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Abstract

Thestudywas focusean describingultraviolet-visible spectra othe humicsubstances
humic acids and fulvic acidsolated fromfour Slovaksois. The samplesvere heakdin a
laboratory furnaceto simulate soibehaviourduring fires.The absorbances at the wavelengths
corresponding to the selected chromophaed specific wavelengfior groups of substances
were comparedAnalysis of the UWIS spectra of the extracted humic substances may indicate
the directions of interest irthe changes in soil organic mattealong with thechanges in
external conditions, such as natural fires.
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INTRODUCTION

Fires affect soil properties in many ways. Some changes are associated with overall
changes in the ecosystemd.,species composition and th@bundancen soil biocenosis,
soil-plart roots interactions), others with physicbemical soil characteristics.(.,moisture,
water capacitywhile furtherarerelated to soil chemical characteristics (changes in soil organic
matter, changes to nutrient regimes, increase in biomass cantifierent stages of thermal
alternation, sacalled biochars).

The organic portion, which is representedoil in the range of 2 5% implies norliving
organic matter in various stages of decomposition (abdut 84soil organic matter) and living
organisms (living organisms and the roots take u 18 soil organic matter)1] Soil organic
matter (SOM) is one of the most important paramebzesakable by fire, whiclaffects
movement, respectively, retention of inorganic and orgaubistancesT heir binding to humus
is one of the most important reactjoinroughwhich are transformed anthropogenic chemicals
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in nature.These interactions strongly depend on the protonation and complexation properties
of SOM that are affected in complex ways by th@euoular weight of SOM, its concentration

and proton/metal cation affinities of the carboxylic, phenolic and other functional groups typical
for both terrestrial and aquatic SO[\].

Humic substances (HS)

Thesoil organic mattecan be divided into twgroups[1, 2, 3}

1 Non-specific humic substanceglso called nofhumine substances or primary SOM)
compriseabout 107 15 % of the SOM and represent the decomposed or partially
decomposed plant residues, organic fertilizarsmalsand micreorganismsThis part of
the humus contains more biochemical components that can be chemically detesothed
as sugars, fats, proteins, amino acids, nucleic acids, etc. The presence of these substances is
a prerequisite for the biological activity of the soilgrfing energy and nutrient supply of
the soil,which is due to the carbon content which serves as an energy source for soil
microorganisms. These components are also actively involved in the processes of
humification, mineralization and photosynthesssd are the most important part of
biogeochemical processes on Earth. Decomposed remains of plants, animals and organic
fertilizers in the soil gradually transform the participatodrsoil microorganisms

1 Specific humic substancegalso called humine $&stances or secondary SOMjhese
although the soil represents jastew percent, play an important part of humwhich is
due to their chemical activity Specific humic substancese created via chemical and
biological degradation of organimaterials (in particular devitalized plant material) and
synthetic activity of the microorganisms. They represent a complexnnadgcular
polycyclic compound with a molecular weight in the range of several hundred to tens of
thousands of Daltons. The molgar weight of humic acids is affected by the carbon and
the oxygen content changes during the conversion of the primary SOM stretureis
amorphous or colloidal, predominantly aromatic in charaetatthe nuclei are linked by
aliphatig often cydic, chains. The functional groups that bind directly to the aromatic or
side chain include, for exampline carboxylic, hydroxyl, but also methoxy and carbonyl
groups. In the humification process, tt€ OOH,bOH andbCB0 groups increase, hut
on the contary, the content of alcohol and phends©H groups ancbOCHs groups
decrease In contrast to notnumic substances, they are characterized by their resistance to
biological transformation. Humic substances are further classiietiumus acids (humic
acids; fulvic acids; hymatomelanic acids); salts of humus acids (humates, fulvates), and
humus (humus coal).

