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Fate of humic acids isolated from natural humic substances
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(Received 5 March 2014; accepted 10 March 2015)

Composition of humic acids (HA) is a function of plant-derived inputs, degradation processes regulated by
microorganisms, organo-mineral interactions and age. Characterization of different origin humic substances is
important for evaluation of their contribution to stabile and labile carbon pool in the environment. The relative
abundance of chemical components in HA isolated from soils, compost, commercial lignohumates, alginite,
acadiane and lignite was studied with aim to quantify content of important biomarkers such as amino acid,
lipids and polyphenols. HA were considered as a heterogeneous complex and high concentration of peptides,
polyphenols and lipids was determined in acadian-HA to compare with soil-HA. Compost-HA contained much
more amino acids to compare with soil-HA samples. Alginite-HA and lignite-HA were similar in biomarkers
content to soil-HA. Fourier transform infrared spectroscopy confirmed that chemical composition and
functional groups content differs with the origin, humification degree and the age of studied samples. Soil-
HA are typically composed of a variety of —OH, COOH-, C-O, C-H,, (aliphatic and aromatic) groups,
quinines, lignin fragments, polysaccharide, monosaccharide and proteins fragments, which are linked together
by —O—, —-NH—, —H=, >C=0, metal ions and -S— groups. >C NMR spectroscopy showed that aromatic
carbon content was the highest in lignite-HA and soil-HA.

Keywords: natural humic substances; biomarkers; FTIR and >C NMR spectroscopy

Introduction Lately it was showed that they exhibit molecular size
heterogeneity and have no clearly defined structure.
Their precursors were polysaccharides, amino acids,
lignin, peptides and lipids.

Recent studies showed that considerable portion of
organic carbon in soils is of aliphatic nature. Three
main sources of plant-derived aliphatic compounds

Humic substances (HS) are major class of naturally
occurring organic compounds. They act as a soil
stabilizer, as a nutrient and water reservoir for
plant, as a sorbent of toxic metals and organic
pollutants and as chemical buffers with catalytic

activity. There are many observations suggesting the have been distinguished in soils — free (extractable)
structure of natural HS as the association of small lipids, biopolyesters cutin and suberin and non-
components to form aggregates in aqueous solution hydrolysable biopolymers such as cutan and suberan
with macromolecular-like properties (Stevenson (Tegellar et al. 1995). Monreal et al. (2010) identified
1982; Piccolo 2002; Simpson 2002; Tan 2003). following classes of compounds: carbohydrates,
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phenols, lignin monomers, lignin dimmers, lipids
(alkanes, alkenes, n-alkyl esters), alkyl-aromatics, N
compounds (heterocyclic-N), peptides, sterols and
suberin in cultivated Black Chernozem. Mentioned
components directly affect recalcitration processes
and are supposed to be biologically important
biomarkers.

Amino acids directly affect the dynamic of carbon
pool. Their origin is proteins and amino acids
derived from plants, animals and microorganisms
which are transformed and stabilized in the humic
substances. In soils, the ratio of nitrogen in hydro-
lysable protein to the total soil nitrogen (N, remains
almost constant despite increases or decreases in soil
organic matter (SOM) due to different management
practices, e.g. manuring and fertilization (Christen-
sen 1996). Most of the nitrogen in soils is organic
(>90%) and was found in amino acids, releasable by
acid hydrolysis (Stevenson 1982). An increase in the
return of organic nitrogen residues (e.g. legumes in
the crop rotation) can raise the amount of hydro-
lysable amino compounds in soils. Conversion of
inorganic nitrogen to amino acids, aliphatic amines,
polyamines, pyrimidines and purines during photo-
synthesis is the major source of organic amino
compounds. Also the assimilation of inorganic nitro-
gen by bacteria can be also significant (Kirchman
et al. 1991). Amino acids represent about 10 £ 25%
of total organic carbon and 30 * 50% of total
nitrogen also in sediments (Cowie & Hedges 1994;
Colombo et al. 1998).

Lipid fraction as quoted de Blass et al. (2013)
consists of n-alkanes and aromatic hydrocarbons and
is supposed to be less efficiently biodegraded than
medium chain fatty acids and alcohols. The polarity
of aqueous soil solution in which they are contained,
leading to self-assemblage phenomena into micelles
association reflected into their structure. Wiesenberg
et al. (2012) studied recalcitrant effect of lipids, after
entering the soil. They came to the conclusion that
their composition can be altered mostly by microbial
degradation process or by re-synthesis of microbial
biomass. Also close relationship between lipids con-
tent and soil hydrophobicity and water repellence is
known. Lipids association with HS caused their high
resilience to biodegradation. In addition lipids,
predominantly of bacterial origin are believed to be
present as trapped molecules in macromolecular
networks (de Blas et al. 2013).

