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Abstract—The unit area background discharges of total nitrogen from the catchment areas of some 
unmonitored and partially monitored rivers of the Gulf of Finland basin and background concentrations of total 
nitrogen in waters of these rivers were estimated. 
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Assessment of the state of the marine environment 
of the Baltic Sea over the last few decades by experts 
of the Helsinki Commission for the Protection of the 
Marine Environment of the Baltic Sea (HELCOM) has 
resulted in the conclusion that the major negative 
changes in the sea are associated with eutrophication 
process [1–3]. The Gulf of Finland is considered to be 
one of the most eutrophic regions of the Baltic Sea, not 
only because of a high nutrient load but also because 
of a relatively small volume of seawater. The water of 
the Gulf of Finland is shallow, with the average depth 
of 35 m. 

The causes and relative significance of the natural 
and anthropogenic components in eutrophication of the 
Baltic Sea are very difficult to elucidate and remain 
open to debate. The reason lies in the specific physical 
and geographical features of the sea, owing to which 
natural processes and factors have emerged as possible 
essential contributors to eutrophication in many of its 
manifestations. 

The sources of nutrient enrichment of Baltic Sea 
may be of natural or anthropogenic origin. The natural 
load is mainly due to chemicals carried by surface 
water runoff from natural landscapes (forests, 
wetlands, grasslands of natural origin, etc.) during 
rainfall or snowmelt events. The sources of anthro-
pogenic component are industrial, municipal, and 
agricultural wastewater discharges, as well as cont-
aminants dissolved and suspended in the runoff from 
agricultural and arable lands, pastures, and fertilized 

and abandoned areas. According to the HELCOM 
estimates [4], 30 to 40% of the nitrogen input to the 
Baltic Sea aquatic area is accounted for by agriculture 
today. In the Baltic Sea catchment area on the whole, 
diffuse sources are the most powerful contributors 
(71%) to the total nitrogen load [3].  

The Gulf of Finland catchment area is shared 
between Russia (67%), Finland (26%), and Estonia 
(7%), with <0.1% belonging to Latvia. The largest 
river in this catchment area and in the entire Baltic Sea 
catchment area is Neva. 

The Russian part of the Gulf of Finland catchment 
area includes St. Petersburg, almost entirely Leningrad 
oblast and Novgorod oblast, the eastern part of Pskov 
oblast, and the north-western parts of Tver oblast and 
Vologda oblast, as well as the western part of 
Arkhangelsk oblast and south of Karelia. In general, 
the landscape in this area consists of lowlands, with 
abundant wetlands. Forests cover more than 55% of 
the territory; lakes and bogs occupy 17% and 13%, 
respectively. This area has a population density of              
30 people km–2; the total population is 8 mln, among 
them ca. 80% in St. Petersburg and Leningrad oblast; 
the proportion of urban areas is 2%, and that of agri-
cultural land, 12% [4–6]. 

During the Baltic Sea study period, the nutrient 
balance was repeatedly evaluated and consistently 
updated. According to [7], the main item (>60%) of the 
revenue in the nutrient balance is the riverine runoff, 
which situation is typical of seas located in the humid 
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zone and having a hindered water exchange with the 
ocean. This clearly necessitates the quantitative 
assessment of not only the sources of nutrients in the 
basin but also of the differentiated natural (back-
ground) and anthropogenic components at the nutrient 
riverine runoff outlets. 

Previously, we proposed and tested techniques for 
assessing the background component of the nutrient 

Unit area background discharges and background concentrations of total nitrogen for selected rivers of the Gulf of Finland 
basin 

