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The chemical composition of waters of the Arzni-Shamiram and Lower Hrazdan canals
fed by the Hrazdan River, as well as Hrazdan River water in that area, was studied, and their
suitability for irrigation was assessed. Water samples were collected from 7 sampling points and
the total amount of salts, electrical conductivity (EC), pH, bicarbonates as well as some toxic
microelements (Al, As, Be, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Zn, Ni, Pb, Se, V) were determined. It
has been shown that waters of the Arzni-Shamiram canal are suitable for irrigation. The water
pollution processes in the Lower Hrazdan Canal is observed. Despite the fact that the
concentrations of some heavy metals and hydrocarbonates don't exceed the MPC for irrigation,
depending on amount and composition of wastewater discharging this system, there is a high
probability that their concentrations in the canal exceeds the permissible limit in the near future.

Hrazdan River — Arzni-Shamiram and Lower Hrazdan Canals — irrigation —
water chemical composition — assessment

Nunwlbwuhpybp B Ipwgnwu  gbnhg ubdnn Upqup-Cwdhpwd W Uwnnphu Ipwgnwl
opwlgputnh, huswtu Lwl win hwnyguwénid Ipwgnwl gbinh optph ghuhwlywl Yuadp, guwhwunybp £
nnngUwl hwdwn npwlg whwnwlGhneejniup: ph Ldnpubpp yepgdt) Bu 7 nhunwytuntphg: Lwpn-
npwwnnp wwjdwuutpnd npnpdb BU opnud (neéywé wntph punhwunip pwwyp, EEYunpwhwnnpnw-
ywuncpniup (EC), pH-p, hhnpnywppnuwwnUtpp, huswytu Uwle npn? pncbwynp JhypneGutuwnubph (Al,
As, Be, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Zn, Ni, Pb, Se, V) wwpniuwyntpntbutpp: 8niyg £ nnpdws, np
Upquh-Cwudhpwd gnwlgeh ¢pGpp (hndphu whwwuh BU nenquwl  hwdwp: Unnphu 3pwqnuwuh
opwlgpnid nhndnd £ opbph wnuninunnud: Quwywé npnp dwup  JhypnkGdtunubph, hhnpnywp-
pnUwwnutbph Ynugbunpwghwutpp $6U gGpwquugnid nnnguwl hwdwn enyjwnnGih uwhdwlltGpp,
uwywju wnwldhtu nGwetpnid, YwiuJwséd win hwdwlwnpg dniing gnpénn Yenunwgnptnh pwlwyhg W
npwlg pwnwnpnientlhg, Uts £ hwjwuwywunieinup, np Uninwlw dwdwuwywpgwuncd gnwilig-
pncd npwlg YnugGunpwghwutnp Yabpwaquwlgbu pnijjwunnbih uwhdwup:

3nwqnuwl qbwn — Upquh-Cwdppwd e UinnphU-3pwqnwl gnwlgelubn — nengned —
onh phupwlwl Yuqd — quwhwwnnid

HccnenoBan xumuyeckui coctas kaHanoB ApsHu-lllamupam u Hwxknuit Pa3nan, nutae-
MbIX pekoil Pa3nan, a Taxxe Boa pexku Pa3maH B 3TOM palioHe, M OLIEHEHa MX MPUTOJHOCTH IS
oporreHnsi.  OOpasipl BOBI OBUTH 0TOOpaHkI ¢ 7 Touek 0TO0pa mpod. Beuti onpeneneHs! obIee Ko-
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JIMYECTBO PACTBOPEHHBIX B BoAe cojeil, anexrponpoBogaocts (EC), pH, ruapokapOoHaTsl, a Tak-
e HEKOTOpBIe TOKCHUHBIe MUKpoasieMenThl (Al, As, Be, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Zn). B
naboparopun, Ni, Pb, Se, V). Ilokazano, yto Boabl kaHama ApsHu-lllamupaM mNOMHOCTBIO
MIPUTOIHBI AJISl OPOLIEeHHUS. 3arps3HeHne Bobl HabmoaeTcs B kaHaie Hiwxuauit Paznan. Hecmotpst
Ha TO, YTO KOHILEHTPALUH HEKOTOPBIX TSHKENBIX MHKPOAJIEMEHTOB U THAPOKapOOHATOB HE MPEBBI-
IIAl0T MaKCHUMAaJIbHO JOIYCTUMBIX KOHIIEHTPAIMH ISl OPOIIECHUS, B HEKOTOPHIX CIydasX, B 3aBU-
CHMOCTH OT KOJINYECTBA CTOYHBIX BOJI, TOCTYNAIONINX B CHCTEMY M UX COCTaBa, BIIOJHE BEPOSITHO,
YTO MX KOHICHTPAIUH B KaHaJe B ONpKaiiIee BpeMst IPEBBICAT JOIYCTHUMBII Mpeier.

