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STUDYING THE INFLUENCE OF THE NATURAL ZEOLITE TABLETS MANUFACTUR-
ING TECHNOLOGY ON SORBTION KINETIC OF LONG-LIVING ”’Sr AND "Cs
RADIONUCLIDES AND Pb** AND Hg’* HEAVY METALS FROM WATER SOLUTION IN
VITRO
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Mema: Busyumu 6niue mexmono2ii Ompumanusi Ha adcopoyiiiny aKkmueHocms mabiemox yeouinmy npupooHozo
(kninonmunonimy) no eionowennio 0o doseoxcusyuux padionyknioie *’Sr i ’Cs ma easckux memanie Pb*" i
ng " 3 600H020 po3uuHY in Vitro.

Memoou: Tabnemxu 20myeanu npamum NPecy8anHAM ma NPecy8aHHsIM 3 HONEPEeOHbOIO0 B0N02010 SPAMHYIAYIENO
(360n001cy8au — 7 % kpoxmanvuuil kiericmep). Copbyitiny 30amuicms eHmepocopoeHmis 00Cai0HCY8aIU Memo-
dom cmamuynoi copoyii npu pH=2-8 memnepamypi 37 °C. Konyenmpayito c6UHYI0 8 pO3UUHAX GUIHAYAIU Me-
MmooomM amomHO-abCcopOYiliHOI cnekmpockonii Ha amomHo-abcopoyitinomy cnekmpogomomempi C-115 IIKC.
Konyenmpayito pmymi eusnauanu memooom 6e3nonym'saHoi amomizayii 3¢ 00NoMo20r0 pmymHoi npucmaexu
IIP-115. Bmicm padionyknioig eusHauaniu 3a padioaKmueHiCmIo 3pasKié 3a 00nomozoi padiomempy o-f-
asmomam NRR-610 “Tesla”.

Pesynomamu: 3a pe3ynsmamamu npoeeoeHux 00CNioNHCeHb 8UBUEHO a0COPOYIlIHY AKMUBHICMb MOOETbHUX 3DA3-
Ki8 eHmepocopbenmis Ha 0OCHOGL Yeonimy npupooOHo2o 8 Popmi madIemox OmpuUMaHux 3a MexHOA02ICI0 NPAMO-
20 Npecy8amHHs ma Npecy8aHus 3 NONEPeoHboio 8002010 epanyrayiclo. Buseneno, wo copbyiini enacmugocmi
3pA3Ki6 BIOHOCHO BANCKUX Memalie ma padioHyKIioie 6 OLibill MIpI 3aiexcams 6i0 KUCIOMHOCMI PO3UUHY HINC
8I0 mexuoa02ii ompumanns mabremok. Bcmanogneno, wjo npoyec ionHo2o 06miny Ha OOCIIOHUX 3pA3KAX CKA-
daemwpcsl 3 060X cmadii - wieuokoi i noginbHol. Letl ghaxm noscuroemvcs adcopoyicio ioHie 6 nepuly uepey ece-
PEOUHI MAKpo- I Me30n0p HA NOGEPXHI MAMePIany, d 3MeHWeHHs WEUOKOCME 8 NOOANbUoMY — Oughy3iero ioHie
6CepeOUHi MIKpONOPUCmo20 npocmopy, i ys cmaodis € JimMimyuoio 6 npoyeci adcopoyii. 3icmagnenus ompuma-
HUX OaHUX U000 COPOYIIHO-CeNeKMUBHUX BIACMUBOCTEN 3PA3KIE 00360IUN0 PO3MAULYBAMU OOCTIONCEHT IOHU 8
NOPAOKY 3Menuenns ix 63aemodii 3 copbenmamu Pb”*>Hg* >""Cs>"'Sy.

Bucnoexu: /logedeno, wjo mexnonocisi ompumants mabiemox He YUHUMb CYMMEBO20 GNIUBY HA AKMUBHICMb
npenapamy in vitro. Pe3ynemamu excnepumeHmanbHux 00cniodxceHs 0y0ymv UKOPUCAHT Y HOOANbULOMY HpU
PO3pobYi ckaady ma mexHonozii mabremox, wo Micmame Yeonim NPUPoOHUll (KIIHONMULOAIMY), AK OCHOBHULL
OT104Utl KOMNOHEHM

Knrouosi cnosa: yeonim npupoonuil, mabiemxu, npsime npecy8anHs, 60102d SPaAHYIsyis, 6axicKi Mmemanu, padio-

