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Annomauus: [eben sIBISETCS OMHON 13 KPYITHENIIIMX PEK ceBepHoVi ApMeHnn. B mocienHme
rofbl HaGJTIONAIOTCSI 3aMETHbIE M3MEHEHVsI ee 3KOJIOIMUeCKOr0 COCTOSIHMS, TJIaBHBIM 06pasom
o6ycioByieHHble BiusiHueM pek L1IHox, Haarak, Axrana, Jlaasap u [l3oparet. YkazaHHbIe TTpU-
TOKM TECHO CBSI3aHbI C TOPHONOOBIBAIOIIIEN HEesSTEbHOCTHIO B pernoHe. PacCMOTpeHbI BbI-
IIEeYTIOMSIHYThIe MPUTOKM peku JlebGel ¢ rUAPOIOTUYECKON M IKOJIOTUUYECKOV TOUEK 3PeHMs,
AHAIM3UPYIOTCS ¥ OLIEHMBAIOTCS TIOKA3aTe/IM KauecTBa BOJbI B BHIOPAHHBIX ITPUTOKAX, MCCIIe-
IYETCS BIMSIHUE XO3SIICTBEHHOV [EeSITeTbHOCTY 4esioBeKa (IIPOMBIIIIEHHOCTb, B TOM YMCIIE
TOPHOMOOBIBAIONIAsT, TOPOACKIME TIOCEIeHNST) Ha 9TU TIPUTOKM, BBISIBISIIOTCS M ONPEIessiOTCS
MTOTEHIIMaTbHbIE ICTOUHMKY 3arpsisHeHus peku [lebem, a Takke MpeaiaraloTcs peKoMeHIainm
10 COXPAHEHMIO U YIYUILIEHWIO SKOJIOTMYECKON YCTOMUMBOCTY PEUHBIX CUCTEM. YCTAHOBJIEHO,
uTO B GacceitHe peku [le6en oTebHbIE YUACTKY 3arPSI3BHEHBI PA3TMUHBIMU TSKEIBIMY METaJI-
JIaM¥ OT TOPHOAOGBIBAIOIIEN IeATeTbHOCTHM, UTO MPEACTaB/ISIeT PUCK [IJIS1 3MOPOBbst HaCceIeHMs
B palioHax, TMie BOJa MCIIOIb3YEeTCS [IJISl UThEBBIX 11eJ1eli. BhISIBIEHO, UTO KaueCTBO BOMbI PEKU
Heben 3HaUMTETHHO M3MEHSIETCST HYDKE 110 TEUEHMIO Mocsie BrageHns peku 1IHOX, uto cBume-
TEJIbCTBYET O CYIIECTBEHHOM ¥ MHOTOCTOPOHHEM BjimsiHuY peku [IIHOX Ha 3KOJIOrMuecKoe Co-
crosityie peku Jle6en. OCHOBHBIMY MCTOUHMKAMU 3arpsisHeHust peku JlanBap sBstioTCs 3a6po-
IIIeHHbIe MJIV HEeYIpaBJisieMble TOPHOAOOBIBAIOIIME OTXOIbI B paioHe AJiaBepan (TEPPUTOPUS
6omee 40 ra), XBOCTOXpaHUINIIE AaBEepAVHCKOTO CYPbMSHOTO MeCTOPOXKIEHNS, TOPOICKON
MOJIUTOH TBEPIbIX ObITOBBIX OTXOAOB M MeNeIIaBWIbHbIN 3aBon B AsaBepau. Kpome Ttoro,
3aKpbIThIe XBOCTOXPAHWINIIA Y KUCJOTHBIN JPeHask U3 TpeX 3a6pOIeHHbIX PYIHUKOB B AJla-
Bepay 3HAUMUTETHbHO BMSIIOT Ha KaueCTBO PEUHON BOAbI. 3arpsi3HeHue peku JlaaBap Hemocpe-
CTBEHHO BO3JENCTBYeT Ha pbIOy U Opyrue BOAHbIE OpraHu3Mbl B peke [lebes, oTpuiiaTeibHO
BJIMSISL HA 11€JIOCTHOCTD MuIieBoi riernu. Peka Haarak Takske OKasbIBaeT 3HAUUTETHHOE BIIMSTHUE
Ha srocuctemy pexku [leGen. B 6acceiine peku HaaTtak pacrmonoskeHbl HECKOIbKO HEGOJBIINX
JEMCTBYIONINX ¥ 3a0POIIIEHHBIX PYTHUKOB 110 JOObIUE METAJUIOB, TPEUMYIIIECTBEHHO MEIN, SKe-
Jiesa M MapraHiia, a Tak)ke MeCTOPOXKIEeHMsT KBapiia ¥ M3BeCTHsIKA. VIMEIOTCs TakyKe HeOOIbIIe
MeCTHbIE Kapbepbl, KOTOPbIE TIEPUOANYECKY UCTIOIb3YIOTCS IJ1s1 CTPOUTETbHBIX U IIPOMbIIILIEH-
HBIX 11esiert. OCHOBHOE aHTPOIIOTeHHOe BO3[EeMCTBME Ha ecTeCTBeHHOe TeueHye peku Haatak
pacmpocTpaHsieTcs 6aromapsi XBOCTOXpaHWIMIy «HaaTak», KOTOpOe CIYKUT EMCTBYIOIINUM
XBOCTOXPaHWINIIEM AXTaJMHCKON oboratuTtebHoM Gabpuku. [ToayueHHbIe pe3yIbTaThl MOf-
YEepPKUBAIOT HEOOXOAVMOCTh COBEPLIEHCTBOBAHNUSI CUCTEM IKOJIOTMUYECKOTO MOHUTOPUHTA, YCH-
JIEHUSI CTPOTOTO 3aKOHOMAATETHHOTO KOHTPOJISI B OTHOILIEHUY 3arps3HUTeNeN, MOJepHMU3aNN
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Abstract: The Debed is a major river in northern Armenia, where in recent years noticeable
changes in the ecological condition of the river have been observed, mainly due to the influence
of the Shnogh, Nahatak, Akhtala, Lalvar and Dzoraget. The mentioned tributaries are closely
related to mining activities in the region. The paper examines the above-mentioned tributaries
of the Debed River from hydrological and ecological perspectives, analyzes and assesses water
quality parameters in the selected tributaries, examines the impact of human economic activity
(mining, industry, urban settlements) on these tributaries, identifies and defines potential sourc-
es of pollution of the Debed River and proposes recommendations for preserving and improv-
ing the ecological stability of river systems. It was found that in the Debed River catchment
basin, some river sites were polluted with various heavy metals originating from mining activi-
ties, which adversely affected and is risky to human health in areas where the water is used
for drinking purposes. It was revealed that investigations indicate that the water quality of the
Debed River changes significantly downstream of the Shnogh confluence, that is, the Shnogh
River has a substantial and multifaceted impact on the ecological condition of the Debed River.
The main sources of pollution in the Lalvar River are abandoned or unmanaged mining wastes
in the Alaverdi (area covering over 40 ha, the Alaverdi antimony mine tailings, the Alaverdi
municipal landfill, and the Alaverdi copper smelter. Additionally, closed mine tailings and acid
drainage from three defunct mines in Alaverdi significantly affect river water quality. Pollution
in the Lalvar River directly impacts fish and other aquatic organisms in the Debed River, nega-
tively affecting the integrity of the food chain. The Nahatak River that significantly impact the
Debed River’s ecosystem. The Nahatak catchment contains several small active and abandoned
metal mines, primarily extracting copper, iron, and manganese, as well as quartz and limestone
deposits. Are minor local mines occasionally used for construction and industrial purposes. The
main anthropogenic influence on the natural course of the Nahatak River is the Nahatak tailings
impoundment, which serves as the operational tailings facility of the Akhtala ore processing
plant. These findings this underscores the need to improve environmental monitoring systems,
enforce strict legislation against polluters, modernize water supply and wastewater treatment
infrastructure, and raise public awareness regarding environmental protection.
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Introduction

