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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecnybrnukacbl YnmmbiK abliibiM akademusicbl «KP ¥FA Xabapnapbl. Xumusi
JKOHEe MEeXHO02Usl cepusichbl» fbifibIMU XypHarsbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHdekcmenyze kKabbindaHraHbiH xabapnaldbl. by
uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawsinap
MeH MeKkemeriepee KoHmMeHm mepeHOiai MeH carnacklH ycbiHaobl. KP ¥FA Xabapnapbl. Xumus
XoHe mexHonoaus cepusickl Emerging Sources Citation Index-ke eHyi 6i30iH KozamOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.

HAH PK coobwaem, 4ymo Hay4HbIl XypHarn «M3secmusi HAH PK. Cepusi xumuu u mexHorio2uii»
6611 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHOU eepcuu
Web of Science CodepxaHue 8 amomMm UHOeKcuposaHUU Haxodumcs 8 cmaduu paccMompeHus
komnaHuel Clarivate Analytics 0nsa OdanbHeluwez0o npuHamMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npednazaem kayecmeo 8 arybuHy KoHmeHma 015 uccriedosameriell, agmopos,
u3damernel u yupexoeHul. BknoueHue Nssecmus HAH PK e Emerging Sources Citation Index
deMoHCcmpupyem Hawly npueepxeHHOCmb K Haubornee akmyarnbHOMY U 811UsimeribHOMY KOHMeHmy
M0 XUMUYECKUM HaykaMm Ot Haweao coobujecmea.
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PHYSICOCHEMICAL AND ANTIOXIDANT PROPERTIES OF HUMIC ACIDS
OF LOW-MINERALIZED PELOIDS OF THE TUZKOL DEPOSIT

Abstract. As a result of studies it was found that the peloids of the deposit of Tuzkol Lake (Republic of
Kazakhstan) are high quality medium-sulfide, weakly alkaline sludge muds. It was found that peloid-derived
humic acid contains 49.63 % oxygen, 22.37% carbon, 9.65 % silicon and 6.26% calcium; it also contains
Na, Mg, Al, Fe and an insignificant amount of S, Cl, K, F. Electron microscopy and IR spectroscopy analysis
of the molecular structure of humic substances of peloids indicated that their macromolecule consists of
framework olefinic and aromatic fragments with a substantial proportion of unoxidized aliphatic groups,
as well as aromatic structures containing carboxyl groups. The findings of amperometric detection of the
antioxidant properties of humic acids suggest that they have antioxidant activity, which will make it possible

to use them as a biologically active substance for medicines.
Key words: Low-mineralized sludge sulphide mud (peloids), humic, fulvic, hymatomelanic, humic

acids, antioxidant activity.

Introduction. Nowadays, Kazakhstani market of
medicines is rather filled with expensive antioxidant
medicines mostly of foreign manufacturers. The
country needs domestic drugs and medicines that
are able to compete with foreign analogues. In this
context, the development studies on innovative
import-substituting pharmaceutical products on the
basis of humic substances of peloids and coals are of
particular relevance and practical value.

In terms of economic and therapeutic
effectiveness, peloids are one of the most interesting
and promising sources of biologically active
substances (BAS), in particular, low-mineralized
suphide mud representing a complex of both inorganic
and organic substances. The predominant constituent
of such mud, responsible for biological activity, are
humic acids, which currently gained wide use in
veterinary medicine, animal breeding, plant growing,
both as effective biostimulants and protectors.

From a scientific perspective, the redox
properties of humic substances of soils, peat, brown
coal, obtained through different chemical and
physical-chemical methods, have been the subject
of investigation for a long time. But the redox
properties of humic substances of peloids derived
from low-mineralized sludge sulphide mud from
the deposits of Kazakhstan have not been studied
extensively or have not been adequately justified for
their pharmaceutical applications.