HYKIOU, adcopbyis

1. Introduction

Pollution with heavy metals and radionuclides is
one of the most harmful to the biosphere of the Earth,
with the most diverse harmful consequences for both
people's health and the life of living organisms. Along
with pesticides, dioxins, petroleum products, phenols,
phosphates and nitrates, heavy metals and radionuclides
jeopardize the very existence of civilization. Increasing
the scale of environmental pollution, as a result of rapid
scientific and technological progress, is turning into an
increase in genetic mutations, cancer, cardiovascular and
occupational diseases, poisoning, dermatosis, and the
decrease in immunity and related diseases [1].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

In conditions of high anthropogenic pressure on
the environment, a number of harmful substances, in-
cluding heavy metals and radionuclides, enter the human
body. The main sources of these substances in the body
are potable water, atmospheric air and food. Accumulat-
ing in the body of heavy metals and radionuclides im-
pede the normal development and functioning of the
body, and in high doses cause irreversible changes [2].

One of the ways of solving this situation is enterosorp-
tion. Oral use of enterosorbent drugs over a period of
time allows both to prevent the flow of these substances
into the human body [3], and to ensure their gradual
removal from the body [4]. However, drugs present in
the arsenal of practitioners do not always meet the re-
quirements of practitioners in combating the negative
factors of the toxic load on the body. In this regard, the
search and development of safe and effective means for
the prevention and treatment of the negative effects of
heavy metals and radionuclides on the human body is an
important task of medicine and pharmacy.

3. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

The development and introduction of zeolite
preparations naturally at various times was carried out by
V. L. Chueshov, D. V. Rybachuk, L. V. Yakovleva, T. V.
Krutskich and others who studied the physico-chemical,
technological and pharmacological properties of natural
zeolite powder and granules based on it. In our previous
studies, the conformity of substance to the requirements
for medical sorbents was investigated, the kinetics of
granulation was studied, the composition and technologi-
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cal aspects of obtaining tablets were studied, the optimal
type of packaging and the conditions of storage of the
active substance and products on its basis were deter-
mined [5, 6].

4. The field of research considering the general
problem, which is described in the article

To date, enterosorbents in the Ukrainian market
are presented in different formulations [7]. These include
carbon sorbents derived from natural or synthetic raw
materials, natural and synthetic aluminosilicates, clay
minerals, synthetic silicon-containing sorbents (orga-
nosiloxanes, aerosols), biopolymer-based sorbents, in-
cluding natural organic fibers ("food fibers"), synthetic
organic polymers (polyvinylpyrrolidone, cholestiramine,
etc.), and combined medications [8]. However, unfortu-
nately, there are no enterosorbents on the basis of natural
zeolite (clinoptilolite) [9, 10]. Ukraine has huge reserves
of this mineral, which is characterized by low cost. The
development of pharmaceuticals with this substance will
allow the introduction of a new effective drug on the
basis of raw materials of domestic production.

5. Formulation of goals (tasks) of article

The purpose of the work was to study the effect of
the technology of obtaining on the adsorption activity of
natural zeolite tablets (clinoptilolite) in relation to long-
lived radionuclides *’Sr and "*’Cs and heavy metals Pb*"
and Hg”" from an aqueous solution in vitro.

6. Presentation of the main research material
(methods and objects) with the justification of the
results

The subjects of the study were tablets containing
enterosorbent on the basis of natural zeolite (clinoptilo-
lite) obtained by direct compression (sample number 1)
[6] and compression with pre-wet granulation (sample
number 2), where 7 % starch paste was used as a moist-
urizer [7]. We used solutions of salts Hg(NO;), H,O;
Pb(NO;), qualification "c.p." with initial concentrations
of metal ions (Cy) 7.25 mg/l and 6.74 mg/l, respectively.
The sorption capacity of enterosorbents for heavy metals
of lead and mercury was investigated by the method of
limited volume (static sorption) at pH=2 and pH = 6 and
at a temperature of 37 °C. Under these conditions, the
tablets (0.1 g) were actively stirred with a magnetic stir-
rer with 10 ml of metal salt solutions prior to disintegra-
tion and achieving a thermodynamic equilibrium. The
acidity of the solutions was monitored using a pH meter
and adjusted by adding HCI or NaOH solutions.

The concentration of lead in solutions was deter-
mined by atomic absorption spectroscopy at the atomic
absorption spectrophotometer C-115 PCS. Measurement of
the analytical signal of lead was carried out in a flame of
acetylene-air at a wavelength A=283.3 nm, a width of the
monochromator slit— 0.4 nm, a current of a lamp — 3 mA.

