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A series of meetings between the Central Kola Survey Expedition (CKSE), Geological Survey
of Finland (GTK) and Geological Survey of Norway (NGU) in 1991-1992 led to the
implementation of a pilot project of a joint ecogeochemical study of the impacts of industrial
activities on the terrestrial systems of West Kola Peninsula and adjacent areas in Finland and
Norway. The main aims of this pilot project were to harmonize methods of sampling,
preparation, analysis, data treatment and interpretation, focusing on heavy metals and
radionuclides. A small area (12,000km?) in the tri-state area, including Nikel, Zapoljarny and .
Kirkenes was chosen as test territory. Experiences of the pilot project should form a base for
planning a major project to cover some 170,000 km? in the three countries. Snow cover,
terrestrial moss, Ag-horizon, A,,,-horizon, C-horizon, stream water, stream sediments and
overbank sediments were used as sampling medias, with 15 sites in each country. A data quality
assessment was carried out, and maps of pollutant elements clearly delineate patterns similar to
those found by other workers. There is no indication that C-horizon is affected, but results of
overbank sediments indicate that there are abnormal conditions with regards to the sediment
transport and chemistry in the "industrial desert". Results of ***’Cs determinations in the
uppermost 5 cm of the soil profile show no alarming levels. An attempt at modelling the flux of

cantaminants is alsa done
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1. INTRODUCTION

Visible damage to the environment in the Kola region is severe. The effects of industrial pollution on terrestrial
and aquatic environments are, especially near the cities of Nikel, Zapoljarny and Monchegorsk, clearly expressed.
The area affected is also expanding relatively fast. There are few such locations in Europe, if any, where the
environmental damage is so dramatically evident.

For geochemists with experience in the regional geochemistry of surficial deposits, it is of great importance to
address the question of environmental pollution with the knowledge of large scale natural fluctuations in mind. A
program to assess the effects of anthropogenic activities on the natural environment, must also address the question
of inherent geochemical characteristics. The natural process of ore formation (that made the operations in Nikel
and Zapoljarny possible in the first place), is one of depletion and enrichment of metals relative to the earth’s
crust. For many metals, economically interesting mineralisations are the results of an enrichment of 1000 - 10000
times the crust’s average. Needléss to say, this must be taken into consideration when assessing the magnitude of
anthropgenic pollution.

The following is a brief recapitulation of the events that lead to the "Joint Ecogeochemical Mapping in the Scale
of 1:1 Million of the Western Kola Peninsula and Contiguous Areas in Norway and Finland”, and major events
in the project itself.

In May 28-31, 1991 a meeting was held in Rovaniemi with specialists of the Finnish Geological Survey (GTK) and
the Russian Central Kola Survey Expedition (CKSE), concerning a proposal to carry out a cooperative ecogeoc-
hemical research near the border areas between Finland and Russia. The meeting was arranged according to the
correspondence of O. Darkshevich CKSE, K. Kauranne and A. Silvennoinen GTK.

At a follow up meeting in Monchegorsk, October 1-5, 1991, where also the Geological Survey of Norway (NGU)
participated, it was decided to start a pilot-project in a test area including Nikel-Zapoljarny localities and adjacent
Norwegian and Finnish areas. The main purpose of this pilot project would be to compare and harmonize sampling
techniques and analytical and data processing methods (memorandum I, Appendix N° 1). The sampling was to
be carried out during 1992.

The meeting in Rovaniemi March 24-26 1992 aimed to make decisions in detail about the pilot project
(memorandum II, Appendix N©¢ 2). It was decided that sample materials should include: Snow cover, feather
moss, Ag-horizon, A, + A,-horizon (combined sample), unaltered (C-horizon) soil, minerogenic stream sediment,
stream water and overbank sediments (top and bottom samples).

In the meeting in Neiden/Kirkenes on May 21-22 1992 (memorandum III, Appendix N° 3) details about field
documentation and the field excursion in July 1992 were discussed.

During the three-country field excursion in July 1992, the code list for field documentation, principles for finding
ideal sample sites and methods of analysis were defined (memorandum IV, Appendix N° 4). As a conclusion a
corrected schedule of the project was decided. Each part should write a draft of the national report by the end of
the year 1992.

In the meeting at Rovaniemi, October 8 1992 (memorandum V, Appendix N° 5), a small change in time schedule
was decided due to difficulties in the international exchange of samples. The national reports should be delivered
to other participants at the end of January 1993,

The team of authors greatfully acknowledge the support by their own institutions, and in Norway the financial
support of the Ministry of Environment. Furthermore, we would like to honor the pioneering spirit and efforts of
the people during the various phases of the pilot project:

-Field work: T E Finne NGU, A Misund NGU, V A Pavlov CKSE, E N Semenov CKSE, U Viisinen, M ;\yrﬁs
and assistants GTK.

-Analytical work: M Ilmasti and E Kallio GTK, V F Lagunova MGRE, F P Mahanjkova MGRE, A Misund
NGU, H Niskavaara GTK, M A Salihova MGRE, N V Solovjeva CKSE, T Volden, M @degird and assistants
NGU, and L J Zotova MGRE.

-Computing: I V Bogatyrev MGRE, T E Finne NGU, R Pohjola GTK, and M Ayris GTK.



2. METHODS
2.1. FIELD WORK.

Samples were collected from 45 localities (15 localities per country) within the pilot project area comprising some
12000 km?. In addition to the samples from the 15 localities, each country collected field duplicates from 5
localities, distributed throughout the area. Field duplicates were collected a few hundred meters away from the
original samples.

Sampling sites in Finland were choosen by first assigning sites in which overbank sediments should be taken. The
overbank sediment sites are at outlets of the drainage areas; accordingly some of the overbank sites are quite near
each other. Stream sediments and water samples were taken at the same site as the overbank sediments. The
terrestrial samples - moss, humus, combined sample and unaltered soil sample - were taken as near the centre of
the drainage area of the overbank sediment sample as possible. The network of snow sampling was quite regular.
Similar logistics was applied in Russia, whereas in Norway both stream related samples and terrestrial samples
were collected from approximately the same locations for a given site.

Sample sites were marked by field crews on maps in the scale 1:50000 - 1:200000, and transferred to common
base map in the scale 1:500000. Coordinates (Easting, Northing and altitude) for the locations were calculated to
UTM-zone 36. Sites of sampling points for snow, soil horizons, water, stream sediments, overbank sediments and
moss are shown in figures N° 1-3.

Field documentation followed a comprehensive scheme. Appendix N° 6 contains a list of codes and terms used for
field description during sampling of the various materials. An overview of the various items observed at each
sampling site for moss, Agjhorizon, A,,,-horizon, C-horizon, stream sediments and stream water is given in
Appendix N° 7. For snow sampling, the scheme illustrated in Appendix N° 8 was followed, and the observations
indicated in Appendix N¢ 9 (also used in the WEGS pilot project of a West European geochemical atlas of
overbank sediments and stream sediments (Belviken et. al. 1993)) were recorded for overbank sediments.

For all laboratories to have the required sample sizes agreed upon, each party collected a total of about 30 kg
samples from each sample site, not counting the field duplicates. All together, about 150 kg samples were
transported to the Finnish laboratory, 500 kg to the Russian and 1000 kg to the Norwegian. In addition to this, the
Finns processed some 180 kg snow, and the Russians twice as much.

2.1.1. Snow

Snow cover in the spring is ideally an accumulation of last winter’s precipitation. The snow cover will contain precipitated snow with
its solute components and particles deposited along, but also blown in dust of local natural or anthropogenic origin, as well as
reworked snow (snow once deposited elsewhere, and blown into its final position).

Snow sampling was carried out in March - April 1992 in order to collect as large amount of the winter’s total
snowfall as possible. Sites of sampling were preferrably selected in a level area (50x50m) with uniform snow
depth. Each sample was made from three subsamples collected so that different situations were taken into
consideration (open field - underneath trees). The distance between the three subsites was 10-15 m, forming an
equilateral triangle. The entire thickness of the snow pack was sampled, with the exception of the lowest 5 cm to
avoid mixing with local vegetation and soil.

Sampling tool in Finland was a colorless plastic tube used by the Finnish Water and Environmental District. A
similar tool was used in Norway, according to spcifications given by Norwegian Institute of Air Research (NILU).
The diameter of the tube is 10 cm and the length 80-100 cm. In Russia, a specially developed black plastic tube
with metal knife and closure assembly at the base was used. Samples were stored in 10 1 white plastic buckets with
lid, and kept frozen until arrival at the laboratory. Weight of the snow sample was about 6-8 kg for analysis in
Russia and 3 kg for analysis in Finland.



2.1.2. Terrestrial moss (Hylocomium splendens)

The terrestrial mosses, more specifically the Hylocomium splendens and the Pleurozium schreberi species, are vegetation that obtain
all their nutrition by air and precipitation. Their attachment organs should rather be dubbed "hold fasts”, as they do not fill the function
in the plant’s nutritional cycle. Hence, the mosses’ chemical composition should reflect the precipitation in their area. However, it is
recognized that also chemical composistion of the bedrock/surficial deposits to some extent is reflected in the mosses chemistry - this
probably due to blown in dust of local origin, and the interaction of local soil chemistry and moss through high flow of surface water
at periods of the year. The species used in this work grow annual shooth, providing an opportunity to investigate the chemical
environment of the last 2-3 years.

Feather moss (Hylocomium splendens) was handpicked from an area of 50 x 50 m. Only the three-four latest
annual shoots were taken. Every effort was being made to avoid mixing the sample with minerogenic matter.
About 20-30 g dry weight (1 liter) of moss was placed in a bag of paper or polyethylene. In the rare event that
there was no feather moss present, samples of a different species, Pleurozium schreberi, were taken in the same
manner. One sample was collected for the Finnish laboratory.

2.1.3. Organic soil ( Ag-horizon ).

Organic soil or the humus layer, is the top layer of any soil with top vegetation. Ideally, the humus layer consists of only decayed
organic material, but due to several physical processes, there is often a quite substantial minerogenic admixture in the organic layer.
Hence, a sample of humus will to & varying degree reflect local geology and atmospheric deposition. The humus particles have a quite
different affinity to solutes than minerogenic particles. In many respects, the humus layer can be pictured as the resin of an ion
exchange coloumn. The organic fraction is thought to give a good long term (decades) integration of conditions regarding solute
chemistry.

