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Abstract:The carried out of the work was devoted
to the processing and interpretation of new data bases (2020
years) for the study of toxic metals in bottom sediments of
the Zeravshan river basin. Particular attention was paid to
the Fondarya River, the left tributary of the Zeravshan
River. The Fondarya River is subject of a large
anthropogenic impact. The most heavily polluted lower
reaches of the Jijikrut, below the Anzob mining and
processing plant (AGOK). In the 90s of the last century,
due to an accident on the slurry pipeline, AGOC dumped
flotation tailings directly into the Jijikrut River, which
caused severe pollution of the bottom sediments of this
river with metals such as Cr, Ni, Sb, Zn.
Key words: Zeravshan River, Fondarya River, toxic
metals, pollution of river bed, arsenic, antimony, mercury.

Zeravshan river has an annual average runoff
of 5.3 km3, of which 97% (5.1 km3) are generated in
Tajikistan. Currently Tajikistan is only using
approximately 6% (0.3 km3) of the Zeravshan waters.

The main proportion of the Zeravshan runoff is
utilised for irrigation water, about 550,000 ha in
Samarkand, Navoi, Jizzak and Kashkadarya
Provinces of Uzbekistan. The annual water
consumption for irrigation of this region is 6.6 km3
(12,000 m3/ha per year) and therefore 1.3 km3 above
the available mean runoff. For balancing the higher
irrigation demand drainage water is reused [1].

Zeravshan Valley can be divided into three
sub-basins, distinguished by their geological
structure, relief and climate: Old Matcha, Fondarya
and Zeravshan, fig. 1. The sub-basin borders near
Ayni village at the confluence with the Fondarya.

The Fondaria sub-basin begins from the
Yagnob River, originating from the same glaciers.
After merging with Iskandarya, it takes the name
Fondarya. In the sub-basin are several large lakes:
Iskanderkul, three Aloutdin lakes.
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Fig. 1. Zeravshon river basin
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The Zeravshan sub-basin is formed at the
confluence of the Fondarya and Zeravshan and
extends to the border of Tajikistan with Uzbekistan.
The sub-basin contains several large lakes, primarily
7 Marguzor lakes.

Relief: the territory of Zeravshan basin can be
divided into two types; valley and mountain. The
extreme western part of the basin is occupied by
relatively low mountains. On the north side, the valley
is surrounded by Turkestan, on the south side,
Zeravshan ranges. On the extreme southwestern part
of the valley, the northern slope of the Hissar Range
is located. The territory of the basin is on average
1,600-1,800 meters above sea level.

Geologically, entire of Zeravshan basin in his
main part extremely monotonous. This is
geochemically "neutral" graptolite shales (sometimes
containing an increased amount of scattered
syngenetic pyrite in black shales) by Silurian period
and overlying carbonate (dolomite and limestone)
column Devon Carboniferous age, mainly in the
southern side of the valley throughout Zeravshan

district. Against this background, significant
anomalies of major- and trace elements create local
ore sites with factories for processing of ore, gypsum-
salt accumulations of Mesozoic deposits along the
river and places with specific composition of intrusive
rocks outputs: alkaline and nepheline-syenite,
sometimes with small displays of carbonates, Figure
21[2,3].

In Figure 2, the square with the icons inside
them (red circles) shows the position of the factories
for processing of ores: T - Taror Mining and
Metallurgical Enterprises (MME), A - Anzob Mining
and Processing Plant (MPP). Natural sources of the
anomalous zones (areas of specific clusters with rock
composition) are shown by ovals with designations of
leading elements, giving halos with high content: Na
—salt of Jurassic- Cretaceous (with gypsum) thickness
in the region of Ayni village; REE - area output of
alkaline intrusive rocks (sometimes with carbonates)
with high contents of Rare Earth Elements (REE) in
the Mountain region (upper valley of Old Matcha).
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Fig. 2. Geological position of the main sources of the formation of abnormal zones Hy trace element

concentrations in the Zeravshan River Basin [2]

The cleanliness of the river bed and its bottom
sediments often compared with the quality of water
pipes. If the pipes are old and rusty, they will actively
pollute the water. The riverbeds, and especially their
bottom sediments, affect to the quality of water in the
rivers. In river aquasystems, the processes of sorption
of heavy metals from water to bottom sediments and
the reverse process of desorption from bottom
sediments to water are constant and occur
everywhere. The processes of migration of heavy
metals from bottom sediments into water depend on
many parameters, both chemical and physical.

