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THE TITANIUM SILICATE INFLUENCE ON THE Zn(I1) AND Sr(1l) MIGRATION
IN THE AQUATIC ENVIRONMENT

The aim of the present work is titanium silicate influence on the zinc and strontium migration in the aquatic environ-
ment. The adsorption capacity of titanium silicate toward zinc and strontium ions was investigated. With the aid of a
fluorescent X-ray analyzer and energy dispersive spectroscopy the composition of the sorbent formed was determined as
well as zinc and strontium presence on the surface of the sorbent after the sorption process. It was shown, that adsorption
of zinc and strontium by titanium silicate strongly depends on time of interaction and solution acidity and increases with
increasing of both parameters. It was established, that for the initial concentration of zinc and strontium at the level of
0.005M the presence of ions that cause the natural mineralization of water does not affect their adsorption extraction.

Keywords: adsorption, strontium, zinc, titanium silicate, radionuclides migration, XRF-analysis.

1. Introduction

Natural waters from artesian wells often contain a
certain amount of stable isotopes of strontium. There-
fore, the adsorption of strontium cations by different
types of adsorbents is actual to all regions of Ukraine
and the Transcarpathia region as well. As the investi-
gations in radioecology include the development of
environmentally predictive models, the experience of
extracting stable isotopes of strontium removing from
natural waters of a certain mineral composition will
be used to predict the possibility of removing its radi-
oactive analog *°Sr, which could enter any ecosystem
as a result of accidents or terrorist attacks. Zinc is a
waste of forest chemical production and a common
polluter of the rivers of Transcarpathia. Zinc is found
in the water and sediments of the River Uzh where it
flows with rain or meltwater [1]. Radioactive zinc iso-
topes could be corrosive radionuclides as well. *°Sr is
a fission radionuclide [1, 2], which can be found in
the NPP waste of 438 operating nuclear reactors in
the world; liquid radioactive waste includes also
134'137Cs, 154’155Eu, 226Ra, 80Co et al.

Many investigations are devoted to the migration
of radionuclides in the environment. In publication
[2] the migration of *****'Cs and ***'**Eu were mea-
sured in the vertical profiles of the soils of 5-km near-
est ChNPP zone. The uranium isotopes distribution
was investigated in underground water and Cooling
Pond [2 - 5]. It was shown, that migration of uranium
ions increases with increasing pH higher than 9 - 10,
and with increasing the amount of co-existing ions
K*, Na*, Ca®*, COs*, NOs', NO,. The cycling charac-

ter of seasonal changes of *¥'Cs activity concentration
in water was analysed in publications [2, 7]. It was
shown, that the cycling character of seasonal changes
of *¥Cs activity is linked to hydrochemical, tempera-
ture, and oxygen regimes of the Cooling Pond.

The maximum permissible concentrations of some
heavy metals in water are quite low, for example,
1.3 mg/L, 0.005 mg/L, 0.05 mg/L, and 0.05mg/L are
the upper limits for Zn*"* Cd?*, Pb?* and Cr®" in drin-
king water (US Environmental Protection Agency)
[6]. This is due to the fact, that the excess of heavy
metals in water causes a number of dangerous di-
seases of the central nervous system, kidneys, liver,
and even causes cancer. Therefore, the control of the
content of heavy metals and radionuclides in the wa-
ter environment is important, as well as clearing water
from heavy metals and radionuclides waste. In this
case, the presence of substances with adsorption
properties in the cycle of migration radionuclides is
able to reduce their content in environmental objects,
impedes migration of pollutants, and significantly im-
proves the quality of water [7].