Organic soil samples were made up of five subsamples taken at the comers of a 20x20 m square and at its center.
For each subsample a square of approximately 20x20 cm was collected for the entire thickness of the Aj-horizon.
All vegetation and litter was removed, and the humus material was worked manually to enable removal of coarse
fragments and roots. Samples were wrapped in bags made from woven cotton or fiber glass or from polyethylene
(Russia, Norway and Finland, respectively).

At each location three parallell samples of each 1.5 kg were taken, allowing all three countries’ laboratories
material for analysis.

2.1.4. Combination soil sample (Ay+ A, horizon).

Atmospheric fall-out of radioactive isotopes after nuclear missile tests and as a results of regular or irregular emissions of nuclear
reactors, will have the greatest influence in the food chain an by direct radiation when they are retained in the upper 5 cm of the soil.
At greater depth, the radiation will be screened, giving much less direct exposure to animals and man. At the same time, grazing
animals will be less affected through the food chain, their forage is most influenced by the upper part of the soil profile.

At the humus subsampling point where the humus cover was at its thickest, a combination soil sample was taken.
Samples were taken from surface to the depth of 5 cm, hence they represent mixtures of A, and A, soil horizons
in varying proportions. The size of the square sample pit was made. to suit a sample weight of 2 kg. Combination
samples were collected for analysis by the Russian party only.

2.1.5. Unaltered soil (C-horizon).

The origin of soils may be many; glacial, glacio-fluvial, fluvial, and so on. In large parts of Northern Fennoscandia (comprising
Northern Norway, Finland and the Kola Peninsula), the most important soils arcawise were generated in connection with the
glaciations in the past. These soils have since experienced weathering, but in most locations throughout this area, unaltered soil is
found at depth. The chemical composition of these unaltered soils is considered to represent the natural state of the geologic
environment.

At the sampling sites of humus and combined soil, samples from unaltered soil were also taken. The samples were
taken at a depth where no brown Fe-enrichment is shown (mainly about 50-80 cm). Five subsamples, four from
the corners of 20 x 20 m square and from the centre of the square, were combined in field and stored in plastic
bags (Finland), woven bags of cotton (Russia) and fiber glass (Norway). Weight of the sample was 2.0 kg, and
there were collected separate samples from the same pits for each of the three parties.



2.1.6. Overbank sediments (top and bottom).

Overbank sediments, or flood plain sediments, are sediments deposited on the floodplains of rivers and streams during episodes of
flood. When rivers flood, their suspended loads are derived from an increased number of erosion points, and their composition can
more rightfully be said to represent the entire drainage basin than during normal flow. The sediments accumulated on the flood plains
present themselves much as lake sediments; chronologic profiles that show little, if any soil profile development.

Overbank sediments were sampled on the floodplain of rivers with size of upstream drainage basins between 30
and 100 km?. From one pit, a top sample was colllected, as well as a bottom sample. The thickness of top samples
was 10 cm from the top of the profile. Weight of a top sample was 2-3 kg. A bottom sample was taken, containing
material from the part of the deposit between its base (or ground water level) and the middle. Weight of a bottom
sample was S kg. The samples of overbank sediments were only collected for the Norwegian laboratory.

2.1.7. Stream sediments.

Recent stream sediments are composed of mineral grains eroded by the stream further upstream, usually at a limited number of point
sources. The chemical composistion of a stream sediment at a given location is initially a result of the mineralogy of the soil upstream,
but with varying importance, also a result of solute chemistry in and aroud the stream channel. The results of stream sediment
geochemical mapping can therefore in many cases be difficult to interpret.

Minerogenic stream sediments were collected from the same locations as the stream water. At each location five
subsamples along 50 m of the stream bed were collected into a bucket for one assembly sample. The sample was
set to sediment for five minutes in order to keep the fines, and the decanted. Two samples of each 3 kg for
Norwegian and Russian parties were collected at each sample point, and kept in sturdy polyethylene bags for
transport to the laboratory.

2.1.8. Stream water.

Stream water has a component of precipitation and of ground water. Chemistry of these waters are delicate balances, but nevertheless
it portrays its environment quite well. During normal conditions, the ground water will show higher contents than precipitation for
most chemical compounds, but when precipitation is influenced by industry or the sea, this picture will change. The ratio of
precipitation to ground water hence is important when working with stream waters, as well as immaculate cleanliness when working
with this really low concentration natural substance.

Two water samples were collected near the surface of streams, both for analysis in Finnish laboratories. The first
sample (0.5 I) was stored untreated in a plastic bottle rinsed with local water. The other sample was filtered
through 0.45 pum Millipore® disposable cellulose acetate filters directly into 100 ml polyethylene bottles and aci-
dified with 0.5 ml of 65 % MERCK® suprapure nitric acid. The filters were stored in polyethylene bags. Conducti-
vity and pH were measured in the laboratory. Samples were collected for the Finnish laboratory only.

2.2. ANALYTICAL WORK.
Analytical work in the pilot project had the following main aims:

- allow for intercalibration of the national preparation and analytical methods
- allow each country to employ their own methods and techniques for all samples in order to compare all
analytical data and to choose the techniques yielding most valuable information

2.2.1. Intercalibration.

As the original samples sent from each country to the others in practice are duplicate samples, it was decided that
for intercalibration purposes, the Russians were to deliver subsamples of the non-acidified as well as the filtered
and acidified samples from their own snow water to Finland. These 20 subsamples of snow water and 20
subsamples of snow filters, 14 subsamples of humus (Ag-horizon) from a Monchegorsk locality outside the pilot
project area, and 7 subsamples of state standand samples were sent to Finland to be analyzed at GTK.



2.2.2. Analytical metheds and techniques of Russian party.

2.2.2.1. Snow samples.

The snow samples of about 6-8 kg from each sampling station were delivered and prepared at the Central Kola
Expedition. The snow was melted in room temperature and filtered instantly through blue ribbon cellulose
filterpaper. The volume of the water was registered. One part of the snow water (1-2 litres) was used for
analysing the common constituents (main cations Ca, Mg, Na+K, Fe(Ill), NH,, anions HCO,, CO,, SO,, NO,,
NO,, Cl, and also Al, H,SiO,, pH, and F) and calculation of residue after evaporation, sum of cations, carbonate-
and noncarbonate hardness. The remainder of the snow water (about 4-6 litres) was acidified and delivered to the
Chemical laboratory of MGRE to be analysed by AAS (instrument C-115) for Ni, Cu, Co, Pb, Zn, Mn, Al

The filterpaper was weighed before and after filtration and drying. The filter residues were delivered to the
Spectral laboratory of MGRE and ashed at 450 °C (slow heating for 12-15 hours). The ash of the snow filter was
analysed by Quantitative Emission Spectral Analyses (arch of alternating current 220 V, 20 Ampéres, DFS-13
spectrometer) for 16 elements: Ni, Cu, Co, Cr, V, Mn, Ti, Pb, Zn, Sn, As, Ag, Be, Nb, Zr, P. Results were
reported as concentrations in the dry ash.

2.2.2.2. Soil samples, A, horizon (humus).

The samples were dried, homogenized (< 1.0 mm.), weighed and ashed at 400-450 °C (slow heating during 12-15
hours). Then ashed samples were sieved through sieve 0.07 mm. Both fractions (<0.07 mm and >0.07 mm )
were weighed. The organic rich material (grain size <0.07 mm) was sent to the laboratories of MGRE for
analysing total concentration of main petrogenic elements: Ca, Mg, K, Na, P, Al, Fe and also for 16 ore and rare
elements: Ni, Cu, Co, V, Cr, Mn, Ti, Pb, Sn, Zn, Ag, Be, Nb, Zr, Sr, Be.

The chemical laboratory of MGRE also performed a partial digestion of soil samples by 7M HNO, according to
the procedures of NGU. Content of sulphur was determined by weight chemical (gravimetric) method in the
laboratory of CKSE. This laboratory also determined pH and contents of F in water-extracts.

2.2.2.3. Soil samples, C horizon.

The samples were split to two parts and sieved to two fractions (grain size < 0.07 mm and < 2.0 mm). For the
< 0.07 mm fraction, methods of analyses, techniques, laboratories and lists of elements were the same as for A,
horizon samples. The < 2.0 mm fraction was subjected to the same treatment, but only the 16 ore/rare elements
were analysed. No water-extraction was done on these samples, but the fine fraction samples were extracted by 7TM
HNO,.

2.2.2.4. Soil samples, combination A,+ A,-horizons.

The sample preparation included drying and homogenization of all sampled material. The analyses of *’Cs and
13Cs were made by the Nucleus Physical Laboratory of Experimental Methodical Expedition of the State
Geological Enterprise ’Sevzapgeologia®’ in St. Petersburg. Results were reported as Ci/kg.

2.2.2.5. Stream sediment samples.

The samples were dried and the size fraction <0.07 mm was sieved to be analysed. Total contents (digestion
HF +HCO,+HNO,) of the main petrogenic elements were determined by AAS (Ca, Fe and Mg), flaming
photometer (Na and K), or colormetric method (Al). The heavy metals and rare elements were analysed by ESA,

list of elements was the same as in case of the soil samples.

Further characterictics used by Russian party methods are given in table N° 1.
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2.2.3. Analytical methods and techniques of Finnish party.
2.2.3.1. Snow samples.

After sampling, the buckets containing snow were kept in cold storage. Daily 5 samples were left to melt in room
temperature. Next day after melting pH and conductivity (GTK method 143R) were measured from these "raw
samples”. The melted sample was filtered through blue ribbon cellulose acetate filter using vacuum.

The filtrate was divided into two subsamples. The first subsample was used for potentiometric determination of F
(GTK method 1431) and ionchromatographic determination of Br, Cl, NO; and SO, (GTK method 143R). The
other subsample was acidified with suprapure nitric acid (0.5 ml/100ml sample) and used for analysis with ICP-MS
(GTK method 140M) and ICP-AES (GTK method 140P).

From selected samples a subsample was sent to NERC Isotope Geosciences Laboratory (in cooperation with the
British Geological Survey) for stable isotope analysis.

The filter paper was digested with 10 ml concentrated nitric acid in micro wave oven, diluted to 50 ml with water
and analysed with ICP-AES (GTK method 503P). Results were recalculated to total volume of snow melt water.

