ISSN 1563-034X; eISSN 2617-7358 Oxomnorus ceprsichl. Nel (78). 2024 https://bulletin-ecology.kaznu.kz
IRSTI 34.35.51 https://doi.org/10.26577/EJE.2024.v78.11.05

B.U. Sharipova™ =, A.A. Kakabayev' =, N.V. Baranovskaya® -,

G.E. Baikenova' =, A.A. Zhumabayeva!

ISh.Ualikhanov Kokshetau University, Kazakhstan, Kokshetau
2Tomsk Polytechnic University, Russia, Tomsk
“e-mail: oralovna82@mail.ru

ELEMENTAL COMPOSITION OF THE ASH OF POPLAR LEAVES
AS AN INDICATOR OF TECHNOGENESIS ON THE EXAMPLE
OF THE TERRITORY OF SOUTH KAZAKHSTAN

One of the most important problems facing the community is the progressive pollution of the en-
vironment by technogenic factors. To obtain a general picture of pollution and the degree of impact on
the environment, an integrated approach is required when studying the ecological state of the territory
of Southern Kazakhstan. The article presents original data on the ecological and geochemical character-
istics of the distribution of chemical elements in the ash of leaves of pyramidal poplar (Populus nigra f.
pyramidalis), since this substrate accumulates pollutants from the environment. Analytical studies were
carried out in the laboratory of Tomsk Polytechnic University using the INAA method (instrumental neu-
tron activation analysis). Statistical parameters showed that Ca, Rb, Sr have a normal distribution, uneven
distribution is typical for: As, Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. The conducted
cluster analysis showed 7 significant associations of chemical elements. In order to identify regional
specifics, geochemical series were built relative to the clark of the noosphere, the relative average com-
position of living matter and literature data. The results of the analysis showed that the specific elements
in the ashes of the pyramidal poplar leaves collected in the territory of South Kazakhstan are Na, Ca, As,
Sr, Ag, Sb, Ba, Ta, U.

Key words: elemental composition, South Kazakhstan, bioindicator, pyramidal poplar leaf ash (Pop-
ulus nigra f. pyramidalis), instrumental neutron activation analysis.
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OnrycTik KasakcraH TeppuTOpPUSIChIHBIH, MbICAAbIHAQ
TEeXHOTeHe3AH, KepceTKilli peTiHAeri Tepek XKanblpaKTap KYAiHiH,
3AEMEHTTi Kypambl

Koram anAbiHAQ TypFaH MaHbI3Abl MaCeAeAepAiH Oipi — KopliaraH OpTaHblH TeXHOreHAIK
dakTopAapMeH YAEMEAI AacTaHybl. AaCTaHYAbIH >KaAMbl KOPIHICIH K8He KOopllaFaH opTaFa acep ety
AdpexkeciH aay ywiH OHTycTiK KasakcTaH ayMarbiHblH 3KOAOTMSAABIK, >KaFAalblH 3epTTey KesiHae
KeLIeHA] TACIA KaxkeT. MakaAaaa nMpammaanbik, tepek (Populus nigra f. pyramidalis) ><anbipakTapbiHbiH
KYAIHAETT XMMMSIABIK, SAEMEHTTEPAIH, TapaAYbIHbIH, 3KOAOTUSABIK, >KOHE F€OXMMUSIAbIK, CMMaTTamaAapsbl
TypaAbl TYMHYCKA AEPEKTEP KEATIPIAreH, erTkeHi 6yA cybcTpar KoplLiaraH OpTaAaH AacTayLbl 3aTTapAbl
>KMHaMAbIL. AHAAUTUKAABIK 3epTTeyAep TOMCK MOAMTEXHUKAABIK, YHUBEPCUTETIHIH 3epTxaHacbiHaa INAA
BAICIMEH (HEMTPOHAbI aKTUBTEHAIPYAIH acnanTblk, TaAAQYbl) KOAAAHBIAADI.

Cratuctukanbik, napamerpaep Ca, Rb, Sr kaAbinTbl TapaAybiH KepceTTi, GipkeAki emec Tapaay: As,
Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au saemeHTTepiHe ToH. XXyprisiareH KaacTepaik
TAAAQY XMMMUSABIK, SAEMEHTTEPAIH 7 MaHbI3Abl aCCOLMALMSICHIH KOPCETTI. AMMAaKTbIK, epeKLLIEAIKTEPAI
aHbIKTay YIUIH KAApPK HoocdepacbiHa, Tipi 3aTTblH CaAbICTbIPMAAbl OpTallla Kypambl MeH aaebuet
AepeKTepiHe KaTbICTbl FEOXMMMSABIK, KaTapAap CaAblHAbL. Taapay HeTwxkeci OHTycTiK KasakcraH
ayMarblHAQ XXMHAAFAH NMMPAMMAAABIK, TEPEK >KarblpakTapbiHbIH KYAiHAeri epekiue anemeHTTep Na, Ca,
As, Sr, Ag, Sb, Ba, Ta, U ekeHiH kepceTTi.

