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ABSTRACT 

The pape r  p r e s e n t s  t h e  groundwater mon i to r ing  program execu ted  by t h e  Geologica l  

Survey of Sweden i n  coope ra t ion  wi th  t h e  Swedish Environmental  P r o t e c t i o n  Board. 

One o f  t h e  main aims of t h e  program i s  t o  s t u d y  t h e  e f f e c t s  of d i f f u s e  p o l l u t i o n  

by p r e c i p i t a t i o n  and land  use .  

Using d a t a  from the  mon i to r ing  program as a background, some p o l l u t i o n  problems 

are d i s c u s s e d .  

One of t h e  most s e r i o u s  envi ronmenta l  problems i n  Sweden i s  t h e  a c i d i f i c a t i o n  

of n a t u r a l  w a t e r s .  The a c i d i f i c a t i o n  h a s  mainly s t r u c k  s u r f a c e  waters, b u t  e f f e c t s  

on groundwater have been r e p o r t e d .  The problems are expec ted  t o  i n c r e a s e  i n  t h e  

f u t u r e .  

The e f f e c t s  o f  t h e  use  of f e r t i l i z e r  i n  farming and f o r e s t r y ,  as w e l l  as changes 
i n  groundwater q u a l i t y  due t o  c l e a r - c u t t i n g  of f o r e s t s  a r e  a l s o  d i scussed  b r i e f l y .  

THE GROUNDWATER M O N I T O R I N G  PROGRAM OF SWEDEN 

A s  a c o n t r i b u t i o n  t o  t h e  I H D ,  t h e  Geologica l  Survey of Sweden (SGU) s t a r t e d  

t o  e s t a b l i s h  a n a t i o n a l  groundwater network i n  1966 ( r e f .  1 ) .  Within t h i s  network 

v a r i a t i o n s  i n  groundwater l e v e l ,  t empera ture  and chemis t ry  a r e  recorded .  In  1978 

t h e  Environmental  Moni tor ing  Program of Sweden (PMK) was e s t a b l i s h e d  ( r e f .  2 ) .  

This  program i n c l u d e s  mon i to r ing  of t h e  a tomspher ic ,  t e r r e s t r i a l  and a q u a t i c  envi -  

ronments.  I t  i s  execu ted  by the  Na t iona l  Swedish Environmental  P r o t e c t i o n  Board 

i n  coope ra t ion  wi th  o t h e r  n a t i o n a l  a u t h o r i t i e s .  Within t h e  a q u a t i c  program O f  

t h e  PMK, t h e  mon i to r ing  of groundwater i s  executed  by SGU as a p a r t  of the  chemical 

program o f  the  groundwater network. 

The network f o r  groundwater chemis t ry  c o n s i s t s  a t  p r e s e n t  of 106 sampling s t a t i o n s  

a l l  o v e r  t h e  coun t ry  ( s e e  F ig .  1). The s t a t i o n s  r e p r e s e n t  d i f f e r e n t  geo log ica l  and 

c l i m a t o l o g i c a l  envi ronments .  Each s t a t i o n  i s  sampled 2 - 6 t imes  a y e a r .  The mea- 

surements  i n c l u d e  sodium, potass ium,  magnesium, ca lc ium,  aluminum, i r o n ,  manganese 

f l u o r i d e ,  c h l o r i d e ,  n i t r i t e ,  n i t r a t e ,  ammonium, s u l p h a t e ,  pH, a l k a l i n i t y ,  conduc- 
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Fig .  1. Areas wi th  stations f o r  groundwater 

sampling i n  t h e  groundwater network. Some 

d o t s  r e p r e s e n t  more than  one s t a t i o n .  

t i v i t y ,  redox p o t e n t i a l ,  oxygen, tritium and 

tempera ture .  A t  some s t a t i o n s  more e lements ,  

e .g .  c e r t a i n  metals, are inc luded  i n  t h e  ana- 

l y s i s  program. A l l  d a t a  are s t o r e d  i n  a 

computerized d a t a  base  system. 

