Determination of Geochemical Background of Waters of Kola Peninsula in
Order to Decrease Anthropogenic Pollution in Analysed Area
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1. Introduction

The issue of environmental protection of Kola Peninsula has been taken under consideration at the turn of XXI centaury by Polish B @D 9 g‘% ‘ Cl:g;g iTettﬁ(las r;nngzheoftizt:éjen\é\gct?gis rt(a]l?gtlvi;y
and Russian scientists [4, 8, 9, 11]. Furthermore, some of researchers focused on well recognition of water of Imandra Lake : ]
. : , : . : : (10) @) Some of the metals are necessary for the well-
located near Monchegorsk and Apatite [5, 6, 7, 15, 16]. We aimed this study to determine the physico-chemical quality of waters Al OO 00'0 @ Q? @B  © being of the organisms and the ecosystem (Zn
and soils of Kola Peninsula in order to define the geochemical background and to examine the anthropogenic impact in selected o oNOR Ca, Mn), sometimes in trace amounts (Cu Fe)’
areas. Fe @ ® @ﬁ&e ©® Although, in significant amounts they are rather
) (8)4 _ harmful than benefical. Same applies to other
2. Material and methods _ _ o _ A & .@ @é) heavy metals, mostly produced by industry
The study was conducted on 14 water samples from different phases of hydrological cycle- precipitation water, snow-melting L) plants like: cadmium (Cd), lead (Pb) or nickel
water, ground water, river water, lake water, sea water (fig. 1A, B, tab. 1); also 12 samples of rocks and soils were used (fig.1 Zn @'9039 (NiD) [1, 12, 14] . It is ,noteworthy that in
C, D, tab. 2). pH of waters, conductivity, isotopic ratio of 8180 i 8D, concentration of ions (anions and cations) along with metal particulér sa;mples (No. 6 and 9) ngckel and
ions were analysed. For conductivity measure InoLab 1 (WTW) was used, cations and anions were indicated by ions \ (3:@ ® % d@ - : ;o
. ¢ v ' _ copper concentration was rather high. In all the
chromatograph (Metrohm MIC 3), metal ions were indicated by spectrometer ICP-MS (Thermo Xseries2). Laser analyzer Cu T ® @ analyzed samples with comparatively high
PICARRO L2130 was used for defining the isotopic ratio of 6180 i dD. Soils and rocks samples were analysed using scanning % ® @® concentrations were found in the cases of iron
electrone microscope (Hitachi SU6600) with EDS add-on and spectroscope XRF Epsilon 3 (Pananalytical). C p®g®6qm and aluminum source vicinity. Other elements
Analysis of chemical compostion of water samples were held in a specialized program Cs Aspect, wherein the measured r €008 ® were found in concentrations typical for the polar
absorbance values were read out as the concentration [mg/l], in relation to a calibration curve. The results are shown as the Co & ® ® regions made up of crystalline rocks.
arithmetic mean of obtained values.In the Department of Soil Science additional experiments, concerning isotopic studies, were A2 T
undertaken. All samples were collected and analysis were conducted in 2013. Ni @) Q.
33080 Hoen © ® @
Type of water No. Sample, (comments) Table 1 (left) Characteristics of water samples of KolaPenisula Ba Oﬂg @) 39@03 3.2. Soils of Kola Peninsula
, i - : Soil samples were collected mostly in Khibin
Rain 1 Murmansk, rain water, (Lenin region) Table 2 (right) Characteristics of soil samples of Kola Peninsula. Rb @ @@ g® @ @ Massir, FIJ_ovoziero Massit  and ynear citiez
: ® D Monchegorsk and Murmansk; all of them were
Melting snow 2 E slopes of Kukisvumchorr Mt. o, Sample, (comments] As (156 k@@ picked from the surface. Soils from Massives had
: T 3 alpine attributes with regolith and scanty layer of
3 Apatyties (Amethyst Hotel), (tap water) 1 Ramzay Pass, (Khibiny) Pb 90 @ D @ % @ organic matter. Near Monchegorsk, it was
_ aGe expected to examine samples related with
4 Murmansk (North West region), (tap water) 2 Malyi Vudyavr, (lake shore) U ‘%‘6‘%’ ! polymetallic ores mineralization, so the soils
_ y were collected in vicinity of closed quarries and
Ground waters > Kukisvumchorr M. Moraine embankment between Malyi and 0,1 1,0 10,0 100 1000 the road Murmansk-St. Petersburg. In
3 . - . - .
6 rain and snow dwat lak t . t sea water o - . .
in Monchegorsk — (‘30 in XX) 4 Botanical Garden of Institute O water OQ'OU" o O e O e . bu”dmgts- anhd [tj)ark i reserveln Poth located
Fig. 4 Concentration of heavy metals in water samples. near active harbour.
