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Heavy metals and some other elements in the teeth 
of the Tatra marmot (Marmota marmota latirostris)

Abstract. In this study we examined element 
composition and accumulation in the teeth and 
skull bones of the Tatra marmot. In total, 88 bones 
of the Tatra marmot were examined. We found dif-
ferences in the levels of Pb, K, Ca. Zn, Sr, Cl and 
S between teeth and skull bones of marmots. The 
accumulation of some elements depended on the 
age of the animals. Elements including Zn, Ca, Sr, 
K, Mn, Pb, Cl and S accumulated to a greater extent 
in molars and skull bones than in incisors. The toxic 
elements, mercury and cadmium were not found in 
the bones by XRF spectrometry. Lead was detected 
in 34 percent of samples.

Key words: Tatra marmot, XRF spectrometry, heavy met-
als, teeth, skeletal bone

Introduction

Heavy metals can cause harm to humans and other 
biotic segments of an ecosystem at specific con-
centrations. Levels of toxicity depend on the type 
of metal, the biological function of the metal, and 
the organism that is exposed to these effects. Toxic 
metals endure in an environment for years or even 
centuries. The most harmful toxic metals are lead, 
cadmium, arsenic and mercury. Marginally less 
harmful metals include plutonium, beryllium and 
chromium (Frankovská et al. 2010). It is well-known 
fact that wild animals serve as excellent bio-indi-
cators of environmental pollution. Indicator species 
used in terrestrial biomonitoring studies are usually 
small mammals or rodents (Sheffield et al. 2001). 

Rodents are suitable indicators in eco-toxicolog-
ical studies mainly because of their short life spans, 
generalized diets and the preference of habitats that 
increase exposure through ingestion and inhalation 
of contaminated soils (Talmage and Walton 1991). In 
addition, they are geographically widespread, easily 
collected, and prevalent in both contaminated and 
uncontaminated sites (Jenkins 1981). 

Teeth serve as very good markers of exposure 
to pollution in environment. It has been proven that 
elements are integrated into the mineral phase of 

dental tissues (Curzon and Cutress 1983). Lee et al. 
(1999) show that elements including heavy metals 
are integrated into the dental tissues forming at 
the time of their exposure. Teeth accumulate and 
retain lead over time and so can be reliable and 
sensitive indicators of the biological impact and 
accumulation of lead pollution (Appleton et al. 
1999). Teeth, therefore, provide a suitable cumula-
tive and steady record of environmental exposure, 
unlike bone, in which the mineral phase is subject 
to turnover (Budd et al. 1998; Sargentini-Maier et 
al. 1988, Frank et al. 1989). 

Shore (1995), demonstrated a significant corre-
lation between cadmium and lead residues in soil 
and in the liver and kidneys of some small mam-
mals. It was concluded that soil residue data could 
be used to predict mean cadmium and lead con-
centrations in the soft tissues of these mammals. 
From this study it has been seen that levels of cad-
mium in the teeth also reflect the differing levels of 
cadmium in the environment. 

The Tatra marmot (Marmota marmota latirostris), 
an endemic subspecies of the alpine marmot, inhab-
its open areas in the subalpine and alpine zones. 
Marmots are primarily herbivorous organisms (Fra-
se and Armitage 1989, Mann et al. 1993) but their 
diet appears to change seasonally (Mann, Macchi 
and Janeau 1993). Tatra marmots mainly forage in 
tall-stem grasslands and tall-herb plant communi-
ties such as Calamagrostion villosae, or Trisetion 
fusci (Ballová and Šibík 2015). Karč (2006) has noted 
these marmots feeding on 21 plant species, as well 
as larvae of an insect from the Carabidae family. This 
investigation focuses on element composition and 
toxic element occurrence in hard tissues, teeth and 
skeletal bones of the Tatra marmot.

Material and Methods

We have chosen the Tatra marmot´s teeth and skull 
bones as our research sample for heavy metal and 
other element accumulation. These samples were 
borrowed from Ing. Ján Korňan – director of Protected 
Landscape Area Kysuce. The origin of these samples 
is denoted by the name of a valley in the Western Ta-
tra Mountains. Sample locations were recorded in re-
lation to golden eagle (Aquila chrysateos) nests. Teeth 
were found in the nests of golden eagles and in close 
surroundings. Additional teeth and skull bones come 
from the collection at the Institute of High Mountain 
Biology. All the samples were collected in the valleys 
of the Western, High, and Belianske Tatra Moun-
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tains between 1992 and 2014. Bones, leftovers and 
undigested remains from golden eagle nests were 
sampled in the second half of June and early part of 
July, after young eagles had left the nest. Nests were 
approached through the use of climbing equipment 
and techniques. Monitoring of nests continued later 
in summer and also during autumn (Fig. 1).

