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Abstract: The river ecosystem in the Akhuryan River Basin (RB), which is of vital importance to the country, is polluted and 
degraded due to anthropogenic impact. With the aim of river restoration in the Akhuryan RB, we assess the ecological 
status of RB. The study is carried out based on surface water quality monitoring data for the period of 2013-2015. The 
river's ecological status was determined applying a site-specific assessment system for the evaluation of chemical 
quality and rapid biological assessment (RBA) method for the evaluation of biological quality. The RBA 
method/index is based on analysis of benthic macroinvertebrate communities (macrozoobenthos). The chemical 
quality assessment method is based on background concentrations of hydrochemical parameters. In the Akuryan 
River, the chemical quality of the water was changed from good to poor, and the worst quality was assessed in the 
Karkachun River. The main pollutants in Akhuryan RB are nutrients. 

Keywords: Site-specific water quality assessment system, ecological status, macroinvertebrates, Akhuryan River Basin. 

1. INTRODUCTION 

Surface water quality is a matter of serious concern today. Anthropogenic influences (urban, 
industrial and agricultural activities, increasing consumption of water resources) as well as natural 
processes (changes in precipitation inputs, erosion, and weathering of crustal materials) degrade 
surface waters and impair their use for drinking, industrial, agricultural, recreational or other 
purposes (Simeonov et al., 2003; Carpenter et al., 1998). Increasing water pollution causes not only 
the deterioration of water quality but also threatens human health and the balance of aquatic 
ecosystems, the economic development and the social prosperity (Milovanovic, 2007). 
Development activities such as agriculture, urbanisation, forestry and industries often lead to more 
intensive land use, which increases runoff and the consequent transport of pollutants directly into 
waterways (Kibena et al., 2014). Gradually, people began to pay close attention to river health, 
which has become an important objective of river restoration and management schemes (Shan et al., 
2016). 

Akhuryan RB, located in the western part of the Republic of Armenia, is one of the country’s 
major river basins. In Akhuryan River Basin, sewage and communal wastewaters from the 
settlements are directly released into the environment, since existing treatment plants are non-
operational, and sewage and industrial pipeline networks are obsolete: 70-80% of pipes are out of 
order. As a result, all wastewaters, including communal, industrial and non-industrial, are 
discharged into the surface waters without treatment (RBMP, 2014). 

To date, no studies have assessed the river ecological status of the whole Akhuryan RB. Some 
studies have reviewed chemical quality of the water of the Akhuryan RB. For Akhuryan River 
Basin, a site-specific water quality assessment method has been developed with the application of 
background concentration of hydrochemical parameters (Hovhannisyan and Shahnazaryan, 2016).  

Thus, the assessment the ecological status of the Akhuryan RB is imperative, which has specific 
river ecosystem features, in parallel with estimation of chemical quality. 

Macroinvertebrates were selected as bio-indicators for assessment of river ecological status in 
the Akhuryan River Basin, specifically using genera (Shan et al., 2016). Biological indicators used 
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to indicate the condition of aquatic ecosystems included macroscopic plants, fish, benthic 
invertebrates, phytoplankton and phytobenthos, with macroscopic plants and benthic invertebrates 
as the most widely applied indicators (Birk et al., 2012; Alam et al., 2016; Georgio et al., 2016, 
Torrisi et al., 2010). Macroinvertebrates were widely used in monitoring rivers because of their 
sensitive to pollution and rapid response to external disturbance (Munyika et al., 2014; Kibena et 
al., 2014; Miheri et al., 2014). A Rapid Bioassessment (RBA) method/index based on analysis of 
benthic macroinvertebrate communities (macrozoobenthos) was used to assess ecological status the 
Akhuryan River Basin (Cheshmedjiev, 2013; RBMP, 2015). 

