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Abstract: The distributions of trace amounts of natural radionuclides in soil samples were studied. The K*,
Na?, Sr** radioisotopes were identified in all soil samples taken from Shirvan region of the Azerbaijan.
The analyses carried out by gamma spectroscopy showed that in all soil samples the concentrations of
natural radioisotopes Na?, K*, and Sr® are 2.7, 2.5, and 0.57 Bg/kg, respectively. The cleaning methods
of soil contaminated with radionuclides have been studied. By systematic studies have determined that with
all cleaning methods, the degree of K* extraction from soil samples is about 3-7 times lower than the
release of Na?, and Sr®*. The method of cleaning the soil from radionuclides by extraction with weak acidic
and alkaline solutions is more effective than other cleaning methods.
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The accumulation of large amounts of harmful substances in the soil causes the risk of their
entry into living organisms by migration paths along the soil-water-vegetation chain. The
processing of minerals by outdated technological processes and the consequent pollution of
environmental objects with small amounts of xenobiotics can cause the formation of ecological
crisis zones. Therefore, there is a need for systematic measurements and studies to obtain results
on the distribution of radionuclides, heavy metals, and other xenobiotics in the soil of the country.
The accumulation of large amounts of harmful substances in the soil causes the risk of their entry
into living organisms by migration paths along the soil-water-vegetation chain [1].

The ability to clean by various methods local areas of the earth contaminated with
radionuclides and heavy metals and to study the options for implementing these processes are the
most important tasks of chemistry and are important for solving many pressing environmental
problems [2].

In order to study changes in environmental objects and determine the degree of pollution of
soil in the Shirvan region of the country, the laboratory staff was systematically taken numerous
samples of soil and carried out comprehensive analytical-chemical, the radiometric examination
of these samples in stationary laboratory conditions.

1. Material and methods

Samples of soil taken from the Shirvan region are the most typical example for the territory
of the country. The soil samples taken were treated with distilled water, weak solutions of acid,
and alkali with periodic mixing and filtration. Radiometric measurements were carried out using
the InSpector-1000 and Radiagem-2000 radiometers (manufactured by Canberra and equipped
with alpha, beta, and gamma detectors) and the IdentiFINDER radiometer identifier (manufactured
by Thermo Scientific). Gamma spectrometer with HPGe detector (manufactured by “Canberra”),
atomic absorption AA-6800 spectrometer (manufactured by ”Shimadzu”), Expert-3L and XRF X-
ray fluorescence spectrometers were used in the process of physical-chemical analysis of minerals
obtained by evaporation of weakly acid and weakly alkaline extracts of soil samples [3, 4].
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2. Discussions of the results

Soil samples taken from the territory of the Shirvan region of the country are typical for
the territory of Azerbaijan. The activity of the radionuclides detected by gamma spectroscopy in
soil samples is shown in Table 1.

Table 1
Results of radiometric measurements and activity of radionuclides in soil samples taken from the
Shirvan region

Region Isotopes, Bq / kq
(baC;%r/oEl;]d 11Na%?|19K* | 26Fe®0 | 17C0%7 | 30Zn%° [38Srot | 50SNt3, | 63EU®, psRa?%® | g9 Th??8
aﬁoha ra;}s 0S| 6 3EU™™!
B(leq / SM?)
Shirvan 27 |25 0,88 | 0,70 | 0,16 | 0,57 | 0,07; 0,47; 10,81 0,05
(0,12; 0,01) 0,3 0,76

Extraction of 0.2 kg soil samples with acid and alkaline solutions in distilled water (0.5 M,
1.0 M, 1.4 M, 2.0 M) led to the decrease of concentrations of radionuclides in analyzed soil
samples. Weak solutions of acids and alkalis were used for the separation of heavy metals from
soil samples.

