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ACIDIFICATION POLICY AND RESEARCH I N  FINLAND 

ALEC ESTLANDER 

M i n i s t r y  o f  the Environment, Box 306, 00531 H e l s i n k i  (F in land )  

ABSTRACT 

A c i d i f i c a t i o n  i s  one o f  t he  top p r i o r i t i e s  f o r  t he  a i r  p o l l u t i o n  admin is t ra-  

t i o n  i n  F in land.  A sulphur commission has been s e t  up t o  def ine an optimal 

sulphur emission abatement po l  i c y ,  whereby sulphur emissions cou ld  be reduced 

by a t  l e a s t  50 percent by the e a r l y  1990-ies from the  l e v e l  o f  1980. The o p t i -  

m iza t i on  has two dimensions: cos ts  and a i r  q u a l i t y .  The F inn i sh  A c i d i f i c a t i o n  

P r o j e c t  es tab l i shed  i n  1985 w i l l  w i t h  i t s  annual budget o f  some 10 m i l l i o n  

FIM e s t a b l i s h  t h e  knowledge bas i s  f o r  f u t u r e  emission reduc t i on  needs. I n  the 

p r o j e c t  t he  e x t e n t  o f  damage, e s p e c i a l l y  on f o r e s t s  and waters, i s  surveyed 

and e f f e c t  mechanisms a re  s tud ied as w e l l  as abatement measures. 

1. INTRODUCTION 

The l o n g  range t r a n s p o r t  o f  a i r  p o l l u t i o n  has been fo l lowed i n  F in land  s in -  

ce the  e a r l y  1970-s, and the  e f f e c t s  of a c i d i f i c a t i o n  have been stud ied exten- 

s i v e l y  s ince the beginning o f  t he  1980’s. Small lakes have been observed t o  

have undergone a c i d i f i c a t i o n  i n  Southern Finland. The pH o f  the lakes has 

c l e a r l y  decreased, and seasonal changes i n  pH have i n t e n s i f i e d .  The in f l uence  

o f  a c i d  depos i t i on  on the  pH o f  groundwater has n o t  y e t  been c l e a r l y  
demonstrated. 

The p o s s i b i l i t y  o f  f o r e s t s  be ing damaged, which i s  suggested by some r e -  

searchers, i s  regarded as a ser ious ma t te r  i n  F in land.  Even though t h e  amount 

o f  a c i d  depos i t i on  i n  F i n l a n d  i s  cons iderably  l e s s  than i n  Central Europe, 

both t h e  nature o f  t h e  bedrock and the  c l ima te  a r e  f a c t o r s  which may make the  

ecosystems i n  t h i s  country  p a r t i c u l a r l y  suscep t ib le  t o  damages caused by a i r  

p o l l u t i o n .  The e f f e c t s  o f  p o l l u t a n t s  which have accumulated i n  the  ecosystems 

i n  small amounts may suddenly e x h i b i t  e f f e c t s  a f t e r  a l ong  pe r iod  o f  t ime. 
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2. THE MEANS 

The A i r  P o l l u t i o n  Contro l  Ac t  came i n t o  f o r c e  i n  F in land  i n  October o f  

1982. A t  t he  same t ime  a s t a t u t o r y  o rde r  was issued which regulated more pre- 

c i s e l y  t h e  manner i n  which t h e  law was t o  be implemented. This  law served as 

the  bas i s  f o r  two dec is ions issued by t h e  Counci l  o f  S ta te  concerning the  

l ead  and benzene content  o f  p e t r o l  and t h e  gu ide l i nes  on a i r  q u a l i t y .  

The dec i s ion  on the  guide l ines,  issued i n  June 1984. a l so  inc ludes the  goal 

t ha t ,  w i t h  respect  t o  extens ive areas impor tant  t o  f o r e s t r y  o r  a g r i c u l t u r e  o r  

which a re  s i g n i f i c a n t  from the  s tandpoint  o f  nature conservation, t he  annual 

sulphur d iox ide  concen t ra t i on  should n o t  exceed 25, pg/m3, nor should the depo- 

s i t i o n  of sulphur  i n  areas of t he  aforementioned types exceed 0.5 grams o f  

sulphur per  square meter annually. 

i t  was created the  D i v i s i o n  f o r  a i r  p o l l u t i o n  c o n t r o l  and noise abatement. 

