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Abstract 

The aim of the work was the simultaneous determination of hydrocarbon biochemical oxygen demand - cBOD and nBOD 

(nitrogen) in the same water sample without using a nitrification inhibitor by the manometric method. Daily measurements of 

cBOD are determined by recording the pressure drop resulting from the absorption of carbon dioxide released by the oxidation of 

hydrocarbon organic matter by microorganisms with KOH (potassium hydroxide). Here, the processes of oxidation of mineral 

substances in water and especially the developing nitrification processes, which absorb oxygen dissolved in water and cause an 

additional pressure drop in the vessel, are a disturbing factor, for the measurement of which, in the daily 24-hour cycle of 

registrations, it is recommended to close the absorption hole of the vial with KOH for 8 hours. The 24-hour nBOD and cBOD 

results are calculated from the result of the pressure drop in these 8 hours. In the paper, in the form of a table, the detailed form of 

calculation of the recorded results of BODs at two pH-s of a natural water sample within 1-20 days is given. The possibility of 

anthropogenic impact assessment using this method is shown on the example of natural water. It is concluded that with the 

proposed method of measuring BODs records the complete and separate results of cBOD are recorded under conditions of 

developing nitrification in water. All information from both nitrification and BOD-full is recorded simultaneously, which gives a 

complete picture of the overall oxygen balance in the water. The proposed method is practically applicable and fully comparable 

with the results obtained by the standard manometric method. 
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1. Introduction 

In modern conditions, the use of improved and highly ac-

curate research methods is becoming particularly relevant. 

Biochemical oxygen demand (BOD) studies are widely used 

in ecological water monitoring. BOD measurement reflects 

the processes of decomposition of organic substances in water. 

It involves two phases: carbonic, during which oxygen is 

consumed for the microbial decomposition of carbon com-

pounds (cBOD), and nitrogen, during which mineral nitrogen 

compounds are oxidized (nBOD) [1]. It reflects the degree of 

water pollution according to the amount of organic matter in 
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the water that can be oxidized by microorganisms [2]. The 

great advantage of the manometric method over other BOD 

determination methods [3, 4] is that it provides dynamic de-

termination of practically all BOD from day 1 to day 20 or 

more days in the same water sample. However, the exact 

determination of cBOD (hydrocarbon) is always hindered by 

the oxidation processes of partial mineral substances (sulfides, 

iron, etc.), and especially the nitrification processes devel-

oping in water [5, 6], for the inhibition of which, inhibitor 

thiourea or allylthiourea is added to the water sample [7-10]. 

An attempt was made to quantitatively calculate nitrifica-

tion in water with and without an inhibitor using manometric 

method by measuring BOD-5 [11]. Other researchers [12-14] 

have also conducted longer studies (30 days) in order to study 

in more detail the characteristics of the transformation of 

organic matter in natural waters, but using an inhibitor. 

Sometimes, especially in long-term experiments, the nitrify-

ing bacteria adapt to the inhibitor and nitrification develops at 

some point, distorting the results. And increasing the con-

centration of the inhibitor suppresses the activity of sapro-

phytic bacteria, which ensure the normal course of cBOD. 

The last best method for clean determination of cBOD-5 

(carbonic) without the use of an inhibitor by manometric 

method is the carbonate turbidimetric method [15]. It is based 

on the fact that no carbon dioxide is produced in nitrification 

and during the oxidation of minerals, and therefore only 

carbon dioxide separated by hydrocarbon oxidation is ab-

sorbed by potassium hydroxide. However, this method de-

termines the specific cBOD-5 by stopping the experiment and 

recording the accumulated carbon dioxide. In this mode, there 

is no consecutive dynamic survey from the same water sam-

ple. 

Another important aspect of the issue is that by passing the 

nitrification process or suppressing it with an inhibitor, we 

lose information about the amount of oxygen spent on that 

process, which plays a very large role in the overall oxygen 

balance of natural waters, for example in rivers [7, 16, 17]. 

