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Abstract. Biomonitoring studies of heavy metals (Cd, Cr, Ni, Pb, Cu, Zn, Fe, Mn) and other elements 
(Mg, Na, K, Ca) were done in all Polish national parks in 1976 and again in 1986. Two moss species 
(Pleurozium schreberi and Hylocomium splendens) were used to estimate the concentrations of these 
elements, mainly derived from atmospheric deposition. Significant differences were found between 
particular parks in the concentration of heavy metals and nutrients, the lowest concentration being 
recorded in the mosses from the parks in northern and eastern Poland, the higher ones in the southern 
parks. Significant differences in the content of elements were also observed between the green and 
brown parts of mosses, between moss species and between years of sampling. 

1. Introduction 

Mosses are very precise and sensitive bioindicators of heavy metal deposition in 
the environment (Tyler, 1971, 1972; Maschke, 1981; Grodzifiska, 1982). They are 
used for long-term ecological monitoring in many countries - in Scandinavia (Rtihling 
and Tyler, 1971, 1973, 1974; Pakarinen and Tolonen, 1976; Pilegaard et al., 1979; 
Gydesen et  al., 1983; Rtihling et al., 1987), in Western Germany (Thomas and 
Hermann, 1980; Hermann, 1976) and in Poland (Grodzifiska, 1978; Berbeka and 
Godzik, 1982; Godzik, 1988). 

The aim of this paper is to present the levels of heavy metal contamination 
of Polish national parks in 1986 using mosses and to compare the results with 
those of 1976 (Grodzifiska, 1978). 

2. Material and Methods 

The mosses Pleurozium schreberi (Brid.) Mittl. and Hylocomium splendens (Hedw.) 
B.S.G. were collected in 14 national parks in Poland in the autumn of 1986 (Figure 
1, Table I). In each park the material was sampled both in central and peripheral 
areas in the same plots as in 1976. Unwashed mosses were separated into green 
and brown parts. The green parts usually represented 2 yr increments whereas the 
brown parts were older (2 to 5 yr). Samples were dried at 85 °C, and wet digested 
in 4:1 mixture of concentrated nitric and perchloric acids. Cadmium, Cr, Ni, Pb, 
Cu, Zn, Fe, Mn, and Mg, Ca, K, and Na were determined using a Varian Techtron 
1000 atomic absorption spectrophotometer. Detailed procedure of sampling and 
chemical analysis can be found in Grodziliska (1978). 
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Fig. 1. The location of Polish national parks. (1) Slowifiski, (2) Wolifiski, (3) Bia~owieZa, (4) Roztocze, 
(5) Bieszczady, (6) Kampinos, (7) Gorce, (8) gwi~tokrzyski, (9) Karkonosze, (10) Wielkopolski, (11) 

Pieniny, (12) Tatry, (13) Babia Gdra, (14) Ojcdw. 

3. Results 

3.1. HEAVY METAL CONCENTRATION IN MOSSES 

Pleurozium schreberi and Hylocomium splendens accumulated Cd, Cu, Zn and 
Fe in similar amounts and showed significant differences in accumulation levels 
of Cr, Ni, and Pb (Table II). Pleurozium schreberi accumulated more of these 
three elements per dry weight unit than Hylocomium. 

Significant statistical differences were found in the concentrations of heavy metals 
between younger (green) and older (brown) parts of both moss species (Table II). 

Significant differences were found in the metal accumulation by mosses between 
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TABLE I 

General characterization of Polish national parks 

411 

Altitude above Annual sum of 
Name of park Area (ha) sea level (m) precipitation (mm) 