Ty#in ce3aep: sAeMeHTTiK Kypambl, OHTYCTiK KasakcTaH, 6MOMHAMKATOP, NMMPaMUAAAbIK, Tepek
>kanblpak, KyAi (Populus nigra f. pyramidalis), HeMTPOHABI aKTMBTEHAIPYAIH acnanTbik, TaAAQybl.
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DAEMEHTHbII COCTaB 30Abl AMCTbEB TOMOASI KaK MHAMKAaTOpa TeEXHOreHe3a
Ha npumepe Tepputopun KOxHoro Kasaxcrana

OAHOM 13 BaxkKHeWLMX MPOoOAeM, CTOSLWMX Mepes COOBLIECTBOM, SIBASIETCS MPOrpeccupylolee
3arpsisHeHME OKPYXKAIOLLEN CPeAbl TEXHOr€HHbIMM (haKTOpamm. AAS MOAyYeHUs, O6Lern KapTWHbI
3arpsi3HeHNs U CTeneHu BO3AEWCTBMSI HA OKPYXKAIOLLYIO CpeAy, HEOOXOAMM KOMMAEKCHbIA MOAXOA
MpY M3yYeHUH IKOAOTMYECKOro cocTosiHus Tepputopun tOxHoro KasaxcraHa. B ctatbe npuBeaeHbl
OPUIMHAAbHbIE AaHHble 06 3KOAOrO-TEOXMMMUYECKON XapaKTEPUCTUKE PACMPEAEAEHMS XMMWYECKMX
DAEMEHTOB B 30A€ AMCTbEB TOMOAS NMMpammaasbHoro (Populus nigra f. pyramidalis), Tak Kak AaHHbI
cybCTpaTt akkyMyAMpyeT B cebe 3arpsisHeHMs U3 OKpy>KaloLein cpeabl. AHAAUTUYECKME MCCAEAOBAHMS
npoBeAeHbl B AabopaTopum  TOMCKOrO MOAMTEXHMYECKOro YyHMBepcuteTa MeTtoaoMm MHAA
(MHCTPYMEHTaAbHbIN HEMTPOHHO-aKTMBALMOHHbIN aHaAM3). CTaTUCTMYECKMe NapaMeTpbl MOKa3aAu, YTo
Ca, Rb, Sr umeloT HOpMaAbHOE pacrpeAeAeHne, HEPaBHOMEPHOE PACNPeAEAEHME XapaKTEPHO AAS: As,
Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. [MpoBeAeHHbI1 KAQCTEPHbI aHAaAM3 TMOKa3aA
7 3HaUMMbIX ACCOLMALIMI XMMUYECKUX IAeMeHTOB. C LeAbIO BbISIBAEHWS PErMOHAAbHOM CrieumduKkm
ObIAM  MOCTPOEHbI TEOXMMMUYECKME PSIAbI OTHOCUTEAbHO KAapKa HOOCKEpbl, OTHOCUTEAbHOrO
CpPeAHEro CocTaBa >KMBOIO BELLECTBA U AMTEPATYPHbIX AaHHbIX. Pe3yAbTaTbl aHaAM3a nokasaAu, 4to
cneundUYHbIMI AEMEHTAMK B 30A€ AUCTbEB TOMOAS MUPAMMAAABHOTO COOPAHHOIO Ha TeppUTOpPUM

IOxHoro KasaxcraHa seasitiotcs Na, Ca, As, Sr, Ag, Sb, Ba, Ta, U.
KatoueBble cAoBa: sAnemMeHTHbIN cocTaB, KOxHbI KaszaxcTaH, GMOMHAMKATOP, 30Aa AUCTbEB TOMOAS
nMpammaasbHoro (Populus nigra f. pyramidalis), MHCTPYMEHTAAbHbIN HENTPOHHO-aKTMBALMOHHDIN

aHaAU3.

