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INTRODUCTION
Intensive use of water resources over the last millennium, along with rapid industrial and agricultural
development, has resulted in continuous pollution of natural waters with physical, biological, and chemical
compounds. Natural water systems have reserves and can regulate or absorb some pollutants. Also, not
all substances harm the aquatic system when penetrating natural waters; water is a universal solvent, and
the aquatic system contains a wide range of substances in dissolved or dispersed states.
However, when the amount of an individual substance exceeds the amount of its consumption (that is, it
passes a threshold level), and it starts affecting the entire system, it is considered a pollutant, and its
content is a threshold level. When the amount of an individual pollutant is below the threshold level, water
system’s natural processes can neutralize the impact of a pollutant. When the amount of a pollutant
exceeds the threshold level, water system’s natural processes cannot neutralize the impact and regulate
the river’s ecological balance and the ecological structure is disturbed.
A pollutant’s future in natural waters depends not only on its ability to enter into reaction or on physical,
chemical, and biological factors but also on the water system’s characteristics, such as the pH level, redox
reaction, temperature, and so forth. Thus, to determine the degree of neutralization and each pollutant’s
threshold level, the aquatic ecosystem must be considered as an integral whole and both the pollutant and
the hydrochemical processes must be observed and assessed in a comprehensive way.
Decomposition of pollutants or neutralization of their adverse impact through natural processes (physical,
chemical and biological) in water bodies is called self-purification. Assessing the self-purification capacity
of water resources (rivers, lakes, reservoirs) is vital.
This manual presents a method for assessing the hydrochemical, hydrobiologial and hydromorphological
self-purification capacity of Armenia’s rivers. The method draws on examples from international
experience, which are presented in the manual.
The method was developed within the United States Agency for International Development (USAID)
Advanced Science and Partnerships for Integrated Resource Development (ASPIRED) Project,
implemented by ME&A, Inc. ASPIRED aims to reduce water intake from Ararat Valley groundwater
resources and maintain sustainable water intake levels through application of innovative scientific and
technological approaches and cooperation with stakeholders.
The Ministry of the Environment (ME) of Armenia requested development of the method. The request
was based on Measure 9 of Annex 2 to Government of Armenia Decision No. 338-N, dated March 31,
2016, on development of a method of assessment of the self-purification capacity of rivers, and its
enforcement mechanisms.
To develop the method, ASPIRED established a working group composed of relevant experts—
hydromorphologist and Yerevan State University (YSU) professor Samvel Nahapetyan, water quality
specialist and associate professor Liana Margaryan, and hydrobiologist Gor Gevorgyan—as well as
representatives of the relevant authorities, such as the Ministry of Environment, the Ministry of Emergency
Situations, and the Ministry of Territorial Administration and Infrastructure. The working group selected
the Qasakh River basin as a pilot river basin for water sampling and expert observations. To effectively
test and adapt the method, at the ME’s suggestion the group collected field data from selected observation
points on the Akhuryan River.
Monthly and seasonal water sampling and field studies in the selected river basin were conducted from
May 2019 to April 2020. For data collection and analysis, the ASPIRED Project cooperated with
professional institutions—in particular, the Hydrometeorology and Monitoring Center (HMC) State
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Noncommercial Organization (SNCO) of the ME and the Scientific Center of Zoology and Hydroecology
of the Republic of Armenia National Academy of Sciences.
The draft assessment method was discussed in January 2021 with specialists from the relevant water
authorities and academic institutions to obtain their professional opinions and recommendations. This
report incorporates their suggestions.
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CHAPTER 1․ RIVER SELF-PURIFICATION PROCESSES AND THEIR
IMPORTANCE
River self-purification entails primarily the biochemical transformation of pollutants (mainly organic) into
simpler forms through the activity of aquatic microorganisms, which proceeds through consumption of air
and dissolved oxygen and sedimentation. River self-purification is a natural process and helps restore the
water’s dissolved oxygen content.
Self-purification capacity is not constant in river ecosystems; it varies depending on the season and river
section. Among important factors influencing a river’s self-purification capacity are the water’s reaeration
rate, type of organic matter, flow rate, river topography, soil type, vegetation, hydraulic characteristics,
water retention rate, biodiversity, water temperature, and so forth.
There are two main stages of river self-purification:
1. Reversible stage, when natural processes in the river can easily overcome and decompose the
amount of pollutants entering the water body for a significant part of the river.
2. Irreversible stage, when the level of pollution exceeds the river’s natural buffering capacity so
that the river’s natural state can be restored only through artificial removal of waste/pollutants.
Any amount of pollution affects the river’s ecosystem and water quality; however, irreversible disturbances
of the ecosystem occur only when the maximum permissible level of pollution is exceeded. The
concentration of a pollutant in water depends on the given substance’s rate of penetration into the water
body and the aquatic environment’s self-purification capacity for the given pollutant. Therefore, with
exogenous or non-transformable pollutants (from stationary pollution), a maximum permissible level of
discharge into the water body is set, which defines the water body’s reversible stage and buffering capacity.
River self-purification is a combination of hydrobiological, hydrochemical and hydromorphological
processes, which are interrelated components of the aquatic ecosystems’ self-purification capacity.
Intensity of the processes also depends on the nature of a polluting substance. Reduction of the amount
of a polluting substance and removal of a pollutant from the river is a combined effect of these three
components of the river self-purification capacity, which leads to treatment and improved quality of water.
Thus, self-purification of the aquatic environment is a combination of physical, biological, and chemical
processes taking place in water, leading to the reduction of the level of water pollution without affecting
the ecosystem.
1.1 RIVER PHYSICAL SELF-PURIFICATION
Among the main processes of physical self-purification in natural waters are diffusion/dilution of pollutants,
their removal to coastal zones, settling, and evaporation. Physical self-purification removes or reduces the
effects of pollutants that do not undergo chemical transformation while in water-pollutants that either
resist chemical transformation (for example, heavy metals) or are chemically inert (for example, chloroorganic compounds).
In physical self-purification, hydromorphological and hydrological characteristics are important. Physical
self-purification processes increase the water flow rate, thereby increasing the amount of dissolved oxygen
in water (aeration) and stimulating chemical-biological self-purification processes. Various transverse hydraulic structures (for example, caves) or river coastal areas at high altitudes (mountain passes, rock
outcrops) intensify the mixing of pollutants with natural water and promote self-purification. Passing river
water tens of kilometers through such natural areas is equivalent to passing the same polluted water
through a specialized treatment plant.
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1.2 RIVER BIOLOGICAL SELF-PURIFICATION
Biological self-purification of natural waters is the transformation of pollutants by aquatic organisms
through metabolism, bioaccumulation, and cometabolism (biodegradation of substances not involved in
biological circulation). Although biological self-purification processes manifest mainly as decomposition of
organic pollutants by heterotrophic microorganisms, other aquatic organisms also play a role.
This type of self-purification includes the following main biological processes:
•
•
•
•
•
•

Biodegradation of pollutants
Production of oxygen needed for pollutant degradation
Absorption of biogenic substances, including nitrogen and phosphorus, as well as organic
matter from the aquatic environment
Formation of exometabolites
Water filtration
Formation of suspended solids that contribute to the settling of detritus and pollutants on
the bottom of the water body under the influence of gravity

The list above is not exhaustive. Some biological processes can contribute to several processes mentioned
above. Biological self-purification in Armenia’s mountainous, fast-flowing rivers manifests mainly as
bacteriological biodegradation of organic pollutants.
Bacteriological degradation of organic matter in river ecosystems is an essential component of the selfpurification process.
1.3 RIVER CHEMICAL SELF-PURIFICATION
Chemical self-purification differs from physical and biological self-purification in its variety of processes and
measurability of indicators. A pollutant, after entering a water body, first undergoes physical, then
biological, and ultimately chemical self-purification. It involves the following processes:
•

Hydrolysis (many pollutants are weak acids or alkalic and undergo acid-alkalic transformation)

•

Photolysis (photolytic transformation of pollutants in a natural water environment takes
place under the influence of ultraviolet solar radiation)

•

Oxidation (two types of oxidation processes)

•

Formation of free radicals through bio-inhibition and so forth.

Oxygen generation and decomposition processes play an important role in river self-purification. Oxygen
in water, in both molecular and radical forms, participates in pollutants’ decomposition and oxidation
reactions and in abiotic catalytic and photochemical processes involving the formation of chemically
reactive particles.
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CHAPTER 2․ METHODS FOR ASSESSING THE SELFPURIFICATION CAPACITY OF RIVERS: INTERNATIONAL
EXPERIENCE
This chapter discusses methodology for assessing the self-purification capacity of rivers, methods applied
in international practice, and their advantages and disadvantages.
2.1 APPROACHES TO ASSESSING THE SELF-PURIFICATION CAPACITY OF RIVERS
Natural water bodies are in close coexistence with the environment. Along with the physical properties
and chemical composition, the water flow, the structural section of the water body and the topography
of the area influence and predetermine the conditions of existence of aquatic fauna and flora and
biocenosis of the area. One of the determining factors in the formation of life in natural flowing water is
the constant flow in one direction. It ensures the continuous movement of the matter and formation of
turbulence, which is noticeable, especially at the surface level and at the next lower level. Due to
turbulence, the water body absorbs oxygen, which is vital for the survival of almost all aquatic organisms.
In general, a consistently high dissolved oxygen content is a guarantee of a good quality of the water body.
Dissolved oxygen content is a key indicator of biochemical and physicochemical processes in a natural
water body. It determines both water quality (a high oxygen content indicating high water quality) and
intensity of water self-purification processes.
There are several verification methods for assessing the water quality and self-purification capacity of a
natural water body in the relevant terrain. The choice of method depends on the assessment’s objectives
and goals. In addition to investigating hydrochemical indicators (water temperature, turbidity, hydrogen
index, heavy metals, etc.), it is necessary to take into account the biological and ecological indicators. Only
in combination with the latter, it is possible to carry out a complete assessment of the ecological status
of river water. An assessment may record data on the formation and frequency of sediment in the given
part of the river, for example, as well as the presence of suspended microorganisms. Studying symbiotic
communities and available biological substances helps determine the long-term load on a given river
section. Studying saprobity (the amount of decomposition of organic matter), in contrast to hydrochemical
studies, helps determine overall impact on a biological community’s structure.
All these methods allow for determining both the water quality of the water body, and the self-purification
processes taking place in the aquatic system, including the type and efficiency of the processes.

