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Analysis of the vegetation cover status of the city of Karaganda

It was found that the damage to the soil cover is influenced by the operation of Combined heat and power
plant No. 3 (CHP-3) in the city of Karaganda, which is carried out on solid fuels (coal). In addition, direct
damage to the soil cover occurs during the movement of heavy transport (cargo transportation of fuel). The
object of research is located in the territory within which natural soils are degraded due to the impact of the
production activity of the enterprise, and also subject to physical pollution of the soil and vegetation. The
main source of physical pollution of land cover is CHP-3. Nickel excess was detected in Maykuduk, 500 m
south-west of CHP-3, 1000 m north-west of CHP-3, cobalt — in Prishakhtinsk, iron — in Maykuduk, 1000 m
north-west of CHP-3. An analysis of the vegetation of Karaganda showed a deterioration of the plants, a
slight growth, a decrease in the number of flowers, and early signs of wilting were observed. The vegetation
near the enterprise is represented by a rare and even coverage of unhealthy and unnaturally dried plants for a
given season.

Keywords: vegetation, CHP-3, heavy metals, maximum permissible concentration, environment, processes,
analysis, assessment, impact, pollution, territory, vegetation cover.

One of the significant factors influencing the ecology of the environment is human economic activity in
construction, industry, energy, agriculture. Energy production, after consuming a huge amount of fuel and
oxygen from the air to oxidize it, makes products in the form of electrical and thermal energy, and gaseous,
thermal and solid products of combustion of its waste [1].

When burning fuel, toxic products of incomplete combustion can also be formed in relatively small
amounts: carbon monoxide (CO) and some hydrocarbons. Emissions of TPPs operating on coal or sulphur-
ous fuel oil may contain metals that are harmful to health or the environment: arsenic, cadmium, mercury,
lead, thallium, chromium, sodium, potassium, vanadium, boron, copper, iron, manganese, molybdenum, se-
lenium, zinc and other complex polycyclic aromatic hydrocarbons (in particular benzopyrene), and in some
solid fuels — radioactive substances. In the presence of chlorine and fluorine salts in the coal, fumes of hy-
drochloric and hydrofluoric acids are contained in the flue gases. Metals are present in the ashes of coal and
fuel oil in different quantities and combinations.

An important role in the study of the effect of heavy metals on plants is played by the study of the pro-
cesses of their absorption and movement. Plants are able to absorb virtually all chemical elements from the
environment in larger or smaller quantities [2].

The diversity and environmental conditionality of the vital functions of plants allows us to consider
them as the main object of biological environmental monitoring. Plants are considered to be reliable indica-
tors of environmental pollution by various toxic substances due to the fact that they cannot escape from the
stressful effects, and are forced to adapt to it using physiological, biochemical, ultrastructural, anatomical
and morphological rearrangements. Therefore, the recording and assessment of these changes provide a reli-
able picture of the conditions of the area of plant growth and reflect the state of the environment [3].

The purpose of the article was to make a comparative analysis of the vegetation cover of the industrial
zone of the city of Karaganda.

Research methods

Three areas of the city of Karaganda were chosen for the work: Maykuduk (area of Combined heat and
power plant No. 3 [CHP-3]), Prishakhtinsk (Tikhonovka, Finskiy), South-East district.

Field studies were conducted, including the study of the territories of three areas and the collection of
plants growing there.

The selection of vegetation was carried out on the border of the buffer zone and beyond. To obtain
samples of plants at each waypoint, a combined sample of plants (no more than 100 g each) was taken from
an area of 100x100 m in varying degrees of distance and direction. Selected plants belonged to the same spe-
cies. Due to the widespread prevalence and high sorption properties, wormwood (g. Artemisia) was selected.
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Plants were cut at a place not lower than 15-20 cm from the ground level, which reduces the likelihood
of contamination of plants with soil dust. A general inspection of the object was carried out: the appearance
of the vegetation and the population density, based on visual depletion, or an abundance of species in the
selected area.

Analysis of vegetation samples was carried out at the Faculty of Chemistry, KSU named after
E.A. Buketov. A chemical analysis of the content of heavy metals in the soil was carried out on an AA
140/240 atomic spectrometer.

Results and its discussion

Karaganda region is located in three soil and plant zones. The north and northeast of the region is repre-
sented by a zone of grassland steppes with dark chestnut soils, the south by a semi-desert zone with light
chestnut soils and a desert zone with brown soils. A significant part of the vegetation of grassy steppes con-
sists of feather grass, wormwood and fescue.