Mining activities, whether industrial or
artisanal, are often responsible for the pol-
lution of water resources, leading to sig-
nificant degradation of water quality [1].
Mining activities are commonly associ-
ated with impacts on water resources [2].
Mining plays an important role in national
economy and on the other hand mining ad-
versely impact our environment. The envi-
ronmental problems arising due to mining
activities are land degradation, degrada-
tion of forest and loss of biodiversity, soil
contamination, air pollution, surface and
ground water pollution, noise and vibra-
tions, deterioration of natural drainage sys-
tem. Perhaps the most significant impact
of a mining is, its effects on water resourc-
es. The impact of mining on surface and
groundwater is due to spillailing, erosion,
sedimentation, acid mine drainage, lower-
ing of water table, subsidence, disturbance
on hydrological cycle and rainfall [3].
Mining activities are directly affecting the
loss of groundwater resources. Findings
show that in arid regions, it is crucial to
regularly revise environmental effects of
water-intense mining activities to ensure
sustainable water use and to lessen risks to
nearby ecosystems and local communities
[4]. The mining activity of the regions sig-
nificantly affects their sustainable develop-
ment. It can be a source of employment for
local residents, a source of state income,
an engine of economic growth and devel-
opment of remote areas. However, signifi-
cant environmental impacts and inequita-
ble distribution of economic benefits can
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exacerbate instability and cause conflict.
Each problem of the mining industry is lo-
cal, but the fundamental issues of mining
in the relevant format are international in
nature [5]. The rapid expansion of the min-
ing industry, while propelling economic
growth, has concurrently inflicted severe
damage on local ecosystems. The challenge
of harmonizing the exploitation of mineral
resources with the preservation of ecologi-
cal environments is critical, particularly in
densely mined regions, where achieving
sustainable development is an urgent issue
that demands immediate resolution [6].

