution. The low
molecular size fraction obtained by disaggregatimg humic material with acetic
acid confirmed the effectiveness of the combinatafnhigh acidity and low
molecular size (LMS) in influencing the bioactivity a plant system. Further results
[20] showed that LMS fraction of tested HAs incre@dsitrate uptake and strongly
inhibited K', stimulated ATPase of maize microsomes ah@kirusion in a manner
similar to gibberellic acid. Nardi et al. [21] alttute the overall effect of HS on plant
growth depends on the source, concentration andaulalr size of humic fraction.



Interesting approach to the question of HS biolalgaxctivity was described by
Popov [22]. He presented a very complex concephiaalel reflecting the biological
effect of HS on biochemical and biophysical proesssccurring in vascular plants
composed on the basis of scientific literatureeevand his own experimental data.
According to this proposed model, biological adyivof HS is determined by tree
factors; i.e. (1) presence of varied functionalugp® (2) colloidal characteristics of
HS and (3) material constitution. Consecutivelye firocesses of respiration and
photosynthesis can be optimized by addition of hi8 the green plant system.

3 WORK OBJECTIVES

The objective of this work is to (1) prepare a &griof humic acids from
chemically and physically pre-treated lignite fré&outh-Moravian lignite source,
chemical pre-treatment includes several ways oflation of parental lignite and
physical pre-treatment means rearrangement of swgdeaular structure by small
organic acids as previously reported [23] (2) idgrihe individual molecules in HS
extracted from respectively pre-treated lignite ¢@rify the mechanisms involved
in the influence of investigated humic acids or-pebliferation in maize seedlings
and in their antimutagenic properties determine®accharomyces Cerevisi&¥
tests.

Principal purpose of this work is to produce huenads with different properties
from South Moravian lignite. The oxidation of pat@nmatter — lignite — was
elected as a primary approach. This was performegs phase and in liquid phase.
Furthermore, physical modifications with some amplic-like agents are tested.
Part of this work is focused on the identificatioh potential causes, physical or
chemical, which are likely to be accountable fooltgical activity of HAs. As
regularly demonstrated in literature [24], [25],6]2HAs are known to exhibit
positive bioactivity under certain favourable cdmis. This means that they are
able to accelerate, inhibit or otherwise influetioe growth of higher plants to some
extent. In this study, that influence is quantifiach useful manner and in an attempt
to better understand its sources methods of GSISHPSEC are employed. The
mass-spectroscopic study is performed to invegtighe composition of sugar
content, a possible energy source for executintpdical functions. On the other
hand, size distribution of examined HAs ought tscdver possible linkages
between their molecular weight and bioactivity. Nethe EPR and genotoxicity
measurements are involved in order to asses theatambntent and genetic hazard
and ensure a safe and harmless utilization of sticiulators.

A rather extensive part of this work concentratassopramolecular structure of
prepared HAs. This is to be considered consequgasait influences directly the
HAs properties. Aggregation behaviour differencetwleen HAs prepared from
individually pre-treated lignite are monitored byams of HR-US. Concentration
influence on their stability and structural reagament are observed. Finally, the
effect of hydration and character of water struesuisurrounding the HA is
investigated.



4 EXPERIMENTAL
4.1 HUMIC ACIDS

South Moravian lignite collected from the Mir mimethe area of Mikulice, near
Hodonin, the Czech Republic [29] was used as aceairHAS for this study. Each
lignite sample, milled and sieved was pre-treateth vdifferent oxidizing or
amphiphilic-like agent. First, the portions of angl lignites were soaked at 45°C
for 30 min under constant stirring in a solutiontbé agent in question (50 g of
lignite in 500 mL of an agent). Pre-treated lignias then washed with deionised
water on the porous glass until agent-free. NeXs kvere extracted by standard
alkaline method with 0.5 M NaOH and 0.1 M JRg0;, purified and freeze-dried.
For comparison, HAs from parental lignite with noefreatment were also
extracted. All HA samples (50 mg) were suspendedeionized water and titrated
with 0.1 M KOH (0.1 M NHOH) solution to pH 7 and freeze-dried to prepare
potassium (ammonium) humates. List of samples wébpective lignite pre-
treatment agent and elemental analysis are repor{Eable 1.

Table 1: Elemental composition (atomic %) of HAsgkes

Sample pre-treatment W2 (%) AP (%) € (at: %) HP (at. &) N (at. %) SP{at. %) OB (at, %)
HA1 = Mean 333 1.84 45.4 36.4 117 0.54 16.5

SD 0.20 022 02 0.4 0.07 0.10 0.4
RHAZ2 5% HNO3 Mean 314 125 45.9 36.2 1.08 0.45 16.4
SD 0.10 013 04 02 0.02 013 03
RHA3 100 HNOs Mean 293 1.84 43 36.6 2,61 0.36 17.4
sD 0.11 0.06 0.2 0.4 016 0.11 0.4
RHA4 20% HNOs Mean 238 lde 42.4 36.4 3.08 027 17.9
sD 0.08 0.08 0.2 0.4 018 0.09 02
RHAS 2% Hz0; Mean 217 1.74 44 37.8 1.04 0.43 16.7
sD 0.10 011 03 0.4 0.05 025 0.5
RHAG 5% Ha02 Mean 214 1.05 43,7 38.4 0.95 0.43 16.6
SD 0.05 0.06 0.2 0.5 0.03 023 0.3
RHAZ 20% acetic acid Mean 225 1.44 45.2 363 116 0.45 16.9
sD 012 0.10 0.3 02 0.07 012 0.3
RHAS 20¢% citric acid Mean 21 1.37 455 36.2 117 0.45 16.7
SD 0.03 0.10 0.3 03 0.09 0.16 0.2

4.2 SOLID STATE NMR MEASUREMENT

Cross polarization magic angle spinning (CPMAJS%-NI\/IR spectra were
acquired with a Bruker AVANCE™ 300, equipped witlt anm Wide Bore MAS

probe, operating at &3C resonating frequency of 75.475 MHz (CERMANU,
University of Naples, Portici, Italy). The humicnsples were packed in 4 mm
zirconia rotors with Kel-F caps. 1000 scans wittB3ata points were collected
over an acquisition time of 25 ms, a recycle delbf2.0 s, and a contact time of 1
ms. The Bruker Topspin 1.3 software was used ttectospectra and the areas of
each region of the spectra were attributed to icegi@ups of carbon atoms.