After sampling, remains were sorted according 
to animal species, with bones subsequently sepa-
rated from flesh using highly caustic sodium hy-
droxide. Afterward, clean bone samples were stored 
in plastic bags. For analysing teeth and skull bones 
of marmots we used a hand-held XRF spectrometer 
- DELTA CLASSIC (USA). XRF spectrometry identi-
fies and quantifies elements easily and quickly over 
a wide concentration range. It does not destroy the 
sample and requires little specimen preparation 
(Innov-X Systems, 2005). Fig. 2 represents the prin-
ciple of XRF Spectrometry.

We set the spectrometer to alloy analysis mode, as 
we were analysing solid material. The spectrometer 
was calibrated before each analysis. X-ray safety was 
abided by keeping distance from spectrometer while 
analysing. Samples were not homogenized, only light-
ly grinded on the measured area. We inserted the XRF 
spectrometer into a homemade wooden holder, and 
then we placed the bone in the modelling clay and 
inclined it toward the measurement window, so that 
instrument´s nose was firmly placed on the flattest 
surface of the bone and would not move during analy-
sis. Skeletal bones were measured in the frontal and 
parietal area of the skull, mandible, molars and inci-
sors. We set the mode to a total of three repetitions- 

Fig. 1. Remains of food including bones of marmots in the 
nest of golden eagle (Korňan 2014).

Fig. 2. The principle of XRF spectrometry (Innov-X Sys-
tems 2005).

two with a duration of thirty seconds, and one with 
a duration of forty-five seconds. Average values were 
calculated from measurements over three data sets. 

After measuring, we populated tables with 
raw data. We added additional data to these ta-
bles such as the age of animals and bone type, 
and worked with average values only. After ad-
justments were made to the tables, a completed 
matrix was used for statistical analysis using the 
graphic system STATISTICA, ver. 12 for Win-
dows. The multivariate technique of principal 
component analysis was used for the study of 
mutual accumulation of some elements in the 
bones. One-way ANOVA was used to test the 
differences among different groups. Statistical 
methods were applied to the following elements: 
P, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Zn, Sr, Pb.

Results

We measured elements from samples of incisors, 
molars and skull bones. Using XRF spectrometry, 
the following elements were not detected in any of 
the samples: Hg, Sb, Mo, Ag, Cd, Se, Rb and Zr. Ele-
ments detected in a few samples out of 88 were: As, 
Cu, Cr, Sn, and Ba. Arsenic was detected in three 
samples ranging from six to eight ppm. All the de-
tected samples were molars from Žiarska and Tichá 
Valley, from both young and old marmots.  

Copper was detected in 4/88 samples ranging 
from 21 to 73 ppm. These concentrations were de-
tected in molars of one old and three young mar-
mots found in Žiarska Valley. 

Chromium was detected in one sample of skel-
etal bone of an old marmot from Tichá Valley. Con-
centration of chromium in this bone sample was 15.6 
ppm. There was no chromium detected in teeth. 

Tin was found in five specimens ranging from 
30.3 to 40 ppm. In four of five samples, tin was 
repeatedly found primarily in molars, and only de-
tected once in skeletal bone. Tin was not found in 
incisors at all. All the specimens were from Žiarska 
Valley and included young and old animals. 

Barium was detected in 15 samples of young 
and old marmots ranging from 41 to 164 ppm and 
found in skeletal bones, incisors, and molars from 
localities of in the Western, High and Belianske Ta-
tra Mountains. In most cases, barium was detected 
in skeletal bone; however the highest concentra-
tion was measured in the molar of an old marmot 
from Veľká Studená Valley. 

Calcium accumulated to a greater extent in 
molars in comparison to incisors. The animals did 
not differ in the accumulation of these elements ac-
cording to age groups (Fig. 3). 

While calcium accumulated mainly in molars, 
zinc was more prevalent in the skull bone, and 
older animals contained more zinc in their bones 
than young ones (Fig. 4). 

Skull bones also contained the highest levels 
of strontium, but the quantity of strontium did not 
increase or decrease based on age group (Fig. 5). 

