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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. 

K e y w o r d s : Arctic, Spitsbergen, plants, heavy metals. 

Introduction 

The invest igat ions of certain heavy metals con ten t s in p lan ts of the 
Spitsbergen t u n d r a have been carr ied in 1987 dur ing the Spitsbergen Geogra ­
phical Expedi t ion organized by the M a r i a Cur ie -Sk łodowska Universi ty in 
Lublin. The plants have been sampled in June , July a n d Augus t in the area of 
Ca lypsos t randa , Lyel ls t randa a n d in the Chamber l i n Valley, Bellsund Region, 
western Spitsbergen. 

The mar i t ime plains of Ca lypsos t r anda a n d Lyel l s t randa are the areas of 
dry t u n d r a covered mainly with lichens and mosses a n d vascular p lants as well. 
H u m i d - m a r s h y t u n d r a at Chamber l inda len is covered most ly by mosses. 

The ob ta ined results concerning the conten ts of the following heavy metals: 
copper , manganese , zinc, lead a n d cadmium, have been presented a l ready in 
a pre l iminary repor t (Jóźwik 1988). 

Materials and methods 

Vascular plants , mosses and lichens have been collected a t Ca lypsos t randa , 
Lyel ls t randa and Chamber l in Valley in the region of the Bellsund fjord, 
Wes te rn Spitsbergen, in June , July and Augus t 1987 (see Fig. 1). 
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B E L L S U N D 

K a p p Lye l l 

Fig. 1. Locat ion sketch m a p of the studied area, based on the m a p of 
N o r w a y 1:100,000, sheet Van Keulenfjorden, Spitsbergen. Os lo 1985. 

T h e con ten t s of copper , manganese , zinc, lead a n d c a d m i u m have been 
de te rmined in these plants . T h e sampled popu l a t i on consis ted of five species of 
vascular p lants : Saxifraga oppositiofolia L., Saxifraga caespifosa L., Silene 
acaulis (L.) Jack., Salix polaris L. a n d Dryas octopetala L.; four mosses species: 
Oncophorus wahlenbergii, Racomitrium lanuginosum, Aulacomnium palustre and 
Drepanocladus revolvens, and fourteen lichens species: Cetraria hiascens (FT.) 
Th., Cetraria nivalis (L.) Ach., Cetraria crispa N y l , Thamnolia oermicularis (Sw.), 
Xantoria elegans (Link), Umbilicaria sp., Stereocaulon sp. Schreb. , Stereocaulon 
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denudatum Fik., Ochrolechia frigida (Sw), Parmelia Ach., Peltigera sp., Cladonia 
mitis Sandst . and Cladonia gracilis (L.). 

D u r i n g the p a n t collecting, the prevailence of a given species in the sampled 
env i ronment has been taken in to account . Several t o several tens whole 
specimens of each species have been dried, g r o u n d in an aga te m o r t a r and 
homogenized by mixing. Then , the ob ta ined p lan t mater ia l has been t reated as 
average samples of individual species of the vascular p lants , mosses and lichens. 
T h e samples have been mineral ized in a mixture of ni tr ic a n d perchloric acids 
7:1 (v/v), a n d next the heavy metals conten ts have been de te rmined by use of 
the a tomic absorp t ion spec t ropho tomete r Pye U n i c a m S P 9. 

Discussion of the results 

Tables 1, 2 and 3 present the average heavy meta ls con ten t s (in ppm), 
derived from two independent ly carried analyses of the vascular p lants , mosses 
and lichens. T h e a m o u n t s of the s tudied elements: copper , manganese , zinc, 
lead a n d cadmium, in mos t cases should be b o u n d with a given p lant species. 
Thus , the same species occurr ing in var ious localities bear similar a m o u n t s of 
the de termined elements. However , the meta l con ten t in a p lant depends not 
only o n its species. In certain cases there a p p e a r also the re la t ions of certain 
metals concent ra t ions to the p lant s tat ion. F o r instance, Silene acaulis from the 
Ca lypsos t r anda plain bears distinctly less lead (4.1 a n d 1.8 ppm) t han the same 
species from the seaside terrace cliff (14.8 ppm) . Lead has no t been detected in 
Salix polar is from the Ca lypsos t r anda plain, whereas this willow from the 
Lyel ls t randa plain conta ined 17.0 p p m of this element. Dry as oc topeta la 
growing on the seaside terrace cliff bore 57.4 p p m zinc, bu t the same species 
from a different locality yielded the zinc concen t ra t ion of only 7.8 ppm. 

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

Table 4 shows the concent ra t ion ranges of the studied heavy metals in the 
vascular plants , mosses and lichens. All the analysed elements occur in wide 
concent ra t ion ranges in the discussed p lant g roups . It seems to be reasonable 
to discuss in detail the occurrence of the analysed e lements for the individual 
p lant species. O n e should ment ion however, tha t there appea r s a p rob lem in 
the es t imat ion of toxic concent ra t ions of these metals or deficiency criteria of 
a given element. 

