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Lake and stream sediments
The sedimentation rate varied between 0.5 and 2.0 mm/year
in the lakes that were studied: Kotajärvi, Saiveljärvi and 
Iso-Vaiskonlampi (Table 2). The range is caused by the 
remobilisation (erosion) of the topmost sediments and re-
sedimentation, and in addition changes in land use actions 
(harvesting, ploughing, drainage) of forest areas from the 
1960s and 1970s to the present (e.g. in Kotajärvi).
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The study of environmental impact assessment 
of sulphur compounds was a part of the SULKA 
(Sulphur compounds in mining operations – 
environmental impact assessment, measurement 
and emission abatement) research project fi-
nanced by the European Regional Development 
Fund. The objectives of the work package were 
to investigate the impact of sulphur compounds, 
possibly originating from sulphide ore sources, 
on soil, moss, surface and groundwater and 
stream and lake sediments. The case study was 
carried out in the surroundings of the Kevit-
sa Ni-Cu-PGE deposit, which is a low grade, 
disseminated sulphide mineralisation. Mining 
is executed  in an open pit since 2012.  Besides 
the mining  activity impacts, the bedrock in 
the area contains natural sulphur sources: 
mafic-ultramafic intrusions and sulphur-bearing 
phyllites and black schists.

Environmental samples for the project were 
taken between 2012 and 2013 at sampling points 
located outside the mine concession area and 
present possible medium and long-transport-
ed emissions. The focus was on sulphur analysis 
methods, but more than 40 other elements have 
also been analysed.

Table 1. pH, electric conductivity, oxygen concentration, alkalinity, and concen-
trations of base cations, soluble Fe, P, Al, Mn, Cr and anions in creeks and rivers 
(information on methods in Heikkinen et al. 2009).

Surface waters 
pH, electric conductivity, alkalinity, and concentrations of 
base cations (Ca, Mg, Na, K) and anions (SO4, Cl) were on 
average greater in creeks and rivers in the western parts of 
the Sodankylä study area than the eastern parts (Table 1). 
In the east, the waters were slightly acid and rich in humus 
particles (measured as KMnO4 number), and they had greater 
soluble Al concentrations than those in the west. Concentra-
tions of sulphidic traces were pretty low and therefore they 
did not show as clear a regional distribution pattern as did 
the base cations and anions. Sulphur in surface waters oc-
curred mainly as water soluble sulphate. The means of sul-
phate sulphur concentrations were about four times great-
er in surface waters of creeks and rivers in the west than 
the east and in lake waters of the study area. The greatest 
SO4 concentration  (25 mg/l) was measured at the south-
ern Mataraoja creek site which receives mine waste wa-
ter effluents from the Kevitsa mine area. However, the con-
centration was still lower than concentrations (31-36 mg/l) 
measured in 1994 after the drainage of the exploration area 
of the Kevitsa ore deposit.

Table 2. The dating of lake sediment layers based on the 137Cs dating method and 
sedimentation rates according to the 210Pb and 137Cs measurements. The measure-
ments were made in the isotope laboratory of the Radiation and Nuclear Safety 
Authority (STUK) in Rovaniemi, interpreted by Geologist Antti Kallio, STUK.

Neither did lake or stream sediment data show clear evidence 
of sulphur accumulation caused by waste waters from the 
Kevitsa mine area. The sulphur concentrations  were greater 
in lake sediments of the Kotajärvi lake (0,8-1,0 %) than in 
those of Saiveljärvi (0,3-0,5 %) close to the Kevitsa mine 
(Figure1). The accumulation of sulphur in lake sediments 
is followed by an increase in Zn, Cu, Pb and Mo concentra-
tions (not Ni) and also in Mg, Al, Cr and Se concentrations, 
which suggests geogenic origin of sulphur. 

In stream sediments, sulphur was mainly immobile being 
bound by organic and mineral matter (Figure 2). A minor 
proportion was chemically adsorbed by secondary precipi-
tates of stream sediments. Organic stream sediments had in 
average about ten times greater S concentrations (~0.2 %) 
than mineral sediments (~0.02 %).

Figure 2. (a) Distributions of total S concentration (mg/kg) and loss of ignition 
(LOI %) and (b) those of acetate extractable S and total S concentrations in 
mineral and organic sediments (more information on methods in Heikkinen and 
Räisänen 2009).

Figure 1. Acetate extractable (mobile) sulphur and (a) the sum of acetate extract-
able sulphidic trace metals (Zn, Co, Cu, Pb, Cd) and As and (b) Mn concentrations 
in sediment layers at a depth of 0-4 cm, 4-8 cm and 8-12 cm in Kotajärvi, 
Iso-Vaiskonlampi and Saiveljärvi in the Sodankylä study area (methods in Heikki-
nen and Räisänen 2009).

Moss and soil
Moss data showed slightly elevated sulphur concentrations 
which was most likely caused by the bedrock geology, since 
the highest measured concentration was situated about 8 kilo-
metres to the east of the mine site outside the prevailing wind 
direction. Soil data indicated that sulphur is associated with 
nutrients in the podzol, especially with organic matter content 
but also with nitrogen. The relationship with nitrogen may 
also reflect long-transported atmospheric emissions.

The acid neutralisation capacity (ANC) indicates the amount 
of acid load that the soil can buffer. The buffering capacity 
is expressed as the sum of the milliequivalent concentrations 
(meq/kg) of base cations (Ca2+ + Mg2+ + K+) of the mineral 
soil (Figure 3 a-b). The sensitivity of soil acidification can 
be assessed on the basis of the aluminium (equivalent 
concentration), and its ratio to the sum of the base cations 
(Al3+/ Ca2+ + Mg2+ + K+). The higher the ratio, the greater the 
risk of soil acidification (Figure 4 a-b). As the acidification 
increases, the solubility of Al3+ as well as that of base cations 
accelerates. The solubility of Al starts at a pH of ca. 4.4.

Figure 3. The buffering capacity of the soil at a depth of a) 30 cm and b) 50 cm

Figure 4. The sensitivity of soil acidification in the soil at a depth of a) 30 cm and 
b) 50 cma
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