The desert zone is represented by such plants as wormwood, hodgepodge, and stiff shrubs that do not
form a continuous cover.

The territory of Karaganda area belongs to the subzone of moderately dry steppes with dark chestnut
soils. The land in the area of the industrial site and in the adjacent territory is of low value and is not used for
agriculture. Soils are thin, usually loamy or sandy with admixture of detrital material and are mainly pastures
littered with stones.

The operation of CHP-3, which is carried out mainly on solid fuels (coal), implies a negative impact on
the environment of the area. Direct impact means the direct disturbance of the soil cover during the
movement of heavy transport (cargo transportation of fuel). It should also be taken into account that the
object of study is located in the territory within which natural soils are degraded due to the impact of the
production activity of the enterprise, and also subject to physical pollution of the soil and vegetation cover.
The main sources of physical pollution of land cover is CHP-3.

Analysis of samples of plant cover on the dry residue showed an excess of the MPC of substances such
as nickel, zinc, cobalt and iron (Table 1).

Table 1
The concentration of chemicals in plants of Karaganda
Hazard 500 m 1000 m 500 m 1000 m
Substance CleS to SWof | to SWof | to NEof | toNE of SE Tikhonovka | Finskiy | MPC
CHP-3 CHP-3 CHP-3 CHP-3
Nickel 2 13.59 7.49 7.85 1.17 1.11 0.78 0.91 4
Zinc 1 14.86 29.53 27.57 35.76 14.5 7.38 17.94 23
Cobalt 2 2.62 2.24 3.8 22.2 15.8 8.5 36.6 5
Iron 3 3.58 5.45 6.75 13.8 53 0.40 0.2 0.5

Nickel exceeded in Maykuduk, 500 m to the south-west of CHP-3 amounted to 3,397 MPC, zinc — in
Maykuduk, 1000 m north-west of CHP-3 to 1,554 MPC, cobalt — in Finskiy settlement to 7.32 MAC,
iron — in Maykuduk, 1000 m north-west of CHP-3 at 27 MPC (Table 1). The source of environmental pol-
lution by nickel was mining enterprises, thermal power station and motor transport.

The analysis of nickel content by areas of Karaganda is shown in Figure 1. Thus, in Maykuduk, 500 m
south-west of CHP-3, the nickel concentration was 13.59 mg/kg, 1000 m south-west of CHP-3 —
7.49 mg/kg, 500 m north-east of CHP-3 — 7.85 mg/kg, 1000 m north-east of CHP-3 — 1.17 mg/kg. In the
South — East and Prishakhtinsk, nickel concentrations were within the normal range.

Analysis of the zinc content showed (Fig. 2) that in Maykuduk, 500 m south-west of CHP-3 — the con-
centration was 14.86 mg/kg, 1000 m south-west of CHP-3 29.53 mg/kg, MPC 23 mg kg, 500 m to the north-
east of CHP-3 — 27.57 mg/kg, 1000 m to the northeast of CHP-3 — 35.76 mg/kg. In the South-East and
Prishakhtinsk, nickel concentrations were within the normal range. Zinc is the least toxic of all the heavy
metals listed above. However, all elements become toxic if contained in excess; zinc is no exception. The
physiological effect of zinc lies in its action as an enzyme activator.

An analysis of the cobalt content (Fig. 3) showed that no excess of cobalt was detected in Maykuduk, with
the exception of the area located 1000 m to the northeast of CHP-3, and was 22.2 mg/kg. In the South-East, on
Shakhterov Avenue, the cobalt concentration was 15.8 mg/kg, in Prishakhtinsk, Finskiy, 36.6 mg/kg.
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Figure 1. Nickel content in areas of Karaganda
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Figure 2. Zinc content by areas of Karaganda
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Figure 3. Cobalt content by areas of Karaganda

Iron plays the role of a catalyst in the formation of chlorophyll and is involved in the respiration of
plants, being part of enzymes that regulate redox processes. Analysis of the iron content showed (Fig. 4) that
in Maykuduk, 500 m south-west of CHP-3, the iron concentration was 3.58 mg/kg, 1000 m south-west of
CHP-3 — 5.45 mg/kg, 500 m north-east of CHP-3 — 6.75 mg/kg, 1000 m north-east of CHP-3 —
13.8 mg/kg. In Southeast, Shakhterov Ave. — iron concentration was 5.3 mg/kg. In Prishakhtinsk, the iron
content was within the normal range.