The act ,  t he  M i n i s t r y  and t h e  d i v i s i o n  created a s t r u c t u r e  t o  t a c k l e  a i r  po l -  

l u t i o n  problems i n  a much more e f f i c i e n t  way. 

Measures t o  reduce su lphur  emissions i n  F in land  have long  been under prepa- 

r a t i o n .  I n  December o f  1983 a memorandum was l e f t  t o  the M i n i s t r y  o f  the Envi- 

ronment by a task fo rce  on su lphur  surveys. This  task fo rce  drew up a program- 

me t o  i n v e s t i g a t e  a l t e r n a t i v e s  f o r  reducing the  amount o f  su lphur  emi t ted i n  

F i n l a n d  and study the  r e l e v a n t  issues o f  commercial, energy, and i n d u s t r i a l  

p o l i c y .  The task fo rce  a l so  recommended t h a t  when the  techn ica l  and economic 

surveys had been completed a commission should be es tab l  i shed t o  formulate 

t h e  ac tua l  emission reduc t i on  po l i cy .  The t e n  surveys i nc luded  i n  the program- 

me compiled by t h e  task f o r c e  were, f o r  t he  most pa r t ,  completed du r ing  1984. 

The M i n i s t r y  o f  t he  Environment was es tab l i shed  i n  October o f  1983. With 

3. THE SULPHUR EMISSION POLICY 

The su lphur  commission began i t s  work i n  February o f  1985. The commission 

i s  t o  draw up a proposal concerning t h e  measures which would a l l ow  a 30 per- 

cen t  reduc t i on  i n  emissions by t h e  yea r  1993, as w e l l  as a proposal on how 

the goal o f  reducing emission by 50 percent o f  t he  l e v e l  which p reva i l ed  i n  

1980 cou ld  be r e a l i z e d  du r ing  the  e a r l y  1990-s. The work o f  the commission i n  

volves comparing opt ions w i t h  d i f f e r e n t  concrete measures and combinations 
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thereof .  The e f f e c t s  o f  t he  measures w i l l  be s tud ied 

sions: cos ts  and a i r  q u a l i t y .  The c r i t e r i a  f o r  costs  

ton o f  su lphur  d iox ide  emissions and f o r  a i r  q u a l i t y  

i n  c i t i e s  and su lphur  deposi t ion.  The commission w i l  

p o r t  i n  September t h i s  year. 

espec ia l l y  i n  two dimen- 

i s  t he  p r i z e  o f  reduced 

sulphur d iox ide l e v e l s  

d e l i v e r  i t s  f i n a l  r e -  

I n  i t s  f i r s t  i n t e r i m  r e p o r t  i n  May 1985 the  commission c l a r i f i e d  the man- 

ner i n  which emissions o f  su lphur  developed a t  t he  beginning o f  t he  1980’s 

and assessed the  l e v e l  o f  su lphur  emissions i n  1993. A d d i t i o n a l l y ,  the poss i -  

b i l i t i e s  o f  i n s t i t u t i n g  var ious measures t o  f u r t h e r  decrease these emissions 

were c l a r i f i e d ,  and a determinat ion was made o f  t he  costs  involved. The com- 

miss ion has made a study of t he  p r e v a i l i n g  q u a l i t y  o f  t he  a i r  as w e l l  as o f  

the manner i n  which changes i n  the emissions i n f l u e n c e  it. 

