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Summary 
This report presents the results of the pilot activity “Assessment and quantification of nutrient loads to 
the Baltic Sea from Leningrad Region and transboundary rivers, and the evaluation of their sources” 
implemented under the BASE Project. These include the quantification and assessment of the total 
annual nutrient loads from the River Neva to the Baltic Sea and the share coming from Lake Ladoga and 
from 17 tributaries and watercourses (unmonitored or partly monitored) as well as the city of St. 
Petersburg.  

The study was made based on four rounds of hydrological and hydrochemical monitoring activities in 
almost all water objects within the River Neva catchment area downstream of the Lake Ladoga outlet. 
The assessment of the transboundary nutrient loads from Leningrad Region (with a specific focus on the 
River Narva as a desk study) and proposals for common methodology on how to quantify the 
transboundary loads are also elaborated and described. The report also includes an assessment of the 
total nutrient load from Leningrad Region, including point sources discharging directly to the sea, based 
on compilation of the results of several on-going activities on monitoring, as well as recommendations 
for improving the monitoring system for future HELCOM reporting.  

According to the monitoring activities within the Neva catchment area downstream from the Lake 
Ladoga outlet (four sampling rounds from July 2013 until April 2014), it is calculated that the total load 
with the Neva to the Gulf of Finland is 2,700 t/a for total phosphorous (Ptot) and 63,000 t/a for total 
nitrogen (Ntot), approximately three quarters (73% for Ptot and 85% for Ntot) of which originated from 
the Lake Ladoga outlet and the rest with tributaries, partly as an unspecified load most likely caused by 
direct point sources inputs to the Neva. Among the tributaries, the main part of nutrient loads coming 
with major monitored tributaries (Ohta, Izhora, Mga, Tosna). The nutrient load with almost all 
unmonitored tributaries is small (around 1% of the total nutrient load with all tributaries), except a 
rather high input with the Novoladozskiy canal. The allocation of the generated nutrient load between 
administrative districts shows that shares of the city of Saint-Petersburg and territory of the Leningrad 
region within the River Neva catchment (downstream from the Lake Ladoga outlet) are almost the same 
and overall gives 25% of the total Neva input to the Gulf of Finland. These estimations are based on four 
sampling rounds increasing the doubt about the results – from the lack of the recent point source 
pollution data, etc. Despite these doubts, the assessment of the nutrient load coming to the Baltic Sea 
via the Neva can be considered rather reliable; however, the distribution of this load between the 
pathways and sources are preliminary and should be further investigated in the upcoming projects. 

The assessment of the transboundary nutrient loads from Leningrad Region, namely with the River 
Narva (the Narva), has been implemented applying the ILLM model. According to the results of the 
modelling, the Russian part of the nutrient load coming with the Narva to the Gulf of Finland is 
approximately 7,687  tonnes of total nitrogen and 339 tonnes of total phosphorous, where the natural 
background load constitutes 3,459 and 122 tonnes of Ntot and Ptot correspondingly. The main part of 
this calculated total Russian load refers to diffuse sources (more than 80%), namely to the agriculture 
sector – runoff from arable lands and emissions of organic and mineral fertilizers. In general, the 
accuracy of the evaluations largely depends on the reliability of the source data pledged in the model. 
Despite the fact that within this activity the most recent and complete data have been collected from 
different official sources, there was still some input data based on assumptions, etc. Thus in the follow-
up there must be improvements to the data collection for modelling activities and the model verification 
in the River Narva catchment area. 
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Based on the results of several on-going monitoring activities, the total nutrient loads to the Gulf of 
Finland from Russian part of the catchment in 2013 were some 3,700 t/a for Ptot and 87,000 t/a for 
Ntot. The approximate Russian share in the total nutrient with the River Daugava (the Daugava) to the 
Gulf of Riga is 100 t/a for Ptot and 2,000 t/a for Ntot.  

These assessments as well as the figures for total nutrient loads from Russian are approximate but are 
currently the most comprehensive. There are several factors, however, that may either decrease or 
increase the values.  

For more accurate assessments in the future, several activities are recommended to be implemented - 
accounting the transboundary load from Finland and collecting the most recent information on the 
nutrient loads in the Daugava at the border between Russia and Belorussia, and improving data 
collection, especially concerning the actual nutrient loads from point sources within the Russian 
catchment area, etc. 

All mentioned activities have been implemented in close cooperation with Pöyry Finland Oy and other 
experts. 

During the implementation of the pilot activity, its preliminary results have been presented at several 
HELCOM meetings and also on the special monitoring round table during the XV International 
Environmental Forum ‘Baltic Sea Day’. All comments received at these meetings have been taken into 
account within pilot project and when preparing this report. 
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1. Introduction  
The incompleteness of nutrient load data from the Russian part of the Gulf of Finland’s catchment 
prevents measuring the Russian progress in achieving the nutrient reduction targets in the HELCOM 
Baltic Sea Action Plan. 

To obtain complete data, the Russian nutrient loads from monitored, unmonitored areas as well as point 
sources discharging directly into the Gulf of Finland together with the share of Russian loads in the total 
loads coming with the Narva to the Gulf of Finland should be estimated. Moreover, the lack of data 
concerning inputs of different sources in the Russian part of the catchment area hinders the 
development of the cost effective measures for achieving HELCOM’s reduction targets. 

To build a platform for targeting actions and investment activities in a cost effective manner the reliable 
and complete monitoring data should be collected and assessed on regular basis with the view to 
provide background for making well-grounded decisions. 

This report was prepared under the Agreement between Helsinki Commission (HELCOM) and Ecoglobus 
Ltd. on assessment and quantification of nutrient loads to the Baltic Sea from Leningrad Region and 
transboundary rivers, and the evaluation of their sources (within the frameworks of the BASE Project) 
(RU Expert). Pöyry Finland Oy, as supporting consultant (EU Expert), participated and supported the RU 
Expert in the work, took part in the development of the sampling plans and participated in the first 
round of sampling. 

The aim of these activities within the BASE Project is to quantify waterborne loads to the Baltic Sea from 
Russia and assessing the achievement of HELCOM’s nutrient reduction targets and environmental 
objectives with regard to eutrophication. 

The activities under these agreement include: 1) the quantification and assessment of the total annual 
nutrient loads from the Neva to the Baltic Sea and the share coming from Ladoga Lake and from the 17 
unmonitored or partly monitored tributaries and watercourses, and the city of St Petersburg; 2) the 
assessment of the transboundary nutrient loads in Leningrad Region (with a specific focus on the Narva 
as a desk study) and elaborating proposals for a common methodology on how to quantify and divide 
the transboundary loads, and how report the loads to HELCOM; 3) the assessment of the total nutrient 
load from Leningrad Region, including point sources discharging directly to the sea, based on the 
compilation of the results of several on-going activities on monitoring, and elaborating 
recommendations for improving the monitoring system for future HELCOM reporting, etc. 

2. Quantification and assessment of the nutrient load formation in the 
River Neva catchment area 

2.1. Background  
In accordance with the data gathered during the HELCOM PLC 5.5 project, the contribution of the River 
Neva in the nutrient loads from the Russian part of the Gulf of Finland’s catchment is more than a half. 

Consequently, during the development of plans for priority measures to reduce nutrient loads from 
Russia, the measures to reduce nutrient inputs coming with the River Neva catchment area should be 
considered as the main priority.  
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In order to develop the effective measures to reduce nutrient loading into the Neva, information on the 
formation of the loads in the Neva, including data on the contribution of tributaries and Lake Ladoga, as 
well as the assessment of the pollution loads from companies located in the area of main channel of the 
Neva - Leningrad Region (LO) and the city of St. Petersburg (SPb) is needed. 

Official Russian data on the nutrients inputs from diffuse sources are absent while data and information 
from other reliable sources and modelling data are insufficient. Hence the most acceptable tool for 
assessing the nutrient load formation on the Neva and the localization of significant sources is that of 
monitoring. 

The existing state monitoring program includes five hydrological stations (one on the Neva and four on 
its main tributaries (see Table 1 and Figure 1). Hydrochemical observations are carried out at seven 
cross-sections (Figure 2). The observation program at all cross-sections includes monitoring total 
phosphorus (Ptot) and total nitrogen (Ntot) contents. However, the frequency of monitoring varies. The 
sampling of mouth branches of the Neva and the cross-sections on the river (near the village of 
Novosaratovka) are carried out on a monthly basis. However, the sampling of all other cross-sections on 
the tributaries and the mouth of the Neva are sampled only four times per year (in the main phases of 
hydrological seasons) as shown in Table 2. 

Table 1. Existing state monitoring hydrological stations in the Neva catchment. 
Station code (number on 
the figure 1.) 

River – station location Distance to 
mouth, km 

Monitored area, 
km2 

72039 River Mga – village Gory (LO) 10 709 

72043 River Tosna - st.Tosno (LO) 36 1,300 

72729 River Izhora -  village Annolovo (LO) 30 784 

72055 
River Ohta – on Novoe Devyatkino 
(LO) 

23 340 

72818 
River Neva – village Novosaratovka 
(St. Petersburg) 

27 281,000 
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Figure 1.  Layout of existing state hydrological stations in the River Neva’s own1 catchment. 

 
Table 2. List of state sampling sites in the catchment of the River Neva. 

Name of the 
watercourse 

Cross-section locations 
Frequency of nutrient 
sampling 

River Neva (head) 
8 km above the city of Kirovsk, within the city of 
Schlusselburg and about 0.1 km above i. Oreshek 

4 times per year 

Big Neva (branch) in SPb, 1.4 km above the mouth monthly 

Small Nevka 
(branch) 

in SPb, 0.025 km above the mouth 
monthly 

River Сhernay 
Rechka  

 in SPb, 0.025 km above the mouth 
4 times per year 

                                                           
1 Neva river own catchment – Neva river catchment area downstream of the Lake Ladoga outlet 
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Name of the 
watercourse 

Cross-section locations 
Frequency of nutrient 
sampling 

Small Nevka 
(branch) 

in SPb, 0.025 km above the mouth 
monthly 

Small Neva 
(branch) 

in SPb, 0.025 km above the mouth 
monthly 

River Mga   0.125 km above the mouth 4 times per year 

River Tosna  0.05 km above the mouth 4 times per year 

River Izhora  0.05 km above the mouth 4 times per year 

River Slavyanka  0.04 km above the mouth 4 times per year 

River Ohta  
0.05 km above the mouth 4 times per year 

On the border of SPb (settlement Murino) 4 times per year 

 

 
Figure 2. Layout of existing state chemical monitoring stations in the River Neva catchment area. 
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According to the above information, it can be concluded that data obtained under state monitoring are 
insufficient for the purposes of the assessment of nutrient loading and the localization of the most 
important sources due to: 

• A number of the Neva’s tributaries are not covered by the state observations.  

• The lack of chemical stations on major tributaries in the vicinity of the administrative border of 
St. Petersburg / Leningrad.  

• The lack of hydrological stations at the mouths of large tributaries. 

To roughly assess the nutrient loads to the main channel of the Neva and pre-localize the main sources 
of nutrients, four monitoring rounds were carried out within the BASE project. 

2.2.  Characteristics of the investigated objects 
The River Neva has a short duct length of 74 km, connecting Lake Ladoga with the Gulf of Finland. Its 
catchment area downstream of the Lake Ladoga outlet is 5,180 km2, of which 49% is located within the 
city of St. Petersburg and 51% in Leningrad Region. 

There are in total 26 tributaries draining into the main channel of the Neva. Despite this, it is well-known 
that the effect of the tributaries to the discharge rates of the main channel is low.  

In accordance with the terms of reference, the initial monitoring program within the BASE project 
included observations in the mouths of 16 tributaries of the Neva (Figure 3):  

• River Izhora Tosna 
• River Slavyanka 
• River Mga 
• River Ohta 
• River Chernaya (St. Petersburg) 
• River Chernaya Rechka 
• River Dubrovka 
• River Chernaya ( LO ) 
• River Grunevka 
• River Chernaya Rechka (settlement Krasnaya Zarya) 
• Watercourse from the settlement of Siniavino  
• River Moyka (LO) 
• River Utka  
• River Murzinka 
• Several cross-sections directly on the Neva  
• Cross-sections on the administrative border of Leningrad Region and St. Petersburg 
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Figure 3. Monitoring programme under the BASE project. 

 
For the correct interpretation of the monitoring results, the identification of dates appropriate for the 
the hydrological and hydrochemical activities under the BASE project, and taking into account seasonal 
factors when calculating the loads, the consultant analysed the existing information on the 
characteristics of the studied streams, hydrological regime, intra-annual distribution of runoff, and 
developed areas, etc. 

2.3.  Main characteristics of the watercourses 
 

The most complete data exist for the River Neva and its major tributaries (Izhora Tosna, Mga and Ohta). 
Information on other tributaries is sporadic, primarily due to the lack of monitoring data on streams and 
low water flows. 

Table 3. Main characteristics of the studied watercourses. 
 Name Period of the 

hydrological 
observations  

Average annual 
water flow m3/sec 
(based on all 
observation 
periods with state 
monitoring) 

Length, 
km 

Catchment 
area, km2 

The category of the 
watercourse is in 
accordance with the 
characteristics of 
feeding and the 
regulating role of 
natural and artificial 
reservoirs. 

River Neva 1859 – present 
time  

2,500 74 5,180 (own 
catchment) 

Flow largely 
regulated by Lake 
Ladoga. 
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 Name Period of the 

hydrological 
observations  

Average annual 
water flow m3/sec 
(based on all 
observation 
periods with state 
monitoring) 

Length, 
km 

Catchment 
area, km2 

The category of the 
watercourse is in 
accordance with the 
characteristics of 
feeding and the 
regulating role of 
natural and artificial 
reservoirs. 
 

River Chernaya 
(LO) 

n.d. (flow) 
value 
fromLiterature 
was used 

2.68 30 260 Flow is either not 
regulated, or slightly 
regulated by lakes, 
etc. 

River Dubrovka    8.5 50.5  

River Chernaya 
Rechka (LO) 

  12 52.7  

River Grunevka       

River Chernaya 
Rechka 
(settlement 
Krasnaya Zarya) 

     

River Utka  1946-1955 0.1 6.2   

River Ohta  1932- present 
time 

3.0 (border with 
SPb) 

7.2 (mouth) 

90 768 The flow of these 
rivers in the city is 
regulated by dams 
erected in their 
direction. The mode 
level and flow of 
water to a large 
extent dictated by 
the waterworks. 

 

River Chernaya 
Rechka  (SPb) 

n.d. (flow value 
fromliterature 
was used) 

0.1  8.1  Small rivers and 
streams; the 
drainage area is 
significantly reduced 
under the influence 
of residential 
development and 
commercial use of 
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 Name Period of the 

hydrological 
observations  

Average annual 
water flow m3/sec 
(based on all 
observation 
periods with state 
monitoring) 

Length, 
km 

Catchment 
area, km2 

The category of the 
watercourse is in 
accordance with the 
characteristics of 
feeding and the 
regulating role of 
natural and artificial 
reservoirs. 
the territory. 

Novoladozhskiy 
channel 

  176  Artificial 
watercourse. The 
The water level is 
the same as the 
water level in Lake 
Ladoga. 

Watercourse 
from Siniavino 

     

River Moyka (LO) 1930-1933  27 113  

River Mga  1932 – present 
time 

5.18* 93 754 The flow is either 
not regulated, or 
slightly regulated by 
lakes, etc. River Tosna  1920 – present 

time 
8.54* 121 1640 

River Izhora  1976 – present 
time 

8.47 * 76 1000 The flow of these 
rivers in the city is 
regulated by dams 
erected in their 
direction. The mode 
level and flow of 
water dictated by 
the waterworks to a 
large extent. 

River Slavyanka  1977-1995 1.3 39 249  

River Murzinka   0.2 5  Flow of these rivers 
in the city is formed 
mainly due to 
sewage and 
drainage water 
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 Name Period of the 

hydrological 
observations  

Average annual 
water flow m3/sec 
(based on all 
observation 
periods with state 
monitoring) 

Length, 
km 

Catchment 
area, km2 

The category of the 
watercourse is in 
accordance with the 
characteristics of 
feeding and the 
regulating role of 
natural and artificial 
reservoirs. 

Main braches at the mouth of the Neva 2 

Big Neva  60% 3from the 
water flow value 
in The Neva near 
the village of 
Novosaratovka 
(Box 1. of this 
table) 

   

Small Neva  19% from the 
water flow value 
in the Neva near 
the village of 
Novosaratovka 
(Box 1. of this 
table) 

   

Big Nevka  2.6% from the 
water flow value 
in the Neva near 
the village of 
Novosaratovka 
(Box 1. of this 
table) 

   

Small Nevka  8.9% from the 
water flow value 
in the Neva near 
the village of 
Novosaratovka 
(Box 1. of this 
table) 

   

                                                           
2 The Neva flow distribution between branches has been defined based on the long-term observations by the 
Russain hydrologist R.A.Nezhihovskiy [71] 

3 The total flow value with branches is 98% of the Neva river flow. Remainder 2% devoted to the water uptake for 
water supply and small rivers of the Saint-Petersburg 
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 Name Period of the 

hydrological 
observations  

Average annual 
water flow m3/sec 
(based on all 
observation 
periods with state 
monitoring) 

Length, 
km 

Catchment 
area, km2 

The category of the 
watercourse is in 
accordance with the 
characteristics of 
feeding and the 
regulating role of 
natural and artificial 
reservoirs. 

Srednya Nevka  7.5% from the 
water flow value 
in the Neva near 
the village of 
Novosaratovka 
(Box 1. of this 
table) 

   

* Average long-term water flows’ values measured at the hydrological stations within state monitoring 
system, which differ significantly from the mouth of the flow values. 

2.4.  Climatic characteristics 
The main climatic characteristics for the centre of St. Petersburg are as follows: average temperature of 
the coldest month (February) is - 7.9 °C; the warmest month (July) is + 17.8 °C; the absolute minimum air 
temperature - 36 °C; and the absolute maximum temperature is + 33 °C. It has a frost-free period of 156 
days and 133 days with snow cover. The snow appears at the end of October/beginning of November 
with a stable cover forming in late November/beginning of December. The snow usually melts in late 
March/first half of April.  

In the west of Leningrad Region, the average annual air temperature is 4 °C and in the east 2-3 °C. The 
coldest areas are the north-eastern and eastern parts and the warmest the southwest. 

The study area belongs to a zone of excess moisture. The annual amount of evaporativity is 1.3 - 1.5 
times less than the rainfall and the average annual precipitation is 673 mm. During the year, the rainfall 
distributes unevenly; the precipitation (snow) of the cold period (November - March) is about 40-45% of 
the annual volume. 
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Figure 4. Long-term intensity of precipitation in the River Neva catchment area including Lake Ladoga. The colours show the layer of participation: from orange 

(lower than 550 mm) to dark green (more than 850 mm). 
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As seen in to Figure 5, precipitation during the BASE Project sampling (July, October 2013 and February 
April 2014) were similar to the long-term values, except for a low value for April 2014. 

 
Figure 5. Precipitation in the region (near Saint-Petersburg) 

 
Within the project, four sampling rounds were carried out in the Neva and its tributaries. There are two 
weather stations in the area, one in St. Petersburg (WMO ID 26063) and one in Schlusselburg (WMO ID 
26072). The weather station in St. Petersburg is close to the mouth of the Neva and the one in 
Schlusselburg is close to the springhead. Data of meteorological indicators during samplings are 
presented in Table 4. 

Table 4. Meteorological indicators during sampling under BASE Project 

WMO ID of 
the weather 

station 

Period of 
sampling 

Average for the 
period 

temperature, °C 

Minimum 
temperature, 

°C 

Maximum 
temperature, 

°C 

Total amount of 
precipitation, 

mm 

26063 1-5 July 2013 
(1st sampling 

round) 

22 15.1 27.9 1.0 

26072 20.4 12.4 29 4.0 

26063 1-3 October 
2013 (2nd 
sampling 
round) 

6.8 2.3 13.4 2.5 

26072 5.7 1.0 12.7 16 

26063 3-6 February 
2014 (3rd 
sampling 
round) 

-2.7 -8.7 3.0 12 

26072 -3.6 -12.4 2.4 17 

26063 7-10 April 
2014 (4th 
sampling 
round)  

1.9 -2.4 6.7 0 

26072 0.4 -4.8 4.5 0 

 

m
m

 
Precipitation 

2009

2010

2011

2012

2013

2014

Average 1971-2000
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2.5.  Hydrological regime and intra-annual flow distribution4 
The River Neva is mainly fed by the waters of Lake Ladoga. Only less than 2% of the total flow in the 
mouth of the river comes from diffuse sources of the river basin. The hydraulicity of the river is strongly 
regulated and fully reflects the characteristics of the water regime of Lake Ladoga. The water flows fast 
– it takes less than one day for it to run from Lake Ladoga to the Gulf of Finland.  
Hydraulicity slightly varies from year to year (Figure 6.) at an average of 2,500 m3/sec. 

 
Figure 6. Annual run off for the River Neva (close to the mouth) from 1859 until the present. 

During the year, the maximum flow values fall in June and the minimum at the beginning of winter due 
to the frozen Shlisselburgskaya lip, the appearance of the ice cover as well as sludge accumulation. At 
this point (winter season), the water flow in the river is reduced by 40-60% (Figure 7). 

  

Figure 7. River runoff hydrograph of the Neva at Novosaratovka during a hydrologically wet year (1982) 
and dry year (1973) (Mouth starts from January). 

The River Neva’s tributaries belong to a class of mixed feeding with a predominance of snow melt in the 
spring (40-50% of annual runoff). 

                                                           
4 Information presented in this chapter is based on the materials from a scheme of complex use and protection of 
water bodies (SKIOVO) for the River Neva catchment area. 
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The River Izhora. Floods are typical in the autumn but in some years they can occur throughout the 
warm period, exceeding the flows of the spring tide (Figure 8). The Izhorskogoe dam reservoir is situated 
8.7 km from the mouth of the riverbed (downstream from the state hydrological station). 

