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Abstract: Large cities are characterized by the development of multisectoral industry. The total impact of all
sources of pollution is difficult to forecast. Only geochemical mapping of natural constituents of urban
landscape makes it possible to estimate the overall effect of the environmental impact of various industrial
facilities. It is also important to mention that the pollutants’ distribution pattern (given the multiplicity of
pollution sources) depends mainly on the structure of their placement. For each urbanized area this structure
is specific. This specificity is due to the distribution scheme of enterprises in a city, the wind pattern and the
nature  of  technogenic  emissions  from  adjoining  areas.  Technogenic  scattering  halos formed under
porphyry-like and embedded structures of industrial localization are different. Peculiarities of formation of
geochemical anomalies in Kazakhstan are determined by a complex of factors, including radiogeochemical
effects of coal, metallurgic and other enterprises. We established a high level of accumulation of chemical
elements in the ashes of P. nigra L. leaves and constructed a geochemical series (Kc): Cr > Sb > Zn > Na22 8,2 6,7 2,5

> Tb > Lu > Yb > Ca > Ba > Co = Eu > Fe > Sc = Rb = Sr = U = Ta > Ce = Sm = Th =2,3 2,2 1,9 1,8 1,7 1,5 1,5 1,3 1,2 1,2 1,1 1,1 1,1 1,0 1,0 1,0

Hf . We also defined the two most important micro-associations (Lu – Ce and Sm – La – Th – Sc) within the1,0

territory of Pavlodar.
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INTRODUCTION This work was aimed at estimating ecological and

The Pavlodar region is one of the most economically chemical analysis of the ashes from the leaves of the black
developed regions in the Republic of Kazakhstan and has poplar Populus nigra L.
a strategic importance for the whole country. Air pollution The research allowed us to find the degree of
is the central ecological problem in the Pavlodar region, accumulation of chemical elements in the ashes of
which accounts for one fifth of all polluting emissions to Populus nigra L. leaves within the territory of Pavlodar,
the atmosphere in Kazakhstan. Ecological situation here to reveal associations of microelements typical for black
is characterized as tight. The Pavlodar region is subject to poplar leaves in Pavlodar and to determine regional
severe  technogenic  pollution  since  its basic economic features  of  element  composition  of  black  poplar
sectors are mining, oil-processing, chemical and energy Populus nigra L. leaves.
industries, ferrous and non-ferrous metallurgy.

It is well known that industrial enterprises, depending MATERIALS AND METHODS
on their size and type of production, can influence the
territory’s geochemical characteristics at local, regional The  leaves  of  black  poplar  Populus  nigra L. from
and global levels [1, 2]. Chemical elements are being 55 sampling points in Pavlodar were used for the analysis.
distributed in the objects of environment and join in the The  samples  were  collected  using standard techniques
global and regional biogeochemical cycles. Plants, being [7, 8, 9].
producers and having selective absorption behavior, To make a quantitative analysis of the content of
contribute to the involvement of chemical elements into toxic,  radioactive,  rare-earth,  noble  and  other elements
the biological cycle [3, 4, 5, 6]. in the leaves, we used a modern high-sensitive nuclear-

geochemical state of the territory of Pavlodar by the
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physical method of instrumental neutron activation the values of asymmetry and excess to their standard
analysis (INAA) with thermal neutron irradiation on the errors served as a criterion of correspondence of the
IRT-T research reactor (Research Institute of Nuclear empirical distribution to the normal theoretical one [11].
Physics, Laboratory of Nuclear-Geochemical Research The histograms of distribution of chemical elements in the
Methods, Department of Geoecology and Geochemistry, ashes of the leaves showed that in the majority of cases
Tomsk State University). The INAA method has a number certain asymmetry (left or right) takes place. It should be
of advantages in comparison with other methods, i.e. it mentioned that elements having anomalous
makes it possible to determine the content of chemical concentrations and lying beyond the normal distribution
elements in a wide range from n.1% to n.10%. Chemical variation curve include the following: Na, Cr, Fe, Co, Zn,
pretreatment of the samples was not used, which Br, Rb, La, Ce, Sm, Yb, Lu, Th, U, Hf, Au, Ba, Tb, Ta.
eliminated inaccuracy at the expense of introduction and The constructed tree diagram (Fig. 1) of the cluster
removal of elements together with the reagents [10]. analysis of element composition makes it possible to

Accumulation and processing of analytical data were divide the studied chemical elements (25 elements) into
carried out on IBM PC/AT compatible computers using several groups uniting elements with the highest values
Statistica 6.0 and other programs. After calculation of of similarity measure (paired coefficients of Pearson
concentration indices, the sample was represented as a correlation, r).
set of relative characteristics of abnormality of chemical The geochemical spectra of chemical elements in the
elements in the form of geochemical association series of ashes of black poplar leaves form significant associations
elements with accumulation indices (K  – with respect to (Fig. 1).c

the background parameters, K  – with respect to the Clark Several groups of associations can be clearlyk

noosphere) in the decreasing order. This set allowed us to distinguished,  which  include  the  elements  relating  to
give qualitative and quantitative estimation of the the dust and aerosol industrial emissions, for example,
geochemical association of the Populus nigra L. foliage from heat and power plants (Eu, Fe; Yb, Lu, Ce; Hf, Sm,
ashes. La,  Th,  Sc;  Sr,  Co, Ba, Ca) and petrochemical industry

