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FOREWORD 

The I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analys is  is a 
nongover~menta l  , m u l t i d i s c i p l i n a r y ,  i n t e r n a t i o n a l  r e sea rch  
i n s t i t u t i o n  whose g o a l  is t o  b r i n g  t o g e t h e r  s c i e n t i s t s  from 
around t h e  world t o  work on problems o f  common i n t e r e s t .  

IIASA pursues  t h i s  goa l ,  n o t  only  by pursuing a r e sea rch  program 
a t  t h e  I n e t i t u t e  i n  c o l l a b o r a t i o n  w i t h  many o t h e r  i n s t i t u t i o n s ,  
b u t  a l s o  by ho ld ing  a wide v a r i e t y  of s c i e n t i f i c  and t e c h n i c a l  
meetings.  Often t h e  i n t e r e s t  i n  t h e s e  meetings ex tends  beyond 
t h e  concerns o f  t h e  p a r t i c i p a n t s ,  and proceedings  a r e  i s sued .  
C a r e f u l l y  e d i t e d  and reviewed proceedings o c c a s i o n a l l y  appear  
i n  t h e  I n t e r n a t i o n a l  S e r i e s  on Applied Systems Analys is  (pub- 
l i s h e d  by John Wiley and Sons Limited,  Ch iches te r ,  England);  
e d i t e d  proceedings  appear i n  t h e  IIASA Proceedings S e r i e s  
(publ ished by Pergamon Press  Limited,  Oxford, England).  

When r e l a t i v e l y  quick p u b l i c a t i o n  is d e s i r e d ,  unedi ted  and on ly  
l i g h t l y  reviewed proceedings reproduced from manuscr ip ts  provided 
by t h e  au thor s  o f  t h e  papers  appear  i n  this new IIASA Collabora- 
t i v e  Proceedings S e r i e s .  Volumes i n  t h i s  s e r i e s  a r e  a v a i l a b l e  
from t h e  I n s t i t u t e  a t  moderate c o s t .  





PREFACE 

In  many developed and developing r eg ions  throughout  t h e  world,  
w a t e r  supply  and management agenc ie s  a r e  conf ron ted  by a s t e a d i -  
l y  i n c r e a s i n g  demand f o r  water .  Water supply  i s  u s u a l l y  con- 
s t r a i n e d  by n a t u r a l ,  t e c h n o l o g i c a l ,  and economic c o n d i t i o n s .  
The l i m i t  on t h e  q u a n t i t y  of  wa te r  which can b e  tapped grows 
more s e v e r e ,  because d e t e r i o r a t i n g  wa te r  q u a l i t y  n e c e s s i t a t e s  
more and more complex u t i l i z a t i o n  c o n s t r a i n t s .  Opera t ing  wi th  
t h i s  i n  mind, r eg iona l  wa te r  managers a t t e m p t  t o  s a t i s f y  d i f f e r -  
e n t  supply  i n t e r e s t s ,  e s p e c i a l l y  when t h e s e  i n t e r e s t s  c o n f l i c t  
w i th  each o t h e r .  Therefore ,  t h e  competing i n t e r e s t s  o f  a g r i c u l -  
t u r e ,  environment,  and munic ipal  wa te r  supply  become i n c r e a s i n g l y  
impor t an t .  For  example, i n  r e c e n t  y e a r s ,  wa te r  supply  agenc ie s  
have become p r o g r e s s i v e l y  more concerned by h igh  n i t r a t e  l e v e l s  
i n  munic ipal  wa te r  supply  sou rces .  

I n  1980, an  e x p l o r a t o r y  s tudy  on "Analys is  and Con t ro l  of  Non- 
p o i n t  N i t r a t e  P o l l u t i o n  of  Municipal  Water Supply Sourcesn  was 
i n i t i a t e d  a t  IIASA. The p r o j e c t ,  which formed p a r t  o f  t h e  
Research Tasks "Regional Water Management. and "Environmental 
Problems o f  Agr i cu l tu re" ,  was c a r r i e d  o u t  a s  a c o l l a b o r a t i v e  
e f f o r t  between IIASA's Resources and h v i r o n m e n t  Area (REN) a s  
w e l l  a s  s c i e n t i f i c  i n s t i t u t i o n s  i n  s e v e r a l  Nat ional  Mambat 
Organ iza t ion  (NMO) c o u n t r i e s .  I n  concluding t h e  p r o j e c t ,  a 
Task Force Meeting was h e l d  a t  IIASA from 10 t o  1 2  February 1981. 
A t  t h e  meeting,  which was a t t e n d e d  by 16 s c i e n t i s t s  from 7 UMOs, 
t h e  OECD and IIASA, t h e  s t u d y  r e s u l t s  o b t a i n e d  by IIASA and t h e  
c o l l a b o r a t i v e  i n s t i t u t i o n s  were d i s c u s s e d  i n  depth and t o p i c s  
f o r  f u r t h e r  r e s e a r c h  were sugges ted .  A t  t h e  c l o s i n g  s e s s i o n ,  
t h e  p a r t i c i p a n t s  expres sed  t h e i r  a p p r e c i a t i o n  f o r  t h e  unique 
oppor tun i ty  t o  d i s c u s s  impor tant  p r a c t i c a l  problems i n  w a t e r  
and a g r i c u l t u r a l  management from a broad systems p o i n t  o f  view. 
It was p a r t i c u l a r l y  a p p r e c i a t e d  t h a t  t h e  meeting brought  t o -  
q e t h e r  e x p e r t s  from d i f f e r e n t  f i e l d s ,  a s  t h e r e  w e r e  h y d r o l o g i s t s ,  
hydrogeo log i s t s ,  e n g i n e e r s ,  and a g r i c u l t u r a l  e c o n m i s t s  d e a l i n g  
w i t h  t h e  problems i n  ques t ion .  

Janusz  Kind le r  
Chairman 
Resources and Environment Area 
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INTRODUCTION 

K . - H .  Zwirnmann 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Systems A n a l y s i s ,  
Laxenburg,  A u s t r i a  

THE REN NITRATE STUDY 

The Resources  and Environment  Area (REN) o f  IIASA d e a l s  
w i t h ,  among o t h e r  p rob lems ,  t h e  p o l l u t i o n  o f  w a t e r  r e s o u r c e s  
c a u s e d  by i n t e n s i v e  a g r i c u l t u r a l  a c t i v i t i e s .  I n  1980, o n e  o f  
t h e  major  e n v i r o n m e n t a l  problems o f  a g r i c u l t u r e  a d d r e s s e d  was 
n i t r a t e  l e a c h i n g  due  t o  t h e  u s e  o f  n i t r o g e n  f e r t i l i z e r s .  Two 
l e v e l s  o f  a n a l y s i s  were i n t r o d u c e d :  t h e  f i e l d  a n d  t h e  g l o b a l  
l e v e l .  I n  f i e l d  l e v e l  i n v e s t i g a t i o n s ,  t h e  CREAMS model o f  
t h e  U.S. Department  o f  A g r i c u l t u r e  ( K n i s e l ,  1978) was a p p l i e d  
i n  s e v e r a l  c a s e  s t u d y  a r e a s  i n  IIASA member c o u n t r i e s .  Golubev 
( 1 9 8 0 ) ,  c o n d u c t e d  a  g l o b a l  s u r v e y  o f  n i t r a t e  l e a c h i n g  h a z a r d s .  
Both s t u d i e s  a s  w e l l  a s  f i n d i n g s  o f  t h e  r e g i o n a l  w a t e r  manage- 
ment p r o j e c t s  r e v e a l e d  t h e  n i t r a t e  problem t o  b e  o f  g r e a t  p r a c -  
t i c a l  r e l e v a n c e  t o  a g r i c u l t u r a l  a n d  w a t e r  management. 

To e n s u r e  a  s a f e  d r i n k i n g  w a t e r  s u p p l y  w h i l e  a t t a i n i n g  
a g r i c u l t u r a l  p r o d u c t i o n  g o a l s  is a  complex, i n t e r d i s c i p l i n a r y  
prob lem,  which h a s  t o  be  a t t a c k e d  i n  i t s  e n t i r e t y  by t h e  adop- 
t i o n  o f  some s o r t  o f  s y s t e m s  approach .  The e x p l o r a t o r y  s t u d y  
on " A n a l y s i s  and C o n t r o l  o f  Nonpoint  N i t r a t e  P o l l u t i o n  o f  Munic- 
i p a l  Water Shpply S o u r c e s "  c a r r i e d  o u t  a s  a  c o l l a b o r a t i v e  pro- 
j e c t  between REN and s e v e r a l  e x t e r n a l  i n s t i t u t i o n s  r e p r e s e n t s  a  
p r e l i m i n a r y  a t t e m p t  i n  t h i s  d i r e c t i o n .  While  a iming  a t  gener -  
a t i n g  a  m e t h o d o l o g i c a l  o u t l i n e  o f  a  m u l t i d i s c i p l i n a r y  a p p r o a c h  
t o  t h e  problem, t h e  s t u d y  a t  t h e  same time aimed a t  p r o v i d i n g  
p r a c t i c a l  g u i d e l i n e s  f o r  d e a l i n g  w i t h  t h e  n i t r a t e  p o l l u t i o n  o f  
w a t e r  r e s o u r c e s .  I t s  main f o c u s  was a g r i c u l t u r a l  n o n p o i n t  po l -  
l u t i o n  s o u r c e s  and t h e  u s e  o f  i n o r g a n i c  f e r t i l i z e r s  i n  p a r t i c -  
u l a r .  An approach  h a s  now been f o r m u l a t e d ,  which a p p e a r s  t o  b e  
g e n e r a l l y  s u i t a b l e  f o r  most o t h e r  t y p e s  o f  p o l l u t i o n  c o n t r o l  i n  
w a t e r  q u a l i t y  management (Zwirnmann, 1981) .  The p r i n c i p a l  is- 
s u e s  which b e s t  i l l u s t r a t e  t h e  f i n d i n g s  o f  t h e  s t u d y  a r e  surn- 
m a r i z e d  below. 



N i t r a t e  P o l l u t i o n  o f  Water Resources:  Sources  and C o n t r o l  

The s p e c i f i c  concern  abou t  n i t r a t e  p o l l u t i o n  o f  mun ic ipa l  
w a t e r  supp ly  s o u r c e s  s tems  from t h e  haza rd  t o  p u b l i c  h e a l t h  
caused  by t h e  t o x i c  e f f e c t s  o f  n i t r a t e s  i n  d r i n k i n g  w a t e r .  
N i t r a t e  removal from w a t e r  s u p p l i e s  cannot  be  accompl i shed  by 
conven t i ona l  t r e a t m e n t  p rocedu re s ,  c o n s e q u e n t l y ,  tk.ere i s  a  
c l e a r  n e c e s s i t y  t o  c l a r i f y  t h e  p o t e n t i a l  e x t e n t  and s e v e r i t y  
o f  t h e  s i t u a t i o n  i n  o r d e r  t o  unde r s t and  t h e  c o n s t r a i n t s  imposed 
by n i t r a t e  p o l l u t i o n  on w a t e r  supp ly  p l a n n i n g .  There i s  a  t r e -  
mendous v a r i e t y  o f  n i t r o g e n  s o u r c e s  i n  t h e  envi ronment  which 
c o n t r i b u t e  t o  w a t e r  p o l l u t i o n .  However, among t h e  major  s o u r c e s  
o f  n i t r o g e n  p o l l u t i o n  o f  w a t e r  s u p p l i e s ,  chemica l  f e r t i l i z e r s  
have been found t o  be  t h e  dominant c ause  o f  t h e  r e c e n t ,  r a p i d  
i n c r e a s e  i n  n i t r a t e  c o n c e n t r a t i o n s  i n  w a t e r  r e s o u r c e s .  Agr i cu l -  
t u r a l  i n t e r e s t s  a r e  a l s o  s e rved  by l o o k i n g  a t  t h e  problem, be- 
c ause  t h e  amount o f  n i t r o g e n  which p o l l u t e s  w a t e r  r e s o u r c e s  con- 
s t i t u t e s  was t e  o f  a  v a l u a b l e  r e s o u r c e  which must be  p r even t ed  by 
b e t t e r  management p r a c t i c e s  i n  a g r i c u l t u r e .  

N i t r o g e n  and W a t e r  R e s o u r c e s  

The i n i t i a l  s t e p  i n  deve lop ing  o p t i o n s  f o r  t h e  c o n t r o l  o f  
nonpo in t  n i t r a t e  p o l l u t i o n  o f  munic ipa l  w a t e r  supp ly  s o u r c e s  i s  
t h e  a n a l y s i s  o f  t h e  p h y s i c a l  sy s t em t o  be  c o n t r o l l e d .  The i n t e r -  
a c t i o n s  o f  v a r i o u s  components o f  t h e  sys tem,  such  a s  t h e  w a t e r  
r e s o u r c e s  o f  a  r e g i o n ,  o r  t h e  i n p u t  and o u t p u t  o f  n i t r o g e n  t o  
and from t h e  w a t e r  r e s o u r c e s  sy s t em,  need t o  be  i d e n t i f i e d .  When 
c o n s i d e r i n g  a  r e g i o n a l  w a t e r  r e s o u r c e  sys tem,  t h e  amount o f  n i -  
t r a t e  p r e s e n t  i n  w a t e r  supp ly  a b s t r a c t i o n  is  b a s i c a l l y  c o n t r o l l e d  
by t h e  v a r i o u s  p r o c e s s e s  t a k i n g  p l a c e  i n  t h e  n i t r o g e n  c y c l e ,  par -  
t i c u l a r l y  by t h e  i n t e r a c t i o n  o f  w a t e r  w i t h  t h e  s o i l - p l a n t  system. 
Consequent ly ,  t h e  sys tem t o  b e  c o n t r o l l e d  can  b e  d i v i d e d  i n t o  
t h r e e  g e n e r a l i z e d  p a r t s :  s u r f a c e  w a t e r ,  g roundwater ,  and t h e  
s o i l - p l a n t  system. 

