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ASSESSMENT OF HEAVY METAL POLLUTION
IN THE SOTK AND DZKNAGET RIVERS (ARMENIA)

G. A. KHACHATRYAN *
Scientific Center of Zoology and Hydroecology, NAS of RA, Armenia

This study examines the spatial and temporal variability of heavy metal
contamination in the Dzknaget and Sotk Rivers in 2023 and 2024, applying the
Heavy Metal Pollution Index (HMPI) and the Metal Index (MI). The concentrations
of seven heavy metals (Al, Cd, Fe, Pb, Cr, Ni, Zn) were assessed in three river
sections: the upper (Dzk-1) and lower (Dzk-2) reaches of the Dzknaget River, and
the lower reach of the Sotk River (Sot-2). The results show consistently low
contamination levels at Dzk-1, indicating limited human impact, whereas
significantly higher HMPI and MI values at Dzk-2 and Sot-2 point to substantial
pollution. Comparative analysis according to World Health Organization (WHO),
Food and Agriculture Organization (FAO), and local standards reveals notable
differences in contamination classification. Based on FAO criteria, the irrigation
risk is considered low, while WHO and local standards indicate more serious
ecological and health risks. The observed decrease in contamination in the Sot-2
section in 2024 may suggest some improvement in water quality. Overall, the
results emphasize the need for multi-layered assessment frameworks, continuous
monitoring, targeted pollution control, and stricter environmental regulations to
protect aquatic ecosystems and water resources.
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Introduction. Water is one of the most vital natural resources that sustain life
on Earth. Its significance extends beyond mere availability; its quality is crucial for
various uses, such as drinking, irrigation, and domestic needs [1]. The quality of
water bodies can vary greatly, influenced by geographical conditions, pollution
sources, and environmental factors. “Water quality” encompasses the chemical,
physical, and biological characteristics of water, reflecting its suitability for intended
uses [2]. In the modern era, water pollution by heavy metals (HMs) has become an
urgent global environmental issue. When the levels of certain HMs exceed
acceptable thresholds, they can have harmful effects on both human health and
ecosystems [3]. HMs primarily enter water systems through significant discharges
of domestic and industrial wastewater, as well as agricultural runoff [4]. In addition
to anthropogenic sources, natural processes such as volcanic eruptions, weathering
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of bedrock, and erosion of mineral-rich soils also contribute to the presence of HMs
in water bodies [5].

Among all water sources, surface waters are the most susceptible to pollution,
as they are directly exposed to various forms of wastewater discharge. As a result,
rivers and lakes around the world face increasing threats from HM pollution,
primarily due to rapid urbanization, industrial growth, and inadequate sanitation
infrastructure [6]. HMs are considered some of the most dangerous environmental
pollutants due to their high toxicity, chemical stability, and non-biodegradable nature
[7]. Although some metals, such as Zn, Cu, Fe, and Mn, play important roles in the
metabolic functions of living organisms, their accumulation in high concentrations
can pose serious threats to biological systems [8]. Given their potential for
bioaccumulation and biomagnification through aquatic food chains, monitoring
HMs in rivers and lakes is essential [9].

Effective water resource management, therefore, requires regular assessments
to identify the sources of HMs and their ecological impacts. In this context, water
quality assessment is a key component of sustainable environmental management.

The Dzknaget and Sotk Rivers are among the most important rivers flowing
into Lake Sevan, with their waters used for irrigation, industry, and supporting
aquatic life. However, few studies have been conducted to assess their quality
concerning HMs. This study aims to evaluate water quality pollution by HMs using
methods such as the Heavy Metal Pollution Index (HPI) and the Metal Index (Ml).
The results of this research are expected to attract the attention of local and federal
authorities.

Materials and Methods.

