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1 Sampling and data analysis in
Finland and Karelia

1.1Introductionto sampling activities

The main objective of the Work Packafievas toevaluat annual variation idevels of the environmental
load flowing from Finland tehe Republic of Kareliain the crossborder rivers Koitajoki and Tohmajoki

Thechosemmethoddor theenvironmental monitoring of the rivevgerewater sampling and transplanting of
aguatic moss specieBontinalis dalecarlica During the first year of the project, the mosses were
transplanted fronthe River Sukkulanjoki tahe riversKoitajoki andTohmajoki After the firstyear,it was
observedhat there were no significant differences in metal and suspended solids background concentrations
betweenthe the River Sukkulanjoki and the target rivers. This was probably caused by recent forestry
activities inthe River Sukkulanjoki areaBecause ofttis, alternative moss collection locations were sought

in the second year of the projedtikanvirta, locatd inthe upper reach dhe River Koitajoki (ETRS
TM35FIN coordinates 699&4.94 N 724386.08 E)was chosen as a new collection site Fantinalis
dalecarlica,because the aquatic moss grows abundantly there, the locatiadeiselativelylow load from
thecatchment areand it iseasilyreachable by vehicles.

T T -
0 25 5 10 Kilometers ' Senpling e
©Juuso Pétynen ~— Koitajoki_upper reach
Sources: ©Esri, Sampling sites ©Finnish Environment Institute SYKE, watershed borders © SYRE, “tiatér" "
bodies defined by the Water Framework Directive© SYKE

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




Aquatic mossesfor instanceFontinalis antipyreticahave been widely used as bioindicator for metal
pollution for almost four decades, because they tolerate metal pollution, are widely distttmyéde long

and have high accumulation capacity. Aquatic mosses take metals straight from the waterpbyadsal
absorption through the cell surfaces. Metal concentrations in the youngest terminal jeotshe most
current growing conditions of mosses. Concentrations in the whole plant reflects long time exposure in the
growing conditions of mosses (¥t & 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, Sri. Suspended solidwere also analysed from the mosses

Transplanting the aquatic mosses was performed as described by HokkanenAgQ&6g. mosses were
transplanted fronthe RiverSukkulanjoki tothe riversTohmajoki and Koitajoki for 14 day§.he mosses
were transpnted at the same place and time where and when water sampling was performed.




1.2 Watersheds dhe riversKoitajoki and Tohmajoki

1.2.1TheRiver Koitajoki

At area of sampling site Koitajoki 13orestry and ditching of peatlands are probably the most significant
types of land useClearcutting has been performed in various locatiahsheupstreamareaof the River
Koitajoki and forest areas have besidely ditchedin the upper watershdukforethe RiverKoitajoki flows

to Republic of Karelia

Based oravailablemays, there are some areas where there are signs cofalleéay and potential ditching of
forestin watershedf the RiverKoitajoki in Republic of Karelia. There are not observable signs of-arge
scale ditching of peatlanas peat productiorBased on literature and map examination, Karelian watershed
of the RiverKoitajoki seemgo generallybe in almost natural state.

When the River Koitajoki flows back @ Finland in Mdhko village, which belongs to municipality of
llomantsi, ditching and other forestry practices become more intensive Ag#n. the river flows forward,
there are also peat production areas in vicioitthe RiverKoitajoki; and Pamilddydroelectric Power Plant

1.2.2TheRiver Tohmajoki

In Finnish River Tohmajoki watershed the most common land use practiceagai@ilture, ditching of
peatlands anébrestry. Most of the vicinity of Tohmajoki is ditchedspecially area of Tohmajoensiamd
there are several clefglling areasThe river is dammed at the upper reach.

Based on map examinatiom, KarelianRiver Tohmajokiwatershedhe land use practices seem to be quite
similarto Finland. The river has been dammed in Akhinkoski that is near Ruskeala. Settlements of Ruskeala,
Rytty and Helyla are located along the rivEhe wastewater released from these gsatl#s are probably

the most significant type of load tee RiverTohmajoki.