2. MATERIALS AND METHODS 

2.1. Description of the study area 

Akhuryan River Basin (RB) is located in the western part of the Republic of Armenia. It borders 
to the Republic of Georgia to the north, Turkey to the southwest to northwest, and Debed, Kasakh 
and Metsamor river basins to the east. The total area of the river basin is 2784 km2, and the territory 
extends between the northern latitude 40°06' -41°10' and eastern longitude 43°27'-44°10'. The 
maximum extension of the territory from east to west is 54 km, and from north to south 115 km. 
The highest point is the northern peak of Aragats Mountain (4090 m). The lowest point is 948 m 
and is located at Akhuryan River mouth, near the village Bagaran (RBMP, 2014). 

Akhuryan River originates from Arpilich Reservoir. In the middle and lower reaches, Akhuryan 
River is a transboundary river with the Republic of Turkey. Karkachun and Ashotsq are the 
observed largest tributaries of Akhuryan River in Armenia. The total area of the river basin is 2,784 
km2 and total length is 186 km. The total population in the Akhuryan RB is about 297,000. The 
largest urban community in Akhuryan RB is Gyumri, which is also the second largest city of 
Armenia, with a population of 146,122 (Figure 1). Two cities Artik and Maralik, with a population 
of 21485, are situated in the Karkachun RB. 

Agriculture is one of the leading branches of economy in Akhuryan RB. The main profiles of 
agricultural production in the upper section of the Akhuryan RB are crops (grains, including wheat 
and barley, potatoes, vegetables, including cabbage, carrots, beetroot, melons, fodder crops, such as 
oat and alfalfa), as well as livestock breeding. 

There are plenty of reserves of construction materials, which are mainly presented by tuffs, 
perlite, sands and scoria.  

In Akhuryan RB, all wastewaters, including communal, industrial and non-industrial, are 
discharged into the rivers without treatment. The impact of sewage water was considered as point 
source pollution in Akhuryan RB (RBMP, 2014). 

2.2 Description of water quality sampling sites 

The dataset originates from 5 sampling sites along the main flow of Akhuryan River, 2 sampling 
sites along the flow of tributary Ashotsq and 1 sampling site of tributary Karkachun (Figure 1). The 
sampling sites are located in representative locations, where specific water properties are controlled. 
Sampling site 31 (0.5 km upstream Amasia village) checks the Akhuryan River water quality in the 
upper section of the river, which is influenced by the quality of the tributary Ashotsq. Sampling site 
32 (1 km downstream Amasia village) indicates the impact of the settlements of this region. 
Sampling site 33 (0.8 km upstream Gyumri city) controls the river water quality before its entry to 
Gyumri city, the largest urban community in Akhuryan RB. Sampling site 34 (5 km downstream 
Gyumri city) controls the river quality downstream Gyumri city, which is enriched by the 
wastewater of Gyumri city. Sampling site 35 (near Yervandashat village) is located near the mouth 
of the river, where Akhuryan River flows into the River Araqs. Sampling site 36 (0.5 km upstream 
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Artashen village) is located in the upper sections of tributary Ashotsq, far from significantly 
affected by human activities urban and rural areas. Sampling site 37 (river mouth) and sampling site 
38 (river mouth) describe accordingly the estuaries of Ashotsq River and Karkachun River before 
flowing into Akhuryan River.  

 

Figure 1. Map of Akuryan River Basin 
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2.3 Hydrochemical indicators 

Sampling and physicochemical analysis were conducted by standard methods for surface waters 
(APHA, 1998). Samples were collected in precleaned polyethylene bottles throughly rinsed with 
surface water and stored in the dark at 4oC to minimize deterioration prior to chemical analysis.  

