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ABSTRACT 

pH values and buffering capacity were determined for bark 
samples of 5 deciduous trees (oak, alder, hornbeam, ash, linden), 
one shrub (hazel) and one coniferous tree (scots pine) in the 
Cracow Industrial Region (Southern Poland) and for comparison 
in the Bia3owieka Forest (North-Eastern Poland). The corre- 
lation was found between acidification of tree bark and air 
pollution by SO2 in these areas. All trees showed the least 
aci,dic reaction in the control area (Biasowieia Forest), more 
acidic in Niepo3omice Forest and the most acidic in the centre 
of Cracow city. The buffering capacity of the bark against 
alkali increased with increasing air pollution. The seasonal 
fluctuationsofpH values and buffering capacity were found. 
Tree bark is recommended as a sensitive and simple indicator 
of air pollution. 

1. INTRODUCTION 

Industrial gas emissions, predominantly those of sulphur dioxide, 
cause acidification of rainfalls with sulphuric acid (Od6n 1968). SO2 
is given gff into the atmosphere where it is oxidized and hydrated and 
as a result returns to earth with precipitation in form of sulphurous 
or sulphuric acid. This in turn causes acidification and sulphuration 
of the environment including various components of the forest ecosystem. 
Sensitive bioindicators of chemical changes in the forest environment 
include many biological materials e.g. pH of tree bark (Skye 1968, 
Staxang 1969, Grodzifiska 1971). The tree bark represents a material 
which persists in the ecosystem for exceptionally long periods. Decid- 
uous trees usually have lower bark acidity than coniferous trees 
(Barkman 1958). Bark acidify is readily affected by air pollution 
(Skye 1968, Staxang 1969, Grodzirlska 1971, msc.a,b). Tree bark acidity 
was used as a bioindicator in the Cracow Industrial Region in Southern 
Poland. Three zones were selected in this area: (1) the centre of 
Cracow city (700,000 inhibitants); (2) the neighbourhood of the steel 



m i l l  and (3 )  Niepo&omice Fores t  s i t u a t e d  20-40 km t o  t h e  e a s t  from 
Cracow and t h e  s t e e l  m i l l ,  Since nor th  western winds p r e v a i l  i n  t h i s  
region (Aniosa, Ma3ecki 1967, Hess 1967, 1969) Niepo3omice pores t  is  
s t rong ly  a f f e c t e d  by p o l l u t a n t s  from t h e  s t e e l  m i l l  and from the  c i t y .  
Niepoaomice Fores t  i s  a l a rge  f o r e s t  complex (11,000 h a ) ,  I t  c o n s i s t s  
mainly of s c o t s  p ine  and t o  a smaller  e x t e n t  of  deciduous t r e e s  (e.g. 
oak and hornbeam). The ~ i a s o w i e i a  Fores t ,  a r e l a t i v e l y  unpolluted 
region i n  nor th  e a s t e r n  Poland, was used a s  a reference  standard.  

2 .  MATERIALS AND METHODS 

Five spec ies  of  deciduous t r e e s :  l inden ( T i l i a  cordata  M i l l . ) ,  
ash (Fraxinus e x c e l s i o r  L. ) , oak (Quercus robur L. ) , hornbeam (Carpinus 
be ta lus  L.) and a l d e r  (Alnus incana (L.) Mnch) , one deciduous shrub - 
hazel  (Coryllus avel lana  L . ) ,  a s  we l l  a s  one coniferous spec ies  - pine  
(Pinus s y l v e s t r i s  L.) were s e l e c t e d  f o r  t h e  inves t iga t ions .  These 
species  a r e  common both i n  t h e  n a t u r a l  f o r e s t s  and i n  t h e  c i t y  parks.  

Bark samples were c o l l e c t e d  from 170 trees on the  average from 5 
specimens of  a given species  i n  each l o c a l i t y .  A l l  t h e  samples were 
co l l ec ted  i n  t h e  e a r l y  sp r ing  (March - Apr i l  1970 and 1971). The modi- 
f i e d  Swedish method was used i n  preparing t h e  samples f o r  a n a l y s i s  and 
i n  determining t h e i r  pH and buf fe r  capaci ty  (Skye 1968, Staxxng 1969, 
Grodziiiska 1971). pH was determined with a pH-meter, type LBS-66, wi th  
a g l a s s  e lec t rode .  