The r e l a t i v e  impor tance  o f  w a t e r  supp ly  s o u r c e s  ( r i v e r s ,  
l a k e s ,  r e s e r v o i r s ,  and  a q u i f e r s )  g e n e r a l l y  depends on t h e  g i v e n  
c o n d i t i o n s  o f  a  s p e c i f i c  r eg ion .  Golubev ( 1 9 8 0 ) ,  proved t h a t  
t h e  haza rd  o f  n i t r a t e  l e a c h i n g  i s  p a r t i c u l a r l y  h igh  i n  c e r t a i n  
c o u n t r i e s  because  o f  t h e i r  g e n e r a l  c l i m a t i c  f e a t u r e s .  O f t e n ,  
t h e  e f f e c t  o f  t h i s  n a t u r a l  s i t u a t i o n  i s  compounded by t h e  use  
o f  supp l emen ta l  i r r i g a t i o n .  I t  i s  impor t an t  t o  n o t e  t h a t  f o r  
t h o s e  c o u n t r i e s  i d e n t i f i e d  a s  having  a  p a r t i c u l a r l y  h igh  poten-  
t i a l  f o r  n i t r a t e  p o l l u t i o n ,  g roundwater  r e s o u r c e s  p l a y  a  key r o l e  
i n  p o t a b l e  w a t e r  supp ly .  Groundwater r e s o u r c e s  t h e n  d e s e r v e  
s p e c i a l  a t t e n t i o n ,  e s p e c i a l l y  because  t h e r e  is a n  i m p o r t a n t  
d i f f e r e n c e  between groundwater  and s u r f a c e  w a t e r  p o l l u t i o n  and 
t h e i r  r e s p e c t i v e  management s t r a t e g i e s .  While t h e  d e c i s i o n  t o  
p u r i f y  r i v e r  w a t e r  is made w i t h  t h e  knowledge t h a t  w a t e r  q u a l i t y  
can  be  r e s t o r e d  r e l a t i v e l y  q u i c k l y  a f t e r  removing t h e  p o l l u t i o n  
s o u r c e ,  t h e  same does  n o t  app ly  t o  l a k e s ,  r e s e r v o i r s ,  o r  
p a r t i c u l a r l y  t o  a q u i f e r s ,  where p o l l u t a n t s  may b e  r e t a i n e d  f o r  
decades  o r  even c e n t u r i e s .  N e v e r t h e l e s s ,  examina t i on  o f  t h e  
e f f e c t s  o f  f e r t i l i z e r  n i t r a t e  w a t e r  p o l l u t i o n  i n  a  r e g i o n a l  
c o n t e x t  u s u a l l y  r e q u i r e s  a  c o n j u n c t i v e  c o n s i d e r a t i o n  o f  t h e  
groundwater  and s u r f a c e  w a t e r  r e s o u r c e s  o f  a  r e g i o n .  



O u t l i n e  of a ControL S y s t e m  

The p h y s i c a l  sys tem c o n s i d e r e d  s o  f a r  i s  now ready  t o  b e  
f i t t e d  i n t o  a  more g e n e r a l  management s y s t e m  f o r  t h e  c o n t r o l  o f  
n i t r a t e  p o l l u t i o n  i n  m u n i c i p a l  w a t e r  s u p p l y  s o u r c e s .  A s  s e e n  
from t h e  p r e c e d i n g  a n a l y s i s ,  t h e  major  concern  i n  o u t l i n i n g  such  
a  s y s t e m  i s  c o n t r o l l i n g  n o n p o i n t  p o l l u t i o n  s o u r c e s  i n  a g r i c u l -  
t u r e ,  s u c h  a s  o r g a n l c  and i n o r g a n i c  f e r t i i ~ z e r ,  w l t t  most  impor- 
t a n c e  g i v e n  t o  t h e  l a t t e r ,  Hence t h e  s y s t e m  must  p r o v l d e  a  fzhrne- 
work f o r  t h e  a n a l y s i s  o f  t h e  v a r i o u s  f a c t o r s  a f f e c t i n g  r e g l o n a l  
w a t e r  r e s o u r c e s  management, and c o n s i d e r  t h e  i n t e r e s t s  o f  t h e  
competing u s e r s  o f  s o i l s  and w a t e r s .  I n  o r d e r  t o  u n d e r s t a n d  how 
w a t e r  s u p p l y  and  management is  influenced by i n c r e a s i n g  n i t r a t e  
c o n c e n t r a t i o n s  i n  w a t e r  r e s o u r c e s  and t o  e n s u r e  a  s a f e  d r i n k i n g  
w a t e r  s u p p l y ,  management must  l i n k  l a n d  use  and w a t e r  s u p p l y  
development .  I n  t h e  s t u d y  t h e  framework f o r  a n a l y s i s  t h e r e f o r e  
f o l l o w e d  t h e  c o n c e p t  o f  a  dec i s ion-making  p r o c e s s  b a s e d  on t h e  
c o n t r o l  s y s t e m  shown i n  F i g u r e  1.  The m a j o r  components con- 
s i d e r e d  a r e :  

a )  t h e  s y s t e m  t o  be  c o n t r o l l e d ,  encompassing 

- - t h e  m u n i c i p a l i t i e s  ( r e p r e s e n t a t i v e s  o f  t h e  g e n e r a l  
p u b l i c )  which a r e  s u p p l i e d  w i t h  w a t e r  and  a g r i c u l -  
t u r a l  commodit ies  and  govern  t h e  o v e r a l l  c o n t r o l  
s y s t e m  by s e t t i n g  t h e  management o b j e c t i v e s ;  t h e y  
a l s o  c o n t r i b u t e  t o  n i t r a t e  p o l l u t i o n  o f  m u n i c i p a l  
w a t e r  s u p p l y  s o u r c e s  th rough  t h e  d i s p o s a l  o f  human 
and  i n d u s t r i a l  w a s t e s ;  

- - t h e  env i ronment ,  e s p e c i a l l y  t h e  a tmosphere ,  which 
p r o v i d e s  t h e  background l o a d  o f  n i t r o g e n  t o  t h e  
two e n v i r o n m e n t a l  subsys tems  o f  i n t e r e s t ,  t h e  s o i l -  
p l a n t  sys tem,  a n d  t h e  w a t e r  s u p p l y  s o u r c e s ;  

-- t h e  w a t e r  s u p p l y  and  management a g e n c i e s  managing 
t h e  m u n i c i p a l  w a t e r  s u p p l y  s o u r c e s  and r e s p o n s i b l e  
f o r  e n s u r i n g  p o t a b l e  w a t e r  s u p p l y ;  

- - t h e  a g r i c u l t u r a l  p r o d u c t i o n  s e c t o r  which s t r i v e s  t o  
a c h i e v e  p r o d u c t i o n  q o a l s ,  c a u s i n q  n l t r a t e  p o l l u t i o n  
o f  w a t e r - s u p p l y  sou;ces a s  a  s id ;  e f f e c t  o f  t h e  
t e c h n o l o g i e s  used  f o r  c r o p  p r o d u c t i o n  a n d  w a s t e  
d i s p e r s a l  r n  t h e  s o i l - p l a n t  s y s t e m ;  

b )  t h e  management o b j e c t i v e s  o f  t h e  o v e r a l l  c o n t r o l  s y s t e m  
which s h o u l d  b e  accompl i shed  th rough  management measures  
a p p r o p r i a t e  t o  t h e  s p e c i f i c  s y s t e m ;  

where management o b j e c t i v e s  
n i n q  and i m p l e m e n t a t i o n  o f  

management measures  n o t  o n l y  i n  t h e  f i e l d  o f  w a t e r  
s u p p l y  and management, b u t  a l s o  i n  t h e  a g r i c u l t u r a l  
s e c t o r .  

The components o f  t h e  s y s t e m  t o  b e  c o n t r o l l e d  ( t h e  munlcl-  
p a l l t l e s  a n d  t h e  environment, w l t h  ~ t s  subcomponents ,  t h e  w a t e r  
r e s o u r c e  s y s t e m  and s o i l - p l a n t  s y s t e m )  a r e  physically c o n z e c t e d  
oy mass f lows  ( n l t r a t e  p o l l u t e d  w a t e r ,  d r l n k l n g  w a t e r ,  a g r l c u l -  
t u r a l  commodl t les )  and constitute t h e  b a s l s  and t a r g e t  f o r  
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d e c i s i o n  making. I n  c o n t r a s t ,  components o f  t h e  management 
subsys tem a r e  l i n k e d  by t h e  f low o f  i n f o r m a t i o n .  The conjunc-  
t i o n  between t h e s e  two main p a r t s  o f  t h e  o v e r a l l  c o n t r o l  sys tem 
i s  p r o v i d e d  by t h e  implementa t ion  of  management measures .  

C o n t r o l .  O p t i o n s  

Water management o b j e c t i v e s  a r e  g e n e r a l l y  a c h i e v e d  th rough  
a n  i n t e g r a t e d  implementa t ion  o f  t e c h n o l o g i c a l ,  i n s t i t u t i o n a l ,  
a n d  economic measures .  Depending on t h e  s y s t e m  t o  which t h e y  
r e f e r ,  two g e n e r a l  a l t e r n a t i v e s  f o r  w a t e r  s u p p l y  p o l l u t i o n  con- 
t r o l  c a n  b e  d i s t i n g u i s h e d ;  f i r s t ,  c o n t r o l l i n g  p o t e n t i a l  p o l l u t i o n  
s o u r c e s  and  second ,  t r e a t i n g  p o l l u t e d  w a t e r  and t a k i n g  s p e c i a l  
measures  t o  e n s u r e  w a t e r  s u p p l y .  

Nonpoint  n i t r a t e  p o l l u t i o n  c o n t r o l  measures  used  i n  t h e  
a g r i c u l t u r a l  s e c t o r  t o  manage f e r t i l i z e r  a p p l i c a t i o n ,  a n i m a l  
w a s t e  d i s p o s a l ,  l a n d  u s e ,  r u n o f f ,  e r o s i o n ,  and  l e a c h i n g ,  a r e  
g e n e r a l l y  p r e f e r r e d  t o  t h e  e l i m i n a t i o n  o f  n i t r a t e s  by w a t e r  
p u r i f i c a t i o n .  The development  a n d  a p p l i c a t i o n  o f  new k i n d s  o f  
f e r t i l i z e r s  and  i n h i b i t o r s  f o r  c o n t r o l l i n g  f e r t i l i z e r  r e l e a s e  
o r  t r a n s f o r m a t i o n  a l s o  must  be  t a k e n  i n t o  a c c o u n t .  Aowever, i n  
r e a l i t y ,  due  t o  t h e  advanced s t a t e  o f  w a t e r  p o l l u t i o n ,  one  h a s  
t o  c o n s i d e r  p rob lems  f a c i n g  m u n i c i p a l  w a t e r  s u p p l y  i n  t h e  s h o r t  
r u n ,  f o r  example,  t h e  need  f o r  a l t e r n a t i v e  s u p p l y  s o u r c e s ,  new 
w a t e r  t r e a t m e n t  t e c h n o l o g y ,  o r  s p e c i a l  s u p p l y  measures .  As 
p r a c t i c a l  i m p l e m e n t a t i o n  o f  p o l l u t i o n  c o n t r o l  s t r a t e g i e s  is 
l a r g e l y  b a s e d  on i n s t i t u t i o n a l ,  l e g a l ,  a n d  economic a c t i o n s l i t  
s t r o n g l y  depends on t h e  e x i s t e n c e  o f  r e g i o n a l  a u t h o r i t i e s ,  and 
t h e i r  c a p a b i l i t i e s .  The management p o l i c i e s  p u r s u e d  by s u c h  
a u t h o r i t i e s  must  r e c o g n i z e  t h a t  w a t e r  p u r i f i c a t i o n  t e c h n o l o g i e s  
f o r  n i t r a t e  e l i m i n a t i o n  c a u s e  a  t remendous i n c r e a s e  i n  e x p e n d i t u r e  
i n  t h e  w a t e r  i n d u s t r y .  Even when n e g l e c t i n g  t h e  long- te rm r e q u i r e -  
ments  o f  w a t e r  s u p p l y  p r o t e c t i o n ,  s h o r t - t e r m  s o c i a l  b e n e f i t s  c a n  
o n l y  be  r e c e i v e d  th rough  t h e  o v e r a l l  c o n t r o l  s y s t e m  when t h e  
b e n e f i t s  g a i n e d  from a g r i c u l t u r a l  p r o d u c t i o n  ou tweigh  t h e  a d d i -  
t i o n a l  c o s t s  o f  m u n i c i p a l  w a t e r  s u p p l y .  

Moreover ,  when d e a l i n g  w i t h  n o n p o i n t  s o u r c e  p o l l u t i o n  c o n t r o l ,  
it is i m p o r t a n t  f o r  r e s e a r c h e r s ,  p r a c t i t i o n e r s ,  a n d  p o l i c y  makers 
t o  r e a l i z e  t h a t  o n l y  a  b e g i n n i n g  h a s  been  made. While  t h e  c o n t r o l  
o f  p o i n t  s o u r c e  d i s c h a r g e s  o f  w a s t e w a t e r  is b a s e d  on o v e r  hundred  
y e a r s  o f  r e s e a r c h  and  t e s t i n g ,  c o n t i n u e d  i n v e s t i g a t i o n s  i n t o  
n o n p o i n t  s o u r c e  c o n t r o l  a r e  n e c e s s a r y  t o  e s t a b l i s h  a  comparable 
l e v e l  o f  t e c h n o l o g y .  

