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ABSTRACT 
Dug w e l l s  s e r v e  as t h e  s o u r c e  o f  s u p p l y  t o  i n d i v i d u a l  homes and farms 

i n  some r u r a l  r e g i o n s  o f  Hungary. N i t r a t e  p o l l u t i o n  i n  t h e s e  waters  has  
been  r e p o r t e d  f rom many areas o f  t h e  c o u n t r y  i n  t h e  e a r l y  f i f t i e s  a l -  
r e a d y .  

The water  o b t a i n e d  from d r i l l e d  w e l l s  r e a c h i n g  'down i n t o  c o n f i n e d  
a q u i f e r s  and  t h a t  p i p e d  t o  p u b l i c  w a t e r  works  f rom k a r s t i c  s p r i n g s  h a s  
shown o c c a s i o n a l l y  s i g n s  o f  d e t e r i o r a t i o n  by  n i t r a t e  p o l l u t i o n  i n  t h e  
l a s t  decade  o n l y .  I n  o r d e r  t o  o b t a i n  a p i c t u r e  on  t h e  e x t e n t  of  p o l l u -  
t i o n  due  t o  n i t r a t e s ,  a s u r v e y  w a s  r u n  i n  1979 o n  a l l  s o u r c e s  o f  s u p p l y  
t o  p u b l i c  water works  i n  t h e  c o u n t r y .  The r e s u l t s  and  c o n c l u s i o n s  o f  
major i n t e r e s t  emerg ing  f rom t h i s  s u r v e y  are  d e s c r i b e d  i n  t h e  p r e s e n t  
p a p e r .  

The area and  method o f  s u r v e y ,  t h e  components  d e t e r m i n e d  
The s u r v e y  c o v e r e d  t h e  e n t i r e  area of t h e  c o u n t r y  and e x t e n d e d  t o  

more t h a n  10 000 w e l l s  and  s p r i n g s  s e r v i n g  a s  s o u r c e s  o f  s u p p l y  t o  ov- 
er  1000 p u b l i c  water works .  The p o l l u t i o n  s u r v e y  w a s  o r g a n i z e d  and  
c o n t r o l l e d  by t h e  d i s t r i c t  w a t e r  a u t h o r i t i e s . ,  The c h e m i c a l  a n a l y s e s  and 
b a c t e r i a l  tes ts  w e r e  p e r f o r m e d  by t h e  l a b o r a t o r i e s  o f  t h e  p u b l i c - h e a l t h -  
- and water a u t h o r i t i e s .  N o  methods  o f  f i e l d  a n a l y s i s  w e r e  a p p l i e d  and  
no f i e l d  i n v e s t i g a t i o n s  w e r e  made. The f r e s h  a n a l y t i c a l -  and  t e s t  data 
were e v a l u a t e d  i n v a r i a b l y  by compar ing  them w i t h  t h e  c o r r e s p o n d i n g  data 
of t h e  d r i l l i n g  l o g ,  w i t h  due  c o n s i d e r a t i o n  a l s o  t o  t h e  rates o f  pump- 

i n g .  The components  s u r v e y e d  w e r e  as  f o l l o w s :  Fe 
t o t a l  h a r d n e s s ,  o r g a n i c  c o n t e n t ,  b a c t e r i u m  c o u n t  ( c o l i f o r m ) .  

++ ++ , Mn , N H 4 ,  NO;, NO;, 

R e s u l t s ,  c o n c l u s i o n s  

The p r i m a r y  s o u r c e s  o f  n i t r a t e  p o l l u t i o n  i n  s u b s u r f a c e  waters are a s  
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f o l l o w s  : 
- v a r i o u s  k i n d s  o f  e f f l u e n t  d i s p o s e d  o f  w i t h o u t  t r e a t m e n t  on f i l t e r  

beds , 
- s o l i d  and l i q u i d  w a s t e s ,  
- l a r g e  volumes o f  manure and 
- f e r t i l i z e r s  a p p l i e d  a t  growing rates. 
The q u a n t i t i e s  d i s c h a r g e d  are: 
- f e r t i l i z e r  i n d u s t r y  e f f l u e n t  10.0 m i l l i o n  m / y e a r  3 

- food i n d u s t r y  w a s t e w a t e r  11.0 " 
I, 

- i n t e n s i v e  s t o c k f a r m i n g  manure 75.0 " 
I, 

Of t h e s e  e f f l u e n t s  o n l y  a b o u t  6 0  % a r e  d i s p o s e d  o f  i n  a s a t i s f a c t o r y  
manner. 

