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Heavy metals in tundra plants
of Bellsund area, Spitsbergen

ABSTRACT: The contents of copper, manganese, zinc, lead and cadmium have been
determined in plants of the Spitsbergen tundra, collected at Calypsostranda, Lyellstranda and
Chamberlindalen in 1987. Five species of vascular plants, four species of mosses and fourteen
species of lichens have been investigated. Manganese content in all the studied plants falls in the
physiological limits of this element. Appreciable concentrations of copper, and zinc exceeding
the physiological concentrations of these elements and presence of lead and cadmium have been
shown for many plants.
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Introduction

The investigations of certain heavy metals contents in plants of the
Spitsbergen tundra have been carried in 1987 during the Spitsbergen Geogra-
phical Expedition organized by the Maria Curie-Sklodowska University in
Lublin. The plants have been sampled in June, July and August in the area of
Calypsostranda, Lyellstranda and in the Chamberlin Valley, Bellsund Region,
western Spitsbergen.

The maritime plains of Calypsostranda and Lyellstranda are the areas of
dry tundra covered mainly with lichens and mosses and vascular plants as well.
Humid-marshy tundra at Chamberlindalen is covered mostly by mosses.

The obtained results concerning the contents of the following heavy metals:
copper, manganese, zinc, lead and cadmium, have been presented already in
a preliminary report (Jozwik 1988).

Materials and methods
Vascular plants, mosses and lichens have been collected at Calypsostranda,

Lyelistranda and Chamberlin Valley in the region of the Bellsund fjord,
Western Spitsbergen, in June, July and August 1987 (see Fig. 1).



Zbigniew Jozwik

402
BELLSUND
Kapp Lyell
()
(7
/ Renard-
2 A odden
: o"g
s N %o 4\ CALYPSOBYEN
j // %
M ) y / ’/‘
UV X ’315 / o/)
. P e o
. r e) Q z
A 6 Z <
4 Do LY & o a
5 { ' ® 9 |ss5f b3
2 g L?
g\ 700 e et Josephbukta ;l
o <6°
o
0 ac®
L3 W
14 * 645
SPITSBERGEN
=
{'\J 685 4_%
Longyearbyeh ol
b L5
Beilsund %
A
O ¢
;7857 &
7 s
o 3
76% o
0 3km g S
—
695
7
//// STUDY AREA X
690

Fig. 1. Location sketch map of the studied area, based on the map of

Norway 1:100,000. sheet Van Keulenfjorden, Spitsbergen. Oslo 1985.

The contents of copper, manganese, zinc, lead and cadmium have been
determined in these plants. The sampled population consisted of five species of
vascular plants: Saxifraga oppositiofolia L., Saxifraga caespifosa L., Silene
acaulis (L.) Jack., Salix polaris L. and Dryas octopetala L.; four mosses species:
Oncophorus wahlenbergii, Racomitrium lanuginosum, Aulacomnium palustre and
Drepanocladus revolvens, and fourteen lichens species: Cetraria hiascens (Fr.)
Th., Cetraria nivalis (L.) Ach., Cetraria crispa Nyl., Thamnolia vermicularis (Sw.),

Xantoria elegans (Link), Umbilicaria sp., Stereocaulon sp. Schreb., Stereocaulon
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denudatum F1k., Ochrolechia frigida (Sw), Parmelia Ach., Peltigera sp., Cladonia
mitis Sandst. and Cladonia gracilis (L.).

During the pant collecting, the prevailence of a given species in the sampled
environment has been taken into account. Several to several tens whole
specimens of each species have been dried, ground in an agate mortar and
homogenized by mixing. Then, the obtained plant material has been treated as
average samples of individual species of the vascular plants, mosses and lichens.
The samples have been mineralized in a mixture of nitric and perchloric acids
7:1 (v/v), and next the heavy metals contents have been determined by use of
the atomic absorption spectrophotometer Pye Unicam SP 9.

Discussion of the results

Tables 1, 2 and 3 present the average heavy metals contents (in ppm),
derived from two independently carried analyses of the vascular plants, mosses
and lichens. The amounts of the studied elements: copper, manganese, zinc,
fead and cadmium, in most cases should be bound with a given plant species.
Thus, the same species occurring in various localities bear similar amounts of
the determined elements. However, the metal content in a plant depends not
only on its species. In certain cases there appear also the relations of certain
metals concentrations to the plant station. For instance, Silene acaulis from the
Calypsostranda plain bears distinctly less lead (4.1 and 1.8 ppm) than the same
species from the seaside terrace cliff (14.8 ppm). Lead has not been detected in
Salix polaris from the Calypsostranda plain, whereas this willow from the
Lyellstranda plain contained 17.0 ppm of this element. Dryas octopetala
growing on the seaside terrace cliff bore 57.4 ppm zinc, but the same species
from a different locality yielded the zinc concentration of only 7.8 ppm.