POLLUTION OF GROUNDWATER BY PRECIPITATION 

AND LAND USE 

One of t h e  main purposes  of t h e  ground- 

wa te r  mon i to r ing  program i s  t o  d i s c o v e r  and 

s t u d y  p o l l u t i n g  e f f e c t s ,  main ly  of r e g i o n a l  

c h a r a c t e r ,  on groundwater.  Such r e g i o n a l  e f f e c t  

can be expec ted  a s  a r e s u l t  of a tomspher ic  

t r a n s p o r t  of p o l l u t a n t s  o r  e x t e n s i v e  changes 

i n  l and  use .  

A c i d i f i c a t i o n  of s u r f a c e  w a t e r s  

One of t h e  most s e r i o u s  envi ronmenta l  problems i n  Sweden i n  r e c e n t  y e a r s  i s  the  

a c i d i f i c a t i o n  of n a t u r a l  waters. The w a t e r s  of a g r e a t  number of l a k e s  i n  d i f f e r e n t  

p a r t s  o f  t h e  coun t ry  have become more and more a c i d .  I n  some c a s e s  t h i s  h a s  caused 

t h e  e x t i n c t i o n  of f i s h  i n  t h e  l a k e s .  The a c i d i f i c a t i o n  of t h e  l a k e s  i s  most pronoun- 

ced i n  a r e a s  wi th  a c i d  rocks  and a t h i n  l a y e r  o r  no l a y e r  a t  a l l  of cove r ing  un- 

conso l ida t ed  d e p o s i t s .  Such a r e a s  a r e  however e x t e n s i v e  i n  Sweden. I t  i s  assumed 

t h a t  t he  main reason  f o r  the  a c i d i f i c a t i o n  i s  t h e  bu rn ing  o f  f o s s i l  f u e l s ,  which 

has  brought  l a r g e  q u a n t i t i e s  o f  s u l p h u r i c  a c i d  t o  the  atomsphere.  

To t r y  t o  p reven t  f u r t h e r  damages t o  the  l a k e s ,  r e s t r i c t i o n s  f o r  t h e  bu rn ing  

of f u e l s  r i c h  i n  su lphur  have been made. However, measures on ly  i n s i d e  Sweden cannot 

s o l v e  the  problem, a s  t h e  amount of s u l p h u r i c  a c i d  r ece ived  from abroad  through the  

a tomspher ic  c i r c u l a t i o n  i n  l a r g e r  than  t h e  amount r e l e a s e d  from t h e  chimneys i n s i d e  

Sweden. 

A c i  d i  f i c a t  i on  of groundwater 

During the  l a s t  f i v e  y e a r s  t he  eyes  of many Swedes have been focused  on the  

problem of a c i d i f i c a t i o n  of groundwater,  and e s p e c i a l l y  du r ing  the  l a s t  y e a r  t h e  
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newspapershave had f r e q u e n t  r e p o r t s  on the  s u b j e c t .  I t  o f t e n  seems however, a s  

though groundwaters t h a t  a r e  a c i d  f o r  o t h e r  n a t u r a l  r easons  than  a c i d  p r e c i p i t a t i o n  

a r e  the  sou rces  of concern and exc i t emen t .  The l a c k  of d a t a  from the  p a s t  might 

be a reason .  Whenever somebody measures t h e  pH of a groundwater and f i n d s  t h a t  i t  

i s  on the  a c i d  s i d e  of t he  n e u t r a l  p o i n t ,  h e o r s h e  g e t s  alarmed and blames i t  on 

the  a c i d i f i c a t i o n  p rocess  caused  by the  a c i d  p r e c i p i t a t i o n .  A pH measurement made 

ten  yea r s  ago, i n  the  same groundwater body might have shown the  same r e s u l t .  

