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This article analyses characteris-
tics of 25 rivers of the Gulf of Fin-
land basin where the monitoring of 
the streamflow chemical composition 
was performed. The authors consider 
the dynamics of biogenic element 
content in the streamflow, the rela-
tion of the drainage areas to certain 
landscapes, the share of agricultural 
lands and tillage in the drainage are-
as, the forest-land percentage, a ru-
ral population density, and the forest 
age and type. 
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An important feature of the Baltic Sea basin is the abundance of flowing 
water body systems connected by watercourses. The ecosystem of flowing 
water bodies transforms the chemical composition of the river flow.  

The anthropogenic discharge of biogenic elements combines with the bi-
ogenic element inflow from natural landscapes. Thus, in order to indentify 
the ecologically justified norms of anthropogenic pressure on water bodies, 
one should take into account the intra-annual natural dynamics of biogenic 
element discharge. To this effect, we will focus on the dynamics of dis-
charge composition and the structure of drainage basins. 

We used the data of the Federal Service for Hydrometeorology and 
Environmental Monitoring for the 1950s—1980s. The monitoring sites 
were chosen according to the following criteria:  

— the absence of anthropogenic regulation of the river; 
— maximum homogeneity of a landscape drainage basin structure; 
— a small degree of anthropogenic transformation of the drainage 

basin; 
— continuous monitoring over at least ten years.  
We chose 25 out of 115 possible monitoring sites.  
The scheme of drainage area locations and the monitoring sites is pre-

sented  in figure 1. 
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Fig. 1. A scheme of the drainage basins of the rivers studied: 
1 — Asilankoji; 2 — Berezaika; 3 — Vazhina; 4 — Valya; 5 — Vidlitsa;  

6 — Volozhba; 7 — Volchya; 8 — Golokhovka; 9 — Kumsa; 10 — Kunya;  
11 — Lososinka; 12 — Mshaga; 13 — Nemina; 14 — Pchyvzha; 15 — Pyalma;  
16 — Svyatreka; 17 — Severka; 18 — Seleznyovka; 19 — Sinyaya; 20 — Sorot;  

21 — Tigoda; 22 — Tohmajoki; 23 — Tuksa; 24 — Unitsa; 25 — Sharya 

 
In order to establish a possible link between these irregularities and 

an increase in fertiliser amounts, the cumulative sum method was applied 
to the amounts of mineral fertiliser used in the Russian national economy. 
The cumulative sum chart shows steep increases in nitrogen fertiliser 
amounts in 1969, 1976, and 1984 and in phosphorus fertiliser in 1967, 
1972, and 1979 (fig. 2). The cumulative sum chart for annual biogenic 
concentrations in the Asilanjoki, the Golokhovka, the Sinyaya, the Shar-
ya, the Berezaika, the Kunya, the Tohmajoki, the Nemina, the Vazhina, 
the Valya, the Volozhba, the Vidlitsa, the Tuksa, the Unitsa, the Kimsa, 
the Pchyovzha, the Pyalma, the Svyatreka, and the Tigoda rivers shows 
irregularities over the selected years. It can indicate the influence of an 
increase in the amounts of mineral fertilisers on the concentration of bio-
genic elements in the water flow. 
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Fig. 2. The cumulative sum of mineral fertilisers used in agriculture  

in Russia in 1951—1990: 
a — nitrogen fertilisers, b — phosphorus fertiliser 

 
In order to prove this assumption, we calculated the values of coeffi-

cients of pair correlations between the average annual content of biogenic 
elements in the river flow for the given year and the amount of fertilisers 
used in agriculture during that particular year and the previous ones. In most 
cases a pair correlation coefficient module of less than 0.5 indicated weak 
connection between the amount of fertiliser and the content of biogenic ele-
ments of the rivers studied. 

We carried out a statistical analysis of the homogeneity of average an-
nual concentrations of mineral forms of biogenic elements (fig. 3). The ob-
servations were divided into intervals before and after the shifts in the cumu-
lative sum charts. Since the number of elements did not exceed 25 in either 
samples we used the non parameteric Mann—Whitney—Wilcoxon and 
Siegel-Tukey tests. Both tests showed the absence of statistically significant 
differences in all cases. 
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Fig. 3. The examples of charts based on the cumulative sum method for the cases  
of stable and significantly altered average annual content (the Lososinka (a)  

and the Sharya (b) rivers respectively) 

 
Consequently, no changes in the concentration of biogenic elements in 

the waters of the studied rivers over the period under consideration have 
been detected. The shifts in the charts of cumulative sums of the average an-
nual biogenic element concentrations took place only in those years when 
only a couple of measurements were performed in the high-water period. 

In order to determine the degree of anthropogenic pressure on the drain-
age basin territory, we calculated the coefficient of anthropogenic pressure 
according to the formula devised by Prof. G. T. Frumin [7; 8]. The results are 
given in the table below. 

