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1 Sampling and data analysis in 
Finland and Karelia 
 

1.1 Introduction to sampling activities 
 

The main objective of the Work Package 1 was to evaluate annual variation in levels of the environmental 

load flowing from Finland to the Republic of Karelia in the cross-border rivers Koitajoki and Tohmajoki.  

 

The chosen methods for the environmental monitoring of the rivers were water sampling and transplanting of 

aquatic moss species Fontinalis dalecarlica. During the first year of the project, the mosses were 

transplanted from the River Sukkulanjoki to the rivers Koitajoki and Tohmajoki. After the first year, it was 

observed that there were no significant differences in metal and suspended solids background concentrations 

between the the River Sukkulanjoki and the target rivers. This was probably caused by recent forestry 

activities in the River Sukkulanjoki area. Because of this, alternative moss collection locations were sought 

in the second year of the project. Tikanvirta, located in the upper reach of the River Koitajoki (ETRS-

TM35FIN coordinates 6996431.94 N 724386.08 E), was chosen as a new collection site for Fontinalis 

dalecarlica, because the aquatic moss grows abundantly there, the location is under relatively low load from 

the catchment area, and it is easily reachable by vehicles. 

 

 

 
1 The location of Tikanvirta in the upper reach of the River Koitajoki. 



 

 

 

Aquatic mosses, for instance Fontinalis antipyretica have been widely used as bioindicator for metal 

pollution for almost four decades, because they tolerate metal pollution, are widely distributed, they live long 

and have high accumulation capacity. Aquatic mosses take metals straight from the water by adsorption and 

absorption through the cell surfaces. Metal concentrations in the youngest terminal parts reþect the most 

current growing conditions of mosses. Concentrations in the whole plant reflects long time exposure in the 

growing conditions of mosses (Vuori & Helisten 2010).  

 

The analysed parameters from moss samples were chemical elements As, Cd, Co, Cr, Cu, Ni, Pb, Se, U, V, 

Zn Al, Ba, Ca, Fe, K, Mg, Mn, Na, P, Sr, Ti. Suspended solids were also analysed from the mosses.   

  

Transplanting the aquatic mosses was performed as described by Hokkanen (2016). Aquatic mosses were 

transplanted from the River Sukkulanjoki to the rivers Tohmajoki and Koitajoki for 14 days. The mosses 

were transplanted at the same place and time where and when water sampling was performed.   

 

 
2 Incubation rack and aquatic mosses. © Hannu Hokkanen 

 

 
3 Incubation rack and the aquatic mosses after transplantation in the stream. ©Juuso Pätynen 

 



 

 
4 Moss racks after a 14-day incubation period in the River Tohmajoki. ©Juuso Pätynen 

 

1.2 Watersheds of the rivers Koitajoki and Tohmajoki 
 

1.2.1 The River Koitajoki 
 

At area of sampling site Koitajoki 13, forestry and ditching of peatlands are probably the most significant 

types of land use. Clear-cutting has been performed in various locations at the upstream area of the River 

Koitajoki and forest areas have been widely ditched in the upper watershed before the River Koitajoki flows 

to Republic of Karelia.  

 

Based on available maps, there are some areas where there are signs of clear-felling and potential ditching of 

forest in watershed of the River Koitajoki in Republic of Karelia. There are not observable signs of large-

scale ditching of peatlands or peat production. Based on literature and map examination, Karelian watershed 

of the River Koitajoki seems to generally be in almost natural state.    

 

When the River Koitajoki flows back to Finland in Möhkö village, which belongs to municipality of 

Ilomantsi, ditching and other forestry practices become more intensive again. When the river flows forward, 

there are also peat production areas in vicinity of the River Koitajoki; and Pamilo Hydroelectric Power Plant.     

 

 

1.2.2 The River Tohmajoki 
 

In Finnish River Tohmajoki watershed the most common land use practices are agriculture, ditching of 

peatlands and forestry. Most of the vicinity of Tohmajoki is ditched, especially area of Tohmajoensuo, and 

there are several clear-felling areas. The river is dammed at the upper reach.  

 

Based on map examination, in Karelian River Tohmajoki watershed the land use practices seem to be quite 

similar to Finland. The river has been dammed in Akhinkoski that is near Ruskeala. Settlements of Ruskeala, 

Rytty and Helylä are located along the river. The wastewater released from these settlements are probably 

the most significant type of load to the River Tohmajoki.     

 

 
 



1.3 Collection of moss and water samples from the River Koitajoki in Finland 
 

 

There were two sampling sites: one on the upper reach, where the River Alajoki (marked in the Finnish 

Vesla database as the sampling site Koitajoki 13) joins with the River Koitajoki, and one in the lower reach 

in Möhkö (marked in the Finnish Vesla database as the sampling site Koitajoki 1 Möhkö). Locations are 

shown on the Figure 5. Originally sampling at the upper reach was planned to be performed at 

Tasaisenkangas, but the location was changed to Koitajoki 13 site, because COVID-19 pandemic decreased 

the number of available transportation services and Tasainenkangas became too distant location for the new 

schedules.   

 

 

 



5 Location of Koitajoki 13 site. 

 

 
6 Location of Koitajoki 1 Möhkö site. 

 
 

1.4 Collection of moss and water samples from the River Tohmajoki in Finland and Republic 
of Karelia. 
 

In Finland, sampling sites were located at the upper and lower reaches of the River Tohmajoki. Locations are 

shown on the Figure 7. Russian sampling points are shown in Figure 8.   

 

In Republic of Karelia, moss sampling could not be performed because of legal restrictions set by legislation 

of Russian Federation.  



 
1 Sampling plan table for the River the Tohmajoki. Water sampling (W) and Moss incubations (M). 

 
Finnish area of the River Tohmajoki Karelian area of the River Tohmajoki 

Year  1st 
quarter 

2nd 
quarter 

3rd quarter  1st quarter 2nd 
quarter 

3rd quarter 4th quarter 

2020  -  June (W 
& M) 

September 
(W & M) 

- June (W) September 
(W) 

December 
(W) 

2021 April 
(W) * 

June (W & 
M) ** 

September 
(W & M) 

March (W) June (W 
& metals) 

 No data   No data 

* Moss sampling (M) was not performed due to lack of mosses after winter. 