Lignin is the most abundant polymeric aromatic
organic substance in environment. Knicker et al.
(2008) demonstrated that the lignin backbone can
survive charring of plants. Many authors have demon-
strated that compositional changes in relation to specific
vegetation and soil types, as well as organic carbon
preservation/degradation with different organo-mineral

associations. Recent studies also suggested, that
although, the chemical finger print of natural HS is
responsive to its associated vegetation cover, there may
be broad commonalities (Grandy & Neff 2008; Buur-
man et al. 2009; Stewart et al. 2011). Characterization
of lignin in fresh, degraded woods and coalified woods
was given by Hatcher et al. (1981) and McKinney et al.
(1996) the highly aliphatic and resistant biopolymer
cutan was determined.

Results of later studies also showed that the
transfer of organic carbon may occur between
soluble organic carbon (fast carbon pool) and insol-
uble HS (slow carbon pool). The identification and
application of specific biomarkers in soils and sedi-
ments is largely based on stability of slow carbon
pool in the environment (Brady & Weil, 1999).
However, to which extend the biodegradability
effects the stability of biomarkers is not well under-
stood yet. Just as well, fate of those constituents
formed during humification and assessment of the
best analytical method are unknown. The last is
given by difficulties with HS chemical extraction,
which is tedious and labour intensive and not
suitable for large numbers of samples. On the other
hand wide range of organic raw materials (coal,
oxyhumolite, lignite, brown coal and peat) is poten-
tially suitable for producing humic materials. In spite
of their not clear identified composition they are
used in soil remediation, as a source of nutrients,
and a soil conditioner. They have the advantages of
improving soil structure, increasing SOM and
enhancing plant growth. Many of them are also
available for application in biotechnologies, in
human and veterinary medicine and as commercial
standards for analytical chemistry.

The aim of our work was to elucidate the chemical
composition and character of different origin natural
HS. An initial baseline assessment of components
across the natural HS helps us to gain more
information, which is important for their comparison
and evaluation.

Materials and methods
Origin of HS

Studied natural HS were obtained from five soils,
compost, alginite and lignite and from artificially
produced commercial products - acadian,
lignohumates.

Acadian marine plant extract powder (commercial
product) marked as SWE Acadian, was obtained
from the producer. It derives from select species of
marine plants Ascophyllum nodosum. Acadian acts as
a soil conditioner and is unique when compared to
every other seaweed-based product. First of all it
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contains a wide range of naturally occurring plant
nutrients and trace minerals essential to plant
growth, health and productivity. The second it is
naturally chelated and therefore is more readily
available for plant uptake. The third it stimulates
microbial activity and increased HS content in soil.
It is an excellent source of organic matter composed
primarily of carbohydrates such as alginic acid and
mannitol, which contribute to building soil struc-
ture, aggregability and quality (Crouch & van Staden
1992; Craigie 2011).

Alginite sample was achieved from Slovakia (loc-
ality Lucenec). This is a component of some types of
kerogen with a predominance of type II alongside
amorphous organic matter. It originates from the
biomass of fossilized unicellular algae during several
millions of years in volcanic craters (the green algae
species Botryococcus braunii, order Chlorococcales,
class Chlorophyceae). According to Vass (2003) it
contains about 5-50% of organic material, has
moderate alkalinity with especially good effects on
acidic soils. In addition, the mineral contains up to
22% calcium carbonate and fossil organic matter (up
to 19%), mineral substance (at least 81% of this is
made up of sand (6%), silt (40%), clay (54%,
included 50% smectite, 40% illite and 10% vermi-
culite/chlorite). Gomoryova et al. (2009) reported
also about its positive effect on to soil quality,
water retention capacity, nutrient content, microbial
activity and colloids content, protect soils against
acidification, desiccation and leakage of nutrients.

