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Introduction

This Report details the results of trilateral water
quality monitoring during past three years in the
border area of Norway, Finland and Russia. Water
qualitymonitoringisapartofthe Pasvik Programme
created by the environmental authorities and
researchers for obtaining comprehensive and
current information on the changes taking place
under the varying anthropogenic load in the joint
border area of the three nations.

The main threat to aquatic environments in the
border area is the neighbouring Pechenganikel
industrial complex, located on the Kola Peninsula
in northwest Russia. Emissions from the complex

comprise high levels of sulphur dioxide, and
particulate material containing a wide range of
toxic metals, primarily copper and nickel. Sulphur
dioxide emissions cause acidification of surface
waters, especially in small lakes with weak buffering
capacity. Heavy metals accumulate in organisms,
soil and the bottom sediments of surface waters.
The Pasvik watercourse is impacted by the direct
input of pollutants (discharges) and by atmospheric
pollutants.

The monitoring area covers a large part of the Pas-
vik catchment, which is divided between the three
countries. The trilateral water quality monitoring
programme is based on existing national monitoring
systems, supplemented where necessary with
additional monitoring points and attributes, and
takes into account the specific characteristics of
the area.

00

Figure 1. The area covered by the Pasvik Programme.
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Pechenganikel
Reconstruction

The Pechenganikel Mining and Metallurgical
Combinine the Russian border towns of Nikel and
Zapolyarny is a part of the OJSC Kola GMK, a
subsidiary of MMC Norilsk Nickel Group.

Mining

Presently, the Kola GMK is operating eight deposits
of copper-and-nickel ores. Each deposit is located
within the limits of the Pechenga Ore Field and
grouped into two ore clusters — the Western Cluster
near the settlement of Nikel, and the Eastern Cluster
near the town of Zapoliarny.

The Western Ore Cluster comprises the fields of
Kotselvaara-Kammikivi and Semiletka. The Eastern
Ore Cluster comprises the fields of Zhdanovskoye,
Zapoliarnoye, Bystrinskoe, Tundrovoe, Verkhnee,
and Sputnik. Mining activities are ongoing at four of
these fields: Zhdanovskoye, Zapoliarnoye Kotsel-
vaara-Kammikivi and Semiletka. The fields Sputnik,
Bystrinskoe, Tundrovoe, and Verkhnee are kept in
reserve.

According to plans, in 2011 ore extraction at the
Severny-Gluboky and Kaula-Koselvaara mines will
increase by 10% compared to the previous year.

The construction of the Severny-Gluboky Mine near
the town of Zapoliarny is one of the Norilsky Nikel
Company’s important investment projects. Its main
objective is to renew the raw material base and
maintain the achieved level of commercial nickel
production from the Company’s own raw materials
on a long-term basis. In December 2010, the mine
reached the design capacity of ore production —
6 million tons per year. The proven reserves of the
Severny-Gluboky mine are sufficient for at least
30 years; the activities aimed at expansion of the
Company’s ore supplies are ongoing.

The construction of the Severny-Gluboky Mine
began in July 2008. Its first startup complex (one of
four) was commissioned only four years later. Today,
the Severny-Gluboky Mine is a true underground
town. It reaches as deep as over one kilometre with
a length around 200 km. Up to 600 employees of
Kola GMK are permanently operating underground,

with over 100 units of mobile mining equipment. In
2011, the fourth startup complex is expected to be
commissioned. The overall investment into mine
construction will amount to 360 million euros.

Activities aimed at reduction of sewage discharge
into surface water sources are underway at the
Severny and Severny Gluboky mines.

Thus, presently the following actions are being
implemented:

» Construction of water treatment plants in-
volving ion-exchange technologies for pit water
treatment at the Severny and Severny Gluboky
mines.

* Cleaning of settling ponds. Compared to 2008,
in 2010 a reduction of nickel concentrations from
0,04 mgl* to 0,036 mgl* took place; copper from
0,012 mgl*to 0,009 mgl?, and iron from 0,18 mgl*
to 0,125 mglt as a result of the decrease in
discharge quantities.

» Completion of mining activities in the pits to
conduct quarry water into the underground
openings of the Severny Mine. As the quarry
water flows into the underground openings,
the discharge of pollutants with quarry water
decreases.

« Utilization of post-treated quarry water in the
system of recycling water supply for production
needs of the Severny Mine. Compared to 2009,
in 2010 a discharge of 563,0 thousand cubic
metres of quarry water into the Seliakka-Joki
River (tributary of the Pechenga River) was
prevented. As the result, the quantity of discharge
was reduced:

- oil products, dry residue, nickel, nitrites, nitrates,
and sulphates — twofold;
- iron, BOD, and copper — threefold.

At the Kaula-Koselvaara Mine in 2010, the rock skip
shaftwas deepened, which improved the productivity
of the mine.

Smelting Industry

Over the latest three years, the emission level of the
principle atmospheric pollutant — sulphur dioxide
SO, — has amounted to 100 000 tons per year.
Over the course of 15 years, these emissions have
decreased by 2.5 times.

The fall in SO, emissions at the smelting production
facilities of Zapoliarny and Nickel resulted from the
following technical activities:

Centre for Economic Development, Transport and the Environment for Lapland, Publications 7/2011
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Figure 2. Emissions of sulphur dioxide (SO,), nickel (Ni) and copper (Cu) compounds at the Pechenganikel Plant (Zapoliarny Production

Area of Kola GMK).
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Figure 3 . Nickel (Ni) discharge at the Pechenganikel Plant

(Zapoliarny Production Area of Kola GMK).

Renovation of the concentrating plant has allowed
production of concentrate with a higher content of
nickel and, consequently, more sulphur in the form
of sulphide minerals which are inert substances in
relation to the environment; these are transported
to the tailings storage of the concentration plant and
are not used in the follow-up metallurgic processing.
The number of metallurgic units engaged in the
activities has decreased. In the smelting shop, only
two furnaces are currently permanently operating
instead of sixinthe past. Consequently, the reduction
of the proportion of sulphur in the matter and the
reduction in the amount of matter were achieved
using only two converters in the Nikel smelting
shop instead of the previous four to five. Sulphuric
acid production has also been renovated, which
has allowed increasing the degree of SO, utilization
from the converter gases into sulphuric acid. In total
0OJSC Kola GMK has spent over 48 million euros of
its own assets on hese activities.
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Figure 4. Copper (Cu) discharge at the Pechenganikel Plant

(Zapoliarny Production Area of Kola GMK).

Construction of Briquetting Shop

0OJSC Kola GMK is currently concluding the im-
plementation of the first part of the renovation
programme — construction of briquetting shop
at the concentration plant in Zapoliarny.

The Briquetting Shop project in Zapoliarny is
expected to be completed in 2011. The constructi-
on project for the Briquetting Shop is a part of the
Metallurgic Production Renovation Programme
being implemented by OJSC Kola Kolskaya GMK to
reduce emissions of sulphur and heavy metals dust/
waste. The overall cost of the project is 52,6 million
euros. The so-called briquetting shop will mark the
end of the use of technology that has been used for
over a century. Today’s metal production technology
implies concentrate filtration and burning to produce
pellets for follow-up smelting. The burning process
uses non-utilizable gases SO, which are emitted

Pasvik Water Quality Report |
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into the atmosphere. In the new shop, a new process
chain will be used (filtration—drying—briquetting)
which will exclude the environmentally unfriendly
burning process. The filtration equipment is designed
to dewater the ore copper-and-nickel concentrate
from the concentrating plant. Furthermore, the
filtrated concentrate will be delivered for drying and
briquetting. The equipment to be used is made in
Germany and Finland. Briquetting is expected to
facilitate enormous reductions of hazardous
emissions from the Zapoliarny production area:
from today’s 40 thousand tons down to less than
1,4 thousand tons per year. The process will be fully
automated; the bin type will help avoid dust be-
coming airborne during unloading and loading.

Installation of the first briquette-press reached
completion in the end of December 2010. The
experimental start-up of the filtration area with
production of filter cake was performed in summer.
Setup of equipment for drying and briquetting is
currentlyunderway. The briquetting shopisscheduled
for reaching full design capacity during the fourth
quarter of 2011.

