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STUDYING THE COMPOSITION OF |IODINE-RICH KHAUDAK AND UCHKIZIL UNDERGROUND
BRINES IN THE SOUTHERN REGIONS OF UZBEKISTAN BASED ON X-RAY FLUORESCENCE
ANALYZER

This study investigates the underground brines of Khaudak and Uchkizil in southern
Uzbekistan, which are rich in various mineral salts, including iodine. The chemical composition of
these brines and their time-dependent transformations under environmental exposure were
analyzed using X-ray fluorescence spectroscopy (XRF).

The results demonstrate that iron compounds present in the brine gradually precipitate over
time. The original iron content of the water was approximately 0.130%, with up to 65% of it
forming sediment. Additionally, upon adding specific iodine oxidizing agents and storing the
sample for one month, a reddish-brown precipitate was formed. This precipitate mainly consisted
of iron and chlorine compounds, with minor contributions from iodine and similar elements. The
precipitate contained 1.317% iodine, corresponding to 7.66% (21.32 mg/L) of the total iodine in
the Khaudak water sample. Exposure to ultraviolet radiation caused further oxidation and
volatilization of iodine into the atmosphere. These findings emphasize the importance of timely
iodine separation for recovery from brines under natural and controlled conditions.

Keywords: Khaudak brine, Uchkizil brine, iron(lll) chloride, iodine precipitation, X-ray
fluorescence spectroscopy.
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©36€eKCTaHHbIH, OHTYCTIK aiMaKTapblHAaFbLl MoAKa 6ait XayaakK saHe YUKM3UA Kep acTbl
CYNapbiHbIH, KYPaMblH PEHTTeHAIK GpyopecueHTTi aHaM3aTop HerisiHae 3epTTey

Byn 3epTreyae ©36eKCTaHHbIH, OHTYCTIMHAE OpPHasacKaH XaHe Mo KOocbinFaH apTyphi
MWHepanapl Ty3aapaaH TypaTbiH XayAaKk KaHe YUKU3UA Kep acTbl CyNapbiHa apHanfaH KaHe byn
cyflapdblH ©3apa YKCACTblFbl MEH 0N1apAblH yaKbITKa 6alinaHbICTbl @3repictepi TangaHsaH. CbipTKbl
OpTaHbIH dCePIHEH Cy KYpamMblHaH anbliHfaH bipHelle cbiIHamanap meH belleKkTepaiH, e3repicrepi
aHbIKTaNabl.

ANbIHFaH Ty3/bl epiTiHAI KypamMbl PeHTreHAik ¢ayopecueHTTi aHanusaTopabl Tanaay
HerisiHae cunatranfaH. OfaH COMKeC yaKplT ©Te Kese cyZafbl TEMIP KOCbIAbICTAapbl LeriHajre
TYCETiHi aHbIKTanabl. bactankblaa cyapliH KypambiHAa TemipaiH wamameH 0,130% - bl 6onaapl
*KaHe benrini 6ip yakbIT apanbifbiHaa Hbaay 6aTbin KeTeai. byn TyHHaHbIH, KypambiHAa TEMIPAIH,
Mesliepi wamameH 65% Kypanabl. COHbIMEH KaTap, *KaHaZaH anblHFAH Cy VAriciHAe MOoAKa
apHalbl TOTbIKTbIPFbILITAPAbI KOCbIM, OHbI 1 at 6oMbl cakTay apKbiabl MOATbIH 6enrini 6ip 6eniriHiH
TyHOara TycKeHi 6alkanabl. HaTuxKeciHae HerisiHeH Temip MeH X/J0pAaH *KaHe CUpeK hoaneH
*KOHE YKCac 3/1eMEHTTEPMEH KOCbI/IbICTapAaH TypPaTbiH KOHbIP-KbI3bl/ TYCTi TyHDa nanaa 6onabl.
TyHbBaHbIH KypamblHaa 1,317% ioa 6ap, an Xayaak cyblHAafbl noaTbiH 7,66% (21,32 mr/n) TOTbIFy
apKblbl TYyHDaFa TyCKeH. Anaiaa, byn cy allblK ayaaa yAbTPaKyAriH CayNeHiH acepiHe yliblpafaH
Kesae, cyaafbl MOATbIH TOTbIFYbl XKaHe aya KabaTbiHa WblFybl DaKkangpl.
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M3yueHue cocTaBa MoacoAep KaLMX NOA3EMHbIX PacconoB Xayaaka U Yukusuna B
IO}KHbIX paioHax Y36eKucrtaHa Ha OCHOBe peHTreHo¢1lyopecLeHTHOro aHaau3a

