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ABSTRACT 

The Allen S. King Generating P l a n t  near  Bayport, Minnesota 
d e l i v e r s  420 tons  of  s u l f u r  dioxide t o  the  atmosphere d a i l y  
from a 789 f o o t  (240 m) s tack .  Dispersal  from t h i s  he igh t  
t h e o r e t i c a l l y  minimizes harmful e f f e c t s  of the  gases  on 
vegetat ion.  S ix  years  of post-operat ional  pH t e s t s  on hard- 
woods, i n  the  a r e a ,  show f l u c t u a t i o n s  i n ,  b u t  no s i g n i f i c a n t  
increase  of the  bark a c i d i t y .  Recorded pH values around the  
power p l a n t  were no t  s i g n i f i c a n t l y  d i f f e r e n t  from values 
obtained i n  severa l  o the r  l o c a l i t i e s  i n  Minnesota. None of  
the  pH values i n  Minnesota were within t h e  ranges shown t o  
be damaging t o  l i chens  i n  Swedish s t u d i e s .  Values f o r  pH 
ranged from 4 t o  9. 

INTRODUCTION 

I n  1968 Northern S t a t e s  Power Company opened the  Allen S. King 
coal-powered generat ing p l a n t  near  Bayport, Minnesota on the  S t .  Croix 
River. A t  f u l l  production about 420 tons of s u l f u r  dioxide a r e  emit ted 
t o  t h e  atmospherq d a i l y  from a 789 f o o t  (240 m) high s tack .  Dispersa l  
from t h a t  he igh t  t h e o r e t i c a l l y  minimizes harmful e f f e c t s  on vegeta t ion .  
To check these  e f f e c t s  s e v e r a l  vegeta t ion  s t u d i e s  were implemented using 
known S02-sensitive species  such a s  white p ine ,  Pinus s t robus ,var ious  
l ichen species  and var ious  a g r i c u l t u r a l  crops. Since l ichens  a r e  sen- 
s i t i v e  t o  the  u l t ima te  e f f e c t s  of s u l f u r  dioxide,  seve ra l  l i chen  p l o t s  
were marked on various t r e e s  i n  the  v i c i n i t y  of the  King P lan t  and i n  
con t ro l  a reas  150 km from t h e  p l a n t .  Inc iden ta l  t o  t h e  study was t h e  
monitoring of bark pH of various hardwood t r e e s  t o  determine i f  the  
a c i d i t y  was i n  the  range damaging t o  l ichens .  It i s  these  pH values 
and o t h e r s  taken f o r  comparison purposes which w i l l  be repor ted  i n  t h i s  
paper. 



DATA COMPARISON 

The c r i t i c a l  pH f o r  prevent ion  of co r t i co lous  l i c h e n  growth w a s  
determined by Skye (1968). Some o f  h i s  pH d a t a  are given i n  Table I 
f o r  seven spec ie s  o f  t r e e s  i n  a l i c h e n  f r e e  zone, a t r a n s i t i o n  zone, 
and i n  a c o n t r o l  a r e a  near  Stockholm, Sweden. 

Cont ro l  T rans i t i on  Lichen Free  
Area Zone Zone 

PH PH PH 

Acer p l a t ano ides  6.2 - 5.1 4.5 - 3.2 3.7 - 2.9 

Ulmus spp 7.1 - 4.7 3.9 - 3 .1  2.9 - 2.4 

Quercus robur 4.5 - 3.8 3.2 - 2.6 2.8 - 2.4 

Fraxinus e x c e l s i o r  5.9 - 5.4 4.9 - 3.5 3.5 - 2.9 

Pinus s i l v e s t r i s  3.4 - 3.1 3.0 - 2.7 2.9 - 2.5 

Betula  spp 4.5 - 3.3 3.6 - 2.8 4 .1  - 2.7 

Table I. The l i chen  f r e e  zone i s  wi th in  Stockholm, Sweden, t h e  
c o n t r o l  a r e a  i s  i n  t h e  a g r i c u l t u r a l  landscape and t h e  t r a n s i t i o n  
zone i s  i n  between. 