Peloids are complex substances that are formed
in the natural conditions of biocenoses under

the influence of hydrogeological processes. The
formation of therapeutic mud takes place under the
influence of a complex of natural factors. Peloids
formed by sedimentation in bodies of water and
marshes are the most common [1]. The annual
reduction of peloid reserves is explained not only by
their stable production, but also by the degradation of
mud deposits owing to environmental contamination.
The most frequently deposits of therapeutic mud are
contaminated with solid metals [2].

Sulphide sludge mud is characterized by a
low degree of mineralization and is a source of
environmentally safe natural medicinal substances.
Studies in the development of new biologically
active compounds have demonstrated that humic
substances of different genesis have reparative,
immunomodulatory, anti-inflammatory, antioxidant
effects, as well as constitute a universal matrix, which
allows introducing the essential microelements into
the human body in an active form [3-13].

Research and experimental work on the
development of technologies for obtaining and
using both natural antioxidants (AO), since they are
less toxic compounds, as well as humic substances
contained in therapeutic muds are assuming greater
practical importance over the last few years in
Kazakhstan along with the investigation of the
properties of synthetic products [14]. Currently,
developing innovative medicinal substances based on
domestic natural raw materials to produce modern,
competitive pharmaceuticals is a primary objective of
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pharmacy. Humic substances are the most promising
from this point of view, since their therapeutic
effect involves the realization on the subcellular
and molecular level. The pharmaceutical use of
humic substances of peloids formed under reductive
conditions with the participation of suphate-reducing
microorganisms which is reflected in their structure
and chemical properties that determine the biological
activity of the compounds is topical [15].

The main therapeutic muds of Almaty region are
spread on small lakes drying up in summer, located
along the shores of large lakes (Balkhash, Alakol).
But there are small deposits of therapeutic muds and
brine, such as Arasan-Kundyzdy, Tuzkol lake, etc.
Tuzkol Lake is located in the Raiymbek district of
Almaty region, 330 km southeast of Almaty and 35
km northeast of the administrative center Narynkol.
The maximum depth of the lake reaches 0.9 m
(average - 0.5 m), length - 6.3 km, maximum width
- 2.8 km.

This paper presents the results of experimental
studies to define the physico-chemical and antioxidant
properties of humic substances isolated from low-
mineralized sulfide mud of Tuzkol Lake.

Materials and methods. The characteristic
of the mud sample from the deposit of
Tuzkol lake is given in table 1. The mud
outwardly is a homogeneous soft-plastic mass
dark gray in color with black interlayers, with a
hydrogen sulphide odor and with a small residual
matter of the liquid phase.

Table 1. Physicochemical characteristics of the

No. thepgpeyfas mud of the Tuzkpblpke deRRSt:
- therapeutic sulphide
5 sludge muds
:
=)
8o
3%
Appearance Soft, pasty mass
2 Color Dark gray to black
3 Smell Hydrogen sulphide
odor
4 Volume g/em® | 1.300-1.900
weight
5 Mass fraction % 25-75
of volatile
matters and
moisture
Shear resistance | Pa 2500
7 Contamination % 0.20
bi mineral
impurities
>(0.25 mm in
size, max
8 Hydrogen index, | pH 5.0-8.5
pH
9 Weight percentage | % 0.11
of sulphides

10 | Free iron % 0,35

11 | Hydrotroillite % 0,20

12 | Mineralization g/dm® | 110-250
of mud solution

13 | TMC (total CFU / | 500000
microbial count), |10 g
not more

14 | LPBC (lactose- g 10
positive Bacillus
coli) titre, not
more than

15 | Clostrolium titer, | g 0.1
not more

16 | Pathogenic CFU/ | no
staphylococci 10g

17 | Pseqdomonas CFU/ | no
aeruginosa 10g

The average moisture content of the mud is 48.0
%, volume weight is 1.73 g/cm?, shear resistance is
2500 Pa at the rate of 1500-1400 Pa. Heat capacity,
which depends on the moisture content, is small
and amounts to 0.60 cal/g. deg., the reaction of the
medium is neutral (pH - 7.75), density - 0.048 g/cm?.
Contamination by mineral particles 0.25-5.0 mm in
size is 0.20 % at the rate of no more than 3 %. Active
ingredients were found in the mud in significant
quantity: hydrogen suphide - 0.11 %, free iron - 0.35
%, hydrotroillite - 0.20 %. Peloids of the Tuzkol Lake
deposit belong to the high quality medium-suphide,
weakly alkaline sludge muds.