To answer t h e  q u e s t i o n  o f  how w a t e r  s u p p l y  and  management a r e  
i n f l u e n c e d  by i n c r e a s i n g  n i t r a t e  c o n c e n t r a t i o n s  i n  w a t e r  r e s o u r c e s  
and  how a  s a f e  d r i n k i n g  w a t e r  s u p p l y  c a n  b e  e n s u r e d ,  t h e  g o a l s  
o f  t h e  a g r i c u l t u r a l  p r o d u c t i o n  s e c t o r  s h o u l d  b e  c o o r d i n a t e d  w i t h  
p u b l i c  d e c i s i o n s  r e g a r d i n g  l a n d  u s e ,  w a t e r  s u p p l y  deve lopment ,  
s u r f a c e  and groundwater  s y s t e m s .  T h e r e f o r e ,  w a t e r  p o l l u t i o n  



c o n t r o l  management must be  based  on an e f f e c t i v e  p l a n n l n g  proce-  
d u r e .  The t o o l s  a p p l i e d  i n  t h e  a n a l y t i c a l  p r o c e s s  must  b e  capa-  
b l e  o f  match ing  b o t h  t h e  a b i l i t y  o f  d a t a  t o  y i e l d  i n f o r m a t i o n  
w i t h  c o n f i d e n c e  and matching t h e  e x p e c t a t i o n s  o f  t h e  d e c i s i o n  
makers .  Hence, t h e  s t u d y  d i d  n o t  main ly  f o c u s  on methods f o r  
d e t a i l e d  a n a l y s i s  o f  t h e  p h y s i c a l ,  c h e m i c a l ,  and b i o l o g i c a l  
p r o c e s s e s  c o n s t i t u t i n g  t h e  b e h a v i o r  o f  n i t r o g e n  i n  w a t e r  r e s o u r -  
c e s .  I t  was i n t e n d e d  r a t h e r ,  t o  show how s u c h  means a s  moni to r -  
i n g  and modeling c a n  s u p p o r t  t h e  decision-maklng p r o c e s s  i n  n i -  
t r a t e  w a t e r  p o l l u t i o n  c o n t r o l  management w i t h  p a r t i c u l a r  r e f e r -  
e n c e  t o  n o n p o i n t  s o u r c e  p o l l u t i o n .  To comprehens ive ly  a n a l y z e  
t h e  n i t r a t e  problem o b v i o u s l y  r e q u i r e s  t h e  i n t e g r a t i o n  o f  phy- 
s i c a l  p r o c e s s e s  and d e c i s i o n  o r i e n t e d  a s p e c t s .  A t  l e a s t  t h r e e  
a s p e c t s  seem t o  b e  o f  g e n e r a l  i n t e r e s t .  F i r s t ,  t h e r e  i s  a  gen- 
e r a l  m e t h o d o l o g i c a l  i s s u e  c o n c e r n i n g  problems i n  a n a l y z i n g  and 
model ing ,  s u c h  a s  t h o s e  o f  s c a l e  a s  w e l l  a s  r i s k  and  u n c e r t a i n t y .  
Many q u e s t i o n s  a b o u t  how t o  t r a n s l a t e  model r e s u l t s  f rom f i e l d  
s t u d i e s  i n t o  r e g i o n a l  t e r m s ,  how t o  p r e c i s e l y  c o n s i d e r  l o n g  and  
s h o r t  t e r m  e f f e c t s  o f  p o l l u t i o n  and i t s  c o n t r o l ,  how t o  d e a l  
more comprehens ive ly  w i t h  u n c e r t a i n t i e s  i n  t h e  c o n t r o l  o b j e c t i v e s  
and a l t e r n a t i v e s ,  a s  w e l l  a s  i n  t h e  s t r u c t u r e s ,  p a r a m e t e r s  and 
i n p u t  d a t a  o f  t h e  a p p l i e d  m d e l s  s t i l l  remain u n s a t i s f a c t o r i l y  
answered.  Second,  t h e  p h y s i c a l  p r o c e s s e s  have  t o  b e  g i v e n  a t t e n -  
t i o n .  A comprehensive e v a l u a t i o n  o f  t h e  s p a t i a l  and t e m p o r a l  
development  o f  n i t r a t e  p o l l u t i o n  h a s  t o  b e  c a r r i e d  o u t  by moni- 
t o r i n g  and model ing  t h e  p r o c e s s e s  (mechanisms, pathways,  e t c . )  
r e l a t i n g  p o l l u t i o n  s o u r c e s  t o  w a t e r  r e s o u r c e s  i n  o r d e r  t o  a c h i e v e  
a  meaningfu l  w a t e r  q u a l i t y  impac t  a n a l y s i s .  T h i r d ,  t h e  d e c i s i o n  
a s p e c t  h a s  t o  form an i n t e g r a t e d  p a r t  o f  t h e  o v e r a l l  a n a l y s i s .  
P l a n n i n g  and soc ioeconomic  e v a l u a t i o n  o f  c o n t r o l  s t r a t e g i e s  re- 
q u i r e  t h e  a n a l y s i s  o f  t r a d e o f f s  i n  and between w a t e r  s u p p l y  and  
management, a s  w e l l  a s  a g r i c u l t u r e .  Moreover, a n  a s s e s s m e n t  h a s  
t o  b e  made o f  t h e  p o t e n t i a l  o r  p roved  i m p a c t s  o f  p o l l u t i o n  and 
i t s  c o n t r o l ,  on man, t h e  env i ronment ,  a g r i c u l t u r a l  y i e l d s ,  e t c . ,  
b e f o r e  c o n t r o l  methods c a n  b e  d e s i g n e d  f o r  i m p l e m e n t a t i o n .  

The i s s u e s  mentioned above were d i s c u s s e d  a t  t h e  Task F o r c e  
m e e t i n g  and t h e s e  p r o c e e d i n g s  summarize t h e  r e s u l t s  o f  t h e  r e -  
s e a r c h  a c t i v i t i e s  which began i n  1980. 

THE PAPERS OF THE TASK FORCE MEETING 

A l l  t h e  p a p e r s  p r e s e n t e d  a t  t h e  Task Force  mee t ing  a p p e a r  
i n  t h i s  volume. The IIASA C o l l a b o r a t i v e  P a p e r  (CP-80-34) is  
i n c l u d e d  a l t h o u g h  it was n o t  p r e s e n t e d  a t  t h e  mee t ing ,  a s  it 
was s p e c i f i c a l l y  p r e p a r e d  i n  t h e  framework o f  t h e  s t u d y .  

The p r e s e n t a t i o n s  g i v e n  by t h e  p a r t i c i p a n t s  d e a l t  w i t h  
s e l e c t e d  a s p e c t s  o f  t h e  problem t h e r e b y  p r o v i d i n g  a  meaningfu l  
overv iew o f  i t s  complex i ty .  I n  keep ing  w i t h  t h e  i s s u e s  d i s c u s s e d  
i n  t h e  p r e v i o u s  s e c t i o n  o f  t h i s  i n t r o d u c t i o n ,  t h e  p a p e r s  a r e  d i -  
v i d e d  i n t o  t h r e e  g r o u p s .  One group  i s  main ly  c o n c e r n e d  w i t h  
i d e n t i f y i n g  t h e  problem from t h e  p o i n t  o f  view o f  h y d r o l o g y ,  
hydrogeology  and a g r i c u l t u r a l  economy, w h l l c  a  second  g r o u p  
d e a l s  w l t h  c o n t r o l  o p t l o n s  I n  t h e  f l e l d  o f  a g r i c u l t u r e  and w a t e r  



s u p p l y  and management. A t h i r d  g roup  r e p r e s e n t s  more methodology- 
o r i e n t e d  approaches  r a n g i n g  from w a t e r  q u a l i t y  m o n i t o r i n g  t h r o u g h  
modeling groundwater  and complex w a t e r  r e s o u r c e  s y s t e m s ,  t o  a n  
i n t e g r a t e d  phys ica l -economic  a n a l y s i s  o f  w a t e r  r e s o u r c e  deve lop-  
ment and l a n d  u s e  p l a n n i n g .  

The p a p e r  by P.E. Ri j tema o n  t h e  e f f e c t s  o f  r e g i o n a l  w a t e r  
management on n i t r o g e n  p o l l u t i o n ,  i n  a r e a s  w i t h  i n t e n s i v e  a g r l c u l -  
t u r e ,  r e p r e s e n t s  a  t y p r c a l  h y d r o l o g i c a l  vlew o f  t h e  problem. I t  
d e a l s  w i t h  a  p i l o t  r e g i o n  s i t u a t e d  i n  t h e  f l a t  s o u t h - e a s t e m  p a r t  
o f  t h e  N e t h e r l a n d s  where very  i n t e n s i v e  a g r i c u l t u r e  and l i v e s t o c k  
b r e e d i n g  a r e  accompanied by an i n c r e a s e d  u s e  o f  c h e m i c a l  f e r t i l -  
i z e r s .  Us ing  h y d r o l o g i c a l  w a t e r  b a l a n c e  models ,  t h e  a u t h o r  c a l -  
c u l a t e s  t h e  n e t  s u b s u r f a c e  i n f l o w  t o  t h e  a q u i f e r  f o r  t h e  d i f f e r e n t  
s o i l  t y p e s  i n  t h e  r e g i o n .  The i n f l o w  v a l u e s  a r e  assumed t o  i n -  
d i c a t e  t h e  p o t e n t i a l  o f  t h e  s o i l s  t o  p o l l u t e  t h e  a q q 2 i f e r  by n i -  
t r a t e  t r a n s p o r t  from t h e  u n s a t u r a t e d  zone.  I n  c o n t i n u i n g  t h i s  
a p p r o a c h ,  t h e  improvement o f  l o c a l  d r a i n a g e  a s  a  s t r a t e g y  f o r  
r e d u c i n g  n i t r a t e  w a t e r  p o l l u t i o n  i s  i n v e s t i g a t e d .  Improved l o -  
c a l  d r a i n a g e  would c a u s e  a  r e d u c t i o n  i n  t h e  amount o f  s u r f a c e  
r u n o f f  and  d i s c h a r g e  by i n t e r f l o w  t h r o u g h  t h e  s o i l  sys tem.  T h i s  
r e s u l t s  i n  a n  i n c r e a s e d  r e s i d e n c e  t i m e  o f  t h e  p r e c i p i t a t i o n  ex- 
c e s s  i n  t h e  s o i l  s y s t e m ,  i .e.  a d d i t i o n a l  d e n i t r i f i c a t i o n  may t a k e  
p l a c e ,  which would r e d u c e  t h e  n i t r o g e n  l o a d  i n  s u r f a c e  w a t e r .  

I n  h i s  p a p e r ,  L. A l f o l d i  d e a l s  w i t h  h y d r o g e o l o g i c a l  a s p e c t s  
o f  g r o u n d w a t e r  n i t r i f i c a t i o n .  He s t a t e s  t h a t  n i t r o g e n  accumula- 
t i o n  i n  s u b s u r f a c e  w a t e r s  i s  n o t  t h e  r e s u l t  o f  a  s i m p l e  i n f i l t r a -  
t i o n  p r o c e s s ,  b u t  it i s  t h e  r e s u l t  o f  complex and  i n t e r m i t t e n t  
b i o c h e m i c a l  and  c h e m i c a l  p r o c e s s e s  c l o s e l y  r e l a t e d  t o  t h e  p e r i -  
o d i c a l  v a r i a t i o n  o f  t h e  g roundwater  b u d g e t .  The s o i l  zone  is  
t a k e n  t o  b e  an i n d e p e n d e n t  n i t r o g e n  b u d g e t  i n  which t h e  above 
ment ioned  p r o c e s s e s  t a k e  p l a c e .  F o l l o w i n g  t h i s  l i n e  o f  d i s c u s -  
s i o n ,  t h e  a u t h o r  p r o p o s e s  t h r e e  b a s i c  h y d r o g e o l o g i c a l  t y p e s  o f  
s o i l ,  t h o s e  w i t h  a  s e l f - c o n t a i n e d  w a t e r  b u d g e t ,  s o i l s  where t h e  
w a t e r  b u d g e t  i s  a f f e c t e d  by s u b s u r f a c e  w a t e r s ,  and  s o i l s  w i t h  an 
i n d e p e n d e n t  w a t e r  b u d g e t .  The c h a r a c t e r i s t i c s  o f  t h e  d i f f e r e n t  
c a t e g o r i e s  a r e  d i s c u s s e d  i n  d e t a i l .  As groundwater  n i t r i f i c a -  
t i o n  i s  shown t o  be an i r r e v e r s i b l e  p r o c e s s  r e s u l t i n g  i n  t h e  
a c c u m u l a t i o n  o f  n i t r a t e  i n  a q u i f e r s ,  t h e  c o n c l u s i o n  i n  t h e  p a p e r  
i s  t h a t  more a t t e n t i o n  s h o u l d  be  p a i d  t o  c o n t r o l l i n g  t h e  s o i l -  
p l a n t  s y s t e m  by improving a g r i c u l t u r a l  management p r a c t i c e s .  

