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Abstract

This study presents an integrated assessment of environmental risks associated with tailings
storage facilities based on field and laboratory data. The analysis focuses on pH variability, heavy
metal concentrations, and hydrological processes governing contaminant migration.

The results reveal significant spatial heterogeneity of geochemical conditions. Although
water samples exhibit near-neutral pH values, extremely acidic conditions (pH down to 1.32) were
identified in surface layers, indicating localized acid mine drainage processes. Heavy metals
demonstrate strong accumulation in soils, confirming their long-term environmental persistence.
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The study highlights the need for integrated risk management combining geochemical monitoring,
engineering solutions, and management strategies.
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Geochemistry.

Introduction

Tailings storage facilities (TSFs) represent one of the most critical and long-lasting sources
of environmental risk associated with mining activities. Unlike active industrial processes, tailings
remain environmentally reactive for decades or even centuries, making them persistent sources of
contamination in surrounding ecosystems.

Global incidents, including the Brumadinho dam disaster and the Mount Polley tailings dam
failure, have highlighted the catastrophic consequences of insufficient monitoring and management
of tailings systems!?. These events demonstrated that failures in tailings storage are not only
engineering problems but also systemic failures involving environmental, operational, and
governance factors.

Environmental significance of tailings

The environmental impact of TSFs is primarily driven by two interrelated processes:
= acid mine drainage (AMD);
= heavy metal mobilization.

AMD is generated through the oxidation of sulfide minerals, leading to the formation of sulfuric
acid and a significant decrease in pH values. This process enhances the solubility and mobility of
metals, resulting in long-term contamination of water and soil systems (Tabl. 1). According to
David K. Nordstrom (2011), AMD represents one of the most severe forms of mining-related
pollution, capable of altering entire river systems and groundwater regimes®.

Table 1
Process Mechanism Environmental impact
Acid Mine Drainage | Sulfide oxidation pH decrease, metal mobilization
Heavy metal transport | Dissolution + migration | Water and soil contamination
Hydrological flow Infiltration and runoff Regional pollutant spread

Heavy metals as long-term pollutants

Heavy metals such as Cu, Zn, Pb, Cd, and As are among the most persistent contaminants
associated with tailings. Unlike organic pollutants, these elements do not degrade and can
accumulate in soils and sediments.

1 The Brumadinho dam disaster was a catastrophic tailings dam failure that occurred on January 25, 2019, near Brumadinho in Minas
Gerais, Brazil. The collapse released a massive wave of mining waste from Vale S.A.’s Corrego do Feijdo iron ore mine, killing 270
people and causing widespread environmental destruction.

2 The Mount Polley tailings dam failure was a major industrial accident that occurred on August 4, 2014, at the Mount Polley copper-
gold mine near Likely, British Columbia, Canada. A breach in the mine’s tailings storage facility released roughly 25 million m3 of
water and mine waste into nearby lakes and creeks, making it one of Canada’s worst mining environmental disasters.

3 David K. Nordstrom is an American geochemist recognized for his pioneering research on acid mine drainage and agueous
geochemistry. His work has shaped scientific understanding of metal sulfide oxidation, contaminant transport, and geochemical
modeling in natural and mining-impacted waters. Nordstrom’s research is widely cited across environmental science and hydrology.
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Studies by Katherine A. Hudson-Edwards and David W. Blowes have shown that metal
mobility is strongly controlled by geochemical conditions, particularly pH and redox potential®.

Low pH environments significantly increase metal solubility, which enhances their transport
through hydrological systems and increases ecological risk.

Hydrological control of contamination

Hydrological processes play a crucial role in the redistribution of contaminants from tailings
storage facilities. These include:
= infiltration into groundwater systems;
= surface runoff during precipitation events;
= transport through river networks

Such processes can extend contamination far beyond the original tailings site, transforming
local pollution into regional environmental problems.

