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MORPHOMETRIC PARAMETERS AND LEAF ASH CONTENT
OF TREE PLANTS: INDICATION OF TECHNOGENIC LOAD
IN THE CONDITIONS OF AN INDUSTRIAL REGION
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This article is dedicated to studying the influence of ash element distribution in the tissues of woody
plants™ foliar organs on the fluctuating asymmetry of leaf blades in industrial areas. The research goal is
a comprehensive study of the trends in the relationship between ash content and fluctuation of morpho-
metric parameters of leaf blades under conditions of increased anthropogenic impact, using Pavlodar
as an example. The research hypothesis states that the increase in ash element content in the tissues
of leaf blades is directly proportional to significant variations in morphometric parameters within the
sample and serves as an indicator of environmental pollution. The research objects are leaves of Populus
balsamifera, Betula pendula, Acer negundo. According to the location of industrial emission sources,
they were divided into three zones: northern, eastern, and central. The leaves were collected at the end
of the 2023 growing season, with subsequent measurements of the length and width of the leaf blade
and calculation of the standard deviation. The significance of differences between samples was assessed
based on the results of variance analysis. Ash content determination was carried out by the dry ashing
method of leaves in a muffle furnace. It was found that the maximum concentration of ash elements is
characteristic of Populus balsamifera and Acer negundo, with the highest degree of atmospheric air pol-
lution identified for the Alumina Plant, consistent with the significant results of the range of variation
in morphometric indicators within the sample. An increase in mineral accumulation in leaf blades from
southeast to northwest within the central and eastern industrial zones (excluding the Alumina plant) was
noted. The obtained results confirm a direct proportional relationship between significant fluctuations
in morphometric parameters as ash content increases, which can be used as an indicative method of
anthropogenic pollution in industrial regions.

Key words: bioindication, fluctuating asymmetry, technogenic pollution, industrial zone.
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Afauu ecimAiKTepi XanblpakTapbiHbiH, MOP)OMETPUSIABIK, MapaMeTPAEpPi MeH KYAA(AIri:
OHEepPKICINTIK alMaKTaFbl TEXHOr€HAK XXYKTeMeHiH, MUHAMKALLMSICbI