Introduction

Environmental pollution is a major problem of
the modern world. Natural and anthropogenic factors
negatively affect the state of ecosystem components,
causing an urgent need to monitor and assess the
quality of the natural environment. A special role
is played by contamination of atmospheric air and
changes in its chemical composition in connection
with developed processes of technogenesis, which
is the most important risk factor for human health.
For example, trace elements coming from industrial
enterprises are persistent and widely dispersed in
the environment. They interact with various natural
components and have a toxic effect on the biosphere.
They are emitted into the urban atmosphere as
airborne particles of different sizes in the form of
solid or liquid particles [1, 2].

Higher plants are used as biondicator as
organisms that contain information about the
qualitative assessment of the environment. With the
help of indicator plants, it is possible to distinguish
the degree of pollution, distinguish pollution sources
and their impact zones, identify polluting chemical
components and map metallic air pollution in urban
areas [3, 4].

Many researchers have proved that poplar is
one of such plants [5-9]. Poplar leaves accumulate
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heavy metals and are mainly used in biomonitoring
studies [10-12].

The elemental composition of plants depends
on environmental factors, climatic and landscape-
geochemical growing conditions [13,14]. Chemical
elements (CE) play a significant role in the growth
and development of a plant organism at all stages
of the plant life cycle. Many domestic and foreign
scientists have studied the elemental composition of
plants [15-20].

The purpose of the work was to conduct an
environmental assessment of the content and
characteristics of the accumulation of chemical
elements in the leaves of pyramidal poplar (Populus
nigra f. pyramidalis) using the example of Southern
Kazakhstan.

Materials and methods

As an object of study, we took the leaves of the
plant Populus nigra f. pyramidalis, which we selected
in Southern Kazakhstan. The reason for choosing
poplar is its frequent use for landscaping purposes.
Also the peculiarity of the leaf plate structure allows
them to accumulate chemical elements.

Poplar leaves were sampled in dry weather at a
height of 1.5-2 m according to the recommendations
[21]. Poplar is widespread in green plantations
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in South Kazakhstan. Trees from which leaf
samples were taken were selected on the basis of
approximately the same age and height. All the
trees studied are about 50 years old. Poplar trees
are commonly planted along streets and in park
plantings. A total of 37 samples were collected.
Sample preparation (sampling, packing, drying to
constant weight, averaging samples before further
studies) allowed representative samples to be
obtained. Poplar leaves were sampled using the
mean sampling method, at each location leaves
were collected from 3 rows of growing trees of
approximately the same age and height. The leaves
were packaged in paper bags. They were dried at
room temperature to a constant sample weight.
Next, they were pulverized and weighed. Then they
were ashed at 450 °C by dry mineralization method
for 5 hours to constant weight. This procedure
allowed us to calculate the ashing ratio. Then
further calculations were carried out on dry mass
according to the requirements of State Standard
26929-94 [22].

The amount of dust settled on the plant
under study can be directly related to the level
of air pollution with heavy metals such as lead,
mercury, cadmium, etc. However, the presence of
rain or changing seasons significantly affects the
amount of dust settled. Therefore, according to the
methodology, in order to determine the pollutants
trapped on the surface of leaves, samples are not

washed but dried immediately at room temperature
in a ventilated room.

Results and Discussion

During the study, 28 chemical elements were
studied and analyzed in the ash of poplar leaves
(Populus nigra f- pyramidalis). Most elements
had an uneven distribution, which is confirmed by
statistical data (Table 1).

According to the data obtained, the elements
calcium, rubidium and strontium have a normal
distribution, which is noticeable by the slight
variation in the maximum and minimum values,
as well as the correspondence of the average and
median values. The elements sodium, scandium,
iron, cobalt, zinc, lanthanum, cerium, hafnium,
thorium, uranium can also be classified as elements
with a distribution close to normal.

So on insignificant scatter and correspondence
of average to median value we can judge about
normal distribution of elements Ca, Rb, Sr, and also
close to normal for elements Na, Sc, Fe, Co, Zn, La,
Se, Hf, Th, U. Uneven distribution with coefficient
of variation more than 70% can be observed for
elements As, Ag, Nd, Tb, Yb and elements with
coefficient of variation more than 100% — Cr, Br,
Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. Uneven distribution
of chemical elements most likely indicates the
presence of an anthropogenic factor.

Table 1 — Statistical parameters of distribution of chemical elements in ash of leaves of poplar pyramidal (Populus nigra f. pyramidalis)
on the territory of South Kazakhstan.

