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ABSTRACT

Concentration of free radicals, g-values, and line widths of the ESR spectra were
determined for three commercial humic acids used for agriculture in Egypt and compared with
three natural humic acids extracted from soil and two decomposed agricultural wastes including
olive mill solid residual and rice straw - cattle manure mixture. The natural regional soil humic
acid shows lower free electron contents. The calculated free radical contents of the commercial
humic acids were found to be abnormally higher than not only the studied natural humic acids but
also than the cited literature humic acids originated from different sources. All the g-values
indicate semiquinonic radical moieties associated with an aromatic network or a semiquinone
radical unit conjugated to aromatic rings of different type. Higher g- values recorded for the
studied humic acids indicate oxygen-centered radicals. The relations govern the line-width and g-
value, the line-width and the shape of the esr signal, spin concentration and %0, spin
concentration and % H, spin concentration and absorbance at 465 nm., spin concentration and
atomic C/H ratios are more significant in case of natural humic acids extracted from soil and the
two composts but not in case of commercial humic acid. This indicates that the two humic acids
classes are basically different in their structures.

INTRODUCTION

Soil organic matter (SOM) is a mixture free radicals to plant cells. These free radical
of simple and complex organic compounds play an important role in the majority of
including  macromolecular  structures chemical ~ reactions  between  organic,
(Humus). Humus usually classified as humic organomineral and mineral compounds in
acid (HA), fulvic acid (FA) and humin (HU). soils due to their large store of energy and
They are basically classified in relation to high activity. (Evgeny et al., 2005). The free-
their solubility in alkali and acid (Sérgio et radical content can be used as indicator of
al., 2003). Humic substances contain very the humic acids reactivity toward several
stable semiquinone free radicals and provide chemical and biochemical reactions.
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They function as electron donors
and assist in exerting positive effects on seed
germination, root initiation and plant
growth in general. Quinones are responsible
for the formation of reactive oxygen species
in HAs, which are useful for wound healing
and have fungicidal/bactericidal properties.
Phenols and carboxylic acids deprotonate in
neutral and alkaline media and are
responsible for various other functions, such
as the antioxidant and anti-inflammatory
of HAs. the

presence of phenolic groups in HAs provides

properties In particular,
antioxidant properties due to their free
radical scavenging capacity (De melo et al.,
2016).

unpaired electrons, are highly reactive, short

Free radicals contain one or more

lived, and capable of participating in many
different reactions. It is believed that the
semi quinone free radicals in humic acids
are stabilized by aromatic structures. They
are associated with humification degree of
humic acid (Rifalde and Schintzer, 1972).
The greater the humification (low H:C
ratios) the darker the color of the humus the
higher free radical content.(Robert, 2008).

Considerable interest are given to the study
and

of free radicals in humic acids in soil

other natural sources (i.e. coal, peat,

compost, sediment, fresh and marine waters)
and synthetic sources (Senesi et al., 1987).
(ESR)

radical

Electron spin

detect

resonance

spectroscopy  can free

compounds, determine its concentration

and, sometimes, their origin. At present,
electron

paramagnetic resonance
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spectroscopy has become a common method,
along with nuclear magnetic resonance
spectroscopy for studying the humification
and stabilization of humic substances in
soils, peats, and other sediments (Willson
and Weber, 1977; Scott et al., 1998; Dai et
al., 2001; Ejarque and Abakumov, 2001).
On other hand humic acids have
to be an effective

potential used as

conversation and management tool for
sustainability of the soil (Giimii and Seker,
2015).

mineral fertilizers usually contain between

Commercial organic or organo-
15 and 85 % of humic substances, extracted
from lignite, leonardite, or peat by oxidation.
These materials are sources with a very high
content of humic substances (Lamar et al.,
2014).

According to  Lodhi et al. (2013),
studies revealed that humates available in
the market vary widely and therefore some
sort of quality monitoring is required.

The aim of this work was to apply electron
spin resonance spectroscopy (ESR ) to
analyze some commercial humic acids
applied in agriculture in Egypt and compare
their characteristics with humic acids
extracted from Egyptian soil and from two
decomposed  agricultural wastes include,
solid waste of olive oil mill and rice straw -

cattle manure mixture.
MATERIAL AND METHODS

Commercial humic acids samples: Three
commercial humic acids ( HAl1, HA2 and

HA3) were obtained from three Egyptian
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sellers. The data recorded on the three acids
were shown in Table (1).