By 1993 emissions of sulphur  d iox ide  i n  F in land  w i l l  have undergone a con- 

s ide rab le  reduc t i on  from the  l e v e l  which p r e v a i l e d  i n  1980 (see t a b l e  1). Ma- 

ny f a c t o r s  w i l l  i n f l u e n c e  t h i s  development. The s t r u c t u r e  o f  energy produc- 

t i o n  cont inues t o  develop. The use of heavy f u e l  o i l  w i t h  a h igh  sulphur con- 

t e n t  cont inues t o  decrease. O i l  i s  be ing replaced p r i m a r i l y  by coal and peat, 

both o f  which have a r e l a t i v e l y  low sulphur content, as w e l l  as by na tu ra l  

gas, which con ta ins  no sulphur a t  a l l .  it i s  poss ib le  t o  f u r t h e r  reduce the  

sulphur content  o f  t he  l i g h t  f u e l  o i l  which i s  r e f i n e d  i n  Finland. The use o f  

energy i s  be ing i n t e n s i f i e d  so t h a t  i t s  t o t a l  consumption i s  i nc reas ing  more 

s low ly  than the  product ion o f  the na t i ona l  economy. Even the  s t r u c t u r e  o f  t he  

wood-processing i n d u s t r y  i s  changing. The use o f  t he  ca lc ium s u l p h i t e  method 

i n  the product ion o f  chemical p u l p  i s  becoming inc reas ing l y  rare.  Production 

p l a n t s  i n  o the r  processing i n d u s t r i e s  a re  a l so  being renovated and then 

phur emissions can a l so  be reduced. F u l f i l l i n g  the o b l i g a t i o n s  contained i n  

the  A i r  P o l l u t i o n  Contro l  Ac t  con t r i bu tes  considerably  t o  achiev ing these 

goal s. 

sul- 
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TABLE 1 
Summary o f  t he  emissions f o r  1980 and 1983, and estimated emissions f o r  1993 
w i t h o u t  measures on t h e  fue l  s ide  

SOURCE OF EMISSION EMISSION OF SO2 

FUELS 
O i  1 
Coal 
Peat 

Sul phate pu lp  
Sul ph i  t e  pu lp  
Semi chemi ca l  pu l  p 

OTHER PROCESSING INDUSTRY 
O i l  r e f i n i n g  
Basic chemical and metal 
i ndu s t ry 
Other i n d u s t r y  

MANUFACTURE OF CHEMICAL PULP 

1980 
329,000 
246,000 
80,000 

3,000 
104,000 

43,000 
52,500 

8,500 
151,000 

60,000 

87,000 
4,000 

1983 
171,000 
119,000 
46,000 

6,000 
75,000 
41,000 
24,000 
10,000 

111,000 
34,000 

73,000 
4,000 

1993 
164,500 ... 270,000 
55,500 ... 78,500 
96,000 ... 178,500 
13,000 
38,000 ... 51 000 
26,000 ... 33,000 

6,000 ... 7,000 
6,000 ... 11,000 

72,500 
30,000 

38,500 
4,000 

Tota l  584,000 357,000 275,000 ... 393,500 
Reduction compared t o  1980 39 % 53. .. 33 % 

The goal o f  t h e  f i r s t  phase, t h a t  i s  t o  say, a permanent t h i r t y  percent re-  

duct ion i n  su lphur  d iox ide  emissions by 1993 imposes requirements on both 

energy product ion and the  processing i ndus t r y .  

the fo l l ow ing :  

1. A maximum o f  8.5 m i l l i o n  tonnes o f  coal  w i l l  be used annually, and i t s  

With respect  t o  energy product ion a t h i r t y  percent reduc t i on  presupposes 

l e v e l  o f  su lphur  con ten t  w i l l  n o t  increase from the  present l e v e l  o f  0.8 

percent  t o  any th ing  h ighe r  than 1.2 percent. 

2. The t o t a l  amount o f  su lphur  d iox ide  emissions annual ly  caused by the  use 

o f  heavy f u e l  o i l  w i l l  n o t  exceed the  f i g u r e  caused by a consumption o f  

1.6 m i l l i o n  tonnes o f  o i l  w i t h  a 3.0 percent sulphur content. 

3. The p r o p o r t i o n  assumed by na tu ra l  gas as a source o f  energy w i l l  increase 

so t h a t  i t  corresponds t o  a t  l e a s t  1.6 m i l l i o n  tonnes o f  o i l  equiva lents  

annually. 

i s  n o t  h ighe r  than 0.25 percent. 