Incisors contained significantly less potas-
sium and manganese compared to molars (Fig. 6, 
7). Molars also contained more chlorine (Fig. 8) 
and sulphur (Fig. 9).
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Fig. 3. Molars contained more calcium than incisors or skull bones (F=66.9, p=0.00, N=88), molars of medium aged 
animals contained more Ca than old or young marmots, and it was vice versa in skull bones. In general (see significant 
difference in the effects of interactions of the two factors in the picture), the amount of calcium in bones or teeth did not 
differ based on the age of the sample (F=0.39, p=0.68, N=88).

Fig. 4. The amount of zinc was higher in the skull bones than in the teeth of marmots (F= 71.9, p=0.00), old animals 
contained the highest levels of zinc (F=12.7, p=0.01), and old animals contained more zinc in skull bones than they did 
in incisors (effects of interaction are denoted in figure) N=88. Note that the  effects of interaction between two measured 
factors - age and bone type - were not significan at p = 0.05

Effects: F(4, 79)=,65182, p=,62729
Vertical bars denote 0,95 confidence limits
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Fig. 5. Skull bones contained the highest amount of Sr, molars and incisors significantly less. (F=14.5, P=0.00). Ani-
mals did not differ in age groups. (F=1.32, P=0.27) N=88. Note that the  effects of interaction between two measured 
factors - age and bone type - were not significan at p = 0.05.

Effects: F(4, 79)=4,0682, p=,00474
Vertical bars denote 0,95 confidence limits
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Effects: F(4, 79)=6,3342, p=,00018
Vertical bars denote 0,95 confidence limits
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Effects: F(2, 41)=7,5538, p=,00161
Vertical bars denote 0,95 confidence limits
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Fig. 6. The amount of potassium differed in bone types (F=7.6, P=0.02). The highest concentration was measured in mo-
lars; the lowest amount was in incisors. Animals did not differ in age groups (F=2.5, P=0.1) N=46.

Effects: F(2, 68)=16,075, p=,00000
Vertical bars denote 0,95 confidence limits
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Fig. 7. Amount of manganese did not differ in age groups. Highest amount of manganese was detected in molars. 
(F=0.9, P=0.4) N=73.

Fig. 8. The amount of chlorine differed across bone types; molars contained more chlorine than incisors. Chlorine did not 
vary according to age (F=2.2, P=0.1) N=23.

Effects: F(1, 19)=7,3732, p=,01373
Vertical bars denote 0,95 confidence limits
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Discussion

Undetected elements

The group of undetected elements included: Hg, 
Sb, Mo, Ag, Cd, Se, Rb, Zr. The most toxic elements 
in this group are cadmium and mercury. 

In our environment, cadmium generally appears 
together with zinc. The largest sources of cadmium 
are: burning fossil fuels; metallurgical engineering 
and metal processing (Zn, Pb, Cd); atmospheric pol-
lution of metallurgic origin (Pb, Zn); waste contain-
ing cadmium; and use of fertilizers containing cad-
mium (Frankovská et al. 2010). Emitted cadmium 
accumulates in soil and water, and thereby enters 
the food chain (Ďurža and Khun 2002). Cadmium 
does not contribute to any essential biological func-
tion, and is highly toxic for plants and animals. The 
reason that cadmium was not detected in bones 
could be that it tends to accumulate mainly in the 
liver and kidneys as stated by Eisler (1985). 

Another harmful and highly toxic element is 
mercury, which was not detected in any of the 
samples. A very dangerous characteristic of mer-
cury is its ability to change from one form to anoth-
er within the body, as per (Ďurža and Khun 2002). 
Mercury gradually enters the food chain following 
methylation of mercury in anaerobic conditions 
within lakes, rivers and seas. It is present in the tis-
sues of all organisms, but the concentration of mer-
cury is generally less in terrestrial animals than in 
aquatic ones (Kabata-Pendias and Mukherjee 2007). 
The main target organs of mercury accumulation 
are kidneys and liver (Ďurža and Khun 2002). 

Selenium is both an essential and a toxic ele-
ment. In general, selenium has a protective effect 
in organisms. According to Parízek and Ostádalová 
(1967), selenium has the ability to protect organ-
isms from the acute toxicity of mercury. Selenium 
compounds have similar toxic effects to arsenic 
compounds. However, selenium is also an essential 
element for organisms, in small quantities. The tox-
icity of selenium is mainly caused by its interaction 
with other elements (Barceloux 1999).

The absence of these elements in our samples may 
be attributed to their tendency to accumulate in tis-
sues other than bone.