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

There were two sampling sites: one on the upper reabbrethe River Alajoki (marked inthe Finnish
Vesladatabaseas the sampling site Koitajoki 1R)ins with the River Koitajoki,and one in the lower reach
in Mohko (marked in the Finnish Vesla databass the sampling site KoitajokiM6hkd). Locations are
shown on the Figure 5 Originally sampling at the upper reach was planned topbdormed at
Tasaisenkangasut the location was changedHKoitajoki 13 site because€COVID-19 pandemic decreased
the number of available transportation serviesl Tasainenkangéecametoo distant locatiorfor the new
schedules.
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5 Location of Koitajoki 13 site.
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6 Location of Koitajoki 1 Mohkd site.

1.4 Collection of moss and water samples fithie RiverTohmajoki in Finland ariRlepublic
of Karelia

In Finland, sampling sites were located at the upper and lower readhesRiferTohmajoki. Locations are
shownon theFigure7. Russian sampling points are shown in Figlire

In Republic of Karelia, moss sampling could not be performed becalsgabfestrictionssetby 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 2nd 3rd quarter 1st quarter 2nd 3rd quarter 4th quarter
quarter | quarter quarter
2020 - June (W | September - June (W) | September December
& M) (W & M) (W) (W)
2021 | April June (W & | September March (W) June (W | Nodata No data
(W) * M) ** (W& M) & metals)

* 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.
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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: Matkaselk&, Rytty and Helyl&.



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

2.1Results irthe RiverKoitajoki

2.1.1 Water quality

PhysicalChemical variables

Turbidity  decreased  generall

towards MOhko site (Figure 9) S -
Summer and autumn 2021 wered £ 2
and water level was unusually low il E = o o - &
the River Koitajoki, which may have 2 I _ ﬁ I I
affected turbidity of watethrough =~ I I I
observed suspended solid levels o o " o o ° » o
May 2021 soil was probably still = 3 = 3 z 5 = >
frozen in the watershed, whicl < z < ® < = < °
decreased voloe of effluents 5 = 5 = o = 5 =
flowing to river. = s - s - s - s
° ° ° °
21.9.2020 4.5.2021 16.6.2021 6.10.2021
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Figure 9 Turbidity results in the River Koitajoki.

Observed dtal suspended solic

levels decreased towards Mohsite = . - )
in all sampling timegFigure 10) It % _ < . "
is possible that suspended sol &£ < N -
concentrations are higher because § I I I I
lower water level in summer dn S
autumn 2021, althoughparticle 2 = ° ™ ° " 0 ™ o
runoffsfrom the watershegrobably 2 = z = z = z = z
decreased due to dry seasdrhe £ < z < z < z < 5
lowest suspended solid levels wel = é < é < o z é =
observed in spring when soil wa B z B o 2 B z
probably still frozen. 5 5 5 s
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Figure 10 Suspended solid results in the River Koitajoki.



Generally electrical conductivity in
river water seems to be loweat

Mohko site (Figure 11) Potassium
(K), sodium (Na), Calcium (Ca) anc
magnesium (Mg) had generall
lower levels at Mohko site, but

differences were not conspicuou:
Based on the electrical conductivit
results, observed levels of thes
elements and sulphates were low
the River Koitajoki.

Alkalinity of the river water
decreased consistently  towarc
Mohko site (Figure 12) In summer
and autumn 2021 alkalinity of wate
may have been higheat Koitajoki
13 site because of dry season, whic
probably decreased runoffs from th
watershed.

The river water was generally
slightly more acidicat MOhko site
(Figure 13) Dry season in summel
and autumn 2021 may hav
decreased runoffs  from  the
watershed, which may have
increase@H of river water.

During the sampling time coloul
results were generally lowert
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Figure 11 Conductivity results in the River Koitajoki.
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Figure 12 Alkalinity results in the River Koitajoki.
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Figure 13 Acidity results in the River Koitajoki.
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Figure 14 Colour results in the River Koitajoki.
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Mohko site (Figure 14) Septembef020 was a rainy season, which probably increased runoffs from the
watershed and elevated colour of the river water.

Generally total nitrogen levels wer
lower at Mohko site (Figure 15)
SeptembeR020 was a rainy seasor
which probably increased nitroge
runoffs from the watershed.
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Figure 15 Total nitrogen results in the River Koitajoki.