Lignite sample was obtained from MikulCice
(Czech Republic). It is between coal and peat.
According to Madronova (2011) it is the lowest
rank of coal, which contains 25-35% of carbon, high
inherent moisture (66%) and an ash (from 6% to
19%). Due to its complex composition and inherent
heterogeneity lignite possesses non-negligible activity
in the natural state. It is used as a sorbent, composite
of lignite-biopolymers and polymers, or in nano
technologies for cost-effective isolation of humic
acids (HA). The sorption properties after certain
mechanical and thermal treatment are similar to
charcoal. Pekaf et al. (2009) and Madronova
(2011) showed its high affinity to both organic and
inorganic substances. Lignite works as a buffer
forcing final pH value to about 5-6 and therefore
finds wide application in a variety of soil treatment
and environment care technologies.

Lignohumates — commercial product obtained
from the producer. It is made of lignin-containing
raw material (lignosulfonate, product of wood pro-
cessing). The final product contains both HA and
fulvic acids (FA). Product represents a highly effici-
ent and practically feasible humic (without carrier)
fertilizer with microelements in the form of chelates.

Besides high-molecular fractions typical of many
industrial analogues lignohumates also contain a
number of low-molecular humic component salts.
Product is not toxic, not cancerogenic, not muta-
genic. Residual humates are not traced in plants,
as they are quickly included into the metabolism.

Compost was obtained from long-term field
experiment (2008-2012) at locality Namést n/Osla-
vou (Czech Republic). It was made from leaves,
grass and some portion of soil. Composted products
were evaluated every year according to composition
degree, maturity and stability of the final products.

Soil-HA were isolated from five different soil
(Haplic Chernozem, Luvi-haplic Chernozem, Haplic
Luwvisol and Haplic Cambisol). All of them are under
intensive agriculture and are studied since 2008. Soil
HS like others natural HS are not defined in terms of
their chemical composition or functional groups.
According to Stevenson (1982) they are classified
into three major groups according to their solubility.
That means: HA, FA and humins. They differ in
molecular weight, elemental composition, acidity
and cation exchange capacity. Determination and
evaluation of HA and FA content and quality was
one of the main aim of this study.

Characterization of the HA

The standard International Humic Substances Soci-
ety (IHSS) extraction method was applied for HA
isolation from soils, alginite, acadian and compost as
follows: 100 g of air-dried soil sample, sieved at
mesh size of 1mm, washed by 10% HCI and stirred
for 1-2 hours (decalcination process). After negative
reaction for CO, (detected by seeing no bubbles) the
soil rest washed by 0.05 M HCI. After negative
reaction for Ca®" (detected by ammonium oxalate)
the soil rest washed by distilled water. After negative
reaction for Cl~ (detected by AgNO3), the soil rest
was shaken in a 0.1 M NaOH for 7-8 hours. We
allowed it to precipitate overnight and then centri-
fuge 15 minutes at 5000 rpm. Elution with 0.1M
NaOH and centrifugation we followed two times and
mixed supernatant solutions. Dark-brown solution
of HS mixture is precipitated by concentrated HCI
to pH = 1. The coagulated HA were decanted,
washed several times, extensively purified by 0.5%
mixture HCl + HF and dialyzed against distilled
water until chloride-free, and freeze-dried (Hayes
1996; Pospisilova et al. 2011).

Isolation of HA from lignite and lignohumates
followed the procedures motivated by the Czech
standard CSN 441347 on determination of HS in
coal (Hubacek et al. 1962; Stevenson 1982). Com-
mercial lignohumate samples were obtained as a
black powder from the producer. Original material
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was shaken for 24 hours under nitrogen atmosphere
in 0.5 M-NaOH and 0.1 M-Na,P,0, (60 g lignite:
2000 ml of extraction agents) in plastic flasks
overnight. HA were precipitated from alkaline
extract by adding 6M HCI until pH 2 and treated
with a 0.5% (v/v) HCI-HF solution for 24 hours,
dialyzed (Spectraphore 3, 3500 Mw cut-off) against
distilled water until chloride-free and freeze-dried.
Isolation was kindly made at Technical University
in Brno.

Fractional composition of HS was determined by
short fractionation method (Kononova & Bél¢ikova
1963; Pospisilova et al. 2011) as follows: 5 g of air-
dried soil sample, sieved at mesh size of 1 mm and
extracted by a mixture (1:1, 0.1M NaOH + 0.1M
NayP,07) for 24 h. The sediment was separated by
centrifugation at 2800g for 10 min, washed with
mixture and centrifuge again. Two individual wash-
ings were unified with original supernatant, acidified
with concentrated H,SO,4 to pH 1.5. We allowed to
precipitate HA overnight. Sum of HS, HA and FA
were determined by titrimetric method in aliquot
volumes.

