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Summary: Research work carried out to determine the level of environmental pollution in the city of Ganja
and its surrounding areas, as well as to eliminate the negative effects, is of great scientific and practical impor-
tance. Studies show that industrial waste, especially heavy metals and radioactive strontium, spreads to the city of
Ganja and its surrounding areas, polluting the soil and vegetation of the region. As a result of pollution, the biolo-
gical and ecological state of the environment is disrupted, negatively affecting human health and creating conditi-
ons for the increase of various diseases. The ecologically rich natural environment of Ganja city is caused by in-
dustrial activity, anthropogenic impacts, weakening of ecosystem functions and reduction of biological diversity.
Among the industrial enterprises operating in Ganja city, “Azeraluminium” MMC is of particular importance in
terms of its serious negative impact on the environment due to heavy metals in its waste. It was found that the flo-
ra of Ganja city and surrounding areas consists of 43 families, 112 genera and 221 species. The flora is mainly
composed of cereals (Poaceae-43 species), legumes (Fabaceae-38 species), asteraceae (Asteraceae-30 species),
and perennial herbaceous plants (110) species. The article provides information on the results of the investigation

of the environmental impact of “Azeraluminium” MMC and ways to eliminate them.
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Introduction

By the Decree of the President of the Re-
public of Azerbaijan dated February 2, 2021,
one of the five national priorities for the socio-
economic development of Azerbaijan until
2030 is “A country of clean environment and
green growth”, and by the Decree of the Presi-
dent of Azerbaijan Ilham Aliyev dated Decem-
ber 25, 2023, 2024 was declared the “Year of
Solidarity for the Green World” in the country.
In this direction, the restoration of polluted are-
as, the protection of forested areas as well as
flora and fauna, the fertilization and greening of
lands in dry areas, and the reduction of the
harmful effects of climate change are always in
the spotlight as the main action programs. In
the era of climate change, one of the global en-
vironmental problems of our time is the assess-
ment of the impact of industrial waste genera-
ted as a result of technological processes on the

environment and the study of methods for eli-
minating their negative effects. As a result of
the incomplete optimization of technological
processes, waste generated during the producti-
on stage pollutes atmospheric air, water bodies,
soil and vegetation, causing serious environ-
mental consequences for society. Heavy metals
contained in waste spread to the environment
through the atmosphere and water, poisoning
soil and vegetation, and also affecting the hu-
man body, leading to the emergence of health
problems. Research work carried out in the di-
rection of the country's second largest populati-
on and volume of industrial production is of
great importance. The waste dust from the plant
contains heavy metals, aluminum compounds
and other industrial components. This pollution
causes a decrease in vegetation cover and a
change in the structure of phytocenoses from a
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distance of 10 km. Changes in the adaptation
mechanism of plants, weakening of the morp-
hophysiological indicators and a decrease in
photosynthesis are observed. These effects indi-
cate that the plant's activity creates a long-term
anthropogenic load on ecosystems [1].

An important institutional step has been
taken towards expanding the country's industri-
al potential and accelerating the socio-econo-
mic development of the regions by the Decree
of the President of the Republic of Azerbaijan
dated January 15, 2026 "On the Establishment
of the Western Industrial Park". According to
paragraph 4.1.1 of the Decree, for the operation
of the Western Industrial Park, it is envisaged
to provide the Agency with the right to perma-
nently use and lease 81.8 hectares of land,
which is located on the Yevlakh highway in
Ganja city and is under the management of the
Azerbaijan Investment Holding, and is included
in the category of industrial, transport, commu-
nication, defense and other designated lands be-
longing to state ownership [13].

The mentioned normative-legal document
indicates that the functional load of the Ganja
industrial zone will increase, and in particular,
aluminum production and related industries will
expand. In this regard, the ecological-geograp-
hical and biological studies conducted around
“Azeraluminium” MMC, including the assess-
ment of the impact of industrial activity on ve-
getation, soil ecosystems and urban biodiver-
sity, are of particular relevance in the modern
era. In this regard, it was considered appropria-
te to conduct a study on the assessment of the
sustainability of the biodiversity of ecosystems
around the Ganja Aluminum Plant during the
creation of the Western Industrial Park.