2.2.3.2. Soil samples, A, horizon (humus).

Field samples were dried at room temperature, bigger roots and extraneous material was removed under visual
inspectation. Samples were homogenized by milling with a domestic blender with blades made of non
contaminating material. Samples were sieved to less than 2 mm. For comparison, a selection of samples were split
and sieved to -0.5mm, and this fine fraction was coded Z.

For digestion, 0.500g of humus was mixed with 10 ml of concentrated nitric acid in a micro wave oven and diluted
to 50 ml with water (US EPA standard 3051; GTK method 503). In addition an ammonium acetate leach at pH 4.5
(shaking for 2 hours) was carried out (GTK code 201).

The clear solutions were analysed with Thermo Jarrell Ash Polyscan 61E ICP-AES for 30 elements (GTK method
503P and 201P) and with Siex Elan 6000 Inductively coupled plasma mass spectrometer (ICP-MS) for 20 elements
(GTK method 503M).

2.2.3.3. Soil samples, C horizon.

Samples were dried in original bags at 80 °C and hammered to break the agglomerates formed during drying. The
sample was split with a riffle splitter to two equal splits. By use of nylon sieves, the sample splits were sieved to
one fraction less than 0.063 mm and another fraction less than 2.0 mm, the latter coded Z.

An Aqua Regia digestion was performed adding 2.0g of the < 2 mm fraction to a mixture of 9 ml concentrated
HCI and 3 ml concentrated HNO, in a borosilicate tube. It was left overnight at room temperature and then for 2
hours at 90 °C in an aluminium heat block. The digest was diluted to 60 ml with water, mixed thoroughly,
decantated to polystyrene tubes and centrifuged (ISO standard 11 466; GTK method 511). In addition an
ammonium acetate leach at pH 4.5 (shaking for 2 hours) was carried out (GTK code 201).

Similarly, 0.2 g of less than 0.063mm fraction was digested with 3 ml of Aqua Regia for two hours at 90 °C in
an aluminium block, diluted to 15 m! with water, mixed thorougly, decanted to polystyrene tubes and centrifuged

(GTK method 511). The fine fraction was not subjected to ammonium acetate leach.

The clear solutions were analysed with Thermo Jarrell Ash Polyscan 61E Inductively coupled plasma-atomic
emission spectrometer (ICP-AES) for 31 elements (GTK methods 511P and 201P).

11



2.2.3.4. Terrestrial moss (Hylocomium splendens).

Field samples were dried in opened original bags in room temperature and homogenized by milling with a domestic
blender with blades made of non contaminating material.

For digestion, 0.500g of moss was mixed with 10 ml of concentrated HNO, in a micro wave oven and diluted to
50 ml with water (US EPA standard 3051, GTK method 503).

The clear solution was analysed with Thermo Jarrell Ash Polyscan 61E ICP-AES for 30 elements (GTK method
503P) and with Siex Elan 6000 ICP-MS for 20 elements (GTK method 503M).

2.2.3.5. Stream water.

In the field two subsamples had been taken. From the unacidified sample determinations of pH and conductivity
was performed, as well as analysis of F, Br, Cl, NO, and SO, (GTK methods 143R and 143I).

The acidified sample was analysed with ICP-AES (GTK method 140P) and ICP-MS (GTK method 140M).

2.2.4. Analytical methods and techniques of the Norwegian party.

A number of subsamples of stream water, moss, Ay-horison and C-horizon collected exclusively for the use of the
British NERC Isotope Geosciences Laboratoy, were sent for stable isotope analysis (S and possibly N) after drying
of soils and moss.

Prior to analysis in the NGU laboratory, all samples’ numbers were shuffled to present the samples in random
order for the instrument.

2.2.4.1. Overbank sediments top.

Upon arrival of the moist or already dry samples, they were left to dry at elevated room temperature. Samples
were sieved through 0.125 mm nylon sieves, and 2 g were taken for determination of organic content by ashing
at 480 °C. For analysis, 1.0 g material was digested with HNO, in autoclave (Norwegian Standard NS 4770), and
analysed with an internal Y-standard by ICP-AES for 29 elements.

Splits of the prepared samples were also shipped to Finland for analysis at the laboratoy of GTK.

2.2.4.2. Overbank sediments bottom.

The moist samples were kept at elevated room temperature (35°C) until dry. Due to the large sample volumes (up
to 101), samples were split prior to sieving through 0.125 mm nylon sieves. Chemical analysis and determination
of organic content was done as for overbank sediments top.

Splits of the prepared samples were also shipped to Finland for analysis at the laboratoy of GTK.

2.3. DATA PROCESSING AND MAP PRODUCTION.

The main tasks of data processing in the pilot project were:

- to elaborate and to test methods of data management and exchange of information between the three
participants

- to compare analytical results of the various laboratories and to choose the best set of analytical methods and
studied elements

- tocheck the traditional methods of geochemical data processing in application to environmental explorations

- to check the quality of sampling and analytical methods used in pilot project
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Apart from exchanging data in formats described by

memorandum III, it was also decided to store all analytical and field description data in the form of separate dBase
III data files. Description of these files and their values are found in the field description schemes given in
Appendix N° 7-9 together with the information in Table N° 1. Furthermore, it was decided that the official
versions of these files should recide at NGU. The rationale for not constructing a sophisticated relational database
to accomodate the results of the pilot project is simply the small number of data points compared to the amount of
work needed to construct a comprehensive database structure.

2.3.1. Data processing in Russia.

The data base of Russian party was built in accordance with decisions of the meeting in Rovaniemi (memorandum
N° 3 of 24-26.03.1992). It contains the field documentation for the 7 sampling medias (snow, organic A, horizon,
mineral C-horizon, combination A;+ A, horizon, moss, and stream sediments) and analytical results for all these
medias from Finnish and Russian laboratories. The coordinate system of UTM-zone 36 was used. The Norwegian
party provided the computing program to change geographical coordinates to the UTM system, as well as digitized
coast lines, border lines, large rivers and lakes of the test area.

The ANOVA algorithm was used to estimate the quality of sampling and analysing methods. The main samples
were compared with their duplicates, and main analysis were compared with their analytical duplicates. Data
processing was carried out at the Computing Centre of Murmanskaja Geological Research Expedition.

2.3.2. Data processing in Finland.

General statistic description (mean, standard deviation and range) of the analysed elements were calculated for
water, moss, humus and C-horizon material.

A factor analysis (principal component analysis and varimax rotation) was carried out on the analytical results of
moss and humus for elements which values were above the analytical detection limits (tables N© 2-3).

2.3.2. Data processing in Norway.

Locally derived analytical data were described with univariate statistical techniques, including estimates of
minimum, maximum, arithmetic mean, median, standard deviation and cumulative distribution graphs. As a way
of controlling quality of data, all field duplicates were checked using scatterplots as a visual control of calculated
correlation coefficients.

Data of Finnish analysis on aqua-regia-digestions of overbank sediments prepared in Norway were compared to
results of Norwegian nitric-acid-digests, employing the same techniques as for field duplicates.

All data files exchanged between the parties, containing field observations and analytical results in the form of
ASClII-files and accompanying description files were transformed into .DBF-format (dBase I1I-standard) as agreed
during meeting in Svanhovd March 1993. Files are also available in selfdescribed Lotus WK1-format.

2.3.4. Map production in Russia.

The data processing results were presented on a set of maps in scale 1:1000000. Two kinds of maps were made;
point maps showing element concentrations of single samples, and isoline maps. The point maps employ filled
circles with size increasing linearly as data values increase exponentially. For all point maps, Z-values were kept
on scales 1 - 3 - 10 and multiples thereof for as many classes needed to cover the data range. Isolines were drawn
on a regular grid of 10x10 km after applying an interpolation algorithm with inverse square distance weighting on
the point information. The search radius was 20 km, and all maps have 10-12 isolines.
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2.3.5. Map production in Finland.

Single-element symbol maps were made by GTK’s Circmap program, in which the logarithmically increasing
symbol size is calculated according to distribution of data values. First, the maps were drawn according to normal
procedure by percentile values of 10 % (lower limit) and 99 % (upper limit). This procedure was used for all
materials and all elements. As a second step, maps of selected materials and elements (enclosed in this report) were
drawn so that the lower limit was mostly 5 % (in some cases 10 %) and the upper limit 90 % (in some cases 95
%).

2.3.6. Map production in Norway.

Maps were produced as combined point maps and iso-line maps. Circles were given same size, and shaded
according to a scale of 14 grey shades following exponentially increasing data values. The Z-scale covered
minimum value to 95 percentile. On the same map was drawn the results of a "moving median” gridding, where
each 10x10 km grid cell is assigned the median of all data values falling within a 20 km search radius of the cell,
The isolines refer to the same scaling used for the raw data in the point map.

3. RESULTS
3.1. COMPARISION AND QUALITY OF ANALYTICAL DATA.
3.1.1. Comparison between analytical results of the GTK, CKSE and MGRE laboratories.

Comparision of analytical data has been carried out by means of parallel analysis of melt water samples, snow
filters, ash samples of A, soil horizon and Russian state standard samples.

Results of the Russian state standard sample analysis, made by GTK Laboratory (method 511P) are shown in table
N© 4. These data show clearly that the method of partly digestion of samples by acid gives similar results for Zn,
Cu, Ni, Co, P, As and for S (data only for sulphide ores). The other elements, especially those bound in the
silicate minerals’ structure (Si, Al, Na, K, Ca, Mg, Fe, Ti, V), cannot be compared. Table N° § illustrates the
quality of analytical data of Russian laboratories and how they compare with results of GTK methods (for the first
group of elements).

A pronounced decrease of Ni (by a factor of approximately 1.3) is observed for both the 140M and 511P methods
compared to Russian methods. But Russian AAS and ESA methods give only a slight increase of Cu results
compared with GTK methods.

No other elements show marked systematical variation. Random error of any of the methods are insignificant and
are also considerably less than the natural dispersions of the elements.

This conclusion is confirmed by results of dispersion analysis which are given in table N° 6 according to Davis
(1990).

Sulphur results for melt water samples are not compared. In CKSE Laboratory sulphur concentrations in melt
water samples were determined by chemical weight (gravimetric) method. This method gives a total sulphur
concentration, in contrast to method 140I of the GTK, giving only sulphate determination.

Sulphur in snow filters is not determined by Russian methods due to the low weight of filter residues.