3 '  The annua l  volume o f  s o l i d  manure i s  1 5 . 3  m i l l i o n  m /yea r .The  amount 
o f  n i t r o g e n  f e r t i l i z e r  a p p l i e d  h a s  i n c r e a s e d  t h e r e f o l d  d u r i n g  t h e  p a s t  
15  y e a r s  from 1 4 2  768 t / y e a r  i n  1965 t o  567 000 t / y e a r  i n  1979. 

The e f f l u e n t s  d i s p o s e d  o f  on f i l t e r  beds ,  or  f i e l d s  by communal s e w -  
age  t r e a t m e n t  p l a n t s  are i m p o r t a n t  s o u r c e s  o f  p o l l u t i o n ,  which f a c t  i s  
c h a r a c t e r i z e d  b e s t  by t h e  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  connec ted  t o  
p u b l i c  u n t i l i t y  w a t e r  supp ly  and sewerage,  f u r t h e r  by t h e  f i g u r e s  on 
water consumption. 

1 9  7 0  1975 1 9  80 
p o p u l a t i o n  w i t h  p i p e d  water 55 % 6 0  % 73 % 

p o p u l a t i o n  i n  sewered area 27 % 33 % 43 % 

The w a t e r  consumption f i g u r e s  f o r  1950 and 1980, f u r t h e r  t h e  f i g u r e  
3 p r e d i c t e d  f o r  2 0 0 0  a r e  2 0 0 ,  7 2 0  and 1000 m i l l i o n  m / y e a r ,  r e s p e c t i v e l y .  

The r a p i d  i n c r e a s e  of  p o l l u t i o n  obse rved  o v e r  t h e  p a s t  decade i s  a 

d i r e c t  consequence o f  t h e  f i g u r e s  quo ted  above. 
Round 9 0  % o f  t h e  p o p u l a t i o n  o f  Hungary relies on ground w a t e r ,  o r  

bank f i l t e r e d  w a t e r  withdrawn as  ground w a t e r ,  f o r  i t s  domes t i c  w a t e r  
supp ly .  According t o  o r i g i n ,  t h e  waters pumped c a n  be  grouped as:  

- bank f i l t e r e d  water 50 % 

- a r t e s i a n  ( c o n f i n e d  ground w a t e r )  33 % 

- k a r s t  water 1 3  % 

- unconfined ground water 4 %  
The q u a l i t y  o f  s u b s u r f a c e  w a t e r s  i s  impa i red  mainly by t h e  i n c r e a s -  

i n g l y  s e v e r e  p o l l u t i o n  by n i t r a t e s .  According t o  t h e  Hungarian S tanda rd  
S p e c i f i c a t i o n s  on d r i n k i n g  w a t e r ,  n i t r a t e  c o n t e n t s  up t o  2 0  m g l l i t r e  
are a c c e p t a b l e ,  w h i l e  t h o s e  up t o  4 0  m g / l i t r e  are s t i l l  t o l e r a b l e .  

The su rvey  h a s  r e v e a l e d  6 t o  7 % of  t h e  p u b l i c  w a t e r  works,  where 
t h e  n i t r a t e  c o n t e n t  c a n  be reduced e f f e c t i v e l y  by add ing  n i t r a t e - f r e e  
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water b e f o r e  t h e  d i s t r i b u t i o n  network. Owing t o  a d v e r s e  c o n d i t i o n s  
( t h i n ,  p e r v i o u s ,  l e a k i n g  c o v e r  l a y e r ,  h e i g h t  o f  t h e  water t a b l e ) ,  natu-  
r a l  p r o t e c t i o n  i s  poor  f o r  round 30 % o f  t h e  s u p p l i e s  and t h e s e  a r e  ex- 
posed t o  n i t r a t e  p o l l u t i o n  ( F i g . 1 ) .  The absence  o f  a d e q u a t e  n a t u r a l  p m  
t e c t i o n  p r e s e n t s  e s p e c i a l l y  s e r i o u s  d i f f i c u l t i e s ,  where ground waters 
a t  s m a l l  d e p t h s  below t h e  s u r f a c e  are t h e  o n l y  a v a i l a b l e  s o u r c e  o f  sup- 
p l y .  U n f o r t u n a t e l y ,  t h e s e  areas have t h e  most h i g h l y  deve loped  indus -  
t r ies  and t h e  h i g h e s t  p o p u l a t i o n  d e n s i t i e s .  