Humic acids (HA)

The structure of humic acids is very complex and has not been fully desgebddhe
basis of some proposed hypotheses about the conformation and structure of humic substances
suggests that the predicted structure of these substances is in the form of dimers, trimers,
tetramersand hexamers. The carbon content is abouit 58 wt. %, Oxygen is present in
3071 39wt. %, hydrogen 2 6 wt. % and nitrogen also 2 6 wt. %. The basis of molecular
construction is aromatic nuclei tie phenolic or quinoid type The presence of functional
groups such as carboxyls having a relatively sgaacidic character and phenolic hydroxyl
groups having only a weak acidic charactgve these compounds an acidic chara€eving
to the presence of an aromatic nucleus with aliphatic chains and bonded functional groups,
humic acids can bind bagtpolar and norpolar compounds. Functional groups may be attached
to the structure on botthe aromatic nuclei and the side chains. Of all functional groups present
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in humic acids, the most reactive carboxyl groups are preBesides,the enol, quinone,
hydroquinone, ether and alcohol groups are present in the acids. In smaller quantities, nitrogen,
sulphur,and phosphorus functional groups may also be pr§sesf

Fulvic acids (FS)

The structure of the molecules and the physigcemical properties of fuc acids are
similar to humic acidsCompared to humic acigiulvic acids have a lower molecular weight,
which isdue to the lower content of aromatic structuresagrkater number of aliphatic side
chains. Ther structureis more homogeneous. Thdifference is also in the elemental
composition fulvic acids contain a smaller percentage of carbon and a higher percentage of
oxygen (because they contain more carboxyl and phenolic groups than the humic acid
molecule). Thus, the percentage of elemestsas follows: 461 55 wt. % of carbon,

3771 50 wt. % of oxygen, 4i 5 wt. % of hydrogen and a low nitrogen and sulphur content.
Fulvic acids are characterized lght to light brown colour. They alsexhibit better solubility
in water. They are more dissated and therefore hang a more acidic charactgt, 4].

MATERI ALS AND METHODOLOGY O F EXPERIMENT

The soil samples collection was carried out from the upper A genetic horizon to a depth of
30 cm athe followinglocalities:
1T Sample fARegozemfloarekdv st(ePpMle) ( meadow) near
Region of Nitra, Slovaki€DMS: N4 7374 @ E 4 6 21EBBA1GE, E6 6 EE)
f Sampl e fARegozem adi@hiumldcoltivateR etddampledn ear Z8v od,
Mal acky, Reig Slovakia DMS: \e48a8Ap4E4 , 7 8 6 EGE2282 , B9 1 EE
T Sampl e ASmoni eagricdkira cuivated(fi@dvhpar Gbely, Skalica, Region
of Trnava, Slovaki§DMS: N4 84A43E3 , 2 1 2 F(B81H3 , B30 EE)
1 Sampl e fALer no z eultivadsail atBotanical(garddn in TrnavB.ot ani c k 8
street, 917 08 Trnava, SlovaKBMS: N 4 8202265 | 3 6 4 3417 , H3 9 EE)
Collected soil samptewereplaced in polythene bags. After transport to ldd@oratory,they
weretreated in a standard way, namely free drying in a dark and dry place, crushing in a
porcelain mortar, homogenizatiamdsieving to the size below 2 mm. After that, all samples
were characteriseid detail by the methods reported iRiala et al. [5] Basc characteristics of
thestudied soils are:
T Sampl e fARegozemi WRBnGaloearc Ré€gesMgiHa: = 7.33 (weakly
alkaline); phkci = 7.19 (neutral)clay 6.88 %, silt 9.48 %, sand83.64 (sand; humus 117 %
(weakly humous)
T Sampl e AREgodé m (WRBzButric RegosolspHwat. = 711 (neutral);
pHkci = 7.15 (neutral)clay 6.80 %, silt 8.92 %, sand6.80% (sand; humus 138 % (weakly
humous)
T Sampl e @A Smoni tWRBGHaglit\ertisolg;pBiM )= 721 (weakly alkaline);
pHkci = 6.95 (neutral)clay30.80 %, silt 5056 %, sandl8.64 % (clayey soi); humus 472%
(strongly humous)
f Sampl e dALer noz e MVRB:rHapicChetnozémsmt)a = 7.60 (weakly
alkaline); phkci = 6.89 (neutral)clay 20.17 %, silt 5350%, sand3.11 % (silty soil); humus
2.36 % (medium humous)

Simulation of fire was carried out ia laboratory oven/muffle furnace by exposing the
samples of soil to the heat. The used temperatures were froth@00t 0 C480d faronst an
durationof 60 minutes.The ampleswere locatedn porcelain boats. They were filled up to
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approximately 0.5£m with the exact weight of 10 grams. Thiasthe standard procedure used

in all ourexperiments antg complyinge. g. wi t h [BlardxlassetalY]d Mar t 2

After that, all samples wesxtractedand their soil organic matter (SOM) was fractioned
by the KonovovaB e O a | rkethedaeported in Fialet al. [5] Briefly, the soil sample was
extractedby sodium pyrophosphate solution and sodium hydrgxide humicsubstances
remained in the extraction solution. Humic acids were precipitated from the extract by
acidification the fulvic acids remained in solution.

