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Introduction
Contamination of the natural environment 

is currently a global problem. Heavy metals, 
beside sulphur dioxide, nitrogen oxides and 
ozone, constitute primary sources of threat to 
environment  (Serengil  et  al.  2011).  They 
constitute  the  universal  and  generally used 
sign of environmental pollution, particularly 
if we consider the top layer of soil and selec­
ted  species  of  plants,  mosses  and  lichens 
(Panek 2000). The toxicity of heavy metals 
depends on their  biochemical role in meta­
bolic  processes.  Zinc,  lead  and  cadmium, 
when  introduced  into  ecosystems  in  large 
amounts, have a great potential of disturbing 
the  chemical  balance  (Kabata-Pendias  & 
Pendias  1979).  The  present  knowledge  of 
natural concentrations of trace metals in soil 

and plant tissues is poor due to a lack of eco­
systems without anthropogenic pressure. Fo­
rest  soil  is  particularly suitable  for  investi­
gating trace metal pollution because the soil 
structure  is not  deformed (Panek 2000).  In 
Poland, analysis of trace elements in the soil 
was performed by many authors (Zwolinski 
1995,  Zwolinski 1999,  Tokarz & Turzanski 
1999,  Korzeniowska  &  Stanislawska-Glu­

biak  2003,  Gancarczyk-Gola  &  Palowski 
2005,  Rusek  et  al.  2005,  Pajak  &  Jasik 
2010).

Mosses  are  very  accurate  and  sensitive 
bioindicators  of  heavy metal  deposition  in 
the environment (Tyler 1970,  Rühling et al. 
1987,  Türkan et al. 1995,  Grodzinska et al. 
1999,  Szarek-Lukaszewska  et  al.  2002, 
Szczepaniak & Biziuk 2003,  Zechmeister et 
al.  2003,  Dmuchowski  &  Bytnerowicz 
2009).  In  central  and  northern  Europe  the 
moss species Pleurozium schreberii and Hy­
locomnium  splendens are  most  popular  as 
biomonitors of heavy metals (Harmens et al. 
2008,  Migaszewski et  al.  2009).  Plerozium 
schreberii is  recommended  for  use  in 
European surveys (Berg 1997, Grodzinska et 
al. 1999).

The aim of this research was to determine 
the level of heavy metal (Zn, Pb, Cd) pollu­
tion in the Brynica district,  on the basis of 
the concentration of these metals in selected 
components of the forest ecosystem. An ad­
ditional purpose was to describe the relation 
between the concentration of metals in indi­
vidual components and its changes with the 
distance from the likely source of emission, 
i.e., a metallurgic complex.

Material and Methods
The investigation  site  was  located  in  the 

Brynica district,  forest  inspectorate Swierk­
laniec. The Brynica district is part of a large 
forest complex situated in the northern part 
of  the  Upper-Silesian  Industrial  Region 
(southern  Poland  -  Fig.  1).  Sampling  sites 
were located in the dominant habitat types in 
pine tree stands, east of the source of emis­
sion  (“Miasteczko  Slaskie”),  according  to 
the  direction  of  prevailing  winds.  Samples 
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The atmospheric heavy metal pollution (lead, cadmium and zinc) of the Bry­
nica district (one of the most polluted regions of Poland) was assessed in the 
top layer of soils (0-20 cm), organic layer and in tissues of the common wood­
land moss Pleurozium schreberii. Samples were taken in July 2008 at 31 points 
distributed over a 1500 x 1500 m grid. The concentration of trace elements 
changed depending on analysed material, distance from the metallurgic com­
plex “Miasteczko Slaskie” and type of metals. The highest concentrations were 
close to Miasteczko Slaskie. The highest values were in the organic layer. Moss 
samples were useful as biomonitors.  The analyses confirmed a considerable 
contamination with heavy metals of the forest environment in the Brynica dis­
trict.
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were  taken  from the  top  layer  of  mineral 
soils (0-20 cm), organic layer and the tissue 
of  common  woodland  moss  Pleurozium 
schreberii,  at  31  systematically  located 
points on a 1 500 x 1 500 m grid. The sam­
pling  period  was  in  July  2008.  Five  sub­
samples were collected within  100  m2 area 
and mixed to form a composite sample. Soil 
samples were dried and passed through a 2 
mm  sieve  to  remove  roots  and  stones. 
Samples of the organic layer were ground to 
powder. The pH of the organic layer and soil 
samples was measured in 1M KCl and dis­
tilled water (10 g of soil  or 5 g of organic 
layer mixed with either 50 ml KCl or water). 

Samples  of  Pleurozium  schreberii  were 
taken  from 27  sampling  sites.  All  samples 
were transported  to  the laboratory in  poly­
ethylene bags. After removing other debris, 
green and brown parts of unwashed tissues 
were dried at 60  oC and ground to powder. 
Each  soil,  organic  layer  and  moss  sample 
was digested in a spectral pure concentrated 
acid mixture (HNO3 and HClO4). Concentra­
tion of heavy metals (Zn, Pb Cd) in the moss 
tissues,  mineral  soil  and  organic  layer  was 
measured by AAS (AA Varian 20) by ato­
mization in air-acetylene flame.