4.3 EPR SPECTROSCOPY

EPR spectra of each sample in three forms (humid, gotassium humate,
ammonium humate) were recorded using SpectraNowa HP03 XD/2 device. 20
mg of solid sample were placed into quartz cuvatie measured at 25°C. Relative
area of EPR signals was obtained by double integraind compared with EPR
measurements of standard sample of known spin @en gontent. Line width
values recorded for the main peak in spectra wk® @alculated. Measurements
were carried out twice and average values weretegho

4.4 DETERMINATION OF POLYOLS BY GC-MS

The HAs hydrolysis was conducted in two successiages. 10 mg of HAs were
introduced in a Pyrex tube with 5 ml of 1.2 M HCQhe tube was closed under
vacuum and heated for 3 h at 100°C. After hydrslgsid cooling, the sample was
filtered on 0.45um GF/F filters. The solution was kept for analysisile the solid
residue and the filter were introduced in anothgef tube and soaked for 12 h at
ambient temperature with 2 ml of 12 M HCI. Aftenaay the concentrated acid
solution was diluted to 1.2 M HCI and the tube vedssed under vacuum. The
second hydrolysis was performed under the sametcmmsl To each hydrolysate, 1
ml of a 0.2 mg/ml solution of 2-deoxy-D-glucose wadded as internal standard.
The hydrolysates were then concentrated to 1-2 nmé irotary evaporator at
temperature below 50°C. Subsequently, the residatdr and acid were evaporated
to dryness at 25-30°C, after the addition of 20ompropan-2-ol which forms an
azeotrope with bD and HCI. The two flasks containing the two hyygsakes were
dried during 24 h over KOH in a dessicator. Siiglatwas performed by adding 0.1
ml of pyridine and 0.1 ml of a mixture &fO-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) and trimethylchlorosilane (TMCS) (99:1) aledving the vials for 1 h at
70°C. Aliquots of 1ul of each silylated samples were directly analyagdapillary
GS using a Hewlett-Packard 6890 GC (split injec@B0°C; flame ionization
Detector (FID) at 300°C) with a fused silica cagl column (SGE BPX 5%, 30 m
length, 0.25 mm id., 0.25 mm film thickness) andium as carrier gas. The GC
temperature was programmed from 60 to 300°C atrBitC- (isothermal for 20 min
final time). The GC-MS analyses were performed dirace GC Thermo Finnigan
coupled to a Thermo Finnigan Automass (with thees& conditions). The MS
was operated in the electron impact mode with &/8m®n source energy and the
lon separation was operated in a quadripolar miss Products were identified on
the basis of their GC retention times, their mg&cga (comparison with standards)
and library data (NIST 1.7).

4.5 DETERMINATION OF LIGNIN MONOMERS

The DFRC degradation method includes two key stdpemination and
acetylation with AcBr followed by reductive cleaeagvith zinc dust. For the
derivatization stepl g of HA was homogenized and put to a 250 ml robwoitom



flask containing 50 ml of the solution of acetylobrnde in acetic acid (8/92).

Mixture was stirred for 2 hours in graphite bathb8fC. After the derivatization,

solvent was completely evaporated by rotavatoba€4For the reductive cleavage,
residue was dissolved in 50 ml of acetic reductghition consisting of dioxane,

acetic acid and water (5v/4v/1v). The mixture wadlstirred and 5 g of zinc dust
were added as a catalyst. The reaction continue@foninutes in graphite bath at
50°C under intensive stirring. Samples were putifidried, separated according to
acidity and dissolved in chloroform. Lignin monomeavere detected and identified
by GS-MS (the same instrumental configuration gsolyol analysis).

4.6 HPSEC MEASUREMENTS

To assess the molecular size distribution of husaimples, the Biosep S2000
column from Phenomenex with the dimensions of 608xTm was chosen. The
Agilent HPSEC system consisted of a solvent pumppped with two detectors in
series: UV/VIS detector, set to 280 nm, and reivacindex (RI) detector. Humic
solutions were loaded by the auto-injector with08 il sample loop and eluted at a
constant flow rate of 0.6 mL min The column was preceded by Biosep Guard
column with a 0.2um stain-less steel inlet filter. The samples wassalved in the
mobile phase to achieve the concentration of 0.6nmf and they were filtered
through a 0.4%um filter before injection. As the mobile phase NBBy.H,O was
prepared in molar concentration of 50 mM and adpigdo pH 7 with 1M NaOH in
order to keep constant ionic strenght and mininpagential ionic exclusion or
hydrophobic interactions with the column stationgiyase. The weight-average

molecular weight M,, was calculated according to the following formula:
N

> (hmm))

MW — =1 N
2.h
i=1

fraction in the chromatogram. For column calibnatgiandards of knowhnl,, were
used. Polysaccharides PSC (404, 212, 112, 47.3r9.667 kDa) were used to
calibrate Rl detector and sodium polystyrenesulpbtesPSS (194.2, 145, 32.9,
14.9, 6.53 and 0.91 kDa) were used to calibrate dgtéctor. Calibration curves
defined by standards were used to obtairMh®f humic samples. Each sample was
measured twice and standards were put in betwednsed of 8 samples for repro-
ducibility control. Water was used to determine tibtal volume of the column (22.8
mL) and blue dextran (2000 Da) was used to medbkereoid volume (10.5 mL).