However, these are only the single cases, a separate discussion of which will
be possible after performing the soil analyses from the localities where the
plants have been sampled.

Table 4 shows the concentration ranges of the studied heavy metals in the
vascular plants, mosses and lichens. All the analysed elements occur in wide
concentration ranges in the discussed plant groups. It seems to be reasonable
to discuss in detail the occurrence of the analysed elements for the individual
plant species. One should mention however, that there appears a problem in
the estimation of toxic concentrations of these metals or deficiency criteria of
a given element.

The monograph published by Kabata-Pendias and Pendias (1979) gives
certain accepted concentration ranges in ppm for the analysed heavy metals in
plant material.

Copper as the component necessary for plant growth and development is
accumulated by active mode, which is connected with metabolic processes. It



100F 101 FI0F 011 LOVIFECTY | 991 FI8¥S 100FLL°L epueased] suaajoaad snppjrouddai(
SO0F PO 98 0F I1L€1 90'¢ F88C9 | vOOPFI£TST | €TOFO08IC us[epuiIaquiEy ) aaisnnd  winoIniny
SO0F 160 LIOFY6LL 68 Fovsk | 69¢ FITT8T | SITFIOEE usfepuijisquey) aasnppd wnnnuoonpny
- 6€0FSLO 0S'0 FLLEI G80 FLIECS SO0F8Ye usjepuiplaquiey) wnsouinub] winuoIny
- WwOFIIY S6'1 F8LSS | 60 Fspes 800 F6¢£°€ udepulaquEy ) wnsouinuD] WMoy
100F9C1 LTOFTIDI €€ F8Y0I | 8€T FesLTl 0T0FEr's vpuris|ed] nfiaquapyn snioydosug
LOOF¥8'1 TF 1997 81'0 F988S | L66EFIVSHT | LPOFE68 epurnsosdAe) nbaaquopna snioydosug
PO qd uz U n) Ageso] Furdwreg ueld
z alqelL (Z=u) FSFsurow dudWILE 2y} s uaald are syynsar ay] wdd up ‘sassc-u ul spEIoW KARAY
000F L0 96 1 F8L°81 €0 F9L°L €1'C Felce I70FLT9 epuensosdiie) 1 ppadoro spiaq
00'0F 680 6r0FEITI €L F8CLS | ¥60 FI9LLT SI0FI19¢ epurnsosdA[e) 1 ppaadoiro svdaq
9L°0F 678 - LT FTUITl | €1y FvSL 1L0F1S°8 vpuenisosdife) 1 stvjod xyng
SO0FSTI - 176 F9¢66 1T Fevse T0+86'6 vpuensosdi[e) 1 swvjod xing
100F 681 SIOF00LI STICFIIH01 | 26T FI868 1T0FELS epURNS[AT] 1 suvjod xyng
100F 161 200F 0611 700 F80°81 L9 F8LT0T SE0F90°L epurns|ahT] ‘boef () synwon auapg
100F820 £00F 81 807 FHTvT 1L81FT018T PrOFISH epuensosdi[e) ‘boef () synpav auang
SOOFLI'T 8E0T VI 891 FLTOT | WTTFe6S 6T T00FT6€ epuensosdAje) ‘bowg (1) synnop auang
80'0F05°T STF6LYI Ive F8TEE | 0€8TF0908¢ L10F96'9 epuensosdi[e) ‘boer (1) synnrov auapg
LOOF P11 6V 1F0€0C | vl F8867 | SE€T FIC16 ToFIvL epuensosdije) 1 psofidsapy vbnafixng
81'0F¥90 STrFPIve SET FP9ST 680 F+0T'19 PIOFHTS vpuensosdiie) 1 pijofisoddo vhingfixng
800 8L0 YOOFOTEL 16y FvTLe | 91T FLS18 9I'0FEF'6 epuris|[34] 1 pyofinsoddo pboafixng
PO ad uz U ny Aureso Juidwes weld

1 21qe L

(z =u) FSFsuesw dSnHAWYILIE

ay) se uaaId are synsal ay] wdd ur ‘sjuejd Jemdsea ur sjelow AArSy

[404]



