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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

Qnuwpwlywntphninghwywu (uwwpndhwun pwywnbphwutn W Escherichia coli) W onwehuhwywl
(rRYwséUh 5 opjw YGUuwphdhwlwl wwhwlg, wunuhnd W $nudwwn hnlubp) gnigwuhpubph
hhdwu Jdpw qUwhwwdb] E Ipwgnwl gbinh W «Gplwljwu [hé» gpwdpwnph gnwktyninghwywu
Jhtwyp: puytluwpwlwywl W gpnwephdhwywl Jeninwdnipniuutph hwdwn gpwldnpwrnidutpu
hpwywuwgyt) Bu 2019 p. Jwjhu W hnihu wdhulbphU: IGnwagnuniejwl wnnntupUbpp gnug Gu
wnytbl, np Gplwunwd 3pwagnwl gbnp W «Gplwljwu hé» gnwdpwpp Bupwnyyt, Bu EHWI,
ongqwlwywu W YGuuwséhu Unietnny Lpwlwywih wnunnndwl® tupwnpwpwp wywdwuwynpywd
pwnweh YGugwnwihu gnpéniutbniejwdp: Ununninjwéncpintup npn nbwebpnud wnwewgnptp £
wnnnewywl nhuytn Ipwagnuwl gbinh onwihu opqwuhquutinh W hhnpnEynhwJdwywngh hwdwn:

3nwqnuwl qbiwn — « GplLwlywl 1he» gpwdpwn — phdhlwpwlintphninghwlwl
wrwldluwhwwnlynipynttn — gpwkyninghwlwl Yyhdwly

T'unposkonoruyeckoe cocrosHue peku Paznan u Bogoxpanwiuima “EpeBansH aud” oue-
HHBAJIOCh 10 ruapobakrepuonorundeckum (campodurHeie Gakrepun u Escherichia coli) u
THAPOXUMUYCCKUM (ISITHAHEBHAS OHOXUMHUYECKast MOTPEOHOCTh B KHCIOPOAE, HOHBI aMMOHUS H
¢docdara) mokazarensm. Or6op mpod BOABI A TUAPOOHOIOTHYECKOTO M THAPOXUMHUYECKOrO
aHanu3a ObLIH mpoBeleHb! B Mae U utosie 2019 roma. Pe3ynpraThl ncciaenoBaHus mokasaiu, YTo
pexa Pasnan u Bogoxpanwnmiie “EpeBansH nuy” B EpeBaHe moaBeprainch 3HAYHTEIFHOMY 3ar-
PSI3HEHHUIO (EKATHAMH, OPTaHUYECKUMHU U MUTATEIbHBIMU BELIECTBAMH, IPEJIIONOKUTENBHO SB-
JISIIOIIMMHUCS PE3YABTATOM JICSTEIBHOCTH TOPOJICKUX JOMOXO3SHCTB. 3arpsi3HEHHE B HEKOTOPBIX
CITy4asix BBI3BIBAJIO PUCKH ISl 3/10POBbsI BOIHBIX OPTraHM3MOB U THIPOIKOCHCTEMBI pekH PaznaH.

Pexa Pazoan — eo0oxpanunuwe “Epesanan auy” — xumurxo-oaxmepuonosuyeckue
XapakmepucmuKku — SUOPOIKONOSUECKULl CIantyc
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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 (BODs), 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 BODs 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

N/Lat E/Long River site location
number
1 20°1651.1" | 4435121 1" Hrazdan River site Ioca'ted in Getamej Village,
upstream of Yerevan City
2 40°09'31.6" | 44029133 5" Hrazdan River site located in Yerevan City, upstream

of “Yerevanyan Lich” Reservoir

3 40°09'34.2" | 44°2823.2" | “Yerevanyan Lich” Reservoir site located near the dam
Hrazdan River site located in Yerevan City,
downstream of “’Yerevanyan Lich” Reservoir

4 40°08'57.0" | 44°27'50.7"
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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].

BODs 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 (HI198193)
[27]. The concentration of ammonium (Nessler method) and phosphate (ascorbic acid method)
ions was determined by a multi-parameter photometer (H183200) [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].
BODs values were used to assess organic matter content in the water of the Hrazdan
River and “Yerevanyan Lich” Reservoir. The results of the BODs 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].

mg02/1
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1 2 3 4
Sampling site number

Fig. 1. BODs 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 BODs: 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 Saprophytic bacteria (CFU/ml) | E. coli (CFU/I)
number May July
20°C | 37°C | 20°C | 37°c | M@ | July
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/I 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 horm 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].
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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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