The l a t t e r  suggestion i s ,  t o  a  c e r t a i n  e x t e n t ,  a l s o  o f  
l n t e r e s t  t o  H .  d e  Haen, who d e v e l o p s  a  c o s t - b e n e f i t  a n a l y s i s  
c o n c e p t  f o r  d e a l i n g  w i t h  t h e  i m p a c t  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 c a t i o n  on t h e  n i t r a t e  c o n c e n t r a t i o n  o f  g roundwater .  He 
s t a r t s  h l s  d i s c u s s i o n  by r a i s i n g  t h e  q u e s t i o n :  What would b e  
t h e  c o s t s  and t h e  b e n e f i t s  o f  reduced  n i t r a t e  c o n c e n t r a t i o n ?  To 
a v o i d  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  f i n d i n g  a  " s o c i a l l y  o p t i m a l "  
d e g r e e  o f  n i t r a t e  c o n c e n t r a t i o n ,  t h e  a u t h o r  p r o p o s e s  assuming 
c e r t a i n  n i t r a t e  s t a n d a r d s  t o  b e  exogenous ly  g i v e n  and l o o k s  f o r  
l e a s t - c o s  t a l t e r n a t i v e s  t o  meet  them. However, some t e c h n i c a l  
d i f f i c u l t i e s  remain i n  t h i s  c a s e  a s  w e l l .  I n  comparing t h e  c o s t s  
o f  a l t e r n a t i v e s ,  e .g .  r e d u c t i o n  o f  f e r t i l i z e r  l e v e l s  o r  w a t e r  
t r e a t m e n t ,  n o t  o n l y  d i r e c t  c o s t s  b u t  a l s o  e x t e r n a l  e f f e c t s  a s  
w e l l  a s  a d m i n i s t r a t i v e  e f f o r t s  a n d  i n s t i t u t i o n a l  i m p l i c a t i o n s  
have  t o  be compared. Moreover ,  a s  d e  Haen s a y s ,  t h e  d e b a t e  on 
t h e  r o l e  o f  a g r i c u l t u r e  s u f f e r s  from a  l a c k  o f  i n f o r m a t i o n ,  



e s p e c i a l l y  on t h e  quantitative r e l a t i o n s h i p  between t h e  amount 
of  n i t r a t e  l e a c h e d  o r  runof f  from a  g i v e n  f i e l d  and t h e  amount 
whlch f i n a l l y  r e a c h e s  t h e  d r i n k i n g  w a t e r  s o u r c e  a t  a  c e r t a i n  
d i s t a n c e .  He s u g g e s t s  t h a t  f o r  f u r t h e r  c o s t  calculations a  
N l t r a t e  Leaching  M a t r l x  s h o u l d  b e  employed, t o  a s s e s s  t h e  
l e a c h i n g  f o r  e n t i r e  fa rmlng  s y s t e m s  under  a l t e r n a t i v e  f e r t i l i -  
z e r  l e v e l s  and  exogenous s o i l  and c l i m a t e  f a c t o r s .  T h i s  con- 
c e r n  o f  de Haen c l e a r l y  l i n k s  t h e  a g r i c u i t u r a i  economics p rob-  
lem t o  t h o s e  d i s c u s s e d  i n  t h e  f l r s t  two p a p e r s  a d c r e s s l n g  hydro-  
logical and h y d r o g e o l o g i c a l  i s s u e s  r e l a t e d  t o  s o i l  s y s t e m s .  
Moreover, knowledge on n i t r a t e  b e h a v i o r  i n  t h e  s a t u r a t e d  zone 
o f  a q u i f e r s  i s  r e q u i r e d  i n  o r d e r  t o  answer t h e  a u t h o r ' s  major  
q u e s t i o n :  i s  t h e  n i t r a t e  p o l l u t i o n  problem manageable w i t h i n  
narrow bounds o f  ca tchment  a r e a s  ( o r  p r o t e c t e d  a r e a s )  o f  d r i n k -  
i n g  w a t e r  r e s o u r c e s ?  The a u t h o r  c o n c l u d e s  t h e  answer  t o  t h i s  
q u e s t i o n  w i l l  e v e n t u a l l y  d e t e r m i n e  t h e  b o r d e r l i n e  between l o c a l  
( c o n t r o l  o f  f e r t i l i z e r  l e v e l s ,  p r o h i b i t i o n  o f  c e r t a i n  c r o p s ,  
e t c . )  and s e c t o r a l  ( n i t r o g e n  t a x ,  q u o t a ,  e t c . )  p o l i c i e s  t o  b e  
i m p l e z e n t e d  i n  a g r i c u l t u r e .  

The t h r e e  p a p e r s  which a p p e a r  n e x t  d e a l  w i t h  p o l l u t i o n  
c o n t r o l  o p t i o n s .  A s  a n  a g r i c u l t u r a l  c o n t r o l  s t r a t e g y  chosen  
from a  s e t  o f  f e a s i b l e  a l t e r n a t i v e s  must b e  a p p r o p r i a t e  f o r  
l o c a l  c o n d i t i o n s  and a c c e p t a b l e  t o  t h e  f a r m e r s ,  n o n p o i n t  s o u r c e  
p o l l u t i o n  c o n t r o l  programs a l s o  have t o  p r o v i d e  g e n e r a l  informa- 
t i o n  and e d u c a t i o n  t o  a s s i s t  f a r m e r s .  The p a p e r  by K .  Beer ,  
H .  Ansorge ,  and H .  G o r l i t z  d i s c u s s e s  a  computer -a ided  a d v i s o r y  
s y s t e m  f o r  f e r t i l i z e r  a p p l i c a t i o n  a s  an example of  s u c h  i n f o r -  
mat ion  and  e d u c a t i o n  programs.  Two major  o b j e c t i v e s  c a n  b e  
f u l f i l l e d  by t h e  a d v i s o r y  sys tem.  F i r s t ,  t h e  s y s t e m  s e r v e s  
t o  p l a n  t h e  demand f o r  m i n e r a l  f e r t i l i z e r s  (amount, t y p e )  
on f a r m s ,  i n  d i s t r i c t s ,  and i n  r e g l o n s ,  t a k i n g  i n t o  a c c o u n t  
t h e  a v a i l a b i l i t y  o f  o r g a n i c  manure. Second,  i t  d e t e r m i n e s  t h e  
t y p e  of  f e r t i l i z e r  used and t i m i n g ,  r a t e ,  s p l i t t i n g ,  and  t e c h -  
n o l o g i c a l  method of  f e r t i l i z e r  a p p l i c a t i o n  on s p e c i f i c  f i e l d s .  
Although it h a s  p roved  t o  be  a  u s e f u l  t o o l  f o r  p l a n n i n g  and  
c o n t r o l  o f  f e r t i l i z e r  use  i n  a g r i c u l t u r a l  p r a c t i c e ,  t h e  a u t h o r s  
l l s t  some problems y e t  t o  be  overcome. An i m p o r t a n t  o n e ,  i f  
n o t  t h e  most i m p o r t a n t  o n e ,  i s  t h e  need t o  c o n s i d e r  more 
p r e c i s e l y ,  i n  advance ,  t h e  m e t e o r o l o g i c a l  c ' o n d i t i o n s  and i m p a c t s  
o f  irrigation b e c a u s e  t h e y  have a  p a r t i c u l a r l y  n o t i c e a b l e  i n -  
f l u e n c e  on t h e  e f f e c t s  of  f e r t i l i z e r  use .  

A s  a l l  t h e  above p a p e r s  show, i n  l o o k i n g  a t  a g r i c u l t u r a l  
s y s t e m s ,  i t  is  main ly  t h e  i n p u t s  o f  n a t u r e  which remain 
u n c o n t r o l l e d  and c a u s e  t h e  s t o c h a s t i c  f e a t u r e s  o f  t h e  o u t p u t s ,  
i n c l u d i n g  f e r t i l i z e r  l o s s e s .  S i n c e  t h e  o u t p u t s  c a n  b e  c o n t r o l l e d  
o n l y  by v a r y i n g  t h e  i n p u t s ,  o r  t h e  s y s t e m  i t s e l f ,  t h e  o v e r a l l  
c o n t r o l  problem i s  v e r y  complex. P e r h a p s  we w i l l  n e v e r  b e  a b l e  
t o  c o m p l e t e l y  c o n t r o l  a g r i c u l t u r a l  c r o p  p r o d u c t i o n  s y s t e m s  i n  
o r d e r  t o  e f f i c i e n t l y  p r e v e n t  w a t e r  p o l l u t i o n .  A t  l e a s t  i n  t h e  
s h o r t  r u n ,  t h e  w a t e r  s u p p l y  i n d u s t r y  t h e r e f o r e  f a c e s  and w i l l  
c o n t i n u e  t o  f a c e  a  n i t r a t e  problem which h a s  t o  be s o l v e d  by 
w a t e r  t r e a t m e n t  and management. 

The p a p e r s  by M .  Roman a s  w e l l  a s  D.  Lau te rbacn  and 
H .  K lapper  r e c o g n i z e  t h i s  f a c t .  For  example ,  Roman p o i n t s  
o u t  t h a t  t h e  improvements i n  a g r i c u l t u r a l  t e c h n o l o g y  may, a t  
l e a s t  t h e o r e t i c a l l y ,  p r e v e n t  w a t e r  c o n t a m i n a t i o n  by n i t r o g e n  
compounds, b u t  i n  p r a c t i c e  s i g n i f i c a n t  r e s u l t s  c a n n o t  be 
e x p e c t e d ,  b e c a u s e  t n e  a c r i c u l t u r a l  ~ n d ~ s t r y  c o n c e n t r a t e s  above 
a l l  on i n c r e a s i n q  food p r o d u c t i o n .  



In  d e a l l n g  w i t h  t h e  n l t r a t e  problem from a  w a t e r  t r e a t m e n t  
p o i n t  o f  view, Roman s t r e s s e s  t h e  f a c t  t h a t  n i t r o g e n  compounds 
o t h e r  t h a n  n i t r a t e s  have t o  b e  t a k e n  i n t o  a c c o u n t .  The v a r i o u s  
forms o f  n i t r o g e n ,  such  a s  o r g a n i c  n i t r o g e n ,  ammonia, n i t r i t e - ,  
and  n i t r a t e - n i t r o g e n  c o u l d  undergo changes and  depending  on 
c o n d i t i o n s ,  c o u l d  be  c o n v e r t e d  i n t o  o t h e r  conpounds. D o u b t l e s s l y ,  
i n  a r g u i n g  i n  t h i s  way a  phenomenon i s  uncovered  which h a s  t o  b e  
c l e a r l y  unders tood  b e f o r e  w a t e r  t r e a t m e n t  t e c h n o l o g i e s  a r e  
d e s i g n e d .  

The p a p e r  by Laute rbach  and  Klapper  which was p r e s e n t e d  by 
R .  E n d e r l e i n  d e a l s  more e x p l i c i t l y  w i t h  w a t e r  t r e a t m e n t  and 
management o p t i o n s .  Three g e n e r a l  o p t i o n s  a r e  d i s t i n g u i s h e d ,  
namely r e d u c i n g  o r  p r e v e n t i n g  n i t r a t e  i n p u t  i n t o  w a t e r  b o d i e s  
t h r o u g h  sewage t r e a t m e n t  and w a t e r  p r o t e c t i o n  z o n e s ,  h y d r a u l i c a l l y  
c o n t r o l l i n g  o r  b i o l o g i c a l l y  t r e a t i n g  s u r f a c e  w a t e r  b o d i e s  w i t h  a  
h i g h  n i t r a t e  c o n t e n t ,  a n d  raw w a t e r  t r e a t m e n t  by i o n  exchange .  
Accord ing  t o  t h e  a u t h o r s ,  t h e  a d d i t i o n a l  c o s t s  o f  n i t r a t e  e l i m i n a -  
t i o n  by i o n  exchange a l m o s t  e q u a l s  t h e  c o s t  o f  t h e  comple te  con- 
v e n t i o n a l  t r e a t m e n t  o f  medium p o l l u t e d  raw w a t e r .  However, t h e  
a u t h o r s  c o n s i d e r  it wrong t o  t a k e  d e c i s i o n s  o n l y  b e c a u s e  o f  
c u r r e n t  economic and  t e c h n o l o g i c a l  c o n d i t i o n s .  Moreover, a s  
n i t r a t e  p o l l u t i o n  o f  w a t e r  r e s o u r c e s  i s  a  consequence  o f  i n t e n -  
s i f i e d  i n d u s t r i a l  a n d  a g r i c u l t u r a l  p r o d u c t i o n  a s  w e l l  a s  u r b a n i z a -  
t i o n ,  t h e y  conc lude  t h a t  a s s e s s m e n t s  o f  b e n e f i t s  o r  c o s t s  must 
n o t  b e  made o n e - s i d e d l y  w i t h  r e g a r d  t o  any o n e  o f  t h e s e  s e c t o r s .  
F u r t h e r ,  t h e y  p o i n t  o u t  t h a t  f r e s h  w a t e r  r e s o u r c e s  a r e  l i m i t e d  
a n d  f u t u r e  g e n e r a t i o n s  a l s o  h a v e  a  r i g h t  t o  s u f f i c i e n t  w a t e r  
s u p p l i e s  a n d  a h e a l t h y  envi ronment .  I t  s h o u l d  n o t  b e  f o r g o t t e n  
t h a t  n i t r a t e s  which e n t e r  g roundwater  now c a n n o t  be  e l i m i n a t e d  
a t  a l l  o r  would r e q u i r e  s e v e r a l  d e c a d e s  t o  d i s a p p e a r .  T h e r e f o r e ,  
measures  s h o u l d  b e  t a k e n  t o  p r e v e n t  o r  r e d u c e  p o l l u t i o n  and f o r  
b o t h  e c o l o g i c a l  a n d  economic r e a s o n s ,  t h e s e  s h o u l d  b e  g i v e n  
p r i o r i t y  . 

A f t e r  i d e n t i f y i n g  some o f  t h e  many f a c e s  o f  t h e  n i t r a t e  
p o l l u t i o n  c o n t r o l  problem, t h e  need  f o r  e f f e c t i v e  t o o l s  and  
methods f o r  a n a l y z i n g  them i n  t h e i r  complex s e t t i n g  becomes 
o b v i o u s .  The remain ing  f o u r  p a p e r s  o f  t h e  p r o c e e d i n g s  d e a l  
w i t h  e x a c t l y  t h a t .  

The p a p e r  by R.C. Ward a d d r e s s e s  a n  i s s u e  t h a t  i s ,  o f  c o u r s e ,  
n o t  un ique  t o  t h e  n i t r a t e  problem b u t  h a s  become a  key prob lem 
i n  d e s i g n i n g  w a t e r  p o l l u t i o n  c o n t r o l  programs,  namely w a t e r  
q u a l i t y  m o n i t o r i n g .  P a s t  a p p r o a c h e s  t o  t h a t  i s s u e  have  con- 
s i d e r a b l y  s u f f e r e d  from a  s y s t e m ' s  p e r s p e c t i v e .  Ward g i v e s  o n e  
o f  t h e  v e r y  few known examples f o r  overcoming t h i s  s i t u a t i o n .  
H i s  approach  t a k e s  a n  i n t e g r a t e d  view on t h e  a c t i v i t i e s  i n v o l v e d  
i n  t h e  d e s i g n  and  o p e r a t i o n  o f  m o n i t o r i n g  programs.  Major 
activities such  a s  d a t a  a c q u i s i t i o n  and d a t a  u t i l i z a t i o n  a r e  
d e f i n e d  and d i s c u s s e d ,  a s  t h e y  a r e  r e l a t e d  t o  e a c h  o t h e r .  Ward 
1s much more i n t e r e s t e d  i n  m e t h o d o l o g i c a l l y  f o l l o w i n g  t h e  f low 
of  d a t a  and i n f o r m a t i o n  w i t h i n  a  m o n i t o r i n g  program t h a n  i n  t h e  
p u r e l y  t e c h n i c a l  a s p e c t s  o f  m o n i t o r i n g  ne tworks .  But  t h i s  seems 
e x a c t l y  t o  be  t h e  p o i n t  t o  be made where s o  much e f f o r t  i s  s p e n t  
on improving m o n i t o r i n g  by i n s t a l l i n g  modern e l e c t r o n i c  measur ing  



d e v i c e s .  A s  t h e  a u t h o r  p o i n t s  o u t :  

I n  many c a s e s ,  t h e  t r u e  m o n i t o r i n g  o b j e c t i v e s  a r e  e x t r e m e l y  
difficult t o  f o r m u l a t e  .... How can  management b e  made t o  
u n d e r s t a n d  t h e  impor tance  o f  c l e a r l y  d e f i n i n g  m o n i t o r i n g  
o b j e c t i v e s ?  The s y s t e m ' s  p e r s p e c t i v e  i l l u s t r a t e s  c l e a r l y  
t h e  i n t e r a c t i o n  between d a t a  c o i l e c t l o n  and d a t a  use  and 
n o t e s  how u l t l m a t e  a c c o u n t a b i l i t y  o f  t h e  n o n l t o r i n g  programs 
r e s t s  on t h e  d a t a ' s  u s e .  Such a view of m o n l t o r i n g  w l ; l ,  
h o p e f u l l y ,  a s s l s t  d e s i g n e r s  I n  g e t t i n g  a c c e s s  t o  m o n l t o r i n g  
o b j e c t i v e s .  