  

Figure 8. River runoff hydrograph of the Izhora at Annolovo in a wet year (1987) and in a hydrologically 
dry (1977) year. 

The River Ohta is regulated by the lakes located in the upper reaches of the river. The water level in 
downstream Ohta is influenced by changes in the water level in the Neva and from the discharge of 
water from the Okhtinsky reservoir. The spring flood begins in late March/early April. The maximum 
flow rate is observed either during the spring flood or in the autumn and winter floods (Figure 9). 

 

 

 

Figure 9. River runoff hydrograph of the Ohta at Novoe Devyatkino in a wet year (1987) and in a 
hydrologically dry (1977) year. 

The River Tosna’s spring water level begins to rise in late March to early April. The autumn floods are 
repeated almost every year - in hydrologically wet years, the floods occur throughout the summer-
autumn period (Figure 10). 
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Figure 10. Hydrograph River runoff of the Tosna at the Tosno station in a wet year (1987) and in a 
hydrologically dry (1977) year. 

The River Mga is typically frozen from the beginning of December; the spring flood begins in early April 
but are sometimes observed throughout the summer-autumn period (Figure 11). 

 

 

 

Figure 11. Hydrograph runoff of the Mga at a mountain village in a wet year (1987) and in a 
hydrologically dry (1977) year. 

2.6.  Socio-economic characteristics 
The investigated objects are located in two regions of the North-Western Federal District of Russia - St. 
Petersburg and Leningrad Region. Much of the city of St. Petersburg, with a population of over 5 million 
people, is located within the boundaries of the River Neva catchment area.  

The Neva’s own catchment area occupies more than half of Leningrad Region, with most areas of the 
region fully or partially located in the basin of the Neva. Approximately 400,000 inhabitants live within 
the river’s own catchment area in Leningrad Region. 

The population density is approximately 3,566 persons/km2 for St. Petersburg and 21 per km2 for 
Leningrad Region. 
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The main industry of St. Petersburg is industrial production, which consists of more than 700 large and 
medium-sized enterprises and more than 12,500 small businesses. The largest enterprises are shipyards, 
metalworking industries and pulp and paper production.  

Leningrad Region is the only one of all the regions of Russia where all kinds of production - power 
generation, forestry, woodworking, pulp and paper, machine building, metallurgy and food industries – 
are located. The region is characterized by intensive livestock with high yielding herds and is the leader 
in livestock breeding. The leading livestock industry is dairy farming (Figures 12 and13). 

 
Figure 12. Livestock enterprises in Leningrad Region. 

 

 
Figure 13. Large livestock enterprises in Leningrad Region. 
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Almost all sections of the Neva’s waters are used as sources of potable water - its share in the total 
water uptake for drinking purposes varies from 12.8% to 98.8%. 

The drinking water needs of St. Petersburg’s residents are covered almost entirely by extraction from 
the Neva’s branch within the city. 

2.7.  Point source pollution  
Waste water is discharged throughout the entire length of the Neva and all its major tributaries. The 
structure is dominated by discharges from waste water treatment plants. A minor part of the discharges 
originates from heat and power plants and other industries. The location of waste water discharges and 
their approximate volumes (for 2006) are shown in Figure 14. 

As seen in Figure 14, the greatest human pressure on the Neva is at its mouth within the boundary of St. 
Petersburg. This information should be considered as indicative given that from 2006 ‘Vodokanal of St. 
Petersburg’ implemented a number of measures here to eliminate direct discharges of untreated waste 
water into the river. 

 
Figure 44.  Location of waste water discharge points and their approximate discharge volumes  

(1,000 m3) in 2006. 
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The data in this chapter on the input of nutrients was obtained from the Admissible Impact on Water 
Bodies (NDV). 

Table 5. Annual anthropogenic nutrient load (2008). 
Water object Ptot load, t/a Ntot5 load, t/a 

Point sources Diffuse sources Diffuse sources 

Neva  (LO) 23.39 

279* 1,142* 

Neva (SPb) 250 

Chernaya (LO) 2.27 

Mga 1.61 

Tosna 33.1 

Ohta (LO) 10.6 

Ohta (SPb) 45.3 

Izhora (LO) 48.1 

Izhora (SPb) 9.29 

Slavyanka (LO) 0 

Slavyanka (SPb) 16.9 

ТОТАL 440.56 

* General figure without distributing between water bodies; however, as it mainly represents the load 
from agriculture it could be assumed that this is what is generated in Leningrad Region. 

3. Hydrological and hydrochemical work under the BASE project  
Hydrological and hydrochemical surveys have been carried out by the North-West Department of 
Hydrometeorology and Environmental Monitoring, Federal State Institution (HYDROMET). The 
HYDROMET laboratory participated in the PLC-6 Project intercalibration. 

Work was carried out during July 2013 to April 2014 in the main phases of the hydrological regime (July, 
October, February and April). The work included a one-time sampling and measuring of the water flows 
at set points, and the subsequent analysis of total nitrogen and total phosphorus of these samples. 

A reconnaissance of the water bodies in the Neva catchment basin was carried out prior to sampling and 
measuring (17-20.06.2013) to determine the sampling sites. Special attention was paid to the weather 
conditions at the time of sampling, the difficulty of taking samples and the capability to define the 
hydrological characteristics.  

                                                           
5 There are no data on the Ntot load in the NDV materials, only data on nitrites inputs. 
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The sampling points located in the mouths of tributaries were at such a distance from the Neva so as to 
exclude the influence of the Neva’s waters on the qualitative composition of the water in the water 
body. In not all cases did the sampling points correspond to the locations of the hydrological 
measurements because of their special requirements, e.g. the possibility to take measurements by 
means of existing devices. However, such insignificant displacements did not affect the water flow value 
(sites without tributaries). 

The 1st sampling round of the hydrological and hydrochemical survey was carried out in 2013 by four 
groups (three with cars UAZ and one on the boat ‘MSP Mirage’). An EU Expert also participated in this 
sampling round (see 3.2.1.1.). The 2nd, 3rd and 4th rounds were carried out during 1-3 October 2013, 3-
6 February 2014 and 7-10 April 2014. The results of the water flows are given in Annex 2 and results of 
the chemical analysis in Annex 3. 

3.1.  Method for flow measurements and sampling   
Water samples were taken from the surface layer (0.5 m) in the middle of the water courses with the 
‘Niskin’, ‘PSP-1’ and ‘Rutner’ bathometers. The sampling methods depended on the local conditions and 
included sampling from bridges, a boat and in a ford. The water samples were quickly delivered to a 
chemical laboratory in special thermal containers with briquettes for cooling. 

  

Figure 15. 1st round of sampling with help of the ‘Niskin’ bathometer in the vicinity of the Lake Ladoga 
outlet. 

The water flows were measured during water sampling by means of the ‘GR-21M (1)’ hydrometric 
flowmeter and the acoustic Doppler profilograf ‘Rio Grande ADCP’. The GR-21M (1) is designed to 
measure the river flow velocity on the surface at a predetermined depth. The water flow velocity range 
depends on a rotor diameter and varies from 0.04 to 5.0 m/s. The measuring time varied from 60 to 300 
seconds. The flow rate was measured at several vertical and horizontal points depending on the river 
width (less than 100 m, between 100 and 300 m, more than 300 m). 

The acoustic Doppler profilograf Rio Grande ADCP measures discharges in rivers and open channels. The 
apparatus is designed to operate from a moving boat. It can be used in a wide range of river conditions, 
from shallow 0.5 meter-deep streams to large rivers and tidal estuaries where no prior discharge data 
exist.  
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a) 

 

b) 

 

Figure 16. Flow measurements during the 1st sampling round: a) applying the profilograf Rio Grande 
ADCP in Chernaya Rechka (SPb) (point No. 9*); b) applying hydrometric flowmeter in the River Dubrovka 

(point No. 3*). 

Chemical analyses were conducted in accordance to the official state methodology (Annex 1).  

According to these documents, the content of the total nitrogen and total phosphorous is determined 
by analysing thoroughly mixed unfiltered samples. Also, the inorganic fractions of nitrogen (NO2-N, 
NO3-N NH4-N) and phosphorus (PO4-P) were measured from the samples. Parallel samples were 
analysed by the EU Expert (see 3.3.). 

3.2.  Sampling strategy and sampling programme improvements 
The monitoring programme was carried out in four rounds covering all the seasons: summer (round 1, 1-
5 July 2013), autumn (round 2, 1-3 October 2013), winter (round 3, 3-6 February 2014), and spring (7-10 
April 2014). The measurements were taken of 17 water objects in 31 monitoring points in the River Neva 
catchment area. However, as the project progressed, changes were made to the set of sampling points 
in order to supplement the already collected data and to identify other potential polluters. Moreover, 
during the 3rd and 4th sampling rounds, advanced sampling, including sampling in three verticals6 was 
carried out in a cross-section situated directly on the Neva. The full list of points where the observations 
were made is presented in Table 6. 

Table 6. List of the sampling points and hydrometric sections. 
No. of 
sampling 
point 
 

Name of the 
watercourse, location 
relative to the River 
Neva 

Vertical Latitude, 
North 

Longitude, 
East 

Hydro Chem Round of 
sampling 
 
1    2    3     4 

17 Head of the River the 
Neva at the outflow 
of Lake Ladoga 
 

0.5 
59°57'24.8'' 31°02'21.3'' 

+ 
 

+ 
 

+ + - + 

1a 0.1  59°57'01.1'' 31°02'05.3'' -  + + 
1b 0.9 59°57'25.4'' 31°01'58,4'' -  + + 

                                                           
6Vertical - conditional plumb line from the water (or ice) to the bottom of a watercourse. The verticals were set 
across the width of the river from the left bank as follows: 0.1 vertical – closer to the left bank; 0.5 vertical – 
middle of the river; 0.9 vertical – closer to the right bank. 

7 In winter, sampling in the middle of the Neva near the outlet from Ladoga Lake was not carried out due to safety 
reasons (difficult ice conditions). 
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No. of 
sampling 
point 
 

Name of the 
watercourse, location 
relative to the River 
Neva 

Vertical Latitude, 
North 

Longitude, 
East 

Hydro Chem Round of 
sampling 
 
1    2    3     4 

2 River Chernaya 
(mouth)  - right bank 
of the Neva 

0.5 59°55'30.5" 30°58'45.8" 
+ + + + + + 

3 River Dubrovka 
(mouth)  - right bank 
of the Neva 

0.5 59°50'43.2" 30°56'26.1" 
- + + - - - 

3* River Dubrovka 
(mouth)  - right bank 
of the Neva 

 59°51'3.3" 30°56'17.8" 
+ - + - - - 

4 River Chernaya 
rechka (mouth)  - 
right bank of the 
Neva 

0.5 59°46'48.9" 30°45'17.9" 

- + + - - - 

4* River Chernaya 
rechka (mouth)  - 
right bank of the 
Neva 

 59°46'57.9" 30°45'39.3" 

+ - + - - - 

5 River Grunevka 
(mouth)  - right bank 
of the Neva 

0.5 59°47'11.1" 30°43'50.7" 
- + + - - - 

5* River Grunevka 
(mouth)  - right bank 
of the Neva 

 59°47'11.8" 30°43'50.7" 
+ - + - - - 

6 River Chernaya 
(Krasnaya Zarya 
settlement) - right 
bank of the Neva 

0.5 59°49'59.3" 30°34'1.5" 

- + + - - - 

6* River Chernaya 
(Krasnaya Zarya 
settlement) - right 
bank of the Neva 

 59°49'49.6" 30°34'15.0" 

+ - + - - - 

6* River Chernaya 
(Krasnaya Zarya 
settlement) - right 
bank of the Neva 

 59°50'5.3" 30°34'37.8" 

+ - + - - - 

8 River Okhta (mouth)  
- right bank of the 
Neva 

0.5 59°56'48.6'' 30°24'20.8'' 
- + + + + + 

8* River Okhta (mouth)  
- right bank of the 
Neva 

 59°56'13.1" 30°24'52.5" 
+ - + + + + 

24 River Okhta on the 
border city/region  0.5 60°02'16.7'' 30°27'28.1'' + + + + + + 

7 River Utka. (mouth)  - 
right bank of the 
Neva 

0.5 59°51'50.8" 30°29'30.6" 
- + + - - - 

7* River Utka. (mouth)  - 
right bank of the  59°51'55.1" 30°30'14.9" + - + - - - 
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No. of 
sampling 
point 
 

Name of the 
watercourse, location 
relative to the River 
Neva 

Vertical Latitude, 
North 

Longitude, 
East 

Hydro Chem Round of 
sampling 
 
1    2    3     4 

Neva 
9 River Chernaya 

rechka (SPb) (mouth)  
- right bank of the 
Neva 

0.5 59°58'51.6'' 30°19'02.4'' 

- + + + + + 

9* River Chernaya 
rechka (SPb) (mouth)  
- right bank of the 
Neva 

 59°58'59.6'' 30°19'05.4'' 

+ - + + + + 

10 Novoladozhskiy canal 
(mouth) – left bank 
of the Neva  

0.5 59°56'56.0" 31°02'03.5" 
- + + + + + 

10* Novoladozhskiy canal 
(mouth) – left bank 
of the Neva 

 59°56'43.0" 31°02'52.5" 
+ - + + + + 

12 Watercourse from 
Sinyavino (mouth) - 
left bank of the Neva 

0.5 59°54'33.8'' 30°59'33.3'' 
+ + + - - - 

13 River Moyka (LO) - 
left bank of the Neva 0.5 59°48'55.2" 30°55'55.2" 

- + + + + + 

13* River Moyka (LO) - 
left bank of the Neva  59°48'22.3" 30°57'3.1" + - + + + + 

14 River Mga (mouth) - 
left bank of the Neva 0.5 59°48'56.7'' 30°55'53.3'' - + + + + + 

14* River Mga (mouth) - 
left bank of the Neva  59°46'52.0'' 30°58'02.0'' + - + + + + 

15 River Tosna (mouth) - 
left bank of the Neva 0.5 59°45'42.4'' 30°45'29.2'' - + + + + + 

15* River Tosna (mouth) - 
left bank of the Neva  59°45'36.1" 30°45'24.3" + - + + + + 

16 River Izhora (mouth) 
- left bank of the 
Neva 

0.5 59°48'15.8'' 30°36'13.1'' 
- + + + + + 

16* River Izhora (mouth) 
- left bank of the 
Neva 

 59°48'14.3" 30°36'13.6" 
+ - + + + + 

25 River Izhora on the 
board city/region  0.5 59°43'49.1" 30°36'22.3" + + + + + + 

17 River Slavyanka 
(mouth) - left bank of 
the Neva 

0.5 59°50'07.2'' 30°31'13.9'' 
- + + + + + 

17* River Slavyanka 
(mouth) - left bank of 
the Neva 

 59°50'02.4" 30°31'17.8" 
+ - + + + + 

26 River Slavyanka on 
the board city/region 0.5 59°39'35.8" 30°25'23.4" + + + + + + 

18 River Murzinka 0.5 59°51'8.8" 30°29'17.7" + + + + + + 
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No. of 
sampling 
point 
 

Name of the 
watercourse, location 
relative to the River 
Neva 

Vertical Latitude, 
North 

Longitude, 
East 

Hydro Chem Round of 
sampling 
 
1    2    3     4 

(mouth) - left bank of 
the Neva 

23 River Utka on the 
board city/region 0.5 59°51'44.5" 30°31'16.2" + + + + - - 

19 Big Neva (mouth) 0.5 59°55'02.3'' 30°15'37.9'' - + + + + + 
19* Big Neva (mouth)  59°55'45.4'' 30°16'23.0'' + - + + - - 
20 Small Neva (mouth) 0.5 59°57'47.8'' 30°14'01.5'' - + + + + + 
20* Small Neva (mouth)  59°57'29,0'' 30°15'19.3'' + - + + - - 
21 Small Nevka (mouth) 0.5 59°58'00.5'' 30°14'12.4'' + + + + + + 
22 Big Nevka (mouth) 0.5 59°58'50.7'' 30°14'05.2'' + + + + + + 
27 River Neva on the 

board city/region- 
(downstream of the 
Chernaya rechka 
inflow)  

0.5 

59°46'45.0'' 30°44'11.3'' 

+ + + + + + 
0.1 + + + + 

0.9 
+ + + + 

28 the Neva River - 1,2 
km downstream of 
the River Chornaya 
mouth (LO) vertical 
0.5 

0.5 

59°54'53,8'' 30°59'04,9'' 

+ + - + + + 
0.1 - - + + 

0.9 
- - + + 

29 the Neva - 1,7 km 
downstream the 
River Dubrovka  

0.5 
59°49'41.6'' 30°56'49,1'' 

+ + - + + + 
0.1 - - + + 
0.9 - - + + 

30 the Neva – 8.4 km 
downstream the 
River Mga  

0.5 
59°46'33,2'' 30°47'24.0'' 

+ + - + + + 
0.1 - - + + 
0.9 - - + + 

31 the Neva – 0.5 km 
downstream the 
River Slavyanka  

0.5 
59°50'23,7'' 30°30'59,5'' 

+ + - + + + 
0.1 - - + + 
0.9 - - + + 

* The hydrometric cross sections are specific (in cases when they do not coincide with the 
hydrochemical cross sections). 

The sampling points and hydrologic sections for some water objects were separated to determine more 
qualitative hydrological characteristics by means of the equipment available. This action had no 
influence on the volume of the flow. Figure 17 presents all the sampling points and hydrologic sections 
with grading on the rounds.  
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Figure 17. Locations of the monitoring points.8 

 

                                                           
8 It should be noted that the figure also shows the mouth branch of the Srednya Nevka where no sampling was carried out because it was originally absent in the 
ToR. However, this branch has been taken into account when calculating the total nutrient load with the Neva. The flow values are calculated using the coefficient 
from Table 3. The concentrations’ values were taken as for the branch Bolshaya Nevka. 
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3.3.  Intercomparison tests in the first sampling round 
The parallel samples were taken during the first round of sampling in the Neva on 3 July 2013 by the 
principal consultant under the supervision of the EU consultant Pöyry Finland Oy at seven different 
locations (Table 7). The number of samples was not statistically adequate for a proper intercomparison 
test. The samples were temporarily stored in a vessel and taken to the Hydromet laboratory in St. 
Petersburg during the same day. The parallel samples were also taken to Finland on the following day 
where they were analysed at the Finnish Accreditation Service (FINAS) by the accredited laboratory of 
the Finnish Environment Institute (SYKE). 

Table 7. The seven sampling locations in the first round sampling in the River Neva. 
No. of sampling point Location 

1 Head of the River Neva near Lake Ladoga 

8 River Okhta (mouth) – right bank of the Neva 

14 River Mga (mouth) – left bank of the Neva 

15 River Tosna (mouth) – left bank of the Neva 

16 River Izhora (mouth) – left bank of the Neva 

17 River Slavyanka (mouth) – left bank of the Neva 

27 
River Neva on the SPb/LO border (downstream of 
the River Chernaya rechka (mouth)) 

 

The comparison of the results includes the total nitrogen (Ntot) and total phosphorus (Ptot) analyses of 
the seven sampling locations in the River Neva (Table 8). 

Table 8. The results of the total nutrient analyses of seven sampling locations in the River Neva. 

 
The comparison of the results of the total phosphorus measurements of the two aforementioned 
laboratories shows that the results of the Finnish laboratory (Ptot-FI) are lower in six out of seven 
samples (Table 8). The results of the total phosphorus measurements of the head stream samples of the 
Neva (location No. 1) were, however, almost identical. The comparison of the total nitrogen results of 
the two aforementioned laboratories shows that the results of the Finnish laboratory were higher in 
four out of seven samples (Table 8). 

Sampling point NTOT-FI [µg/l] NTOT-RU [µg/l] NTOT Difference 
(FI/RU)

PTOT-FI [µg/l] PTOT-RU [µg/l] PTOT Difference 
(FI/RU)

1 620 610 1,02 10 9 1,11
14 2400 2430 0,99 187 260 0,72
15 2800 2500 1,12 234 309 0,76
16 4000 3350 1,19 297 351 0,85
17 710 1170 0,61 31 41 0,76

27 580 530 1,09 12 15 0,80

8 3300 3680 0,90 296 355 0,83
Avg. 0,99 0,83
SD 0,19 0,13
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Despite systematic differences between the results, the distinction of the results was significant only in 
three samples when the measuring uncertainties (MU) (Table 9) of the analyses were also taken into 
consideration. Significant differences were detected in one Ntot sample (River Slavyanka, and two Ptot 
samples (Rivers Mga and Tosna). The systematic difference of the results can be partly explained by the 
extended storage times of the samples during transportation to Finland.  

Table 9. The measuring uncertainties (MU) of the Finnish and Russian laboratories for total nitrogen. 
Sampling point MU-FI [µg/l] MU-RU [µg/l] 

1 93 80 

14 360 220 

15 420 230 

16 600 300 

17 110 120 

27 87 70 

8 500 320 

4. Analysis of the results 
To assess the reliability of the obtained data for the load estimation, the measured hydrological and 
hydrochemical parameters under the BASE Project should be compared with long-term average values. 

The results of the monitoring within BASE Project for each point are presented in Annexes 2 and 3. 

4.1.  Analysis of the hydrological data 
For purposes of the hydrological analysis, the state monitoring data for 2009-2013 for the River Neva 
and its main tributaries at state hydrological sites are given in Figure 1 were obtained; also, the national 
hydrological data for the Neva from Pollution Load Compilation reports have been taken into account.  

If the average flow value in Neva river, measured during BASE Project (point No. 31) is compared with 
the average flow values for the previous twenty years (data from PLC reporting), it can be seen that the 
BASE value is the maximum value (Figure 18). 

