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Hydroecological state of the Hrazdan River and “Yerevanyan Lich” Reservoir was 

assessed based on the hydrobacteriological (saprophytic bacteria and Escherichia coli) and 

hydrochemical (five-day biochemical oxygen demand, ammonium and phosphate ions) 
parameters. Water sampling for hydrobiological and hydrochemical analyses were performed in 
May and July 2019. The results of the study showed that the Hrazdan River and “Yerevanyan 
Lich” Reservoir in Yerevan were exposed to significant fecal, organic and nutrient contamination, 
supposedly induced by urban household activities. The contamination in some cases posed health 
risks to the aquatic life and hydroecosystem of the Hrazdan River. 

 
Hrazdan River – “Yerevanyan Lich” Reservoir – chemico-bacteriological characteristics – 

hydroecological status 

 
Ջրաբակտերիոլոգիական (սապրոֆիտ բակտերիաներ և Escherichia coli) և ջրաքիմիական 

(թթվածնի 5 օրյա կենսաքիմիական պահանջ, ամոնիում և ֆոսֆատ իոններ) ցուցանիշների 

հիման վրա գնահատվել է Հրազդան գետի և «Երևանյան լիճ» ջրամբարի ջրաէկոլոգիական 
վիճակը: Ջրակենսաբանական և ջրաքիմիական վերլուծությունների համար ջրանմուշառումներն 

իրականացվել են 2019 թ. մայիս և հուլիս ամիսներին: Հետազոտության արդյունքները ցույց են 

տվել, որ Երևանում Հրազդան գետը և «Երևանյան լիճ» ջրամբարը ենթարկվել են ֆեկալ, 

օրգանական և կենսածին նյութերով նշանակալի աղտոտման՝ ենթադրաբար պայմանավորված 
քաղաքի կենցաղային գործունեությամբ: Աղտոտվածությունը որոշ դեպքերում առաջացրել է 
առողջական ռիսկեր Հրազդան գետի ջրային օրգանիզմների և հիդրոէկոհամակարգի համար: 

 
Հրազդան գետ – «Երևանյան լիճ» ջրամբար – քիմիկաբակտերիոլոգիական 

առանձնահատկություններ – ջրաէկոլոգիական վիճակ 

 
Гидроэкологическое состояние реки Раздан и водохранилища “Ереванян лич” оце-

нивалось по гидробактериологическим (сапрофитные бактерии и Escherichia coli) и 
гидрохимическим (пятидневная биохимическая потребность в кислороде, ионы аммония и 

фосфата) показателям. Отбор проб воды для гидробиологического и гидрохимического 
анализа были проведены в мае и июле 2019 года. Результаты исследования показали, что 
река Раздан и водохранилище “Ереванян лич” в Ереване подвергались значительному заг-
рязнению фекалиями, органическими и питательными веществами, предположительно яв-
ляющимися результатом деятельности городских домохозяйств. Загрязнение в некоторых 
случаях вызывало риски для здоровья водных организмов и гидроэкосистемы реки Раздан. 

 
Река Раздан – водохранилище “Ереванян лич” – химико-бактериологические 

характеристики –  гидроэкологический статус 
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Increasing intensity of human activities during the last centuries has led to the 

significant violation of the existing balance of the nature [20]. As a consequence of 

rapid urbanization, human activities have caused significant changes in the ecological 

environment [19]. The increasing pollution of the hydrosphere has become one of 

serious environmental problems [20]. Due to the huge discharge of municipal 

wastewater and urban drainage into river basins, the effect is more pronounced in the 

water quality in urban areas [19]. Besides increasing pollution, human activities have 

also affected the water flow regime and morphology of rivers, resulting in multiple 

pressures on freshwater ecosystems and declines in their biodiversity and ecological 

functioning [16]. The hydroecological state of rivers is changing under anthropogenic 

activities expressed by the disposal of waste, organic and inorganic substances [24]. The 
classification of the ecological status of rivers and streams is an important tool for future 

sustainable management of natural water resources. Consequently, the Water Framework 

Directive requires the protection and improvement of the ecological status of water 

systems [22]. 

The Hrazdan River (Armenia) and “Yerevanyan Lich” Reservoir constructed in 

the Hrazdan River canyon in the south-west of Yerevan City are economically important 

water bodies for Armenia, since the waters are used for irrigation, energetic, recreational, 

industrial and other purposes. Nevertheless, the Hrazdan River flowing through Yerevan 

City is endangered by anthropogenic pollution due to the insufficient management of the 

disposal and discharge of waste and wastewater mainly from urban household activities 

[13, 14, 20]. Urban discharges may enter into the Hrazdan River worsening the 

hydroecological state of the river ecosystem and “Yerevanyan Lich” Reservoir. 
Therefore, the investigation of the pollution of the Hrazdan River and “Yerevanyan 

Lich” Reservoir in the conditions of anthropogenic pressures in Yerevan City is urgently 

required. The aim of the present study was to investigate the current hydroecological 

state of the Hrazdan River and“Yerevanyan Lich” Reservoir in Yerevan City. 
 