The m o n o g r a p h published by K a b a t a - P e n d i a s and Pend ias (1979) gives 
certain accepted concent ra t ion ranges in p p m for the analysed heavy metals in 
plant mater ial . 

C o p p e r as the c o m p o n e n t necessary for p lant g rowth a n d development is 
accumula ted by active mode , which is connected with metabol ic processes. It 
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T a b l e 4 
Ranges of the heavy metal concentrations (ppm) in individual plant groups in the studied region 

Plant group Cu M n Zn Pb Cd 

Vascular plants 
Mosses 
Lichens 

3 . 9 2 - 9.98 
3 . 4 8 - 3 3 . 0 1 
1 . 7 9 - 3 6 . 7 8 

2 7 . 7 6 - 3 8 0 . 6 0 
2 8 . 1 7 - 2 8 2 . 2 1 

3 . 9 1 - 2 4 4 . 4 7 

7 . 7 6 - 1 2 1 . 1 2 
1 0 . 4 8 - 65.88 
3 . 4 0 - 68.22 

1 . 8 4 - 3 4 . 1 4 
0 . 7 5 - 2 6 . 6 1 
2 . 9 9 - 5 2 . 7 5 

0 . 2 8 - 8 . 2 9 
0 . 4 3 - 1 . 8 4 
0 . 1 6 - 6 . 1 3 

may be also accumula ted passively due to the wate r t r ansp i ra t ion passage. T h e 
a m o u n t of this element in highly-organized p lan ts is directly p r o p o r t i o n a l t o its 
concen t ra t ion in solut ion. In some cases this a m o u n t can,however , exceed the 
real d e m a n d s . 

Average copper content in the ove rg round p lan t pa r t s equals 5 t o 20 p p m , 
depend ing on the p lant locat ion a n d cl imate condi t ions . 

A m o n g the vascular p lants , copper (3.9 p p m ) has been detected in Salix 
polaris, the willow collected at Ca lypsos t r anda , b u t a m o n g l ichens there have 
been found several species accumula t ing copper in a n a m o u n t below 5 p p m 
(Tables 1—3).. T h e concen t ra t ions of 33.0 a n d 21.8 p p m C u have been detected 
in mosses Aulacomnium palustre from Chamber l i nda l en which shou ld be 
considered as the toxic a m o u n t (Table 2). 

Cer ta in species of the vascular p lan ts are character ized by a significant 
to lerance for high copper concen t ra t ions exceeding m a n y t imes the p lan t 
d e m a n d s for this element. F o r instance, the a m o u n t of 20 p p m C u in the 
cul ture m e d i u m causes nei ther metabol ic changes n o r d i s tu rba t ion of the 
physiological processes of Spinacia oleracea L. (Baszyński et al. 1982). 

M a n g a n e s e is the element accumula ted by p lan t s b o t h passively and 
metabolical ly, a n d in the lat ter case the accumula t ion depends less o n soil 
factors. Repor ted ly , the manganese con ten t in p lan t s ranges from 1 to 900 p p m . 
T h e a m o u n t s of this element, no t fitting to these concen t ra t ion ranges , have no t 
been found in the analysed p lan ts samples collected in Spi tsbergen. T h e highest 
m a n g a n e s e concen t ra t ion occurs in Silene acaulis (360.6 ppm) , a n d the lowest 
one — in a lichen sample of the Peltigera species (3.9 p p m , see Tables 1 a n d 3). 

Zinc is an element necessary for the regular p lant g rowth . Its concen t ra t ion 
in mos t p lan ts is in the ranges 15—80 p p m . I t is accumula ted actively by 
plants , bu t it m a y be also accumula ted passively a n d in the areas influenced by 
an industr ia l emission its a m o u n t in p lan ts increases in p r o p o r t i o n to the 
a tmospher i c dus t fall (Kaźmie rczakowa 1975). 

Except for the po la r willow (Salix polaris), the o the r p lan t species bear this 
element in the limits given above . Salix polaris bo re in three different locat ions 
104.1, 99.4 and 121.1 p p m zinc. T h u s one can suppose tha t these concen t ra t ions 
a re a l ready toxic for this plant . 

The highly-organized p lan ts accumula te lead b o t h from dus ts plus a t m o s p ­
heric prec ip i ta t ion and from their breeding g round . Thus , the ascer ta ining of 
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lead presence in mosses and lichens indicates its occurrence in a tmosphe re of 
this area. 

M a n y repor ts present the op in ion tha t it is difficult t o de te rmine the na tu ra l 
lead conten t in p lants . O n e supposes tha t the lead concen t ra t ion in p lants 
ranges from 0.9 to 9.0 p p m (Zimdahl and Arvik 1973). There , where p lan ts are 
affected by an immedia te industr ia l emission, their lead concen t ra t ion may 
exceed even 100 p p m (Tyler 1972, P a k a r i n e n and Tolenen 1976, K a r w e t a 1976, 
Kaźmie rczakowa 1975). 

