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ABSTRACT 

The article considers the outcomes of studies of water quality of small mountain rivers running across the area of Gyumri – the 
second biggest city of the Republic of Armenia. Water quality assessment was done consistent with acting since 2011 ecological 
(regional) standards for rivers and river sections of River Akhuryan basin – the Akhuryan basin of territorial management. The study 
covered physicochemical parameters, ionic composition of water and the contents of heavy metals. The results obtained allowed to 
assess water quality by basic parameters and determine water appropriateness for water use purposes, protection of water ecosystems 
and their normal functioning.  
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INTRODUCTION 

Natural waters are multi-component natural bodies, rather complex in terms of any kind of assessment. Chemical 
composition of river water changes under the impact of different manmade factors, the crucial role belonging to runoff 
control and pollution of hydrographic network of the basin [8]. Formation of water quality of the Akhuryan – a 
transboundrary river to Armenia and Turkey – is under a decisive influence of tributaries, which flow through Gyumri’s 
area. According to published data [4] before reaching Gyumi the river water quality is of the 2nd class, changing into the 
5th downstream of River Akhuryan at a station 5 km far from the city. It is tributaries, which receive urban wastewaters 
and carry polluting substances into River Akhuryan.  
River Akhuryan has been studied sufficiently: state hydrological and hydrochemical water monitoring has almost a 
century-long history. Unlike the main river, the quality of water of its tributaries and particularly those flowing through 
Gyumri area, has not been studied practically.  
Today, literature sources [2] offer an impressive amount of different developments devoted to the water quality 
assessment issue. Ecological (regional) standards put into force in 2011 by the RA Government decision and set also for 
the rivers and river sections of River Akhuryan basin of Akhuryan basin of territorial management have radically 
changed principles of standardization and assessment of surface water quality. This was essential firstly for Armenia’s 
small mountain rivers as using household and fishery MACs (Maximum Acceptable Concentrations) in such river water 
assessment not always ensured significant results. Small rivers are known to differ from large ones not only by their 
length either the area of the basin, but in the first instance by vulnerability of their ecosystems: any changes in 
watershed trigger changes right in the river. In turn, rivers are an essential constituent of urban landscape: within the 
city river water is used for irrigation and its pollution negatively influences the environment of the city and health of its 
residents. 
In this article an attempt was made to implement an ecological standard-based assessment of water quality of small 
rivers in the area of Gyumri with a goal of determining their appropriateness for water use, protection and normal 
functioning of water ecosystems.  
City of Gyumri with a population of 145.9 people is located in the northeast of Armenia, in the center of Shirak 
mountain depression. Modern history recognizes two periods in the development of Gyumri: before and after a 
catastrophic Spitak earthquake of 1988. Pre-earthquake Gyumri used to be a major railway junction with developed 
infrastructure and industries, whereas the post-earthquake years have been marked by a decline in the size of population 
and industrial and agricultural output. Presently, the city houses operating enterprises of food, building material, textile 
industries, which contribute insignificantly to pollution. The urban area is characterized by accumulative relief of 
plains, lake and alluvial-deluvial sediments sometimes alternating with lavas and tuffs. The northern and eastern parts 
of the city are situated on the plain, whereas its central and west – lying portions are dissected by hilly gorges of 
mountain rivers. The climate of the region is mountain, continental. The environs of the city are rich in building 
material: tuff, basalt, diatomite, clay as well as fertile chernozem soils [3, 6].  
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MATERIAL  AND  RESEARCH  METHODS 