However, according to the information presented in Chapter 2, the flow value obtained during the BASE 
Project does not exceed the typical flow value for the in a hydrologically wet year (Figure 6). 
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Figure 5. Comparison of the average annual water flow in the River Neva with (Novosaratovka site) an 

average value calculated from the result of the BASE work.  
 

If the BASE results for the River Neva are compared with the state monthly hydrological data for 
previous years, it can be seen that the inter-annual flow distribution, obtained using BASE data, 
corresponds with the River Neva’s hydrograph for 2009-2013 (Figure 19). Moreover, it fits well with a 
typical Neva river hydrograph for a wet year (Figure 6). 

 
Figure 19. Comparison of the obtained intra-annual flow distribution with the annual hydrograph of the 

River Neva for 2009-2013. 
 

Figure 20 gives the flow values obtained during the BASE Project for the Neva’s tributaries. 

The intra-annual flow distribution differs for different tributaries. For the rivers Mga, Tosna and 
Slavyanka he maximum flow values are measured in the winter season; for the Izhora and 
Novoladozhskiy canal the maximum flow was observed during the spring sampling round; for the Ohta 
river mouth the maximum he was observer in summer; and for the River Ohta river at site before the 
city (same place as state monitoring site), the maximum occurs during autumn. 
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Figure 20. Flow values obtained during the BASE Project for the River Neva’s tributaries.
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Taking into account that for the Neva’s tributaries the data are only available for 2009-2013 (provided 
by NW Hydromet), and that the state hydrological stations are located at a significant distance from the 
mouth, it is impossible to compare the BASE flow data values with values for previous  years. 

However, the inter-annual flow distribution, obtained using BASE results, can be compared with 
multiyear averages of hydrograph monthly values of water flow for previous years, gathered within 
state monitoring. The results are given in Figures 21-24. It should noted that for the Ohta and Izhora, 
such comparison can only be made with the BASE points located in Leningrad Region (BASE points Nos. 
25 and 24, correspondingly) due to the fact that the state data, used for hydrograph construction, is 
based on the measurements at state sites in Leningrad Region. Since the Ohtinskoe and Izhorskoe water 
storage reservoirs lie between these state sites and the mouths, the flow values in the Ohta and Izhora 
mouths are highly dependent on the reservoirs’ regimes and thus cannot be compared with the flow 
values upstream of these structures. 

 
Figure 21. Comparison of the BASE data with annual hydrograph of the River Mga (mouth) for 2009-

2013. 
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Figure 22. Comparison of the BASE data with the annual hydrograph of the River Tosna (mouth) for 
2009-2013. 

 

 
Figure 6. Comparison of the BASE data with annual hydrograph of the River Ohta (LO) for 2009-2013. 

 

 
Figure 24. Comparison of the BASE data for the intra-annual flow distribution with the annual 

hydrograph of the River Izhora (LO) for 2009-2013. 
 

The intra-annual distribution for the Rivers Izhora and Ohta on the city/region border almost 
corresponds to the distribution defined for several previous years and corresponds to the typical 
hydrographs (Figures 8 and 9). 

For the Rivers Mga and Tosna, the distribution observed during BASE activities differs significantly from 
the character distribution for previous years and a typical hydrograph (Figures 10 and 11), mainly due to 
the shifting high water period from April to February. Such shifting might be explained with the rather 
low precipitation in April 2014 (Figure 4) together with the absence of a steady snow cover during the 
winter. 
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Based on the analysis of the hydrological data, it can be concluded that the BASE Project’s flow data for 
the River Neva are rather reliable for the assessment of preliminary nutrient loads. However, as 
mentioned, the flow values obtained during BASE Project fit well with a typical hygrograph of a wet 
year; thus, the load value calculated using BASE data might be overestimated compared to the data 
collected in a dry year. 

The reliability of the BASE flow data for the Neva’s main tributaries cannot be estimated, partly because 
of the absence of long-term data (the available data only represents flow values for 2009-2013), and 
partly because of the absence of state monitoring system measurements at the mouths.  

4.2.  Analysis of the hydrochemical data 
Figures 25-28) present the concentrations of nutrients obtained by the results of the four rounds of 
BASE activities (the concentrations in the middle of the Neva River were used). 

 
Figure 7. Distribution of Ptot concentrations along the Neva based on the results from the BASE Project. 
 

 
Figure 8. Distribution of Ntot concentrations along the River Neva, based on the results from the BASE 
Project. 
The maximum concentrations of nutrients in the Neva were recorded at the winter sampling point on 
the border of St. Petersburg (near Otradnoe). The concentration at the head exceeded the 
concentration in the mouth. 
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The concentrations of summer, autumn and spring rounds are at about the same level. In addition, 
changes in concentrations similar to those periods show a slight increase in concentration from the head 
to the mouth, with minor deviations at the measuring points in Leningrad Region and in St. Petersburg. 

Winter sampling within BASE Project shows rather high concentrations in the Neva’s head (point No. 1), 
which is several times higher than concentrations in the mouth for the same period. According to the 
state monitoring data for 2009-2013, the exceeding of concentrations measured in the river head more 
than the average concentrations in the mouth has been detected several times in almost all seasons 
(Figures 27 and 28). 

 
Figure 27. Concentrations of Ptot in the River Neva head and mouth according to the state monitoring 

data. 

 
Figure 28. Concentrations of Ntot in the Neva river head and mouth according to the state monitoring 

data. 
 

If the nutrients concentrations (average concentrations in the mouth branches) in the River Neva’s 
mouth for previous years is compared with the average concentrations obtained during BASE Project, it 
can be seen that the BASE results are slightly lower (Figure 29). 
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Figure 29. Concentrations of Ntot and Ptot in the Neva’s mouth according to the state monitoring and 

BASE Project data. 
 

Figures 30 and 31 give the observed concentrations in the Neva’s tributaries. 
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Figure 30. Ptot concentrations in the tributaries of the River Neva after four rounds of sampling within the BASE (R1: July 2013; R2: October 2013; R3: February 

2014; and R4: April 2014). 
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Figure 31. Ntot concentrations in the tributaries of the River Neva after four rounds of sampling within the BASE (R1: July 2013; R2: October 2013; R3: February 

2014; and R4: April 2014).
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The maximum concentration of nutrients for the entire observation period within BASE Project was 
recorded in the Slavyanka estuary in the spring season. In general, the maximum concentrations in the 
rivers of Leningrad Region fell in the summer and for a number of rivers in St. Petersburg the maximum 
occurred during the winter sampling. 

Concentrations of nutrients in the small tributaries of the Neva, measured in the summer season (Round 
1) are generally quite high. It should be noted here that according to the summer sampling, the 
maximum concentrations of nutrients in the River Neva catchment area were recorded in the rivers in 
Leningrad Region (Chernaya Rechka (Krasnaya Zarya) and Moyka). As high concentrations for such 
watercourses were accompanied with maximum measurement flows, it can be argued that the 
increased concentrations were caused by a diffuse load together with natural factors, and can also be 
related to the resuspension of particles accumulated in the river and at the banks. 

To fully comprehend the data for reliable load estimations, the measured hydrochemical parameters 
should be compared with the distribution of the intra-annual concentrations. 

Such analysis shows that for the River Neva, the maximum nutrient concentrations are usually observed 
during the winter-spring period (Figures 25-28). The values correspond with the data for several 
previous years, which can be partly explained by the relatively low flow in the river before the spring 
snow melt and consequent increase of the point source influence on the water content. 

For the main tributaries, the seasonal variations generally correspond to the variations for several 
previous years, except a relatively high concentration observed in BASE for the summer. 

Based on the flow and concentration analysis, it can be concluded that the nutrient load assessment 
with the River Neva obtained from the BASE Project will most probably correspond with the values for 
previous years. However, the share of Lake Ladoga might be overestimated due to the exceptionally 
high concentrations collected within the BASE Project during the winter sampling in the Neva in the 
vicinity of the Lake Ladoga outlet. 

As the situation differs between tributaries, it is very difficult to estimate how accurate the BASE 
assessment will be concerning them. This is partly because of the lack of long-term hydrological data of 
the tributary mouths and partly due to the limited frequency of the BASE measurements. When 
comparing the meteorological conditions, it should be noted that the monthly precipitations during the 
BASE observations are within the normal oscillation of the long-term observations, except for slightly 
lower precipitation values in April compared to the long-term data.  

5. Calculation of the annual nutrient inputs according to the 
hydrological and hydrochemical work completed within the BASE 
project 

5.1.  Calculation method 
In accordance with the latest version of the PLC Guidelines (version 26.02.14 obtained from the Russian 
partner), for the calculation of the annual load of the monitored rivers, the data are represented by 
discrete values of flow rate and concentration, and thus the following method of the interpolated 
concentrations and flows should be used. 
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Taking into account that the frequency of the monitoring activities within the BASE Project (four times 
during the seasons) is lower than recommended in the guideline level (12 times per year – monthly), the 
experts recommend to use the following formula: 

4
)0.0864(365 44332211 iiiiiiii

i
CQCQCQCQL ⋅+⋅+⋅+⋅

⋅=    (1), 

where Li – average annual load for i point (t/a); 

Qi1,2,3,4 – flow value measured in i point during 1st, 2nd, 3rd and 4th BASE sampling round correspondingly 
(m3/sec); 

 Ci1,2,3,4 – nutrients concentration value observed in i point during 1st, 2nd, 3rd and 4th BASE sampling 
round correspondingly(mg/l). 

To bring the estimation obtained in the BASE Project to the long-term flow averages, an alternative load 
calculation for the River Neva has been made using average monthly water flow data for the period 
2009-2013, applying following formula from the PLC Guideline: 
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where Ct - Concentrations (measured within the BASE Project) are interpolated for the period stated 
above. QAM - monthly average flow values (measured within the state monitoring), taken constant for 
the entire month. In addition, for the evaluation of the annual nutrient load from the Russian part of the 
Gulf of Finland catchment area in 2013, it is necessary to evaluate the nutrient load coming with the 
River Neva in 2013. For this purpose, the set of data from state monitoring in 2013 has been used, with 
the additional data for concentrations measured within the BASE Project. The calculation was carried 
out using Formula 2. 

5.2.  Calculation results 
The annual load calculation was carried out for all points (except for the additional points in the Neva) of 
the BASE monitoring programme for the 1st round. Sampling at points No. 1 and 27 during the 3rd and 
4th rounds was carried out in three verticals and the concentration for the middle of the river has been 
used for the calculations9. The annual nutrient load for the minor tributaries, where sampling was only 
carried out in the 1st round, has been calculated based on this single data. The calculation results are 
presented in Figures 32 and 33.  

                                                           
9 Except the winter sampling case for point No. 1 where the sampling was carried out only in two verticals (closer 
to left and right bank); here the concentration observed near the right bank has been used because the 
concentration near the left bank has an exceptionally high value (Ptot concentration: 0.101 mg/l; Ntot: 1.03 mg/l)  
and has been excluded from calculation. 
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Figure 32. Ptot annual load in each sampling point according to the results of the BASE Project.
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Figure 33. Ntot annual load in each sampling point according to the results of the BASE Project. 
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The results of the annual nutrient load calculation of the River Neva using different data and periods are 
shown in Table 10. 

Table 4. Results of the annual nutrient load calculation with Neva River, using different data and period 
Data for calculation/Period Ptot 

load, t/a 
Ntot load, 
t/a 

Original data obtained within the BASE Project/(07.2013-06.2014) 2,692 63,045  

Extended data (concentrations obtained within the BASE Project + state 
monitoring monthly average flow data) /(07.2013-06.2014) 

2,448 56,670 

Data from state monitoring for 2013 with additional data from the BASE Project 
(only 1st and 2nd sampling carried out in 2013)/(01.2013-12.2013) 

2,085 56,655 

 

 

Based on the presented figures in Table 10, we can conclude that the value of the annual nutrient inputs 
for the River Neva were calculated using only BASE data and thus might be overstated. It should also be 
noted that the PLC Guideline recommends a sampling frequency of 12 times per year. Since BASE only 
includes four samplings, the load assessment obtained according to the BASE results should be 
considered as approximate. 

5.3.  Analysis of the nutrient load formation in River Neva’s own catchment 
area 

Based on the above nutrient load calculation, the nutrient load formation in the River Neva’s own 
catchment can be assess using the mass balance method. The results are given in Figures 34-39. 

 

Figure 34. Structure of the total phosphorus load formation in the River Neva’s own catchment. 
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Figure 35. Structure of the total nitrogen load formation in the River Neva’s own catchment. 

 
Figure 96. Distribution of total phosphorus load formed in the River Neva’s own catchment between St. 

Petersburg and Leningrad Region (LO) 

 
Figure 107. Distribution of total nitrogen load formed in the River Neva’s own catchment between St. 

Petersburg (SPb) and Leningrad Region (LO) 
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Figure 118. Formation of the total phosphorus load in SPb and LO taking into account the influence from 

Lake Ladoga. 

 
 

Figure 39. Formation of the total nitrogen load in SPb and LO taking into account the influence from 
Lake Ladoga. 

Based on the analysis of the nutrient load formation in the River Neva’s own catchment area, we can 
conclude that special emphasis should be put to the nutrient load coming from Lake Ladoga - when it is 
reduced, the input of nutrients to the Gulf of Finland through the main channel of the Neva will be 
significantly lower. However, it should be noted that as there is high retention in Lake Ladoga, the 
measure upstream might require a huge reduction before any effect occurs on the load from the Lake. 
This is why it might be more cost efficient to implement measures downstream from the Lake for inputs 
entering the Neva downstream from Lake Ladoga.  
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The contribution of the tributaries and undefined load (including uncertainty of applying mass balance 
method) is about 20%. The contribution of the undefined load is comparable with the load coming from 
the tributaries. The possible direct sources of nutrients are identified in the following chapter. 

The contribution of Leningrad Region in the total nitrogen load formation is higher than the contribution 
of St. Petersburg; however, this load mainly comes from undefined sources (possibly direct discharging 
of waste water to the River Neva). 

The distribution of the total phosphorous load is the reverse, the contribution of St. Petersburg higher 
than Leningrad Region due to the undefined load. 

Among the tributaries, the main share belongs to River Neva’s major tributaries – the Ohta, Izhora, 
Tosna, Mga and the Novoladoskiy canal as shown in Figures 40 and 41. The overall total load share of 
the minor unmonitored tributaries on the River Neva (Dubrovka, Chernaya rechka, Watercourse from 
Sinyavino, Chernaya [Karsnaya Zarya settlement.], Murzinka, Utka, Chernaya (SPb), Grunevka) is 
approximately 1%. 

 
Figure 40. Share of each tributary of the River Neva in total Ptot load. 
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Figure 41. Share of each tributary of the River Neva in total Ntot load. 

5.4.  Quality assurance and uncertainties 
The conclusions drawn according to the results of the BASE Project in the River Neva’s own catchment is 
a matter of judgment and is strongly affected by the lack of sampling rounds. The uncertainty of the 
conclusions results mainly from the limited time and frequency of the monitoring activities that were 
carried out in key seasons but not on a regular monthly basis.  

Moreover, nonsimultaneous sampling at the Neva’s sites and its tributaries might cause significant 
deviations when applying the mass balance analysis. There is also uncertainty related to the flow 
measurements during sampling. The uncertainty of the flow measurements and chemical analyses might 
result in significant errors when defining the share of different pathways in nutrient load generation.  

The lack of the recent data concerning the nutrient load from point sources also makes it difficult to 
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the load from individual point sources is confidential according to the Russian Federation legislation. 
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Nevertheless, the reliability of the hydrochemical data obtained during the BASE Project has been 
proven by the smaller scale intercomparison tests within BASE and also earlier intercalibration tests 
carried out within the HELCOM PLC-6 Project. 

Moreover, a comparison of the state monitoring data of the Neva shows acceptable correspondence of 
the BASE assessments with the load calculations, based on the state monitoring data.  

The comparison of hydrological and hydrochemical features observed during the BASE Project to the 
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tributaries due to the lack of state monitoring hydrological data for the tributaries’ mouths and limited 
frequency of the BASE measurements. 

While it can be concluded that the BASE assessment of the nutrient load coming from the River Neva to 
the Baltic Sea is rather reliable, the distribution of this load between pathways and sources is 
nevertheless very preliminary and should be investigated more thoroughly in future projects.  

5.5.  Identify the possible sources of the nutrient load in River Neva’s own 
catchment area 

As stated above, the data on individual point sources load are confidential according to Russian 
legislation; moreover, the information on diffuse sources’ loads is not collected under state monitoring. 
For these reasons, it was not possible to collect information on point and diffuse source inputs during 
the BASE Project’s sampling period. The most recent information is available in the SKIOVO and NDV 
materials, and represents the aggregate for each receiving water object point and diffuse sources’ Ptot 
and Ntot loads in the Neva’s own catchment for 2008 (Table 5). This information has been used for the 
preliminary identification of the possible point sources’ influence on the nutrient load generation within 
the Neva catchment. 

According to the information given in Table 11, it might be noted that value of the undefined Ptot load 
partly fits to the amount of Ptot load from the point sources listed in the table. Tentatively, therefore, 
the undefined load can partly be explained by the nutrient inputs from the point sources. Part of the 
undefined phosphorus load, however, is expected to originate from diffuse sources, the share of which 
is strongly dependent on the catchment characteristics of the rivers and land use.  

The total nitrogen load with the tributaries can be partly explained by the diffuse sources input while 
the rest might be devoted to the point sources’ load.  

Table 5. Analysis of the nutrient load sources. 

Water object 
 

Ptot load, t/a 
 

Ntot, t/a 

Point sources 
(state data 
for 2008) 

Diffuse 
sources 
(data 
from NAI 
for 2008) 

Undefined 
load and load 
with 
tributaries 
(sampling in 
the mouth) 
_BASE 

Point 
sources 
(state data 
for 2008) 

Diffuse 
sources 
(data from 
NAI for 
2008) 

Undefined 
load and 
load with 
tributaries 
_BASE 

Neva (LO) 23.39  95 n/d   

Neva (SPb) 250  201 n/d   

Chernaya (LO) 2.27  11.2 n/d   

Mga 1.61  43.0 n/d   

Tosna 33.1  50.3 n/d   

Ohta (LO) 10.6  18.4 n/d   
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Water object 
 

Ptot load, t/a 
 

Ntot, t/a 

Point sources 
(state data 
for 2008) 

Diffuse 
sources 
(data 
from NAI 
for 2008) 

Undefined 
load and load 
with 
tributaries 
(sampling in 
the mouth) 
_BASE 

Point 
sources 
(state data 
for 2008) 

Diffuse 
sources 
(data from 
NAI for 
2008) 

Undefined 
load and 
load with 
tributaries 
_BASE 

Ohta (SPb) 45.3  108.3 n/d   

Izhora (LO) 48.1  49.0 n/d   

Izhora (SPb) 9.29  33.3 n/d   

Slavyanka (LO) 0  0.9 n/d   

Slavyanka 
(SPb) 

16.9  
22.3 

n/d 
  

Other   66.810    

ТОТАL 440.56 279* 561 n/d 1142 9704 

 

To obtain more accurate data on the point sources’ load formation under the 2nd, 3rd and 4th rounds, 
extended sampling (with more sampling points) directly in the river was carried out. In addition, under 
the 3rd and 4th rounds of sampling, detailed sampling on the three verticals at each additional point 
was carried out. 

The dynamics of nutrients’ concentrations changing along the River Neva is shown in Figures 42 and 43.  
To ensure the comparability of data, in all cases the concentrations recorded in the middle of the river 
were used, except the value from the winter sampling at point 1, when the arithmetic mean 
concentrations of the 0.1 and 0.9 verticals were used, because it was impossible to carry out sampling in 
the 0.5 vertical due to ice conditions. 

 

                                                           
10 The main contribution from the Novoladozhskiy Canal at 59 t/a. 
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Figure 42. Dynamics of the changes of Ptot concentration along the River Neva. 

 
Figure 43. Dynamics of the changes of Ntot concentration along the River Neva. 

 

As can be seen from these figures, the autumn and summer sampling nutrient concentrations along the 
River Neva had minor deviations that fall within the range of the measuring uncertainties of the 
chemical analyses. 

Such dynamics are not confirmed for the winter round - high concentrations at the river head and at 
point number 30 (the River Neva near Otradoe city) caused significant deviations beyond the range of 
the variation associated with the measuring uncertainties of the chemical analyses. 

As stated in the NDV materials for the River Neva, the concentration of total phosphorus (Ptot) in the 
river varies between 0.02-0.06 mg/l. Changes in concentrations along the River Neva, obtained 
according to the fall and spring rounds of BASE, fit this range. 

m
g/

l 

Ptot conc. along Neva river 

2nd sampling 3rd sampling 4th sampling

m
g/

l 

Ntot conc. along Neva river 

2nd sampling 3rd sampling 4th sampling
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During the past several years, as the maximum nutrient concentrations are usually observed in the 
winter-spring period, the inconsistency of the winter concentrations with the autumn and spring range 
might be explained by the increase of the point sources influence during the low flow season.  

To clarify the possible sources’ locations, additional detailed sampling was carried out on three verticals 
for the winter and spring rounds. The results are given in Figures 44 and 45).  

 
Figure 44. Dynamics of the changing Ptot concentration [mg/l] along the River Neva on three verticals 

(3rd and 4th sampling rounds). 
 

 
Figure 45. Dynamics of the changing Ntot concentration [mg/l] along the River Neva on three verticals 

(3rd and 4th sampling rounds). 
 

As can be seen, the characteristic peaks of concentration (especially for Ptot) for points 1, 29, 30 and 31 
received during the 3rd sampling round cannot be confirmed according to the results of 4th sampling 
round. The differences in the results of two different sampling rounds cannot be explained by the 
measuring uncertainties (MU) of the chemical analyses. According to the state hydrochemical data for 
several previous years, higher concentrations are normally more frequently recorded during the winter 
period, which is also the lowest flow period.  It is known that the vertical mixing of discharge waters, e.g. 

