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trace elements composition and content was 
carried out at the Henryk Niewodniczański 
Institute of Nuclear Physics in Kraków using 
PIXE method (Johansson and Johansson 
1976, Dutkiewicz  et al. 1992, Rokita  et al. 
1996).

A proton beam with the energy of 2.4 
MeV from a 3 MeV Van de Graaff accelera-
tor was used. The beam spot on the sample 
was about 3 mm in diameter. The irradiation 
time varied from 10 to 20 minutes and de-
pended on the time of the increasing PIXE 
spectrum. The characteristic X-rays were ac-
quired with a Cannberra Si(Li) detector with 
the resolution of 180 eV for the Mn K-α line. 
The data acquisition system was based on an 
ORTEC 919 Multichannel Buffer controlled 
by a PC with Maestro software. As reference 
material the IAEA-336 standard from the 
International Atomic Energy Agency in Vi-
enna (IAEA) was used (Hel ler-Z eis ler  et 
al. 1999). After the measurements, computer 
calculations were carried out by applying our 
in-house developed code based on the HEX 
procedure (Kaj fosz  and Kwiatek 1987). 
The theoretical value (in μg g–1) of the mini-
mum detection limit (MDL) for the mea-
sured elements were calculated as follows: V 
– 1.5, Cr – 1.7, Mn – 2.4, Cu – 1.4, Zn – 2.8, 
Pb – 0.9, Br – 2.8, Rb – 2.4, Sr – 2.7, Y – 0.9, 
Cd – 1.8.

3. RESULTS

The trace element concentrations in the 
analysed lichen and moss samples were dif-
ferent depending on the species and sampling 
site. For the samples from Antarctic stations 
the average contents of trace elements (in μg 
g–1 d.w.) in Sanionia uncinata were as fol-
lows (Fig. 2A): V 27 ± 22, Cr 7 ± 2, Mn 256 
± 95, Cu 11 ± 3, Zn 33 ± 4, Pb 9 ± 6, Br 40 
± 22, Rb 14±11, Sr 69 ± 25 (Y 2 ± 1 only the 
Artigas Station, Cd 3 ± 1 only the Arctowski 
Station). In samples of Usnea antarctica the 
average values were (Fig. 2B): V 28 ± 31, Cr 
3 ± 1, Mn 53 ± 18, Cu 10 ± 4, Zn 30 ± 1, Pb 
2 ± 1, Br 40 ± 16, Sr 18 ± 4, Y 4 ± 2 (Rb 10 ± 
2 only the Ferraz Station, Cd 2 ± 1 only the 
Arctowski Station). In Usnea aurantiaco-atra 
thalli the mean element contents amounted 
as following (Fig. 2C): V 7 ± 6, Cr 6 ± 3, Mn 
59 ± 35, Cu 66 ± 33, Zn 27 ± 5, Pb 5 ± 1, 
Br 30 ± 15, Sr 32 ± 20, Y 3 ± 3 (Cd 2 ± 1 
only the Arctowski Station, Rb always below 
minimum detectable limit). For the control 
group the concentrations were as following 
(Tables 1–3, Fig. 2A–2C): Sanionia uncinata 
– V 6 ± 1, Mn 90 ± 12, Cu 7 ± 1, Zn 22 ± 4, 
Pb 1 ± 1, Br 22 ± 4, Sr 35 ± 6 (Cr, Rb, Y, Cd 
always below minimum detectable limit); U. 
antarctica – V 2 ± 1, Mn 25 ± 5, Cu 6 ± 1, Zn 
26 ± 5, Br 12 ± 2, Y 1 ± 1 (Cr, Pb, Rb, Sr, Cd 

Table 1. Concentrations (μg g–1 dry weight, mean ± SD) of trace elements in moss Sanionia uncinata 
samples collected from six research stations and from reference site (see Fig. 1).