**Moss sampling failed at upper reach of the River Tohmajoki due to vandalism. 

 
2 Sampling plan table for the River the Koitajoki. Water sampling (W) and Moss incubations (M). 

The River Koitajoki 

Year  1st quarter 2nd quarter 3rd quarter 

2020  - June (W & M) September (W & M) * 

2021 May (W) ** June (W & M) October (W & M) 

* Sampling site was changed from Tasainenkangas to Koitajoki 13 site. 

**Moss sampling was not performed due to lack of mosses after winter. 



 
7 Finnish water and moss sampling sites on the River Tohmajoki region. 

 



 
8 Russian water sampling sites at the River Tohmajoki region. There were seven sites for metal analyses. For physical-
chemical water quality variables there were three sites: Matkaselkä, Rytty and Helylä. 

 
 



2 Analysis of hydrochemical properties 
and pollutants from moss and water 
samples in the rivers Koitajoki and 
Tohmajoki.  
 

2.1 Results in the River Koitajoki 
 
 
 
 
 

 

2.1.1 Water quality  
 

 

Physical-Chemical variables 

 

Turbidity decreased generally 

towards Möhkö site (Figure 9). 

Summer and autumn 2021 were dry 

and water level was unusually low in 

the River Koitajoki, which may have 

affected turbidity of water through 

observed suspended solid levels.  In 

May 2021 soil was probably still 

frozen in the watershed, which 

decreased volume of effluents 

flowing to river. 
 

 

 

 

 

 

 

Observed total suspended solid 

levels decreased towards Möhkö site 

in all sampling times (Figure 10). It 

is possible that suspended solid 

concentrations are higher because of 

lower water level in summer and 

autumn 2021, although particle 

runoffs from the watershed probably 

decreased due to dry season. The 

lowest suspended solid levels were 

observed in spring when soil was 

probably still frozen.  

 
 

 

 

 

Figure 9 Turbidity results in the River Koitajoki. 

Figure 10 Suspended solid results in the River Koitajoki. 



Generally electrical conductivity in 

river water seems to be lower at 

Möhkö site (Figure 11). Potassium 

(K), sodium (Na), Calcium (Ca) and 

magnesium (Mg) had generally 

lower levels at Möhkö site, but 

differences were not conspicuous. 

Based on the electrical conductivity 

results, observed levels of these 

elements and sulphates were low in 

the River Koitajoki. 

 
 

 

 

 

 

Alkalinity of the river water 

decreased consistently towards 

Möhkö site (Figure 12). In summer 

and autumn 2021 alkalinity of water 

may have been higher at Koitajoki 

13 site because of dry season, which 

probably decreased runoffs from the 

watershed.   

 
 

 

 

 

 

 

 

 

The river water was generally 

slightly more acidic at Möhkö site 

(Figure 13). Dry season in summer 

and autumn 2021 may have 

decreased runoffs from the 

watershed, which may have 

increased pH of river water.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

During the sampling time colour 

results were generally lower at 

Figure 11 Conductivity results in the River Koitajoki. 

Figure 12 Alkalinity results in the River Koitajoki. 

Figure 13 Acidity results in the River Koitajoki. 

Figure 14 Colour results in the River Koitajoki. 



Möhkö site (Figure 14).  September 2020 was a rainy season, which probably increased runoffs from the 

watershed and elevated colour of the river water. 

 
 

 

 

 

 

 

 

 

Generally total nitrogen levels were 

lower at Möhkö site (Figure 15). 

September 2020 was a rainy season, 

which probably increased nitrogen 

runoffs from the watershed. 

 
 

 

 

 

 

 

 

 

 

 

 

Observed total phosphorus 

concentrations were either on the 

same level or lower at Möhkö site 

(Figure 16). The lowest phosphorus 

levels were observed in spring 

sampling round. The highest 

difference between Koitajoki 13 site 

and Möhkö site were observed in 

summer sampling round.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Analysed Chemical Oxygen 

Demand (CODMn) results decreased 

towards Möhkö site (Figure 17). 

September 2020 was a rainy season, 

which probably increased organic 

matter runoffs from the watershed. 

 

Figure 15 Total nitrogen results in the River Koitajoki. 

Figure 16 Total phosphorus results in the River Koitajoki. 

Figure 17 CODMn results in the River Koitajoki. 



 

 

 

 

 

 

 

 

 

In June 2021 dissolved organic 

carbon (DOC) was on same level (14 

mg/l). Otherwise observed DOC 

levels were slightly lower at Möhkö 

site (Figure 18). September 2020 

was a rainy season, which probably 

increased organic matter runoffs 

from the watershed. 

 

 
 

 

 

 

 

 

 

Observed total organic carbon 

(TOC) concentrations were either on 

the same level or lower at Möhkö 

site (Figure 19). September 2020 

was a rainy season, which probably 

increased organic matter runoffs 

from the watershed. 

 

 
 

 

 

 

 

 

 

 

In October 2021 observed sulphur levels were Koitajoki 13 site: 490 µg/l.; Möhkö site: 470 µg/l. In other 

sampling times sulphur was under detection limit of the laboratory (400 µg/l).    

 

 

 

 

Metals 
 

Iron (Fe) load in the River Koitajoki 

seems to decrease towards Möhkö 

site (Figure 20).  The lowest iron 

levels were observed in spring 

sampling round when soil was 

probably still frozen.  

Figure 18 DOC results in the River Koitajoki. 

Figure 19 TOC results in the River Koitajoki. 

Figure 20 Iron analysis results in the River Koitajoki. 



 
 

 

 

 

 

 

 

 

 

Manganese (Mn), that is chemically 

a close relative to iron, did not show 

significant level differences, expect 

Ocober 2021, between Koitajoki 13 

site and Möhkö site and its 

concentrations were generally low in 

the River Koitajoki (under 50 µg/l) 

(Figure 21). Autumn 2020 was a 

rainy season, which probably 

increased manganese runoffs from 

the watershed. 