Elemental analysis of different origin HA was
made by elementary analyser PE2400 CHNS/O.
UV-VIS spectroscopy was performed by Varian
Cary 50 Probe with optical fibre, within the range
300-700 nm. The FTIR spectra were recorded over
the range of 4000-400 cm™! in KBr pellets obtained
by pressing under reduced pressure a mixture of 1
mg of samples and 400 mg of dried KBr, spectro-
metry grade. A Nicolet Impact 400 FTIR spectro-
photometer operating with a peak resolution of 4
cm™!, and 128 scans were performed on each
acquisition. Nicolet Omnic software was used to
obtain the spectra (MacCarthy & Rice 1985; Enev
et al. 2014). Infrared spectroscopy was used to
elucidate bands of aliphatic and aromatic groups
and others functional groups presented in HA
molecule. >C NMR spectra were carried out on
spectrometer Varian INOVA 600 (frequency
150,830 MHz). As published Preston (1996), Mal-
colm (1990), Frind and Lidemann (1991) and
Beyer et al. (1993) >C NMR spectroscopy is able
to characterized types of carbon and aromaticity
degree of HA sample.

The content of biogenic alpha-I-amino acids
(arginine, asparagine, isoleucine, lysine, serine,
threonine, valine, leucine, phenylalanine, tryptophan,
tyrosine, proline and alanine) was determined using
ion exchange liquid chromatography with postcol-
umn deritatization (AAA-400, Ingos). Peptide con-
tent was determined after dialysis on cut-off filter
Amicon Ultra 3K (Merk Millipore) using spectro-
metry detection (SPECORD 210). Profile of poly-
phenols, measured as a content of 10 polyphenols

with significant antioxidant properties (e.g. gallic
acid, procatechinic acid, p-aminobenzoic acid,
chlorogenic acid, caffeic acid, vanillin, p-coumaric
acid, rutin, ferulic acid and quercetrin) was deter-
mined with UV-VIS spectrometry detection (SPE-
CORD 210) using the Folin-Ciocalteu method
(Sochor et al. 2011). Content of lipids was deter-
mined using Soxhlet extraction. Data were processed
using MICROSOFT EXCEL® (USA). Results are
expressed as mean * standard deviation unless noted
otherwise (EXCEL®).

Results and discussion

A wide range of natural organic substances is used in
agriculture to achieve the best and highest produc-
tion. Managing the fertility of agricultural soils is a
common challenge facing growers throughout the
world. In many areas, intensive farming practices
have reduced once rich and productive agricultural
land into soil with poor physical structure and
nutritional deficiencies. Low fertility levels in
depleted soils caused limited potential for plant
producing. Difficulties with identification of natural
HS lead to utilization of not appropriate products
and preparations, which could even worse the soil
properties and fertility. Results of our investigation
showed that natural HS contained the same ele-
ments, types of carbon, functional groups and
biomarkers but their concentration differs. On the
other hand compost-HA contained much more
hydrogen, nitrogen and oxygen in their molecule,
which indicates young and newly formed HA. We
can conclude that elemental composition of HA
isolated from natural HS is very similar but some
differences could be found between lignohumates-
HA, acadian-HA and compost-HA - see Table 1.
Average content of amino acids, peptides, poly-
phenols and lipids in mineral soils, HA isolated from
mineral soils and HA isolated from other sources is
listed in Figures 1-3. Mineral soils varied in bio-
markers content according to soil, character of
organic input and intensity of agriculture. Amino
acids and peptides play the most important role in
mineral soil. Haplic Cambisol contained amino acids
and peptides to compare with Haplic Luvisol and
Chernozems. Polyphenols content was similar in all
studied mineral soils. Lipids were mostly found in
Chernozems — see Figure 1. HA isolated from soils
contained less amino acids to compare with com-
post-HA and lignohumate-HA. Content of peptides,
polyphenols and lipids was similar in all soil-HA
samples and lignite-HA - see Figure 2. From
the Figure 3 it is evident that natural HS varied
widely in biomarkers content. HA-lignohumate and
HA-compost had the maximum of amino acids. Very
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Samples C (%) H (%) N (%) O (%)
Lignohumate 39.00 = 0.04 42.00 £ 0.10 0.90 = 0.01 18.50
HA-Haplic Ch. 40.60 £ 0.06 36.80 = 0.07 2.40 £ 0.02 20.00
HA-Luvi-haplic Ch. 39.00 = 0.04 38.00 £ 0.11 3.30 = 0.01 19.50
HA-Haplic Luvisol 35.50 £ 0.02 40.50 = 0.08 3.40 = 0.01 19.60
HA-Haplic Cambisol 33.20 = 0.06 44.00 = 0.02 2.40 £ 0.02 20.00
HA-acadian 31.85 £ 0.04 42.10 £ 0.03 0.90 = 0.01 25.10
HA-alginite 35.20 = 0.02 42.96 + 0.07 1.90 £ 0.01 19.94
HA-compost 35.50 £ 0.04 41.00 £ 0.08 2.45 + 0.02 20.00
HA-lignite 39.00 = 0.02 39.20 £ 0.11 7.00 = 0.01 15.00
HA-leonardit standard 44.12 33.73 2.70 19.45
HA-Elliott soil standard 44.00 33.70 2.70 19.40
Haplic Ch., Haplic Chernozem; Luvi-haplic Ch., Luvi-haplic Chernozem; nd, not determined.
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Figure 1. Average concentration of biomarkers in mineral
soils.
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Figure 2. Average concentration of biomarkers in soil-HA.