It is neccessary to keep in mind that the Russian AAS method for analysis of water does have not the sufficient

detection limits (table N° 1) for determination of background concentrations of Ni, Cu and especially Co, in spite
of the rather big volume of samples.
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3.1.2. Comparison between analytical results of the GTK and NGU laboratories.

A complete collection of dried and sieved top and bottom overbank sediment samples were sent from Norway to
Finland for parallel analysis. The Finnish laboratory employed their Aqua Regia technique, as the Norwegian used
nitric acid digestion. A total of 25 elements were determined by both laboratories, and their inter-laboratory
reproducibility is illustrated by scatterplots in Appendix N©° 10 and N© 11. Detection limit problems rid the
results of Ag, B and Cd at either of the laboratories. Most other elements show good correlation, although Mo,
Pb and Sc are somewhat poor. The erratic results of K are most likely due to the employed extractants’ poor
ability to bring the various silicate minerals into solution. For the major elements, the nitric acid extraction median
values are between 1 and 2 times higher than for the aqua regia extraction. For the trace elements, median values
of the two extraction methods vary only insignificantly.

3.1.3. Quality assessment of data sets.

A comprehensive scheme of quality assessment has been employed during sampling, preparation and analysing of
the samples in order to locate sources of quality degradation in the material. For this report, we show only the
most important series of control samples; the field duplicate level (Appendix N° 12) of the various media. For
some elements/medias the field duplicates show poor results. Pollutant elements give generally good
reproduceablity, but particularly for humus, the reproduceablity of major constituents is low. These are topics to
be addressed in future work.

3.2. MAPPING OF GEOCHEMICAL STATUS IN THE TEST AREA.

Results of multimedia geochemical mapping are shown on figures N° 4-54.

3.2.1. Snow cover.

Due to the low concentrations of heavy metals and sulphur in snow, sample contamination is a serious problem.
To evaluate the possibilities of contamination during the snow sampling, duplicate samples were taken both by
Finnish plastic tube and by Russian sampling equipment at one (background) sampling site in Finland. The
concentrations of heavy metals in snow samples taken by the Russian sampling equipment were much higher than
those taken by the Finnish plastic tube, differences so high that they can not be due to sampling or analytical
variation. A similar, but less pronounced difference is seen at adjacent sites on the border areas Finland/Kola and
Norway/Kola. The contamination of samples taken by Russian equipment clearly seems to be due to the metal
contents and/or painting of the equipments’ reinforcement and closing mechanism. The relative seriousness of this
problem, however, is lesser in the areas suffering the high industrial pollution impact than in more remote areas.

3.2.1.1. Melt water.

SO4-ion.
According to Finnish data (fig. N° 4) from IC-determination of SO,-ion, concentration in the melt water varies
from 0.3-0.5 ppm in the distance to 6-7 ppm near the Cu-Ni plants.

Russian data (fig. N° 5) give a rather different picture. These are obtained by precipitation of insoluble SO,-salt
following an oxidation of all available S to SO, in the melt water. For simplicity we use the term SO, also for
these determinations in the further text and figures. Most of the high SO,-ion concentrations are observed along
the Barents Sea coast and the impact of SO,-ions of technogenic origin does not show on this large gradient of total
concentrations. Uncertainties about these data lead us treat them with care, and we will emphasize the results of
ion chromatographic analysis for our later calculations. Nevertheless, to demonstrate the effects of marine
influence, a recalculation of the primary Russian data of total SO,-ion into two parts (SO, and _, SO, is
attempted, using the common anion - cation composition of the melt water.

For this purporse the following formula was used: (Annual Handbook, 1989,1990,1991)
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dCl = Na + K + 0.09 - Cl - HCO, - NO, (milli-equivalents)
0.09 (milli-equivalents) is the average value of (Ca + Mg) contents in melt water.

Furthermore:

If dCI' > 0, then
Cl' = CI' -dCI and ., Cl- = dCI,

sca

SO =0 and ., SO.> = SO2.

sca

If dCI" = O then

Ll =CI and ., Cl' =0,
302 =0 and . SO% = SO,
If dCI' < O then
&l =CI and ., CI' =0,
30,7 = -dCl and ., S0 = SO* + dCI.

Results of these recalculations for SO, are shown in figures N© 6-7. Recalculated Russian data in fig. N© 6 are
rather similar with the analysis of SO,-ion by the Finnish laboratory. The reason for this apparent "coastal”
phenomenon of increased S-content other than as SO, needs to be further investigated, however.

Content of SO,* in the snow water according to Finnish analyses shows a broad region in which the snow has
elevated levels. Combined with concentration of Cl" and electric conductivity (not shown), the marine influence on
the precipitation of the coastal zone becomes obvious.

pH
The values of pH in snow water show only limited fluctuation (fig. N° 8). The mean is approximately 4.5 and
the range is from 4.3 to 6.7. The highest pH-values are at the locations near the towns of Nikel and Zapoljarny.

With the even and "normal” pH- and S-values in snow water, it seems clear that during winter 1991/1992, the
transport of acidifying matter from the Kola Peninsula to Finland is rather small. In the snow research of the
Lapland Forest Damage Project in 1991 (Derome et al., 1992) the results are much the same as in this study. The
study of airborne pollution in Norway and Russia (Sivertsen et al 1992) shows that the highest summer and winter
average concentrations were found within 20 to 30 km from the smelters and no elevated level in Finland.

Ni (fig. N°© 9).

The analysis of both laboratories show an overall good correlation. The levels of high concentrations (30-300 ppb)
in the Nikel - Zapoljarny industrial region are also similar. Data in the western part of the test area are less
reliable due to insufficient detection limits of the Russian laboratory.

From the map it appears that in a sector from SW to NW, the deposition of Ni is not influenced by the industry
in Nikel and Zapoljarny when the distance to these towns is more than 45 km. In the study of air pollution in the
border areas of Norway and Russia (Sivertsen et al., 1992) it was found that Ni contents in snow decreased rapidly
with distance from the smelters.

Cu (fig. N° 10).

As for Ni, there is a good resemblance of the anomalous levels of Cu contents (30-300 ppb) between the two labs.
But in the concentration range 1-10 ppb Russian data are approximately three times higher than data of the Finnish
laboratory.

Co (not shown)

Results show a very clear geochemical anomaly in the Nikel - Zapoljarny area, similar of that of e.g. Cu. (The
range of Co is 0.01 - 10 ppb, a contrast of about 1000). As the Russian method has a rather high detection limit
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(3 ppb), only the Finnish results are used.

Cr (fig. N° 11)

is given according to Finnish analysis. Cr is also known as one of the pollution elements, but the range of its
concentrations is rather narrow (0.03-0.5 ppb).

Al (fig. N° 12)

is considered an indicator of acidification, and is also contributing to toxic effects on fish. In this survey, Al is
high in the industrial area, presumably due to leaching of dust from the mining and ore dressing.

3.2.1.2. Snow filter.

Results of the ESA method employed by the Russian laboratory (total content) lend themselves for comparison with
the results of analytical method 503P of the Finnish Laboratory (partial digestion).

Fe (not shown), S(fig. N° 13).
The concentration ranges of these two elements are very wide; 100 - 30000 ppb, and they are both identified as
industrial pollutants in this area.

It is seen that sulphur concentration is high both around Nikel - Zapoljarny and in localities near Kirkenes, lake
Inari and lakes Ala-Akkajarvi, Nyanamyarvi.

Ni (fig. N° 14), Cu (fig. N° 15), Co(not shown) and Cr(fig. N° 16).

Maps of all these elements give the same impression for either of the two analytical methods employed. All the
elements show an extreme contrast (max/min-ratio of 1000 - 3000). The highest concentrations of these elements
are observed in the Nikel - Zapoljarny industrial region. Moreover, contents of these elements increase in the
southern part of test area.

Al (fig. N° 17)

shows much the same pattern as Al of snow water, but lacks the highs of east central Russian samples from areas
of acidic rocks.

3.2.1.3. Snow pollution centers.

When calculated as filter/filter +melt water, the ratio for sulphur varies from 2.7 to 96.2 %. One method to locate
pollution centres is, according to Djigalovskaja et al (1981) and Vasilenko et al (1985), to map the ratio of an
element’s concentration in snow filter to its concentration in melt water. Figure N° 18, showing the sulphur
pollution centres, gives the same locations of centres as for Ni and Cu. There are two other local sulphur pollution
centres in the localities of Kirkenes and lake Inari, but these show no heavy metal anomalies in the filter.

In a sector between SW to NW from Nikel, Cu and Ni deposition seizes at a distance of about 45 km, but as
pointed out by Finne et al (1992), the site about 30 km NW of Nikel has less solid deposition of Ni and Cu than
expected, when compared to its surroundings. These results coincide with those of Sivertsen et al (1992).

The patterns of Cu are very similar to those of Ni. It appears, however, that the ratio of filter/melt water for Cu
is somewhat smaller in Norway than in Russia when compared to the ratio for Ni. The distribution of dry de-
posited Cu to the South and East of Nikel indicates elevated levels, also relative to the Ni content. Whether this
is due to dry matter deposited from the industrial emissions or from locally derived dust cannot be determined
from snow data.

3.2.2. Terrestrial materials.

Terrestrial material are moss (mostly Hylocomium splendens), humus and unaltered soil (till, sorted sediments, sea
sediments), as well as combined soil.
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3.2.2.1. Moss

In feather moss the contents of the heavy metals Ni, Cu, Co, As, Cd, and Cr and Se are highest in the
surroundings of the towns Nikel and Zapoljarny, as shown on maps of the two first mentioned elements in fig N°
19-20. The pictures on the maps of these metals are in general the same. The high contents are spread according
to the prevailing wind directions (SW to NE and SE to NW). The high contents reach the background at 30 to 50
km from the smelters. Elevated values are also found in Norway and Finland near the Russian border, but content
in moss here is low compared to that of the Nikel vicinity. Somewhat elevated Co levels are found quite far to the
West in Finland, but the Co contents here are near the analytical detection limit.

Niskavaara & Lehmuspelto (1992) give results similar to this study. The results of an environmental monitoring
study in Northern Europe shows that the contents of Ni and Cu are very high in the Kola Peninsula and the border
region in Northern Norway (Nord, 1992). The area of high contents in moss reaches the border region in Northern
Finland, too.