 

 

 
 

 

 

During this sampling period a clear 

trend in sulphate (SO4) load between 

Koitajoki 13 site and Möhkö site 

was not observed (Figure 22). 

Meltwaters from the watershed may 

be a cause for observed higher 

sulphate levels at Möhkö site in May 

2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed aluminium (Al) 

concentrations were either on the 

same level or lower at Möhkö site 

(Figure 23). Autumn 2020 was a 

rainy season, which probably 

increased aluminium runoffs from 

the watershed. 

 

 

Figure 21 Manganese analysis results in the River Koitajoki. 

Figure 22 Sulphate analysis results in the River Koitajoki. 

Figure 23 Aluminium analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

 

Arsenic (As) levels were generally 

lower at Möhkö site. Autumn 2020 

was a rainy season, which possibly 

increased arsenic runoffs from the 

watershed (Figure 24).  

 
 

 

 

 

 

 

 

 

 

 

 

 

Barium (Ba) seems to have a slight 

decreasing trend towards Möhkö 

site. Higher concentrations observed 

in September 2020 may be caused 

by a runoff peak during a rainy 

season. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At Möhkö site mercury (Hg) often 

had slightly higher aquatic levels 

than at Koitajoki 13 site (Figure 26). 

Autumn 2020 was a rainy season, 

which probably increased mercury 

runoffs from the watershed. Summer 

and autumn 2021 were dry seasons, 

which may have decreased mercury 

runoffs from the watershed.   

 

Figure 24 Arsenic analysis results in the River Koitajoki. 

Figure 25 Barium analysis results in the River Koitajoki. 

Figure 26 Mercury analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

 
 
 

Cadmium (Cd) does not seem to 

have a significant rising trend 

towards Möhkö site (Figure 27). 

Autumn 2020 was a rainy season, 

which may have increased cadmium 

runoffs from the watershed.  

 

 
 

 

 

 

 

 

  
   Figure 27 Cadmium analysis results in the River Koitajoki. 

 

 

 

 

Potassium (K) seems to have a 

decreasing trend towards Möhkö site 

in this sampling period (Figure 28).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Aquatic calcium (Ca) levels were 

lower at Möhkö site (Figure 29). 

Observed calcium levels were 

highest in autumn sampling rounds.  
 

 

 

 

 

 

Figure 28 Potassium analysis results in the River Koitajoki. 

Figure 29 Calcium analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

 

 

Observed cobalt (Co) levels were 

lower at Möhkö site (Figure 30).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Autumn 2020 was a rainy season, which may have increased cobalt runoffs from the watershed. 

 

 

Observed chrome (Cr) levels were 

lower at Möhkö site (Figure 31).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed copper (Cu) levels were 

lower at Möhkö site (Figure 32). The 

highest copper levels were observed 

in September 2020, which was a 

rainy month.  

 
 

 

 

 

Figure 30 Cobalt analysis results in the River Koitajoki. 

Figure 31 Chrome analysis results in the River Koitajoki. 

Figure 32 Copper analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

 

 

Observed lead (Pb) levels were 

slightly higher at Möhkö site (Figure 

33).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed magnesium (Mg) levels 

were lower at Möhkö site (Figure 

34).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sodium (Na) levels were generally 

lower at Möhkö site (Figure 35); in 

May 2021 sodium levels were on 

same level (0,8 mg/l).  

 
 

 

  

 

 

Figure 33 Lead analysis results in the River Koitajoki. 

Figure 34 Magnesium analysis results in the River Koitajoki. 

Figure 35 Sodium analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

 

At Möhkö site observed nickel (Ni) 

concentrations were slightly lower 

than at Koitajoki 13 site (Figure 36). 

Autumn 2020 was a rainy season, 

which may have increased nickel 

runoffs from the watershed. 

 

 
 

 
 
 
 
 
 

 

 

 

Selenium (Se) was under detection limit of the laboratory (0,1 µg/l) in all sampling times.  

 

Generally observed Zinc (Zn) 

differences were not significant 

(Figure 37). Rainy season in 

September 2020 probably increased 

runoffs generally. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

At Möhkö site observed strontium 

(Sr) concentrations were lower than 

at Koitajoki 13 site (Figure 38). 

September 2020 was a rainy season, 

which probably increased strontium 

runoffs from the watershed. 

 

 
 

 

 

Figure 36 Nickel analysis results in the River Koitajoki 

Figure 37 Zinc analysis results in the River Koitajoki. 

Figure 38 Strontium analysis results in the River Koitajoki. 



 

 

 

 

 

 

Titanium (Ti) levels were lower at 

Möhkö site, although excluding 

September 2020 differences were 

under one µg/l.  Highest observed 

levels were observed in autumn 

sampling rounds (Figure 39).  

 
 

 

 

 

 

 

 

 

 

 

Uranium (U) levels were lower at 

Möhkö site, although differences 

were minor excluding September 

2020 (Figure 40). Rainy season in 

autumn 2020 and meltwater in 

spring 2021 may have increased 

uranium runoffs from the watershed.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed vanadium (V) levels 

were lower at Möhkö site (Figure 

41).  
 

 

 

 

 

 

 

 

Figure 39 Titanium analysis results in the River Koitajoki. 

Figure 40 Uranium analysis results in the River Koitajoki. 



 

 

 

 

 

 

 

2.1.2 Moss sample results in the River Koitajoki 
 

 Description of the method used - Samples from Koitajoki and Tohmajoki 
 

The moss turfs were melted and rinsed several times with distilled water in the laboratory. 

100 -110 shoot tips with length of 1-1.5 cm were cut from each moss turf for one parallel 

sample. The shoot tips were rinsed with distilled water and freeze-dried. The size of the dried 

samples varied between 27,1-45,4 mg. The samples were microwave digested with nitric acid. 

The whole sample was digested and that is why samples were not homogenized. After 

digesting, samples were moved to test tubes and diluted to 30 ml with deionized water. 
 
