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AN INVESTIGATION OF HYDROCHEMICAL CONTAMINATION
IN THE HRAZDAN RIVER, ARMENIA
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Hydrochemical investigations in the Hrazdan River, Armenia, were
conducted. Water samples for pH, EC, K*, Ca®*, SO+*, Mg?, Cr®, Fe, and Zn
analyses were taken from the river midstream in May and July 2019 and the
downstream in June, August, and September 2020. The results of this study
revealed the current hydrochemical status of the Hrazdan River, as well as the
ecological and agorecological risks and potential sources of hydrochemical
pollution in the river ecosystem.
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Introduction. Chemical, physical, and biological properties of water
determine whether water is suitable for consumption or safe for the environment
[1]. Human activities affect water quality which limits its availability for humans
and ecosystems [2]. Surface waters are most vulnerable to anthropogenic influence.
Global surface water quality is governed by complex anthropogenic activities (e.g.,
household, industrial, and agricultural activities) and natural processes (i.e.,
weathering, hydrological features) [3]. Rapid development of economy and
urbanization has intensified the river pollution, which changes the hydrochemical
regime of the rivers and harms the ecosystems seriously [4].

Similar is the situation for Armenian rivers. The Hrazdan River is considered
one of the longest (141 km) in Armenia. It originates from Lake Sevan, passes
through 3 provinces (Gegharkunik, Kotayk, and Ararat) of Armenia and capital
city of Yerevan and flows into the transboundary Araks River. The water of the
Hrazdan River is used for irrigation, energetic, recreational, industrial and other
purposes [5, 6]. Having such economic importance for Armenia, the Hrazdan River
is endangered by anthropogenic pollution due to insufficient management of
discharges from human activities [5, 6, 7]. Hydrochemical assessment is, therefore,
essential for evidence-informed decision-making on the best pollution management
and control. The present study aimed to investigate the level and potential
anthropogenic sources of chemical contamination in the Hrazdan River water.

Materials and Methods. Sampling and measurements were done in 8
locations of the midstream (M-1, M-2, M-3, and M-4) and downstream (D-5, D-6,
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D-7, and D-8) of the Hrazdan River as outlined in Table 1. Water samples from the
midstream locations including “Yerevanyan Lich” Reservoir site were collected in
May and July 2019, and the samples from the downstream locations in June,
August, and September 2020. The water samples in most of cases before
measurement were evaporated to increase the density of major ions and heavy
metals in the water, which made it possible to increase the sensitivity of major ion
and heavy metal measurements. Due to the limited measurement range of an
analyzer (photometer), the water samples in some cases were diluted to decrease
the density of major ions in the water. The water samples were analysed for K*
(turbidimetric tetraphenylborate method), Ca?* (oxalate method), SO.> (sulfate is
precipitated with barium chloride crystals), Mg?* (calmagite method), Cr®*
(diphenylcarbohydrazide method), Fe (TPTZ method), and Zn (zincon method)
using a multi-parameter photometer (HI83200, Hanna Instruments) [8]. Water
electrical conductivity (EC) and pH were determined using a multiparameter tester
(H198129, Hanna Instruments). Hydrochemical contamination levels in terms of
the investigated ions, elements, and parameters were assessed according to the
Armenian ecological norms for the rivers of the Hrazdan River basin [9]. Hazards
in the case of water use for irrigation purposes were assessed according to the
USDA classification of irrigation water based on EC values [10] and magnesium
adsorption ratio (MAR) [11].

Table /1
Coordinates of investigated sites.
Sampling L .
site code N/Lat E/Long Sampling site location
M-1 40°16'51.1" | 44°35'21.1" Hrazdan River site located in Getamej Village

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

M-3 40°09'34.2" | 44°2823.2" | “Yerevanyan Lich” Reservoir site located near the dam

M-2 40°09'31.6" | 44°29'33.5"

Hrazdan River site located in Yerevan City, downstream
of “Yerevanyan Lich” Reservoir
Hrazdan River site located in Yerevan City, downstream
of the Aeratsia sewage treatment plant

D-6 40°06'17.8" | 44°22'49.5" Hrazdan River site located in Darbnik Village

M-4 40°08'57.0" | 44°27'50.7"

D-5 40°07'53.7" | 44°25'07.5"

D-7 40°02'26.6" | 44°24'33.7" | Hrazdan River site located downstream of Sis Village

D-8 40°01'22.8" | 44°26'28.4" Hrazdan River site located near Hovtashen Village

Results and Discussion. Based on pH values, natural waters are divided into
groups [12], according to which, the Hrazdan River mid- and downstream waters
with pH values between 7.5 and 8.4 and between 7.1 and 7.4, respectively (Tables
2, 3), belonged to the groups of weakly alkaline (7.5-8.5) and neutral (6.5-7.5)
waters, accordingly. pH is of high importance for chemical and biological
processes in natural waters. The growth of hydrobionts and the toxicity of
contaminants are dependent on the water pH value [12]. The pH values in all the
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investigated sites during the whole investigation period were within the
ecologically safe level (see Tables 2, 3).

