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Abstract: The water resources are required for domestic needs of human life, such as drinking, bathing, etc. After domestic 
supply, the water is saturated with additional substances or energy forms that directly or indirectly alter the nature of 
water body in such a manner that negatively affects its legitimate uses. The natural water resources have a buffering 
capacity, thus can neutralize the negative effects of these substances, depending on their type and amount. Therefore, 
in some cases additional “artificial” treatment of domestic wastewater is needed. One of the key problems in 
Sustainable Wastewater Management is to find the threshold level between natural capacity of water body and 
“artificial” treatment necessity. The threshold level will identify in which case the water body can neutralize the 
impact of wastewater itself and when the wastewater needs to be treated before its discharge into the natural water 
body. For this purpose, the assessment of the impact of domestic wastewater on water quality for some residential 
settlements on Marmarik and Tsaghkadzor Rivers was conducted. The water quality change of these rivers was 
investigated in these regions, depending on seasonal and human activity periods. The study results showed that during 
the tourist season the population in settlements increases significantly, which leads to highly increased domestic 
wastewater either directly or diffusely discharged into the rivers. As a result, the water quality of these rivers appears 
extremely deteriorated. The self-purification capacity of the rivers becomes unable to neutralize the domestic 
wastewater impacts, explaining why the river water was polluted by organic compounds, ammonium, and 
phosphorus. 
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1. INTRODUCTION 

The Marmarik and Tsaghkadzor (Tsaraghbyur) Rivers are tributaries to Hrazdan River, which is 
one of the major rivers of Armenia (Chilingaryan et al., 2002). The Marmarik and Tsaghkadzor 
River Basins are locked between the Tsaghkunyats and Pambak mountains, at an average altitude of 
2,300 m above sea level. The topography of these river basins is typically mountainous with several 
valleys and gorges. These watershed areas are dominated by impervious rocks. About 12% of the 
areas are covered with forest, where big-anther oak and Caucasian hornbeams dominate. The 
Marmarik and Tsaghkadzor River Basins are rich in mineral water and picturesque sites of 
mountainous rivers (Chilingaryan et al., 2002), as well as numerous historical and architectural 
monuments. The river basins are often used for rest and recreation. There are several rest houses, 
hotels and cottages in these areas. The Tsghkazor Town in the Tsaghkadzor River Basin is 
recognized as an international ski resort center in Armenia (Marz Administration Annual Reports, 
2008-2014).  

The main environmental issue for these regions is domestic wastewater discharge. There are no 
operational wastewater treatment plants in their settlements. The existing sewage systems are 
obsolete and 70-80% of them are not in working order. Moreover, there are few, if any, sewage 
systems in the small villages. The domestic wastewater of the settlements in these regions is 
released directly into the environment, commonly into the Marmarik and Tsaghkadzor Rivers 
(AWSC, 2008-2013).  

This paper aims to describe the domestic wastewater impacts on water quality of the Marmarik 
and Tsaghkadzor Rivers in selected residential settlements, based on season and human activity 
intensity. 
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2. STUDY AREA 

2.1 Marmarik river basin 

The Marmarik River’s length is 37 km, the watershed area is 427 sq. km, perennial average 
discharge is 4.83 m3/s; it is fed by melting snow (55%), rain (18%) and groundwater (27%). The 
River water is mainly used for irrigation, hydro-energy, municipal and sanitary services and 
industrial purposes. As of 2007, about 7.2% of the water intake (3.6 mln. m3) is used in the 
Marmarik River basin as drinking water and for municipal and sanitary services (Chilingaryan et 
al., 2002). There are many rest houses along the Marmarik river bed. Near Hankhavan village, in 
the upstream Marmarik River, there are four rest houses, several small summer camps, and the 
Yerevan State University affiliated large camping area (with main building and small cottages) 
(AWSC, 2008-2013). In the Marmarik River Basin, 18 km downstream from Hankhavan village 
near Meghradzor village, there are several small summer camps. The main recreation area is 
Aghavnadzor. The Aghavnadzor and Marmarik villages are closely located in the middle stream 
section of the river, with three large rest houses (hotels), several summer camps and the Armenian 
State Pedagogical University affiliated large camping area (AWSC, 2008-2013).  