2.1.1 BIOLOGICAL INDICATORS
The study of aquatic biological communities complements the information on self-purification processes
taking place in the river. Many hydrobionts involved in river self-purification are useful indicators of the
degree of water pollution. Bottom sediments of rivers reflect the changes taking place in water; therefore,
a special attention is paid to the study of benthic organisms. The benthos of highly polluted rivers, for
example, can contain representatives of the Eristalis, Chironomus, Tubifex, Limnodrilus, Sphaerotilus, and
Leptomitus species. In the past, bacteriologists focused mainly on determining pollutants through various
bacteriological indicators. In addition to fecal contamination indicators (fecal coliforms, fecal streptococci),
mainly saprophytic bacteria (feeding on organic matter of dead organisms or excretion of living organisms)
are used as indicators of organic pollution. Assessment of the self-purification capacity of natural water
bodies with biological indicators depends on the type of aquatic biodiversity and the amount of
hydrobionts. Not only the aquatic flora and fauna, but also the abiotic factors are important.
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Water temperature, one of the most important of abiotic factors, can have a significant impact on water
solubility and oxygen storage. The higher the water temperature, the lower the solubility and selfpurification capacity and the higher the rate of oxygen absorption and consumption.
Other abiotic indicators include water odor, color, and turbidity, which enable conclusions about
macrophytes, algae growth, and thus accumulation of nutrients or oxygen consumption. For example, a
black or brown coating of stones on the river bottom reveals the presence of ferrous sulfide, which
indicates insufficient oxygen content and, consequently, passivity of self-purification processes.
The saprobity index is the most usable biological indicator for assessing a water body’s self-purification
capacity. Calculated through studying the given water system’s biological species, the index reveals the
load or pollution level of organically and biologically degradable substances. As degradation processes
absorb oxygen from water, organisms dependent on an oxygen-rich aquatic environment become
endangered, leading to a sharp decline in self-purification processes, and organisms capable of surviving in
low-oxygen or anaerobic conditions appear and spread. The saprobity index sets numerical values ranging
from 1 to 4 for each organism. In Category 1, aquatic organisms highly dependent on high oxygen content
(e.g., flat larvae of Plecoptera, Blepharocera, Trichoptera, Ephemeroptera) are prevalent, the amount of organic
pollutants is low, and the intensity of self-purification processes is high. In Category 4, prevalent organisms
are not affected by sharp changes in oxygen content; they can even survive for a while without dissolved
oxygen. The presence of such organisms (e.g., Chironomus larvae, Tubifex, Eristalis larvae) indicates a near
lack of water self-purification capacity.
There are many other biological indicators (e.g., extended biotic index, family biotic index, Belgian biotic
index) which allow assessing water quality and self-purification capacity through investigation of
hydrobionts qualitative and quantitative composition. Chemical and bacteriological indicators describe the
water quality and self-purification capacity at the given moment, whereas biological indicators describe
them for a longer period.
2.1.2 CHEMICAL INDICATORS
Chemical indicators are often used to assess water self-purification capacity. Unlike biological indicators,
chemical indicators have no seasonal use restrictions. Application of chemical and bacteriological
indicators has seasonal restrictions, whereas use of biological indicators has no restrictions.
Among the chemical indicators of river self-purification capacity are freshwater kinetic parameters, which
characterize the content and behavior of products with one-electron and two-electron activation of
molecular oxygen in the natural aquatic environment (hydrogen peroxide and high-reactivity redox agents,
especially hydroxyl radical). These indicators’ absolute values and behavior in the aquatic environment
determine the self-purification class, the water’s biological integrity and self-purification capacity, and the
balance of processes taking place in water through redox agents, which determines whether the aquatic
ecosystem’s seasonal conditions are favorable or unfavorable.
Hydrogen peroxide is an integral part of natural waters. At a level of 100 μg of hydrogen peroxide per
liter, an oxidative (normal) redox state forms, which indicates the water system’s biological integrity. The
absence of peroxide in natural waters indicates a deviation from the normal state of redox and a
deterioration of the water’s quality as a living environment for hydrobionts (down to the emergence of
an ecotoxic environment). The amount of hydrogen peroxide in water depends on several biotic-abiotic
factors. Thus, the redox state of an aquatic environment is dynamic.
The kinetic parameters characterizing the content and the behavior of redox agents in natural waters
allow determining a water body’s self-purification capacity and the balance of processes taking place in
water, through which a water body’s ecological condition is assessed. A natural water body is a dynamic
redox system; redox agents are constantly generating and transforming into each other. The dynamics of
the aquatic environment are closely related to the presence of molecular oxygen (a slowly establishing
7

equilibrium) and hydrogen peroxide (a rapidly reacting subsystem), a product of oxygen circulation. The
latter is considered a product of the oxygen circulation.
Hydrogen peroxide generates in multiple ways in natural waters: it penetrates into the aquatic
environment from the atmosphere, and it generates under the influence of sunlight, during redox catalytic
processes, or as a result of photochemical and catalytic processes during oxidation of organic matter by
free radicals. Biochemical processes involving algae also contribute to formation of hydrogen peroxide in
natural waters. For example, several algae species produce hydrogen peroxide during photosynthetic
processes under ultraviolet light.
Oxidation intensity of organic pollutants in water is another chemical indicator for assessing water selfpurification capacity. Dissolved oxygen content is easily determined by absolute chemical (e.g., Winkler
method) or relative electrochemical probe methods. However, determination of oxygen content becomes
almost impossible in the presence of certain organic substances; therefore, various other indicators are
used, including biochemical oxygen demand (BOD), chemical oxygen demand (COD), and permanganate
oxidation (PO). The degree of a water body’s self-purification capacity is often assessed by comparing the
content of easily oxidizing organic matter in water (determined by BOD) or the total content of organic
matter (determined by (COD) directly related to dissolved oxygen content in water).
BOD is the amount of dissolved oxygen required by aerobic bacteria to decompose organic matter in a
water sample over a specified period under specified temperature conditions. It gives an idea of the
amount and decomposition rate of long-chain, easily oxidizing organic pollutants in natural water. High
BOD values indicate a decline in the water body’s self-purification capacity and a large amount of organic
pollutants. The higher the BOD value, the lower the dissolved oxygen content.
COD shows the amount of hardly decomposable organic pollutants in natural water and their
decomposition rates, thus indicating the amount of dissolved oxygen (which is used to decompose hardly
decomposable organic pollutants containing sulfur and phosphorus).

2.2 ASSESSMENT METHODS: INTERNATIONAL EXPERIENCE
There are numerous methods of assessing river self-purification capacity. S.A. Ostroumov has carried out
large-scale works on the self-purification capacity assessment of rivers and open reservoirs. These works
refer mainly to assessment methods of pollutant absorption and transformation mechanisms in aquatic
ecosystems.
Currently the U.S. Environmental Protection Agency (EPA), as part of the U.S. Clean Water Act (Federal
Water Pollution Control Act, 2002), is making progress in assessing river self-purification capacity. Since
2011, the Institute of Meteorology and Water Management (IMGW-PIB) has also been studying river selfpurification capacity in the context of water resource management. These studies aim mainly to assess
rivers’ absorption capacity based on the Discharge-Nutrient-Sea (DNS) advanced model, developed by
the IMGW-PIB in 2012. This model determines the amount of point and non-point pollution in the given
part of the river and the river’s resilience to it.
One of the most widely used methods for assessing river self-purification capacity is the Streeter-Phelps
model, an integral part of the well-known Streeter-Phelps equation used in water quality modeling works
(U.S. Public Health Service, 1925).
Almost all methods of assessing river self-purification capacity investigate the amount of dissolved oxygen,
as well as the physical, chemical, and biological processes related to its consumption and growth in the
aquatic environment. In addition, BOD5, COD, total phosphorus, total nitrogen, and ammonium nitrogen
are taken into account. Based on the pollutants’ characteristics, other indicators typical of river water,
such as some heavy metals, may be added to the list of hydrochemical indicators. An approach to assessing
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the self-purification capacity of rivers using hydrobiological indicators of water quality (saprophytic
bacteria, benthic macroinvertebrates, etc.) is also considered.
Methods for assessment of the self-purification capacity of rivers proposed by various research centers
are described below.
2.2.1 PEKING UNIVERSITY STATE LABORATORY OF WATER ENVIRONMENT SIMULATION
METHOD
Water quality and self-purification capacity of water bodies are conditioned by physical, chemical, and
biological factors that influence the physical and chemical flows of rivers. The assessment method proposed
by Peking University's State Laboratory of Water Environment Simulation prioritizes investigation of
chemical self-purification processes. The method assesses amounts of dissolved oxygen (DO); five-day
BOD (BOD5); chemical oxygen demand (CODMn); ammonium nitrogen (NH3-N); fluoride (F-); and various
heavy metals, such as mercury, lead, and arsenic, that are typical pollutants in the Lancang River. Indicators
may change depending on river characteristics and pollutants.
This method first determines the values of the organic pollution index and the toxic pollution index.
Organic Pollution Index: A

where BODi, CODi, NH3–Ni, and DOi are the concentrations of the mentioned indicators in water in
various polluted sections of the river and BOD0, COD0, NH3–N0, and DO0 are the standard
concentrations set for the given river’s water quality. If A ≥ 2, the river water is polluted with organic
pollutants.
Toxic Pollution Index: TU