Many synthetic and natural adsorbents are offe-
red for the purification of aqueous solutions from
contamination of zinc and strontium: zeolites [7],
phosphates of polyvalent metals, adsorbents based on
titanium compounds, carbon nanotubes with nitrogen
or oxygen groups on the surface, or kaolinite nano-
tubes [8 - 12]. Among different adsorbents, the tita-
nium compounds occupy an important place. Their
unique properties ensure their widespread use for a
variety of scientific purposes [8 - 10, 12, 13].
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Some scientific publications are devoted to inves-
tigations of adsorption of strontium and other heavy
metals by adsorbents based on titanium compounds
[8, 10, 14, 15]. Among such compounds titanium
silicate occupies a significant place. The synthesis of
titanium silicate uses the waste of titanium production
industries [15, 16], which is an advantage since tita-
nium silicate has a dual environmental be-nefit. Tita-
nium silicate exhibited high adsorption activity to-
ward strontium ions [15, 16] from distilled water and
different solutions such as 0.1M HCI, and Ringer-
Locke’s solution. However, the influence of co-exis-
ting ions K*, Na*, Ca®*, COs* of natural water on the
adsorption of zinc and strontium by titanium silicate
is still unclear.

The present work is devoted to adsorption of zinc
and strontium by titanium silicate from distilled water
(environmentally predictive simulation), as well as
investigation of the possibility of zinc and strontium
adsorption from natural water from River Uzh
(Uzhgorod). The influence of duration of interaction,
water acidity, and presence of co-existing ions, which
formed a natural mineralization of water, on adsorp-
tion of corresponding ions onto titanium silicate was
tested.

2. Experimental technique

Titanium silicate was synthesized in ISPE, NAS
of Ukraine, with the technique described in [15]. For
the synthesis of titanium silicates, a titanyl sulphate
solution was used. This solution was not subjected to
additional purification and was taken from the tech-
nological sulphate line of production of the rutile
white titanium pigment. The surface area was mea-
sured using low-temperature adsorption-desorption
of nitrogen ‘Quantachrom’, USA. Its value was
193 m¥*g, pore volume V = 0.61sm*g, pore radius
r =73 A. This sample has a highly developed surface
and has a certain amount of macropore. Chemical
composition of the adsorbent was confirmed using
XRF (Bruker AXS, Karlsruhe, Germany) and EDS
(EVO 18 research) analysis (KINR, Kyiv, Ukraine).
This adsorbent has a biporous structure, according to
[15]. This fact is very useful, because zinc cation’s
adsorption is higher in micropores [10].

The stable isotopes of zinc and strontium were
used in the form of SrCl, and ZnSQ,. Initial and re-
sidual concentration of Zn*" and Sr?* were determined
using direct complexonometric titration [15], and by
XRF of the surface of titanium silicate as well.

The solution of Zn?* and Sr?* was prepared by dis-
solving of corresponding compound in distilled water
or river water from River Uzh. The amount of zinc or
strontium was the same and in the final solution
the concentration of heavy metal was found to be

0.005 mol/L (325 mg/L of Zn** and 440 mg/L of
Sr?"). The samples of river water were taken in the
time interval of 19.10.2019 - 12.12.2019 from the
Uzh River within the city (48°37°00 N 22°18°00 E)
according to the recommendations described in [1].
Water samples were filtered off from solid contami-
nants and sand.

The rivers of Ukrainian Carpathian have the water
of pronounced hydro carbonate calcium composition
and relatively small mineralization (150 - 250 mg/L)
[17]. So, investigating of adsorption up-taking zinc
and strontium from river water was provided with
simultaneous presence co-existing ions (HCOg3),
Ca**, Mg? et al. Such ions, as was shown in [5]
increase radionuclides migration in the water envi-
ronment, i.e. decreases their adsorption.

The effect of solution acidity on adsorption pro-
cesses was investigated using a certain amount of
HNO; or NH,OH. The solution's acidity (pH) was
controlled by pH-meter “Belarus’ 2003”. The adsorp-
tion values and residual concentrations were calcu-
lated by equations (1), (2) [10]:

g -L[CCl] M

C — 0 e, (2)

where are A. — the amount of uptaken adsorbate, mg/g;
Co and C. — initial and residual concentrations of ad-
sorbate, mg; Cres — residual concentration, mg/L; V —
the volume of solution, L; m — mass of adsorbent, g.