Investigating the mechanisms behind
the impactof heavy metal pollutiononaqua-
tic ecosystems is urgently required. Due
to increasing growth in the mining sector,
pollution has become a serious threat to
water resources and aquatic biodiversity
and is causing unfavorable environmen-
tal changes and human health hazards [7].
Rapid urbanization and industrialization
have caused the degradation of air, water,
and soil quality in most parts of the world
[8]. Modern industrial production results
in toxic effects on biota that appears to be
one of the main factors of manmade eco-
logical risk [9].

For the minerals industry, which is wa-
ter-intensive, there are two main impacts
arising from water consumption. The first
is associated with the impacts of quanti-
tative depletion of freshwater within an
aquifer or catchment, while the second is
related to the degradation of water quality
[10]. Many mining operations in the river
basin have led to several studies that look



at the environmental risks of mining and
how it affects river and sediment pollu-
tion [11—14]. A high content of heavy
metals in the stream sediments as well as
in a number of tailings with gangue and
material from the ore processing, poses a
great potential threat to the downstream
water users. Environmental changes such
as global warming or increased mining ac-
tivity may increase the mobility of these
pools of heavy metals [15].

Macrozoobenthic parameters, support-
ed by cluster analysis and PCA, confirmed
the noticeable hydroecological deteriora-
tion and taxonomic simplification. These
findings underscore the need for stricter
regulations on mining discharges to safe-
guard freshwater ecosystems and biodi-
versity [16].

Armenia’s Debed River Catchment
Area one of the industrial centers in Ar-
menia which stands out mining and metal-
lurgical industries.

The chemical composition of the Debed
River’s water, as well as its biodiversity
and overall ecological stability, are signifi-
cantly influenced by its tributaries, includ-
ing the Shnogh, Nahatak, Akhtala, Lalvar,
and Katnaghbyur rivers. At the same time,
mining and agricultural activities in the
area, wastewater discharges from nearby
settlements, and deforestation also contri-
bute to changes in the quality of the aquatic
system. In particular, a high risk of heavy
metal contamination is observed in the
Shnogh and Akhtala catchments. Therefo-
re, an integrated study of the Debed River
and its tributaries enables a comprehen-
sive assessment of the current state of the
regional aquatic ecosystem, its key chal-
lenges, and the necessary directions for ef-
fective water resource management.

The aim of this study is to assess the im-
pact of the Akhtala, Shnogh, Katnaghbyur,
Lalvar, and Nahatak rivers on the ecologi-
cal status of the Debed River. The study
seeks to determine how pollutants intro-

duced via the waters of these tributaries af-
fect the water quality of the Debed River,
as well as the stability and biodiversity of
its aquatic ecosystem.

To achieve this aim, the following ob-
jectives were formulated and addressed:

* to characterize the above-mentioned
tributaries of the Debed River from hydro-
logical and ecological perspectives;

* to analyze and assess the water qual-
ity parameters of the selected tributaries;

e to collect and analyze information
on the impacts of human economic activi-
ties (mining, industry, urban settlements)
on these tributaries;

e to identify and determine potential
sources of pollution in the Debed River;

» to propose recommendations for the
preservation and improvement of the eco-
logical stability of the river systems.

Gevorgyan et al. [7] investigated and
assessed the environmental risks of heavy
metal contamination in the Debed River
ecosystem, as well as their qualitative and
quantitative characteristics, based on wa-
ter samples collected from high-risk sites
within the Debed River basin during May
and August of 2013 and 2014. The results
demonstrated that, at numerous locations
within the Debed River catchment, river
waters were contaminated with various
heavy metals primarily induced by mining
activities. This contamination adversely af-
fected macrozoobenthos development and
posed potential risks to human health,
particularly where river water is used for
drinking purposes [17]. Mining activities
were identified as the most harmful an-
thropogenic pressure within the drainage
basin. In contrast, the ecological status of
river sections influenced mainly by agri-
cultural practices and domestic wastewater
discharges was comparatively better [18].

The material of the work solves a com-
plex of environmental and economic prob-
lems. It is aimed at ensuring environmen-
tal safety, improving the ecological and
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resource properties of soils, increasing the
productivity of cultural phytocenoses and
the sanitary and hygienic quality of food
products [19]. The material of the work
solves a complex of environmental and
economic problems. It is aimed at ensur-
ing environmental safety, improving the
ecological and resource properties of soils,
increasing the productivity of cultural phy-
tocenoses and the sanitary and hygienic
quality of food products.

Object of the study

The Debed River is one of the most
important rivers in Armenia [20—23]. It
originates in the Lori Province and flows
northward, crossing the border between the
Republic of Armenia and Georgia, where it
joins the Khrami River. The total length of
the Debed River is approximately 178 km,
of which about 152 km Llies within the terri-
tory of Armenia. The river basin represents
a large hydrographic system encompass-
ing numerous tributaries that collectively
form the Debed River’s flow regime. The
Debed River has more than 30 major and
medium-sized tributaries, among which
the most ecologically significant are the
Shnogh, Nahatak, Akhtala, Lalvar, and
Katnaghbyur rivers (Figure). These tribu-
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taries are characterized by diverse sources
of recharge, ranging from natural moun-
tain springs to flows influenced by indus-
trial activities.