 
Detected elements in all the samples

Only Zn, Sr, P and Ca were detected in all 88 sam-
ples. The highest amount of zinc was detected in 
skull bones, with significantly less found in molars 
and incisors. Old animals contained more zinc in 
their bones than middle-aged and young marmot. 
The concentration of zinc was increased with age 
(Fig. 8). According to Aitken (1976), skeletal zinc is 
retained better than calcium later in the animal’s 
lifespan. The highest zinc concentrations were 
found in the skull bones of old marmot from Žiarska 
Valley (516 ppm).  Samples taken from polluted areas 
like Kolíňany and Nováky (Martiniaková et al. 2012), 
had a much lower zinc level, not exceeding 219.42 mg 
kg-1. We observed that marmots from Žiarska Valley 
contained significantly more zinc than rodents from 
well-known polluted areas. According to Mishima 
et al. (1997) and Jemai et al. (2007), zinc has a pre-
ventative effect against toxicants such as cadmium. 
An important source of zinc emissions include burn-
ing of coal and other fossil fuels, metallurgy, mining, 
and application of artificial fertilizers and pesticides. 
Zinc is released into the atmosphere in large quanti-
ties through metallurgical processes (Alloway 1995). 
Zinc is an essential trace element involved in many 
different mechanisms - including its important role in 
protein and nucleic acid metabolism - and is found 
in relatively high concentrations throughout the body. 
Zinc is concentrated in the bones of mammals (150 ± 
250 µg-1), as they constitute a large proportion of total 
body weight, but can also be found in the wool or fur 
of these animals (Underwood 1977).

The highest amount of strontium was measured 
in the skull bones of young animals. Old animals 
contained strontium mainly in their incisors, and 
medium age marmots contained strontium mainly 
in their molars. The animal body absorbs strontium 
as if it was calcium. Our results represent different 
accumulations in each bone type. The measured 

Fig. 9. The highest level of sulphur occurs in molar teeth. Incisors contained the least amount of sulphur. (F=0.6, P=0). No signifi-
cant deviations occurred between age groups, N=31.

Effects: F(2, 26)=6,0029, p=,00719
Vertical bars denote 0,95 confidence limits
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Our results reflected the presence of chlorine in inci-
sors and molar teeth but not in skull bones.  Molars 
contained more chlorine than incisors. Chlorine con-
tent in teeth did not differ across age groups (Fig. 8). 
Chlorine is used in paper pulp and cellulose bleach-
ing, and many persistent pesticides (fungicides) also 
contain chlorine. The use of chlorinated pesticides 
and polychlorinated biphenyls pose a great threat to 
the environment as all the compounds transfer over 
long distances and afterwards accumulate in the fat 
of mammals (Kabata-Pendias and Mukherjee 2007).

Distribution of potassium was similar to other 
measured elements, with the highest amount pres-
ent in molar teeth. There was no difference found 
between age groups. In incisors, the lowest levels of 
potassium were detected (Fig. 6). Potassium is main-
ly an intracellular element, and is important for many 
metabolic mechanisms. Bone metabolism is resis-
tant to lack of potassium (Dermience et al. 2015). 

Arsenic is a wide-spread toxic metal in natu-
ral ecosystems. It is released into the atmosphere 
through metallurgical processing of Pb, Ag, Cu, 
Fe (among others) and by burning coal in power 
plants. It makes its way into the soil through an-
thropogenic means from the atmosphere through 
precipitation. Arsenic is dangerous due to its abil-
ity to transform within the body into various toxic 
compounds, such as arsenic trioxide (Frankovská 
et al. 2010). Arsenic is present in the soil in the 
form of aluminium and iron arsenites and arsenates. 
Arsenates are toxic to plants. In our samples, arse-
nic was detected in molar teeth of two young and 
one medium-age marmots found in Žiarska Valley, 
ranging from six to nine ppm. 

Copper is one of the essential elements impor-
tant for bone metabolism. Copper deficiency in ani-
mals caused deformed bones, frequent fractures, 
hypoplasia and brittle bones (Dollwet and Sorenson 
1988, Keen et al. 1998, Sarazin et al. 2000). In our 
samples copper was found in four cases, all from 
Žiarska Valley sample location, in molar teeth. Copper 
is absorbed primarily in the stomach (Dodds-Smith et 
al. 1992), and subsequently stored in the liver. 