3 .  RESULTS 

The bark of a l l  t r e e s p e c i e s  showed a c i d  r eac t ion  (Fig. 1). The 
lowest va lues  were found f o r  p ine  bark and t h e  h ighes t  ones f o r  ash 
bark. I n  a l l  cases ,  d i f f e rences  i n  bark a c i d i t y  between samples could 
be r e l a t e d  t o  p a r t i c u l a r  l o c a l i t i e s .  The l o c a l i t i e s  form a l o g i c a l  
s e r i e s  s t a r t i n g  from the  l e s s  a c i d i c  i n  t h e  unpolluted a r e a  of t h e  
Biasowieia Fores t ,  then through t h e  s l i g h t l y  po l lu ted  Niepoaomice 
Fores t  up t o  more a c i d i c  a r e a s  i n  t h e  neighbourhood of the  s t e e l  m i l l  
and t h e  most a c i d i c  one i n  t h e  cen t re  of Cracow. Bark samples from 
ind iv idua l  s t a t i o n s  d i f f e r e d  no t  only i n  t h e  pH value p e r  se, b u t  a l s o  
i n  b u f f e r  capaci ty  (Fig. 2,  3 ) .  This  capaci ty  increased wi th  concen- 
t r a t i o n  of SO2 i n  t h e  a i r .  During t i t r a t i o n  of  the  oak bark,  2 m l  of 
a l k a l i  were requi red  f o r  n e u t r a l i z a t i o n  of t h e  samples from clean 
f o r e s t s  of  ~ i a a o w i e i a ,  while samples from the  cen t re  of  Cracow required  
5 m l  1 n NaOH. A s i m i l a r  phenomenon was observed during a n a l y s i s  of  
the  barks of l inden,  ash ,  hazel  and pine.  A l l  samples showed g r e a t e r  
capaci ty  t o  buffer  a g a i n s t  a l k a l i  than a g a i n s t  ac id .  Very l a r g e  



m pne 
A aak 

4 V alder 
0 hazel 
0 hornbeam 
0 ash 
@ linden 

3 

Figure 1. Total range and mean of pH of tree bark 
sampled from different locali t ies .  1- Bia3owieia 
Forest; 2- Niepo3omice Forest; 3- neighbourhood 

of the s tee l  m i l l ;  4- Cracow City. 

Oak 

Figure 2. Buffer curves for oak 
from different locali t ies .  1- 
~ia3owieia Forest; 2- Niepo3omice 
Forest; 3- Cracow City; 4- dis- 
t i l l ed  water. 



Figure 3. Buffer curves f o r  l inden 
from d i f f e r e n t  l o c a l i t i e s .  1-4 a s  
i n  Figure 2. 

buffer ing  capaci ty  was found f o r  the  oak and l inden (Fig. 2, 3 ) .  

The pH values of t r e e  bark changed during the  year. The most 
a c i d i c  r eac t ion  was shown by the  bark i n  e a r l y  spr ing ,  while the  l e a s t  
a c i d i c  r eac t ion  was found i n  the  summer. Maximum d i f fe rences  were 
found i n  l inden bark (0.61 pH u n i t s ) ,  s l i g h t l y  less i n  oak bark (0.35 
pH u n i t s )  and t h e  l e a s t  i n  p ine  bark (0.26 pH u n i t s ) .  Buffering capa- 
c i t y  a l s o  f luc tua ted  during t h e  year. I n  a l l  t r e e  species ,  the  g r e a t e s t  
buf fe r  capaci ty  aga ins t  a l k a l i  was found a t  e a r l y  spring.  For example, 
t h e  n e u t r a l i z a t i o n  of p ine  bark requi red  6 m l  1 n NaOH i n  Apr i l  b u t  
only 4 m l  during t h e  summer season. This t r end  is  a l s o  c l e a r l y  evident  
i n  t h e  l inden and oak bark. The buf fe r ing  capaci ty  aga ins t  ac id  was 
small i n  a l l  t r e e s  and d i d  n o t  show c l e a r  f luc tua t ions  during t h e  year. 
The a c i d i f i c a t i o n  of t r e e  bark i n  p a r t i c u l a r  months was co r re la t ed  with 
the  concentrat ion of SO2 i n  t h e  a i r  and r a i n f a l l .  