The study focused on the summer holiday period due to its increase in human activity. Usually, 
from June to October, the population number increases, up to 5.6 times, which leads to an increase 
of sewage discharge into the Marmarik River. 

2.2 Tsaghkadzor river basin 

The Tsaghkadzor (Tsaraghbyur) River’s length is 12 km, the watershed area is 23.1 sq.km and 
perennial average discharge is 0.019 m3/s; it is fed mainly by melting snow and rain (Chilingaryan 
et al., 2002). The Tsaghkadzor River Basin is rich in numerous historical and architectural 
monuments, including Kecharis medieval monastery, which gives it great recreational and tourism 
development potential. Tourism is beginning to develop rapidly in the Tsaghkadzor River Region, 
especially in Tsaghkadzor Town, a small spa town and popular health resort. Since 2007, 
substantial investments in hospitality and sports infrastructure have made the town an attractive ski 
and snowboard resort for winter sports lovers from all around the world. As of 2014, there are more 
than 10 rest houses, as well as several hotels and cottages in Tsaghkadzor Town (AWSC, 2008-
2013). 

The winter season was studied because of its increase in human activity. Usually, from 
November to April, the population number increases up to 7 times, which leads to an increase of 
sewage discharge into Tsaghkadzor River (Marz Administration Annual Reports, 2008-2014). The 
average sewage flow into Tsaghkadzor River from the town is 30 L/s (AWSC, 2008-2013), which 
is a risky value for an aquatic ecosystem with a low river flow.  

3. METHODS 

3.1 Sampling and analysis 

In this paper, domestic wastewater impacts on the water quality of the Marmarik and 
Tsaghkadzor Rivers were studied by observing and testing the domestic wastewater discharge of 
Tsaghkadzor Town and Aghavnadzor, Meghradzor and Hankhavan villages. The study was held in 
tourist or high human activity, and in non-tourist periods, throughout the years 2008-2014. The 
tourist season period for the Marmarik River Basin was considered to be June, July, August, 
September and October, and for the Tsaghkadzor River Basin it was considered to be November, 
December, January, February, March and April. The non-tourist season was during the remaining 
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months. 
The investigations took place at observation points on the Tsaghkadzor and Marmarik Rivers. 

The observation points on Marmarik River are located at № 57- 0.5 km upstream of Hankhavan 
village and № 58- at the river mouth. The observation points on Tanzut River are located at № 311- 
0.5 km upstream of Tsaghkadzor Town and № 312- 0.5 km downstream of Tsaghkadzor Town, 
near the river mouth. The water sampling took place according to ISO 5667-1:2006 (ISO standards, 
1998) international standards. 

Hydrochemical observations of the Tsaghkadzor and Marmarik Rivers were performed at the 
sampling points for pH, BOD5, COD, dissolved oxygen, suspended solids and nutrients (ammonium 
nitrogen, nitrite nitrogen, nitrate nitrogen, phosphate ions, total phosphorus) (ISO standards, 1998; 
Fomin, 2000). Water analyses were done each month from 2008-2014, using ISO international 
standards (ISO standards, 1998; Fomin, 2000).  

3.2 Calculation method for the assessment of wastewater discharge impact 

The Novotny calculation method (Novotny, 2002) was used in the assessment of the impact of 
domestic wastewater discharge, including the wastewater pits, on the water quality of the 
Tsaghkadzor and Marmarik Rivers. Here, the simplified model of point source pollution has been 
applied as one person daily producing the following loadings in the water (Novotny, 2002): BOD5 
50-60 g/resident_day, COD 90 g/resident_day, suspended solids (SS) 90 g/resident_day, 
phosphorus 3 g/resident_day, total nitrogen 15.5 g N/resident_day, ammonium 10.3 g/resident_day. 