 

Concentrations of bioaccumulated elements in transplanted aquatic moss Fontinalis dalecarlica samples 

were mainly higher at the River Koitajoki upper reach site (Koitajoki 13) (figure 42, table 3) than in the 

lower sampling site (Koitajoki 1 Möhkö). The clearest differences between the sampling sites were for iron 

(Fe), uranium (U), sodium (Na) and arsenic (As). Iron concentrations varied between 239-640 mg/kg at 

Koitajoki 13, but only between 32-86 mg/kg at lower sampling site Koitajoki 1 Möhkö and there was a 

statistically siginificant difference (p = 0,000). Uranium concentratios were between 0,0056-0,0090 mg/kg 

at upper reach site and between 0,0012-0,0037 mg/kg at lower sampling site differing statistically (p = 

0,000). Sodium concentrations were also higher at Koitajoki 13 (p = 0,011) varying between 2,1-4,2 mg/kg, 

while concentrations in Koitajoki 1 Möhkö were 0,46-1,6 mg/kg. In addition, arsenic concentrations were 

significantly higher (0,05-1,3 mg/kg) at the upper site compared to the lower sampling site (0,015-0,074 

mg/kg) (p = 0,014). Concentrations of these elements in water samples had the same trend although there 

were not significant differences between the sampling sites. There seems to be also higher copper (Cu), 

strontium (Sr) and vanadium (V) concentrations in the mosses at Koitajoki 13, but the amount of samples 

was too small for statistical testing. High concentrations of lead (Pb) were measured at both sampling sites 

(0,0087-0,070 mg/kg). 

 

Variation in concentrations were larger at the upper Koitajoki sampling site. For example, aluminium, 

chrome and titanium had large variation. High concentratios were measured particulary in the moss samples 

of the autumn year 2020. Opposite to most other elements, the concentrations of barium, cobalt, manganese 

and sulphur seemed to be higher in the lower sampling sites (table 4). However, the sample number of 

cobalt, manganese and sulphur was very small (1-2 samples per site). In many cases the concentrations in 

the moss samples were higher in the reference area, which made it often impossible to get the accumulation 

of these elements after incubation.  Same trend between the sampling sites was not observed in the water 

samples of these elements - the concentrations were either higher in the upper sampling site or about the 

same.  

 

 

Figure 41 Vanadium analysis results in the River Koitajoki. 



     
 

     
 

     
 

     
 
 

     
 



     
 

     
 
Figure 42. Variability in concentrations (mg/kg) of bioaccumulated elements in aquatic moss Fontinalis 
dalecarlica samples (blue boxplots) and water samples (brown boxplots) at the River Koitajoki sampling 
sites. Only elements with three samples per site are presented in figures. The boxes show first and third 
quartiles and median values (thick line), and whiskers show minimum and maximum values. Number of 
aquatic moss samples is three (3) at both sites. Number of water samples is three (3) at Koitajoki 13 and four 
(4) at Koitajoki 1 Möhkö, but six (6) for Al, P, Ca and Na at the latter site.  

 
Table 3. Medians (Md), minimum and maximum concentrations (mg/kg) of bioaccumulated elements in 
aquatic moss Fontinalis dalecarlica samples at the River Koitajoki sampling sites. N = number of samples.  
 

Element 

Koitajoki 13 Koitajoki 1 Möhkö 

Md/value min max N Md/value min max N 

Al  15 5,0 45 3 13 4,0 19 3 

As  0,07 0,05 0,13 3 0,017 0,015 0,074 3 

Ba  1,0 0,70 1,3 2 1,7 0,05 3,3 2 

Ca  78 48 109 2 36 1,4 71 2 

Cd        0 0,0014   1 

Co  0,11 0,057 0,15 2 0,19   1 

Cr  0,034 0,024 0,18 3 0,018 0,0077 0,088 3 

Cu  0,082 0,076 0,088 2 0,025   1 

Fe  573 239 640 3 69 32 86 3 

Hg  0,00060 0,0000 0,0012 2 0,0000   1 

K  1,7   1 1,5   1 

Mg  10 5,8 14 2 6,0   1 

Mn  32   1 51   1 

Na  2,1 2,1 4,2 3 1,4 0,46 1,6 3 

Ni  0,028 0,011 0,046 2 0,022   1 

P  12 11 29 3 15   1 

Pb  0,040 0,010 0,070 2 0,040 0,0087 0,070 2 

S  11   1 13   1 

Se  0,0020   1 0,00073   1 



Sr  1,2 1,1 1,3 2 0,34 0,21 0,48 2 

Ti  0,67 0,32 5,9 3 0,32 0,32 1,7 3 

U  0,0059 0,0056 0,0090 3 0,0029 0,0012 0,0037 3 

V  0,20 0,11 0,44 3 0,045 0,0064 0,084 2 

Zn  0,70   1       0 
 
 
Table 4. Medians (Md), minimum and maximum concentrations (mg/kg) of elements in water samples at the 
River Koitajoki sampling sites. N = number of samples. 
 

