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Metal contents in soils 
of Kaffióyra, Spitsbergen 

ABSTRACT: Metal contents in the tundra soils (Gelic Regosols, Gelic Gleysols, Gelic 
Cambisols) of the maritime lowland of Kaffioyra, in the western Spitsbergen seashore are 
presented in this publication. The average heave metal contents in samples collected from the 
depth layer 0—130 cm are follows: Fe 2.9%, Mn 392 ppm, Zn 75 ppm, Cu 23.4 ppm, Ni 24.1 
ppm, Co 7.4 ppm, Pb 12.5 ppm, Cd 0.24 ppm. The surface soil layer 0 to 25 cm is poorer in Ca 
and Mg than the underlying layer 25 to 130 cm. The heave metal contents like Fe, Mn, Ni and 
Co, are also somewhat lower in the upper layer. The enrichment indices of Pb and Cd are equal 
in the surface soil layer 1.16 and 1.23 respectively. Correlation coefficients between each studied 
element and organic carbon, and, on the other hand, soil separates < 20 jim and < 2 /<m are 
very low. 

K e y w o r d s : Arctic, Spitsbergen, soil, metal elements. 

Introduction 

Chemical composition of a soil depends on the chemical composition of the 
parent rock, weathering and pedogenic processes and an external substance 
inflow. Intensities of the chemical weathering and pedogenic processes differen­
tiating the soil chemical composition are very low in the Arctic zone. An 
important role is displayed by cryogenic processes. 

Due to common large distances from industrial centres and relatively low 
precipitation, the Arctic soils are believed usually as being of low pollution 
degree caused by atmospherically transported impurities, especially by heavy 
metals. Because of the increasing soil pollution in the global scale, the 
determination of the so-called geochemical background in less polluted areas is 
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very urgent. This is of a special importance for comparative studies of the the 
soils pollution degree estimation in various Arctic regions. The determination 
of the present-day metal contents in the soils of the Kaffioyra (Spitsbergen) 
maritime lowland has been the aim of the authors' studies. 

Area of the investigations 

The analysed soil samples have been collected in the maritime lowland of 
Kaffioyra, Oscar II Land, Spitsbergen (Fig. 1). Kaffioyra extends over an area 

Fig. 1. Sketch map of the investigated area: 1 — mountains, 2 — glaciers, 3 — glacier marginal 
zones, 4 — tundra plain 

of ca. 13 km between the Aavatsmark and Dahl glaciers. Its width reaches 
4 km. It consists of a series of the marine accumulation terraces and abrasion 
terraces, isostatically raised to 65 m a.s.l. Its basement comprises Ternary 
clayey shales, mudstoncs, sandstones and conglomerates and Precamb-
rian/Cambrian Hecla Hoek formation including schists, fyllites, dolomites and 
marbles. Quaternary pebble deposits, gravels, skeletal sands, tills and silty 
sediments occur at the surface. The weathered Hecla Hoek formation rocks 
and Paleogene sandstones and conglomerates occur in small areas of the 
abrasion terraces. The detailed characteristics of the geographical environment 
of Kaffioyra have been published in the papers by Klimaszewski (1960), 
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Gugnacka-Fiedor and Noryśkiewicz (1982), Niewiarowski (1982) and Sin-
kiewicz and Plichta (1987). 

Materials and methods 

Samples for analyses have been collected during the Toruń Polar Ex­
pedition in 1985. They have been taken from Gelic Regosols (two profile), Gelic 
Gleysols (six profile) and Gelic Cambisols (eight profiles), according to the 
FAO-UNESCO classification (1974). The total of 75 samples has been 
analysed, including 35 samples from the depth layer 0—25 cm and 40 samples 
from the depth layer 25—130 cm. The upper layer 25 thick has been analysed 
separately to exclude the surface soil levels enrichment in metals due to 
biological accumulation. 

The analysed samples are mostly the strongly skeletal sands, clays and silty 
sediments. The majority of the samples bears on more than 5 % of clay (Fig. 2). 
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2. Frequency histograms of the fine grain separates in studied samples 

The chemical analyses have been made using air-dry samples of the grain 
separate < 1 mm. Zhe samples have been dissolved in concentrated nitric, 
sulfuric and perchloric acids. The concentrations of the elements: Na, K, Ca, 
Mg, Fe, Mn, Zn, Cu, Ni, Co, Pb, Cd, have been determined by means of the 
atomic absorption spectrophotmetry. 

Results and discussion 

The average element concentrations within the whole soil profile and in the 
selected depth layers 0—25 cm and 25—130 cm are given the Table 1 . The 
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concentration frequency histograms of the individual elements are presented in 
the Fig. 3. 
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Fig. 3. Frequency histograms of the element concentrations in the Kaffioyra soil 

Alkali and alkaline earth metal elements 

Among the analysed metals, the largest variations of the minimum and 
maximum contents and the A-coefficient (the ratio of the element content in the 
depth layer 0—25 cm to its content in the layer 25—130 cm) are shown by 
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sodium, potassium, calcium and magnesium. These are the elements forming 
compounds readly soluble in water after their release from weathering primary 
and secondary minerals and thus having high migration ability (Polański and 
Smulikowski 1969). These elements occur in relatively high concentrations in 
sea water and during storms in form of aerosol they enrich the soils 
neighbouring the seaside (Tedrow 1966; Marks 1978; Bockheim 1980; Camp­
bell and Claridge 1987). 