Elements Mean Standard Geometric Median Moda min max V, %
error mean

Na 20924 1898 18822 21010 38940 7700 40000 48
Ca 115079 6958 109726 110000 106400 46800 181900 29
Sc 0,58 0,06 0,51 0,5 0,3 0,17 1,3 52
Cr 11 3,541 4,88 4,7 Multiple 0,07 92 213
Fe 2141 221 1922 2010 Multiple 760 5550 51
Co 16 1,7 15 14 22,8 3.3 36 50
Zn 956 131 786 922 1210 138 3261 68
As 5,7 0,87 4,5 4,5 7,52 1,1 19 73
Br 33 0,85 1,53 2,0 2 0,05 18 138
Rb 30 2,7 27 25 25 10 59 46
Sr 3480 249 3243 3473 2515 1494 6566 35
Ag 1,2 0,21 0,81 0,95 0,15 0,15 3,5 89
Sb 0,31 0,08 0,23 0,22 0,12 0,08 2,3 138
Cs 0,54 0,33 0,19 0,22 0,05 0,04 6,4 244
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Table continuation

Elements Mean Standard Geometric Median Moda min max V, %
error mean

Ba 130 44 82 64 Multiple 24 1051 150
La 1,7 0,19 1,5 1,5 1,53 0,55 4,7 56
Ce 3.9 0,50 3,2 3,5 3,43 1,0 9,7 66
Nd 1,8 0,30 0,96 1,2 0,45 0,11 5,6 97
Sm 0,22 0,05 0,1 0,16 0,02 0,01 1,05 107
Eu 0,03 0,008 0,01 0,02 0,003 0,001 0,12 101
Tb 0,02 0,005 0,02 0,01 0,01 0,002 0,10 84
Yb 0,13 0,02 0,1 0,12 Multiple 0,004 0,47 72
Lu 0,02 0,004 0,01 0,007 0,003 0,002 0,08 102
Hf 0,19 0,03 0,15 0,14 0,09 0,04 0,43 63
Ta 0,04 0,009 0,02 0,02 0,005 0,005 0,18 126
Au 0,02 0,007 0,007 0,006 0,002 0,0002 0,16 162
Th 0,53 0,065 0,5 0,5 Multiple 0,11 1.4 58
U 1,08 0,11 0,8 0,96 0,41 0,23 2,8 61

To characterize the intensity of biological ac-
cumulation of chemical elements by leaves of py-
ramidal poplar (Populus nigra f. pyramidalis) from
underlying surfaces, we calculated the coefficient
of biological absorption (BAC), which was calcu-
lated relative to A.N. Grigoriev [23]. According to
the results of the calculation, a series of biological
accumulation of chemical elements by poplar leaves

was constructed:

BAC=Sr13 -7Zn13 - Agll —Au5 —Ca3 — Nal

—Asl.

According to the series of biological uptake of
elements according to A.l. Perelman, strontium,
zinc, calcium, and sodium are included in the group

emissions from thermal power plants (Lu, Sm, Hf,
Th, Yb, Fe, La, Sc), to petrochemical production
(Ag, Rb, Br). The association of barium, antimony,
arsenic may indicate barite deposits in the study
area, the presence of these elements on the surface
of the leaf lamina most likely indicates their ingress
from atmospheric air. For example, the maximum
values of barium — 1051mg/kg were recorded near
the city of Shymkent in the village of Arys, which is
located near the Badam barite-fluorite deposit.

When normalizing the content of chemical ele-
ments in ash of poplar pyramidal to the noosphere
clark [25] and to the average composition of living
matter [26], the biogeochemical series of accumula-
tion looks as follows:

of strong biological accumulation, its CBA value
varies from n to 10n. Vital elements are calcium,
sodium, zinc; arsenic is conditionally essential ele-
ment; strontium, gold and silver are toxic elements
or abiogenic with strontium can substitute calcium
in living matter [24].

To understand the nature of accumulation of
chemical elements and the associations they form,
we conducted a cluster analysis (Figure 1), which al-
lowed us to identify several significant associations
of chemical elements: 1 — Ta, Ce; 2 — Lu, Sm, Hf,
Th, YD, Fe, La, Sc; 3 — Ba, Sb, As; 4 — Tb, Ca; 5 —
Ag, Rb, Br; 6 — Nd, Cr; 7- U, Na.