Oxidation
(02 + H20)

Tailings Metal Mobilizat Water Systems
(sulfides) el F10MReATion (runoff & groundwater)

Acid Mine Dralnage
(pH decrease)

Fig. 1 Conceptual model of contaminant generation and transport in tailings storage facilities

Fig. 1 summarizes the main environmental-risk pathway in tailings storage facilities: sulfide
oxidation generates acid mine drainage, which decreases pH and promotes heavy-metal
mobilization. Mobilized contaminants are then transported through surface runoff and groundwater
infiltration, creating exposure risks for soils, rivers, and biological receptors.

Hidden nature of environmental risk

One of the most critical challenges in assessing tailings-related risks is the discrepancy
between apparent and actual environmental conditions.

Water samples may indicate near-neutral pH values, suggesting stability, while underlying
soil layers can contain highly acidic zones responsible for ongoing metal mobilization.
This phenomenon has been described in multiple studies as a “hidden geochemical instability”,
where contamination processes occur below the surface and remain undetected in conventional
monitoring systems.

Research gap and novelty
Despite extensive research on tailings, several gaps remain:

4 Katherine A. Hudson-Edwards is a British environmental geochemist recognized for her expertise in the behavior and management
of mine wastes. Her research focuses on metal contamination, remediation, and the environmental impacts of mining and mineral
processing. She is a professor of sustainable mining and geochemistry at Birkbeck, University of London and a leading voice in
sustainable resource extraction and pollution mitigation.

5 David W. Blowes is a Canadian geochemist and environmental scientist known for his pioneering work on the geochemistry of
mine wastes and groundwater remediation. A Professor at the University of Waterloo, he is recognized internationally for advancing
understanding and prevention of acid mine drainage and contaminant transport in subsurface systems.
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u HEAOCTATOYHAA UHTCIpalvsd MTOYBCHHBIX U BOJAHBIX JaHHBIX;
" OIpaHMYCHHOC BHMMAHHUC K JIOKAJIbHBIM 30HAM 3aKHUCJICHUSI,
®  HEOOCTAaTOK KOMIIJICKCHBIX MOHeHeﬁ pucka.

The present study addresses these gaps by integrating:
= pH variability;
= heavy metal concentrations;
= hydrological processes.

Tailings storage facilities (TSFs) have been widely recognized as complex environmental

systems where geotechnical instability, geochemical reactivity, hydrological transport, and
management failures interact over long periods. Unlike many industrial wastes, tailings remain
reactive after mine closure, which makes post-closure monitoring and risk governance essential
components of tailings safety.

Kossoff et al. emphasized that TSF risks are determined not only by dam construction and
failure mechanisms, but also by the chemical nature of stored tailings, their long-term
environmental impact, and the effectiveness of remediation measures. Their review highlights that
tailings failures may generate severe downstream pollution, sediment contamination, and ecosystem
degradation [1].

A major environmental mechanism associated with tailings is acid mine drainage (AMD).
AMD is produced through the oxidation of sulfide minerals in the presence of oxygen and water,
resulting in acidification and increased metal solubility. Blowes et al. describe AMD as a
geochemical process capable of sustaining long-term contamination in mine-waste environments,
especially where sulfide-rich materials remain exposed to atmospheric and hydrological conditions
[2].

Heavy metal mobility is strongly controlled by pH, redox conditions, mineral composition,
and hydrological pathways. Under acidic conditions, metals such as Cu, Zn, Fe, Mn, Pb, Cd, and As
may become more soluble and mobile. This explains why apparently neutral water samples may not
fully reflect the real environmental risk if acidic zones exist within tailings surface layers or internal
deposits. This issue is especially important for the present study, where field and laboratory data
show neutral-to-alkaline water pH in several cases, but highly acidic surface-layer conditions in
some tailings facilities. Hydrological transport is another critical factor in tailings-related
contamination. Infiltration, seepage, surface runoff, and river connectivity can transfer pollutants
from tailings bodies into groundwater, soils, and downstream aquatic systems. This transforms
localized contamination into a broader regional environmental risk. Therefore, tailings assessment
should not be limited to chemical measurements alone, but should integrate hydrogeological context
and pollutant migration pathways. From a safety-management perspective, historical analyses show
that TSF failures often result from multiple interacting factors rather than a single technical cause.
Azam and Li’s review of tailings dam failures over the last century indicates that vulnerability is
linked to dam construction practices, sequential raising, insufficient regulation, high post-closure
maintenance costs, and extreme rainfall events [3].