Element 

Koitajoki 13 Koitajoki 1 Möhkö 

Md min max N Md min max N 

Al 140 130 260 3 130 120 200 6 

As 0,85 0,72 1,4 3 0,68 0,63 0,69 4 

Ba 6,7 6,0 13 3 5,6 4,7 9,0 4 

Hg 0,0042 0,0031 0,0070 3 0,0036 0,0016 0,0082 4 

P 12 12 12 3 12 12 12 4 

Cd 0,009 0,006 0,014 3 0,010 0,009 0,013 4 

K 0,35 0,34 0,37 3 0,30 0,24 0,37 6 

Ca 1,8 1,4 2,4 3 1,3 0,9 1,6 6 

Cl       0 0,2 0,2 0,2 2 

Co 0,27 0,24 0,40 3 0,19 0,16 0,27 4 

Cr 0,69 0,59 0,86 3 0,44 0,36 0,51 4 

Cu 0,43 0,33 0,88 3 0,31 0,28 0,44 4 

Pb 0,28 0,21 0,39 3 0,31 0,28 0,42 4 

Mg 0,59 0,40 0,66 3 0,40 0,27 0,48 6 

Mn 37 32 51 3 38 34 48 4 

Na 0,9 0,8 1,2 3 0,9 0,6 1,0 6 

Ni 0,63 0,60 1,6 3 0,47 0,35 0,87 4 

Fe 1600 920 1800 3 920 850 1500 4 

S 200 200 200 3 200 200 200 4 

Se 0,05 0,05 0,05 3 0,05 0,05 0,05 4 

Zn 1,5 1,3 5,1 3 2,6 1,6 4,2 4 

Sr 16 13 24 3 10 8,0 14 4 

Ti 2,7 2,5 5,2 3 2,2 2,1 3,1 4 

U 0,067 0,050 0,096 3 0,032 0,027 0,037 4 

V 1,3 0,94 1,3 3 0,68 0,63 0,84 4 

         
 
  
 

 

2.1 Results in Finnish area of the River Tohmajoki 
 

 

2.2.1 Water quality 
 

Physical-Chemical variables 

 

During the sampling time, turbidity 

of the river water increased 

generally towards the lower reach. 

The highest observed difference was 

2
,8

4
,9

3
,8 4
,6

3
,9 4
,2

3
,5 6

,4

3
,7

3
,5

T
O

H
M

A
J

O
K

I 
9

 U
P

P
E

R
 
Χ

T
O

H
M

A
J

O
K

I 
L

O
W

E
R

 
Χ

T
O

H
M

A
J

O
K

I 
9

 U
P

P
E

R
 
Χ

T
O

H
M

A
J

O
K

I 
L

O
W

E
R

 
Χ

T
O

H
M

A
J

O
K

I 
9

 U
P

P
E

R
 
Χ

T
O

H
M

A
J

O
K

I 
L

O
W

E
R

 
Χ

T
O

H
M

A
J

O
K

I 
9

 U
P

P
E

R
 
Χ

T
O

H
M

A
J

O
K

I 
L

O
W

E
R

 
Χ

T
O

H
M

A
J

O
K

I 
9

 U
P

P
E

R
 
Χ

T
O

H
M

A
J

O
K

I 
L

O
W

E
R

 
Χ

2 3 . 6 . 2 0 2 0 2 3 . 9 . 2 0 2 0 2 8 . 4 . 2 0 2 1 2 2 . 6 . 2 0 2 1 2 0 . 9 . 2 0 2 1

T
U

R
B

ID
IT

Y
 F

N
U

SAMPLING SITE AND DATEFigure 43 Turbidity results in the River Tohmajoki. 



from June 2021.  The lowest difference was in September 2021 and upper reach was as an exception 

observed to be more turbid than the lower reach.  

 

 

 

 

 

 

 

In summer sampling rounds 

observed conductivity increased 

towards the lower reach and 

decreased in other seasons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysed pH values decreased 

consistently towards the lower reach. 

The highest pH differences were 

observed in autumn sampling round 

2020, which may be caused by rainy 

season. September 2021 was quite 

dry, which probably decreased 

effluents from the watershed.   

 

 

 

 

 

 

 

 

 

Excluding April 2021, river waterôs 

ability to resist changes in acidity 

remained good at both the upper and 

lower reach of the River Tohmajoki. 

In April 2021 alkalinity had 

decreased under 0,2 mmol/l (the 

guideline for ñgoodò alkalinity class) 

at the lower reach. 

 

 

 

 

 

 

 

Figure 45 Acidity results in the River Tohmajoki. 

Figure 46 Alkalinity results in the River Tohmajoki. 

Figure 44 Conductivity results in the River Tohmajoki. 



 

 

 

Colour of the water elevated 

generally towards the lower reach. 

The highest difference was in 

September 2020 and the lowest in 

June 2020.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Excluding September 2021, total 

suspended solid levels ((filter 

particle size 0,4 µm, analysis code 

SS;F6;GVS)) increased towards 

lower reach of the River Tohmajoki. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed levels of Dissolved 

Organic Carbon (DOC) and Total 

Organic Carbon (TOC) varied 

between the sampling times being 

either on the same level, or 1-8 mg/l 

higher at the lower reach. The 

highest differences in DOC and 

TOC levels were observed in 

September 2020. The lowest 

differences were in summer 

sampling rounds.  

  

 

 

 

 

 

Figure 47 Colour results in the River Tohmajoki. 

Figure 48 Total suspended solid results in the River Tohmajoki. 

Figure 49 DOC results in the River Tohmajoki. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
   Figure 50 TOC results in the River Tohmajoki. 

 

 

 

Observed Chemical Oxygen 

Demand (CODMn) elevated 

consistently towards the lower reach, 

difference range being within 2,0 ï 

14 mg/l. The lowest difference was 

in June 2021 and the highest 

September 2020.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biological Oxygen Demand (BOD5-

ATU) had more variation in results, 

when compared to Chemical Oxygen 

Demand results.  

BOD5 results were more often 

higher at the lower reach, but in June 

and September 2021 the upper reach 

was observed to have higher 

Biological Oxygen Demand results.  

 

 

 

 

 

 

 

 

 

Figure 51 CODMn results from the River Tohmajoki. 

Figure 52 BOD5 results from the River Tohmajoki. 



 

 

Observed total nitrogen levels 

generally increased towards the 

lower reach. In June 2021 upper 

reach had as an exception 10 µg/l 

higher total nitrogen levels than was 

observed in the lower reach. The 

highest nitrogen levels were 

observed in April  2021. 

 

 

 

 

 

 

 

 

 

 

Total phosphorus levels elevated 

mostly towards the lower reach, 

however there were two aberrations: 

April 2021 and September 2021.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

In summer observed sulphur (S) 

levels increased towards the lower 

reach; and during other seasons 

decreased.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 53 Total nitrogen results from the River Tohmajoki. 

Figure 54 Total phosphorus results from the River Tohmajoki. 

Figure 55 Sulphur results from the River Tohmajoki. 