BbyA Makaaa afall eCiMAIKTEpPiHIH >Kanblpak, MyLUeAepiHiH TiHAEpIHAEri KYA 3AEMeHTTepiHiH
TapaAybIHbIH ©HEpPKaCINTIK afiMaKTapAarbl >Karblpak, aAakaHAAPbIHbIH TepBGEAMEeAi acMMMeTpUsICbiHA
acepiH 3epTTeyre apHaAfFaH. 3epTTeyAiH MakcaTbl — [1aBAOAADP KAAACbIHbIH, MbICAAbIHAQ TEXHOTEHAIK
9CEPAIH >KOFapblAaybl >KaFAalblHAQ KYA LLAMACbIHbIH, >Kanblpak, arakaHAAPbIHbIH, MOP(OMETPUSABIK,
napameTpAepiHiH aybITKybIMeH ©3apa 6anAaHbICbIHbIH TEHAEHLMSAAPbIH KELIeHAT 3epTTey. 3epTrey
rMnoTesacbl — >Kanblpak, aAakKaHAAPbIHbIH TIHAEPIHAEr KYA DAEMEHTTEpIiHIH Kebeloi YAri wweriHaeri
MOP(OMETPUAABIK MapaMeTPAEPAIH alTapAbIKTa ©3repyiHe TikeAel NPOonopLMOHAAAbI )KaHe KopLUaraH
OpTaHblH TEXHOTFEHAIK AACTaHybIHbIH KOpceTKilli 60AbIn TabblAaabl. 3epTTey HbicaHaapbl — Populus
balsamifera, Betula pendula, Acer negundo ><anbipakTapbl. ©OHepKaCiNTiK WbiFapbIHAbIAAP KO3AEPIHIH
ayMakTbIK, OpHaAacyblHa COMKEC OAap YW anMakka OOAIHAi: COATYCTIK, LWbIFbIC XXOHE OPTaAbIK.
XKanbipakTapbl 2023 XbIAAbIH, BEreTalUMsAbIK, KE3eHiHiH COHbIHAQ YXMHAAAbI, COAQH KeMiH >Karblpak,
AAAKAHbIHbIH Y3bIHAbIFbI MEH €Hi OALLIEHAI >K8He opTalla KBaAPaTTblK aybITKybl ecenteAai. YAriaep
apacbiHAAFbl ablPMALLbIABIKTAPAbIH, MaHbI3AbIAbIFbIH GaFaAay AMCMEPCUSIAbIK, TAaAAQY HaTMKeAepi
6oMblHLLIA aHbIKTaAAbl. KyAAIH KypamblH aHbIK Tay MydeAb neliHAeri xkanblpakTapAbl KypFak, KyAAEHAIpY
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BAICIMEH Xy3ere acbipbiAAbl. KyA sAeMEeHTTEpiHIH MakC1MaAAbl KOoHUeHTpaumscbl Populus balsamifera
>koHe Acer negundo-Fa ToH eKeHi aHbIKTaAAbl, COFaH CaMKeC AAIOMMHMIA 3aybITbl YLLIiH aTMOCKEPAAbIK,
ayaHblH, AACTaHyblHbIH €H >KOfapbl ASPEXeCi aHbIKTaAAbl, OYA YATi iWiHAEr MOP(OMETPUSIAbIK,
KOpCEeTKIlTEepPAiH ©3repy AManasoHblHbIH MaHbI3Abl HOTMXKeAepiHe calikec KeAeai. OpTaAblK, >KaHe
LUbIFbIC OHEPKCIM aiMarbl (AAIOMUHUIA 3aybITbIH KOCMaFaHAQ) LWeriHAe KaAaHblH OHTYCTiK-LUbIFbICbIHAH
COATYCTiK-0aTbICblHA Kapam >KanblpakK, aAakaHAAPbIHAA MWMHEPAAAAPAbIH >KMHAKTAAYbIHbIH — ©CYi
6GanKaAAbl. AAbIHFAH HOTMXKEAEP KYA KOPCETKILLTepi 6CKeH CarbiH MOPGOMETPUSIABIK, MapamMeTPAEPAIH
aNTapAbIKTaM aybITKYbIHbIH TiKEAEH MPOMNOPUMOHAAAbI OaAa@HbICbIH pacTaiAbl, OHbl ©HEPKACIMTIK
anMak, XkarAarblHAQ TEXHOTEHAIK AaCTaHYAbIH MHAMKALIMSIABIK, 9AICI peTiHAe naiaasaHyra GOAAAbI.
Ty#in ce3aep: 61MOMHAMKALMS, TEPOEAMEAT aCUMMETPUSI, TEXHOTEHAIK AaCTaHy, OHAIPICTIK anmax,.
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MopdomeTpuueckmue napameTpbl U 30AbHOCTb AMCTbEB APEBECHBIX PacTeHMit:
MHAMKALLMSI TeXHOT€HHOM Harpy3ku B YCAOBMSIX MPOMbBILLAEHHOTO perMoHa

