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Abstract

POSPISILOVA, I.., FASUROVA, N., LIPTAJ, T., JURICA, L.: Humic acids characterization by EDXS and *C
NMR spectroscopy. Acta univ. agric. et silvic. Mendel. Brun., 2010, LVITI, No. 1, pp. 139-146

Determination of humicacids spectral characteristics performed fast and convenient method for their
quality evaluation. Humic acids (HA) were isolated from five different soil types (Luvi-haplic Cher-
nozem, Haplic Luvisol, Haplic Cambisol, Leptic Cambisol and Eutric Cambisol) and from compost.
Basic soil characteristics were determined by commonly used methods. Fractional compositon of hu-
mus showed that humic acids content was decreasing in order: compost > Luvi-haplic Chernozem >
Haplic Luvisol > Eutric Cambisol > Haplic Cambisol > Leptic Cambisol. Isolated humic acids prepara-
tions were characterized comparatively by chemical and spectroscopic methods. Elemental analysis
showed the highest carbon content in Luvi-haplic Chernozem HA. The lowest carbon amount was
in Eutric Cambisol. Energy-dispersive X-ray spectroscopy detected elements in situ in HA molecule.
All samples contained Fe, Cu, Zn, Ti, Ca, K, S, P, Si and Br. Practically no differences in elements con-
tent between soil humic substances and compost were detected. The amount of aromatic carbon was
higher in Luvi-haplic Chernozem to compare with other samples. Humic acids isolated from Cambi-
sols, on the basis *C NMR spectroscopic data, showed that all samples contained less aromatic carbon

and significantly more aliphatic carbon.

humic acids, EDXS and “C NMR spectroscopy

Humic acids, the main component of soil or-
ganic matter, play an important role in soil fertility.
Their reactivity is given by basic chemical proper-
ties, functional groups content and character and by
their structure. Humic acids possess a highly com-
plex and refractory character, and have the capacity
for diverse chemical and physical interactions in
the environment. Their influence on the pollutants
transport bioavailability is widely recognizing (Se-
nesi, 1993; Wandruszka et al. 1998; Hayes and Mal-
colm, 2002). Humic acids mainly consist of hydroxy-
phenols, hydroxybenzoic acids, and others aromatic
structures with linked peptides, amino compounds,
and fatty acids (Albert, 2004). Association between
dissolved humic acids, heavy metals and others hy-
drophobic pollutants have important consequences
with regard to their transport and retention. Recent
work has produced an abundance of evidence sug-
gesting that interaction between humic acids and
pollutants is detergent like and in nature involves
the sequestration of the latter. Changes in humic
acids quality and structure, with respect to different

soil types, can be followed by spectroscopic tech-
niques and elemental analysis. New approaches of
spectrometry that include a wide variety of tech-
niques such as infrared spectroscopy, fluorimetry, x-
ray spectroscopy, C Nuclear Magnetic Resonance
(NMR) are successfully applied. Energy dispersive
X-ray spectroscopy (EDXS) is capable to identify
elements in situ that are actually present under elec-
tron probe (Milori, 2002). *C NMR - is useful for
the elucidation structure of organic compounds and
mixtures, because these spectra provide specific in-
formation on the chemical structures involving *C
atoms within a humic acid molecule. The carbon
skeleton of HA is observed rather than the adjacent
protons, allowing the functional groups to be de-
tected. Carbon nuclei are spread over a wide range
of chemical shifts that effectively separate signals
even when carbons have only small differences in
diverse structural environments (Simpson, 2001).
Carbon structures are determined in relative terms
from the chemical shifts that occur when energy is
absorbed by a molecular spinning in a magnetic
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field. Individual carbon types in molecule indicate
structure, sorption capacity, binding properties and
solution interactions of humic substances.

The aim of our work was to discuss elemental
composition and optical properties of different ori-
gin humic acids. Non-destructive energy-dispersive
X-ray spectroscopy (EDXS) and BC-NMR spectros-
copy were used.

MATERIALS AND METHODS

Humic acids preparations were isolated from five
different Czech soil types: Luvi-haplic Chernozem
(locality Praha), Haplic Luvisol (Veverské Kninice),
Leptic Cambisol (locality Ocmanice), Haplic Cam-
bisol (locality Nam&st) and Eutric Cambisol (loca-
lity Vatin). Results were compared with compost HA
and THSS Elliott HA standard 1S102H, (www.ihss.
gatech.edu). Compost was prepared in VUZT Praha
- Ruzyné from grass and leaves (Kolldrova and Pliva,
2008). Selected compost characteristics are given in
Tab.T. Standard THSS extraction method was applied
(Hayes, 1997). Humic acids were purified, dialysed
and lyophilised at -50°C. Elemental analysis of HA
were determined by CHN analyzer in the Engineer-
ing Test Institute Brno. Soil total carbon content was
determined by oxidimetric titration method accord-
ing to Nelson and Sommers (1982). Humus fractio-
nation was made according to Kononova-Bé&l¢ikova
method (in Orlov, 1985). Energy-dispersive X ray