Materials and methods. We investigated the Hrazdan River originated from Lake Sevan in 

the eastern part of Armenia and “Yerevanyan Lich” Reservoir situated in the south-west of 
Yerevan City. The Hrazdan River is the longest (141 km) tributary of the transboundary Araks 

River in the territory of Armenia [13, 14]. 
For assessing the current hydroecological state of the Hrazdan River and “Yerevanyan 

Lich” Reservoir, hydrobacteriological (saprophytic bacteria (SB) and Escherichia coli (E. coli)) 
and –chemical (five-day biochemical oxygen demand (BOD5), ammonium and phosphate ions) 
investigations were carried out. Water samples for microbial and chemical analyses were collected 
from the river and reservoir sites described in tab. 1. The sampling was performed in May and July 
2019. The water samples for BOD5 and nutrient measurements were taken with cleaned polythene 
bottles and for bacteriological analysis – with sterile sample containers. The collected samples 

were kept in a cool box in low temperature conditions during the transportation to the laboratory 
and were analysed immediately after reaching the laboratory. 

 
Table 1. Coordinates of river and reservoir investigated sites 

 

Sampling site 

number 
N/Lat E/Long River site location 

1 40°16'51.1" 44°35'21.1" 
Hrazdan River site located in Getamej Village, 

upstream of Yerevan City 

2 40°09'31.6" 44°29'33.5" 
Hrazdan River site located in Yerevan City, upstream 

of “Yerevanyan Lich” Reservoir 

3 40°09'34.2" 44°28'23.2" “Yerevanyan Lich” Reservoir site located near the dam 

4 40°08'57.0" 44°27'50.7" 
Hrazdan River site located in Yerevan City, 

downstream of “Yerevanyan Lich” Reservoir 
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Under laboratory conditions, the quantitative analysis of SB and E. coli was implemented 
by the standard methods accepted in hydrobiology. SB were grown on nutrient agar, E. coli – on 
Endo agar using the membrane filtration method. Bacterial culture media were incubated at 20°C 
(SB) and 37°C (SB and E. coli) for 24-48 hours and the colonies grown on the media were counted 
[6-8]. The experiments were performed under sterile conditions. Based on the quantitative 
parameters of SB, organic contamination degree in the investigated water bodies was assessed 
using a surface water quality assessment scale accepted in the CIS (Commonwealth of 
Independent States) and EU (European Union) countries [9]. 

BOD5 values were determined according to the standard methods accepted in 
hydrochemistry [25, 26]. Initial dissolved oxygen (DO) and residual DO after five days incubation 
at 20°C were measured by the electrochemical probe method using a water oximeter (HI98193) 
[27]. The concentration of ammonium (Nessler method) and phosphate (ascorbic acid method) 
ions was determined by a multi-parameter photometer (HI83200) [18]. 

 

Results and Discussion. For the quantitative investigation of organic matter in 

water, the easy and cost-effective chemical and biochemical methods have been 

developed that give an opportunity to assess organic matter content in water by the 

determination of oxygen content consumed during the oxidation of organic matter [1]. 

BOD5 values were used to assess organic matter content in the water of the Hrazdan 

River and “Yerevanyan Lich” Reservoir. The results of the BOD5 study showed that 

organic matter content in all the investigated sites were conditioned by natural and 
anthropogenic factors, since it exceeded the background level for the river waters of the 

Hrazdan River basin [3]. Increased organic matter content was registered in the 

investigated sites located in Yerevan City (Nos. 2–4 with the exception of No. 3 in July) 

which can be explained by the impact of urban household discharges. It is necessary to 

mention that the July concentration of organic matter in the Hrazdan River site located 

upstream of “Yerevanyan Lich” Reservoir (No. 2) even exceeded the ecological norm 

for the river ecosystem health and biodiversity conservation (fig. 1) [3]. 

 
Fig. 1. BOD5 values in the water of the Hrazdan River and “Yerevanyan Lich” Reservoir. 

 

 

It’s known that SB in water react quickly to water environmental changes and 

their amount indicates the organic contamination load of the water [21]. Accordingly, 

the organic contamination of the water of the Hrazdan River and  “Yerevanyan Lich” 
Reservoir was also investigated by the quantitative values of  SB grown at 20°C.  The 

quantitative parameters of  SB  in  the  investigated river and  reservoir sites reflected  
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almost the same organic contamination pattern as BOD5: the amount of saprophytes 
increased noticeably in the investigated river and reservoir sites located in Yerevan City 

(Nos. 2–4 with the exception of No. 3 in July), indicating the significant contribution of 

urban household discharges to the formation of organic matter content in the investigated 

water bodies (Table 2). According to the count of SB grown at 20°C, the water quality in 

the investigated river site No. 1 was assessed as “sufficiently clean”, in the investigated 

river site No. 2 – as “sufficiently clean”-“very dirty”, in the investigated reservoir site 

No. 3 – as “clean”-“sufficiently clean” and in the investigated river site No. 4 – as 

“sufficiently clean”-“lightly polluted” [9]. 