Field pH, electrical conductivity, dissolved oxygen (DO) and temperature measurements were 
made by using YSI 556 multiparameter technique. Concentrations of metals (Na, Ca, Mg, K, Fe, 
Al, B, Cu, Zn, V, Cr, Mn, Co, Ni, As, Mo, Cd, Sb, and Pb) were determined by inductively coupled 
plasma-mass spectrometry using Perkin Elmer ELAN 9000 ICP-MS. Concentrations of sulfate, 
chloride and nitrate ions were determined by ion chromatography DIONEX 1000. Concentrations 
of ammonia, nitrite and phosphate ions were determined by nesslerization, Griess reaction and 
colorimetric (reaction with ammonium molybdate) methods, respectively. Determinations of 
chemical oxygen demand (COD) and biochemical oxygen demand (BOD5) test were conducted by 
potassium dichromate titration and dilution methods, respectively. 

2.4 Biological indicator - macroinvertebrates 

Macroinvertebrates are easy to sample and identify, have a wide range of forms and habits, and 
thus their communities are, on the whole, sensitive indicators. Sampling method used for analysis of 
macroinvertebrate communities was based on a multihabitat approach according to the standards 
EN 161509:2012 and EN ISO 10870: 2012, which required the proportional allocation of sampling 
units in relation to the occurrence of microhabitats in the river and the collection of quantitative 
samples (Cheshmedjiev, 2013). Standard sampling with hand-net (500 µm, 0.25 m × 0.25 m) were 
applied. Ten replicas are sampled per monitoring site with sizes 25 х 25 cm. 

Field sorting was performed in order to remove large organic debris and stones from the 
samples. The samples were preserved in 90% ethanol and transported to laboratory in a cold box 
(4◦C). The subsequent analysis was performed within 24 h. 

Taxonomical identification was conducted to the family or genera level using different 
identification keys (Cheshmedjiev, 2013). 

2.5 Water quality assessment methods 

2.5.1 Chemical quality assessment 

The site-specific water quality assessment methods were applied for the estimation of chemical 
quality of the Akhuryan River and its tributaries. The method is based on background 
concentrations of hydrochemical parameters (Hovhannisyan and Shahnazaryan, 2016; 
Shahnazaryan, 2015). The classification scheme is given in Table 2.  

The surface water quality evaluation system for each hydrochemical quality indicator 
differentiates five classes: "excellent" (I class), "good" (II class), "moderate" (III class), "poor" (IV 
class) and "bad" (V class). The overall status of water quality is formed by a chemical indicator 
showing the worst quality class. The presented water quality classification system is based on the 
idea of European Union Water framework directive approaches “one out all out” (EU WFD, 2000). 
It means that if any parameter is classified as "bad", then the water quality of the water body is 
"bad". 

The contaminant concentrations corresponding to quality class I characterize a water condition 
as free from anthropogenic impairments. The most stringent water quality target for the protected 
asset aquatic communities and fishing is defined by quality class II, constituting the aspired good 
water quality. Water body corresponding to subsequent classes 3-4 (quality classes moderate and 
poor) can be used for irrigation, industry and hydropower purposes. 
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Table 1. Water quality assessment objectives and classification scheme, Akhuryan RB 