Based on the population numbers, the domestic wastewater impact on a river can be calculated. 
Having the inflow rate of the aforementioned components in sewage water, as well as the value of 
minimum river flow, it is possible to calculate the expected concentration of each component in the 
river water by using a simplified model. Pollutant concentration (C) at the point of impact on the 
river water was calculated by using the following formula (Novotny, 2002):  

C = (Q0C0+Q1C1)/(Q0+Q1)  (1) 

where Q0 is the river discharge before the source pressure point; C0 is the pollutant concentration at 
the same point of the river water; Q1 is the volume of wastewaters discharged in the location of 
pressure; C1 is the pollutant concentration in wastewater.  

Following the same methodology, the concentration of pollutants penetrated into the river flow 
through water discharge was calculated and viewed as a quantity of point pressure (Novotny, 2002):  

C=Q1C1/(Q0+Q1) (2) 

In order to assess the pressure of domestic wastewater discharge, the population numbers were 
taken into account. Weather was a variable included to calculate the BOD5 value. According to the 
Water Quality Guidelines Memorandum #1 of 1978, 1 mg/L of BOD5 is considered as a maximum 
permissible amount in summer low water conditions and any exceedance is viewed as a significant 
pressure. Based on the above mentioned standards, according to which the BOD5 load discharged 
by wastewaters is calculated to be N*60 g/day, where N is the population number, the concentration 
(C) of this pollutant is calculated at the point of discharge in river water by the following formula 
(Novotny, 2002):  

C=(60*N*1000)/ (24*60*60)  (3) 

4. RESULTS AND DISCUSSION 

According to the methodology described in the Section 3, the impact of sewage on river water 
was conditionally considered as a point pressure for the Tsaghkadzor and Marmarik Rivers Basins. 
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The assessment of the impacts was based on population (Table 1). 
 

Table 1. Impacts of domestic wastewater discharge on Tsaghkadzor and Marmarik Rivers, Armenia. 

 
 

Population 
(2010)  
people 

BOD5, 
mg/L 

COD, 
mg/L 

Suspended 
solids, 
mg/L 

Total 
Phosphorus, 

mg/L 

 Total 
Nitrogen, 

mg/L 

Ammonium 
nitrogen, 

mg/L 
Tsaghkadzor Town on Tsaghkadzor River 
Non-tourist season 1,608 22.33 33.50 33.50 1.12 5.77 3.83 
Tourist season 7,100 98.61 147.92 147.92 4.93 25.47 16.93 

Hankhavan Village on Marmarik River 

Non-tourist season 147 0.85 1.28 1.28 0.04 0.22 0.15 
Tourist season 830 4.80 7.20 7.20 0.24 1.24 0.82 

Aghavnadzor Village on Marmarik River 

Non-tourist season 2,226 11.04 16.56 16.56 0.55 2.85 1.90 
Tourist season 12,466 61.84 92.75 92.75 3.09 15.97 10.62 

Meghradzor Village on Marmarik River 

Non-tourist season 2,747 13.63 20.44 20.44 0.68 3.52 2.34 
Tourist season 3,022 14.99 22.49 22.49 0.75 3.87 2.57 

 
According to EU Urban Waste Water Treatment Directive (91/271/EEC), urban wastewater 

entering collecting systems shall be subject to appropriate treatment (primary and/or 
secondary/biological) before discharge, when the population equivalent (p.e.) for agglomerations is 
more than 2,000 p.e. For settlements with a population equivalent of less than 500 p.e., sewage 
systems are not required. When the population equivalent in agglomeration of a settlement is 
between 2,000 – 10,000 p.e., before discharging to freshwater, the urban wastewater is only 
required to have primary (mechanical) treatment. If the population equivalent is more than 10,000, 
the secondary treatment is also needed. 

