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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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Kola Ecogeochemistry

Emission figures for 1994 (in t a™):

SO, 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.qg. Ag, Au and PGE’s)
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SAMPLE MEDIUM PILOT CATCHMENT REGIONAL
PROJECT 1992/3 |STUDY 1994 |SAMPLING 1995
SNOW (filterresidue and meltwater) X X
RAIN X
STREAMWATER X
LAKEWATER

GROUNDWATER
TERRESTRIAL MOSS

LICHEN

OTHER VEGETATION

TOPSOIL (0-5 cm)

HUMUS (0-3 cm)

PODZOL PROFILES (5 horizons)
STREAM SEDIMENTS

ORGANIC STREAM SEDIMENTS
OVERBANK SEDIMENTS
QUATERNARY DEPOSITS
BEDROCK
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THREE (FOUR) SAMPLE MEDIA FINALLY

SELECTED FOR REGIONAL MAPPING:

— TERRESTRIAL MOSS (Hylocomium splendens &
Pleurozium schreberi), FEPrese nti ng

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

— B&C-horizon of Podzol Profiles, representing:

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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ELEMENTS MAPPED IN THE PROJECT

Multimedia Roi: Harmful (moderate to higly toxic,
analysis ; carcinogenic or radiotoxic)

Isatope analysis 4. 4o lined: E tial
. {only topsoif) it H.

Italic: Essential for some
G organisms N.

Ar|

Ga|Ge Kr |
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Po|At|Rn

Only catchment study 1994
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FOREST ECOSYSTEM
STRUCTURE

Trees layer:

Spruce (Picea abies),
Scots pine (P'inus svhvestris),
Birch (Bewia pubescens)

/Dwarf shrubs layer:
Crow berry (Fampetrum spp ),
Bilhe Y'Yy (Vacciniuwm myvetillus)
C(}wberrv (Vaccininm vitis-adaea)
(Vaccinium wliginosin)

Heather (catuna vilgaris)

_—Moss-lichen layer:
Mosses:
Plewrosivm shreberi
Hyvlocomium splendens
Paolitrichim comnnme
IYeranum spp.
Lichens:
Cladina spp.
Cetraria spp.

B SO.




O-horizon organic
litter and humus

E-horizon
leached

B-horizon
enrichment of Fe
and other elements

BC-horizon
border z-one Bto C

C-horizon
Unaltered till
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Caledonian rocks

Quartzite, meta-arkose, dolostone,
phyllite, greywacke, gabbro

Neoproterozoic

Conglomerate, gritstone, sandstone,
- siltstone, mudstone, in places

enriched in phosphorous

Palaeoproterozoic

Basaltic volcanites, subordinate
'black schist', conglomerate,
quartzite, dolostone, gabbro

Andesite, plcrlte, basalt, greywacke,
'black schist', chert, limestone

Granite, granodiorite,
- rappakivi granite, gneiss, Deposit
greywacke, marble
Gabbro

Occurrence

Granite, granodiorite,
alkaline granite

Archaean

' Felsic/mafic granulite
Gneiss, granite,
- tonalite, iron quartzite,
amphibolite
Tonalite, granite/gneiss,
tonalite, amphibolite

Basalt, komatiite

Palaeoproterozoic
to Palaeozoic

Alkaline/ultramafic
alkaline igneous rock

Apatite
Muscovite
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The Monchegorsk Cu-Ni-refinery and its surroundings
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Emissions from

Percentile mg/kg Moncf_legorSk ] ..
100.0 gy 329.5 and Nikel/Zapoljarnij

98.0/105.7
42 Mini
90.0 29.9 Smelter or production "
o of mineral concentrates [ Other metal industry
70 120 c" Thermal power station \'b Nuclear power station

50.0 44 Al Alurninium, Ap: Apatite, Au: Gold, Fe: Iron, Ni: Nickel/Copper
25.0 21

5.0 15
0.0 1.2

Semi~variogram

Relative Kriging Error

Percentile %
100.0 = 60

40
27
23
19
1"
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Monchegorsk
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N' -400 =300 -200 -100 0 100
1 Distance from Monchegorsk, km

An E-W-Profile cutting Monchegorsk. Nickel in moss.
Pollution/Background-ratio: c. 200.
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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

POLLUI'ONIBACKGROUND ratio
Stream Stream Crow- Top- OF

Elem.| Snow Rain Water sed. Moss berry soil horiz.
As 21 176 4 7 6 22 60 22

Co | 2197 1180 136 8 69 172 98 34
Cu 2523 453 228 735 28 95 568 383

LY 1290 271 858 247 183 223 560 469
| 27 5 2 3 4 8 6

C-horizon near Monchegorsk:
Official emission figures: Cu/Ni=0.5 derived from basiclultrabasic