AaHHas cTaTbhsl MOCBSLLIEHA M3YUYEHUIO BAMSIHWUS PACMPEAEAEHUSI 30AbHbIX IAEMEHTOB B TKAHSX
(pOAMAPHBIX OpraHax APEBECHbIX PACTeHUI Ha (PAYKTYyaLLMOHHYIO aCMMMETPMIO AUCTOBbIX MAACTMH B
YCAOBMSIX MPOMbILUAEHHbIX 30H. LIeAb MCCAEAOBAHMS — KOMIMAEKCHOE M3yuYeHne TEHAEHLMI B3anMoC-
BSI3M BEAMUMHbI 30AbHOCTU C (DAYKTYaLmen MOPOMETPUYECKMX MAPAMETPOB AUCTOBbIX MAACTUHOK B
YCAOBMSIX MOBbILLEHHOrO TEXHOrEHHOro BO3AEMCTBMS Ha npumepe ropoaa lMaBaoaap. Mvnotesa wmc-
CAEAOBAHUS — POCT COAEP>KAHMS 30AbHbIX IAEMEHTOB B TKAHSIX AUCTOBbIX MAQCTUH MPSMO MPOMNOPLIM-
OHAAEH 3HAUYMTEAbHOW BapmaLMm MOPMOMETPUUECKMX MApaMeTPOB B NMPeAeAax BbIGOPKM U SBASIETCS
MHAMKATOPOM TEXHOreHHOro 3arpsi3HeHust okpy>kaiollen cpeAbl. OObeKkTbl MCCAEAOBAHUS — AUCTbS
Populus balsamifera, Betula pendula, Acer negundo. CoraacHo TeppMTOPMAAbHOMY PACTIOAOXKEHMIO
MPOMBbILIAEHHbBIX MCTOYHMKOB BbIOPOCOB, OHU ObIAM pa3AEAeHbl Ha TPU 30Hbl: CeBepHas, BOCTOYHAst
M UEeHTpaAbHasi. AMCTbst OTOOpaHbl B KOHLE BereTaumMoHHOro nepuroaa 2023 roaa C NMoCAEAYOLIMM
M3MepEeHUEM AAMHBI U LUMPUHBI AMCTOBOM MAQCTMHKM U PACUETOM CPEAHEKBAAPATUUYECKOrO OTKAOHe-
Hus. OUeHKa 3HAYMMOCTU Pa3AMUMIA MEXKAY BblOOpPKaMK OMpeAeAeHa Mo pe3yAbTaTamM AMCIEPCUOH-
HOro aHaamsa. OnpeAeAeHre CoAepIKaHusi 30Abl OCYLLEECTBASIAM METOAOM CYXOrO O30AEHMsI AUCTbEB
B MyDeAbHOW neun. BbIIBAEHO, UTO MaKCMMaAbHasi KOHLEHTPALMS 30AbHbIX SAEMEHTOB XapakTepHa
AAs Populus balsamifera v Acer negundo, B cOOTBETCTBUM C YeM HambBOAbLLIASH CTEMEHb 3arpsi3HeHMs
aTMOCEPHOro BO3AYXa BbISIBAEHA AAS AAIOMMHMEBOIO 3aBOAQ, UTO COTFAACYeTCsl CO 3HAUYMMbIMKU pe-
3yAbTaTamu AMarasoHa BapbUpOBaHUs MOPOMETPUUECKMX MOKa3aTeAer BHYTPM BbiIbopkn. OTMeueH
POCT HAKOMAEHUS MUHEPAAbHbIX BELLECTB B AUCTOBbIX MAACTMHKAX B HAMpPaBAEHUM C IOrO-BOCTOKA Ha
CeBepo-3arnaa ropoaa B npeAeAax LEeHTPAAbHOM M BOCTOYHOM MPOM3OHbI (32 UCKAIOUYEHMEM AAIOMU-
HMEBOrO 3aB0AA). [ToAyUEHHbIE PE3yAbTaTbl MOATBEPXKAAIOT MPSMO NMPONOPLIMOHAABbHYIO B3aUMOCBSI3b
3HAUUTEABHOM PAYKTYaLMU MOPPOMETPUYUECKMX MAPAaMETPOB MO MEPE POCTA NMOKa3aTeAEN 30AbHOCTH,
YTO MO>KET MCMOAb30BATHCS B KAaYeCTBE MHAMKALIMOHHOIO METOAQ TEXHOTEHHOIO 3arpsi3HEHUS B YCAO-
BUSIX MPOMbILLAEHHOTO PermoHa.

KatoueBble cAoBa: GMOMHAMKALMS, (DAYKTYyaLMOHHAs aCMMMETPMsl, TEXHOreHHOe 3arpsi3HeHue,
MPOMbILUAEHHAs 30Ha.