 

 

 

Observed differences in sulphate 

(SO4) concentrations were 0 ï 1 mg/l 

and sulphate levels did not show 

clear differences between the upper 

and lower reaches 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metals 
 

During the sampling period, iron 

(Fe) levels elevated consistently 

towards the lower reach, excluding 

April 2021 when observed iron 

levels were both 1200 µg/l at the 

upper and at the lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

In April 2021 manganese (Mn) 

levels were higher at the upper reach 

than at the lower reach; same was in 

September 2021, although the 

difference was minor. Otherwise, 

analysed manganese levels increased 

towards the lower reach of the River 

Tohmajoki.  

 

 

 

 

 

 

 

 

 

 

Figure 56 Sulphate results from the River Tohmajoki. 

Figure 57 Iron results from the River Tohmajoki. 

Figure 58 Manganese results from the River Tohmajoki. 



 

 

Observed aluminium (Al)  load 

increased consistently towards the 

lower reach.  The highest Al levels 

were observed in September 2020 

and May 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observed arsenic (As) load 

increased consistently towards the 

lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Barium (Ba) load was not observed 

differ significantly between upper 

and lower reaches of the River 

Tohmajoki. Range of differences 

was within 0 ï 2 µg/l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 59 Aluminium results from the River Tohmajoki. 

Figure 60 Arsenic results from the River Tohmajoki. 

Figure 61 Barium results from the River Tohmajoki. 



 

Observed mercury (Hg) levels 

elevated generally towards the lower 

reach. As an exception analysed 

mercury levels were   0,0007 µg/l at 

both upper and lower reach in June 

2020.  

 

 

 

 

 

 

 

 

 

 

 

 

Cadmium (Cd) levels elevated 

generally towards lower reach but 

there were two occasions when 

concentrations were either on same 

level or slightly higher at the upper 

reach (June 2020 and 2021).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Potassium (K) did not show clear 

increasing nor decreasing trend 

towards the lower reach: at times the 

upper reach had higher levels, 

sometimes the lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 62 Mercury results from the River Tohmajoki. 

Figure 63 Cadmium results from the River Tohmajoki. 

Figure 64 Potassium results from the River Tohmajoki. 



Calcium (Ca) showed decreasing 

trend towards the lower reach more 

often than rising.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cobalt (Co) was observed to have a 

rising trend towards the lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chrome (Cr) showed increasing 

trend towards the lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the results there does not 

seem to be significant difference in 

copper (Cu) load of the upper and 

lower reach of the River Tohmajoki.  

Figure 65 Calcium results from the River Tohmajoki. 

Figure 66 Cobalt results from the River Tohmajoki. 

Figure 67 Chrome results from the River Tohmajoki. 

Figure 68 Copper results from the River Tohmajoki. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lead (Pb) showed increasing trend 

towards the lower reach, although 

volume of differences variated 

between sampling rounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In summer magnesium (Mg) load 

increased towards the lower reach; 

and during other seasons decreased. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In summer observed sodium (Na) 

load increased towards the lower 

reach; and during other seasons it 

decreased.   

 

 

Figure 69 Lead results from the River Tohmajoki. 

Figure 70 Magnesium results from the River Tohmajoki. 

Figure 71 Sodium results from the River Tohmajoki. 



 

 

 

 

 

 

 

 

 

 

 

Nickel (Ni) showed a rising trend 

towards the lower reach. However, 

there was variation in volume of 

level differences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selenium (Se) levels were under detection limit of the laboratory in all sampling times.  

 

In general zinc (Zn) seems to have a 

rising trend towards the lower reach.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the observed levels 

strontium (Sr) seems to have slightly 

decreasing trend towards the lower 

reach.  

 

 

Figure 72 Nickel results from the River Tohmajoki. 

Figure 73 Zinc results from the River Tohmajoki. 

Figure 74 Strontium results from the River Tohmajoki. 



 

 

 

 

 

 

 

 

 

 

 

 

Titanium (Ti) showed increasing 

trend towards the lower reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There was not a clear trend in 

uranium (U) concentrations between 

the upper and the lower reach and 

differences were small. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vanadium (V) showed increasing 

trend towards the lower reach.  

 

 

 

 

 

Figure 75 Titanium results from the River Tohmajoki. 

Figure 76 Uranium results from the River Tohmajoki. 

Figure 77 Vanadium results from the River Tohmajoki. 



 

 

 

 

 

 

 

 

 

 

 

2.1.2 Moss sample results in the River Tohmajoki 
 
 
 

Aluminium (Al), arsenic (As), manganese (Mn), sodium (Na), titanium (Ti) and uranium (U) concentrations 

in transplanted Fontinalis dalecarlica samples seemed to be slightly higher at the River Tohmajoki lower 

reach sampling site (figure 78, table 5). However, only sodium concentrations were statistically higher at the 

lower site (p = 0,022). Sodium concentrations varied between 0,84-4,8 mg/kg at the lower site and between 

0,26-1,5 mg/kg in the upper site. The concentrations of arsenic and titanium were clearly higher in the water 

samples at the lower sampling site of the River Tohmajoki and there were statistical differences (for As p = 

0,008 and for Ti p = 0,018).  

 

On the contrary, the concentrations of copper (Cu) and selenium (Se) seemed to be slightly higher in mosses 

at the River Tohmajoki upper reach sampling site, but they did not differ statistically. High concentrations of 

cadmium (Cd), copper (Cu) (and potassium (K) was measured at both the upper and the lower reach 

sampling sites.  

 

In general, the concentrations of elements were higher during the first sampling year in moss samples 

possibly due to high discharge in the river after several days of rain.  

 

 

     

     
 



     
 

     
 

     
 

     
 

     
 



     
 

     
 

     
 

     
 

     
 



Figure 78. Variability in the concentrations of bioaccumulated elements in aquatic moss Fontinalis 
dalecarlica samples (blue boxplots) and water samples (brown boxplots) at the River Tohmajoki sampling 
sites. Only elements with at least three samples per site are presented in figures. The boxes show first and 
third quartiles and median values (thick line), and whiskers show minimum and maximum values. Number of 
water moss samples is three (3) at Tohmajoki upper reach and mainly four (4) at Tohmajoki lower reach, 
however three (3) for Cu, Mn, P at the latter site. Number of water samples is five (5) at River Tohmajoki 
both sites. 