, whereM; andh; are the molecular weight and the height of adth

4.7 BIOLOGICAL ACTIVITY ASSESSMENT

Biological activity of the different HAs was tested Zea maysising the methods
of [39]. The roots of germinating seeds grow inriirie solution in the presence of
tested substance of defined concentration. Thethroate of roots, which length is
measured, determines the stimulative effect oftésted substance. Experiments
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were performed in an air-conditioned sterilized teower, where the light,
temperature and humidity conditions were set adgegrtb optimal requirements of
used plant species. These were 14 hours of sindutktglight under temperature of
35° and 10 hours of darkness under temperatur@°of-umidity was fixed to 60 +
2%. In each experiment 28 non sterilized seeds weesl. First, all seeds were
placed into a germination box for 2 days wheregieninal root of the seed reaches
minimal lenght which enables its placement into éxperimental container. This
consists of 14 tubes, each holding 2 seeds, afideid with 5 | of experimental
solution. Water solution of comercially produceddrypon fertilizer (0.59 g/l) is
used as control solution. In order to prepare arpartal solutions, control solution
was enriched by tested substance (potassium andomionm humates) until the
concentration of 100 mg/kg was achieved. A comparasolution of the same
concentration was prepared by addition of BO3H (uarative compound) into the
control solution. Root lengths were recorded af&r72 and 96 hours. The intensity
of stimulating effect of the tested substancesated in relative units, which express
the accrual, eventually the shortening of root tenig comparison either to the
control solution or to the comparative solution.

4.8 GENOTOXICITY/ANTIMUTAGENICITY ASSAY

The tests were performed with the ye&stccharomyces cerevisiasing the
method described in [40After 16-18 hours of yeast cultivation in liquid BP
medium the cell suspension in logarithmic phasegawth was divided into
centrifuge tubes (10 ml) and centrifugated at 4880min* and 20°C for 5 min. The
cell sediment was suspended twice in a phosphdtferlfpH 6.98). 10 ml of the cell
suspension was influenced with 0.1 ml of 0.06 mgfmlitroquinoline-N-oxide (4-
NQO), the standard mutagen. Simultaneously withntueagen 0.5 ml of humate
sample dissolved in DMSO was added. Four diffe@ricentrations of humate
solution (0.03%, 0.06%, 0.125% and 1%) were te€deldml of the cell suspension
(10° cells /ml) was inoculated on the selective medfantryptophane conversions
testing. 0.1 ml of the cell suspension (&8lls /ml) was inoculated on the selective
medium for isoleucine reverse mutations analysismbers of the yeast colonies
grown in Petri dishes were counted after 5-10 dafyshe incubation at 28°C.
Percentage of inhibition of mutagen in the presentehumate sample was
calculated as follows: % = 100 — [(X/X2)*100], where X is the number of yeast
colonies in presence of 4-NQO and HA water extrXetjs the number of yeast
colonies in presence of 4-NQO without humate sotutiThe results are expressed
as meang SD from 3 measurements. Results were analysetdystudent t-test
using Statistica for Windows 5.0. The differencdspa0.05 were regarded as
statistically significant.
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4.9 DENSITOMETRY MEASUREMENTS

The densities of agueous solutions of humatesraterurations of 0.01, 0.05, 0.1,
0.5 and 1 g/L were measured using Anton Paar DMAO48ensitometer at
25+0.01°C. The stock solution of 1 g/L was preparednifiiQ water at least 24
hours before measurement to avoid the possibletiandi dissolution of solid
humates in water. The solutions with lower conaiins were prepared by dilution
of stock solution several hours before measuremBafore injection into the
apparatus, sample was well-shaken and degassedonfml the reproducibility,
some samples were measured in triplicate. The atdndieviation never exceeded
+0.00003 g/cm

4.10ULTRASONIC MEASUREMENTS

Ultrasonic velocity of the same samples at the seoneentrations was measured
with HRUS 102 at 25.Gf0.02°C. Cell 1 was loaded up by 1 mL of degassetpka
and cell 2 was loaded up by 1 mL of degassed milla@er. Samples were stirred by
rod stirrers at 600 RPM. Measurements of ultraseeiocity were conducted at
frequencies of 5478, 8219 and 12196 kHz. Averagddes from 3 measurements
are reported. Values which did not show reprodlitylwere discarded.

5 RESULTS AND DISCUSSION

One of the ultimate research goals at our instisite employ a new non-energy
exploitation of lignite deposits in South Moravikhis work is part of this research.
HAs are one of many environmentally interestingdoicis that can be extracted
from lignite as they have various applications meemn chemistry. In this work,
methods of lignite pre-treatment which could preabiy bring about a significant
increase in yield of respective HAs were employ&tdese would also have to
maintain physico-chemical properties suitable & in agriculture as additives with
biostimulative effect.

The first lignite pre-treatment studied for thispose was oxidation by air [28].
Both fluid reactor (in combination with mild tempéures of 25 and 50°C) and static
reactor (with relatively high temperature of 85 °@gre used. Both methods
eventually lead to increase in the yield of the H&though only after a fair amount
of time in the case of stationary phase. The expant in fluid reactor also showed
that higher temperature supports the productionHés. The air oxidation
experimets were based on the assumption that welatmild conditions could
significantly increase HAs yield and, simultanegus$lave a non-destructive effect
on their chemical properties, i.e. not cause catbsa due to intensive oxidation
effect. This aim was seemingly achieved, when efgarg analysis and FTIR data
confirmed that chemical characteristics of samgldsot differ significantly among
each samples or in comparison to the HA extractad parental lignite.