Ptot conc._verticals along Neva river 

3rd sampling 4th sampling

Ntot conc._verticals along Neva river 

3rd sampling 4th sampling
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from point sources, is weaker in low flow conditions. However, because of the lack of information on 
the nutrient source and how temporary the emission was, it is difficult to identifyand explainthe results 
without further research. 

The analysis of possible sources in the vicinity of the points for which the peaks were recorded in the 
winter sampling, is shown in the table (Table 12). 

Table 6. Analysis of possible nutrient sources in the vicinity of the points where peaks were recorded 
during winter sampling.  

Point 1b. (0.9) 

The point is located in the immediate vicinity of the River 
Neva head (near the right bank) in the village of Morozov 
(population about 10,000) The status of the waste water 
treatment is unsatisfactory according to the information 
from some sources). Moreover, the exact situation of the 
WTTP compared to the BASE sampling site is unknown. 

 

Point 1a (0.1) 

The point is located the immediate vicinity of the River 
Neva head near the left bank. There is no any influence 
from towns and villages – the nearest town is Slisselburg, 
which is downstream from this point. 

 

Point 29 a. (0.1) 

The vertical is located in the immediate vicinity of the  
Kirovsk WWTP, which is situated on the left bank. 
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Point 30. (0.5) 

The point is located in the middle of the River Neva, 
WWTP of the Otradnoe city might cause high 
concentrations (according to some data nutrients 
concentrations in the Neva waters near to the outlet 
similar to values obtained during winter sampling). 

 

Point 27 b. (0.9) 

The point is located close to the Chernaya Rechka estuary 
(LO). Concentrations recorded during the summer 
sampling in this river were 0.159 mg/l for Ptot and 2.19 
mg/l for Ntot. However, this does not explain the elevated 
concentrations recorded during the winter selection. 
Furthermore, according to the NAI materials there are no 
outlets at this location (Figure 10.) 

 

The provisionally observed concentrations may be 
explained by the stream redistribution on this section, 
which might, in turn, cause the redirection of the pollution 
from the other bank. However, this situation should be 
further investigated before any reliable conclusions can be 
drawn.   

 

 

Based on the above information, the following conclusions can be drawn: 

• According to the data for 2008, an unspecified nutrient load (calculated using mass balance 
approach) on the River Neva mainly originated from the direct point sources, 

• The nutrient load coming with the Neva tributaries can be partly formatted by the point sources. 
Other part might originated from the diffuse sources (e.g. agriculture) 

• Significant variations in nutrient concentrations were detected in different vertical sampling 
points in the main channel of Neva River in winter. 

 

5.6.  Follow-up activities 
Based on the aforementioned results, for further development of regular assessments of nutrient load 
formation in the Neva river own catchment, the following activities are recommended to be 
implemented:  

• To establish stationary hydrochemical cross-section in the mouth of the Neva branch Srednya 
Nevka mouth or move state hydrochemical cross-section in the Bolshaya Nevka branch 
upstream the location there Srednyaya Nevka separates from it, with the aim to obtain total 
nutrient load coming with Neva River. 
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• To establish stationary hydrological station in the small Neva river tributary (e.g. river Chernaya, 
point № 2 within BASE Project sampling), with the view to interpolate results for other similar 
tributaries and regularly evaluate the load from minor unmonitored tributaries. 

• Establish stationary hydrological stations in the mouths of the regulated rivers (Ohta and Izhora) 
or develop methods for interpolation flows, measured at the upstream state monitoring sites, to 
the mouth values. 

• Implement a detailed analysis of the recent possible point sources in the vicinity of the BASE 
sampling points Nos. 30 and 27 to define the reasons why the winter nutrients concentrations 
are rapidly increasing (and/or implement periodic sampling at these points). 

6. Conclusions 
The hydrological and hydrochemical surveys implemented under the BASE Project provide a necessary 
basis to determine the nutrient load formation more accurately in the River Neva’s own catchment area, 
evaluate the significance of the different sources, and develop recommendations for a state monitoring 
program to fulfil needs of the BSAP.  

According to the results of the BASE Project, the total nutrient load coming with Neva to the Gulf of 
Finland is 2,700 t/a for Ptot and 63,000 t/a for Ntot. The nutrient load formation structure in the River 
Neva catchment area is given in Tables 13 and 14. 

As a result of this work under the BASE Project, the following structures of the nutrient load formation 
in the River Neva catchment area were obtained from the River Neva to the Gulf of Finland (Tables 13 
and 14). 

Table 7. Structure of the nutrient load formation in the River Neva’s own catchment area. 
Pathway Share in Ptot load generation, 

observed in the Neva mouth, % 
Share in Ntot load generation, 
observed in the Neva mouth, % 

Lake Ladoga 73 85 

Neva tributaries 15 7 

Point and diffuse sources 12 8 

 
 

Table 84. Structure of the nutrient load formation in the Neva’s own catchment area with linkages to 
the regions. 

Area/pathway Share in Ptot load generation, 
observed in the Neva mouth, % 

Share in Ptot load generation, 
observed in the Neva mouth, % 

Lake Ladoga 73 85 

Leningrad Region 13 7 

Saint-Petersburg 14 8 
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The share of minor unmonitored tributaries, excluded from the monitoring programme after 1st 
sampling round, in the nutrient load formation in the River Neva catchment downstream of Lake Ladoga 
is evaluated to be 1% for Ptot and 1.2% for Ntot. 

An assessment is made based on the results of the BASE Project in the River Neva’s own catchment. It 
should be noted, however, that the results are based on the results of four sampling rounds thus 
increasing the uncertainty of the results. The uncertainty is compounded by the lack of recent point 
source pollution data, etc. 

Despite these uncertainties, however, the assessment of the nutrient load coming to the Baltic Sea via 
the River Neva can be considered rather reliable; nevertheless, the distribution of this load between the 
pathways and sources is only preliminary and should thus be further investigated in the upcoming 
projects.
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7. Assessment of transboundary pollution loads of nutrients to the 
Baltic Sea from the River Narva  

 

On 3 October 2013 during the HELCOM Copenhagen Ministerial Meeting, all Contracting Parties agreed 
on revised Country Allocated Reduction Targets (CARTs). CARTs have been elaborated in accordance 
with the ‘polluter pays principle’ based on the actual country-wise average annual nutrient load during 
the period 1997-2003, called the ‘reference load’.  

Transboundary nutrient loads have been divided between countries taking into account the surface 
water retention in the countries receiving transboundary inputs and are also included in the reference 
load for each country.  

The methodology for the country-wise allocation of the transboundary load differs in accordance with 
the administrative location of different water objects. 

Thus, a river head belonging in one country and flowing into another country (e.g. the Western Dvina, 
the Lava and the Wegorapa) share the load of the upstream country determined on the basis of the 
monitoring data on the border between the two countries and the load retention values in the 
downstream country. 

Transboundary rivers that flow along the border between two countries, such as the Narva, are 
considered as ‘border rivers’. 

There is still not enough data to use the existing methodology to accurately determine the contribution 
of each country in nutrient loading in the outfalls of these rivers. 

When the CARTs were elaborated, the allocation of the transboundary loads was made using 
approximate methods. For example, the share of each country input (Estonia and Russia) in nutrient 
loads coming with the border River Narva to the Baltic Sea have been calculated based on the ratio of 
the catchment area situated in Estonia and Russia. 

The aim of this work is to accurately assess the share of Russian territory in the nutrient load formation 
coming with the river Narva to the Baltic Sea, with view to develop a set of recommendations on how to 
estimate this share on a regular basis and to measure Russian progress in meeting the revised CARTs.   

7.1. Overview of the existing methods for the calculation of nutrient load 
from the catchments basins 

7.1.1. List of the existing methods 
The inflow of substances in rivers represents the integral characteristic of the chemical composition of 
the formation process of surface waters. In natural conditions, it is defined by the intensity of physico-
chemical and biological processes in the contact zone between water and crust of weathering; in techno 
genesis natural background values are changed in connection to the anthropogenic pressure. 

Today, the questions of waterborne nutrient inputs to the Baltic Sea and its sub-basins are receiving 
much attention. 
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Currently, there are two approaches for the assessment of the waterborne nutrient load. According to 
the approach discussed in [2, 52, 53, 49, 26, 35-38], the external load from the catchment area on the 
water body defined (system ‘catchment river’), which consists of the load from point sources and diffuse 
sources, includes the calculation of the load retention coefficients by the catchment. In addition, the 
origin of the load is determined as anthropogenic or natural. Thus, the main process of such an 
approach is a quantitate assessment of the internal load from the catchment area on the water body, 
which finally formatted the nutrient input via rivers to the sea. The essential condition for the practical 
use of this approach for real water objects is the presence of the information concerning the main 
nutrient sources in the catchment.  

The following methods are based on the above mentioned approach: 

1) The method to calculate the nutrient input and to assess the pollution status of small rivers (0212.19-
99 [54]): has been elaborated for the natural conditions of Belarus and for small ecosystems and is thus 
deemed inappropriate for this task. 

2) The Landscape-Hydrological method for the evaluation average long-term multiyear characteristics of 
nutrients emissions in a ravine and riverine network of a small flat river [55]: The feature of this method 
is that the author has used modern approaches to assess the performance of the diffuse pollution of 
water bodies, and notes the advantages and disadvantages of these methods for calculating them as the 
‘leaching coefficients’, physical and statistical, mathematical modelling. Since the author considers 
mainly diffuse sources of nutrient runoff, the use of this method will not fully display the flow of 
nutrients within the studied watersheds. 

3) The model of nutrient inputs from the catchment area based on the FyrisNP model version 3.1 of the 
Swedish Institute of Agricultural Sciences: The model was successfully tested on the River Pregolya’s 
catchment in Kaliningrad Region [2, 52] and can be used in this work. However, as the model was 
developed for the southern regions of Sweden, some of the components of nutrient runoff, such as 
nutrient runoff from agricultural areas, may be overstated. 

4) The ILLM nutrient load model: The Institute of Limnology Load Model (ILLM), developed at the 
Institute of Limnology RAS [26, 35-38], is used to calculate the total external load of nitrogen and 
phosphorus in the common water bodies from the catchment. The model takes into account the existing 
limitations in the information provided by the state monitoring system of water bodies and state 
statistical reporting on waste water discharges and agricultural activities in the catchment areas in the 
North-Western Federal District of Russia. The model takes into account the contribution of point and 
nonpoint sources in the form of nutrient loading in the catchment area; allows the calculation of the 
removal of impurities from the catchment, including the influence of hydrological factors and the 
retention of nutrients by watershed and hydrographic networks; and takes into account the mass 
exchange with the atmosphere (more information can be found at: 
http://www.limno.org.ru/eng/mod.htm#num10). The final result of the simulation is the quantitative 
assessment of the nutrient load to the water body from the watershed and its individual components. 
The time factor of the calculation is one year, which is explained by the annual resolution of the initial 
information and HELCOM’s requirements for reducing the average annual values of load to the Baltic 
Sea. The model has been verified in several objects located in the Russian part of the Gulf of Finland’s 
catchment. Recently, the model was successfully used to solve the problems of assessing nutrients’ 
runoff from the catchment areas and selecting the possible ways of reducing loads on water bodies [53]. 
The results of the EU BaltHazAR II project component 2.2 (2012) ‘Building capacity within environmental 

http://www.limno.org.ru/eng/mod.htm#num10


60 
 
monitoring to produce pollution load data from different sources for e.g. HELCOM pollution load 
compilations’ [57], concluded that "for a preliminary assessment, the ILLM model can be used to 
calculate the nutrient load on the Baltic Sea from non-monitored and partly-monitored areas in the 
Russian part of catchment area". Thus, to achieve the goal of this work it is recommended to conduct 
the assessment using the model developed at the Institute of Limnology RAS [58]. 

An alternative approach for assessing nutrient loads from the reservoir to the receiving watercourse is 
discussed in [50, 51, 39, 42], suggesting that the nutrients and organic matter transported through the 
watercourse outlet are located as close as possible to the mouth and the flow of nutrients is observed 
from the catchment area. In this case, the resulting nutrient load will reflect the sum of the natural and 
anthropogenic components. The amount of nutrient retention by the catchment can be estimated only 
approximately based on the water quality in the cross-sections above and below the main point and 
diffuse sources of nutrients. Given the fact that there are almost no natural areas in the catchments of 
many rivers within the European part of the Russian Federation, the natural background part of nutrient 
load in this case is extremely small, and thus the main burden will be formatted due to anthropogenic 
factors. Thus, riverine nutrient loads can be conditionally accepted as being formed by the 
anthropogenic component. 

It should be noted, however, that the use of this method requires less actual data (only hydrological and 
hydrochemical monitoring data in the river outlet is necessary), but is characterized by lower 
information content and structural properties. Thus, it is practically impossible to estimate the amount 
of nutrients and organic matter retained on the surface catchment; it is difficult to determine the share 
of anthropogenic and natural loads in the overall load with watercourse; and it is impossible to assess 
the background load using only this method.  

A description of this method is given in the directive document ‘RD 52.24.748-2010. Guidance 
document. Improved method for the determination of pollutants runoff with rivers’ (approved by 
RosHydroMet 11.11.2010) [56]. For carrying out calculations using this method, the long-term 
hydrochemical and hydrological data for the considered (background and control) cross-sections are 
needed. However, this method only determines the anthropogenic load, which is not enough to 
implement this work. 

To implement the objectives of the study (a realistic assessment of Russia's contribution in nutrient load 
formation coming with the River Neman to the Baltic Sea, and clarifying the values of necessary 
reductions in nutrient loading from the Russian part of the Baltic Sea catchment area), it is preferable to 
use methods that allow the evaluation of all nutrient runoff components from the catchment. This will 
contribute to a more objective evaluation of the existing load to the Baltic Sea from the Russian part of 
the catchment and to a more substantiated evaluation of the needed reduction. Obviously, to 
accomplish this task it is necessary to use the model for the calculation of the nutrient load, prepared in 
accordance with the recommendations of HELCOM and calibrated almost at all major watersheds of 
North-West Russia [26, 35, 38, 41, 53, 58, 59, 63], as well as permission to use it for calculating the 
approximate nutrient loads for geographically close watersheds, particularly for Kaliningrad Region’s 
river basins. 
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7.2.  General conditions of the ‘Method for calculating background 
nutrients’ runoff from the catchment area of the Baltic Sea’ - the ILLM 
nutrient load model [37, 38, 53] 

7.2.1. General information and main definitions 
Based on the ToR requirements, it is necessary to consider ‘Method for assessing nutrients retention in 
monitored rivers systems in the Russian part of the Baltic Sea catchment area’, developed on the basis 
of HELCOM’s recommendations, and adapted and tested by the authors [26, 35, 36, 37, 38]. 

As the method for the calculation nutrient load retention by the hydrographic network of the catchment 
the scheme of the calculation (in the HELCOM Guidance for Pollution Load Compilation) has been used, 
it is possible to estimate the total average annual nutrient retention by the hydrographic network and 
catchment without detailed investigations of separate rivers and lakes, as well as the interannual 
deviations of the studied process.  

The nutrient load on the water object [25] - the amount of nutrients released to the reservoir during the 
reporting interval calculated per unit of water area or volume of the water mass – is a permanent factor 
in determining the quality of the water affecting the chemical composition of the sediments and 
hydrobiological processes. 

Point sources [25] – Municipalities, industries and fish farms that discharge (defined by location of the 
outlet) into monitored areas, unmonitored areas or directly to the sea (coastal or transitional waters). 

Diffuse sources [25] - Sources without distinct points of emission, e.g. agricultural and forest land, 
natural background sources, scattered dwellings and atmospheric deposition (mainly in rural areas). 

Natural background losses [25] – Losses from unmanaged land and the part of the losses from managed 
land that would occur irrespective of anthropogenic loading, for example agricultural activities. 

Substances runoff from the catchment [25] – The amount of the substance carried out from the 
catchments borders with rain and snowmelt runoff per time unit.  

Rate of the runoff – The amount of the substance carried out from an area unit with rain and snowmelt 
runoff per time unit.  

Retention – The amount of a substance lost/retained during transport in soil and/or water including groundwater 
from the source to a recipient water body. Often, retention is only related to inland surface waters in these 
guidelines. 

Runoff depth – The rainfall depth in the catchment area without runoff loses (filtration, evaporation) per 
time unit.  

Unit discharge – The volume of the flowing rainfall and snowmelt waters per area unit and per time unit.  

Hydraulic load of the water object – An increase of the water level in the water object due to the inflow 
per time unit. 
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7.2.2. Calculation method 
1. For calculation phosphorous total (Ptot) and nitrogen total retention (Ntot) by the catchment area 
Lret [t/a] the following formula used [26, 27]: 

totttotrret LRLRL ⋅=⋅−= )1( ,      (1) 

where Rr - dimensionless retention coefficient,  

Rt - dimensionless emission coefficient, 

Ltot – total load on the catchment area [t/a]. 

2. In the this study, an empirical model developed by the Leibniz-Institute of Freshwater Ecology and 
Inland Fisheries Germany is used to calculate the nutrients retention by watershed and its hydrographic 
network , [Behrendt, 1996; Venohl et al., 2005; Behrendt, Opitz, 2000]. The model is based on the 
generalized results of field observations on 100 European rivers with a catchment area from 121 km2 to 
194,000 km2 and lake surface 0.2-20.3% of the total area of the studied watersheds value. In accordance 
with the method, the nutrients retention by watershed is calculated by the formula: 

totttotrret LRLRL ⋅=⋅−= )1( ,  

The procedure for calculating the coefficients Rr and Rt was based on empirical correlations and 
coefficients, proposed by the authors of the model. 

The calculation of nutrient retention for different types of underlying surfaces has not been made 
because the values of empirical parameters required for the calculations are not defined in the 
methodology. The values of the required parameters a and b (see Table 16) are based on the entire 
catchment area and only take into accountthe area of the corresponding type of underlying surface 
within the catchment area, which is not entirely correct. 

The quantitative assessment of the retention and emission coefficients are carried out using the 
following correlation [27, 28, 35-37, 59]  

,
1
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+

=−=
 

,
1
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RNR

+
=−=

     (2) 

where HL – hydraulic load [m/a ], 

a1,2 and b1,2 – dimensionless empirical parameters (Table 15). 
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Table 15. Values of the empirical parameters in the formula 2 [27, 28, 37, 59]. 
Parameter Catchment area а2 b2 a1 b1 

Ptot. 

For all catchments 

<1,000 km2 

1,000 – 10,000 km2 

>10,000 km2 

13.3 

57.6 

9.3 

26.9 

-0.93 

-1.26 

-0.81 

-1.25 

 

26.6 

41.4 

21.7 

28.8 

 

 

-1.71 

-1.93 

-1.55 

-1.80 

Nmin 

For all catchments 

<1,000 km2 

1,000 – 10,000 km2 

>10,000 km2 

5.9 

3.3 

4.4 

10.9 

-0.75 

-0.65 

-0.62 

-0.94 

- - 

Ntot. For all catchments 1.9 -0.49 - - 

 

3. The value of the hydraulic load HL proportional to the unit area discharge q [l km-2 sec-1] and 
inversely to the relative water surface area W [% of the total catchment area]: 

W
qHL 15.3

=
    (3) 

For the whole Neman catchment area W= W=8% [46]. 

 4. The value of the unit area discharge q [l km-2 sec-1] linked with the depth of runoff y [mm/a] by the 
following formula 

q = 0,03171y,    (4) 

The value of the depth of runoff y from whole catchment or its parts may be determinate in accordance 
with results of the in-situ measurements, and calculated in accordance to the relative distribution 
function or hydrological model. The average long-term flow (modulus of flow) constitute about 220 
mm/a for Kaliningrad Region and for the Neman catchment area 250 mm/a [21]. 

5. The total load on the catchment area (Ltot) is calculated using the following formula:  

Ltot = Lp + Le + Lmf + Lof+Lpop+ La – Lc,  (5) 

where: Lp - loads from point sources, 
Le - diffuse emission of nutrients from various types of land surface, 
Lmf - load from mineral fertilizers, 
Lof - load from manure, 
Lpop – load from population, 
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La - atmospheric deposition, 
Lc - crop uptake. 
All terms in equation (5) have the dimension [t/a]. 

6. The main point sources of pollution are waste water discharges from industrial and municipal 
WWTPs. The official source of data on sewage discharges are statistical forms (‘2TPVodhoz’) of the 
Ministry of Natural Resources and Ecology. These data are presented as annual averages.  

7. The diffuse load on catchment from the emission of nutrients from various types of land surface 
(natural and anthropogenic) Le is calculated as follow: 

1000/)( mixmixmixnatnatnatuuufffе AyCAyCAyCAyСL +++= ,    (6) 

where Cf, Cu, Cnat and Cmix – are the specific concentrations of nutrients in runoff from actively 
cultivated areas, urban areas, the natural land surface and mixed areas, accordingly [mg/l=g/ m3], 

yf, yu, ynat and ymix – are depths of runoff from corresponding type of the underlying surface [mm/a], 

Af, Au, Anat and Amix – are the areas of the mentioned types, respectively, of a land surface [km2].  

Value of Cf, Cu, Cnat and Cmix presented in Table 16. 

Table 16. Concentrations of (mg/l) Ptot and Ntot in soil water and the primary hydrographic network for 
different types of underlying surface [30, 31, 32]. 