The Ganja-Gazakh zone is of strategic im-
portance in terms of agriculture and plays a speci-
al role in the country's food supply. Soil pollution
in these areas leads to reduced productivity, poor
food quality, and indirect impacts on human he-
alth. In such a situation, assessing the health of
the soil-plant system and developing sustainable

management strategies play an important role in
the state's environmental policy [9,11].

Climate change analyses show that rising
temperatures, decreasing water resources, and
increasing stress on biodiversity are accelera-
ting soil erosion and desertification processes,
as well as posing serious environmental risks to
agriculture and natural ecosystems [4]. When
these changes coincide with pollution from in-
dustrial facilities such as the Ganja Aluminum
Plant, they weaken the ecological resilience of
vegetation in several ways: Increased stress le-
vels in plants, decreased soil productivity, a
predominance of anthropogenically tolerant
species in phytocenoses, and a decrease in bio-
diversity. In such circumstances, assessing the
ecological resilience of vegetation and identif-
ying risk zones is of significant scientific and
practical importance [3,5].

Studies conducted on the impact zone of
the Ganja Aluminum Plant show that the most
serious pollution around the plant is observed at
a distance of 0-3 km, and this zone is classified
as a high pollution area, moderate pollution is
noted at a distance of 3-7 km, and a weak pollu-
tion zone is noted at a distance of 7-10 km. Bo-
tanical studies confirm the presence of such
phenomena as a weakening of the photosynthe-
sis apparatus, a decrease in seed productivity,
and an increase in morphophysiological stress
indicators. In such conditions, it is important to
increase the resistance of vegetation to both in-
dustrial pollution and additional stress factors
caused by climate change.

At the scientific conference on "Industrial
Waste and Environment of the Western Region"
held in Ganja in 2024, it was emphasized that in-
dustrial pollution due to climate change is the ma-
in environmental problem for the region. In ac-
cordance with the themes of COP29, the issues of
neutralizing industrial impacts and protecting
ecosystems were specifically mentioned. Anthro-
pogenic pollution around the Ganja aluminum
plant causes serious changes in the structural and
functional characteristics of vegetation. Climate
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change strengthens these effects and doubly wea-
kens the stability of ecosystems.

Material and methodology of the study:
The study was conducted in Ganja city and its
surrounding areas, especially in the Ganja
“Azeraluminium” MMC impact zone. The
study area was divided into high, medium and
low pollution zones covering a distance of 0-10
km from the plant. Soil and vegetation samples
were taken from each zone, and morphophysio-
logical indicators of both local and anthropoge-
nic tolerant species, photosynthetic activity and
seed productivity were assessed. At the same ti-
me, the chemical composition of alunite and
bauxite waste, especially heavy metals and radi-
oactive elements, was determined using X-ray
fluorescence spectroscopy, atomic absorption
spectrometry and ICP-MS.

To assess the ecological sustainability of
vegetation, the composition of phytocenoses,
biodiversity index and the share of anthropoge-
nically tolerant species were analyzed, and the
impact of waste zones was determined using
GIS and distance-based interpolation methods.
The impact of climate variability was assessed
using statistical correlation and regression
analyses of stress indicators of temperature and
precipitation variability and soil productivity
based on meteorological data. This approach al-
lows for a systematic study of the impact of in-
dustrial pollution and climate variability on the
sustainability of vegetation.

Discussion of the case: It is known that the
production area of "Azeraluminium" MMC is
mainly based on the complex processing of aluni-
te ore extracted from the Zaylik alunite deposit,
which ranks second in the world in terms of the
amount of natural resources, using the reduction-
alkaline method, and as a result of this process,
clay-soil, potassium sulfate fertilizer, sulfuric acid
and other products were produced. Recently, the
production of clay-soil from alunite has been
stopped and bauxite imported from foreign count-
ries has been used as raw material. However, as a
result of technological shortcomings during the

complex processing of alunite, the territories of
Ganja city and nearby regions were polluted with
alunite dust and sulfurous gases.