Concurrently, a study of antimutagenic and/or gexicteffect of processed HAs
was conducted, described in detail in [41]. Sanplecessed at high temperature
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(250°C) was also included in the assay and wasrtheone to show contribution to
the genotoxic effect of standard mutagen in atesoncentrations. Thus, although
air oxidized lignite samples appear to be chenycallthe same value as parental
lignite ones, they might be unsuitable for utilinat in green chemistry. These
conclusions also suggest that the primary struatueesly determines the content,
but not the behaviour in tested HAs. However, imbmation with the amount of
time necessary to produce increased yield and déingexperimental conditions,
it was decided to dismiss the idea of oxidatiom&s phase and to move on to the
oxidation in liquid phase with lower temperaturer Ehis purpose, a well considered
line of 8 HAs (Table 1) was prepared in order toryc@ut an extensive study on
their properties, behaviour and agricultural fumes in relation to their primary and
supramolecular structure. The long-term intent®moi find the optimal lignite pre-
treatment process, enabling a production of HAd wigrsatile utilization in all
aspects of green chemistry, e.g. as environmentadymless biostimulants,
antioxidants for biocolloids or natural surfactants

To explain better the choice of pre-treatment agyahts appropriate to state that
these were selected based on previous experimexparience. Oxidative agents
such as nitric acid and hydrogen peroxide have hed#ized to increase yield
before, but with considerable impact on carbon lossresulting HAs [29].
Optimization process was necessary to establisi @ianditions of described pre-
treatment procedure with regard to both sufficietd and desirable properties of
produced HAs. Low temperature (45°C), short perddore-treatment time (30
min), big volume of liquid phase and relatively loagent concentrations were
applied in order to open up functional lignite padnd activate the existing
structures for reactions. The two amphiphilic ageatetic acid and citric acid, were
selected for their similarity to short-chained angaacids released into soil by root
systems of plants active in the transportation @sees in the rhizosphere. Here, they
decrease the aggregation degree of present orgamiter and facilitate its
penetration of cell-walls, nutrient transferencd amter sequestration.

From practical point of view, HAs in agricultureeamost likely to be applied by
watering and spraying. Properties of complex sulgsts such as HAs in aqueous
solutions can be very specific and sensitive eweminor changes in conditions.
They accumulate at interfaces, form self-assemb|agg@ubilize organic compounds
and exist in different colloidal states dependimgtioe solution conditions. Because
of the randomness of formation and polydispersity,uniform behaviour can be
expected. Trends, however, can be predicted fqrgrtie@s as surface tension, aggre-
gation and colloidal stability in humates solutio[80]. To examine also the
influence of counterion, two sets of humates werepared, with K and NH’
counterion. These ions differ enough to demonstthg importance of careful
consideration of counterion choice when preparungétes for a particular purpose.

Similarly to the experiment in gas phase, primaryciure of HAs isolated from
lignite pre-treated in liquid phase did not sigraintly vary among each other, as
characterized by elemental analysis and solid $t&eCPMAS NMR (Table 2).
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This is an important finding for it suggests thatary structure is not the key to
the control of HAs behaviour in natural environmeftirther interesting findings

are: (a) all samples except those with amphiplpite-treatment showed slight loss
in carboxyl content, (b) all samples except thogh amphiphilic pre-treatment and
those processed with nitric acid in lowest conediin (5%) showed loss of

aromatic structures higher than 5%, (c) samplesgased with nitric acid of higher
concentrations (10% and 20%) almost doubled cowmtiegtthers and alcohols.

Table 2: Carbon distribution (%) in different inteds (ppm) of CPMAEC-NMR
spectra of the lignite HAs samples measured in fofrpotassium humates.

261-191 191-169 169-98 98-68 68-0

Sample (k%tgi?]i’naggf hyds, (carboxyls) (aromaticC) alc(gahoelg’ (alkylC)

HA1l 7.09 7.56 45.80 4.97 34.57
RHA2 5.07 7.26 46.77 5.15 35.74
RHA3 4.57 6.70 40.13 8.34 40.25
RHA4 2.79 5.89 37.58 9.61 44.13
RHAS5 5.85 6.91 40.66 5.97 40.59
RHAG6 5.96 6.87 40.53 6.71 39.93
RHA7 551 7.81 46.34 5.52 34.81
RHAS 4.76 7.48 45.99 6.07 35.69

Three most important compounds identified as TMBezs after HCI hydrolysis
of processed HAs are threitol, 2-deoxy-arabinodaetand 2-deoxy-ribonic-acid,
polyols originating from carbohydrate precursorslueed during the lignite
diagenesis. Other unidentified saccharidic-like poomds were mainly bearing no
more than three hydroxyl groups. Polyols contens watected in two successive
steps. In the first step, hydrolysis with dilute@Hvas used to release mainly labile
compounds. The second step was conducted on ssiidue of the first step. Here,
hydrolysis with concentrated HCI aimed to releasmpounds with more resilient
bonds, linked to the organic matrix. It was presdrtieat higher portion would be
released during the second step, as saccharidestrargly associated with the
humic matrix [31]. Detection of rather low quardgi of polyols in HAs isolated
from aged lignite source was expected, althoughkvadrAllard [32] proves that
residual carbohydrate structures can be foundgmteé HAs, which indicates long-
term persistence of these readily degradable pteduc