3. Results and discussion

The more common ion charge for zinc and stron-
tium is (+2). Zinc has a relatively small ionic radius
compared with strontium, which has a relatively large
one. However, zinc in a neutral water medium is able
to exist in the chemical form of Zn(OH)". Therefore,
for adsorption of zinc and strontium can be suitable
adsorbents with the large pores, i.e. meso- or macro-
pores adsorbents. The investigating of adsorption of
zinc and strontium from distilled water shows, that ti-
tanium silicate is an efficient adsorbent toward corre-
sponding ions (Fig. 1 and Table 1). The results, which
were obtained in present work, are in good agreement
with results of strontium adsorption, which were
described in publications [15, 16].

If we take into account adsorption value in
(mmol/g) we observe that adsorption values of Zn?
and Sr?* by titanium silicate are the same (in the range
of arithmetic mean) (see Table 1). It means, that the
mechanism of adsorption of corresponding heavy
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metals is the same for both ions. The difference
in adsorption of zinc compared with strontium in
0 - 20 min of time of interaction is due to the less ionic

radius of Zn?* compared with Sr?* or due to the pres-
ence of a part of zinc ions in the chemical form of

ZnOH" under pH = 7 [18, 19].

A, mg/g Residual concentration, mg/L
40-
m
{ ¢
3 . ’ 12] m zn (Il)
® ®» @ Sr(ll)
& . m m
20 - 3
&
0,8+ " »
L @ Zn(ll) - “ i ]
ol m ® Sr(l) 0,4 i | m
0o 20 40 60 0 20 40 60
t, min t, min

a

b

Fig. 1. Dependence of adsorption value (mg/g) of zinc and strontium cations on time of interaction (a). Dependence
of residual concentration of ions in aqueous solution after their partially up-taking (mg/L) from time interactions (b).
(See color Figure on the journal website.)

Table 1. Dependence of adsorption of zinc and strontium cations on time of interaction
from distilled water medium, Nznsr=0.005M, pH =7, S : L =100

T, min A(Zn), mg/g A(Sr), mg/g A(Zn), mmol/g A(Sr), mmol/g
5 6.5* 22 0.1 0.25
10 22.1 27.28 0.34 0.31
20 22.76 28.6 0.3502 0.325
40 24.38 32.56 0.375 0.37
60 24.38 32.56 0.3751 0.37

* Arithmetic mean. An error of arithmetic mean was not higher than 7 % for all investigations [20].

With the aid of a fluorescent

energy dispersive spectroscopy (EDS) the composi-

tion of the sorbent formed was de

X-ray analyzer and

termined, as well as

zinc, and strontium presence on the surface of the

sorbent after the sorption process. Results, shown in
Fig. 2 (Tables 2 and 3), confirm the intensive adsorp-
tion of zinc and strontium by titanium silicate.

Table 2. XRF analysis data of titanium silicate with zinc on the surface

Element/Compound Content in the compound, % Line energy, keV
SiO: 43.2 1.74
P20s 0.869 2.0137
SO 1.88 2.307
Cl 0.499 2.62
TiO2 47 4511
CaO 0.220 3.69
ZnO 6.03 8.6

Table 3. XRF analysis data of titanium silicate with strontium on the surface

Element/Compound Content in the compound, % Line energy, keV
SiO2 33.6 1.74
P,0s 1.12 2.0137
SO 0.927 2.307
Cl 0.591 2.62
TiO2 42.3 4511
Ca0 0.714 3.69
SrO 1.41 14.166

N ot e. The bold font identifies the macroelements of titanium silicate and heavy metals adsorbed on its surface.
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Fig. 2. XRF spectrum of titanium silicate with zinc (a) and strontium (b) on its surface
(adsorption from distilled water). Peaks of zinc and strontium are in color.
(See color Figure on the journal website.)