S~owifiski NR 0 - 56 619 18247 
WolifiskiNR 0 - 115 581 4844 
Wielkopolski NR 55 - 132 501 5198 
Kampinos NR 60 - 106 500 35482 
Bialowieza NR 147 - 170 585 5317 
RoztoczeNR 300 - 390 710 6843 
Swi,tokrzyskiNR 260 - 6tl 560 - 660 5897 
OjcdwNR 305 - 478 791 1592 
KarkonoszeNR 410 - 1605 1158 5562 
BabiaGdra NR 800 - 1725 960 - 1400 1741 
TatryNR 800 - 2499 1112 - 1810 21164 
GorceNR 600 - 1310 900 - 1220 5945 
PieninyNR 420 - 982 805 2328 
BieszczadyNR 630 - 1346 1035 5587 

the na t iona l  pa rks  of  Po l and  (Table II ,  F igure  2). The  highest  var ia t ions  be tween 

pa rks  were obse rved  in Pb, Fe  and  Mn (5 times),  smal ler  in Ni. The  concen t ra t ion  

of  mos t  meta ls  was highest  in the mosses  f rom Tat ry ,  Babia  G d r a  and  Ojcdw NP, 

while the lowest  concen t ra t ions  were measured  in mosses f rom Stowifiski,  Wolifiski ,  

BialowieZa and  Roz tocze  N P  (F igure  2). In  the first g roup  o f  pa rks  the concen t ra t ion  

o f  Cd  in P leu roz ium ranged  f rom 1.3 to 1.9 #g g- i ,  in the second  g roup  it was 

f rom 0.4 to 0.78 #g g-l .  The  concen t ra t ions  of  Cr were, respect ively,  8.1 to 8.7 

and  2.7 to 3.6, Ni  4.0 to 7.1 and  2.3 to 3.1, Pb 68 to 101 and  22 to 39, Zn 100 

to 136 and  36 to 64, Fe  2110 to 3098 and  657 to 930 #g g-1 (F igure  2). The  largest  

a m o u n t  of  Cu was found  in the mosses  f rom the K a r k o n o s z e  and  the Wie lkopo l sk i  

NP, tha t  of  Mn f rom W i e l k o p o l s k i  and  Bieszczady N P  (F igure  2). 

In  o rde r  to evalua te  the genera l  degree o f  meta l  c o n t a m i n a t i o n  o f  all pa rks  a 

po l lu t ion  index was used (F igure  3). It represents  the mean  s t andar i zed  contents  

of  6 e lements  in mosses  (Cd, Ni,  Cr,  Cu, Pb,  Zn). Acco rd ing  to this index the 

pa rks  were classified as re la t ive ly  clean, mode ra t e ly  c o n t a m i n a t e d  and  heavi ly  

c o n t a m i n a t e d  (Table  I I I ,  F igure  3). The  first ca tegory  represents  the  mar i t ime  pa rks  

and  pa rks  f rom Eas te rn  P o l a n d  (Stowifiski,  Wolif iski ,  BiatowieZa, Roztocze ,  Bieszc- 

zady) ,  where  the index ranged  f rom -0.50 to -0.23. Parks  loca ted  in the lowlands  

( Kampinos ,  Wie lkopo l sk i )  and  some pa rks  in the moun ta ins  (Gorce ,  Swi~tokrzyski ,  

K a r k o n o s z e ,  Pieniny)  were cons idered  mode ra t e ly  c o n t a m i n a t e d  with the  index 

rang ing  f rom -0.14 to 0.22. Heav i ly  c o t a m i n a t e d  were some pa rks  in Western  

C a r p a t h i a n s  (Tatry,  Babia  G d r a )  and  in the h igh land  (Ojcdw) with the index of  

0.37 to 0.57 (Table  I I I ,  F igure  3). 

The  degree of  c o n t a m i n a t i o n  o f  pa rks  by  the respect ive heavy  meta ls  was also 

es t imated.  The  pa rks  were a r r anged  in o rde r  o f  increas ing concen t ra t ions  in the 
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mosses. Using Duncan's test of multiple intervals, groups of parks were distinguished 
which differed statistically in heavy metal content of mosses. 

These groups differ significantly in the content of Mn, and not so well of Cd, 
Pb, Zn, and Cu. The Ojcdw, Tarry and Babia Gdra NP still represent the most 
heavily contaminated parks, while the Stowifiski, Wolifiski, Bialowie~a and Roztocze 
NP belonged to the relatively clean ones. A specificity in the contamination of 
parks was found. The Karkonosze and Wielkopolski NP were greatly polluted by 
Cu, and Gorce NP by Ni and Fe. 