6.3 m i l l i o n  tonnes o f  o i l  equivalents. 

With respect  t o  the processing i n d u s t r y  a t h i r t y  percent reduct ion presup- 

4. The sulphur con ten t  o f  middle d i s t i l l a t e s  ( l i g h t  f u e l  o i l  and d iesel  o i l )  

5. Use o f  domestic f u e l s  (wood, peat  and re fuse )  increases t o  the l e v e l  o f  

poses t h e  fo l l ow ing :  
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1. The ca lc ium s u l p h i t e  method w i l l  be used t o  manufacture chemical pu lp a t  

no more than one f a c t o r y  (a l ready achieved). 

2. When f a c t o r i e s  producing chemical p u l p  have t o  be renovated the d i r e c t  eva- 

p o r a t i o n  o f  b lack l i q u o r  wi th combustion gases w i l l  be replaced by o the r  

techniques, and the  c o l l e c t i o n  and t reatment  o f  a l l  s t rong ly  odorous gases 

as w e l l  as, t o  a considerable degree, o f  weakly odorous gases, w i l l  be i m -  

p l  emented. 

3. I n  the  manufacture o f  su lphu r i c  a c i d , t r a n s i t i o n  t o  new technology w i l l  be 

r e a l i z e d  i n  such a manner t h a t  a t  l e a s t  two t h i r d s  o f  the su lphu r i c  a c i d  

used w i l l  be produced by the  double con tac t  method. 

4. A t  o i l  r e f i n e r i e s  heavy f u e l  o i l  w i l l  be p a r t l y  rep laced by r e f i n e r y  gases. 

5. The sulphur con ten t  o f  t he  ores used i n  the  i r o n  and s tee l  i n d u s t r i e s  w i l l  

decrease. 

6. Sulphur emissions from o the r  processing i n d u s t r i e s  w i l l  be decreased ma- 

k i n g  use o f  new process technology. 

These p r e r e q u i s i t e s  t o  a reduc t i on  o f  sulphur emissions invo lve,  f o r  the 

most pa r t ,  a c o n t i n u a t i o n  o f  s t r u c t u r a l  developments which have already been 

implemented i n  energy product ion and i n d u s t r i a l  processes, and f o r  t h i s  rea- 

son they do n o t  r e q u i r e  l a r g e  separate investments f o r  what cou ld  be regarded 

as expenses f o r  a i r  p o l l u t i o n  prevention. A t  t he  beginning o f  the 1980’s more 

than F I M  5 b i l l i o n  were i nves ted  i n  measures which l e d  t o  s t r u c t u r a l  changes, 

t he  r e s u l t  o f  which was p a r t l y  a decrease i n  sulphur emissions. 

Decreasing emissions o f  sulphur d iox ide  t o  h a l f  o f  the l e v e l  which p reva i -  

l e d  i n  1980 presupposes t h a t  f u r t h e r  measures be taken. A decrease o f  50 per- 

cen t  w i l l  be obta ined when: 

- the  t o t a l  amount o f  sulphur d iox ide  emissions from the use o f  coal i s  no t  

greater  than emissions which correspond t o  amounts o f  coa ls  and t h e i r  S U l -  

phur content as fo l l ows :  

consumption o f  coal 

m i l l i o n s  o f  tonnes per annum 

sulphur content  o f  the coal 

percent 

5.6 

7 .O 

9.3 

1.0 

0.8 

0.6 



350 

- the  consumption o f  heavy f u e l  o i l  w i l l  decrease so t h a t  i t s  annual use 

w i l l  l e a d  t o  emissions corresponding t o  1.2 m i l l i o n  tonnes o f  o i l  w i t h  a 

3.0 percent  sulphur content, o r  t o  1.4 m i l l i o n  tonnes o f  o i l  w i t h  a 2.5 

percent su lphur  content.No f u r t h e r u s e  w i l l  be made o f  ores w i t h  a h igh 

sulphur content  i n  the  product ion o f  i r o n  and s tee l  

e f f e c t i  ve l y  t reated.  