 
 
Table 5. Medians (Md), minimum and maximum concentrations of bioaccumulated elements in aquatic moss 
Fontinalis dalecarlica samples at the River Tohmajoki sampling sites. N = number of samples. 
 

Element 

Tohmajoki upper reach Tohmajoki lower reach 

Md/value min max N Md/value min max N 

Al  8 2 30 3 21 7 31 4 

As  0,011 0,0021 0,028 3 0,013 0,0000 0,035 4 

Ba  1,5   1 0,21 0,042 0,37 2 

Ca  146 137 273 3 168 120 212 4 

Cd  0,012   1 0,0066 0,0046 0,0085 2 

Co  0,055   1 0,20 0,042 0,36 2 

Cr  0,033 0,016 0,11 3 0,052 0,010 0,089 4 

Cu  0,49 0,22 0,56 3 0,24 0,046 0,55 3 

Fe  65   1 114 29 219 4 

Hg  0,0024   1 0,00024   1 

K  29   1 22   1 

Mg  7,8 0,78 14 3 8,4   1 

Mn  18 17 92 3 52 33 125 3 

Na  0,48 0,26 1,5 3 1,8 0,84 4,8 4 

Ni  0,46 0,081 1,3 3 0,45 0,13 1,1 4 

P  8,9 6,4 12 3 4,6 1,5 26 3 

Pb  0,017   1       0 

S  4,8   1 7,5   1 

Se  0,0047 0,0037 0,0055 3 0,0042 0,0018 0,0061 4 

Sr  0,60 0,23 1,0 2 0,20 0,11 0,56 3 

Ti  0,48 0,47 1,9 3 1,2 0,12 2,5 4 

U  0,0094 0,0050 0,016 3 0,013 0,0072 0,016 4 

V  0,0063 0,0016 0,011 2 0,037 0,035 0,038 2 

Zn  2,1   1       0 
 
 
Table 6. Medians (Md), minimum and maximum concentrations (mg/kg) of elements in water samples at the 
River Koitajoki sampling sites. N = number of samples. 
 

Element 

Tohmajoki 9 padon yläp. Tohmajoki alaosa 

Md min max N Md min max N 

Al 84 51 170 5 110 88 220 5 

As 0,35 0,28 0,36 5 0,39 0,36 0,49 5 

Ba 16 15 17 5 16 15 18 5 

Hg 0,0011 0,0007 0,0020 5 0,0017 0,0007 0,0025 5 

P 12 12 12 5 12 12 12 5 

Cd 0,011 0,008 0,017 5 0,014 0,010 0,022 5 

K 2,0 1,9 2,1 5 1,9 1,7 2,1 5 



Ca 9,0 8,6 9,2 5 8,6 7,6 9,3 5 

Co 0,18 0,16 0,53 5 0,43 0,32 0,99 5 

Cr 0,35 0,25 0,39 5 0,48 0,35 0,54 5 

Cu 1,6 1,5 1,6 5 1,5 1,4 1,6 5 

Pb 0,12 0,11 0,14 5 0,18 0,13 0,22 5 

Mg 2 2,0 2,2 5 2 1,9 2,3 5 

Mn 85 76 140 5 110 82 210 5 

Na 2,83 2,6 2,9 5 2,7 2,4 2,9 5 

Ni 3,4 2,9 3,5 5 3,7 3,1 4,0 5 

Fe 700 570 1200 5 1300 1000 1800 5 

S 5600 4800 6000 5 5500 4800 6200 5 

Se 0,05 0,05 0,05 5 0,05 0,05 0,05 5 

Zn 1,7 1,2 3,0 5 2,4 1,9 4,4 5 

Sr 41 38 42 5 38 34 41 5 

Ti 2,2 1,6 2,7 5 2,8 2,6 4,3 5 

U 0,053 0,047 0,059 5 0,052 0,049 0,056 5 

V 0,37 0,33 0,47 5 0,63 0,49 0,72 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3 Water quality results from Karelian side of the River Tohmajoki 
 

There were three water quality sampling points at the area of the Republic of Karelia. The sampling sites 

were located at settlements of Matkaselkä, Rytty and Helylä (Figure 8). Matkaselkä is located at the Karelian 

upper reach of the River Tohmajoki. Helylä is located at the lower reach just before the River Tohmajoki 

flows to Lake Ladoga. Besides these, there were seven sampling sites for metal analyses, which have their 

own chapter.  

 

Due the suspension of project it was not possible to get all the activities done by planned way. 

 

Physical-Chemical variables 

 

Acidity  

 

During the sampling periods, it was observed that the river water becomes consistently more alkaline (pH 

value in the river water rises) the closer the River Tohmajoki flows to the Lake Ladoga. In every sampling 

round the lowest pH results were in Matkaselkä site and the highest in Helylä site.  

 



 
Figure 79 Acidity analysis results in 2020. 

 

 
Figure 80 Acidity analysis results in 2021. 

 

 

Suspended solids 

 

Suspended solid levels were observed to elevate towards the Lake Ladoga.  Due to current political 

circumstances, it is not known which filter size has been used by the Russian laboratory. Because of this 

Finnish and Russian results should be compared with caution.   

 



 
Figure 81 Total suspended solid analysis results in 2020. 

 

 
Figure 82 Total suspended solid analysis results in 2021. 

 

 

 

 

 

 

 

 

Biological Oxygen Demand with a five-day incubation time (BOD5) 

 

Observed Biological Oxygen Demand (BOD5) rose generally towards settlement of Helylä. There were 

some exceptions caused by seasonal variation.    

 



 
Figure 83 BOD5 analysis results in 2020. 

 

 
Figure 84 BOD5 analysis results in 2021. 