I n  c o n t r a s t  t o  Ward's p a p e r  t h e  o t h e r  t h r e e  a n a l y s i s - o r i e n t e d  
p a p e r s  a d d r e s s  n i t r a t e  w a t e r  p o l l u t i o n  c o n t r o l  f rom d i f f e r e n t  
p e r s p e c t i v e s  i n  mathemat ica l  model ing.  D.B. Oakes d e a l s  w i t h  
t h e  mechanisms and  modeling o f  n i t r a t e  p o l l u t i o n  o f  g roundwater  
r e s o u r c e s .  F i e l d  i n v e s t i g a t i o n s  on t h e  i m p a c t  o f  a g r i c u l t u r a l  
p r a c t i c e s  on t h e  n i t r a t e  c o n t e n t  o f  g roundwater  i n  t h e  p r i n c i p a l  
a q u i f e r s  o f  t h e  U n i t e d  Kingdom have been c a r r i e d  o u t .  A s t r o n g  
c o r r e l a t i o n  h a s  been found between t h e  h i g h  n i t r a t e  c o n c e n t r a t i o n  
o f  t h e  w a t e r  i n  t h e  u n s a t u r a t e d  zone and a r a b l e  f a r m i n g  reg imes .  
T r a n s p o r t  models f o r  t h e  u n s a t u r a t e d  and  s a t u r a t e d  zones  have  
been deve loped .  A v e r t i c a l  f low model d e s c r i b e s  n i t r a t e  l e a c h i n g  
from t h e  s o i l  w i t h  a  r a t e  t h a t  depends on t h e  i n f i l t r a t i o n  and  
p o r e  w a t e r  c o n t e n t  o f  t h e  r o c k ,  t a k i n g  i n t o  a c c o u n t  t h e  h i s t o r y  
o f  l a n d  u s e  a n d  f e r t i l i z e r  a p p l i c a t i o n  r a t e s .  The n i t r a t e  movement 
i n  t h e  s a t u r a t e d  zone o f  t h e  a q u i f e r  i s  s i m u l a t e d  by a  model 
r e f e r r e d  t o  a s  a  ca tchment  model. I n  f a c t ,  t h i s  model i s  o n e  o f  
a  f u l l y  mixed s i n g l e - c e l l  t y p e  model which u s e s  a s  i n p u t  t h e  l e a c h e d  
n i t r a t e  g e n e r a t e d  by t h e  v e r t i c a l  f low model. The a u t h o r  r e p o r t s  
t h a t  t h e  model h a s  been a p p l i e d  t o  c h a l k ,  l i m e s t o n e  and  s a n d s t o n e  
ca tchments  and  h a s  been a b l e  t o  a c c u r a t e l y  s i m u l a t e  n i t r a t e  con- 
c e n t r a t i o n s  i n  pumped a b s t r a c t i o n s .  

J .  Blake  i n  h e r  p a p e r  g i v e s  an overv iew on t h e  n i t r a t e  
p r o j e c t  o f  t h e  Thames Water A u t h o r i t y ,  U . K .  According t o  t h e  
a u t h o r  a  t h r e e - p h a s e  approach  was a d o p t e d  t o  d e v i s e  a  r e g i o n a l  
s t r a t e g y  f o r  d e a l i n g  w i t h  t h e  n i t r a t e  problem. The f i r s t  p h a s e  
was aimed a t  a s s e s s i n g  t h e  p o t e n t i a l  s e v e r i t y  o f  t h e  problem, 
w h i l e  i n  t h e  second  p h a s e  a  t e c h n i q u e  was d e v i s e d  f o r  e v a l u a t i n g  
o p t i o n s  t o  b e  employed i n  t h e  t h i r d  p h a s e  f o r  t h e  s e l e c t i o n  o f  a  
p r e f e r r e d  s t r a t e g y .  To accompl i sh  t h e  aim o f  t h e  f i r s t  p h a s e ,  
a  t i m e  s e r i e s  a n a l y s i s  was used ,  b a s e d  on Box-Jenkins '  t r a n s f e r  
f u n c t i o n  models .  A f t e r  e s t a b l i s h i n g  t h e  f a c t  t h a t  t h e  Thames 
Water A u t h o r i t y  i s  l i k e l y  t o  have a  s e r i o u s  n i t r a t e  p rob lem,  
t h e  agency i s  p r o c e e d i n g  w i t h  a  s i m u l a t i o n  approach  t o  p roduce  
a  r e g i o n a l  n i t r a t e  model c o m p a t i b l e  w i t h  t h e  w a t e r  r e s o u r c e  
model a l r e a d y  i n  e x i s t e n c e .  Major  components o f  t h e  model a r e :  
r i v e r  r e a c h ,  s o i l ,  a q u i f e r ,  sewage t r e a t m e n t  works ,  c h a n n e l ,  
r e s e r v o i r  and  w a t e r  d e n i t r i f l c a t i o n  p l a n t .  The model i s  i n t e n d e d  
f o r  use i n  a s s e s s i n g  p o t e n t i a l  new s o u r c e s  o f  n i t r a t e s ,  and  
e v a l u a t i n g  o p t i o n s  f o r  n i t r a t e s  management t h r o u g h o u t  t h e  w a t e r  
r e s o u r c e  sys tem.  S i n c e  c o s t  e s t i m a t e s  f o r  e a c h  o p t i o n  c o n f i g u r a -  
t i o n  and mode o f  o p e r a t i o n  w i l l  b e  made i n  p a r a l l e l  w i t h  model 
r u n s ,  t h e  f i n a l  s t r a t e g y  can  be  s e l e c t e d  on t h e  b a s i s  o f  a  
per formance-cos t  r a n k i n g .  



D . J .  Dudek and G.L. Horner s t a t e  i n  t h e i r  paper :  

I n c r e a s i n g l y ,  an  awareness  o f  t h e  complex i n t e rdependenc i e s  
between b io -phys i ca l  and socio-economic sy s t ems  h a s  s t i m u l a t e d  
t h e  i n i t i a t i o n  o f  comprehensive r e s o u r c e  p l ann ing  methods 
and t h e  abandonment o f  s i ng l e -pu rpose  app roaches .  However, 
i r r e s p e c t i v e  o f  t h e  r e c o g n i t i o n  g iven  t o  these c o n c e p t s ,  
examples o f  t h e l r  p r a c t i c a l  a p p l i c a t i o n  i n  r e s o u r c e  p lan-  
n i n g  e f f o r t s  a r e  s c a r c e .  

One o f  t h e s e  examples is  p r e s e n t e d  i n  t h e  l a s t  p a p e r  o f  t h e  
p roceed ings  and d e a l s  w i t h  a n  i n t e g r a t e d  phys ica l -economic  
sys tems  a n a l y s i s  of  l a n d  use and w a t e r  r e s o u r c e  development  
p l a n n i n g  i n  i r r i g a t e d  a g r i c u l t u r e .  To c o n s i d e r  t h e  f o u r  b a s i c  
economic concep t s  such a s  commodity demand, commodity supp ly ,  
r e s o u r c e s  demand, and r e s o u r c e  supp ly ,  t h e  whole a n a l y t i c a l  
sys tem,  which is based  o n  a l i n e a r  programming app roach ,  c o n s i s t s  
o f  f o u r  i n t e r r e l a t e d  models. A p r o j e c t i o n  model f o r  s p e c i f y i n g  
commodity demand is l i n k e d  t o  a  r e g i o n a l  p r o d u c t i o n  model t o  
e s t i m a t e  cormnodity supp ly  as w e l l  as t h e  demands f o r  l a n d  and 
w a t e r  r e s o u r c e s .  The l a t t e r  a r e  t h e  b a s i s  o f  v a l u a t i o n s  i n  t h e  
l a n d  u se  model. Two l o c a t i o n  s p e c i f i c  components form t h e  wa t e r  
q u a l i t y  model. Again,  a  l i n e a r  programming model d e r i v e s  o p t i m a l  
c ropp ing  p a t t e r n s  a s  w e l l  a s  use o f  wa t e r  and f e r t i l i z e r  and is 
l i n k e d  t o  a  p h y s i c a l  model encompassing t h r e e  s p e c i f i c  i n t e r -  
dependent  sub-models t o  a n a l y z e  t h e  hydro logy ,  s a l i n i t y  b a l a n c e s ,  
and n i t r o g e n  c o n c e n t r a t i o n s  i n  t h e  b a s i n .  I n  a p p l y i n g  t h e i r  
model sys tem t o  a  r e a l  wor ld  p l a n n i n g  problem, t h e  a u t h o r s  found 
it t o  be  s u f f i c i e n t l y  comprehensive and f l e x i b l e ,  and f e l t  it 
p rov ided  t h e  o p p o r t u n i t y  f o r  t e s t i n g  a l t e r n a t i v e  w a t e r  q u a l i t y  
p o l i c i e s  and e v a l u a t i n g  t h e i r  e f f e c t s  upon r e l a t e d  r e s o u r c e  u se s .  

I n  conc lud ing  t h e  overv iew o f  t h e  p a p e r s  g i v e n  above,  one  can  
d o u b t l e s s l y  a g r e e  w i th  t h e  fo l l owing  s t a t e m e n t  made by Dudek and 
Horner: 

Resource and envi ronmenta l  p l a n n i n g  canno t  be  s e p a r a t e d .  
P l ann ing  f o r  r e s o u r c e  u se  w i t h o u t  r e c o g n i t i o n  o f  t h e  
env i ronmen ta l  g o a l s  o r  o b j e c t i v e s  o f  s o c i e t y  may r e s u l t  
i n  r e s o u r c e  a l l o c a t i o n s  which a r e  s o c i a l l y  subop t ima l .  
S i m i l a r l y ,  p l ann ing  f o r  env i ronmen ta l  q u a l i t y  w i t h o u t  
a s s e s s i n g  t h e  s u i t a b i l i t y ,  a v a i l a b i l i t y ,  and p r o d u c t i v i t y  
o f  t h e  r e s o u r c e  b a s e  m y  i m p a i r  t h e  e f f i c i e n c y  and d i s t r i b u -  
t i o n  o f  o u t p u t .  

CONCLUSIONS OF THE TASK FORCE MEETING 

A f t e r  t h e  p r e s e n t a t i o n s  two s m a l l  working groups  were formed, 
c h a i r e d  by R.C. Ward and P.E. Ri j tema.  The d i s c u s s i o n s  w i t h i n  
t h e  groups  were mainly aimed a t  i d e n t i f y i n g  t o p i c s  f o r  f u t u r e  
r e s e a r c h  a t  IIASA o r  e l s ewhe re .  The r e p o r t s  o f  t h e  working group 
chairmen p rov ided  an e x c e l l e n t  b a s i s  f o r  d i s c u s s i n g  such  t o p i c s  
a t  t h e  c l o s i n g  s e s s i o n .  



I t  was ag reed  t h a t  p o l l u t i o n  of mun ic ipa l  wa t e r  s u p p l i e s  
by n i t r o g e n  compounds i s  and w i l l  remain a  r e a l  wor ld  problem 
i n  y e a r s  t o  come. There a r e  t h r e e  t o p i c s  o f  p a r t i c u l a r  i n t e r e s t  
f o r  f u r t h e r  r e s e a r c h :  

o  The h e a l t h  haza rd s  o f  n i t r o g e n  compounds i n  w a t e r  and 
food 

o  A g r i c u l t u r a l  a c t i v i t i e s  a s  an i m p o r t a n t  n i t r o g e n  
p o l l u t i o n  s o u r c e  

o  The n i t r a t e  problem i n  mun ic ipa l  w a t e r  supp ly  and 
management. 

The H e a l t h  H a z a r d s .  The e x a c t  n a t u r e  o f  t h e  human h e a l t h  
problems a r e  n o t  y e t  w e l l  unders tood  no r  documented, a s  w i t n e s s e d  
by t h e  v a r i a t i o n  o f  s t a n d a r d  l i m i t s  s e t  i n  n a t i o n a l  r e g u l a t i o n s .  
There is  a  need t o  e s t a b l i s h  c o n s i s t e n t  c r i t e r i a  f o r  s a f e  ( low 
r i s k )  l i m i t s  o f  n i t r o g e n  compounds, n i t r a t e s  i n  p a r t i c u l a r ,  i n  
a r m k i n g  w a t e r  and food.  More t o x i c o l o g i c a l  and /o r  ep idemio log i -  
c a l  s t u d i e s  a r e  r e q u i r e d  t o  d i s p e l  u n c e r t a i n t i e s  by accoun t i ng  
f o r  f a c t o r s  such a s  t h e  s i z e  and s u s c e p t i b i l i t y  o f  t h e  p o p u l a t i o n  
exposed ,  t h e  number of  w a t e r  sys tems  i n v o l v e d ,  t h e  r e l a t i v e  dose  
i n  w a t e r  compared t o  t h e  t o t a l  burden ,  t h e  p o s i t i v e  r e sponse  o f  
n i t r a t e  i n  t e s t s  f o r  c a r c i n o g e n s ,  t e r a t o g e n s ,  mutagens,  e t c .  