The values of the activity of radioisotopes K*°, Na?? ,and Sr®* measured by the method of
gamma spectroscopy in soil samples, taken from the territory of the city of Sumgait, were 2.7, 2.5,
0.57 Bg/kg or 1.5, 1.2, 0.3 Bg/0.2 kg, respectively. The values of the activity of these radioisotopes
in the extracts obtained by treating soil samples with different solutions of acids and alkalis were
measured by gamma spectroscopy. A decrease in the activity value (in %) of these radioisotopes
in the remains of soil samples and an increase in the activity value in extracts are shown in Tables
2-10.

Table 2
The content of the radioisotope K*° in extracts obtained by extraction (with solutions of nitric acid
in distilled water) of soil samples taken from the territory of Shirvan region and in the remains of
soil samples.

HNO; content in Content of radioisotope K*°, %
solutions, (from the initial content (1,5 Bg = 100%) of K*° in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
HNOs solutions | HNOz solutions | HNOs solutions
in 1 liter of water /| in 2 liters water / | in 3 liters water /
in soil residue in soil residue in soil residue
- 100 - - -
0,5 - 1,7/98,3 29/97,1 4,8/95,2
1,0 - 29/97,1 5,4/94,6 8,5/915
1,4 - 5,4/94,6 8,2/91,8 12 /82
2,0 - 9,5/915 11,0/89,0 15/85
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Table 3

The content of the radioisotope K*® in extracts obtained by extraction (with solutions of NaOH in
distilled water) of soil samples taken from the territory of Shirvan region and in the remains of soil

samples.
NaOH content in Content of radioisotope K*, %
solutions, (from the initial content (1,5 Bq = 100%) of K*° in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
NaOH solutions | NaOH solutions | NaOH solutions
in 1 liter of water | in 2 liters water / | in 3 liters water /
/ in soil residue in soil residue in soil residue
- 100 - - -
0,5 - 2,5/97,5 3,7/96,3 6/94
1,0 - 4,5/95,5 6,9/93,1 10/90
1,4 -- 6,5/ /93,5 9,5/90,5 14/ 86
2,0 - 9,0/91,0 13,0/87,0 171783
Table 4

The content of the radioisotope K*° in extracts obtained by extraction (with solutions of HNO3 +
HCI mixtures in distilled water) soil samples taken from the territory of Shirvan region and in the
remains of soil samples. Soil residues treated with 3 liter solutions of a mixture of acids were re-
treated with alkaline solutions.

Acid or alkaline Content of radioisotope K*°, %
content in solutions, (from the initial content (1,5 Bg = 100%) of K*° in soil samples
(mol) weighing 200 g)
Soil Soil extract | Soil extract Soil extract | Soil residues
sample with with with (treated with
HNOs + HNOs + HCI | HNOs+ HCI 3-liter
HCI mixtures mixtures solutions of a
mixtures solutions solutions mixture of
HNOs | HCI | NaOH solutions in 2 liters of | in 3 liters of acids) re-
in 1 liter of | water / in soil | water / in soil | treated with
water / in residue residue alkaline
soil residue solutions.
- - - 100 - - - -
0,5 0,5 0 - 3,8/96,2 6,2 /93,8 8,5/91,5 -
1,0 1,0 0 - 751925 12,5/87,5 18/ 82 -
1,4 1,4 0 - 9,5/90,5 18,4 /81,6 25/75 -
2,0 2,0 0 - 13,0/87,0 25,0/75,0 30/70 -
0 0 0,5 - - - - (8,5) +5/86,5
0 0 1,0 - - - - (18) +7 /75
0 0 1,4 - - - - (25) +8/ 67
0 0 2,0 - - - - (30) +9/61




Table 5
The content of the radioisotope Na?? in extracts obtained by extraction (with solutions of nitric
acid in distilled water) of soil samples taken from the territory of Shirvan region and in the remains
of soil samples.

HNOj3 content in Content of radioisotope Na??, %
solutions, (from the initial content (1.2 Bg = 100%) of Na?? in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
HNO3 solutions | HNOs solutions | HNOj3 solutions
in 1 liter of water /| in 2 liters water / | in 3 liters water /
in soil residue in soil residue in soil residue
- 100 - - -
0,5 - 8/92 15/85 20/80
1,0 - 14/ 86 24 /76 35/65
1,4 -- 19/81 33/67 50/50
2,0 - 28172 45 /55 66 /34
Table 6

The content of the radioisotope Na?? in extracts obtained by extraction (with solutions of NaOH
in distilled water) of soil samples taken from the territory of Shirvan region and in the remains of
soil samples.