The Debed catchment area is situated in
Lori Province in northern Armenia and lies
between 41°15" and 40°41' north latitude
and 43°56' and 44°57' east longitude. The
catchment area is surrounded by the moun-
tain ranges of Virahayoc from the north,
Pambak from the south and the southeast,
Javakhqg from the west, and Gugarac from
the east. The surface area of the catch-
ment basin in the territory of Armenia is
3790 km? and includes the territory of Lori
Province. It belongs to the basin of the
transboundary Kura River. The total length
of the Debed and its tributary, the Pambak,
is 178 km, 152 km of which are located
within Armenia. Due to the geographi-
cal position, hypsometric fluctuations, at-
mospheric circulation, and complicated
mountain relief of the Debed basin, a com-
paratively mild and humid climate is found
in the area. The highest average monthly
temperature is recorded in August, ranging
from 32 to 38 °C, and the lowest in January,
ranging from =36 to -22 °C. Due to the
geological and hydrogeological structure,
relief characteristics, and heavy precipita-



tion of the Debed catchment area, it is cha-
racterized by a dense hydrographic net-
work. In the catchment area, the Pambak
and Dzoraget are lowland rivers, the Debed
is a mountain and lowland river, and others
(small rivers) are mainly mountain rivers.

The Akhtala River flows through the
Lori Province and discharges into the De-
bed River within the territory of Akhtala
town, which is known for its mineral re-
sources and mining history. The surface
water quality monitoring site on the Ak-
htala River is numbered 14.

The Shnogh River is the largest and one
of the most ecologically significant tribu-
taries of the Debed River. It originates from
the Gugark Mountains and flows from east
to west, joining the Debed near the vil-
lage of Shnogh. The surface water quality
monitoring site on the Shnogh River is
numbered 343, where regular sampling is
conducted. The Shnogh River catchment
is located within the Lori Province.

Katnaghbyur is an important tributary
of the Dzoraget River, joining it upstream
of Stepanavan town, after passing the vil-
lage of Armanis. The Dzoraget River is the
longest (approximately 67 km) and one
of the most significant tributaries of the
Debed River. It originates from the high-
lands of Lori and flows from west to east,
joining the Pambak River near the settle-
ment of Tumanyan. The surface water qua-
lity monitoring site on the Katnaghbyur
River is numbered 366.

The Lalvar River is a left-bank tributary
of the Debed River, originating from the
slopes of the Virahayots mountain range.
The surface water quality monitoring site
on the Lalvar River is numbered 368. The
river flows through the village of Madan,
where the main economic activities are
mining and, to a lesser extent, agriculture.
The Lalvar River joins the Debed River in
Alaverdi town. Despite its relatively short
length (15 km), it plays a significant role
in the ecological status of the Debed River,

particularly in terms of local pollution and
flow formation.

The Nahatak River is a small river
flowing through the Lori Province, with
a length of 8.5 km. It originates from the
southern slopes of the Virahayots moun-
tains and discharges into the Debed River
near the village of Mets Ayrum. The Naha-
tak River has substantial local ecological
and socio-economic importance, as nearby
settlements and agricultural lands rely on
its water resources for drinking, irrigation,
energy, and domestic purposes. The sur-
face water quality monitoring site on the
Nahatak River is numbered 373.

Materials and Methods

The primary data for this study were
obtained from surface water quality moni-
toring of the Akhtala and Shnogh tribu-
taries of the Debed River, based on sam-
ples collected between 2015 and 2024.
These samples were subsequently analy-
zed at the laboratory of the “Center for
Hydrometeorology and Monitoring” of the
Republic of Armenia. As mentioned above,
the monitoring site numbers for the rivers
under investigation correspond to the sam-
pling locations. It should be noted that sites
366, 368, and 373 are not included in the
national surface water monitoring network.

The water quality of the studied rivers
was assessed in accordance with the stan-
dards established for rivers within the
Debed River basin of the Northern Water
Basin Management Area, as defined by the
Decision N 1211-N of the RA Government
dated 22 July 2021 (Appendix N 3). Ac-
cording to Decision No. 75-N of the RA
Government dated 27 January 2011, five
classes of river water quality are distin-
guished: 1st class — excellent quality, 2nd
class — good quality, 3rd class — modera-
te quality, 4th class — poor quality, and
5th class — bad quality. The overall water
quality rating for each site was determined
based on the worst-performing parameter.
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The study employed an integrated me-
thodology, combining both theoretical and
practical approaches. Field investigations,
laboratory analyses, comparative assess-
ments, and geospatial methods, including
mapping and GIS analysis, were applied.
Field surveys included site inspections
and water sampling during different sea-
sons (spring and summer). Laboratory ana-
lyses (where data were available) were
performed to determine physico-chemi-
cal parameters, including pH, dissolved
oxygen, heavy metals, nitrates, and phos-
phates. Using cartographic and GIS-based
methods, the locations of tributaries, set-
tlements, and industrial sites were identi-
fied, and their spatial relationships were
analyzed. Comparative analyses were con-
ducted to evaluate inter-ecological differ-
ences among the tributaries.