Taking into account that there are no operating industries in the observed settlements (Marz 
Administration Annual Reports, 2008-2014), the population equivalent was considered to be equal 
to the population number. From the observed settlements, only Hankhavan village does not need a 
sewage system. The domestic wastewater can be discharged into septic pits, which will not have 
significant impacts on water resources. But, during active summer season, the population increases 
up to 830 people, which is beyond the acceptable threshold. Taking into account that in the summer 
period the Marmarik river flow is usually minimal (Armhydromet, 2008-2013) and the population 
increase is up to 500 p.e., then the domestic wastewater discharge, without treatment, will damage 
the aquatic ecosystem of the Marmarik River.  

Tsaghkadzor Town and Aghavnadzor and Meghradzor villages should have centralized sewage 
systems and domestic wastewater must be primary treated before discharging into the rivers. 
Human activity from Tsaghkadzor Town and Meghradzor villages will not have negative impacts 
on the water quality of the Tsaghkadzor and Marmarik Rivers. The primary treatment will be 
enough to reduce the BOD5 of the incoming wastewater by at least 20% before discharge. For the 
Aghavnadzor village, the situation is quite different. During the human high activity period (tourist 
season), the population number in agglomeration increases up to 10,000 p.e., which requires the 
secondary treatment of wastewater before discharging into freshwater. For the other times of year, 
the primary treatment is enough to reduce the BOD5 of the incoming wastewater to its appropriate 
value. 

The concentration and impact of pollutant penetration from wastewater discharge into the river 
flow is based on the assessment method described in Section 3 (Table 1). Taking into account the 
population number variations during the year, the projected values of BOD5, COD, suspended 
particles and nutrients loads were calculated for the Tsaghkadzor and Marmarik Rivers in two 
different cases: for the entire population number of settlements in the active tourist period, and for 
the resident population number only in the non-tourist period. The calculation results showed that 
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Tsaghkadzor Town’s domestic wastewater discharge had the highest impact on the water quality of 
the Tsaghkadzor River in the tourist season. The reason lies in the small river flow (Armhydromet, 
2008-2013) of the River and high amount of untreated wastewater discharge. So, Tsaghkadzor 
Town is viewed as a potential source of significant pressures for the river.  

Due to the relatively high river flow of Marmarik River (Armhydromet, 2008-2013), the self-
purification processes are active in the aquatic ecosystem; hence, the impacts of domestic 
wastewater on the river are reduced. 

The calculated data of pollutant penetration into a river through water discharge and actual data 
of river water quality were compared, according to the hydrochemical monitoring data. The water 
quality of Tsaghkadzor and Marmarik Rivers were assessed (Figure 1).  

For this purpose, the actual concentration increase for each parameter to downstream rivers was 
calculated separately for Marmarik and Tsaghkadzor Rivers based on monitoring data of reference 
observation point and of the river mouth observation points. Then, the difference of model and 
actual concentrations was calculated. The study results showed that the actual pollution is higher 
than the projected one in all cases. However, the actual increase of BOD5, COD, suspended solids, 
total nitrogen and ammonium nitrogen concentrations in downstream rivers were several times 
higher in tourist season than in non-tourist season, due to sewage increase. 

The difference is most obvious for COD, ammonium nitrogen and suspended solids in the 
Marmarik River. During tourist seasons, due to the increase of domestic wastewater discharge into 
the downstream area of Marmarik River, the actual increase for the concentrations of ammonium 
nitrogen was up to 100 and more times; for suspended solids was 1.9 times; for COD was 1.3 times 
higher than that in the non-tourist season. During the tourist season, due to the increase of domestic 
wastewater discharge of Tsaghkadzor Town into its downstream river section, the actual increase 
for the concentration of ammonium nitrogen was 1.5 times and for COD was 3.9 times higher than 
in non-tourist season. For the other pollutants, the actual increase of concentrations was not 
significant. 