Major rivers flowing through Gyumri are the Kumayri, Dzorjur, Ghorghobi, Jajur. The rivers originate at a height of 
over 2000 m, the length of the largest ones – the Jajur and Kumayri is respective 33.5 and 21 km, the area of watershed 
– 43 and 39 km2, mean water discharge – 0.31 and 0.16 m3/sec, respectively. Basically, the rivers are snow- and rain-fed 
(63%), regime – with spring-fall flooding and summer-autumn or winter low water [7].  
River water was sampled in August 2013 – a month characterized by minimal mean annual water discharge and 
maximal loads from watershed. Samping was done on the following rivers and stations: Rivers Kumayri (Gw-1, Gw-2, 
Gw-3), Dzorjur (Gw-4, Gw-5), confluence of Rivers Kumayri and Dzorjur (Gw-6), Ghorghobi (Gw-7, Gw-8), Jajur 
(Gw-9). Sampling stations covered practically the entire area of the city (Fig. Error! Reference source not found.). 
Water sampling, treatment and conservation was done in compliance with international ISO, US EPA and national 
standards.  
  

 

Fig. 1. A map of location of sampling stations in Gyumri. 
 
 
Physicochemical parameters were determined in-situ by Horiba and HАCH sensION analyzers. In lab conditions 
methods of atomic-absorption spectroscopy (PerkinElmer Aanalist 800), flame emission spectroscopy, photometry, 
titration were employed for heavy metals and common ions measurement. The research was done by generally accepted 
(GOST and ISO) methods of water analysis. Total 143 measurements were done: physicochemical parameters and basic 
ions – 66 and heavy metals – 77.  
Treatment of analytical data and water quality assessment was done using: 
• standards for polluting substances of maximum allowable discharges at the drainage system outlets (a project 

of MAD standards for Gyumri). 
• water quality eco-standards for rivers and river sections of River Akhuryan basin of the Akhuryan basin of 

territorial management and classification of surface water according to a designated use by 5 classes of quality: 
I – high, II – good, III – moderate, IV – poor, V – bad [9]; 



 32 

• determination of water appropriateness for irrigation by FAO methods according to levels of limitation: no 
limitation, low to moderate, strict level of limitation [5]. 

RESULTS  AND  DISCUSSION 

Chemical composition of Gyumri’s surface waters crucially depends on mountain relief, intra-annual variability of 
hydrological regime and processes of hydrolytic carbon leaching of water-enclosing rocks of magmatic complex. For 
this reasons, all these surface waters have low mineral content with clear dominance of hydrocarbonate- and calcium 
ions in salt composition.  
A man-made impact upon watersheds of the studied rivers is produced by two levels of load – point and scattered 
pollution. Scattered effluents discharge from soils and urban sites. Direct effluents mean releases from a centralized 
drainage network, which contain mixed household, fecal and industrial wastewater. In separate periods of time 
irrigation return waters and urban runoffs can significantly deteriorate river water quality. But in general, the most 
significant and permanent source of river pollution are wastewaters from drainage collectors which for many years 
already have been discharging into rivers without any pretreatment. At the same time, in summer months their discharge 
is often comparable with river discharge. Collation between factual loads and their MAD standard [3] shows a 
respective 60- and 4- times excess of BOD5 and suspended solids (Table 1). 
 
 

Table 1. A factual discharge of polluting substances with Gyumri drainage waters into river Akhuryan basin, 2013. 

Pollutant 
MAD standard [2] Factual discharge Excess vs. MAD 

tones per year  
BOD5 101.68 159.9 58.22 
Suspended solids 205.16 208.87 3.71 
Petroleum product 1.36 0.0278 – 
Ammonia 18.3 15.42 – 
Nitrites  2.37 0.242 – 
Nitrates 20.7 15.22 – 
Sulfates 223.7 275.88 – 
Chlorides  298.3 205.68 – 
Cu 0.0068 0.0016 – 
Zn 0.068 0.012 – 

 
 
According to data obtained, pH value in all river water samples does not exceed 7.2-7.80; turbidity 2-168 NTU; 
mineralization 213-471 mg/L. Dissolved Oxygen (DO) concentration is above 8.12 mg/L, whereas electrical 
conductivity (Ecw) is below 1000 mSm/cm. Total water hardness varies 2.71 to 3.53 mmol/L; concentration of 
hydrocarbonates 192.8-317.8); chlorides 15.6-32.62; sulfates 4.8-26.4, calcium 19.42-39.95; magnesium 3.64-12.95; 
sodium 6.86-24.41) mg/L. Salt composition of water is always hydrocarbonate-calcic; besides, for Gw-1, Gw-2, Gw-3, 
Gw-5, Gw-6, Gw-8, Gw-9 the second anion are chlorides, for Gw-4 and Gw-7 – sulphates (Fig. 2). 
  