Mathematical statistics methods were
also used to process the data (R/S analysis),
as a result of which table 1 was compiled.

Results and Discussion

The study resulted in a compiled table
summarizing the concentrations of dis-
solved metals (Li, Be, B, Na, Mg, Al, P,
K, Ca, Ti, V, Cr, Fe, Mn, Co, Ni, Cu, Zn,
As, Se, Sr, Mo, Cd, Sn, Sb, Ba, Pb, Bi, U),
physico-chemical parameters (electrical
conductivity, salinity, pH), anions (sulfa-
te, chloride, nitrate, phosphate), and sus-
pended solids for the Akhtala and Shnogh
tributaries (2015-2024) as well as the
Katnaghbyur, Lalvar, and Nahatak rivers
(2021-2024) (Table 1).

From Table 1, it is evident that the an-
nual mean concentrations of the analyzed
parameters vary considerably across the
studied rivers and do not consistently fol-
low the patterns of hydrological flow re-
gimes. According to the data, suspended
solids range from 47.7 mg/L (Katnaghbyur)
to 290.8 mg/L (Akhtala), sulfate from
58.4 mg/L (Katnaghbyur) to 522.0 mg/L
(Nahatak), phosphate from 0.0400 mg/L
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(Katnaghbyur) to 0.1472 mg/L (Lalvar),
and copper from 0.0098 mg/L (Nahatak)
to 0.5103 mg/L (Lalvar), among other pa-
rameters. These variations indicate signifi-
cant spatial and temporal heterogeneity in
water quality among the tributaries of the
Debed River.

The Akhtala River is primarily known
for the extraction of limestone and metal
ores, particularly antimony, copper, and
molybdenum. Mining activities began in
the 19th century and continue today in
various forms, including small-scale op-
erations and local ore extraction. These
activities may lead to water pollution, es-
pecially through wastewater and sediments
discharged into the Akhtala River and sub-
sequently into the Debed River, causing
significant ecological impacts on the river
ecosystem.

According to the analysis of field ob-
servations from 2015 to 2024, the water
quality of the Akhtala River has been
classified as “poor” (5th class), primarily
due to elevated concentrations of sulfate,
lithium, manganese, cobalt, zinc, copper,
molybdenum, cadmium, and suspended
solids. Similarly, based on the 2024 as-
sessment by the “Hayhydromet” CJSC,
the water quality in the riverbed section
of the Akhtala River was also classified
as “poor” (5th class), mainly due to zinc,
copper, cadmium, manganese, cobalt, sul-
fate, and suspended solids.

Furthermore, the analysis of 2015-2024
observational data indicates an increasing
trend in the concentrations of suspended
solids, sulfate, electrical conductivity, to-
tal dissolved solids, pH, and most metals
in the Akhtala River, with the exception of
B, Na, Sr, Mo, Sb, and Pb.

The Shnogh River catchment is located
in the Lori Province and flows through the
settlements of Shnogh and Teghut, as well
as industrial areas. The Shnogh catchment
is characterized by mountainous terrain,
dense forest cover, and active mining opera-



Table 1

Annual mean concentrations of water quality parameters in the Akhtala, Shnogh,

Katnaghbyur, Lalvar, and Nahatak rivers flowing into the Debed River

CpenHerogoBble KOHLEHTpaLMuu NapamMeTpoB Ka4ecTBa BoAbl B pekax Axtana, LUHor,
KartHar6rop, Jlansap n Haxatak, Bnagarownx B pexy [eben