The picture of sulphur contents in moss is quite simple (fig N° 21). The maximum contents are in the proximity
of the town Nikel, with high values continuing to the North. Elevated contents are also found east of Zapoljarny
and near Kirkenes, Norway. The contents reach background values (700-900ppm) at 25 to 30 km from the
smelters. Slightly elevated contents of S are also found in the eastern parts of Finland.

The contents of Fe and V in moss are highest in the Nikel-Zapoljarny area as well (not shown).

The V contents can be due to industry and burning of oil. The Fe contents can also be due to industry, but also
due to geology or dust from soil. The contents in southernmost site in Finland can be interpreted as dust conta-
mination from soil. In this point also the contents of other metals, e.g. Al, Ba, Mn and Ti, are high. A little
surprising is the quite low content of iron in moss near Kirkenes.

Phosphorous contents in moss is high almost everywhere in Norway; maximum values are near and to the west of
Kirkenes. The reason for this is believed to be dust from the open pit iron mine at Bjornevatn, although this iron
ore is known to be low in P, but marine influence can not be excluded.

As a result of factor analysis six factors are given (table N° 2). Factor 1 is a combination of Cu, Ni, As, Co, S,
Cd (and Fe). This factor reflects the anthropogenic effect, depending of pollution from the smelters of Nikel and
Zapoljarny. Factor 2, Ti, Al, V and Sc, illustrates these elements dual origin; their content in moss partly
originating from industry, partly from geology (local natural dust). The important elements of factors 3 (K, Mg,
P) and 4 (Sr, Ca) are nutrients for mosses.

3.2.2.2, A, - horizon.

Soil horizon A, is a mixture of organic and minerogenic material in varying proportions. Calculating with a pure
organic fraction is of great interest, and a method of arriving at such is described in Appendix N° 13.

Results of the Russian laboratories are arrived at using the mentioned technique, whereas Finnish result are
reported on the base of wet ashing.

Reproduceablity of data is indicated by the scatterplots of Appendix N© 12. These indicate that some of elements,
particularly S, are not stable. The maps of these elements should be read with great care.

The most pronounced Ni- and Cu- anomaly is observed in the Nikel - Zapoljarny industrial region, figures N° 22-
23. The distribution of the contents of these metals are approximately in a NW-SE sector and the contents are at
background level when the distance from industry area is about 30 km. In Finland the contents are mostly at
background level, only a sligth elevation is shown. Co, not shown, bears much resemblance to the Ni and Cu
patterns.

The contents of Fe (Fig N° 24), Cr (Fig N° 25) and V (not shown) are highest near Kirkenes, most likely due to
the Bjarnevatn open pit iron mine and industry. Also the Nikel-Zapoljamy area show high concentrations and the
areas of elevated content continue to the coast of Northern Norway. One exeptional site is in SW-part of Russian
project area SE from river Pasvik, where the contents of Fe, Cr and V are elevated. The reason for this may be
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in local geology.

The highest contents of Pb (Fig N° 26) are near the roads, especially on the Finnish side (road from Kaamanen
to Neiden) and Norwegian side. But the highest Pb content of this material is in Russia near Pasvik river; the same
site where also Fe, Cr and V contents are elevated.

The elevated contents of S in humus form a broad and long zone from Zapoljamy via Norway to Northern Finland
(fig. N° 27). The highest sulphur contents are near the town of Nikel and east of Zapoljarny. Because the
distribution is approximately in accordance with prevailing wind directions, the high sulphur contents in humus can
be interpreted as fartravelled pollution from smelters of Nikel and Zapoljarny. In Finland in the area of high
sulphur contents in the humus the bedrock is basic rocks (gabbros, greenstones).

Maps of Cd (fig. N° 28) and Zn (fig. N° 29) show how the distribution of Cd coincide more or less with Ni, but
only to a lesser extent for Zn and Pb.

A factor analysis of the humus material reveals that factor 1, with major components La, Y, U, Sc, Mn, Th, As,
Al, Ba, (and Fe) (table N° 3), can mainly be ascribed to geology. Factor 2, a combination of P, K, Si, Na, V,
Ti, B (and Mg and Fe) can be interpreted as a "nutrient factor”. The combination of Ni, Cu, Cd, Co, Cr, As, S,
Ca (and Mg) in factor 3 can be interpreted as anthropogenic effect. The combination of Zn and Pb (factor 5) can
be interpreted as "ore prospecting factor”, an indicator of possible mineralization.

3.2.2.3. Combination horizon A, + A.,.

Activites of radionuclides '¥'Cs and '*Cs have a fair correlation and show approximately the same levels. '*Cs is
shown as Ci/km? on fig. N° 30. The relation between Ci and Bq is given by the formula 1 Ci/km? = 37000
kBq/m% Maximum observed level is 0.006 Ci/km?, or 2.6 kBq/m? for '¥Cs. These results show that within the
test area there are no indications of pollutions by contemporary sources.

As for A,-maps, the stability of this map is not the best. However, all figures of the analytical results indicate the
same regional low level.

3.2.2.4. C-horizon.

Two size fractions (<0.07 mm and <2.0 mm) of C-horizon were used for analysing. This yielded results
according to standards used by the international soil science society and by several environmental bodies (< 2mm),
as well as the vast records of the involved institutions in this survey (<0.07mm). Strong anomalies of individual
pollution elements were not found in the test area.

Histograms of element concentrations in the fraction <0.07 mm are shown in Appendix N° 14. These data were
used as an approximation of element background values in the minerogenic fraction of the A,-horizon, as described
in Appendix N° 13.

We can assume that the contents of elements in the unaltered soil material represents the natural, geological level.
According to this material we have no reason to suppose any changes in element contents in C horizon due to
anthropogenic input. It should be borne in mind that material named unaltered soil (C-horizon) does not have the
same genesis throughout the test area (fig. N° 31), and only to a varying degree reflects the local bedrock. In
Finland there is mostly till material, in Russia sorted sediments (glacio-fluvial) and in Norway there are also some
sea sediments. In an environment study, the main concern with regard to C-horizon material is its mineralogical
and chemical composition, regardless of the material’s origin, as this material will be used to describe the original,
natural conditions. Nevertheless, a lithological bedrock map would be the geochemist’s first priority for input from
the bedrock geology discipline.

The element contents in unaltered soil material (C horizon) can be roughly divided into two groups. The maps of
Al, Ba, Ca, Co, Cr, Fe, K, Mg, Na, Ni, Sc, Sr, Ti, V and Zn are almost identical. In general, this group of
elements show maximum values in Norway, east of the town of Kirkenes. The bedrock in this area are
migmatitic volcanic gneisses, gabbros, Neiden granites and volcanites of Petsamo group (Nordkalott Project,
1987). The second group of elements is Cu, La, Li, Mn, P, Pb, S, Thand Y. The map pictures of these elements
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differ clearly from those of the first group and the individual maps differ from each other.

The maps of Pb, La and Th shows a distinct area of high contents in Finland near the border to Norway. The
bedrock in this area is the Vainospéi granite. Some elevated Pb contents are also in coastal area of Norway.

The contents of sulphur in soil material (fig. N° 32) is in general very low and shows no clear regional pattern.

The sampling site about 10 km south of Zapoljarny is noteworthy. At this point the contents of Co, Cu, La, Mn,
Ni (fig. N°© 33), S, V and Y are high, most of these show the maximum value. Also the contents of Cr, Fe and
Sc are elevated. The bedrock in this area belongs to the Pechenga Complex.

In the unaltered soil material the southernmost sampling point in Russia is noteworthy, too. The contents of Al,
Scand S are very high in this site. Also the contents of Ba, Co, Cr, Fe, La, Ni, Pb, V and Y are elevated. The
bedrock geology in this area is Lapland Granulite Belt.

Al contents (fig. N° 34) is high on the coast, where bedrock is acidic.

3.2.2.4. Stream sediments.

Multiplicative coefficients of main ore elements and sulphur contents in stream sediments (not shown) give only
weak geochemical anomalies. Furthermore, their interpretation is rather complex. Due to the analytical techniques
employed, and the dual nature of the stream sediments’ chemistry (both clastic and hydromorphic) it is possible
that the anomalies are connected with both industrial pollution and special geological features (Cu - Ni deposits).

3.2.2.5. Stream water

Water samples of Finland were taken in the period 18-26.08.1992, during and following a period of high
precipitation and ground water level. Samples were taken in large rivers, rivers of 2.-3. order, and rivers of 1.-2.
order (according to the code list). The speed of streams was estimated in sampling sites from 1 to 3 m/s, and the
water temperature was 9.0 - 11.5 °C. There was no taste nor smell in any of the samples.

Water samples of Norway were taken between 26.08. and 06.09.1992, in large rivers, rivers of 2.-3. order, and
rivers of 1.-2. order. Precipitation prior to and during this period was somewhat above normal, but only
moderately affecting ground water level. Speed of stream varied from 0.2 to 2 m/s, and discharge from 50 1/s to
33 750 1/s. Water temperature was 6.3 - 9.6 °C. There was no taste nor smell in the samples, except swampy
smell in one sample.

Water samples of Russia were taken in the end of summer 1992 in large rivers and in rivers of 2.-3. order.
Precipitation was high throughout the summer. No smell or taste was found in samples, except the sample taken
near Nikel (no. 4731). This sample had metallic taste and smell of H_S.

Quality of water

Table N° 7 has minimum, maximum, mean values, and standard deviations of the measurements and analyses of
elements and compounds.

All the water samples are somewhat acidic, pH values vary in Finland 6.5 - 6.8, in Norway 6.4 - 6.8 and in
Russia 6.1 - 6.5. Electric conductivities were 2.1 - 3.3 mS/m in Finnish samples, 2.2 - 11.8 mS/m in Norwegian
samples, and 2.6 - 36.2 mS/m in Russian samples.

According to the analytical results, contents of most of the elements are very low, especially for Ag, As, Be, Bi,
Cd, Co, Cr, K, Li, Mo, Pb, Sb, Se, Th, Tl, V, and F. For most of the samples the levels of these elements were
below the detection limit of the assay. For the other elements and compounds, levels were generally very low, too.
Mean values of EC and Ca, Fe, K, Mg, Mn, Na and Cl contents are all lower than average values in surface
water in all of Finland. Exceptions were Fe, Ni and SO, contents of some samples: They were found to be higher
than recommended for drinking water in Finland.