Within the  groundwater network t h e r e  a r e  a number of s t a t i o n s ,  which a r e  s u i t e d  

f o r  showing e f f e c t s  o f  a c i d i f i c a t i o n .  T h i s  means t h a t  t he  a q u i f e r  c o n s i s t s  o f  coa r se  

unconsol ida ted  m a t e r i a l ,  n o t  covered  by c l a y .  The m a t e r i a l  o r i g i n a t e s f r o m  g r a n i t i c  

o r  g n e i s s i c  rocks ,  t hus  g i v i n g  a low b u f f e r  c a p a c i t y .  The h y d r a u l i c  c o n d u c t i v i t y  

i s  h igh  and t h e  r e s i d e n c e  time low. 

Today t h e r e  are t i m e  s e r i e s  of a l i t t l e  more than  t e n  y e a r s  from many s t a t i o n s .  

Not from one s i n g l e  s t a t i o n  inc luded  i n  t h e  chemical nrogram of t h e  groundwater 

network, t h e r e  i s  a d e c r e a s i n g  t r e n d  o f  t h e  pH v a l u e s .  

I n  the  sou the rn  p a r t  of Sweden t h e r e  a r e  however some s t a t i o n s  wi th  a more o r  

l e s s  pronounced i n c r e a s i n g  t r e n d  of s u l p h a t e ,  p robably  caused by t h e  a c i d  p r e c i p i -  

t a t i o n .  Where these  s u l p h a t e  t r end  o c c u r ,  so  f a r ,  we can f i n d  two p a t t e r n s  of 

e v o l u t i o n  i n  time of t h e  chemical c o n s t i t u e n t s  ca lc ium,  magnesium, a l k a l i n i t y  and 

pH i n  the  groundwater,  depending on whether t h e  s o i l  i s  r i c h  i n  carbonate  o r  n o t .  

Th i s  i s  i l l u s t r a t e d  by d a t a  from two s t a t i o n s  i n  sou the rn  Sweden. In  f a c t  t hese  

a r e  the  s t a t i o n s  which most c l e a r l y  show the  e f f e c t s  of a c i d i f i c a t i o n .  The ba r  

graph diagrams i n  F i g .  2 show t h e  t r e n d s  of some parameters  impor tan t  t o  t h e  i n t e r -  

p r e t a t i o n  of t h e  a c i d i f i c a t i o n  p r o c e s s .  The d a t a  p re sen ted  i n  F ig .  2 comes from a 

s t a t i o n  s i t u a t e d  40 km i n l a n d  from the  west c o a s t  of Sweden (Dju ra rpsda len  s t a t i o n  

1 ) .  The a q u i f e r  i s  a g l a c i o f l u v i a l  sand ,  and t h e  unde r ly ing  bedrock c o n s i s t s  of 

g n e i s s .  The a r e a  i s  ve ry  poor i n  l i m e .  

The s u l p h a t e  con ten t  i s  i n c r e a s i n g  u n t i l  1976 when t h e r e  i s  a d e p l e t i o n  of t h e  

c o n c e n t r a t i o n .  Calcium shows very  much the  same p a t t e r n ,  whi le  t he  magnesium con ten t  

i n c r e a s e s  throughout t he  p e r i o d .  The a l k a l i n i t y  i s  very  s t eady .  The pH va lues  

f l u c t u a t e  a l i t t l e ,  bu t  no i n c r e a s i n g  o r  d e c r e a s i n g  t r end  can be n o t i c e d .  

In t h i s  ca se ,  where t h e r e  i s  a catchment a r e a  poor i n  l ime ( ca l c ium ca rbona te ) ,  

t he re  s t i l l  i s  an i o n  exchange between hydrogen i o n s  from the  a c i d  p r e c i p i t a t i o n  

and magnesium and ca lc ium,  which a r e  a v a i l a b l e  i n  o t h e r  forms than a s  carbonate .  

T h i s  ion  exchange causes  the  s t a b i l i t y  of pH and a l k a l i n i t y .  