Despite the current suspension of the
complex production of alunite, large amounts of
industrial waste generated from the processing of
alunite and bauxite at the combine site still pose a
potential threat to the environment. According to
the latest data, 11.5 million tons of waste from
alunite processing and 9.7-10 million tons of
waste from bauxite processing were accumulated
and stored on an area of 241 and 82 ha, respecti-
vely. The direct contact of these wastes with soil
cover and vegetation negatively affects the morp-
hophysiological indicators of plants. In this case,
a weakening of photosynthesis, a decrease in seed
productivity, an increase in stress indicators, and
a predominance of anthropogenically tolerant
species in the structure of phytocenoses are obser-
ved. Thus, the wastes of “Azeraluminium” MMC
weaken the ecological stability of vegetation and
negatively affect the biological diversity of the
environment.

During the study, targeted scientific rese-
arch is being conducted to study the compositi-
on of these wastes, especially the types and
amounts of heavy metals, and to determine the
damage they cause to the environment and the
human body.

For this purpose, the current state of the
vegetation of the ecologically polluted areas aro-
und the city of Ganja was studied. Ganja and its
surrounding areas (Goygol, Samukh, Goranboy,
etc.) are one of the regions distinguished by the
richness of the flora of Azerbaijan. However, as
a result of the activities of large industrial en-
terprises such as the Ganja Aluminum Plant, the
flora here has been exposed to various anthropo-
genic and climatic influences for many years. It
was found that the flora of the city of Ganja and
its surrounding areas consists of 43 families, 112
genera and 221 species. The basis of the flora is
cereals (Poaceae-43 species), legumes (Fabace-
ae-38 species), asteraceae (Asteraveae-30 speci-
es), perennial herbaceous plants (110) species.
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Within a radius of 10 km from the plant,
anthropogenic impacts are mainly observed in the
accumulation of heavy metals in the soil, increa-
sed stress symptoms in plants, and the proliferati-
on of weeds. The unique vegetation of the study
area includes a number of perennial, annual and
biennial plants that are found in various vegetati-
on types. The ephemeral group includes Bromus
japonicus Thunb., Anisanta rubens (L.) Nevsky,
Lolium rigidum Gaudin, Eromoporum orientale
(L.) Jaub. et Spach, Hordeum leporinum Link,
Avena clauda Durieu., Poa bulbosa L. etc., which
are dominant and subdominant in the semi-desert
vegetation of the area. In the group of long-vege-
tated annual herbs and grasses, Peganum harmala
L, Alhagi pseudoalhagi (Bieb.) Desv., Artemisia
fragrans Willd and Salsola dendroides Pall., etc.
are often found in the flora of phytocenoses. All
cenoses in the vegetation cover have a 2- and 3-
layer geobotanical structure. The design cover in
phytocenoses varies between 35-65%, depending
on ecological and anthropogenic influences [2].

We believe that in the greening of Ganja
“Azeraluminium” MMC, preference should be
given to local trees and shrubs that have passed
the test. In addition to exotic plants, Quercus ibe-
rica, Fagus orientalis, Carpinus orientalis, Tilia
caucasica, Platanus orientalis, Alnus glutinosa,
Betulia pendula, Mespilus germanica, Fraxinus
echkelsior, Crataegus orientalis, etc. trees and
shrubs can be used. The trees and shrubs used in
greening should meet the requirements for impro-
ving the quality of urban ecosystems in the cur-
rent era of climate change [1,2,3,6].

Pine plantations (Pinus eldarica Medw)
should be expanded in eroded areas.

The study revealed that the development
of Pinus sylvestris in the early stages of succes-
sion in polluted areas was at a low level. As a
result of the deterioration of development con-
ditions, a decrease in the density of the canopy
and rapid shedding of conifers-defoliation, loss
of the natural color of the canopy-dechromation
were observed. As a result of the conducted stu-
dies, the dependence of hidden fluctuations in
trees of different age groups on ecological-ce-
notic stresses was determined. The number of
severely weakened and dried trees (more than
50%) in the study area exceeded the number of
total trees. In general, the response of the speci-
es' populations to such reactions to ecological,
anthropogenic, and technogenic influences in
the environment is the main indicator of biolo-
gical processes [2].

As a result of EPR analyses of soil and
plant samples taken from conventionally accep-
ted zones in Ganja city, spectra belonging to
metal compounds were obtained in these samp-
les. Biological analyses conducted with ms-GIE
induction curves and fluorescence spectra sho-
wed that changes occur in the photosynthetic
apparatus during the effect of different concent-
rations of Al dust on Dunaliella salina algae.
The effect of different concentrations of Ganja
Aluminum Plant waste dust on plant develop-
ment was studied. It was determined that the
addition of Al dust to the soil causes morpholo-
gical changes in plants growing there [9,10].