Introduction

One of the most promising indicators of plant
susceptibility to changes in the environment,
particularly the composition of atmospheric air, is
the accumulation of ash-forming elements by plants,
which form a mineral residue. The content of these
elements is reflected in the ash residue that remains
after the removal of organic substances.

The concentration of ash-forming elements
in the tissues of leaf blades of woody plants is
determined by several factors, among which the most
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characteristic ones are the quality of the environment
and genotypic features of plant predisposition.
Equally important in forming the ash composition
of plants are environmental conditions such as
temperature, acidity, and soil salinity, as well as
moisture levels and shading [1, 2]. Leaf ash content
indicators can reflect the degree of technogenic load
on atmospheric air within a region, characterising the
assimilation capacity of plant organisms and serving
as a phytosignaling indicator of air pollution levels,
although the relationship between these indicators
is not always confirmed in practice [3]. The study
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of ash content indicators plays an important role
not only in terms of their importance for plant
organisms but also from the perspective of the
migration of these elements into other components
of the ecosystem. Equally important is the aspect
related to the influence of ash-forming elements on
plant vitality, where excessive accumulation of such
elements affects plant growth retardation, disrupts
nutrient balance [4], cell structure, damages proteins
and lipids, stimulates the accumulation of active
oxygen forms [5], inhibits enzyme activity, disrupts
respiratory and photosynthetic processes, damages
stomatal function and structure [6, 7], and inhibits
vital processes [8, 9].

It is important to note that one of the directions
in the field of phytoindication today is studying the
variation of morphometric parameters of plants or
their organs [3]. Methods for phytoindication of
technogenic pollution [10] based on assessing the
asymmetry of leaf blade parameters (length and
width) are being widely implemented, which is
particularly relevant for industrial centres in the
country [11, 12].

Currently, many regions of the Republic of
Kazakhstan face the issue of air pollution from
various emission sources [1]. Pavlodar is a city
of regional significance and one of the significant
industrial centres of the Republic of Kazakhstan.
This role subjects the city to a substantial level of
negative impact due to emissions of pollutants
into the atmosphere by industrial enterprises. The
seriousness of this problem is further compounded
by mobile sources of pollution (transport). Materials
collected near factories were studied as part of the
research since these infrastructure objects constitute
a significant portion of pollution sources.

According to the national report on the
environment state in the Republic of Kazakhstan,
26% of all emissions into the atmosphere are
attributed to the city of Pavlodar. The main
contribution to the city’s pollution comes from fuel
and energy complexes, which account for 66.2% of
emissions. Just under a quarter (23.5%) of emissions
come from enterprises engaged in metallurgical
activities [13].

According to the data from the Department of
Ecology of the Pavlodar Region of the Committee
for Environmental Regulation and Control of
the Ministry of Ecology, Geology, and Natural
Resources of the Republic of Kazakhstan,
emissions from first category industrial enterprises
in 2023 amounted to 182.932 thousand tons, while
emissions from stationary sources of the second
and third categories totaled 9.851 thousand tons.
In comparison, similar figures in 2022 comprised

199.145 thousand tons and 1.2 thousand tons
(including the fourth category), respectively. The
decrease in emissions from industrial sources of
the first category is compensated by an increase
in the share of emissions from sources belonging
to categories Il and IIl. The main proportion of
pollutants released into the atmosphere is attributed
to carbon monoxide (exceeding MPC in 783 cases),
hydrogen sulfide (exceeding MPC in 640 cases),
and nitrogen dioxide (exceeding MPC in 566 cases).
Nitrogen oxide concentrations (exceeding MPC 32
times) and suspended particles (exceeding MPC
36 times) also play a significant role. The share of
airborne particles in the form of dust was 1.8 MPC.
The study of air quality using the Air quality index
(AQID) equal to 4 characterised it as a low level;
Standard Index (SI=7.6) indicated a high level of
pollution; and the assessment based on Maximum
Repeatability (MR=9%) demonstrated an elevated
level [14, 15]. Despite various measures aimed at
reducing industrial emissions, the overall quality of
air according to different evaluated parameters does
not show a consistently low level. This emphasises
the relevance of the research based on the selected
parameters and research methods.