Renovation of smelting production

Presently, two ore heat-treatment furnaces operate
inthe smelting shop. Thorough repairs of one furnace
were performed in 2010. The second furnace is to
be repaired in autumn 2011. This scheduled repair
will ensure stable and continuous operation for two
years. Following this, the next thorough repair is
scheduled.

Figure 5. Smelting plant, Nikel.
Photograph: Sergey Sandimirov.

According to preliminary estimations made by OJSC
Kola Kolskaya GMK, the renovation of the smelting
shop in Nikel will cost around 134 million euros.
The metallurgic production renovation programme
includes a transition for using a double-chamber
smelting furnace. Testing of the Vanyukov double-
chamber furnace showed that the furnace will not
be able to provide the expected process results.
The design technical solutions did not prove to be
correct. Based on the testing, Kola GMK has carried
out revisions and a re-evaluation of the design. The
new design performed by the Gipronikel Institute
showed that the entire metallurgic production
renovation program will cost a minimum of 290
million euros. Tests have shown that regardless
of spending this sum on the programme, it is im-
possible to achieve the values of SO, emissions as
planned: 10,5 thousand tons from the smelting plant
in the settlement of Nikel.

At the smelting shop’s sulphuric acid production
area, measures have been taken to improve
the degree of utilization of sulphuric gases. The
ongoing work is one of the stages of the smelting
shop preparation for processing of high-sulphur
copper-and-nickel briquettes; it will allow an
increase in the amount of utilizable sulphuric
gases by 7 000 Nm?3/hour without reduction of the
utilization degree.

This publication presents information on renovation of
Pechenganikel Plant based on the official website of Kola
GMK www.kolagmk.ru.
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Water quality in the Pasvik
watercourse
— monitoring report on 2000-2009

Marina Zueva

Photograph: Sergei Kotov.
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Description of the study
area

The study of the Pasvik watercourse remains an
important ecological task for the three countries
sharing the catchment area of the river basin. In
the lower course of the watercourse, the load on
the basin is formed by the sewage and discharge
impact of the Kola GMK Pechenganikel industrial
complex. Both Russian and Norwegian hydro-
power plants are situated on the water course
and their operation also has an impact on the
condition of the river. Continuous monitoring of the
water quality of the watercourse and detection of
variability in the quality parameters are necessary
for the assessment of the condition, its dynamics,
and ultimately forthe measuresto be takentoreduce
the negative impact and to improve the state of the
environment in present day conditions.

This publication continues the basin water quality
study; it provides an assessment of today’s status
and changes over the latest ten years.

Pasvik watercourse flows out of Lake Inari in Finland
and flows into the Bekfjord of the Varanger fjord,
the Barents Sea in Norway. The basin has a total
area of 18 325 km? and includes a large number of
lakes and wetlands, constituting a river-and-lake
system rather typical for the Kola Peninsula. The
lower course of the river includes the Salmijarvi
(Svanevatn) Lake linked via a stream with the Kuet-
jarvi Lake which in turn is in the course of the Ko-
losjoki River that is affected by direct discharge of
sewage from the smelter.

ATy

Figures 1-3. Pasvik watercourse. Photograph: Sergei Kotov.
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Analysis methods and
sampling

The samples collected in the Pasvik watercour-
se were analyzed in the laboratories of the Mur-
mansk Department for Hydrometeorology and En-
vironmental Monitoring (MUGMS), Institute of North
Industrial Ecology Problems, KSC RAS (INEP) and
LAP ELY using standard analytical methods. Since
1996, the laboratories have regularly participated in
intercalibration exercises. However, the variation in
the analysis results was due to the use of different
methodology in the individual laboratories and the
modernization and improvement of the methodology
over time, meaning that the data cannot be combined
in all cases.

The water samples were taken at the monitoring sites
at the surface level at depths of 0,1-0,3 metres from
the surface.Water temperature, pH and dissolved
oxygen concentration were measured immediately
during sampling.

Samples for determining metal concentration
were filtered through a 0,45 ym membrane filter,
preserved with nitric acid and transported to the
laboratory. Metals and other elements were de-
termined by flame and flameless atomic absorption
spectrophotometry.

Samples for analysing nutrients were analysed
using the spectrophotometry or ionic chromato-
graphy method.

Samples for determining ionic composition were
analysed using the titrimetric or ionic chromato-
graphy method.

Biological oxygen demand (BOD) was determined
on the sampling day using the “light and dark bottle”
method.

Figure 4. The analytical results of the laboratories participating
in the monitoring programme are fully comparable with each
other. Photograph: llona Grekeléa.
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Pollution sources in the

Pasvik River basin

The pollution load on the water sources of the River
Pasvik basin is formed of industrial pollution trans-
ferred by air and direct inflow of the sewage from the
Pechenganikel industrial complex — an enterprise
within the mining and smelting Group OJSC Kola
GMK processing copper and nickel ores.

The Kolosjoki River serves as the main collector of
insufficiently treated run-off from the smelter was-
te piles, mining waters from the plant and domestic
sewage from the settlement of Nikel. The discharge
of industrial and domestic sewage is released
1,4 km upstream from the river mouth.

Since 1997, the discharge quantities have de-
creased primarily due to a reduction in the use of
high-sulphur Norilsk ore in the smelter. Since then,
the volume of loading has been on a constant level,
but in recent years (2008—2009) there has been a
decreasing trend (Figure 5).

Wastewater discharge from the Pechenganikel

2009
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2004
2003
2002
2001
2000
1999
1998
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1990

0 10 20 30

min m3

Figure 5. Discharge from GMK Pechenganikel and the Paz HPP.

The Kola GMK enterprises are taking active
measures to reduce the negative impact on the
environment.

A number of industrial facilities are included in
the environmental “Hot Spots” list and the list of
Murmansk Region priority projects developed by the
Nordic Environment Finance Corporation (NEFCO)
and Arctic Monitoring and Assessment Programme
(AMAP) in 2003. The list includes projects for the
reduction of pollutant emissions from OJSC Kola
GMK. These projects were announced as priorities
at the meeting of the BEAC Working Group on
Environment in October 2008 and were included in
the list of priority environmental projects (“hot spots”)
of Murmansk Region for 2009-2013. International
cooperation in this area will continue in future.

0OJSC Kola GMK is working steadily to renovate and
modernize the process and improve the systems of
quality management and environment protection. In
2001, the governments of the Russian Federation
and the Kingdom of Norway signed an agreement
for renovation of OJSC Kola GMK. The purpose
of the agreement was to refurbish the company’s

Water discharged from the hydroelectric power plants
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equipment to reduce the emissions of sulphur and
heavy metals. The agreement is effective until 2011.
The project is funded by a Nordic Investment Bank
grant and OJSC Kola GMK’s own resources.

0JSC Kola GMK is continuing the implementation
of the Programme for modernization of smelting
process. The programme comprises two large
investment packages, one of which is renovation
of the incinerator building at the industrial facility in
Zapoliarny toreduce the sulfur dioxide (SO,) emission
from 42 000 to 686 tons per annum (design data)
through replacement of the existing “palletizing —
burning” technology with briquetting technology.

The general reduction of sewage volume and the
amount of pollutants in the sewage is associated
with the annual implementation of the Allowable
Discharge Standards Programme. This programme’s
aims are the more rational use of fresh water and
arrangement of new recycling water supply systems.
The OJSC Kola GMK Pechenganikel smelter’s
expenses on the measures targeted at achieving
the allowable discharge standards, reduction of
water consumption and water supply system in
2007, totalling up to 5,02 million roubles.

The modernization of the smelting processes
(construction of Vanyukov double-chamber furnace
with renovation of the sulphuric acid and oxygen
shop) targeted at reducing SO, and heavy metal
dust emissions from the facility in Nikel. The
project is targeted at improving the treatment of
gas from smelting equipment at the OJSC Kola
GMK Pechenganikel smelter and reduction of
SO, emission from 60 000 tons to 10 500 tons per
annum.

Industrial sewage from the electric power plants of
Paz HPP (Hydro Power Plant Cascade) is dischar.
ged along the course of the Pazvik River. The
discharge amounts to tens of thousand of tons per
annum with a declining trend over the past few years.
The discharged water is clean according to the
standards; containing small concentrations of
suspended, organic and other matter.