4. DISCUSSION 

Sulphur dioxide is  produced during the  burning of  f u e l s  containing 
sulphur. Coal is  the  chief  energy source used f o r  heat ing  homes i n  t h e  
c i t y  of Cracow and f o r  s t e e l  production. This coa l  conta ins  1-3% 
sulphur. Cracow c i t y  emits  f i v e  t i m e s  more SO2 than t h e  processing 
p l a n t  (Aniosa, Masecki 1967). For t h i s  reason the  h ighes t  concentrat ions 
of SO2 were recorded i n  the  cen t re  of  Cracow, s l i g h t l y  lower i n  t h e  
o u t e r  zone of the  c i t y  and i n  t h e  neighbourhood of s t e e l  m i l l  and t h e  



lowest i n  t h e  Niepoaomice Fores t  (Kasina 1971, Morawska-Horawska 
1971). A good c o r r e l a t i o n  was found between the  SO2 concentrat ion i n  
these  a reas  and the  a c i d i t y  of the  t r e e  bark (Grodzifiska 1971, msc. a,b). 

The SO2 emissions a r e  sub jec t  t o  seasonal  change (Kasina 19701, 
t h e  l a r g e s t  occuring i n  wintertime, t h e  smal les t  i n  t h e  summer months. 
S imi lar  changes were observed i n  t r e e  bark a c i d i t y  (Grodzifiska msc.c). 
For t h i s  reason a l l  samples f o r  the  study were co l l ec ted  i n  e a r l y  spr ing  
i . e .  a f t e r  t h e  winter  season during which SO2 concentrat ion is t h e  
h ighes t  . 

Bark a c i d i t y  changed with t h e  depth of bark (Har te l ,  G r i l l  1972) 
the  ex te rna l  p a r t s  of the  bark (< 3 mrn) being the  most ac id ic .  The 
d i f fe rence  i n  pH between ex te rna l  and i n t e r n a l  l aye r s  of bark was 
espec ia l ly  s i g n i f i c a n t  i n  t h e  s t rongly  po l lu ted  areas .  For t h i s  reason, 
the  ex te rna l  l aye r s  of bark should be taken f o r  b io indica t ion  s tud ies .  

Acidi ty of oak and s c o t s  p ine  bark was determined i n  some o t h e r  
regions i n  Poland (Grodzifiska msc. b ,  Zdanowska msc.). Bark of both 
species  showed l e s s  a c i d i c  r aac t ion  i n  Copper Centre i n  south western 
Poland (~ rodz i f i ska  msc. b)  and i n  t h e  neighbourhood of t h e  s t e e l  m i l l  
near  Warsow (Zdanowska msc.) than i n  the  Cracow I n d u s t r i a l  Region. The 
observed a c i d i t y  was co r re la t ed  with t h e  magnitude of SO2 emissions i n  
these  areas.  I n  a l l  these  i n d u s t r i a l  cen t res ,  however, t h e  bark was 
more a c i d i c  than i n  ~ i a 3 o w i e i a  Fores t ,  t h e  con t ro l  region. 

The pH values and buffer ing  capaci ty  of the  bark of  l inden,  ash ,  
oak and p ine  i n  t h e  Cracow Region a r e  s i m i l a r  t o  those found i n  the  
po l lu ted  a rea  of Southern Sweden (Skye 1968, Staxang 1969), b u t  they 
a r e  s t i l l  l e s s  a c i d i c  than i n  Stockholm (Skye 1968). On the  o the r  hand, 
t r e e  bark i n  t h e  Biasowieia Fores t  i s  more po l lu ted  than the  bark i n  
some a reas  of Sweden (Skye 1968, Staxang 1969). Thus l a r g e r  d i f f e rences  
i n  t h e  pH values of t r e e  bark a r e  observed i n  Sweden than i n  Poland, 
where bark samples from a l l  l o c a l i t i e s  a r e  r e l a t i v e l y  ac id ic .  This 
f a c t  may be explained by the  higher a c i d i f i c a t i o n  of r a i n  and snowfalls 
i n  a l l  of Centra l  and Western Europe.(pH 4.5-5.0) i n  comparison with 
the  Scandinavian countr ies  (pH 4.5-6.0) (Od6n 1968). 

Both from these  and from e a r l i e r  s t u d i e s  (Skye 1968, Staxang 1969, 
Grodzifiska 1971) it follows t h a t  pH of the  bark is  a s e n s i t i v e  indi -  
c a t o r  of a i r  po l lu t ion  by S02. The bark of l inden and ash t r e e s  being 
t h e  l e a s t  a c i d i c  and most rough i n  su r face  t e x t u r e  i s  p a r t i c u l a r l y  
s u i t a b l e  f o r  determination of the  degree of a i r  po l lu t ion .  
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