Sampling site
Concentrations

V Cr Mn Cu Zn Pb Br Rb Sr Y Cd

HA Station 13±2 4±1 280±25 6±1 35±6 4±1 18±3 3±1 64±9 -b 3±1

F
Station 52±8 7±1 370±32 8±1 34±6 11±2 73±11 25±4 98±13 -b -b

A
Station 5±1 8±1 270±25 11±2 30±5 6±1 22±4 -b 66±8 2±1 -b

B
Station -b -b 160±17 10±2 33±5 19±3 -b -b 3±1 -b -b

GW
Station 49±7 9±2 390±40 19±3 41±7 -b 47±7 22±4 95±12 -b -b

PL Station 15±3 6±1 68±11 9±2 25±4 5±1 40±6 5±1 90±12 -b -b

Reference site 6±1 -b 90±12 7±1 22±4 1±1 22±4 -b 35±6 -b -b

-b – below minimum detectable limit.
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Fig. 2. Average trace element concentrations for research stations and concentrations in the control 
group; A – Sanionia uncinata, B – Usnea antarctica, C – Usnea aurantiaco-atra. Statistically significant 
differences between research stations area and reference site were indicated (* P <0.05, ** P <0.01,
 *** P <0.001).
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always below minimum detectable limit); U. 
aurantiaco-atra – V 3 ± 1, Mn 20 ± 4, Cu 5 
± 1, Zn 22 ± 4, Pb 1 ± 1, Br 15 ± 3, Sr 25 ± 4, 
Y 1 ± 1 (Cr, Rb, Cd always below minimum 
detectable limit).

The maximal values (given below in μg 
g–1) of trace element concentration obtained 
from Antarctic stations are especially worry-
ing. These results saliently display the local 
increase of trace elements in biological sam-

ples. In Sanionia uncinata (Table 1) the high-
est concentrations of Cr (9 ± 2), Mn (390 ± 
40), and Cu (19 ± 3) were observed in the case 
of the Great Wall Station. In the same species 
the greatest concentrations of V (52 ± 8), Br 
(73 ± 11), Rb (25 ± 4), and Sr (98 ± 13) were 
detected for the Ferraz Station. The high lev-
els of lead were found in moss samples taken 
from the Ferraz Station and also from the 
Bellingshausen Station. Pb concentrations in 

Table 2. Concentrations (μg g–1 dry weight, mean ± SD) of trace elements in lichen Usnea antarctica 
samples collected from three research stations and from reference site (see Fig. 1).

Sampling site
Concentrations

V Cr Mn Cu Zn Pb Br Rb Sr Y Cd

HA Station 2±1 3±1 26±4 11±2 30±5 1±1 16±3 -b 15±3 1±1 2±1

F
Station 75±11 4±1 56±9 4±1 32±5 3±1 51±8 10±2 20±4 7±1 -b

A
Station 8±2 2±1 76±12 15±3 28±4 -b 53±8 -b -b 5±1 -b

Reference site 2±1 -b 25±5 6±1 26±5 -b 12±2 -b -b 1±1 -b

-b – below minimum detectable limit.

Table 3. Concentrations (μg g–1 dry weight, mean ± SD) of trace elements in lichen Usnea aurantiaco-
atra samples collected from seven research stations and from reference site (see Fig. 1).

Sampling site
Concentrations

V Cr Mn Cu Zn Pb Br Rb Sr Y Cd

HA Station 11±2 -b 35±6 14±3 32±5 5±1 8±2 -b -b 1±1 2±1

F
Station 2±1 2±1 13±2 2±1 19±3 -b 46±8 -b -b 2±1 -b

A
Station 3±1 6±1 41±6 90±11 26±4 -b 30±5 -b 13±3 4±1 -b

M
Station 10±2 5±1 41±6 81±10 27±4 4±1 20±3 -b 34±6 -b -b

B
Station -b 9±2 180±16 98±12 35±6 6±1 56±9 -b 21±4 9±2 -b

GW Station 2±1 5±1 49±8 85±10 30±5 5±1 10±2 -b -b 1±1 -b

MP Station 15±3 8±2 54±9 95±11 18±3 4±1 39±6 -b 59±9 -b -b

Reference site 3±1 -b 20±4 5±1 22±4 1±1 15±3 -b 25±4 1±1 -b

-b – below minimum detectable limit.
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these samples amounted to 11 ± 2 and 19 ± 3, 
respectively. Only in Sanionia uncinata from 
the Artigas Station Y (2 ± 1) was detected. 
In Usnea antarctica (Table 2) elements like: 
V (75 ± 11), Cr (4 ± 1), Pb (3 ± 1), Rb (10 ± 
2), Sr (20±4), and Y (7 ± 1) were detected on 
the highest levels in the thalli from the Fer-
raz Station. In this lichen species, the maxi-
mal concentrations of Mn (76 ± 12), Cu (15 
± 3), and Br (53 ± 8) were measured for the 
Artigas Station. In the second lichen species 
(Table 3) Br (56 ± 9) and metals like: Cr (9 
± 2), Mn (180 ± 16), Cu (98 ± 12), Pb (6 ± 
1), and Y (9 ± 2) reached the highest content 
in the thalli from the Bellingshausen Station. 
V (15 ± 3) and Sr (59 ± 9) concentrations in 
Usnea aurantiaco-atra were observed in the 
biggest amount in the thalli taken from the 
Machu Picchu Station.