Recent international governance frameworks also emphasize integrated management. The
Global Industry Standard on Tailings Management, developed by UNEP, ICMM, and PRI, stresses
that tailings facilities must be managed throughout their full lifecycle, including closure and post-

53



Bulletin Of High Technology N 1 (37) 2026.-pp.50-62. WATER SYSTEMS

V.R. Grigoryan, A.A. Vartanyan, E.V. Avanesyan, H.V. Tokmajyan
INTEGRATED ASSESSMENT OF ENVIRONMENTAL RISKS IN TAILINGS STORAGE FACILITIES BASED ON
GEOCHEMICAL AND HYDROLOGICAL ANALYSIS

closure, with the aim of preventing catastrophic failure and reducing risks to people and the
environment [4].

Tailings management frameworks have evolved significantly over the past decades,
incorporating both engineering design principles and long-term environmental considerations. The
classical work of Steven G. Vick emphasizes that the stability of tailings dams must be evaluated
not only during operation but also during closure and post-closure phases, where environmental
risks often become more pronounced [5].

In parallel, geochemical studies highlight that sulfide-rich tailings remain reactive long after
deposition. According to Dold, sulfide oxidation and secondary mineral formation control the
release of acidity and metals, leading to long-term contamination potential in mine-waste
environments [6]. These processes are strongly influenced by environmental conditions such as
moisture, oxygen availability, and temperature.

Furthermore, comprehensive assessments of mine waste systems demonstrate that
environmental impacts cannot be mitigated solely through containment strategies. As noted by
Lottermoser, effective tailings management requires a combination of geochemical stabilization,
hydrological control, and long-term monitoring [7]. This integrated approach is particularly relevant
for regions where tailings interact with surface and groundwater systems.

Hudson-Edwards, Jamieson, and Lottermoser noted that mine wastes represent one of the
largest waste streams worldwide and often contain high concentrations of elements that may
severely affect ecosystems and human health [8]. Their work supports the need to treat tailings as
long-term geochemical systems rather than inert storage materials.

Hydrological transport is another key factor in TSF risk formation. Infiltration, seepage,
surface runoff, and river connectivity can transfer pollutants from tailings into soils, groundwater,
and downstream aquatic systems. Rico et al. showed that tailings failure impacts are strongly
connected with downstream run-out and pollutant transport, supporting the inclusion of
hydrological pathways in risk assessment [9].

Modern studies also emphasize that tailings risks have socio-environmental dimensions.
Cacciuttolo and colleagues concluded that mine tailings cannot be treated as inert or harmless
materials, because they may generate toxic impacts on both communities and ecosystems [10]. This
reinforces the need for integrated environmental-risk assessment and long-term governance.

Recent global-scale analyses of tailings failures indicate that the consequences of TSF
incidents may extend far beyond the storage area and can affect river basins, settlements,
agricultural lands, and regional water security. Islam et al. considered tailings failures at a global
scale and emphasized the importance of impact assessment beyond the immediate failure site [11].

International governance frameworks now require lifecycle-based tailings management. The
Global Industry Standard on Tailings Management, developed by UNEP, ICMM, and PRI, stresses
that tailings facilities should be managed throughout design, operation, closure, and post-closure
stages to prevent catastrophic failure and minimize risks to people and the environment. This aligns
with the management component of the present article [12].