A g r i c u l t u r e .  There  i s  a  need t o  document t h e  s o u r c e s  o f  
n i t r o g e n  compounds from a g r i c u l t u r e  unde r  v a r i o u s  c o n d i t i o n s  
( c l i m a t e ,  s o i l  t y p e ,  c ropp ing  p a t t e r n ,  f e r t i l i z e r  t y p e  and 
a p p l i c a t i o n  t e chno logy ,  e t c . ) .  The aim shou ld  be  t o  d e r i v e  
c a u s e - e f f e c t  r e l a t i o n s h i p s  between a g r i c u l t u r a l  p r a c t i c e s  and 
t h e  g e n e r a t i o n  of  n i t r o g e n  compounds l e a v i n g  t h e  a g r i c u l t u r a l  
system. Hence t e c h n o l o g i c a l  changes i n  a g r i c u l t u r a l  p roduc t i on  
shou ld  b e  e v a l u a t e d  i n  terms of  f e r t i l i z e r  use  and env i ronmen ta l  
impac t s .  Based on t h i s ,  p o l i c i e s  t o  be used  t o  encourage  b e t t e r  
a g r i c u l t u r a l  management p r a c t i c e s  have t o  b e  i d e n t i f i e d  and 
e v a l u a t e d  i n  te rms  of  t r a d e o f f s  between a g r i c u l t u r a l  p r o d u c t i o n  
and p o l l u t i o n  c o n t r o l .  

W a t e r  Sup l y  and Management. TO d e a l  w i t h  t h e  n i t r a t e  
problem from &e p o i n t  o f  view o f  w a t e r  supp ly  and management 
a l l  s o u r c e s  o f  n i t r o g e n  ( a g r i c u l t u r e ,  i n d u s t r y ,  househo ld s ,  
a tmosphere ,  e t c . )  a s  w e l l  a s  a l l  t y p e s  of  n i t r o g e n  compounds 
( o r g a n i c  n i t r o g e n ,  ammonia, n i t r i t e ,  n i t r a t e ,  e t c . )  c o n t r i b u t i n g  
t o  w a t e r  p o l l u t i o n  should  b e  taken  i n t o  c o n s i d e r a t i o n .  Hence 
one  ha s  t o  d e a l  w i t h  a  " n i t r o g e n  problem".  On accoun t  o f  t h e  
v a r i e t y  of  mun ic ipa l  w a t e r  supp ly  s o u r c e s  ( r i v e r s ,  l a k e s ,  r e s e r -  
v o i r s ,  aquifers, e t c . )  t h e  n i t r o g e n  problem e v e n t u a l l y  has  
m u l t i p l e  c o n s t i t u e n t  p o l l u t a n t s ,  mu l t i - sou rce  and r e s o u r c e  a s p e c t s  
c o n t r i b u t i n g  t o  i t s  complexi ty .  A s  it can o n l y  be c o n t r o l l e d  by 
c o n j u n c t i v e  w a t e r  r e sou rce  management, s u f f i c i e n t  a t t e n t i o n  must 
be p a i d  t o  t h e  p o l l u t i o n  o f  g roundwater ,  which is o f  t h e  g r e a t e s t  
long- te rm concern .  



Any p o l l u t i o n  changes i n  t ime  and s p a c e ,  a s  w e l l  a s  t h e  
t o t a l  n i t r o g e n  b a l a n c e  need  t o  be  u n d e r s t o o d ,  i . e . ,  t h e r e  is 
a  need t o  a n a l y z e  w a t e r  q u a l i t y  d a t a  i n  d i f f e r e n t  s e t t i n g s  t o  
document t r e n d s  and e v e n t u a l l y  c o r r e l a t e  t r e n d s  w i t h  a c t i v i t i e s  
which g e n e r a t e  p o l l u t i o n .  A f t e r  p r o v i n g  t h a t  t h e  l i m i t s  s e t  a r e  
l i k e l y  t o  be exceeded ,  w a t e r  t r e a t m e n t  t e c h n o l o g i e s  ( s t r u c t u r a l  
and n o n s t r u c t u r a l )  nave t o  be i d e n t i f i e d  and e v a l u a t e d .  P o l i c i e s  
f o r  implement ing  them need t o  be  d e s l g n e a  a f t e r  a n a l y s i s  o f  t h e  
t r a d e o f f s  between w a t e r  t r e a t m e n t  technologies and p o l l u t i o n  
s o u r c e  c o n t r o l s .  
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EFFECTS OF REGIONAL WATER MANAGEMENT ON N-POLLUTION I N  AREAS 
WITH INTENSIVE AGRICULTURE 
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I n s t i t u t e  f o r  Land and Water Management Research (ICW) 
Wageningen 
The Netherlands 

The e f f e c t s  of t h e  improvement of l o c a l  d ra inage  and of deep 
we l l  pumping on t h e  hydrological  cond i t ions  i n  t h e  a r e a a r e  d i s -  
cussed.  Local dra inage does not  a f f e c t  t h e  n e t  subsur face  in- 
flow of the  groundwater a q u i f e r  t o  a g r e a t  e x t e n t .  The main 
e f f e c t  of l o c a l  dra inage appears  t o  be t h e  r educ t ion  i n  s u r f a c e  
runof f .  Due t o  t h i s  and t o  t h e  inc reased  r e s idence  t ime of t h e  
p r e c i p i t a t i o n  excess ,  a l a r g e  r educ t ion  w i l l  be no t i ced  i n  t h e  
n i t rogen  load i n  s u r f a c e  waters .  

Deep wel l  pumping f o r  municipal  water  supply s t r o n g l v  a f f e c t s  
r e g i o n a l  water management. Low-lying a r e a s ,  which d i d  no t  
o r i g i n a l l y  feed t h e  groundwater a q u i f e r ,  do s o  when deep we l l  
pumping occurs .  I t  was found t h a t  t h e  N-flow t o  t h e  groundwater 
a q u i f e r  i n  t h e  i n t a k e  a r e a  o f  deep we l l  l o c a t i o n s ,  g r e a t l y  de- 
pended on t h e  hydro log ica l  cond i t ions  i n  t h e  a r e a  and l a n d  use.  
Some r e s u l t s  of c a l c u l a t e d  N-inflow f o r  1 7  deep wel l  l o c a t i o n s  
a r e  presented.  



1. INTRODUCTION 

Where in  humid a r e a s  the ground surface has only relatively smal l  

differences in elevation and the t ransmissivi ty  of the soil and subsoil 

i s  not very smal l ,  the excess  precipitation i s  mainly carried-off by 

groundwater flow to a system of ra ther  closely spaced dra ins  of 

different s ize and level. The depth of the groundwater table and the 

rate  of discharge by the drains  a r e  variable owing to the seasonal  

fluctuations of evaporation and the i r regu la r  variations of precipita:ion. 

Under these conditions r i v e r  discharge will  generally be la rge  in  winter 

and small  in summer.  

The landscape m o r e  or  l e s s  prohibits the construction of l a rge  

ar t i f ic ial  r e s e r v o i r s  to s tore the winter discharge for  municipal and 

industrial water  supply. The needs fo r  water  supply in these a r e a s  

force the water supply companies to explore the groundwater resources.  

Deep well pumping of groundwater f rom thick phreatic aquifers  o r  

f rom semi-confined aquifers  will cause a decline of the phreatic level,  

particularly in the case  of phreatic aquifers. P r i m a r i l y  this  resul ts  in 

a smal le r  discharge of water  by surface drains. In those c a s e s  where 

formerly during s u m m e r  - the period wlth main evaporation - the 

depth of the phreatic level was ra ther  small  a reduction in evaporation 

during periods of drought also has to be taken lnto account. As the 

growth of c rops  depends on tire available soil moisture,  w h ~ c h  in i t s  

turn depends on the depth of the phreatic level; groundwater extraction 

can cause rcductlons in yield of agricul tural  c rops  in most regions. 



Intensification in agriculture ha* led to an increased fe r t i l i ze r  ure. 

The potential of livestock warte  to pollute surface waters  and ground- 

water  i s  large,  particularly when plant nutrients a r e  supplied in excess 

of crop requirements. The extent of the problem of manure disposal was not 

discerned in  the ear ly  s tages of intensive farming. Difficult soi l  and 

drainage conditions on pa r t  of the f a rm  limit the a r e a  suitable for  winter 

application of s l u r ry  and may re ru l t  in local overdosing. The conrequencer 

of fertilizing with regard  to nitrogen pollution of the groundwater a r e  

dependant on land use,  roi l  type, fertilization level and the hydrological 

r i tuat ioa Leaching of nitrogen occur. fo r  nearly 100 percent in the form 

of NO;. When analyzing the conrequencer for  water  quality management 

one ha. to  daal. apar t  f rom the t ransport  of mat te r  under influence of 

the hydrological rituation. with aerobic and anaerobic biological 

degradation of orgaaic mat te r ,  minerc iza t ion  and denitrification. N-uptake 

by organi rmr ,  a s  well a r  growth and dying-off of organirmr.  

The conditionr dercribed above exir t  in the ea r t e rn  and southern 

p r r t r  of the Netherlaadr, where the ground elevation i r  mainly betrveen 

5 and 30 m above sea level. Pleirtocene rands form a thick and highly 

p r m e a b l e  aquifer. The dircharge i r  provided by an i r regular  network of 

natural brooks and man-made ditches, of which only the major  oner  

dircharge throughout the year. 

A r  the groundwater conr i r t r  of f r e rh  water. extensive pumping for  

municipal and indurtrial water  supply is  c a r r i ed  out o r  planned fo r  tha 

near  future. 

2. DESCRIPTION O F  A PILOT REGION 

Although the population density of the Netherlands' province Eas t  



Gelderland i s  below the country 's  average,  the supply with high quality 

water  m a y  become a ser ious problem in this region of about 150. 000 

hectares .  The region (fig. 1) i s  located between the front ier  with 

Germany and the r iver  I J sse l ,  a branch of the r iver  Rhine. In the South 

it i s  bounded by the r iver  Rhine. E a s t  Geiderland i s  s t i i l  preaomlnantly 

ru ra l  and has a population density of about 500, 000. The present  water  

3 demand for  municipal and industrial supply i s  about 50 million m p e r  

year. At the end of this century the expected demand will inc rease  to 

about 136 million m 3  p e r  year. The Water Supply Company 'Oostelijk 

Gelderland' has  est imated that of the total demand some 98 million m 3 

can be withdrawn f rom the groundwater, whereas the remaining quantity 

have to come f rom other sources. The problems in this region can be 

used a s  a guide in the discussion of the nitrogen problems in regional 

water  management. 

2. 1. Precipitation excess  and drainage 

The average yearly precipitation in the a r e a  of about 780 m m  i s  

fair ly  regularly distributed over  the year. The yearly actual evaporation 

i s  about 450 mm. During the s u m m e r  period the precipitation is.  on 

the average,  in  balance with evapotranspiration, so  the precipitation 

exces r  of about 330 m m  i s  res t r i c ted  to the winter period. About 80 

percent of this precipitation excess  comes to discharge during the 

winter half year  leaving 20 percent a s  discharge in summer .  

The groundwater table in the region is  high, with an average value 

of 40 c m  below the ground surface in winter and about 130 c m  below 

the ground surface in the summer  period. 

Three c l a s s e s  of drainage channels can be distinguished in the 

region. Pr l rnary  c h a ~ e l s  with a spacing of 1500 to 6000 m ,  such a s  



Pig. 1 .  Map of the eastern part of the province of Celderland (Nether- 

landr). showing the major topographic features and the locations 

of borings 



l a rger  r ivers ,  brooks and other d r a ~ n a g e  channels of major  importance. 

A secondary system with a spacing of about 250 to 1000 m ,  a s  l a rge  

ditches and other medium sized drainage channels. A te r t i a ry  s y s t e m .  

such a s  small  ditches, t renches,  furrows and subsurface tube dra ins ,  

with a spacing of the open conduits of about 50 to 200 m and o i  the tube 

drains  of about 10 to 40 m. This t e r t i a ry  drainage system functions only 

during winter. 

The insufficient drainage capacity of the drainage sys tem,  although 

narrowly spaced, may  cause inundation and surface runoff in the lower par t s  

of the a r e a  a f te r  excessive precipitation. 

2. 2. Agricul tural  development 

Agriculture in the region i s  very intensive, with a stocking ra te  of 

4 to 6 s tandard livestock units per  hectare .  A standard livestock unit 

(SLU) i s  defined a s  the added n l u e  equivalent of different types of 

livestock expressed  in that of a da i ry  cow. Such a s tandard livestock 

unit has  a nitrogen production of 102. 6 kg N p e r  year  in slurry. About 

60 percent  of the agricul tural  eoils a r e  in use a s  grassland and 40 per -  

cent a s  arable  l a n d  About 75 percent of the a rab le  land i s  used f o r  the 

8rowth of fodder maize. 

3. NITROGEN CONCENTRATION AND LAND USE 

The ni t rate  concentration of the shallow groundwater in nature a r e a s  

in sandy region8 i s  on the average 0. 3 g. m - 3  N, w h ~ c h  also gives an indica- 

tion of the natural ni t rate  in deep aquifers. The nltrate concentration in 

the shallow groundwater under fo res t s  seems  to be dependent on both the 



age of the forer t  and the depth of the phreatic level. Data given by 

Oosterom and Van Schijndel (1979) vary from 0. 2 to 22 g. m. - 3 ~ .  with 

an average value of about 5 g. m-3. 

Many data f o r  arable lands were  given by the Curatorium Landbouw- 

emirs ie  (1980). Fo r  randy soilr with a c rop  rotation of twice cerea ls ,  

potatoer and rugarbeets, with a mean yearly application of 150 kg N 

per  ha in the form of chemical fe r t i l i ze r ,  an average concentration of 

28 g. m-3  N in the shallow groundwater mur t  be expected When animal 

r l u r ry  war applied inrtead of fer t i l izer-N the concentration increared to 

50 g. m-3  N. On roils where fodder maize war grown each additional 

overdoring of r l u r ry  with a quantity being equivalent to 50 kg N increared  

the concentration with 4.50. rn. -3. Sufficient evidence i r  present  that about 

50 percent  of the ni t rate  in  the groundwater ryr tem will dirappaar  by 

denitrification. 