I n  round 4.0 % o f  t h e  area o f  Hungary deep  ground waters p r o t e c t e d  
from s u r f a c e  p o l l u t i o n  can  be deve loped  and t h e s e  are t h e  s o u r c e  o f  
p u b l i c  water s u p p l y .  I n  s e v e r a l  a r e a s  c o n f i n e d  a q u i f e r s  are known t o  
e x i s t ,  which are s e p a r a t e d  from t h e  p o l l u t e d  unconf ined  ground w a t e r  
by one ,  or  s e v e r a l  imperv ious  l a y e r s .  N o  e v i d e n c e  i s  a v a i l a b l e  thus f a r  
t o  i n d i c a t e  t h a t  a q u i f e r s  s i t u a t e d  below 50-100 m w e r e  con tamina ted  by 
i n f i l t r a t i n g  waters. 

I n  t h e  p r e s e n t  su rvey  on n i t r a t e  p o l l u t i o n  NO- c o n c e n t r a t i o n s  high-  3 
er  t h a n  30 t o  4 0  m g / l i t  w e r e  n o t  d e t e c t e d  i n  w e l l s  deepe r  t h a n  4 0  t o  
50 m. 

N i t r a t e  p o l l u t i o n  w a s  found t o  be l i m i t e d  t o  t h e  ground w a t e r s  i n  t h e  
v i c i n i t y  o f  t h e  s u r f a c e .  These w a t e r s ,  which show o c c a s i o n a l l y  h igh  NO; 

c o n c e n t r a t i o n s  (above 100 m g / l i t )  are s t o r e d  ma in ly  i n  Q u a t e r n a r y ,  T e r -  

t i a r y  and Mesosoic d e b r i s  and c a r b o n a t e  a q u i f e r  f o r m a t i o n s  i n  t h e  moun- 
t a i n  r a n g e s  o f  North-Hungary, T ransdanuv ia ,  i n  t h e  Mecsek r e g i o n ,  f u r t h -  
er  i n  t h e  p o t e n t i a l  w i thd rawa l  areas o f  b a n k - f i l t e r e d  w a t e r  a l o n g  t h e  
Danube and a number o f  minor streams ( F i g . 2 ) .  

I n  Hungary o c c a s i o n a l  o c c u r r e n c e s  o f  p o l l u t i o n  due t o  h i g h  NO; con- 
c e n t r a t i o n  i n  ground waters a t  s m a l l  d e p t h  c o u l d  i n v a r i a b l y  be t r a c e d  
back t o  human a c t i v i t i e s .  P o l l u t i o n  i s  caused  t y p i c a l l y  by p o i n t  so-s 

and i s  t h u s  a n  anomaly i n  t h e  s u r r o u n d i n g s .  D i f f u s e  s o u r c e s  o f  p o l l u -  
t i o n  are so  f a r  i n f e r i o r  i n  t h e i r  impor t ance .  The impac t s  o f  l a r g e  mono- 
- c rop  farming o p e r a t i o n s  are l i a b l e  t o  a p p e a r  m o r e  s t r o n g l y  d u r i n g  t h e  
e i g h t i e s ,  so t h a t  t h e  d i f f u s e  s o u r c e s  o f  p o l l u t i o n  w i l l  p robab ly  pose 
more s e r i o u s  problems t h e n .  