The highest values for EC, B, Ba, Ca, Cd, Co, Cu, K, Li, Mo, Na, Ni, Sb, Si, Sr, V and SO, were found in
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sample number 4731, collected near Nikel. Maximum contents of Mg, Mn, NO; and Zn were found in sample no.
4729 situated east of Nikel.

Special attention is given to Ni (fig. N° 35) and Cu (fig. N° 36). These elements are well correlated, also with
their counterparts of snow water. The map of SO, (fig. N° 37) is very much the same, and differs from that of
snow water in that it seems to lack the marine influence. Al (fig. N° 38) has high values in areas where soil is
composed mainly of acidic rocks. At Jarfjordfjellet, in the "acid rain" belt from Nikel, apparently the soils contain
the required mafic minerals to buffer the precipitation’s suspected acidity.

Distribution of pH-values in the area is shown in fig. N° 39. The mean pH of all the samples is 6.6, which is the
same as mean pH of surface waters investigated throughout Finland. Generally, the most acidic waters are on the
Russian side, but also in Finland and Norway near the Russian border. The difference betwen these and samples
taken further from the industrial region is small, however, only a few tenths of a pH unit. From this low pH
gradient it is not possible to be conclusive about acidification of surface water in the test area. Values of electrical
conductivity are low, indicating only minor contents of electrolytes in the water samples.

The results of the S-isotope analysis of selected water samples done by NIGL indicates elevated &*S-values in the
proximity of Nikel (Spiro, pers. comm.).

3.2.2.6. Overbank sediments, top and bottom.

In general, impression from the maps of overbank sediments is much the same as from C-horizon. Both overbank
sediments samples show the same geographic distribution, indicating that with the chosen thickness of the top
sample (10cm), introduction of anthropogenically released material cannot be detected. The exception to this
finding is the sample taken near Nikel. The bottom sample has even higher acid soluble contents of most elements
than does the top sample. The vegetational conditions in (parts of) this drainage basin are exceptional, so also the
volumes of fine grained industrial waste heaps. Such conditions induce special characteristics of the river flow and
suspended load, causing rapid build up of flood plain sediments. Frequent channel shifts and erosion of flood plains
are also characteristics of arid/semi-arid or glacial-front terrains - natures own versions of high sediment input
regimes.

A parallel, detailed study of the chemical characteristics of an overbank sediment in Grense Jakobselv, border river
Norway/Russia (Langedal and Ottesen, in prep.), clearly shows that layers in the top 10 cm of the deposit have
a gradual (3-4 fold) increase in Ni-content. >'°Pb dating of these layers give ages of approximately 40 years at 15
cm,

Not counting the highly anomalous sample from the Nikel locality, the contrast of the element concentrations of
top and bottom samples are far from dramatic. All in all, the chemical characteristics of the overbank sediments
can be taken as a description of the natural situation of the area.

With this in mind, there is indication of an anomalous region of Mn and Mo in the southeastern half of the test
area (Figures. N° 40-41). The influence of the elevated levels in the overbank sediments of these two elements on
the pollution situation in the test area is presumably small, as neither of the elements are considered major
components of the industrial emissions.

3.3 BASE CATIONS

Maps of base cations, indicating the buffering capacity of the soil, show varying conditions depending on which
part of the soil profile is considered. In figures N©° 42-43, the sum of ion equivalents of Ca + K + Mg + Nain
the Aqua Regia extract of C-horizon and humus is shown, indicating that acid extractable is high in the C-horizons
"downwind" from the smelters if only the distance is long enough. For humus, the situation in the industrial region
of Nikel - Zapoljarny is characterized by high values, an indication of high emission of one or more of the base
cations from the industrial processes. Similar results are seen in Fig N° 44, showing sum of ammonium aceatate
extractable base cation equivalents of the A -horizon.

This base cation discharge of the industrial activities shows very clear also in the snow and water maps; with
maximum values for Mg and Ca in the sample taken closest to the open pit mine area of Zapoljarny. It seems quite
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evident that the dusting affiliated with the mining and ore dressing in Zapoljarny is the cause of the high values of
Mg and Ca on the surface in the Nikel - Zapoljarny region; the ore concentrate for the smelter contains some 20%
MgO (Knut L. Sandvik, pers. comm.).

3.4. REMOTE SENSING

Related work in this area is carried out by Temmervik et. al. (1992). In their work, based on several LANDSAT
images for the period 1973 - 1988, they have found a decrease of the area classified as "Slight/no damage” from
8082 km? in 1973 to 3082 km?® in 1988. Over the same period, the area classified as "Total damage" or "Severe
damage” increased from 415 km? to 760 km®. The soning of the 1988 images coincides very well with our findings
of the most intense Ni-, Cu- and S-loadings.
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4. CALCULATION OF LOADINGS

4.1. EVALUATION OF SEASONAL (WINTER) LOADINGS.

Finnish and Russian data for snow sampling were recalculated according to the following scheme:
a) Element concentrations in melt water and snow filter were added together.

b) Density of snow and reserves of moisture (snow water) were calculated for all sampling points. Field
documentation and water mass after snow melting were used for calculation of snow density:

mass of water(kg)
dkg/dm®) =

sum L of cores(dm) * D sampler(dm?)

According to Russian and Norwegian field data (n=40) the average mean snow density was 0.34 kg/dm>. Similar
values are obtained using data about thickness and reserves of moisture from Ecologo (1992), there estimated snow
density for this area is equal to 0.32 kg/dm® (n = 15, spring 1990). Finnish data were not used for calculation of
average snow density because of unclearities in the field documentation.

Reserve of moisture in the snow cover, Q... is expressed in millimeters. The mass of snow in kg for an area of
1 m? is then equal to 1 mm.

Q. = H(dm) * d(kg/dm3) * 100(dm2/m2) = H * d * 100 (kg/m2)
where H is thickness of the snow cover in dm.

¢) Sulphur and heavy metal quantities per area of 1 km? (loading or surface density of accumulated precipitation
during winter) were calculated and shown for some variables on the figures N° 45-48.

Sulphur

(fig. N° 45, Finnish data) shows a large area of high values in the Nikel - Zapoljarny industrial region and some
smaller areas near Inari lake and Kirkenes. The loading of sulphur in the test area is not as high as may be
expected. The most likely explanation to this is sulphur being transported even longer distances from the Cu-Ni
plant than the extent of our investigated area.

Ni

loading (fig. N° 46) of snow cover reach levels of 100-200 kg/km? in the Nikel - Zapoljarny industrial region.
Higher values are found near Zapoljarny in the Russian data, due to siliceous Ni from the open pit mining not
being brought into solution by the Finish analytical procedure for snow filter. As for Fe, a rather strong gradient
(5-10 times) is observed along the eastern side of Pasvik valley. In the southern part of the area, a slight rise in
the loading (> 10 kg/km’ according to Finnish and > 5 kg/km? according to Russian data) is noted. This may be
explained by the local ore source near lake Alla - Akkajarvi, but it may also be due to influence of the
Monchegorsk industrial region.

Cu

shows similar values for maximum loadings in Finnish and Russian data (fig. N° 47). But there are two
exceptions: One rather prominent is observed in the southern part of the area; explained the same way as for Ni.
In the western part of the area, the difference between the loading levels is about 2-3 times, and it is again likely
that this reflects total and partly digested metal contents in snow water and filter of background level points.

Co and Cr
loadings (fig. N° 48, Cr not shown) show that Co and Cr densities are approximately 30 times lower than for Ni
or Cu.

4.2. SEASONAL (SPRING) LOADINGS ON SOILS, SURFACE AND GROUND WATERS.
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For calculation of seasonal (spring) loadings on soils, surface and ground waters, the test area was divided into
drainage basins with areas of 500-1500 km? (fig. N° 49). In each of these, areas of similar conditions of melt
water flow were determined.

Figure N© 50 and table N° 8 show the main characteristics of the territory. Mean coefficients of water flow and
self cleaning capacity for various terrains are taken from published data (Nikonova, 1989). Although data are
rather scarce, they give an opportunity for comparing terrains with regards to flow conditions of the pollution
elements from the spring melt water.

Loadings on the drainage basins after snow cover melting in April - May 1992 were calculated and are given in
table N° 9.

Nickel.

Total spring loading on the whole area is 239.7 tons according to Russian data or 280.2 tons according to Finnish
data. Very high loadings are established for the drainage basins of river Vorjema and Jarfjorden of the Barents Sea
coast, and also for Lower Pasvikelva (especially for its right tributaries). The highest loadings are found for river
Pechenga. The most important discrepancies between Russian and Finnish data are observed for the drainage basins
of rivers Pechenga and Vorjema (total sum of difference is about 40 tons). Again, this difference gives an estimate
of the input from silicate bound Ni from the open pit mining and mineral dressing plant.

Hence, the total seasonal (winter) input of Ni to the snow cover amounts to 239.7 - 40 = 199.7 tons (Russian
data), or 200.2 tons (Finnish data) within the pilot project area.

We will suppose that approximately 10% of this value (20 tons) is connected with sources other than the operations
of Nikel - Zapoljarny, mainly in the southern part of the area (Alla - Akkajarvi Cu-Ni mine or Severonikel plants
of Monchegorsk).

Then the seasonal Ni emission from Nikel - Zapoljarny plants can be estimated to 180 tons (within the period of
6 months from October 1991 to March 1992). Recalculated on an annual basis, taking the characeristics of winter
precipitation as a guide for the entire year, the estimated annual Ni emission is 360 tons. According to data of
Annual Handbook (1989, 1990, 1991) this average value is 303.7 tons for last three years (1989-1990).

The seasonal (spring) loading on soils in the test area is 80.8% of the total sum, the loading on water is 9.2% of
total sum (7.8% for water of the river system and 1.4% for ground water of deep horizons).

Copper.

The total sum of loadings on the area is 151.1 tons (Russian data) or 189.3 tons (Finnish data). If the loading in
the southern part of the area is connected with other pollution sources, the average mean (from Russian and
Finnish data) for the Nikel - Zapoljarny industrial region is 151.5 tons. The estimated annual Cu emission from
Nikel - Zapoljarny plants is about 303 tons. According to Annual Handbook (1989, 1990, 1991) this average mean
is 182.4 tons.

The seasonal (spring) loadings on soils are 74-85% of the total sum, the loadings on waters are 15-26% (13-22%
for waters of river systems and 2-4% for ground waters of deep horizons).

Cobolt (Finnish data).