Underlying surface Mixed Natural 
Arable 
land 

Urban land 

Ptot 0.12 0.05 0.08 0.20 

Ntot 1.4 0.7 3.1 2.3 

 

7.1 The value of the depth of runoff y from whole catchment or its parts may be determinate in 
accordance with results of the in-situ measurements, and calculated in accordance to the relative 
distribution function or hydrological model. The average long-term runoff value (norm rate) for the Gulf 
of Finland is 280 – 320 mm/a. For the River Narva the value 300 mm/a will be used in calculations. For 
mixed, natural and cropland the value of runoff 300 and 250 mm/a is used for the River Narva. For 
urbanized areas, the values for the cities located in the basin of the River Narva [46] have been 
calculated: 732.33 mm/a; 730.5 mm/a; and 744 mm/a. For calculations it is useful to take 735.6 mm/a 
by applying it to urban areas located in the basin of the River Narva. 

7.2 The load on the catchment is formatted by the mineral fertilizers applying Lmf defined based on the 
state statistical reporting.  

7.3 If we assume that the whole manure formed on farms and poultry remains within the catchment, 
then Lоf can be approximated as follows (7):  

,1000/∑=
j

jjfof NkL
   (7) 

where kf – the coefficient of emission Ptot or Ntot by one animal j [kg/a],  
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N – the number of animal j.  
The values of the kf coefficients for different animals are presented in Table 17. 

 
Table 17. Coefficients of the emissions Ptot or Ntot [kg /a] to surface waters by one animal [33]. 

Animal Ptot Ntot 
Cows 18.9 77.1 

Pigs 3.36 14.4 

Poultry 0.28 1.14 

 

An approximate assessment of the diffuse nutrient load on the receiving water object, originated from 
population (country inhabitants, in settlements without sewage system) Lpop, can be made with annual 
averaging using the following formula:  

,1000/∑=
j

jppjpop NkL
   (8) 

where kp – coefficient of emission by one inhabitant [kg/a]; for Ptot 0,033 kg/person a year [63], for 
Ntot 5 kg/person a year [64]. 

Np – number of country inhabitants in settlements without a sewage system and a WWTP. In this 
study,the total rural population has been used since in Russia the majority of rural settlements have no 
sewage systems or treatment.  

It should be noted that in this work the nutrient load generated by organic fertilizers is a potential 
maximum value of the load with the full use of all manure, formed within the catchment, as fertilizer for 
agricultural land. Possibly, the result will be overestimated relative to the actual result. However, due to 
the absence of reliable information and the problems of getting information on nutrient flows within the 
catchment, this assumption seems to be most appropriate for this work [53]. 

7.4 The phosphorus load formed by atmospheric deposition (Lа = α А) is given according to field 
observations α = 0.002 – 0.005 t/a*km2 [26, 29]. 

7.5 The La value for the nitrogen load is assumed to be zero based on the assumption on the equality of 
the values of nitrogen deposition from the atmosphere (precipitation rate with + fixing biota) and 
volatilization as a result of denitrification [28]. 

10. For the estimation of the uptake of nutrients from the catchment with crop Lc the  

following equation is used: [53, 59, 63]: 

fс АUL ⋅⋅= β  ,   (9) 

where β – is the crop uptake [t/ a*km2] 
Af – is the area of actively cultivated fields [km2]  
U – crop capacity [t/a*km2] 
The results of the crop uptake calculation for the fields in Leningrad Region in 2007 are given in Table 
18. 
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Table 18. Nutrient uptake values with crops calculated for Leningrad Region for 2007 (2007 is similar to 

the mean hydraulicity year [34]). 

Crops 
Area 
(hectare) 

Crop capacity 
[centre/a*km2] 

Crop Ptot uptake 
[t/ a*km2] 

Crop Ntot uptake 
[t/ a*km2] 

Corn 29,100 29.5 1.16 7.23 

Potato 45,700 140 0.92 7.00 

Vegetables 6,900 326 1.42 9.78 

Fodder 212,400 326 1.42 9.78 

Average for the catchment 1.32 9.10 

 

7.3.  General characteristic of the Russian part of the River Narva catchment 
area  

7.3.1. The River Narva’s natural features [46, 47, 63] 
The area of the River Narva catchment basin is 56,200 km2 and it is located in the north-west (European) 
part of the Russian Federation within two Federal Districts – Leningrad Region and Pskov Region - as 
well as in the neighbouring countries of Estonia, Latvia and Belarus. Some 69% of the catchment basin is 
situated in the Russian Federation. The basin extends in the meridional direction at about 400 km from 
56° in the south to 59°30' in the north with an average width of 160 km. 

The largest tributaries are the River Velikaya with a catchment basin area of 25,200 km2 or 58% of the 
whole area of catchment basin and the River Emaigi with a catchment of 9,740 km or 22% of the whole 
area. The rivers Gelcha, Piuza and Gdovka are the most significant lake tributaries in the Russian part of 
the catchment basin with areas of 1,200, 800 and 150 km2, respectively. 
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Figure 46. Physical map of the River Narva catchment basin (The atlas of the River Narva and Chudskoe 

Lake, 2007) [65]. 
 

From the east, the basin borders with the basins of the rivers Shelone, Lovate and Luga; from the south 
with the River Zapadnaya Dvina basin; from the west with the basins of the rivers Koiva (Gauya) and 
Pyarnu; and from north-west and north with the basins of the small rivers Yagla, Valgeiigi, Loobu, Kunda 
and Purtse, which flows into the Gulf of Finland. The watershed is more distinctive in the south and 
south-west parts of the watershed, where the land undulates between 200-300 metres with an average 
height in catchment area of 80-100 metres. 

The river catchment basin is an undulating plain with large areas of peatlands and wetland areas, and 
partly germinated forest and bottom lands. Lake Pskovsko-Chudskoe lies at the centre of the catchment 
basin, the surface area of which is more than 6% of the River Narva catchment basin area. The average 
height of the catchment area is 20-30 meters except for the south-east part where the average height is 
100 meters. Some 35% of the basin is covered with peatlands, 20% with forests and about 37% of whole 
basin area by grazing and arable land. The 1,500 lakes in the catchment basin, including Lake Pskovsko-
Chudskoe (3,566 km²), constitute 8%. The humid and moderately cold climate predetermine the 
scrubbing regime and redundant soil moistening. 
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The area of the River Narva and Lake Chudskoe is situated in a sod-podzol soil subzone of the south 
taiga and mixed forest. The variety of the natural conditions, broken ground and the frequent change of 
the soil materials define the complexity of the soil landscape. 

 
Figure 47. Vegetation map of the River Narva basin. 

 
The River Narva catchment basin hydrography is briefly described here. Lake Pskovsko-Chudskoe is 
situated in the middle of the catchment basin and the watershed area is more than 6% of the total River 
Narva catchment area. From the south, the River Velikaya flows 430 km to the lake and has a catchment 
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basin area of 25,200 km2, constituting 45% of the total River Narva catchment area. The River Narva 
flows 77 km from the north of the lake drains into the Gulf of Finland. The Narvsky waterworks was built 
20 km from the mouth of the River Narva and forms the Narva reservoir, into which the River Plyussa 
flows from the south. 

The River Narva flows from Lake Chudskoe near the village of Vasknarva and flows into the Gulf of 
Finland near Narva-Jyesuu. The river’s statistics are: 

• length 77 km 
• width 179 meters 
• average depth 5.6 meters 
• water area 1,059 m2 
• catchment basin area 56,200 km2 (39,000 km2 in Russia) 
• fall 29.8 meters  
• average slope 0.39% 
• annual average flow rate 396 m3/sec  
• average flow velocity 0.54 m/sec 

The river’s affluent ranks second among the rivers flows into the Gulf of Finland  

Around the town of Narva and the village of Omuti, limestone and dolomite rocks can be seen on the 
surface at its exit, which form the Narva and Omuti rapids. The Omuti rapids start some 16 km from the 
river mouth and stretch for 8 km. The Narva rapids are situated in the town of Narva, but today they are 
for the most part dry because the river flow has been directed to a 2.3 km diversion channel for the 
Narva hydroelectric power station. The discharge through Narva rapids takes place during the excess 
runoff from the reservoirs and only during the spring tide. 

The River Narva valley upstream from the river head to the village of Stepanovshina has not been 
developed. Below the town of Narva, the river is V-shaped over a stretch of 15 km with high slopes at 
the 6-8 km stretch. Near the town, the river is canyon-shaped with slopes of 24-26 meters. On the 
approach to the Narva-Jyesuu settlement, the left slope is higher than the right and reaches 10-12 
meters (Figure 2.2) and 18 meters 2 km from the river mouth, which itself has a slope height of 3-5 
meters and an average bed width of 0.5 km. The soil on the slopes is sandy-loam and the vegetation 
mixed herbs and shrubby, and forest at the river mouth. 

The bottom land is low, discrete, with a width of 0.2-0.5 km and a maximum width of some 3 km near 
the village of Vasknarva. The surface of sandy or oozy-sandy soils is crossed by overgrown flow channels 
and covered by meadow vegetation with solitary bushes and trees. Even during the water rise the 
bottom land is flooded. There are many islands, sand-banks and sandbars in the stream canal. 

The river width from the mouth to the 61st km is on average 200-300 meters (river head – 650 m), but 
can reach 900 meters (near Verkhovsky island) or decrease to 160 meters in some places it. The river 
depth of 3-4 meters falls to 6 meters at the reach of river. The average flow velocity is 1 m/s and the 
maximum velocity 1.6 meters/sec. The height of the river banks at the river head in the village of 
Stepanovshina is 1-2 meters. In the town of Narva, the river banks merge with the slopes and are more 
than 20 meters; below the town the river banks are 3-5 meters. The banks are sabulous or clay-loam, 
covered with meadow vegetation and forest. Below the Narva hydroelectric power station the riverbed 
has a width of between 150-600 meters, mostly 300-400 meters. The average river depth is 5-6 meters,  
but roughly every 3-4 km reaches a depth of 9-11 meters and over 15 meters some 0.5 km from the 
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river mouth. The average surface velocity at this point is 0.5 m/sec even at the maximum flow rate. The 
bottom of the riverbed is overgrown with bulrush, reed and pondweed. 

In 1955-1956 at the section 18.2-61 km (lowest part of the River Narva), the Narva reservoir storage was 
established with daily (weekly) runoff control. The normal maximum operating level was set in May 
1956 when the water level in the reservoir reached the normal maximum operating level of 25 meters 
of the Baltic Heights System. The brace of the dam expands up the River Narva to the village of 
Stepanovshina (61st km from the river mouth) and on the River Plyusse to the town of Slancy. 

With the natural level regime according to observations in 1903-1954 at the Kulgu pier site, the River 
Narva’s water level has changed in the range of 20.07-23.55 meters of the Baltic Heights System. 

The river flow upstream is regulated by Lake Pskovsko-Chudskoe (storage ratio 0.86) and downstream 
by the Narva reservoir. The 15 km downstream water level course is under the influence of the Gulf of 
Finland. The high water levels are usually seen in August-September and the low levels in March-May. 
The average set-up height in the river mouth is 0.2-0.4 meters. The highest water level upstream is seen 
during the spring tide in April-May and the lowest in December-January. The intensity of a spring tide is 
on average six times more than the flood recession intension. 

The main tributaries are the rivers Vtroya, Struga, Bolshaya Cheremucha, Borovnya, Mustayygi, Plyussa, 
Kulgu, Tyrvayye and Rosson. There are 39 tributaries with lengths of less than 10 km flowing into the 
River Narva (with a total length of 113 km). 

The distinctive element of the hydrographical system of the River Narva is the Rosson channel that 
extends from the 27th km from the Luga’s mouth at a level of 2 meters, and flows into the River Narva 
at the 1st km from the mouth. The duct length is 33 km.  The water overflow from the Luga to the River 
Narva bed only occurs during high-water years. 

Another hydrographical feature of the River Narva catchment basin is the large number of lakes (about 
450), most of which have a relatively small with surface areas of only up to 1 km2. The lakes in the 
catchment basin are not distributed uniformly, but form numerous groups in the individual river 
catchment basins and watershed with most situated in the course morainic landscape. There are 3,604 
lakes with a total area of 448 km2 in the Velikaya River basin in Pskov Region; the River Velikaya itself 
runs through 21 lakes. In the Estonian districts of Haanja and Otepaa, there are some 25-30 lakes in a 
100 km2 area. 

Most of the lakes are glacial in origin and are situated in a hilly region, mainly in the southern part of the 
basin, and are predominantly a bladed complex shape with very twisted coastlines. There are no or very 
few islands in these lakes. The lake bottoms are flat with a maximum depth in the middle, but not 
exceeding 40 m (Lake Velikaya Voda 38 m; Lake Glubokoe 38.6 m) (Hydrometeorological regime ..., 
1983). 

It is possible to find small, closed lakes among the peat land massifs known as a ‘secondary lakes’, which 
have appeared on the sites of former lakes. These lakes are shallow, heavily overgrown and their 
hollows lined with peat.  

Another group comprises artificial lakes, especially in the south part of the basin where fish ponds have 
been established. Ponds, reservoirs in quarries and peat workings, etc., come under the artificial lake 
group. The size of these water bodies is small. There are more than 1,250 ponds the south of Pskov 
Region. 
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The climate is characterized as moderately continental, humid and softened by its comparative 
proximity to the Atlantic Ocean, which places the location of the basin at the edge of a transitional 
climate - from maritime to continental. The boundary between these climates is a conventional contour 
line with the amplitude of an average July temperature and an average January temperature of 25 °C. If 
the amplitude is less than 25 °C, the climate is considered maritime; if more, continental. In the 
European part of Russia, the meridional belt passes through the transitional climate of Karelia, 
Leningrad and Pskov Regions (and further to the south-west through Belarus and Western Ukraine). 
Such a ‘borderline’ location of the pool causes erratic weather in all seasons in its territory. 

Some maritime climate features are clearly visible such as humid, moderately warm summers and 
relatively mild winters. The continental climate is enhanced to the east where the winters are longer 
and summers are warmer. The magnitude of the total solar radiation reaches 78-88 kcal / cm2 /y.  

7.3.2. Hydrochemical features and water quality  
According to the information from the SKIOVO materials, the integral indicator of water quality in the 
River Narva mouth has slightly increased (water quality declined) from 2006-2008 and decreased (water 
quality improved) from 2008-2009, which is equivalent to the degradation of water quality from 2006-
2008 and improvement of water quality to 2009. The main pollution sources in the Russian part of the 
River Narva basin area are the City Ivangorod’s municipal enterprise for housing and communal services, 
companies in shale production and processing, and surface runoff from the catchment. 

Based on long-term monitoring data, Lake Pskovsko-Chudskoye can be considered as polluted. 
Moreover, according to the results of the state Russian observations and joint Estonian-Russian 
monitoring activities, the main environmental problem of Lake Pskovsko-Chudskoye is eutrophication, 
which started in the early 1970s and limited by Ptot content (it limits primary production). In 2009, the 
concentration of Ptot in Lake Chudskoe was 0.044 mg/l and in Lake Pskovskoe 0.134 mg/l. 

7.3.3. Socioeconomic characteristic 
The Russian part of the basin is part of the North-Western Federal District and is situated in Pskov and 
Leningrad Regions. Within the Russian Federation, 92% of the River Narva catchment basin is in Pskov 
Region and the remaining part in Leningrad Region. 

The River Narva catchment basin partly covers three administrative districts of Leningrad Region – 
Kingisep, Slancevsky and Lugsky - which take in only 3.2% of Leningrad Region’s area. Over half of the 
area of Pskov Region is situated in the basin as well as 11 administrative districts wholly, and nine partly. 

Table 19 gives the areas of the administrative districts of Pskov Region and Leningrad districts in the 
River Narva catchment basin and Lake Pskovsko-Chudskoe. 
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Table 19. Areas of the administrative districts in the River Narva basin and Lake Chudskoe.  
Administrative district name Total area, km2 

 
Area, part of the pool 

 

 

 

 

km2 % 
Pskov Region 55,399 31,408 

 

56.7 
Pskov 96 96 100 
Ostrovsky 2,436 2,436 100 
Opochetsky 2,029 2,029 100 
Gdovsky 3,391 3,391 100 
Pytalovsky 1,111 1,111 100 
Novorzhevsky 1,682 1,682 100 
Pushkinogorsky 1,059 1,059 100 
Palkinsky 1,191 1,191 100 
Krasnogorodsky 1,320 1,320 100 
Plyussky 2,767 2,740 99.0 
Pskovsky 3,622 3,622 100 
Pechorsky 1,251 1,251 100 
Strugokrasnensky 3,090 2,509 81.2 
Pustoshkinskty 1,874 1,447 77.2 
Beganitcky 3,535 2,192 62.0 
Sebezhsky 3,072 1,817 59.2 
Porchovsky 3,176 1,134 35.7 
Novosokolnichesky 1,616 176 10.9 
Dedovichsky 2,188 190 8.7 
Loknyansky 2,412 99 0.4 
Nevelsky 2,690 40 0.2 
Leningrad Region 83,908 2,665 3.2 
Ivangorod 50 50 100 
Slancevsky 2,114 1,346 63.7 
Lugsky 6,009 1,093 18.2 
Kingisepsky 2,909 176 6.1 
 

The total population in the River Narva basin on 1 January 2010, according to statistical offices’ data, is 
to 515,000 (Russian part), of which the urban population is 67%. 

More than 85% of the population (439,000) lives in Pskov Region, of which 69% is urban population and 
31% rural. The share of Leningrad Region accounts for 15% of the population (76,000), of which 57% is 
urban and 43% rural.  

About 72% of the population live in the Velikaya River basin, of which half live in Pskov (192,000), and 
less than 9% in the private catchment basin of Lake Pskovsko-Chudskoe. About 15% live in the River 
Plyussa basin, half of whom reside in the town of Slancy (34,000). Some 5% live in the the River Narva 
basin and Narva Reservoir (excluding the River Plyussa), of whom 40% live in Ivangorod. 

On the basis of the state statistical reports of water-related activities within the River Narva catchment 
basin using form 2-TP (water) for the period 2003-2009, a ranking table was drawn up calculated on the 
water management governmental subsections (RWP) by weight of the pollutants discharge into the 
water basin by enterprise and by priority of water usage. 

Contaminants reach the water bodies of the Narva basin from 105 enterprises through 241 water 
outlets. More than one third of enterprises in Leningrad Region are housing and communal services; one 
third the shale industry and cement production; and the rest agricultural enterprises engaged in animal 



73 
 
husbandry. The main activity in Pskov Region is agriculture accounting for half of the total number of 
enterprises with public utilities accounting for about one-third and industrial enterprises for the rest 
(15%). 

The main pollutants in the River Narva basin within Leningrad Region are at RWP No. 12 (River Plyussa) 
and No. 13 (Narva Reservoir) is Leningradslanets and the Slantsevsky vodokanal, and RWP No. 14 the  
Ivangorod vodokanal  (River Narva). In Pskov Region, the main pollutants are: at RWP No. 4 the Pskov 
Gorvodokanal (River Velikaya) and at RWP No. 3 the municipal housing and public utilities enterprise of 
Pushkinogorskogo district (River Velikaya). 

Nutrient loads to Lake Pskovsko-Chudskoe from waste water discharges in Pskov Region are estimated 
at an average of 373 tonnes/year total nitrogen and 61 tonnes/year of phosphorus. The largest share in 
the contamination of these indicators is owned by the housing and communal services (over 90%), 
namely the sewage treatment facilities of the district and municipal utilities. 

 

7.4.  Calculation of the nutrient substances runoff from the Russian part of 
the River Narva catchment Area  

7.4.1. The sequence of the estimation and initial data 
1. By following the appropriate methodology [35-38], the Russian part of the River Narva catchment 
area for the following calculations can be defined. Knowing that the total area of Lake Pskovsko-
Chudskoe is 56,200 km2, and that 69% belongs to the Russian Federation, the area of researched 
catchment area is 38,778 km2. The River Narva basin belongs to the following regions of the federation: 
Pskov, Leningrad and Novgorod [46]. However, in the calculations conducted in 2010, the area of 2,665 
km2 for Leningrad and 31,408 km2 for Pskov located within the catchment basin [47, 65] were used. 

To maintain comparability of the results in determining the different categories of land area, the data 
area can be used for calculation (2,665 + 31,408 = 34,073 km2). It should be noted here that the area of 
34,073 km2 does not include the water surface area (8% for the total River Narva catchment).  

2. Estimate the runoff rate value q [litres km-2 sec-1], is necessary for the following calculations, which is 
correlated to the depth of y [mm year-1], by using the proportion: 

 

q = 0,03171*300=9,513 litres km-2 sec-1. 

3. The hydraulic load value HL is in proportion to runoff rate q [litres km-2 sec-1] and inversely to the 
relative area of the water surface W [% from the total catchment area]: 

. 

HL=3,15*9,513/8=3,746 m year-1 

  

yq ⋅= 03171,0

W
qHL 15,3

=
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4. Quantitative assessment of the retention factor Rr conducted using the following proportion is: 

Rt 

Ntot. ,
746,39,11

1
49,0−⋅+  

0.50 

Рtot. ,
513,99,281

1
8,1−⋅+  

0.67 

 

5. Estimate summary expressions, which characterize the summand load on the catchment (Ltot):  

Ltot = Lp + Le + Lmf  + Lof+ Lрор + La - Lc. [t year-1]. 

where: Lp -  load, developed by point sources 
Le - dispersal emission of the chemical substances by different types of the underlying surface 
Lmf - load formed with applying the mineral fertilizers 
Lof - load formed by organic fertilizers 
Lрор - load from rural settlement, which do not have sewerage and treatment facilities 
La - the atmospheric load 
Lc - the chemical substances removal due harvesting 
 

The catchment load formed by point sources. The main point sources of surface water pollution are 
discharges of waste water from industrial and municipal enterprises. The official source of information 
on waste water discharges are statistical forms 2TPVodhos by the Ministry of Natural Resources and 
Environment. The data contained in these forms are given with the annual average. Lp sets are based on 
official statistics (Table 20). Lp (Ntot.)=170.2 t/year, Lp (Рtot.)=40.0 t/year. 