where TU is the toxic pollution index; CHg, CPb, CAs, and CF are the concentrations of the mentioned
indicators in water in various polluted sections of the river; and MACHg, MACPb, MACA, and MACF are the
standard concentrations set for the given indicators. The higher the TU value, the more toxic the river
water.
River Self-Purification Capacity Assessment
River self-purification capacity is the maximum capacity to absorb pollutants in a given section of the river,
when the whole river is not endangered. The self-purification capacity of rivers is an ongoing process and
is one of the important characteristics of aquatic ecosystems. The self-purification capacity is conditioned
by several factors, such as river flow, flow rate, pollutant concentration level, pollutant degree of
decomposition, and so forth. It can be assessed as follows:

where W is the self-purification capacity in the given section of the river, Q is the river flow of the given
section, CS is the overall value of water quality, C0 is the value of the water quality assessed at the beginning
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of the given segment (in inflowing waters), L is the length of the river section, U is the flow rate, and K is
the pollutant’s degree of decomposition.
CS, C0, and K are determined by the organic pollution and toxic pollution indices.
This is the most appropriate method for assessing the self-purification capacity of Armenia’s rivers. The
biological component of self-purification of the method could be introduced in the form of a saprobity
index.
2.2.2 POLLUTANT ABSORPTION CAPACITY ASSESSMENT (U.S. EPA)
River self-purification capacity can be indirectly assessed by comparing pollutants’ actual
concentrations in the river and their maximum permissible levels (pollutant absorption capacity). This
method aims to determine the maximum permissible level of pollution, beyond which river selfpurification is impossible and the water quality class will change.
The method is based on mathematical modeling—namely, the DNS micromodel, developed in 2012
by the IMGQ-PIB. It simulates the river’s daily flow and average daily concentration of pollutants (the
amount of pollutants penetrating into water) to determine the river’s capacity to store and absorb
pollutants, revealing the river’s assimilation capacity or total maximum daily load (TMDL) of
pollutants:

where WLAs and LAs are concentrations of pollutants penetrating from point and non-point pollution
sources, respectively, and MOS is the margin of safety.
The determination of the absorption capacity (RAC) of the river allows for taking certain measures to
prevent deterioration of water quality. There is no universal methodology for determining river absorption
capacity. However, calculations must take into account the concentration of pollutants and the
characteristics of river flow. They must also take into account the river water’s actual natural load (ANL)․
The ANL is determined as follows:

where ANC represents the concentration of pollutants in the water at the representative observation
point and CF represents the characteristics of the river flow.
The RAC for the given section of the river is calculated as follows:
where LL represents the limit load or maximum permissible value of the pollutant (103 kg/year is the
standard value) and AL represents the actual load or actual amount of the given pollutant.
The calculation of the above values for the pilot river basin shows that the RAC can be a positive value, a
negative value, or a value close to zero. A positive RAC value (when AL < LL) indicates that an additional
amount of pollutant can be discharged into the given section of the river without damaging the aquatic
ecosystem. If the RAC value is close to zero (i.e., AL = LL), an additional amount of pollutants cannot be
discharged into the river, but environmental measures are not yet needed to clean the river water and
improve the water quality. Determining RAC values close to zero is difficult in practice. A negative RAC
value (AL > LL) indicates a high degree of anthropogenic impact on the given river section and levels
exceeding maximum permissible concentrations. In this case, environmental measures to improve river
water quality are mandatory.
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2.2.3 SOIL AND WATER ASSESSMENT TOOL
The SWAT (Soil & Water Assessment Tool) modeling tool is widely used to assess indirectly the selfpurification capacity of rivers. This is a river basin, a small catchment– scale model, which models surface
water and groundwater quality, and predicts impacts on water resources of environmental change—
particularly, land use, land cultivation, and climate change.
The SWAT modeling tool is widely used for prevention of
water pollution from diffuse pollution sources, and for
control, local level management, and prevention of soil
erosion. This tool allows assessing the resilience of water
bodies to diffuse pollution sources and self-purification
capacity.
This model operates with a geographic information system
(GIS) into which river hydrochemical, hydromorphological,
and hydrological data are entered. The model types are as
follows:
•
•

•

ArcSWAT: ArcGIS-ArcView extension and graphical interface for SWAT model data input
Global Weather Data for SWAT: Enables downloading of Climate Forecast System Reanalysis (CFSR) daily data (precipitation, wind speed, relative humidity, solar radiation intensity) to the SWAT system for the given area over a given period
QSWAT: SWAT system with GIS interface, freely available under QGIS software

2.2.4 ADDITIONAL LABORATORY MEASUREMENTS
This method examines the speed of radical reactions—an important component of pollutant removal—as
a determining factor in river self-purification.
•
Active agents in an aquatic environment (e.g., hydrogen peroxide, free radicals such as hydroxyl [ ОH ],

_•

singlet oxygen [ O ], solvated electron [e]) must be present in the required concentrations to support
hydrobionts’ living conditions.
Kinetic factors cause a redox state of natural water and regulate the content of active oxidizing agents.
The oxidizing (normal) state of the natural aquatic environment is conditioned by the presence of hydrogen
peroxide in water, which is one of the indicators of the biological integrity of water.
The content of hydrogen peroxide in surface water, which is not strongly affected by man-made activities,
is 20-60 µg / l.
Active agents in natural water are generated through photochemical and biochemical redox processes
inside the reservoirs. Among the oxygen-containing intermediates, the • ОH radicals have nonspecific
chemical and biological activity.
The amount of active oxidizing agents (such as • ОH radicals) is calculated based on the ratio of their
production rate (Wi) and lifespan

( K S ):
i

i
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• 
O H  =
st

Wi
 K i S i 
i

The lifespan of free radicals in natural water depends on the concentration of antioxidants entering the
water from external sources or released by hydrobionts. Antioxidative resistance to hydroxyl radicals

( K S ) is an indicator of the effect of natural water's biogenic and anthropogenic antioxidant
i

i

components on oxidative activity.

( K S )
i

i

indicators are measured through competitive oxidation of paranitrosodimethylaniline

(PNDMA) dyestuff by • ОH radicals in distilled and natural water samples. (The inhibition of • ОH radicals
is carried out through photolysis of hydrogen peroxide.) The rate of discoloration of PNDMA in distilled
water (Wd.w) (ε440=34000 M-1cm-1) provides the rate of radical inhibition. The rate of discoloration in
natural water (Wn.w.) provides the

( K S ) index:
i

s

i

 k S  = xk PND MA(W
i

i

n

n. w.

Wd .w. − 1)

i

where x is the correction factor, x=Wn.w./Wd.w is the coefficient of natural water dilution, W is the water

( K S ) reciprocal value of the index characterizes the lifespan

volume, and kn=1.25.1010M-1 sec-1. The

i

i

•

of the ОH radical in natural water.
Normally, in calculating the

( K S ) indicator, the concentration of hydrogen peroxide is measured
i

i

in the range of 10-4-10-3 mol/l, where the rate of discoloration of PNDMA in distilled water is proportional
to the concentration of hydrogen peroxide.

( K S ) is a sensitive indicator of overall pollution of the aquatic environment, ranging from ≤ 10
i

3

i

to

107 sec-1.
2.2.5 STREETER-PHELPS WATER QUALITY MODEL
Numerous kinetic models of water quality have been proposed to characterize changes in dissolved oxygen
content and BOD value. The first and most widely used model for the Ohio River in the United States
was proposed by Streeter and Phelps (U.S. Public Health Service, 1925). This simple and flexible method
can accept any water quality indicator (both individual and complex).
The model is based on two main assumptions: (1) that bacteriological decomposition of organic matter
and oxygenation of water with atmospheric air are expressed as first-order reaction kinetics and (2) that
regardless of the type of organic matter and the decomposition phase, the bacteriological consumption of
dissolved oxygen and the BOD are the same. Given these two assumptions, the two kinetic equations can
be represented as follows:
∂L
∂t
∂C
∂t

= −K1 L

= −K1 L + K 2 (Cs − C)

where L is the BOD value in water (mgO/l), C is the dissolved oxygen content (mg/l) at t (time), Cs is the
possible dissolved oxygen content (mg/l) at a given temperature and atmospheric pressure, K1 is the rate
12

of biochemical degradation (day-1) of organic matter (BOD), K 2 is the reaeration rate factor (day-1), and t
is the period of days during which the river water flows through the river section under study.
The Streeter-Phelps water quality model, as well as the coefficient of the biochemical degradation rate of
organic matter or self-purification coefficient (K1) used in the model, have been widely used in ecological
studies of rivers and river basins. Researchers in many countries have used the model to assess the
dynamics of dissolved oxygen and BOD values in river sections and the self-purification coefficient to
assess self-purification capacity from various pollutants.
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CHAPTER 3․ DEVELOPING HYDROMORPHOLOGICAL,
HYDROCHEMICAL AN HYDROBILOGICAL COMPONENTS OF
METHOD OF ASSESSMENT OF THE SELF-PURIFICATION
CAPACITY OF RIVERS OF ARMENIA
This chapter provides a detailed description of the proposed method for assessing the selfpurification capacity of Armenia’s rivers and its hydrochemical, hydrobiological and hydromorphological
components.

3.1 ASSESSMENT METHOD REQUIREMENTS
Rivers, lakes, and reservoirs self-purification capacity has not been assessed in Armenia to date and no
assessment methodology has been determined. The Department of Ecological Chemistry of the YSU Faculty of Chemistry conducted research on assessing natural water self-purification capacity, but the research was not systematic and water self-purification was observed only in a narrow range. This research
used the methodology developed in Russia in 1990 (РД 52.18.24.83-89) for determining kinetic indicators.
Development of a self-purification capacity assessment method for Armenia’s rivers based on the variety
of available methods and in accordance with the following requirements:
•

The method should be as simple as possible for application by non-specialists.

•

The method should be flexible on selection of baseline data, allowing a variety of indicators.

•

The method should take into account hydrochemical and hydrological characteristics, such as
mountainous fast flow, medium or low mineralization, relatively low content of biogenic substances, and so forth.

•

The method should provide information on annual and monthly changes in self-purification capacity.

•

The method should identify the pollutants that reduce self-purification capacity.