B HacToAwem mnccneaoBaHUM pacCMaTPMBaOTCA NOA3EMHbIE PAccobl Xaydaka U YYKnsunna,
PaCMo/IOXKEHHbIE B HOXHbIX pernoHax Y3bekuncraHa, obnagatolime BbICOKOM MUHepanmsaumen un
coaepKaHmem noaa. CoctaB M TpaHchOpPMaUMA PaACCOIOB NPW BO3AENCTBMM BHELIHEN Cpeapl
nccneaoBaHbl C NpUMEHeHMEM peHTreHodpIyopecLeHTHoro aHanmsa (XRF).

lMoKa3aHo, YTO coAepalmecs B BOAE COEAMHEHMA Keje3a CO BPeMeHeM MOCTEeNeHHOo
BbIMAJatOT B OCaA0K. McxoaHOe coaepskaHme xenesa coctanano okoio 0,130%, ns Kotopbix 40
65% ocenaer. Mpn nobaBNEHMM CNeLUMann3npPOBaHHbIX OKMCAUTENEN MoAa 1 BblAepKKe 0bpasLa
B TeyeHMe ofHOro MmecAua Habnwoganocb obpas3oBaHne  Oypo-KpPacHOrO  0CajKa,
NPEeMMYLLLECTBEHHO COCTOSLLErO U3 COAMHEHWUI Kene3a M X10pa, a TaKkKe HEe3HAYUTEeNbHOro
KONIMYecTBa MOACOAEPKALMX COEAMHEHWA. BbIABNEHO, 4YTO COAEpKaHMe MoAa B OCafKe
coctaBuno 1,317 %, 4to cooTBeTcTBYET 7,66 % OT 0OLIEero Ko/an4yecTBa Moaa B Bode Xaydaka
(21,32 mr/n). Bosaeictane yabTpadMONETOBOrO W3NYYEHUA MNPUBOAMAO K [asbHellemy
OKUCNEHUIO U YyNEeTyuMBaHUIO Moda B aTmocdhepy. Takmm o0Bpasom, MosydYeHHble pesy/bTaThl

ncenenosaHmMA

noavyepKnBaroT H€O6XO,£I,I/IMOCTb

CBOeBpeN\eHHOlZ 3KCTPpaKkummn Mop,a n3

MWHEepasibHbIX BOA 418 NPeAoTBPaLLeHMA ero noTepb B eCTECTBEHHbIX YCA0BUAX.
KnioueBble cnoBa: XaydaKCKu paccos, YYKM3UAbCKMIA paccon, xnopua, kenesa (I,
ocaxeHue noaa, peHTreHodyopecLeHTHbIN aHanus.

Introduction

Interest in underground brines has increased
significantly in recent years due to their industrial and
medical importance. Some of these highly
mineralized waters are used for therapeutic purposes,
while others serve as valuable sources for the
extraction of trace elements such as iodine and
bromine. Studies on iodine-rich groundwater in South
China have revealed average iodine concentrations of
890 ug/L, with maximum levels reaching 6,350
ug/L—far exceeding the WHO’s recommended
range of 5-300 pg/L. lodine enrichment typically
occurs under acidic conditions (pH ~ 6.6) and in low-
redox environments (Eh = 198.4 mV) [1]. lodine in
water exists in various forms, including molecular
iodine (85.6%), iodide ions (3.2%), iodate (9.1%),
and iodine chloride (2.1%) [2].