Water quality 
parameters 

Water quality class 
I II III IV V 

DO, mgO2/L >7 >6 >5 >4 <4 
BOD5, mgO2/L 3 5 9 18 >18 
COD-Cr, mgO/L 10 25 40 80 >80 
Ammonia, mgN/L 0.057 0.4 1.2 2.4 >2.4 
Nitrites, mgN/L 0.007 0.06 0.12 0.3 >0.3 
Nitrates, mgN/L 0.463 2.5 5.6 11.3 >11.3 
Phosphates, mgP/L 0.085 0.1 0.2 0.4 >0.4 
Chlorides, mg/L 6.5 13.0 150 200 > 200 
Sulphates, mg/L 7.3 14.6 150 250 > 250 
TDS, mg/l 160 320 1000 1500 >1500 
Na, mg/L 13.2 26.4 52.8 105.6 >105.6 
K, mg/l 3.0 6.0 12.0 23.0 >23.0 
Ca, mg/L 26.7 100 200 300 >300 
Mg, mg/L 8.4 50 100 200 >200 
Fe, mg/L 0.21 0.42 0.50 1.0 >1.0 
Al, mg/L 0.80 1.60 3.20 5.0 >5.0 
B, mg/L 0.18 0.45 0.70 10.0 >10.0 
Zn, µg/L 5.0 100 200 500 >500 
Cu, µg/L 3.0 23.0 50 100 >100 
Cr, µg/L 1.0 11.0 100 250 >250 
As, µg/L 0.42 20 50 100 >100 
Cd, µg/L 0.02 1.02 2.02 4.02 >4.02 
Sb, µg/L 0.22 0.44 0.88 1.76 >1.76 
Mo, µg/L 1.0 2.0 4.0 8.0 >8.0 
Co, µg/L 0.67 1.34 2.68 5.36 >5.36 
Pb, µg/L 0.5 10.5 25 50 >50 
Ni, µg/L 2 12 50 100 >100 
Mn, µg /L 26.0 52.0 104.0 208.0 >208.0 
V, µg/L 3.8 7.2 15.2 30.4 >30.4 

 
These classes have color coding and they are used for the mapping (Table 2). 
 

Table 2. Water quality classification 

Class Water quality Color code 
I High Blue 
II Good Green 
III Moderate Yellow 
IV Poor Orange 
V Bad Red 

2.5.2 Biological quality assessment 

For the purposes of the RBA procedure, benthic macroinvertebrates have been divided into five 
arbitrary ‘Indicator Groups’ as follows: Group A (the sensitive forms), Group B (the less sensitive 
forms), Group C (the tolerant forms), Group D (the very tolerant forms), and Group E (the most 
tolerant forms). Indicator groups of macroinvertebrates are presented. 

Having determined the relative proportions of the various organisms in the sample, the 
ecological status is inferred by a comparison of this data with that which might be expected from 
reference conditions of the river type under investigation (Cheshmedjiev, 2013; RBMP, 2015). 
Other relevant factors, such as the intensity of algal and/or weed development, water turbidity, 
bottom siltation, substratum type, current speed (velocity), water depth, DO saturation, electrical 
conductivity and pH, are also taken into account in the assessment procedure. 

The groups of indicators and their relationships with the Rapid Biological Assessment (RBA) are 
presented in the Table 4.  
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Table 3. Indicator Groups of Macroinvertebrates 

Indicator Groups Macroinvertebrates 

Group А  
Sensitive taxa 

Crenobia, Polycelis (Turbellaria), Plecoptera (except Leuctridae), 
Heptageniidae (some species of Ecdyonurus & Heptagenia are more 
tolerant A-B or B), Siphlonuridae, Ephemeridae (Ephemera), 
Palingeniidae (Palingenia), Polymitarcyidae (Ephoron), Oligoneuriidae 
(good indicators for semimountain ‘gravel’ type of rivers), 
Cordulegastridae (Cordulegaster) (small rivers), Hydrobiidae 
(Gastropoda), Blephariceridae (Diptera) 

Group В 
Less Sensitive taxa 

Dugesiidae (except invasive species of Dugesia tigrina) (Turbellaria), 
Leuctridae (Plecoptera), Baetidae (except Baetis), Ephemerellidae, 
Leptophlebiidae, Potamanthidae (Potamanthus luteus) (Ephemeroptera), 
Trichoptera cased, Ecnomidae, Philopotamidae, Polycentropodidae, 
Psychomyiidae, Rhyacophilidae (Trichoptera), Odonata, Sialidae 
(Megaloptera), Aphelocheirus (Heteroptera), Jaera (Janiridae, Isopoda, 
Crustacea), Rheotanytarsus (Chironomidae), Athericidae, Limoniidae, 
Pediciidae, Tipulidae (Diptera), Bithyniidae (Bithynia, Gastropoda), 
Porifera (Spongilidae) 