7 Malyi Vudyavr Lake 5 River banks, (near Anof)
8 Bolshoi Vudyavr Lake 6 Bielaya Rieka, (river banks, near Anof) XRF analyze of soils samples revealed that in samples 01, 02, 03, 07 occurred mediocre plagioclases and orthoclases, clay
materials (same with the 05 sample) and additional compounds and minerals like Ti, S, Cl, P and F (fig. 5). In Khibiny
Lakes 9 Sobchijavr lake, (near Monchegorsk) 7 Apatities, (city centre) Massif apatite, plagioclases or ilmenite and titanite are common rocks so it is natural that mentioned compounds appeared
_ in examination.Sample 04 contained P, S, Cl, Mn, F and Ti, same with the 06. Soil in 08 in its compostion had acidic
10 Imandra lake, (near road to Apatity) 8 Bolshoi Vudyavr Lake, (lake shore) plagioclases and a little addition of clay minerals and Sulphur. 09 sample revealed feldspars and clay minerals in the soils
_ _ o albeit also hematite was found (fig. 5). Swatch No. 10 contained acidic plagioclasesand Ti and Ni. Both 11 and 12 were
11 Siemonowski lake, (Murmansk) 9 Vicinity of Monchegorsk abundant in clay minerals, plagioclases (oligoclases and andesine) with phosphates.
5 White River, (near Anof) 10 Road to Monchegorsk, (1259 km of road) Analysis of chemical composition of soils was also conducted. Results of IPC analysis of soils of Kola Peninsula are showed on
Rivers fig. 6.
13 Zhemchuzhnaya River 11 Murmansk (near Memorial of Soldier)
. . . Full scale counts: 3853 03glebaNAPEWNO(1)_pt4
Sea 14 Barents sea wharf, (near Murmansk) 12 Aluaiv Mt., (Lovoziero Massif)
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Fig. 5 XRF photo (A,B) and analsis of soil composition in samples 03 (C) and 09 (D).
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Fig.1 Glacier on the slopes of Kukisvumchorr (khibina Massif)(A), industrial landscape with contaminated lake near Monchegorsk 1000 :I I I I I I I I I I I I:
(B), post-industrial soil in closed sulfide ore mine in Monchegorsk (C), Murmansk city by Barents Sea (D). 100
10
3. Results
3.1. Waters of Kola Peninsula 1
In the first place, groundwater, lake and river water were tested. The pH of the water samples was close to neutral, and
their mineralization (TDS) ranged within ultra-sweet water (<100 mg/L) in runoff waters and sweet (100 - 500 mg/L) in 0,1 I
underground water, rivers and lakes. In the ultra-sweet waters HCO3™ anions, SO4% ,Cl", cations of Na* and Ca*? were
dominant while in freshwater highest concentrations were mostly SO42  , HCO3", Na* and Ca?* (fig. 2 A). Some of the 0,01 ‘ ' ' ' ' ' ‘ ‘ ' ‘ '
samples (Boishoi Vudyavr, White River and Zhemchuzhnaya River) had significant content of F~ and PO43. Ammonium ions 1 2 3 4 5 6 7 8 9 10 11 12
reached the value of 0,37 mg/L same with strontium (0,41 mg/L).
mHg mCd mAs mCr mPb mCu mZn mMn mFe
A Fig 6. IPC analysis of heavy metals concentrations in soils of Kola Peninsula.
100 I
I I I I I I p Barents sea near Murmansk
‘ I 4. Conclusions
10 _ = ! Waters’ richness in alkali minerals occured due to alkaline rocks in examined area, i.e. apatite, as a carrier, supplied waters
= I of the rivers in PO4 and F ions. Also water in Monchegorsk was relatively rich in sulphates, because of the presence of
sulfide ore in the region. An additional studies of chemical composition and isotope geochemistry of surface water from
1 selected regions of the Kola Peninsula are planned to be assessed in the future. The approach will be extended by a few
more elements to examine occurred redox conditions.
Examined soil samples varied one from another. Admixture of elements like: P, F, Cl, Ti, Fe, Mn, Cu, Ni, S were mostly
related with bedrock. Although, compounds as Zn, Pb or Cr in particulate samples displayed anthropogenic pressure coming
0,1 especially from cities, watercourses flowing from industry plants or sedimentation tanks. Same thing applies to admixture of
P, S or Cd. Coexistence of these elements (Cr/Cd, Fe/Cr, Zn/Pb) were confirmed from graphic analysis of amounts of
elements in the samples.Anthropogenic pollution is significant on Kola Peninsula. Over the last 70 years, industry has been
0,01 : : : : : : : : : : : : : : greatly expanded with paying little attention to environmental aspects. In example, the vicinity of Monchegorsk is about 5
1 2 3 a4 5 6 7 & 9 10 11 12 13 km in diameter ecological disaster zone- the landscape resembles the surface of the Moon. The signs, warning about an
ecological threat, can also be found all around the way from Petersburg to Murmansk. Khibiny Massif does not have any
mNH4 mF mSr ENO3 PO4 mMg mCl =K mSO4 mNa mCa HHCO3 drastic changes in the environment, however, during the expeditions carried out in 2000-2012, authors repeatedly observed
increasing amounts of dust aroundindustrial plants in the region. Also broken ships on the shore of lakes and sea were left

unattended, corroding, creating the possibility of leakage of fuel and other fluids leading to contamination of waters.
Fig 2. Concentration of ions in freshwater (A) and seawater (B) samples collected in Kola Peninsula.
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Fig. 3 Isotopic ratios in water samples. ‘ @ ® \