I n  order  t o  ensure t h a t  t he  des i red h a l v i n g  o f  emissions a c t u a l l y  happens 

several dec is ions which w i l l  promote t h e  reduc t i on  o f  sulphur emissions w i l l  

be considered by the  commission, such as l i m i t i n g  the sulphur content  o f  

f u e l s  by t h e  A i r  P o l l u t i o n  Contro l  Act, removing the  sulphur from the combus- 

t i o n  gases o f  power and hea t ing  p lants ,  e s t a b l i s h i n g  emission norms and speci- 

f i c  dec is ions f o r  t he  processing indust ry .  

The costs  a r i s i n g  i n  con junc t i on  w i t h  these measures may be estimated on 

the  bas i s  o f  t h e  surveys submitted t o  t h e  commission. Depending on the  nature 

o f  t he  measures taken, they range from FIM 3,000 t o  FIM 12,000 per tonne o f  

sulphur removed. I f  i t  was necessary t o  reduce emissions o f  sulphur d iox ide 

by 100,000 tonnes annually, f o r  example, t he  annual expenses would range from 

200 m i l l i o n  FIM t o  600 m i l l i o n  FIM, depending on the means used. 

- the  gaseous emissions from the  chemical wood processing i n d u s t r y  w i l l  be 

4. THE RESEARCH 

The F inn i sh  Government i n i t i a t e d  a f i v e  year  research p r o j e c t  on a c i d i f i c a -  

t i o n  and a i r  p o l l u t i o n  a t  t he  beginning o f  1986. The budget f o r  1986 inc ludes 

a t o t a l  app rop r ia t i on  o f  some 10 m i l l i o n  FIM annual ly  f o r  f i nanc ing  the pro- 

j e c t  through two m i n i s t r i e s :  t he  M i n i s t r y  o f  t he  Environment and the M i n i s t r y  

o f  A g r i c u l t u r e  and Forest ry .  The research program has been e n t i t l e d  "F inn ish 

Research P r o j e c t  on A c i d i f i c a t i o n "  (abbrev iated from F i n n i s h  name o f  t he  pro- 

j e c t  t o  HAPRO). The p r o j e c t  i s  concerned with t h e  development of a c i d i f i c a -  

t i o n  caused by sulphur and n i t rogen  emissions and, more genera l ly ,  w i t h  the  

problems associated w i t h  a i r  p o l l u t i o n .  The aim o f  t he  HAPRO p r o j e c t  i s  t o  

study cause-and-effect r e l a t i o n s h i p s  in a i r  p o l l u t i o n  and, on t h a t  basis: 

- t o  determine the  e x t e n t  o f  reg ional  e f f e c t s  o f  a i r  p o l l u t a n t s  i n  F in land  

- t o  study whether t h e  harmful e f f e c t s  o f  a i r  p o l l u t a n t s  are i nc reas ing  

- t o  determine which areas and components o f  t he  environment are being espe- 

c i  a1 l y  threatened 
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- t o  assess what measures would most e f f e c t i v e l y ,  and a t  t he  lowest  costs, re -  

duce the  harmful e f f e c t s  o f  a i r  p o l l u t a n t s .  

Most o f  t he  research work associated w i t h  t h i s  p r o j e c t  i s  being c a r r i e d  

ou t  i n  t h e  form o f  i n d i v i d u a l  sub-pro jects  a t  research i n s t i t u t e s  and univer-  

s i  t i e s .  

The p r o j e c t  i s  be ing d i r e c t e d  by an execut ive working group w i t h  the ass is-  

tance o f  a separate research d i v i s i o n .  

A f u l l  t ime s e c r e t a r i a t  has been appointed t o  the  p r o j e c t  w i t h i n  the  Envi- 

ronmental P r o t e c t i o n  and Nature Conservation Department o f  t he  M i n i s t r y  o f  

the Environment. 

The main p a r t  o f  t he  research i n  t h e  p r o j e c t  i s  c a r r i e d  ou t  i n  the  f i e lds ,  

o f  f o r e s t  and water e f f e c t s ,  which together  get  some two t h i r d s  o f  the annual 

budget. The f i r s t  r e s u l t s  a l so  show a good reason f o r  t h i s  p r i o r i t y .  