1: Selected compost characteristics

spectra were detected by energy-dispersive X-ray
spectrofluorimeter XEPOS. We detected elements
in humic acid molecule in situ. *C Nuclear Magnetic
Resonance spectra were carried out on spectrome-
ter Varian INOVA 600 (frequency 150,830 MHz). For
NMR experiments 100mg of isolated HA samples
were dissolved in 2.5 ml of 0.5 M NaOH in deuterated
water. After 24 hour of intensive stirring 0.5ml of
HA sample was putin 5mm NMR cell. All BC-NMR
experiments were run at 23°C on a Varian Unity-
Inova 600 MHz spectrometer using basic one-pulse
experiment with the following set of the acquisition
parameters: spectrometer frequency 242.803 MHz;
relaxation delay 1s, acquisition time 1.6s; excita-
tion pulse flip angle 45°, spectral width 50000 Hz
and a continuous broadband decoupling of the pro-
tons. Prior Fourier transformation accumulated data
were fitted with exponential function (line broa-
dening 10 Hz). Subdivision of the spectrum was
made by the commonly used scheme on Malcolm
(1990). Aromatic carbon (C %) is represented in
the 8 106-157 ppm spectral region. Aliphatic carbon
(C,pn %) is represented in the § 15-106 ppm spec-
tral region. The degree of aromaticity of HA (o) was
calculated by the procedure of Hatcher et al. (1981).
The most important step to obtain good quality
BC-NMR spectra is perhaps sample preparation be-
cause paramagnetic species induce fast relaxation of
nuclei in close proximity (Simpson, 2001).

Analysis Data Units

pH 8.4

All substances 80 %

K+AAAs-F 5000 mg/kg of dry sample

Ca2+ 12000 mg/kg of dry sample

N 12 g/kg of dry sample

P 2.0 g/kg of dry sample

Flammable substances 21 %

Entherococcum 2.2x104 KT]J/g of dry sample

Salmonella NEGATIVE/50g

Thermo tolerant bacteria <50 KT]J/g of dry sample
I1: Basic soil characteristics and fractional composition of humic substances

CEC TOC HA FA
Sample pH/H,0 pH/KCI mmoleq/100g % [mg/kg] [mg/kg] HA/FA

Luvi-haplic
@ e e 7.45 6.5 21 1.8 4.6 1 4.6
Leptic Cambisol 5 41 18 16 1.44 2.7 0.54
(Ocmanice)
Haplic Cambisol 5.1 4 16 13 1.6 3 0.54
(Namést)
Eutric Cambisol 5.1 48 14.2 197 18 3 0.5
(Vatin)
Compost (Praha) 8.4 7.5 - 10.3 15 12 1.25
Haplic Luvisol 7.3 6.6 14.1 2.1 3 2 1.5
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RESULTS AND DISCUSSION

Basic soil characteristics are shown in Tab. II. Soils
widely varied in pH, CEC (cation exchange capacity),
total carbon content (TOC), HA and FA carbon con-
tent. Results showed that HA content was decreas-
ing in the following order: Compost > Luvi-haplic
Chernozem > Haplic Luvisol > Eutric Cambisol >
Haplic Cambisol > Leptic Cambisol. Quality of hu-
mic substances given by HA/FA ratio was the high-
est in Luvi-haplic Chernozem. In compost the high-
estamount of FA was determined.

Elemental analysis — results of ash free humic
acids elementary composition (in atomic %) are
shown in Tab. ITI. The highest C amount was in THSS
Elliot HA standard 1S102H. Carbon content in our
samples was lower and decreased in order: Luvi-

haplic Chernozem > Compost > Haplic Luvisol >
Haplic Cambisol > Leptic Cambisol > Eutric Cam-
bisol. Our findings corresponded with our previous
work Pospisilovi et al., (2008, 2009), and with litera-
ture data given by Fujitake et al., (1999) and Baran¢i-
kova etal., (1997, 2002).