Pexa Pazoan — kananer Apsnu-Lllamupam u Huscnuii Pasoan — opowenue —
XUMUYECKULl COCMAs 800bl— OYeHKA

For the sustainable development of agriculture in arid regions, expansion of
arable farming and modernization of its infrastructures are important. It is known that the
expansion of irrigated areas fundamentally changes the nature of water regime in the
region formed over the centuries [3, 11]. As a result in a number of developing countries
of the world, on the one hand, a significant increase in agricultural production has been
observed, and on the other hand, negative phenomena have been detected, in particular,
soil salinization, alkalinization, anthropogenic pollution and waterlogging [4, 6].

In general, soil salinization process is mainly due to the lack or insufficient work
of drainage systems, however, in some cases, it is also the result of irrigation with low-
quality water, during which lands are being enriched with anthropogenic pollutants,
contributing to the acceleration of soil contamination processes [8-0]. According to the
observations  of international  organizations, 2-3  million  hectares  of
agricultural land are destroyed worldwide by soil salinization every year [1, 8]. The
intensity of soil pollution and salinization is determined by the climatic peculiarities, the
depth of groundwater from the Earth's surface and its chemical composition, as well as
the anthropogenic impact on irrigation systems [2].

The Republic of Armenia is distinguished by mountainous terrain, semi-desert
climate, poor vegetation, wind intensity, lack of systematic management of agriculture,
which contributed to the desertification and degradation of lands [7]. Consequently, fight
against land desertification in Armenia has acquired strategic importance as a
precondition for the sustainable development of the country. Land degradation is also
caused by the penetration of various compounds of technogenic origin into irrigation
waters [5].

Observations of the Ministry of Nature Protection of the Republic of Armenia
have shown that the main source of water pollution is untreated or insufficiently treated
wastewater, which is discharged into surface water and appears in irrigation systems.
Under these conditions, it is important to study the qualitative composition of river
waters and irrigation systems in soil-water-plant system, which will help to identify
negative phenomena on the land and ensure high quality indicators of crops and a rich
harvest.

In some works, chemical composition of Hrazdan River water and its impact on
ameliorative state of irrigated lands have been studied [12]. It is shown that the main
source of river pollution is the untreated or insufficiently treated domestic and industrial
wastewater discharged into them. The benefits of wastewater treatment and reuse are
highlighted, especially in agriculture.

SNCO "Center for Hydrometeorology and Monitoring" has a rather dense
monitoring network in the rivers of the Republic of Armenia, through which monitoring
studies of the qualitative composition of river waters are carried out. However, irrigation
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systems that pass through different settlements and are exposed to anthropogenic
impacts are not sufficiently studied.

The aim of the work is to study the quality indicators of water in a number of
canals of the Ararat Valley and assess their suitability for irrigation.

Materials and methods. The studies were carried out at the parts, where the Hrazdan River
flows from Arzni to Yerevan. Changes in water quality, as well as water quality indicators in
Arzni-Shamiram and Lower Hrazdan canals fed by the river were studied.

The Arzni-Shamiram canal is an irrigation system fed by the waters of Lake Sevan and the
Hrazdan River, through which about 30 thousand hectares of land in the Armavir, Aragatsotn and
Kotayk regions are irrigated. The main canal (about 92 km long) originates from the pressure basin
that feeds the Arzni hydroelectric power station and at the beginning has a capacity of 25 m*sec.