As examinations of many HPP water reservoirs
show, their impact is generally positive. However,
there are negative issues as well. For example, the
creation of small HPP water reservoirs causes river
run-off alterations depending on the regulation
mode. Evaporation loss from the reservoirs re-
presents naturalwaterflowbalance. Theunevenness
of the run-off has an impact on the hydro-chemical
regime of the small rivers. As the flood run-off stays
in a small river for only a short time — for several

days or even hours, there is insufficient time for
the river to self-clean from pollution in the course
of natural biological and chemical processes. It is
especially important during the low-water periods
(periods of seepage flow). This may mean that
pollution in small rivers exceeds the permissible
levels, even with relatively low amounts of in-
coming pollutants.

Pasvik Water Quality Report |
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The water quality
monitoring network

Water quality assessment was carried out by the
partner authorities at the following stations (Figure 6):

Inari, Vasikkaselka — LAP ELY 2001-2009

Pasvik, Virtaniemi — LAP ELY 2001-2009

Pasvik, Kaitakoski — MUGMS 2001-2009

Pasvik, Janiskoski — MUGMS 2001-2009

Pasvik, Rajakoski — MUGMS 2001-2009

Pasvik, Hevaskoski — MUGMS 2001-2009

Pasvik, Jordanfossen — FMFI/Bioforsk/INEP
2002, 2003, 2005, 2008

Pasvik, Ruskebukta — FMFI/Bioforsk/INEP
2002-2005, 2008-2009

Pasvik, Tjerebukta — FMFI/Bioforsk/INEP
2003-2005, 2007-2008

Pasvik, Vaggatem, FMFI/Bioforsk/INEP
2002-2005, 2008-2009

Pasvik, Melkefoss — FMFI/Bioforsk/INEP
2002, 2005, 2008

Pasvik, Salmijarvi (Svanevatn) — FMFI/Bioforsk/
INEP 2003, 2005, 2008

Pasvik, Bjornevatn — FMFI/Bioforsk/INEP
2003, 2005, 2008

Pasvik, Skrukkebukta — FMFI/Bioforsk/INEP
2002-2005, 2007-2009

Pasvik, Borisoglebski — MUGMS 2001-2009

Stream Protoka (between the lakes Kuetsjarvi
and Salmijarvi) - MUGMS 2001-2009 .

Kolosjoki , 14,7 up from the town of Nikel —
MUGMS 2001-2009

Kolosjoki — MUGMS 2005-2009.

The MUGMS stations on the Pasvik watercoure
are all (except Kaitakoski) located below the hydro-
electric power plants, and therefore the activities of
the power plants have some impact on water quality
at the sampling stations. Sampling on the River
Pasvik was performed 6 times a year: March, May,
June, July, August and October. Monitoring was
carried out monthly on the River Kolosjoki and the
Stream Protoka.

Monitoring at the Inari, Vasikkaselkd and Pasvik,
Virtaniemi stations (LAP ELY) was carried out 7—
12 times a year. Monitoring at the INEP stations was
carried out 2—7 times a year.
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Figure 6. Monltormg of water quality in the Pasvik watercourse is cooperation between six different organizations.
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Water Quality
In the Pasvik watercourse

The chemical composition of the Pasvik River surface
water is determined by the substratum properties
of the river and its drainage, precipitation (pre-
dominantly from snow with a considerable share of
rain) and terrestrial run-off. The industrial impact is
composed of air transmission and direct emissions
from pollutant sources. The industrial impacts are
more obvious on the river course closer to the
location of the Pechenganikel smelter.

The report presents the description of the water-
course water quality concerning the concentra-
tions of organic matter, nitrogen and phosphorus
compounds, principal ions and metals, and shows
the diagrams of indicator distribution in the river
and the dynamics of their changes.

Organic matter

In terms of organic matter concentration, the
Pasvik watercourse is considered an oligotrophic
water source. The concentration of organic carbon
in the area Pasvik, Virtaniemi (LAP ELY) did
not exceed 3 mgCl?, in the locations monitored
by INEP the figure was 4-6 mgCl?, decreasing
in the area of impact from the smelter’'s sewage.
The concentration of easily oxidisable organic
matter in the area of the Pazvik Cascade of hydro
power plants (MUGMS) amounted to 6—8 mgl*
according to chemical oxygen demand (COD)
(Figure 7).
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Figure 7. Organic matter distribution in the Pasvik River.
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Phosphates and phosphorus in 5007
general 500¢
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The average concentration of total phosphorus in
the Pasvik River at the locations of INEP sampling,
varied between 7-10 pgl?, with the highest values at <
the Ruskebukta station (19—-23 pgl* in 2007—-2009).
During this period, increased concentrations of
organic matter (TOC) were also observed, Figure 8.
At the location Pazvik, Virtaniemi, the phosphorus —
concentration was between 3-5 pugl? during the
monitoring period. —_—
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Phosphate concentration varied between 0-
5 uglt. The highest concentrations were observed
in the locations at HPP Cascade (MUGMS) (up <
to 8-10 ugl™).

LA

Yy
(o=}
oo
NN

— P tot

wn

o

o

N
Hevaskoski

0

o

o

N
Janiskoski

“““““““““‘N‘m‘m‘oo‘mmv
OO0 OO0 [ojoNe]
[sNeoNeYe) [eleNe]
NN NN NN N
Jordan- | Ruskel
fossen
— PO,

Rajakoski

A/\
(] ' ‘_“N‘ ) <O © I~ 00
g S
Kaitakoski

4
pury
o
o
N

<

o

o

N
Virtaniemi

Figure 8. Distribution of phosphorus in general and phosphates.

Mg/l

25
20
15
10
5
0

18 | Centre for Economic Development, Transport and the Environment for Lapland, Publications 7/2011



Nitrogen

Total nitrogen (Ntot) ranged from concentrations
160-180 pgl? in the upstream areas (Virtaniemi,
LREC and Jordanfossen, INEP) to higher concen-
trations of 400-500 in the Ruskebukta—Vaggatem
area (INEP) in the midstream. This is determined by
the concentration of organic matter in this location
(Figure 9). The average concentrations of nitrates
(NO,) inthe river are 30—60 ugl*. The concentration
of ammonia nitrogen (NO,) is not high, generally
reaching a level of 20—40 pgl* and only in several
cases exceeding 100 pgl™.
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Salinity balance of water

The content of minerals in the river water is low. The
average concentration of principal cations in the
river amounts to 20 mgl?, with higher concentrations
reaching 30 mgl?!. Calcium is the prevailing cation
reaching as much as 50% of cation compositions
(Figure 10).

Water hardness is generally 20—-25 pegl* and stays
under 40 peql* which is a normal parameter for river
water.

Increased concentrations of cations, mainly Na and
Ca, are observed in the smelter’'s impact area.

The anion concentration is also increased in the
impact area; in particular, the concentration of
sulphates is twice as high compared to the upper
reaches of the river, reaching up to 6 mgl* (INEP,
MUGMS). The share of sulphates (SO,) among
anions is 15-20% reaching up to 30% and even
more in the impact area (Figure 11).

Due to the load from industrial sulphates, the natural
water salinity balance is disturbed causing changes
in transparency, electrical conductivity, and salinity.

Alkalinity and pH factor

The water alkalinity in the river varies from 17 to
23 peql™. The average pH value is 7,0-7,3. No fall
in the alkalinity value was observed, which means
there is no acidification (Figure 12).
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Copper and nickel < “e00z _
The smelter’s impact can be seen in the distribution ¢ ng(g)g 2
of copper (Cu) and especially nickel (Ni) concen- _— :%ggzz @
trations in the Pasvik watercourse (Figure 13). o0z

800¢
The concentration of nickel in the river upstream $ :éggg
from the Kuetsjarvi Lake polluted by the smelter’s P jggg;
sewage varies from the minimal detectable N 2o
concentrations to 2 ugl, which may be considered — > "o0z 5 5
as background values for the river. Concentration - Leo0e @ >
considerably increases downstream from the lake —) “eo0y 85
inflow: up to 6-8 pgl?* at the Bjornevatn, Skrukke- g0z & >

bukta and Borisogleb stations with maximum con-
centrations exceeding 10 pgl?* (Tjerebukta, Skruk-
ke-bukt, Borisogleb) and even 20 pgl* (Bjornevatn).
Similarly, the concentration of copper upstream in the
sewage inflow is 1-3 pgl?, later increasing to 5—6 pgl™.
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The dynamics of organic matter, nitrogen and
phosphorus concentrations in the river are shown
in Figure 15. The results confirm stable hydro-che-
mical regime in the river over the last 10 years. The

average concentration of principal ions is also rather
stable in respect to time. In respect of the monitoring
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Metals, especially copper and nickel (Figure 17),
together with sulphates serve as indicators of the
smelter’s negative impact and distribution of loading
in the river basin. Loading coming from the Kolos-
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Conclusions

The report is made based on the monitoring results
of 2000—-2009.