To determine whether damaging ph ranges e x i s t e d  i n  t h e  King P l a n t  
a r e a ,  bark  samples were t e s t e d  beginning i n  1970 and dur ing  each yea r  
through t h e  e a r l y  p a r t  of  1975. The r e s u l t i n g  pH values  a r e  given i n  
Table 11. Fourteen t r e e s  i n  t h e  v i c i n i t y  and t h r e e  c o n t r o l  t r e e s  be t -  
ween 80 and 150 km from t h e  King P l a n t  a r e  included. S i x  of t h e  t r e e s  
increased  i n  bark a c i d i t y  a f t e r  t h e  o r i g i n a l  1970 sample b u t  two of t h e  
s i x  were cont ro l -area  trees. Ten o f  t h e  t r e e s  from t h e  King P l a n t  
v i c i n i t y  decreased i n  t h e  a c i d i t y  when t h e  1975 samples were compared 
t o  t h e  1970 samples. Acid i ty  i n  a l l  cases  w a s  l e s s  than  those  shown by 
Skye (1968), Table I ,  t o  be  cr i t ical  f o r  prevent ion  of l i chen  growth. 

Seve ra l  o t h e r  tests were made t o  show t h e  range of v a r i a t i o n  i n  
bark a c i d i t y :  (1) among d i f f e r e n t  s i z e  trees o f  t h e  same spec ie s ;  (2) 
among s e v e r a l  samples from a s i n g l e  t r e e ;  (3) among s e v e r a l  s p e c i e s  
from t h e  same f o r e s t  s t and ;  (4) among t r e e s  i n  t h e  v i c i n i t y  of another  
power p l a n t  before  opera t ion;  (5) among t r e e s  of t h e  same s p e c i e s  a long 
a t r a n s e c t  a t  i n t e r v a l s  of 30 km from Grand Rapids t o  S t .  Cloud, Minne- 
s o t a ;  (6)  on d i f f e r e n t  s i d e s  of t r e e s  i n  t h e  v i c i n i t y  of a power p l a n t  



Location Host Tree  

1. Point  Road Ulmus americana 5.65 5.87 

2. Monitor 4 Quercus  a l b a  5.78 6.07 

3. Monitor 4  Quercus vel  ut5 na 5.30 5.60 

4. Monitor 5 Quercus  macrocarpa 5.91 5.85 

5. Monitor 7  Ulmus m e r i  cana 7.07 5 -94  

6. Monitor 2 Ulmus americana 5.43 6.27 

7. Monitor 3  Quercus  macrocarpa 5.60 5.87 

8. Square Lake Quercus  macrocarpa 5.50 5.67 

9. Monitor 6  Quercus  v e l u t j  na 5.80 5.57 

10. Monitor 1  Quercus  macrocarpa 5.50 5.91 

11. Monitor 1 Quercus v e l u t i n a  ---- 5.35 

12. Carlson M 1 Ulmus americana ---- 5.48 

13. Monitor 8 Populus g rand iden ta t a  5.20 5.83 

14. KDWB Towel- Quercus  macrocarpa 5.55 5.62 

15. Mont ice l lo  Quercus macrocarpa 5.68 6.27 

16. F a i r  Haven Quercus  macrocarpa 6.65 6.85 

17. Fair haven T i l i a  arnericana ---- 6.32 

Ta.21. 11. ' T r ~ r s  a r c  arrarpei!  i n  o ree r  of : i i s t a r ce  from 
Trees  I + h r , > ' r h  14 a r e  i n  t he  r e a r  envi rons ,  
t r e e s  16 a-r! 17 a r e  :]bout 150 kin west. 

t h e  A.S. Kirp Ger:eratiny Plant .  
t r e e  15 i s  about 80 km west and 

with known ac id- ra in  f a l l o u t  from a f a u l t y  s t a c k  scrubber.  The r e s u l t s  
of each of these  t e s t s  w i l l  be d iscussed  below. 