The relationship between concentration of 
metals in mosses and distance from the po­

tential source was described by the non-lin­
ear equation (eqn. 1):

where  a and  b are parameters of the equa­
tion, e is the base of the natural logarithm, x 
is the distance.

Due to different distributions of the com­
pared variables correlations among concen­
trations  of  metals  in  mosses,  organic  layer 
and soil  were described by Spearman rank. 
All statistical analyses were carried out with 
the STATISTICA® 8.0 software.

The graphic representation of the pollution 
with heavy metals in the Brynica district was 
obtained by the ARCMAP software. This stati­
stical  image  of  the  dependence  adequately 
represents  spatial  interactions  between  the 
measurement  points.  The  method  could  be 
used for  predicting values at  the interpola­
tion surface.

Results and discussion
The  highest  concentrations  were  at 

sampling site 21 (soil and organic layer) and 
20 (moss), i.e., the closest sites to the Metal­
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Tab. 1 - PH and concentrations of heavy metals in the moss Pleurozium schreberii, organic layer and top layer of soil [mg kg-1]. (*): lack of 
moss samples.

Sampling
site

Distance from 
metalurgic 

complex [km]

Moss Organic layer Soil (0-20 cm)

Zn Cd Pb pH 1M
KCl Zn Cd Pb pH 1M

 KCl Zn Cd Pb

20 1.8 * * * 3.80 2542.00 83.00 2108.35 3.40 524.46 11.45 709.05
26 2.2 * * * 4.12 1261.00 60.30 1333.35 3.76 173.56 3.20 56.05
21 3.3 969.10 37.50 810.55 3.04 730.75 24.80 833.35 3.04 348.86 6.50 473.05
27 3.5 699.60 27.60 856.05 3.02 1017.00 24.25 828.35 3.24 47.91 1.20 84.30
3 3.7 467.65 24.50 657.05 3.17 666.75 15.90 683.35 3.02 89.91 3.45 90.55
12 3.7 641.10 30.85 683.05 3.26 776.25 29.15 830.85 3.21 72.26 1.95 108.60
31 4.3 334.85 16.85 433.55 3.26 391.40 13.40 481.35 3.69 149.56 2.75 155.65
4 4.6 523.90 26.75 746.05 2.97 908.00 22.20 1225.85 2.94 40.86 1.50 118.05
22 4.8 464.35 20.65 421.55 3.64 881.75 21.25 635.85 3.32 284.71 4.00 706.55
28 4.9 * * * 3.14 368.80 8.05 190.35 3.87 96.21 2.00 198.55
13 5.1 371.95 14.75 385.05 3.18 659.50 15.45 504.35 2.60 395.31 8.05 465.55
5 5.8 368.15 16.90 653.05 3.11 389.55 14.00 476.85 2.61 273.26 6.70 282.05
23 6.3 289.40 14.30 322.55 3.00 271.50 9.75 384.35 3.34 38.31 0.65 121.95
29 6.4 368.35 21.55 517.55 2.87 365.60 10.35 444.85 3.17 91.71 3.45 155.70
14 6.5 344.95 9.30 192.45 3.06 320.75 7.90 155.35 3.74 19.06 0.50 78.10
6 7.0 279.05 8.70 191.40 3.46 721.00 11.20 266.85 3.08 85.41 2.00 79.85
24 7.8 75.10 14.95 116.10 3.05 326.15 6.30 427.85 3.14 47.66 1.20 97.10
30 7.9 261.50 11.75 265.85 3.05 342.25 8.55 363.35 3.05 33.66 1.45 161.45
15 7.9 196.80 8.05 191.90 2.85 293.75 7.80 508.85 2.81 84.26 4.05 161.60
7 8.4 236.10 8.20 199.05 3.01 335.45 7.85 307.35 2.63 238.71 7.15 220.05
25 9.3 199.35 8.35 178.65 2.94 251.60 6.60 334.35 3.06 26.71 0.35 75.00
16 9.4 170.55 6.60 121.35 2.95 238.25 5.70 247.85 3.10 83.56 2.10 117.20
8 9.8 190.80 5.10 148.15 3.21 281.90 6.40 187.85 2.93 53.41 1.55 84.50
1 10.4 155.75 6.75 168.10 2.95 137.75 3.75 190.35 3.06 11.06 0.45 32.05
17 10.9 162.35 6.00 128.55 3.04 273.95 5.20 585.85 2.89 71.36 2.60 170.05
9 11.2 187.90 5.05 124.25 3.12 329.25 6.25 246.35 3.18 23.31 0.85 39.70
2 11.8 192.10 6.85 165.20 4.23 587.00 17.00 623.35 3.62 38.86 1.60 104.55
18 12.4 162.80 5.55 134.75 2.96 231.30 4.85 263.35 2.79 107.61 5.10 115.05
10 12.7 149.70 3.90 97.80 2.87 203.55 3.75 151.85 2.89 32.66 1.25 51.40
19 13.9 241.40 4.05 117.90 3.10 249.30 5.70 291.85 2.94 36.46 1.05 129.40
11 14.1 * * * 3.19 166.65 3.30 231.85 3.07 19.71 0.80 33.05

Tab. 2 - Parameters of eqn. 1 and basic statistics.