Group С 
Tolerant taxa 

Turbellaria (except Crenobia, Polycelis, Dugesia gonocephala/lugub ris/ 
polychroa), Baetis (Baetidae), Caenidae (Ephemeroptera), 
Hydropsychidae (Trichoptera), Heteroptera (except Aphelocheirus), 
Coleoptera Simuliidae (some genus are sensitive, e.g. Prosimulium gr. B, or 
more tolerant Wilhelmia subgenus – gr. D), Ceratopogonidae, 
Chaoboridae, Culicidae, Cylindrotomidae, Empididae, Tabanidae, 
Muscidae, Dixidae, Thaumaleidae (Diptera), Lepidoptera, Hydrachnidia 
(Hydracarina), Gammaridae (some species are good indicators; others like 
Niphargus, etc. are indicators for springs/GW), Corophiidae (Amphipoda, 
Crustacea), Mysidae (Crustacea), Potamidae (Crustacea), Astacidae (B-C) 
(Crustacea), Planorbidae (incl. Ancylus), Neritidae (Theodoxus fluviatilis, 
some species may be more sensitive ), Unionidae (Anodonta species may be 
more sensitive), Polychaeta (Hypania invalida, etc.), Bryozoa (some 
species indicate good quality) 

Group D  
Very Tolerant taxa 

Asellus (Asellidae, Isopoda, Crustacea), Chironomidae (except 
Rheotаnytarsus , Chironomus), Psychodidae, Stratiomyiidae, Ephydridae, 
Sciomyzidae (Diptera), Gastropoda (excluding Neritidae, Planorbidae), 
Bivalvia (except Unionidae), Hirudinea (some species are more sensitive, 
Piscicola, Dina, etc.), Oligochaeta (except red Tubificidae) 

Group Е 
Most Tolerant taxa 

Tubificidae (red coloured small Oligichaeta; usually superdominant), 
Chironomus (red coloured large Chironomidae, Diptera), Eristalis 
(Syrphidae, Diptera) 

 

Table 4. Rapid Biological Assessment Scheme 

Indicator 
groups 

No of taxa in the 
indicator group 

Total number of taxa 
0-1 2-5 6-10 11-15 16+ 

Ecological Status 
Bad Poor Moderate Good High 

Value of RBA Index (%) 

A 
3+ n.a. 75 80 90 100 
2 n.a. 60 75 80 95 
1 5 40 60 75 85 

B 3+ n.a. 40 60 75 80 
1-3 5 25 50 65 70 

C All above indicator 
groups absent 5 25 35 45 55 

D All above indicator 
groups absent* 5 20 25 30 n.a. 

E All above indicator 
groups absent* 0 10 15 n.a. n.a. 

(*) Few specimen of above indicator groups could present in the sample 
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3. RESULTS AND DISCUSSION 

3.1 Hydrochemical indicators 

Mean, maximum and minimum values for Na, K, Ca, Mg, Al, Fe, V, Mn, Co, Ni, Zn and Cd are 
given in the Table 5.  

Figures 2 and 3 display the spatial variation of ammonia, nitrate, nitrite, phosphate, COD-Cr, 
BOD5, dissolved oxygen, TDS, As, Cr, Pb, Cu, Mo and Sb analysed as box-and-whisker plots 
(Reimann et al., 2008). The length of the box represents the interquartile range, which is a measure 
of statistical dispersion. It contains 50% of the values. The horizontal line inside the box indicates 
the median. The ‘‘whiskers’’ are lines that extend from the box to the highest and lowest values 
indicating maximum and minimum. 

Nearly at all sampling sites, the dominant soluble nitrogen form was N-NO3, followed by N-NH4 
and N-NO2. Nitrates, nitrites, ammonium and phosphates (Figure 2) in the examined waters showed 
large spatial variations. The spatial variability of nutrients is characterized by an increasing 
tendency in line with increasing pollution load. The values of nutrient concentrations are sharply 
increased after settlements, especially after Gyumri city. Increased values of nutrients are an 
indicator of untreated domestic wastewater discharge from the settlements and accumulation of 
large amounts of agricultural runoff.  