A nitrogen emir r ion  model f o r  grassland has been given in a 

previour rtudy (Rijtema, 1980). The i ve r age  data under mean  meteoro-  

logical conditionr a t  a r taadard livertock density of 4 unitr p e r  ha a r e  127. 

104 and 41 kg N p e r  ha for  poorly, moderately and well-drained soi lr .  

rerpectively. Steenvoorden (1980) giver data of the nitrogen concentration 

+ 
(organic N and NH 4-N) of rurface runoff water  in the c a r e  of winter 

application of rlurry. The data vary from 80 to 2 g. m m 3  N. depending 

on the difference in time between r l u r ry  application and the occurence 

of surface runoff, a r  well on the quantity of surface runoff. 

F o r  the preren t  dircusrion these average data will be used to give 

an idea of the o rde r  of magnitude of the contribution of diffure nitrogen 

rourcer  to the pollution of groundwater and surface water.. 

4. WATER BALANCE EQUATION 

F o r  the inveatigation of groundwater flow problemr of relatively 



large a r e a s ,  the water  balance a s  presented in fig. 2 can be given by 

the equation: 

where: 

Qdw = 

A w / A ~ =  

horizontal surface a r e a ;  

precipitation; 

evaporation ; 

Ins  - Oss = net subsurface inflow p e r  unit of time and p e r  

unit of horizontal surface a r e a  equals  subsurface i d o w  (I,,) 

minus subsurface outflow (Oss);  

influent seepage from open channels with relatively high 

water  levels ;  

effluent seepage to open channels with relatively low water  

levels ;  

discharge by deep wells ;  

change in soil water  s torage p e r  unit of time and p e r  unit 

of horizontal surface a r e a .  

When both Qipf  and Qdw a r e  that smal l  that they can be neglected 

and when. moreover ,  only periods of long duration a r e  considered 6 0  

the change in s torage b ~ / ~ t )  i s  very small ,  equation (1) can be r e -  

placed by: 

This equation clear ly shows the pract ical  s ign~ficance of knowing 

the net subsurfaces id low,  a s  Inet represen ts  the additional amount 
S s 

of water which on the average i s  to be drained above the average 

supply (P - E). It i s  c lea r  that the value of 1:;' can be positive o r  



negative, depending on the values of Is, and OrS. In the undulating 

landrcape of the sandy ro i l s  in the routhern and eas te rn  part  of the 

net country, a r e a r  with a negative value of I generally coincide with 
S 8 

the hlgher par t s .  whereas the r iver  valley8 recelve a positive sub- 

rurface inflow. 

The m l u e  of 1;:' hardly changes with t ime a s  the m a j o r  diffe- 

rences in water  level generally a r e  found over  l a rge  dis tancer ,  and there 

difference8 in water  level a r e  almost  independent of time. Valuer of 

t 
1. 

can be considered conrtant when compared with the la rge  and 

frequent variation in dra in  dircharge (Q ) caured  by rainrhowerr. 
d r  

The flow of groundwater can often be considered a r  taking place 

in  a horizontal aquifer. This  implies  that the net aubrurface inflow can 

be calculated a r :  

The valuer of Qdr and Qid generally a r e  small  in summer ,  indi- 

cating that in a r e a r  without deep well pumping equation (3) reducer  to: 

pet I y 
r r  phr (4) 

where vphr i s  the intensity of ver t ical  flow through the phreatic rurface 

taken poritive for  upward flow. 

Model calculationr in regional studies of the water  balance of the un- 

saturated zone, uring soil phyaical data have been performed by 

Rijtema and Bon (1974) uring the equation: 

where: 



Fig. 2. Aquifer wirh the lnflow and outflow components a s  given in 

eq. (1) 

io tlo do ?A t;o lm cia 
m a n  mar d e p q \  
ohrvdlc 1.4 .\. 
Icm M o w  tht suTia.&~ 

Fig. 3. Maximum capillary r ise  (v  ) ,  mean maxunum depth of the 

phreatic level and the value of v in relation with the mean 
ph r 

m a u m u m  and mean  minimum depth of the phreatic level. 

a: hurnic topsoil 20 cm: b humic topsoil 30 cm 



z = the height above the deepest s u m m e r  watertable; 

8 = the volume fraction of soi l  water  a s  a function of z and t. 

During the summer  period v can be replaced by 1Yst. With 
phr 

known soil physical propert ies  and a ~ i l a b l e  climatological data the 

depth of the phreatic level  can be calculated during this  summer  period. 

Some data of the relation between the maximum depth of the phreatic 

level  under mean  meteorological conditions and the value of v for  
phr  

pleistocene sand a r e  given in fig. 3. The maximum values for  capi l lary 

r i s e  (v ) a l so  a r e  given. The calculated values of v approach these 
phr  

v -values when vphr i s  positive. The curves a r e  slightly dependent on 

the depth of the phreat ic  level in winter. When the maximum depth of 

the phreat ic  level  under  mean meteorological conditions is known f rom 

soil surveys,  and used  to descr ibe  the hydrological conditions, this  

information can be used to determine the regional distribution of v 
phr 

net 
during the s u m m e r ,  which in i ts  tu rn  quantifies Is* . The values of 

Q /A can  now be calculated with equation (2) for  the winter period. d r  

Surface runoff i s  not only presen t  when the infiltration ra te  of 

the topsoil i s  l e s s  than the intensity of the precipitation, but a l so  when 

due to poor drainage conditions the phreatic level r i s e s  to the soi l  

surface. It appears  from data given by Steenvoorden and Buitendijk 

(1980) that surface runoff var ies  from year  to year. depending on the 

distribution of the precipitation. Some resu l t s  of their  calculations a r e  

given in table 1. 

Rough es t imates  of surface runoff can be made with the calculations 

per formed by Rijtema and Bon (1974). This  approach i s  useful to 

t rans fe r  a hydrological classification system, a s  used in soi l  surveys. 

into est imated values of rea l  hydrological data. The resul ts  of this type 



Table 1. Total surface runoff (mm) during the period 1 September 196i 

to 1 June 1962 for soil with a drainage depth of 7 0  cm and a 

drainage intensity of 3 .  5 and 8 rnm. day-' a t  a phreat ic  level 

of 20 c m  below the ground surface (Steenvoorden and Buitendijk. 

1980) 

Drainage rntenmity (mm. day-') 

Surface runoff (mm) 118 69 30 

Table 2. Average hydrological data, a s  der ived from a soi l  survey 

clamrification rystem for  Pleirtocene rand 

Phrearic level p e t  
Hydro- Humic mean mean m m  

Qd,/A Q,,/A 
logical topsoil min. m a r  mm mm. day-' mm, year- l  
clam. cm. cm surface 



of calculation* for  plcistoccne rand a r e  given in table 2. 

The table indicates that roil8 in the hydrological c l a r r e s  1 through 

4 have positive values of I::~, indicating that these soi ls  will not pollute 

the groundwater aquifer. The discharge of the precipitation excess  occurs  

by interflow through the rootzone and by surface runoif. 

The soi ls  in the hydrological c l a s s e s  5 through 7 have negative values 

of I::', which in&cater that these soils have a large potential to pollute 

the groundwater aquifer. The hydrological c l a s s e s  1 through 4 generally 

will have a g rea t  influence on rurface water  quality, whereas the c l a r s e r  

5 through 7 give only a very rmal l  contribution to pollution. 

5. IMFRCVEMENT O F  LOCAL DRAINAGE 

The main  objective of improvement of local drainage i s  to lower the 

phreatic level  in winter and during extremely wet periods. The o r d e r  of 

magnitude of 1;ft generally i s  not very much affected by local drainage. 

By improvement of drainage conditions on a l a r g e r  rca le  a alight reduction 

of Inet might be present ,  wherear  it  inc reare8  romewhat in o ther  p a r t s  of 
8 8 

the area.  A r e a r  with a positive value of lnet will keep a positive value. a s  

The main effect of the improvement of local  drainage will be a reduction 

in the amount of surface runoff and an increase  of the discharge by 

interflow through the roi l  syrtem. The resulting increase in residence 

t ime of the precipitation excess  in the soil system resul ts  in an additional 

denitrification, reducing the ultimate nitrogen load on the surface water.  

Some resu l t s  of model calculationr a r e  given in fig. 4. Surface runoff 

decreases  with increaring depth of the drainage baris .  Data of the total 

nitrogen load to the surface wate rs  in relation to drainage depth a r e  given 

in fig. 5. The figure shows that improvement of drainage conditions giver a 

large reduction in the nitrogen load to the surface waters. 
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6. EFFECTS OF DEEP WELL PUMPING ON GRCUND AND SURFACE 

WATER PCLLUTION 

Each groundwater extraction resul ts  in a decline o i  the pnreat lc  

level. The pat tern of drawdown of the phreatic levei in the eas te rn  and 

southern pieistocene sands in the Netherlands depends on the presence 

of different types of drainage systems.  Near  the center  of the intake a r e a  

of the weli the drainage system does not function anymore,  whereas a t  

g rea te r  dis tances from the cen te r  the drainage rrystem st i l l  operates. 

Ernrrt (1971) giver a model  fo r  the calculation of the mean decline 

( 4 )  of the phreatic level in  relation to the distance ( r )  f rom a deep well. 

The following relations have been used in the prerrent calculations: 

- F o r  the a r e a  where the drainage channels a r e  dry: 

- F o r  the a rea .  where the drainage channels contain water: 

The unknown quantity r l  can be determined by the expression: 

Qdw ; I ? + P x  Kl (r1/[)  

T ~ ~ P +  E o i.1' 0 3 
where: 

0 ( r )  = decline in phreatic level; 

Qdw = constant extraction in rn3. day-':  

-+ 
P = mean precipitation excess  in m.  day- '  ; 

r = radius of the sphere of influence ; 

r1 
= maximum radius fo r  the a r e a  with d r y  drainage channels; 



K 1 
: horizontal permeability in m. day-  ; 

H 1 = depth of the waterbearing in m. day-  ; 

KH 2 - 1 .  = t ranrmissivi ty  in m . day v 

-f e = effective drainage resis tance of the a r e a  in days :  

K1 
- modified zero  and f i r s t  o r d e r  Besse l  functions. 

Trannmissivi ty  and deep well extraction data in E a s t  Celderland 

were obtained f rom Water Company E a s t  Celderland (W. 0. C . ,  1973). 

Additional trannmissivity and drainage res i s tance  data were given by 

E r n r t .  De Ridder. and De Vries  (1970). The data of 17 deep well 

locations have been ured in the analyrin of groundwater extraction 

effects on the hydrological regime. The basic hydrological data of the 

locations a r e  given in table 3 and land use  data in the intake a r e a  a r e  

given in table 4. 

It i s  neces s a r y  to determine the environmental consequences when 

evaluating the porsibilitien of future extension of groundwater extract ion 

for  municipal water  supply. The same holds f o r  the choice of suitable 

locations. With the aid of the data of the existing deep wells the following 

questions can be answered: 

a. the a r e a  of the sphere of influence to be expected; 

b. the distribution of the decline of the phreatic level over  the a r e a ;  

c. the change in the net subsurface inflow over  the a r e a ;  

d. the nitrate inflow in the groundwater aquifer in relation to land use 

and hydrological conditions. 

Sub a.The relation between the yearly capacity of the deep wells and 

the surface a r e a  of the sphere of influence with a decline of the 



Table 3. Basic hydrological data of Q, Qdw, KH. Y e  and r1 for 1 7  

deep well locations 

Capaclty Q 

Location r 106m3 'dw Te '1 (one) KH 

per year m3/&y tn2/day days m 

D8 Pol  

Van He.* 

Olden Elbergen 

Lochern 

Ruu rlo 

't Kloostor 

Hrrfnen 

Vordcn 

Har rlo 

m m p e  rlo 

Aalten 

B u k  

Stille Wold 

Enghurron 

Gorssel 

Noordw~jkerveld 

't Loohuls 



Table 4. Dis t r ibut ion of land use in  the intake a r e a  of the deep well  

locat ions  

.... 

Land ume in percent  

Location 
urban  acrosm u hydrological  c lass i f ica t ion  

f o r e s t  a r e a  r i v e r s  7 6 5 4 3 2 

a r a b l e  land grass land  

De Pol  13. 5 12. 0 19. 4 18. 2 10. 8 13. 6 10. 8 1. 7 

Van Heek 100. 0 

Olden Eibergen  6. 9 - 12. 6 5. 4 36. 4 - 38. 1 0. 6 

Lochem 21.8  25.9 8.0 1 4 . 9  10.7 1 1 . 0  - 7 . 7  - 
Ruurlo 14. 7 25. 0 - 35. 8 8. 9 14. 3 - 1. 3 - 
' t  Klooster 17. 7 - 10.6 22. 9 30. 7 - 18. 1 - 
Harlmen 9. 3 5. 9 - 18.1 34.9 8.0 - 23.6 0 . 2  

Vorden 48. 1 0. 6 - 13. 0 12. 0 13. 5 - 38. 8 2. 9 

h n x p e  rlo 1 . 8  1 . 5  6 . 5  17 .9  28.7 33 .6  - 9.9  0 .1  

Aalten 6. 2 - 24. 3 12. 3 41. 6 - 15. 6 - 
Baak 4. 3 - 22. 6 9. 8 1. 8 20. 6 37. 6 3. 3 

Sti l le Wold 9. 8 4. 8 - 35.2  18.9 9 . 6  - 20.2 1 . 5  

Enghuizen 21.1 2.9 2 . 9  34.0 11 .6  3 . 0  - 24.0 0 . 5  

T h i s  column contalns the a r e a  si tuated a t  the  opposlte s i te  
of r i v e r s  influenced by groundwater pumping 



phreatic level of more  than 0, 05  m i s  given in fig. 6 fo r  17 

locationr. The relation apprears  to be reasonably l inear ,  with 

2 3 a rlope of 6. 38 m per  m groundwater extraction. This  indicates 

that about 50 percent of the mean precipitation excess  i s  used 

for  feeding the deep well extraction. 