Table 1 below presents the results of che-
mical composition analyses of wastes generated
from the processing of alunite and bauxite.

Table 1

Chemical compositions of alunite and bauxite wastes

Name of waste Chemical composition, %

SiO ALO; | Fe,05 | TiO; | CaO | MgO |[Na,O |K,O |SO; |KKi
Alunite 76,00 | 10,21 5,90 - 0,53 | - - 1,77 |14 |34
Bauxite 24,72 | 6,48 42,02 | 510 |- - 3,07 2,20 | - 18,31
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Alunite waste: with high SiO: and low
Fe20s levels, it is less toxic to the soil, but long-
term dusting can cause physical damage to ve-
getation and weaken the photosynthetic appara-
tus. This indicates that bauxite waste has a hig-
her alkalinity and biological activity, which can
pose a risk to soil and vegetation.

Bauxite waste: with high Fe:Os and TiO:
content, as well as the level of KKI, it has a mo-
re serious negative impact on plant roots, morp-
hophysiological indicators and phytocenoses by
increasing soil acidity. Both types of waste
carry a risk in terms of soil structure, mineral
balance and ecological stability of vegetation,
but the toxic and biological impact of bauxite
waste is stronger.

It should be noted that in order to prevent
the spread of these wastes by wind, the techno-
logical process provides for covering their sur-
face with water. However, this measure cannot
be considered a complete solution in terms of
environmental protection. Since chemical com-
pounds contained in the waste can pass into the
underground layers with water and cause gro-
undwater pollution. In addition, since it is not
possible to cover the entire surface of the waste
area with water, dusting is observed even in we-
ak wind conditions and carries a potential risk to
the environment.

Within the framework of the United Nati-
ons Environment Program (UNEP), approved in
1980, special attention was paid to heavy metals

for monitoring industrial and environmental pol-
lution. The program considered lead (Pb), cad-
mium (Cd) and mercury (Hg) as the main pollu-
ting elements, and in subsequent years, elements
such as copper (Cu), tin (Sn), vanadium (V),
chromium (Cr), molybdenum (Mo), manganese
(Mn), cobalt (Co), nickel (Ni), uranium (U), ar-
senic (As) and selenium (Se) were added, for-
ming a comprehensive monitoring system for
metals with high potential for creating environ-
mental hazards. This approach is used as a sci-
entific basis for assessing soil, water and vege-
tation pollution resulting from industrial activiti-
es and determining environmental risks. The
alunite and bauxite waste generated from the
Ganja “Azeraluminium” MMC production area
contains several of these elements in high con-
centrations and spreads to the environment thro-
ugh wind, water and soil, negatively affecting
the morphophysiological indicators of vegetati-
on. The monitoring and assessment approaches
proposed by the UNEP program provide a sci-
entific basis for systematically studying the ef-
fects of such industrial impacts on both soil and
vegetation and for identifying ecological risk
zones [6,12].

Table 2 below shows the percentage amo-
unts of heavy metals in wastes generated from
alunite and bauxite processing and their permis-
sible limit values.

Table 2

Amounts of heavy metals in the composition of alunite and bauxite wastes
and their permissible limit values

Name of Chemical composition, %

waste Sr Ti Cr vV Cu Pb | F [ ALO; Hg

Alunite 0,050 | 0,200 | 0,006 | 0,040 | 0,005 | 0,004 | 0,030 | 63,0 -

Bauxite - 0,100 | 0,030 | 0,010 | 0,001 0,003 - - 0,000003
Releasable

concentration | 0,006 | 0,180 | 0,005 | 0,015 | 0,005 | 0,0015 | 0,04 11,5 | 0,000005
of heavy and

radioactive

elements
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As shown in Table 2, the percentage of
heavy and radioactive elements in the industrial
waste generated from alunite and bauxite pro-
cessing and their permissible limit values are
presented in a comparative manner.