Fo res t  e f f e c t s  were evaluated us ing  needle l o s s  i n  coni ferous t rees  as the 

i n d i c a t o r .  2500 p l o t s ,  throughout Southern and Central F in land  were studied, 

and a l so  undergrowth and s o i l  f a c t o r s  were included. The methods used are the 

same as i n  the  o the r  Nordic countr ies.  

According t o  Nord ic  c r i t e r i a  a t r e e  i s  damaged i f  i t  has l o s t  over 20 per- 

cen t  o f  i t s  needles. S l i g h t l y  damaged (needle l o s s  21-40 percent) were 9 per-  

cen t  o f  t he  trees, damaged (41-60 percent)  one percent and severely damaged 

(61-100 percent)  a l so  one percent. Thus i n  a l 1 , l l  percent o f  the t rees  sur-  

veyed were damaged. 

a i r  p o l l u t i o n  as a major reason, which theory i s  supported by noted changes 

i n  the  undergrowth i n  f o r e s t  areas. 

Most o f  t he  sur face waters i n  F in land  a re  low o f  e l e c t r o l y t e s ,  brown co lo -  

r e d  humic waters. Clear  water lakes i n  Southern F in land  are i n  general weakly 

buf fered.  I n  Nor thern F i n l a n d  (Lappland) the  p r e v a i l i n g  b u f f e r i n g  capaci ty  i s  

c l e a r l y  b igger .  The t o t a l  sulphur depos i t i on  i s  about 1.5-1.8 g.S.m-'.a-l i n  

Southern F in land  and 0.6-0.3 g.S.m-*.a-' i n  Northern Finland. The small 

l akes  i n  Southern F in land  have l o s t  i n  average 50 YnOl.l-', i n  the coasta l  

area even 90 ! m O l . l - '  o f  t h e i r  o r i g i n a l  a l k a l i n i t y  on the bas i s  o f  f ou r  d i f f e -  

r e n t  emp i r i ca l  and t h e o r e t i c a l  methods. The survey o f  about 8000 lakes has r e -  

vealed about 500 lakes  o f  minimun pH < 5.0, b u t  i n  Southern F in land  20-40 per- 

cen t  o f  a l l  small f o r e s t  lakes a re  ac id i c .  However, on l y  150 o f  these a c i d i c  

As t o  t h e  causes o f  t he  damages a l l  s c i e n t i s t s  do n o t  agree. Most consider 
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lakes a re  c lea rwa te r  lakes.  Completely f i s h l e s s  lakes have n o t  been found i n  

the  p re l im ina ry  survey o f  171 small a c i d i c  f o r e s t  lakes i n  Finland. Therefo- 

re, i t  seems t h a t  a q u a l i t a t i v e  age c l a s s  ana lys i s  can i n d i c a t e  the e f f e c t s  

o f  a c i d i f i c a t i o n  on f i s h  b e t t e r  than a simple presence/absence r e l a t i o n s h i p .  

red  r i v e r s  have l o s t  p a r t  o f  t h e i r  a l k a l i n i t y ,  p a r t i c u l a r l y  i n  spr ing.  Small 

lakes have a general decreasing a l k a l i n i t y  t r e n d  over the  past  15  years. Sink- 

i n g  t rends  o f  d ia tom- in fe r red  pH from sediment cores are f a i r l y  c m m n  i n  a c i -  

d i c  lakes i n  Southern Finland, i n d i c a t i n g  recent  anthropogenic a c i d i f i c a t i o n .  

w i t h  a s l i g h t l y  increased budget. The t h r u s t  o f  research w i l l  be t r a n s f e r r e d  

from e f f e c t  surveys t o  cause-ef fect  r e l a t i o n s h i p s .  In tense i n t e r n a t i o n a l  con- 

t a c t s  are a l s o  foreseen. 

Comparing t o  the  o l d  data sets  c o l l e c t e d  i n  the  192O’s, almost a l l  monito- 

The a c i d i f i c a t i o n  p r o j e c t  i s  con t inu ing  a t  l e a s t  throughout 1989, probably 