similar content of amino acids was determined in
soil-HA, lignite-HA, alginite-HA. Acadian-HA con-
tained more peptides, polyphenols and lipids to
compare with soil-HA. Compost-HA contained
much more amino acids, peptides, polyphenols and
lipids to compare with soil-HA. Lignite-HA had
similar biomarkers content to soil-HA — see Figure
3. Compared to others main components, lipids are
more abundant in HA than in mineral soil samples.
Lipids in soils could be more recalcitrant than other
biopolymers. Concentration of amino acids is given
in Tables 2 and 3. Hundred times more proline was
determined in lignohumates to compare with lignite-

Aminoacids (%) m Peptides (%) Polyphenols (%) u Lipids (%)

Figure 3. Comparison of biomarkers content in soil-HA
and commercial-HA samples.

HA, acadian-HA and alginite-HA. Soil-HA con-
tained mostly serine, threonine, valine, leucine,
arginine, phenylalanine, tryptophan, tyrosine, pro-
line and lysine. Amino acids in soils mainly derived
from microbial biomass and they are metabolized by
both plant and microorganisms. Tryptophan and
glutamic acid directly affected plant root system and
high concentration caused inhibition of plant
growth. High concentration of amino acids such as
alanine, lysine and proline could be also connected
with organic fertilizing of agricultural soils (Choi
2013). It is not clear how amino acids composition
changes in time but it was found out that they
contained the major fraction of labile nitrogen forms
in soils (Stevenson 1982; Knicker 2000; Wiesenberg
et al. 2012). We supposed that high amino acids
content on one hand in lignohumates and low
nitrogen content in lignohumates-HA on the other
hand could be explained by solubility of hydrolysable
nitrogen. So that commercial lignohumates depend-
ing on amino acids concentration could directly
affect plant growth and soil microbial activity. Jones
(1999) attempted to assess life time of soil proteins
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Table 2. Average content of amino acids in studied samples (g/kg).