In bauxite waste, these indicators are close
to the normative level and can only affect soil and
vegetation to a limited extent. Lead (Pb) is at the
level of 0.004% in alunite waste and exceeds the
normative (0.0015%). In bauxite waste, Hg
(0.000003%) is lower than the normative
(0.000005%), but its long-term accumulation in
sensitive ecosystems poses a potential risk. In alu-
nite waste, F (0.030%) is within the normative
(0.04%), but the AL:Os content is high at 63%,
which can negatively affect soil pH changes and
morphophysiological indicators of plants [8].

In general, the amounts of chromium, va-
nadium, lead and other heavy metals in alunite
and bauxite waste are 1-4 times higher than the
permissible limit, while titanium, copper and le-
ad are 8 times higher than the norm. These high
concentrations poison the soil and vegetation,
leading to a weakening of photosynthesis, a dec-
rease in seed productivity and changes in the
structure of phytocenoses. As a result, the stabi-
lity of the ecosystem in the Western region is
disrupted, biodiversity is reduced, and environ-

mental consequences arise, such as risks to hu-
man health and an increase in various diseases.

As emphasized in scientific conferences
and within the framework of COP29, neutraliza-
tion of industrial impacts, restoration and pro-
tection of ecosystems are considered priority en-
vironmental issues both regionally and globally.
In this context, the studies conducted around the
Ganja Aluminum Plant are not only considered
as a localized ecological assessment, but also
provide scientifically based practical recom-
mendations for increasing resilience to ecosys-
tem stress resulting from industrial pollution
and climate change. Also, systematic measures
are being taken in our country to eliminate the
environmental consequences caused by waste
and to involve it in recycling and production.

For this, floristic complexes should be ta-
ken under state control as a whole, observations
should be made on populations at the monito-
ring level, phyto-ameliorative measures should
be implemented to timely prevent anthropogenic
anomalies that may occur in the vegetation co-
ver of the areas surrounding the Ganja Alumi-
num Plant, and trees and shrubs should be selec-
ted and planted in accordance with the natural
soil and climatic conditions of the area.

Conclusion

The results of the study show that indust-
rial wastes, especially heavy metals and radioac-
tive elements from alunite and bauxite proces-
sing, in the zone of influence of the Ganja “Aze-
raluminium” MMC combine have a negative
impact on the morphophysiological indicators of
soil and vegetation. In areas of high pollution,
photosynthesis activity weakens, seed producti-
vity decreases, and the share of anthropogeni-
cally tolerant species in the structure of phytoce-
noses increases, resulting in a decrease in biodi-
versity. The high Fe.Os, TiO2 and KKI content
of bauxite waste increases soil acidity, further
weakening the ecological stability of vegetation.
The range of rare and locally endemic species

around the plant has narrowed, and a number of
species are at risk of extinction. Restoration of
damaged soils and vegetation is possible with
phytoremediation measures. This industrial pol-
lution, coinciding with climate change, further
increases the stress level of vegetation, reduces
soil fertility, and disrupts the functional stability
of ecosystems. As a result, the biodiversity of
ecosystems in Ganja city and its surrounding
areas is weakening as a result of long-term anth-
ropogenic impact and climate stress. Existing
studies show the importance of taking scientifi-
cally based scientific and practical measures
both for the protection of the region's biodiver-
sity and the restoration of polluted areas
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IQLIM DOYISKONLIYI DOVRUNDO GONCO ALUMINIUM ZAVODU
OTRAFI EKOSISTEMLORIN BiOMUXTOLIFLIiYININ DAYANIQLIGININ
QIYMOTLONDIRILMOSI