The vegetation cover of the studied area is poor due to intensive anthropogenic activity. The vegetation
cover is represented by the wormwood-grass associations, within the territories of the enterprises weed spe-
cies of the wormwood-saltbush association prevail.

The ability of plants to clean the soil from heavy metal ions is limited by many factors, such as the
availability of metal in the soil for uptake by plant roots, the rate at which it is absorbed by the roots, the
transport of metal from the root to the shoot, and the resistance of the plant.
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Figure 4. Iron content by areas of Karaganda

However, progress in this direction is still hampered by a lack of understanding of the physiological,
biochemical, and molecular mechanisms underlying the hyper-accumulation of heavy metals by plants. In
general, it should be emphasized once again that the increasing man-made pollution of the environment with
heavy metals is currently a serious environmental problem. Heavy metals in high concentrations are extreme-
ly dangerous for living organisms, including plants. Many of the metals have high mobility, are easily ab-
sorbed by plants and accumulated in them, and then through food chains enter the body of animals and hu-
mans. The increase in the content of heavy metals in the environment is accompanied by its increase in
plants and has a negative effect on their growth and development, which is an indicator of serious changes
and / or disorders of the basic physiological processes.

Heavy metals in high concentrations have a negative effect on plant development. The increase in their
content in the root zone leads to a delay in the onset of the next phenophases, slowing down of organogene-
sis [4].

Plants are considered to be reliable indicators of environmental pollution by various toxic substances
due to the fact that they cannot escape from the stress effect, and are forced to adapt to its using physiologi-
cal, biochemical, ultrastructural and anatomical and morphological rearrangements. Therefore, the recording
and evaluation of these changes provide a reliable picture of the conditions of the plant growing area and
reflect the state of the environment. The study showed that soil contamination with heavy metals causes a
disturbance of plant ecosystems. With a high content of heavy metals in the soil, the level of heavy metals in
plants increases, which leads to a negative effect on the physiological functions of plants.

The most common manifestations of the action of heavy metals on plants are inhibition of photosynthe-
sis, impaired transport of assimilates and mineral nutrition, changes in the aquatic and hormonal status of the
body, and growth inhibition.

Active migration from soil to plants occurs in metals such as iron, nickel, cobalt and zinc.

An analysis of the vegetation of Karaganda showed a deterioration of the plants, a slight growth, a de-
crease in the number of flowers, and early signs of wilting were observed. The vegetation near the enterprise
is represented by a rare and even coverage of unhealthy and unnaturally dried plants for a given season.

Thus, the active migration of such metals as iron, nickel, cobalt and zinc occurs from the soil into the
plants of the city of Karaganda. A high excess of the concentration of these substances in plants growing in
the study area was established.
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Kaparanabl KajacbIHbIH 6CIMIIK KaMbLUIFBICBIHBIH KAU-KYHIH TaJaay

Kaparauas! KanacbIHBIH KAaTThl OTBIHMEH (KeMip) >kyMbIc icTeiTiH XKDO-3-TiH TOmbIpaK >kKaMbUIFBICHIHBIH
Oy3bUTYBIHA ocep eTeTiHi aHbIKTanabl. COHBIMEH KaTap TONBIPAK >KaMBUIFBICHIHBIH TiKeJdeH OY3BUTYBI aybIp
TEXHOJIOTMSUIBIK KOJNIK KO3FaJbICHl Ke3iHne (OTBIHIBI XKYK TachIMasliay) OpBIH aiajbl. 3epPTTEy HBICAHBI
KOCIITOPBIHHBIH OHIPICTIK KBI3METIHIH ocep eTyi cajlapblHaH JeTrpajalysFa YIIbIparaH TaOUFU TOIBIPAKTap,
COHJaif-aK TONBIPAK-6CIM/IK JKaMBUIFBICBIHBIH (DM3MKAJBIK JIACTAHYbIHA YUIBIPaFaH ayMaKTa OpHaJacKaH.
TonbIpak-eCiMIiK >KaMBUIFBICHIHBIH ~(DM3MKANIBIK JACTaHYBIHBIH Heriri ke3gepine JKDO-3 xaramsl.
MaiikyablK ayaaHbIHIAa HUKENbAIH xorapel Meumepi JKO0-3 oxrycrik-6aTbicka 500 M, conrtycrik-0aThicka
1000 M, kobanbTTiH »)OFapsl Memiiepi — [IpUIIAXTUHCK ayAaHbIHAA, TEMIPAIH JKOFapbl MeIiepi —
Maiikynplk  aynasbiHga, JKO0-3  contycrik-0ateicka 1000 M KaIIBIKTBIKTa aHBIKTAIIbBL. Kaparasibl
KaJIAChIHBIH OCIMIIKTEpIHIH TaJgaybl OJIapABIH >Kai-KYHiHIH HamapiaybslH, ©CyiHIH TeXelyiH, TyJuep
CaHBIHBIH a3al0bIH KopceTTi. KocimophH MaHBIHIAFbI ©CIMAIKTEP CUPEK XKoHe OIpKeIKi eMec, KbUIIBIH KbIITbI
Mep3iMJepiHe KapaMacTaH, Kyprall KeTKeHI KOpCeTiIreH.