The concentration of mercury in the investigated
solutions was determined by the method of flame atomi-
zation with the help of mercury device PR-115. Meas-
urement of the analytical signal of mercury was carried
out at wavelength A = 253.7 nm, width of the mono-
chromator slit — 0.1 nm, current of the lamp — 5 mA. The
maximum relative error of the determination of metal
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ions by atomic absorption spectroscopy with a confi-
dence probability of 0.95 and the number of measure-
ments 6 was 3 %.

The sorption capacity of the samples relative to
the radionuclides was studied using the static sorption
method at 37 °C and at pH values 2.0, 5.5 and 8.0. Ra-
dionuclide solutions *°Sr (1.8:10" Bg/dm’) and "’Cs
(3.2:10" Bq/dm’) were used without carriers. Absor-
bents of 0.1 g were mixed with 10 ml of solutions con-
taining radionuclides *’Sr and "*’Cs, prior to the deter-
mination of sorption equilibrium. The activity of the
model solutions before and after the determination of
the sorption equilibrium was determined according to
the standard method of activity of the dry residue of
0.2 ml of aliquot of the solution. The radioactivity of
the dry residue was measured using a radiometer o-f3-
automaton NRR-610 "Tesla". The statistical error of
experiments did not exceed 5 %.

In order to determine the time needed to achieve
the sorption equilibrium, the kinetics of ion exchange on
the sorbents studied was studied. The kinetic curves were
obtained by the method of sequential determination of
the concentration of ions in the interval of time 0.5 1, 2,
3, 4 and 5 hours. The constancy of a certain concentra-
tion of heavy metal ions or the constancy of radioactivity
of two consecutive samples was indicative of the sorp-
tion equilibrium in the system.

In conditions of established equilibrium, the solu-
tion-sorbent system determined the equilibrium concentra-
tion of metal ions (C.q) and calculated the equilibrium
sorption capacity of sorbents (A.q, mg/g) for heavy metals:

A :(CO_Ceq,)'V' (1)

eq.
e m

The coefficient of sorption (K, %) and the coeffi-
cient of distribution of metal ions between sorbent and
solution (K, I/g) were calculated by the formulas:

B (G —Cqu)-V.
Kd - Cé’q-'m ’ (2)
k ~{G=C) 100 G
C

0

where Cy, C, — initial and equilibrium concentration of
solution, mg/l; V — total volume of solution, I; m — mass
of sorbent, g.

For the quantitative characterization of the inter-
action of sorbents with radionuclides, the K, and K, indi-
ces were determined using formulas 2 and 3, in which,
instead of concentration values, the values of the initial
(I,, imp/s) and equilibrium (I,, imp/s) radioactivity of
solutions were used.

Adsorption of radionuclides and heavy metal ions
on sorbents depends on many factors. Among them, the
most important is the contact time of the solution with
the sorbent. For the study of the dependence of the time
of contact of the sorbent with the solution and the degree
of removal of cations from the solution adsorption of
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long-lived radionuclides *Sr and '*’Cs and Pb*" and Hg*"
ions were carried out on samples of zeolite tablets
(Fig. 1, 2). According to the obtained data, the highest
activity in relation to all metals showed samples of tab-
lets obtained by direct compression. The use of the pre-
wet granulation slightly influenced the adsorption activi-
ty towards its reduction, which averaged 8-10 % in the
acidic medium, and almost did not differ when pH in-
creased, as shown by the lead ions, and is not significant
in the context of a significant improvement in the techno-
logical properties of the tablet mass after granulation [7].
The values of sorption capacity of sorbents for mercury
and lead are 0.54-0.675 mg/g, which corresponds to the
degree of extraction of 80-97 %. Analysis of the kinetics
of sorption of radionuclides showed that the highest
sorption activity showed examples of tablets obtained
using previous wet granulation. As can be seen from
Figs. 1 and 2, the process of ion exchange consists of two
stages — fast and slow. This fact is explained by the ad-
sorption of ions especially in the macro- and mesopores
on the surface of the material, and reducing the rate fur-
ther — by diffusion of ions inside the microporous space,
and this is a limiting step in the process of adsorption.
The highest rate of adsorption samples showed in the
first 30 minutes and achieve adsorption equilibrium in
heterophase system within 30-60 minutes from the start

of the experiment, as evidenced by the character line
diagrams. In the investigated metal cations case change
of the selectivity samples of tablets is agreed with the
order of increase of ion energy and hydration, and selec-
tivity of radionuclides to a greater extent is dependent on
the thermodynamic properties of ions (Table 1).