Several groups of associations are clearly identi-
fied, among which we can single out elements relat-
ed to dust-aerosol industrial emissions, for example,

Kc relative to the noosphere clark — Sr., > Au,
= Ag24 = Zn2l = Ca7.2 = BaS.6 = Asl.9 = Sbl.Z = Nal,l'

Kc relative to the average composition of living
matter — Zn , > Sr_, > Na > Co, > Ca,, > Fe, >
Asl9 = Rb6 = CSS.4 - Ba4.3 = Br2.2'

As can be seen from both biogeochemical se-
ries, the common chemical elements are sodium,
calcium, zingc, arsenic, strontium, barium, which ac-
cumulate in fairly high concentrations in the ash of
the leaves of Populus nigra f. pyramidalis

High concentrations of zinc, sodium and calci-
um can be explained by the fact that they are essen-
tial elements involved in the regulation of metabolic
processes and the maintenance of general homeosta-
sis in the plant.
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Figure 1 — Dendrogram of correlation matrix of geochemical spectrum of chemical elements in ash
of leaves of poplar pyramidal (Populus nigra f. pyramidalis) growing on the territory of South Kazakhstan

Strontium, barium and arsenic can be classified
as toxic elements. High concentrations of these CEs
in a plant may indicate the influence of a techno-
genic factor. Sources of pollution can be industrial
enterprises, vehicles, waste burning, etc. Also, these
elements can be actively absorbed from water, for
example, strontium is a specific element for salt
formations in drinking water in the study area [27].
The presence of high concentrations of barium can
be explained by the fact that this element is concen-
trated by plants, and also under conditions of envi-
ronmental pollution with sulfur compounds, many
elements form poorly soluble sulfides, as a result of
which strontium and barium remain in soil solutions
[25]. In general, the reasons for the high concentra-
tions of barium, arsenic and strontium in the leaf ash
of Populus nigra f. pyramidalis can be complex and
influenced by many factors, including geological,
anthropogenic and biological.

To identify regional geochemical features, the
results obtained were compared with literature data
[28-30]. According to the results of comparison with
the average content in plant ash the following bio-
geochemical series was constructed:

K o, Alekseyenko, 2000 — Sr, > Hf, > As >
Ta, > Sb., > Sc, > Ca, > U, >Ba >Ag”>Zn

= Th > Na = C0 > Rb . = Cs > Fe, 02 Cro,04
Ceo 04 > BrO,OZ 002 NdO 02 0,0 = SrnO,OOZ =
Yb. . >Fu > Tb >Lu

0,001 0,0003 0,0002 0,0002°

<p1 ., Tkalich, 1969 — Sr, > As,, > Ta, >Sb

a,,=Hf, . >U, > Ba >Ag12>C0

11

=Th,, > Na, >Rb —Cs >Fe Cr004 Ce004
> BrO,OZ = La0,02 = NdO,OZ = Au 0,0 > SmO,OOZ > YbO 001
Eu() ,0003 > TbO,OOOZ = LuO,OOOZ'

K Markert, 1992 — Na .. > U. > Th

(plant.) 139 108 106
Co >Sr o> As,, > Ta, >Sc o> Au, >7Zn, >Fe

>Ca >Nd >La >Ce >Cr >Lu >Yb >
Ag6>Sm >Hf >Eu >Ba >Sb >Cs
Tb, > Br, > Rb

Spe01ﬁc to the reglon under study, relative to the
literature data are the following elements sodium,
uranium, thorium, cobalt, strontium, arsenic, tan-
talum, zinc, calcium, silver, hafnium, barium, anti-
mony.

We also carried out a comparative analysis of
the data with the results obtained for some regions
of Kazakhstan and Russia (Figure 2).

Figure 2 shows the results of comparison of
elemental composition of poplar leaves grow-
ing on the territory of South Kazakhstan, Pavlo-
dar region, Tomsk region (Russia). Relative to
other regions, the ash of poplar leaves sampled
on the territory of South Kazakhstan is charac-
terized by an increased level of Na, Co, As, Sr,
Ag, Cs, Ce, Nd, and U (p<0.001). The presence
of the above elements in poplar leaves possi-
bly indicates polymetallic, iron and uranium
deposits.
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Figure 2 — Elemental composition of poplar leaf ash in some territories of Kazakhstan and Russia.

The results of the biogeochemical indicators of
the study are summarized in Table 2. Chemical ele-
ments that are more often repeated in the biogeo-
chemical indicators are highlighted in bold. Ca-As-

Table 2 — Complex of biogeochemical indicators

Sr —repeated four times, Na-Ag-Sb-Ba-Ta-U — three
times, which indicates a specific accumulation of
CE data in the studied substrate on the territory of
Southern Kazakhstan

Biogeochemical indicators

Chemical elements

Coefficient of variation more than 100%

Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au

Biological absorption coefficient

Ca, Zn, Sr, Ag, Au,

Associations of significant correlations

Na, Ca, Sc, Cr, Fe, As, Br, Rb, Ag, Sb, Ba, La, Ce, Nd, Sm,
Tb, Yb, Lu, Hf, Ta, Th, U.

