Introduction
The aim of this study is 10 assess the changes in the trace element composition of Ldrix sibiries species growing in the impact arca
of Dzhida tungsten and molybdenum company (DTMC) in the Zakamensk city where from 1934 to 2001 one of the largest non-feric

deposils has been exploited, As a result of 67-year mine opertion maore than 44,5 million tons of tailing has been formed in the valley of

Barun-Narin and Modonkul rivers and within the city,
The objectives of the present study:
= to determine trace element levels in organs of background and urban plams and 10 assess geochemical transformation of the city's
plan
* 1o identify the rates of trace clement translocation in soil-plam system;
* 10 assess the ceological state of larch plantation in different land use zones of the city.

Methods and materials
i | survey was d by the authors in summer, 2013. Assimilate (needles) and perennial (bark) organs of Siberian
larch {Ldriv sibirtea) were collected from the trees about the same age in the growing phase afier flowering and after five days without
rainfall. Composite samples wene formed by mixing individual samples from three or more trees. All 42 samples of needles and bark were
dricd within 12 hours at a tempernture 70-80°C
Bulk contents of trace clements in plant samples were analyzed by f | method with ind By coupled plasma (1CP-
MS) a1 the Research Instinite of minerl raw materfals {Moscow) using Elan-6100 and Optima-4300 devices (Perkin Elmer, USA) The
method allows to determine the content of 34 elements. Data on 17 priority pollutants belonging 1o (Fn, As, Ph, Cd), 11{Cr, Co, Ni, Cu,
Mo, Sh, L (Y, Sr, Ba, W) hazard classes, as well as Sn, Bi and Mn were used for detailed analysis.
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Sources of pollution
Thie Dzhida tungsten and malybdenum company produced from 73 to 80% of total tungsten concentrate in the USSR. The was carried
out by flatation, which was uscd toxic chemicals: kcmsem s\-lﬁmc .wnd. xamhugﬂuw pine oil, soluble glass and other, Processed rocks
formed in three tailings: Djidinskoe (bulk cargo), B filly and In 2011 the ¥ tailing was
mechanically recubtivated and 3,5 million tons of tailings was moved to upper part of hydraulic Gl
Simee 2010 “Zakamensk™ company  retreal technogenic sands (tailing) and formed new tailing area in the valley of the Zun-Narin
river. In addition to mining operations the full-tree system and milling. casting iron, steel, bronze, construction are engaged in the town in.

v and Natalia Kosheleva

Ivan Timofe

Biogeochemical indices
Coefficient of biogeochemical transformation Coefficient of biological accumulation

7+ % DFy = (ny 413 ~1) CBA=1/C,

nhcn: - local enrichment and depletion factors. | wherel
. €, = clement content in urban and background plants, nl, n2 - number of | plants; € weighted by horizon thicknesses mean

clcmculsnllh £F =1 and DF, =1, Coefficient of biogeochemical transformation | element conten in soil profile

has five gradation Z, = 10-20), medium (Z, = 20-30), high (Z_ =

A0-40), very high (£ = 40-60), and extremely high (2 = 60-80 and higher),

Geochemical features of background plants
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hemical specialization of local background was

dnmml by tolnn.u'm; the average trace element m;um in the
studied tree organs with a concentrations of trace clements in the
vegetation annual gain.

Geochemical spectra of urban pla nts
Priority pollutants in Zak plants were d d by spectra analysis for different types of land use. Elements
were r.uuwd in accondance with EF, values for needles in Larix sibirica in the most pollnted mining zone of Zakamensk.
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Correlation between trace element content in plants and soils
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inall kand use zones of Zakamensk a vigorous and 1 of munly i ir. Cd, Ba)
occurs in the larch needles. 1t is typical for arcas of the Baikal region, where acidic soils are widespread. This group also inchedes the
anjonic elements: ore W and its accessory Bi.