Z

Thr Ser Glu Pro Gly Ala Cys Val Met Ile Leu Tyr Phe His Lys

Asp

Samples

42.42
72.93
37.63

40.78

0.35
0.55
0.05
0.65

0.36
0.13
0.44
0.06
2.55
1.38
3.20
1.51
3.27
0.06
1.07

0.05
1.13
0.20
0.45
6.33
4.77
5.54
0.28
0.36
0.37
0.58

0.35
0.19
0.36
0.01

0.02
0.18
0.12
0.14
3.38
0.14
2.50
2.89
3.41
0.18
2.85

3.95
6.89
5.46
1.92
0.69
2.82
0.31

3.04
1.74
2.79
1.58
0.46
0.24
0.10
2.64
0.67
1.76
1.51

2.06
2.37
1.86
2.14
1.43
1.55
1.52
0.37
1.02
0.78
0.30

0.74
1.40
0.85
1.14
0.41
0.06
0.11
1.68
0.77
0.41
0.11

0.39
0.01
0.14
0.09
0.13
1.94
1.93
2.04
0.13
0.23
1.41

0.67
1.18
1.03
1.04
1.01
0.52
0.58
1.68
5.74
1.46
4.08

136.34

1.45
0.19
0.77
0.20
0.13
3.47
3.80
0.94
0.16
0.29
0.15

0.39
0.00
1.01
0.63
2.62
1.49
1.77
0.39
2.94
0.96
0.17

0.61
0.51
1.05
1.34
2.22
0.02
0.31
0.28
2.48
0.41
1.01

Haplic Ch. (mineral soil) 0.34

HA-Luvi-haplic Ch.
HA-Haplic Luvisol

143.06

0.08
0.05
0.07
0.82
0.42
0.50
2.04
0.90
0.91
0.96

157.29

226.77

HA-Haplic Cambisol
HA-Haplic Ch.
HA-acadian
HA-alginite

4.49
0.30
0.32
0.37
1.06

52.95

7.162
11.26
13.32

0.11

8.06

0.24

0.15

2.62
0.29
0.54

14.82

0.64
4.20

48.71

9.26
2.89
0.16
5.01

0.27
0.75
6.14
0.22

HA-compost
HA-lignite

4.31
213.67

HA-lignohumate
Lignohumate

0.91

36.74

Haplic Ch., Haplic Chernozem; Luvi-haplic Ch., Luvi-haplic Chernozem.

Table 3. LOD and LOQ values for amino acids deter-

mination.

Amino LOD LOQ LOD LOQ
acids (ng/ml) (ug/ml) (uM) (uM)
Asp 0.1 0.3 0.7 2.4
Thr 0.1 0.4 1.0 3.2
Ser 0.1 0.3 1.0 3.3
Glu 0.1 0.3 0.6 1.9
Pro 0.8 2.8 7.3 24.3
Gly 0.0 0.1 0.6 1.9
Ala 0.1 0.2 0.7 2.4
Cys 0.2 0.5 1.3 4.2
Val 0.1 0.3 0.7 2.3
Met 0.1 0.3 0.6 2.0
Ile 0.1 0.3 0.7 2.5
Leu 0.1 0.3 0.7 2.2
Tyr 0.1 0.5 0.8 2.6

LOD, limit of detection; LOQ, limit of quantification; nd, not
determined.

and peptides and came to the conclusion that
radiocarbon dating would include the risk of erratic
results when new proteins or peptides formed from
old organic matter. Studying of selected biomarkers
showed that there is a relationship between the place
of origin, character of organic input and the age of
natural HS.

Fourier transform infrared (FTIR) spectra of all
studied samples suggested stretch vibration and
deformation of the following functional groups:
-SO; H groups at 900-1100 cm™!; polysaccharides
at 900-1045 cm™'; various ether and alcoholic
groups —O—H and C-O at 1127-1123 cm™’; carbo-
nyl and carboxylic groups at 1225-1223 cm™;
phenolic groups at 1404-1419 cm™}; aromatic C=C
groups at 1624-1619 cm™'; carboxylic and amido
groups at 1655-54 cm™'; C=0 bands at 1690-1716
cm™'; carbonyl and carboxylic groups at 1719-1718
cm™'; -C-H, CH, and CH; aliphatic groups at
2942-2920 cm™'; amino and amido groups —-N—-H
at 3500-3200 cm . Soil-HA isolated from Cherno-
zems contained more aromatic groups to compare
with others soil-HA and were similar to HA-lignite
(see Figure 4). Soil-HA contained mainly: O-H
groups at 3360-3350 cm™'; aliphatic C-H groups
at 2924-2922 and 2855 cm™'; aromatic C=C groups
at 1624-1619 cm™'; phenolic groups at 1404-1419
cm™'; asymmetric and symmetric vibration of carb-
oxylic groups —CO— at 1583 cm™' and at 1377
cm ™. Our results showed that chemical composition
of soil-HA was given by soil type, origin and
character of organic input. Similar to us Senesi et al.
(1990) and Drozd et al. (1999) showed that chem-
ical composition, functional groups content and
elemental composition of soil-HA is given by
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Figure 4. FTIR spectra of HA isolated from soil, compost
and lignohumate.

pedogenetical processes. HA-compost showed the
main differences in the finger print region at the
wavelength 1700-1000 cm™!; 1035 cm™!; and 900-
1045 cm™'. They contained much more C=0
carbonyl, —COO-, ketonic groups and polysacchar-
ides in their molecule — see Figure 4. Drozd et al.
(1999) quoted that during composting process con-
tent of alkyl groups —CH2- is decreasing and
gradually increased content of C=0O bands in carb-
oxylic bands. So that infrared spectroscopy is a
useful tool for evaluation of composting process.
HA-lignite had the highest content of carboxylic
groups (—COOH) at 1000-1200 cm™*, polysacchar-
ides, C-O and —OH groups at 1000-1220 cm™;
C=C aromatic and C-O groups at 1620-1655 cm™’;
C= bands in COOH groups at 1700-1720 cm™’;
asymmetric carbon in —CH, groups at 2930-2850
cm_lg and —OH and H- at 3300-3400 cm™! — see
Figure 5. Vesela et al. (2005) determined in lignite
HA semichinoidal and chinoidal structures (2-
methylnaftochinone) and confirmed their high
reduction ability for metallic ions (Cr, Hg, Au, Pb,
etc.) and Madronova (2011) published similar

100

80

1225 1404
< 2

DA

A) l\
~oa
N \

T (%)

20
401 1173 1944 ¢!

