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Abstract. In this study we focused on bio-indica-
tion of pollution in alpine environments the using
snow vole as a bio-indicator species. The research
took place in the Dolina Bielych Plies valley, Belian-
ske Tatras, Slovakia. The samples of tails from live-
trapped snow voles, were analyzed using energy
dispersive X-ray fluorescence. From a total of 26
detectable elements we detected 13 elements. Sta-
tistical analysis was performed to examine mutal
relationships between the accumulated of elements
between sexes and age categories. Measured ele-
ments in most cases shared lower values except
in the case of molybdenum. We found significantly
higher accumulation of chrome, zinc and man-
ganese in females and similar but less significant
amounts of lead and barium. There were no sig-
nificant differences between the age categories.
Adverse detected elements could be attributed to
pollution from the mining industry and traffic.

Key words: snow vole, Chionomys nivalis, ED-XRF, heavy
metals, pollution

Introduction

Despite the fact that chemical analyses of soils,
atmosphere and water provide information on
concentrations of specific compounds present in
the environment, they cannot provide sufficient
information on assessing their toxicity and con-
centrations within the life cycle. To aid in further
investigation of this issue, the best indicators of
environmental quality are living organisms natu-
rally inhabiting affected areas of interest (Talmage
and Walton 1991). We refer to these organisms as
bio-indicators. Generally, their tolerance toward
contamination is limited and their current status
(presence, absence, fitness) may inform us about
the quality of environmental conditions (Gadzala-
Kopciuch et al 2004). Small mammals are often a
suitable bio-indicators. They are small in size and
relatively easy to trap within their territory. During
their short life span they are able to accumulate
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relevant pollutants in various body structures, or-
gans and tissues where these compounds may be
detected and quantified. The intensity of accumu-
lation varies between the species, sexes, seasons
and means of absorption. Suitable bio-indicators
are mostly found in three families of small mam-
mals: Soricidae, Cricetidae and Muridae. (Martinia-
kova et al 2010; Martiniakova et al 2012).

It is generally known that the mountains repre-
sent a barrier for atmospheric flow. This results in
increased precipitation and subsequent deposition
of atmospheric pollutants in the montane and al-
pine vegetation zone.

The aim of this thesis was to further investigate
this effect and assess possible environmental pollu-
tion by using energy dispersive X-ray flourescence
analysis to measure the accumulation of polluting
elements such as heavy metals, in the tails of snow
voles. Our hypothesis presumed the presence of at
least some polluting elements which are detect-
able by the analyzer. A secondary goal was to gain
deeper insight into the matter of the accumulation
of polluting elements within a population structure
- age, class, and sex- as well as to record other pat-
terns in accumulation.

Material and Method

The sample site was located in the upper part of the
Dolina Bielych Plies (DBP) valley. Geographically it
is located in the eastern part of the High Tatras (the
Western Carpathians, Central Europe). This valley
covers approximately 1.8 km. The DBP valley has
proven to be fruitful in terms of of successful capture
of samples in past research. The next considerable
advantage of this site was its proximity to the Insti-
tute of high mountain biology, where the samples
could be analyzed and stored within a few hours of
initial capture. Sample species included snow vole
and other species from the family Cricetidae, as well
as bank vole (Myodes glareolus).

Animals were trapped between summer (July)
2016 and late autumn 2016 (November) using H.B.
Sherman traps. In the summer the traps were lined
with grass vegetation picked up directly at the
sample site to support thermal regulation of trapped
animals. Later in the season, or when surrounding
grass was too wet, hay was brought in to be used.

Trapping occurred over the course of 1-3 nights
in intervals 2-3 weeks. The traps were set up at
dusk and control was performed early in the morn-
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ing from 5:00 to 6:00am and then again in the after-
noon between 16:00 and 18:00.

We used approximately 90 traps at each sam-
pling event. The number of traps varied as some
were damaged in the course of the trapping season.
The traps were set up 5-10 meters apart from each
other covering all types of present habitat: under
rocks, near to dwarf pine, close to grassy patches
and throughout the middle parts of moraine.

After the control, traps with captured animals
were brought together to one flat place where
we could perform measurements and collection
of samples comfortably.

Live animals were weighted with spring
weights. Basic morphometric parameters were tak-
en, including: length of a body, length of tail, length
of a hind foot, and length of earlobe.