At a global scale, water systems are increasingly exposed to multiple anthropogenic
pressures, including mining-related contamination. According to Vorésmarty et al., freshwater
ecosystems are among the most threatened environmental systems, with water quality degradation
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driven by industrial pollution, land-use change, and hydrological alteration [13]. The authors
emphasize that contaminants introduced into river systems can propagate over long distances,
affecting not only local ecosystems but also regional water security and biodiversity. This
perspective is particularly relevant for tailings storage facilities, where pollutants generated within
confined areas may be transported through hydrological pathways, transforming localized
contamination into basin-scale environmental risks.

Table 2
Key research directions in tailings risk assessment
Research direction Key contribution Relevance to this study

Tailings dam failure Identifies accident causes and downstream Supports the need for integrated risk

analysis impacts assessment

Acid mine drainage Explains sulfide oxidation and pH decrease Interprets acidic surface-layer conditions

Heavy-metal mobility Links low pH with metal solubility and Supports Cu, Zn, Fe, Mn, Cr
migration interpretation

Mine-waste geochemistry | Combines pH, sulfate, conductivity, and Supports multi-parameter analysis
metals

Hydrological transport Explains runoff, seepage, and groundwater Supports contaminant migration analysis
transfer

Socio-environmental risk | Connects pollution with communities and Supports broader risk interpretation
ecosystems

Tailings governance Emphasizes lifecycle management and Supports management innovation
monitoring component

Conflict Setting

The reviewed literature shows that TSF risks are usually studied through separate
disciplinary lenses: geotechnical failure, AMD chemistry, metal mobility, hydrological transport, or
governance. However, several gaps remain. First, many monitoring approaches focus mainly on
water chemistry, although soil and surface-layer geochemistry may reveal hidden acidification
zones. Second, environmental data are often separated from management decision-making, which
limits their practical use for risk reduction. Third, few studies combine pH, metals, hydrology, and
management-oriented interpretation within one integrated framework.

The present study addresses these gaps by integrating real field and laboratory data on water
and surface-layer chemistry with a broader interpretation of environmental risk and tailings safety
management.

The aim of this study is to provide an integrated assessment of environmental risks in
tailings storage facilities based on real field and laboratory data, focusing on the interaction between
geochemical and hydrological factors.

Research Results

Study area and tailings facilities

The study was conducted across multiple tailings storage facilities (TSFs) located in mining
regions characterized by long-term ore processing and waste accumulation. The selected sites
represent different geochemical and hydrological conditions, allowing for comparative analysis of
environmental risks. The investigated tailings facilities include: Voghji, Pukhrut, Darazor,
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Dastakert, Artsvanik, Terterasar, Hankasar, Sotk. These sites were selected based on their
environmental relevance, variability of geochemical conditions, and availability of field data.

Sampling strategy

Field sampling was conducted to capture both spatial variability and environmental
heterogeneity of tailings systems.

Two main sample types were collected:

water samples (surface water and pore water);
= soil samples (surface layers of tailings deposits).

Sampling locations were selected to represent:
= different zones within tailings facilities;
= areas with potential acidification;
= zones influenced by water flow and runoff.

To ensure representativeness, samples were collected from multiple points within each site.

Table 3
Study sites and sampling matrix
Site Sample type | Parameters analyzed

Voghji Water / Soil | pH, Cu, Zn, Fe, Mn
Pukhrut Water / Soil | pH, Cu, Zn, Fe, Mn
Darazor Water / Soil | pH, Cu, Zn, Fe, Mn
Dastakert | Water / Soil | pH, Cu, Zn, Fe, Mn
Avrtsvanik | Sail pH, metals
Terterasar | Water / Soil | pH, metals
Hankasar | Water / Soil | pH, metals
Sotk Soil pH, metals

Laboratory analysis

Laboratory analyses were performed using a Photolab 7100 VIS spectrophotometer,
ensuring high precision in chemical measurements.