Table 20. Layout of the data on the flow of nutrients from a set of point sources in the Russian part of 
the catchment area of the River Narva and River Neman, t/year 

Period for which the 
information is available  
(2010/2011/2012) 

Name of the point sources set Ntot Ptot 

Not available 
Point sources: implemented waste water 
discharge directly to Lake Pskovskoe  

0 0 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge directly to Lake Chudskoe 

1.28 

0.17 

0.4 

0.3 

0.03 

0.15 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge to the watercourse of Lake Pskovskoe’s 
private basin  

1.6 

2.14 

2.84 

3.4 

0.75 

9.6 

2010 year Point sources: implemented waste water 
discharge to the watercourse of Lake Chudskoe’s 

0.72 0.13 
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Period for which the 
information is available  
(2010/2011/2012) 

Name of the point sources set Ntot Ptot 

2011  

2012  

own basin 0.7 

0.51 

0.14 

0.04 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge at the River Velikaya’s own basin 

231.7 

138.4 

126.9 

39.7 

34.16 

30.12 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge directly to the River Narva from the 
river head to the Narva reservoir  

0 0 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge directly to the River Narva from the 
Narva reservoir to the river mouth 

Not 
available 

Not 
available 

2010  

2011  

2012  

Point sources: implemented waste water 
discharge directly to the Narva reservoir 

0 0 

2010  

2011  

2012  

Point sources:, implemented waste water 
discharge at the River Plyassa catchment basin 
(using Pskov Region data) 

2.21 

0.05 

0.06 

0.46 

0.1 

0.01 

 

Load on the catchment area formed by diffuse sources. Calculate the load developed by atmospheric 
fall-outs (Lа = α А), where α=0,003, А – area of considered catchment area, equal to 38,778 km2, since 
the atmospheric fall-outs accounted for overall considered area: 

La (Рtot.)=0,003*38778=116.3 t/year. 

The value La for a nitric load is equal to zero based on the assumption of the value equality of the 
nitrogen intake from atmosphere (fall-outs + biota fixation) and losses in response to denitrification.  

The calculation Le (dispersed emissions of the chemical substances by various types of underlying 
surface) is as follows:  

1000/)( mixmixmixnatnatnatuuufffе AyCAyCAyCAyСL +++= ,   (6) 
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where Cf , Cu , Cnat and Cmix – average concentrations of the biogenic matter in the drainage from the 
field, urbanized area, natural underlying surface, combined territory correspondingly [mg dm-3= g m-3],  

yf , yu , ynat and ymix – depth of runoff from the listed underlying surface types [mm year-1],  

Af , Au , Anat and Amix – areas of the listed underlying surface types [km2].  

The values of the parameters are given in Table 21.  

Table 21. Parameters required for the calculation of the dispersed emissions of the chemical substances 
by various types of underlying surface. 

Underlying surface Combined  Natural 
Crop lands (agricultural lands), 
km2 

Urbanized areas, 
km2 

С, g/ 
m3 

Ptot. 0.12 0.05 0.08 0.20 

Ntot. 1.4 0.7 3.1 2.3 

У, mm/year 300 300 250 735.6 

А, km2 Pskov region 17,033 5,190 8,470 715 

Leningrad 
region 

2,300 141 138 86 

Total 19,333 5,331 8,608 801 

 

Areas of the various types of underlying surface for the considered regions were calculated based on 
official statistics data given in reports on the use and state of the land [60, 61], as well as of the 
materials available on the Internet site: http://petrostat.gks.ru/public/release/P1CX1108.htm. 

The values of the nitrogen and phosphorus loads formed by various types of underlying surface are: 

Total nitrogen  

For the catchment basin where the largest part of the area of Pskov and Leningrad Regions is located, 
the total nitrogen intake is:  

 

 

tonnes per year 

As well from Leningrad Region the total nitrogen runoff was: 

 

tonnes per year 

NL обще 17266
1000

)193333004,153313007,086082501,38016,7353,2()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

тNL обще 1248
1000

)23003004,11413007,01382501,3866,7353,2()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

http://petrostat.gks.ru/
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From Pskov Region, accordingly: 

 

tonnes per year 

Total phosphorus  

For the catchment basin where the largest part of the area of Pskov Region and the smallest part of the 
area of Leningrad Region are located, the total phosphorus intake is: 

 

tonnes per year 

As well from Leningrad Region the total phosphorus runoff was: 

  

tonnes per year 

and from Pskov Region: 

 

tonnes per year 

The load in the catchment area formed applying the mineral fertilizers Lmf, are set based on official 
statistical data. However, we should take into account in our calculations that the total nutrient loads 
from agricultural land include the load formed by mineral fertilizers. 

Assuming that all animal manure and dung produced on farms and poultry farms remain in the frame of 
considered catchment area, the tentative load estimation Lоf in the formula is made in the following 
way: 

 

where kf  – emission factor Ptot or Ntot from one domestic animal j [kg year-1],  

N – the number of domestic animals (or poultry).   

  

NL обще 16018
1000

)170333004,151903007,084702501,37156,7353,2()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

PL обще 1066
1000

)1933330012,0533130005,0860825008,08016,7352,0()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

тPL обще 100
1000

)230030012,014130005,013825008,0866,7352,0()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

тPL обще 966
1000

)1703330012,0519030005,0847025008,07156,7352,0()( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=

,1000/∑=
j

jjfof NkL
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The values of the factor kf for the different types of domestic animals or poultry are presented in Table 
22. 

Table 22. Emission factors (kg year-1) Ptot and Ntot from one domestic animal and poultry [33, 63]. 
Animal Ptot Ntot 
Cattle 18.9 77.1 

Pigs 3.36 14.4 

Ewes, goats 1.3 5.3 

Poultry 0.28 1.14 

 

The population of domestic animals and poultry in 2013 for Leningrad and Pskov Regions is obtained 
from official statistic data, which can be found at:  http://knoema.ru/atlas/Российская-
Федерация/Ленинградская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-
и-птицы, http://knoema.ru/atlas/Российская-Федерация/Псковская-область/topics/Сельское-
хозяйство/Животноводство-Поголовье-скота-и-птицы (Table 23). 

Table 23. Animal and poultry population (1,000s) in 2013 
Administrative-
district within the 
basin 

Total area, 
km2 

Area, 
included in 
the basin, 
km2 

Animal unit and poultry, animal units: total/ 
considered within the basin 

Cattle Pigs 
Ewes, 
goats 

Poultry 

Leningrad Region 83,909 2,665 166.4/5.3 186.7/5.9 3.1/0.1 27.7/0.9 

Pskov Region 55,399 31,408 77.1/43.7 190.1/107.8 2.0/1.1 1.4/0.8 

Total, within the 
considered 
catchment area 

- - 49 113.7 1.2 1.7 

 

In [63] for more accurate estimate the modified formula for the calculation of load from organic 
fertilizers is given: 

,
1000

jjп
j

jjж

of

NkKNkK
L

+
=

∑
 

where Kж — the  input coefficient  of the biogenic substance from the  animal manure to the water 
bodies is equal to 0.38 for total phosphorous and 0.22 for total nitrogen - Identification of Priority 
Measures to Reduce Eutrophication from · North-West Russia into the Gulf of Finland (PRIMER, SYKE 
2009) [63] 

http://knoema.ru/atlas/Российская-Федерация/Ленинградская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-и-птицы
http://knoema.ru/atlas/Российская-Федерация/Ленинградская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-и-птицы
http://knoema.ru/atlas/Российская-Федерация/Ленинградская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-и-птицы
http://knoema.ru/atlas/Российская-Федерация/Псковская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-и-птицы
http://knoema.ru/atlas/Российская-Федерация/Псковская-область/topics/Сельское-хозяйство/Животноводство-Поголовье-скота-и-птицы
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Kn — the input coefficient of the biogenic substance from the dung to the water bodies is equal to 0.04 
for the total phosphorus and 0.16 for the total nitrogen - Identification of Priority Measures to Reduce 
Eutrophication from · North-West Russia into the Gulf of Finland (PRIMER, SYKE 2009) [63] 

Therefore, the load formed by organic fertilizers from animal habitation is equal to: 

Total nitrogen 

For the whole catchment basin: 

yeartNL totof /1193
1000

)3,512004,141137001,7749000(22,0)( . =
⋅+⋅+⋅⋅

=
 

At the same time in Leningrad Region the total nitrogen load from animal life activity was: 

yeartNL totof /109
1000

)3,51004,1459001,775300(22,0)( . =
⋅+⋅+⋅⋅

=
 

In Pskov region: 

yeartNL totof /1084
1000

)3,511004,141078001,7743700(22,0)( . =
⋅+⋅+⋅⋅

=
 

Total phosphorus 

For the whole catchment basin: 

yeartРL totof /498
1000

)3,1120036,31137009,1849000(38,0)( . =
⋅+⋅+⋅⋅

=
 

At the same time in Leningrad Region, the total phosphorus load from animal life activity was: 

yeartРL totof /46
1000

)3,110036,359009,185300(38,0)( . =
⋅+⋅+⋅⋅

=
 

In Pskov Region: 

yeartРL totof /452
1000

)3,1110036,31078009,1843700(38,0)( . =
⋅+⋅+⋅⋅

=
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The load calculation formed by organic fertilizers from bird activity showed: 
Total nitrogen Total phosphorus 
For the whole catchment basin 

yeartNL totof /43,0
1000

14,1170022,0)( . =
⋅⋅

=
 

For the whole catchment basin 

yeartРL totof /2,0
1000

28,0170038,0)( =
⋅⋅

=
 

For Leningrad Region: 

yeartNL totof /23,0
1000

14,190022,0)( . =
⋅⋅

=
 

For Leningrad Region: 

yeartРL totof /1,0
1000

28,090038,0)( . =
⋅⋅

=
 

For Pskov Region: 

yeartNL totof /2,0
1000

14,180022,0)( . =
⋅⋅

=
 

For Pskov Region: 

yeartРL totof /1,0
1000

28,080038,0)( . =
⋅⋅

=
 

 

The input of the biogenic substance from the animal manure and dung to the water bodies taking into 
account the retention coefficient are given in Tables 24 and 25. 

Table 24. The inputs of total nitrogen from animal habitation (2010-2013), t/year 
Administrative-
district within the 
basin 

Cattle Pigs Ewes, goats Poultry 

Leningrad Region 90 19 0.1 0.23 

Pskov Region 741 341 1.3 0.2 

Total within the 
basin 

831 360 1.4 0.43 

 

Table 25. The inputs of total phosphorous from animal habitation (2010-2013), t/year. 
Administrative-
district within the 
basin 

Cattle Pigs Ewes, goats Poultry 

Leningrad Region 38 7.5 0.05 0.1 

Pskov Region 314 138 0.5 0.1 

Total within the 
basin 

352 146 0.6 0.2 

 

It should be noted that in this work, the nutrient load generated by organic fertilizers is a potential 
maximum value of the load with the full use of all manure formed within the catchment as fertilizer for 
agricultural land. Possibly, the result will be overestimated relative to reality. However, due to the 
absence of reliable information and/or the problems of obtaining information on nutrient flows within 
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the catchment, this assumption seems to be most appropriate for this work [53]. An approximate 
estimate of diffuse loads of Lpop on the surface waters from rural settlements whose inhabitants are 
not connected to the sewer system and waste water treatment plants is obtained by using a certain 
formula. It is worth noting that the formula should be supplemented with data on emissions of nutrients 
from rural populations in settlements where there is no sewage system. An approximate estimation of 
the distributed load on the water surface of the basin formed as a result of human activity Lpop is 
possible to calculate with the annual time averaging using the following formula: 

,1000/∑=
j

jppjpop NkL
 

where kp  – coefficient of nutrients emission from one rural inhabitant for coefficient j denomination 
[kg/a]; for Ptot = 0.033 kg/person a year [63] and for Ntot = 5 kg/person a year [64]. The emission of the 
total nitrogen by one person is defined by the following method: in accordance with [64] normally one 
healthy human emits 10-15 g/day of total nitrogen. It is appropriate for the calculation to take the 
average value of 12.5 g/day, which gives approximately 5 kg/a. 

Np – the number of rural inhabitants not connected to the sewerage system and waste water treatment 
plants. 

It was assumed that number of rural inhabitants not connected to the sewer system is the same as the 
total number of rural inhabitants because most of the rural settlements in the Russian area are not 
covered by the sewage system. 

The total population of the rural inhabitants in the River Narva catchment for 1 January 2010 according 
to the statistical reports is 515,000 persons, of which 67% live in urban areas [47].  

More than 85% of the basin population (439,000) live in Pskov Region (69% urban; 31% rural). The share 
of Leningrad Region accounts for 15% of the basin population (76,000) (57% urban; 43% rural) [47]. The 
calculation results from human activity are given in Table 26. 

Table 26.Total population in the River Narva catchment area in 2010. 
Administrative 
district in the basin 

Total population 
Urban 
population 

Rural 
population 

Ntot Рtot 

Leningrad Region 76,000 43,320 32,680 163.4 1.1 

Pskov Region 439,000 302,910 136,090 680.4 4.5 

Total within the 
basin 

515,000 346,230 168,770 844 5.6 
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A comparison of the nutrient loads from diffuse and point sources is given in Tables 27 and 28. 

Table 27. Load of Ntot (t/a) from diffuse and point sources in the River Narva basin, 2010-2013. 

Administrative 
district in the 
basin 

Point 
sources 

Diffuse sources 
Runoff 
from 
urban 
lands 

Runoff 
from 
arable 
lands   

Runoff 
from 
natural 
lands 

Runoff 
from 
mixed 
land 

Emissions 
from 
animals  

Emissions 
from 
poultry 

Emissions 
from rural 
population  

Leningrad 
Region 

- 146 107 30 966 109 0.23 163.4 

Pskov Region - 1,210 6,564 1,090 7,154 1,084 0.2 680.4 

Total in the 
basin 

170.2  1,356 6,671 1,120 8,120 1,193 0.43 844 

 
Table 28. Load of Рtot (t/a) from diffuse and point sources in the River Narva basin, 2010-2013 

Administrative-
district in the 
basin 

Point 
sources 

Diffuse sources 

Runoff 
from urban 
lands 

Runoff 
from 
arable 
lands   

Runoff 
from 
natural 
lands 

Runoff 
from 
mixed 
lands 

Emissions 
from animals  

Emissions 
from poultry 

Emissions 
from rural 
population  

Leningrad 
Region 

- 13 2.8 2.1 83 46 0.1 1.1 

Pskov Region - 105 169 78 613 452 0.1 4.5 

Total in the 
basin 

40.0 118 172 80 696 498 0.2 5.6 

 

To quantitatively assess load losses with crops uptake, the following relation has been used: 

1000/fс АUL ⋅⋅= β  , 

where β – module of a nutrient removal with harvested vegetal mass [kg/centre],  
U – crop capacity [centre/ha] 
Af – the area of actively cultivated fields [ha].  
The area of actively cultivated fields is defined based on the existing available statistical data presented 
in [60, 61]. For Leningrad and Pskov Regions within the River Narva catchment basin, these values are 
114.6 and 4,212.4 km2 accordingly. 

The average crop uptake values, defined for conditions of the non-black soils in the Russian zone [36], 
have been used in calculation. Table 29, based on statistical data collected from official sources, gives 
the input data for the assessment nutrient losses with crops uptake in Leningrad Region for 2012. 
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Table 29. Input data for the assessment of nutrient losses with crops uptake in Leningrad Region (in the 

Narva basin) for 2012. 

Crop 
Crop uptake 
Ntot value, 
kg/centre 

Crop uptake 
Р2О5 value, 
kg/centre 

Crop capacity, 
centre/ha 

Area of  actively 
cultivated  fields, 
ha 

Corn 2.8 1.1 29.5 2,398 

Vegetables 0.43 0.17 135 0.1 

Potato 0.55 0.18 270 43 

Perennial grass 0.37 0.15 4.3 29 

 

yeartNL totс /205
1000

293,437,04327055,01,013543,023985,298,2)( . =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=
 

yeartOРLс /80
1000

293,415,04327018,01,013517,023985,291,1)( 52 =
⋅⋅+⋅⋅+⋅⋅+⋅⋅

=
 

In conversion to phosphorous 
yeartРL totс /35

142
6280)( . =
⋅

=
 

There is a lack of data for Pskov Region. The estimations for nitrogen and phosphorous runoff with the 
crops were based on the following assumptions.  

The determined proportionality connection is based on the area of arable land as well as on the 
calculated nutrients runoff in Leningrad Region. Knowing that 3% of the catchment area of the River 
Narva is located in Leningrad Region and 57% in Pskov, and that for 3% of the catchment basin the 
nitrogen and phosphorus intake are estimated at 205 and 35 t/year, respectively; it means that from 
lands in Pskov Region with harvested vegetal mass, annually discharged approximately 3,895 tonnes of 
total nitrogen and 665 tonnes of phosphorus. The results of the calculation of the total removal of 
nitrogen and phosphorus with harvested vegetal mass are presented in Table 30. 

Table 30. Runoff of total nitrogen and phosphorus with harvested vegetal mass in the Narva catchment 
basin, t/year. 

Administrative district in 
the basin 

Arable land area, 
km2 

Runoff of total nitrogen, 
t/year 

Runoff of total phosphorus, 
t/year 

Leningrad Region 114.6 205 35 

Pskov v 4,212.4 3,895 665 

Total in the basin 4,327 4,100 700 

 

The nutrient load on the River Narva catchment area in Russia (Ltot) is assessed by the following: 

yeartNL tottot /153754100084443,1193172662,170)( =−++++=  
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yeartРL tottot /10267003,1166,52,498106640)( . =−++++=  

From the total load on the catchment, a significant part of the nutrients are retained due to natural 
climate features and the mosaic structure of the catchment: 

yeartNL totret /7688153755,0)( . =⋅=  

yeartРL totret /687102667,0)( . =⋅=  

Therefore, the load on the River Narva is: 

yeartNL tot /7687768815375)( . =−=  

yeartРL tot /3396871026)( . =−=  

An assessment of the natural background load share in the total load in the River Narva from the 
catchment surface was based on the data in [37, 36] and corroborated by an independent method in 
[59], where it is noted that the background component of the load on Lake Pskovsko-Chudskoe and the 
River Narva is 36% for phosphorous and 45% for nitrogen from the total load in the catchment basin. 
Therefore, the natural background load constitutes the following figures in the calculations: 

yeartatNL totNAT /3459
%100

/7687%45)( . =
⋅

=
 

yeartatРL totNAT /122
%100

/339%36)( . =
⋅

=
 

All calculated features used in the applied method presented in Table 31.  

Table 31. Results of the annual nutrient load with the River Narva calculation originating from the 
Russian part of the catchment for 2010-2013. 

Parameter Lettering  
Value 

Ntot Рtot 

Catchment area (within Russia), km2 А 34,073 

Retention, t/a Lret 7,688 687 

Retention coefficient Rt 0.50 0.67 

Nutrient load on the catchment, t/a Ltot 15,375 1,026 

Nondimensional empirical parameters a 1.9 28.9 

b -0.49 -1.8 

Hydraulic load, m/a HL 3.746 

Rate of the runoff, l*sec/ km2 q 9.513 
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Share of  water surface,% W 8 

Runoff depth, mm/a y 300 

Load frompoint sources, t/a Lp 170.2 40 

Diffuse load from the emission of 
nutrients from various types of land 
surface, t/a 

Le 17,266 1,066 

Average nutrient concentrations in runoff 
from urbanized areas, g/m3 

Cu 2.3 0.2 

Average nutrient concentrations in runoff 
from arable land, g/m3 

Cf 3.1 0.08 

Average nutrient concentrations in runoff 
from natural territories, g/m3 

Cnat 0.7 0.05 

Average nutrient concentrations in runoff 
from mixed territories, g/m3 

Cmix 1.4 0.12 

Urban land area, km2 Au 801 

Arable land area, km2 Af 8,608 

Natural territories area, km2 Anat 19,333 

Mixed territories area, km2 Amix 5,331 

Runoff depth from the urban land, 
mm/year 

yu 735.6 

Runoff depth from the arable land, 
mm/year 

yf 250 

Runoff depth from the natural territories, 
mm/year 

ynat 300 

Runoff depth from the mixed territories, 
mm/year 

ymix 300 

Load, formatted by the mineral fertilizers 
applying, t/a 

Lmf Included in the dispersed chemical emission 
from different types of underlying surface  

Load, formatted by the organic fertilizers 
applying, t/a 

Lof 1,193.4 498.2 

Load from rural population, t/a Lpop 844 5.6 

Biogenic substances emission factor from Kfi cattle 77.1 18.9 
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one domestic animal, kg/a Kfi pigs 14.4 3.36 

Kfi poultry 1.14 0.28 

Number of domestic animals and poultry, 
thousand heads 

Ncattle 49 

Npigs 113.7 

Npoultry 1.7 

Ngoat, 
sheep 

1.2 

Atmospheric load, t/a La 0 116.3 

Module of a nutrients removal with 
atmospheric precipitation, t* km2/a  

α - 0.003 

Losses of nutrients with crops uptake, t/a Lc 4100 700 

Module of a nutrient removal with 
harvested vegetal mass, t* km2/a 

Βcorn 7.23 1.16 

Βpotato 7.00 0.92 

Βvegetables 9.78 1.42 

Nutrient load from the catchment to the 
River Narva water bodies  

L 
7,687 339 

 

7.4.2.  Uncertainty, related to the load calculation using the model 
To estimate the load from point sources to the watershed requires a considerable amount of 
information on the manufactured production, technological features of the production, water 
consumption, waste water treatment, etc. The volume, composition and dynamics of waste water 
discharges are determined by technological, socio-economic and other factors and not always have a 
scientific explanation. The occurrence of difficulties in collecting this kind of data and performing the 
subsequent calculations are clear. Therefore, as a rule, when developing the models of the pressure 
formation on water bodies, the contribution of point sources is described approximately through the 
official statistical reporting information on discharges and conducted in accordance with the official 
long-term plans to improve the system of waste water treatment on the considered plants. 
Unauthorized and irregular discharges may be considered only if there is reliable information, which is 
extremely difficult to get. Currently, the main official source of information on waste water discharges is 
statistical forms 2TPVodhoz of the Ministry of Natural Resources and Environment. The data contained 
in these forms are provided with an annual averaging, which imposes restrictions on the relevant 
calculating schemes and mathematical models in which these data are used. 