In order to overcome these issues and to obtain full infor-

mation about the total consumption of oxygen in water and all 

BODs, we made a technical innovation in the manometric 

method [18], the essence of which is to interrupt the absorp-

tion of carbon dioxide gas by potassium hydroxide in the 

system in a periodic discrete period and by computational 

method deriving nBOD and cBOD that was used in this study 

and is detailed here. 

2. Method 

2.1. Sample Collection 

The investigated waters were taken from three observation 

points. 

№1-observation point - Hrazdan River in the zone of Ye-

revan city under the Kievyan bridge, (9.03.2024), water 

temperature 6.5°C, natural pH=8.3 and adjusted pH=7.0 with 

sulfuric acid. 

№2 - observation point - Hrazdan River before Bzhni vil-

lage (23.06.2024), water temperature is 15.5°C, natural 

pH=8.4. 

№3 - observation point - Hrazdan River after Bzhni village 

(23.06.2024) water temperature is 15.6°C, natural pH=8.4. 

2.2. BOD Determination. 

BOD tests were performed with the device whose block 

diagram is shown in Figure 1 below. 

 
Figure 1. Block diagram of BOD measurement device. Explanation 

in the text. 

The water sample is placed in a vessel (G) and hermetically 

sealed with a stopper (C) to which a manometer (B) is at-

tached to measure the pressure in the vessel. 

For the absorption of carbon dioxide in the vessel, a vial (F) 

containing 5-6 drops of 45% KOH is fixed in the air space 

under the stopper, at the entrance of which a magnetic valve 

(D) is fixed to which when a permanent magnet (E) is brought 

near (from the outside of the vessel) the KOH hole is closed. 

After being closed for 8 hours, the KOH hole opens when the 

magnet is moved from the opposite side of the vessel. After 16 

hours it closes again for 8 hours and so on every day. Closing 

and opening the hole of the vial with KOH in the specified 

way does not at all break the hermeticity of the vessel with the 

water sample and the continuous recording of pressure dif-

ferences. To enhance the gas exchange of carbon dioxide and 

oxygen in the water sample, the water sample is stirred with a 

magnet (H) on a magnetic stirrer (L). BOD was determined in 

a 188 ml water sample at 20.0°C in the dark in incubator (A). 

All BOD results were recalculated to mg O2/liter according to 

the formula given [15]. 
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2.3. Sample Analyses 

All waters were filtered through a Gas-38 filter to remove 

large zooplankton prior to determination. The amount of 

easily oxidizable organic matter in water samples was meas-

ured by determining the degree of permanganate oxidation 

(PO) of water by Kubel's method [19]. Total hardness (TH) of 

water was determined complexonometrically [20]. The con-

centration of hydrogen ion in water was pH-measured with a 

pH-121 device. The results were processed statistically [21]. 

3. Results and Discussion 

BOD-1-20 was analyzed in the water sample taken from 

observation point №1 at its own pH=8.3 and adjusted pH=7.0. 

In order to show in detail the calculation of BODs by the 

proposed method, the results obtained directly from two 

characteristic samples and the way of their calculation are 

given in the Table 1. 

Table 1. The form of calculation of BOD (mgO2/l) 1-20 in the waters of Hrazdan River № 1 observation point at two pH levels. 

 pH=7.0 pH=8.3 

Column 1 2 3 4 5 6 7 8 9 10 

Bod1-20 8-hournBod 24-hournBod Bod full Bod c 
Bod 

Full st. 
8-hournBod 24-hournBod 

Bod 

full 
Bod c 

Bod 

Full 

st. 