Microbial activity plays a critical role in iodine
cycling through oxidation, reduction, volatilization,
and deiodination processes. Recent metagenomic
analyses of deep groundwater in the North China
Plain have identified microbial gene clusters linked to
dissimilatory iodine reduction. Iron- and sulfur-
reducing bacteria can further mobilize iodine by

facilitating the reductive dissolution of iron minerals
[3]. In the CIS region, major iodine-rich aquifers have
been reported in Turkmenistan, Russia, Azerbaijan,
Uzbekistan, and Ukraine. lodine reserves in these
countries are distributed as follows: Turkmenistan
(40%), Russia (34%), Azerbaijan (22%), Ukraine
(3%), and Uzbekistan (1%) [4]. In studies related to
sea mud, the amount of iodine was ten times higher
than in water and was 0.002-0.01%, and in oil and
adjacent waters it was 0.01%; the amount of iodine
from mineral ore deposits is around 1% in Chilean
saltpeter deposits, 280 mg/kg with phosphorites, and
up to 6 mg/kg in some coal deposits. It also contains
up to 0.1 mg/kg of table salt obtained from seawater,
0.25 mg/kg of rock salt, and 0.06 mg/kg of potassium
salts. In this place, the lack of iodine in salt deposits
is recognized by the absence of the ability of iodide
ions to isoform the position of chlorine in the crystal
lattice. [5]. The main amount of iodine is located in
the center of this basin, with iodine concentrations
ranging from 3.31 to 1890 pg 1(-1). Most samples
with iodine concentrations above 500 pg 1(-1) were
obtained from wells between 75 and 120 m deep.
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High pH and reducing environment are favorable for
the enrichment of iodine in groundwater, which is
63.2-99.3% of total iodine. Sediment samples from
the drilled well contained 0.18-1.46 mg kg(-1) of
iodine, which was moderately correlated with total
organic carbon (TOC). According to experiments,
iodine binds mainly to iron oxyhydroxides and
organic substances in sediments. lodine mobilization
processes are proposed to involve the reductive
dissolution and transformation of iron oxyhydroxide
between iodide, iodine, and organic iodine caused by
microbial activity under alkaline and reducing
conditions [6]. The conversion of iodide to elemental
iodine in an acidic solution significantly resists the
formation of iodide or has almost no effect on the
conversion of iodide to molecular iodine. In some
versions of the study, pre-acidification of aqueous
brine with metered hydrochloric or sulfuric acid is the
optimal condition for this method [7]. As a
continuation of the above scientific work, salt water
was heated to a sufficient level, the pH level was

Methods

The X-ray fluorescence analysis

EDX-8100P  Energy Dispersive  X-Ray
Fluorescence Spectrometer (SHIMADZU). This
spectrometer with ranges of detectable elements from
C to U. The X-ray tube consists of a Rh-anode and
operates at a voltage of 4-50 kV. The given range of
concentrations is from ppm to 100%.

Experimental part

Khaudak water is extracted from the ground
from a depth of about 3,000 meters, and three-red
water from a depth of about 400 meters. They are
mainly present at temperatures of 70-80 °C and 25-30
°C, respectively, at the time they are mined

brought to 2 to 4, and an oxidizing agent was added
to form free iodine from the iodide in the water, and
it was desorbed by airflow [8]. Sodium chloride,
which contains iodine, is concentrated in
underground saltwater using an electrodialysis
device. In Japan, many types of table salt are
produced industrially in this way. In this case, crystals
containing sodium chloride as the main component
are precipitated and separated into crystals by
separating methods [9]. The results of research on the
adsorption of organic iodine on activated carbon [10,
11] and similarly synthesized sorbents are also
important [12-14].

Brines from Khaudak and Uchkizil in
Uzbekistan are characterized by exceptionally high
mineralization levels (up to 300 g/L) and significant
iodine content (>20 mg/L), making them promising
for iodine extraction. This study aims to analyze the
compositional features of these brines using XRF
spectroscopy and evaluate iodine transformation and
stability under environmental conditions [15].

underground. A solution of a brown-reddish
suspension is formed when the water of the tank drops
from its initial temperature to room temperature (15-
25 °C) and gradually forms a precipitate for 5-6 days.
The Uchkizil water will not be significantly hot when
mined, and the color of the solution will also be clear
and close to transparency. Therefore, brown-reddish
sediment from it falls less often. Below, a brown-
reddish sediment obtained over 30 days from
Uchkizil water was separated and dried, and the
spectra obtained from the X-ray fluorescent analyzer
(Figure 1) and images in a scanning electron
microscope (Figure 2) obtained at a particle size of 10
pum were given (Table 1).