3.2 HYDROCHEMICAL COMPONENT
For the hydrochemical component, the team selected the Peking University State Laboratory of Water
Environment Simulation method. following the requirements for the method. This method aims to assess
the neutralization interactions of pollutants conditioned by hydrochemical and hydrological indicators.
These interactions are assessed using the following formula:

where W is the self-purification capacity of water in the given river section, Q is the water flow rate of
the given river section, CS is the overall value of the water quality assessment or the concentration, and
C0 is the value of the water quality assessed or the concentration at the beginning of the given segment
(in inflowing waters), L is the length of the river section, U is the flow rate, and K is the degree of
decomposition of the pollutant.
Using the approach applied in this formula and main concepts, this formula for assessment of the selfpurification capacity of rivers modified and localized for Armenia as follows:
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𝑾=

𝑸𝟏
∙ |𝑪𝟏 − 𝑪𝟐 | ∙ 𝑼𝟐 /𝑳
𝑸𝟐

where W is the self-purification capacity in the given river section (sec-1), Q is the water flow rate (m3/sec)
(at the beginning and end of the river section), CS is the overall value of the water quality assessment
(at the beginning and end of the river section), L is the length of the river section, and U is the river
flow rate (m/sec) at the end of the river section.
For an integrated assessment of river water quality, it is proposed to use the Canadian Water Quality
Index (CWQI), which is used widely in international practice and in Armenia.
To facilitate the application of calculations, the authors have developed a mathematical digital model
in MS Excel in which the W value of the self-purification capacity is automatically calculated after the
relevant data are entered.
In accordance with the Water Framework Directive (WFD) adopted by the EU in 2000 and
accompanying documents, river self-purification capacity is, like water quality, categorized into five
classes. The class is determined by measuring the magnitude of deviation from the values in the
sample taken for the given element prior to pollution or impact (baseline condition). This baseline
condition is obtained at the section near the river’s headwaters, where anthropogenic and natural
impacts are absent or minimal.
Similar to water quality standards, a 5-point scale is used to classify the self-purification capacity of
river. A numerical value is assigned to the threshold of each class.
The digital transition between classes was carried out using the Canadian Water Quality Index
(CWQI) classification methodology. The five classes are assigned the following background values
(BVs):
I (high):>BV * 0.95
II (good): BV * 0.8
III (moderate): BV * 0.65
IV (poor): BV * 0.45
V (bad): <BV * 0.45
The background value of the hydrochemical component of river self-purification capacity is
determined through the statistical method of specific logarithmic distribution, which was used to
determine background concentrations in developing the ecological water quality standards
established by Republic of Armenia Government Decision No. 75-N.
3.2.1 CANADIAN WATER QUALITY INDEX
The CWQI is based on a simple mathematical mechanism according to which the output data of water
quality indicators, in accordance with the water quality standards, are transformed into relative values that
in turn, given pollution’s frequency of recurrence, are transformed into a common index. This method is
used by the Department of Environment and Climate Change Canada to control water pollution and
provide an integrated assessment of environmental status.
The CWQI consists of three components: Fi (pollution potential), F2 (pollution recurrence), and F3
(threshold value for pollution). The CWQI and its components are calculated as follows:
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F1 =

N
100
N

where N՛ is the number of standardized water quality indicators that exceeded the value of Class 2 of the
corresponding ecological standard for the given river established by Government Decision No. 75-N, and
N is the total number of standardized water quality indicators.

F2 =

n
100
n

where n՛ is the number of analysis results for the standardized water quality indicators that exceeded the
value of Class 2 of the corresponding ecological standard for the given river established by Government
Decision No. 75-N, and n is the total number of analysis results over the study period.

 n

  excri  n
 i =1

F3 =
n

 
0.01     excri  n  + 0.01
 
  i =1
𝐶

𝑖
where 𝑒𝑥𝑐𝑟𝑖 = 𝑁𝑜𝑟𝑚
− 1 is the deviation of the i-th indicator from the natural background, Ci is the
𝑖

average concentration of the i-th indicator over the study period (mg/dm3), and Norm is the value of Class
2 of the ecological standard of the i-th indicator according to Government Decision No. 75-N.
In the case of dissolved oxygen, the 𝑒𝑥𝑐𝑟𝑖 =
oxygen saturation.

𝑁𝑜𝑟𝑚𝑂2
𝐶𝑂2

is applied for in the same formula to assess dissolved

The CWQI is calculated by the following formula:
𝑪𝑾𝑸𝑰 = √

𝑭𝟐𝟏 + 𝑭𝟐𝟐 + 𝑭𝟐𝟑
𝟏. 𝟕𝟑𝟐

CWIQ values range from 0 to 100. The higher the CWQI value, the higher the river water’s quality.
According to CWQI values, river water quality is grouped into the following five classes: high (CWIQ =
100–95), good (CWIQ = 94–80), moderate (CWIQ = 79–65), poor (CWIQ = 64–45), and bad (CWIQ
= 44–0).
The CWIQ has a wide range of water quality indicators for selection. The method is based on the data
from at least four indicators. There is no maximum number of indicators but including a large number of
indicators (more than 50) can distort the picture of the water body’s ecological status.
3.3 HYDROBIOLOGICAL COMPONENT
One of the most widely used methods for assessing self-purification capacity of rivers is the self-purification
coefficient of the river proposed by Streeter and Phelps (the US Public Health Service), which is suggested
with the use hydrobiological indicators for Armenia:
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∂L
= −KL
∂t
L = L0 exp(−Kt)
1

L

V

L

K = t ln ( L0 ) = S ln ( L0 ) or K =

lnL0 −lnL
S/V

where K is the river self-purification coefficient, L0 is the value of the hydrobiological index of organic
pollution at the point of pollution, L is the value of the hydrobiological index from the source of pollution
after a t period, S is the length of the river section under study, and V is the average velocity of river flow
in the river section.
In the proposed method, the self-purification coefficient assumes both positive and negative values. As
self-purification capacity grows, the coefficient’s value rises; a negative value indicates lack of selfpurification capacity, and the possibility of restoring self-purification capacity wanes as the negative value
declines.
The proposed assessment method enables hydrochemical assessment of river self-purification capacity
using a hydrochemical indicator of water quality instead of the hydrobiological indicator in the proposed
formula. As noted previously, hydrobiological assessment also enables characterization of self-purification
capacity for a longer period. Therefore, combining hydrochemical and hydrobiological assessments
provides more information.
This method can be applied in environmental sector, as well as in education and science. It can be of great
practical importance, especially for managing river water pollution. For example, suppose the
hydrobiological index of organic pollution of a river’s water—namely, the number of saprophytic bacteria
at the point of pollution—is 5,000 CFU/ml (L0 ) and a fish farm is operating or planned in the river section
5 km downstream. The number of saprophytic bacteria 5 km (S) downstream of the pollution point is
2,000 CFU/ml (L), and the average velocity of the river inflow in the 5 km long river section is 1.2 m/sec
(V). According to the proposed method, the river’s self-purification coefficient (K) for the given river
section will be 2.2 x 10-4 sec-1. Assume that the water quality for fisheries should not exceed Class II (1,000
CFU/ml). We can then calculate the maximum permissible level of pollution (Lmax ) at which the water
quality in the river section 5 km downstream will meet the water use standard for fisheries (1,000 CFU/
ml).
S
Lmax = L exp (K )
V
where K = 2.2 x 10-4 sec-1, L = 1,000 CFU/ml, S = 5 km, and V = 1.2 m/sec. In this case, the permissible
level of organic pollution at the pollution point (according to the number of saprophytic bacteria) will be
2,500 CFU/ml. The assessment can be carried out using hydrochemical or hydrobiological indicators or
both through this method.
It is proposed also to classify the river self-purification coefficient. The maximum coefficient value is
assumed as Class I, with each subsequent class (II, III, IV, and V) declining by two denominators
exponentially. For example, if the maximum annual coefficient value (K) of the river section, or Class I, is
5 x 10-4 sec-1, the other classes will be as follows: K/2 = 2.5 x 10-4 sec -1 (Class II ), K/4 = 1.25 x 10-4 sec1
(Class III), K/8 = 0.625 x 10-4 sec-1 (Class IV), and ˂0.625 x 10-4 sec-1 (Class V).
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3.4 HYDROMORPHOLOGICAL COMPONENT
The EU WFD adopted in 2000 envisages the introduction of new mechanisms of quality improvement and
management of water resources in the areas of EU countries. The EU countries should strive to achieve
good status of all surface and groundwater bodies until 2015, if not, then until 2021 and later, 2027. Good
status implies the maintenance of ecological, chemical, morphological, quantitative water standards. Many
Armenian rivers are subject to hydromorphological pressure (changes in flow regime, bed, floodplain,
bottom sediments, gradient, fall, habitat, etc.), which has an impact on aquatic flora and fauna and
consequently adversely affects water quality.
According to the EU WFD, a water body’s ecological status is categorized into high, good, moderate,
poor, and bad classes. "High" status is characterized by no or very low biological, chemical, and
morphological human pressure. Hydromorphological elements affect the development of biological
elements that influence a water body’s ecological status. The following biological elements are used to
assess hydromorphological pressure:
•
•
•

Hydrological regime (quantity and dynamics of water flow and connection to groundwater)
Continuity (free movement of sediments and migratory species upstream and downstream)
Morphology (physical habitat: substrate composition, changes in width and depth, structure of
bottom and floodplain)