1 0.09 0.39 0.60 0.21 0.15 0.03 0.18 0.27 0.09 0.63 

2 0.18 0.63 0.99 0.36 0.45 0.09 0.36 0.51 0.15 0.78 

3 0.24 0.75 1.35 0.60 0.99 0.15 0.45 0.69 0.24 0.91 

4 0.27 0.81 1.14 0.33 0.66 0.15 0.66 0.93 0.27 1.05 

5 0.27 0.84 1.14 0.30 0.79 0.30 1.11 1.35 0.24 1.29 

1-5 <-> 3.42 5.22 1.80 3.00 <-> 2.76 3.75 0.99 4.68 

6 0.30 0.90 1.14 0.24 1.11 0.45 1.56 1.65 0.09 1.65 

7 0.30 0.96 1.20 0.24 2.07 0.60 1.92 2.01 0.09 1.89 

8 0.33 0.99 1.26 0.27 1.41 0.69 1.98 2.04 0.06 2.07 

9 0.33 0.99 1.26 0.27 1.53 0.63 1.80 2.04 0.24 1.95 

10 0.33 0.93 1.26 0.33 1.41 0.57 1.56 2.13 0.57 1.65 

5-10 

1-10 

<-> 

<-> 

4.77 

8.19 

6.12 

11.3 

1.35 

3.15 

7.53 

10.5 

<-> 

<-> 

8.82 

11.6 

9.87 

13.6 

1.05 

2.04 

9.21 

13.9 

11 0.30 0.84 1.20 0.36 1.41 0.48 1.26 2.10 0.84 1.71 

12 0.27 0.81 1.26 0.45 1.38 0.36 0.99 1.83 0.84 1.59 

13 0.27 0.81 1.23 0.42 1.44 0.30 0.90 1.71 0.91 1.44 

14 0.27 0.78 1.20 0.42 1.32 0.27 0.78 1.32 0.54 1.29 

15 0.24 0.66 1.11 0.45 1.17 0.24 0.69 1.23 0.54 1.02 

10-15 

1-15 

<-> 

<-> 

3.90 

12.1 

6.00 

17.3 

2.10 

5.25 

6.72 

17.3 

<-> 

<-> 

4.62 

16.2 

8.19 

21.8 

3.57 

5.61 

7.05 

20.9 

16 0.21 0.57 0.84 0.27 0.90 0.21 0.51 0.90 0.39 0.99 

17 0.18 0.54 0.81 0.24 0.81 0.12 0.27 0.66 0.39 0.66 

18 0.18 0.57 0.81 0.24 0.75 0.06 0.24 0.54 0.30 0.63 

19 0.21 0.57 0.84 0.27 0.72 0.09 0.24 0.54 0.30 0.57 

20 0.18 0.54 0.75 0.21 0.72 0.06 0.18 0.45 0.27 0.45 
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 pH=7.0 pH=8.3 

Column 1 2 3 4 5 6 7 8 9 10 

Bod1-20 8-hournBod 24-hournBod Bod full Bod c 
Bod 

Full st. 
8-hournBod 24-hournBod 

Bod 

full 
Bod c 

Bod 

Full 

st. 

15-20 <-> 2.79 4.05 1.23 3.90 <-> 1.44 3.09 1.65 3.30 

1-20 <-> 14.9 21.4 6.48 21.2 <-> 17.6 24.9 7.25 24.2 

Note: the average statistical variation of the results is ±0.02, <-> it is not necessary the total calculation 

Columns 1 and 6 of the table give direct readings of O2 

absorption (at pH=7.0 and pH=8.3, respectively) recorded 

with the hole of the KOH vial closed for 8 hours to show the 

form of nBOD (nitrogen) calculation. 

Columns 2 and 7 show the calculated amount of absorbed 

O2 in 24 hours with the hole of the KOH vial closed (con-

ventional nBOD), which is theoretically equal to three times 

the value of absorbed O2 in 8 hours. However for the most 

accurate calculation, it is necessary to take three times the 

arithmetic mean value of the results of 8 hours of closed KOH 

of that day and 8 hours of closed KOH of the next day, which 

was used in all the results. Such an averaged calculation more 

accurately reflects the tendencies (dynamics) of the possible 

development or decrease of nitrification in the results of the 

following days. In later stages of the records, when the results 

are slow to change or repeat, for example, for the 24 hours 

nBOD on day 20, three times of the 8 hours recorded result 

can be taken, as shown in Table 1 for BOD-20 only. 