Samples of the original peloid from the Tuzkol
deposit and their humic substances were studied with
the use of a Quanta 3D 2001 electron microscope (FEI
Company, USA) at the National nanotechnology
Open Laboratory at the Al-Farabi Kazakh National
University.

IR spectra were obtained using a Bruker (USA)
Tensor II IR spectrometer at frequencies of 600-
3600 cm-1 with a diffraction grating. The spectra
were interpreted and analyzed according to the data
[16-18].

The elemental composition of the original
peloid and humic acids were defined with a Micro
XRF elemental analyzer. Antioxidant properties -
by using chromatograph Tsvet Yauza AA-01 under
the following conditions: direct current mode -dc.;
working electrode potential (Up) -(+) 1.3 V; eluent;
orthophosphoric acid solution (0.0022 mol/L);
eluent flow rate 1.2 ml/min; injection volume 1.0
ml. Registration and statistical analysis of the results
were performed using the universal computer system
Z-lab for data collection and processing and the
“AD&CD Data Processing System”.

For plotting the calibrated diagram of quercetin
recommended as a standard for this instrument in the
Research Institute of Metrological Service, the signals
of standard solutions of quercetin were recorded
sequentially in order of increasing concentration. The
results were used to plot a graph of the dependence
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of the peak area (signal value) on the concentration
of quercetin.

Results and discussion.

Elemental composition of humic acids and
low-mineralized sulphide mud of the Tuzkol
deposit.

According to the results of elemental analysis
(Table 2) of the original peloid from the Tuzkol
deposit and humic acids (HA) in their composition,
respectively, a decrease in the carbon content from
13.66 to 8.36%, oxygen - from 40.38 to 32.12 %,
aluminum - 4.8 times, silicon - 24.6 times, potassium
from 0.96 to 0.45 %, iron from 5.09 to 3.74% was
observed. At the same time, the content of sodium
increased from 1.86 % in the peloid to 6.52 % in the
HA, magnesium from 3.60 to 4.58 %, chlorine from
1.31 to 9.15 % and calcium from 12.75 to 13.35 %.
The obtained results meet the criteria for the elemental
composition of humic substances adopted by the
International Humic Substances Society (IHSS).

Table 2. Elemental composition of the initial peloid
and the resulting humic acids (on ash-free basis)

No. Peloid Obtained HA

2 JAtL% |[Wt% |At% |Wt%

E

D
1 C 12.89 | 13.66 |2237 |8.36
2 O 37.90 140.38 [49.63 |32.12
3 Na ]0.33 1.86 1.59 6.52
4 Mg |2.02 3.60 291 4.58
5 Al |4.89 4.56 3.32 0.94
6 Si 12.33 | 13.79 |9.65 0.56
7 S 4.67 0.72 0.44 0.22
8 Cl 2.31 1.31 0.73 9.15
9 K 2.02 1.96 0.99 0.45
10 [Ca |13.90 |12.75 |6.26 33.35
11 |Fe |6.73 5.09 1.79 3.74
12 |F - 0.30 0.31 -

* At. - atomic percentage; Wt - weight percentage.

Method for isolating humic substances from
peloid

For destroying mineral complexes and removing
sulphides, carbonates and other mineral components,
the native mud was treated with Hydrochloric acid
solution 2 M without thermal action so as to prevent
the destruction of organic substances.

More pure preparations were obtained by
extraction of specific organic substances with 0.5
M sodium hydroxide solution at the ratio peloid:
solvent = 1:10 to a maximum of three times, since
in the subsequent portions the amount of mineral
components increased considerably. At this stage,
an extract containing the complex of fulvic,
hematomelanic, and humic acids was obtained.