Soil sampling: The soil sample was
taken from the Ah (0-15 cm) horizon of soil
cultivated with apricot trees in Shobra
shehappe area-province of Kaliobeya, at the
northern of Cairo, Egypt. The soil sample
was air dried, and the plant residue was
removed as possible before humic acids,

(HAsoil) extraction.

Decomposed rice straw - cattle manure
mixture: Fresh cattle manure was mixed by
stirring with dry and grounded rice straw.
After three days the bad odor disappears.
The past was made in form of strips and
spread in air and sunlight.

The dried past was grounded. The
powder was used for extraction of humic
acid, (HArcm).

Table (1): The commercial acids recorded data

HA Content source
HAL 98%Humic acid India
HA2 95% potassium humate appearance crystal China
granules of size 0.5 — 1.5mm, water solubility
12% max,pH = 9-10.
HAS3 HA68%,Fulvic 18% Potassium10% Canada

Decomposed olive cake solid waste:
The solid olive oil mill waste was derived
from Alkttan factory in Cairo. The waste
was stored without supporting with any
plant residues or additives under irregular
atmospheric conditions. The extraction and
purification of humic acids, (HAov), was
conducted after stored about 2 years.

Extraction and Purification of humic

acids: Extraction and purification of humic

acids was carried out according to
international humic substances society
(HISS)  (Swift  1996), with  slight

modifications (Badr et a l., 2005)
Humic acids analysis:-
Moisture and ash Contents. Doublicate

sample were dried at 105°C for 24 hours to
determine moisture contents (Sim Siong et

al., 2007), then ignited in a muffle furnace at

-61-

750°C for 8 hrs. to determine the ash
content (Ghabbour and Davies, 2000).

Elemental Analysis*. C, H, N and, S
percentages were determined for all humic
vairo EL 111
Analyzer. The oxygen content was estimated
from the difference (O%= 100% - %C -
%H —%N- S%).
E4/E6 ratio:
prepared by dissolving 0.05 g of purified
humic acids in 25 ml of 0.5N NaOH solution
in absence of air. The pH was adjusted to 7
by adding 0.1N HCI. A blank was set up

acids on the Elemental

Humate solutions were

under the same condition according to
(1967).

determined absorbance values at wavelength

Theng et al. Based on the

*Microanalytical Center, Faculty of Science,
Cairo university Egypt, Cairo

**The National Center of Radiation Research
and Technology, Nasr City , Cairo
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465nm and 665 nm on Perkin Elmer,
Lambada 45,UVIVIS
the the

absorbance (E4/E6 ratios) were calculated.

(ESR)

Precisely

Spectrometer, ratio of two

Electron spin  resonance

measurements** were made on low-ash,
finely ground humic acid samples that had
been dried over a desiccant. The study of
organic free radicals was accomplished by
EPR, the EMX

spectrometer with rectangular cavity of ER

through Bruker-
4102, operating in band X (approximately
9.5GHz) and wavelength is about 3 cm.).The
weight was determined by transferring the
powder humic acid sample to Quartz tubes
diameter about 3mm. All

have inner

measurement occurs under room
temperature conditions. The electromagnetic
radiation can be regarded as coupled electric

field (E) and magnetic field (H), where the

N=K

two fields are perpendicular to each other
and the direction of propagation, and they
oscillate by the same frequency v within the
range from 1 to 100 Giga Hertz as the
modulation frequency is 100 kHz.

The ESR parameters describe the organic
free radical and calculated from the
resultant ESR spectrum include:

() The concentration of unpaired
electrons (free radicals) expressed in spins/g,
estimated by comparing the area of the ESR
signal of the sample with that of a standard
char containing a known number of
paramagnetic centers, on the assumption
that the

integration

area, calculated by double

by
multiplying the height and square of the
width. According to. Gohn, (1986). The

equation used for Spin calculation was as

or, more commonly,

follows:

Hy x (AH)? x (P-H/ 0

Ge X Hm x /P

Where:N: no. of spins, H,: magnetic
resonance, AH: peak width, Ge : gain. Hm :
modulation amplitude, P : power , K : EPR
constant = 10 13 spins
(b) g-value or the spectroscopic splitting
factor, was measured by comparing the

following relations:

Esﬂe=2.0035><

Where Hgy and Hg,. are the
instrument magnetic fields with the standard
and Vg, are the instrument

frequencies of the standard and sample.