Columns 3 and 8 of the table give the BOD-full results, 

which directly show the change in the manometer reading of 8 

hours before closing the hole in the KOH vial and the result 

recorded after 16 hours of opening the hole. In these 24 hours 

(8+16 hours), the result of the pressure drop caused by the 

absorbed O2 includes, firstly, the absorption of O2 in the water 

by autonomous oxidative processes, which are not accompa-

nied by the release of CO2 (oxidation of mineral substances, 

nitrification - conditional nBOD), and secondly due to the 

absorption of CO2 gas by KOH, (which is equivalent to the 

absorption of the same amount of O2) accumulated in the 

vessel in the state of the closed hole of the KOH vial at 8 hours, 

and after opening the KOH hole for 16 hours, due to the cost 

of O2 in cBOD. 

Columns 4 and 9 of the table give cBOD values, which are 

calculated by the difference between the daily readings of 

BOD-full and nBOD. 

Columns 5 and 10 of the table show the results of the BOD 

full (st.) standard recorded in the manometric method in days 

1-20 in parallel water samples with the hole of the KOH vial 

always open. 

This appears to be a test for the comparability of the 

BOD-full results (columns 3 and 8) measured with the KOH 

hole closed and open. According to the table they are com-

pletely comparable. 

In table 1, from the observation of the dynamics of the re-

sults of nBOD (24hours) at pH=7.0 (2-column) and pH=8.3 

(7-column), it can be seen that at pH=8.3 a strong pronounced 

outbreak of nitrification is observed from 5 to 15 days, with a 

sharp peak on the 8th day. This is a typical expressed dy-

namics of nitrification, which repeats the dynamics of NH4+ 

(ammonium) ion transformation in river water during the days 

[22, 23]. 

At pH=7.0, nitrification also proceeds but with a weak ex-

pressed maximum. 

Table 2 shows the average results of three experiments at 

the same pH-s from that same №1 observation point - with 

only consecutive 5-day cumulative BOD values within 20 

days. 

Table 2. The average results of BOD (mgO2/l) of three experiments in the waters of observation point №1 of Hrazdan River at two pH levels 

and relative standard deviation in % (RSD%) for the BOD 1-20. 

Bod days 

pH=7.0 pH=8.3 

Bod-full st. Bod-full nBod cBod Bod-full st. Bod-full nBod cBod 

1-5 3.84 5.04 3.15 1.82 6.63 6.42 5.77 1.65 

5-10 6.78 6.72 4.83 1.89 9.45 9.30 7.47 1.83 

1-10 10.62 11.76 7.98 3.78 16.08 15.72 12.24 3.48 
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Bod days 

pH=7.0 pH=8.3 

Bod-full st. Bod-full nBod cBod Bod-full st. Bod-full nBod cBod 

10-15 6.60 6.30 4.23 2.07 5.64 6.21 3.75 2.46 

1-15 17.22 18.06 12.21 5.85 21.72 21.93 15.99 5.94 

15-20 3.96 3.54 2.28 1.26 2.46 2.37 1.11 1.26 

1-20 21.18 21.60 14.49 7.11 24.18 24.3 17.10 7.20 

RSD% 3.4% 2.0% 2.3% 11.0% 6.2% 5.3% 9.0% 1.3% 

 

As can be seen from the dynamics of the results of Table 2 

and the total results of BOD-1-20, at pH=8.3 the nitrification 

processes are noticeably developing and on the 20th day the 

total nBOD has significantly higher results than at pH=7.0 

(about 12 %). The reason for this may be that pH=8.3 is close 

to the optimum of the nitrification process (pH=7.6-8.6). 