Observed total phosphoru
concentrations wereeither on the
same level or loweat M6hkd site

(Figure 16) The lowest phgshorus

levels were observed in sprini
sampling round. The highes
difference between Koitajoki 1§ite

and MoOhko site were observed in
summer sampling round.
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Figure 16 Total phosphorus results in the River Koitajoki.

Analysed Chemical Oxyger
Demand(CODwn) results decreasec
towards MOhkO site (Figure 17)
SeptembeR020 was a rainy seasor
which probably increasedrganic
matterrunoffs from the watershed.
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In June 2021 dissolved organic
carbon(DOC) was on same level (14
mg/l). Otherwise observed DOC
levels wereslightly lower at MOhko
site (Figure 18) September2020
was a rainy season, which probab
increased organic matter runoffs
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Figure 18 DOC results in the River Koitajoki.
Observed total organic carbon o
(TOC) concentrations were either o N
the same levebr lower at MOhko = -
site (Figure 19) September2020 2 5 N . . 2 .
was a rainy season, which probab 3 _
increased organic matter runoff I I
from the watershed.
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Figure 19 TOC results in the River Koitajoki.

In October 2021 observed sulphur levels were Koitajolgite8490 ug/l.; Mohkdésite 470 o/l. In other
sampling times sulphur was under detection limit of the laboratory (400 pg/l).
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Figure 20 Iron analysis results in the River Koitajoki.



Manganese (Mn), that is chemicall
a close relative to iron, did not shoy
significant level differencesexpect
Ocober 2021 petween Koitajoki 13
site and MOhko site and its
concentrations were generally low i
the RiverKaoitajoki (under 50 pg/l)
(Figure 21) Autumn 2020 was a
rainy season, which probabl
increased manganese runoffs fro
the watershed.
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Figure 21 Manganese analysis results in the River Koitajoki.

During this sampling period a clea
trend in sulphat¢SQy) load between
Koitajoki 13 site and MOhko site
was not observed(Figure 22)
Meltwaters from the watershed ma
be a cause for observed high
sulphate levelat MOhko sitein May
2021.
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Figure 22 Sulphate analysis results in the River Koitajoki.

Observed aluminium (Al

concentrations were either on th
same level or loweat M6hko site

(Figure 23) Autumn 2020 was a
rainy season, which probabl
increased aluminium runoffs from
the watershed.
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Figure 23 Aluminium analysis results in the River Koitajoki.
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Arsenic (As) levels were generally
lower at Mohko site. Autumn 2020
was a rainy season, which possib
increased arsenic runoffs from th
watershedFigure 24)

Barium (Ba) seems to have a sligh
decreasing trend towards Mohk
site. Higher concentrations observe
in September 2020 may be caus
by a runoff peak during a rain
season.

At Mo6hko site mercury (Hg) often
had slightly higher aquatic levels
thanat Koitajoki 13 site (Figure 26)
Autumn 2020 was a rainy seasol
which probably increased mercur
runoffs from the watershed. Summe
and autumn 2021 were dry seasor
which may have decreased mercu
runoffs from the watershed.
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Figure 24 Arsenic analysis results in the River Koitajoki.
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Figure 25 Barium analysis results in the River Koitajoki.
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Figure 26 Mercury analysis results in the River Koitajoki.
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Cadmium (Cd) does not seem tc

have a significant rising trenc = S . . -
towards MOhkO site (Figure 27) 3 2 2 2 = 2 2
Autumn 2020 was a rainy seasol 3 s 5 s
which may have increased cadmiul & I I I
runoffs from the watershed. §
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Figure 27 Cadmium analysis results in the River Koitajoki.
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Figure 28 Potassium analysis results in the River Koitajoki.

Aquatic calcium (Ca) levels were

lower at Mohko site (Figure 29) £ = . 5
Observed calcium levels werc = & = _ m 3
highest in autumn sampling rounds. = I I . I
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Figure 29 Calcium analysis results in the River Koitajoki.



Observed cobalf(Co) levels were
lower at M6hko site (Figure 30)
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Figure 30 Cobalt analysis results in the River Koitajoki.

