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Emission S t a t u s  and Trends 
The Swedish emissions of s u l p h u r  dioxide reached t h e i r  peak value in  the 

e a r l y  70s. 
reduct ions wi l l  be implemented (Table 1.1). 
i s  t o  reduce sulphur emissions by a t  l e a s t  65 % between the  years  1980 and 
1995. 

Since then t h e  emissions have decreased s u b s t a n t i a l l y  and f u r t h e r  
The aim of the  Swedish government 

The energy s e c t o r  accounts f o r  about two t h i r d s  of the t o t a l  sulphur 
emissions. 
importance. In t h e  Swedish s t r a t e g y  t o  combat a c i d i f i c a t i o n  grea t  a t t e n t i o n  
is  given t o  t h e  coordinat ion of energy and environmental p o l i c i e s  i n  order  t o  
minimize the e f f e c t  of e l e c t r i c i t y  and hea t  production on the  environment. 
The c u r r e n t  energy pol icy t a r g e t s  imply t h a t  the  energy system should be based 
t o  the  g r e a t e s t  possible  ex ten t  on enduring, preferab le  renewable and indigen- 
ous, energy sources. 
requirements a r e  encouraged. 

importance in  Sweden - has been c a r r i e d  through according t o  a plan adopted by 
the  Parliament i n  1976. As from October 1 ,  1984, the  sulphur content  of heavy 
fue l  o i l  i s  r e s t r i c t e d  t o  max 1 % nat iona l ly .  T h i s  corresponds t o  0.24 g of 
sulphur per megajoule f u e l .  The sulphur content  of l i g h t  fue l  o i l  i s  l imited 
t o  0.3 % a s  from October 1 ,  1980, 0.15-0.28 i s  
planned. 

The reduction of the  sulphur emissions from i n d u s t r i a l  processes is  being 
achieved by the  s t i p u l a t i o n  of gradually more r i g i d  emission standards in  the 
permits granted under the  Environmental Protect ion Act. 

annual t o t a l  emission i n  excess of 400 tonnes of sulphur, i s  normally 0.1 g of 
s u l p h u r  per megajoule f u e l .  

The development of t h e  energy sec tor  i s  therefore  of dec is ive  

E f f i c i e n t  energy use and s t r i n g e n t  emission control  

The reduction of the  s u l p h u r  content  of fuel  o i l  - the  only f o s s i l  fue l  of 

and a new l i m i t  in  t h e  range 

The emission s tandard in  t h e  permits given f o r  new coal-f i red p lan ts  w i t h  an 



306 

The Swedish emissions o f  n i t r o g e n  oxides increased h e a v i l y  dur ing the 50s 

and 60s. The steep increase i n  these decades fo l l ows  main ly  the  expansion 

o f  the t o t a l  number o f  cars. 

s ince 1980 they have decreased. 

Motor t r a f f i c  accounts f o r  about 70 % o f  t o t a l  n i t rogen  oxides emissions. 

S ta t i ona ry  combustion sources c o n t r i b u t e  w i t h  about 20 % and i n d u s t r i a l  pro-  

cesses w i t h  about 10 % (Table 1 . 1 ) .  

The motor veh ic le  exhaust standards from the 1976 year models e n t a i l e d  a 

reduc t i on  o f  n i t r o g e n  oxides f rom passenger cars by about 10 % between 1975 

and 1980. 

increased by the same amount. 

30 % between 1980 and 1985. 

t o  those now i n  e f f e c t  i n  the  U S have been in t roduced on a vo lun ta ry  bas is  

f o r  the 1987 and 1988 ca r  models and compulsory f o r  the 1989 models. To en- 

courage the  purchase o f  "clean" vehic les the sa les tax  on the 1987 and 1988 

ca r  models conf i rming t o  the new standards i s  reduced by SEK 5200. 

l a t e  the use o f  l ead - f ree  gasol ine t h e  t a x  i s  reduced by SEK 0.16 per l i t r e  

compared t o  the premium grade con ta in ing  0.15 l ead  per  l i t r e .  

Fu r the r  measures t o  reduce emissions of n i t r o g e n  oxides are being explored. 