(c) The width of the resonance line,

values of the magnetic field at which
resonance occurs for the sample and for a
standard of known g-value, generally N, N
diphenylpycrylhydrazyl (DPPH); the results

were read on the spectrometer which
calculated according to the
Hstd Vsple
Hsple Vostd
and sample, and Vg
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measured in Gauss as the peak-to-peak
separation of the first- derivative ESR signal
according to Saleh et al. (1982).
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The ESR

parameters were as it follows: Center Field

spectrometer  setting
ve-Power2012 Mw Time Constant

81920ms, 201972s, Mod-

Frequency100.00 KHz, Mod-Amplitude5.00

G Receiver Gain7.96 E+03, Number of Scan

1.9/l gLt

RESULTS AND DISCUSSION

The ESR spectra of the investigated

Sweep Time

humic acids are shown in Fig. (1) and (2).

The shapes were similar to those generally

3460.410 G, Sweep width 200.00 Microwave-
9.712703 GHZ,
Chukov et al., 2017). All spectra consisted of

Frequency, Microwa
a single spectra devoid of hyperfine splitting,
which may be ascribed to the high number
of super imposed resonances at slightly
differing field values, all contributing to the
signal (Kubat, 2012) or to presence of more
than one kind of radical center (Anderson et
al., 1974). indicated that the free radicals in

humic acid are extremely of complex

observed for humic acids from different SEructure.
sources (Rifalde and Schintzer, 1972;
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Fig. (1): ESR spectra of the three commercial humic acids HA1, HA2, and HA3
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straw- cattle manure humic acids: HAsoil, HAov, and HArcm of line widths 4.07, 5.07
and 7.05 G respectively.
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Free radical contents: The calculated

free radical concentrations of the studied
humic acid in comparison with humic acids
from different sources are shown in Table
(2). Free radical concentrations of Egyptian
soil humic acids in comparison with humic
acids extracted from soil at different
geographic region are shown in Table (3).
The calculated free radical contents of
commercial humic acids (HA2 and HAS3)
were found to be higher than not only the
studied natural humic acids but also than
the cited

According to (Baranclkova et al., 1997) this

literature humic acids values.

result indicates the higher poly condensed
and aromatic nature of the commercial
humic acids, with respect to the regional
studied humic acids. In recent point of
view, the low degree of organic matter
humification is confirmed by the increased
content of free radicals as determined by
electron paramagnetic resonance, which
indicates a low bio- thermodynamic stability
of organic matter (Chukov et al., 2017).
According to the data given in Table (3),
it is observed that each soil humic acids is
characterized by its own contents of free

radicals which is related to its nature.

Table (2): The free radical contents of the studied humic acid in comparison with humic

acids smples from different sources

Studied | Spin/gm | 'Peat HA | “SoilHA | °Fungal | “Coal
HA x10% X10Y X 10 | HAX10Y | x10Y
HA1 6.40
0. 9795 3.0 5.67 0.8
HA2 14.63
5.2 6.41 7.8
HA3 12.88 2.8002
2.6 2.88 41
HAov 01.38 0. 0589
7.7 0.62 6.7
HATr- 02.72 0. 1753
H,(O:\m il [ 0215 40 1.36
sol : 1.7086
7.2
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. (1Kjavins and Sire Pdf),( 2Anderson et al. 1974 ),( 3Senesi et al., 1987),(4Deborah. et al., 2002),
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Table (3): Free radical concentration of Egyptian soil humic acids (HAsoil) in comparison

with humic acids extracted from soil at different geographic region

Soil Free radical
No. Sources of humic acid concentration
Spin X10%g™

1 | Gray forest soil(Chiba,Japan)* 4.7

2 | Paddy field soil (Chiba,Japan)* 1.0

3 | Farm soil(Chiba,Japan)* 2.8

4 | Wisconsinpodzol** 8.0

5 | Muck soil** 3.0

6 | California podzol** 2.0

7 | English podzol** 14.0

8 | Arizona brown —forest soil** 8.0

9 | IHSS standard soil** 12.9

10 | Egyptian soil 2.15

*(Ghabbour and Davies, 2002), **(Frederick, 1970),IHSS:

international humic substances societ.

Also, it is noted that the Egyptian soil humic
acid was in the third rank after California
and Paddy field
Generally the

podzol soil, Japan.
relatively low free electron
content in soil humic acids may attributed to
the decomposition of organic matter by the
higher temperature.