 
The coefficient of anthropogenic pressure on the drainage areas 

 
River 

Population density, 
people/km2 

Anthropogenic pressure 
coefficient 

Asilankoji 5 0.46 
Berezaika 5 0.46 
Vazhina 5 0.46 
Valya 10 0.85 
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End of  the table 
 

River 
Population density, 

people/km2 
Anthropogenic pressure 

coefficient 
Vidlitsa 5 0.46 
Volozhba 7 0.62 
Volchya 10 0.85 
Golokhovka 5 0.46 
Kumsa 5 0.46 
Kunya 10 0.85 
Lososinka 5 0.46 
Mshaga 5 0.46 
Nemina 5 0.46 
Pchyvzha 7 0.62 
Pyalma 5 0.46 
Svyatreka 5 0.46 
Severka 10 0.85 
Seleznyovka 5 0.46 
Sinyaya 10 0.85 
Sorot 10 0.85 
Tigoda 7 0.62 
Tohmajoki 5 0.46 
Tuksa 5 0.46 
Unitsa 5 0.46 
Sharya 5 0.46 

 
In most cases, the coefficient of anthropogenic pressure is less than 

0.5 and in all cases it is below 1.0. It means that the anthropogenic pressure 
on the drainage areas is below and, in most cases, 1.5—2 times less the 
world average. We compared the concentrations of biogenic elements in the 
rivers under consideration and the rivers which drainage areas are exposed to 
significant anthropogenic stress: the Velikaya and the Luga rivers. The law 
of biogenic element distribution in the waters of these rivers is close to nor-
mal. Applying the Student's distribution, the Fisher's exact test, and the 
Siegel-Tukey and Mann—Whitney—Wilcoxon test, we compared the bio-
genic element content in all 25 rivers with that of the Velikaya and the Luga. 
In all cases we detected a significant difference in the content of biogenic 
elements between each of the studied rivers, and the Velikaya and the Luga 
rivers. Thus, one can assume that the anthropogenic pressure on the chosen 
drainage areas is much lower than the pressure on the drainage areas of the 
Velikaya and the Luga. 

In order to identify the anthropogenic component of the studied river 
flow, we used the values of background concentrations from the following 
sources [2; 3; 5]. The concentration of biogenic elements in the rivers stud-
ied does not exceed the background levels. There are several exceptions re-
lating the samples taken during flood periods, when the inflow of biogenic 
elements increases within all, including unimpaired, drainage areas. 

In order to identify the features of drainage areas of the studied rivers’ 
basins, their boundaries were superimposed with the help of GIS ArcView 
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software on the maps of landscape provinces of the North-West, the share of 
agricultural lands, the share of tillage areas, the forest land percentage by 
geographical mesoregions and timber industry facilities, and the forest age 
and type [1]. 

We identified the following features of the drainage areas. The Karelian 
south taiga subprovince includes the drainage areas of the Seleznyovka, the 
Asilanjoki, and the Volchya rivers; the Karelian middle taiga subprovince — 
the drainage areas of the Vidlitsa, the Nemina, the Kumsa, the Lososinka, 
the Pchyovzha, the Tohmajoki, the Unitsa, the Tuksa, the Pyalma, and the 
Svyatreka rivers; the north-western south taiga subprovince — the drainage 
areas of the Mshaga, the Volozhba, the Tigoda, the Sharya, the Vazhina, the 
Valya, and the Golokhvka rivers; the north-western sub-taiga subprovince — 
of the Sorot, the Severka, the Sinyaya, the Berezaika, and the Kunya rivers. 

In most cases, the drainage basins are characterised by an insignificant 
degree of agricultural cultivation (not more than 20 %), except the drainage 
basins of the Kunya, the Sinyaya, the Sorot, the Severka, and, partially, the 
Mshaga rivers. The volume of the biogenic elements discharge is in direct 
proportion to the share of agricultural lands [6]. The share of agricultural 
lands does not exceed 40 % in the studied drainage basins. 

The cartographical analysis of the forest land percentage of the drainage 
areas was carried out on the basis of the forest land maps by mesoregions 
and on the basis of timber industry enterprises [1]. The greater part of the 
drainage basins is characterised by a high percentage of forest lands — not 
less than 50 %. Exceptions are the drainage basins of the Sorot, the Sinyaya, 
the Kunya, and, partially, the Severka rivers. 

The share of tillage lands does not exceed 10 % in most studied drain-
age areas, except those of the Sorot, the Sinyaya, the Severka, the Kunya, 
and, partially, the Mshaga rivers, where the share of tillage lands does not 
exceed 20 %. 

Young or mature coniferous species prevail in most drainage basins, ex-
cept those of the Mshaga, the Severka, the Berezaika, the Golokhovka, the 
Tigoda, and, partially, the Sorot and the Pchyovzha rivers. 

We divided the drainage basins into several groups according to the fol-
lowing parameters: 1) association with one landscape province; 2) forest 
land percentage; 3) the share of agricultural lands; 4) the share of tillage 
lands; 5) the density of rural population; 6) the age of forests; 7) the prevail-
ing tree species. 

The key feature is the association with one landscape province. Later, oth-
er characteristics are considered. For drainage basins to be assigned to dif-
ferent groups, they should differ in at least two parameters. The drainage areas 
are divided into four groups: the northern group consists of the Kumsa, the 
Nemina, the Pyalma, the Unitsa rivers; the Karelian group — the Asilanjoki, 
the Seleznyovka, the Volchya rivers; the central group — the Berezaika, the 
Vazhina, the Valya, the Vidlitsa, the Volozhba, the Golokhovka, the Losos-
inka, the Pchzhyova, the Svyatreka, the Tigoda, the Tuksa, the Unitsa rivers; 
the southern group — the Kunya, the Severka, the Sinyaya, the Sorot rivers; 
the Mshaga drainage area cannot be assigned to any of these groups. 
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