The study of the Pasvik watercourse status continues.
Regular monitoring of the river’s pollution indicators —
organic and biogenic matter, ion composition and con-
centrations of metals and microelements — is carried
out at 20 sampling stations by six organisation from
three countries: MUGMS and INEP (Russia), FMFI,
NCFS and Bioforsk Svanhovd (Norway) and LAP
ELY, Finland). The samples were analyzed in the
laboratories of MUGMS, INEP and LAP ELY.

Based on the water monitoring results obtained
through this period, one can speak of the stabilization
of the hydro-chemical regime of the river and basin
including the level of pollutants concentrations.

The data obtained also confirms the ongoing
pollution of the river and water system of the basin
with pollutants originating from sewage as well as
from Pechenganickel’'s emissions transferred by air.

Copper, nickel and sulphates are the main pollution
components.

The most polluted water sources of the basin
are the Kolosjoki River, as it directly receives the
sewage discharge from the smelters and the stream
connecting the Lakes Salmijarvi and Kuetsjarvi.

Figure 19. Pasvik watercourse downstream
from the Janiskoski power plant. Photograph:
Sergei Kotov.

The concentrations of metals and sulphates in the
Pasvik watercourse are higher downstream from the
Lake Kuetsjarvi.

According to the Kola GMK, there is a decreasing
trend in pollutant loading into the rivers of the basin.

Regular monitoring of the Pasvik River basin
ecology needs to be continued; the summarized
results of monitoring give impartial assessment
of the status of the water systems and facilitate
decision making in respect of improving the
condition of water systems and rehabilita-
tion of the natural environment in general.
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Water quality in the Lake Kuetsjarvi

- monitoring report for 2000—2009

Nikolay Kashulin and Sergey Sandimirov
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Figure 1. Map of the Lake Kuetsjarvi with monitoring stations:
1. White stone
2. Golfsream
3. Salmijarvi
4. Kolosjoki
5. Lake outlet

The Lake Kuetsjarvi is located in the vicinity of the
Pechenganickel metallurgic enterprises. Airborne
contamination and sewage of Pechenganikel enter-
prise as well as residential waste waters directed
into the Lake Kuetsjarvi have strong impact on
the lake. The Lake Kuetsjarvi linked via a stream
with the Salmijarvi (Svanevatn) Lake wich is in the
course of Pasvik River. Contamination affects also
the Lake Salmijarvi (Svanvatn) and all water bodies
downstream the Pasvik watercourse.
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Water Quality in the Lake
Kuetsjarvi

Thisreportdescribesthe Lake water quality concerning
the concentrations of organic matter, nitrogen and
phosphorus compounds, principal ions and metals,
and shows the diagrams of the distribution of indicators
in the lake and the dynamics of their changes. The
results confirm the existence of a stable hydro-chemical
regime in the lake for over 10 years (2000—2009).

Organic matter

A sufficiently permanent value of chemical oxygen
demand, which varies little across the water area, is
characteristic (3,2-7,1 mgl?) of the Lake Kuetsjarvi.
The average content of organic carbon in the study
period of 2000-2009 was 5,0 mgl?* (Figure 2). No
considerable seasonal changes have been found in
the content of organic carbon. In the springtime, the

content of organic carbon is 6,1 mgl?, while in the
summer-autumn period the figure is 4,8 mgl. The
biggest differences are seen in the receiving area
of Pechenganikel smelter waste water discharges
(River Kolosjoki). During the study period, the
content of organic carbon in various years alternately
increased and decreased by 1-2 mgl*. At present, its
content over the entire Lake Kuetsjarvi has increased
to reach the 2005-2007 levels (Figure 2).

The colour of water has sufficiently low values
(12-36° Pt), making on average 19°Pt. Higher
values can be observed in the summertime near
River Kolosjoki, Lake Salmijarvi and the lake outlet.
Before the commencement of studies in 1990—-2000,
the colour of water near Lake Salmijarvi reached an
average of 39°Pt.

Total phosphorus and phosphates

The analysis of data concerning the total phosphorus
content in Kuetsjarvi Lake shows that at present,
the content of this element corresponds to the
natural content across the entire lake (Figure 3).
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Figure 2. Distribution of organic carbon in the Lake Kuetsjarvi.
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The concentration of total phosphorus in the bottom
and surface layers of the lake varies within the limits
of 4—60 ugPIt, making an average of 16—17 ugPI?
during last two decades (1990-2009). In 2003,
the content of total phosphorus in the bottom
layers of the Gulf Stream water area located in the
northern part of the lake reached 55 ugPI*. At
present concentrations of total phosphorus are
practically equal and at a constant level over the
entire Lake Kuetsjarvi.

The concentration of phosphates in the Kuetsjarvi
Lake varies between 1-26 ugPI?, with the average
being 3 pgPI™.

Nitrogen

For oligotrophic water bodies, the content of
total nitrogen is usually within the limits of 300—
700 pugNIt. Average concentrations of total nitro-
gen in the Lake Kuetsjarvi vary within the limits
of 134-390 ugNI?, making on average 229 pugNI?
(Figure 4). The highest concentrations of total
nitrogen are seen in the bottom layers and are
now uniformly distributed over the entire water
area of the lake. During the last two years from
2008 to 2009, the average concentration of
total nitrogen over the entire Lake Kuetsjarvi
increased from 230 to 280 pugNI*.

The weighted average in depths and nitroge
concentrations in various water areas of the lake
amount to 26—95 pugNI2. In the southern parts of
the lake (River Kolosjoki, Lake Salmijarvi, lake
outlet) the average concentration of nitrates is
26-38 ugNIt. The highest concentrations were
registered in the bottom layers of the northern
part of the lake (sampling stations White stone,
Gulf Stream) — 174 and 320 pgNI* respectively.

Concentrations of ammonium ions are lower,
varying between 3-70 pgNI*, making an average of
23 pgNI*=.

Salinity balance of water

The distribution of the principle ions over the
entire water area of the Kuetsjarvi lake corresponds
to the order: SO,* > HCO, > CI; Ca** > Na* > Mg*
> K" and belongs to the class of sulphates. The
comparison of contents of cations shows that du-
ring all sampling occasions, calcium was the prevai-
ling cation, making 52—-57% in cation composition
(Figure 5). The content of sulphates in water is directly
associated with the operation of the Pechenganikel
smelter. Sulphates are introduced to the lake with
emissions and waste water from the smelter via the
Kolosjoki River, therefore, the distribution of these
over the water area is uniform. In anion composition,
sulphates account for 52-61% (Figure 6). We
should also note that during the period of research
from 2003 to 2009, this ratio remained at the same
level, changing only during some years by an average
of 2-3%. During the last ten years, no significant
changes in the content of basic ions have occurred.
It was only in 2005 that a short-period decrease in
sulphate concentrations took place, however the
content of these in the water increased once more
following this period. The total mineralization in the
Kuetsjarvi Lake averages 69,2 mgl?, slightly varying
throughout the water area of the lake from 43,8 to
90,5 mgl.
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Figure 7. pH and alkalinity.

Alkalinity and pH-factor

The Kuetsjarvi Lake water belongs to a neutral
water type, changing during the entire period of
observations within the limits of 6,71-7,42, and
averaging 7,13 units. No regularities of change in
pH factor over the water area of the lake or by
hydrological seasons have been observed (Figure
7). A decrease in average yearly values of pH in
2005 and in 2009 occurred due to water sampling
during flooding, when pH values decrease on
average to 6,71 units. During this period, acidified
melt water accesses the lake from all over the
catchment area. Alkalinity in the lake varies within
the limits of 180-359 peql* (Figure 7).

Copper and nickel

The discharge of the waste water of industrial
companies, containing considerable amounts of
pollutants, led to the fact that currently the content
of these elements in the Kuetsjarvi Lake exceeds
the accepted conventional background values.