Methods for assessing hydromorphological status can be divided into scoring, absolute value, and
coefficient assessments.
Scoring assessment methods are based on hydromorphological assessment of river flow, riverbed,
floodplain, and bank elements in various parts of the study section presented in scores. Such a method
was developed in 2013 in Slovenia to assess the quality of river habitats (Guideline for Hydromorphological
Monitoring and Assessment of Rivers in Croatia, 2013). A similar method has been used in the Eastern
Partnership countries, including Armenia, Belarus, Georgia, and Ukraine, to assess rivers’ ecological status
using hydrobiological and hydrochemical as well as hydromorphological indicators (e.g., an assessment of
Belarus rivers by Vladimir Korneev [2018]).
Hydromorphological assessment with absolute morphometric values is commonly used in the United
States and European countries to assess plankton habitats. There are several assessment models, one of
which is the MesoHABSIM model (Parasiewicz 2001). It is not advisable to apply this method to assess
river self-purification capacity as it is envisaged specifically for restoration of plankton habitats.
Coefficient assessment of the river’s hydromorphological status is based on field instrument
measurements that are usually made in two-dimensional (2D) and three-dimensional (3D) form to fully
assess the river throughout its course. Researchers often use the hydromorphological diversity index
(HMDI). Slovenian researchers differentiate the hydromorphological transformation index and the
hydromorphological quality index (Tavzes B.2009).
Austrian researchers used the HMID for hydromorphological assessment of the riverbed and linked it to
hydrobiological status (Gostner 2012). This work is valuable for its use of hydromorphological elements
such as water turbulence, intensity of bottom sediment transport, diversity of thalweg, and cross-section
profiles, all of which influence river self-purification capacity. In many cases, this method is used for
assessing the hydromorphological elements as an abiotic factor for assessment of the self-purification
capacity of rivers.
3.4.1 PROPOSED METHOD FOR HYDROMORPHOLOGICAL ASSESSMENT
For hydromorphological assessment, it is convenient to use the HMID. It enables assessment of the
diversity of river hydraulics, riverbed morphometry, and sediments with one common index.
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River self-purification capacity depends on hydromorphological diversity: the greater the diversity, the
greater the self-purification capacity. Among the main hydromorphological elements influencing selfpurification capacity are water turbulence, intensity of bottom sediment transport, bottom morphology,
river flow velocity, and depth.
Turbulence Calculation
Water turbulence plays a substantial role in river self-purification as it increases absorption of oxygen,
which is indispensable for most aquatic organisms. Turbulence, water temperature, and dissolved oxygen
content exist in a functional relationship. The higher the temperature, the greater the turbulence and
therefore the greater the saturation with dissolved oxygen. On the other hand, high water temperature
reduces the amount of dissolved oxygen. Therefore, water with laminar flow and high temperature will
have less self-purification capacity than water with turbulent flow of the same temperature. In addition,
turbulence is influenced by river flow velocity and depth.
River turbulence is determined by Reynolds and Froude numbers, the calculation formulas of which are
widely used in hydraulic engineering. The Reynolds number for rivers is obtained by the following formula:
𝑉 ∗ 4ℎ
𝑣
where 𝑅𝑒 is the Reynolds number; V is the water’s average velocity; h is the average depth of the river
𝜇
section; and 𝑣 is the kinematic viscosity of water, obtained from the 𝑣 = ratio where 𝜇 is the dynamic
𝑅𝑒 =

𝜌

(absolute) viscosity of water and 𝜌 is the density of water, the values of which depend on the water
temperature. The Reynolds number is classified as follows:
Laminar

Re<2,300

Transitional

2,300<Re<4,000

Turbulent

Re>4,000

At very high velocities of water flow, the Reynolds number is not applicable for determination of
turbulence; therefore, the Froude number is used in parallel to determine the critical turbulence. The
Froude number is obtained by the following formula:
𝐹𝑟 =

𝑉
√𝑔 ∗ ℎ

where 𝐹𝑟 is the Froude number, V is the water’s average velocity, h is the average depth of the river
section, and 𝑔 is the free fall acceleration equal to 9.81 m / sec2. The Froude number is as follows:
Subcritical

Fr<1

Critical

Fr=1

Supercritical

Fr>1
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Bedload Transport Stress
The bedload transport stress plays an important role for the river benthos and for microbes’ living
conditions and saprobity and is therefore an important factor in assessing river self-purification capacity.
The bedload transport stress is determined as follows:
2

𝑟=(

𝑉

) ∗𝜌
12 ∗ ℎ
5.75 ∗ log ( 𝐾 )
𝑠

where 𝑟 is the bedload transport stress, 𝑉 is the average velocity of flow, ℎ is the average water depth
of the river section, and 𝜌 is the specific weight of water. 𝐾𝑠 = 2 ∗ 𝐷65 where 𝐷65 is the diameter of the
sediments for which 65 percent of the sediment particles are finer.
Riverbed Morphological Diversity
The riverbed morphology is important for biodiversity, which contributes to river self-purification
capacity. Therefore, it is important to assess the river’s thalweg morphological diversity (TWD) and crosssectional morphological diversity (CSD). The thalweg morphometric diversity is determined as follows:
𝑇𝑊𝐷 =

∑𝑛𝑖=2|∆𝑍𝑖 |
∑𝑛−1
𝑖=1 𝑊𝑖

where
∆𝑍𝑖 = ∆𝑍𝑖−1 − (𝑆𝑖−2 ∗ 𝑊𝑖 ) − 𝑍𝑖
and where ∆𝑍𝑖 is the difference between the height of the measured point of thalweg and the theoretical
height, by which the thalweg gradient of the point upstream of the measured point remains constant. 𝑆𝑖
is the gradient of the i-th segment of thalweg, 𝑍𝑖 is the height of the i-th point of thalweg, and 𝑊𝑖 is the
distance between the i-th point of thalweg and the next point in the flow direction (Figure 1).
The cross-sectional morphometric diversity is determined as follows:

𝐶𝑆𝐷 =

∑𝑛𝑖=2|∆𝑌𝑖 |
∑𝑛−1
𝑖=1 𝑋𝑖

where
∆𝑌𝑖 = 𝑌𝑖−1 − 𝑌𝑖
and where ∆𝑌𝑖 is the difference between two measured neighbor points of the cross-section of the river
and 𝑋𝑖 𝑖𝑠 the distance between the 𝑖-th point and the next point (Error! Reference source not found.).
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Figure 1․ Determination of Thalweg and Cross-Sectional Morphometric Diversity

Determining the Hydromorphological Diversity Index
The hydromorphological diversity index allows assessing the studied section of the river. Individual
surveyed sections will be expressed in the form of individual HMIDs. To determine the
hydromorphological diversity, the coefficients of variation of the parameters for all sections are
determined using the following formula:
𝜎𝑖
𝐶𝑉𝑖 = ( )
𝜇𝑖
where 𝐶𝑉𝑖 is the coefficient of variation of the i-th parameter, 𝜎𝑖 is the mean square deviation of the values
of the i-th parameter, and 𝜇𝑖 is the arithmetic mean of the values of the i-th parameter.
Then the partial coefficient (𝑉(𝑖)) for each parameter is determined, using the following formula:
𝜎𝑖
𝑉(𝑖) = (1 + 𝐶𝑉𝑖 ) = (1 + )
𝜇𝑖
The hydromorphological diversity index of the section (𝐻𝑀𝐼𝐷𝑠 ) is determined, using the following
formula:
𝑛
2

𝑛

𝐻𝑀𝐼𝐷𝑠 = √∏ 𝑉 (𝑖)2
𝑖=1

where n is the number of parameters.
Table 1 shows the HMIDs’ classification.
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Table 1. Hydromorphological Indices and Classes

Hydromorphological
Diversity Index

Hydromorphological
Status Class

0–1.5

Bad

Typical of drained riverbeds and channels

1.5–3

Poor

Typical of fast-flowing mountain streams and rivers
with strongly altered beds

3–4.5

Moderate

4.5–6

Good

Typical of rivers with weakly altered beds

>6

High

Typical of rivers with natural or slightly altered beds

Description

Typical of rivers with considerably altered beds

3.5 OBTAINING AN INTEGRAL SELF-PURIFICATION INDEX
To obtain the integral self-purification index (ISPI) from hydromorphological, hydrochemical, and
hydrobiological indices, the well-known technique of analytical hierarchy process was used, according to
which the hydrobiological and hydrochemical indices were given twice as much weight as the HMID to
obtain the ISPI (Table 2).
Table 2. Analytical Hierarchy Process

HM

HC

HB

HM

1

0.5

0.5

HC

2

1

1

HB

2

1

1

Total

5

2.5

2.5

*HM=hydromorphological; HC=hydrochemical; HB=hydrobiological

Thus, the weights of the hydromorphological, hydrochemical, and hydrobiological indices of river selfpurification capacity were obtained (Table 3).
Table 3. Weights of Indices

HM

HC

HB

Weight

HM

0.2

0.2

0.2

0.2

HC

0.4

0.4

0.4

0.4

HB

0.4

0.4

0.4

0.4

*HM=hydromorphological; HC=hydrochemical; HB=hydrobiological

The ISPI was calculated using the formula below, in which the hydromorphological, hydrochemical, and
hydrobiological indices were multiplied by 0.2, 0.4, and 0.4 weight values, respectively. The HMID was
previously divided into 10 to bring it to the same standard as the hydrochemical and hydrobiological
indices.