In accordance with this, the research goal is
defined as a comprehensive study of the relationship
between ash content and fluctuation of morphometric
parameters of woody plants’ leaf blades under
conditions of increased anthropogenic impact in
the city of Pavlodar (one of the industrial centers of
regional and national importance). According to the
stated goal, the research hypothesis is determined:
the increase in ash content in leaf tissue of woody
plants is directly proportional to significant variation
in morphometric parameters within the sample and
serves as an indicator of environmental pollution.

Materials and methods

The objects of the study were leaves of some
trees, which are most common near industrial fa-
cilities: Populus balsamifera, Betula pendula, Acer
negundo. Leaf selection was carried out on the ter-
ritory of seven industrial enterprises in the northern,
eastern, and central industrial zones of Pavlodar (ac-
cording to varying levels of technogenic load).

Considering the locations of industrial facilities,
they were divided into three zones: northern (Pavlo-
dar Oil Chemistry Refinery LLP (POCR), CHP-3),
eastern (CHP-1, Pavlodar Alumina Plant (Alumin-
ium of Kazakhstan JSC), Kazakhstan Electrolysis
Plant JSC) and central (Pavlodar Machine-Building
Plant JSC and Pavlodar Plant of Pipeline Fittings
LLP).
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Leaves were collected at the end of the growing
season (from October 1 to October 7, 2023) from in-
dividual trees (at least five for each point, at a height
of 1.5-2 metres) approximately of the same age.
Twenty maximally healthy, well-developed, and un-
damaged leaves were selected from each tree. The
length and width of the leaf blade were measured
for each selected leaf sample, as well as the standard
deviation for each parameter, reflecting the degree
of dispersion of random variable values relative to
their mean. To assess the significance of differences
between samples, the obtained data underwent anal-
ysis of variance.

The ash content was determined by the method
of dry ashing of leaves in the muffle furnace. The
experiment was conducted in three replicates for
each sample. Ash content was calculated using the
formula [16]:

Mygh ) * 100 (1)

Ash content (%) =
Mgry sample(g)

where:
m_, —mass of ash;

M mple — MASS of dry sample.

The mathematical processing of the obtained
data was carried out in Microsoft Excel 2019.

Results and discussion

The most sensitive organisms constantly ex-
posed to pollutants in the atmosphere are plants,
where woody plants are of particular interest. The
leaves of woody plants are the assimilation or-
gans that come into contact with the atmospheric
air, accumulating various pollutants (which enter
from the atmosphere) on the surface and in their
tissues. The influence of these pollutants begins
after interacting with plant organs and often being
absorbed by leaf blades [17]. Toxic substances
can accumulate in photosynthetic organs during
the process of performing their assimilation role
by absorbing toxicants from the surrounding en-
vironment [18].

Different levels of technogenic impact affect
the development of foliar organs, which is reflected
in the formation of their morphometric parameters
[19, 20]. Table 1 presents the main morphometric
parameters of leaf blades of woody plants under in-
dustrial conditions in Pavlodar city.

Table 1 — Main morphometric parameters of woody plants’ leaf blades under industrial conditions in Pavlodar city

Pavlodar Oil Kazakhstan Pavlodar Machine- Pavlodar
Morphometric Chemistry . Building Plant JSC, Alumina Plant
Type of tree Electrolysis CHP-1 L
parameter Refinery LLP Plant ISC Pavlodar Plant of (Aluminium of
(POCR), CHP-3 & Pipeline Fittings LLP Kazakhstan JSC)
length, cm 8,20+1,91 7,38+1,92 7,78+0,91 7,74+0,63 8,40+1,24
Populus width, cm 8,12+0,76 4,34+0.9 6,74+1,56 5,64+0,48 7,78+1,20
balsamifera standard deviation,
9
length, cm 5,36+0,55 5,38+0,28 6,20+0,64 5,36+0,87 6,6240,66
Betula width, cm 4,38+0,65 4,60+0,63 4,80+0,63 4,56+0,66 5,66+0,41
pendula | yandard deviation,
c
length, cm 7,60+0,53 7,82+1,63 8,76+0,72 7,48+0,72 6,42+1,12
Acer width, cm 4,6%+0,56 3,68+0,60 5,00+1,28 3,86+0,57 3,38+0,35
negundo standard deviation,
c
Note: standard deviation parameters of length are represented in the numerator, and width — in the denominator