EC is a measure of the amount of total dissolved ions in water [13] and,
therefore, it is used as a salinity indicator [14]. Freshwater salinization can affect
basic functions such as osmoregulation and reproduction and, therefore, reduce
survival [15]. The EC value in the Hrazdan River during the investigation period
varied from 374 to 1050 uS/cm (Tables 2, 3) indicating the lowest total soluble salt
concentrations in the sampling site M-3 and the highest contents in the sampling
site D-8. The total soluble salt level expressed by EC exceeded the ecological norm
in all the investigated sites during the whole investigation period (see Tables 2, 3).
All of this indicated that the Hrazdan River mid- and downstream sites were under
pressures from urban (Yerevan City) and rural household activities as well as
agricultural land use. According to the USDA classification for irrigation water
based on EC values [10], in the case of waters used for irrigation purposes, the total
soluble salt content (see Tables 2, 3) in some cases may have caused stress for
sensitive plants (250-750 wS/cm), however, it in most of the cases may have
adversely affected most plants (750-2250 S/cm).

Although inorganic ions such as Mg?, Ca?, K*, and SO.* have
physiological roles for aquatic organisms, however, they can cause aquatic toxicity
when present in excessive concentrations [16]. The Mg?* concentrations in the
Hrazdan River downstream sites were noticeably higher than in the midstream
sites, however, they were much lower than the unallowable level for the
hydroecosystem health (see Tables 2 and 3). MAR is used to specify the
magnesium hazard of irrigation water [17]. The MAR value in the waters of the
investigated sites varied from 3.9 to 15.3 (Tables 2, 3) indicating no magnesium
hazard for irrigation water use (<50). The Ca®" concentrations between 170 and
230 mg/l in the Hrazdan River downstream sites were about 2—12 times higher than
the concentrations in the midstream sites (see Tables 2 and 3), indicating water
quality deterioration from the Il class (good) in the midstream to the I11-1V class
(moderate-bad) in the downstream [9]. The Ca?" level exceeded the ecological
norm in all the downstream sites during the whole investigation period (see Tables
2, 3). The K* concentrations between 7 and 36 mg/l and the SO.* concentrations
between 63 and 200 mg/l exceeded the ecological norms in all the investigated sites
during almost the whole investigation period (see Tables 2, 3). It is worth to
mention that the K* and SO4* concentrations in the river downstream sites were
noticeably higher than in the midstream sites (see Tables 2, 3).

Some inorganic substances such as heavy metals are often highly toxic and
may cause undesirable hydroecological effects when accumulated to a toxic
concentration [18]. The Fe concentrations in the river midstream sites and the
downstream sites D-7 and D-8 during the whole investigation period were within
the allowable level (see Tables 2, 3), while the concentrations in the downstream
sites D-5 and D-6 in some cases exceeded the ecological norm (see Table 3). The
Cr%* and Zn concentrations in all the investigated sites during the whole
investigation period were within the ecologically safe levels (see Tables 2, 3).

Thus, the concentrations of almost all the investigated contaminants in the
Hrazdan River downstream sites were noticeably higher than in the midstream sites
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which can be explained by the impact of Yerevan City household wastewaters from
the non-operational Aeratsia sewage treatment plant on the river sites D-5 and D-6
and the influence of rural household and agricultural discharges on the sites D-6,
D-7, and D-8. However, the river midstream sites also showed pollution but only
with some contaminants such as K* and SO4* which was supposedly caused by the
impact of Yerevan City household and rural discharges.

Table 2

The results of the investigation of some physicochemical parameters in the Hrazdan River
midstream in 2019.

Sampling site oH EC | MAR Mg? | Ca* K* | SO4* | Crf* Fe Zn
code (uS/cm) (mg/l) | (mg/l) | (mg/l) | (mg/l) | (ug/l) | (ug/h) | (uglh)
May
M-1 76 | 756.0 | 9.8 3.3 50 6.0 30.0 1.7 75 3
M-2 7.7 5280 ] 39 1.7 70 4.0 35.0 2.7 88 4
M-3 84 |368.0| 86 1.7 30 3.5 25.0 2.0 75 3
M-4 75 | 3740 ] 123 1.7 20 3.0 20.0 2.2 80 4
July
M-1 79 | 762.0 | 153 3.3 30 6.5 35.0 1.2 85 4
M-2 7.8 |8320] 108 33 45 7.0 75.0 2.3 102 6
M-3 84 |710.0 | 134 3.3 35 6.5 65.0 1.2 89 2
M-4 7.9 | 760.0 | 9.8 3.3 50 6.0 65.0 3.0 85 3
Norm [9] [6.5-9.0| 227.4 — 50.0 | 100.0 | 3.0 20.7 | 11.0* | 160 100
Table 3

The results of the investigation of some physicochemical parameters in the Hrazdan River
downstream in 2020.