To the chemical composition of bottom
sediments is actively influenced the geological and
geochemical features of localities (geogenic), as well
as anthropogenic impacts on the environment. During
analyzing the bottom sediments, many geochemists

often use soil average abundance of elements, and this
is true for Valley Rivers, the bottom sediments of
which are mainly formed by flushing soil particles.
Another picture develops for Mountain Rivers.
Bottom sediments, are formed mainly due to
weathering of rocks. The sediments of Mountain
Rivers are mainly composed of quartz sand and
feldspars. Feldspars do not have sufficient hardness,
are destroyed, and are carried downstream, forming
loams in a calmer course.

In the summer of 2020, expeditionary work
was carried out in the basin of the river Zeravshon,
where samples of bottom sediments were taken. In the
fall of 2020, at the Institute of Nuclear Physics of the
National Nuclear Center of the Republic of
Kazakhstan, elemental analyzes of samples were
carried out at the reactor, in the group of neutron
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activation analysis, as well as
florescence analyzes of samples.

The data from these analyzes significantly
enriched the available data on the geochemistry of the
Zeravshon River [4-6]. Since in the early studies, only
the hydro and geochemistry of the Zeravshon River
were studied, and for Fondare River, which is
experiencing a large anthropogenic load, was not paid
attention.

The paper is devoted to the processing and
interpretation of new databases for the study of the

X-ray

Table
Sampling points and their GPS coordinates

content of toxic metals in the bottom sediments of the
Zeravshon river basin, especially its left tributary
Fondarya.

Objects and methods of analysis

During the expedition conducted in 2020, 20
samples of bottom sediments of the Yagnob,
Fondarya, Jijikrut, Iskanderdarya, Upper Kumarg and
Kumarg Zeravshon, Shahristan, Mogiyan and others
were taken.

Ne Data & Time Sampling points N E Above sea level m.
1 15.07.2020, 12:26 Fbot 1 Jijikrut-1 39°06,592 068°41,252 2658
2 | 15.07.2020, 12:40 Fbot 2 Jijikrut tunnel 39°06,590 068°41,242 2659
3 | 15.07.2020, 12:55 Fbot 3 Jijikrut -2 39°09,067 068°39,087 2355
4 | 15.07.2020, 13:22 Fbot 4 Jijikrut-3 39°11,972 068°37,992 1772
5 | 15.07.2020, 13:35 Fbot 5 Yagnob-1 39°11,986 068°38,428 1772
6 | 15.07.2020, 13:50 Fbot 6 Yagnob-2 39°12,057 068°37,095 1759
7 | 15.07.2020, 16:10 Fbot 7 Up. Kumarg 39°16,595 068°32,743 1561
8 | 20.07.2020, 16:32 Fbot 8 Chore 39°18,339 068°32,015 1459
9 | 20.07.2020, 16:10 Fbot 9 Kumarg 39°21,837 068°33,668 1398
10 | 16.07.2020, 07:31 Zbot 1 Zeravshan -2 39022.841 068°46,412 1520
11| 16.07.2020, 12:24 | Zbot2 Obburdon 39°24,657 068°05,641 1885
12 | 16.07.2020,13:53 Zbot 3 Kalahona 39°25,080 068°15,894 1923
13 | 17.07.2020,08:30 Zbot 4 Shahristan -2 39°31,234 068°33,347 2677
14 | 17.07.2020,08:52 Zbot 5 Shahristan-1 39°31,243 068°33,204 2665
15| 17.07.2020,09:30 Zbot 6 Shahristan-3 39°26,439 068°32,481 1749
16 | 17.07.2020,09:51 Zbot 7 Zeravshan-3 39°25110 068°30,625 1365
17 | 19.07.2020, 11:48 Zbot 8 Shing-2 39°18,969 067°46,337 1253
18 | 19.07.2020, 09:16 Zbot 9 Mogien-1 39°18,944 067°46,207 1244
19 | 19.07.2020, 07:56 | Zbot 10 Mogien-3 39°29,338 067°42,979 984
20 | 18.07.2020,07:57 | Zbot 11 Zeravshan-4 39°31,535 067°26,215 888

The objects of research are the study of the
content of toxic metals in the bottom sediments of the
Zeravshon River and its tributaries, as well as the
assessment of the general ecological state of the river
basin.