Study Area. There are 993 rivers and streams in the Lake Sevan basin, with
a total length of approximately 2.687 km. The source of the Dzknaget River (length:
22 km, area: 86.3 km?, average basin elevation: 2202 m, average annual discharge:
1.08 m¥s, flow modulus: 13.08 I/s:-km?) is located at an altitude of 2310 m,
originates at the junction of the Pambak and Areguni Mountains and flows in a
southeasterly direction. In the local drainage zone of the upper river basin, middle-
to-upper Quaternary andesite-dacite, andesite, and andesite-basalt formations are
widespread. In the lower reaches, the river traverses Paleogene terrigenous and
volcanic-sedimentary formations, including sandstones, conglomerates, porphyrites,
tuff breccias, and tuff conglomerates, which are locally hydrothermally altered.
The Sotk River (length: 20 km, area: 59.5 km?, average basin elevation: 2390 m,
average annual discharge: 0.55 m®s) originates on the western slope of the Sevan
Mountain range at an altitude of 2400 m and flows from east to west. The Sotk River
in its upper reaches (mainly in the mine area) forms typical V-shaped canyons with
steep sides, which are mainly composed of ultramafic rocks. The circulation of
groundwater mainly occurs through a complex of rocks of basal and ultramafic
composition. These rocks occupy approximately two-thirds of the study area
[10, 11].

The locations of the sampling points are shown in Fig. 1, with detailed
information summarized in Tab. 1.
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Table 1
Summary of the sampling points
River Sampling The location of the Geographic
name point sampling point coordinates
Dzknaget Dzk-1 Upstream, 0.5 km above E44.89219, N40.65306
v. Semyonovka
Dzknaget Dzk-2 Downstream E44.96272, N40.61709
Sotk Sot-2 Downstream E45.85186, N40.20072

Sampling of River Water. A total of 47 water samples were collected on a
monthly basis during 2023-2024 from both the upper and lower reaches of the
Dzknaget River, as well as the lower reaches of the Sotk River. Sampling procedures
followed the guidelines established in 1SO 5667-3:2016 [12]. Water samples were
collected in disposable polypropylene containers, which were pre-rinsed 2—3 times
with the sampled water to minimize contamination. To remove suspended
particulates, the samples were filtered through 0.45 um membrane filters (Supor®
450 Membrane Disc Filter, Port Washington, NY, USA). Immediately after
collection, samples were acidified to pH<2 using nitric acid (HNOs) to prevent
alterations in trace element (TE) concentrations due to adsorption or precipitation.

Sample Preparation and Analysis. Water samples were analyzed using
inductively coupled plasma mass spectrometry (ICP-MS; ELAN® 9000,
PerkinElmer, Waltham, MA, USA). The analyses were conducted in accordance
with the analytical protocols outlined in 1SO 17294-1:2004 [13] and ISO 17294-
2:2016 [14]. To ensure the accuracy and reliability of the results, stringent quality
control measures were implemented, including blank tests, the use of certified
reference materials, quality control samples, and routine performance checks of
analytical instruments. The validity of calibration curves was regularly verified using
standard solutions to maintain data precision and repeatability. Additionally, to
enhance the credibility of the results, qualification tests and interlaboratory
comparisons were conducted in collaboration with Umweltbundesamt GmbH
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(Vienna, Austria) as part of the “Proficiency Testing (PT) and Interlaboratory
Comparison (ILC) Participation Plan.”

This monitoring was carried out by the Hydrometeorology and Monitoring
Center of the Ministry of Environment of the Republic of Armenia. The laboratory
is accredited in accordance with the requirements of GOST ISO/IEC 17025-2019
[15], ensuring compliance with internationally recognized quality standards.

Heavy Metal Pollution Index (HPI). The HPI method is a widely used
approach for the comprehensive assessment of water quality contamination resulting
from multiple HMs. It is based on the weighted arithmetic mean and can be
calculated using Egs. (1)-(3) [16]:

K
W= & (1)
100C;
Q= = (2
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In these equations, Si represents the standard permissible concentration of HM
i in the water body (mg/L), and C; is the corresponding measured concentration
(mg/L). The proportionality constant k is taken as 1. The quality rating Qi
indicates the relative pollution level of metal i, while HPI denotes the overall HPI.
The parameter n refers to the total number of HMs considered in the evaluation.
The weight factor W; for each metal is calculated as an inverse function of its
standard value S;, reflecting its relative significance in the overall index.