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

Observed chromédCr) levels were 2 . 2
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Figure 31 Chrome analysis results in the River Koitajoki.
Observed coppefCu) levels were ]
lower at Mohko site (Figure 32) The = g
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Figure 32 Copper analysis results in the River Koitajoki.



Observed lead(Pb) levels were
slightly higherat M6hké site (Figure
33).
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Figure 33 Lead analysis results in the River Koitajoki.

Observed magnesiuniMg) levels 2 - 2
were lower at MOhko site (Figure & - o n
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Figure 34 Magnesium analysis results in the River Koitajoki.

Sodium (Na) levels were generally b B

lower at Mohko site (Figure 35)in - 5 .. . i 5 . at
May 2021 sodium levels were ol § = & 2 2 =
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Figure 35 Sodium analysis results in the River Koitajoki.



At M6hko site observed nicke(Ni) @
concentrations were slightly lowe =
than at Koitajoki 13ite (Figure 36) . o ; o
Autumn 2020 was a rainy seasol 2 2 = < < 9 = 2
which may have increased nicke = I I i I 0 I N
runoffs from the watershed. = L
2| 4 e a e - ° a °
= Z T - T ~ T - =
c z S z = Z o B
= s g s = s g s
E — ;E — = — ;E —
) > ) < o < ) <
e [w] B [w] = L] e =]
: E : :
e ° e °
21.9.2020 4.5.2021 16.6.2021 6.10.2021
SAMPLING SITEAND DATE
Figure 36 Nickel analysis results in the River Koitajoki
Selenium(Se)was under detection limit of the laboratory (0,1 pg/l) in all sampling times.
Generally observed Zinc (Zn) =
differences were not significan = &
(Figure 37) Rainy season in &
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Figure 37 Zinc analysis results in the River Koitajoki.
At MoOhko site observedstrontum
(Sr) concentrations were lower tha = ° "
at Koitajoki 13 site (Figure 38) 2 s o E B _ N
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Figure 38 Strontium analysis results in the River Koitajoki.



Titanium (Ti) levels were lowerat o
Mohko site, although excluding =
September 2020 differences wel & e 2 o 5 o « 2
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Figure 39 Titanium analysis results in the River Koitajoki.
Uranium (U) levels were lowerat 2
MOhko site, although differences = = S
were minor excluding Septembe Z ~ S R 8 . g "
\ . . 2 = 3 :
2020 (Figure 40) Rainy season in & S 3 2 - =
autumn 2020 and meltwater i1 = I I I I I I
spring 2021 may have increase 3
. = o 0 [l [ [as] 0 m 0
uranium runoffs from thevatershed. = - = - = = = - =
> 3 0 > 0 o 0 b 0
= = = = = b= = =
<T =T — =T
- — - — = — - —
5 = o = ° ~ o <
e =] 1 =] - ] p =]
< < < <
- - — -
° ° ° °
21.9.2020 4.5.2021 16.6.2021 6.10.2021

SAMPLING SITEAND DATE

Figure 40 Uranium analysis results in the River Koitajoki.
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Figure 41 Vanadium analysis results in the River Koitajoki.

2.1.2Moss sampleesulsin the RiverKoitajoki

Description of the method use8amples 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 L5 cm were cut from each moss turf for one parallel
sample. The shoot tips were rinsed with distilled water and freézé. The size of the dried
samples varied between 274b6,4 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 movedést tubes and diluted to 30 ml with deionized water.

Concentrations of bioaccumulated elements in transplanted aquaticHmatisalis dalecarlicasamples

were mainly higher at the River Koitajoki upper reach site (Koitajoki 13) (fig@reable3) than in the

lower sampling site (Koitajoki 1 M6hkd). The clearest differences between the sampling sites were for iron
(Fe), uranium (U), sodium (Na) and arsenic (As). Iron concentrations varied betweedd@38g/kg at
Koitajoki 13, but only between 386 mg/kg at lower sampling site Koitajoki 1 M6hkd and there was a
statistically siginificant difference (p = 0,000). Uranium concentratios were between 0000380 mg/kg

at upper reach site and between 0,6@@037 mg/kg at lower sampling site differing statistically (p =
0,000). Sodium concentrations were also higher at Koitajoki 13 (p = 0,011) varying betwet@ tiy/kg,

while concentrations in Koitajoki 1 M6hko were 0,466 mg/kg. In addition, arsenic concentrations were
significantly higher (0,051,3 mg/kg) at the upper site comed to the lower sampling site (0,615074