Altrough sodium and potasium are the elements easily teachable from soils 
and rocks, they have no a decreased concentration in the surface layer ( A ^ 
= 1.06, AK = 1.10). However, a distinct enrichment in sodium and potassium 
have been observed in the organic horizon 0 and in the humic horizon Ah of 
the Gelic Cambisols (Plichta, Kuczyńska and Sapek 1991). Hence one may 
conclude that the contents of sodium and partly potassium in the Kaffióyra soil 
depend on the inflow of the marine aerosol. The lack of the noticeable increase 
of these elements in the depth layer 0—25 cm may be caused by their 
simultaneous leaching to the deeper soil layer and mainly by cryogenic 
processes. The latter, especially in Gelic Gleysols, result in blurring the effects 
of the processes, differentiating the soil profile chemical properties due to 
vertical and horizontal movements of the soil material and water (Karavaeva 
1974). 

Sodium concentrations of marine origin have been sporadically found in 
form of efflorescences of thenardite ( N a 2 S 0 4 ) on the frontal-lateral moraines of 
Avatsmark Glacier. Thenardite (or mirabilite N a 2 S O y l 0 H 2 O ) is the mineral 
precipitating from sea water during freezing, and next blown away from the ice 
surface (Campbell and Claridge 1987). The thenardite efflorescences presence in 
Spitsbergen has been statted by Smith (1959). 

The surface soil layer is distinctly poorer in calcium and magnesium. The 
A-cocfficient values for these elements equals 0.42 and 0.75, respectively. 

The surface horizons of the Kaffióyra tundra soils, formed from sands and 
gravels, are generally noncalcareous (Plichta, Kuczyńska and Sapek 1990). The 
intensive C a C 0 3 removal from the surface layers of the Arctic soils has been 
indicated by Hill and Tedrow (1964) and Tedrow (1966, 1968). They found 
few-millimetre thick carbonate precipitates on the lower side of pebbles 
occuring in the soil profile. Similar pedogenic carbonate precepitates have been 
formed in soils of Spitsbergen in the regions Hornsund and Kaffióyra (the 
present authors' observations). 

Heavy metals 

The concentrations of the majority of the heavy metals in the Kaffióyra 
soils are similar to the values typical of the other Earth's regions (Table 2), and 
they fall in the ranges given for lithosphere by Aubert and Pinta (1977). 
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T a b l e 2 
Average heavy metal contents in soils 

Element Spitsbergen 
Poland 

1* 2* Scotland 3* Canada 4* World 5 • 

Fe % 2.9 1.83 1.35 — — — 
Mn ppm 392 465 322 450 520 500—1000 
Zn ppm 75 46 36 40 74 50— 100 
Cu ppm 23.4 12 8.8 12 22 15— 40 
Ni ppm 24.1 — 127 25 20 20— 30 
Co ppm 7.4 — 4.7 8 21 10— 15 
Pb ppm 12.5 19 10.3 15 20 15— 25 
Cd ppm 0.14 0.17 0.27 0.4 — 

1* Kabata-Pcndias (1981) 
2* soils developed on tills and nity sediments (Czarnowska and Gworck 1987) 
3* Be now and Reaves (1984) 
4* McKeague and Wolynetz (1980) 
5* Aubert and Pints (1977) 

Higher concentrations of certain heavy metals (e.g. Mn, Pb, Cd, Zn and Cu) 
have been observed in humic horizons than in their parent rocks in the most of 
the temperate zone soils (Skłodowski and Sapek 1977; Kabata-Pendias 1981; 
Czarnowska and Gworek 1987; Dziadowiec and Plichta 1987). This phenome­
non is connected with biological accumulation and the airborne industrial 
pollution of soils. Such and enrichment in heavy metals has not been observed 
in the depth layer 0—25 cm of the studied soil, except for lead and cadmium. 
This is caused by absence of a biological accumulation of elements in this layer 
due to a shallow distribution of plant roots. The main root mass in the Arctic 
tundra occurs in the surface layer at the depth of 0 to 10 or 15 cm 
(Aleksandrova 1969; Dennis 1977). 

The calculated A-coefficient for the analysed heavy metals shows a small 
decrease of concentrations of Fe, Mn, Co, Ni and Cu in the surface soil layer 
resulting from pedogenic processes. The values of the A-coefficient for these 
elements range from 0.81 to 0.90. 

However, the surface layer is enriched in lead and cadmium, with the 
A-coefficient 1.16 and 1.23, respectively. Because of the small role displayed by 
the biogenic accumulation in the Arctic tundra soils, the anthropogenic 
pollution brought by a distant atmospheric transport appears to be the only 
source of lead and cadmium enrichment. 