The data presented in Table 1 indicates that the
length parameters of poplar leaf blades exhibit dom-
inant values in samples collected in the northern and
eastern parts of the industrial zone (near the Pavlo-
dar Alumina Plant). The central industrial zone and
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CHP-1 show slightly lower values for leaf blade pa-
rameters, which may be attributed to the emissions
from these facilities and the cumulative impact of
neighbouring stationary sources due to air mass mi-
gration. The reduction in leaf parameters of trees
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growing near the Kazakhstan Electrolysis Plant is
explained by the mass emissions of pollutants from
this facility, as well as the proximity to the Pavlodar
Alumina Plant and CHP-1.

Morphometric parameters of birch and maple in
the central industrial zone and areas furthest from the
city’s stationary sources (Pavlodar Oil Chemistry
Refinery, CHP-3 and Kazakhstan Electrolysis Plant)
exhibited similar variability. Overall, parameters
within the same species fluctuated insignificantly,
but more developed foliar organs were found within
the boundaries of the Pavlodar Machine-Building
Plant and Pavlodar Plant of Pipeline Fittings, which
may be due to lower environmental impact from
these facilities and smaller production volumes com-
pared to the industrial giants in Pavlodar (Pavlodar
Oil Chemistry Refinery and Kazakhstan Electrolysis
Plant). Similar trends were observed for leaf width
parameters in the studied areas, except for maple
growing near the Electrolysis Plant (average leaf
width was 20% smaller compared to samples from
the Pavlodar Oil Chemistry Refinery, CHP-3, and
more than 25% smaller than those from the central
industrial zone), which can be attributed to weaker
leaf blade development influenced by abiotic condi-
tions and significant atmospheric pollution.

The length and width parameters of birch and
maple samples from CHP-1 and Pavlodar Alumina
Plant showed an inversely proportional relationship.
The difference between similar leaf blade param-
eters of birch samples collected near the Pavlodar
Alumina Plant and CHP-1 was 20% in favour of
the former. The investigated parameters of maple
in these territories prevailed by approximately 15%
in samples from CHP-1 compared to those from the
Pavlodar Alumina Plant.

The analysis of the standard deviation of length
and width for assimilation organs demonstrated sig-
nificant fluctuations in length within the sample of
Populus balsamifera from territories of the Pavlodar
Oil Chemistry Refinery, CHP-3, Kazakhstan Elec-
trolysis Plant, and Pavlodar Alumina Plant (ranging
from 1.00 to 1.55). Considerable variation in width
was observed for Alumina Plant, Machine-Building
Plant and Plant of Pipeline Fittings samples (rang-
ing from 0.97 to 1.26). This indicates a substantial
dependence of leaf blade parameters on the degree
of technogenic load. Moreover, a difference in stan-
dard deviation of 0.03 was observed between leaf
blade parameters of samples from the Alumina
Plant, indicating relatively unstable morphometric
indicators within the obtained samples. This sug-
gests that the emissions from this plant manifest in a
more significant variation of these two main param-
eters within the sample. Significant fluctuations with

a similar tendency are characteristic of Acer negun-
do samples collected near the Electrolysis and Alu-
mina Plants (length parameters) and in the central
industrial zone (width parameters). The variation in
these parameters indicates that emissions from the
Electrolysis and Alumina Plants primarily affect the
length of Acer negundo leaf blades, while pollut-
ants released into the atmosphere by facilities in the
central industrial zone impact the width parameters
of this plant species. Betula pendula showed a mi-
nor range of variations in morphometric parameters
compared to each other, which may be related to
the physiological characteristics of leaf blades and
a low susceptibility to pollutants.