For the Water quality parameters
monitoring |g,spended| Sulfate | Chloride | Nitrate |Phosphate| Electrical | Total dis-
site solids, | ion, mg/L | ion, mg/L ion, ion, conducti- | solved so-
mg/L mg N/L mg/L | vity, uS/cm | lids, mg/L
14 290.8 498.2 14.2 2.05 0.0473 1101 716
343 177.4 183.4 9.54 2.25 0.1397 662 430
366 47.7 58.4 1.08 0.31 0.0400 271 176
368 86.8 359.4 5.13 0.43 0.1472 830 540
373 485 522.0 11.9 4.82 0.1065 1206 784
F‘;;rtlhn‘;r;‘t’:' pH | Li,mg/L | Be,mg/L B, mg/L  Na,mg/L | Mg, mg/L AL mg/L
14 8.08 0.0101 | 0.00008 | 0.1636 38.9 41.0 0.55
343 8.41 0.0017 | 0.00006 | 0.0852 29.5 18.4 0.36
366 8.12 0.0010 | 0.00010 | 0.0199 422 8.38 0.81
368 8.22 0.0028 | 0.00010 | 0.0967 15.2 330 2.18
373 8.31 0.0027 | 0.00010 | 0.4221 62.1 38.1 0.38
F‘,:;:Ihn;“s‘l‘t’:' P,mg/L | K,mg/L | Ca,mg/L | Ti,mg/L | V,mg/L | Cr,mg/L | Fe, mg/L
14 0.0431 3.66 1448 | 0.0035 | 0.0007 | 0.0010 | 0.6411
343 0.0741 3.32 89.2 0.0130 | 0.0028 | 0.0014 | 0.5435
366 0.0157 0.80 345 0.0044 | 0.0008 | 0.0006 | 0.5131
368 0.0231 1.76 107 0.0066 | 0.0009 | 0.0010 | 2.0366
373 0.0214 9.00 173 0.0087 | 0.0028 | 0.0015 | 0.8583
F‘;;rtlhn‘;’;‘l‘t’:' Mn, mg/L | Co, mg/L | Ni, mg/L | Cu, mg/L | Zn, mg/L | As, mg/L | Se, mg/L
14 07779 | 0.0135 | 0.0081 | 0.1859 | 1.8449 | 0.0008 | 0.0025
343 0.0608 | 0.0011 | 0.0031 | 0.0943 | 0.0078 | 0.0008 | 0.0022
366 2.5444 | 00139 | 0.0067 | 0.0161 | 0.6575 | 0.0004 | 0.0012
368 0.3774 | 0.0085 | 0.0066 | 0.5103 | 07925 | 0.0015 | 0.0023
373 0.1126 | 0.0009 | 0.0060 | 0.0098 | 0.0114 | 0.0019 | 0.0051
F‘;;:Ihn‘;r;‘t’:' Sr,mg/L | Mo, mg/L | Cd, mg/L | Sn, mg/L | Sb,mg/L | Ba, mg/L | Pb, mg/L
14 0.6126 | 0.0082 | 0.02188 | 0.00041 | 0.00033 | 0.0276 | 0.00126
343 0.4788 | 0.0456 | 0.00027 | 0.00042 | 0.00017 | 0.0393 | 0.00042
366 01012 | 0.0005 | 0.00715 | 0.00100 | 0.00010 | 0.0154 | 0.00092
368 0.3510 | 0.0008 | 0.00402 | 0.00097 | 0.00027 | 0.0157 | 0.00222
373 0.9907 | 0.0309 | 0.00013 | 0.00100 | 0.00038 | 0.0419 | 0.00032
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Table 2

Water quality of the Akhtala, Shnogh, Katnaghbyur, Lalvar, and Nahatak rivers
according to the respective parameters
KauecTBo Boabl B pekax Axtana, LLIHox, KaTtHax6top, JlanBap n HaxaTak
B COOTBETCTBMM C yKa3zaHHbIMM NapamMeTpammn

For the Water quality by parameters
monitoring |gyspend-| Sulfate | Chloride| Nitrate | Phos- | Electrical| Total dis- [Suspended
site ed solids,| ion, ion, ion, |phate ion,/conductiv-|solved sol-| solids,
mg/L mg/L mg/L | mgN/L | mg/L |ity, uS/cm|ids, mg/L| mg/L
14 290.8 498.2 14.2 2.05 0.0473 1101 716 0.00033
343 177.4 183.4 9.54 2.25 0.1397 662 430 0.00017
366 47.7 58.4 1.08 0.31 0.0400 271 176 0.00010
368 86.8 359.4 5.13 0.43 0.1472 830 540 0.00027
373 48.5 522.0 11.9 4.82 0.1065 1206 784 0.00038
:I‘:;:Ihneg’;‘:t’e Pb, mg/L | Li, mg/L | Be,ng/L | B, mg/L |Na, mg/L| Mg, mg/L| AL, mg/L | Mo, mg/L
14 0.00126 | 0.0101 | 0.00008 | 0.1636 38.9 41.0 0.55 0.0082
343 0.00042 | 0.0017 | 0.00006 | 0.0852 29.5 18.4 0.36 0.0456
366 0.00092 | 0.0010 | 0.00010 | 0.0199 4.22 8.38 0.81 0.0005
368 0.00222 | 0.0028 | 0.00010 | 0.0967 15.2 33.0 2.18 0.0008
373 0.00032 | 0.0027 | 0.00010 | 0.4221 62.1 38.1 0.38 0.0309
:i(.)t;:ihnegn:i:; P, mg/L | K, mg/L | Ca,mg/L | Ba,mg/L | V, mg/L | Cr, mg/L | Fe, mg/L | Cd, mg/L
14 0.0431 3.66 144.8 | 0.0276 | 0.0007 | 0.0010 | 0.6411 | 0.02188
343 0.0741 3.32 89.2 0.0393 | 0.0028 | 0.0014 | 0.5435 | 0.00027
366 0.0157 0.80 34.5 0.0154 | 0.0008 | 0.0006 | 0.5131 | 0.00715
368 0.0231 1.76 107 0.0157 | 0.0009 | 0.0010 | 2.0366 | 0.00402
373 0.0214 9.00 173 0.0419 | 0.0028 | 0.0015 | 0.8583 | 0.00013
:I‘:;:Ihneg’;‘l‘t’e Mn, mg/L| Co, mg/L | Ni, mg/L | Cu,mg/L | Zn, mg/L| As, mg/L | Se, mg/L | Sn, mg/L
14 0.7779 | 0.0135 | 0.0081 | 0.1859 | 1.8449 | 0.0008 | 0.0025 | 0.00041
343 0.0608 | 0.0011 | 0.0031 | 0.0943 | 0.0078 | 0.0008 | 0.0022 | 0.00042
366 2.5444 | 0.0139 | 0.0067 | 0.0161 | 0.6575 | 0.0004 | 0.0012 | 0.00100
368 0.3774 | 0.0085 | 0.0066 | 0.5103 | 0.7925 | 0.0015 | 0.0023 | 0.00097
373 0.1126 | 0.0009 | 0.0060 | 0.0098 | 0.0114 | 0.0019 | 0.0051 | 0.00100