ISPI = HM ∗ 0.2 + HC ∗ 0.4 + HB ∗ 0.4
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The ISPIs were grouped into separate classes as follows:
ISPI
0–0.1

ISPI class
V (bad)

0.1–0.2

IV (poor)

0.2–0.3

III (moderate)

0.3–
0.44
>0.44

II (good)
I (high)
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CHAPTER 4․ SELECTION AND SURVEY OF THE PILOT RIVER
BASIN
4.1 JUSTIFICATION OF THE PILOT BASIN SELECTION
Qasakh River was selected as a pilot river basin for assessing the assessing the self-purification capacity. It
is one of Armenia’s relatively large rivers (89 km), which originates in the slopes of the Aragats-Pambak
Mountains. The Qasakh River basin is in the Aragatsotn region and, in its lower reaches, in the Armavir
region. The river basin’s natural conditions are diverse. The area’s topography is severely dissected: the
parts in the Ashtarak and Talin regions are relatively low, whereas the foothills of the Ararat depression
are 1,000–1,500 m above sea level. The upward zoning of natural conditions is well expressed in the river
basin’s area.
As with most other river basins in Armenia, both anthropogenic and natural pressures affect the quality
of the Qasakh River basin’s water resources. In its hydrochemical regime, it is close to the rivers of the
Hrazdan River basin and partly to the Voghji, Vorotan, Debed, and Akhuryan River basins. Here,
household/domestic wastewater of settlements (from centralized and scattered sources), backflows from
agriculture, surface runoff formed in abandoned mines and tailing facilities, and untreated wastewater from
the food industry and other small and medium-sized enterprises exert pressure on the water quality of
rivers and the Aparan Reservoir. The impact of natural pressures on the water quality of the Gegharot
River in the Qasakh River basin is well expressed but is less noticeable in other rivers in Armenia.
4.2 SELECTION OF RIVERS FOR HYDROMORPHOLOGICAL ASSESSMENT
The Qasakh River was selected for monitoring, as its hydrological and hydromorphological characteristics
are typical of most of Armenia’s rivers. The selection was further based on the following characteristics:
Hydrological feeding regime. The Qasakh River’s hydrological regime is typical of most Armenian rivers. It
has mixed feeding and is distinguished by seasonal flow fluctuations, spring floods and freshets, summer
water shortage, and increased flow from autumn rains. Such a regime enables assessment of selfpurification capacity in a variety of physical conditions.
River network morphology. A river network’s general morphology and level of development, the altitudes of
the source and the estuary, the difference between these altitudes, and the presence of various gradients
along the river are all important. Qasakh has a rather developed river network, a substantial difference
between source and estuary altitudes, and changes in gradients in multiple parts. Such diversity enables
comparisons with other rivers.
Hydraulic characteristics. It is expedient for the assessment to include a variety of hydraulic elements (e.g.,
river width, depth, flow rate, gradient). Qasakh has a heterogeneity of both seasonal and source-to-estuary
hydraulic elements, which provides a diversity of data for the development of a method of assessment of
rivers’ self-purification capacity.
Diversity of hydromorphological elements. Elements of hydromorphological status (e.g., flow type, bottom
morphology and sediment types, floodplain types, and presence of macrophytes and coastal vegetation
and extent of their alteration under anthropogenic impact) have a significant impact on river selfpurification capacity. In this respect, the Qasakh River stands out with its diversity. There are sections of
natural; near natural; and moderately, strongly, and very strongly altered hydromorphological status. This
diversity makes it possible to find connections with hydrochemical and hydrobiological factors.
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4.3 SELECTION OF SAMPLING OBSERVATION POINTS AND ORGANIZATION OF
HYDROCHEMICAL, HYDROBIOLOGICAL, AND HYDROMORPHOLOGICAL
MONITORING

4.3.1 HYDROCHEMICAL AND HYDROBIOLOGICAL MONITORING
The sampling of water from the Qasakh River basin and the determination of hydrochemical indicators
were carried out by the HMC SNCO of the Republic of Armenia Ministry of Environment. Hydrobiological
sampling and analyses were carried out by a hydrobiologist from the Scientific Center of Zoology and
Hydroecology of the National Academy of Sciences of Armenia and the ASPIRED project hydrobiologist.
Sampling
To collect data on hydrochemical and hydrobiological indicators and to test the proposed assessment
method, 11 observation points were selected in the Qasakh River basin, 7 of which are HMC SNCO
observation points and 4 of which are temporarily offered for studying purposes.
Table 4 shows the locations of the hydrochemical monitoring points.
Table 4. Hydrochemical Monitoring Point Locations

No.

No. of the
Observation
Point

Name of Water
Resource
Qasakh River

Location of the Sampling Point

1

43

0.5 km upstream of the town of Aparan

2

44

0.5 km downstream of the town of Aparan

3

45

1 km upstream of the town of Ashtarak

4

46

3.5 km downstream of the town of Ashtarak

5

47

Near the estuary

6

111-1

Aparan Reservoir

The Qasakh River up to the Aparan
Reservoir

7

111-2

Aparan Reservoir

The Qasakh River from the outlet of the
Aparan Reservoir

9

48

Gegharot River

0.5 km upstream of Aragats village

10

49

11

1

12

2

Near the estuary
Halavar River

River source
Near Melik village
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Hydrochemical data for all seasons were required to test the assessment method’s accuracy. Therefore,
the sampling was conducted monthly from May 2019 to April 2020. Hydrochemical sampling, storage of
samples, and transfer of samples to laboratory were carried out in accordance with ISO 5667 standards.

Hydrochemical Monitoring
Water was sampled from the selected observation points and the water temperature, pH, and dissolved
oxygen content were determined on the spot. The values of oxygen saturation, mineralization, elements
of the mineralization regime, BOD5, and COD, as well as the concentrations of biogenic substances and
metals were determined under laboratory conditions. A total of 47 hydrochemical indicators were
investigated in the water samples, and their values were determined through analytical methods in
accordance with ISO international standards.
Collection of Hydrochemical Monitoring Data
For data collection and automation of calculations, a common database was created in MS Excel into which
the samples’ hydrochemical and hydrological data (river water flow rate and velocity) were entered on
separate sheets for the period of May 2019 to April 2020.
The proposed self-purification assessment method for Armenia and the CWQI method for comprehensive
assessment of water quality are based on complex mathematical approaches and mechanisms which may
present an obstacle to the methods’ wide applicability. Therefore, an electronic model in MS Excel was
developed that enables quick, automatic input of the necessary data to assess a river section’s selfpurification capacity for a given year or month. The program is based on eight interconnected MS Excel
sheets, each responsible for its own function.
The monthly hydrochemical and hydrological indicator data determined during the given year at the
monitoring points of the studied river basin/river/ segment are entered into the first sheet, Data Input
(Figure 2). All the determined indicators of water quality are entered into this sheet. From hydrological
indicators, the values of river flow rate and velocity are mandatory for entering into the sheet.
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Figure 2. Data Input Sheet

The Water Quality Norms sheet lists the values of the second class of ecological standards defined for
the given river by Republic of Armenia Government Decision No. 75-N (Figure 3). These data are used
for a comprehensive assessment of water quality at the observation points in the upper and lower reaches
of the river section, in accordance with the CWQI.
Figure 3. Water Quality Norms Sheet
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To select the data from the Data Input sheet for the river section under study, the data must be imported
(called) from the Data Input sheet of the River Reference Data and River Data sheets. The River Reference
Data sheet is intended for the data received from the observation point in the upper reaches of the river
section, and the River Data sheet is intended for the data obtained from the observation point in the
lower reaches of the river, respectively, where due to self-purification processes a decrease in the
concentrations of pollutants and improvement of water quality is observed (in the absence of pollution
sources in the river segment).
Figure 4. Water Quality Reference and Water Quality Assessment Sheets
Water Quality Assessment Index
with minor number of parameter

Parameters
Dissolved oxygen
DO
pH
COD
BOD5
Ammonium ion
Nitrate ion
Total number of tests

Water Quality Assessment Index
with large number of parameter

Cs
95.59

Parameters
Dissolved oxygen
DO
pH
COD
BOD5
Ammonium ion
Nitrate ion
Suspended solids
Total solids
Conductivity
Phosphate ion
PO4
Nitrite ion
NO2Sulfate ion
SO42Chloride ion
ClSilicate ion
Si
Hydrocarbonate ion
HCO3Li
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
Total number of tests

Cs
59.13

The Water Quality Reference and Water Quality Assessment sheets are intended for a comprehensive
assessment of water quality at the river section’s upper and lower reaches, respectively, in accordance
with the CWQI. The sheet shows the summary values of the CWQI for two sets of hydrochemical
indicators:
•

For 6 indicators (DO, BOD5, COD, pH, NH4+, NO3-)

•

For 42 indicators

The sheet shows in pink the indicators that have been included in the comprehensive water quality
assessment. In the absence of data, the cell of the given indicator is marked in green.
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All mathematical operations in these two sheets are performed automatically when the data in the River
Reference Data and River Data sheets are present.
Based on the operations of the above Excel sheets, the self-purification capacity of the given river section
is presented automatically in the Self-Purification Capacity sheet, using the formula of the self-purification
capacity assessment (Figure 5).
Figure 5. Self-Purification Capacity Sheet
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The Metadata sheet, the final sheet, shows the source of the hydrochemical data and the relevant
ecological standards, as well as information on the river section and pollution sources.
Hydrobiological Sampling and Analysis
A study of saprophytic bacteria and benthic invertebrates was conducted for the hydrobiological
assessment. Sampling and analysis of hydrobiological indicators were performed through conventional
hydrobiology methods.
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For bacteriological studies, water samples were taken from the river in sterile containers and stored in
thermoboxes at low temperatures. In laboratory conditions, bacteria were placed on a medium prepared
from dry nutrient agar. The samples were then incubated at 20°C and 37°C for 24–48 hours. After
incubation, the number of bacteria grown in the medium was calculated, expressed as the number of
colony-forming units. The tests were performed under sterile conditions.
Sampling of benthic animals from the river was performed with a Surber sampler and samples were fixed
in the field condition with formaldehyde. The benthic macroinvertebrates were separated from the
substrate under laboratory conditions and qualitative analysis of macrozoobenthos was conducted with
microscopes of various types. Taxonomic groups were determined using freshwater determinants and
animals of taxonomic groups registered at each observation were counted. Animals from each group of
benthic macroinvertebrates were dried on filter paper and then weighed to determine the total dry mass
of each taxon.
4.3.2 HYDROMORPHOLOGICAL MONITORING
Separation of River Sections
The studied river section is a 100–500 m long segment of the river where there is a sequential alteration
of morphological elements of the riverbed. The studied river section was selected as it was representative
of the given river segment. Slope uniformity, flow channel morphology (straight, tortuous, branching),
coastal vegetation, geological rocks, and alterations under anthropogenic influence were taken into
account.
Division of River Sections
The studied river section was divided into river subsections 10–50 m apart so that each river section
differed hydromorphologically from the previous one. A benchmark point was created for each section,
on which hydraulic and hydromorphological measurements were based.
Benchmarking Process
The benchmark point was placed in the studied section upstream of the river floodplain on the terrace
above the floodplain near the river and the benchmark was maintained throughout the monitoring period.
The benchmark point’s X, Y, and Z coordinates were determined, and the benchmark point was accepted
as a fixed point during the monthly observations. The benchmark point was fixed using 40–50 cm long
metal rods.
Measuring Instruments and Tools
A differential GPS device of Layca Zeno GIS model with measurement accuracy equal to 1 cm was used
to perform the measurements. The velocity of river water flow was measured with an electronic water30

metering propeller and water temperature was measured with a water thermometer with an accuracy of
1°C. The size of bottom sediments was determined with an ordinary ruler—a 50 m long tape measure.