Nickel was primarily concentrated in the molars 
and incisors across all age groups. The highest con-
centrations of nickel were found in young marmots, 
and the lowest in old marmots. Nickel was detected 
in all sample locations throughout the Tatra Moun-
tains. Natural sources of nickel in soil include vol-
canic activity, salt particles, forest fires, and meteor 
dust. Anthropogenic sources of this metal include 
coal, fuel and oil combustion, mining and metal-
lurgy of nickel, and sewage sludge (Alloway 1995).

Titanium accumulated mostly in the teeth, but 
in a few cases we detected titanium in skull bones. 
The highest amount of titanium was measured 
in incisors of young marmots from Tichá Valley. 
Values ranged between 97 and 9,507 ppm. 

Similarly to titanium, iron accumulated in higher 
concentrations in the teeth than in skeletal bones, 
but the highest value was detected in the skull bone 
of old marmots from Belianske Tatra Mountains. 

The results of this study show that elements ac-
cumulate primarily in skull bones and molar teeth of 
sample marmots. Molars and incisors differ in their 
composition; incisors are comprised of enamel on 
the front surface and dentine on the back, while 

mean value in our study was 96.1 ppm. Compara-
tively, Appleton et al. (1999) measured a mean 
strontium concentration of 84.6 µg.g-1 in the mo-
lar teeth of the bank vole of the Wolski Forest. 
Another study supports the same theory, stating 
that once absorbed, strontium is distributed 
throughout the body but is preferentially depos-
ited in bones and teeth (Johnson et al. 1968). The 
metabolism of strontium is similar to calcium, but 
in general, animals utilise and retain strontium 
less effectively than calcium (Comar 1967; Co-
mar and Wasserman 1964). Strontium follows the 
physiological pathway of calcium, with 99% of its 
content present in bone, for which it is likely es-
sential (Wadhwa and Care 2000). 

Metabolism of phosphorus and calcium is 
linked, so these two elements should not be con-
sidered separately. Both are important in bone and 
tooth metabolism. Phosphorus, together with other 
elements as Zn, Pb, Sr and Ca are accumulated in 
higher concentration in skull bones than in teeth.

Calcium is an essential nutrient, required for 
growth and development. It builds the skeleton 
and helps to prevent many skeletal disorders during 
childhood and adolescence (Matkovic 1991, 1992;  
Matkovic et al. 1990). Across all bone types, the 
concentration of calcium varied based on age group 
(Fig. 4). The highest concentration of calcium was 
measured in the molar teeth of middle-aged marmot 
while old animals showed the highest accumula-
tion in skull bones and incisors. We expected the 
calcium level to decrease in older specimens. As 
stated by Chan and Duque (2002), bones tend to 
loose important minerals such as calcium as ani-
mals age. However, our results could be explained 
by other studies which have shown marmot bones 
to retain strength throughout their life span, as they 
preserve calcium during hibernation (Doherty et al. 
2012; Wojda et al. 2012). 

Elements detected in some samples

Manganese is an essential nutrient and it has been 
experimentally shown that its lack causes skeletal 
anomalies and impairment of growth (Priest and 
Van de Vyver 1990). The use of methylcyclopenta-
dienyl manganese tricarbonyl as a replacement for 
tetraethyl lead as a fuel additive may influence ris-
ing manganese concentrations in the environment 
(Priest and Van de Vyver 1990). Maňkovská et al. 
(1996) stated that the most substantial manganese 
mobilization takes place at higher altitudes. Manga-
nese is important for normal processes in the body, 
but adverse health effects have been noted at high-
er concentrations. Excessive manganese exposure, 
predominantly reported in adults exposed occupa-
tionally via inhalation, has been associated with 
adverse central nervous system effects. In experi-
mental animal studies, very high doses of manga-
nese were shown to impair male fertility resulting in 
foetal toxicity (Elbetieha et al. 2001). Our graph (Fig. 
7) shows that molars contained significantly more 
manganese than skull bones and incisors. There 
were considerably higher concentrations measured 
in the molar teeth of seven young marmots from 
Žiarska Valley, where the concentration rose from 
1,075 - 3,167 ppm. 

39
Heavy metals and  
other elements in 
the teeth of the Ta-
tra marmot



40
M. Angelovičová
& M. Janiga

molars are largely composed of dentine. Incisors of 
rodents grow throughout life due to their continu-
ous attrition (Klevezal and Anufriev 2013). Molars 
remain static and so reflect the exposure to ele-
ments and toxins more effectively than incisors. 
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