 

Figure 1. The actual increase of BOD5, COD, Suspended Solids, Total Nitrogen and Ammonium Nitrogen 
concentrations on the rivers’ mouth during the touristic and non-touristic seasons. 

To assess the sewage water flow affecting the water quality of Tsaghkadzor and Marmarik 
Rivers, the classification of water quality by ecological norms was performed. The classification 
was made according to the provisions of Resolution #75-N (Appendix 9). The results are provided 
in Tables 2 to 5.  

According to the results of the conducted analyses, the water quality in the upper Marmarik river 
was characterized, basically, as of “excellent” (I) and “good” (II) ecological status, in both 
mentioned periods. After discharge of domestic wastewaters of settlements into the river, the water 
quality of the river corresponded to “bad” (V) ecological status, mainly due to orthophosphates. 
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Table 2. The monitoring data and ecological status of water quality of Tsaghkadzor River in the non-touristic period. 

Sampling 
point 

Year 
NO3

- 
mg/L 

NO2
- 

mg/L 
NH4

+ 
mg/L 

Total N 
mg/L 

PO4
3- 

 mg/L 
BOD5 
mg/L 

COD 
mg/L 

Total P 
mg/L 

№311 
2009 

0.221 0.003 0.067 0.291 0.166 1.80 21.7 0.029 
№312 1.104 0.045 0.245 1.394 0.888 2.17 13.7 0.118 
№311 

2010 
0.335 0.005 0.230 0.570 0.217 2.37 17.0 0.097 

№312 1.455 0.043 0.288 1.786 0.550 2.70 29.0 0.263 
№311 

2011 
0.185 0.007 0.160 0.321 0.187 2.68 9.7 0.047 

№312 1.389 0.043 0.592 1.793 0.544 3.08 - 0.170 
№311 2012 0.124 0.013 0.171 0.309 0.178 2.02 11.2 0.068 
№312 1.037 0.094 3.793 4.923 1.081 3.28 15.7 0.441 
№311 

2013 
0.313 0.002 0.167 0.482 0.204 1.87 14.0 0.082 

№312 1.072 0.102 3.189 4.363 0.834 2.53 19.7 0.329 
№311 

2014 
0.309 0.003 0.123 0.434 0.208 2.39 17.7 0.114 

№312 1.671 0.102 3.261 5.067 0.896 3.34 30.0 0.406 
(I) excellent (II) good (III) Moderate (IV) Poor (V) Bad 

 

Table 3. The monitoring data and ecological status of water quality of Tsaghkadzor River in the touristic period. 

Sampling 
point 

Year 
NO3

- 
mg/L 

NO2
- 

mg/L 
NH4

+ 
mg/L 

Total N 
mg/L 

PO4
3- 

mg/L 
BOD5 
mg/L 

COD 
mg/L 

Total P 
mg/L 

№311 
2008 

0.314 0.003 0.000 0.317 0.003 2.40 17.7 0.065 
№312 0.499 0.023 0.594 1.117 - 2.53 21.3 0.258 
№311 2009 0.809 0.006 0.184 0.883 0.215 3.43 15.9 0.111 
№312 1.498 0.029 1.120 2.648 0.875 4.37 17.8 0.150 
№311 

2010 
0.064 0.004 0.153 0.178 0.172 2.42 6.0 0.044 

№312 3.066 0.022 1.345 1.879 0.641 2.53 21.0 0.272 
№311 

2011 
0.531 0.003 0.174 0.496 0.178 4.30 10.7 0.051 

№312 1.828 0.022 4.459 5.700 0.902 4.83 13.3 0.380 
№311 

2012 
0.509 0.003 0.135 0.647 0.212 3.15 15.7 0.075 

№312 2.233 0.037 2.701 4.972 0.867 4.53 17.3 0.408 
№311 

2013 
0.550 0.002 0.168 0.720 0.219 3.10 17.7 0.125 

№312 1.436 0.032 3.082 4.550 0.782 4.43 27.3 0.362 
№311 

2014 
0.452 0.001 0.153 0.607 0.239 3.00 11.7 0.081 

№312 1.945 0.038 3.200 5.184 0.972 5.97 28.0 0.406 
(I) excellent (II) good (III) Moderate (IV) Poor (V) Bad 

 
Table 4. The monitoring data and ecological status of water quality of Marmarik River in the non-touristic period. 