These inc lude new emission standards f o r  d iese l  vehic les and s t r i c t e r  emission 

requirements on s t a t i o n a r y  sources. 

f o r  1995 are g iven i n  Table 1.1. 

than f o r  su lphur  d iox ide  and n i t r o g e n  oxides. 

i n  1980. 

I n  the  70s emissions increased on ly  s l i g h t l y  and 

Dur ing the same period, however, t he  emissions from d iese l  vehic les 

The aim o f  the Swedish government i s  t o  reduce n i t rogen  oxides emissions by 

Emission standards f o r  passenger cars equiva lent  

To stimu- 

The Swedish emissions o f  non-methane hydrocarbons f o r  1980 and a prognosis 

The estimates are considerably  more unce r ta in  

Motor veh ic les  accounted f o r  about 60 % o f  t he  emissions o f  hydrocarbons 

Emissions a re  expected t o  decrease by about 30 % between 1980 and 1995. 

A l l  sources are p ro jec ted  t o  decrease t h e i r  emissions. 

i s  expected from motor vehic les due t o  t h e  new emission standards f o r  passenger 

cars. 

from a g r i c u l t u r a l  a c t i v i t i e s  are estimated a t  40 000 tonnes. 

main source and steps a re  taken t o  reduce emissions. 

The l a r g e s t  decrease 

The Swedish emissions o f  ammonia are very uncer ta in .  The annual emissions 
Manure i s  t he  
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E f f e c t s  

I n  Sweden about 18 000 lakes and 90 000 k i lometres o f  running water are 

Only a small corner i n  the 

The connection between depos i t i on  of su lphur  and a c i d i f i c a t i o n  o f  surface 

- 
affected by a c i d i f i c a t i o n .  

i n  the  western and southern p a r t  of t h e  country. 

n o r t h  i s  n o t  a f fected.  

water i s  genera l l y  accepted. To avoid l a r g e  scale a c i d i f i c a t i o n  o f  s e n s i t i v e  

l akes  and streams the depos i t i on  o f  su lphur  should n o t  exceed 0.5 g S/mP-y. 

The present  l e v e l  o f  depos i t i on  i n  the  western and southern p a r t  o f  the country 

i s  2 g S/mZ-y. 

decades i n  southern Sweden. 

processes and leads t o  increased leach ing  o f  magnesium and other  essen t ia l  

n u t r i e n t s  and t o  e levated l e v e l s  o f  aluminium and heavy metals i n  ground and 

sur face water. Increased co r ros ion  on underground cons t ruc t i ons  have been 

rep0 r ted  . 
i s  a problem i n  many p a r t s  o f  Sweden. 

a c i d i t y  i s  caused by a c i d  depos i t i on  i s  n o t  y e t  q u i t e  c l e a r .  400 000 permanent 

res iden ts  and 650 000 r e c r e a t i o n  houses a r e  dependent on water supply from small 

p r i v a t e  groundwater we l l s .  The annual indoor  damages due t o  corros ion have been 

estimated t o  SEK 150 m i l l i o n s .  

water i f  i t  i s  n o t  consumed by vegetation. 

c o n t r i b u t e  t o  the  a c i d i f i c a t i o n  o f  running water by 20-30 per  cent. 

surges w i t h  extremely low pH-values a re  very det r imenta l  t o  f i s h - l i f e .  

Ni t rogen has so f a r  been a l i m i t i n g  f a c t o r  i n  most t e r r e s t r i a l  ecosystems 

and the  depos i t i on  o f  n i t r o g e n  has had a favourable e f f e c t  on fo res t  growth. 

There are, however, i n d i c a t i o n s  t h a t  f o r e s t  ecosystems i n  southern Sweden are 

approaching a stage o f  n i t rogen  sa tu ra t i on .  

w i l l  n o t  be f u r t h e r  increased by increased n i t r o g e n  supply. 

leach considerable amounts o f  n i t r a t e .  

s a t u r a t i o n  o f  f o r e s t  s o i l  have been estimated t o  1-2 g N/mz-y 

t o t a l  depos i t i on  o f  ox id i zed  and reduced n i t r o g e n  compounds. 

depos i t i on  i n  southern Sweden exceeds ‘2 g N/m2-y. 