Copper and nickel are the basic components of waste
water of the copper-nickel smelter of Pechenganikel.
The waste water from this company access the Lake
Kuetsjarvi, which is located in the lower reaches of
the Pasvik watercourse. From there, the polluting
substances are taken further along the river water
area by river currents.

The maximum concentrations of Cu acceptable in
Russia for fishery waters is 1 ugl'. The average
concentration of Cu in the Kuetsjarvi Lake exceeds
this limit (MACfishery). During the study conducted

in 2003-2009, the concentration of Cu in various
parts of the lake varied from 6,3 to 18,1 pgl?, making
an average of 10,0 ugl* (Figure 8). Concentrations
of Cu throughout the lake do not differ significantly
due to the atmospheric input.

The maximum concentration of Ni for fishery waters
is 10 pgl™. The highest concentrations of this element
in the Lake Kuetsjarvi are observed in the bottom
layers — up to 182 pgl?. Higher values in the spring-
time are stipulated by the increase of pollutants with
melt water during the flooding period. As a whole
for the entire lake, the content of Ni currently varies
within the limits of 74-182 ugl* (Figure 8), making on
average 120 pgl?, which significantly exceeds the
MACfishery. The content of Ni in the discharge from
the Lake Kuetsjarvi varies within the limits of 77—
180 pgl?, averaging 115 pg/l. Compared to the
1990s, the current (2009) average yearly concen-
trations of Ni in Lake Kuetsjarvi have increased from
70 to 132 ugl?, i.e. almost doubling.

The content of Fe in the spring period exceeds
the MACfishery valid in Russia (100 pgl?) due to
significant increase of Fe from the catchment area,
up to 520 pgl?. In the summer-autumn period the
distribution of Fe over the lake averages 82 pgl™.
The concentrations of other metals remain within
back-ground levels. The input of these in the waste
water discharge is rather insignificant (Figure 9).
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Conclusions

The presentation is the continuation of work started
in 1990 and is based on the monitoring results
of 2000-2009. Regular monitoring of the lake’s
pollution indicators — organic and biogenic matter,
ion composition and concentrations of metals and
microelements — is carried out at the lake stations by
the laboratories of INEP and MUGMS.

Based on the water monitoring results obtained
through this period, one can speak of stabilization
of the lake and hydro-chemical regime of the basin
including the level of pollutant concentrations. The
data obtained also confirms the ongoing pollution
of the lake and water system of the basin with
pollutants originating from waste water discharge as
well as from Pechenganickel’s airborne emissions.
Copper, nickel and sulphates are the main pollution
components. The most polluted water source of the
basin is the Kolosjoki River, as it directly receives
smelter waste water discharge and the stream
connecting to the Lake Kuetsjarvi.
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Introduction

Water quality of small lakes and streams in the
Finnish, Norwegian and Russian border area
was previously examined on the basis of the data
collected during 2000-2005 (Puro-Tahvanainen &
Luokkanen 2007). In that study data from altogether
103 small lakes and streams from three countries
was compiled and examined the effects of airborne
pollution from the Pechenganickel smelters on the
water quality of smalllakes and streams. Onthe basis
of the results a joint monitoring programme on small
lakes was established (Puro-Tahvanainen et al.
2008). In that report it was recommended that water
quality of 5-10 small lakes should be monitored
in each country in the areas of Pechenganickel, Jar-
fjord and Vatsari. In this report temporal trends in
water chemistry during 2000—2009 are examined on
the basis of the data gathered from those three are-
as (Figure 3). Analysis is focused on the parameters
which are connected to acidification and atmospheric
deposition from Pechenganickel smelters.

Figure 1. Lake Joulujarvet in Vatséri area.
Photograph: Antti Lappalainen.

Figure 2. The Jarfjordmountain, the highest point along the road.
Photograph: Paul E. Aspholm.

Materials and methods

In the monitoring programme of small lakes (Puro-
Tahvanainen et al. 2008) it was recommended that
monitoring should concentrate on lakes smaller that
1 km? which are not subjected to any direct human
impact. It was also recommended that about 5 lakes
per area should be monitored every year in order
to get sufficient data for statistical analyses and the
detection of trends. Samples should be taken during
autumn overturn when the water is circulating. This
helps to reduce the variance between years and
between lakes, because sampling all the lakes
during a period of several weeks allows the lakes
to be sampled under similar conditions.

Data and analyses

Data for this study were obtained from NIVA in Norway,
from the Centre for Economic Development, Transport
and the Environment for Lapland (LAP ELY) in Finland
and INEP in Russia. In analysis international or national
standard methods has been used.

The monitoring has fulfilled best in Norway, where
10 small lakes in Jarfjord area include in national
monitoring program (Figure 3) and they have been
monitored every year with only few missing results.
Total phosphorus has been analysed from 2004
onwards and metals have been analysed from
6 lakes. From Vatséari area also 10 small lakes
have been monitored in 2000—-2009, but only two
of them have been monitored every year and most
of the lakes have been monitored in 57 years. So,
the number of lakes monitored each year varies.
From Pechenganickel area data was available from
three small lakes and one large lake and two rivers
from years 2003-2005 and 2007-2009 with some
exceptions.

In this study temporal trends in water chemistry
during 2000-2009 are examined. From some
monitoring stations there were a couple of samples
taken per year, and in such cases the yearly mean
water quality was calculated on the basis of the
late summer and autumn (July—October) values.
Only surface (<1 m) samples from lakes were
included. The parameters used in this study are
listed in Table 1. Yearly median values for every
region was calculated to show the areal trends.
Yearly median values could be calculated if there
were results at least from two sites available. In
the case that concentration was under the reliable
detection limit, the value used in calculations is
the reliable detection limit divided in two.
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Figure 3 Location of the monitored lakes
km ©ESRI and rivers, and the three sub-areas.

Table 1. Variables used in the water quality study. Trends foreach lake and each variable were analysed
_ using the non-parametric Mann-Kendall trend test
and the Theil slope estimator. Trend slopes for each

Total organic carbon TOC mg I region were calculated using the same test, but
Total phosphorus Ptot pg I in this case each lake was treated as a ’'season’
Tomlnwogen __ [Not [weR | G end fom the end siope. The
Alkalinity Alk peq I detected trends are monotonic, so they proceed in
Acid neutralizing capacity | ANCY peq I+ only one direction.

pH

Non-marine base cations | BC* = Ca*+Mg*+Na*+K* | peq I*

Non-marine sulphate SO * peq I*

Total aluminium Al pg It

Labile Al Lab Al pg I

Arsenic As pg I

Cadmium Cd pg I

Cobalt CO pg I

Chromium Cr pg I

Copper Cu pg It

Nickel Ni pg It

Lead Pb pg It

Zinc Zn pg It

1) ANC = ([Ca*] + [Mg*] + [Na’] + [K'] + [NH,']) - ([CI] + [SO,*] + [NO,])
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Results

Overall water quality

The overall water quality in years 2000-2009 is
examined using the yearly areal median concentrations
of total organic carbon, total phosphorus and total
nitrogen and regional trend tests. Also, some
diagrams with yearly mean values in each lake
are shown as an example to point out the variance
between lakes and continuity of the data.

Total organic carbon (TOC)

The TOC concentrations are, on the average,
higher in Pechenganickel area than lakes in Jar-
fjord or Vatsari (Figure 4), where median TOC
concentrations are about 1 mgl* and 2-3 mgl*?
respectively. There are no trends detected in
TOC concentrations in Jarfjord or Vatsari area,

but in Pechenganickel area there is a gentle
increasing trend in TOC concentrations (Table
2). In Jarfjord area the small lakes situated up in
the fell (Jarfjordfjellet) have very small amount of
organic carbon, but a little bit larger lakes in the
area have slightly higher concentrations of organic
carbon (Figure 5).

TOC, mg/l
6

5 \/

2//\
) ~

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Pechenga

Vatsari

Jarfjord

Figure 4. Median total organic carbon (TOC) in three monitoring
areas in years 2000-2010.

Table 2. Areal trends for TOC, Ptot and Ntot in years 2000—-2009. Values are median slopes with significant results (<0,05) in italic.