The UV-VIS spectrophotometric determination$ SOM spectrawere performedon the
ThermoSpectronic GengsM 8 spectrophotometeiThe smplesof humic substances and
humic acidsvere applied td.0mm and for fulvic acidl0.0mm quartz cuvetteofving to low
or high absorbancesnd theresulting spectravere obtairedby scanningheirabsorbances in
thewavelength range 190690 nm (resolutionof recordingl nm) The spectra were recorded
usingtheRS 232 Accessoftware and evaluatgusingthe MS Excel software.

RESULTS AND DISCUSSION

Near ultraviolet and visible spectrum of humic substances

Ultraviolet and Visible Molecular Absorption Spectrometry is the most common technique
used in the study of humic substances which exsitmngabsorption in the wavelength range
of 2007 600nm. The absorbance of humic substances is influenced bylahigeeontent of
aromaticb CoCb and ketonic>C90 functional groups (chromophores) and auxochromes (e.qg.
bOH and bNH2). Auxochromes do not cause disagkation but increase chromophore
staining.Some chromophores and the corresponding transitions are shdwble 1

Table 1 Chromophores and the corresponding transitions [8]

Chromophore (example of compound) Transition Amax [NM]

H>O avya-* 183

CbC and GbH, CHs agvya-* ~170, 173

CbX, CHsOH, CHsNH», CHal nyYa~* 180- 260, 187, 215, 258
CoC, H.CoCH; Yok 160-190, 162
H>COCHbCHOCH> s 217

>CB0, HbCH=0 ny *, Y 270, 170 200, 270, 185
H.COCHbCH=0 nY *, Y 328, 208

CON nYa*, nY 190, 300

NON ny’ * 340

CoS ny’ * 500

NO» ny * 420- 450

NSO ny’ * 630- 700

All humic substancestudied show strong absorbantion between-1B80 nm.As shown
in Figurel, the highest absorbance of humic substances extracted freheabd(20AC) s o i
R MI was r ecam RElzdat 5 m, SM Gt 19/ m and L Mm.dtke 19
absorbance at thiggion is mainly caused by thiotsSH (195nm), aminesbNH (195 nm)
and ketones >80 (195nm)[9, 10].
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Figure 1 Absorptionspectra of humic substances extracted from heatiilg
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Fiure. 2 Adsorption spectra of humic acids extracted from heatoily
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Figure 3 Absorption spectra of fulvic acids extracted from heatioils

The content of functional groufrs humic substancesan be derived from the intensity of
radiation absorption at a given wavelength. For thermally altered soil samples, the absorbance
of humic substancest 195 nmis shown in Figure4a, 4b,4cl n t he case of RM|
slight decrease in absorbanceurs already at moderate heating, which is probably due to a
decrease in the content tbfe thiol andamine groups by the breakdown of amino acids and
labile proteins.A gradual increase in absorbance with increasing temperature (up to about
300A Ccanprobably be attributed to the increasing content of ketone functional groups. Above
this temperaturetherefollows also their gradual destructiomhe SM andLM soil samples
show a more stable SOM, with a slight increase in absorbance up fo Gf@da later rapid
loss of absorbance ftrtherincreasing temperatures.
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Figure 4b Absorbancef humic acids extracted froheatdsoils at 1950m
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Figure 4c Absorbancef fulvic acids extracted frommeatdsoils at 1951m

Less intense bands 305 and 250 nm are largely influenced by the presence of polar
functional groupssuch as e.g. hydroxyl, carbonyl and carboxyl, while the benzenoid band is
almost unaffected[11] Phillips [12] reportsthe absorption maxima a05 nm for esters,
carboxyl, and 210 nm for aldehyde sulphoxides and nitrogroups. With increasing
temperature, the content of these functional groups in the testedaodssentially analogous
to the previous case. It is possible to observe their greater variabilibeibM soil humic
substances.

Figure 5a Absorbancef humic substances extracted frogaedsoils at 210hm

Figure 5b Absorbanceof humic acids extracted froneatdsoils at210nm

Figure 5¢c Absorbancef fulvic acids extracted fromeatdsoils at 210hm
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