NaOH content in Content of radioisotope Na??, %
solutions, (from the initial content (1.2 Bg = 100%) of Na?? in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
NaOH solutions | NaOH solutions | NaOH solutions
in 1 liter of water | in 2 liters water / | in 3 liters water /
/ in soil residue in soil residue in soil residue
- 100 - - -
0,5 - 18/82 30/70 35/65
1,0 - 45 /55 56 /44 52 /48
1,4 -- 59/ /41 71/29 75125
2,0 - 75125 80/20 84 /16
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Table 7

The content of the radioisotope Na?2 in extracts obtained by extraction (with solutions of HNO3 +
HCI mixtures in distilled water) soil samples taken from the territory of Shirvan region and in the
residues of soil samples. Soil residues treated with 3 liter solutions of a mixture of acids were re-
treated with alkaline solutions.

Acid or alkaline content Content of radioisotope Na??, %
in solutions, (from the initial content (1.8 Bq = 100%) of Na?? in soil samples
(mol) weighing 200 g)
Soil | Soil extract | Soil extract | Soil extract | Soil residues
sample with with with (treated with
HNO3 + HNO3 + HNOs3 + 3-liter
HCI HCI HCI solutions of a
mixtures mixtures mixtures mixture of
HNOs | HCI | NaOH solutions solutions solutions acids) re-
in 1 liter of | in 2 liters of | in 3 liters of | treated with
water / in water / in water / in alkaline
soil residue | soil residue | soil residue solutions.
- - - 100 - - - -
0,5 0,5 0 - 25 /75 30/70 35/65 -
1,0 1,0 0 - 50/50 58142 67 /33 -
1,4 1,4 0 - 67 /33 72128 79/21 -
2,0 2,0 0 - 75125 80/20 87 /13 -
0 0 0,5 - - - - (35) +3/62
0 0 1,0 - - - - (67)+4/29
0 0 1,4 - - - - (79) +5/16
0 0 2,0 - - - - (86) +6/8
Table 8

The content of the radioisotope Sr®! in extracts obtained by extraction (with solutions of nitric acid
in distilled water) of soil samples taken from the territory of Shirvan region and in the residues of

soil samples.

HNO3s content in

Content of radioisotope Sr®!,%

solutions, (from the initial content (0.3 Bg = 100%) of Sr°! in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
HNOs solutions | HNOg3 solutions | HNOs solutions
in 1 liter of water /| in 2 liters water / | in 3 liters water /
in soil residue in soil residue in soil residue
- 100 - - -
0,5 - 5,5/94,5 8/92 10/90
1,0 - 8,6/91,4 15/85 20/ 80
1,4 -- 13,5/86,5 20/ 80 26/ 74
2,0 - 19/81 29/71 38/62
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Table 9

The content of the radioisotope Sr®! in extracts obtained by extracting soil samples taken from the
territory of Shirvan region with alkaline solutions of NaOH in distilled water and in the residues

of soil samples.

NaOH content in Content of radioisotope Sr,%
solutions, (from the initial content (0.3 Bq = 100%) of Sr°! in soil samples weighing
(mol) 200 g)
Soil sample Soil extract with | Soil extract with | Soil extract with
NaOH solutions | NaOH solutions | NaOH solutions
in 1 liters of water| in 2 liters water / | in 3 liters water /
/ in soil residue | in soil residue in soil residue
- 100 - - -

0,5 - 6,6/93,4 10/90 13/87

1,0 - 16/84 22178 25/75

1,4 -- 21/79 31/69 36/64

2,0 - 29/71 40/ 60 50/50

Table 10

The content of the radioisotope Sr®!in extracts obtained by extraction (with solutions of HNO3 +
HCI mixtures in distilled water) soil samples taken from the territory of Shirvan region and in the
remains of soil samples. Soil residues treated with 3 liter solutions of a mixture of acids were re-
treated with alkaline solutions.

