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Summary: Arctic regions are valuable source of information regarding the global environment pollution. Because in Arctic regions there are no major local emission sources, the
region is polluted mainly from emissions sources located in Europe, North America and Siberia.
Soil samples, from surface down to approx. 5 cm, were collected in the vicinity of Longyearbyen, administrative center of Svalbard Archipelago. In the soil samples activity
concentrations of 1 0 gamma radioactive isotopes were determined. Most of them were parts of radioactive decay series: uranium-actinium (U-235, Th-231 ), thorium (Ac-228, Pb-21 2,
Bi-21 2), uranium-radium (Pb-21 4, Bi-21 4, Pb-21 0). Individual, natural K-40 and artificial Cs-1 37 were also determined. For data analysis the activity concentrations of the
radioisotopes were recalculated to their mass fractions.
The calculated concentrations were used in the balances construction. Different number of concentrations and different balance structures were used in the data analysis. The
balances were grouped according to the concentrations number in numerator and denominator. Their actual variances were calculated and the balances were consequently sorted.
In the result's analysis the balances with the highest and the lowest variance were considered. Analysis of the balance’s structures in relation to its variabil ity enabled drawing
conclusions regarding common relationships between concentrations.
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Introduction
Radioactive isotopes are omnipresent in the environment. A large part of them account for natural
component, posing no threat to l iving organisms. However, some natural processes or human activity
may lead to increase in their concentrations, and as a result, a threat can appear. As a result of
fai lures in nuclear power plant facil ities, a significant amount of radioactive isotopes can be released.
An example would be accidents that occurred in the NPP in Chernobyl (1 986) and in Fukushima
(2011 ). Failure of various devices that use radioactive materials and disrespect to the procedures for
radioactive materials use can lead to their uncontrol led release to the environment. Significant
amount of radioactive substances can also be leached from landfi l ls of waste radioactive materials.
The main types of human activities which can cause permanent increase in the activity concentration
of natural radionuclides in the environment comprises coal and metal ore mining, fossi l fuels
combustion in energy production and mineral phosphate ferti l izer production.
In environment radioisotopic composition of its components can be changed in time. I t is a result, for
example, of radioactive matter deposition, washing or leaching. Some radioisotopes form decay
chain as a result of parent – daughter relationship between them.
In these decay chains a change in radioisotope concentration leads to break in radioactive

equil ibrium in fragment of a decay series. The way of changes is related to the disturbance character.
An analysis of temporal and spatial changes in composition, as well as relationships between
concentrations in the environmental components, provides information about occurring processes.
In natural decay series 34 unique radioisotopes representing 1 0 chemical elements occur.
Determination of their concentrations in components of the environment can provide valuable
information. Analysis of joined data comprising chemical properties of an element, half-l ife
time of radioisotope, and characteristic features of environmental component, del iver a base for
studies of matter sources and transport routes, fate of dust deposited on ground and chemical
compounds circulation between components of environment.
Results of investigations carried out in Arctic regions provide valuable information regarding the
global environment pollution. Because in Arctic regions there are no major local emission sources,
the region is polluted mainly from emissions sources located in Europe, North America and Siberia.
In surface soil samples collected close to Longyearbyen (Fig. 1 ), the largest settlement on
Spitsbergen, activity concentrations of gamma radionuclides were determined. To study relationship
between their concentrations a number of balances was constructed. In the result interpretation
balance structure and its variance were considered.

Materials
Surface soil samples, of the width 0-5 cm, were collected in the vicinity of Longyearbyen. I t is a
settlement in the Longyear Valley, on the shore of Adventfjorden, located on the west coast of
Spitsbergen. The soil samples were collected at 7 sites located along Adventfjorden shore, close to
Longyearbyen airport, and along Isfojrden shore (Fig. 2). In this region higher than 0°C temperatures
are observed from June to September. During samples collection, at the beginning of August, the
temperatures were not lower than approx. 7-8°C, reaching 1 8-20°C.
Measurements results
In the soil samples activity concentrations of 1 0 gamma radioactive isotopes were determined. Some
of them constitutes radioactive decay series: uranium-actinium (U-235, Th-231 ), thorium (Ac-228, Pb-
21 2, Bi-21 2) uranium-radium (Pb-21 4, Bi-21 4, Pb-21 0). Activity concentrations of natural K-40 and
artificial Cs-1 37 were also determined in soil the samples.
The half-l ives are included in a wide range of values, from minutes to thousands of mil l ion years. I f
there are no rapid changes in soil composition, the short l iving radioisotopes indicate content of their

long l iving ancestors. Content of the short l iving Pb-21 4 and Bi-21 4 is mainly related to Ra-226
(t1 /2 = 1 .6·1 03 a) concentration, however they can also be affected by gaseous Rn-222 (t1 /2 = 3.8
days). I t could be expected that concentration of Th-231 is related to content of the parent U-235.
Concentration of Ac-228 can be related to its parent Ra-228 (t1 /2 = 5.8 a) or the grandparent Th-232
(t1 /2 = 1 .4·1 01 0 a). Similar dependencies between concentrations can be expected also for other
members of the thorium decay chain, i .e. Pb-21 2 and Bi-21 2. But an influence of Th-238 (t1 /2 = 1 .9 a),
ancestor of these radioisotopes, should be also taken into account in data analysis.