The g- factor provides information about
the chemical nature of the species that
contains the unpaired electron, (Marcilene et
al., 2010). The g-factor value of unbound
electron equal to 2.0023 as reported by
Natalya et al. (2016). According to Evgeny
et al. (2005) the ESR spectral line with g =
2.003 suggesting presence of free radicals in
structure of humic acids . When the g -
factor is close to that of a free electron this
points to existence of strongly delocalized
(1987)

reported that the g-values range from 2.0040

molecular orbits. Senesi et al.
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to 2.0046 are consistent with semiquinonic
radical moieties associated with an aromatic
network.

Schnitzer and Skinner (1969) have drawn a
similar conclusion for soil humic acids, in
which the most likely possibilities are
semiquinone radicals associated with a
condensed ring system or a mixture of two
or more different
Retcofsky et
gradual
rank (from 2.00418 to 2.00270) and

considered that g- value

types of free radicals.
al. (1968) have reported a
decrease in g value with coal
of semiquinone

radicals decreases as the size of the
condensed ring system increases.

Also the g-values of ESR spectra can be
used to assess whether a radical is carbon-
centered or oxygen-centered: whether the
unpaired electron is located on a carbon or

oxygen atom. Carbon centered radicals have
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g-values that are close to the free electron g-
value 2.0023. Carbon centered radicals with
an adjacent oxygen atom have higher g-
values in the range of 2.003-2.004,while for
oxygen-centered radicals have g-values that
are >2.0048, (Catherine et al., 2009).

According to the above review, and
according to the g-values obtained and
showed in table (4) in comparison with

humic acids from different sources, the free

radical contents of commercial humic acids (
HA1, HA2 and HA3) and regional humic
acids (HAov, HArcm and HAsoil) are
semiquinone radicals associated with a
condensed ring system or a mixture of two
or more different types of free radicals. The
higher values recorded for the g-values
indicate small molecular size and \or oxygen

centered free radicals.

Table (4): The g-factors the studied humic acids in comparison with humic acids from

different sources.

g- value

Hmicacid | g-value | 'Peat| 2Soil | *Fungal | “Coal
HA HA HA HA
HA1l 2.00876 | 2.006 | 2.0031 | 2.0041 | 2.0056
HA2 2.00877 | 2.006 | 2.0030 | 2.0040 | 2.0058
HA3 2.00881 | 2.005| 2.0028 | 2.0043 | 2.0056
HAov 2.00916 | 2.0065 | 2.0030 | 2.0041 | 2.0055

HArcm 200954 | 2.005| 2.0029 | 2.0046

HASsoil 2.00893 | 2.006 | 2.0030

. (*Kjavins and Sire Pdf),( >Anderson et al. 1974 ),( *Senesi et al., 1987),(*Deborah. et al., 2002).

As the commercial humic acids prepared by
oxidation of a coal source, the higher of
values observed in case of commercial acids
suggests that the free electrons in these
acids are more shifted toward the oxygen
atoms which in agreement with
(Abakumov et al., 2015).

The line width value is related with the
time that the excited electron spends to
return to the environment of the absorbed
energy (relaxation time) and also with the
interaction of the organic free radical with
the environment. The more condensed the
molecules, the smaller the line width
(William et al., 2008).
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The calculated line width values are shown
in Table (5 )in comparison  with humic
acids from different sources. The group of
commercial humic acids HA1, HA2, HA3
and soil humic acid HAsoil presented small
values of line width, and in a general
agreement with the literature soil humic
acids . These small values are associated
with abnormal high concentration of organic
free radicals in case of commercial humic
acid. The largest value for line width was
observed for the humic acids of the compost
group (HArcm and HAov) which indicate
that these were less humified. in accordance
with (Cunha et al., 2009) .
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According to Anderson et al. (1974), it was
observed that: (a) the greater the line-width,
the greater the g-value, and b) as the line-
width increased, the line-shape changed

from asymmetric to Lorentzian to Gaussian
(Fig 3)

According to Fig ( 2) and the data showed in
Table (5) the last phenomena observed only
in case of soil and decomposed wast humic
acids which indicate the similarity and

related structure.