Figure 1 — X-ray fluorescence analyzer spectrum of sediment taken from Uchkizil water
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Figure 2 — SEM image of the sediment taken from Uchkizil water

Table 1 — Quantitative result of the X-ray fluorescence analyzer of the sediment obtained from

Uchkizil water

Analyte | Result [3-sigma] | Proc.-Calc. | Line Int.(cps/uA)

Fe 77.398% | [0.193] Quan-FP FeKa 320.6805

Cl 14.894 % | [ 0.369] Quan-FP ClKa 0.6529

Ca 3.336 % [ 0.097] Quan-FP CaKa 1.8473

Si 3.227 % [ 0.369] Quan-FP SiKa 0.1098

Pb 0.332 % [0.012] Quan-FP PbLbl | 0.1781

As 0.197 % [0.071] Quan-FP AsKb 0.3581

K 0.197 % [ 0.034] Quan-FP K Ka 0.0250

Sr 0.183 % [ 0.010] Quan-FP SrKa 2.5602

Br 0.121 % [ 0.005] Quan-FP BrKa 0.1427

Zn 0.096 % [ 0.009] Quan-FP ZnKa 0.0305

Hg 0.020 % [ 0.006] Quan-FP HglLa 0.0061

It can be seen from this table that there is no  the solution. The solution left after the separation of

iodine in the precipitate, and iron, chlorine, and the brown-reddish sediment that fell under the water

calcium can be mentioned as the main elements. It
was observed that certain water-soluble compounds
of iron precipitate when brought from 70-80 °C to
room temperature (15-25 °C) or hydrolyze and form
water-insoluble compounds and sink to the bottom of

feps/ua] AL-D

of the Khaudak is clear, it was dried at a temperature
of 20-30 °C under the influence of sunlight and
examined in an X-ray fluorescent analyzer (Figure 3,
Table 2).

i B
|32

*a H

l‘
T

£l

{2 5]
el
=

b

e

Va1ac

o g
g 2
T
AN

I Cre-Fe

<Trika

Teid

——

i E T T

[eaV]

vy [av)

0.0%00

[xav]

Figure 3 — X-ray fluorescence analyzer spectrum of salt obtained as a result of evaporation of Khaudak water
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Table 2 — Quantitative result of X-ray fluorescence analyzer of the salt obtained as a result of the

evaporation of water from in Khaudak

Analyte | Result [3-sigma] Proc.-Calc. | Line Int.(cps/uA)
Cl 70.093 % [ 0.833] Quan-FP ClKa 2.2786

Ca 26.982 % [ 0.429] Quan-FP CaKa 3.5882

K 1.273 % [0.101 Quan-FP K Ka 0.0399

Sr 0.703 % [ 0.009] Quan-FP SrKa 10.1298

Br 0.514 % [ 0.011] Quan-FP BrKa 0.6417

S 0.235 % [ 0.054] Quan-FP SKa 0.0980

Fe 0.130 % [ 0.006] Quan-FP FeKa 0.1543

Zn 0.070 % [ 0.008] Quan-FP ZnKa 0.0229

Below, Uchkizil water was left in the open air,
under the influence of sunlight, for 1 week after it was
taken from the ground. Then it was analyzed in an X-
ray fluorescence analyzer (Fig. 4, Table 3). This table
lists chlorine as the main constituent and calcium as
the main mass.

After extracting the water from the underground,
it was left in the open air for 2 weeks under the

influence of sunlight. Sample 2. Then it was analyzed
in an X-ray fluorescence analyzer (Fig. 5, Table 4).

As can be seen from this table, little change has
occurred compared to the value of iron in the previous
table. Uchkizil water was left in the open air for 6
weeks after being extracted from the ground, under
the influence of sunlight. Sample 3. Then it was
analyzed in an X-ray fluorescence analyzer (Fig. 6,
Table 5)

Tre

Figure 4 — X-ray fluorescence analyzer spectrum of 1-week-old water of Uchkizil water, sample 1.