The fulvic acid fraction was isolated with 0.5
M sodium hydroxide solution and converted to the
H-form with the use a cation exchange resin and
pH constancy was monitored with the use of an
ionometer. The obtained preparation was dried at a
temperature not exceeding 35°C.

The filter residue after isolation of the fulvic
acid fraction was washed with water until a negative
test against sulphate ions and exhaustive extraction
with ethanol was performed until the extractant (the
hymatomelanic acid fraction) turned pale yellow in
color.

The filter residue after alcohol extraction is humic
acids, which constitute the major portion of humic
substances. It was dissolved in a minimal amount of
0.02 M sodium hydroxide solution, then precipitated
with sulphuric acid. For the purpose of obtaining a
low-ash preparation, the reprecipitation was carried
out twice, and then the alkaline solution was passed
through a cation exchange resin and dried.

Electron microscopic analysis of samples.

Figure 1 shows electronic images of the examined
samples of the original peloid and humic acid of the
peloid, which differ from e ach o ther b y grains of
different size. T he s tructure and a ppearance o f the
original peloid (Figure la) differs m arkedly from
similar indicators of humic acid of the peloid (Figure
1b), specifically: s amples o f't he o riginal peloid
consist of the smaller particles mostly of irregular
shape. They contain particles with sizes of 20.15;
20.98; 22.44; 32.73 nm, and their mineral constituent
is represented by clay minerals, carbonate products
of degradation of microorganisms, and suphide
formations. Sample of humic acid of the peloid in
appearance are rare large particles of different sizes
35.78; 55.73; 65.60 nm.

b)

Figure 1. Electronic image of a) initial peloid,
b) humic substance of the peloid.

Infrared spectroscopy of humic substances

Infrared spectroscopy has a number of advantages
over visible and ultraviolet spectroscopy, as it makes
it possible to trace changes in all major types of bonds
in the molecules of the substances under investigation.
By the number and position of absorption peaks in
infrared spectra it is possible to estimate the nature of
functional groups of substances (qualitative analysis),
and by the intensity of absorption bands - about their
relative quantitative ratio [19].

IR spectra of the original peloid and humic acid
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are given in Figure 3. The spectrum of the original
peloid (Figure 2a) shows 13 absorption peaks in
the 3392.10-628.27 cm-lregion , and the spectrum
of humic acid (Figure 2b) shows 19 peaks in the
364132-610.63 cm'region.

Absorption, %
o
0l
008
™ 1481

v s
4 Py
3
002
B s 17%, 'l
000

T
v, cu'

B

Figure 2. IR spectra of a) original peloid and
b) humic acid

According to the IR spectra of the original peloid
and humic acid isolated from the peloid, a common
absorption band in the 3446-3392 cm™ region was
found, which is attributable to the presence of primary
amides. Absorption bands appeared in the spectrum
of humic acid in the 3612 cm-1 region, corresponding
to the valence vibrations of the hydroxyl group, the
absorption band in the 1625 cm-1 region, indicating
the presence of the C = C bond conjugated with
phenyl, and also 2 peaks in the 2362-2339 cm-1
region were detected, which confirms the presence
of secondary amines R.NH: +. In the spectrum of the
original peloid, an absorption band appeared in the
1796 cm-1 region, corresponding to the presence of
the RR'C=CH: bond conjugation with the terminal
methylene group. The common absorption bands in
the 2882 cm™, 2521 cm’!, 2980 cm™!, 2885 cm’!, 2781
cm-1 regions correspond to the valence vibrations
of CHz, the absorption bands in the 1451-1457 cm-1
confirm the presence of CHs absorption in alkanes.
Also, the common absorption bands in the 1078-953
cm-1 region correspond to the valence vibrations
of aliphatic compounds. The bands of the average
intensity of the carbon skeleton vibrations are also
in this region. Detection of 1 peak in the 871 cm-!
region and 5 peaks in the 873-713 cm’ region
correspond to R-NO:2 nitro compounds in 920-830
(10.88-12.05) region and R-O-NO:2 nitrate (bands of
variable intensity) and in the ~660 (~15.15) s region
to RaN-N=O nitrosamines, in the ~620 (~16.13)
00=C-N region to IV amides. The remaining 2 peaks
related to peloids as well as 6 peaks related to humic
substances in the 667-610 cm™! region confirm the
presence of alkynes =C-H.