---HA-soil - HA-compost — HA-lignohumate — HA-lignite

Figure 5. FTIR spectra of HA isolated from soil, compost,
lignite and lignohumate.

results. We supposed that high concentration of
chinone in lignite HA come from covalent bounds
of the last with metal ions and are not the results of
microbial enzymatic activity. Lignohumate-HA dif-
fers in lower wavelength (finger print region) and
contained more carboxylic groups at 1581 and at
1414 cm™'; —SO5- groups at 1105 cm™'; and —SO,4—
groups at 620 cm™'; —OH groups in the region
2000-3700 cm™!. Intensity of the last vibration in
the region from 2000 to 3700 cm ™' confirmed that
HA-lignohumate did not contain long aliphatic
rings. Acadian-HA had some differences from soil-
HA in the finger print region at the wavelength
1700-1000 cm™'; 1035 cm™'; and 500-1045 cm™.
That means they are, like compost-HA, rich in C=0
carbonyl; —COO-; ketonic groups and polysacchar-
ides. Presence of carboxylic groups (—COOH) was
detected at 1000-1200 cm™; polysaccharides, C-O
and —OH groups at 1000-1220 cm™'; C=C aro-
matic and C-O groups at 1620-1655 cm™'; and C=
bands in —COOH groups at 1700-1720 cm .
Alginite-HA differs from soil-HA mainly at the
region 1000-17000 cm™'. Presence of carboxylic
groups (—COOH) was detected at 1000-1200
cm™'; polysaccharides, C-O and —OH groups at
1000-1220 cm™!; C=C aromatic and C-O groups at
1620-1655 cm™'; and C= bands in COOH groups
at 1700-1720 cm ™" — see Figures 4 and 5.

13C NMR technique allows to elucidate in detail
chemical structure of heterogenic organic com-
pounds. >C NMR is significant contribution to
deepening the knowledge structure of HA (Enev
et al. 2014; Novak & Hrabal 2011). Quantitatively
can detect different carbon types (e.g. carbonyl,
carboxyl, aromatic, olephinic, anomer, aliphatic car-
bon) and for this reason is very useful technique to
determine chemical structure in HA of different
origin. The most important >C NMR parameters
from the point of view of chemical structure of HA

Table 4. Integral region and types of carbon according to
Malcolm (1990).

Region Spectral

No region (ppm) Type of carbon

1 230-184 Carbonyl in keto- and
aldehyde

2 184-157 Carboxyl in acids or esthers

3 157-143 Aromatic C-O

4 143-106 Aromatic and olephinic,
C-C, C-H

5 106-87 Anomers

6 87-43 sp> carbon, C-O, C-N

7 43-15 sp> carbon, C-C
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Table 5. The relative integral intensity in studied samples (spinning site peaks).

Integral regions

Sample 15-43 ppm 43-106 ppm 106-157 ppm 157-230 ppm
Soil-HA

HA-Haplic Ch. 20 25.8 37 17.2
HA-Luvi-haplic Ch. 20 25.9 37 17.1
HA-Haplic Luvisol 26.2 18.3 36.4 18.5
HA-Haplic Cambisol 28.5 25 22.3 20.3
HA from different sources

HA-acadian 18 31 33 15
HA-alginite 18.95 48.54 21.84 10.07
HA-compost 20 24.9 30 25
HA-lignite 22 26 39 18
HA-lignohumate 17 30 34.2 18.8