Our results (Figure 1) show that polyols conterifeds among variously pre-
treated samples. The values for 5%4OF processed sample are outstanding (160
mg/g of HA) as majority of the samples providedywiew polyol content (below 20
mg/g of HA) in the first step of hydrolysis and heg amount (20 to 40 mg/g of HA)
in the second step. Polyol content in the HA preedswith acetic acid was almost
zero whereas HA process with citric acid came eabsd best (90 mg/g of HA).
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The reason for investigation on saccharidic-likateat was the possibility that
these might serve as storage of energy to be ezleamder certain favourable
conditions and enhance the overall bioactivity pb& of HAs. Although no
relation whatsoever was found between these twanpaters, our observations
provide further evidence that carbohydrates canptaserved in sediments for
thousands of years. Also the fact that a simplegs® of lignite pre-treatment can
induce changes in polyol unit numbers of respedths is not negligible for there
are other properties that can be influenced by twitent. The results of Mecozzi
and Pietrantonio [33] suggest a different role pthyy this chemical class during
the aggregation process of organic matter and enfdnmation of aggregate
dimension higher than HAs. According to their stuthrbohydrates along with
proteins play a primary role in starting the aggtem process, from dissolved
organic matter to the formation of particles anccromolecules by means of their
specific interactions with cations and self-aggtegeproperties.

a

160

140 | 7 unidentified

120 2-deoxyribonic acid S
| | (I 2- deoxy-arabing-lactone

100 threitol
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HA1 RHAZ2 RHA4 RHA5 RHAB RHAT7 RHAS
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Figure 1. Amounts of saccharidic-like compoundsigyg of HAs after the first (a)
and the second (b) hydrolysis. Data for sample RWA®& not acquired.

In course of this work, a method suitable for idfes@tion of residual lignin
monomers in HAs was searched. The so-called DFR@vétization followed by
reductive cleavage) method was originally developgd.u and Ralph [34], [35] as
a pathway for lignin characterization. The DFRC rdélgtion method includes two
key steps — bromination and acetylation with Ac8@lidwed by reductive cleavage
with zinc dust. The method was tested on HAs ireotd learn whether it is also
fitting for characterization of lignite HAs. Optirhaonditions (time, temperature)
for all reaction steps were explored and the reguftrocedure was applied on HAs
isolated from parental lignite with a positive autee. Results, as detected by GS-
MS (Figure 2), show that lignite HAs contain intiighin monomers. In addition to
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the major P g-coumaryl peracetate), G (coniferyl peracetate) &dsinapyl
peracetate) monomers that arise frghether units, many minor components
originating from other structures were also fouxdnillin acetate (G-CHO) result
from acetylation of released vanillin that surviiee Zn step, whereas 4-acetoxy,3-
methoxytoluene (S-C4jlis from syringaldehyde after Zn reduction or freymingyl
alcohol brominated with AcBr and produces the totudorm in the Zn step.
Eugenol and isoeugenol acetates (GCH=CH, and G-CH=CHCH respectively)
and guaiacylcyclopropane (G-cPr) could come fromifeoyl alcohol endgroups. In
the same way, S-cPr is presumably from sinapyl halko G’-CO-CHCH;
compounds arise from guaia@ACO p-ether units. Whether methoxyphenones (P’-
CO-CH; and G’-CO-CH) coming from lignin, it is still unclear althoughey have
been found in plants. Coumaric, coniferic and smagids (P’-CQMe, G’-CO,Me
and S’-CQMe) are of diagenetically modified lignin. The derance of conferyl
units is in accordance with the gymnosperm oridithe studied lignite. The DFRC
method seems to be a convenient option for charzaten of lignite HAs by
means of detection and identification of its reaidlignin monomers. It is also
reasonable to expect that DFRC will be suitabletfacing lignin input in several
other organic sediments.
a)

b)
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Figure 2: Chromatograms of monomeric DFRC proddotsn lignite HAs bearing
(a) alcohol units and (b) keto or carboxyl units.

A guantitative EPR study was carried out. Organgée fradical (OFR) counts in
samples of HAs ranged from 1.53 x"1€pins ¢'to 1.12 x 16 spins ¢ which is in
agreement with radical counts usually reportedHés [36]. On the other hand,
OFR counts in samples of humates were lower. Theeiwation can be explained
by the role of counterion in stability of free redls in lignite HAs, as demonstrated
recently [37]. When comparing pre-treatments, thmes observation was made in
case of both oxidative agents. While the agentiluteti concentration increases
radical content in comparison to non-treated sanipigher concentration gradually
decreases radical content. This was attributetidadecreasing amount of aromatic
C and carboxylic groups with increasing concerdrabf the agent. A fairly good
correlation (r = 0.79) was found between the OFRceatrations and the carboxyl
groups contents as determined by NMR, which suggéest the carboxylic groups
contributed to OFR stabilization in investigatedhpées. Good correlation (r = 0.70)
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was found between the OFR concentration and aror@atalthough there are some
literature sources which report that aromaticitgg dot largely influence the OFR
content of investigated HAs [38]. Yabuta et al. ][3iggested that OFR are
stabilized by combinations of multiple polar compots such as carboxyl and
nitrogen-containing carbons within HA structuresridg the early stages of
humification. This might especially apply to HAstiwiower degree of humification
where aromaticity is less than 40%. In our sam@esnaticity ranged from 37% to
46%. Negative correlation (r = -0.62) was foundwesn radical count and content
of ethers/alcohols and between radical count ansuatof alkyl C (r = -0.68). This
suggests that accumulation of alkyl C leads toehes® in free radical content.

In humate samples situation is different. Radicaitent of ammonium humates
correlated well with both amount of carboxyl groufps- 0.71) and aromatic C
(r = 0.87). On the contrary, potassium humates skdomo relations here. The same
pattern occurs for correlations of radical concaidn and content of ethers/alcohols
and alkyl C. While in ammonium humates Pearsonfmierfits are (r = -0.50) and
(r =-0.84) respectively, potassium humates aghowsno correlation whatsoever.
This might again be related to the issues discussgY] and in above paragraphs.