For spatial analysis of the obtained data the (Cs, Rb, Au, Br). The most significant among them are the
possibilities of the modern geoinformational technologies following two groups of microassications: Lu, Ce and Sm,
(Arc View, Spatial Analyst and Surfer) were used. A wide La, Th, Sc. These microelements can enter vegetation via
spectrum of chemical elements (26 elements), including aerogenic emissions of ash origin.
rare, rare-earth, radioactive and noble elements, was The results of the analysis of the obtained data
studied. allowed  us  to  build  the  following  geochemical  series:

RESULTS AND DISCUSSION Clark parameters [12]. According to the coefficient of

The  analysis  of  the  collected  material  reveals a three classes of toxicity go in the following order: Cr >
non-uniform distribution of approximately the majority of Sb > Zn > Ba  > Co > Sr .
the elements  under study within the territory of Pavlodar. Considerably high values with respect to the Clark
The presence of areas with obviously anomalous values concentration (K ) are registered for gold, zinc, strontium,
of the elements in question follows from such parameters calcium, barium, stibium and chromium. More specific
as deviation, variation coefficient and others (Table 1). elements include toxic ones.

Given the fact that the values of the mean, mode and The obtained chemical composition data allowed us
median are approximately the same under a symmetric to build the monoelement schematic maps of the
(normal) distribution, it was established that the distrubution of toxic elements in the ashes of the leaves
distributions of the following set of elements are close to of the black poplar Populus nigra L. within the territory of
normal: Sc, Ag, La, Sm, Ta, Zn, Th, Eu, U. Pavlodar (Fig. 2).

Technogenic areas are characterized by The spatial distribution of the considered elements
heterogeneity   of   distribution   of   chemical  elements. (Ba, Co, Sr and Sb) in Pavlodar is of irregular and local
To carry out a comparative statistical analysis of the nature. The clear anomalies of barium, cobalt, strontium
results of ecological and geochemical research using and stibium were observed in the south-west and the
INAA technique, histograms of normal distribution of north-east of the city. Small loci of chromium and zinc
microelements  in  the  ashes  of  black  poplar leaves distribution  were  registered  in  the  central  and the
within  the  territory  of  Pavlodar were built. The ratio of south-west parts of Pavlodar.

K  and K  (Table 1). The value for noosphere was used asc k

regional background concentrations (K ), the elements ofc

21.6

8,2 6,7 1,7 1,5 1,1

k
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Table 1: Variation and statistical data on the content of chemical elements in the ashes from the leaves of the black poplar (Populus nigra L.) within the
territory of Pavlodar (55 samples)

Elements, mg/kg  ± S lim Cv,(%) Background c
Sc 0.9±0.05 0.38 0.1-2.2 40 0.75 1.2
Cr 99.5±8.2 61 1.4-369.8 61 4.7 21.6
Co 9±0.5 3.99 2.7-19.3 43 6.2 1.5
Zn 1145±69.6 516 420-7087 45 168.5 6.7
Br 5.45±0.59 4.40 0.2-23 81 < d.l.
Rb 58.9±5.4 40.2 21-301 68 50.35 1.2
Ag 0.51±0.01 0.11 0.5-1.3 21 < d.l.
Sb 0.8±0.05 0.39 0.1-1.71 48 0.1 8.2
La 2.24±0.11 0.39 0.8-4.7 17 < d.l.
Ce 2.7±0.3 1.97 0.4-9.3 73 2.5 1.0
Sm 0.4±0.02 0.2 0.18-1.05 41 0.40 1.0
Yb 0.2±0.01 0.1 0.1-0.52 58 0.10 1.9
Lu 0.02±0.002 0.02 0.01-0.09 79 0.01 2.2
Th 0.52±0.03 0.2 0.02-1.2 44 0.50 1.0
U 0.22±0.01 0.09 0.2-0.8 43 0.2 1.1
Hf 0.29±0.02 0.2 0.06-1.0 60 0.28 1.0
Au 0.04±0,005 0.02 0.008-0.117 61 < d.l.
Ba 225±10 75.7 69-470 34 128 1.7
Sr 932±60 445 6,0-1971 48 800 1.2
Cs 0.46±0.05 0.34 0.1-1.21 73 < d.l.
Tb 0.046±0.007 0.05 0.02-0.2 120 0.02 2.3
Ta 0.05±0.002 0.02 0.05-0.19 36 0.05 1.1
Eu 0.1±0.007 0.05 0.05-0.28 40 0.09 1.5
Na 3075±482 3574 600-14200 116 1400 2.5
Ca 143764±5104 37851 67000-233000 26 82001 1.8
Fe 3138±194 1441 700-8200 46 2500 1.3
Note: lim – fluctuation limit,  ± S - arithmetic mean and its error,  – mean square deviation, Cv – variation coefficient, Kc – concentration coefficient, <
d.l. – value lower than the determination limit.