The contents of nitrates, nitrites and ammonium varied in a wide range in studied years only at 
sites 34 and 38.  

The temporal variation pattern for phosphate ion is unclear, with many outliers and extremes. 
However, it can be suggested that the lowest contents are recorded at site 36, which is the less 
anthropogenic impacted site. 

Median values of ammonia at sampling sites 34 and 38 were higher than the value of II class (0.4 
mgN/L) which is related to anthropogenic activities (Figure 2). 

The highest median and monthly N-NO3 concentration was observed at sampling site 38 due to 
high nitrogen input (Figure 2). 

DO in the examined waters showed decreasing trend across the Akhuryan River. The lowest 
values were observed at the mouth of Karkachun River (Sampling site 38) where 25 % of observed 
data are lower than 5.6. 

The COD and BOD5 display similar pattern reaching highest values at the mouth of Karkachun 
River in contrast to the distribution of DO. 

Total dissolved solids showed increasing pattern across Akhuryan River. The lowest values were 
observed in the Ashotsq River and the highest values- in the Karkachun River.  

Long-term measurements of As (Figure 3) show an increasing spatial trend between sampling 
sites 36 and 37 at the source and mouth of Ashotsq River, respectively. The comparison of 
concentration values of As at the source and estuary of river Ashotsq shows that in the estuary the 
amount of As is higher than at river source by 40 to 50 times. Therefore, the iron and molybdenum 
ore deposits of Ashotsq region pose a significant pressure on Ashotsq tributary of Akhuryan River. 

The content of Cu display slight variations at the sites with the lowest values (sites 36 and 37). 
The temporal variation of Cu is unclear, with many maximum values in summer, during low flow 
period of the rivers. It could be also connected to the subsurface flow of the river which is 56%. Pb 
exhibits a similar behavior, with greatest values in the summer, although the evolution is not as 
clear as the previously described metal. 

The content of Sb decreases across the Akhuryan River. The seasonal pattern is unclear, with 
many outliers and extremes. The maximum values were observed in the Karkachun River. The 
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content of Sb decreases slightly in the Ashotsq River but remains the lowest in the whole Akhuryan 
RB. Mo exhibits the similar spatial distribution behaviour, with lowest values in the Ashotsq River 
and greatest values in the Karkachun River. 