Furthermore, we noted overall condition includ-
ing sexual activity and scoped the fur, ear lobes and
eyes for the presence of external parasites. We iden-
tified the sex of each animal based on the distance
between anus and papilla. These morphological pa-
rameters provided information on age, and we re-
corded two age categories: first year (juveniles and
subadults), and second year (adults). After the mea-
surements and sample collection individuals were
restored to the place of their initial trapping.

We measured the concentrations of 26 ele-
ments within the tails of snow voles with ED-XRF
spectrometer handheld Delta from Olympus Innov-X
Pieces of tails were placed into a small plastic vial
with plastic foil at the bottom. The diameter of the vial
was 2 cm and tails were placed exactly at the center
of the vial The vial was then placed on the top of the
measuring window into the shielding of the X-Ray.

Each sample was measured 3 times in a non-
consecutive manner and measured values were
averaged. Blind controls were performed at the
beginning of analyses and randomly to reject false
positives or contamination.

Data from all measured variables were com-
bined into a large matrix in MS Excel Statistics
were performed using Statistica version 12 (www.

statsoft.cz 2004) starting with descriptive statis-
tics, followed by an analysis of variance (ANOVA),
which compared the variance of concentrations of
elements in different categories. The first of these
was the comparison of accumulated elements be-
tween the sexes, followed by comparison of accu-
mulations between the age classes.

Advanced statistics included principal com-
ponent analysis (PCA). The PCA allows for the
investigation of the inner structure of the data
and simplifies the description of mutually cor-
related traits. The basic function of PCA is the
reduction of a number of variables in analysis
without major loss of information (Meloun 2012).
The component scores were then compared to
categorical variables - sex and age classes -
using two way factorial ANOVA.

Results

The ED-XRF analysis detected and provided data
for thirteen out of twenty-six detectable elements.
For these elements: P, Ti, Co, Ni, Cu, As, Se, Zr,
Cd, Hg, Ag, the concentration was lower than the
detection limit. For the elements Sb and Sn, con-
centrations were only partially detected. Elements
where analysis did not provided sufficient data
were excluded from further analyses. Table 1 dis-
plays descriptive statistics of the data on concen-
trations of remaining detected elements.

One way ANOVA was used to separate-
ly examine the relationship of sex and concen-
trations of accumulated elements. The overall
results are presented in table 2. Significant
variance between sex categories was observed
in manganese, zinc and chromium. Nearly sig-
nificant differences between males and females
were observed in concentrations of barium and
lead. Figures 1-6 graphically display significant
differences in variance. Similarly, one-way ANO-
VA was used to test the variance of element con-
centration between age classes: 0-1 Year and 1+

Element N (1\:)[;:1) M:g:::)m M?::::;m St. deviation

S 37 4,571.14 540 16,536 3,819.61
Cl 36 975.42 413 2,768 514.86
K 37 1,264.73 254 6,438 1,206.75
Ca 37 1,5635.03 606 5,716 1,172.47
Cr 37 27.95 11 62 12.04
Mn 37 59 23 223 34.39
Fe 34 212.65 55 592 126.47
Zn 37 72.49 37 156 24.76
Rb 36 16.12 10 30 3.99
St 23 6.19 2 19 415
Mo 37 7.26 4.30 9.70 1.10
Ba 37 65.97 33 138 23.32
Pb 37 15.46 10 25 3.45

Table 1. Data from ED-XRF analysis. N- sample size; ppm- parts per million.
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Element F P Element F P

S 1.58 0.22 Zn 4.96 0.03
Cl 1.15 0.29 Rb 2.56 0.12
K 2.21 0.15 St 2.22 0.15
Ca 2.42 0.13 Mo 0.10 0.75
Cr 7.62 0.01 Ba 3.63 0.07
Mn 6.30 0.02 Pb 3.67 0.07
Fe 1.54 0.22

Table 2. Analysis of variance, difference in accumulation of elements between the sexes, results of interest are in bold.

Element F P Element F p

S 0.6 0.45 Zn 0 0.95
Cl 1.49 0.23 Rb 0.11 0.74
K 0.91 0.35 St 0.7 0.42
Ca 0.05 0.82 Mo 0 1
Cr 0.02 0.89 Ba 0.37 0.55
Mn 0.35 0.56 Pb 0.39 0.54
Fe 0.06 0.82

Table 3. One-way ANOVA, analysis of variance. Difference in accumulation of elements between two age classes: under

1 year, 1 year and older.