Table 2: Geochemical specialization in the ashes of Populus nigra L. leaves in Pavlodar
Parameters Geochemical series

Cr > Sb > Zn > Na > Tb > Lu > Yb > Ca > Ba > Co  = Eu > Fe >Sc = Rb > Sr = U = Tac 21.6 8,2 6,7 2,5 2,3 2,2 1,9 1,8 1,7 1,5 1,5 1,3 1,2 1,2 1,1 1,1 1,1

> Ce = Sm = Th = Hf1,0 1,0 1,0 1,0

Au > Zn  > Sr > Ca > Ba > Sb > Cr > Rb > Co > Na = La > Sc = Fe = Br = U = Hf > Ce >Tb59 25 23 9,1 6,2 3,3 2,0 0,6 0,4 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,08 0,07

= Cs = Th > Lu > Ag = Ta > Yb0,07 0,07 0,05 0,03 0,03 0,006

Fig. 1: Tree diagram of the geochemical spectrum correlation matrix of microelements in the ashes of Populus nigra L.
leaves by INAA within the territory of Pavlodar

The pronounced  anomalies  in the south-west and western),  the  transfer of the aerogenic emissions of the
the north-east of the city, in our opinion, correspond to ferroalloy plant to the city of Aksu, the transfer of the
the direction of the prevailing winds (western  and south- dust  particles  from  the   ash-disposal   area   of   the  coal
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Barium content in the ashes of the leaves within Pavlodar Strontium content in the ashes of the leaves within

Cobalt content in the ashes of the leaves within Pavlodar Stibium content in the ashes of the leaves within Pavlodar

Pavlodar
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Chromium content in the ashes of the leaves within Zinc content in the ashes of the leaves within Pavlodar
Pavlodar

Fig. 2: Schematic map of distribution of toxic elements (Ba, Co, Sr, Sb,Cr, Zn) in the ashes of the leaves of Populus nigra
L., mg/kg of dry mass

Table 3: Comparative characteristics of the content of elements in the ashes of poplar leaves in different regions (mg/kg of ashes)
Our data Data from other studies by literature sources
-------------------------------------------------------- --------------------------------------------------------------------------------------------------

Element Pavlodar, Kazakhstan Background Tomsk, Russia Europe-Adis* West Caucasus**
Ba 225 128 142 ± 29 358 320
Co 9,23 6,2 4,8 ± 0,9 61 9
Cr 99,5 4,7 7,8 ± 3,3 26,6 11
Sc 0,93 0,75 0,71 ± 0,1 1,8 1
Sr 932 800 361 ± 109 1190 1300
Yb 0,2 0,1 0,33 ± 0,07 0,9 0,3
Zn 1145 168,5 n/a 375,7 330
Th 0,52 0,50 0,57 ± 0,08 n/a n/a
U 0,2 0,2 Me ee 0,5 n/a n/a
Rb 58,9 50,35 20,1 ± 3,7 n/a n/a
Hf 0,29 0,28 0,48 ± 0,08 n/a n/a
Ta 0,05 0,05 0,06 ± 0,007 n/a n/a
Ce 2,7 2,5 7,63 ± 1,9 n/a n/a
Sm 0,4 0,4 0,66 ± 0,1 n/a n/a
Eu 0,1 0,09 0,21 ± 0,04 n/a n/a
Tb 0,046 0,02 0,11 ± 0,02 n/a n/a
Lu 0,02 0,01 0,05 ± 0,01 n/a n/a
Ca 143764 82001 118400 ± 10847 n/a n/a
Na 3075 1400 850 ± 234 n/a n/a
Fe 3138 2500 2500 ± 377 n/a n/a
Sb 0,8 0,1 0,51 ± 0,08 n/a n/a
*Moscow,  Saint-Petersburg,  Petrozavodsk,  Samara,  Arkhangelsk,  Krasnoyarsk,  Barnaul,  Kazan,  Vladikavkaz,  Yerevan,  Donetsk,  Freiburg, Vienna,
Paris et al., **Novorossiysk, Anapa, Gelendzhik, Sochi, Tuapse, Lazarevskoe, Divnomorsk et al., n/o – not available.
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sections of Ekibastuz, as well as the transboundary in the leaves of the black poplar. The analysis of the
transfer of the elements along the valley of the River regional peculiarities of toxic elements’ accumulation in
Irtysh (the Semipalatinsk test site and the iron and steel black poplar leaves showed that unlike other urbanized
enterprises of the city of Ust-Kamenogorsk are located up areas, in the city of Pavlodar chromium, zinc, cobalt and
the stream). These findings allow us to assert that the stibium predominate.
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