Generally, soils show a good correlation of the certain heavy metal 
concentrations and the fine grain separates contents (Woclawek 1963; Kaba­
ta-Pendias 1981; Czarnowska and Gworek 1987). However, in the Kaffioyra 
tundra soil any distinct correlation between the heavy metal concentrations 
and the contents of the grain separates < 2 0 /an and < 2 /im has not been 
found (Table 3). Maybe, this feature is typical of the Arctic soils. 
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Most of the heavy metals in the analysed soil specimens shows a significant 
correlation one with another. Correlation coefficient higher than 0.7 have been 
obtained for the iron-nickel, iron-cobalt, copper-cobalt and copper-nickel 
pairs. The similar behavious of Fe, Ni and Co results from their similar 
geochemical properties (Polański and Smulikowski 1969). The linear regression 
equastions for metal pair of the correlation coefficients higher than 0.7 are 
presented in Fig. 4. 

12 22 32 42 Ni ppm 0 20 40 60 80 Cu ppm 

Fig. 4. Linear regressions of the heavy metal pair with the correlation r>0.7 
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Correlations between heavy metal concentrations and organic carbon content 
are shown in the Table 3. Similarly as in the temperate zone soils (Kaba-
ta-Pendias 1981; Czarnowska and Gworek 1987), any significant relation 
between these soil features has not been found in the Arctic tundra soils. 

T a b l e 3 
Correlation coefficient of the contents of heavy metals, organic carbon and grain separates 

< 20/mi and < 2 ftm 

Fe Mn Zn Cu Ni Co Pb Cd 

c % 0.09 0.25* 0.09 0.06 0.00 0.01 0.10 0.07 
< 20/im 0.07 0.12 0.23 0.15 0.42** 0.12 0.06 0.12 
<2/mi 0.09 0.09 0.21 0.16 0.43** 0.12 0.13 0.17 
Fe 0.52** 0.56** 0.69** 0.77** 0.80** 0.35** 0.39** 
Mn 028* 0.43** 0.30* 0.47** 0.35** 0.33* 
Zn 0.52** 0.74** 0.48** 0.39** 0.65** 
Cu 0.72** 0.89** 0.19 0.46** 
Ni 0.76** 0.24 0.50** 
Co 0.18 0.39** 
Pb 0.61** 

* Significant at 5% level. 
** Significant at \% level. 

Conclusions 

The performed studies of the chemical composition of the Kaffióyra tundra 
soils yield the following conclusions: 

1. Average heavy metal concentrations in soil samples collected at the depth 
0—130 cm are as follows: Fe 2.90%, Mn 392 ppm, Zn 75 ppm, Cu 23.4 ppm, Ni 
24.1 ppm, Co 7.4 ppm, Pb 12.5 ppm and Cd 0.14 ppm. 

2. The surface layer 0—25 cm is slightly poorer in Fe, Mn, Co, Cu and Ni. 
3. The studied soils have the surface layer slightly enriched in P b and Cd, 

probably due to atmospheric pollutions. 
4. The surface layer samples are distinctly poorer in Ca and Mg. 
5. The correlations between contents of the individual heavy metals and 

organic carbon, and, on other hand, the grain separates < 20 fim and < 2 fim 
have not been found. 

6. The high correlations (r > 0.7) have been found for the measured 
contents of the heavy metals pairs Fe-N, Fe-Co, Cu-Co and Cu-NL 
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Streszczenie 

W pracy przedstawiono zawartość metali w glebach tundry niziny nadmorskiej Kaffióyra, 
Spitsbergen (fig. 1). Średnie zawartości metali ciężkich wynoszą: Fe — 2,9%, Mn — 392 ppm, Zn 
— 75 ppm, Cu — 23,4 ppm, Ni — 24,1 ppm, Co — 7,4 ppm, Pb — 12,5 ppm i Cd — 0,24 ppm 
(tabela 1). Warstwa powierzchniowa gleb 0—25 cm jest zubożona w Ca i Mg w stosunku do 
warstwy 25—130 cm. Również zawartości metali ciężkich jak Fe, Mn, Co, Ni i Co są w tej warstwie 
nieco niższe. Współczynniki wzbogacenia powierzchni w Pb i Cd wynoszą odpowiednio 1,16 i 1,23. 
Wskazują one na dopływ tych pierwiatków do gleby prawdopodobnie z zanieczyszczeń atmo­
sferycznych. Współczynniki korelacji pomiędzy poszczególnymi pierwiastkami a węglem organicz­
nym i frakcjami uziarnienia < 20 /an i < 2 fan są bardzo niskie (tabela 3). Wysoka korelacja 
(r>0,7) występuje pomiędzy zawartościami Fe, Ni i Co oraz Cu, Co i Ni. Na fig. 4 przedstawiono 
równania regresji prostoliniowej dla metali wykazujących korelację r>0,7. 