The sanitary status of the Hrazdan River and “Yerevanyan Lich” Reservoir was 

investigated according to E. coli and SB grown at 37°C. E. coli is always present in the 

digestive tracts of animals and humans and is found in their waste. Therefore, its 
presence in a water body indicates the fecal contamination of the aquatic ecosystem [12]. 

SB grown at 37°C may also indicate the sanitary status of water, since they can enter 

water systems from the bodies of humans and warm-blooded animals. The results of the 

study of E. coli and SB grown at 37°C showed the significant worsening of the sanitary 

status of the investigated water bodies in Yerevan City (sampling site Nos. 2–4), 

indicating water contamination with urban sewage (tab. 2). 

 
Table 2. SB and E. coli count in the water of the Hrazdan River and  

“Yerevanyan Lich” Reservoir 
 

Sampling site  

number 

Saprophytic bacteria (CFU/ml) E. coli (CFU/l) 

May July 
May July 

20°C 37°C 20°C 37°C 

1 1520 210 2720 480 3000 0 

2 3000 1640 35200 24000 3000 9000 

3 3000 1050 840 470 6000 1000 

4 2560 2300 4880 4200 8000 10000 

                           CFU – colony-forming unit 

 
The concentration of ammonium ion is used to indicate environmental pollution 

mainly from agricultural and household activities [15]. The results of the study showed 

that ammonium concentration in the investigated river and reservoir sites was mostly 

conditioned by anthropogenic factors, exceeding the background level for the rivers of 

the Hrazdan River basin by 4.2–55.8 times. If ammonium concentration in the Hrazdan 

River site located in Getamej Village (No. 1) and in “Yerevanyan Lich” Reservoir 

(sampling site No. 3) ranged within safe levels for the ecosystem health, so its content in 

the Hrazdan River sites located in Yerevan City (Nos. 2 and 4) sometimes exceeded the 

ecological norm for the river ecosystem health and biodiversity conservation, indicating 

about the high impact of urban household discharges on the river ecosystem (fig. 2) [3]. 

It’s known that increased nutrient concentration affects all the trophic levels of an 
ecological pyramid. The reduction of upper trophic levels leads to changes in lower 

trophic levels, dominant species, to the succession of communities and to the 

reconstruction of food webs [5, 15]. All of this allows concluding that ammonium 

contamination in some cases posed health risks to the aquatic life and hydroecosystem of 

the river sites located in Yerevan City (Nos. 2 and 4). 
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Fig. 2. Ammonium ion concentration in the water of the Hrazdan River and “Yerevanyan Lich” 

Reservoir. 

 
In natural water, the concentration of phosphate is usually very low ranging 

between 0.001 mgP/l and 0.009 mgP/l, however it can significantly increase due to 

anthropogenic impact [2]. The investigation showed that mineral phosphorus content in 

the investigated river sites was formed under high anthropogenic influence. Phosphate 

concentration in the investigated river sites mostly exceeded the ecological norm for the 

rivers of the Hrazdan River basin, indicating unfavorable environmental conditions for 

the growth of aquatic organisms [3]. The highest phosphate concentration was registered 

in the Hrazdan River site located in Yerevan City, upstream of “Yerevanyan Lich” 

Reservoir (No. 2) which can be explained by the high impact of urban household 

discharges. The lowest phosphate levels in “Yerevanyan Lich” Reservoir water and the 

Hrazdan River site No. 4 in July could have not surely indicated about favorable 

environmental conditions in the aquatic ecosystems, since it may have been conditioned 
by phytoplankton activity in the reservoir (fig. 3). It’s known that algae need to absorb 

nitrate and phosphate to grow [17]. According to the previous studies, planktonic algae 

in “Yerevanyan Lich” Reservoir reached massive growth during warm periods, which 

allows to conclude that decreased phosphate concentration in “Yerevanyan Lich” 

Reservoir water and the Hrazdan River site located downstream of “Yerevanyan Lich” 

Reservoir (No. 4) may have been conditioned by the algal depletion of the nutrient [4, 

10, 11, 14, 23]. 

 
Fig. 3. Phosphate ion concentration in the water of the Hrazdan River and “Yerevanyan Lich” 

Reservoir. 
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In general, it can be concluded that the Hrazdan River and “Yerevanyan Lich” 

Reservoir in Yerevan City were affected by irregular discharges, supposedly from urban 
household activities that resulted in the significant fecal, organic and nutrient 

(ammonium and phosphate) contamination of the water bodies which in some cases 

posed health risks to the aquatic life and hydroecosystem of the Hrazdan River. 
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