The presence of a certain amount of SOs; in the  spectroscopy as well, as the presence of zinc and
sample (see Table 2) can be a consequence of incom-  strontium on its surface. Scanning electron micro-
plete dissociation of zinc sulfate molecules or repeated  scopic (SEM) image of titanium silicate shows a high
interactions of dissociated molecules. The chemical porosity, and a developed surface of the adsorbent
composition of the adsorbent was confirmed by EDS  (Fig. 3).
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Fig. 3. EDS spectrum of titanium silicate with strontium adsorbed on its surface (a).
SEM image of the morphology of the titanium silicate (b).
(See color Figure on the journal website.)

The adsorption value of Zn?* ions from river water by 80 %. The adsorption of strontium from river
remained unchanged. The hardness of the water, water slightly decreases. The results are shown in
caused mainly by calcium and magnesium, decreased Table 4.

Table 4. Maximal adsorption values of zinc and strontium
(Nzn,sr= 0.005M, which corresponds to concentration of heavy metals of 325 mg/L for Zn?* and 440 mg/L for Sr?*)
and percent of up-taking of heavy metal from distilled and natural water (rw)

Adsorption values Zn? Srz Zn?* (rw) Sr* (rw)
A, mmol/g 0.375 0.37 0.36 0.31
A, mg/g 24.38 32.56 234 27.28
Residual concentration, mg/L 81.2 114.4 91 167.2
¢ % of up-taking 0 0 0 0
of 7% and S12° 75 % 74 % 72% 62 %

The influence of solution acidity on adsorption of  water and natural water from River Uzh is shown in
zinc and strontium by titanium silicate from distilled  Fig. 4. Values of adsorption are given in Table 5.

A, mg/g
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Fig. 4. The influence of solution acidity on adsorption of zinc and strontium by titanium silicate.
(See color Figure on the journal website.)

ISSN 1818-331X SIJJEPHA ®I3MIKA TA EHEPTETUKA 2020 T.21 Ne 3 253



Yu. M. KYLIVNIK, V. V. TRYSHYN, M. V. STRILCHUK ET AL.

Table 5. Dependence of adsorption up-taking of strontium and zinc from solution’s acidity;

Nzn,sr= 0.005M; L : S =200
pH A(Zn), mg/g A(Sr), mg/g A(Zniwy), mglg A(Srew), malg
1 0 12+1.04 0 0
3 8.7+0.98 182+1.2 0 0
7 24.38 + 1.56 3256+1.3 23.4+15 27.28+19
10 19.5+ 1.07 44 +0.98 20.7 £ 2.09 28.48 +£2.2

It was shown that the investigated elements are
better adsorbed in alkali medium than in acidic ones.
The zinc and strontium are not adsorbed in acid
medium from river water. However, titanium silicate
could be very useful in clearing water from heavy
metals and radionuclides waste in neutral and alkali
medium.

4. Conclusions

1. The adsorption up-taking of zinc and stron-
tium by titanium silicate from distilled water and na-
tural water from River Uzh was investigated.

2. It was shown that adsorption of zinc and
strontium by titanium silicate strongly depends on

time of interaction and on solution acidity and
increases with increasing of both parameters.

3. It was established, that for the initial concen-
tration of zinc and strontium at the level of 0.005M
the presence of ions that cause the natural mineraliza-
tion of water does not affect their adsorption extrac-
tion. Titanium silicate effectively adsorbs zinc ions,
thus preventing them from migrating into the environ-
ment. Also, this adsorbent significantly reduces the
overall mineralization of water. Co-existing ions of
natural water weakly increase strontium migration in
the water environment, i.e. decrease its adsorption by
titanium silicate.