EDX spectroscopy was used to investigate elemen-
tal composition of HA samples in situ as a complex.
All samples contained Fe, Cu, Zn, Ti, Ca, K, S, P, Si
and Br (Fig. 1, 2, 3). Maximum Cu was in Luvi-haplic
Chernozem and Haplic Luvisol HA. Both samples
had very similar energy-dispersive X-ray spectraand
contained Fe, Ti, Al, Si, S and Cl. (Fig. 1, 3). Luvi-hap-
lic Chernozem and Haplic Cambisol HA contained
less Fe to compare with Eutric Cambisol and Leptic

I11: Elemental composition of isolated HA preparations (at. %)

Sample %C %H %N %0
HA - Luvi-haplic Chernozem 37.9 39 2.9 20.2
HA - Leptic Cambisol 33.45 47.44 3.07 16.05
HA - Haplic Cambisol 34.2 46.16 3.05 16.59
HA - Eutric Cambisol 32.73 46.48 2.52 18.27
HA - Compost 35.35 40.44 2.45 21.76
HA - Haplic Luvisol 34.5 43 2.7 19.7
HA - Elliott standard 44.1 33.7 2.7 19.4
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1: EDXS spectra of humic acids isolated from Luvi-haplic Chernozem, Haplic Cambisol, Leptic Cambisol and Eutric Cambisol
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3: EDXS spectra of humic acids isolated from Haplic Luvisol (Veverské Kninice)

1V: Integral areas > C NMR spectra of HA

Number ofarea  Spectral area (ppm) Type of carbon
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 sp3 carbon, C-O, C-N
7 43-15 sp3 carbon, C-C

Cambisol HA (Fig. 1). Maximum Ti was in compost
and Eutric Cambisol HA (Fig. 1, 2).

BC NMR spectra showed that aromatic carbon
content was decreasing in order: Luvi-haplic Cher-
nozem > Haplic Luvisol > Compost > Eutric Cam-
bisol > Haplic Cambisol > Leptic Cambisol. The re-
sults are given in Tab. IV, V. The chemical shift is
expressed as parts per million (ppm). The inten-

sity of the signal detected and the spectral quality of
that signal (signal: noise ratio) are dependent upon
the amount of ®C present in the sample and the con-
centrations. Similar concentration of C_ was deter-
mined in Luvi-haplic Chernozem, Haplic Luvisol
and Compost HA. The smallest C . amount was in
Leptic Cambisol HA. As it is evidence from spectral
lines aromaticity degree was the highestin Luvi-hap-
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V: Relative integral intensity of *C NMR spectra of HA (spinning site peaks)

Samples / area 1 2 3 4 5 6 7
HA - Luvi-haplic Chernozem 4.45 11.71 6.90 31.74 10.77 21.28 13.20
HA - Leptic Cambisol 0.51 25.27 2.0 14.09 6.93 21.52 29.68
HA - Haplic Cambisol 0.12 22.43 2.35 16.71 2.65 27.96 27.78
HA - Eutric Cambisol 0.26 22.58 2.55 32.53 9.06 11.7 21.26
HA - compost 0.42 25.54 3.29 31.16 6.05 11.24 22.3
HA - Haplic Luvisol 3.41 14.99 5.43 31.05 4.18 14.16 26.78
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4: 5C NMR spectra of HA isolated from Luvi-Haplic Chernozem (Praha)

pospisilova 2442 zenina 130 BESHM
Pils: 2arben

Pulzs Sequence: szpul

240 220 200 180 160 140 120

100 a0 0 10 20 o ppm

5:C NMR spectra of HA isolated from Haplic Luvisol (Veverské Kninice)

lic Chernozem HA and the lowest in Leptic Cambisol
HA. Opposite situation was determined for aliphatic
moieties. Higher differences in concentration of sp?
C among HA samples were detected in Eutric Cam-
bisol HA and indicated the lowest concentration of
this carbon type (Tab. IV, V). BC NMR findings were
in agreement with elemental composition and frac-
tional composition results. The last confirmed that

HA isolated from Cambisols were younger and con-
tained more aliphatic and less aromatic compounds.
Higher concentration of aromatic carbon moieties
was characteristic for HA isolated from Luvi-haplic
Chernozem, compost and Haplic Luvisol. Obtained
results corresponded with literature (Pena-Mendez
et al., 2005, Barancikova et al., 1997, 2002) and our
previous work Pospisilova et al. (2008, 2009).
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CONCLUSION that higher humified HA as well as less humified HA

Humic acids elemental composition and results always contain some frace clements in their mole—
of EDXS and 1*C NMR spectroscopy could be useful cule. Itis .the em(.ience' that HA tak@ part in dlyerse
for their structure and quality evaluation. We would chemical interaction with surrounding soil environ-
like to give evidence that humic acids play an impor- ~ M€nt
tant role not only in soil fertility but also fulfil an im-
portant environmental function. We can conclude

pospiailova 1817 vs.2 HAMRET 130 dbg
File: home/nalaparploilava/pespiallovalslyotbgllria

Pules Sequences ezpul

240 220 200 180 180 140 130 100 80 &0 40 a0 4] PRI

074 14.04 15,25 16613
12427 100,00 16737

6: 3C NMR spectra of HA isolated from Haplic Cambisol (Namést)