Comparing the cBOD recorded dynamics of the sum results of 

1-5; 5-10; 10-15 and 15-20 at both pHs, the expressed peak 

cBOD in 10-15 is observed, which indicates that the water is 

dominated by hard-to-oxidize organic substances. 

Comparison of BOD-full st. (KOH hole always open) 1-20 

total results in the table with discrete records (KOH hole 8 

hours closed and 16 hours open) with BOD-full 1-20 results at 

pH=7.0 (21.18 and 21.60 mg O2/l, relative error 1.9%) and at 

pH=8.3 (24.18 and 24.30 mg O2/l, relative error 0.5%) show 

very close comparable results. This confirms the comparability 

of the proposed discrete method of BOD recording with the 

standard method of the manometric method. The RSD of this 

method is satisfactory and comparable to other methods. 

In order to clarify the possibility of registering subtle 

changes in BOD in the proposed method, water quality indi-

cators were studied before (№2 -observation point - not af-

fected by anthropogenic influence) and after (№3 observation 

point, after the village was affected by anthropogenic influ-

ence) of Bzhni village of the Hrazdan River. Permanganate 

oxidation (PO) was equal to 2.20 mg O/liter and water hard-

ness was 5.6 mg-eqv/l in observation point №2. BOD results 

are given in Table 3. At the same time, permanganate oxida-

tion in observation point №3 was equal to 3.80 mg O/l and 

water hardness was 5.8 mg-eqv/l. BOD results are given in 

Table 3 measured at natural pH=8.4. 

Table 3. BOD (mg O2/l) results before (№2) and after (№3) Bzhni village and relative standard deviation in % (RSD%) for the BOD 1-20. 

Bod Days 

№2- observation point №3- observation point 

Bod-full st. Bod-full nBod cBod Bod- full st. Bod-full nBod cBod 

1-5 3.84 4.86 3.03 1.83 3.06 5.94 3.78 2.16 

5-10 5.79 4.92 2.25 2.67 7.35 6.49 3.24 4.15 

1-10 9.63 9.78 5.28 4.50 10.41 12.33 7.02 5.31 

10-15 3.12 3.00 1.71 1.29 5.07 4.32 2.22 2.10 

1-15 12.75 12.78 6.99 5.79 15.48 16.65 9.24 7.41 

15-20 2.49 2.88 1.92 0.96 3.45 2.61 0.72 1.89 

1-20 15.24 15.66 8.91 6.75 18.93 19.26 9.96 9.30 

RSD% 2.6% 6.0% 3.7% 3.0% 8.2% 7.9% 4.1% 3.9% 

 

In Table 3, the comparison of the results of BOD-full st. 

(KOH hole always open) with discrete records (KOH hole 8 

hours closed and 16 hours open) with the results of BOD-full 

1-20 very close results are observed in both observation points, 

the difference of which is 2.7% in observation point № 2 and 

1.7% in № 3. At the same time, it can be seen from Table 3 

that the total oxygen balance calculated by the results of 

BOD-full 1-20 is 23% worse after Bzhni village (19.26 mg 
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O2/l) than before Bzhni village (15.66 mg O2/l). The results 

of cBOD 1-20 and nBOD 1-20 obtained by discrete registra-

tions in Table 3 show that the reason for this bad oxygen 

balance (high oxygen consumption) after the village of Bzhni 

is caused by a significantly high level of cBOD (9.30 mg O2/ l) 

than before Bzhni village (6.75 mg O2/l). It is a consequence 

of human factors, domestic and technical direct discharges 

into the river, as a result of which a significant increase in the 

PO indicator is also recorded - from 2.20 mg O/l to 3.80 mg 

O/l. Water hardness increases slightly. Deterioration of water 

quality in this observation point was also recorded in studies 

of previous years [24-26]. 

Table 3 also shows the pattern of cBOD dynamics in two 

observation points. Maximum values are recorded in cBOD 

5-10 compared to cBOD 1-5; 10-15 and 15-20 testimonies. 