The total seasonal loading in the test area is 7.5 tons (7.8% of this sum is the loading on waters). The estimate of
an annual Co emissions from Nikel - Zapoljarny plants is 15 tons. The average mean is 11.4 tons for 1989-1990
years according to Annual Handbook (1989, 1990, 1991).

Sulphur.
The total seasonal technogenic sulphur loading on the area is 2331.2 tons (Finnish data), and 46.3% of this is
connected with dry atmospheric falls (calculated from filter/filter + melt water ratio).

According to Krjuchkov and Makarova (1989), the ratio of S concentrations in atmospheric falls to snow cover is
2.7. With an annual precipitation of about 650 mm in this area and taking the average value of snow water reserve
is 272 mm as a measure of the winter’s proportion, the annual fall-out of sulphur with the wet deposition of the
entire pilot study area is calculated using the figures from Table N° 9:
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(1082.6 + 169.0) * 2.7 * (650/272) = 8075.6 tons.
Total annual S fall-out counting wet and dry phases is:
8075.6 + (1079.6 * (650/272)) = 10655.5 tons.

It is also known that the normal ratio of SO,- to Cl-ions in sea water is 0.14. But along the coast of the test area
this ratio is about 0.5 and higher (calculated from snow water). So almost all of the sulphur must be considered
as of technogenic origin, which initially spread to the Barents Sea and then returned to the coastal zone.

The total sum of annual S deposition will be:
10655.5 + (2616.4 * (650/272)) = 16908 tons.

According to Annual Handbook (1989, 1990, 1991), the average mean of annual S emission from the Nikel -
Zapoljarny plants is 132200 tons. Accordingly, only 12.8% of annual S emission fall out on the test area and the
remainder (87 %) is-carried far distances from the emission source. These findings are similar to those of
Krjuchkov and Makarova (1989).

Cr and Fe pollution loadings are also given in table N° 9. But as no official data about their emissions exist, a
comparison with observed values of deposition cannot take place.

4.3. PERENNIAL TECHNOGENIC LOADINGS.

Results of the Ay horizon sampling were used for determining the cumulative effect of the perennial loadings. They
were recalculated to surface density of pollution (kg/km?). According to Russian experience from heavily
contaminated soils in the Monchegorsk region, accumulation in the soil profile of the pollutants in question is well
described by applying the formula

Me,, ¥ H,, * 0.5
Me =

13
where

Me,, is the metal content of the sampled humus
and
H,, is the thickness of the sampled humus layer.

This approach may not seem to take into account the naturally derived fraction of the humus sample. But by
applying preparation techniques of the Russian laboratories described above, one can do much to counter the
influence of minerogenic constituents found in humus samples. However, a way to handle the fraction of the
humus derived from solutes of natural, local origin, has not been found.

Iron (see fig N° 24)
A zone of high density is observed around Nikel and Zapoljarny and to the north-west and north-east of these
towns.

Sulphur (fig. N° 51).

The highest loadings are found near Nikel and along the Barents Sea coast. The sum of loadings on the surface of
the test area is 19677.3 tons. Taking into account that in this area the pollution diffuses to a depth of 0.3-0.5 m
depending on local topography and character of soils, and that average thickness of sampled Ay-horizon is about
0.03 m, the sulphur mass in the soil horizons is about 131200 tons. Most likely, a majority of the sulphur fall-out
is extracted and lead away by surface and ground water.

Heavy metals Ni, Cu, Co, Cr (fig. N° 52-54).

Distribution of heavy metals in the Aj-horizon is rather similar to that of the snow cover. The highest levels are
again observed in the Nikel - Zapoljarny industrial region. There is a very strong gradient along the eastern side
of the Pasvik valley.



The mass of Ni is 5110.6 tons on the surface of the test area and about 34000 tons in all soil horizons to the depth
of 0.3-0.5 m. Similar estimates for Cu yield 4413 tons and 29420 tons for surface Ay-horizon and soil horizons
to the depth of 0.3-0.5 m respectively. Parts of Ni and Cu were also extracted by surface and ground water.

5.  CONCLUSION.

Harmonizing of methods and techniques in field, laboratory and interpretation has proved to be essential in the
collaborative work undertaken, and we have identified the topics to be addressed for the main project.

Analysis intercalibration between Finnish and Russian laboratories/methods shows that the major difference in
results is observed for elements (Ca, Mg, K, Na, Al, Fe, and others), which are bound in the structure of silicate
minerals. Total and acid-digested concentrations of the important heavy metals (Ni, Cu, Co, Zn), S and P coincide
fairly well.

The pollution status of the investigated area is given after analysis of a number of natural materials, including those
found to be unaffected in the heart of the industrial region. The areas of high heavy metal loadings coincide with
those that have impaired acid neutralizing capability. Some centres of Ni and Cu pollution are located bye use of
snow dust/melt water ratio. Aside from the Nikel - Zapoljarny pollution centers one is found in the southern part
of the investigated area; the Alla - Akkajarvi Cu-Ni mine or an extreme influence of Monchegorsk. For sulphur
two other local pollution centres are foud; near Kirkenes and Inari lake. Beneficial to the environment in the
industry "wasteland" is the large amounts of base cations discharged by the mining and ore dressing activities in
Zapoljarny. Activities of '’Cs and "**Cs are generally low, with a maximum activity of 2.6 kBq/m>

Seasonal (spring) loadings are calculated from analysis of snow melt water and filter residue, and found to have
intensities above 10 kg Ni/kn? over an area covering 3000 km?. For Cu the figures are similar, and the same 3000
km? show a S level of approximately 150 kg/km?. In these areas, the natural contribution to the quoted levels is
insignificant. Calculations of an annual emissions of Ni, Cu, S based on snow sampling are compared with official
data and coincide rather well. The perennial loadings are given for soils to the depth of 0.3-0.5 m without taking
into account extraction of elements by surface and ground water. Nevertheless the geochemical data of snow cover
and Ag-horizon samples are very useful for evaluation of environmental pollution and give rather realistic results.

An evaluation of the various sampling medias’ feasability for describing the natural and anthropological
geochemical environment shows that

- snow sampling is the best medium for half-annual monitoring of wet and solid precipitation, and the results
clearly delineates areas of high atmospheric deposition. Furthermore, the content of elements in the sonw
pack at snow melting is important in describing the load on humus (and vegetation) at time of snow melting

- terrestrial moss is superior as a bioindicator covering a medium length time slice

- Ag-horizon is because of its dual origin (mix of local geology and anthropogenic input) more difficult to
interpret, but very important for calculating locations and magnitude of chemical time bombs

- Ay,o-horizon is neccessary for the evaluation of radioactivity in the area

- C-horizon is one possible means of estimating the initial natural chemical characteristics

- overbank sediments, when available, provide an alternative for estimating initial natural characteristic, and
are vital in describing chemical time bombs

- stream sediment is due to its dual nature (initial mineralogy and hydromorphically superimposed chemistry)
difficult to interpret

- stream water delineates areas of high concentrations, but cannot be used alone for distinguishing between
natural and anthropogenic phenomenas. The exceptional precipitation conditions during the summer of 1992
for some of the area impaired the water’s ability to delineate geological features in background areas.

A sampling density of about 1 point per 300 km? gives sufficient information for mapping of air pollution effects
in the scale of 1:1 mill. But for industrial centres and towns, it seems helpful to have more detailed sampling,
perhaps 1 point per 100 km® The collected field documentation supplies data needed to make the various
calculations for classification and interpretation.

Podsol soils could be a better monitoring media to study the effects of pollution to soil. The use of acid

neutralization capacity method when analysing podsol soils, as well as weak leaches and pH measurements could
give important additional information. More appropriate methodology than employed in the pilot project must be
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used for future work.

For snow sampling, particularly in the background areas, the possibilities of contaminating samples requires
appropriate sampling techniques, and further work should be undertaken to deal with the mobillity of S species in
the snow pack. The question of representativity of samples, particularly snow and humus, should be addressed to
arrive at methodology yielding acceptable quality on the sampling.

Further work is needed to have a better integration of remote sensing and geochemistry. It seems also promising
to develop models for delineating chemical time bombs as functions of chemical speciation of heavy metals, base
cations, areas and volumes of deposits, and to ensue the possibilities of predicting their trigger mechanisms.

Finally, there is an apparent need for the development of a common database in the further work. At an early stage
in the main project, vital questions about this data base should be addressed; its logical and physical structure, its
international accessability and user classification criteria, and update policy and procedures, as well as maintenance
resposibility. Critical stages of this database development should be accepted by a group representing its principal
users.
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MOSS

FACTOR ANALYSIS

Table N° 2

FACTOR 1 FACTOR2 |FACTOR3 |FACTOR4 |FACTOR5 |FACTOR 6
Al 0.20051 *0.90652 -0.05931 0.09875 0.03729 0.14503
Ba 0.23454 0.15797 -0.66595 *0.560870 0.17534 -0.02961
Ca 0.42847 -0.02376 -0.36231 *0.76230 0.17150 -0.02962
Cu *0.94089 0.20301 0.08418 0.19310 0.05710 -0.02871
Fe *0.67943 *0.66402 0.06676 0.05406 -0.02366 0.06641
K 0.33532 -0.02045 *0.87474 0.15567 -0.05642 -0.02227
Mg 0.05438 0.18700 *0.72265 0.34596 0.02576 0.34494
Mn -0.03024 -0.01215 -0.56028 -0.53803 *0.34747 0.19858
Na 0.09452 -0.23395 0.14344 0.07345 -0.65685 0.10571
Ni *0.92734 0.26964 0.10977 0.11534 -0.05228 0.00051
P 0.23721 0.03062 ¥0.89992 -0.116156 0.18117 0.00110
S *0.84865 0.18312 0.28656 0.22272 0.11962 0.14512
Si 0.18971 0.17742 0.23272 *0.68378 -0.02412 0.19345
Sr 0.16022 0.04699 -0.00007 *0.88823 -0.09664 0.00976
Ti 0.01451 *0.92126 0.04066 -0.04469 0.13373 0.05098
Zn 0.28010 0.01590 0.17757 0.129356 *0.75475 0.22714
B 0.49095 -0.06242 0.20012 *0.66275 0.25111 0.22060
Cd *0.81326 -0.02072 0.05452 0.35094 0.11845 0.07704
Co *0.87045 0.31371 0.133563 0.11199 -0.10337 0.07443
Cr -0.02133 0.06821 0.15934 0.07698 0.06537 *0.81392
Pb 0.45552 0.14116 -0.26185 0.07258 -0.01689 *0.54387
\' 0.561830 *0.80652 -0.06041 -0.02529 0.01851 0.16541
As *0.92072 0.16263 0.03619 0.21685 0.134565 0.00932
Sc 0.30605 *0.70206 0.10922 0.21567 0.15945 -0.14144