 
Table 5. Basic statistical characteristics of metals for Akhuryan River 

Parameters* 31 32 33 34 35 36 37 38 

Na 
12.6 13.9 17.9 27.5 24 2.7 13.1 88.0 

7-37.7 5.1-32.6 5-33.7 14.7-58.5 8.8-64.6 1.0-6.0 7.2-20.1 39.2-128.3 

K 
2.8 3.8 2.6 3.4 4.5 0.97 3.59 7.42 

1.9-4.4 2.4-9.1 1.9-4.6 2.4-4.8 2.7-7.6 0.23-2.9 2.2-12.8 3.313.8 

Ca 
25.8 29.9 31.6 34.9 38 36.7 23.0 84.2 

14.8-43.4 18.4-50.6 23.2-40.3 26.3-44.3 23.2-57.4 23.9-43.9 18.8-28.3 50.7-160.5 

Mg 
10.6 12 11.5 12.4 16.7 3.8 11.5 23.2 

6.3-16.7 7.1-18.5 7.6-16.1 8.1-18.8 4.1-28.6 1.1-10.8 5.9-20.9 8.4-39.1 

Al 
0.81 0.71 0.71 0.67 0.36 0.09 0.22 0.20 

0.06-3.0 0.04-2.6 0.05-2.1 0.06-2.5 0.01-2.9 0.01-0.28 0.01-1.31 0.01-1.8 

Fe 
0.72 0.68 0.74 0.72 0.37 0.11 0.28 0.19 

0.07-2.3 0.11-2.0 0.05-2.4 0.07-2.4 0.01-2.2 0.01-0.39 0.02-1.17 0.01-1.06 

V 
7.9 8 9.9 10.9 10.0 0.65 7.46 17.3 

5.3-15.6 5.3-14.2 6.0-16.4 7.0-14.6 5.5-15.6 0.22-1.6 3.9-11.0 12.8-24.9 

Mn 
32.9 37.7 30.9 40.4 23.2 7.2 19.8 59.5 

3.0-78.0 6.0-88.5 2.565.6 4.5-69.2 1.0-50.1 1.3-40.1 1.7-55.1 2.6-191.1 

Co 
0.62 0.6 0.58 0.94 0.55 0.17 0.29 0.6 

0.16-2.1 0.21-1.5 0.16-1.6 0.23-8.4 0.13-2.8 0.07-0.45 0.11-1.12 0.22-1.44 

Ni 
3.5 3.4 3.4 3.9 4.7 1.15 1.58 3.63 

1.4-7. 1.3-6.7 1.2-6.2 1.6-9.5 1.7-19.5 0.17-2.3 0.68-4.5 1.3-7.1 

Zn 
3.26 3.59 2.90 3.90 1.60 1.63 2.10 3.1 

0.57-7.0 0.44-9.3 0.10-6.0 1.7-6.3 0.14-6.0 0.04-8.1 0.51-5.6 0.31-18.2 

Cd 
0.018 0.013 0.018 0.027 0.015 0.008 0.010 0.023 

0.001-0.056 0.002-0.026 0.002-0.045 0.002-0.096 0.001-0.03 0.001-0.026 0.001-0.032 0.003-0.071 

* Concentrations of Na, K, Ca, Mg, Al, and Fe are given in mg/L, and the others in µg/L. 

 
The spatial pattern of Cr differs from the other metals. The highest median and maximum values 

were observed at site 38 and lower at the other sites. 
The contents of major cations (Ca2+, Mg2+, Na+ and K+) were varied slightly at the observed 

sites. The lowest values were observed at the source of Ashotsq River, and the highest values were 
observed at site 38.  

In the case of Al, Fe, V, Mn, Ni and Zn, the concentrations were not changed essentially from 
sites 31 to 34. It means that these parameters do not have the anthropogenic influence in the 
Akhuryan RB. However, the content of V and Mn were higher in Karkachun River which can be 
connected to the reserves of construction materials, which are mainly presented by tuffs, perlite, 
sands and scoria. 

The content of Cd and Co slightly increases at site 34, after Gyumri city. 
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Figure 2. Box-and-whisker plots of the spatial evolution of some hydrochemical parameters.  
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Figure 3. Box-and-whisker plots of the spatial evolution of some heavy metals  
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indicators were compared with water quality assessment objectives derived for Akhuryan RB 
(Table 1). The common repetitive tasks were automated using a Macro within Microsoft Excel 
software. 

According to the results (Table 6), in the upper reaches of Akhuryan River the water quality 
corresponds to "good" quality. In these upper sections, the water has high potential for self-
purification due to its rapid turbulent flow, which ensures the saturation of river water with oxygen, 
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thus lowering the impacts of anthropogenic pressures from communal wastewaters and return flows 
from agriculture.  

Then, the water quality in the Akhuryan River worsened gradually and considerably downstream 
of Gyumri due to the inflow of untreated municipal/domestic, agricultural and cattle breeding 
wastewaters of settlements of the catchment area. The poor water quality in the section downstream 
of Gyumri (site 34) was connected to phosphates, nitrite, ammonia and suspended solids. 

The water quality was “bad” in the Karkachun River, where sewage water of Artik and Maralik 
towns is discharged. As compared to Akhuryan River, the contents of some indicators, such as 
phosphates, nitrate and nitrite ions are higher in the Karkachun River, which can be related to active 
agricultural practices in Karkachun RB (Table 6). 