are percentage of aliphatic (Caliph) and aromatic
(Car) carbons. From these parameters it can be
calculate aromaticity degree (). Studied spectral
regions according to Malcolm are given in Table 4.
Calculation of aromaticity degree suggested by
Hatcher et al. (1981) and Schulten and Schnitzer
(1995) was used. The content of different carbon
types in samples depends on HA origin. Results
showed that the content of aromatic carbon was
decreasing in order: lignite-HA > soil-HA > lLignohu-
mate-HA > acadian-HA > compost-HA > alginite-HA
(see Table 5). Maximum of aromatic carbon was
identify in lignite-HA followed by soil-HA. The
lowest aromatic and the highest of aliphatic carbon
content were found in alginite-HA. Precursor of
alginite-HA are marine organic materials with some
contribution of algae and not higher plants as in soil-
HA or lignite HA. It is evident that mainly alginite-
HA, but also HA isolated from compost, lignohu-
mates and acadian represent young, newly formed
HA, with low aromaticity degree (about 40%).
Aromaticity degree (@) was higher in HA from soils
and lignite, which is connected with high stability

and low tendency to oxidation (Table 6). Lawson
and Stewart (1989) and Highasi et al. (1998) also
confirmed that content of >C phenolic carbon
(C=0) at 143-157 ppm and sp> carbon (C-O) at
43-87 ppm was the highest in HA-lignite. Madro-
nova (2011) found out that the content of C-O and
C=0 groups increased in HA molecule with their
molecular weight. Preston (1996) characterized rel-
ative signal intensity at 30 ppm as a presence of long
ring —O—alkyl and —CH,— groups. Very low content
of the last groups was found in lignohumates, which
was also confirmed by FTIR spectroscopy. Malcolm
(1990) identified at 50-60 ppm presence of aliphatic
and methoxylic groups, which originated from plant
biopolymers (lignin). Rossell et al. (1995), Beyer
et al. (1993), Barancikova (2002) and Baranci-kova
et al. (2003) showed that there are significant
changes in content of functional groups in soil-HA
and these changes correlated with intensive agricul-
ture. All changes are mainly in the region 43-15 ppm
and 157-143 ppm (according to '>C NMR spectral
analysis) and functional groups presented there are
responsible for soil aggregability and nutrition

Table 6. Calculated values of Aromaticity degree («) and carbon distribution in HA according to Hatcher et al. (1981).

Sample Carom (106-157 ppm) Cuir (15-106 ppm) sp> C (87-15 ppm) a (%)
Soil-HA

HA-Haplic Ch. 37.00 45.80 34.50 44.69
HA-Luvi-haplic Ch. 37.00 45.90 34.50 44.63
HA-Haplic Luvisol 36.40 45.50 40.30 44.44
HA-Haplic Cambisol 22.30 53.50 50.60 29.40
HA from different sources

HA-acadian 33.00 46.00 40.00 41.77
HA-alginite 21.80 67.50 58.20 24.41
HA-compost 30.00 44.90 37.00 40.05
HA-lignite 39.00 48.00 36.00 44.82
HA-lignohumate 34.20 47.00 40.40 42.12
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regime. Typical >C NMR spectra of HA isolated
from different sources are listed in Figure 6-11. As it
was mentioned before more aromatic carbon was
determined in HA isolated from lignite and Haplic
Chernozem (region 106-157 ppm) — see Figures 6
and 8. Less content of aromatic carbon (region 106—
157 ppm) and more aliphatic carbon (region 15-106
ppm) was found in alginite, compost, acadian and
lignohumates — see Figures 7, 9-11.

e e

Results of elemental composition, functional
groups content, carbon distribution and concentra-
tion of biomarkers (peptides, polyphenols, amino
acids and lipids) confirmed that studied parameters
differ with the origin, humification degree and age.
Soil-HA are typically composed of a variety aliphatic
and aromatic groups, quinines, lignin fragments,
polysaccharide, monosaccharide and proteins frag-
ments, which are much more stable and play an

100 80 60 40 20 0 ppm

240 220 200 180 160 140 120

12.48 [ TY
24.01 7.1

16.52 #1.74

100.00

Figure 6. '>C NMR spectra of HA isolated from Haplic Chernozem.

W/

240 220 200 180 160 140 120

Figure 7. '3C NMR spectra of HA isolated from alginate.

100 1] &0 40 20 o ppm

250 200 150

T T —
15.64 30.37
41.11 100.00

Figure 8. '>C NMR spectra of HA isolated from lignite.
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Figure 9. 1>C NMR spectra of HA isolated from compost.
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Figure 10. '3C NMR spectra of HA isolated from Acadian.

10.40 100.00
8111
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TNy 20054
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Figure 11. '>C NMR spectra of HA isolated from lignohumate.

important role in stabile carbon pool of soil organic
matter. On the other hand, we can easily identify
HA isolated from other sources, which are usually
less stable and take place in labile carbon pool
of SOM.
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