1 FACTOR Cu,Ni,As,Co,S,Cd,(Fe)
2 FACTOR Ti,AlV,Sc,(Fe)
3 FACTOR P,K,Mg

4 FACTOR Sr,Ca,Si,B,Ba
5 FACTOR Zn,Mn

6 FACTOR Cr,Pb




HUMUS

FACTOR ANALYSIS

Table N° 3

Al
Ba
Ca
Cu
Fe
K
La
Mg
Mn
Na
Ni
P

S
Si
Sr
Ti
\"
Y
Zn
As
B
Cd
Co
Cr
Mo
Pb
Sc
Th
U

FACTOR 1 FACTOR2 |FACTOR3 |FACTOR4 |FACTORS5
*0.70341 0.64913 0.156894 0.00478 0.18316
*0.66631 0.12364 -0.03601 0.47243 0.11755

0.10704 0.42188 *0.565469 0.51136 0.07983
0.01273 0.09144 *0.96785 0.06880 0.08051
*0.64951 *0.62570 0.26300 0.20337 0.11235
0.02995 *0.83086 0.16244 -0.33678 0.15182
*0.96718 -0.07750 0.08519 -0.04608 -0.032156
0.31052 *0.62384 *0.564799 0.21828 0.24261
*0.84781 0.36509 0.04651 0.19013 0.01798
0.25800 *0.77289 0.17469 0.08983 0.17375
-0.03404 0.10216 *0.97230 0.06917 0.09207
-0.07272 *0.90676 0.09881 0.05974 0.10185
-0.36102 0.01971 *0.59663 *0.59920 -0.05405
0.23847 *0.80933 -0.01664 0.16269 -0.06819
0.00193 0.08926 0.15500 *0.82262 0.00260
0.50008 *0.68692 0.25009 -0.06790 0.13151
0.565903 *0.71498 0.20267 0.17783 0.12868
*0.96688 -0.01625 0.12508 -0.03581 0.00244
-0.01760 0.06558 0.13223 0.08461 *0.95067
*0.71570 0.06345 *0.67180 0.01447 0.01601
0.04759 *0.67443 0.44343 0.30638 -0.05200
0.495562 0.14458 *0.77638 -0.03085 0.05596
0.22349 0.47004 *0.77511 0.24752 0.08298
0.44662 0.45053 *0.70047 0.053563 0.16354
0.29177 0.08833 0.10168 0.37549 *0.48621
0.07049 0.39395 0.08367 -0.40461 *0.69717
*0.84876 0.39608 0.24002 -0.06201 0.18061
*0.78480 0.33894 0.00726 -0.156422 0.33520
*0.87937 0.19642 0.05094 -0.01649 -0.08101

1 FACTOR La,Y,U,S5¢,Mn,Th,As,Al,Ba,(Fe)
2 FACTOR P,K,Si,Na,V,Ti,B,(Mg).(Fe)

3 FACTOR Ni,Cu,Cd,Co,Cr,As,S,Ca,(Mg)

4 FACTOR Sr,(S)
5 FACTOR Zn,Pb,Mo
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Table N° 7

Minimum, maximum, mean values, and standard deviation of
pH, EC, and analysed elements and compounds (44 samples).

Variable Min. Maks. Mean Standard
deviation
PH _ 6,1 6,8 6,5 0,19
EC mS/m 25°C 2,1 36,2 5,3 6,8
Ag ppb 0 0,01 (VI 0
Al ppb 11,7 154 44,81 29,43
As ppb 0,03 0,89 0,19 0,19
B ppb 0,91 25,90 3,35 4,30
Ba ppb 1,36 11,3 4,87 2,66
Be ppb 0 0,04 0,01 0,01
Bi ppb 0 0,01 0 0
Br ppm 0 0,02 0 0
Ca ppm 1,32 30,40 4,33 6,27
Cd ppb 0 0,07 0,01 0,01
Cl ppm 0,90 19,90 3,37 3,29
Co ppb 0,01 5,49 0,24 0,90
Cr ppb 0,11 0,62 0,25 0,09
Cu ppb 0,28 8,52 1,34 1,46
F ppm 0 0,40 0,05 0,07
Fe ppm 0,02 0,55 0,11 0,10
K ppm 0,20 2,53 0,46 0,39
Li ppb 0,11 2,86 0,38 0,42
Mg ppm 0,45 12,20 1,46 2,39
Mn ppb 0,46 75,30 8,35 14,03
Mo ppb 0,04 3,75 0,26 0,55
Na ppm 1,25 21,20 3,06 3,46
Ni ppb 0,18 477 16,31 73,61
Pb ppb 0,01 0,34 0,05 0,05
Sb ppb 0,004 0,14 0,03 0,03
Se ppb 0 0,83 0,13 0,22
Si ppm 0,78 3,66 1,80 0,64
Sr ppb 6,61 172 21,41 33,09
Th ppb 0,001 0,05 0,02 0,01
Tl ppb 0 0,01 0 0
U ppb 0,01 0,58 0,12 0,14
V ppb 0,05 0,62 0,14 0,10
Zn ppb 0,91 11,80 2,13 2,06
NO,ppm 0 9,60 0,40 1,57

SO,ppm 1,20 123 9,17 24,71
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Appendix 7

NGU Project 63.2590.01
Number of sample

Stream
sediment

Humus
AQ

Mineral
C

Terrestial
moss

Stream
water

Com_b.soil
A0+2

Sampling media (kind of sampling)

1

10

13

Field duplicate

Northing cocrdinate X (m) UTM36

Easting coordinate Y (m) UTM36

Coordinate Z (m)

O VOOV AW N

—
(@)

Duplicate weighting

Duplicate analyse

300 km2 area relief

Local topographic element

Day of sampling

B DD e i
— O O 00 ]

Month of sampling *-

Year of sampling

Vegetation zone

Kind of relief

Kind and thickness of Q cover

BN NN
[0 WV, I SR UL (V)

Bedrock geology Geological position

Character of vegetation ->41?

Elementary landscape

Type of moisture ?in the sample/area

Genetical classification of Q deposits

W W NN N
— O 000

Soil horizon

Grain size distrubution

Thickness of sampled horizon (cm)

Moistureal in the sample/area

Depth of sampling (dm)

W LW LWL W
~N AN

Contents of admixture (organic or mineral) %

Size of single pit for sampling (dm)

Number of pits for sampling/subsamples

Distance between pits for sampling/subsampld

Vegetation species sampled |

RE88E

Percentage of area sampled covered by specie

Distribution of vegetatiop in socicty

Name of drainage basin

Classification of water body

Volume of sampled water (liters)

e
O 00 1 O\ L

Speed of stream (m / sec)

Water discharge (1/s)

Temperature (grad C)

Electric conductivity

Taste of water

L
— O

Smell of water

Exposition of slope (degree)?angle with horiz
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Sampling media (kind of sampling)

1
2 || Number of sample
3 || Field duplicate
4 {| Northing coordinate X (m)
5 || Easting coorninate Y (m)
6 | Coordinate Z (m)
7 || Duplicate weighting
8 | Duplicate analyze
9 | The degree of relief dismemberment
10 | Element of relief
11 || Density of forest
12 || Snow depth (dm)
13 || Summary core length (dm)
14 | Number of cores
15 §| Snow mass (kg)
16 || Day of sampling
17 || Month of sampling
18 || Year of sampling
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NUMBER SYSTEM

Sample number (field)

Random number (lab)

Coordinates (UTM)

PROFILE DESCRIPTION

Samplin depth

Sedimentary structures

Layering:
Graided bedding:

Organic material:

Cther:

Ground water

Soil colour

Hight of the deposit

Objects for dating

Type of material at the

base of the deposit

SITE DESCRIPTION

Channel width

Channel depth

Channel type Straight:
Meandering:
Braides:
Fan:

Valley width

Area of riverplain

Terrasses

River bed material

DRAINAGE BASIN
DESCRIPTION

Geology

Overburden

Floods

River regulations

Major pollution sources

ANNET
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RUS: 01 Stream sediments Field duplicates Appendix 12
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APPENDIX 13

For analysing humus, the <0.07mm fraction of ashed sample was used. Hence, there is a mixture of (organic) ash
and minerogenic material <0.07 mm in any sample. Coefficient of ashing a was determined as the ratio of the
primary weight P1 of sample (minus weight of fraction >0.07 mm) to weight of ashed sample P2 (also minus
weight of fraction >0.07 mm).

P1 = Pdry weight ~ P.oon
P2 = Pashed sample ~ P>0AO7'

Pl Porg + P<0.07
a = = *100 (%) (D).
P2 Puw + Pooor

ash

The analytical result of the ashed sample is:

Cun * Pun + Co07 * Pooor
Coa = 2.
P2

where
Con is element content in organic ash
Co07 is element content in minerogenic fraction <0.07 mm.

From this we have:
Caml * P2 - C<0.o7 * P<0.07

C. = 3).
P

ash

It is neccessary to know P_qq,, P, and C_y4;. That is possible, if we know the composition of a "pure” sample
of A horizon. In theory a = a, = (1-2 %) for such samples (constitutional ashing). But in practice, the empirical
estimate of the average (modal) of a for our case is :

o =35+ 15% (N=61 samples).
We will use the value oy = 5% as the top mean ay,,, for "pure” samples. If of a sample is more than ay,, it is

neccessary to exclude the minerogenic part (<0.07 mm) from the results of the analysis. For this purpose a
coefficient K is calculated as:

a - q
K =
100 - a
Ifa < gy thenay=a @)
else ap = ag,qp
and then:
1
P, = — *PI;
1+ K
P<0.07 = Pl - Porg and Pash =P2- P<0.07'

The element contents in the minerogenic fraction <0.07 mm may be approximately equal to the element
concentrations in fraction <0.07 mm of C-horizon. Then C,,, is calculated acording to (3) and

Ciry organic weign = Casn * &g With above mentioned conditions (4).
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