Kinm co30ep: ecimaixrep, XXD0, ayplp Meranmap, payaibl IISKTEYJi KOHLEHTpAIWs, KOpILIaraH opTa,
npouecrep, Tainjay, 6aranay, ocep €Ty, JacTaHy, ayMaK, ©CiMIiK )KaMbUIFBICHI.

[II.M. HyrymanoBa, A.E. CrapukoBa, M.A. Hopiiea

AHaJIM3 COCTOSIHUS PACTUTEJIBLHOI0 MOKPoBa ropoaa Kaparanael

YcTaHOBIEHO, YTO Ha HapyIIEHHE IMOYBEHHOTro MOKpoBa Biuser padora TOLl-3 r. Kaparangsl, koTopas
OCYIIECTBIISICTCS. Ha TBEPJOM Tomumse (yromns). Kpome Toro, HemocpencTBEHHOE HAapyIIEHHE ITOYBEHHOTO
TIOKPOBa IPOUCXOMUT TIPH JBIDKCHHH TSDKEJIOTO TEXHOJOTMYECKOTO TPaHCIOpTa (TPY30BBIE IIEPEBO3KH
torumBa). OOBEKT HCCIENOBAHUS PACIONIOKEH Ha TEPPUTOPHUH, B IIpEAeNax KOTOPOH eCTeCTBEHHO-
NIPUPOJHEIE TIOYBBl  JETPaJMpOBAHBI  BCICICTBHE BO3JCHCTBUS  IIPOM3BOJCTBEHHOH  IEATEILHOCTH
HPEINpPUATHS, a TAKKe IOJBEPKEHbl (DU3MYECKOMY 3arpsA3HEHHIO OYBEHHO-PACTUTENILHOrO IOkpoBa. K
OCHOBHBIM HCTOYHHMKAM (DM3HUECKOTO 3arpsi3HEHHs MOYBEHHO-PACTHTENBHOrO MOKpoBa oTHocutcst TOII-3.
Brrasneno npessliienne Hukens B Maiikyayke B 500 M k roro-3amany ot TOL], 8 1000 M k ceBepo-3amany oT
TOL-3, xobansra — B Ilpumaxrtuncke, xene3a — B Maiikyayke, B 1000 M k ceBepo-3amany ot TOLI-3.
Anamm3 pactutensHocTH T. Kaparangs! mokasan yXy/OUIIeHHE COCTOSIHUSI pacTeHHH, HEOOJBINONH HX pOCT,
YMEHBIIEHHE KOJHMYECTBA [BETKOB M PaHHUE IPHU3HAKH YBSAHUS PACTUTENHLHOCTH. PacTHTensHOCTH Giu3
TIPEANPUSTUS TIPEACTABICHA PEAKAM M PAaBHOMEPHBIM ITOKPBHITHEM U3 HE3JOPOBBIX M HEECTECTBEHHO HCCY-
IIEHHBIX JJIS1 JAHHOTO BPEMEHH I'0JIa PaCTeHUH.

Kniouesvie crosa: pacrurensHocts, TOLI, TsKensle MeTauIbl, MPEIEIbHO-A0MYCTHMAs KOHIEHTpALHs, OK-
pyKaromas cpeza, MpoLecchl, aHAJIN3, OLIEHKA, BO3/ICHCTBHE, 3arpsi3HEHUE, TEPPUTOPHS, PACTUTENIbHBII HO-
KpOB.
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