In background and natural recreational areas group of low capture includes V and Cr anions, these is typical for these land-geochemical
conditions. The wide mnge of of clements is accumulated in the Siberian larch needles within a residentinl zone, this is caused by the
intensive element input in the soils as a result of their lateral migration from tailing ponds,

TRACE ELEMENT CONCENTRATIONS IN NEEDLES AND BARK OF LARIX S1BIRICA WITHIN THE M0-W ORE FIELD (BURYAT REPUBLIC, RUSSIA)

Technogenic transformation of the trace element composition of plants
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Needles of larch is characterized by the highest values — the average of Z_across the city is 95. It indicates the extremely high level
of geochemical transformation of urban plants. Cr, WV, Pb Bi Mo Sb.Ni, Cd, Co, | Sn., make the main contribution to the 2 value

| for larch needles

Twao stable biogeochemical lics were d d in the center and on the nonh of the city. The first was formed in industrinl

| and residential zones where 2 values for needles reach 320 and 205. Needle accurmulate pollutants from different sources: Djida tailings,

which material is undergone active erosion and deflation; TPF, working on heating oil: * schik™ plant, where cast iron, steel, bronee
and recycling of scrap metal are made; motor vehicles: Heavy metals and metalloids incoming to soils and air from emissions and sewage
waters ane absorbed by trees by roots and leaves.

The second anomaly, were 2 values reach 260, is re-vealed within the residential zone in the northern pant of the city, south-west

| from technogenic Madoncul stale sands deposit. This anomaly was formed mainly because of trace element input from the atmosphere.

| resistance of conifers to heavy metals. So they are good indicators of environmental pollution

Local weather conditinns are characterized by frequent and strong winds (up to 20 mis), und the narrow river valley with high sides
stimulates a “canvon” effect and causes migration of fine particles from “THidinskii wngsten and molybdenum company™ tailings.

Assessment of ecological state of urban plants
The molaglmt state of the urban plants was diagnosed from the Fe/Mn, Ph/Mn, and CuZn ratios. The first matio is one of the most

of phy hetic processes; the sccond ratio ch; the relntionship between tech ic and biophilic
clements, and the third ratio determines the proportion in the supplics of these biogenic metals for eneyme synthesis.
FeMa ne oV T e TR Cuda -
[ e - A3 \ . ‘
3 b L1 1
‘ 1 wil s
.
3 s b + ]
$ oy} 4 ] P |
2| | s } s I | 0t
1 . s | /| i ow
ok : 1 o e et = = =
Indunnal  Reseroal Mol Uackgrosnd el Residiial  Nanwal  Backpround Induarial  Resdowal | Namnl  Usckgoosd
recreataonal resreatonsl secreasonal
Conclusions
1. Regional biogeochemical features of siberian larch in natural land 1 by a hi fonky

siderophile element — Ba, due to its mobilization in acid soils. The concentration of all the other trace elements in Ismgsundmk and
assimilative organs is usually bower than the global clarks.

2. In non-feric mining landscapes active accumulation of trace elements was found. despite of the close of mining complex 20 years
ago. Assimilative and ing ongans of conifi species in all land use zones of the Zakamensk city are eationofilic and actively
accumulate elements of moderate and low capture - Cu, Zn, Sr, Cd, Ba, as wc]l s specific ore manifestations anions — W and Mo, The
bioogical accumuls lllUlI MITWILHIS of these trace =Icm¢n|sun higher than 1, ing woody plants as bi barrier

3. Trace element b within Z is i two anomaly zones in the center and narthern part of the city.
The assimilative tarch argans more strongly absorb trace elements as estimated in the dry matter, than longstanding, indicating bazipetal
type of distribution. The main ibution to the total ination of the larch needles is given by Cr, W, V. b, Bi, Mo, Sb, Ni, Cd,
Co, Sn.

4. Indication of woody plant ecological state according to the relationships Fe/Mn and Ph/Mn in the larch needles found \1o[a:m||s
in the photosynthesis processes. The highest values of Fe/Mn (4.7) and Pb/Mn (0.042) were recorded in the residential area
indicates a sharp deficiency of Mn and bioaccumulation of the excess active ferrous Fe, which can canse chlorosis
and plant stress. Second ratio shows Ph excess which mhibits respiration and photosynthesis, Co/Zn ratio values
equal 0.28-0.31 m needles and bark ofﬁlbm'm farch slightly deviate from optimal for uncomaminated land plants.

5. The af h | ! of m\m!) plant state in mining centers demonsirates the need
in geochemical sampling both larch needles and bark. Needles sampling allows to evaluate seasonal and barck's —
long-term impact. Results show high sensitivity of studied plant species 1o the technogenic load, indicating weak