Concentration coefficient relative to clarke according to M. A.
Glazovskaya (2007) and A.P. Vinogradova (1932)

Na, Ca, Zn, As, Sr, Ba.

Concentration coefficient relative to literature data

Ca, As, Sr, Sb, Hf, Ta, U.

Concentration of chemical elements relative to data for
Kazakhstan and Russia

Na, Co, As, Sr, Ag, Cs, Ce, Nd, U.

Conclusion

According to the complex of biogeochemical
indicators and their comparison with the data on
poplar leaf ash in Pavlodar region (Kazakhstan) and
Tomsk region (Russia) geochemical specificity of the
studied region was established. The concentration of
the following chemical elements: sodium, calcium,
arsenic, strontium, silver, antimony, barium, tantalum,
uranium is significantly higher in the studied region.
It is assumed that the spectrum of the above elements
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is associated with the mining of polymetallic and iron
ores, petrochemical production and uranium mining.
However, the source of the studied elements in the
ash of the plant under study has not been fully studied
and requires additional extensive research.

Conflict of interest
All authors have read and familiarized

themselves with the content of the article and have
no conflict of interest.



B.U. Sharipova et al.

References

1. T. Sawidis, J. Breuste, M. Mitrovic, P. Pavlovic, K. Tsigaridas. Trees as bioindicator of heavy metal pollution in three Euro-
pean cities / Environmental Pollution. — Vol.159. — 2011. — pp. 3560-3570. https://doi.org/10.1016/j.envpol.2011.08.008

2. S. Zhou, Q. Yuan, W. Li, Y. Lu, Y. Zhang, W. Wang. Trace metals in atmospheric fine particles in one industrial urban
city: spatial variations, sources, and health implications // Journal of Environmental Sciences, 26 (2014), pp. 205-213. https://doi.
org/10.1016/s1001-0742(13)60399-x

3. G. Quan, C. Jiawen, J. Biao Environmental microplastics: Classification, sources, fates, and effects on plants // Chemosphere.
—Vol. 313. —2023. — P. 137559. https://doi.org/10.1016/j.chemosphere.2022.137559

4. Chrysoula S. Tzima, Christina N. Banti, Sotiris K. Hadjikakou. Assessment of the biological effect of metal ions and their
complexes using Allium cepa and Artemia salina assays: a possible environmental implementation of biological inorganic chemistry
// Journal of Biological Inorganic Chemistry. — Vol. 27(7). — 2022. — pp. 611 — 629. https://doi.org/10.1007/s00775-022-01963-2

5. Rikhvanov L.P., Yusupov D.V., Baranovskaya N.V., Yalaltdinova A.R. Elemental composition of poplar leaves as a biogeo-
chemical indicator of industrial specialization of urban systems // Ecology and Industry of Russia. — 2015. — Ne 6. — C. 58-63.

6. Yalaltdinova A.R., Baranovskaya N.V., Rikhvanov L.P. Influence of emissions of industrial enterprises of Ust-Kamenogorsk
on the formation of elemental composition of poplar leaves // Bulletin of the Irkutsk State Technical University. —2014. — Ne 2. — C.
108-113.

7. Asylbekova G.E., Shaymardanova B.H., Korogod N.P., Baranovskaya N.V., Belyanovskaya A.I., Abikeeva Zh. E. Analysis
of zinc content in the ash of leaves of Populus nigra L. on the territory of Pavlodar region (Republic of Kazakhstan) // Bulletin of
ENU —-2015. — Ne4. — C. 260-265.

8. Esenzholova A. J., Panin M.S. Bioindication ability of leaves of tree and shrub plantations to assess environmental pollution
by heavy metals in the zone of the metallurgical complex // Ecology and Industry of Russia. — 2013. — Ne7. — C. 49-53.

9. Baikenova G.E., Baranovskaya NV, Kakabayev AA, Bersimbayev R.I., Zandybay A., Baikenov NA The content of chemi-
cal elements in the ash of leaves of black poplar (Populus Nigra L.) on the territory of Northern Kazakhstan // Bulletin of KazNU.
Ecological series. —2021. — Ne 4. — C. 4-12.

10. Karakayeva L. S. On the content of ascorbic acid and heavy metals in species of the genus Populus L. of

different zones of the Orenburg region / L. S. Karakayeva, Y. A. Dokuchayeva, A. A. Mashkova // Proceedings of the Orenburg
State Agrarian University. — 2013.- Ne 3. — C. 226-229.