Owing t o  l i m i t a t i o n s  o f  s p a c e ,  t h e  p a r t i c u l a r  cases i n v e s t i g a t e d  and 
d e s c r i b e d  i n  Hungary canno t  be  i n c l u d e d  i n  t h e  p r e s e n t  pape r .  I n  a num- 
b e r  o f  cases p o l l u t i o n  h a s  been traced back p o s i t i v e l y  t o  t h e  l a c k  of 
sewerage, or t o  t h e  p r o x i m i t y  o f  manure, b u t  l i t t l e  i n f o r m a t i o n  i s  o n l y  
a v a i l a b l e  on d i f f u s e  p o l l u t i o n  c a u s e d  by f e r t i l i z e r s .  Obse rva t ions  un- 
d e r  a c t u a l ,  f i e l d  c o n d i t i o n s  have been s t a r t e d  i n  1980 i n  t h e  area of 
t h e  Bdbolna S t a t e  Farm. 
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The impact  and s p r e a d i n g  o f  p o l l u t i n g  s u b s t a n c e s  i n  t h e  s o i l  are n o t  
unde r s tood  s u f f i c i e n t l y  and f u r t h e r  r e s e a r c h  i s  needed on t h e s e  prob- 
l e m s .  

Recommendations f o r  minimizing and p r e v e n t i n g  n i t r a t e  p o l l u t i o n  t o  
s o u r c e s  of  p u b l i c  w a t e r  supp ly  

- N o  improvement i n ,  and p r o t e c t i o n  o f ,  t h e  q u a l i t y  o f  w a t e r  i n  p r i -  
v a t e  w e l l s  i s  a n t i c i p a t e d .  The development of  p u b l i c  water works and 
d i s t r i b u t i o n  systems p r e s e n t s  t h e  o n l y  v i a b l e  a l t e r n a t i v e .  

- P r o t e c t i o n  is  p o s s i b l e  i n  t h e  case of  w a t e r  works drawing on 
ground w a t e r s  i n  t h e  v i c i n i t y  o f  t h e  s u r f a c e ,  p r o v i d e d  t h a t  t h e  wi th -  
drawal  a r e a  i s  p r o p e r l y  s i ted .  E x c l u s i o n  of  communal p o l l u t i o n  i s  d i f -  
f i c u l t ,  o r  i m p o s s i b l e ,  b u t  t h e  p o l l u t i o n  due t o  a g r i c u l t u r a l  a c t i v i -  
t i e s  can  be l i m i t e d .  

- I n d u s t r i a l ,  or a g r i c u l t u r a l  a c t i v i t i e s  must be d i s c o n t i n u e d ,  or  
l i m i t e d ,  i f  t h e s e  p r e s e n t  p o i n t -  or  d i f f u s e  p o l l u t i o n  t o  t h e  s o u r c e  of  
supp ly .  

- Sewerage and sewage t r e a t m e n t  must be  p r o v i d e d  w i t h  t o p  p r i o r i t y  
i n  communities,  where t h e  e f f l u e n t s  a r e  d i s p o s e d  o f  w i t h i n  t h e  communi- 
t y  a r e a ,  o r  d r a i n e d  t h e r e f r o m  i n  a manner t o  j e o p a r d i z e  t h e  w a t e r  sup- 
p l i e s .  

- S u r f a c e  d r a i n a g e  must be p r o v i d e d  i n  a l l  p o t e n t i a l  i n t a k e  a r e a s .  
- I n t e r n a l -  and e x t e r n a l  p r o t e c t i v e  b e l t s  must be  e s t a b l i s h e d  around 

t h e  withdrawal  areas o f  w a t e r  works,  and p r o t e c t i o n  must be ex tended  t o  
t h e  connec ted  h y d r o g e o l o g i c a l  i n t a k e  a r e a ,  i . e . ,  t h e  a r e a  of t h e  de- 
p r e s s i o n  caused by pumping. I n  t h e s e  a r e a s  r e s t r i c t i o n s  must be imposed 
on i n d u s t r i a l  and a g r i c u l t u r a l  a c t i v i t i e s .  

The programme o u t l i n e d  b e f o r e  s h o u l d  be r e a l i z e d  o v e r  t h e  n e x t  1 5  
y e a r s .  Any abatement  of p o l l u t i o n  and p e r c e p t i b l e  improvement o f  t h e  
s i t u a t i o n  can  be e x p e c t e d  a f t e r  t h i s  p e r i o d  o n l y .  