The Lower Hrazdan Canal is diverted from the left bank of the Hrazdan River near
Yerevan and passes through the closed canal to the right bank. The length is 51 km. It irrigates
about 11 thousand hectares of land in the city of Etchmiadzin, and simultaneously fills the waters
of the Kasakh River. At the beginning of the canal, the water output is 14 m*sec.

Water samples from Arzni-Shamiram canal were taken at Nor-Hachn-Yeghvard
intersection (7), Byurakan community (6), Kosh community (5). Water samples from the Lower
Hrazdan canal were taken at Hrazdan Gorge (1), Monte Melkonyan street (2), Merdzavan
community (3), Dasht community (4). Microelement analyses of the samples were performed in
the laboratory of Armenian National Agrarian University, Soil Science, Melioration and
Agrochemistry Scientific center after H. Petrosyan and microelement analyzes were carried out in
the laboratory of "Center for Hydrometeorology and Monitoring” SNCO. This section should
clearly indicate the research methodology.

Results and Discussion. Table 1 presents water chemical composition in different
parts of the Arzni-Shamiram canal fed by the Hrazdan River.

Table 1. Water chemical composition in Arzni Shamiram and Lower Hrazdan Canals

Ne PPm, EC, pH Salts, g/l lons, mg/eq/I
gll mSm/cm HCO; ‘ Cl ‘ SO, ‘ Ca ’ Mg ’ Na
Arzni-Shamiram Canal
7 0.393 0.47 8.5 0.379 3.56 1.61 0.31 1.20 2.48 1.8
6 0.381 0.50 8.4 0.390 3.64 1.75 0.29 1.00 2.88 1.8
5 0.400 0.52 8.2 0.424 3.64 2.00 0.44 1.60 2.48 2.0
Lower Hrazdan Canal
1 0.595 0.85 7.8 0.616 4,77 4.12 0.30 2.50 2.64 3.8
2 0.596 0.88 7.9 0.613 4.67 4.26 0.11 2.60 2.64 3.9
3 0.590 0.87 8.0 0.619 4.56 4.12 0.52 2.60 2.80 3.8
4 0.623 0.90 8.0 0.611 4.56 4.48 0.08 2.00 3.12 4.0

Considering the results of the analysis shown in the tab. 1, it can be stated that
these waters are of a hydrocarbon nature, where magnesium and sodium
hydrocarbonates predominate. As a result, especially at the beginning of the canal, water
has an alkaline reaction (pH is 8.5). Along the length of the canal, due to a number of
processes, the alkaline reaction decreases to some extent and at the end of the canal - in
Kosh community, the pH is 8.2. Water mineralization is low - 0.379-0.424 g/I. The value
of electrical conductivity (EC) is 0.47-0.52 mSm/cm, which can not cause any salinity
problem in case of irrigation. In general, it can be stated that the change in the chemical
composition of water along the length of the canal, from the intersection of Nor Hachn-
Egvard to the Kosh community, is poorly expressed, which can be explained by the
fact that the canal passes through the higher point of settlements, and is less exposed
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to anthropogenic impact. This is confirmed by the chemical composition of
microelements contained in the water in different parts of the canal (tab. 2).

Considering the Indicators shown in the table, we came to the conclusion that the
concentration of microelements along the entire length of the canal remains unchanged
or in some cases a slight decrease is observed.

Discussing the indicators of the chemical composition of water in the Lower
Hrazdan Canal, we come to the conclusion that the waters of the Hrazdan River, from
the Arzni hydropower plant to the inlet part of the Lower Hrazdan Canal, are subject to
significant anthropogenic impact (tab.1). Thus, for example, the total mineralization
increases almost 2 times and is 0.616 g/l, and the EC value is 0.85 mSm/cm, which,
although permissible, but it should be taken into account s that higher anthropogenic
pressures during the year can cause certain problems in the soil-plant system. In the
chemical composition of salts, there is a significant increase in hydrocarbonates,
especially chlorine and sodium ions, which are the result of exposure to domestic water
(tab. 1). These ions have a toxic effect on crops. High concentrations of sodium in crop
stems and leaves can cause a number of osmotic and metabolic problems.