The concentration of metals was higher in mosses collected from the peripheral 
zones of parks, but these differences (excl. Ni) were not significant statistically (Table 
II). 

3.2. OTHER METALS 

Other metal (Na, K, Ca, Mg) concentrations of the mosses was also determined. 
Concentrations of Na, Ca and K were different (p<0.01)  between the particular 
parks (Table II). 

The concentration of Na ranged from 42 to 208 (X = 100) #g g l. The highest 
content of this element was found in the two maritime parks (S{owifiski, Wolifiski). 
The K content of mosses ranged from 807 to 2972 (X = 1700) #g g-1. In northern 
and eastern Poland the concentration of this element was lower (about 1000 #g 
g-i), in the southern part of the country it was 2.5 times higher. The mean 
concentration of Mg in mosses was about 1000 #g g i. The mosses from parks 
located in the mountain showed the highest content of this element. The Ca content 
of mosses in most parks ranged from 1000 to 2000 #g g-1. Only in samples from 
calcareous areas (Tatry, Pieniny, Ojc6w) the values were higher (3000 to 7000 #g g-l) 
(Table IV). 

Differences in concentration between central and peripheral park areas, as well 
as between species, were not statistically significant (Table II). 
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Fig. 2. Cd, Ni, Cr, Pb, Zn, Mn, Fe (gg g-~ d.w.) concentrations in Pleurozium schreberi in Polish 
national parks, the mean content of metals in green and brown parts of mosses are indicated for both 

the central and peripheral areas of the parks. (A) 1976, (B) 1986. Parks: see Figure 1. 
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Fig. 3. Pollution index values for 12 Polish national parks defined as a sum of standarized contents 
of heavy metals in mosses. (A) 1976, (B) 1986. Parks: (1) S~owifiski, (2) Wolifiski, (3) BialowieZa, (4) 
Bieszczady, (5) Kampinos, (6) Swi~tokrzyski, (7) Karkonosze, (8) Wielkopolski, (9) Pieniny, (10) Tatry, 
(11) Babia Gdra, (12) Ojcdw. Standarized values (Yij) of/-heavy metal in j-national park is obtained 
from formula: 

x/j  -~i 

Yij - -  "~i ' 

where Yij is the content of /-heavy metal in j-national park; 2rmean content of /-heavy metal in all 
parks. Pollution index of j-national park (Sj) is defined according to: 

S j - ~  YO" 
i-1 

TABLE III 

Heavy metal concentration (gg g 1 d.w.) in Pleurozium schreberi from 3 groups of Polish 
national parks. Mean concentration of metals in green and brown parts of mosses from 

central and peripheral areas of parks 

Group of parks Cd Cr Ni Pb Zn Fe 

relatively clean a 0.69 3.16 2.92 37.0 50.0 864 
moderately contaminated b 0.83 6.00 4.70 62.1 73.4 1756 
heavily contaminated c 1.54 8.46 5.30 89.4 113.0 2505 

a Stowillski, Wolifiski, Bialowie~a, Roztocze, Bieszczady. 
b Wielkopolski, Kampinos, Swietokrzyski, Pieniny, Gorce, Karkonosze. 
c Babia Gdra, Tatry, Ojcdw. 
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TABLE IV 