8¢0F8E] STOF+T9C 16€1F1568 | ¥£0 Fevsl LOOFSEY us[epuiIequIey ) (1) syowab vuopn;H
ST0FS80 - €€'8 F06'67 | 90 FLEE] €I0Fzoy us[RpuIIaqUIRY ) ‘ISPURS SHIW IMOPY])
0¥ L9] LLEFSEL €70 F068s | TTT Fl16€ 05 1+5881 us[epuIIaquUIEY ) 'ds vaabnjoq
E0F Vel wTFSLTS SIS F89€T | 8’1 FL96T 0T0F8L9 epuensosdAje) Yoy vyauling
Ero¥ert 6C1F 100 8CCTFITYY | €O6TFLYHHT 81°0F 8001 epuensosd£feDd (mQ) ppibryf e1yos[01yoO
91I'0F €19 16'SF 0¥ €T LEO FEOLT | 620 FvT6v SO0F€0L epuesosdAfe) Nd wmppiuap uojnn0a131g
To0F6¥0 SYTFOICC Yiv FobLT | 120 FI1TST 000F LSt epuensosdije) ‘ds uopnnyoaualg
€00+680 S00F98°CT 099 F7T6€ | L¥'1 Fove €8°0F 8L'9¢ us[rpuIIaqUIRY ) ‘ds prmoiqun
200F98°0 €TIFO091T $8'8 FTC89 | TE0 FELPI SI'TF1¥'6C us[epuiIaquiey ) “ds prmoqun
SLOFS8T STOF667 S8°L F68LS | TTT F10SE 81'0F LS9 epuensosdAje) (yury) supbaja projuvy
100F69°0 600F €49 790 FOTsk | sTo F056 LO0F 86T vpuensosdAie) (MQ) suponuiaa pjouwny]
100F91°0 €91 ¥88°07 860 F99'LZ | TI'0 F66L 800F It'E epuensosdAje) AN pdsi pLnaa)
SO'0F 680 9C0F O 11 80 FOv'€ 8¢'0 Fe8i!l 600F6L'1 epuensosdije) Yoy () Sypuu punao)
10007960 £00FTS'ST 866 F0809 | TH0 FT8S STOFSSE epuensosdAe) [ 1g YL (1) suadsviy prniay
PO ad uz U n) Angeoo| Fuydureg weld

€ 219eL

(Z=Uu) FSFsussw dnoWYILIR Y] se uaaId aie s)nsai oyl ‘widd wr ‘suaydny ur sperdw Aaesy

[405]



406

Zbigniew Jozwik

Table 4
Ranges of the heavy metal concentrations (ppm) in individual plant groups in the studied region
Plant group Cu Mn Zn Pb Cd
Vascular plants 3.92— 998 | 27.76—380.60 7.76—121.12 | 1.84—34.14 | 0.28—8.29
Mosses 3.48—33.01 | 28.17—-28221 | 1048— 6588 | 0.75—26.61 | 0.43—184
Lichens 1.79-36.78 | 39124447 340— 68.22 |299—-52.75| 0.16—6.13

may be also accumulated passively due to the water transpiration passage. The
amount of this element in highly-organized plants is directly proportional to its
concentration in solution. In some cases this amount can,however, exceed the
real demands.

Average copper content in the overground plant parts equals 5 to 20 ppm,
depending on the plant location and climate conditions.

Among the vascular plants, copper (3.9 ppm) has been detected in Salix
polaris, the willow collected at Calypsostranda, but among lichens there have
been found several species accumulating copper in an amount below 5 ppm
(Tables 1-—3).. The concentrations of 33.0 and 21.8 ppm Cu have been detected
in mosses Aulacomnium palustre from Chamberlindalen which should be
considered as the toxic amount (Table 2).

Certain species of the vascular plants are characterized by a significant
tolerance for high copper concentrations exceeding many times the plant
demands for this element. For instance, the amount of 20 ppm Cu in the
culture medium causes neither metabolic changes nor disturbation of the
physiological processes of Spinacia oleracea L. (Baszynski et al. 1982).

Manganese is the element accumulated by plants both passively and
metabolically, and in the latter case the accumulation depends less on soil
factors. Reportedly, the manganese content in plants ranges from 1 to 900 ppm.
The amounts of this element, not fitting to these concentration ranges, have not
been found in the analysed plants samples collected in Spitsbergen. The highest
manganese concentration occurs in Silene acaulis (360.6 ppm), and the lowest
one — in a lichen sample of the Peltigera species (3.9 ppm, see Tables 1 and 3).

Zinc is an element necessary for the regular plant growth. Its concentration
in most plants is in the ranges 15—80 ppm. It is accumulated actively by
plants, but it may be also accumulated passively and in the areas influenced by
an industrial emission its amount in plants increases in proportion to the
atmospheric dust fall (Kazmierczakowa 1975).

Except for the polar willow (Salix polaris), the other plant species bear this
element in the limits given above. Salix polaris bore in three different locations
104.1,99.4 and 121.1 ppm zinc. Thus one can suppose that these concentrations
are already toxic for this plant.