Table 3 Free radical content (in sping)gf samples at 25°C.

Sample Radicals  Sample Radicals Sample Radicals
KHA1 5.19 €° NHA1 3.23 ¢’ HA1 4.76 &'
KRHA2 4.01é' NRHA2 3.80 &' RHA2 5.39 &
KRHA3 1.96 &' NRHA3 2.54 é’ RHA3 3.59 &
KRHA4 6.28 &° NRHA4 1.61é’ RHA4 1.53 ¢’
KRHA5 2.68 é’ NRHA5 8.32 é° RHA5 6.94 &
KRHAG 1.37 &' NRHAG 1.61é’ RHAG 2.44 &
KRHA7 1.96 &’ NRHA7 3.83 ¢’ RHA7 1.12 &
KRHAS 2.38 &’ NRHAS 3.58 é’ RHAS 8.70 &
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Figure 3  Molar size distribution calculated fromtdadetected by RID. K1-K8
represent respective potassium humates, N1-N8 cegp@ammonium hmates.
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HPSEC measurements were carried out to addresguéstions concerning
supramolecular structure and presumed aggregagbaviour of HAs in forms of
their salts. Essential conclusions are that (ahth@ate aggregate size distribution
(Figure 3) is a function of their counterion, (lggaegate stability is supported by
H,O, generally and by HNQIin concentration of 10%, (c) aggregate stabilgy i
reduced by HN@in concentration of 20%, (d) size distributionsagfgregates in
humates processed by short-chained organic aadsn@logous to those of humates
isolated from parental lignite except for the loisige fraction which increased its
amount in accordance with our expectations discussabove paragraphs.

Table 5: Biological activity results in 3 time im@ls: (0-48 h), (0-72 h) and (0-96 h).

The intensity of stimulating effect of each testeldstance is stated in relative units (%), which
express the accrual, eventually the shorteningoaft length in comparison to (a) the control
solution of Hydropon fertilizer and to (b) the sidduin of comparative humic acid BO3H.

Time intervals

after 48 hours after 72 hours after 96 hours
Sample
P (a) Control (b) BO3H (a) Control (b) (a) Control (b) BO3H
: . pH : BO3H pH : .
solution solution solution solution solution solution

KHAl 163 +£21 89+11 515 142+14 85+8 4.80 130+10 836 4.93
KRHA2 168 +14 92+8 5.12 149+ 13 80+8 478 136+12 87+7 4.68
KRHA3 155 +20 85+11 5.07 138*14 82+8 471 12511 79+7 4.56
KRHA4 138 +21 75+11 520 131+17 78+11 4.78 128 +15 81+9 4.57
KRHAS 134 +15 91+10 531 132+9 97+7 526 128=*8 1006 5.13
KRHA6 11517 78+11 527 116+10 86+8 5.01 117+10 92+8 5.05
KRHA7 137 +13 93+8 502 131=x7 97+5 478 128=*5 1004 475
KRHA8 116+15 79+10 5.11 122+12 90+9 487 126+10 98 +8 4.77

NHA1 115+ 24 81+17 456 117+14 83+10 4.41 116+15 86+11 4.29
NRHAZ 131+14 91+10 457 126+11 89+8 425 124+9 91+7 4.15
NRHA3 12512 87+8 449 1209 84+6 409 1147 84 +5 4.00
NRHA4 97 +17 68+12 4.64 99*13 709 433 999 737 4.16
NRHAS 122 +19 81+13 4.41 115+17 82+12 4.20 107 +13 79+10 4.04
NRHAG6 114 +21 74+14 451 110+14 78+10 4.20 99+13 73+9 4.00
NRHA7 123 +15 82+10 4.42 117+14 83+10 4.18 110%9 82+6 3.98
NRHA8 103 + 15 69+10 4.58 107 +16 76+11 4.32 105+13 77+9 4.02

Information about biological activity in the contef lignite pre-treatment can be
found in [42]. In essence, the stimulating effeeswetermined by growth rate of
maize seedlings. Again, humates of both countenseme tested with interesting
outcome, that (with a few exceptions) the effecs wagher in potassium salts than
In ammonium ones. Ammonium humates maintained appedely the same level
in all tested periods of time, while potassium htesaither increased or decreased
their stimulating effect with time, in dependenae tbe used lignite pre-treatment
agent. Bioactivity results, i.e. relative increm@ntrespective intervals of (0-48 h),
(0-72 h) and (0-96 h), were compared with molecuae, its distribution,
saccharidic compounds content, C/H ratio and cafliimgontent using the Pearson
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tryptophane conversions - potassium humates
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Figure 4: Per cent of inhibition of yeast colonymber obtained for tryptophane
conversions at presence of mutagen and {ahkmates (b)NIH humates.

coefficient (r) as statistic parameter. With potasshumates, values of r comparing
bioactivity and C/H ratio decreased with time dawrD.17, suggesting that there is
no linear relationship between the variables. Oa tontrary, with ammonium

humates the same parameter increased with timbingapositive values up to 0.67.
Correlation between bioactivity and the contenpolar carboxylic groups was also
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positive, first (after 72 h) increasing then (af®ér h) decreasing with time for both
potassium and ammonium humates to reach iden@daé\of r = 0.50. Interestingly
enough, M,, calculated on the base both UV and RI detectiotiy did not
satisfactorily correlate with the bioactivity of omhumic samples, as the statistical
analysis showed low correlation coefficients herealues from -0.02 to 0.40. On
the contrary, size distribution revealed some linealationships. Unlike the
literature data, our low molecular intervals (0 5 BDa) showed no correlation
whatsoever to the bioactivity results, r valuesnfre0.32 to -0.05. The middle
molecular size intervals (35 — 175 kDa) correldtaghly positive (r up to 0.92) and
high molecular size intervals (175 — 350 kDa) datezl highly negative (r down to
-0.75) with bioactivity results. This applies tothtnumates.