The nBOD results are also high after Bzhni village and show 

monotonically decreasing dynamics. 

4. Conclusion 

1) Performance of discrete periods of carbon dioxide ab-

sorption by potassium hydroxide in BOD measurements 

ensures complete and discrete cBOD results from the 

same water sample in intact water during 1-20 days of 

developing nitrification. Not using a nitrification inhib-

itor ensures the full development of natural microflora 

during experiments. 

2) All information from both nitrification and BOD-full is 

recorded simultaneously, which gives a complete pic-

ture of the total oxygen balance in the water. Obtaining 

this information from the same water sample simplifies 

experiment setup, reduces water consumption and in-

creases the reliability of results. 

3) The proposed method is practically applicable and fully 

comparable with the results obtained by the standard 

manometric method. 

4) The method allows evaluating changes in natural water 

quality after anthropogenic impacts. By the proposed 

method allows expanding the applicability of the 

manometric method. 
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BOD Biochemical Oxygen Demand 

cBOD Hydrocarbon Biochemical Oxygen Demand 

nBOD Nitrogenous Biochemical Oxygen Demand 

BOD-full Biochemical Oxygen Demand Full 

KOH Potassium Hydroxide 

CO2 Carbon Dioxide 

PO Permanganate Oxidation 

TH Total Hardness 

 

Author Contributions 

Suren Sargsyan is the sole author. The author read and ap-

proved the final manuscript. 

Conflicts of Interest 

The author declares no conflicts of interest. 

References 

[1] Konig A., Bachmann T. T., Metzger J. W., Schmid R. D. Dis-

posable sensor for measuring the biochemical oxygen demand 

for nitrification and inhibition of nitrification in wastewater. 

Springer-Verlag, Appl. Microbiol. Biotechnol. 1999, 51, pp. 

112-117. 

[2] Dhall P, Kumar R, Kumar A. Biodegradation of sewage 

wastewater using Autochthonous bacteria. Scientific World 

Journal 2012: 861903.  

https://doi.org/10.1100/2012/861903 

[3] Water quality – Determination of biochemical oxygen demand 

after n days (BODn) – Part 2: Method for undiluted samples. 

Norm ISO 5815-2: 2003. 

[4] Geneva, International Organization for Standardization Publ., 

2003, 13 pp. RD 52.24.420–2006. Biokhimicheskoe potreble-

nie kisloroda v vodakh. Metodika vypolneniya izmerenii 

sklyanochnym metodom (Biochemical Oxygen consumption 

in waters. The light-and-dark-bottle measurement procedure). 

Rostov-na-Donu: GKhI, 2006, 19 p. (in Russian) 

[5] Su JJ, Liu BY, Chang YC. Identifying an interfering factor on 

chemical oxygen demand (COD) determination in piggery 

wastewater and eliminating the factor byanindigenous Pseu-

domonas stutzeri strain. Lett Appl Microbiol, 2001, 33(6), 

440-444. 

[6] Hur J, Cho J. Prediction of BOD, COD, and total nitrogen 

concentrations in a typical urban river using a fluorescence 

excitation-emission matrix with Parafac and UV Absorption 

Indices. Sensors. 2012, 12(1), 972-986. 

[7] Wood L. B., Hurley B. J., Matthews P. J. Some observations on 

the biochemistry and inhibition of nitrification. Wat. Res. 1981, 

15, 543-551. 

[8] Feliatra F., Bianchi M. Rates of nitrification and carbon uptake 

in the Rhone River plume (Northwestern Mediterranean Sea). 

Microb. Ecol. 1993, 26, 21-28. 

[9] Grunditz C., Dalhammar G. Development of nitrification 

inhibition assays using pure cultures of Nitrosomonas and Ni-

trobacter. Wat. Res. 2001, 35(2), 433-440. 