The following parameters were determined: pH; Electrical conductivity; Total dissolved
solids; Heavy metals (Cu, Zn, Fe, Mn, Cr and others).

Analytical methods:
= Spectrophotometric analysis;
= Standard water and soil testing procedures;
= Calibration using certified reference solutions.

Data processing and interpretation

The collected data were analyzed using a combination of:
= comparative analysis between sites;
= range-based interpretation (minimum-maximum values);
= identification of spatial variability.

Particular attention was given to:
= correlation between pH and metal concentrations;
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= differences between water and soil environments;
= jdentification of anomalous values.

Conceptual modeling approach
To interpret the environmental processes, a conceptual framework was applied linking:
= sulfide oxidation;
= acid generation;
= metal mobilization;
» hydrological transport
This approach allows the integration of geochemical and hydrological data into a unified
environmental risk model.
Reliability and limitations
The reliability of the results is supported by:
= use of calibrated laboratory equipment;
= standardized analytical procedures;
= consistency of measurements across sites.
However, several limitations should be noted:
= spatial heterogeneity of tailings systems;
= temporal variability (seasonal effects not fully captured);
= limited number of sampling points in some locations.

pH variability and acidification processes

The analysis of pH values revealed pronounced spatial variability across the investigated
tailings storage facilities. While water samples generally exhibited near-neutral conditions (pH =~
6.6—7.5), surface and soil layers showed S|gn|f|cantly lower values in certain locations.
The most critical conditions were identified
in Dastakert and Terterasar, where soil pH | -
reached extremely acidic values (down to 74 *— = . e "t -
1.32), indicating active acid mine drainage
(AMD) processes. Localized acidification
zones act as primary drivers of geochemical + 51
instability, even when bulk water conditions -
appear stable.

8.

Fig. 2 Comparison of pH values in water and

. oy eyey- 21 —e— Water pH
soil samples across tailings storage facilities

Soil pH

Voghji Pukhrut Darazor Dastakert Terterasar

Fig. 2 compares pH values between water and soil environments across the studied tailings
storage facilities. While water samples generally exhibit near-neutral conditions, soil layers show
significantly lower pH values in several sites. This discrepancy indicates the presence of localized
acidification zones that are not reflected in bulk water measurements.
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Table 4
pH distribution in ailings systems
Mn 4 00.85 Site Water Soil Interpretation
pH pH

Voghiji 6.9-74 | 75-7.8 Stable
Pukhrut 7.2-74 | 7.8-8.7 Stable
2 Darazor 7.4-7.5 4.77 Local acidification
‘ Dastakert 6.7-6.8 1.32 Extreme AMD
Terterasar 7.4-8.0 1.32 Strong
heterogeneity

Zn4 @007 ; R .
Fig. 3 Heavy metal concentrations in water
samples across selected tailings storage facilities.
The vertical line indicates a reference threshold

Cu o145 |evel
02 04 06 08 10 12 14

Concentration (mg/L)

Fig. 3 presents the distribution of heavy metal concentrations in water samples. The results show
that certain elements, particularly Cu, approach or exceed reference levels, indicating active
geochemical processes and potential environmental risk. The variability among metals reflects
differences in mobility and geochemical behavior under site-specific conditions.

Discussion

Comparison with international studies

The results obtained in this study are consistent with international findings on tailings
storage facilities, particularly regarding the dominant role of geochemical processes in
environmental risk formation.

Previous studies (e.g., Kossoff et al., 2014; Dold, 2010 [1, 6]) have shown that tailings
systems often exhibit significant spatial variability, where localized geochemical conditions may
differ substantially from bulk measurements. The present study confirms this observation: although
water samples generally display near-neutral pH values, soil layers contain highly acidic zones (pH
down to 1.32), indicating active acid mine drainage processes.

This discrepancy aligns with the findings of Nordstrom (2011), who emphasized that mine
waters may appear chemically stable while still carrying dissolved contaminants originating from
acidic microenvironments [14].