Therefore, the results of morphometric analysis
indicate that the main fluctuations in parameters are
characteristic of Populus balsamifera, which may
be a result of strong technogenic impact, as well as
the predisposition of this tree species to accumulate
chemical elements. In other cases, significant roles
may also be played by some other abiotic factors.

The assessment of the reliability of differences
between morphometric parameters of woody plants’
leaf blades near sources of anthropogenic emissions
in industrial zones was carried out based on the re-
sults of dispersion analysis presented in Table 2 and
Figure 1. To ensure the objectivity of the relation-
ship between indicators and location of plants, the
results are territorially distributed by zones.

The obtained results of analysis of dispersion
complexes, including the length and width of leaf
organs, demonstrate an excess of the F-criterion
value for the length parameter of Betula pendula in
three industrial zones compared to the F-critical. A
similar situation was observed for the F-criterion of
the leaf blade’s width of Populus balsamifera in the
northern and eastern industrial zones. The degree
of technogenic load is clearly reflected within the
eastern industrial zone for all parameters and tree
species, except for the length of the leaf blade of
Populus  balsamifera. The overall assessment
of indicators across all industrial enterprises
demonstrated a statistically significant difference
in parameters of the studied assimilation organs
under the influence of technogenic pollutants in
various magnitudes. This confirms that this criterion
objectively determines the influence of atmospheric
pollution on the formation of morphometric
characteristics of leaf blades, which can be used in
practice as an objective method of indication.

The average indicators for leaf blade ash
content are presented in Table 3 and in Figure 2 (the
distribution of indicators is indicated from Pavlodar
Oil Chemistry Refinery to Pavlodar Oil Chemistry
Refinery according to the sequence in Table 3).
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Table 2 — Results of dispersion analysis of averaged parameters of foliar organs’ length and width (three industrial zones of Pavlodar)

Fisher—Snedecor test
Length Width

Plant species under study

Fcrit. (p = 0’05)

Northern industrial zone

Populus balsamifera f . (1;18)=4,41

f (1;26)=4,22

crit.

£ (1:26)=4,22

Betula pendula

Acer negundo

Eastern industrial zone

Populus balsamifera £ (2:27)=3,35
Betula pendula £, (2:24)=3,40
Acer negundo £, (2;33)=3,27

Central industrial zone

Populus balsamifera £, (1,20)=4,35
Betula pendula £, (1;18)=4,41
Acer negundo £, (1;18)=4,41

General indicators for three industrial zones

Populus balsamifera

Betula pendula £, =2.87

Acer negundo

Note: when f, o S riiear 8FOUp mean values of the sample differ insignificantly (marked in green); when faxp > [ iea — they differ
significantly (marked in blue).

0 1 2 3 4 5 6 7 8 9 10
70 441 422 4,22 a2 A1 44l i c
60 !
4
50 3,5
40 3
2,5
30 2
20 1,5
1
10 0,5
0 0
N E C N E C N E C
Populus balsamifera Betula pendula Acer negundo

B Length  be=d Width e=@==Fcrit.

Figure 1 — Distribution of Fisher’s criterion values for morphometric parameters of foliar organs
of woody plants in three industrial zones of Pavlodar city (N — Northern industrial zone,
E — Eastern industrial zone, C — Central industrial zone)
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Table 3 — Average ash content indicators of leaf blades of trees in industrial zones of Pavlodar (average results for three replicates), %