In the upper sections of the Ashotsk tributary, the water quality is characterized by the “good” 
status. In the lower sections of Ashotsk River, the water quality corresponds to “moderate” class 
due to phosphates and arsenic. According to the geological data in this region, there are iron and 
molybdenum ore deposits, which have never been under exploitation. Drainage waters from these 
sites contain high concentrations of arsenic. 

 
Table 6. Chemical quality of in Akhuryan RB 

Sampling 
site Main indicator parameter Main indicator 

parameter class 
Water quality 

class 
31 - Good (II) Good (II) 
32 Phosphates Moderate (III) Moderate (III) 
33 Phosphates Moderate (III) Moderate (III) 

34 Nitrites, Phosphates Moderate (III) Poor (IV) Ammonia, suspended solids Poor (IV) 
35 suspended solids Moderate (III) Moderate (III) 
36 _  Good (II) Good (II) 
37 COD-Cr, As Moderate (III) Moderate (III) 

38 
COD-Cr, nitrates, chlorides, suspended solids Moderate (III) 

Bad (V) Phosphates, ammonia Poor (IV) 
Nitrites Bad (V) 

3.2. Biological indicator - macroinvertebrates 

Taxonomical identification was conducted to the family or genera level using different 
identification keys. Available data on macroinvertebrates for the Akhuryan RB included 21 samples 
from 7 sampling points with the reference conditions. Samples were taken in June-July in years 
2013 - 2015. In the sampling points in the Akhuryan RB ninteen families were identified. The most 
common family includes the following: 

§ Diptera: Chironomidae, Simuliidae, Limoniidae, Tabanidae, Sciomyzidae, Stratiomyiidae 
§ Trichoptera: Sericostomatidae, Brachycentridae, Hydropsychidae, Ryacophilidae, 

Apataniidae, Limnephilidae, Perlidae, Perlodidae, Rhyncophilidae, Odontoceridae 
• Ephemeroptera: Heptageniidae, Baetidae, Ephemerellidae, Caenidae, Isonychiidae, 

Oligoneuriidae 
§ Gastropoda: Planordidae, Bivalvia, Lymnaeidae, Physidae 
§ Coleoptera: Elmidae 

 
According to the results (Table 7), in the upper reaches of Akhuryan River, the water ecological 

status corresponds to "good" quality. Then, the water quality in the Akhuryan River worsens and in 
the section downstream of Gyumri (site 34) is classified as bad quality. The ecological status was 
“moderate” in Karkachun River (Table 7). In the upper section and in the mouth of the Ashotsk 
tributary, the ecological status was high. According to the chemical quality assessment results, the 
chemical quality in the mouth of Ashotsq was moderate due to the high concentrations of arsenic 
which is not reflected in the ecological status. 
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Table 7. Biological quality in Akhuryan RB 

Sampling 
sites 

Total number of 
families Water quality status 

31 19 good 

32 15 moderate 

33 19 moderate 

34 11 bad 

36 17 high 

37 21 high 

38 18 moderate 

4. CONCLUSIONS 

From this research, we can get the follow conclusions: 
In the Akhuryan RB, the worst chemical quality of water “poor” and “bad” is observed in the 

downstream of Gyumri city reaches and in the estuary of Karkachun River, respectively. The worst 
ecological status was observed downstream of Gyumri city.  

In Akhuryan RB, sewage and communal wastewaters from the settlements are the key factors of 
significant impact on water resources quality. The main pollutants in Akhuryan RB are nutrients.  

Some hydrochemical parameters showed spatial distribution conditioned to the anthropogenic 
impact. 

The comparison of assessed chemical and biological quality in the Akhuryan RB shows that, in 
general, the two assessment methods give comparable results. The existing differences could be 
attributed to the biological monitoring data. The biological monitoring should be continued in other 
seasons, to have seasonal assessment. 
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