Table 3 — Quantitative X-ray fluorescence analyzer result of Uchkizil water, sample 1

Analyte | Result [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Cl 11.715% [ 0.155] Quan-FP ClKa 1.8506

Ca 2.110 % [ 0.039] Quan-FP CaKa 2.6479

Fe 0.073 % [ 0.002] Quan-FP FeKa 1.0001

Sr 0.125 % [ 0.002] Quan-FP SrKa 20.0853

K 0.064 % [ 0.007] Quan-FP K Ka 0.0176

Br 0.047 % [ 0.001] Quan-FP BrKa 0.6858

Zn 0.006 % [ 0.001] Quan-FP ZnKa 0.0221

H.0O 85.860 % [------ ] Balance
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Figure 5 — The X-ray fluorescence analyzer spectrum of 2-week-old water of Uchkizil water, sample 2.

Table 4 — Quantitative X-ray fluorescence analyzer result of Uchkizil water, sample 2

Analyte | Result [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Cl 11.754 % [ 0.155] Quan-FP ClKa 1.8559

Ca 2.120 % [ 0.039] Quan-FP CaKa 2.6555

Sr 0.125 % [ 0.002] Quan-FP SrKa 20.0113

Fe 0.071 % [ 0.002] Quan-FP FeKa 0.9690

K 0.062 % [ 0.007] Quan-FP K Ka 0.0170

Br 0.048 % [ 0.001] Quan-FP BrKa 0.7012

Zn 0.005 % [ 0.001] Quan-FP ZnKa 0.0202

H-20 85.815 % [------ ] Balance = | ----eem | mmemeee

Figure 6 — The spectrum of Uchkizil water 2 weeks in an X-ray fluorescent analyzer

1}

xeV]

, sample 3.

Table 5 — Uchkizil water, quantitative result of sample 3 from X-ray fluorescent analyzer

Analyte Result [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Cl 12.099 % [ 0.157] Quan-FP ClKa 1.9070

Ca 2171 % [ 0.040] Quan-FP CaKa 2.6739

Sr 0.124 % [ 0.002] Quan-FP SrKa 19.7715

K 0.056 % [ 0.006] Quan-FP K Ka 0.0151

Br 0.048 % [ 0.001] Quan-FP BrKa 0.6904

Fe 0.016 % [ 0.001] Quan-FP FeKa 0.2160

Zn 0.006 % [ 0.001] Quan-FP ZnKa 0.0214

H,O 85.481 % [------ ] Balance @ | - | —meeeee
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The underground water of Khaudak was kept for
4 weeks in an open environment under the influence

of light, then the analysis of the analyzer was carried
out (Fig. 7, Table 6).

Figure 7 — X-ray fluorescence analyzer spectrum of Khaudak 1-month-old water

Table 6 — Quantitative result of X-ray fluorescence analyzer of Khaudak 1 month water

Analyte | Result (ppm) Result (%) | [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Cl 133682.9 ppm | 13.368 [823.663] Quan-FP ClKa 128.4750
Ca 17710.98 ppm | 1.771 [184.954] Quan-FP CaKa 47.1744
K 829.649 ppm | 0.083 [94.152] Quan-FP K Ka 1.1207
Sr 662.721 ppm | 0.066 [ 4.040] Quan-FP SrKa 106.8234
Br 426.566 ppm | 0.043 [3.461 Quan-FP BrKa 53.5927
Fe 71.311 ppm 0.0071 [ 6.599] Quan-FP FeKa 2.0086
Ag 52.328 ppm 0.0052 [10.472] Quan-FP AgKa 2.1917
Zn 41.250 ppm 0.0041 [4.122] Quan-FP ZnKa 2.6987
Cu 18.408 ppm 0.0018 [ 4.054] Quan-FP CuKa 1.0050
H.O 84.650 % 84.650 [------ ] Balance

It can be seen that the values in this table are very ~ Khaudak water, and the following indicators were
close to the elements and their amounts in the above  obtained when analyzing the composition of the water
Uchkizil water. There is an oil production areaaround  separated from this oil (Figure 8, Table 7).
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Figure 8 — Spectrum of oil water in X-ray fluorescence analyzer.
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Table 7 — Quantitative result of oil water from X-ray fluorescence analyzer

Analyte Result [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Cl 5.189 % [ 0.092] Quan-FP ClKa 1.0113