(1) Bur oak t r e e s  w e r e  t e s t e d  a t  two loca t ions  nor th  of S t .  Cloud, 
Minnesota, near  H e i m ' s  M i l l  Dam and a t  L i t t l e  Rock Bayou. The Following 
pH values  were recorded on 13  May 1973 f o r  n ine  trees, t h e  f i r s t  f i g u r e  
i s  t h e  circumference i n  cent imeters ,  t h e  second i s  t h e  p H  o f  t h e  bark: 
79 cm, 6.05; 8 1  cm, 6.02; 9 1  cm,  6.11; 104 cm, 6.51; 117 cm, 6.90; 
132 cm, 6.85; 160 cm, 6.20; 173 cm, 6..52. The d i f f e r e n c e  between t h e  
lowest and h ighes t  pH was 0.88 b u t  t r e e  s i z e  does n o t  appear t o  be a 
s i g n i f i c a n t  f a c t o r  i n  bark pH. A s i m i l a r  comparison was made i n  
P a r t c h ' s  Woods nor th  of S t .  Joseph, Minnesota us ing  t e n  sugar  maples on 
5 Apr i l  1975: 68 cm, 5.64; 114 cm, 6.66; 127 c m ,  6.40; 155 cm, 6.45; 
160 c m ,  6.22; 165 cm, 5.74; 165 cm, 7.06; 173 cm, 6.66; 177 cm, 
6.31; 190 c m ,  6.00. The pH d i f f e r e n c e  i s  1.42 with no apparent  s i z e  
c o r r e l a t i o n .  

(2) On 13 March 1975 twelve bark samples, from four  s i d e s  and 
t h r e e  d i f f e r e n t  l e v e l s  between t h e  base and up t o  3 meters ,  o f  a white  
oak i n  P a r t c h ' s  Woods were t e s t e d  t o  determine pH v a r i a t i o n  of a s i n g l e  
t r e e .  The pH ranged from 5.90 t o  6.38 with no c o r r e l a t i o n  of  d i r e c t i o n  
o r  d i s t ance  above ground. 



(3) Several o ther  t r e e s  were a l so  tes ted  i n  Par tch 's  Woods with 
the  following r e s u l t s ,  circumference i n  centimeters, species and pH 
l i s t e d  i n  t h a t  order: 38 cm ironwood, Ostraya virginiana,  6.21; 41 cm 
ironwood, 6.57; 46 cm ironwood, 6.09; 26 cm paper bi rch,  Betula 
papyrifera,  5.13; 58 c m  paper bi rch,  5.03; 239 cm red oak, Q u e r c u s  
rubra, 5.79; 91 cm basswood, T i l i a  americana, 6.02; 53 c m  basswood, 
5.79; 89 cm sugar maple, A c e r  saccharum, 5.66; 61 cm american elm, 
Ulmus americana, 6.25. 

(4) Similar t e s t s  were made on 18 t r ee s  i n  connection w i t h  pre- 
operational s tud ies  a t  a new power p l an t  i n  Sherburne County, Minnesota. 
Most of the  pH values were between 5 and 9 with the  exception of a 
Russian o l i ve ,  Elaeagnus angus t i fo l ia ,  with a pH of 4.91. An american 
elm near Bertram Lake west of Monticello, Minnesota had a pH of 9.10 i n  
1974 and a year l a t e r  two d i f f e r en t  readings on the  same day of 7.15 
and 5.19. 

(5) Bur oak pH values were obtained a t  30 km in t e rva l s  between 
Grand Rapids and S t .  Cloud, Minnesota. The locat ion,  circumference and 
pH a re  l i s t e d  a s  follows: Cohasset, 216 cm, 6.11; Remer, 79cm, 5.95; 
Emily, 79 cm, 5.63; Ironton, 41 cm, 5.47; Brainerd, 107 cm, 6.06; 
L i t t l e  Fa l l s ,  94 cm, 6.03; ~ i t t l e  Rock Lake, 175 cm,  5.86. 

(6) In  response t o  a reported malfunction of a power p l an t  stack- 
scrubber i n  northern Minnesota, several  pH values were obtained t o  
determine i f  any abnormal ac id i f ica t ion  resulted:  (a)  Ten bark samples 
were col lected from a s ing le  94-cm basswood t r e e  400 meters northwest 
of the  power plant.  Five of the  samples were taken from the  northwest 
s ide  of the  t r e e  away from the power p l an t  and f i v e  were taken from the 
southeast  s ide  facing the plant .  The samples were col lected a t  30 cm, 
90 cm, 150 cm, 210 c m  and 270 cm above the  ground i n  both direct ions .  
The pH values from the s ide  facing the  p l an t  ranged between 5.09 and 
5.19, while the  values from the  other  s i de  of the  t r e e  ranged between 
5.57 and 5.73. Height above the ground was not s i gn i f i can t  i n  e i t h e r  
di rect ion.  (b) Five other  t r ee s  were sampled a t  the same time and 
place. Two samples from each t r e e  were taken from the southeast  and 
northwest sides.  The circumference, species,  d i rec t ion  and pH a re  list- 
ed i n  t h a t  order a s  follows: 94 cm green ash, Fraxinus pennsylvanica, 
r'q 5.84, SE 5.05; 68 cm ironwood, Ostraya virginiana,  NW 5.85, SE 4.38; 
- ? c m  bur oak, Quercus macrocarpa, NW 6.04, SE 5.49; 140 cm basswood, 
T i l i a  americana, NW 5.48, SE 5.17; 9 1  cm sugar maple, A c e r  saccharum, 
NW 4.35, SE 4.45. (c)  A 94 cm bur oak a t  a distance of 3.2 km had a pH 
of 5.67 on the  s ide  facing away from the power p l an t  and 5.52 facing 
toward the plant .  A t  a distance of 6.4 km e a s t  of the  p lan t ,  the  e a s t  
s ide  of a bur oak had a pH of 6.17 and the west s ide  facing the  p l an t  
had a pH of 6.26. Apparently only very near the p l an t  was there  a 
d i rec t iona l  e f f e c t  with higher ac id i t y  on the  s ide  facing the plant.  