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 seemslsw begher 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
(0,008% 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 autumryear 20200pposite to most other elements, the concentrations of barium, cobalt, manganese
and sulphur seemed to be higher in the lower sampling sites @&pbitowever, the sample number of
cobalt,manganesand sulphur was very small-(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 incubatio®ame trend between the sampling sites was not obsertbd imater

samples of these elementghe concentrations were either higher in the upper sampling site or about the
same.
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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
qguartiles 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 M6hkd, 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.

Koitajoki 13 Koitajoki 1 M6hko
Element| Md/value min max N | Md/value min max N
Al 15 50 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 15 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 59 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.

Koitajoki 13 Koitajoki 1 M6hko
Element 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 51 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
\ 1,3 0,94 1,3 3 0,68 0,63 0,84 4
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Figure 43 Turbidity results in the River i’oﬂh'ﬁﬁjo.ki.



from June 2021 The lowest difference was in September 2@2H upper reachwas as an exception
observed to benore turbid than the lower reach

In summer sampling rounds
observed conductivity increased
towards the lower reach an
decreased in other seasons.
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Figure 44 Conductivity results in the River Tohmajoki.
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Figure 45 Acidity results in the River Tohmajoki.
Excluding April 2 3 ] 2 2 2 ] 9
~ ~ ~

~ ~ o

<) o

ability to resist changes in acidity
remained good at both the upper al
lower reach othe RiverTohmajoki.
In April 2021 alkalinity had
decreased under 0,2 mmol/l (th

o ‘ <)

I 0,218
I 0,153

ALKALINITY MMOL/L

. : ~ o« o = - i = = = = -
guideline for g T - - -
= g e [] & ] & [} & Q
at the lower reach. 5 o >, S > S > S > S
- T = x o T X o T I @ T I
o 5 | XY w5 ozw T o zw D5 oz
— 2( o < o< [ o < [ o < ~ o<
4 Om :(UJ =S w O w - w O w - w =T = w
O w s o= < = < S < S o o
2= 2 = s < s < s < s
= X T = T = T = T
= = 5
T o — o I =] T o T o
o — L = - =] - [+ =
Pl - — -
23.6.2020 23.9.2020 28.4.2021 22.6.2021 20.9.2021

SAMPLING SITE AND DATE

Figure 46 Alkalinity results in the River Tohmajoki.



Colour of the water elevated
generally towards the lower react
The highest difference was in
September 202@&nd the lowestn
June 2020

Excluding September 2021, tote
suspended solid levels (fiter
particle size0,4 um, analysis code
SS;F6;GVS) increased towards
lower reach othe RiverTohmajoki.

Observed levels of Dissolvec
Organic Carbon (DOC) and Tota
Organic Carbon (TOC) variec

between the sampling times bein
either on the same level, orf8lmg/I
higher at the lower reach. Th
highest differences in DOC ant

TOC levels were observed i
Septembr 2020. The lowest
differences were in summe

sampling rounds.
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Figure 47 Colour results in the River Tohmajoki.
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Figure 48 Total suspended solid results in the River Tohmajoki.
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Figure 49 DOC results in the River Tohmajoki.
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Observed Chemical Oxygel
Demand (CORn) elevated
consistently towards the lower reacl
difference range being within 2j0

14 mg/l. The lowest difference wa
in June 2021 and the highe:
September 2020

Biological Oxygen Demand (BODB5
ATU) had more variation in results
when compared to Chemical Oxyge
Demand results.

BODS5 results were more ofter
higher at the lower reach, but in Jur
and September 2021 the upper rea
was observed to have highe
Biological Oxygen Demand results.
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Figure 50 TOC results in the River Tohmajoki.
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Figure 51 CODMn results from the River Tohmajoki.
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Figure 52 BODS5 results from the River Tohmajoki.
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Figure 53 Total nitrogen results from the River Tohmajoki.
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however there were two aberration
April 2021 and September 2021.
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Figure 54 Total phosphorus results from the River Tohmajoki.
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Figure 55 Sulphur results from the River Tohmajoki.