TOC mg/l Ptot pg/l Ntot pg/l
n
p Sign Thglrslipe p Sign | Theilslope| p Sign | Theilslope
Jarfjord 10 0,1 + 0,02 0,7 = 0 0,2 = -0,53
Vatsari 10 0,6 = -0,01 0,3 = 0 0,9 = 0
Pechenga 6 0,04 + 0,01 0,1 = -0,5 0,9 + -0,5
TOC, mg/l
7
6
5
4
3
——/\/ - \
2
. M
Figure 5. Yearly mean total organic ! /@Q{ S—
carbon (TOC) concentrations in lakes
monitored in Jarfjord area.

0 \

2000 ' 2001 ' 2002 = 2003 2004 2005 2006 2007 = 2008 2009
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Total phosphorus (Ptot) and
total nitrogen (Ntot)

Lakes and rivers in the three monitoring areas
are in general oligotrophic, with median Ptot
concentrations less than 10 ug I, and median
Ntot concentration less than 200 pg I* (Figures
6 and 7). The Ptot concentration is usually
related to the TOC concentration, because the
transport of phosphorus is associated with the
dissolution of humus material in the catchment,
especially in northern areas where fertilized
agricultural soils are rare. A similar relationship is
foundinthelakes andriversofthis study (Figure 8),
although Ptot concentrations are relatively low in
most of the sites despite the somewhat elevated
TOC concentrations.

. N

s /\ A\ AN
NN
; o~ N\ /
) o

T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Jarfjord

Vatsari Pechenga

Figure 6. Median total phosphorus (Ptot) concentrations in three
monitoring areas in years 2000-2010.
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Figure 7. Median total nitrogen (Ntot) concentrations in three
monitoring areas in years 2000—-2010.
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Figure 8. Correlation between total organic carbon (TOC) and
total phosphorus (Ptot) concentrations.

Acidification

Alkalinity and pH

Alkalinity is a measure of buffering capacity of
waters, or a measure of the water’s ability to
resist change in pH and to neutralize acid inputs
(Skjelkvale et. al. 2006). The buffering capacity
of natural waters is usually determined as the
bicarbonate (HCO3-) concentration in waters.
Alkalinity is closely related to the properties of the
soil in catchments, in particular to the weathering
and ion-exchange processes, in which base
cations and bicarbonate are released. The alkalinity
of surface waters is also influenced by acidic
deposition and humic acids (anions of weak
organic acids).

Waters with low alkalinity (<20 pegl?) are very
susceptible to changes in pH. Most natural waters
fall within the pH range of 6 to 8. pH 6 is a threshold
value below which at least the most sensitive
species or developmental phases are affected by
acidification. Lakes in Jarfjord area are most acidic
with mean pH values in single lakes ranging from
5,0 to 7,0 (Figure 9) and median pH for all lakes from
5,5 to 6,0 (Figure 10). Lakes in Jarfjord and Vatsa-
ri areas have increasing trends in pH values with
average trend slope of +0,03 in Jarfjord and +0,02
in Vatsari (Table 3).

An extremely acid sensitive lake typically has an
alkalinity of <20 peql* and a less sensitive lake
from 20 to 50 peql? (Skjelkvale et al. 2006). Lakes
in Jarfjord and Vatséari are in general quite sensitive
to acidification with median alkalinity ranging from 20
to 50 pegl* (Figure 11). Monitored sites in Pechenga-
nickel area have better buffering capacity against
acidification. In Jarfjord and Vatsari areas the buf-
fering capacity of lakes has improved during 2000-
decade with average trend slope of +1 peql?yr-1
in Jarfjord and +1,1 pyeql?yr-1 in Vatsari.
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Table 3 Areal trends for alkalinity, pH, ANC, SO,* and BC* in years 2000-2009. Values are median slopes with significant results (<0,05)

in italic.
Alkalinity peg/l pH ANC SO, BC*
n - - . - -
: Theil- : Theil- ; Theil- : Theil- : Theil-
P Sian sloi)le P Sl slo?)le P |Sign slo?)le P Sign sIo?)Ie p | Sign slo?)Ie
Jarfjord 10(0,005| + 1 0,005 | + 003 (01| + | 077 |001| - |-1,32| 0,5 - |-0,38
Vatsari 10( 0,01 | + 1,09 | 0,02 + 0,02 | 0,3 - |-0,76 |0,04| - |-044| 0.2 - | -0,37
Pechenga | 6 | 0,9 4 0 0,9 - |-0,005| 0,6 | + 12307 )| + |071]02]| + 1,79
pH
7,50
7,00

/
6,50 /—/\/

P -

—/ e
e
5,00
Figure 9. Yearly mean pH in lakes
monitored in Jarfjord area. 4.50
, T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Dalv Oterv Far Hﬂgf] Sto Skard
Jar 05 Jar 06 Jar 07 Jar 08
Jar 12 Jar 13 Md
pH Alkalinity, peq/l
75 180
. 160 - e
— - 140
-l 120
55 80
60
5
40
4,5 20
T T T T T T T T T O T T T T T T T T T
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Jarfjord Vatsari Pechenga Jarfjord Vatsari Pechenga
Figure 10. Median pH in three monitoring areas in years Figure 11 Median alkalinity in three monitoring areas in years
2000-2010. 2000-2010.
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Acid neutralizing capacity (ANC)

Calculated acid neutralizing capacity (ANC) is an
equivalent to measured alkalinity. ANC in even
more integrative and robust parameter than alkalini-
ty in establishing good dose/response relationship
between water chemistry and damage to the
biological community (Skjelkvale et al. 2006).
On the basis of the calculated ANC values there
is even more pronounced difference between
sensitivity to acidification: lakes in Jarfjord area are
most sensitive (ANC <20 peql?) and monitoring
sites in Pechenganickel less sensitive (Figure 12).

ANC, peq/l
200
180 \
160 ~_ \\
140 N
120
100
80
60 /\//\/\
40 T
20 S — \
02000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Jarfjord

Vatsari Pechenga

Figure 12. Median acid neutralizing capacity (ANC) in three mo-
nitoring areas in years 2000-2010.

Sulphate (SO,*)

In Pechenganickel area one monitored lake, lake
LN-2, has over tentimes higher non-marine sulphate
concentrations than other monitored sites. On the
average, the highest sulphate concentrations are
foundinPechenganickelareaandthelowestalueson
the Finnish side (Figure 13). Sulphate is, in general,

SO, peq/l
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Vatsari

Pechenga

Figure 13. Median non-marine sulphate (SO,*) concentrations in
three monitoring areas in years 2000-2010.

a relatively mobile anion, which means that
almost all of the sulphate in deposition is transported
through catchments. Lakes in Jarfjord and Vat-
sari areas have significant decreasing trend of
SO4* with average trend slope of -1,3 peqltyr? for
Jarfjord and -0,4 peqltyr?! for Vatsari.

Base cations (BC*)

Lake LN-2 has also approximately ten times higher
non-marine base cations concentrations than other
monitored sites. In general, monitoring sites in
Pechenganickel area have moderate sensitivity to
acidification while lakes in Jarfjord and Vatsari areas
are sensitive to acidic atmospheric inputs (Figure 14).
There are no trends in BC* concentrations in any of
three monitoring areas (table 3).

BC*, peq/|
350
300 N
250
200
150

T —

50

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Jarfjord

Vatséari

Pechenga

Figure 14. Median non-marine base cations (BC*) concentra-
tions in three monitoring areas in years 2000 —2010.

Metals

In this study temporal trends of total aluminium
(Al), labile aluminium (Lab Al), arsenic (As),
cadmium (Cd), cobalt (Co), chromium (Cr), copper
(Cu), nickel (Ni), lead (Pb) and zinc (Zn) was
examined. Increasing trend for Ni was found for
all three areas and increasing trend for Cu in
Jarfjord and Pechenganickel. In addition to this
some increasing or decreasing trends was found for
labile Al, Cd and Pb (Table 4). Metals with detected
trends are discussed in more detail below.
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Table 4. Areal trends for metals in years 2000—2009. Values are Aluminium
median slopes with significant results (<0,05) in italic.