 

 

 

 

 

 

 

Nitrogen 

 

Observed total nitrogen levels rose generally towards Helylä site. There were some exceptions caused by 

seasonal variation.    

 



 
Figure 85  Total nitrogen analysis results in 2020. 

 

 
Figure 86 Total nitrogen analysis results in 2021. 

 

 

 

 

 

 

 

 

 

 

Phosphorus 

 

Total aquatic phosphorus levels rose generally towards Helylä settlement. In Matkaselkä site the highest 

observed phosphate level was 50 µg/l (September 2020). In other sampling times phosphate levels were 

under detection limit of the laboratory at Matkaselkä site. 

  



 
Figure 87 Total phosphorus analysis results in 2020. 

 

 
Figure 88 Total phosphorus analysis results in 2021. 

 

 

 

 

 

 

 

 

 

Sulphate 

 

In Matkaselkä site the highest observed sulphate levels were 10 (September 2020) and 12,2 (June 2021) 

mg/l. In other sampling rounds sulphate levels were under detection limit of the laboratory.  

 

In Rytty site the highest observed sulphate level was 13,7 mg/l in June 2021. In other sampling rounds 

sulphate levels were under detection limit of the laboratory.  



 

In Helylä site the highest observed sulphate level was 12,2 mg/l in June 2021. In other sampling rounds 

sulphate levels were under detection limit of the laboratory. 

 

 
Figure 89 Sulphate analysis results in 2020. 

 

 
Figure 90 Sulphate analysis results in 2021. 

 

 

Oil products were not detected in any sampling rounds.  

 

Turbidity  

 

Turbidity of the river water increased towards Helylä site in all sampling rounds.  

 



 
Figure 91 Turbidity analysis results in 2020. 

 
Figure 92 Turbidity analysis results in 2021. 

 

 

 

 

 

 

 

 

 

 

Colour 

 

Colour of the river water increased generally towards Helylä site at least slightly. However, seasonal 

variation was significant and there were some exceptions. 



 

 
Figure 93 Colour analysis results in 2020. 

 
Figure 94 Colour analysis results in 2021. 

 

 

 

 

 

 

 

 

 

 

 

Chemical Oxygen Demand COD(Mn) 

 

CODMn was analysed in the delta of the River Tohmajoki in September/October 2020. Analysed Chemical 

Oxygen Demand was 18,4 mg/l. In Finnish lower reach of the River Tohmajoki highest observed CODMn 

value was 28 mg/l in September 2020.  



 

 
Figure 95 CODMn analysis results from Finnish part of the River Tohmajoki. 

 

Metals 

 

Metals were analysed from seven sampling sites in Karelian area of the River Tohmajoki at the end of June 

2021. The running numbers of the sampling sites rose towards the Lake Ladoga. Aluminium, iron, and 

manganese were the only metals whose concentrations were above detection limit of the laboratory.  

 

Aluminium (Al ) 

 

The lowest aluminium level (112 µg/l) was in the Karelian sampling site 1; and the highest (131 µg/l) in the 

2nd sampling point in settlement of Ruskeala. In the rest five sampling sites results varied between 121 µg/l 

(Point 6) and 130 µg/l (Point 4). When compared to the first sampling point, sampling sites down the river 

had generally higher aluminium levels. Hovewer, aluminium levels were not always observed to elevate in a 

linear manner towards the lower reach. 

 
Figure 96 Aluminium analysis results from Karelian part of the River Tohmajoki. 

Ir on (Fe) 

 



The lowest iron level (654 µg/l) was observed in the 2nd sampling point (Ruskeala); and the highest (716 

µg/l) in the 3rd sampling point. In this sampling time iron levels did not show clear differences between 

upper and lower reach of the River Tohmajoki in the Republic of Karelia.  

 
Figure 97 Iron analysis results from Karelian part of the River Tohmajoki. 

 

Manganese (Mn) 

 

The lowest manganese level (42 µg/l) was analysed in the 1st sampling point; and the highest (95 µg/l) in the 

6th sampling site. Generally sampling sites located in the lower reach had higher observed manganese levels 

than the 1st sampling site. However, manganese levels were not always observed to elevate in a linear 

manner towards the lower reach. 

 

 

 
Figure 98 Manganese analysis results from Karelian part of the River Tohmajoki. 

 

 

 

 

 



3 Assessment of environmental load 
from Finland to Republic of Karelia  
 

Environmental load from Finland to Republic of Karelia was assessed with Finnish SYKE-WSFS-Vemala 1 

Water model system. Chosen variables for the model were total nitrogen, total phosphorus, and suspended 

solids, because their results are best checked. 

 

3.1 The River Koitajoki  
 

At the area of sampling site Koitajoki 13 total nitrogen load is originated from:  

- 3% from agriculture.  

- Natural leaching from forests 82%. 

- Forestry activities (logging, fertilization, maintenance of ditches) 10%. 

- 1% from point load and fallout 3% (VEMALA V1).   

 

Based on VEMALA V1 simulations, annual sum of estimated nitrogen load has been 70 ï 110 tons in years 

2016 ï 2021 (Figure 97).  

 

 
99 Annual sum of nitrogen load at area of Koitajoki 13 site. 

 

Based on VEMALA V1  simulations, nitrogen and phosphorus loads are at the highest level in spring, when 

snow is melting. Second but lower peak occurs in rainy autumn months (Figures 100 and 102). As expected, 

the loads are at the lowest level in winter months and then during summer. 

 



 
100 Simulated seasonal variation in nitrogen load at area of Koitajoki 13 site. 

Total phosphorus is originated from: 

- 7% from agriculture.  

- 16% from forestry.  

- Natural leaching from forests 75%. 

- 1% fallout (VEMALA V1).  

 

Based on VEMALA V1 simulations, annual sum of estimated phosphorus load has been approximately 3,5 ï 

5,3 tons in years 2016 ï 2021 at area of Koitajoki 13 site (Figure 101). 

 



 
101Annual sum of phosphorus load at area of Koitajoki 13 site. 

 
102 Simulated seasonal variation in phosphorus load at area of Koitajoki 13 site. 






















