Sampling site oH EC | vAR Mg?# | Ca* K* | SO4* | Crf* Fe Zn
code (uS/cm) (mg/l) | (mg/l) | (mg/l) | (mg/l) | (ug/l) | (ug/l) | (ugll)
June
D-5 7.2 |800.0 | 101 | 150 | 220 21 90.0 1.2 83 6
D-6 71 8620 | 9.7 15.0 | 230 36 65.0 1.0 75 6
D-7 71 | 9800 | 76 10.0 | 200 7 1400 | 2.2 78 3
D-8 7.2 |1050.0] 8.8 10.0 | 170 9 2000 | 3.0 91 5
August
D-5 7.3 |938.0 | 10.7 | 16.7 | 230 31 85.0 0.5 130 5
D-6 7.3 | 946.0 | 105 | 150 | 210 26 70.0 0.7 87 8
D-7 7.3 |1010.0| 7.6 10.0 | 200 9 150.0 | 35 68 6
D-8 7.3 |1012.0]| 84 10.0 | 180 9 1500 | 25 100 6
September
D-5 71 |886.0 | 101 | 150 | 220 23 80.0 3.0 200 6
D-6 71 9160 | 95 133 | 210 24 70.0 1.2 180 5
D-7 7.3 19900 99 13.3 | 200 10 [ 1700 | 15 85 3
D-8 7.4 |1012.0| 8.8 10.0 | 170 10 | 1400 | 2.5 79 3
Norm [9] [6.5-9.0| 227.4 — 50.0 | 100 3 20.7 | 11.0* | 160 100

*Ecological norm for total Cr

Conclusion. In general, it can be stated that the anthropogenic activities
caused such salinity degrees in the Hrazdan River mid- and downstream sites that
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may have had negative hydroecological effects and may have posed agroecological
risks in the case of waters used for irrigation. The potential sources of this pollution
were the irregular urban (Yerevan City) household and rural discharges. The
concentrations of some contaminants such as Ca®*, K*, and SO* in the Hrazdan
River downstream sites were mostly formed by the potential impact of discharges
from the non-operational Aeratsia sewage treatment plant in Yerevan City as well
as rural household and agricultural activities and may have adversely affected the
hydroecosystem health. The river downstream occasionally also showed
ecologically unfavorable conditions in terms of Fe content which can also be
explained by the potential impact of discharges from the non-operational Aeratsia
sewage treatment plant. The ecologically unsafe levels of K* and SOs* were also
observed in the river midstream sites potentially affected by Yerevan City
household and rural discharges.
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Q4. 464Nrasydv

2U8UUSULP 2rUQYFUL AGSh zpNLPUPUYUL UNSNASUUL
NrUNPULUURLNRESNPL

bpuuwiwgyty G <wjwumwbh <pugqnubt ghiwmh  hhnpnphdhwub
htitnwgnunnipynibiiin: pH-h, Lupuhwnnppuubnipub, K*, Ca?, SO,
Mg?* . Cr® hnbbtiph, Fe I Zn wmwppliph wiwhqbtiph hwdwp epuininibtipp
ytpgyt] tt gtimh dhohtt hnuwbphg 2019 . dughu W hnijhu wdhubitphtt nu
unnpht hnuwbtiphg 2020 . hniithu, ognunnu b ubwymbdpbp wdhubitipht: Wu
niunidbwuhpnipyub - wpymbpbtpp pugwhwynty  th <pugqnut gbinh
ttipuyhu hhnpnphdhwliut Yhéwlp, hbswybu twl gbnph Eynhwudwljupgh
hhnpnphihwut wnunnundwb Eyninghwjub b wgpntyninghwijub nhuljtipp nu
htwpuynp winpynipbitinp:

I''A. TEBOPT'SIH

NCCIEAOBAHUE T'MAPOXMMHNYECKOI'O 3AI'PA3HEHUA
PEKN PA3JIAH B APMEHUN

[IpoBeneHbl THAPOXUMHYECKHE HCCIENOBaHUS peku PaszgaH B ApMeHHH.
I[Ipo6s1 Boaw! A1 anamu3oB pH, anexrponposoanoctu, K¥, Ca?*, SO, Mg?, Crb*,
Fe u Zn Oblm B3STHI U3 CpeaHETO TeUeHUs peku B mMae u utoie 2019 roma u u3
HIDKHETO TCUCHHUS B HMIOHE, aBrycTe W ceHtssope 2020 roma. Pesymprathl 3TOTO
WCCJICJIOBAHUS BBISBWIM TEKYIIEe THAPOXUMHYECKOE COCTOsIHHE peku Paznan, a
TaK)Ke IKOJIOTMUYECKUE U arpOIKOJIOTHUECKUE PUCKU U MOTCHIIUAIBHBIC UCTOYHUKH
THJIPOXUMHUYECKOTO 3arpsI3HEHUS] SKOCHCTEMBI PEKH.
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