 
Fig. 2. Ionic composition of studied river waters in Piper Diagram. 

 
 
Concentrations of heavy metals vary as follows: copper 7.5-15.84; zinc 8.17-62.4 µg/L. The lower limit of 
concentration of the rest of heavy metals is beyond the sensitivity of the device (Hg – 0.6; Cd – 0.03; Pb and Ni – 0.3; 
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Мо – 0.5 µg/L), the upper limit of concentrations: cadmium – 0.09; lead – 1.84; nickel – 4.61; molybdenum – 3.31 
µg/L. Concentration of mercury is lower than 0.6 µg/L. 
Assessment of river water quality is given in Table 2. From all studied parameters, for chlorides in all the samples, for 
Ecw and mineralization Gw-7 to Gw-9; for sulphates Gw-4 to Gw-7 and Gw-9 the 3rd class quality is common. The 4th 
class quality of water is categorized only for molybdenum on Gw-7 River Ghorghobi. 
Water quality assessment data by basic parameters help classify the studied waters for a purpose of water use, 
protection of water courses and functioning of water ecosystems. At the same time, one should take into consideration a 
fact that the major present-day consumer of surface waters in the region is irrigation. To supply drinking water the 
region exploits highly productive and well-protected underground sources of water, whereas the quality of water for 
industries and electrical energy has no limitation (1st-5th class). 

Irrigation. For irrigation purposes one can use the 1st-4th class water, i.e. of high, good, moderate as well as poor 
quality. At the same time, pH value should not exceed 8.5 and Ecw – 1000 mSm/cm [9, 10]. 
The quality of all the studied waters does not overstep the 4th class and thus does not limit water use for irrigation. In 
order to verify the results obtained water quality was assessed repeatedly using FAO international standards [9, 10]. 
Using Gw-7 and Gw-8 waters in irrigation must be limited because of high Ecw and mineralization values. Below a 
moderate level of limitation are hydro-carbonates. To assess a soil salinization hazard under long-term impact 
calculation was done of SAR (sodium absorption ratio) and RSC (residual sodium carbonate). Quality of irrigation 
water is not limited for all river sections except Gw-7 – by SAR and Gw-4, Gw-7, Gw-8, and Gw-9 – by RSC, which 
have a moderate level of limitation.  
 
 

Table 2. Classification [8] of water quality of Gyumri Rivers and river sections. 

Sampling stations Gw-1 Gw-2 Gw-3 Gw-4 Gw-5 Gw-6 Gw-7 Gw-8 Gw-9 

Name of river Kumayri Dzorjur 
Confluence of Kumayri  

and Dzorjur 
Ghorghobi Jajur 

Mineralization II II II II II II III III III 
Ecw II II II II II II III III III 
DO I I I I I I I I I 
pH I I I I I I I I I 
Cl– III III III III III III III III III 
SO4

2– II II I III III III III II III 
Total hardness II II II II II II II II II 
Cd I I I I I I I I I 
Pb II I I I I II I I I 
Ni II I I I I I I I I 
Mo I I I II II I IV I I 
Cu II II II II II II II II II 
Zn II II II II II II II II II 

 
 
Wholly, all the parameters do not exceed the moderate level of limitation, i.e. both national and international standards 
do not limit the use of surface waters in irrigation. 