11. Ramon S.Santos, Francis A.C.R.A. Sanches, Roberta G.Leitdo, Catarine C.G.Leitdo, Davi F.Oliveira, Marcelino J.Anjos,
Joaquim T.Assis. Multielemental analysis in Nerium Oleander L. leaves as a way of assessing the levels of urban air pollution by
heavy metals // Applied Radiation and Isotopes. — 2019. — Vol. 152. — P. 18-24. https://doi.org/10.1016/j.apradiso.2019.06.020

12. Tamar Gorena, Ximena Fadic, Francisco Cereceda-Balic. Cupressus macrocarpa leaves for biomonitoring the environmental
impact of an industrial complex: The case of Puchuncavi-Ventanas in Chile // Chemosphere. — 2020. -Vol. 260. — P. 127521. https://
doi.org/10.1016/j.chemosphere.2020.127521

13. Baranovskaya N.V., Chernenkaya E.V. Features of accumulation of chemical elements in common blueberry (Vaccinium
myrtillus) on the territory of Western Siberia // Fundamental Research. — 2015. — Ne2. — C. 299-306.

14. Perelman, A.I. Geochemistry of landscape / A.I. Perelman. — Moscow: Higher School, 1975. — 341 c.

15. Francisco L.F.Silva, Gerlan O.Nascimento, Gisele S.Lopes, Wladiana O.Matos, Rodrigo L.Cunha, Marcelo R.Malta, Gil-
berto Rodrigues Liska, Robert W.Owen, M. Teresa S.Trevisan. The concentration of polyphenolic compounds and trace elements
in the Coffea arabica leaves: Potential chemometric pattern recognition of coffee leaf rust resistance // Food Research International.
—2020. — Vol. 134, — P. 109221. https://doi.org/10.1016/j.foodres.2020.109221

16. Katarina M Rajkovi¢, Marijana Vasi¢, Milica Drobac, Jelena Muti¢, Sanja Jeremi¢, Valentina Simi¢, Jovan Stankovié. Op-
timization of extraction yield and chemical characterization of optimal extract from Juglans nigra L. leaves // Chemical Engineering
Research and Design. — 2020. — Vol. 157. — P. 25-33. https://doi.org/10.1016/j.cherd.2020.03.002

17. Junjie Zhang, Xuehong Wei, Weidong Dai, Zhi Lin. Study of enrichment difference of 64 elements among white tea sub-
types and tea leaves of different maturity using inductively coupled plasma mass spectrometry // Food Research International. —
2019. — Vol. 126. -P. 108655. https://doi.org/10.1016/j.foodres.2019.108655

18. Andrew Turner, Chor Chi Chan, Murray T. Brown. Application of field-portable-XRF for the determination of trace ele-
ments in deciduous leaves from a mine-impacted region / Chemosphere. — 2018. — Vol. 209. -P. 928-934. https://doi.org/10.1016/].
chemosphere.2018.06.110

19. Saga Purovi¢, Branimir Pavli¢, a Sasa Sorgié, Sasa Popov, Sasa Savi¢, Mirjana Petronijevi¢, Marija Radojkovi¢, Aleksandra
Cvetanovi¢, Zoran Zekovi¢. Chemical composition of stinging nettle leaves obtained by different analytical approaches // Journal of
Functional Foods. — 2017. — Vol. 32. — P. 18-26. https://doi.org/10.1016/.j{f.2017.02.019

20. Isidora Deljanin, Davor Antanasijevic¢, Andelika Bjelajac, Mira Ani¢i¢ Urosevi¢, Miroslav Nikoli¢, Aleksandra Peri¢-Grujic,
Mirjana Risti¢. Chemometrics in biomonitoring: Distribution and correlation of trace elements in tree leaves // Science of The Total
Environment. — 2016. — Vol. 545-546. — P. 361-371.

21. Methodical recommendations for field and laboratory studies of soils and plants in the control of environmental pollution by
metals / Institute of Experimental Meteorology, Lomonosov Moscow State University; ed. by N. G. Zyrin, S. G. Malakhov. — Mos-
cow: Gidrometeoizdat, Moscow department, 1981. — 109 p.: ill; 22 cm.

22. State Standard 26929-94. Raw materials and food products. Sample preparation. Mineralization for determination of toxic
elements content. — M.: IPK “Publishing House of Standards”, 2002. — 31 ¢

51



Elemental composition of the ash of poplar leaves as an indicator of technogenesis on the example ...

23. Grigoryev, N.A. Distribution of chemical elements in the upper part of the continental crust / N.A. Grigoryev. — Ekaterin-
burg: Ural Branch of the Russian Academy of Sciences, 2009. — 383 c.

24. Cabata-Pendias A., Pendias H. Micronutrients in soils and plants / Cabata-Pendias A., Pendias H. World, 1989. — 439 c.