Acid or alkaline content Content of radioisotope Sr®*, %
in solutions, (from the initial content (0.3 Bg = 100%) of Sr®in soil samples
(mol) weighing 200 g)
Soil | Soil extract | Soil extract | Soil extract | Soil residues
sample with with with (treated with
HNO3 + HNOs + HNOs + 3-liter
HCI HCI HCI solutions of a
mixtures mixtures mixtures mixture of
HNOs | HCI | NaOH solutions solutions solutions acids) re-
in 1 liters | in 2 liters of | in 3 liters of | treated with
of water / water / in water / in alkaline
in soil soil residue | soil residue solutions.
residue
- - - 100 - - - -
0,5 0,5 0 - 15/85 21/79 26/ 74 -
1,0 1,0 0 - 28172 42 /58 54 | 46 -
1,4 1,4 0 - 40/ 60 60/ 40 72128 -
2,0 2,0 0 - 60/ 40 72128 85/15 -
0 0 0,5 - - - - (26) +5/ 69
0 0 1,0 - - - - (54) +8/ 36
0 0 1,4 - - - - (72) +10/ 18
0 0 2,0 - - - - (84) +12/ 4
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When soil samples were treated with solutions of 0.5, 1.0, 1.4, 2.0 mol of nitric acid in 1,
2, and 3 liters of distilled water, a decrease in the value of K*° activity in soil from 100% to 85%
and an increase in the value of K* activity in extracts from 0% to 15% were observed. With such
treatment of soil samples with solutions of sodium hydroxide (caustic sodium), a decrease in the
value of K* activity in the soil from 100% to 83% and an increase in the value of K*° activity in
extracts from 0% to 17% and with a similar treatment of soil samples with solutions of a mixture
of nitric acid with hydrochloric acid, as well as further processing of the soil residue with a solution
of sodium hydroxide (sodium hydroxide), a decrease in the value of K*° activity in the soil from
100% to 61% and an increase in the value of K* activity in the extracts from 0% to 39% were
observed.

When soil samples were treated with solutions of 0.5, 1.0, 1.4, 2.0 mol of nitric acid in 1,
2, and 3 liters of distilled water, a decrease in the value of Na?? activity in soil from 100% to 34%
and an increase in the value of Na?? activity in extracts from 0% to 66% were observed. By such
treatment of soil samples with solutions of sodium hydroxide, a decrease in the value of Na??
activity in soil from 100% to 16% and an increase in the value of Na?? activity in extracts from 0%
to 84% and by similar treatment of soil samples with solutions of a mixture of nitric acid with
hydrochloric acid, as well as further processing of the soil residue with sodium hydroxide solution,
a decrease in the value of Na?? activity in soil from 100% to 8% and an increase in the value of
Na?? activity in extracts from 0% to 92% were observed.

When soil samples were treated with solutions of 0.5, 1.0, 1.4, 2.0 mol of nitric acid in 1,
2, and 3 liters of distilled water, a decrease in the value of Sr°! activity in soil from 100% to 62%
and an increase in the value of Sr® activity in extracts from 0% to 38% were observed. By such
treatment of soil samples with solutions of sodium hydroxide, a decrease in the value of Sr®
activity in the soil from 100% to 50% and an increase in the value of Sr®! activity in extracts from
0% to 50% were observed, and by similar treatment of soil samples with solutions of a mixture of
nitric acid with hydrochloric acid, as well as further processing of the soil residue with a solution
of sodium hydroxide, a decrease in the value of Sr°! activity in the soil from 100% to 4% and an
increase in the value of Sr®! activity in the extracts from 0% to 96% were observed.

Thus, cleaning the soil from radioisotopes with a mixture of nitric acid with hydrochloric
acid with further processing of the rest of the soil with sodium hydroxide solutions is the most
effective method of cleaning.