GENERAL CONSIDERATIONS 

Several explanations f o r  var ia t ion i n  the  ac id i t y  of bark have been 
suggested by various researchers. Sjijgren (1961) discusses differences 
i n  pH f o r  samples of small and large pieces of bark. He says t h a t  
pieces smaller than 1 cm2 show lower pH values than samples consis t ing 
of l a rger  pieces of bark. He a l so  considers t h a t  these la rger  samples 
show b e t t e r  agreement with pH i n  bark under na tura l  conditions. Hale 
(1955) s t a t e s  t h a t  by pulverizing the samples one would obtain s l i g h t l y  
incorrect  pH values. Skye (1968) pulverized h i s  samples while i n  t h i s  
study the samples were not  pulverized. This could account f o r  some of 
the l e s s  ac id i c  values. The pieces of bark were a l s o  of var iable  s i z e ,  
consist ing of both small and la rger  pieces,  resu l t ing  i n  an average 
value f o r  pH. The nature of s o i l ,  prevail ing winds and general a i r  mass 
movements can a l so  influence pH. In  Minnesota the western p a r t  of the  
s t a t e  has s o i l  of limestone or ig in  and a i r  mass movements are  west t o  
e a s t  which could bring i n  dust  t o  a c t  a s  a buffer giving more basic  pH 
values. Lichens a r e  sens i t ive  t o  strong ac id i t y  but  i n  no case has any 
evidence of in jury  by ac id  r a in  t o  l ichens o r  of any pH which would be 
i n  the  range necessary t o  cause in jury  t o  lichens. 

In considering the effectiveness of the high stack i n  dispersing 
su l fur  dioxide and other gases i n  the King Plant  area ,  there  has been no 
increase of bark pH of any significance.  Only a few t r ee s  have shown an 
increase i n  ac id i t y  i n  the c r i t i c a l  zone around the  p l an t  while the  r e s t  
have decreased. It can be assumed t h a t  there  i s  l i t t l e  o r  no f a l l o u t  of 
damaging acid r a in  i n  the area.  The changes which have occurred a r e  
ins ign i f ican t  compared t o  the  var ia t ions  i n  a s ingle  t r e e  o r  among those 
of one species. In  the  case of the other  power p lan t  where known acid  
r a in  f a l l o u t  occurred, the  ac id i t y  became grea te r  on the  s ide  of the  
t r ee s  facing the power p lan t  but  the e f f e c t  became ins ign i f ican t  only a 
shor t  distance away. In  t h a t  case the  stack was a l so  shor te r  and had 
developed a f au l ty  scrubber. 

The sampling technique has been the same throughout t h i s  study and 
no s ign i f ican t  increase of ac id i ty  has developed. The primary objective 
of t h i s  study was t o  determine changes i n  pH which might be detrimental 
t o  the  growth of lichens. The pH values a re  generally l e s s  ac id ic  than 
i n  the Swedish s tud ies  possibly due i n  p a r t  t o  differences i n  technique 
but more l i ke ly  because of g rea te r  amounts of atmospheric po l lu tan ts  i n  
Sweden. Major changes i n  ac id i ty  should eventually become evident i f  
methods of evaluation remain the  same. Another reason f o r  more ac id i c  
values i s  the  difference i n  buffering act ion of bark of d i f f e r en t  
species. 
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