Analysis of the molecular structure of
humic substances of peloids by IR spectroscopy
demonstrated that their macromolecule consists
of framework olefin and aromatic moieties with a
substantial proportion of unoxidized aliphatic groups,
and also includes aromatic structures containing a
considerable amount of carboxyl groups.

Identification of the antioxidant activity
of humic acid by the amperometric method

One of the methods to measure directly the total
antioxidant capacity of the sample is the amperometric
method [20], which measures the electric current
arising as a result of electrochemical oxidation of the
substance under investigation on the surface of the
working electrode at a certain electrode potential.

The result is the arithmetic mean value of five
measurements (relative mean-square deviation is not
more than 5 %), and the calibration graph is plotted
(Figure 3).

In the studied HA samples according to the
calibration graph of quercetin (Figure 4), the
antioxidant mass concentration equivalent to
quercetin was determined by calculating the peak
area based of the obtained chromatograms. The total
content of antioxidants was determined in solutions
of humic acids of peloids at concentrations (mass.%):
0.001; 0.010; 0.100 and 1.000.

1200
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g 400 =
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Concentration of quercetin, mg/cm?

Figure 3. Dependence of the peak area on the
concentration of quercetin

The humic acid signal value of 516 nAs with
a concentration of 0.001 % indicates that the total
antioxidant capacity is less than 0.09 mg/ml. When
the concentration of humic acids is 0.01 %, the total
antioxidant capacity is 0.93 mg/ml, at a concentration
of 0.1 % - 5,37 mg/ml, and when the concentration
of humic acids is equal to 1 %, the value of the
total antioxidant capacity reaches 49,81mg/ml.
The obtained data suggests that humic acids have
antioxidant activity, which value increases, if the
concentration is increased.

The data presented in Table 3 demonstrate that
the total amount of antioxidants in humic substances
gradually increases as their concentration increases.

Table 3. Quantification of humic substances of
peloids by total antioxidant capacity

Indicators Total antioxidant capacity

(TAC), 10-2 mg/ml
0.001 |0.010 |0.100

Solution 1.000

concentration (wt%)

Humic acid of peloid | 0.09 [0.93 |5.37 |49.81

Conclusion. The results of amperometric
determination of the antioxidant properties of humic
acids of the studied low-mineralized sulphide muds
from the Tuzkol deposit suggest that they have
antioxidant activity, and this will make it possible to
use them as a natural biologically active substance
for medicines.
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®U3UKO-XUMUYECKHUE U AHTUOKCHUJIAHTHBIE CBOMCTBA
I'YMHUHOBBIX KUCJIOT HU3KOMUWHEPAJIN30BAHHBIX ITEJIOU10B
MECTOPOXJIAEHUSA TY3KOJIb