Cadmium was detected only in lichen 
and moss samples originating from the Hen-
ryk Arctowski Station. For other stations the 
respective concentrations were always below 
the detectable limit. In thalli of Usnea antarc-
tica and Usnea aurantiaco-atra from Polish 
station Cd were detected on 2 ± 1 μg g–1 level 
(Tables 2 and 3). This corresponds to the con-
centration in moss Sanionia uncinata (3 ± 1 
μg g–1) which was collected in the same place 
(Table 1). These results evidently suggest that 
in the Henryk Arctowski Station area there is 
a local contamination of this metal.

In our Usnea aurantiaco-atra samples ru-
bidium was not observed. Rb concentration 
was always below the minimum detectable 
level (Table 3). It could be just possible that 
this lichen species accumulates this element 
on a very low level or maybe it does not ac-
cumulate it at all.

Irrespective of the investigated species 
the average concentrations of chromium, 
manganese and lead in samples from Ant-
arctic stations demonstrated significant dif-
ferences in relation to the reference mate-
rial. Unfortunately, this result proved that 
investigated areas of Antarctic stations are 
contaminated. Increased level of these heavy 
metals in environment is usually associated 
with polluted area. Significant difference be-
tween average strontium concentration and 
the reference material was observed in San-
ionia uncinata and Usnea antarctica samples. 
Strong differences were also found in aver-

age concentrations of rubidium, yttrium and 
copper but only in S. uncinata, U. antarctica 
and U. aurantiaco-atra samples, respectively 
(Fig. 2). In other cases statistical differences 
are not so significant mainly due to large 
standard deviations for samples from re-
search stations. The concentrations of zinc 
in all investigated samples demonstrated the 
least variability.

Comparing the measured data in tables 
1–3 it could be noticed that concentrations 
of elements in moss samples are on the whole 
greater than in both lichen samples. Sanionia 
uncinata is a terricolous moss and in spite of 
absence of a typically root system its water 
supply partly subsist thanks to rhizoids. Some 
elements in moss samples could be derived as 
dissolved in soil water. It might be the reason 
why concentrations in moss samples were 
frequently higher than in lichen samples.

4. DISCUSSION 

Various species of macrolichens (inter 
alia: Usnea antarctica and Usnea aurantiaco-
atra) and mosses were already used as suitable 
organisms for monitoring the various trace 
elements pollution in the Antarctic region 
(e.g. Bargag l i  and Focardi  1992, Bar-
gag l i  et al. 1993, 1998, Poblet  et al. 1997, 
Olech et al. 1998, 2000, Smykla  et al. 2005). 
The observed lead pollution in the Antarctic 
region is particularly worrying. Lead comes 
not only from local anthropogenic sources 
but might originates also from human activ-
ity on other continents of the South Hemi-
sphere (Bargag l i  2000). It is one of the most 
frequently analysed trace element in such 
investigations. According to B outron and 
Wolf f  (1989), each year almost 1800 kg of 
lead is emitted to the environment in Antarc-
tica. However, in the last period Pb concen-
tration in Antarctic snow began to decrease 
(e.g. Wolf f  and Sutt ie  1994). The range of 
lead concentration in lichens in the Antarctic 
region is very wide and it depends on a sam-
pling place. For example, the maximal con-
centration of this metal in Usnea antarctica 
samples from the region of Admiralty Bay 
(King George Island) and Whaler Bay (De-
ception Island) was recorded below 1 μg g–1, 
on the other hand, samples of the same spe-
cies from northern Victoria Land and from 
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the area close to the Almirante Brown Sta-
tion (Antarctic Peninsula) contained maxi-
mally almost 11 and 32 μg g–1, respectively 
(Bargag l i  and Focardi  1992). The maxi-
mal Pb contents in U. antarctica and Usnea 
aurantiaco-atra samples from the Jubany Sta-
tion (King George Island) were determined 
on the level not exceeding 3 μg g–1 (Poblet  et 
al. 1997). According to Smykla  et al. (2005), 
the maximal Pb content in Usnea antarctica 
thalli from the Artigas Station attained huge 
level above 32 μg g–1. In the Antarctic region 
lead concentration was also investigated in 
lichens Usnea antarctica and Usnea auran-
tiaco-atra transplanted from a clean area to 
the station site. This method proved the in-
crease of lead concentration in the environ-
ment close to man-made sources of pollution 
(Olech et al. 1993, 1998, 2000). Concentra-
tion of lead was also investigated in Antarc-
tic moss species. In northern Victoria Land 
the concentrations of Pb in Bryum pseudo-
triquetrum and Sarconeurum glaciale did not 
exceed 4 μg g–1 (Bargag l i  et al. 1995). In the 
region of Edmonson Point the range of lead 
concentration in moss samples (Bryum pseu-
dotriquetrum, B. argentatum, Pottia heimii 
(=Hennediella heimii), and Ceratodon purpu-
reus) varied from 0.3 to 1.4 μg g–1 (Bargag l i 
et al. 1998). In our investigation the maximal 
lead concentrations in moss Sanionia unci-
nata were much higher (Table 1).