Run no. River S, km2 RAA,  
m3 s–1 

М(ТN)BCKGD, 
(N kg)  

km–2 year–1  

Q(ТN) BCKGD,  
t year–1 Rt(ТN) СAA(ТN) BCKGD, 

μg dm–3  

1 Gorokhovka 
(Aleksandrovka) 

731 7.9 225 164 0.50 323 

2 Chernaya (Gladyshevka) 668 7.2 233 156 0.57 392 

3 Ser’ga (Urpala-joki) 94.5 1.02 224 21 0.61 399 

4 Khabolovka (Khobalovka) 330 3.53 251 83 0.55 411 

5 Polevaya (Terva-joki) 160 1.74 220 35 0.67 428 

6 Strelka 155 2.45 250 39 0.85 430 

7 Cherkasovka (Ilya-joki) 116 1.25 212 25 0.69 438 

8 Vila-Joki (Velikaya)  161 1.7 221 36 0.66 444 

9 Privetnaya (Inon-joki) 70 0.8 235 16 0.74 470 

10 Kamenka 134 1.5 240 32 0.75 510 

11 Sestra 399 4.3 233 93 0.77 529 

12 Chulkovka (Kisi-joki) 72 0.78 220 16 0.83 540 

13 Peschanka (Santa-joki) 200 2.1 223 45 0.81 551 

14 Drema (Korpelan-joki) 45.7 0.5 222 10 0.87 552 

15 Seleznevka (Yukspan-joki) 623 5.6 199 124 0.79 555 

16 Matrosovka (Sommen-joki)  55.2 0.6 223 12 0.93 590 

17 Karasta 55.8 0.62 243 14 0.83 595 

18 Shingarka 121 1.3 248 30 0.84 615 

19 Sista (Teplushka) 672 7.2 250 168 0.91 674 

20 Voronka 286 2.08 247 71 0.70 759 

21 Kovashi 612 4.45 246 151 0.73 786 

22 Luga 13200 102 284 3749 0.81 945 

23 Chernaya Rechka (Sapa-oja) 96.2 0.7 254 24 0.87 947 

24 Lebyazh’ya 101 0.74 243 25 0.93 997 

25 Dudergofka 120 0.69 247 30 0.74 1021 

26 Kikenka (Kekenka) 68 0.29 245 17 0.88 1638 

runoff for the monitored rivers of the Baltic Sea 
drainage basin, for which there exist hydrochemical 
and hydrological observation data series [8–11]. 
However, estimation of background concentrations of 
nutrients in unmonitored or partially monitored rivers 
requires development of special techniques. 

In [12], we determined the unit area background 
discharges of total (unfiltered) phosphorus from 
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catchment areas and background concentrations of 
total phosphorus (TP) in the waters of more than fifty 
unmonitored and partially monitored rivers in the 
Baltic Sea drainage basin.  

The aim of this study was to estimate the unit area 
background discharges from the catchment areas and 
background concentrations of total nitrogen (TN) in the 
waters of selected rivers of the Gulf of Finland basin. 

In estimating the unit area background discharges 
of total nitrogen from the catchment areas of the rivers 
considered, we reasoned as follows. According to [13], 
the status of an oligotrophic water body poor in 
dissolved nutrients is characterized by TN : TP = 35. 
On the other hand, the oligotrophic status is due to 
input of not very large amounts of nitrogen and 
phosphorus to a water body, which can be interpreted 
as background levels. In this case, TN : TP = 35 can be 

regarded in the first approximation as corresponding to 
the ratio of the respective unit area background 
discharges from the catchment area, i.e.: 

M(TN)BCKGD = 35M(TP) BCKGD.                  (1) 

The background components of the total nitrogen 
discharge from the catchment areas of the rivers 
considered Q(TN) BCKGD, t year–1, without taking into 
account its retention by the catchment areas and 
drainage network, were determined using the equation: 

(2) Q(TN)BCKGD =
M(TN)BCKGD

1000
S,

Selected rivers of the Gulf of Finland basin (numbered as in the table). 

Vyborg 

Vyborg 
Bay 

Gulf of Finland 
Zelenogorsk  

Sestroretsk  
Sertolovo 

Vsevolozhsk 

St. Petersburg   
Sosnovyi Bor 

Shlissel’burg 

Kingisepp 

Volosovo 

Gatchina 

Krasnoe Selo Kolpino  
Otradnoe 

Nikol’skoe Pavlovsk 

Kommunar 
Tosno 

20 km 

where S is the catchment area size, km2. 