Sampling 
point Year 

NO3
- 

mg/L 
NO2

- 
mg/L 

NH4
+ 

mg/L 
Total N 
mg/L 

PO4
3- 

mg/L 
BOD5 
mg/L 

COD 
mg/L 

Total P 
mg/L 

№57 
2008 

0.190 0.005 0.059 0.253 0.012 1.45 7.50 0.014 
№58 0.609 0.013 0.107 0.729 0.033 2.84 15.00 0.041 
№57 

2009 
0.437 0.002 0.057 0.496 0.008 3.27 19.33 0.048 

№58 1.149 0.010 0.099 1.258 0.092 4.54 20.88 0.136 
№57 2010 0.314 0.004 0.237 0.555 0.059 2.75 8.67 0.012 
№58 1.007 0.007 0.277 1.291 0.094 3.56 19.60 0.061 
№57 

2011 
0.392 0.002 0.133 0.527 0.062 2.63 6.00 0.020 

№58 1.272 0.006 0.182 1.461 0.107 4.46 6.40 0.031 
№57 

2012 
0.724 0.002 0.074 0.800 0.125 2.40 14.67 0.057 

№58 1.339 0.006 0.111 1.455 0.076 4.29 18.75 0.042 
№57 

2013 
0.275 0.001 0.167 0.443 0.070 2.60 25.50 0.030 

№58 0.859 0.009 0.192 1.061 0.060 3.57 24.57 0.101 
№57 

2014 
0.129 0.004 0.131 0.264 0.021 3.25 16.67 0.021 

№58 1.093 0.008 0.157 1.257 0.078 4.09 22.25 0.041 

(I) excellent (II) good (III) Moderate (IV) Poor (V) Bad 
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Table 5. The monitoring data and ecological status of water quality of Marmarik River in the touristic period. 

Sampling 
point 

Year NO3
- 

mg/L 
NO2

- 
mg/L 

NH4
+ 

mg/L 
Total N 
mg/L 

PO4
3- 

mg/L 
BOD5 
mg/L 

COD 
mg/L 

Total P 
mg/L 

№57 
2008 

0.255 0.002 0.068 0.325 0.006 2.70 10.67 0.022 
№58 1.056 0.024 0.208 1.288 0.038 2.68 12.60 0.046 
№57 

2009 
0.188 0.008 0.048 0.244 0.094 1.23 16.00 0.026 

№58 0.544 0.006 0.379 0.930 0.201 1.65 10.50 0.052 
№57 2010 0.353 0.003 0.081 0.437 0.020 2.78 20.00 0.078 
№58 1.119 0.014 0.115  0.091 3.10 30.00 0.092 
№57 

2011 
0.227 0.005 0.106 0.338 0.009 3.10 7.50 0.025 

№58 0.874 0.022 0.158 1.054 0.097 3.63 9.00 0.056 
№57 

2012 
0.353 0.004 0.097 0.454 1.979 2.43 12.50 0.135 

№58 0.866 0.009 0.108 0.729 2.155 2.83 23.00 0.194 
№57 

2013 
0.238 0.002 0.120 0.359 0.013 1.65 11.00 0.042 

№58 0.332 0.019 0.206 0.729 0.077 2.28 20.00 0.044 
№57 

2014 
0.254 0.001 0.114 0.369 0.025 2.14 15.50 0.076 

№58 0.611 0.009 0.137 0.756 0.053 3.03 25.00 0.106 
(I) excellent (II) good (III) Moderate (IV) Poor (V) Bad 

 
The results showed that the concentration of other nutrients also increased, such as nitrates, 

nitrites and total phosphorus. These increased values are more visible in the active tourist season, 
when the concentrations of these nutrients increased by 1.4-2.2 times against their concentrations 
during the non-tourist season. Based on the data, the water quality in the upper river of Tsaghkadzor 
was generally characterized as of “good” (II) ecological status in both mentioned periods, with the 
exception of orthophosphate, which had concentrations of “moderate” (III) ecological status. 