Measurement of River Sections
All river sections were measured from the benchmark point perpendicular to the riverbed, with the crosssection including the floodplain in addition to the riverbed (Figure 6). The distance from the benchmark
point and the altitude above sea level was measured within the accuracy of a centimeter. It is desirable to
assume the distance in a value within a constant range—1 m for small rivers and 2 m for large rivers. The
level of the floodplain (maximum flow) and the level of actual water flow were measured, always measuring
from the right bank to the left bank or vice versa to ensure comparability of sections.
Figure 6. Example of a Cross-Section Profile of the Riverbed

Benchmar
k

Floodplain

Maximum flow
Actual flow

A differential GPS device of the Layca Zeno GIS model was used to measure the river sections, and the
distances were determined with measuring tape. A level gauge or theodolite can also be used.
The river’s hydrometric parameters (average depth, width, wet perimeter, hydraulic radius, and river
section area) were obtained by calculation.
Water Velocity Measurement
The water velocity was measured in one of the river sections of the studied area with a water-metering
propeller. The velocity can be measured with float meters at every 1 m distance from the bank for small
rivers and 2 m for large rivers. The distance and time traveled by the float (10 m or 20 m) is measured
and the average water velocity is determined by calculations. For the other river sections, the water
velocity was determined using Monning’s formula:
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2
1
1
∗ 𝑅ℎ3 ∗ 𝑖 2
𝑛
where V is the average velocity, n is the bed roughness factor, 𝑅ℎ is the hydraulic radius, and i is the
gradient. The value of n is obtained by the following formula:

𝑉=

1

5

𝑖 2 ∗ 𝐻3 ∗ 𝐵
𝑛=
𝑄
where i is the gradient, H is the average depth, B is the width, and Q is the river water flow. The value of
n can also be determined using the following formula:
𝑛=

0,15
√𝑔

1

∗ 𝐾6

where g is the acceleration of free fall and K is the average size of the bottom sediment.
Determination of River Gradient
Longitudinal profiles of the riverbed were created in the sections of the surveyed segment to determine
the riverbed gradient. For this purpose, the heights of the points along the thalweg and the distances
between them were measured, starting from the first section of the surveyed segment section by section
in the direction of the flow. A differential GPS device of the Layca Zeno GIS model was used for the
measurements. A level gauge or theodolite can also be used.
The final gradient was determined by calculating the measured data.
Determination of River Width
The river’s width was determined using the transverse profiles created in the surveyed sections.
Sampling of Bottom Sediments
Bottom sediments were sampled at each section to determine their granular composition. For each
section, subsections with representative sediments were separated, including the riverbed and the
floodplain. Zigzagging along the river section in the direction opposite to the flow, a sample was taken
from the sediment on each step (Figure 7); only the medium axes (B) of the sediment were measured in
mm with a ruler (Figure 8). The results were numbered and registered in the log. This process was
repeated in the direction of the flow, starting from the opposite bank. More than 100 samples were taken
for each section.
Figure 7. Scheme of the Zigzag-Shaped Sampling Path
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Figure 8․ Long (A), Medium (B), and Short (C) Axes of River Pebbles

The granular composition of bottom sediments and their percentages were then determined.
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CHAPTER 5․ TESTING HYDROCHEMICAL AND HYDROBIOLOGICAL COMPONENTS OF THE PROPOSED ASSESSMENT METHOD
This chapter presents testing results of the prosed self-purification capacity assessment method on the
rivers of the pilot river basin (Qasakh, Gegharot, Halavar).
5.1 TESTING THE HYDROCHEMICAL COMPONENT
The monthly change in self-purification capacity in the pilot river basin was assessed through the method
proposed in Chapter 3 in six sections of the Qasakh River, one section of the Gegharot River, and one
section of the Halavar River for two sets of indicators. The assessment used 42 hydrochemical indicators
in the first case and six indicators in the second case.
The following river sections were selected:
Qasakh River
•
•
•
•
•
•

From the source to downstream of Aparan (2,624 m)
From downstream of Aparan to the reservoir (3,767 m)
Segment of the reservoir (3,287 m)
From the outlet of the reservoir to Ashtarak (21,841 m)
In the area of Ashtarak (7,259 m)
From downstream of Ashtarak to the estuary (14,700 m)

Gegharot River
•

0.5 km upstream of Aragats to the estuary (7,303 m)

Halavar River
•

From the source to the village of Melik (1,165 m)

Figures 9–13 present the results.
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Figure 9. Assessment of the Qasakh River’s Self-Purification Capacity with 42 Indicators
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Figure 10. Assessment of the Qasakh River’s Self-Purification Capacity with Six Indicators
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Figure 11. Assessment of the Gegharot River’s SelfPurification Capacity
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Figure 12. Assessment of the Halavar River’s Self-Purification Capacity
With 42 indicators
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Figure 13. Comparison of the Qasakh River Basin’s Self-Purification Capacities
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5.2 TESTING THE HYDROBIOLOGICAL COMPONENT
The method proposed in Chapter 3 was tested for the hydrobiological assessment of the self-purification
capacity of the Qasakh pilot river. Taking into account the geographical and hydromorphological nature of
Armenia’s rivers, the hydrobiological indicators that best characterize water quality, such as saprophytic
bacteria and benthic macroinvertebrates, in the upper, middle, and lower reaches of the Qasakh River
(Figures 14–15) were studied. The assessment results show positively increasing, zero, and negatively
decreasing self-purification coefficient values. According to these values, the Qasakh River has the highest
self-purification capacity in the upper reaches (where self-purification processes almost always take place
throughout the year), with higher intensities in the early spring and lower intensities in the early summer.
This result is explained by favorable (spring freshets) and unfavorable (summer low water) changes in the
hydrological regime.
The intensity of self-purification processes is relatively low in the lower reaches, where negative coefficient
values have been recorded, indicating anthropogenic impact and organic pollution that exceed self-purification
capacity. The middle reaches not subject to significant anthropogenic impact showed mostly negative
coefficient values as well as zero and near-zero positive values, indicating non-intensive self-purification
processes in the river section. These values look logical as they reflect improvement or treatment of the
river water through the reservoir and the lack of significant anthropogenic impact on the river section.
Figure 14. Testing the Assessment Method with Hydrobiological Indicators։ Saprophytic Bacteria

Figure 15. Testing the Assessment Method with Hydrobiological Indicators (Macrozoobenthos-Based
Extended Biotic Index)

Upper reaches = downstream of Aparan to the reservoir; middle reaches = from the outlet of the Aparan Reservoir to upstream of
Ashtarak; lower reaches = downstream of Ashtarak to the estuary
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Table 5 shows the self-purification coefficients of the Qasakh River (sec-1) calculated on the basis of
hydrobiological indicators according to the proposed method and classification system.
Table 5. Qasakh River Self-Purification Coefficients

Coefficient Class

Hydrobiological Indicators

I

II

III

IV

V

Upper reaches
Quantity of saprophytic bacteria

≥0.42

0.21

0.105

0.0525

˂0.0525

Macrozoobenthos-based extended biotic index

≥0.08

0.04

0.02

0.01

˂0.01

Middle reaches
Quantity of saprophytic bacteria

≥0.014 0.007 0.0035 0.00175 ˂0.00175

Macrozoobenthos-based extended biotic index ≥0.002 0.001 0.0005 0.00025 ˂0.00025
Lower reaches
Quantity of saprophytic bacteria

≥0.066 0.033 0.0165 0.00825 ˂0.00825

Macrozoobenthos-based extended biotic index

>0

0

˂0

˂0

˂0

The self-purification capacity assessment results using the example of the Qasakh River demonstrate the
proposed method’s flexibility. The coefficient can indicate the degree of self-purification capacity (the value
rises as the capacity grows), the absence of self-purification capacity (the value equals zero), and the possibility
of recovery (a negative value that declines with decreasing recovery capacity). Also, the method can use any
water quality indicator. The method is also easy to apply as the assessment requires only selected water
quality indicators, measurements of the average flow rate and length of the river section under study, and a
simple mathematical calculation of the values obtained.
5.3 TESTING THE HYDROMORPHOLOGICAL COMPONENT
The hydromorphological assessment was conducted using the example of the Qasakh River and its tributaries.
The segments between the hydrochemical and hydrobiological sampling points were selected as the study
segments.
For the Qasakh River
Section 1: From upstream to downstream of the town of Aparan (2,624 m)
Section 2: From downstream of the town of Aparan to upstream of the Aparan Reservoir (3,767 m)
Section 3: From upstream of the Aparan Reservoir to the Aparan Reservoir (3,287 m)
Section 4: From the Aparan Reservoir to upstream of the town of Ashtarak (21,841 m)
Section 5: From upstream to downstream of the town of Ashtarak (7,259 m)
Section 6: From downstream of the town of Ashtarak to the estuary (14,700 m)
For Gegharot Tributary
Section 1: From the village of Aragats to the estuary, stretching 7,303 m
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For Halavar Tributary
Section 1: From upstream of the village of Melik to the source, stretching 1,165 m
At least five river subsections representative of the river hydromorphology were identified for each studied
section (Table 6).
Table 6. River Subsections

Study Section

Length of Representative
River Section (m)