Ca 0.695 % [0.017] Quan-FP CaKa 1.5505

K 0.031 % [ 0.003] Quan-FP K Ka 0.0148

Br 0.030 % [ 0.001] Quan-FP BrKa 0.7932

Sr 0.021 % [ 0.001] Quan-FP SrKa 5.6960

P 0.004 % [0.011] Quan-FP P Ka 0.0014

H.O 94.030 % [------ ] Balance

Results and discussion

The contents of Uchkizil, Khaudak underground
waters, which are rich in various mineral salts, and

water separated from Khaudak oil were studied.
According to it, the change and stability indicators of
the amount of Ca, Fe, Br and Sr in Uchkyzil water
based on 3 samples are shown in Fig. 9.
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Figure —. Quantitative diagram of elements Ca, Fe, Br and Sr in the water of Uchkizil

In this diagram, it can be seen that the
concentration of Br and Sr compounds in the waters
presented based on 3 samples has not changed for
different periods. If we explain that strontium salts
dissolve well in water and do not form precipitates,
we can see that Br is stable to the effects of external
environmental factors, such as the sun, ultraviolet
rays, and air. It can be seen that the amount of Fe has
decreased by a small amount.

A sample of 5 | of Haudak water was taken and
a 30% Fe (lI) chloride solution was added to it,
shaken for 5 minutes, and kept for 1 month. As a
result, a brown-red precipitate was formed, the main
part of which consists of iron and chlorine, and a
smaller part of compounds with iodine and similar
elements. The composition of this precipitate was
imaged in an X-ray fluorescence analyzer (Fig. 10,
Table 8).

R 3
373 1 )|

Figure 9 — The spectrum of the sediment in the X-ray fluorescence analyzer.
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Table 8 — Quantitative result of precipitation obtained from X-ray fluorescence analyzer

Analyte Result [3-sigma] Proc.-Calc. Line Int.(cps/uA)
Fe 84.717 % [0.243 Quan-FP FeKa 3046.5512
Cl 10.196 % [ 0.160] Quan-FP ClKa 11.9197

S 1.614 % [ 0.066] Quan-FP SKa 1.5363

| 1.317 % [ 0.047] Quan-FP I Ka 7.3613

Zn 0.977 % [ 0.037] Quan-FP ZnKa 23.7076

P 0.701 % [0.104] Quan-FP P Ka 0.2426

Ca 0.211 % [ 0.027] Quan-FP CaKa 0.5385

Br 0.135% [ 0.026] Quan-FP BrKa 5.9278

Cs 0.131% [ 0.086] Quan-FP CsLa 0.7456

The precipitated part is 1.24 g and we can see
that it consists of 1.317% | iodine. This value is
7.66% of the total iodine in water (21.32 mg/l).

Based on the analytical analysis presented
above, the quantitative ratios of certain elements in

Uchkizil, Khaudak and Khaudak oil waters
oxidized based on FeCl;s salt of Khaudak water are
presented in the diagram in Fig. 11.

Ratio of elements
Cl mCa mFe Br ml
1694
%210 26735),151 0 1044010 22 326
Uchkizyl Khaudak Khaudak oil Khaudak
groundwater graundwater water oxidized water

Figure 11 — Quantitative description of water samples and sediment content obtained from them.

In this picture, it can be seen that the amount of
iodine in various water samples containing iodine has
decreased or completely disappeared due to the
passage of time due to external factors. Only if the

Conclusion

In this study, several groundwater samples
containing iodine were studied by X-ray fluorescence
analysis. It has been proven that certain salts in water
form precipitates due to the decrease in solubility as
a result of lowering the temperature to room
temperature, and they form precipitates as a result of
hydrolysis. In this case, it was determined that iron
salts have a high precipitation forming ability. It has
been proven that iodine contained in waters with high
mineral content is oxidized and released into the air
under the influence of ultraviolet rays contained in
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obtained water sample is oxidized in a short time or
separated using special sorbents, it becomes
important for practice.

sunlight and air oxygen. It was found that iron
compounds in salt water settle over time.

As a result of adding special oxidants for iodine
to the water of the newly obtained sample, it was
observed that iodine precipitated over a certain period
of time. The reasons for the relatively high amount of
iodine in the mud at the bottom of the water, given in
the above literature, have been confirmed. 7.66% of
the iodine in the water containing 21.32 mg/l was
precipitated by oxidation.
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