Concentrat ion of some elements (l~g g-~ d.w.) in Pleurozium schreberi from Polish national parks 
The mean content of  elements in green and brown parts of  mosses are indicated for both the centra 

and peripheral areas of the parks 

Park 
Mg Ca K Na 

1976 1986 1976 1986 1976 1986 1976 1986 

S~owifiski 913 365 2386 417 3647 807 299 208 
Wolifiski 800 724 2453 994 3826 1032 461 148 
Bia~owie~a 1193 854 3203 1513 4705 924 183 68 
Roztocze - 822 - 3099 1015 - 70 
Bieszczady 1158 1107 4064 3244 6298 847 97 42 
Kampinos  1109 996 2991 1590 3900 2140 245 108 
Gorce - 2784 - 3932 2451 - 88 
Swi~tokrzyski 1019 595 5931 1914 7518 2097 191 87 
Karkonosze 1121 928 3974 2142 7779 2982 359 74 
Wielkopolski 977 859 2766 3130 4215 1319 169 89 
Pieniny 764 1670 2505 3050 7350 1467 134 77 
Tatry 966 3156 3535 7276 6281 1835 120 54 
Bab i aG6ra  807 991 2131 2452 6218 2058 150 83 
Ojc6w 993 1034 3471 3050 7486 2758 187 99 
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Fig. 4. Changes in metal concentrations in mosses of Polish national parks over 10 yr (A) 1976, 
(B) 1986. 
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3.3. C H A N G E S  IN T H E  CONTAMINATION OF MOSSES WITH HEAVY METALS OVER THE 

DECADE 1976-1986 

The concentration of heavy metals in Pleurozium schreberi and Hylocomium 
splendens samples in 12 Polish national parks in 1976 and 1986 was compared 
and differences over the last 10 yr were found. The concentration of Cd, Pb, Zn 
and Mn was about 50% lower that of Ni, Cr and Fe about 20 to 30% lower in 
1986 than in 1976 (Figure 4). The differences (excl. Ni, Fe) were statistically significant 
(Table II). 

The changes in the contamination of mosses with heavy metals were, however, 
different in particular parks. In parks heavily contaminated 10 yr ago (Ojcdw, 
Karkonosze, Swictokrzyski NP) heavy metal concentrations had decreased in 1986. 
In the parks moderately and slightly contaminated in 1976 (e.g., Bieszczady, 
Kampinos, Biatowie2a) the concentration of heavy metals was only slightly lower 
or unchanged in 1986. In two parks lying in the mountains (Pieniny, Tatry) and 
also in the Wielkopolski NP the contamination of mosses increased considerably 
(Figure 4). 

The differences in the levels of metals between mosses in the central and border 
part of national parks were also determined (Table II). The metals occurred always 
in higher concentration in mosses sampled in the border areas of parks. The 
differences were statistically significant for all metals (except Cd) in 1976, while 
in 1986 they were significant for Ni and Mn only (Table II). 

Highly significant differences were also found in the concentration of heavy metals 
between the younger (green) and older (brown) parts of mosses. These differences 
were most distinct in 1986. 

Stowifiski NP - the least contaminated park in 1976 and 1986 was used as the 
'background' for Poland. Wolifiski, Bialowie~a, Bieszczady, and Kampinos NP were 
about 1.5 times and Ojc6w NP 3 times more contaminated than the Stowifiski 
NP. Other parks were 1.5 to 2 times more contaminated in 1976, 2 to 3 times 
in 1986 than the 'back ground'. 

The concentration of Na and K in mosses was always lower in 1986 than in 
1976, while the Mg and Ca content was in some parks lower and in others higher. 
The difference was statistically significant in the case of Na only (Table II, Figure 4). 

4. Discussion 

The contamination of national parks with heavy metals determined by means of 
mosses corresponds to the distribution of industrial emission in Poland (Leszczycki, 
1971; Kassenberg and Rolewicz, 1985; Kassenberg and Marek, 1986). At present 
among the most polluted are Ojcdw, Babia Gdra, Tatry and Pieniny NR They 
are under the emissions from the largest Cracow-Silesian Industrial Region. 
Moderately contaminated (e.g. Wielkopolski, Kampinos NP) are quite distant from 
industrial regions, but lie close to the large cities (Poznafi Warszawa). The relatively 
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clean national parks (Stowifiski, BiatowieZa, Roztocze, Bieszczady) lie in that part 
of the country which is least industrialized. 