The suitability of water from the Dzknaget and Sotk Rivers for drinking,
agricultural, and ecological purposes was assessed based on guidelines provided by
the World Health Organization (WHO) [17], the Food and Agriculture Organization
(FAO) of the United Nations [18], and the Republic of Armenia Surface Water
Quality Standards (ARLIS) [19], respectively (Tab. 2). The reference values
presented in Tab. 1 were used as the standard concentrations (S;) in the HPI
calculation formulas described above.

Table 2

Global and National Determinants for Drinking Water, Irrigation, and Ecological Suitability [17-19]

Heav . ARLIS
No. metalg Unit FAO WHO Dzknaget Sotk
1 Al mg/L 5 0.2 0.28 0.12
2 Cd mg/L 0.01 0.003 0.00101 0.00101
3 Fe mg/L 5 0.3 0.42 0.24
4 Pb mg/L 5 0.01 0.0101 0.01018
5 Cr mg/L 0.1 0.05 0.0108 0.014
6 Ni mg/L 0.2 0.02 0.011 0.0218
7 Zn mg/L 2 3 0.1 0.1

The classification of HPI levels in this study follows the criteria proposed by
Tiwari et al. [20], where HPI values are categorized into low, medium, and high
pollution levels, as summarized in Tab. 3.



44 HEAVY METAL POLLUTION ASSESSMENT IN THE SOTK AND DZKNAGET RIVERS...

Table 3
HPI pollution index classes
No. HPI Pollution levels
1 <5 low contamination with heavy elements
2 15-30 moderate contamination with heavy elements
3 30< high contamination with heavy elements

Metal Index. The Metal Index (M) is defined as the ratio of the concentration
of each metal in the water sample to its corresponding maximum allowable
concentration, as expressed in Equation (4) [21]:

_vn Ci
Ml= i=1(MAC)i' (@)

In this context, MI represents the Metal Index, where C; is the concentration
of the i-th metal in the water sample, and MAC denotes the maximum allowable
concentration for each corresponding element. The subscript iii refers to the specific
parameter being evaluated. The MAC values used in the calculation were derived
from the reference standards listed in Tab. 2. The classification of Ml values into
pollution categories is presented in Tab. 4.

Table 4

MI pollution index classes

No. Ml Pollution levels
1 <0.3 Very pure
2 0.3-1.0 pure
3 1.0-2.0 slightly affected
4 2.0-4.0 moderately affected
5 4.0-6.0 strongly affected
6 >6.0 seriously affected

Statistical Analysis. Data visualization and graph generation were performed
using Origin (version 2018; OriginLab Corporation, Northampton, MA, USA).
One-way statistical calculations were conducted in Excel (version 2016; Microsoft
Corporation, Redmond, WA, USA). The spatial map was created using ArcGIS
(version 10.3; Esri, Redlands, CA, USA).

Results and Discussion.

Heavy Metal Pollution Index. The average concentrations of seven HMs —
Al, Cd, Fe, Pb, Cr, Ni, and Zn — were used to calculate the HPI. Fig. 2 presents the
detailed HPI values obtained. To evaluate pollution levels and assess water quality
for drinking, irrigation, and ecological purposes, the HP1 was calculated individually
for each sampling station, as illustrated in Fig. 2.

In 2023, the HPI values for the upper (Dzk-1) and lower (Dzk-2) reaches of
the Dzknaget River were 4.5 and 11.0, respectively, according to WHO standards
[17], both falling within the low pollution category. In contrast, the lower reach of
the Sotk River (Sot-2) recorded an HPI of 17.1, placing it in the medium pollution
range. This elevated pollution level in the Sotk River is likely associated with mining
activities at the Sotk gold mine [3]. In 2024, the HPI value at Sot-2 decreased to 12.3,
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resulting in a reclassification to the low pollution category. The HPI values at
Dzk-1 and Dzk-2 remained within the low pollution range in both years, indicating
relative stability in HMs contamination in the Dzknaget River.

According to the FAO-based criteria [18], HPI values remained consistently
low across all sampling sites and throughout both years, falling within the low
contamination range. This uniformly low HPI under FAO guidelines may reflect
either less stringent thresholds or lower weighting of HM concentrations in the FAO
methodology. These results suggest that the water quality at the studied sites does
not present a significant risk for agricultural use.