In association with HAs, genotoxic behaviour iseoftreported. Therefore a
complex genotoxicity/antimutagenicity assay was fgared on investigated
samples as these show satisfactory biological iactnd might be therefore
considered for agricultural applications. The testse carried out with all samples
in form of pottasium and ammonium humates, resalisgure 4. Briefly, the effect
of counterion was found to be crucial again, alomigh the concentration of
respective humate. Four different concentrationsewested with the interesting
outcome that high dilution of humate sample (0.0384he optimal condition for
achieving antimutagenic effect of the humate. lmurse of the testing, certain
concentration anomalies were found different focheaounterion. This indicates
high influence of the character of supramolecutancture in the final genotoxic
potential of HAs. What triggers genotoxic/antimag effect in HAs is the
blocking or unblocking of molecules contained innmhe aggregates during the
period of lignite pre-treatment. The explanationuldobe the same for the effect of
biological activity only the agent would be diffate An important fact is that
although some humates supported the effect of ranteg proof had been obtained
that no humate was genotoxic itself. Thus it camadsmimed that lignite modification
does not induce genotoxic effect in extracted HAsomparison to the original
sample.

Densitometry and ultrasonic velocity measuremergsuged to evaluate process
of hydration in terms of concentration and couwmterinfluence. Density increased
with increasing concentration although the trendas perfectly linear (data not
shown). In many cases the density of potassium teiwas lower than of the
respective ammonium humate. Density is a parame&tbich includes the
contributions of (a) density of bulk water, (b) daéy of dissociated humate, (c)
density of hydration shell of the counterion anyit(ee counterion itself. Hydration
number is higher for Kions [43], thus higher density of NHhumates must be
attributable to the influence of dissociated humtself. That means that either the
organic part of Ni humate is more hydrated, or the organic part of Nidmate is
denser. To access more information on these issliessonic measurements were
carried out. Dependence of ultrasonic velocity be toncentration of humate
solution (data not shown) showed contrasting redoltdensity. In most cases, the
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ultrasonic velocity in solution of potassium hunsashowed higher values than in
respective ammonium humates. US velocity in satutiepends on three factors, (a)
on hydration of molecules and ions which increabesvelocity value (hydration
shell is less compressible than the bulk of wat@r),on inner compressibility of
aggregates (higher compressibility decreases thiecity9 and (c) on the
compressibility and density of the bulk of solvéwater). Therefore, in most cases
the influence of counterion (K hydration prevails. In cases where ultrasonic
velocity is higher in ammonium humates, either higdration of organic part or its
compressibility and density play more significaoler This hypothesis is consistent
with the conclusions concerning the humate demssiti&ince no fluctuation of
ultrasonic velocity during the measurement at vwarirequencies (5478, 8219 and
12196 kHz) was observed, one can assume that ssceith hydrophobic interior
and hydrophilic surface are not present in the aupfecular structure.. Acquired
density and velocity data are used to calculateaitiebatic compressibility and
volume fraction of non-interacting solvent (examipld=igure 5). As expected, with
increasing concentration the volume fraction of -mderacting solvent is
decreasing. This volume fraction consists of alltawamolecules except those
trapped in hydration shell of the counterion antiydration shell of the humic part.
Fact is that increase of hydration with increasic@ncentration is linear for
counterions, because (a) their concentration iseasing proportionally to the
concentration of solution and (b) the experimenerates in a range of low
concentrations (Zavitsas, 2001). Therefore, ittbase the humic part which causes
the non-linearity.
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Figure 5: Volume fraction of non-interacting solvein dependency on concentration of the
humate solution for samples KHA1, NHA1, KRHA2, NRHA

The hydration numbers calculated in grams of hyomatvater (bound water) per

grams of humate gave values approximately 0.8 gfgcbncentration 1 g/L and
increased with dilution confirming the statemenbubprogressive aggregation.
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That hydration number roughly corresponds to hyoinadf biomolecules such as
polysaccharides or proteins found in literaturecédingly, taking into account the
content of K (from C content and®C distribution) the hydration was also
recalculated for organic part of humate. Using Ba&arcorrelation coefficient, total
and organic part hydration were correlated withultes obtained from maize
seedling cell proliferation, but no relationshipsifaund.

6 CONCLUSIONS

* Elemental analysis of HAs isolated from lignite lwitifferent pre-treatment
shows very similar results. This fact can be casrg®d a proof to the statement
that elemental composition is not the only deteantrfor HAs quality.

» Our observations provide evidence that carbohysdred® be preserved in lignite
deposits throughout thousands of years. Their gyardn be both reduced and
increased by appropriate pre-treatment of parefigaite, although the
mechanism of the formation is unknown.

* The DFRC method designed for lignin monomers dietecnd identification is
suitable for characterization of HAs isolated frdignite and possibly other
organic sediments.

* Amount of organic free radicals in HAs is mainlyluenced by aromaticity and
carboxyl groups. This is probably due to the f&ett tthis work deals with HAs
obtained from lignite, i.e. HAs are considerablyrtified.

» Relationships between amount of organic free régliaad content of individual
functional groups in humates indicate that while ;NHounterion secures
behaviour exactly alike to that of HAs, I€ounterion triggers contributions from
functional groups other than aromatic carbon.

» Differences in radical concentration as well aslime width values among
samples with individual lignite pre-treatments cade clear structural diversity
associated with free radicals.