Acid mine drainage as a controlling factor

The identification of localized acidic zones highlights the critical role of acid mine drainage
(AMD) as a primary driver of contamination.

International studies have demonstrated that AMD significantly increases the solubility and
mobility of metals. Blowes et al. showed that sulfide oxidation processes lead to long-term acid
generation, which may persist even after mine closure [2].

The results of this study confirm that AMD is not uniformly distributed, but rather occurs in
localized zones, which act as “hotspots” of contamination. This finding is important because it

58



Bulletin Of High Technology N 1 (37) 2026.-pp.50-62. WATER SYSTEMS

V.R. Grigoryan, A.A. Vartanyan, E.V. Avanesyan, H.V. Tokmajyan
INTEGRATED ASSESSMENT OF ENVIRONMENTAL RISKS IN TAILINGS STORAGE FACILITIES BASED ON
GEOCHEMICAL AND HYDROLOGICAL ANALYSIS

explains why conventional monitoring based on water sampling may underestimate environmental
risk.

Heavy metal behavior and accumulation

The observed distribution of heavy metals is consistent with global research indicating that
metals tend to accumulate in solid phases rather than remain in agueous solutions.

Lottermoser (2010) demonstrated that mine wastes often act as long-term reservoirs of
contamination due to metal retention in soils and sediments. Similarly, Hudson-Edwards et al.
(2011) emphasized that mine tailings contain significant quantities of potentially toxic elements that
can be released under changing environmental conditions [7, 8].

The results of the present study clearly show that soil concentrations are significantly higher
than those in water, confirming the accumulation effect and long-term environmental persistence of
metals.

Role of hydrological processes

Hydrological transport plays a crucial role in the redistribution of contaminants.
International case studies (Rico et al., 2008; Islam et al., 2021) have demonstrated that contaminants
originating from tailings can be transported through river systems and groundwater, affecting large
areas beyond the original source [9].

The findings of this study support this mechanism, as the presence of mobile metals in water
samples indicates ongoing transport processes. This confirms that tailings-related pollution should
be considered not only as a local problem but also as a regional environmental risk.

Management implications

A key implication of this study is that environmental risk in tailings storage facilities cannot
be effectively mitigated through engineering solutions alone.

The Global Industry Standard on Tailings Management emphasizes the importance of
lifecycle-based management, including monitoring, risk assessment, and governance.

The results of this study support this approach and demonstrate that:
= monitoring must include both water and soil;
= Jocalized acidic zones must be identified,;
= geochemical data must be integrated into management decisions.

The results demonstrate that environmental stability in tailings systems is often only apparent.
While bulk water chemistry may suggest neutral conditions, underlying geochemical processes can
sustain active contamination pathways.This hidden instability represents a critical challenge for
environmental monitoring and risk assessment, as it may lead to significant underestimation of
long-term environmental impacts.

Conclusions

Main findings
1. Tailings storage facilities exhibit high spatial variability in geochemical conditions.
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2. Localized acid mine drainage zones (pH as low as 1.32) are the primary drivers of metal
mobilization.

3. Heavy metals show strong accumulation in soils, confirming their long-term environmental
persistence.

4. Hydrological processes enable the transport of contaminants beyond the tailings site,
creating regional environmental risks.
Scientific contribution

5. This study demonstrates that environmental risk assessment must integrate water and soil
data to capture hidden geochemical processes.

6. The results provide evidence that conventional monitoring approaches may underestimate
environmental risk if localized acidification zones are not considered.
Practical implications

7. Effective tailings management requires:
= integrated monitoring (water + soil);
= identification of geochemical hotspots;
= incorporation of geochemical data into management systems.
Future research

8. Further research should focus on:
= quantitative risk modeling;
= long-term monitoring systems;
= integration of geochemical and hydrological models.
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KOMIIVIEKCHASA OHEHKA 3KOJIOTUYECKHUX PUCKOB B
XBOCTOXPAHWINIIAX HA OCHOBE 'EOXUMHWYECKOI'O 1
I'mPOJIOI'MYECKOI'O AHAJIN3A

B.P. I'puropsin’, A.A. Baprausan®, J.B. Apanecan®, O.B. Tokmaxksan!

