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The extraction of uranyl nitrate contaminated soil with weak solutions of nitric and hydrochloric acid, caustic
sodium and subsequent washing of soil residues with distilled water leads to a more than tenfold decrease in the
content of uranium isotopes (U>*, U™, U**, and U*®) in the soil. At the same time, there is a decrease in the con-
tent of natural radionuclides (Na?%, K*°, Zn®, Sn'"?, Sn'?) in the extracted soil samples. An increase in their content
in the extract of the analyzed soil sample corresponds to a decrease in their content in the residue of the extracted
soil sample. The combined extraction with weak solutions of these acids and alkalis leads to the enrichment of the
soil with nitrates and chlorine-containing compounds of non-radioactive metals.

PACS: 89.60.Ec

INTRODUCTION

Some areas of the soil of some territories of the
country have been contaminated as a result of the im-
plementation of traditional oil production projects and
the exploitation of numerous deposits of minerals. Oil
wastes and radioactive elements associated with oil pro-
duction, which have been accumulating for decades on
the territories of oil and gas production enterprises pre-
dominate among anthropogenic pollutants. Emissions of
effluents from physical treatment (washing) of oil with
purified water led to the accumulation of radionuclides
in the surrounding areas around oil refineries. Huge
areas contaminated with heavy metals and radionuclides
have arisen at the exploitation of raw material deposits
of cement and brick production. Such areas have arisen
on the coastal areas of large rivers, systematically pol-
luted by wastes of chemical production, metal mining
and processing [1 - 3].

Previously, we studied the distribution of natural ra-
dionuclides in soil samples and the processes of clean-
ing these samples using methods of chemical soil treat-
ment, and we studied the processes of separating ura-
nium isotopes from water using different adsorbents [4,
5].

The development of methods for cleaning contami-
nated soil from radioactive components in order to en-
sure radiation safety is one of the urgent problems of
radiochemistry. The possibilities of cleaning soil con-
taminated with uranyl nitrate and uranium isotopes have
been studied in the present work.

EXPERIMENTAL PART

Measurements of the radioactive background in a lo-
cal area contaminated with chemical waste (residues of
expired chemical reagents) were carried out using an
InSpector 1000 (Canberra) radiometer equipped with a
gamma radiation detector and a Radiagem (Canberra)
radiometer equipped with gamma, alpha and beta radia-
tion detectors. Atomic absorption (AA-6800, Shimadzu)
and X-ray fluorescence spectroscopy (Expert-3L and
XRF) and analyzes on a gamma spectrometer equipped
with a “Genie 2000 spectroscopic system and a germa-
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nium detector of high purity and on alpha and beta spec-
trometers (Canberra) were carried out to identify and
evaluate the efficiency of the release of radioactive ele-
ments from soil samples. Certified point radioactive
sources and standard solutions of uranium isotopes with
different activity were used for the calibration. The de-
crease in the activity of the point source according to the
half-life of a particular isotope was taken into account
for previously certified weak point sources.

Purification of uranyl nitrate contaminated (in the
International Classification of Goods and Services /
ICGS / in class No. 1 is registered as a product category
called “uranium nitrate™) soil samples were carried out
by their extraction with weak aqueous solutions of caus-
tic potassium, nitric acid, mixture / 1:2 / nitric and hy-
drochloric acids. Some samples of the extracted soil
were subsequently washed / extracted / also with dis-
tilled water. The energy spectra of ionizing rays were
recorded both from the remaining residue of the extract
after its evaporation, and from the residue of the ex-
tracted soil after each stage of the extraction.

DISCUSSION OF THE RESULTS

Previous analyzes showed that the activity of iso-
topes Na*2, K*, Zn®, Sn'"®, Sn'*® in soil of the Shirvan
region was 2.7, 2.5, 0.16, 0.07 and 0.3 Bg/kg, respec-
tively. 40...96% of the indicated radionuclides (15...40%
of K*°) were extracted from the soil with the extraction
by the described above methods [2 - 4]. The background
values of radioactive gamma and beta radiation in the
Shirvan region were 0.12'10° Sv/h and 1.22 quq/cmz,
respectively.