Observed differences irsulphate 5 =
(SOy) concentrations wereiol mg/l
and sulphate levels did not sho
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Figure 56 Sulphate results from the River Tohmajoki.
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Figure 57 Iron results from the River Tohmajoki.
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Figure 58 Manganese results from the River Tohmajoki.
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Observed aluminium (Al)

increased consistently towards tt
lower reach. The highest Al levels
were observed in September 20

and May 2021.
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Figure 59 Aluminium results from the River Tohmajoki.
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Figure 60 Arsenic results from the River Tohmajoki.
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Figure 61 Barium results from the River Tohmajoki.



Observed nmarcury (Hg) levels

elevated generally towards the lowe
reach As an exception analysed
mercury levels were 0,000%fl at

both upper and lower reach in Jur
2020.

Cadmium (Cd) levels elevated
generally towards lower reach bt
there were two occasions whe
concentrations were either on san
level or slightly higher at the uppe
reach(June 2020 and 2021)

Potassium(K) did not show clear
increasing nor decreasing tren
towards the lower reach: at times tr
upper reach had higher level
sometimes the lower reach.
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Figure 62 Mercury results from the River Tohmajoki.
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Figure 63 Cadmium results from the River Tohmajoki.
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Figure 64 Potassium results from the River Tohmajoki.
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Calcium (Ca) showed decreasing
trend towards the lower reach moi

oftenthan rising.
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Figure 65 Calcium results from the River Tohmajoki.
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Cobalt(Co) was observed to hawe

rising trend towards the lower reach
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Figure 66 Cobalt results from the River Tohmajoki.
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Chrome (Cr) showed

trend towards the lower reach.
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Figure 67 Chrome results from the River Tohmajoki.
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Based on the results there does r
seem to be significant difference i

copper (Cu) load of the upper and
lower reach othe River Tohmajoki.
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Figure 68 Copper results from the River Tohmajoki.
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Figure 69 Lead results from the River Tohmajoki.
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Figure 70 Magnesium results from the River Tohmajoki.
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Figure 71 Sodium results from the River Tohmajoki.



T'c I

6'C I

8'c I

S’ I

St I

e I

14

/'

AN |

€ I

v'c

Nickel (Ni) showeda rising trend

H3ddN 6 DIOTYWHO L

1/WYHDOUI A TINDIN

towards the lower reactHowever,
there was variationn volume of

level differences.

H2V 3
dIMOT DIOTYIWHO L

HOV3d
H3ddN 6 DIOTYIWHO L

H2VY 3
dIMOT DIOTYIWHO L

HO V3
H3iddN 6 DIOTYIWHO L

H2VY 3
dIMOT DIOTYIWHO L

HO V3
d3ddN 6 DIOTYINHO L

H2Y 3
YIMOT DIOTYIWHO L

HOWV3d
H3ddN 6 DOTYIWHOL

HO V¥ 3d
HIMOT MOV WHO L

HOV3d

23.9.2020 28.4.2021 22.6.2021 20.9.2021

23.6.2020

SAMPLING SITE AND DATE

Figure 72 Nickel results from the River Tohmajoki.
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Figure 73 Zinc results from the River Tohmajoki.
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Figure 74 Strontium results from the River Tohmajoki.
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Figure 75 Titanium results from the River Tohmajoki.
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Figure 76 Uranium results from the River Tohmajoki.
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Figure 77 Vanadium results from the River Tohmajoki.



2.1.2 Moss sample results the RiverTohmajoki

Aluminium (Al), arsenic (As), manganese (Mn), sodium (Na), titanium (Ti) and uranium (U) concentrations
in transplanted-ontinalis dalecarlicasamples seemed to be slightly higher at the River Tohmajoki lower
reach sampling sitfigure 78, table5). However, only sodium concentrations were statistically higher at the
lower site (p = 0,022). Sodium concentrations varied betweer 9 84ng/kg at the lower site and between
0,26- 1,5 mdkg 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 contrarythe 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 oredsat 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.
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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.