Elements Parameter Value Error t-value P R2 R

Pb a 90.95 17.8599 5.092429 0.000029 0.8018 0.8955
b 7 518.21 797.3783 9.428659 0

Cd a 3.907 0.5889 6.63438 0.000001 0.8586 0.9266
b 7 268.11 616.8116 11.78336 0

Zn a 92.271 12.5227 7.36831 0 0.8687 0.932
b 7 158.03 557.5065 12.83937 0

concentration=a⋅exp
( b

x)
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Fig. 2 - Cadmium (Cd) concentration (mg  
kg-1) in organic layer in Brynica district.

Fig. 3 - Lead (Pb) concentration (mg kg-1)
in organic layer in Brynica district.

Fig. 4 - Zinc (Zn) concentration (mg kg-1)
in organic layer in Brynica district.
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lurgic complex (Tab. 1). The minimum and 
maximum  concentrations  in  soil  differed 
among sites by over 20- (Cd), 30- (Pb) to al­
most 50-fold (Zn).  Differences in the moss 
and  organic  layer  concentrations  were  also 
very large (over 20-fold difference in the or­
ganic layer and 8- to 13-fold in the moss). 
Although  most  European  countries  have 
been  showing a  reduction  in  trace element 
deposition (Rühling & Tyler 2004, Harmens 
et al. 2008), a very high concentration of Zn, 
Cd and Pb was still  present in the Brynica 
district.

Such a high level of heavy metals was at­
tributed  to  the  activity  of  the  metallurgic 
complex “Miasteczko Slaskie”, as confirmed 
by the very high  coefficients of correlation 
of  the  Zn  (R = 0.932),  Pb  (R = 0.895)  and 
Cd (R = 0.927) concentration in moss tissue 
with the distance (Tab. 2). The spatial distri­
bution of heavy metal concentrations in the 
organic  layer  in  the  Brynica  district  con­
firmed the metallurgic complex as the main 
source of heavy metal pollution (Fig. 2, Fig.
3 and Fig. 4).

A very high correlation was found between 
the  concentration  of  heavy  metals  in  the 
moss tissue and their  concentrations  in  the 
organic layer (Tab. 3). The heavy metal con­
centrations  in  mineral  soil  and  in  other 
showed either a not-significant or very weak 
correlation with the other components of the 
forest ecosystem. This suggests that mosses 
and soil organic layer are better biomonitors 
of  heavy metal  pollution  than  the  mineral 
soil.

In comparison with analyses conducted for 
the entire  Poland  (Grodzinska et  al.  1997), 
the  Brynica  district  belongs  to  the  areas 
which are the most polluted with cadmium. 
While cadmium concentrations above 2 mg 
kg-1 were determined  only in  0.8 % of the 
area of Poland,  in  the analysed samples of 
mosses in the Brynica district all the concen­
trations exceeded this threshold. In the case 
of lead in moss tissues, almost the entire ter­
ritory of the Brynica district (except one site) 
belongs to the areas of Poland most polluted 

with this metal (1.5 % area of the country).  
In the case of zinc, 90 % of the surface of the 
analysed area belongs  to  the most polluted 
areas of Poland (i.e., 1% of Poland). Consi­
dering the great value of mosses as biomo­
nitors of heavy metal contamination (Grodz­
inska et  al.  1997,  Chakrabortty & Paratkar 
2006), the Brynica district is seriously pol­
luted  with  Zn,  Pb  and  Cd.  The  concentra­
tions  found in  the moss  Pleurozium schre­
berii in  the  Brynica  district  were  much 
higher  than  those  determined  in  the  Small 
Pieniny  Mountains  (150  km on  south-east 
from the analysed area) by Panek and Szcze­
paska (Panek & Szczepanska 2005): in the 
case of  zinc these concentrations  were 20-
fold, and for lead and cadmium over 80-fold. 
Zwolinski  (1995) emphasized that  the total 
concentration of all heavy metals in forests is 
overwhelming among adverse effects. A total 
concentration of about 500 mg kg-1 of heavy 
metals in the organic layer of forest soil con­
stitutes  a  critical  threshold.  In  the  Brynica 
district, on 80 % of sampling sites, the total 
concentration of Zn, Cd and Pb was found to 
be higher than 500 mg kg-1.

In  conclusion,  trace element (Zn,  Pb,  Cd) 
pollution in the Brynica district suggests this 
area as one of the most polluted of Poland. 
The best biomonitors  were the soil  organic 
layer  of soil  and the moss tissues of  Pleu­
rozium schreberii. The metallurgic complex 
“Miasteczko  Slaskie”  was  confirmed  as  a 
significant source of heavy metal pollution, 
which may affect ecosystem vitality.
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