- ment. 

t i o n  amounts t o  about one t h i r d  o f  t he  t o t a l  load. 

B a l t i c  Sea i s  a ma t te r  o f  g rea t  concern. 

The damages a re  most severe i n  non-calcareous areas 

New research r e s u l t s  have shown a s t rong soil a c i d i f i c a t i o n  dur ing the l a s t  

The a c i d i f i c a t i o n  has a severe impact on the s o i l  

Ac id groundwater To what extent  the 

The deposited n i t r o g e n  con t r i bu tes  t o  a c i d i f i c a t i o n  o f  surface and ground- 

During snow-melt n i t r i c  a c i d  may 

Such ac id  

This  means t h a t  primary product ion 

Such systems may 

The t a r g e t  l e v e l s  f o r  depos i t i on  t o  avoid negat ive e f f e c t s  o f  n i t rogen  

The present 

expressed as 

Ni t rogen is t h e  n u t r i e n t  t h a t  genera l l y  l i m i t s  growth i n  the marine environ- 

I n  t h e  B a l t i c  Sea t h e  c o n t r i b u t i o n  o f  n i t r o g e n  from atmospheric deposi- 

The eu t roph ica t i on  o f  the 



I n  t h e  beginning of t he  80s increased f o r e s t  damages were repor ted a l so  i n  

Sweden. 

and southwestern p a r t s  o f  the country  a r e  a t t r i b u t e d  t o  the  combined e f f e c t s  

o f  s o i l  a c i d i f i c a t i o n ,  d i r e c t  e f f e c t s  o f  a i r  p o l l u t a n t s  ( p a r t i c u l a r l y  ozone) 

and extreme c l i m a t i c  condi t ions.  

Needle losses i n  about 30 % o f  o l d e r  spruce stands i n  the  southern 

As a defense against  a c i d i f i c a t i o n  and t o  r e s t o r e  valuable lakes and streams 

a l i m i n g  programme i s  i n  operat ion.  

The money a v a i l a b l e  from the Government f o r  the year 1986/87 i s  SEK 110 m i l l i o n s  

corresponding t o  85 per cent  o f  the t o t a l  cost. 

p o s i t i v e .  

f l o w  va r ies  by two orders o f  magnitude and because the  me ta l - r i ch  leachates 

from a c i d i f i e d  s o i l s  remain t o x i c  even i f  pH i s  brought back t o  normal values. 

The general experience i s  t h a t  countermeasures i n  the environment are no 

acceptable s u b s t i t u t e s  t o  c o n t r o l  measures a t  t h e  source. 

4 000 lakes have been t r e a t e d  so f a r .  

The e f f e c t s  o f  l ake  i i m i n g  are 

Streams, however, are much more d i f f i c u l t  t o  handle as the water- 

Important Issues i n  Future Policy-Making 

t h a t  t he  to lerance l i m i t s  o f  na tu re  a re  exceeded. Future i n t e r n a t i o n a l  co- 

operat ion w i t h i n  t h e  framework o f  t h e  Convention must prov ide answers t o  t he  

f o l l o w i n g  questions: 

- What a re  the  t a r g e t  l e v e l s  o f  depos i t i on  and a i r  q u a l i t y  t o  safeguard a 

The large-scale a c i d i f i c a t i o n  and f o r e s t  damages i n  Europe today demonstrate 

1 ong-term heal  thy envi ronment? 

- What do these l e v e l s  mean i n  the form o f  necessary emission reduct ions 

i n  d i f f e r e n t  areas? 

- What are the l eas t - cos t  s o l u t i o n s  t o  achieve the  emission reduct ions 

and how are they t o  be implemented? 

I n  most coun t r i es  na t i ona l  energy and t r a n s p o r t a t i o n  p o l i c i e s  have been 

developed w i t h  l i t t l e  o r  no I n  the  f u t u r e  these 

p o l i c i e s  and the  environmental p o l i c y  w i l l  have t o  be c l o s e l y  coordinated. 

care o f  t he  environment. 