Soil samples taken from a local area of soil contami-
nated with chemical waste (residues of expired chemical
reagents, mainly uranyl nitrate / UO,(NOs), / produced
in the forties of the last century) were analyzed in this
work. The conclusion about the presence of this sub-
stance in soil samples was made on the basis of acts of
write-off of chemical reagents and generalization of the
analysis results (the appearance of cornflower blue col-
oration in reddish-yellow aqueous extracts of this soil
when diphenylamine crystals are added to them and the
spectra of gamma, alpha and beta spectrometric ana-
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lyzes). This contaminated local soil area created a rela-
tively high background of gamma and beta radiation,
values that were 0.60°10° Sv/h and 3.72 quq/cmz, re-
spectively. Alpha radiation was also recorded by meas-
urements carried out directly on the surface of this soil
area using the “Radiagem” radiometer.

The identification of the isotope in the contaminated
soil was carried out by the value of the energy of the
rays emitted by it. The energies of gamma quanta emit-
ted by U™’ were 186 and 144 keV, the energies of
gamma quanta irradiated by U™*, U, and U>* were
53, 113, and 48 keV, respectively. The most intense in
height are the peaks corresponding to the energy of
gamma quanta irradiated by U**®, somewhat smaller in
height, the peaks corresponding to the energy of gamma
quanta irradiated by U**, and for isotopes U*** and U>*,
the intensity of the peaks corresponding to the energy of
gamma quanta from these isotopes is many times low.
Duplicate measurements were performed by alpha and
beta spectroscopy. The alpha-ray energies emitted by
U™ were 4396, and 4365 keV, the alpha-ray energies
emitted by U?*, U™ and U*® were 4775, 4494 and
4196 keV, respectively.

The height of the spectral peak corresponds to the
number of fixed energy beams emitted by the isotope in
a given time. The activity of the isotope in the soil ex-
tract was determined by comparing the height of its
spectroscopic peak with the height of the spectroscopic
peak of the same isotope in a point source or in a stan-
dard solution (with a fixed activity value in the certifi-
cate).

The total mass of the contaminated soil was dried
up. These mass divided to parts with mass of each

200 g. The spectrometric analyzes carried out showed
that in the soil contaminated with uranyl nitrate wastes-
the ratio of the total content of compounds of the iso-
topes U™®, U*** to the total content of isotopes U*** and
U™ is approximately 99: 1. The activity of uranium
isotopes in all prepared soil samples (weighing 200
grams) was 30 Bq for U**, 10 Bq for U***, and less than
1 Bq for isotopes U** and U*°. The presence of the
isotopes U2, U, U and U?® were detected at dif-
ferent ratios in trace amounts of the yellowish salt of
uranyl nitrate, found on the bottom of glass jars of ex-
pired chemical reagents produced in the forties of the
last century. The change in the ratio of these isotopes
apparently occurred due to the modification of the com-
position of the salt, buried in the soil for more than half
a century.

Samples of soils contaminated with uranyl nitrate
were extracted with dilute solutions of nitric acid in
distilled water, aqueous solutions of sodium hydroxide
and with the mixture of nitric acid and hydrochloric acid
(1:2). The remaining part of the soil was re-extracted
with distilled water as well, after transferring to a glass
flask and filtering the extract. The activity of uranium
isotopes in the filtered and partially evaporated extract,
as well as in the soil residue, was determined each time.

The degree of extraction of uranium isotopes from
the soil sample was estimated by studying the decrease
in the activity of uranium isotopes in the soil and the
increase in their activity in the extract. The results of the
extraction of uranylnitrate from samples of contami-
nated soil, weighing 200 g, with diluted aqueous solu-
tions of acids and alkalis, are shown in Tables 1 - 3.