A m o n g the analysed plants there have been found species bear ing m o r e 
then 9 p p m lead, namely Saxifraga oppositifolia (34.1 ppm) , Oncophorus 
wahlenbergii (26.6 ppm) and a lichen of the Parmelia species (52.8 p p m lead). 
These concen t ra t ions should be evaluated as relatively high, especially tak ing 
in to accoun t tha t the p lan t sampl ing areas a re no t affected by a n immedia te 
influence of industr ia l emissions. T h e absence of lead in Salix polaris, a willow 
collected at the Ca lypsos t r anda and in the lichen Cladonia mitis from the 
locality Chamber l inda len seems to be w o r t h not ing. 

O n e supposes tha t lead m a y be accumula ted by m o d e of endocytos is on the 
basis of the quick appea rance of this meta l in a cellule. P lan t s m a y accumula te 
an appreciable lead a m o u n t wi thout distinct negat ive external symptoms . Even 
if such s y m p t o m s are observed (e.g. the root shortening), they are no t typical 
only for this metal . It seems, tha t lead accumula ted endocytosta t ical ly is 
isolated in places inactive in a metabol ic sense, e.g. in the vacuole o r in cell 
m e m b r a n e (Ważny 1987). 

C a d m i u m is the element relatively easily accumula ted by plants , a l though 
supposedly it is no t necessary for their deve lopment . F o r the non-pol lu ted 
regions one supposes its a m o u n t unde r 1 p p m as character is t ic for p lants . M o s t 
p lants have high tolerance of this meta l and even a significant c admium 
concen t ra t ion in the breeding g r o u n d gives n o in toxicat ion s y m p t o m s of these 
plants . T h e ability to synthesize special prote ins o r pept ides b inding the toxic 
ions in to non- toxic complexes is the mos t c o m m o n biochemical mechanism of 
this to lerance (Baszyński et al. 1980, 1988). T h e pro te in and pept ide presence, 
playing an impor t an t role in this de toxica t ion is presently ascertained 
c o m m o n l y in m a n y organisms, from primitive algae to vascular plants . These 
c o m p o u n d s are n a m e d phytochela t ines o r "metal lothionein- l ike complexes" 
(Gekeler 1988; Gril l 1988). 

C a d m i u m , like lead, is the element intensively accumula ted by mosses. If 1.0 
p p m is the upper concent ra t ion range of c a d m i u m in mos t plants , certain 
species collected in the Bellsund region displayed a significant exceeding of this 
value. F o r instance, Salix polaris bears 8.29 p p m , the lichen Stereocaulon 
denudatum — 6.1 p p m the genus Peltigera — 1.7 p p m , Xantoria elegans — 2.9 
p p m , and the moss Oncophorus wahlenbergii — 1.8 and 1.3 p p m Cd. 
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It is supposed tha t the cer ta in p lan t species to lerance of heavy meta ls is 
connected wi th format ion of special immun i ty mechan i sms . These mechan i sms 
are based ei ther o n the free ions immobi l iza t ion in cellule s t ruc tures (Vacuoles, 
cell membrane ) , o r o n their b ind ing wi th a chemical cellule c o m p o n e n t . Such 
heavy meta l ion complexes wi th o rgan ic acids, aminoac ids a n d pept ides a re 
frequently observed (Tukendorf 1988). 

Conclusions 

1. Coppe r , zinc, lead a n d c a d m i u m occur in cer ta in Spi tsbergen t u n d r a 
p lan t s in a m o u n t s exceeding accepted concen t ra t ions of these elements . 

2. M a n g a n e s e concen t ra t ion in all the s tudied p lan t s falls in the physiologi­
cal limits of this element. 

3. T h e s tudied meta l concen t ra t ions in p lan ts a re associated wi th the p lan t 
species a n d in cer ta in cases the a m o u n t s of zinc a n d lead shou ld be also 
associated with the p lan t locat ion. 
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Streszczenie 

W roku 1987, w ramach Wyprawy Geograficznej na Spitsbergen zorganizowanej przez 
Uniwersytet Marii Curie-Skłodowskiej w Lublinie, zajęto się badaniami nad zawartością nie­
których metali ciężkich w roślinach zebranych na Spitsbergenie w okol icach fiordu Bellsund. 
Terenem badań były równiny Calypsostranda, Lyellstranda i dol ina Chamberlin (fig. 1). 

Metale ciężkie: miedź, mangan, cynk, o łów i kadm oznaczono u 5 gatunków roślin 
naczyniowych, 4 gatunków mszaków i 14 gatunków porostów (tab. 1—3). W ykazano u wielu roślin 
tundry spitsbergeńskiej znaczne nagromadzenie miedzi, cynku, o łowiu i kadmu, co może być 
znacznym obciążeniem a nawet zagrożeniem dla naturalnego środowiska tego regionu (tab. 4). 