[10] Water quality – Determination of biochemical oxygen demand 

after n days (BODn) – Part 1: Dilution and seeding method 

with allylthiourea addition. Norm ISO 5815-1: 2003. Geneva, 

International Organization for Standardization Publ. 2003, 15 

pp. 

http://www.sciencepg.com/journal/mc


Modern Chemistry http://www.sciencepg.com/journal/mc 

 

88 

[11] Polak J. Nitrification in the surface water of the Wloclawek 

Dam Reservoir. The Process Contribution to Biochemical 

Oxygen Demand (N-BOD). Polish Journal of Environmental 

Studies. 2004, 13(4), 415–424. 

[12] Ostapenia A. P., Parparov A., Berman T. Lability of organic 

carbon in lakes of different trophic status // Freshwater Biol. 

2009, 54, pp. 1312–1323.  

https://doi.org/10.1111/j.1365-2427.2009.02183.x 

[13] Sabylina A. V., Lozovik P. A., Zobkov M. B. Water chemistry 

in Onega Lake and its tributaries. Water Resources. 2010, 37(6), 

842–853. https://doi.org/10.1134/ S0097807810060102 

[14] Sullivan A. B., Snyder D. V., Rounds S. A. Controls on bio-

chemical oxygen demand in the upper Klamath River, Oregon. 

Chem. Geol. 2010, 269, 12–21.  

https://doi.org/10.1016/j.chemgeo.2009.08.007 

[15] Rezvani H., Mirghaffari N., Marzban M., Marzban AR. De-

termination of biochemical oxygen demand (BOD) without 

nitrification and mineral oxidant bacteria interferences by 

carbonate turbidimetry. Research Journal of Pharmaceutical, 

Biological and Chemical Sciences. 2014, 5(5), 90-95. 

[16] Gorland J. H. N. Nitrification in the river Trent. Mathematical 

models of water pollution. M. Mir. 1981, pp. 201-228 (in 

Russian). 

[17] Vavilin V. A. 1983. Nonlinear models of biological purification 

and self-purification processes in rivers. M. Nauka. 1981, p. 

158. (in Russian) 

[18] Sargsyan S. A. A method and adaptation for determining bio-

chemical oxygen demand. Patent of RA. № 891Y G01N 33/00, 

registered in 12.02.2024 (in Armenian). 

[19] Lurye U. U.(ed.) Uniform methods for water analysis. Moscow, 

Khimia, 1971, 374 pp. (in Russian). 

[20] Lurye U. U.(ed.) Uniform methods for water analysis. Publ. 2, 

Moscow, Khimia, 1973, 376 pp. (in Russian). 

[21] Plakhinsky N. A. Biometrics. Moscow, MGU, 1970, 367 pp. 

(in Russian). 

[22] Ryzhakov A. V. Kinetic parameters of the transformation of 

nitrogen-contaning compounds in natural water. Environmen-

tal Chemistry. 2012, 21(2), 117-124 (in Russian). 

[23] Yurchenko V., Radionov M., Melnikova O. Kinetic parameters 

of nitrification in a water basin, which is a potable water source. 

Ecological Sciences. 2019, 1(24), 121-125. (in Ukraine). 

[24] Arutunyan S. A. Oganesyan R. O. Grigoryan V. G. Dynamics 

of changes in the quality of waters of the Razdan River. Ar-

minian journal of ecology. 2002, (1), 107-114 (in Russian) 

[25] Kobelyan R. O. Assessment of the water quality of Hrazdan 

River according to microbiological indications. Biol. Arm. 

Journal. 2017, 4(69), 35-38 (in Armenian). 

[26] Sargsyan S. A., Kobelyan P. O. Study of some hydrochemical 

indicators of water and the number of saprophytic bacteria in 

the autumn period along theriver Hrazdan. Water: Chemictry 

and Ecology. 2019, (10-12) pp. 149–153.  

https://doi.org/10.18334/watchemec.12.121.149-153  

(in Russian) 

 

 

http://www.sciencepg.com/journal/mc