After intake of sewage from Tsaghkadzor Town, the water quality of the river came to 
correspond to “bad” (V) ecological status, mainly from ammonium nitrogen and orthophosphate.  

The results showed that the concentration of other nutrients also increased, such as nitrates, 
nitrites and total phosphorus. These increased more visibly in the active tourist season, when the 
concentrations of these nutrients increased by 1.3-4.7 times, compared to their concentrations 
during the non-tourist season.  

5. CONCLUSIONS 

Due to small populations in the villages of the Marmarik River Basin and in Tsaghkadzor Town 
of the Tsaghkadzor River Basin, the domestic wastewater discharge is small, and the impact on the 
water quality of the rivers is offset by the self-purification capacity of the rivers. However, during 
human activity periods (summer or winter holidays) in the regions, when population numbers 
increased by 5-7 times, the domestic wastewater directly or as diffuse discharge into the rivers 
increases by several times and the water quality of the rivers deteriorates.  

The study results show that due to tourism development, the water quality of Tsaghkadzor River 
was empaired. Since 2010, the water quality of the river declined from “moderate” to “bad” 
ecological status from ammonium nitrogen. The concentrations of nutrients are continuously 
increasing in the water of the Tsaghkadzor River, which has led to slowing the self-purification 
processes in the river. Thus, since 2012, there was no difference in the content of nutrients during 
the active tourist and the non-tourist periods in downstream Tsagkhadzor River. As a result, the 
anthropogenic pressure will be activating the eutrophication process in the Tsagkhadzor River, 
which will result in its loss as a freshwater source.  

At this point, the Marmarik River is more protected than the Tsaghkadzor River. The Marmarik 
is abounding in water and the discharged domestic wastewaters are diluted in the river water. So, 
the domestic wastewater impact is reduced. However, the water quality of Marmarik River has 
deteriorated in the last 7 years. 



12 L. Margaryan 

 

ACKNOWLEDGEMENT 

An initial version of this paper has been presented in the WASTEnet Program Conference, 
“Sustainable Solutions to Wastewater Management: Maximizing the Impact of Territorial Co-
operation”, Kavala, Greece, June 19-21, 2015.  

REFERENCES  

Chilingaryan L., Mnatsakanyan B., Aghababyan K., Tockmajyan H. (2002). Hydrography of rivers and lakes of Armenia. Water 
issues and hydro technical institution; 49. 

Marz Administration Annual Reports (2008-2014), Kotaykh Region of Armenia. http://www.kotayk.mtaes.am  
AWSC (2008-2013). Annual reports of “Armenian Water & Sewerage” Company’ prepared by management contractor, 2008-2013. 

http://www.armwater.am/ 
ISO standards (1998). 20th edition USA. Standard methods for the examination of water and wastewater. Edited by Lenore S. 

Clesceri and etc.; 1.27-3.52. 
Fomin G.S. (2000). Water, Control of chemical, bacterial and radiation safety to international standards. Moscow; 370 p. 
Novotny V. (2002). Water Quality, Diffuse Pollution and Watershed Management. 2nd Edition; 888 p. 
Council Directive 91/271/EEC concerning (1991). Urban waste-water treatment; 13 p.  
Armhydromet (2008-2013). Annual reports of Hydrometeorology and Monitoring State Service of Armenia. http://www.meteo.am/ 
The Resolution 75-N of RA Government (2011). On establishing the norms for assuring water quality of each basin management 

area, depending upon local peculiarities; 39 p. 
 