tions. The Shnogh copper-molybdenum
mine and its associated facilities are the
main sources of river pollution. Discharge
of industrial wastewater into the Shnogh
River increases the concentrations of
heavy metals (e.g., copper, molybdenum,
iron) in the water, negatively affecting not
only the Shnogh River itself but also the
ecological status of the Debed River.
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In addition to industrial pollution, the
Shnogh River receives domestic and agri-
cultural wastewater. Sewage from nearby
settlements, along with runoff from live-
stock and agricultural activities, contrib-
utes to nutrient enrichment (nitrates, phos-
phates), promoting excessive biological
activity and eutrophication in the river. The
analysis of field observations from 2015



to 2024 indicates that most water qual-
ity parameters in the studied rivers show
an increasing trend, with the exception of
suspended solids, phosphate ion, sodium,
phosphorus, potassium, vanadium, zinc,
arsenic, selenium, molybdenum, boron,
cadmium, and copper.

Specifically, the water quality of the
Shnogh River has been assessed as “poor”
(5th class) due to elevated concentrations
of molybdenum and suspended solids, and
as “insufficient” (4th class) due to copper
and sulfate ions, based on the 2015-2024
observational data. According to the 2024
assessment by “Hayhydromet” CJSC, the
water quality in the riverbed section of the
Shnogh River was also classified as “poor”
(5th class), primarily influenced by cop-
per, molybdenum, sulfate, and suspended
solids.

The Katnaghbyur River, a tributary of
the Dzoraget River, originates from the
northern slopes of the Gugark Mountains
and joins the Dzoraget approximately 2 km
northeast of the Katnaghbyur settlement.
Despite its relatively small size, the river is
also affected by agricultural and domestic
pollution. During the agricultural season, it
receives residual fertilizers and pesticides,
while untreated or poorly treated domestic
wastewater is discharged from nearby set-
tlements. The main source of pollution is
the influence of the Armanis copper—poly-
metallic mine and its associated process-
ing plant. Waters from the Katnaghbyur
River increase both the flow and pollution
load of the Dzoraget River, which subse-
quently flows into the Debed River.

The Dzoraget River flows through ag-
ricultural areas, subjecting it to combined
urban and agricultural pressures. It ex-
hibits seasonally variable flow, with high
water volumes during spring-summer pre-
cipitation events. During this period, the
river’s self-purification capacity is high;
however, pollutant loads are also substan-
tial, as runoff transports large quantities of

domestic and solid waste residues. In con-
trast, during winter, river flow decreases,
but pollutant concentrations may increase
due to lower dilution.

As the Dzoraget flows through urban
settlements, it receives significant amounts
of domestic and industrial effluents. Due
to the insufficient operation of municipal
wastewater treatment plants, the river is
contaminated with organic matter, phos-
phates, nitrates, minerals, as well as mi-
crobiological pollutants (e.g., E. coli, in-
testinal bacteria). All these pollutants are
eventually transported into the Debed Ri-
ver, further deteriorating its water quality.

The Dzoraget River, upon joining the
Debed River, significantly affects the lat-
ter’s chemical composition by increasing
total dissolved solids, reducing dissolved
oxygen concentrations, elevating the risk
associated with biodegradable substances
and ammonium, and altering pH levels.
Pollutants transferred from the Dzoraget
River, particularly from the Katnaghbyur
tributary, may pose several ecological risks,
including eutrophication due to nutrient
enrichment and excessive algal growth,
a decline in aquatic biodiversity due to ox-
ygen depletion, and potential human health
risks, especially in areas where Debed wa-
ter is used for drinking or irrigation.

Analysis of field observations from
2021 to 2024 indicates an increasing trend
in most water quality parameters in the
Katnaghbyur River, including suspended
solids, phosphate, aluminum, phosphorus,
potassium, titanium, vanadium, chromium,
iron, nickel, copper, arsenic, selenium, mo-
lybdenum, boron, and barium. Based on
these observations, the water quality of
the Katnaghbyur River was classified as
“poor” (5th class) due to cadmium, man-
ganese, cobalt, zinc, and boron, and as “in-
sufficient” (4th class) due to beryllium.