Area Jarfjord | Vatsari | Petchenga The total Al concentration has been measured in
n 6 10 6 lakesandriversin Pechenganickeland Vatsariareas,
and in Jarfjord different forms of Al including labile
P 0,05 0,6 Al has been analysed. The toxicity of Al is directly
Al Sign - - . .
Theilslope 2,09 0,3 rglateq to the pH valge. Tr_u§ metal is soluple and
e biologically available in acidic (pH <5,5) soils and
Lab Al gign " waters, but relatively non-toxic in circumneutral
Theilslope | -1,25 (pH 5,5-7,5) conditions. The biological activity and
b 08 0.06 toxicity vary depending on the Al species formed
As Sign + " (Sparling and Lowe 1996). According to field studies
Theilslope 0 -0,002 in Norway (Rosseland et al. 1990), the toxic level of
p 0,03 0,03 0,8 labile Al has been defined as 25-75 ugl*, depending
Cd Sign # = # on other environmental factors such as pH, and
Theilslope | 0,001 -0,001 0 the specific organisms and their development state
p 0,5 0,4 (Wilander 1999).
Co Sign + +
Theilslope | 0,002 0
p 0,05 01 0,8 Al ug/l
Cr Sign + - - 40
Theilslope 0 0 0 35
p 0,02 0,2 0,02 20 /.
Cu Sign + + + / ~— \ /
Theilslope 0,10 0,02 0,5 25 \ ,
p 0,004 0,04 0,01 20 \\/
Ni Sign + + + \
Theilslope 0,7 0,05 4,5 15 \____\
10
p 0,01 0,02 0,7 \
Pb Sign - - + 5 S Labile Al
Theilslope -0,01 -0,005 0,045
p 0,3 0,9 0 000" 2001 2002 2003 2004 2005 2006 2007 2008 2009
Zn Sign - + Jarfiord U
Theilslope -0,04 0 arrort Vatsari Pechenga
Figure 15. Median total aluminium (Al: Pechenganickel, VVatsari)
and labile aluminium (Labile Al: Jarfjord) concentrations in years
2000-2010.
Cd, pg/l
0,14
0,12
01
0,08
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=
0,02 % \
0772000 " 2001 " 2002~ 2003 | 2004 ' 2005 ' 2006 | 2007 | 2008 | 2009
Figure 16. Yearly mean Cd concent- Jar 05 Jar 06 Jar 07 Jar 08
rations in lakes monitored in Jarfjord Jar 12 Jar 13 Md
area.
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Total Al concentrations in Pechanganickel and
Vétsari areas are relatively low: median values
fluctuate between 15-35 ugl?! (Figure 15). Labile
Al concentrations in Jarfjord lakes have been
decreased from around 20 pgl?* in year 2000 to
about 5 pglt in 2009.

Cadmium

Thereisagentleincreasingtrendin Cd concentration
in Jarfjord area (Figure 16) and a gentle decreasing
trend in Vatsari area (Tabel 4). In Vatsari area the
Cd concentrations have usually been near or under
the reliable detection limit. Up to year 2003 the
reliable detection limit has been 0,030 pgl* and
after that 0,010 ugl*. So, the change in reliable
detection limit has affected in appearing the "trend”.

Copper

The impact of the Pechenganickel smelters is clearly
evident in the Cu concentrations (Figure 17) the
highest concentrations being in Pechenganickel
area and the lowest values in Vatséari. There is an
increasing trend of Cu concentrations in lakes and
rivers of Pechenganickel area and lakes in Jarfjord
(table 4).

Cu, po/l
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Figure 17. Median Cu concentrations in three monitoring
areas in years 2000-2010.

Nickel

Also the Ni concentrations are significantly higher
in the Pechenganickel area compared to Jarfjord or
Vatsari areas (Figure 18). Concentrations in Jarfjord
lakes are clearly higher than natural background
levels and even in Vatséari lakes concentrations
are a bit elevated. In all three areas there is an
increasing trend for Ni between years 2000-
2009 (table 4). Cu and Ni concentrations are also
dependent on the chemical composition of the
bedrock, which is the major regulating factor in
areas that are not influenced by the direct
atmospheric deposition of heavy metals (Skjekvale
et al. 1999).

Ni, pg/l
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Figure 18. Median Ni concentrations in three monitoring areas
in years 2000-2010.

Lead

There is a decreasing trend of Pb both in Jarfjord
and Vatsari areas (Table 4). Probably the regulation
or banning of Pb containing products (e.g. gasoline
additives, paint) has reduced emissions to the
environmentandhencetheanthropogenicdeposition.
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Discussion and
conclusions

There is still seen ongoing recovery from
acidification in small lakes of Jarfjord and Vatsa-
ri areas during 2000-decade. Buffering capaci-
ty of these lakes has become better and pH has
increased. The reason for this recovery is that
sulphate deposition has decreased, which is also
seen in water quality. In Pechenganickel area
monitored lakes and rivers are not sensitive to
acidification although sulphate concentrations of
these sites are higher than in other areas.

According to Pietila et al. (2006), the bedrock in
the Pechenganickel area is basic and contains
relatively high amounts of base cations. Thus,
despite the high sulphur deposition, there have been
enough base cations in the catchment to prevent
acidification. This can be seen in the water quality:
lakes with high sulphate concentrations also have
high concentrations of base cations and alkalinity.
Another explanation for the high base cation
concentrations and buffering capacity near the
smelters is that the smelters have ineffective control
of particle emissions, which has led to the deposition
of alkaline ash (Moiseenko 1995, Reinman et al
1999). Dust from the local mining activities may also
be a source of base cations (Kashulina et al 2003).

However, concentrations of some metals, especially
Ni and Cu has increased during 2000-decade. Ni
concentrations have increased in all three areas and
Cu concentrations in Pechenganickel and Jarfjord
areas, which are located closer to the smelters. In
earlier, more extensive report (Puro-Tahvanainen &
Luokkanen 2007) it was noticed that the areas with
high Cu and Ni concentrations were located within
a distance of less than 30 km around the smelters.

According to the Swedish water quality criteria,
harmful biological effects may occur in sensitive
waters if the Cu concentration exceeds 3 ugl?t or
the Ni concentration exceeds 15 ugl?* (Alm et al
1999). In Jarfjord lakes the median values are close
to these critical limits. Accumulation of metals in
the organs and tissues of fish and abnormal fish
pathologies have been reported close to the
smelters, and this has been attributed to high metal
emissions, especially Cu and Ni (Moiseenko et. al.
1995, Moiseenko and Kudryatseva 2001 and Lukin
etal 2003). Moiseenko et. al. (1995) presented critical
levels for Ni and Cu concentrations in lake waters
based on the occurrence of fish diseases. The critical
levels in well-buffered waters (ANC>200 pueql?)

were 8 ugl?t for Cu and 20 pgl? for Ni. In this study
the median concentrations of 3 monitored sites out
of 6 in Pechenganickel area exceeded the critical
levels for Cu, and all but one for Ni.
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Recommendations

In joint monitoring programme (Puro-Tahvanainen et
al. 2008) it was recommended that the monitoring
of small lakes should concentrate on headwater or
closed lakes smaller than 0,5 or 1 km? which are not
directly influenced by human impacts. Water quality
of a few (about 5 per area) representative lakes
should be monitored every year in order to obtain
sufficient data for statistical analyses and detection
of trends. Additional lakes could be monitored every
third year. It was also recommended that samples
should be taken during autumn overturn when the
water is circulating. This reduces the variance within
the lake (circulation period), both year-to-year and
lake-to-lake, because sampling over a period of
several weeks enables the lakes to be sampled in
similar conditions (Mannio 2001).

The monitoring programme has fulfilled best in
Norway, where 10 small lakes in Jarfjord area
include in national monitoring program and they
have been monitored every year with only few
missing results. In Vatséari area also 10 small lakes
have been monitored in 2000—2009, but only two of
them have been monitored every year and most of
the lakes have been monitoredin 5—7 years. Because
the number of lakes monitored each year varies and
there is discontinuity in data, it makes the detection
of trends more difficult. From Pechenganickel area
data was available from three small lakes and one
large lake and two rivers from years 2003—-2005 and
2007-2009 with some exceptions. Only three small
lakes were the same thatwas suggested in monitoring
program and one of them, LN-2, had extremely high
valuesof SO4*and BC*. Thatalsomakescomparisons
and detection of trends more difficult.