25. Glazovskaya M.A. Geochemistry of natural and technogenic landscapes. — Moscow: Geographical faculty of Moscow State
University. 2007. — 350 c.

26. Vinogradov A.P. Geochemistry of living matter. — L.: ANS SSR, 1932. 67 c.

27. Sharipova B.U., Kakabayev A.A, Baranovskaya N.V., Arynova S.Zh., Korogod N.P. Geochemical features of salt formations
of drinking water in Southern Kazakhstan / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 7.
137-148

28. Alekseyenko, V.A. Ecological geochemistry: Textbook / V.A. Alekseyenko. Moscow: Logos, 2000b. — 626 c.

29. Tkalich S.M. Some general regularities of the content of chemical elements in plant ashes. Biogeochemical searches for ore
deposits / S.M. Tkalich. — Ulan-Ude: Izd-voor SO AS USSR, 1969. — 179 c.

30. Markert B., Establishing of “Reference plant” for inorganic characterization of different plant species by chemical finger-
printing / B. Markert // Water, soil and air pollution. — 1992. — Vol. 64. — P. 533-538

Aemopnap mypanvt monimem:

Hlapunosa Bomaces Opanxuizvl (Koppecnonoenm-agmop) — axonocusi mazucmpi, L. Yonuxanos amwvinoaev: Kexwiemay
YHUBepcumeminiy 6uonocus Jicone oxuimy adicmemeci kageopacwinviy okvimyuvicvl (Kexwemay, Kasaxceman, e-mail: oralov-
na82@mail.ru)

Kakxabaes Omnyapbex Aszbaesuu — 0Ouonoeus evliblMoapbinvly Kanouoamvl, LI Yonuxanos amweinoazvl Kexuiemay
YHUBepcumeminiy may-Kem ici, Kypblablc dcoHe dKonocusi kageopacwinwviy ooyenmi (Koxwemay, Kazaxcman, e-mail: anuarka@
mail.ru)

bapanosckas Hamanvs Braoumuposna — Ouonocus eblibiMOapbinblly 0OKmopbl, ToMCK NOAUmMexHuKanwlx yHueepcumeniniy
npogheccopul (Tomck, Peceul, e-mail: nata@tpu.ru)

baiikenosa I'ynim Epxinxvizer — 6M060800 — Dronoeus mamanowviebl 6otibiHwa evlavim macucmpi, L1 Yanuxanos amuvinoaew
Koxwemay ynusepcumeminiy may-xem ici, Kypoliblc dcone dxonozus kageopacwinwiy okvimywnicol (Kokwemay, Kazaxcman, e-mail:
guliander@bk.ru)

JKymabaesa Avieyne Aazbaesna — 6M011300 «buonocusny mamanovievl OOULIHULA NEOA202UKA 2bLILIMbL Ma2UCmpi, OUono2us.
Jicone oKpiny odicmemeci kapedpacvinviy aekmopul, «Il1l. Yonuxanoe amwindazvr Kexwemay ynusepcumemiy KeAK, buonocus
Jicone oxvimy adicmemeci kagedpacwinviy nexkmopul (Kexwemay, Kazaxcman, email: zhumabaevaaigulO@gmail.com)

Information about authors:

Sharipova Botagoz (corresponding author) — Master of Ecology, Lecturer at the Department of Biology and Teaching Methods,
Kokshetau University named after Sh. Ualikhanov (Kokshetau, Kazakhstan e-mail: oralovna82@mail.ru)

Kakabaev Anuarbek — Candidate of Biological Sciences, Associate Professor of the Department of Mining, Construction and
Ecology, Kokshetau University named after Sh. Ualikhanov (Kokshetau, Kazakhstan, e-mail: anuarka@mail.ru)

Baranovskaya Natalya — doctor of biological sciences, professor, Tomsk polytechnic university (Tomsk, Russia, e-mail: nata@
tpu.ru)

Baikenova Gulim — Master of Science in specialty 6M060800 — Ecology, lecturer at the Department of Mining, Construction and
Ecology, Kokshetau University named after Sh. Ualikhanov (Kokshetau, Kazakhstan, e-mail: guliander@bk.ru)

Zhumabaeva Aigul — Master of Pedagogical Sciences in specialty 6M011300 “Biology”, lecturer, of the Department of Biology
and Teaching Methods, Kokshetau University named after. Sh. Ualikhanov (Kokshetau, Kazakhstan, email: zhumabaevaaigulO@
gmail.com)

Received April 11, 2023
Accepted March 25, 2024

52