In general, the accuracy of the performed evaluations largely depends on the reliability of the source 
data pledged in the model. The state official statistical reporting information officially submitted to the 
objectives of the study are mainly used in our calculations. Information on the agricultural usage of 
territories, yield, etc., was also obtained from official public sources. The accuracy of the initial 
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information is confirmed by references to the source. Errors with which the data are given in statistical 
books, shared on the Internet, as well as in forms of governmental accounting have not been separately 
identified. 

The test results of the applied model are given in Kondratyev et al. [2010, pp 32], which shows a 
satisfactory correspondence between the measured and calculated characteristics of the low reliability 
of data monitoring and state statistical reporting. In addition, similar conclusions were made in Ershova 
[2013], which concludes that the model can be used for an approximate evaluation of the nutrient load 
to the Baltic Sea from the unexplored and insufficiently studied watersheds of Russia. It is important to 
note that the results of the model calibration and verification are based on a comparison of measured 
and simulated characteristics, which depend on used materials for field measurements and statistical 
reporting data, can indicate only the rough values of the obtained parameters. The obtained values can 
be considered as a basis for further calculations and observations, which increase the accuracy of 
assessments. The acceptability of the used calculation method is confirmed by a graphical display of the 
simulation results which is given below. 

 

 

Figure 45. Nutrients removal with the River Velikaya runoff (River station of Pskov city) as measured by 
(1) modelling and (2) Kondratyev et al. [2010]. 
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7.5.  Results overview 
For the interpretation and better understanding of the results, it is important to calculate the actual 
nutrient load with the River Narva to the receiving water body (Gulf of Finland). By comparing the 
transfer of nitrogen and phosphorus through the outlet with the calculated data load from the 
catchment area, we can approximately estimate the contribution of the area to the actual nutrient load 
into the Gulf. 

Based on Russian state monitoring data (2010-2013) presented in Table 19, the nutrient load with the 
River Narva to the Gulf of Finland was determined (according the annual nutrient load in the River Narva 
outlet, representing whole load with the Narva to the Gulf of Finland) (Table 32) . 

Table 32.  The Narva River state monitoring data 2 km downstream of Ivangorod and 12.3 km upstream 
of the mouth. 

Data 
Ntot Ptot 

Data 
Ntot Ptot 

mg/l mg/l mg/l mg/l 

04.02.2010 0.94 0.022 13.03.2012 0.72 0.009 

12.04.2010 0.84 0.018 17.04.2012 0.71 0.01 

03.08.2010 0.47 0.016 17.05.2012 0.52 0.008 

05.10.2010 0.51 0.022 06.06.2012 0.68 0.016 

01.02.2011 0.81 0.018 09.07.2012 0.67 0.016 

02.03.2011 0.51 0.018 06.08.2012 0.45 0.02 

19.04.2011 1.05 0.048 03.09.2012 0.54 0.012 

04.05.2011 0.76 0.016 01.10.2012 0.72 0.02 

01.06.2011 0.68 0.025 01.11.2012 0.79 0.013 

03.07.2011 0.63 0.023 03.12.2012 0.85 0.008 

05.08.2011 0.61 0.014 03.06.2013 1.05 0.011 

02.09.2011 0.66 0.014 08.07.2013 0.53 0.006 

04.10.2011 0.74 0.019 05.08.2013 0.63 0.007 

02.11.2011 0.83 0.017 09.09.2013 0.47 0.013 

02.12.2011 0.77 0.022 07.10.2013 0.64 0.006 

12.01.2012 0.99 0.01 11.11.2013 0.54 0.013 

16.02.2012 0.74 0.009 09.12.2013 0.67 0.016 
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On the basis of information on water quality from the state monitoring agency in Russia, some 8,500 
tonnes of total nitrogen and 194 tonnes of total phosphorus annually flows with the Narva River drain 
into the Gulf of Finland. 

Table 33.  The nutrient load with River Narva into the Gulf of Finland, t/year. 
Year Ntot Ptot 
2010 8,097.7 223.3 

2011 8,551.6 260.4 

2012 8,251.6 152.1 

2013 9,193.2 141.7 

Average for 2010-2013 8,523.4 194.4 

 

Comparing these data with the calculation of the nutrient load from the Narva River catchment basin 
was noted the following. Most of total nitrogen entering the Gulf of Finland is formed on the Russian 
part of the catchment. As for phosphorus, the total phosphorus load via outlet significantly less (almost 
twice) than it’s outlet fromthe Russian part of the catchment. This can be explained as follows - in the 
existing models, according to calculation of the nutrient load it is hard to consider such an important 
aspect, as the self-purification processes and overall buffering of the aquatic ecosystem. In addition, a 
large proportion of phosphorus can be held in numerous lakes. Phosphorus is an important element in 
the nutrition life of the plant communities. About the magnitude of its income and dynamics of the 
expenditure and accumulation of can judge the hydrobiological surveys, namely indicators of species 
composition and phytoplankton biomass and chlorophyll-A concentration and its seasonal dynamics. 
Since these calculations do not take into account these parameters, the evaluation of phosphorus load 
via an outlet of the Narva River to the Gulf of Finland is imprecise, because it is problematic to 
determine the contribution of Russian territory as phosphorus actively utilized by aquatic ecosystem. 
According to the results, however, we can conclude that the Narva River ecosystem can handle the 
anthropogenic phosphorus load (on the nearest perspective). 

If compare the obtained figures with total nutrient load, calculated within HELCOM PLC activities based 
on the Estonian monitoring data for 2010, the share of Russian load can be estimated as 49% for Ntot 
and 45% for Ptot. These percentages lower then approved share for the CART’s elaboration (67%).  

In general, for the period 2010-2013, the diffuse sources are the main contributor to the load from the 
Russian part of the Narva River catchment basin to the receiving basin - more than 80%. Load from point 
sources is negligible - less than 5% (Table 34). 
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Table 34. Main components of the nutrient load to the Narva River within the Russian part of its 
catchment area for the period of years, t/ year. 

Parameter 

Ntot Рtot Ntot Рtot 

2010-2013  
2005  

[36-38] 

Emissions from land (by different types of lying surface), including 
the load formed by the mineral fertilizers applying, Le+Lmf 

17,266 1,066 11,938 732 

Atmospheric deposition, Lа 0 116.3 0 146 

Point sources dischrges, Lр 170.2 40 439 83 

Organic fertilizer (deliverables from cattle and pigs ), Lof 1,193 498 6,538 1,586 

Organic fertilizer (deliverables from poultry), Lof 0.43 0.2 1,501 369 

Total on the Russian part of the catchment 19,475 1,726 21,449 2,926 

Uptake with crops, Lс 4,100 700 9,627 1,471 

Retention by catchment and hydrographic network, Lret 7,688 687 4,150 801 

Load from the Russian part of the catchment 7,687 339 7672 654 

Including natural component, LФОН 3,459 122 3,415 235 

Maximum allowable export according to Frumin et al.[59]* 4,142 244 - - 

Nutrient load through the outlet, t (2 km downstream of Ivangorod), 
2010-2013 , Lствор 

8,523.4 194.4 - - 

* - The maximum allowable export for the River Narva calculated by Frumin et al. based on the CARTs 
developed by HELCOM. The values have been calculated based on the calculation maximum area 
specific load and multiplying by the catchment area of the investigated river. These values should be 
taken as preliminary, and should be used primarilyfor scientific and management purposes. The order of 
significance is as follows for diffuse sources. The main input originates from agriculture runoff - mineral 
and organic fertilizers and emissions from the arable lands (more than 40%). The main input belongs to 
the nitrogen intake, and to a lesser degree (almost twice as less) to phosphorous. The portion of inputs 
from mixed territories is also significant at 40%. The remaining diffuse sources constitute 2-10%, the 
smallest load originating from rural populations (Table 35).  
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Table 35. Share of diffuse sources in the total nutrient load received by the River Narva from the 
catchment area,%. 

Component of total load Ntot Рtot 
Emissions from arable land 35% 11% 

Organic fertilizer (deliverables from animal production and poultry) 8% 32% 

Emissions from natural land 6% 5% 

Emissions from urban land 7% 8% 

Emissions from mixed land 39% 42% 

Emissions from rural population, not connected to the sewerage system 5% 2% 
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7.6.  Conclusions 
To implement this BASE Project task, the Institute of Limnology Load Model (ILLM) was used. This model 
is designed to calculate the total external loads of nitrogen and phosphorus in the common water 
bodies from the catchment while taking into account the existing limitations in the information provided 
by the state monitoring system of water bodies and state statistical reporting on waste water discharges 
and agricultural activities in the catchment areas in the North-Western Federal District of Russia.  

With the view to obtaining the maximum reliable results, input data for the model’s calculations were 
collected from state and regional authorities (the Neva Ladoga Water Basin Administration, Kaliningrad 
Hydromet Service, etc.), scientific organizations and Lithuanian representatives. Moreover, data from 
existing literature sources have been analysed, some of which have been kindly given from other BASE 
Project segments, etc. 

According to the calculation, the average annual load in the period 2010-2013 from the Russian part of 
the catchment to the Baltic Sea via the River Narva is approximately 7,687  tonnes of total nitrogen and 
339 tonnes of total phosphorous, where the natural background load constitutes 3,459 and 122 (Table 
34) tonnes of total nitrogen and total phosphorus, correspondingly. If the figures are compared with the 
total nutrient load, calculated within the HELCOM PLC activities based on the Estonian monitoring data 
for 2010, the share of Russian load can be estimated at 49% for Ntot and 45% for Ptot. These 
percentages are lower than the approved share for the CART’s elaboration (67%). Moreover, comparing 
these figures with averaged maximum values (4,142 tonnes for Ntot and 244 tonnes for Ptot [59]) it 
must be noted that total phosphorous load does not exceed the maximum allowable level while the 
total nitrogen load slightly exceeds maximum value at 86 tonnes. The main part of this calculated total 
Russian load refers to diffuse sources (more that 80%), namely the agriculture sector such as runoff 
from arable lands and emissions of organic and mineral fertilizers.  

A comparison of the obtained results with the assessments made earlier [53, 58, 26, 35-38, 46, 47, 65] 
and also with the assessments based on the other methods [59, 62], shows a comparability of the 
results and also the adequacy of the applied method for calculating the nutrient load albeit with several 
limitations and the lack of input data. 
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8. Results of several on-going activities on monitoring 
The hydrological and hydrochemical surveys carried out within the BASE Project and implemented in the 
Neva’s private catchment and on the rivers in Kaliningrad Region determined the main sources  of the 
nutrient load generation on the River Neva and give a rather accurate assessment of the nutrient loads 
coming from Kaliningrad Region. However, to estimate the total nutrient load to the Baltic Sea from the 
Russian part of the catchment, an assessment should be made of the nutrient load from unmonitored 
areas and with the unmonitored rivers in the Russian part of the Gulf of Finland’s private catchment; 
with the River Daugava; and with the River Luga.  

Currently, there are several environmental projects implemented in the region devoted, among other 
things, to the implementation of the HELCOM Baltic Sea Action Plan and the improvement of the 
monitoring system for HELCOM reporting.   

The Neva-Ladoga River Basin Administration activity implemented by the Institute of Limnology under  
the Russian Academy of Sciences, IL-RAS, (Project on “Improvement of the quality of data on nutrient 
inputs with the focus on transboundary loads” RusNIP Project II) can support in implementing the 
above.   

The compilation of these project results as well as the assessments obtained during the BASE Project 
and also State monitoring data will provide the necessary data for the estimation of nutrient loads from 
the Russian part of the Baltic Sea catchment.  
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8.1.  Information on the content and results of on-going monitoring 
activities  

8.1.1. Observations and estimation of the nutrient loads coming from Russian 
territory to the Baltic Sea 

Project 
(activity) name 

Observations and estimation of the nutrient load coming from Russian territory to the 
Baltic Sea.  

Executor (s) The Neva-Ladoga River Basin Administration activity implemented by the Institute of 
Limnology under  the Russian Academy of Sciences (IL-RAS) 

Implementation 
period 

2012-2013 

Aim(s) Evaluation of Russian nutrient loads coming to the Baltic Sea from the following 
pathways (sources):  

Unmonitored (not included in the state monitoring system) rivers of the north and 
south coasts of the Gulf of Finland (Russian part of the Gulf of Finland private 
catchment), included in the HELCOM PLC database as partly monitored rivers (17 
Rivers).  

Unmonitored areas of the north and south coasts of the Gulf of Finland (beyond the 
tributaries’ catchments; usually situated between the catchments of the 
monitored/partly monitored rivers). 

Direct point sources north and south coasts of the Gulf of Finland.  

Implemented 
activities 

Four rounds of hydrological-hydrochemicals surveys (in main hydrological seasons), 
including flow measurements, sampling and sampling analysis for the nutrients 
content, on the unmonitored rivers of the Russian part of the Gulf of Finland’s private 
catchment (Figures 48 and 49). 

 

Figure 48. Investigated rivers on the north coast of the Russian part of the Gulf of 
Finland. 
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Figure 49. Investigated rivers on the south coast of the Russian part of the Gulf of 
Finland. 

Collecting the necessary data and calculating the nutrient load from the unmonitored 
areas of the Russian part of the Gulf of Finland’s private catchment by applying the 
ILLM model. 

Collecting data on the nutrient load fromdirect point sources.  

Results Table 36. Ptot load (t/a) to the Gulf of Finland from the Russian part of the private 
catchment. 

 North-east coast South-east coast  Total 

Results of the 
measurements on the 
unmonitored rivers 

56.8 72.1 128.9 

Modelling results for the 
unmonitored areas 

71.8 43.3 115.1 

Direct point sources 11 
(Gulf of Finland) 

28.0 50.0 78.0 

Total load  156.6 165.4 322.0 

 

Table 37.  Ntot load (t/a) to the Gulf of Finland from the Russian part of the private 
catchment. 

 North-east coast South-east 
coast  

Total 

Results of the 
measurements on the 

1,134.5 1,749.0 2,883.5 

                                                           
11 This includes only sources discharging directly to actual Gulf but not to Neva Bay  
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unmonitored rivers 

Modelling results for the 
unmonitored areas 

1,342.0 541.0 1,883.0 

Direct point sources (Gulf of 
Finland)  

90.8 181.6 272.4 

Total load  2,567.3 2,471.6 5,038.9 
 

Possible 
additional input 
for total 
Russian 
nutrient load 
estimation and 
for the 
improvement 
of the 
monitoring 
system for 
future HELCOM 
reporting 

Based on the implemented work, the total load from the unmonitored areas and 
rivers of the Russian part of the Gulf of Finland  in 2013 is 244 t/a for Ptot and 4,766.5 
t/a for Ntot. The nutrient loads from Russian direct point sources are 78.0 t/a for Ptot 
and 272.4 t/a for Ntot. 
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8.1.2. Project “Improvement of the quality of data on nutrient inputs with the focus 
on transboundary loads” 

Project 
(activity) name 

Project “Improvement of the quality of data on nutrient inputs with the focus on  

transboundary loads” 

Executor (s) Finnish Environment Institute (SYKE) 

Implementation 
period 

2013-2014 

Aim(s) To support the assessment of the share of transboundary nutrient loads originating 
from the Daugava/Western Dvina and Nemunas/Neman catchments in the total 
inputs to the Baltic Sea.   

To support the compilation and assessment of nutrient load data (PLC), and to 
improve its quality, completeness and consistency.   

To support intercalibration exercises, including the testing of sampling methodology, 
and the application of common quality assurance methods for the collection of data 
in participating countries (Latvia, Lithuania and Belarus).   

Implemented 
activities 

Two common samplings were carried out in May and November (at the border and in 
the mouth) in the Rivers Daugava and Nemunas (Lielupe and Venta), as shown in 
Figure 50.  

 

Figure 50. Project sampling sites. 

Quality assurance and quality control (QA/QC) with the focus on transboundary loads, 
including intercomparasion analyses in Latvian, Belorussian, Lithuanian and Finnish 
laboratories. 

Preparatory work for establishing a common methodology for filling in data gaps and 
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missing data, especially with respect to the transboundary  loads. 

Carrying out the Final Workshop of the HELCOM project “Improvement of the  

quality of data on nutrient inputs with the focus on transboundary loads” with 
representatives of the HELCOM Countries and Belorussia on 11 March 2014. 

Results General results of the project  

The results of the samples analysed in different laboratories were comparable in 
general, especially for total nitrogen. One of the most interesting findings was that 
the concentrations of total phosphorus and nitrogen in the River Daugava at its 
mouth were half of the concentrations measured at the border between Latvia and 
Belarus during the 2nd sampling round, suggesting high retention. The existence of 
several large reservoirs for hydroelectric plants along the Daugava could contribute to 
this high retention. Conductivity was measured at all sampling sites to determine the 
effect of meteorological conditions (e.g. possible diluting effect of seawater); and as 
the results were similar between the two samplings, the effect of seawater intrusion 
could thus be excluded. 

Estimates of the transboundary loads from Belarus based on the samples carried out 
during the project were compared with previous estimates made by BNI and data 
reported by Belarus and Lithuania, and were found to be more or less comparable.  

The main conclusions of the workshop with a specific focus on the results 
contributing to the assessment of Russian loads with the River Daugava 

According to the information presented during the workshop, Belarus has an 
agreement with Russia concerning monitoring information exchange of the River 
Daugava, etc. (presented by the Belarussian representative Mr. Pakhomau.) Mr. 
Pakhomau informed that the intercomparison test between Russian and Belorussian 
laboratories has been implemented and shows good comparability. Moreover, in 
accordance with Belorussian data, the nutrient load near the BY/RU border in 2009 
constitute around 250 t/a for P-PO4 (380 t/a for Ptot) and 4,500 of 
∑N(NH4,NO3,NO2).  

Possible 
additional input 
for total 
Russian 
nutrient load 
estimation and 
for 
improvement of 
the monitoring 
system for 
future HELCOM 
reporting 

1) According to the 2nd sampling results, the retention in the River Daugava in Latvia 
could be two times higher than using HELCOM CART’s calculations. This might 
influence the Russian share in total nutrient load to the Gulf of Riga with the River 
Daugava. Because the results of the project based on two screening samplings, the 
retention values should be studied in more detail, e.g. within bilateral cooperation. 

Moreover, according to the results of the project, the annual Ptot load for 2013 on 
the BY/LV border is 1.5 higher than that calculated based on the Belorussia data for 
the period 2004-2011, and Ntot is three times higher than that calculated based on 
the Belorussia data  for dissolved nitrogen  for the period 2004-2011. 

These results cannot be directly applied for estimating the share of the Russian load 
in 2013 because there are no recent data concerning the value of nutrient loads 
coming from Belorussia; for this reason, it is impossible to determine whether the 
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exceeding of nutrient loads defined during the project is caused by Belorussian or 
Russian loads.   

2) According to the Russian data for 2009, presented in the SKIOVO materials, the 
load from the Russian side at the BY/RU border might constitute approximately 200 
t/a for P-PO4 and 4000 t/a for ∑N(NH4,NO3,NO2). It can be concluded, therefore, 
that these figures are almost comparable to the Belorussian data at the BY/RU border 
and that Belorussian data for 2011 (according to the presentation of Mr. Pakhomau - 
370 t/a for Ptot and 4500 for ∑N) might be taken for a rough estimation of the 
Russian load to the River Daugava. Taking into account the retention share used for 
the PLC 5.5 dataset (0.54 for Ntot and 0.71 for Ptot), the Russian load with the River 
Daugava to the Baltic Sea in 2011 is roughly estimated at 100 t/a Ptot and 2,000 t/a 
∑N. 
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8.1.3. Capacity for Compliance with the Baltic Sea Action Plan,  

RusNIP Project Phase II  
Project (activity) name Capacity for Compliance with Baltic Sea Action Plan, RusNIP Phase II  

 

Executor (s) Joint Russian-Swedish Project: Swedish Environmental Protection Agency, 
SLU,  SPb  PO ‘Ecology and Business’ 

Implementation period 2012-2014 

Aim(s) The aim of the activities in RusNIP II is to contribute to the harmonization 
of assessment methods in the Russian catchment area of the Baltic Sea by 
generating comparable and reliable data for assessing and evaluating 
sources mainly for nutrients and to some extent hazardous substances, 
namely: 

• To contribute, mainly concerning eutrophication, to the 
implementation of the Baltic Sea Action Plan and its goal to 
achieve good environmental status in the Baltic Sea by 2021. 

• The elaboration of the recommendations on effective monitoring 
and assessment tools, and corresponding administrative routines 
for re-assessing the current environmental problems as well as to 
improve environmental reporting to HELCOM. 

• The monitoring and assessment of loads and source 
apportionment of nutrients and selected hazardous substances in 
test cases in Leningrad and Kaliningrad Regions. The results and 
experiences should be evaluated and used as a basis for proposing 
relevant methods and approaches that are in line with the 
requirements for HELCOM PLC. 

• The harmonization of assessment methods in the Russian 
catchment area of the Baltic Sea by having comparable and 
reliable data for the assessments and evaluation of sources mainly 
for nutrients and to some extent hazardous substances. 

• To propose methods for assessing nutrient loads to the Baltic Sea 
from monitored rivers and unmonitored areas and the 
contribution from different sources.  
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Implemented activities The RusNIP II project has been engaged in monitoring activities and source 

apportionment modelling.  