According to the ARLIS [19], the HPI values in 2023 for the upper (Dzk-1)
and lower (Dzk-2) reaches of the Dzknaget River were 9.2 and 12.0, respectively,
both within the low pollution category. In contrast, Sot-2 exhibited a higher HPI
value of 17.9, reaching the threshold for moderate pollution. In 2024, the HPI at
Sot-2 decreased to 13.6, bringing it back into the low pollution range. Meanwhile,
Dzk-2 experienced a slight increase in HPI from 12.0 to 13.4, although it remained
within the low contamination category. The HPI at Dzk-1 remained relatively stable,
with values of 9.1 and 9.2 in 2023 and 2024, respectively, indicating consistent
environmental conditions in the upper reaches of the Dzknaget River.

Overall, the comparison between 2023 and 2024 indicates a general trend of
stabilization or improvement in HPI values across the monitored sites. The most
notable improvement was observed at Sot-2, where HPI levels decreased under both
WHO [17] and ARLIS [19] standards, suggesting either a reduction in heavy metal
inputs or the influence of natural attenuation processes. Dzk-1 consistently
maintained low HPI values across all standards and years, reinforcing the assumption
that the upper reaches of the Dzknaget River are relatively unaffected by anthropo-
genic influences. In contrast, Dzk-2, located in the lower reaches of the Dzknaget
River, demonstrated greater variability in HPI values, likely reflecting its increased
exposure to human activities.

35 35
(a) High (b) High

1 e e g = = = = = = == === -
I Dzk-1 _ I Dzk-1 Medium

25 | I Dzk-2 Medium 25 - [ Dzk-2

WHO FAQ ARLIS WHO FAQ

Fig. 2. Heavy Metal Pollution Index (HPI) for Dzknaget and Sotk River sites
2 (a) 2023; (b) 2024.

Metal Index. The MI is a valuable tool for assessing the extent of HM
contamination in aquatic environments. This study evaluates MI values based on
international and national water quality standards, including those from the WHO
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[17], FAO [18], and ARLIS [19]. The analysis focuses on three monitoring points:
Dzk-1, Dzk-2, and Sot-2 across two consecutive years, 2023 and 2024 (Fig. 3).

According to WHO guidelines [17], MI values reveal a clear increase in
pollution levels in the lower reaches of the river. In 2023, Dzk-1 was classified as
slightly affected (MI = 1.89), while Dzk-2 and Sot-2 exhibited M1 values of 6.81 and
6.74, respectively, both falling into the seriously affected category. In 2024, a slight
improvement was observed in the lower reaches, with Dzk-2 showing an Ml of 5.34
and Sot-2 an M1 of 4.21, reclassifying them as strongly affected. Meanwhile, Dzk-1
transitioned to the moderately affected category (MI = 3.38). These trends reflect the
influence of anthropogenic pressures on the lower reaches of the rivers.

In contrast, the MI values based on FAO irrigation standards [18] were
significantly lower, with all sites falling within the very pure to pure categories. In both
years, Dzk-1 remained in the very pure category (Ml =0.10 (2023); MI = 0.17 (2024)),
while Dzk-2 and Sot-2 were classified as pure or very pure, with Ml values not
exceeding 0.34. These results suggest that the water remains suitable for agricultural use.

Based on the ARLIS [19], the MI assessments provided intermediate insights
between those of WHO and FAO. In 2023, Dzk-1 was classified as slightly affected
(MI = 1.57), which escalated to moderately affected in 2024 (Ml = 2.66). Both
Dzk-2 and Sot-2 fell within the strongly affected to seriously affected range, with
Sot-2 reaching the highest Ml value of 9.84 in 2023. Although a slight decline was
observed in 2024 (Ml = 5.93), it remained in the strongly affected category. These
findings suggest ongoing contamination challenges, particularly in the downstream
segments of the rivers.

Overall, this assessment demonstrates a consistent trend of increasing
pollution along the river courses, with the most significant impacts observed in the
lower reaches, particularly in Dzk-2 and Sot-2. The discrepancies between the
standards emphasize the importance of a multidimensional approach to water quality
evaluation. While the results based on FAO standards [18] indicate minimal concern
for irrigation purposes, the assessments derived from WHO [17] and national
standards [19] highlight substantial ecological and health risks.