Industrial plants
Pavlodar Oil Kazakhstan Pavlodar Machine- Pavlodar Alumina | Average by
Type of tree Chemistry Electrolvsis | Building PlantJSC, | . | Plant (Aluminium type of woody
Refinery LLP Plant Jg C Pavlodar Plant of of Kazakhstan plant
(POCR), CHP-3 Pipeline Fittings LLP JSC)
Populus 10,01 13,80 16,09 14,85 16,00 14,1
balsamifera
Betula pendula 7,32 6,74 9,48 6,47 10,90 8,2
Acer negundo 14,45 15,78 12,62 15,69 19,10 15,5
Enterprise average 10,6 12,1 12,7 12,3 15,3 12,6

Populus balsamifera

Betula pendula

Acer negundo

Figure 2 — Average ash content of trees’ leaf blades in industrial zones

of Pavlodar (in 3 replicates), %

According to the obtained data, it has been
revealed that the ash content of Populus balsamifera
and Acer negundo is higher compared to Betula
pendula in all selected samples, regardless of the
industrial plant's location, which is confirmed
by the research of other scientists [2, 21-22].
Meanwhile, the ash content of birch in all territories
was below 10%, except for the Pavlodar Alumina
Plant area (10.90%). The ash content of poplar and
maple samples did not decrease below 10%. The
maximum level of mineral residue was observed in
leaf samples of trees growing within the Alumina
Plant area. High levels of mineral accumulation are
also characteristic of poplar and birch growing near
the central industrial zone plants. Other ash content
indicators varied depending on the sampling point
and the species of the studied tree.

The study of average ash content by tree species
and industrial plants allowed us to establish that the
maximum level of ash content is characteristic of
maple (15.5%), while the mineral residue of birch
samples was almost half as much (8.2%) compared to
poplar. At the same time, the ash content of poplar did

not vary significantly compared to maple and was 1.4%
lower. The highest indicators of technogenic load were
characteristic of the Alumina Plant, with an average
ash content value for all studied tree samples of 15.3%.
The minimum average indicators were associated with
Pavlodar Oil Chemistry Refinery and CHP-3 (10.6%).
The results obtained for the central industrial zone
plants and the eastern industrial zone (excluding the
Pavlodar Alumina Plant) ranged from 12.1% to 12.7%
from southeast to northwest of the city. Overall, the
total average ash content for all samples of the studied
trees and all industrial plants was 12.6%.

It should be noted that the increase in ash content
indicators correlates positively with a wide range of
variation in morphometric parameters, manifested
in the predominance of the Fisher’s criterion value
over the F-critical value. This demonstrates the
reliability of the determined ash content indicators
and their direct relationship with the parameters
of the studied phytocomplex (in the course of
investigating atmospheric pollution), as well as the
possibility of using these indicators in assessing the
degree of technogenic pollution.
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Conclusion

Modern conditions of man-made loads, particularly
in an industrial region of the country, require diverse
approaches to assessing the degree of air pollution and
the environment as a whole. One of the most obvious
factors showing the consequences of industrial load on
the environment can be the indicators of growth and
development of woody plants, where the objective
result of a specific vegetation period is the parameters
of foliar organs™ development.

A study of the morphometric parameters of
leaf blades of three woody plant species and the
proportion of mineral content (ash content) in
them revealed that a significant level of influence
from man-made emissions leads to fluctuations in
the length and width of leaves over a wide range,
sometimes with suppression of the development of
these parameters. It was found that the highest degree
of air pollution is characteristic of the Pavlodar
Alumina Plant, which is reflected in a significant
range of wvariation in morphometric indicators
within the sample and relatively small differences
in the case of each individual sample. The average
ash content indicators for the central and eastern
industrial zone factories (excluding the Alumina

Plant) varied between 12.1% and 12.7% from the
southeast to the northwest of the city. The minimum
average indicators were recorded in samples taken
from the Pavlodar Oil Chemistry Refinery, CHP-3
(10.6%). The highest level of deposition of mineral
substances in tissues is characteristic of Populus
balsamifera and Acernegundo (all zones). Theresults
demonstrate a positive correlation between a wide
range of fluctuations in morphometric parameters
and an increase in ash content in the corresponding
samples, which may be a manifestation of further
consequences inhibiting the development of the
entire woody plant as a whole.
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