It is still recommended that monitoring should
concentrate on small, preferably headwater or closed
lakes which are not directly influenced by human
impacts. There should be at least 5 representative
lakes in every area that are monitored every autumn
in order to obtain sufficient data for statistical
analysesanddetectionoftrends. Representativeness
means also that there should not be too much
heterogeneity between monitored lakes.
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Pestome

Mporpamma MoHuTOpUHra «IMacBuky» paspaboTtaHa B 2006 rogy B paMKax TPEXCTOPOHHEro coTpygHu4ecTBa, C Uerbio HabnogeHus
3a UAMeHeHndaMu Opr)KaIOLLleVI cpenbl NpU pas3siMvyHbIX YPOBHAX 3arpA3HeHns. KayecTtBo BOAbl ABNdeTcAa OAHUM U3 KIKYEeBbIX
3M1IEMEHTOB NporpaMmbl U nokasatenem BO3AencTBUSA BbIOPOCOB ropHO-MeTannyprmieckoro kKombuHaTa «llevyeHraHukenb».

OAO «Konbckaa TMK» peanuayeT nporpammy MofepHu3aLuyM MeTaniypruieckoro Npou3BoAcTBa ANs CHUXEHUS BbIGpOCoB
cepbl Y COEAVHEHU TAXENbIX MeTannos. Bonpekn oxuaaHusam, cHUXeHne BoiIGpocoB koMbuHaTa B nocenke Hukens He
npousowrsno. «Konbckas TMK» coobuuna o ToM, YTO CHUXEHUSA BbIGPOCOB AMOKCUAA Cepbl 4O paHee 0XMAAeMOro YPOBHS
[OCTUYb HEBO3MOXHO, iaXe BIOXUB HaMHOro Gonblue AeHer, YeM BbIIo 3annaHnupoBaHo.

B HacTosilem oT4yeTe npeacTaBneHbl TEHAEHUUN U3MEHEHUS XMMUYECKOro cocTaBa Bog o3epa WMHapu, pekn MNas u o3ep,
HemnocpeacTBEHHO C HEN COeMHEHHbIX, a Takke 26 Manbix 03ep B Tpex panoHax: Bonmaun kombuHata «leveHranukenby (Poccus),
B palioHax Mapdbopa (Hopserus) n Batcapu (PunrnaHama) B 2000-2009 rr. B HUxHEM TedeHnu peka a3 HaxoauTca nog
BMUSIHNEM Kak aTMOCMEPHbIX BbiNaAeHW, Tak N HEMOCPeACTBEHHOro cbpoca CTOUHbIX BoA KoMBuHaTa «lleyeHraHukenb» n
nocenka Hukenb. BepxHss yacTb peku, manbie 03epa U pyybu, He CBSI3aHHble HEMOCPEACTBEHHO C pekoit lNas, 3arpasHsioTcs
TONbKO aTMocdepPHbIMY BbIGpocamu.

Mony4yeHHble faHHble NOATBEPXAAKT NpoaosKatolUeecs 3arpsi3HeHne peku U BOAHOW CUCTEMbI. [NMaBHbIE KOMMNOHEHTHI
3arps3HeHnst — Mefdb, HUKenb U cynbdaTbl. Hanbonee Bbicokne nokasatenu obHapyxeHbl B6nmM3n kombuHata. Hanbonee
3arpsisHeHHble BogoeMbl 6acceniHa — peka Konociokn (NockomnbKy B Hee HeNoCcpeacTBEHHO cOpachiBalOTCS CTOKM KOMOMHaTa)
1 nNpoToka, coefuHsoLlwasa ozepa Canmuapsu n Kyetcbsapsu. bonee Beicokoe copepxaHue mMeTannos u cynbdaTto B peke a3
HabnogaeTca BHU3 No TeyeHuto oT o3epa Kyetcbsapeu. 3a nocnegHue 10 net cogepxaHue 3arps3HsoWmMx BewecTs B peke a3
He CHUXaeTcs.

B nepeoe gecatunetne XXI| Beka HabroaaeTcs NpoLEece NOHWKEHUS KUCNOTHOCTY Marbix 03ep paiioHoB Mapdeopa u Batcapw.
BydepHasa cnocobHOCTb 3TUX 03ep BO3pocna, ypoBeHb pH noBbicuncs. MpUYMHON 3TOr0 BOCCTAaHOBIEHNS ABNSAETCA YMEHbLUEHNE
3arps3HeHns CoeanHeHNAMN cepbl, YTO OTpaxaeTcs Ha kadecTse BoAbl. OgHaKo, coaepxaHue HEKOTOPbIX MeTannoB, 0CO6eHHO
Hukensa n meaun, 3a 2000-2009 rr Bo3pocno. CogepxxaHne HUKeNs NoBbICUNOCH B BOAOEMAaxX BCEX TPEX PAaMOHOB, a coaepXaHune
Meaun yBenuuunoch B paiioHax kombuHata «ledeHranukens» u Mapdbopa, pacnonoxeHHbIx 6nmxe kK KOMGUHaTY. YpOBEHb
BblOpocoB Hukensa un megmn 3a 2000-2009 rr He cHu3uncs. PakTuyYeckn, ypoBeHb BbIOPOCOB COEANHEHWI HUKENS AaXe NOBbICUICS
no cpaBHeHut ¢ nepunogom 1990-1999 rr.
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(Vannkvalitetsrapport — Pasvik Overvakingsprogrammet i grenseomradet mellom Norge, Finland og Russland)

Sammendrag

Overvakingsprogrammet for Pasvikomradet ble etablert i 2006 som et resultat av de tre bergrte lands samarbeid innen
miljgovervaking. Programmet skal avdekke endringer i miljget under vekslende forurensningsbelastninger. Overvaking av
vannkvaliteten er et av de grunnleggende elementer i programmet for & vurdere effektene av utslipp fra Petsjenganikel
kombinatets gruvedrift og metallurgiske industri (Kola GMK).

Kola GMK iverksatte et moderniseringsprogram for a redusere utslippene av svovel og tungmetaller. Dette har imidlertid ikke
gitt de forventede utslippsreduksjoner fra smelteverket i Nikel. Kola GMK har erfart at moderniseringsprogrammets tiltak
ikke gir de planlagte kuttene av sulfur dioxide utslippene.

Rapporten angir tidsbestemte trender i vannkjemien for arene 2000 - 2009 med bakgrunn i data innsamlet fra Enaresjgen,
Pasvikelva og innsjger i direkte tilknytting til den, samt 26 sma innsjger i felgende tre omrader: Petsjenga (Russland),
Jarfjord (Norge) og Vatsari (Finland). De nedre delene av Pasvikvassdraget er pavirket av bade luftbaren forurensing, av
direkte utslipp fra smelteverket og av avlgp fra Nikel by. De @vre delene av Pasvikvassdraget, de sma innsjgene og bekker
som ikke er direkte tilknyttet Pasvikelva mottar forurensingen via luft og nedbgar.

De innhentede data bekrefter den pagaende forurensingen av elva og vannsystemene. Kobber (Cu), nikkel (Ni) og sulfater
er de sentrale forurensingskomponentene. De hgyeste nivaene ble funnet naermest smelteverkene Elven Kolosjoki, som
kobler sammen innsjgene Salmijarvi og Kuetsjarvi er den mest forurensede ettersom den mottar direkte utslipp fra bade
smelteverket og avlgp fra byen. Konsentrasjonene av metaller og sulfater i Pasvikelva er hgyere nedstrems innsjgen Kuets-
jarvi enn oppstrems. Det har ikke vaert noen reduksjon i forurensingsnivaet i Pasvikvassdraget gjennom de siste 10 arene.

Gjennom de siste ti arene ser man en forbedring i forsuringssituasjonen i de undersgkte sma innsjeene i Jarfjord og Vatsari
omradet. Bufferkapasiteten i disse innsjgene har blitt bedre og pH har gkt. Grunnen til dette er minkende sulfatinnhold i
nedbgren, dette ses ogsa i vannkvaliteten. Imidlertid har konsentrasjonene av enkelte metaller, spesielt nikkel og kobber gkt
i lopet av de siste ti arene. Nikkel konsentrasjonen har gkt i alle de tre undersgkte omradene og kobber konsentrasjonen har
okt i Petsjenga og i Jarfjord, som er omrader som ligger naermest smelteverket. Utslippsnivaet for nikkel og kobber er ikke
redusert i lgpet av det siste ti-aret. Faktisk ser man en jevn gkning av utslippsnivaet for nikkel-forbindelser, sammenlignet
med 1990-arene.
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