Half l ifes of the determined radioisotopes

Results of Computations
Balances of different concentrations combinations were calculated. Starting from 2 up to 1 0
concentrations were used in the balance construction. Different numbers of variables were introduced
in numerator and denominator of the balance.
In Fig.3 the results of computations are il lustrated in a boxplot. Each balance construction is
described by a variable V with number of concentrations in numerator and denominator separated
with a dot.
As it could be expected, balances variabil ity increase with increase in concentrations number.
Reasons of such effect appearance comprises, among others, the single measurement uncertainty
associated with each result.
The lowest V1 .1 values were observed for the radioisotopes from the thorium decay series and K-40.
This observation supposes no (or only very low) action of processes which can disturb radioactive
proportional ity of concentrations in a decay chain. Proportional ity of K-40 and thorium series
radioisotopes could be a result of characteristic composition of a mineral containing these isotopes.
Explanation of the balances composed of more than 2 components is more complicated.
A reasonable interpretation suggests a process in which concentrations are control led by the law of
mass action. For low variances of balance the equil ibrium state in a process can be supposed. High
variances suppose highly differentiated stages of a process restricting concentration of the involved
materials. But in current data analysis irreversibi l ity of the transformation from one radioisotope to the
other in radioactive decay chain has to be taken into account.
In 3 component balances, the ones with low variances contain in their structure, additional ly to
thorium series radionuclides, Pb-21 4 and Bi-21 4 appeared. But position of corresponding

rad io i sotopes from thori um and uran ium-rad ium series i s opposi te , i . e . i f concen trati on of
an i sotope from the fi rst series appears i n numerator then the i sotope from the second
series appears i n denominator of balance. I t shou l d be noti ced that common ancestor of
these rad io i sotopes i s rad ium, represen ted by Ra-226 and Ra-228 i sotopes. Constan t rati o
of the daugh ter rad io i sotpes suppose al so constan t rati o of Ra-226 and Ra-228. Though
these i sotopes appear i n d i fferen t decay chains, they share the same chemical properti es.
As a resu l t, for example, l each ing wou ld change rad ium con ten t i n soi l i n the same degree.
The biggest V1 . 1 val ues was observed for the balances constructed from thori um series
rad ionucl i des and Cs-1 37. I n opposi te to Ra-228 daugh ters wh ich are natu ra l soi l
componen ts, Cs-1 37 appeared in envi ronment as a resu l t of human acti vi ty. The most
probable source of th i s i sotope in Longyearbyen reg ion i s atmospheri c deposi ti on of g lobal
fa l l ou t. A un i form spati a l d i stri bu ti on of such deposi ti on cou ld be expected , hence rather
l ow variabi l i ty i n balances compri s i ng Cs-1 37. The variances biggest among the calcu lated
ones suggest negati ve corre lati on between a rad io i sotope belong ing to thori um decay
series and Cs-1 37. Cesium chemical properti es seem to be not helpfu l i n th i s phenomenon
explanati on .
The biggest variance was observed among V8. 2 balances. I t con ta i ns concen trati ons of
K-40, U -235, Th -231 , Pb-21 4 , B i -21 4 , Ac-228, Pb-21 2 , B i -21 2 i n numerator, and Cs-1 37
and Pb-21 0 in denominator. Though Pb-21 0 i s a natu ra l rad io i sotope wi th Pb-21 4 and
Bi -21 4 paren ts i t i n troduces sign i fi can t variabi l i ty i n the balance. Excessive abundance of
th i s rad io i sotope i s re leased duri ng fossi l fue l s combusti on . I n the investi gated area,
heati ng systems and local power plan t can be considered as such sources.
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Conclusions

Analysis of balances can be regarded as valuable supplementary method in data exploratory analysis. Information
extraction from the data involve balances construction and then analysis of their structure. However, presented in the article
approach to the result interpretation requires essential improvements. Currently it depends too strong on intuitive selection
of calculation results for analysis. Some information can go astray due to improper method applied for the data review.