During the last 10 yr the concentration of heavy metals in mosses decreased 
distinctly in Ojcdw, Swi~tokrzyski and Karkonosze NP, while in the Kampinos, 
Bieszczady and BialowieZa only slightly. The contamination of mosses in the 
mountain parks (Pieniny, Tatry, Babia Gdra) and in the Wielkopolski NP increased 
considerably. The deposition of metallurgical dusts in Poland in 1976 was 173 000 
t (0.6 t km-2), in the period of 1980-1984 about 140000 t (0.4 t km-2), in 1985 
and 1980 it reached 170000 t (0.7 t km -2) (Statistical Yearbook GUS, 1977-1987). 
The decrease of metallurgical dustfall was most pronounced in the large industrial 
regions and in adjacent areas. In central and southern Poland this change was 
much smaller (Statistical Yearbook GUS, 1977-1987). Changes in the contamination 
of national parks with heavy metals recorded with the mosses correlate with changes 
in the dust emissions in the period of 1976-1986 in Poland. The mountain parks 
(Pieniny, Tatry, Babia Gdra) are exceptions, however. They are located at the 
southern border of Poland where they are exposed to additional emissions from 
Czechoslovakia. 

A decrease in the concentration of heavy metals, especially Cd, Pb, in the mosses 
of Northern Europe over the period of 1968-1985 was also reported from Scandinavia 
(Gydesen et al., 1983; Rtihling and Tyler, 1984; Rtihling et al., 1987). These authors 
also cite data concerning the decrease in the emissions of metallic dusts in various 
countries of Western and Central Europe. A trend of decrease in the emissions 
of industrial dusts was the most pronounced in our country in early 1980's due 
to a recession in the heavy industry. Mosses showed this trend very precisely because 
they contain dusts deposited during the last 3 or 4 yr. 

The differences in the contamination of mosses by heavy metals between particular 
parks were much more distinct t0 yr ago than at present. This can be explained 
by the establishment of new local emission sources of dusts in Central and Northern 
Poland. 

The differences in the heavy metal contamination of mosses between central and 
border parts of parks decreased in 1986 in comparison with 1976. It showed that 
the whole areas of parks are under the pressure of emissions. The functioning of 
the ecosystems of these parks is at present at greater risk. 

The present increase in the concentration of metals between green (younger) and 
brown (older) parts of mosses can be explained by the decrease of dust deposition 
in the early eighties (now brown parts of mosses) and greater dustfall in the mid- 
eighties (now green parts). The mosses in all Polish national parks are seriously 
contaminated by heavy metals in comparison with the mosses in Scandinavia (Rtihling 
et al., 1987). Mosses from Polish national parks contained in 1976, 5 to 6 times 
more Cd and Cr than mosses in northern part of Scandinavia, and about 4 times 
more Pb and 2 times more Ni and Zn. In 1986 the concentration of these elements 
was in mosses from Polishfnational parks 2 to 3 times higher than in Northern 
Scandinavia. When the cleanest parks in Poland are compared with the areas in 
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N o r t h e r n  Scand inav ia ,  the accumula t ion  of  Pb and  Cd  10 yr  ago was 4 to l0 

t imes higher  and  Ni,  Cr  and  Zn 2 to 3 t imes higher.  The  present  accumula t ion  

o f  all heavy  meta ls  was a b o u t  2 t imes higher  in this g roup  of  pa rks  in c ompa r i son  

with far  nor th .  Mosses  o f  heavi ly  c o n t a m i n a t e d  Pol ish na t iona l  pa rks  con ta ined  

3 to 4 t imes more  Cd,  Cr,  Pb,  and  Zn than  mosses  in Sou the rn  Sweden 10 yr  

ago  and 4 t imes more  of  these meta ls  at  present .  I t  showed tha t  the decreas ing 

of  dus t  emissions in P o l a n d  dur ing  the last  10 yr  was less efficient than  in Sweden.  

This s tudy  has shown tha t  Pol ish na t iona l  pa rks  are under  the stress of  dust  

emissions con ta in ing  high amoun t s  of  heavy metals .  
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