The highly-organized plants accumulate lead both from dusts plus atmosp-
heric precipitation and from their breeding ground. Thus, the ascertaining of
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lead presence in mosses and lichens indicates its occurrence in atmosphere of
this area. '

Many reports present the opinion that it is difficult to determine the natural
lead content in plants. One supposes that the lead concentration in plants
ranges from 0.9 to 9.0 ppm (Zimdahl and Arvik 1973). There, where plants are
affected by an immediate industrial emission, their lead concentration may
exceed even 100 ppm (Tyler 1972, Pakarinen and Tolenen 1976, Karweta 1976,
Kazmierczakowa 1975).

Among the analysed plants there have been found species bearing more
then 9 ppm lead, namely Saxifraga oppositifolia (34.1 ppm), Oncophorus
wahlenbergii (26.6 ppm) and a lichen of the Parmelia species (52.8 ppm lead).
These concentrations should be evaluated as relatively high, especially taking
into account that the plant sampling areas are not affected by an immediate
influence of industrial emissions. The absence of lead in Salix polaris, a willow
collected at the Calypsostranda and in the lichen Cladonia mitis from the
locality Chamberlindalen seems to be worth noting.

One supposes that lead may be accumulated by mode of endocytosis on the
basis of the quick appearance of this metal in a cellule. Plants may accumulate
an appreciable lead amount without distinct negative external symptoms. Even
if such symptoms are observed (e.g. the root shortening), they are not typical
only for this metal. It seems, that lead accumulated endocytostatically is
isolated in places inactive in a metabolic sense, e.g. in the vacuole or in cell
membrane (Wazny 1987).

Cadmium is the element relatively easily accumulated by plants, although
supposedly it is not necessary for their development. For the non-polluted
regions one supposes its amount under 1 ppm as characteristic for plants. Most
plants have high tolerance of this metal and even a significant cadmium
concentration in the breeding ground gives no intoxication symptoms of these
plants. The ability to synthesize special proteins or peptides binding the toxic
ions into non-toxic complexes is the most common biochemical mechanism of
this tolerance (Baszynski et al. 1980, 1988). The protein and peptide presence,
playing an important role in this detoxication is presently ascertained
commonly in many organisms, from primitive algae to vascular plants. These
compounds are named phytochelatines or “metallothionein-like complexes”
(Gekeler 1988; Grill 1988).

Cadmium, like lead, is the element intensively accumulated by mosses. If 1.0
ppm is the upper concentration range of cadmium in most plants, certain
species collected in the Bellsund region displayed a significant exceeding of this
value. For instance, Salix polaris bears 8.29 ppm, the lichen Stereocaulon
denudatum — 6.1 ppm the genus Peltigera — 1.7 ppm, Xantoria elegans — 2.9
ppm, and the moss Oncophorus wahlenbergii — 1.8 and 1.3 ppm Cd.
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It is supposed that the certain plant species tolerance of heavy metals is
connected with formation of special immunity mechanisms. These mechanisms
are based either on the free ions immobilization in cellule structures (Vacuoles,
cell membrane), or on their binding with a chemical cellule component. Such
heavy metal ion complexes with organic acids, aminoacids and peptides are
frequently observed (Tukendorf 1988).

Conclusions

1. Copper, zinc, lead and cadmium occur in certain Spitsbergen tundra
plants in amounts exceeding accepted concentrations of these elements.

2. Manganese concentration in all the studied plants falls in the physiologi-
cal limits of this element.

3. The studied metal concentrations in plants are associated with the plant
species and in certain cases the amounts of zinc and lead should be also
associated with the plant location.
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Streszczenie

W roku 1987, w ramach Wyprawy Geograficznej na Spitsbergen zorganizowanej przez
Uniwersytet Marii Curie-Sklodowskiej w Lublinie, zajgto si¢ badaniami nad zawartosciag nie-
ktérych metali cigzkich w roslinach zebranych na Spitsbergenie w okolicach fiordu Bellsund.
Terenem badan byly réowniny Calypsostranda, Lyellstranda i dolina Chamberlin (fig. 1).

Metale cigzkie: miedZ, mangan, cynk, olow i kadm oznaczono u 5 gatunkow roslin
naczyniowych, 4 gatunkow mszakow i 14 gatunkow porostow (tab. 1—3). Wykazano u wielu roslin
tundry spitsbergenskiej znaczne nagromadzenie miedzi, cynku, ofowiu i kadmu, co moze by
znacznym obciazeniem a nawet zagrozeniem dla naturalnego Srodowiska tego regionu (tab. 4).