Concentrations of Cd in Usnea auran-
tiaco-atra and Usnea antarctica samples from 
remote south high latitude areas were usually 
reported on a much lower level then 1 μg g–1. 
In the Jubany Station area (King George Is-
land) the maximal concentration level of this 
element in Usnea aurantiaco-atra equaled 
0.015 μg g–1 and in U. antarctica 0.03 μg g–1 
(Poblet  et al. 1997). In the regions of north-
ern Victoria Land, Paradise Bay (Graham 
Land), Admiralty Bay (King George Island) 
and Whaler Bay (Deception Island) the max-
imal Cd concentrations in Usnea antarctica 
amounted to 0.37, 0.58, 0.08, and 0.07 μg g–1, 
respectively (Bargag l i  and Focardi  1992). 
For the Artigas Station the highest concen-
trations of the metal in Usnea antarctica and 
Usnea aurantiaco-atra samples equaled 0.74 
and 0.39 μg g–1, respectively (Smykla et al. 
2005). Also for Antarctic mosses from north-
ern Victoria Land Cd concentrations were 

below 1 μg g–1 (Bargag l i  et al. 1995, 1998). 
The maximal Cd contents in our lichen and 
moss samples were much higher but the el-
ement was detected only in the case of the 
Henryk Arctowski Station (Tables 1–3).

According to Poblet et al. (1997), sam-
ples of both Usnea species collected from the 
areas close to the Jubany Station accumu-
lated Mn, Zn and Cu rather on lower con-
centration levels (maximum for U. antarctica 
– 56.03, 21.43, 9.49 μg g–1, respectively and 
for U. aurantiaco-atra – 39.16, 17.92, 5.79 
μg g–1, respectively) than samples of these li-
chen species in our study (Table 2 and Table 
3). For the interior part of the Artigas Sta-
tion the maximal concentrations of Mn, Zn 
and Cu in U. antarctica amounted respec-
tively 51.89, 30.52 and as many as 130.44 μg 
g–1. From the same place the highest levels of 
these elements in U. aurantiaco-atra samples 
were as follows: Mn – 12.55, Zn – 33.00, and 
Cu – 8.20 μg g–1 (Smykla  et al. 2005).

Trace elements such as vanadium, chro-
mium, bromine, rubidium, strontium, and 
yttrium in Antarctic lichen and moss sam-
ples have not been properly recognised yet. 
In most cases these elements in the samples 
collected in the areas with human activity at-
tained higher concentration levels, than those 
of the control group (Fig. 2). Increased levels 
of Sr and Cr were also observed in both Us-
nea samples collected within the Artigas Sta-
tion (Smykla  et al. 2005). Appearance of Y 
in biological samples is comparatively weakly 
recognized but it is well known that lichens 
and mosses accumulate this element on the 
highest level (Kabata-Pendias  2000). 

In the samples of Sanionia uncinata, Us-
nea antarctica and Usnea aurantiaco-atra 
from the Antarctic radionuclides concentra-
tions were also determined but their probable 
source could be of natural origin or induced 
by global fallout (Mietelsk i  et al. 2000).

Finally, the Antarctic region still yields 
new information for the understanding of 
global climate change and dispersal of an-
thropogenic pollutants. Biomonitoring is 
necessary to understand the sources of ori-
gin of trace elements, their amount and their 
way of movement and accumulation in the 
Antarctic environment. Human activity in 
Antarctica might be a source of many ele-
ments introducing to the environment. Most 
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studies show that contamination can be de-
tectable only in a closest neighbourhood of 
human settlements (Bargag l i  2000). Deter-
mination of trace elements in Antarctic bio-
indicators, such as frequently occurs lichens 
Usnea aurantiaco-atra, U. antarctica and 
moss Sanionia uncinata, using the multi-el-
emental research method allows estimating 
trace elements contamination in the south 
high latitude areas. Investigations of this 
kind turn our attention to environmental 
pollution within research stations and are a 
prerequisite to the preservation of the unique 
Antarctic ecosystems.
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