Table 2. The content of microelements in the waters of Arzni-Shamiram, Lower Hrazdan canals
and the Hrazdan River and their maximum permissible concentration (MPC) for irrigation

Arzni-Shamiram canal Lower Hrazdan Canal
Elements MPC,
mg/l Nor Hachn-Yeghvard Kosh Hrazdan Dasht
intersection community Gorge community
Al (Aluminum) 5.0 0.0482 0.0243 0.115 0.0180
As (Arsenic) 0.1 0.00856 0.0119 0.003 0.00922
Be (Beryllium) 0.1 0.0001 0.0001 0.0001 0.0001
Cd (Cadmium) 0.01 0.0001 0.0001 0.0001 0.0001
Co (Cobalt) 0.05 0.00017 0.00015 0.00020 0.00028
Cr (Chromium) 0.1 0.0022 0.00258 0.0100 0.00518
Cu (Copper) 0.2 0.00130 0.00117 0.0022 0.00221
Fe (Iron) 5.0 0.141 0.163 0.321 0.227
Li (Lithium) 2.5 0.0443 0.0404 0.0456 0.0318
Mn (Manganese) 0.2 0.0167 0.00992 0.0165 0.00989
Mo (Molybdenum)| 0.01 0.00318 0.00289 0.0020 0.00637
Ni (Nickel) 0.2 0.00085 0.00082 0.0040 0.00142
Pb (Lead) 5.0 0.00012 0.00011 0.0040 0.000206
Se (Selenium) 0.02 [0.00117 0.00168 0.0010 0.00219
\V (Vanadium) 0.1 0.0130 0.0129 0.019 0.0215
Zn (Zinc) 2.0 0.00243 0.00245 0.016 0.0229

The accumulation of toxic ions in these organs is usually greater than in the roots.
Such accumulations in the leaves are usually expressed by gray burns along the length of
the leaves, causing leaf fall. Nuts and fruits are the most sensitive to sodium. It is proved
that in the system of soil absorption, even 5-10% sodium content can contribute to the
occurrence of burns on the leaves of these crops.

At the same time, a significant increase in a number of toxic microelements is
observed in waters of Hrazdan River and Lower Hrazdan Canal especially near the
Dasht community in Hrazdan Gorge, Arzni (fig.1).
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Fig. 1. The concentration of sodium in the Hrazdan River and the Lower Hrazdan Water Canal.
1-the part near Arzni, 2 - Hrazdan Gorge, 3 — Lower Hrazdan Canal near Dasht community

It is shown that the concentrations of toxic microelements such as vanadium,
chromium, copper, zinc, selenium, molybdenum and lead, although do not exceed the
MPC for irrigation, nevertheless, as compared to Arzni part of the river, the
concentrations of these elements in the Lower Hrazdan canal increase by 2-10 times.

Fig. 2 shows the concentrations of a number of toxic microelements in this area.
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Fig. 2. Concentrations of toxic microelements in the Hradan River and Lower Hrazdan canal
1- Hrazdan river-near Arzni, 2- Hrazdan gorge, 3- Dasht community.

In fig. 3, a pipe built on a canal is clearly visible, from which wastewater
periodically discharged into the canal, resulting in contamination of water.

Fig. 3. Lower Hrazdan canal and wastewater discharge pipe located on it
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Conclusion Studies have shown that the waters of the Arzni-Shamiram canal are
ideally suited for irrigation. There is no significant change in water chemical
composition along the entire length of the canal, which can be explained by the fact that
it passes through the settlements at high points and has low anthropogenic effects.

Water pollution was observed on the area of the Hrazdan River from Arzni to
Yerevan, as well as along the entire length of the Lower Hrazdan canal, as a result of
which water mineralization doubled due to high concentrations of sodium and chloride
ions, as well as some heavy microelements that are extremely toxic to crop.

Taking into account the exceptional importance of quality of canal waters in food
safety, as well as the increasing anthropogenic pressures on these waters, it is proposed
to set hydrochemical networks also on the main canals by the Ministry of Nature
Protection, which will allow monitoring of chemical composition of irrigation water
during irrigation and establish control over the objects, that may contaminate the canals.
It is recommended to apply the standards for irrigation water recommended by FAO for
water quality assessment.
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