Table 1

Decrease in the content (activity) of uranium isotopes in a soil sample (200 g) upon extraction
with sodium hydroxide solutions in distilled water

Soil sample studied by gamma spectroscopy at different stages Activity of uranium isotopes, Bq

of experiments =S 0 U U

Initial soil sample 30 10 1

In the soil residue after extraction with 0.2 M sodium hydroxide

solution 28 9 0.8

In the soil residue after extraction with 0.5 M sodium hydroxide

solution 26 8 0.6

In the soil residue after extraction with 1.0 M sodium hydroxide

solution 24 7 0.4

In the soil residue after extraction with 2.0 M sodium hydroxide

solution 18 5 0.1
Table 2

Decrease in the content (activity) of uranium isotopes in a soil sample (200 g) upon extraction
with solutions of nitric acid in distilled water

Soil sample studied by gamma spectroscopy at different stages Activity of uranium isotopes, Bq
of experiments U® U™ U Ut
Initial soil sample 30 10 1

In the soil residue after extraction with 0.2 M nitric acid solution 27 9 0.7

In the soil residue after extraction with 0.5 M nitric acid solution 24 8 0.5

In the soil residue after extraction with 1.0 M nitric acid 20 6.5 0.2

In the soil residue after extraction with 2.0 M nitric acid 13 4 0.05
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Table 3

Decrease in the content (activity) of uranium isotopes in a soil sample (200 g) upon extraction

with solutions of mixtures of nitric and hydrochloric acids in distilled water

Soil sample studied by gamma spectroscopy at different stages Activity of uranium isotopes, Bq

of experiments U=F =S U5 U

Initial soil sample 30 10 1

Soil residue after extraction with a solution of a mixture of 0.2 M

nitric and 0.4 M hydrochloric acids 24 8 0.6

Soil residue after extraction with a solution of a mixture of 0.5 M

nitric and 1.0 M hydrochloric acids 20 6.5 0.3

The rest of the soil after extraction with a solution of a mixture

of 1.0 M nitric and 2.0 M hydrochloric acids; 13 4 0.1

- followed by extraction with 1.0 M sodium hydroxide solution 8 1.5 0.05

The rest of the soil after extraction with a solution of a mixture

of 2.0 M nitric and 4.0 M hydrochloric acids; 3 1 0.04

- followed by extraction with 1 liter. distilled water 2 0.5 0.02
The results of the performed gamma spectroscopic CONCLUSIONS

analyzes show an increase in the content (activity) of
uranium isotopes (U™%, U**°, U** and U*°) in evapo-
rated extracts of the analyzed soil samples with an in-
crease in the concentration of used acidic and alkaline
solutions. An increase in the content (activity) of ura-
nium isotopes in the extracts corresponds to a decrease
in the content of isotopes in the remains of the extracted
soil samples, within a confidence interval of errors of
+ 5%.

As can be seen from Table 3, the results of the com-
bined extraction of contaminated soil with acids, alkali
and water lead to a significant/approximately tenfold/
decrease in the content of uranium isotopes in the soil.
In addition to a decrease in the content of uranium iso-
topes in the extracted soil samples, a decrease in the
content of other natural radionuclides is observed, also.
At the same time, the results of reducing the content of
natural radionuclides (Na?, K*, Zn®, Sn'"*, Sn'*) cor-
respond to the values of reducing their content (from 30
to 90%) when extracting identical soil samples, but not
contaminated with uranium isotopes [2 - 4].

The combined extraction with acids and alkali re-
duces the values of gamma and beta radiation from the
mass of the contaminated soil to the values of the soil
not contaminated with uranium nitrate (0.1°10° Sv/h and
1.0 Bg/cm?, respectively). It is observed also the en-
richment of the soil with chlorides and nitrates formed
as a result of the neutralization reaction.
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The results of the combined extraction of contami-
nated soil with weak solutions of acid, caustic alkali and
the subsequent washing of the soil residue with water
leads to a more than tenfold decrease in the content of
uranium isotopes in the soil. An increase in the content
of uranium isotopes in the extracts of the analyzed soil
samples corresponds to a decrease in the content of
these isotopes in the remains of the extracted soil sam-
ples. The comparative analysis of the values of the de-
crease in the content of natural radionuclides in the soil
contaminated with uranyle nitrate corresponds to the
values of the decrease in their content in the identical
soil, but not contaminated with uranium isotopes. Ex-
traction with weak aqueous solutions of nitric acid and
caustic sodium leads to the enrichment of chlorides and
nitrates formed during the combined extraction of soil
contaminated with uranyle nitrate.
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N3YUYEHHUE ITPOLHECCOB OUUCTKU OBPA3ILIOB ITIOYBBI,
SATPAZHEHHBIX HUTPATOM YPAHUJIA