Sorption properties of samples relative to heavy
metals and radionuclides are more dependent on the
acidity of the solution, as can be seen from the example
of Pb*" ions and radionuclides *°Sr and "*'Cs (Fig. 3, 4).
The obtained Ky values, depending on the pH of the
solution (Table 2, 3), show that sorption of ions in the
investigated range increases with increasing pH. Sorption
capacity of clinoptilolite (as the main component of the
studied tablets) determines its structure, which depends
on the nature of the exchange cation, its size and the
energy of hydration. To penetrate zeolite channels, ions
should be completely or partially dehydrated. The most
complete of radionuclides is a slightly hydrated cesium
ion, the strontium ion is much less absorbed (Table 3),
which has high values of the thermodynamic characteris-
tics of hydration (Table 1). This dependence of the sorp-
tion value on the pH of the solution confirms the litera-
ture data [11], that the zeolites are weakly acidic poly-
functional ion exchanges, and sorption is carried out
according to the mechanism of ion exchange.

Table 1
Tonic radii [11], electronic configuration and thermodynamic characteristics of the hydration of the ions Pb*, Hg*",
Cs" and Sr*' [12]
Ton Electrorr;t(i:ocr:)nﬁgu- Ionic radii, nm ~AH® hydr. kJ/mol fASOhydr, kJ/(mol-K). ~AG® hydr, kJ/mol
Pb*" 6p” 0.132 1514 125 1477
Hg™" 5d'%6s° 0.110 1853 171 1803
Cs 6s' 0.167 280 10.03 275
S’ 45’ 0.127 1475 163.03 1425
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Fig. 1. Kinetics of sorption of radionuclides with model samples of enterosorbents
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Fig. 2. Kinetics of sorption of lead ions and mercury by model samples of enterosorbents
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Fig. 3. Kinetics of sorption of radionuclides by model samples of enterosorbents at different pH values
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Fig. 4. Kineticsorption of ions Pb*" model samples of enterosorbents at different pH values

Table 2
Sorption characteristics of the extraction of heavy metal ions
Sample Initial concentra- Equlhbrlu.m Equﬂlbnum sorption Degree of ex- Distribution coeffi-
No tion (Co), mg /1 concentration capacity of sorbents traction (a), % cient (K,), Vg
_ o (Ceq), mg/l (Aeg), mg/g ’ >
Pb*’, pH=2.0
1 6.74 0.56 0.618 91.7 1.10
2 6.74 1.32 0.542 80.0 041
Pb”’, pH=6.0
1 6.74 0.337 0.640 95 1.90
2 6.74 0.202 0.654 97 3.23
Hg”', pH=2.0
1 7.25 0.50 0.675 93,1 1.35
2 7.25 1.16 0.609 83,7 0.52
Table 3
Distribution coefficients (Kg, I/h) **Sr and '*’Cs on combined sorbents 298.15 °K
‘)OSr 137CS
Sorbent (squad pH=2 | pH=55 | pH=8 pH=2 | pH=55 | pH=8
number)
Kd, l/g
1 0.012 0.017 0.040 0.028 0.160 0.117
0.015 0.024 0.046 0.016 0.060 0.115
K, %
1 1 15 28 11 61 54
2 14 20 31 13 37 54

The values of the distribution coefficients (K, I/g)
of heavy metals and radionuclides on the tablet samples,
shown in tables 2 and 3, allow us to compare the sorption
and selective properties of the samples and to determine
the selectivity of the samples for the studied ions in the
series Pb*"> Hg”"> ¥7Cs> *°Sr

Summing up the obtained data, it should be noted
that the technology of obtaining natural zeolite tablets
slightly affects its sorption properties of the studied

heavy metals and radionuclides, and its choice should be
made primarily from the point of view of its influence on
the technological properties of the liquid form and the
needs of the production process.

7. Conclusions from the conducted research
and prospects for further development of this field

The adsorption activity of model specimens of en-
terosorbents on the basis of natural zeolite in the form of
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tablets obtained by direct compression and compression of experimental studies will be used in the further devel-
with pre-wet granulation was investigated. It is proved opment of the composition and technology of tablets
that the technology of obtaining tablets does not signifi- containing natural zeolite (clinoptilolite) as the main
cantly affect the activity of the drug in vitro. The results active ingredient.
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