Tohmajoki upper reach Tohmajoki lower reach
Element| 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 15 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.

Tohmajoki 9 padon ylap. Tohmajoki alaosa
Element| 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 sidettué River Tohmajoki

There were thregvater qualitysampling pointsat the area othe Republic of Karelia. The sampling sites
were locatedt settlements oMatkaselka, Rytty and Helyl@igure 8) Matkaselka is located at the Karelian
upper reach othe RiverTohmajoki. Helyla is located at the lower reach just betbesRiver Tohmajoki
flows to Lake LadogaBesides these, themwere 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.
PhysicalChemical variables

Acidity

During the sampling periods, it was observed that the river water becamsistentlymore alkaline (pH

valuein the river water rises) the clostire River Tohmajoki flows tadhe Lake Ladogaln every sampling
round he lowest pH results were in Matkdsisite and the highest in Helykite
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Figure 79 Acidity analysis results in 2020.
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Figure 80 Acidity analysis results in 2021.

Suspended solids

Suspended solid levels were observed to elet@atardsthe 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 comparedoaittion.
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Figure 81 Total suspended solid analysis results in 2020.
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Figure 82 Total suspended solid analysis results in 2021.

Biological Oxygen Demandwith a five-day incubation time (BOD5)

ObservedBiological Oxygen DemandBOD5) rose generally towards settlement of Helyla. There were
someexceptiongaused by seasonal variation
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Figure 83 BOD5 analysis results in 2020.
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Figure 84 BOD5 analysis results in 2021.

Nitrogen

Observed total nitrogen levels rose generally towards Heiyga There were some egptions caused by
seasonal variation.
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Figure 85 Total nitrogen analysis results in 2020.
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Figure 86 Total nitrogen analysis results in 2021.

Phosphorus

Total aquatic phosphorus levels rose generally towards Helyla settldmeviatkaselkasite the highest
observed phosphate leveb®/50 ug/l (September 2020)n other sampling times phosphate levels were
under detection limit of the laboratoay Matkaselka site



Total phosphorus pg/l

0 10 20 30 40 50 60 70 80 90
FIN Tohmajoki 9 upper reach June 2020 [ NG -
FIN Tohmajoki lower reach June 2020 [N -
FIN Tohmaijoki 9 upper reach September 2020 |GGG 2

FIN Tohmajoki lower reach September 2020 [IIININEGEGEGEEEEEENNNNNNNENNN -

RUS Matkaselka June 2020 0
RUS Rytty June 2020 |, 50
RUS Helyld June 2020 | 800
RUS Matkaselkd September 2020 [N 50
RUS Rytty September 2020 | I, 50
RUS Helyld September 2020 | — 78

RUS Matkaselkd December 2020 0

RUS Rytty Deember 2020 | 50

RUS Helyld December 2020 I &

Figure 87 Total phosphorus analysis results in 2020.
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Figure 88 Total phosphorus analysis results in 2021.

Sulphate

In Matkaselkasite the highest observed sulphate levels were 10 (September 2020) andutiz201)
mg/l. In other sampling rounds sulphate levels were under detection limit of the laboratory.

In Rytty site the highest observed sulphate level was 13,71 inglune2021. In other sampling rounds
sulphate levels were under detection limit of the laboratory.



In Helyla site the highest observed sulphate level was 12,2 mgluite2021. In other sampling rounds
sulphate levels were under detection limitre# taboratory
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Figure 89 Sulphate analysis results in 2020.
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Figure 90 Sulphate analysis results in 2021.

Oil products were not detected in any sampling rounds.
Turbidity

Turbidity of the river water increased towards Hekit&in all sampling rounds.