» The comparison of weight-averaged molecular wei@tg of humates provides
a proof of that humate properties in solution arenterion dependent. MWalues
of ammonium humates are distinctly larger than ¢hof potassium humates,
since hard Kion offers stronger self-association to humate taft NH," ion.

» Size distribution development is identical for bgibtassium and ammonium
humates and supports the hypothesis that largeropoof polar (oxidized)
components with larger hydrophilicity in HAs resulin highly hydrated
conformations with lower potential to mutually asiste.

» The ability of HAs to positively influence cell-gieration of maize seedlings
was proven. However, it is not contingent uponealsmental composition or
functional groups.

* The ability of HAs to enhance biological processednaize seedlings is not
associated with the content of saccharidic-likeésuni
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Unlike the M,, size distribution influence on biological actwis extensive. The
middle molecular size intervals (30-175 kDa) catelhighly positive and high
molecular size intervals (175-350 kDa) correlatghly negative in both
potassium and ammonium humates. The hypothesisbibkigical activity is
stimulated by low size fraction was not confirmad,no relationship was found
there.

Pre-treatment of parental lignite with suitable riigean bring about changes in
HAs biological activity in higher plants. The masfficient modifiers are 20%
acetic acid and 5% hydrogen peroxide.

It seems that processes occurring in rhizosphererdot exudates release and its
consequences can be imitated by lignite pre-tredtrard used for increase of
bio-stimulative efficiency of extracted HAs. Thesadings are also supported by
the size distribution of aggregates in these HAs.

A proof has been obtained that lignite modificatidoes not induce direct
genotoxic effect (i.e. without the presence of otietagen) in extracted HAs in
comparison to the original sample.

Genotoxic/antimutagenic effect can be influenced llgnite pre-treatment,
humate concentration and counterion. It is not iogenht upon radical content,
since other indicators such as supramolecular tstieicand aggregate stability
seem to play a major role in genotoxic potentiatask.

Particularly high antimutagenic effect can be aebieby combination of (a) 5%
HNO; pre-treatment and *Kcounterion, (b) 5% pD, pre-treatment and NA
counterion. Universal antimutagenic effect is aéshieved at high dilution of
0.03% for potassium humate of any pre-treatment.

Lignite pre-treatment agents which produce HAs Hrat particularly interesting
from point of view of biological activity (20% acetacid, 5% HO,) were found
to be either harmless or provide positive effeabnir point of view of
genotoxicity/antimutagenicity, especially in comdion with NH," counterion.
The increase of density with concentration in imngeded samples is not strictly
linear and higher density is frequently observedammonium humates which
suggests that they are mainly the diversities enstinucture of dissociated humate
which influence this dependency.

The dependence of ultrasonic velocity on concentraih investigated samples
shows higher values mostly for potassium humateashmindicates that the total
hydration in these cases is higher in potassiumatesnand the conuterion
hydration prevails. The exceptions indicate thatmates differ in their
supramolecular structure.

The decrease of volume fraction of non-interacBotyent with concentration is
not perfectly linear. Since the contribution frompdiation shell of counterion
should be linear, the observed non-linearities oaty be attributed to the
influence of hydration shell of organic part of tiesolved humate.
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» Lignite pre-treatment has potential as a methodpmiduction of HAs with
variable properties. If the correct combinationsamples and conditions will be
researched in further detail, optimal procedures lma established for successful
production of lignite HAs applicable in variousléls.
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9 ABSTRAKT

Tato prace fedstavuje pilotni studii testujici souvislosti mdablogickymi
vlastnostmi a strukturou huminovych kyselin extnadnoych z fivodniho a
modifikovaného jihomoravského lignituaildMir, Mikul¢ice. V prvni ¢asti prace
byly testovany metody vhodné ke zvySeni &kt huminovych kyselin
extrahovanych z lignitu. Oxidace lignitu v plynré&f negiinesla uspokojivé zvyseni
vytézku a byla instrumentatnponerné narana. Dale proto byla zkoumana jen
oxidace v kapalné fazi a modifikace nizkomolekuldinorganickymi kyselinami.
Modifikace organickymi kyselinami byla inspirovanprocesy podporujicimi
biologické funkce v rizoste, t.j. kaenovy systém vykuje exudaty zfsobujici
zmeny v supramolekulové struki® okolni organické hmotgimz zlepSuje jeji
mobilitu a prostupnost bgtdnymi s€nami. Primarni struktura huminovych kyselin
piipravenych v této praci byla zkouméana predhictvim elementarni analyzy a
spektralnich metod*i{C CPMAS NMR, EPR a UV-VIS spektroskopie). Navzdory
tomu, Ze primarni struktura vykazovala jen maléflyz méreni biologické aktivity
a genotoxického potencidlu prokazalo, Zze huminoyselkny a jejich humaty
ziskané z lignitu s rozdilnourgdupravou vykazuji odliSnou bioaktivitu. Proto byla
dale zkoumana supramolekularni struktura vizovie Zednych roztocich, ato
prostednictvim vysoko@inné vylwovaci chromatografie, &eni ultrazvukoveé
rychlosti a hustoty. Testovany byly dvézné protionty — draselny a amonny.
Ziskané vysledky potvrdilyfiedpoklad, Ze pozorované &ny v kvalitt humat jsou
zavislé na protiiontu, koncentraci humatu v rozt@aktiaké na met@dpredupravy
puvodniho lignitu. OB zvolené metody iedupravy lignitu prokazaly sy
potencial produkovat huminové kyseliny s rozmanitymologickymi vilastnostmi,
aplikovatelné v zegdélstvi, Zivotnim prosedi a potenciaki ve farmakologii.
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