P r i o r i t i e s  i n  Swedish A c i d i f i c a t i o n  Research 

_ - -  Depositign: Q u a n t i f i c a t i o n  of d r y  deposited n i t rogen  substances, espec ia l l y  

o f  gaseous n i t r i c  ac id ,  and i t s  v a r i a t i o n  w i t h  topography, d is tance from 

f o r e s t  edges, type o f  vegetat ion,  e t c .  
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Forest  damages, Ef fects  Of s o i l  a c i d i f i c a t i o n  i n  combination w i t h  extreme 

c l i m a t e  cond i t i ons  (drought periods). 

D i r e c t  e f f e c t s  o f  ozone and n i t r i c  a c i d  - stud ies i n  open top chambers. 

E f f e c t s  o f  n i t r o g e n  s a t u r a t i o n  on d i f f e r e n t  phys io log i ca l  processes, e.g. 
f r o s t  s e n s i t i v i t y  and accumulation o f  var ious organic  substances, and on the 

f l o w  of n i t r a t e  and cat ions.  

- - - - - - - 

- - - - - -  Groundwater. 

over t ime  as a f u n c t i o n  of geology and l e v e l s  o f  deposi t ion.  

Development o f  models o f  groundwater a c i d i f i c a t i o n  and chemistry 

- - - - _ -  Surface water. 

o f  a c i d i f i c a t i o n  and c h a r a c t e r i s t i c s  o f  t he  drainage area and the aquat ic  

ecosystem. 

Development o f  models o f  mercury content  i n  f i s h  as a funct ion 

- C o ~ r ~ s ~ o ~ . -  E f f e c t s  o f  s o i l  a c i d i f i c a t i o n  on underground const ruct ions.  

Countermeasures i n  the  environment, E f f e c t s  o f  l i m i n g  o f  surface water. 

Development of methods t o  r e s t o r e  a c i d  groundwater and t o  n e u t r a l i z e  f o r e s t  

s o i l  and improve f o r e s t  v i t a l i t y ,  

- _ _ _ - _ - - - _ _ _ - _ - _ _  

I n t e r n a t i o n a l  Research Evaluat ion Mechanisms 

A growing number o f  coun t r i es  are e s t a b l i s h i n g  a c i d i f i c a t i o n  research and 

mon i to r i ng  programmes which means t h a t  more and more data w i l l  be ava i l ab le .  

Resul ts  from i n d i v i d u a l  research p r o j e c t s  and shor t - term moni tor ing programmes 

are o f t e n  o f  l i m i t e d  value i n  the  process o f  dec i s ion  making. However, i f  the 

c r i t i c a l  questions are formulated, data from d i f f e r e n t  coun t r i es  can be 

assessed and e i t h e r  prov ide the answers o r  i d e n t i f y  the impor tant  gaps fo r  

f u r t h e r  research and moni tor ing.  

programme resources are a l l o c a t e d  f o r  assessment o f  e x i s t i n g  data outs ide the  

own programme. Wi th in  the  Convention such assessments could be made by small 

groups o f  coun t r i es  and the r e s u l t s  discussed by exper ts  from a l l  i n te res ted  

p a r t i e s .  

Convention should be an impor tant  p a r t  o f  the work p lan  o f  the Executive Body. 

I t  i s  essen t ia l  t h a t  i n  each n a t i o n a l  a c i d i f i c a t i o n  research and moni tor ing 

Evaluat ion o f  research r e s u l t s  re levan t  t o  the problem discussed w i t h i n  the  
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TABLE 1.1 

Emission trends in Sweden (1000 tonnes) 

1980 1984 1990 1995 

Source SO2 NO, CH s02 CH SO2 NO, CH SO2 NO, CH 

Stationary combustion 
sources 252 67 4 106 46 

Industrial non- 
combustion sources 150 34 70 98 19 

Non-i ndus trial and 
domestic activities 63 28 95 40 19 

89 53 80 52 3 

70 19 50 19 55 

18 13 14 12 85 

Mobile sources 18 199 258 20 205 16 181 12 157 152 

Total 

Index 

483 328 427 264 289 193 266 156 240 2 95 

100 100 100 32 73 69 