Turbidity FNU
0 1 2 3 4 5 6

FIN Tohmajoki 9 upper reach June 2020 NN 2,8

FIN Tohmajoki lower reach June 2020 GGG 4,9

FIN Tohmajoki 9 upper reach September 2020 I 3,8

FIN Tohmajoki lower reach September 2020 I 4,6
RUS Matkaselka June 2020 GGG 1,6

'

RUS Rytty June 2020 I 2

’

RUS Helyld June 2020 e 5,2

’

RUS Matkaselka September 2020 I 17

’

RUS Rytty September 2020 s 1,0
RUS Helyla September 2020 I 1 9

’

RUS Matkaselkd December 2020 I 15

’

RUS Rytty Deember 2020 IS 4

'

RUS Helyld December 2020 . 2 9

’

Figure 91 Turbidity analysis results in 2020.
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Figure 92 Turbidity analysis results in 2021.

Colour

Colour of the river water increased generally towards Hedjiié at least slightly However sasonal
variation was significant and there were s@reeptions
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Figure 93 Colour analysis results in 2020.
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Figure 94 Colour analysis results in 2021.

Chemical Oxygen Demand CODy)

CODwn was analysed in the delta tife River Tohmajoki in September/October 2020. Analysed Chemical
Oxygen Demand was 18,4 mgh Finnish lower reaclof the River Tohmajokhighest observed CODMn
value was 28 mg/l in Septiber 2020.
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Figure 95 CODMn analysis results from Finnish part of the River Tohmajoki.

Metals

Metals were analysed from seven sampling sites in Karelian atbha Rfver Tohmajokiat the end ofune
2021. The running numbers of the sampling sites rose towtreld.ake LadogaAluminium, iron and
manganese were the only metals whose concentrations were above detection limit of the laboratory.

Aluminium (Al )

The lowest aluminium level (112g/l) was in the Karelian sampling site 1; and the highest (131 pg/l) in the
2"d sampling point in settlement of Ruskeala. In the rest five sampling sites results varied between 121 ug/l
(Point 6) and 130 pg/l (Point 4). Wheompared to the first sampling point, sampling sites down the river
had generally higher aluminium leveldovewer,aluminium levels were not always observed to elevate in a
linear manner towards the lower reach.
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Figure 96 Aluminium analysis results from Karelian part of the River Tohmajoki.

Iron (Fe)



The lowest iron level (654 ug/l) was observed in the 2nd sampling point (Ruskeala); and the highest (716
pg/l) in the 3rd sampling point. In this sampling time iron levels did not show clear differences between
upper and lower reach tie RiverTohmajoki inthe Republic of Karelia.
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Figure 97 Iron analysis results from Karelian part of the River Tohmajoki.

Manganese (Mn)

The lowest manganese level (42 ug/l) was andlysehe ® sampling point; and the highest (95 ug/l) in the

6" sampling siteGenerally sampling sites located in the lower reach had higher observed manganese levels
than the 1 sampling site However, manganese levels were not always observed to elevate in a linear
manner towards the lower reach.
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Figure 98 Manganese analysis results from Karelian part of the River Tohmajoki.



3 Assessment of environmental load
from Finland to Republic of Karelia

Environmental loadrom Finland to Republic of Kareliwas assessasiith FinnishSYKE-WSFSVemalal
Water model systenChosen variables for the model were total nitrogen, total phosphorus, and suspended

solids because their results drestchecked

3.1The RiveKoitajoki

At the area of sampling site Koitajok8 total nitrogen load is origated from:
- 3% from agriculture
- Natural leaching from fores&2%.
- Forestry activities (logging, fertilization, maintenance of ditcti€g}.
- 1% from point load and fallol8% (VEMALA V1).

Based orWEMALA V1 simulations, anual sum ofestimatecditrogen load has been 70L10 tons in years
201671 2021 (Figure 9).
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Based orWVEMALA V1 simulations, nitrogemand phosphoru®ads areat the highestlevel in spring, when
snow is meltingSecond but lower peak occurs in rainy autunonths(Figures 100and102). As expected,

the load areat the lowest level in winter months and then during summer.
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100 Simulated seasonal variation in nitrogen load at area of Koitajoki 13 site.

Total phosphoruss originated from:
- 7% from agriculture
- 16% from forestry
- Natural leaching from forests 75%
- 1% fallout (VEMALA V1).

Based onVEMALA V1 simulations, annual sum of estimated phosphorus load has been approximdtely 3,5
5,3 tons in years 201i62021at area of Koitajoki 13ite (Figure101).



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

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

















































