REFERENCES

1. O.l. Symkanich et al. Distribution of heavy metals in
the bottom sedimentations of the river Uzh in the ter-
ritory of city Uzhgorod. Sci. Bull. Uzhgorod Univ. 1
(2015) 33.

2. V.V.Kanivets et al. ¥’Cs and *Sr in the water of the
ChNPP cooling pond. Yaderna Fizyka ta Energetyka
(Nucl. Phys. At. Energy) 15(4) (2014) 370. (Ukr)

3. M.V. Zheltonozhska. Isotopes ratio investigation in
soil samples from 5-km ChNPP zone. Yaderna
Fizyka ta Energetyka (Nucl. Phys. At. Energy) 10(4)
(2009) 409. (Rus)

4. D.M. Bondarkov et al. Studies of radionuclides be-
havior on heavily contaminated 5-km zone of
ChNPP. Yaderna Fizyka ta Energetyka (Nucl. Phys.
At. Energy) 17(4) (2016) 381. (Rus)

5. M.l Panasyuk, I.A. Lytvyn. Regularities of uranium
distribution in groundwater of ChNPP industrial site.
Yaderna Fizyka ta Energetyka (Nucl. Phys. At.
Energy) 18(1) (2017) 56. (Ukr)

6. M.R. Abukhadra et al. Facile conversion of kaolinite
into clay nanotubes (KNTSs) of enhanced adsorption
pro-perties for toxic heavy metals (Zn?*, Cd?*, Pb?*,
and Cr¢*) from water. Journal of Hazardous Materials
374 (2019) 296.

7. A.Yu. Lonin et al. Use of mathematical modeling for
comparative evaluation of sorption capacity of natu-
ral and synthetic zeolites in relation to cesium.
Yaderna Fizyka ta Energetyka (Nucl. Phys. At.
Energy) 19(1) (2018) 63.

8. L.LF. Mironyuk, H.V. Vasylyeva. Sorption removal of
Sr?* strontium and Y3* ions from aqueous solutions by
a TiO, — based sorbent. RAD Conf. Proc. 3 (2018) 15.

9. LF. Myroniuk et al. The Kinetics of Adsorption Bin-
ding of Ba®* ions by Trimethylsilylated Silica. Phy-
sics and Chemistry of Solid State 19(1) (2018) 66.

10. H. Vasylyeva et al. Adsorption of Barium and Zinc
lons by Mesoporous TiO, with Chemosorbed Car-

bonate Groups. Physics and Chemistry of Solid State
20(3) (2019) 282.

11. J. Wang et al. Adsorption of aqueous neodymium,
europium, gadolinium, terbium, and yttrium ions onto
nZVI-montmorillonite:  kinetics, thermodynamic
mechanism, and the influence of coexisting ions.
Environ. Sci. Pollut. Res. Int. 25(33) (2018) 33521.

12. J.M. Jacob et al. Biological approaches to tackle
heavy metal pollution: A survey of literature. Journal
of Environmental Management 217 (2018) 56.

13. L.F. Myroniuk et al. Neutron flux measurement of
(y, n)-reactions on nuclei of zirconium. RAD Conf.
Proc. 2 (2017) 38.

14. 1. Mironyuk et al. Effects of chemosorbed arsenate
groups on the mesoporous titania morphology and en-
hanced adsorption properties towards Sr(ll) cations.
Journal of Molecular Liquids 282 (2019) 587.

15. 0. Oleksiienko et al. Pore structure and sorption cha-
racterization of titanosilicates obtained from concen-
trated precursors by the sol-gel method. RSC
Advances 5 (2015) 72562.

16. 1. Zhuravlev. Titanium Silicates Precipitated on the
Rice Husk Biochar as Adsorbents for the Extraction
of Cesium and Strontium Radioisotope lons. Colloids
Interfaces 3 (2019) 36.