YUnemumym e00nwix npo6nem u cuopomexnuxu um. axao. M.B.Ezuazaposa
2Mocxkosckuii 2ocyoapcmsennuiii yuueepcument um. Jlomonocosa
SHayuonanvnviil ynueepcumem apxumexmypol u cmpoumenbcmea Apmenuu

[IpencraBieHa KOMIUIEKCHAS OLIEHKA KOJIOTHYECKUX PUCKOB, CBA3AHHBIX C XPaHUIUILAMU
OTXOZIOB O0OraiieHus, Ha OCHOBE IOJIEBBIX U JJAaOOPAaTOPHBIX JaHHBIX. AHAJIM3 COCPEIOTOYEH Ha
U3MeHUYMBOCTH pH, KOHUEHTpalMsx TsKEIbIX METAJIOB M THAPOJOrMYECKHX Ipoleccax,
OIPEIENIAIOIX MUTPALIMIO 3arPSA3HSAIOINX BEILECTB.

PesynbpTaThl  NMOKa3bIBAIOT ~ 3HAYUTENBHYK  [POCTPAHCTBEHHYIO  HEOJHOPOJHOCTH
TC€OXMMHUYECKUX yCIOBHUA. XOTS TPOoObI BOABI JEMOHCTPHPYIOT 3HaueHusi pH, Onuskme K
HEUTpaJbHBIM, B MIOBEPXHOCTHBIX CJIOSIX OBLIM BBISIBIECHBI KpaiiHe kucible yciosus (pH no 1,32),
YTO yKa3blBa€T Ha JIOKAJIM30BAaHHBIE IMPOLIECCHl KHUCIOTHOIO JApEHaka MIAXT. TsKesble MeTalibl
JI€MOHCTPHUPYIOT CHJIbHOE HAKOIUIEHHE B MOYBAX, MOATBEPKIas UX J0JTOBPEMEHHYIO CTOUKOCTH B
okpykatomiei cpene. MccrnenoBanue moguepkuBaeT HEOOXOJIUMOCTh KOMILJIEKCHOTO YIIpaBlICHUS
pUCKaMM, COYETAIOLIero TI'eOXMMUYECKMH MOHHUTOPHUHI, HHXKECHEpHBbIE PpEIICHUs M CTpaTeruu
yTpaBJICHUSL.

OKkojoruyeckas CTaOMIBHOCTh B XBOCTOXPAHWJIMILAX YacTO HOCHUT JIMIIb KaKyIIMHcs
xapaktep. XOTsl XUMHUYECKUN COCTaB BOJBI B 1IEJIOM MOXET yKa3blBaTh Ha HEUTpaJbHbBIE YCIOBHUS,
JeKale B OCHOBE T€OXUMUYECKUE MTPOLIECCHl MOTYT MOAJIEPKUBATH AKTUBHBIE ITyTH 3arps3HEHUS.
OTa CKpbITasg HECTAOMIIBHOCTh MPEJCTABISET COO0O0M Cephe3HYI0 MPOOJIeMYy ISl SKOJIOTUYECKOTO
MOHHUTOPHHIA U OLIEHKH PUCKOB, MMOCKOJIbKY OHA MOXET MPHUBECTH K 3HAYUTENIbHON HEJO0OICHKE
J0JATOCPOYHBIX IKOJIOTUUECKUX MOCIIEICTBHM.

KimoueBble ciioBa: XBOCTBI, KHCJIbIC MIAXTHBIC CTOKH, TAKCIIBIC MCTAJJIbI, T'MAPOJIOTHA,
AKOJIOTUYECKHUM PUCK, TCOXUMUS.
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