Element Factor 1 Factor 2 Factor 3 Factor 4 Factor b

S -0.85 0.25 -0.28 0.19 -0.14
Cl -0.77 -0.48 -0.19 0.24 -0.16
K -0.89 -0.33 -0.04 0.13 -0.14
Ca -0.78 0.53 0.07 0.07 0.1
Cr -0.83 0.32 0.21 -0.29 0
Mn -0.89 -0.07 -0.17 0.06 0.19
Zn -0.94 -0.03 -0.13 -0.02 -0.1
Rb -0.69 -0.36 0.29 -0.46 -0.24
Mo -0.32 0.03 0.88 0.34 -0.01
Ba -0.7 0.63 -0.08 -0.07 0.06
Pb -0.66 -0.5 0.04 -0.08 0.52
% Variance 59.81 14.36 9.79 4.96 413

Table 4. Principal component analysis. % Variance - denotes the percentage of data variation represented by each factor.

Year. ANOVA (Table 3) did not reveal significant
differences in any of the measured elements.

Following the statistical method was PCA.
Based on the correlation matrix the analysis cal-
culated eleven factors. Most of the variation in
data was explained by the first three factors. The
results are presented in table 4 together with in-
formation on how much variation in data each fac-
tor represents. The first three factors can be de-
scribed and analyzed in more detail:

Factor 1 was a unipolar vector, suggesting that
if values in measured variables are low they tend
to be low in all variables. This effect was studied
further by comparing variance in factor scores be-
tween the sexes and different age classes. Results
of this analysis are presented in Fig. 4.

The comparison suggested higher accumulation of
measured elements in females than in males, F=5.5b
(p=0.03). This effect is present in both age classes, as
there is no significant difference in metal concentra-
tions between the age classes F=0.261 (p=0.6). There
was no significant interaction between these two
categorical variables F=0.026 (p=0.87).

Factor 2 proposed an inverse relationship of Pb
with Ca and Ba. This indicates a higher accumula-
tion of Ca and Ba at the expense of Pb or vice versa.
The result of two-way ANOVA (Fig. b), where the
variation of factor scores 2 was compared within
and between categorical variables of sex and age.
This effect tended to be higher in the first year
voles F=1.13 (p=0.3). However, these results were
not significant. There was also no significant diffe-
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Effects: F(1, 29)=6,2998, p=,01791
Vertical bars denote 0,95 confidence limits
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Fig. 1. One-way ANOVA. Manganese. Difference in
concentrations of manganese between the sexes. ppm
- parts per million.

Effects: F(1, 29)=4,9613, p=,03384
Vertical bars denote 0,95 confidence limits
105

100
95
90
85
80
75

Zn (ppm)

70

65

60

55

50

45

Males Females

Fig. 2. One-way ANOVA. Zinc. Difference in concentra-
tions of zinc between the sexes. ppm - parts per million.

Effect: F(1, 29)=7,6202, p=,00990
Vertical bars denote 0,95 confidence limits
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Fig. 3. One-way ANOVA - Chromium. Difference in con-
centrations of chromium between the sexes. ppm - parts
per million.

rence in variation of factor 2 between sexes F=0.04
(p=0.83) and between two selected categories
F=0.04 (p=0.84).

The third factor presented variability of Mo
concentrations in tails. Two way ANOVA did not
reveal a significant relationship in the variation
of Mo with age F= 0.18 (p=0.68) or sex (F=0.03;
p=0.95). More interestingly, the comparison of
shared variation between age classes and sexes
suggests that the Mo concentrations are decreas-
ing in adult females and increasing in adult males
compared to juveniles F=3.49 (p=0.08) (Fig. 6) but
the results were not statistically significant.

Effect F(1, 21)=,02611, p=,87318
Vertical bars denote 0,95 confidence limits
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Fig. 4. Two-way ANOVA. Unipolar vector of S, Cl, K,
Cr, Mn, Zn, Rb, Ba, Pb. Difference in variance of factor
scores 1 in males and females and two age classes.

Effect: F(1, 21)=,04336, p=,83706
Vertical bars denote 0,95 confidence intervals
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Fig. 5. Two-way ANOVA. Inverse relationship of Pb with
Ca and Ba. Variances of factor scores 2 in males and fe-
males and two age classes.

Effect: F(1, 21)=3,4900, p=,07576
Vertical bars denote 0,95 confidence intervals

Mo
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Fig. 6. Two-way ANOVA. Molybdene. Difference in vari-
ance of factor score 3 in males and females and two age
classes, suggesting different accumulation of Mo in be-
tween the sexes and age classes.