Further, the average annual background concentra-
tions of total nitrogen [СAA(ТN) BCKGD, μg dm–3] were 
calculated, with retention of nutrients by their 
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catchment area and drainage network taken into 
account: 

 Background Document, Balt. Sea Environ. Proc., no. 35B. 
 3.  HELCOM, 2009. Eutrophication in the Baltic Sea – An 
 Integrated Thematic Assessment of the Effects of 
 Nutrient Enrichment in the Baltic Sea Region, Balt. Sea 
 Environ. Proc., no. 115B. 
 4.  HELCOM, 2004. The Fourth Baltic Sea Pollution Load 
 Compilation (PLC-4), Sea Environ. Proc., no. 93. 
 5.  Corine Land Cover 2006, Topic Centre on Land Use 
 and Spatial Information (http://etclusi.eionet.europa.eu/). 
 6. HELCOM, 2001. Environment of the Baltic Sea Area 
 1994–1998, Balt. Sea Environ. Proc., no. 82A. 
 7.  Maksimova, M.P., in Novye idei v okeanologii (New 
 Ideas in Oceanology), Vol. 1: Physics. Chemistry. 
 Biology, Vinogradov, M.E. and Lappo, S.S., Eds., 
 Moscow: Nauka, 2004, pp. 168–189. 
 8.  Stepanova, E.V., Molod. Uch., 2009, no. 11, pp. 352–355. 
 9.  Stepanova, E.V., Cand. Sci. (Geogr.) Dissertation, St. 
 Petersburg, 2009. 
10.  Stepanova, E.V. and Frumin, G.T., Ustoichivoe razvitie i 
 geoekologicheskie problemy Baltiiskogo regiona: 
 Materialy Mezhdunarodnoi nauchno-prakticheskoi 
 konferentsii (Sustainable Development and Geoeco-
 logical Problems of the Baltic Sea Region: Proc. Int. 
 Scientific and Practical Conf.), Novgorod. Gos. Univ. 
 imeni Yaroslava Mudrogo, October 23–25, 2009, Velikii 
 Novgorod, pp. 357–361. 
11.  Frumin, G.T. and Stepanova, E.V., Ekol. Khim., 2009, 
 vol. 18, no. 1, pp. 1–9. 
12.  Stepanova, E.V. and Frumin, G.T., Russ. J. Gen. Chem., 
 2013, vol. 83, no. 13, p. 2754. 
13.  Nörnberg, G.K., Lake Reserv. Manag., 1996, no. 12,    
 pp. 432–447. 
14.  Behrendt, H., Water Sci. Technol., 1996, no. 33, pp. 99–
 107. 
15.  Behrendt, H. and Opitz, D., Hydrobiologia, 1999,         
 no. 410, pp. 111–122. 
16.  HELCOM, 2011. The Fifth Baltic Sea Pollution Load 
 Compilation (PLC–5), Balt. Sea Environ. Proc., no. 128. 

(3) CAA(TN)BCKGD =
Rt(TN)Q(TN)BCKGD

0.0315RAA

,

where RAA is the long-term average annual water 
consumption, m3 s–1, and Rt(ТN) is the total nitrogen 
runoff coefficients. 

The coefficients of total nitrogen runoff from the 
catchment areas were calculated on the basis of the 
empirical relationships proposed in [14–15]. 

The calculated results are presented in the table. 

As expected, the calculated background concentra-
tions of total nitrogen show an overall increasing trend 
from Gulf of Finland north-east to south-east (see 
figure). 

The unit area background discharges of total 
nitrogen, calculated by us, are consistent with the 
official estimates of nutrient inputs to the Baltic Sea 
from the catchment areas of the HELCOM 
participating countries, specifically, with the average 
unit area background discharge of total nitrogen in the 
Gulf of Finland of ca. 270 (N kg) km–2 year–1 
according to [4, 16]. 

 Thus, the approach we proposed allows estimating 
a priori the background concentrations of total nitrogen 
in rivers in a way such that time-consuming collection 
and processing of large data arrays characterizing their 
catchment areas can be avoided. 
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