17. L.M. Horev. Hydrochemistry of Ukraine (Kyiv:
Vyshcha Shkola, 1995) 307 p. (Ukr)

18. K.M. Mackay, R.A. Mackay, W. Henderson. Intro-
duction to Modern Inorganic Chemistry. 5-th ed.
(London: Blackie Academic & Professional, 1996)
467 p.

19. Atlas of Eh-pH diagrams. Intercomparison of thermo-
dynamic databases. Geological Survey of Japan Open
File Report No. 419.

20. http://www.calculator.net/standard-deviation-calcu-
lator.html

254 ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2020 Vol. 21 No. 3


http://jnpae.kinr.kiev.ua/15.4/Articles_PDF/jnpae-2014-15-0370-Kanivets.pdf
http://jnpae.kinr.kiev.ua/15.4/Articles_PDF/jnpae-2014-15-0370-Kanivets.pdf
http://jnpae.kinr.kiev.ua/10.4/Articles_PDF/jnpae-2009-10-0409-Zheltonozhska.pdf
http://jnpae.kinr.kiev.ua/10.4/Articles_PDF/jnpae-2009-10-0409-Zheltonozhska.pdf
http://jnpae.kinr.kiev.ua/10.4/Articles_PDF/jnpae-2009-10-0409-Zheltonozhska.pdf
https://doi.org/10.15407/jnpae2016.04.381
https://doi.org/10.15407/jnpae2016.04.381
https://doi.org/10.15407/jnpae2017.01.056
https://doi.org/10.15407/jnpae2017.01.056
https://doi.org/10.1016/j.jhazmat.2019.04.047
https://doi.org/10.1016/j.jhazmat.2019.04.047
https://doi.org/10.15407/jnpae2018.01.063
https://doi.org/10.15407/jnpae2018.01.063
https://doi.org/10.21175/RadProc.2018.04
https://doi.org/10.15330/pcss.19.1.66-73
https://doi.org/10.15330/pcss.19.1.66-73
http://doi.org/10.15330/pcss.20.3.282-290
http://doi.org/10.15330/pcss.20.3.282-290
https://doi.org/10.1007/s11356-018-3296-0
https://doi.org/10.1016/j.jenvman.2018.03.077
https://doi.org/10.1016/j.jenvman.2018.03.077
https://doi.org/10.21175/RadProc.2017.09
https://doi.org/10.21175/RadProc.2017.09
https://doi.org/10.1016/j.molliq.2019.03.026
https://doi.org/10.1039/C5RA06985H
https://doi.org/10.1039/C5RA06985H
http://www.doi.org/10.3390/colloids3010036
http://www.doi.org/10.3390/colloids3010036
https://books.google.com.ua/books?id=xgpEDwAAQBAJ&pg=PT1172&dq=Mackay,+R.A.+Mackay,+W.+Henderson.+Introduction+to+Modern+Inorganic+Chemistry+5%D0%B5%D1%80+%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&hl=uk&sa=X&ved=2ahUKEwjU5r3VrsTtAhUS_CoKHSziBmcQ6AEwAHoECAMQAg#v=onepage&q=Mackay%2C%20R.A.%20Mackay%2C%20W.%20Henderson.%20Introduction%20to%20Modern%20Inorganic%20Chemistry%205%D0%B5%D1%80%20%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&f=false
https://books.google.com.ua/books?id=xgpEDwAAQBAJ&pg=PT1172&dq=Mackay,+R.A.+Mackay,+W.+Henderson.+Introduction+to+Modern+Inorganic+Chemistry+5%D0%B5%D1%80+%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&hl=uk&sa=X&ved=2ahUKEwjU5r3VrsTtAhUS_CoKHSziBmcQ6AEwAHoECAMQAg#v=onepage&q=Mackay%2C%20R.A.%20Mackay%2C%20W.%20Henderson.%20Introduction%20to%20Modern%20Inorganic%20Chemistry%205%D0%B5%D1%80%20%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&f=false
https://books.google.com.ua/books?id=xgpEDwAAQBAJ&pg=PT1172&dq=Mackay,+R.A.+Mackay,+W.+Henderson.+Introduction+to+Modern+Inorganic+Chemistry+5%D0%B5%D1%80+%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&hl=uk&sa=X&ved=2ahUKEwjU5r3VrsTtAhUS_CoKHSziBmcQ6AEwAHoECAMQAg#v=onepage&q=Mackay%2C%20R.A.%20Mackay%2C%20W.%20Henderson.%20Introduction%20to%20Modern%20Inorganic%20Chemistry%205%D0%B5%D1%80%20%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&f=false
https://books.google.com.ua/books?id=xgpEDwAAQBAJ&pg=PT1172&dq=Mackay,+R.A.+Mackay,+W.+Henderson.+Introduction+to+Modern+Inorganic+Chemistry+5%D0%B5%D1%80+%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&hl=uk&sa=X&ved=2ahUKEwjU5r3VrsTtAhUS_CoKHSziBmcQ6AEwAHoECAMQAg#v=onepage&q=Mackay%2C%20R.A.%20Mackay%2C%20W.%20Henderson.%20Introduction%20to%20Modern%20Inorganic%20Chemistry%205%D0%B5%D1%80%20%D1%83%D0%B2%D1%88%D0%B5%D1%88%D1%89%D1%82&f=false
https://www.nrc.gov/docs/ML1808/ML18089A638.pdf
https://www.nrc.gov/docs/ML1808/ML18089A638.pdf
http://www.calculator.net/standard-deviation-calculator.html
http://www.calculator.net/standard-deviation-calculator.html