Analysis of 2021-2024 observational
data shows increasing trends in most wa-
ter quality parameters of the Lalvar River,
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including nitrate and phosphate ions, pH,
beryllium, sodium, phosphorus, potas-
sium, titanium, vanadium, molybdenum,
boron, antimony, and barium. The water
quality of the Lalvar River has been clas-
sified as “poor” (5th class) due to sulfate,
iron, manganese, copper, zinc, and anti-
mony, and as “insufficient” (4th class) due
to suspended solids, lithium, beryllium,
aluminum, cadmium, and cobalt.

The Nahatak River flows into the Debed
River, transporting heavy metals and acid-
ic drainage that significantly impact the
Debed River’s ecosystem. Analysis of
field observations from 2021 to 2023 in-
dicates an increasing trend in most water
quality parameters of the Nahatak River,
with exceptions including suspended sol-
ids, beryllium, aluminum, potassium, tita-
nium, vanadium, chromium, manganese,
cobalt, copper, zinc, selenium, molybde-
num, cadmium, boron, and copper. Based
on these observations, the water quality of
the Nahatak River has been classified as
“poor” (5th class) due to sulfate, iron, man-
ganese, copper, zinc, and antimony, and as
“insufficient” (4th class) due to suspended
solids, lithium, beryllium, aluminum, cad-
mium, and cobalt.

According to the conducted field and
laboratory studies, the water quality of the
Akhtala, Shnogh, Katnaghbyur, Lalvar,
and Nahatak rivers, evaluated according to
hydrochemical and ecological indicators,
was classified as 5th class (“poor” qual-
ity), indicating that the taxonomic compo-
sition and biodiversity are severely devi-
ated from natural, unimpacted conditions.

Due to mining and metallurgical indus-
trial activities and the insufficient manage-
ment of industrial waste and wastewater,
the river ecosystems in these territory were
exposed to heavy metal pollution. This is
also evidenced by other studies [7, 17].
And the latter has its impact on the biodi-
versity of the rivers under consideration.
Therefore, a decrease in the species diver-
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sity of planktonic algae in the investigated
rivers was mainly conditioned by the im-
pact of heavy metal pollution induced by
mining and metallurgical industrial activi-
ties in the Debed River catchment basins.

Conclusion

The results showed that in the Debed
River catchment basin, many rivers at
multiple sites were polluted with various
heavy metals originating from mining ac-
tivities, which adversely affected macro-
zoobenthos development and posed risks
to human health in areas where the water
is used for drinking purposes.

Suspended solids range from 47.7 mg/L
(Katnaghbyur) to 290.8 mg/L (Akhtala),
sulfate from 58.4 mg/L (Katnaghbyur) to
522.0 mg/L (Nahatak), phosphate from
0.0400 mg/L (Katnaghbyur) to 0.1472 mg/L
(Lalvar), and copper from 0.0098 mg/L
(Nahatak) to 0.5103 mg/L (Lalvar), among
other parameters. These variations indica-
te significant spatial and temporal hetero-
geneity in water quality among the tribu-
taries of the Debed River.

According to the analysis of field ob-
servations from 2015 to 2024, the water
quality of the Akhtala River has been clas-
sified as “poor” (5th class), primarily due to
elevated concentrations of sulfate, Lithium,
manganese, cobalt, zinc, copper, molybde-
num, cadmium, and suspended solids.

The water quality of the Shnogh River
has been assessed as “poor” (5th class) due
to elevated concentrations of molybdenum
and suspended solids, and as “insufficient”
(4th class) due to copper and sulfate ions,
based on the 2015-2024 observational data.

The water quality of the Katnaghbyur
River was classified as “poor” (5th class)
due to cadmium, manganese, cobalt, zinc,
and boron, and as “insufficient” (4th class)
due to beryllium.

The water quality of the Lalvar River
has been classified as “poor” (5th class) due
to sulfate, iron, manganese, copper, zinc,



and antimony, and as “insufficient” (4th
class) due to suspended solids, lithium, be-
ryllium, aluminum, cadmium, and cobalt.

The water quality of the Nahatak River
has been classified as “poor” (5th class) due
to sulfate, iron, manganese, copper, zinc,
and antimony, and as “insufficient” (4th
class) due to suspended solids, lithium, be-
ryllium, aluminum, cadmium, and cobalt.

The ecological status of the Debed Ri-
ver largely depends on the characteristics
of its tributaries. In the Akhtala, Shnogh,
Katnaghbyur, Lalvar, and Nahatak rivers,
the impact of anthropogenic pressures is
evident, manifested as chemical pollution,
biodiversity loss, and ecosystem imbalan-
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ce. Thatrivers, evaluated according to hyd-
rochemical and ecological indicators, was
classified as 5th class (“poor” quality), in-
dicating that the taxonomic composition
and biodiversity are severely deviated from
natural, unimpacted conditions.

The following measures are necessary:

o Establish and enhance an effective
monitoring system for continuous water
quality observation of the tributaries;

* Reduce industrial discharges, parti-
cularly in the Akhtala area;

e Develop community wastewater and
solid waste management infrastructure;

» Restore degraded ecosystems through
appropriate rehabilitation programs.
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