Ore feed: Norils'k ore: Cu/Ni=2 .
rocks, background: gneisses
Pechenga ore: Cu/Ni=0.5 ocKs, 9 9
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Percentile

% Mining
Smelter or production
o of mineral concentrates B Other metal industry

f‘ Thermal power station k’b Nuclear power statio
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Percentile  mg/kg .
100.0 237 Intrusions) and

S r Rock Dust (Alkaline

M OS S air dried, <2mm, conc. HNO3, ICP-NS 98‘0 50 Sea Spray

. 90.0 l 20

5.0 l 13 Sl ot 42 Mining
meller or production

20.0 l 9 o of mineral gencentrutes B Other metal industry
25.0 6 4 Thermal power station \b Nuclear power station
50 4 Az Aluminium, Ap: Apatite, Au: Gold, Fe: Iron, Ni: Nickel/Copper
0.0 3

Semi~variogram
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Percentile mg,/kq

PN

100.0 g 2.46
98.010.75
90.0/—0.35
75.0—0.22

42 Mining
50.0F—0.16 Smelter or production
o of mineral concentrates [ Other metal industry

& Thermal power station e Nuclear power statio
5.0 0.09 A& Aluiium, Ag: Apatite, Au: Gold, Fe: Iron, i Nickel/Copper
0.0==0.05

Geogenic Sources

0 0.12

Semi-variogram
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Relative Kriging Error

Percentle %
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97.6—23
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Percentile mg/ k

Hydrothermal System

42 Mining
Smelter or production

0.59 o of mineral concentrotes B Other metal indust

Az Aluminium, Ap: Apatite, Au: Gold, Fe: Iran, Ni: Nickel/Copper

15 Semi-variogran
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£ 08 — JiobEL
0
0 100 200 300 (km)

Relative Kriging Error

Percentile %
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no sea spray!

98.0 l 1135
90.0 999
75.0 926
50.0 848 Sl duch 4 Mining
25.0 192 ! an r?'llr?;rg{gﬁcgﬁtrgfi]es B oOther metal industry
5.0 clear-power-statio
0.0 820 Al: Aluminium, Ap: Apatite, Au: Gold, Fe: Iron, Ni: Nickel/Coppe
0.03
= 001 4
o 100 200 300 (km)
||
Relative Kriging Error
Percentle 7%
100.0r— 7.9
P 97.7r—15.6
75.0—3.8
50.0F—3.2
25.052.6
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No pollution!
S Percentile mg/kg Sea Sprav (?)

100.0 g 3236
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90.0— 1861
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100 150 200 250 300 350 400 450 500
DISTANCE FROM COAST, km

300 +rrrrrrrrrrre e 3.2 4+ e
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
S DISTANCE FROM COAST, km p DISTANCE FROM COAST, km

The highest pH occurs near coast together with the highest S-concentrations.
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cum.Frequency (%)
PERCENTILES
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L B U, L 0.1 T ARAARRRSRARARAA RARRA]
40 44 48 52 56 6.0 64 6.8 7.2 7.6 40 45 50 55 6.0 65 7.0 75

pH pH

Only single
lakes near
industry
are
acidified.
The effect
of the
steady
input of
marine
aerosols
near coast
JEVAR[C
more
important
role for lake
water pH.
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50 100 150 200 250 300 350 400 450 500
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50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
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Some elements display a striking N-S-gradient
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Elements enriched
in the O-horizon. P
Where are Cu /N
and Ni, the main
metals emitted? CG
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H um H‘ gir diiad, B, cone, HHOT, P-MS

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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A completely
depressed
e NO damage

. NO information

¥y Regional map of
g5 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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T30
300
5.0
5.0
0.0

100.0
98.0
0.0
75.0
50.0
5.0

50

127 ng/kg
1.18

0.56
0.33
0.2
0.15
0.09
0.05

4758 ng/kg
1103

2.58
117
0.57
(.33
020

100.0 g 21.94 Mg,’kg

98.0
20,0
T30
50.0
5.0

FERCENTILE

100.0
L 93.0!
—
= a0.0
= 60
LU
O 50.0
% 180
o 50

2.13
0.69
0.42
0.28
0.18
0.08
0.03

2000 Lg/kg
HEY

369

1.29

0.3

0.16

007

0.04

C-horizon

1000gm 254 jLGMKQ
40

20
1.2
0.8
0.6
0.3
0.1

PERCENTILE

L) 260%™ 2 25
ann= 144
E 75.0 g 1,99
t s00 g0 68
% 29,0 g 0.46
o SO0zt

0,011

100.0!.’1.91 La/kg
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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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