As mentioned above, bottom sediments of
Mountain Rivers are mainly formed in the process of
weathering of rocks, and their elemental composition
is influenced by the geological and geochemical
characteristics of river basins [7-9].

During the analyzes, the following 42
elements were analyzed (in alphabetical order), major
elements (rock forming): Ca, Fe, K, Mn, Na, Ti and
trace elements: As, Ba, Br, Cd, Ce, Co, Cr, Cs, Cu,
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Eu, Ga, Hf, Hg, La, Lu, Mo, Nb, Nd, Ni, Pb, Pr, Rb,
Sb, Sc, Sm, Sn, Sr, Ta, Tb, Th, U, V, Y, Yb, Zn, Zr.

The results of NAA analyzes on the content of
toxic elements in bottom samples are given in the
figure 3. The Igeo coefficient was calculated for the
analyzed samples.

The average As concentration in the
Zarafshon basin is 50 mg / kg, which is more than 10
times higher than its Clarke. The maximum
concentration was noted directly at the point Jijikrut3
(217 mg / kg) and in fact they are deposits (Figure 4)
[9]. The concentration is especially high in the zones
of antimony-mercury deposits. The lowest
concentration is at the Zarafshon point 2.
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Figure 3. - Distribution of the Igeo coefficient for samples bottom sediments
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Figure 4. - Distribution of arsenic in bottom sediments

The average Sb concentration in the fact that in the late 90s and early 2000s a man-made
Zarafshon basin is 23 mg / kg. The spatial distribution accident occurred at the plant, and AGOK for a
of Sb forms two anomalous points with high number of years dumped flotation waste into the
concentrations: downstream of the AGOK at the Jijikrut River. The lowest concentration at the
Jijikrut 3 point, and in the tailings dump in Gabirud. Zarafshon3 point is 2.5 mg / kg, fig. 5.

The anomaly at point Jijikrut 3 was formed due to the
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Figure 5. - Distribution of Sb in bottom sediment samples
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The distribution of mercury in bottom flotation tailings directly into the Jijikrut River, which
sediments is quite interesting. The highest caused severe pollution of the bottom sediments of

concentration is recorded below AGOK, at the
Dzhijikrut 3 point and is equal to 650 mg / kg, which
is 65000 Clarkes for soils. There is also a lot of
mercury in the Gabirud tailing dump, 166 mg / kg,
which is 16600 Clarkes.

Almost all elements have anomalous
accumulation zones; these zones are mainly confined
to non-ferrous metal deposits. These are antimony-
mercury deposits Kanchoch, Jijikrut, lead-zinc
deposits in Chore. At the same time, there are clean
zones, mainly in the upper reaches of the Fan
Mountains.

The lower reaches of the Jijikrut-3 river are
most heavily polluted, below the AGOK. In the 90s of
the last century, due to an accident on the slurry
pipeline, the GOK dumped flotation tailings directly
into the Jijikrut River, which caused severe pollution
of the bottom sediments of this river with metals such
as Cr, Ni, Sb, Zn. Unfortunately, there are no data on
the content of As at this point, but it is expected that
its concentration is very high.

Concentrations of Co, V, and Zn are high in
the Chore geological exploration tunnels. A high
concentration of Zn may be associated with lead-zinc
ore occurrence, which is accompanied by an increased
content of Ag.

Despite the excessively high concentration of
toxic metals in the Jijikrut River, their concentration
in bottom sediments after the AGOK (Yagnob 3 and
Fondarya) does not differ much from the overlying
points on the Yagnob river (Yagnob 1 and Yagnob 2).
This can be explained by the fact that during floods
and especially mudflows, bottom sediments of rivers
are washed away to downstream and accumulate in
reservoirs and in the lower reaches of rivers.

During the study, the concentrations of 10
toxic elements of hazard class 1 and 2 were analyzed,
and these are: As, Ba, Co, Cr, Mn, Ni, Sb, Sr, V and
Zn. Asis belongs to class 1 of the hazard, and the rest
to class 2.

Almost all elements have anomalous
accumulation zones; these zones are mainly confined
to non-ferrous metal deposits. These are antimony-
mercury deposits Kanchoch, Jijikrut, lead-zinc
deposits Chore. At the same time, there are clean
zones, mainly in the upper reaches of the Fan
Mountains.