THE TITANIUM SILICATE INFLUENCE ON THE Zn(1l) AND Sr(I1) MIGRATION
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Y Incmumym copbyii ma npobrem endoexonozii, Kuis, Yxpaina
2 [ncmumym adepnux docnioxcens HAH Vipainu, Kuis, Ykpaina
3 Varczopoocvruti nayionansuuii ynieepcumem, xagedpa meopemuunoi gizuxu, Yoczopoo, Yrpaina

*Binnosinansauii aBtop: h.v.vasylyeva@hotmail.com
BIIVIMB CUJIIKATY TUTAHY HA MITPAIIIO Zn(II) Ta Sr(Il) Y BOJHOMY CEPEJOBHUIIII

JlocmimkeHo BIUIMB CHITIKATy THUTAaHY Ha MITpaIlilo MUHKY 1 CTPOHIIIO B TOBKULI. AHaNi3 aacopOOBaHUX €IEMEHTIB
Ha TIOBEPXHI CHIIKaTy TUTaHy mpoBeaeHo 3 BukopucTanHsiM XRF ta EDS cnekrpockomii. [TokaszaHo, 1o aacopOIris
LUHKY Ta CTPOHLIIO CHJIIKATOM THUTaHY CHJIBHO 3aJIe)KUTh BiJl TPUBAJIOCTI B3a€MOJIII Ta KHCIIOTHOCTI PO3YHHY 1 3pocTae
TIpY 3pOCTaHHI 000X MmapaMeTpiB. Y CTaHOBJIEHO, IO MPH KOHIEHTpaii IIMHKY i cTpoHLito Ha piBHI 0,005M npucyTHICTH
10HIB, SIKi 3yMOBIIIOIOT IPUPOTHY MiHEpaTi3aliio BOAH, HE BIUIMBAE Ha afcopOIliiiHe BIITy4eHHS BaXKKUX METANIB CHIIi-
kaToM tutany. [Ipu nociikeHHsIX aacopOLil 3 MPUPOIHUX BOJ IaHHUK aICOPOCHT 3HMKYE 3arajibHy TBEPICTh BOJIM.
Kniouosi crosa: ancopOuisi, CTpOHIIN, IUHK, CHJIIKAT THTaHy, Mirpaiist pagionykimiais, XRF-aHami3.
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