11 8
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i
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Fig. 3. Spatiotemporal Variation of Ml in the Dzknaget and Sotk Rivers: (a) 2023; (b) 2024.

The improvements in water quality observed at certain locations in 2024 may
be attributed to seasonal variability or a reduction in human activity. However,
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pollution levels still remain concerning. Ongoing long-term monitoring, alongside
the implementation of effective pollution control measures, is crucial to ensure the
sustainability of these freshwater systems.

Conclusion. This study underscores the effectiveness of the HPI and the Ml
as valuable tools for evaluating the spatial and temporal dynamics of HM
contamination in river systems. Analysis of 2023-2024 data reveals significant
spatial variability in pollution levels, particularly between upstream (Dzk-1) and
downstream (Dzk-2, Sot-2) sampling sites. The upper reach of the Dzknaget River
(Dzk-1) consistently exhibited low pollution levels, indicative of minimal
anthropogenic influence. In contrast, higher contamination levels were observed in
the lower reaches, especially at Dzk-2 and Sot-2, likely linked to intensified human
activity, including mining operations near the Sotk River.

While HPI and M1 values assessed according to FAO standards [18] suggest
that water quality remains suitable for irrigation, evaluations based on WHO [17]
and national standards [19] present a more concerning scenario, with Dzk-2 and
Sot-2 classified as moderately to severely polluted. These discrepancies highlight the
necessity of employing multiple water quality criteria to achieve a more nuanced and
comprehensive understanding of potential environmental and public health risks.

Encouragingly, the observed reduction in HP1 and M1 values at certain sites —
most notably Sot-2 — in 2024 suggests potential improvements in water quality,
possibly due to mitigation measures or natural attenuation processes. Nevertheless,
the continued presence of HM pollution in downstream areas underscores the urgent
need for sustained long-term monitoring, the implementation of targeted pollution
reduction strategies, and the enforcement of stricter environmental regulations to
safeguard freshwater ecosystems and ensure the safety of water resources for
diverse uses.
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une-L 6d, QuulatsS G6SGLNFU UL UBSULLENOY
U1.SNSJUBNFE8UL GULULKUSNFU (KU3UUSUY)

Wu nLuntdwuhpnieyniip nhunwpynid £ dwbp dtimunbtpnyg winunuyuw-
onipjul muwpuowlub b dudwbwljuyhtt hnmhnhrmajuitini pniap QGtwgbn b
Unpp ghimtipnid 2023 U 2024 pyuljubbtpht’ Jhpunting Owin Utnmwnbtiph
Ununundwl 8nighsp (CUWS) U Utimwunbtiph 8nighsp (U8): 8np dwlin
dtmnwnbdtiph (Al, Cd, Fe, Pb, Cr, Ni, Zn) wipdtipitipp qtwhwunyty b tiptip
gtimwhwnyudttipnid” Quouytinn ghinh Ytipht (Q4-1) b unnphtt (QY-2), htswtiu
twl. Unpp gqbtnh uwmnphtt hnuwipnmd (Unp-2): Upynibpbbpp gnyg b
wnwhu Juynibnptit guop wununnindwb dwljupnuly QU-1-nid, hisp yyuynmd k
dwpnuyhl wgntigni pjubh vwhdwbuwthw]y (httne dwuhb, dthivpbin buljubnpba
pwndp OUUS U U8 wipdtipttip® QU-2-mu b Unp-2-nid, hiyp Jyuymyd t qquih
wnununiwl Juwuhl: <udbdwnwlub Jbppnudnipnip” pun U<, MG4Y o
wbtinuijud tnpdbkiph, puguwhwynnid £ wunuonnndwb nuuujupgiwb dte qquih
wmwppbipnieynbbtin: MGY sunhwithyitipny nnnguiwd hwdwp nhuljp hwdwpynid
E tjugq, dhtvyntn U<U b mbinuijub vnmwbnupmbtpp dwunbwipnid Go wygtgh
ning Eyninghwjuutn b winnnewjud nhuljtin: Unp-2 ginmwhwmnyuwonid 2024 .-
h pgpmpjudp wpdwiugpyud wnununiwl jugnidp jupnn L Jyuyly oph
npuih npnpujh pupbuydiwd dwupl: Conhwinip wndudp, wprynibpbbtpb
nngdénid b pwquuwpbipm ghwhwndwb ppwbaljotph fhpundwh, dyunwunh-
nwpiwd, phpuppuynpjud wnunnuiwt Jhpuhulpdwd b phuyguhyubujubi
Jupquynpniudtitph uumwgdwd wthpudbtynnipiniap” opuyhtt Eynhwdwljup-
gtinti n1 9puyhtt nbunipubitipp Wwhwwitjne hwdwp:

I'. A. XAUATPSH

OLIEHKA 3ATPA3ZHEHN A TSXKEJIBIMU METAJIJIAMUA
B PEKAX COTK 1 A3KHAT'ET (APMEHU)

JaHHOe wHccienoBaHHE PacCMAaTPUBAET MPOCTPAHCTBEHHYIO U BPEMEHHYIO
M3MEHUYMBOCTD 3arps3HEHUS TsDKENbIMU MeTaiiaMu pek J3knaret u Cotk B 2023 u
2024 rr. ¢ mpuMeHeHneM HHIeKCa 3arpsa3HeHus TshKenpiMu MeTamiamu (M3TM) u
MeTtaumdeckoro uaaekca (M), KormnenTpamun cemu Tspkennbix Metamion (Al, Cd,
Fe, Pb, Cr, Ni u Zn) Obuti OIIGHEHBI B TPEX y4acTKax pek: B BepxHeM (/I3k-1) u
HwkHeM ([I3k-2) TeueHun pexu J[3kHareT, a Takke B HUKHEM TeueHuH peku CoTk
(Cot-2). Pe3ynbTaThl MOKa3bIBAIOT CTAOMIBHO HHU3KHHA YPOBCHb 3arpsi3HEHHS Ha
yuyacTtke J[3k-1, 9YTO CBUAETENBCTBYET O OTPAHUYCHHOM AHTPOIOT€HHOM BO3ZCii-
CTBUH, TOT/Ia KaK 3HAYUTENIBHO OoJiee Bhicokue 3HaueHus: U3TM u MU Ha ydacTkax
H3x-2 u CoT-2 yKa3bIBaIOT Ha CYIIECTBEHHOE 3arpsi3HeHne. CpaBHUTEIBHBINA aHAN3
B COOTBETCTBHUU co ctaHmapramu BO3, OOH u MeCTHBIMH HOpMAaTHBAMH BBISBIISICT
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3aMETHBIE Pa3nuyus B KilacCu(UKALIMK YPOBHS 3arps3HeHus. COrinacHO KpUTEPUsIM
OOH, puck myist OpolLIeHUsI OLICHUBACTCS KaK HU3KUM, Torjga kKak crannapTsl BO3
U MECTHbIE HOPMATUBBI YKa3bIBAIOT Ha 00JIEe CEPhE3HBIC SKOJIOTUUECKUE PUCKU U
PHCKH JUIs 3110pOBbs HaceNeHUs. 3a(PUKCUPOBAHHOE CHIDKEHHUE YPOBHS 3ar PA3HEHUS
Ha y4yacTtke CoT-2 B 2024 r. MOXXET CBHETENBCTBOBATh O HEKOTOPOM YJIYUIIEHUU
KadyecTBa BOJBL. B 11eiom pe3ynbTaThl NoA4epKUBalOT HEOOX0AUMOCTh MPUMEHEHHS
MHOT'OYPOBHEBBIX ITOAXOAOB K OLICHKE, IIOCTOSHHOI'O MOHUTOPHHIA, LIEJIE€HAIpaB-
JICHHOTO KOHTPOJISI 3arpsi3HEHUS] M YXKECTOYECHUS IPUPOLOOXPAHHOTO PETYIIHPO-
BaHUA JJIS 3aIIUThI BOAHBIX YKOCHCTEM M BOJHBIX PECYPCOB.