Discussion

In this work we have monitored the bio-indica-
tion of environmental pollution in alpine environ-
ments using X-ray analysis of tail vertebrae from
the snow vole (Chionomys nivalis) population.
This species has been successfully used as a bio-
indicator in many other environmental studies
throughout Europe, including in Italy, Bulgaria,
Romania and Spain (Teodorova 2001; Metcheva
et al 2002; Topashka-Ancheva et al 2003;
Metcheva et al 2008). Altogether we trapped 80
animals. And took 80 tail samples. From these,
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42 were tails from snow voles and 38 from bank
voles (Myodes glareolus).

Most of the detected elements were bio-gene
elements which form a fundamental part of the body
and are naturally present within the body structures
and tissues in larger concentrations. Such elements
included K, Ca, S and Cl Other bio-gene elements
are present only in subtle concentrations and are
called trace elements. They are required for certain
biochemical and physiological functions (Nordberg,
Fowler and Nordberg 2014), and for our study in-
cluded Cr, Mo, Mn, Zn and Fe.

Some of the detected elements represent haz-
ardous materials and their presence within the sam-
ples is adverse and undesirable. These elements do
not naturally occur within the body and originate
from anthropogenic activities. Such detected ele-
ments were rubidium (Rb), strontium (Sr), barium
(Ba) and lead (Pb). These were also detected in the
study by Belcheva et al. (1998), who investigated
pollution in the area of Rila Mountain, precisely the
peak of Moussala and also in the study by Metcheva,
Teodorova and Topashka- Ancheva (2002).

In this study we found significant difference in the
accumulation of Zn, Cr and Mn, where significantly
lower values were measured in males. Similar but less
significant effect was observed for Pb and Ba. The age
classes did not suggest differentiation in the content
of measured elements. The relationship between zinc
and lead content in the liver and body of Chionomys
nivalis versus their content in food is well documented
in work of Metcheva et al (2003). However, as inves-
tigated in work of Walshe et al (1994), the concen-
tration of zinc does not build up with continued ex-
posure, because the amount of accumulated zinc is
affected by homeostatic mechanisms.

Martiniakovéa et al (2012) studied accumulation
of zinc and lead among other heavy metals in the fe-
murs of four distinct rodent species (Apodemus fla-
vicolis, Apodemus silvaticus, Myodes glareolus and
Microtus arvalis) in two polluted areas located in
Slovakia (Novaky- coal mine and powerplant, Nitra-
intensive agriculture). The mean values were simi-
lar in all species, ranging from 19.82 to 22.30ppm in
Pb and 119.99 - 188.55ppm for Zn. In our study the
mean amount of Zn was considerably higher (72.49
ppm + 24.76), while the mean lead concentration
was substantially lower (15.46ppm =+ 3.45).

The study by Damek-Poprawa and Sawicka-
Kapusta (2003) found nearly double the level of Zn
(Apodemus flavicollis) (mean 166 ppm = 7.6), and
higher mean concentrations of Pb (172.36 ppm =+
14.16) in the yellow-necked mouse. However, their
study area was in close proximity to zinc smelters
in Bukowno (Poland), and this must be considered.
This smelter is 127 km to the northwest of our study
area, thus it is possible that increase amounts of Zn
detected at our locality was due to aerial transport
from southern Poland which lies headwind (Prevail-
ing winds western, north-western) from our locality.

In the study by Dimitrov et al (2016) the con-
centrations of Pb in the livers of three rodent spe-
cies (Microtus arvalis, Apodemus flavicollis, Mus
macedonicus) were studied at three sites located
along the pollution gradient. The source of pollution
was was a Pb and Zn smelter impacting the Stran-
dzha national park (Bulgaria). The concentrations

of Pb for species in the polluted areas were 7.53
ppm, 17.1 ppm and 15.5 ppm respectively. Dimitrov
argued that the low retention of Pb in voles is an
effect of good excretion compared to other rodents.
Furthermore, their study not only revealed similar
values of Pb, but also the tendency of higher ac-
cumulation of Pb in females (however, statistically
insignificant). Considering the similar amount of Pb
at our locality compared to the locality in Dimitrov's
study (which was in close proximity to the source
of pollution), we can infer that our study area is
largely affected by airborn Pb.