An evaluation was made during the course of the project of two models 
for the complex analysis of nutrient load distribution: the Swedish model 
FyrisNP l (Vidén-Nilsson (Widén-Nilsson) et al, 2012a; Vidén-Nilsson et al, 
2012b) and the Russian ILLM model (Kondratyev, 2007). Within the 
framework of the project, a report describing the methodology and the 
indata needed for the FyrisNP model was drawn up. The ILLM model was 
also tested to assess nutrient loads and source apportionment using 
Instruch data, although the data demands are different compared with 
FyrisNP. 

A report suggesting an improved organizational and environmental 
assessment system for producing pollution load assessments for HELCOM 
PLC was conducted as a part of the RusNIP II project. 

Results AND 

Possible additional input 
for the estimation of total 
Russian nutrient loads and 
for improving the 
monitoring system for 
future HELCOM reporting 

During the RusNIP II project, a report was prepared suggesting an 
improved organizational and environmental assessment system for 
producing pollution load assessments for HELCOM PLC. The assessments 
cover the main catchments in the Russian Federation draining into the 
Gulf of Finland and Baltic Proper, and indirectly via transboundary rivers to 
the Gulf of Riga. 

A system for monitoring and assessments should at least contain the 
following five components:  

• Monitored Rivers 
• Point sources 
• Unmonitored areas 
• Source apportionment 
• A reporting program  

These programs will supply data for either the PLC annual reporting or PLC 
periodical reporting to HELCOM. They will also serve as a follow-up of the 
measures taken according to the National Implementation Plan according 
to the BSAP. 

These programs and mechanisms do not necessarily have to be placed in 
the same agency/organization. Preferably, there should be a mandate or a 
request for cooperation from the federal body, the Ministry of Natural 
Resources (MNR), to all organizations forming the system. 

Moreover, it was concluded that to improve the quality of Russian data 
submitted to the PLC database, it is necessary to encourage that solutions 
are found to the following problems identified in the course of the work: 

• The lack of official regulation documents from MNR that would 
request regional bodies to acquire official data to be submitted to 
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the PLC database. 
• The lack of a procedural framework and an agency responsible for 

the estimations and assessment of loads from unmonitored areas, 
diffuse sources, natural background losses and retention. 

• The lack of funding for enhanced monitoring on the River 
Pregolya. 

• The lack of bi-lateral agreements between Russian and other 
countries on solving the situation for divided loads on 
transboundary and border rivers 

Based on the conducted modelling research, the following conclusion and 
recommendation for modelling tools were made: 

There a many modelling tools for calculating nutrient loads and source 
apportionment in catchments, both commercial and freely available. In 
order to be useful, catchment models should be able to model both 
hydrology, pollution transport and retention in rivers and lakes. It should 
also be able to handle inputs of both point sources and diffuse sources. 
The choice of modelling tools should be based on the purpose with the 
assessment and availability of indata. 

The RusNIP project collected information on the Swedish FyrisNP model 
and the Russian ILLM model. Both models have been used earlier in the 
HarmoBalt and BaltHazAR projects and applied in the catchments of the 
Rivers Luga, Instruch and Mamonovka. 

The FyrisNP model is a semi-empirical model that has been applied in all 
three catchments. The overall conclusion is that it works well for 
monitored catchments and the indata demand is moderate; moreover, 
good results can be achieved in both small and large catchments (up to 
50,000 km2). 

A documented setup of FyrisNP for the River Luga has been made, which 
can serve as an example and guideline for other rivers reported as 
monitored to HELCOM PLC.  

The ILLM model has been applied in the catchments of the Rivers Luga 
(BaltHazAR) and Instruch. It is a mass balance model that is relatively 
simple to use and is openly available from: 
http://www.limno.org.ru/eng/mod.htm#num10. 

The ILLM model is most suitable for relatively large catchments. It is best 
applied in monitored catchments so the result can be compared with 
monitoring data from the outlet of the catchment; however, it can also be 
extended to areas without river monitoring, i.e. to unmonitored areas. The 
accuracy of the result is heavily dependent on data from agriculture, 
notably nutrient inputs from manure, mineral fertilizers and nutrient 
outputs by crop uptake.  

http://www.limno.org.ru/eng/mod.htm#num10
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8.2.  Assessment of the nutrient load with the River Luga to the Baltic Sea 
For an approximate estimation of the nutrient load with the River Luga to the Gulf of Finland, the state 
monitoring data for the period June 2013-March 2014 (compliance with BASE Project measurements 
period) and long-term hydrological characteristics have been used.  

State monitoring includes measured concentrations of Ntot and Ptot during the period June 2013-March 
2014 for the lowest state site (48 km above mouth). 

As the state data concerning the measured flow for 2013-2014 is currently lacking, the rough 
assessment of the long-term average flow value of 104 m3/sec has been used, defined in the SKIOVO 
materials for the period 1978-2009. 

The total nutrient load coming with River Luga has been calculated using the equation from the PLC 
Guideline, the same as for the calculation of the nutrient load with River Neva based on the extended 
data  (Chapter 1.5), which is 3,990 t/a for Ntot and 139 t/a for Ptot. 
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8.3.  Overall conclusions 
The above mentioned activities, together with the assessment obtained based on the results of the 
hydrological-hydrochemical surveys in the River Neva catchment and assessment of the Russian share in 
the nutrient load coming with River Narva to the Gulf of Finland within BASE Project, gives an 
approximate assessment of the total nutrient load coming from Russia to the Gulf of Finland and the 
Gulf of Riga (Table 38). 

Table 38.  Total nutrient load from Russian territory to the Gulf of Finland and Gulf of Riga 
Pathway Sub-basin Ptot load, t/a Ntot load, t/a 
River Neva 

Gulf of Finland 

2,700 63,045 

Luga River 139 3,990 

Narva River 339 7,687 

Unmonitored 
areas and Rivers of 
the Russian part of 
the Gulf of Finland 
catchment 

244 4,767 

Direct point 
sources12 

346 7,713 

TOTAL 3,765 87,208 

Daugava  Gulf of Riga 100 2,000* 

* The value shows the sum of the nitrogen fractions, the total load is higher. 

As stated above, the obtained assessments as well as the resulted figures for the total nutrient load 
from Russia are approximate but the most complete to date. There are several uncertainties that may 
cause either a decrease or increase of the obtained values. Among the most significant are: 

• The total load with River Neva and also the load from several unmonitored rivers of the Gulf of 
Finland catchment is included in some of the transboundary load from Finland. 

• The frequency of concentration and flow measurements with the BASE Project in the Neva 
catchment and within the Institute of Limnology activities on the unmonitored rivers lower than 
recommended in the PLC Guideline. 

• Several input data assumptions for the estimation of the Russian share in the total nutrient load 
coming with River Narva using modelling. 

• The total Russian load with the River Daugava calculated for 2011, due to the lack of more 
recent assessments. 

                                                           
12 Showing point sources discharging to the actual Gulf and Neva Bay. Data received from the BASE Project’s 
Russian Partner. 
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For more accurate assessments, the following activities are recommended to be implemented in the 
near future: 

• Take into account the transboundary load from Finland, e.g. by establishing agreements in 
bilateral cooperation and/or the HELCOM process. 

• Improve the data collection for modelling activities and model verification in the River Narva 
catchment. 

• Collect the most recent data on the nutrient load in the River Daugava at the border between 
Russia and Belorussia, using Russian state monitoring capacity and/or data from the Belorussian 
side obtained within the exciting bilateral agreement. 
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Annex 1. Description of the chemical analysis methodology 
 

Chemical analyses were carried out by the Laboratory of the North-West Department of 
Hydrometeorology and Environmental Monitoring, the Federal State Institution (HYDROMET) in Saint-
Petersburg. This laboratory participated in the PLC-6 Project intercalibration and also in the Balthazar II 
Project Component 2.2 “Building capacity within environmental monitoring to produce pollution load 
data from different sources for e.g. HELCOM pollution load compilations”. The quality assurance 
procedures and the professional capacity of the laboratory have been proven in comparison tests, and 
further ensured in the cross-sampling and analysing activities of the Balthazar Project, as well as within 
the BASE Project.  

 

HYDROMET laboratory April 2012.  Photograph by T. Väisänen. 

The chemical analyses for the BASE Project were conducted in accordance with the state official 
method.  

According to these documents, the content of the total nitrogen and total phosphorous were 
determined by thoroughly analysing the mixed unfiltered sample. 

The measurement of the mass concentration of total phosphorus was based on the transfer of all 
phosphorus compounds in orthophosphates by oxidation with potassium persulfate in acidic medium 
under heating. The orthophosphate is then determined by the photometric method for forming reaction 
molybdophosphoric heteropolyacid. 

Measuring the mass concentration of total nitrogen is based on the oxidation of nitrogen-containing 
compounds by heating with potassium persulfate in an alkaline solution. The nitrogen contained in 
organic and inorganic compounds, the reaction is converted into nitrate, which further reduces copper-
clad metal cadmium to nitrite, followed by the last definition of the colour reaction with Griess reagent. 
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Annex 2. Measured flow values within works under BASE Project. 
No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

1 Head of the River Neva 
at the outflow from 
Lake Ladoga 

02.07.13  3,770 01.10.13  3,070 04.02.14  2,310 09.04.14  2,960 

2 River Chernaya (mouth) 
- on the right bank of 
the Neva 

02.07.13  5.35 02.10.13 4.18 03.02.14 0.55  07.04.14  0.44  

3 River Dubrovka (mouth) 
- right bank of the Neva 

02.07.13  0.73       

4 River Chernaya rechka 
(mouth) - on the right 
bank of the Neva 

02.07.13  0.50       

5 River Grunevka (mouth) 
- on the right bank of 
the Neva 

02.07.13  0.056       

6 River Chernaya 
(Krasnaya Zarya 
settlement) - on the 
right bank of the Neva 

02.07.13  0.16       
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No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

8 River Okhta (mouth) - 
on the right bank of the 
Neva 

03.07.13  24.3 02.10.13 12.6 06.02.14  11.0 10.04.14  8.39 

24 River Okhta on the 
border city/region  

01.07.13  1.13 01.10.13 3.44 03.02.14  1.88 07.04.14  3.22 

7 River Utka. (mouth)  - 
on the right bank of the 
Neva 

03.07.13  0.30       

9 River Chernaya rechka 
(SPb) (mouth)  - on the 
right bank of the Neva 

03.07.13  -0.63 02.10.13 1.39 06.02.14 0.11 10.04.14  0.010 

10 Novoladozhskiy canal 
(mouth) - on the left 
bank of the Neva 

01.07.13  39.8 01.10.13 37.2 03.02.14 18.7 07.04.14  42.7 

12 Watercourse from 
Sinyavino (mouth) - on 
the left bank of the 
Neva 

02.07.13  0.41       



114 
 

No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

13 River Moyka (LO) - on 
the left bank of the 
Neva 

02.07.13  2.94 01.10.13 1.60 03.02.14  0.29 07.04.14  1.03 

14 River Mga (mouth) - on 
the left bank of the 
Neva 

02.07.13  9.89 01.10.13  5.82 05.02.14  13.9 08.04.14 6.72 

15 River Tosna (mouth) - 
on the left bank of the 
Neva 

03.07.13  9.47 02.10.13 2.92 05.02.14  22.4 09.04.14  11.6 

16 River Izhora (mouth) - 
on the left bank of the 
Neva 

03.07.13  12.5 01.10.13 7.09 05.02.14. 8.25 09.04.14 13.3 

25 River Izhora on the 
border city/region 

01.07.13  8.17 01.10.13 3.95 05.02.14. 6.70 07.04.14  8.18 

17 River Slavyanka (mouth) 
- on the left bank of the 
Neva 

03.07.13  2.06 02.10.13 1.40 05.02.14  2.94 09.04.14  2.16 

26 River Slavyanka on the 
border city/region 

01.07.13  0.13 01.10.13 0.075 03.02.14  0.089 07.04.14  0.29 
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No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

18 River Murzinka (mouth) 
- on the left bank of the 
Neva 

03.07.13  0.39       

23 River Utka on the 
border city/region 

03.07.13  0.051       

19 Big Neva (mouth) 05.07.13  1,860 03.10.13 1,620 calculation using 
statistically 
approved 
coefficients for 
04.02.14 

1,400 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

1,818 

20 Small Neva (mouth) 05.07.13  908 03.10.13 632 calculation using 
statistically 
approved 
coefficients for 
04.02.14 

445 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

576 

21 Small Nevka (mouth) 04.07.13  276 03.10.13 242 calculation using 
statistically 
approved 
coefficients for 
04.02.14 

208 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

270 
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No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

22 Big Nevka (mouth) 04.07.13  76.8 03.10.13 61.8 calculation using 
statistically 
approved 
coefficients for 
04.02.14 

61 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

78.8 

- Srednaya Nevka     calculation using 
statistically 
approved 
coefficients for 
04.02.14 

176 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

227 

27 the River Neva on the 
border city/region- 
(downstream from the 
Chernaya rechka inflow) 

02.07.13  3,770 01.10.13 3,070 04.02.14  2,340 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

3,010 

28 the River Neva - 1.2 km 
downstream from the 
River Chornaya mouth 
(LO) 

  01.10.13 3,070 04.02.14  2,310 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

3,000 



117 
 

No. of 
sampling 
point  

 

Name of the 
watercourse, location 
relative to the River 
Neva 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

Date of the 
measurements 

 Water 
flow,  

m3/sec 

29 the River Neva - 1.7 km 
downstream from the 
River Dubrovka 

  01.10.13 3,070 04.02.14  2,310 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

3,000 

30 the River Neva - 8.4 km 
downstream from the 
River Mga  

  01.10.13 3,070 04.02.14  2,320 calculation using 
statistically 
approved 
coefficients for 
09.04.14 

3,010 

31 the River Neva - 0.5 km 
downstream from the 
River Slavyanka  

  01.10.13 3,070 04.02.14  2,340 09.04.14 3,030 
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Annex 3. Measured concentrations of the Ptot and Ntot within works under BASE Project  
No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

1 Head of the 
River Neva, 
at the 
outflow 
from Lake 
Ladoga 

0.5 03.07.
13 

0.009 0.61 
02.10. 
13 

0.013 0.52 
   08.04.

14 
0.027 0.47 

1a 0.1 
      

05.02.
14 

0.101 1.03 
08.04.
14 

0.038 0.71 

1b 0.9 
      

05.02.
14 

0.042 0.64 
08.04.
14 

0.032 0.54 

2 River 
Chernaya 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

02.07.
13 

0.219 2.08 
02.10. 
13 

0.133 1.41 
03.02.
14 

0.216 1.62 
07.04.
14 

0.125 1.25 

3 River 
Dubrovka 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

02.07.
13 

0.184 2.13 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

4 River 
Chernaya 
rechka 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

02.07.
13 

0.159 2.19 

         

5 River 
Grunevka 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

02.07.
13 

0.158 1.83 

         

6 River 
Chernaya 
(Krasnaya 
Zarya 
settlement) 
- on the 
right bank 
of the Neva 

0.5 

02.07.
13 

0.512 4.73 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

8 River Okhta 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

03.07.
13 

0.355 3.68 
02.10. 
13 

0.199 2.49 
06.02.
14 

0.291 3.93 
10.04.
14 

0.245 3.36 

24 River Okhta 
on the 
borderer 
city/region  

0.5 
01.07.
13 

0.336 2.85 
01.10. 
13 

0.253 2.06 
03.02.
14 

0.267 2.27 
07.04.
14 

0.305 2.55 

7 River Utka. 
(mouth)  - 
on the right 
bank of the 
Neva 

0.5 

03.07.
13 

0.486 1.52 

         

9 River 
Chernaya 
rechka 
(SPb) 
(mouth)  - 
on the right 
bank of the 

0.5 

03.07.
13 

0.064 0.77 
02.10. 
13 

0.023 0.62 
06.02.
14 

0.169 1.20 
10.04.
14 

0.036 0.70 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Neva 

10 Novoladozh
skiy canal 
(mouth) – 
on the left 
bank of the 
Neva 

0.5 

01.07.
13 

0.061 0.91 
01.10. 
13 

0.067 0.97 
03.02.
14 

0.042 0.89 
07.04.
14 

0.07 0.81 

12 Watercours
e from 
Sinyavino 
(mouth) - 
on the left 
bank of the 
Neva 

0.5 

02.07.
13 

0.225 2.12 

         

13 River 
Moyka (LO) 
- on the left 
bank of the 
Neva 

0.5 

02.07.
13 

0.555 3.31 
01.10. 
13 

0.311 2.51 
03.02.
14 

0.089 0.92 
08.04.
14 

0.247 1.70 

14 River Mga 0.5 03.07. 0.260 2.43 02.10. 0.048 0.67 05.02. 0.106 1.20 08.04. 0.111 1.27 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

(mouth) - 
on the left 
bank of the 
Neva 

13 13 14 14 

15 River Tosna 
(mouth) – 
on the left 
bank of the 
Neva 

0.5 

03.07.
13 

0.309 2.5 
02.10. 
13 

0.032 0.79 
05.02.
14 

0.038 0.65 
09.04.
14 

0.163 1.60 

16 River Izhora 
(mouth) – 
on the left 
bank of the 
Neva 

0.5 

03.07.
13 

0.351 3.35 
02.10. 
13 

0.115 1.64 
05.02.
14 

0.033 0.98 
09.04.
14 

0.363 1.70 

25 River Izhora 
on the 
boarder 
city/region 

0.5 
01.07.
13 

0.266 1.07 
01.10. 
13 

0.239 2.65 
03.02.
14 

0.146 4.40 
07.04.
14 

0.179 3.07 

17 River 
Slavyanka 

0.5 03.07.
13 

0.041 1.17 
02.10. 
13 

0.231 1.02 
05.02.
14 

0.148 1.75 
09.04.
14 

0.806 4.92 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

(mouth) – 
on the left 
bank of the 
Neva 

26 River 
Slavyanka 
on the 
boarder 
city/region 

0.5 

01.07.
13 

0.181 0.71 
01.10. 
13 

0.215 2.76 
03.02.
14 

0.096 2.71 
07.04.
14 

0.207 3.13 

18 River 
Murzinka 
(mouth) – 
on the left 
bank of the 
Neva 

0.5 

03.07.
13 

0.194 1.59 

         

23 River Utka 
on the 
boarder 
city/region 

0.5 
03.07.
13 

0.154 1.26 

         

19 Big Neva 0.5 04.07. 0.026 0.79 02.10. 0.031 0.54 03.02. 0.032 0.61 10.04. 0.031 0.62 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

(mouth) 13 13 14 14 

20 Small Neva 
(mouth) 

0.5 04.07.
13 

0.030 0.83 
02.10.
13 

0.027 0.65 
04.02.
14 

0.032 0.72 
10.04.
14 

0.028 0.67 

21 Small 
Nevka 
(mouth) 

0.5 
04.07.
13 

0.026 0.8 
02.10. 
13 

0.021 0.67 
04.02.
14 

0.022 0.67 
10.04.
14 

0.027 0.65 

22 Big Nevka 
(mouth) 

0.5 04.07.
13 

0.030 0.70 
02.10. 
13 

0.019 0.63 
04.02.
14 

0.026 0.68 
10.04.
14 

0.025 0.54 

- Srednaya 
Nevka 

0.5             

27 River Neva 
on the 
border 
city/region- 
(downstrea
m of the 
Chernaya 
rechka 
inflow) 

0.5 03.07.
13 

0.015 0.53 
02.10. 
13 

0.023 0.62 
06.02.
14 

0.040 0.76 
09.04.
14 

0.022 0.54 

27a 0.1 
      

06.02.
14 

0.019 0.81 
09.04.
14 

0.044 0.88 

27b 0.9 

      
06.02.
14 

0.276 0.97 
09.04.
14 

0.024 0.50 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

28 the River 
Neva - 1.2 
km 
downstrea
m of the 
River 
Chornaya  
mouth (LO) 

0.5    02.10. 
13 

0.019 0.5 
05.02.
14 

0.012 0.58 
08.04.
14 

0.021 0.56 

28а 0.1    
   

05.02.
14 

0.058 0.90 
08.04.
14 

0.038 0.65 

28b 0.9    
   

05.02.
14 

0.028 0.97 
08.04.
14 

0.024 0.48 

29 the River 
Neva - 1.7 
km 
downstrea
m of the 
River 
Dubrovka 

0.5    02.10. 
13 

0.027 0.51 
06.02.
14 

0.056 0.72 
08.04.
14 

0.015 0.53 

29a 0.1    
   

06.02.
14 

0.255 1.72 
08.04.
14 

0.028 0.58 

29b 0.9    
   

06.02.
14 

0.026 0.63 
08.04.
14 

0.016 0.58 

30 the River 
Neva - 8.4 
km 
downstrea
m of the 

0.5    02.10. 
13 

0.023 0.52 
06.02.
14 

0.188 0.97 
08.04.
14 

0.021 0.54 

30a 0.1    
   

06.02.
14 

0.016 0.75 
08.04.
14 

0.021 0.55 
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No. of 
sampli

ng 
point 
on a 
map 

 

Name of 
the 

watercours
e, 

location 
relative to 
the River 

Neva 

Verti
cal 

1st sampling round 2nd sampling round 3rd sampling round 4th sampling round 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

Sampli
ng 

date 

Concentra
tion Ptot, 

mg/l 

Concentra
tion Ntot, 

mg/l 

30b River Mga  0.9    
   

06.02.
14 

0.024 0.66 
08.04.
14 

0.027 0.64 

31 the River 
Neva - 0.5 
km 
downstrea
m of the 
River 
Slavyanka  

0.5    01.10. 
13 

0.026 0.65 
06.02.
14 

0.065 0.64 
09.04.
14 

0.03 0.68 

31a 0.1    
   

06.02.
14 

0.039 0.86 
09.04.
14 

0.05 0.80 

31b 0.9    
   

06.02.
14 

0.111 0.67 
09.04.
14 

0.025 0.70 
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