Comparative analysis of the results of these experiments with the data of previous
experiments using traditional adsorbents concluded that the cleaning of soil contaminated with
radioisotopes is effective by sequentially treating it with solutions of weak acids and alkalis [4].

Comparative analysis of the data presented in tables 2-10 confirms about 3-7 times low
degree of K*° emission in comparison with the degree of soil purification from other radionuclides
/ Na??, Sr¥t /.

The method of cleaning the soil from heavy metals and radionuclides by extraction with
weak acidic and alkaline solutions is more effective than cleaning methods using adsorbents. The
correct application of this method allows us to restore soil fertility.
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OYUCTKA ITOYBbLI OT IMTPUPOJHBIX U30TOIIOB
X.®. Mamenos, X.H. [lIupanuesa

Pe3rome: N3ydeHo pacripeneneHre cilefoBbIX KOTMUECTB MPUPOIHBIX PaJHOHYKIUIOB B 00pa3ax MmoYBkI.
Pagmomsoronsr K, Na?, Sr®* mpentndumupoBansl Bo BceX Npo0ax MOUBBL, B3ATHIX C TEPPUTOPHH
[upBaHckoro palioHa cTpaHbl. AHAJU3, IPOBEJCHHBIH METOIOM raMMa-CIIeKTPOCKOITHH, MOKa3all, YTo B
o0pasiiax moYBEI KOHIIEHTPAIIUH MTPUPOIHBIX PaTHOU30TOIIOB Na?, K u Sr** cocrasmstior 2,7,2,5u 0,57
Bk/kr, coorBeTcTBeHHO. M3ydeHBI cOCOOBI OYMCTKH TOYBBI OT PAaaMOHYKIHAOB. CHCTEMAaTHYECKUMHU
VICCIIEIOBAHMAME yYCTAHOBJIEHO, UTO TIPHM BCEX METONAX OUMCTKH cTermeHp m3pieuenns K* 3 o6pasios
TIOYBBI IPUMEPHO B 3-7 pa3 HIKe, yeM Bhinenerne Na®? u Sr°’. MeTo 04iCTKH MOYBEI OT PaIHOHYKIIHI0B
IKCTpaKIed CIa0OKUCIBIMU M INENOYHBIMH pacTBopamMu Oonee 3((GEKTUBEH, YeM APYrHe METOJbI
OYHCTKH.

Knroueeswie cnoea: 06pa3u51 ITIOYBBI, MIPUPOAHBIC PAANON30TOIIbI, KUCJIBIC U IICIIOYHBIC paCTBOPHBI, OYHUCTKA
IIOYBBEI.

TORPAGIN TOBIii iZOTOPLARDAN TOMIiZLONMOSI

X.F. Mamedov, H.N. Siraliyeva

Xiilasa: Torpaq niimunalarindo tobii radionuklidlorin mikrokonsentrasiyalarinin paylanmasi 6yranilmisdir.
Olkenin Sirvan rayonu orazisinden gétiiriilmiis biitiin torpaq niimunalorinds K*, Na?, Sr** radioizotoplar1
miioyyan edilmisdir. Gamma-spektroskopiya iisulu ilo aparilmis analiz torpaq niimunalorinds Na*, K** vo
Sr! tobii radioizotoplarinin konsentrasiyalarinin miivafiq olaraq 2,7, 2,5 vo 0,57 Bg/kq oldugunu gostordi.
Torpagin radionuklidlardon tomizlonmasi tsullar1 6yranilmisdir. Sistematik tadgiqgatlar biitiin tamizlonmo
metodlar1 ilo torpaq niimunslorinin K* izotopundan tamizlonmo doracesinin Na? va Sr® izotoplarindan
tomizlonmasindan togriban 3-7 dofo kigik olmasini gostarir. Torpagin zaif tursu vo galovi mohlullari ilo
ekstraksiya etmoklo tomizlonmasi metodunun digar tomizlonmos metodlarindan daha effektiv olmasi
miioyyanlosdirilmisdir.

Acgar sézlar: torpaq niimunalari, tobii radioizotoplar, tursu vo galovi mohlullari, torpagin tamizlonmasi.

69