Vagqif Novruzov, Aynur Bayramova

Xiilasa: Todgiqatin magsadi iqlim dayiskonliyi dévriinds Ganca Aliiminium zavodu atrafi ekosistem-
lorin biomiixtalifliyinin dayanighgimin giymatlondirilmasindan ibaratdir. Iqlim dayiskanliyi dévriinda dévrii-
miiziin qlobal ekoloji problemlarindan biri da, texnoloji proseslorin naticasinda yaranan sanaye tullantilari-
nin atraf miihita tasirinin qiymatlondirilmasi va onlarin moanfi tasirlarinin aradan qaldiriima iisullarinin tad-
qiqidir. Ganca sahari va yaxin arazilorda atraf miihitin girklonma saviyyasinin miiayyanlasdirilmasi, elaca da
yaranmig manfi tasirlorin aradan qaldirilmasi istigamatinda aparilan tadqiqatiar elmi va praktiki ahamiyyat
kasb edir. Sonaye tullantilarinin, xiisusilo agir metallarin va radioaktiv stronsiumun tarkibi Ganca sahari va
onun atraf arazilorina yayilaraq regionun torpaq va bitki ortiiyiinii ¢irklandirir. Gonca sahorinin sanaye mii-
assisalari arasinda tullantilarin tarkibindoki agir metallarla atraf miihito ciddi monfi tasir gostormasi baxi-
mindan “Azaraltiminium” MMC xiisusi onam dasiyir. Askar olunmusdur ki, Ganca sahari va atraf arazilorin
florast 43 fasila, 112 cins, 221 novdan ibaratdir. Floramin asasim taxillar (Poaceae-43 név), paxlalilar (Fa-
baceae-38 nov), miirakkab ¢icaklilor (Asteraceae-30 név), coxillik ot bitkilari (110) nov taskil edir. Magalada
“Azoraliiminium” MMC atraf miihito tasirinin naticalori va onlarin aradan qaldirilmast yollar: barads ma-
lumat verilir.

Acgar sozlar: Azoraliiminium, biomiixtaliflik, ekosistem, nov, cins, fasilo

OIIEHKA YCTOMYHUBOCTU BUOPA3HOOBPA3US SKOCUCTEM BOKPYI'
I''IHIZKUHCKOT'O AIIOMUHHUEBOI'O 3ABOJIA B YCJIOBUAX
N3MEHEHUSA KIIMMATA

Baru¢ Hospy3os, Aiinyp baiipamoBa

Annomauusn: llenvro uccnedosanusn A678emcsi OYeHKA YCmMoudUugocmu OUOpasHooopazus 3KocUcmem
80KpYe I IHOJHCUHCKO20 AIOMUHUEB020 3a600a 8 Nepuod usmeHerus kiumama. OOHOU U3 2100ANbHbIX IKONI02U-
YeCKUX NPoOIeM HAWE20 8PeMEeHU 8 NEPUOD UIMEHEHUS] KIUMAMA A6TIENCsl OYeHKA 8030eliCMEUs. NPOMbBIULLIEH-
HbIX OMX0008, 00PA3YIOWUXCSL 8 pe3yTbmame MeXHOA0UYECKUX NPOYECCO8, HA OKPYICAIOUYIO cpedy U Uzy-
yenue Memooo8 YCMpPAaneHus uUx He2camueuvix nocieocmsull. Mccinedosanus, npogooumsie 0sl onpeoeneHus
YPOBHSL 3aepsa3HenUs OKpydcaroweli cpedvl 8 2opode Iandica u npuiesaiowux pamoHax, a makice 0Js
VCMPAaHeHUs. He2amUuHblX NOCIeOCMBUL, UMeIom HAy4yHoe U npakmuieckoe 3nayenue. Cocmas npombiuLieH-
HbIX OMX0008, 0OCOOEHHO MANCENBIX MEMALL08 U PAOUOAKIMUBHO20 CIMPOHYUS, PACHPOCMPAHAEMCS N0 8CEMY
20pody I'snodca u e2o oKpecmHOCIAM, 3A2PA3HAS HOUBY U PACIUMENLHOCTD PESUOHA, OKPYICAIOWYIO Cpedy
U3-3A COOEPIACAWUXCS 8 €20 OMX00AX Micenblx Memannos. bviio ycmanoeieno, umo ¢ropa eopoda Isin-
odoica u okpecmuocmei exmodaem 43 cemeticmea, 112 pooos u 221 éuo. @ropa 6 0CHOBHOM COCMOUM U3
3nakoevix (Poaceae — 43 6uda), 60606vix (Fabaceae — 38 6uoos), acmposwvix (Asteraceae — 30 6udo8) u mHo-
eonemuux mpassanucmolx pacmenuti (110 6udos). B cmamve npedcmasnena ungopmayus 0 nocieocmeusix
so3z0eticmeuss OO0 «A3epantoMuHuily Ha OKpYICAOWYI0 cpedy U CROCoOAX UX YCMpaHeHUs..

Knioueevie cnoea: buopasnoobpasue, skocucmemsi, U0, poo, cemelicmea, AzepamomMunuil