Additional differences in concentrations be-
tween the sexes occured in Cr, Mn and Ba. As men-
tioned above, Cr (in oxidative state Crlll) occurs
naturally within the bodies of mammals in trace
concentrations. Similar to zinc, it is responsible for
maintenance of homeostasis and optimal physio-
logical functioning of organisms. Its content is thus
dependent on physiological processes in which gen-
der may be decisive. Cr play a substantial role in the
metabolism of basic nutrients like saccharides, lipids
and proteins. Cr is also needed for correct function
of the brain and leucocytes. Most of the Cr accu-
mulates within the liver, kidneys, muscles, lipids,
and skin (Korénekova 2010; Tchounwou et. al 2012).
Therefore it is possible that X-Ray analysis mea-
sured traces of Cr from the skin at the end of tails.
The source of the Cr in the bodies of snow voles is
likely Juncus trifidus which constitutes a significant
part of their diet (Pryor 1985). Concentrations of Cr
have been recorded in parallel research conducted
by Krendzelak (2017). However, X-ray methodology
poses a limitation in that that it cannot distinguish
the compound in which the Cr was present in the
body. Thus, we are unable to differentiate between
bio-gene Cr (III) and the presence of other forms of
Cr (different oxidation state Cr (VI)). There is no proof
of bio-accumulation within the terrestrial food chain
(soil-plants-animals) (Clay 1982, ATSDR 1992)

Another element subjected to deeper investiga-
tion based on the results of ANOVA with sex as
the categorical variable is Mn. Here the most prob-
able explanation of higher content in females is as
a result of iron deficiency due to pregnancy. This
deficiency may affect dysregulation of other met-
als including Mn as explained by Fitsanakis et al
(2009) who tested this effect on rats with different
diets. Mn plays a role in the activation of various
enzymes, and is necessary for the production of sex
hormones, transformation of lipids, saccharides and
proteins. It also affect the development of cartilage.

Finally, Ba was found in higher concentrations in
females than in males. Barium represents approximat-
ly 0.05 % of Earth crust, and its mechanism of entry
into the environment is both natural and manmade.
Naturally, it enters the environment through the
weathering of minerals and rocks. Anthropogenic Ba
is released into the air during the mining and process-
ing of ore, through manufacturing, and burning of coal
and fossil fuels (Nordberg et. al 2014). Normally Ba
occurs in the environment in subtle concentrations:
0.0015 ppb in clean air, 0.33 ppb in polluted areas and
only 0.38 ppm in ground water (ATSDR 1992). The in-
take of Ba in animals is most prominently dietary, and
its absorption after ingestion is dependent on the
ability of Ba salt to dissolve, age, starvation and
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presence of sulfates in the diet. As our study did
not recorded significant differences in age, young
females could have higher absorption rates as a re-
sult of dietary stress caused by gestation periods.

A study from the United States (NTP 1994)
investigated the accumulation of Ba in femur
bones of rats through dietary ingestion. Here the
control group had mean values of 3 ppm, while
exposed to water including 2,500 ppm of Ba over
the course of 15 months had mean values of ac-
cumulation around 1,200 ppm. They found that
Ba competes with Ca in the process of ossifica-
tion (Nordberg et al. 2014). As such, it is possible
that more Ba was accumulated in females due to
higher demand on calcium needed for prenatal
development of their younglings.

The PCA investigated mutual relationships
between analyzed elements. The most impor-
tant principal component (Factor 1) explained
almost 60 percent of variability the data. It sug-
gests that in individuals with a lower concentra-
tion of elements, the concentration tended to be
lower in all measured elements except Mo. Pos-
sibly these were the individuals with the lowest
contamination rate. This effect was stronger in
males than in females and did not differ in be-
tween the age classes.

Factor 2 explained an inverse relationship of
PB with Ba and Ca. This factor was not dependent
on age or gender categories. As mentioned previ-
ously, the Ba and Ca competes in the process of
ossification, and in rats the Ba accumulates in
the following ratio to Ca: 1.4:1 (NTP 1994). The
effect of accumulation of Pb in bones when Ca
levels are low is well known (Rowland 1991). As
such the most plausible explanation of factor 2 is
lower accumulation of Pb when there is enough
Ca and Ba in the nutrition to outcompete Pb.

Factor 3 represented almost 10% of variabil-
ity in the data (stands for about four samples),
and thus must be discussed carefully. It proposed
the rise of Mo concentrations independent from
the rise of concentrations of other elements. The
phenomenon described in factor 1 was prevalent
in all analyzed elements but lowest in Mo. The
tendency of this dataset therefore suggests that
the concentration of Mo follows its own variabil-
ity irrespective of other elements. In small ro-
dents Mo is absorbed in the stomach and small
intestine (Nielsen 1996). In other studies it has
not been found to correlate with other elements
apart from Cu and sulfates, as they share the
same metabolic pathway (NRC 2005).
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