Table (5): the line width of the studied humic acids in comparison with humic acids from
different sources

Humic acids ESR characteristics of studied humic acids Line width
1 2 A 3 4
Spin/gx10Y | G-facto | Linewidth Peat  “soil  “FPHA* coal
HAl 6.39962 2.00876 4.45 1.6 4.3 5.8 5.0
HA2 14.6297 2.00877 4.08 15 4.1 55 5.6
HA3 12.8772 2.00881 4.08 14 2.9 4.8 5.2
HAov 1.38431 2.00916 5.07 14 4.1 51 4.1
HArcm 2.71457 2.00954 7.05 15 3.3 6.6 -
HAsoil 2.15361 2.00893 4.07 15 41 - -

. (*Kjavins and Sire Pdf),( 2Anderson et al. 1974 ),( *Senesi et al., 1987),(*Deborah. et al., 2002).
*fungal type humic acids

Table ( 6 ) shows elemental
at 465nm,
concentration of the studied humicacids. Fig
(4) shows the plot of % H and % O in soil

and decompsed

analysis,

absorbance against spin

humic acids vs.spin
concentrations. Fig (5) shows plot of % H
%0

commercial

and vs.spin  concentrations  in

humic acids. For soil and

decomposed wast humic acids , a plot of

spin concentration Vs. %H  shows an
inverse relationship between the two
parameters which was statistically

significant at R2=0.65; the plot of spin

OH

OH

%0

proportionality which was

concentration Vs. shows direct

statistically
significant at R?=0.58. generally, According
to ( Reffaldi and Schnitzer 1972) the
statistically significant negative correlations
between spin concentration and % H and
the positive correlation  between spin
concentration and %0 in case of soil and
decomposed wast humic acids support a
mechanism of free radical formation which
involves the oxidative removal of H from —

OH by action such as the following:

The latter results are not given by commercial humic acids as shown in fig (5). Other

statistically significant correlations (R2=0.97) were found to exist between spin concentration
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and absorbance at 465 nm for soil and decomposed waste humic acids Fig (6). The
statistically significant correlations between spin concentration and absorbance at 465 nm

suggest that the free radicals content is related to the dark color humic substances.

Y'(H)

Ha H

Fig (3): An asymmetric experimental spectrum matched to (X) lorentzian

and (O)Gaussian shapes with the same amplitude.

Table (6): The elemental analysis, absorbance at 465nm, against
Spin concentrations of the studied humic acids

Sgsample H% 0% | C/H A465 | Spin concx10*
HAl 2.36 3397 | 046 | 0.293 63.9962
HA2 2.25 32.11| 047 0.309 146.297
HA3 2.79 29.65 | 0.50 0.341 128.772
HAov 9.62 2054 | 171 0.035 13.8431

HArcm 6.26 23.03 | 1.33 0.257 27.1457
HAsoil 5.37 36.47 | 121 0.196 21.5361
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Fig (4): Plot of % O and % H vs.spin concentrations in soil and decomposed waste humic acids

% i g

o * Ha1

H%

Fig (5): Plot 0f% O and % H in commercial humic acids vs.spin concentrations

Generally, this result also not observed in

case of commercial acids. Observations
connecting free radicals content of humic
material with color have also been made by
Reffaldi and schnitzer (1972). The corelation
between spin concentration and atomic C/H
ratios Fig (7) indicates as the degree of
condensation (aromaticity) or the molecular
complexity of the humic acid increase , the

free radical content also increases. This is
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more significant in case of natural humic
acids extracted from soil and decomposed
waste than commercial humic acids. Soil and
decomposed waste humic acids have C/H
ratio generally coincident with the range
0.779 -1.594 of natural humic acids( Reffaldi
and Schnitzer, 1972) while commercial
humic acids small values outside the natural

range.
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Fig (6): Plot of absorbances at 465nm of aquauos solution (pH 7). vs spin concentrations
of commercial , soil, decopomsed olive solid residual, and decopomsed rice straw- cattle

manure mixture humic acids .
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Fig (7): Plot of C/ H vs.spin concentrations in commercial, soil,decoposed olive solid

residual and decopomsed rice straw- cattle manure mixture humic acids

CONCLUSION

The investigated commercial humic acids
contain high content of organic free radicals
comparing with the Egyptian soil and
decomposed waste humic acids. The latter
gave results consistent with the cited
observed characteristics of natural acids
while commercial humic acids were not.

Commercial humic acids gave C\H atomic

ratios outside the natural humic acids range
.The results indicate that the two classes are
of basically different structure and low

quality of commercial humic acids .
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