Number of
River
Subsections

Qasakh section 1

127

7

Qasakh section 2

185

6

Qasakh section 3

145

5

Qasakh section 4

258

5

Qasakh section 5

104

5

Qasakh section 6

329

5

Gegharot section 1

106

5

Halavar section 1

115

5

The assessment of the hydromorphological diversity of the study sections was conducted monthly, taking
into account the following hydromorphological parameters: the morphology of thalweg, the morphology of
the river section bottom, the turbulence of the river water flow according to Froude and Reynolds numbers,
the bedload transport stress, the velocity, and the depth of the river water flow (Figures 16,17). In the
segments where the river surface was frozen during the winter, no hydromorphological measurements or
calculations were conducted.
Figure 16. Average Annual Hydromorphological Diversity Indices of the Qasakh River and Its Gegharot
and Halavar Tributaries by Studied Section
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Figure 17. Monthly Hydromorphological Diversity Indices of the Qasakh River and Its Gegharot and
Halavar Tributaries by Studied Section
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5.4 DISCUSSION OF RESULTS
5.4.1 HYDROCHEMICAL ASSESSMENT
Qasakh River
According to the study results, the Qasakh River’s self-purification capacity is high, especially in the spring
and autumn when the water flow rate and velocity are at their maximum levels and the oxygen saturation
level is high, which is important for the self-purification process. However, continuous anthropogenic
pressures reduce the river’s self-purification capacity, so this capacity gradually declines downstream, with
the lowest self-purification capacity in the sixth river section (from downstream of the town of Ashtarak to
the estuary [14,700 m]). After the point of discharge of untreated wastewater in Ashtarak, anthropogenic
pressures are relatively low or almost absent.
The Aparan Reservoir plays an important role in the Qasakh River’s natural self-purification, especially during
the summer when the river water is purified significantly through settling and biochemical processes.
However, pollutants accumulate at the bottom of the reservoir and the reservoir becomes polluted, risking
further secondary pollution. The pollutants accumulated at the bottom of the reservoir continue to
decompose and undergo self-purification processes, although more slowly.
The assessment of hydrochemical indicators shows a high level of organic pollutants in the river water,
revealing the substantial pressure of pollution on the Qasakh River from municipal and domestic wastewater.
Gegharot River
The Gegharot River’s self-purification capacity is high in the spring and the first months of summer (June and
July), when water flow is high because of intense snowmelt. Starting in August, however, the river’s selfpurification capacity declines sharply. Self-purification processes are especially slow—approaching zero—in
August and November.
The assessment of hydrochemical indicators reveals a low level of organic pollutants in the river water; selfpurification processes aim to stabilize metals and the water’s acidic environment.
Halavar River
In contrast to the Qasakh and Gegharot Rivers, the source segment of the Halavar River has high selfpurification capacity in the summer and autumn months, when the inflow of surface water and therefore the
penetration of pollutants decline. This indicates that the river’s natural processes aim to neutralize the
pollutants brought into the river by surface flow from the mining areas. The lower the inflow of surface water,
the less pollution with metals, and self-purification processes are not affected. The river’s lowest level of selfpurification capacity occurs in June during intense snowmelt.
The assessment of hydrochemical indicators shows that the Halavar River’s self-purification processes aim
mainly to neutralize metals, and the level of organic pollutants is low.
Comparison of Self-Purification Capacity
The fast-flowing mountain rivers Gegharot and Halavar have higher self-purification capacity, and Qasakh has
a relatively low self-purification capacity because of big river flow and greater anthropogenic pressure. Under
the constant impact of these pressures, the river gradually loses its self-purification capacity. The same
phenomenon is observed in the Gegharot River: disruption of self-purification processes conditioned by
anthropogenic factors in the studied river section leads to a sharp decline in the entire river’s self-purification
capacity between August and November.
Classification of Hydrochemical Component
To determine the background value of the hydrochemical component of the rivers’ self-purification capacity
of the Qasakh River basin, the segment from the source of the Qasakh River to the part downstream of the
town of Aparan was selected as the representative river section. Using the statistical method of specific
logarithmic distribution, a background value equal to 0.411 sec-1 was obtained.
Table 7 shows the classification of the rivers of the Qasakh River basin according to their self-purification
capacity.
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Table 7. Qasakh River Basin Rivers Self-Purification Capacity Classes
River

River Section

Length of
Section (m)

River

Average Value of
Self-Purification
Capacity

Self-Purification
Capacity Class

Qasakh

From the source to
downstream of Aparan

2,624

0.340

II (good)

From Aparan to the reservoir

3,767

0.221

IV (poor)

Segment of the reservoir

3,287

8.755

I (high)

From the outlet of the
reservoir to the town of
Ashtarak

21,841

1.413

I (high)

From upstream to downstream
of Ashtarak

7,259

0.376

II (good)

From downstream of Ashtarak
to the estuary

14,700

0.118

V (bad)

Gegharot

From the source to the estuary

7,303

0.256

IV (poor)

Halavar

From the source to Melik
village

1,165

0.660

I (high)

5.4.2 HYDROMORPHOLOGICAL ASSESSMENT
A river’s hydromorphological diversity has a significant impact on the hydrochemical and hydrobiological
components of the river’s self-purification capacity. It illuminates the cause-and-effect relationships between
self-purification capacity and the river’s physical parameters.
This study revealed that artificial changes in the riverbed and water flow have a significant impact on the
rivers’ hydromorphological diversity. According to the given HMIDs, the fast-flowing mountain tributaries
and the rivers with significant morphological changes of the riverbed have the lowest status, the river sections
with partial artificial changes in the riverbed and water flow have average status, and the river sections with
natural or weak artificial changes in the riverbed and water flow have good or high status.
Qasakh River Section Characteristics
The section from upstream to downstream of the town of Aparan has high status and a high HMID—the
highest among all surveyed sections. It is conditioned by the riverbed’s preserved natural morphology, with
a water flow regime close to natural. The changes of morphological and hydraulic elements are well expressed
in this river section.
The section from downstream of the town of Aparan to upstream of the Aparan Reservoir has moderate
hydromorphological status. The riverbanks and bottom morphology in this section are significantly changed,
so the changes in the hydromorphological elements are poorly expressed. Therefore, self-purification is
challenging with intensive pollution.
The section from upstream of the Aparan Reservoir to the Aparan Reservoir also has moderate status. The
riverbanks and the bottom are partially changed. The coastal vegetation has changed drastically, so the river
has stopped forming a floodplain. Self-purification will be difficult with a large amount of pollution.
The section from the outlet of the reservoir to the town of Ashtarak has good hydromorphological status.
Here the riverbed’s natural morphology is almost unchanged. However, because of the Aparan Reservoir,
the river’s natural flow is regulated, which affects the river’s hydromorphological status.
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The section from upstream to downstream of the town of Ashtarak has good (close to high) status. This
section has morphological changes only in some places of the banks. The water flow is regulated, which can
raise self-purification capacity.
The section from downstream of the town of Ashtarak to the estuary has good status. Changes in the
riverbed and banks are not significant. The water flow is regulated, which can raise self-purification capacity.
Gegharot River Section Characteristics
The hydromorphological status of the section from upstream of the village of Aragats to the estuary is poor.
Parts of the riverbed are completely changed. The natural morphological elements of the bottom are leveled,
and the banks are altered; the riverbed has acquired the form of a canal. The river section has low selfpurification capacity.
Halavar River Section Characteristics
The hydromorphological status of the section from the river source to Melik village is poor. The morphology
of the river and the banks is natural, with slight changes. The regulation of the water flow is insignificant,
except during the summer months. The riverbed’s morphological diversity is not naturally expressed, so the
self-purification capacity is low.
Table 8 presents the average HMID values and the classes of hydromorphological status.

Hydromor
phological
Status
Class

River
Section
Length (m)

Table 8. Qasakh River Basin Rivers Hydromorphological Diversity Index Values and
Hydromorphological Classes
River Section

Qasakh

From upstream to downstream of the
town of Aparan

2,624

6.56

I (high)

From downstream of the town of Aparan
to upstream of the Aparan Reservoir

3,767

3.56

III (moderate)

From upstream of the Aparan Reservoir
to the Aparan Reservoir

3,287

3.69

III (moderate)

From the outlet of the reservoir to the
town of Ashtarak

21,841

5.14

II (good)

From upstream to downstream of the
town of Ashtarak

7,259

5.99

II (good)

From downstream of the town of
Ashtarak to the estuary

14,700

4.70

II (good)

Gegharot

From upstream of the village of Aragats to
the estuary

7,303

2.97

IV (poor)

Halavar

From the source to Melik village

1,165

2.60

IV (poor)

Average
Value of
HMID

River

5.4.3 ANALYSIS OF HYDROMORPHOLOGICAL, HYDROCHEMICAL, AND HYDROBIOLOGICAL
INDICES AND DEVELOPMENT OF AN INTEGRAL INDEX
Through comparing the hydromorphological, hydrochemical, and hydrobiological status of the rivers’ selfpurification, it is possible to analyze separately hydromorphological, hydrochemical, and hydrobiological
factors in each river section to better understand how to counteract processes that hinder river selfpurification capacity (Table 9), Preserving and restoring the natural state of the rivers’ hydromorphological
elements will be especially important in this effort.
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Table 9. Qasakh River Basin Rivers Hydromorphological, Hydrochemical, and Hydrobiological Classes

Study Section

HM

HC

HB

SPC

HM Class

HC Class

HB Class

SPC Class

From upstream to downstream
of the town of Aparan

0.66

0.34

0.20

0.35

I (high)

II (good)

II (good)

II (good)

From downstream of the town of
Aparan to upstream of the Aparan Reservoir

0.36

0.22

0.20

0.24

III (moderate)

IV (poor)

II (good)

III (moderate)

From upstream of the Aparan
Reservoir to the Aparan Reservoir

0.37

8.76

0.20

3.66

III (moderate)

I (high)

II (good)

II (good)

From the outlet of the reservoir
to the town of Ashtarak

0.51

1.41

-0.20

0.59

II (good)

I (high)

V (bad)

I (high)

From upstream to downstream
of the town of Ashtarak

0.60

0.38

-0.20

0.19

II (good)

II (good)

V (bad)

IV (poor)

From downstream of the town of
Ashtarak to the estuary

0.47

0.12

-0.20

0.06

II (good)

V (bad)

V (bad)

V (bad)

From upstream of the village of
Aragats to the estuary

0.30

0.26

-0.20

0.08

IV (poor)

IV (poor)

V (bad)

V (bad)

From the source to Melik village

0.26

0.66

-0.20

0.24

IV (poor)

I (high)

V (bad)

III (moderate)
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