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Survey area (regional mapping, 1995), pilot project
area (1993), location of catchments (1994 
catchment study – 1 - 8)
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Dwarf shrub tundra, near coast of Barents Sea
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Forest tundra, Finmarksvidda, Norway
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Northern boreal forest near Arctic Circle, Russia
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Zapoljarnij Cu/Ni-mine 

– 6 mill. t of ore are 
mined here 
annually.

Nickel smelter at Nikel.
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Emission figures for 1994 (in t a-1):

SO2 Ni      Cu
– Nikel 129,000       136        82
– Zapoljarnij 69,000       161        81
– Monchegorsk 98,000     1620      930
SUM 296,000     1917    1093 (+ 
many other elements, e.g. Ag, Au and PGE’s)     

METAL VALUE (US$) 16Mil.    3 Mil.
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Project idea: documentation of the whole ecosystem.
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MULTIMEDIA STUDY:

SAMPLE MEDIUM PILOT CATCHMENT REGIONAL
PROJECT  1992/3 STUDY   1994 SAMPLING 1995

SNOW (filterresidue and meltwater) x x
RAIN x
STREAMWATER x x
LAKEWATER x
GROUNDWATER x
TERRESTRIAL MOSS x x x
LICHEN x
OTHER VEGETATION x
TOPSOIL (0-5 cm) x x x
HUMUS (0-3 cm) x
PODZOL PROFILES (5 horizons) x x
STREAM SEDIMENTS x
ORGANIC STREAM SEDIMENTS x
OVERBANK SEDIMENTS x x
QUATERNARY DEPOSITS x
BEDROCK x
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THREE (FOUR) SAMPLE  MEDIA FINALLY 

SELECTED FOR REGIONAL MAPPING:
– TERRESTRIAL MOSS (Hylocomium splendens & 

Pleurozium schreberi), representing
– THE ATMOSPHERE

– HUMUS (O-horizon), 0-3cm, <2mm, 
representing exchange between:

– ATMOSPHERE, BIOSPHERE, PEDOSPHERE
– B&C-horizon of Podzol Profiles, representing:

– THE PEDOSPHERE (THE LITHOSPHERE)
Giving the possibility to study element exchange, 

cycling, enrichment, and depletion between 
different compartments of the ecosystem on a 
regional scale in an area with a large gradient.

Lake water was additionally collected in Russia.
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Multi-Element Study
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Field documentation: 3 photographs/site
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O-horizon organic
litter and humus
E-horizon
leached

B-horizon
enrichment of Fe
and other elements

BC-horizon
border zone B to C

C-horizon
Unaltered till
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Lithology and mineral deposits and occurrences
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The Monchegorsk Cu-Ni-refinery and its surroundings
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An E-W-Profile cutting Monchegorsk. Nickel in moss. 
Pollution/Background-ratio: c. 200.



Kola Ecogeochemistry

An E-W-Profile cutting Monchegorsk. Copper, Pb and Pd in the 
O-horizon. Background is always reached at 50-200 km.
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Pollution/background-ratios (Catchment Study Results)
differ widely between different sample materials

Official emission figures: Cu/Ni=0.5
Ore feed: Norils'k ore: Cu/Ni=2

Pechenga ore: Cu/Ni=0.5

C-horizon near Monchegorsk: 
derived from basic/ultrabasic 
rocks, background: gneisses

POLLUTION/BACKGROUND-ratio
Stream Stream Crow- Top- O- C-

Elem. Snow Rain Water sed. Moss berry soil horiz. horiz.
As 21 176 4 7 6 22 60 22 16
Co 2197 1180 136 8 69 172 98 34 4
Cu 2523 453 228 735 28 95 568 383 122
Ni 1290 271 858 247 183 223 560 469 14
V 46 27 5 2 3 4 8 6 1
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N-S-profiles at the western project border (background).

The highest pH occurs near coast together with the highest S-concentrations.
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Only single 
lakes near 
industry 
are 
acidified. 
The effect 
of the 
steady 
input of 
marine 
aerosols 
near coast 
plays the 
more 
important 
role for lake 
water pH.
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Some elements display a striking N-S-gradient
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Elements enriched 
in the O-horizon. 
Where are Cu 
and Ni, the main 
metals emitted?
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Comparison of element concentrations in different sample materials
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Multi-medium geochemistry will reveal sources of 
elements and the relative importance of different 
processes.
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An unpolluted site (Ni 2 mg/kg 
in moss) in N-Norway –
what happened with the 
ground vegetation?
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A highly polluted site (Ni in 
moss 45 mg/kg) in Russia –
no visible damage to the 
ground vegetation.
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Regional map of 
moss cover 
damage as 
identified from 
field photos
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An industry that looks rather nice and is thus not 
perceived as an environmental threat.
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CONCLUSION

Multi-medium, multi-element regional 
geochemistry is a powerful tool to 
understand sources, levels, cycling and fate 
of chemical elements in the environment.

The relative importance of natural processes 
is currently often underestimated. 

Both are needed: detailed process studies 
and large scale regional surveys. (Take a 
step back to get the full picture.)
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