PoSP1Z1lova 1819 ¥E.4 VATIN - O 13¢ abg

Pils: homs/nadafpaoploilava /pospiailovalsl sotbgl2ia

Dulss Sequence: azpul

1as .48 31.90 203,38
154,53 100.00 13642

7:3C NMR spectra of HA isolated from Eutric Cambisol (Vatin)

SOUHRN
Charakteristika huminovych kyselin pomoci EDXS a ®C NMR spektroskopie

Spektrilni metody piedstavuji rychly a vihodny zptisob charakteristiky ptidnich huminovych kyse-
lin. Huminové kyseliny byly izolovany z pé&ti rtiznych ptidnich typt a z kompostu. Vzorky byly ode-
brany z povrchového horizontu nasledujicich ptdnich typt: ¢ernozem luvicka (Luvi-haplic Cher-
nozem), hnédozem modalni (Haplic Luvisol), kambizem modélni (Haplic Cambisol), kambizem
litick4 (Leptic Cambisol) a kambizem eutrickd (Eutric Cambisol). Kompost byl p¥ipraven na VOZT
Praha-Ruzyné podle metodiky Kollarova a Pliva (2008). Zakladni ptidni charakteristiky a frakéni slo-
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pospiailova 1817 v5.2 MAMRET 13¢ g
Pils: homs/nadafpaoploilava /pospiallovalsl? odbglleia

Dulss Sequence: azpul

!

T T T T T T R T T T T T T [ T T T T T T

240 az0 200 180 180 140 120 100 80 &0 40 20 4] PRI

074 1404 15.25 16518
134,23 100,00 16737

8:3C NMR spectra of HA isolated from Leptic Cambisol (Ocmanice)

pospiatlova 1816 v5.1-EOMPOST 13C dbg
File: home/nada/posploilova/paspisilovalslsotngllria

Dulse Sequences azpul

104 10.56 15,42 7152
s 1008

9: C NMR spectra of HA isolated from compost (Praha)

Zeni humusovych latek bylo stanoveno standardnimi metodami. Zjisténé hodnoty byly typické pro
dané ptdni typy. Nejvice celkového organického uhliku (= TOC) bylo zjisténo u hnédozemé modalni
(2,1%). Obsah organického uhliku v sledovanych ptidnich typech a kompostu klesal v potadi: kom-
post > hnédozem modalni > kambizem eutrickd > Eernozem luvickd > kambizem litickd > kambizem
modalni. Frakcionace humusovych latek ukazala, ze obsah huminovych kyselin klesal v potadi: kom-
post > Eernozem luvickd > hnédozem modélni > kambizem cutrickd > kambizem modélni > kam-
bizem liticka. Vzorek kompostu obsahoval nejvice huminovych kyselin a fulvokyselin. Tzolace pre-
paratd huminovych kyselin byla provedena podle standardni mezindrodni metody THSS. Vysledky
elementarni analyzy, kterou provedl Strojirensky zkusebni tistav v Brng, byly porovnany se standar-
dem THSS. Elementérni slozeni izolovanych preparitd huminovych kyselin ukézalo, obsah uhliku
u nich klesal v potadi: ¢ernozem luvicka > kompost > hnédozem modélni > kambizem modalni >
kambizem litickd > kambizem eutrickd. Energiové-dispersni spektra (EDXS), kterd charakterizuji pii-
tomnost jednotlivych elementt in situ, byla stanovena na energiové-dispersnim rentgenovém spek-
trofluorimeteru XEPOS. Vysledky ukazaly, Ze viechny vzorky obsahovaly: Fe, Cu, Zn, Ti, Ca, K, S, P,
Siand Br. Stanovené elementy byly identifikovény jak v huminovych kyselindch izolovanych z kom-
postu, takivkambizemich, éernozemia hnédozemi. Analyza strukturné-typového slozeni preparatt
huminovych kyselin, tj. *C NMR spektrilni analyza, ukdzala, Ze nejvice aromatického uhliku obsa-
hoval vzorek HK izolovany z ¢ernozemé luvické. Obecné obsah aromatického uhliku klesal v potadi:



146

L. Pospisilovd, N. Fasurovd, T. Liptaj, L. Jurica

¢ernozem luvicka > kompost > hnédozem modalni > kambizem modalni > kambizem liticka > kam-
bizem eutricka. Zivérem mtzeme konstatovat, Ze sledovani elementarniho slozeni, EDXS a *C NMR
spektralnich charakteristik u ptidnich huminovych kyselin ma zna¢ny vyznam jak p¥i ocetiovant je-
jich kvality, tak i p¥i ocetiovéni jejich environmentalnich funkei v ekosystému.

huminové kyseliny, EDXS a *C NMR spektroskopie
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