The most heavily polluted lower reaches of
the Jijikrut, below the Anzob mining and processing
plant (AGOK). In the 90s of the last century, due to
an accident on the slurry pipeline, AGOC dumped
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this river with metals such as Cr, Ni, Sb, Zn.
Unfortunately, there are no data on the content of As
at this point, but it is expected that its concentration is
very high.

Despite the excessively high concentration of
toxic metals in the Jijikrut River, their concentration
in bottom sediments after the AGOK (Yagnob 3 and
Fondarya) does not differ much from the overlying
points on the Yagnob river (Yagnob 1 and Yagnob 2).
This can be explained by the fact that during floods
and especially mudflows, bottom sediments of rivers
are washed away to downstream and accumulate in
reservoirs and in the lower reaches of rivers.
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3JEMEHTHBIA COCTAB PEYHBIX
OTJIO’KEHU B BEPXHEN YACTH
BACCEHHA PEKU 3EPABIIAH
J.A. AGaymrykypos
Pa6ora MOCBsIIeHa 00paboTke u
MHTEpIpeTalii HOBBIX 0a3 maHHBIX (2020 T.) MO
U3YYCHUIO COJAEPKaHUS TOKCHUYHBIX METAJUIOB B
MOHHBIX OTJOXCHHUAX OacceiiHa peKu 3epaBIlaH.
Ocoboe BHUMaHme ObUIO yreneHo peke DoHmape,
JIEBOMY TPHUTOKY peku 3epaBmiaH. Pexa Donmape

TOJIBEPKEHA CUIIBHOMY AHTPONOTEHHOMY
Bo3nelicTBrio. HambGosnee 3arps3HeHHOE HHU30BbE
JxumkukpyTa, HIKe  AH300CKOrO  TOpHO-

oboratutensHoro kombunara (AI'OK). B 90-x romax
MPOLIJIOr0 BeKa M3-3a aBapuM Ha IYyJbIOMNPOBOJAE
ATOK cOpaceiBan XBOCTHI (JIOTallMd B PEKy
JIKUIDKUKPYT, YTO BBI3BAJIO CHIIBHOE 3arps3HEHUE
JIOHHBIX OTJIOXKEHHUH 3TOM peKHu TaKUMHU MeTajlaMH,
kak Cr, Ni, Sb, Zn.

KuaioueBble ciaoBa: peka 3epaBllaH, peka
DoHzaphs, TOKCUYHbIE METAILIBI, 3arpsI3HEHUE pyclia
PEKH, MBIIIBSAK, CypbMa, PTYTb.

TAPKUBU YHCYPUU TAXIIMHXOHU
JAPEXO JIAP KHCMH BOJIOMU XAB3AH
JAPEH 3APA®IIIOH
Y.A. AoaymykypoB

AHHOTATCHSA:

Jap Makona kKopkapa Ba TapCHUpHU Max3aHU
MabymMoTxou HaB (comu 2020) omp 6a omy3umm
TapKUOW METAJUTXOU 3aXPHOK JIap TaXIIMHXOU 000U
xap3anm Jgapéu 3apadmioH Oaxmipma  IIynaacT.
TaBauyyxu acoci 0a moxobu gamnu napéu 3apadIioH,
napén ®onpapé paBoHa Kapaa Imygaact. lapéu
@donpmapé 6a TabCcHUpH IIAAUIU AHTPOIOTCHHA IydOp
MemaBay. [lo€mo6bu Ywuukypyn, mnoéurap a3
KoMmOunaTi KyxWi0 MabIaHTO3aKyHHHM AH300
(KKMA) a3 xama omymatap meboman. Conxon 90-
YMH acpu ry3amra, Oap acapu cajaMa nap Iyiau
obkamu KopxoHan KyXfi-MabIaHTO3aKyHHU AH300
maproBxou ¢uoTarcusapo 6Oa mapéum Yudmkypyn
maprodTaHa, Kd OOWMCH HMQIIOCHIABHM  INATUIN
TaXIIUHXOW MO€HMH WH Japé€ 6o Merauixoe, Oa
moHauau Cr, Ni, Sb, Zn rapaun.

Kamunposkaxo: napéu 3apaduioH, mapéu
donpmapé, MeTaILIX0H 3aXPHOK, H(DIOCIIABUN MAYPOH
napéxo, MaprumyIi, cypMma, cumMo0.
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