X @. Mammaoos, X.H. Illupanueea, 3.H. Mexmues, ¥Y.C. Anuesa-/Irrcaboapnwr, 3.U. Kynuees, H.A. Mup3aea,
A.T. I'yceitnosa

KoMOnHUpOBaHHOE 3KCTparnpoBaHUE 3arpsI3HEHHON HUTPATOM ypaHHJIa MOYBHI CIa0BIMU PAacTBOpaMH a30THOM
U CONISHOW KHUCIIOTBI, €KOT0 HaTpUs M MOCNIEAYIoIlee NPOMBIBAHHE OCTATKOB MOYBHI TUCTUIIMPOBAHHOM BOIOM
IPUBOAT K Gosiee IeCATHKPATHOMY CHIDKEHHIO CoflepiKaHHs u30ToroB ypana (U2*, U, U™* u U™®)B nouse. Ilpu
3TOM HABITIONACTCSA CHIDKCHHE TAKkKe COIepKaHMs NpHpomHbIX pammonykmnmos (Na”?, K, Zn®, Sn'") Sn'*) s
9KCTPAarMpOBaHHBIX 00pa3liax MouBkl. [IOBBIIEHNE UX COIEpKAaHHS B IKCTPAKTE aHATU3HPYEMOro o0pasia MoYBbHI
COOTBETCTBYET CHW)KEHHIO MX COJIEPXKaHUS B OCTaTKe JKCTparupoBaHHOro obOpas3ia mouBbl. KoMOMHHpOBaHHas
9KCTpaKIus CIaOBIMM PacTBOPAMHU 3THX KHCIOT M IIENOYEH MPUBOIUT K OOOTAlEeHUIO ITOYBHI HUTpAaTaMH M
XJIOPCOAEPKALTUMHU COEAUHEHUSIMA HEPaJUOAKTUBHBIX METAIJIOB.

BUBYEHHS ITPOLECIB OUUIIIEHHA 3PA3KIB IPYHTY,
AKI 3ABPYJHEHI HITPATOM YPAHLITY

X @. Mammaoos, X.H. Illupanicea, €.I. Mexmics, Y.C. Anicea-/Dicadoapnu, €1 Kynice, H A. Mup3acs,
A.T. I'yceiinosa

Kom6iHoBaHe excTparyBaHHs 3a0pyIHEHOr0 HITPATOM YpaHiTy IPYHTY CIIaOKUMH pPO3YMHAMHM a30THOI i COJISTHOL
KHCJIOTH, iJIKOTO HATPiIo 1 MOAAJIbIIe MPOMUBAHHS 3AJIUILKIB IPYHTY AUCTHIHOBAHOIO BOJOIO IPU3BOAATH JI0 OLIbIlE
JIeCATHPA30BOr0 3HIDKEHHs BMicTy i30tomis ypany (U™, U™, UP* i U y rpyari. IIpu mpoMy criocTepiraeThes
3HIDKEHHS TaKOK BMicTy mpuponunx pamionykrigis (Na™, K*, Zn®, Sn'", Sn'*®) B excrparoBanux 3paskax rpyHry.
[TixBumieHHst X BMICTy B €KCTPaKTi aHaJi30BaHOrO 3pa3ka I'PYHTY BiIIOBINAE€ 3HIKEHHIO iX BMICTY B 3aJIMIIKY
EKCTparoBaHOro 3paska rpyHTy. KomOiHOBaHa eKCTpaKIlis CIAOKMMH PO3YMHAMY IIUX KUCIIOT 1 JIYTiB IPU3BOIUTH 10
30araueHHs IPYHTY HITpaTaMH i XJIOPBMICHUMH 3'€THAHHAMH HEPali0aKTUBHUX METAJIIB.
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