In case  of an a r e a  r i c h  i n  ca lc ium ca rbona te ,  t he  a c i d  p r e c i p i t a t i o n p e r c o l a t i n g  

the  s o i l  and a e r a t e d  zone, d i s s o l v e s  the  ca rbona te s  g i v i n g  an i n c r e a s i n g  a l k a l i n i t y  

a s  we l l  a s  i n c r e a s i n g  ca lc ium and magnesium c o n c e n t r a t i o n s .  Th i s  i s  shown i n  F ig .  

3. The pH va lues  a r e  very  s t e a d y  ( n o t  shownin  d i ag ram) .  The s t a t i o n  (RGvarekulan 

s t a t i o n  1) from which t h e  d a t a  d e r i v e  i s  s i t u a t e d  i n  the  sed imentary  rock a r e a  i n  

Scan ia ,  southernmost  Sweden. The a q u i f e r  i s  an unconso l ida t ed  sand .  
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F i g .  2 .  Diagrams showing t i m e  series of pH, s u l p h a t e ,  a l k a l i n i t y ,  magnesium and 

calcium from a groundwater s t a t i o n  i n  an area poor  i n  c a r b o n a t e s .  
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Fig .  3 .  Diagrams showing t i m e  s e r i e s  o f  a l k a l i n i t y  and magnesium from a groundwater 

s t a t i o n  i n  a ca rbona te  r i c h  a r e a .  

Even i f  t h e r e  a r e  u n t i l  now evidence  on ly  of e f f e c t s  of t h e  a c i d  p r e c i p i t a t i o n  

on the  groundwater,  such as shown above, and no r e a l  a c i d i f i c a t i o n  i n  the  sense  

of d e c r e a s i n g  pH a t  t h e  s t a t i o n s  o f  t h e  groundwater network, t h e  "problem" cannot 

be n e g l e c t e d .  

I t  has  been shown by o t h e r  workers t h a t  i n  a r e a s  wi th  ve ry  low b u f f e r  c a p a c i t i e s  

on the  wes tcoas t  t h e r e  a r e  ve ry  a c i d  groundwaters w i th  h igh  c o n c e n t r a t i o n s  of heavy 

metals. T h i s  i s  i n  f a c t  t h e  p a r t  of Sweden wi th  t h e  h e a v i e s t  subs idence  of a c i d  

m a t t e r  and p r e c i p i t a t i o n .  

Gene ra l ly  i t  seems however t h a t  a t  p r e s e n t  t he  b u f f e r  c a p a c i t i e s  of t h e  s o i l s  
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s G u OJURARPSOALEN STATION I 
CROUNOUATER CHERISTRV N03-N f R G / L l  

3 . 0 0  

are s u f f i c i e n t  t o  keep t h e  pH l e v e l  s t e a d y .  

Also i n  f o r e s t r y  t h e  use of f e r t i l i z e r s  has  i n c r e a s e d .  E f f e c t s  on groundwater 

have been r epor t ed ,  a1  though t h e  recorded  i n c r e a s e s  i n  n i t r a t e  c o n c e n t r a t i o n s  are 

r e l a t i v e l y  small. C lea r -cu t t i ng  o f  l a r g e  f o r e s t e d  areas a l s o  cause  a s m a l l  r ise 

i n  the  n i t r a t  c o n t e n t  of t he  groundwater,  due t o  decay o f  o r g a n i c  m a t e r i a l ,  and 

l ack  of p l a n t s  consuming the  r e l e a s e d  n i t r a t e .  An example o f  t h i s  i s  shown i n  F i g .  5 .  

S G U VELEN STATION 28 
GROUNOUATER CHERISTRV N03-N I R G / L I  

1.00 1.00 

0.00 0.00 

I 1970 I 1971 I 1972 I I973 I I974 1 1975 1 1976 I I977 I I978 1 1979 1 1980 I 1981 

Fig .  5 .  .Changes i n  n i t r a t e  (N03-N) con ten t  i n  groundwater due t o  c l e a r - c u t t i n g  of 

t he  f o r e s t  around t h e  sampling s t a t i o n .  
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