Assessment of ecological status of water bodies. To protect watercourses (rivers), the strictest requirements are set; 
appropriate is water only of the 1st (high) and 2nd (good) class quality. As seen from Table 2, water quality according to 
chlorides, total mineralization and sulfates is of the 3rd, molybdenum – of the 4th class quality, i.e. the quality of water of 
all the rivers and river sections is not sufficient enough to protect their ecosystems. Presence of the 4th (poor) class 
waters, too, does not allow maintaining normal functioning and protection of water ecosystems.  
On the whole, according to physicochemical parameters and salt composition data the highest level of pollution is 
detected in River Ghorghobi (Gw-7) and River Jajur (Gw-9). The rivers are exposed to manmade loads caused by 
chlorides, sulphates, contents of suspended solids. 
Gw-4 is located beyond the limits of the city and heavy metal contents there are relatively low. In order to assess the 
impact of the city on river waters we treated that station as a conditional background. The latter underpinned calculation 
of decreasing geochemical series (Table 3). 
Relatively high values of total intensity are obtained in respect of Gw-1 River Kumayri, Gw-6 – confluence of Rivers 
Kumayri and Dzorjur as well as Gw-9 River Jajur.  
Judging by relatively high intensity of geochemical series for River Kumayri Gw-1 and its qualitative compositions, 
when entering the city, the river is relatively high in heavy metals. It is worth to note that Gw-6 on the same river 
retains composition of pollutants but with certain qualitative changes. The latter is reflected in a changing position of 
priority pollutants in geochemical series, i.e. River Kumayri both before entering the city and beyond its limits exhibits 
a relatively high intensity of pollution.  
The same is true in respect of River Ghorghobi Gw -7, which however after merging with a tributary, flows out the city 
as River Jajur having a more intense geochemical series in quantitative and qualitative terms.  
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Table 3. Geochemical series of heavy metals in Gyumri river waters. 

Sampling station Geochemical series Total intensity 
Gw-1 Ni(30.7)-Pb(10.1)>Zn(3.9)-Cd(3.7)-Cu(1.2) 49.3 
Gw-2 Zn(2.4) 2.4 
Gw-3 Pb(2.5)-Zn(1.1) 3.6 
Gw-5 Cu, Zn(1.1) 2.2 
Gw-6 Pb(12.3)>Ni(8.4)-Cd(6.0)-Zn(1.4)-Cu(1.1) 29.2 
Gw-7 Mo(2.4)-Cu(1.4)-Zn(1.3) 5.1 
Gw-8 Cd(2.7) 2.7 
Gw-9 Ni(13.9)-Cd(4.7)-Zn(3.0)-Cu(1.2) 22.7 

Note: in brackets relations between concentrations of metals and contents on Gw-4 are given. 
   
 
It is hard to explain priority of these indices as their concentrations are significantly lower against ecological standards 
which just by themselves are background in respect of all the rivers of the basin. So, on the whole, one may exclude 
significant pollution of water with heavy metals. 
 
 

CONCLUSIONS 

The obtained research outcomes enable us to conclude that  
1. Wholly, Gyumri’s river water quality is attributed to the 3rd – moderate class according to ecological standards. 

Poor quality of water in terms of molybdenum is detected on a single section of River Ghorghobi (Gw-7) only and 
most likely – because of a lack of a permanent source of pollution – is of local significance. 

2. The area of Gyumri serves as both a place of discharge and a pollution source to the river: the rivers are 
characterized by relatively high intensity of pollution both when entering and flowing out of the city.  

3. The water of all the studied rivers as surface runoff and underflow empties into River Akhuryan. As one of 
primary water protection measures, it is advisable that a sewage cleaning station be constructed and urban 
sanitation improved.  

 
This article provides the results of a pilot, single assessment of quality of water of rivers flowing through Gyumri. The 
research was implemented in the frames of complex studies aimed at determination of geochemical peculiarities of 
Gyumri. The results obtained indicate that Gyumri river waters require in-depth and continuous research.  
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