AnHoTanus. B pe3ynbrare npoBeCHHBIX HCCIICIOBAHUN YCTAHOBJICHO, YTO TICJIOMIBI MECTOPOXKICHUS
o3epa Tyskonp (PecnyOnuka Ka3zaxctan) OTHOCSTCS K BBICOKOKAYECTBEHHBIM CPEIHECYIb(UIHBIM,
CJIA0OMICIIOUHBIM HIIOBBIM Tpsi3siM. OIpe/IesieHOo, YTO MoydaeMas U3 MeJIOU/I0B T'YMUHOBasI KUCJIOTa B CBOEM
coctase coaepxut 49,63 % xucnopona, 22,37 % — yrnepona, 9,65 % — kpemuus u 6,26 % — KanbLus, TAaKKe
B €€ AJIEMETHOM cocTaBe npu-cyTcTBytoT Na, Mg, Al, Fe u B Hesnaunrensrom konmuectse S, Cl, K, F. Ananus
MOJICKYJISIPHOM CTPYKTYPbl TYMHUHOBBIX BEUICCTB IIEJIOUIOB, BBIMOJHECHHBIA C IMOMOIIBIO 3JICKTPOHHOM
Mukpockonuu u MK-criekrpockonuu, rmokasas, 4To UX MaKpOMOJIEKYJIa COCTOUT U3 KAPKACHBIX 0JIC(hUHOBBIX
M apoMaTH4YecKuX (PparMeHTOB CO 3HAYUTEIBHOM J10JIel HEOKHCICHHBIX aM(aTHUYSCKUX TPYIITHPOBOK,
a TaKKe apoOMaTUYECKUX CTPYKTYp, COACPIKAIUX KapOOKCHIIbHBIC TPyIbl. [lody4eHHbIC pe3yibTaThl
aMIIEPOMETPUUECKOTO ONPEACICHIS aHTHOKCUJIAHTHBIX CBOMCTB TYMHHOBBIX KHCIIOT CBHJIETCIILCTBYIOT O
TOM, YTO OHHM OOJIaJIal0T AHTHOKCUJIAHTHOW aKTUBHOCTHIO, HAJIMYNE KOTOPOH MO3BOJUT UCIOJIB30BaTh UX B
Ka4eCTBe OMOJIOTMYCCKU aKTUBHOW CYyOCTaHIIUU JUIsl JISKAPCTBEHHBIX MPEIapaToB.
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TY3KOJI KEH OPHbI A3 MUHEPAJIJIAHFAH NEJOUJITAPIBIH
I'YMUH KbIIIKBLIJIAPBIHBIH ®U3UKA-XUMUSLIBIK
’KOHE AHTUOKCUJAHTTBI KACUETTEPI

AnnoTtauus: JXXypri3inreH FelIbIMH-3€pTTEY KYMBICTapBIHBIH HOTHXKECiHAe Ty3ken kemniniH (Kazakcran
PecnyOnukacel) momouaTapsl KOFaphl camaibl opTama CyabQHATI, 91ci3 cinTini nail cynbduari O6armak
exeHiri anpikranabl. [lenonarapaan 0esin ajbiHFaH TYMHH KBIIIKbUIIAPBIHBIH KypaMbiaaa 49,63% orreri,
22,37% kemMiptek, 9,65% kpemHuUii xoHe 6,26% Kanbliui, coHbIMeH Katap Na, Mg, Al, Fe xxoHe a3 meiepe
S, Cl, K, F 6ap exeniri anbikTanbl, [1e10uATH TyMHHIIK 3aTTapIbIH MOJICKYJIAIBIK KYPBLUIBIMbI 3JICKTPOH/IbI
MUKpOCKonus xkoHe MK-criekTpoCcKonusiHbIH KOMETIMEH aHbIKTa bl OJiap/IbIH MAKPOMOJIEKYIaChl KAHKAJIbI
oNeUHJIIK OHE TOTHIKIaraH ain(aTThl TONTAPAbIH YJEC calMarbl 0ap apoMarThl (PparMeHTTEPCH,
COHBIMEH Karap KapOOKCHJI TONTaphl Oap apoMaTThl KYPbUIBIMHAH TYPATBIHJBIFBI aHBIKTANbL. [yMHUH
KBIIIKbLIIAPBIHBIH aHTHOKCUIAHTTHIK KACUSTTEPIH aMIICPOMETPHUSIIBIK aHBIKTAYJIbIH aJIbIHFAH HOTHKENIEpi
OJIapIbIH aHTHOKCHJIAHTTBHIK OEJICEHAUTIK KacueTi 0ap eKeH[IIriH KepCceTTi, ojapibl ASPUIIK 3aTTap YIIiH
OHMOJIOTUSIIBIK OCJICEH I1 3aT PeTiHAe KOJIJJaHyFa MyMKIHIIK Oepe/ii.
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