Sub b.The dirtribution of the decline in the phreatic level over  the a r e a  

i s  not only dependent on the yearly capacity of the deep wells,  but 

a l r o  on the t ranrmirs iv i ty  (KH) of the aquifer and on the drainage 

re r i s tance  ( y ). Fig. 7 giver the relation between the percentage 

of the affected a r e a  exceeding a cer tain decline of the phreatic 

level  and the value of Q / K H Y ~ .  The a r e a  with a decline of m o r e  

than 0 .05  m i r  taken a s  100 percent.  Future locations can be 

choren. with the aid of t ranrmir r iv i ty  and drainage resis tance 

m a p s  of the region. 

Sub c .Tht  effect of the mean decline of the phreatic level  on the mean  

highert winter groundwater table and the mean  deepest  rurnmer 

groundwater table had been analyzed by Rijtema and Bon (1974). 

net  There  effect8 can  a l r o  be described in t e r m r  of I r a  , Qdr and 

Q r r ,  giving a hydrological c lars if icat ion f o r  the situation with 

groundwater ex t rac t ion  The resu l t r  of there calculationa a r e  

given in table 5. 

The data  show that the amplitude of the groundwater table 

fluctuation grows with increasing decline of the mean phreat ic  

level. It a l so  appears  that the value of the net subsurface i d l o w  

(I::') decreases  and hydrological c lasses  with positive values 

of 1:;' in the original situation obtain negative values with 

increasing decline of the phreatic level. Consequently, the 

values of Qdr and QSr sharply decrease.  The data show that 

soi ls  not contributing to the quality of the groundwater in the 



Fig. 6. Relation beciPeen extraction per year for 17 deep well locations 

and the surface area in which the decline of the phreatic level 

exceeds 0. 0 5  m 



Fig. 7. Relation between percentage of the affected area with a decline 

of the phreatic l eve l  exceeding 0. 10, 0. 20 .  0. 30, 0. 40, 0. 50, 

0 .60 ,  0 .70 ,  0. 80, 0. 90 and 1. 00 m (area exceeding 0.05 m = 

100%) and the value of Q / K H Y ~  for 17 locations 



Table 5. Influence of the decline in phreatic level by deep well pumping 

on the mean minimum and mean maximum depth of the ground- 

water table, Q /A and Q ~ , / A  for the different hydrological r s '  dr 

c lasses  

Mean Mean Mean 

d e c l ~ n e  mln~rnurn maximum ,net 

groundwater groundwater DD phrsatrc Qd ,IA Q B J A  

- 1 
level table table m m .  day-' rnm. year mm. year 

cm c m -  Burlace crn- surface 

Cia.. 2 



l a o l e  5. (sequel) 

hlean hlean hlean 

decline rnln~rnurn maximum 

phreatic groundwater groundwater 
6 9 'drIA Qsr/A 

leve l  tabie tablt - 1 m r .  day-'  rnm. year m m .  year 

crn cm-surface  crn-surt'acc 



aquifer of the original situation, a r e  contributing m the situation 

with groundwater extraction. With the aid of soil survey classification 

data in the o r i g ~ n a l  situation. values of 1;zt fo r  the situation with 

groundwater extraction can be calculated. 

Sub d E s t i m a t e 8  of the ni t rate  content of the p rec ip i ta t~on  excess  

feeding the groundwater aquifer can be made with the date derived 

under a ,  b and c. These data a r e  to be combined with data on 

land u r e  and agricul tural  intensity. The la t t e r  must  be expressed  

in t e rm8 of fer t i l izer  application and s l u r r y  production. The 

est imated N - i d o w  in the groudwater aquifer f o r  the 17 existing 

deep wells  i r  given in fig. 8. Based on the given discussion of 

some N concentration data in  the shallow groundwater. i t  i s  

assumed for  the p re ren t  calculations that the inflow concentration 

f r o m  grasslands equals 10. 7 g. m e 3  N, arable  land 36. 0 g. m - 3  N. 

fo res t s  2. 5 g. m-3  N and urban a r e a s  10. 0 g. m - 3  N. The mean  

ni t rate  concentration of the precipitation excess  in  the intake a r e a  i s  

given in relation with the percentage of a rab le  l a n d  The total 

agricul tural  land use i s  a l so  indicated. The sca t te r  in  the data 

i s  mainly caused by the variation in hydrological conditions in 

the intake a reas .  

The ni t rate  inflow will become a much m o r e  ser ious problem in 

regions with very high livestock densi t ies ,  where dumping of 

s l u r r y  is m o r e  or  l e s s  regular ly pract ised on fields used for  

the production of fodder maize. 



20 apr~culturol lond 1%) - c)O 
0 70-90 
.*o 

0 1m 
arable lond I*AI 

Fig. 8. Relation &tween nitrate inflow in g. rn-3 in the groundwater 

aquifer and percentage of arable land in the intake area of 

1 7  deep well locations 
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L i s t  of u s e d  g r e e k  l e t t e r s  and o t h e r  s y m b o l s  

= d e l t a  c a p i t a l  

= d e l r a  undercasi  

= thcca undercast 

= phi  undercast 

= gaama undercasc 

= p i  undercasc 

= x i  undercasc 

' 1 = r 
o n e  

- 1 
mm. d a y  = rnrn. day-  One 

= K z e r o  

K1 = 



HYDROGEOLOGICAL ASPECTS OF GROUNDWATER P;ITRIFICATION 

L. A l f o l d i  

Department f o r  Research and Technica l  Development 
Na t iona l  Water Au tho r i t y  
Budapest 
Hungary 

With r e s p e c t  t o  t h e i r  n i t r o g e n  budget ,  s u r f a c e  and s u b s u r f a c e  
w a t e r s  c o n s t i t u t e  two s e p a r a t e  subsys tems,  and t h e  p roces ses  
o c c u r r i n g  i n  t h e s e  subsystems can be d e s c r i b e d  independent ly  
o f  each  o t h e r ,  wh i l e  t h e i r  p o t e n t i a l  i n t e r c o n n e c t i o n s  can  be 
c h a r a c t e r i z e d  by s imple  i npu t -ou tpu t  r e l a t i o n s h i p s .  

The accumula t ion  of  n i t r o g e n  i n  s u b s u r f a c e  w a t e r s  i s  t h e  r e s u l t  
o f  complex and i n t e r m i t t e n t  b iochemical  and chemical  p roces ses  
c l o s e l y  r e l a t e d  t o  t h e  p e r i o d i c a l  v a r i a t i o n  o f  t h e  groundwater  
f low and t h e  hydrogeo log ica l  c o n d i t i o n s .  

Independent of  t h e  form i n  which n i t r o g e n  e n t e r s  t h e  s u b s u r f a c e  
zones,  t h e  f i r s t ,  and d e t e r m i n a t i v e  p a r t  o f  t h e  n i t r o g e n  dynamics 
t a k e s  p l a c e  i n  t h e  s o i l  p r o f i l e .  The s o i l  zone c o n s t i t u t e s  an 
independent  n i t r o g e n  sys tem i n  which t h e  p roces ses  occu r  i n  
complex i n t e r a c t i o n .  

Along t h e  t r a n s p o r t  r o u t e  between t h e  s o i l  and t h e  a q u i f e r ,  
under t h e  c o n d i t i o n s  o f  u n s a t u r a t e d  f low, and wh i l e  i n  c o n t a c t  
w i t h  adso rb ing  s u r f a c e s ,  t h e  n i t rogenous  n a t e r i a l  is exposed 
t o  f u r t h e r  chemical  r e a c t i o n s ,  f i n a l l y  r e s u l t i n g  i n  t h e  f u r t h e r  
o x i d a t i o n  o f  ammonia. The u n s a t u r a t e d  t r a n s p o r t  zone canno t  be  
cons ide red  an independent  subsystem, b u t  t h e  s a t u r a t e d  zone, 
i .e.  t h e  groundwater ,  can be.  The accumulation p roces ses  de- 
s c r i b e d ,  a r e  f o r  b a s i c  hydrogeo log ica l  t y p e s  o f  s o i l  i n  t h e  
nea r - su r f ace  zone. 



INTRODUCTION 

A s  i s  e v i d e n t  from t h e  l i t e r a t u r e  and a l s o  on t h e  b a s l s  
o f  o u r  e x p e r i e n c e s ,  s t r e a m s  a r e  mainly p o l l u t e d  by n i t r a t e s  
v l a  n o n p o i n t  s o u r c e  r u n o f f  from w a t e r s h e d s .  There  i s  a  c l o s e  
c o n n e c t i o n  between t h e  increased use  o f  n i t r o g e n  f e r t i l i z e r s  
and t h e  n i t r o g e n  moni tored  i n  s t r e a m s .  The w a t e r  q u a l i t y  
however c a n  b e  r e s t o r e d  r e l a t i v e l y  q u i c k l y  a f t e r  removing t h e  
s o u r c e s  o f  p o l l u t i o n  ( F i g u r e  1 ) .  There i s  no d o u b t  t h a t  t h e  
e x c e s s  n i t r a t e  o r i g i n a t e s  from i n a p p r o p r i a t e  f e r t i l i z e r  u s e .  
The n i t r a t e  e x p o r t  from c u l t i v a t e d  a r e a s  c o u l d  b e  p r e v e n t e d  
by improving  t h e  a g r i c u l t u r a l  t e c h n o l o g i e s  c u r r e n t l y  i n  use  
e s p e c i a l l y  by pay ing  a t t e n t i o n  t o  h y d r o l o g i c a l  and  b i o l o g i c a l  
c y c l e s  and  by u s i n g  o r g a n i c  f e r t i l i z e r s  i n s t e a d  o f  i n o r g a n i c  
o n e s ,  o r  a t  l e a s t  by p u t t i n g  them d i r e c t l y  i n t o  t h e  s o i l .  T h i s  
problem c a n  and s h o u l d  o n l y  be  s o l v e d  by improving  f e r t i l i z e r  
a p p l i c a t i o n  t e c h n o l o g y .  ~ u i t e  o f t e n h o w e v e r ,  when o n e  problem 
i s  s o l v e d  a n o t h e r  i s  c r e a t e d ,  t h e r e f o r e ,  i n t e r f e r e n c e  w i t h  t h e  
h y d r o l o g i c a l  c y c l e  c o u l d  c a u s e  f u r t h e r  problems.  

There  i s  d i r e c t  i n t e r a c t i o n  between t h e  w a t e r  c o u r s e s  and 
t h e  s y s t e m  o f  a q u i f e r s  o n l y  i f  t h e  s t r e a m  bed c u t s  i n t o  t h e  
a q u i f e r .  The w a t e r  t r a n s f e r  between t h e s e  two sys tems  i s  con- 
t r o l l e d  by w e l l  known h y d r o l o g i c a l  laws.  The q u a l i t y  o f  t h e  
w a t e r  exchanged w i l l  depend on t h e  c o n t r o l l i n q  e f f e c t  o f  t h e  
f i l t e r  s y s t e m ,  which d e v e l o p s  a l o n g  t h e  i n t e r f a c e  o f  t h e  two 
s y s t e m s .  Owing t o  t h e  b i o c h e m i c a l  and p h y s i c o c h e m i c a l  micro-  
f i l t r a t i o n  o c c u r r i n g  i n  t h i s  f i l t e r  s y s t e m ,  w a t e r  o f  e s s e n t i a l l y  
different q u a l i t y  from t h a t  o f  t h e  s u r f a c e  w a t e r  w i l l  e n t e r  t h e  
a q u i f e r ,  r e s u l t i n g  i n  p r a c t i c a l l y  n i t r o g e n - f r e e  i n f l o w ,  d u e  t o  
t h e  removal o f  n i t r a t e  and n i t r i t e  by t h i s  f i l t e r  sys tem.  N i t r o g e n  
i n f l u x  can o n l y  o c c u r  i n  t h e  c a s e  o f  e x c e s s i v e  ammonia p o l l u t i o n  
o r  due t o  some f l a w  i n  t h e  f i l t e r  sys tem.  I t  is v e r y  advantageous  
t h e r e f o r e  t o  draw w a t e r  from w e l l s  d r i l l e d  i n  t h e  embankments, 
t h u s  making u s e  o f  t h i s  e f f i c i e n t  f i l t e r .  I n  Hungary, a l o n g  t h e  
Danube, t h e  b a n k - f i l t e r e d  a q u i f e r  y i e l d s  w a t e r  o f  good q u a l i t y  
from t h e  r i v e r  t r o u g h  v i a  t h e  n a t u r a l  f i l t e r  sys tems  b u t  n o t  from 
t h e  a q u i f e r s  f u r t h e r  away from t h e  bank. 

I t  f o l l o w s  from t h e  above t h a t  w i t h  r e s p e c t  t o  i t s  n i t r o a e n  
b u d g e t ,  s u r f a c e  and s u b s u r f a c e  w a t e r s  c o n s t i t u t e  two s e p a r a t e  
s u b s y s t e m s ,  and t h e  p r o c e s s e s  o c c u r r i n g  i n  t h e s e  subsys tems  c a n  
be d e s c r i b e d  i n d e p e n d e n t l y  o f  e a c h  o t h e r ,  w h i l e  t h e i r  p o t e n t i a l  
i n t e r a c t i o n s  c a n  be  c h a r a c t e r i z e d  by s i m p l e  i n p u t - o u t p u t  r e l a -  
t r o n s h i p s .  

The n i t r i f i c a t i o n  o f  g roundwater  i s  a  somewhat s e p a r a t e  
problem from t h a t  of  s u r f a c e  w a t e r s .  I n  a n  a r e a  w i t h  l i t t l e  o r  
no r u n o f f ,  a  p a r t  o f  t h e  n i t r o g e n o u s  m a t e r i a l s  a p p l i e d  o n  t h e  
l a n d  s u r f a c e  w i l l  i n f i l t r a t e  v e r t i c a l l y  i n t o  t h e  s o i l .  I t  w i l l  
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p a r t l y  be  a b s o r b e d  by t h e  v e g e t a t i o n  and p a r t l y  accumula ted  i n  
t h e  s u b s u r f a c e  w a t e r s ,  c a u s i n g  a n  i n c r e a s e  i n  t h e i r  n i t r o g e n  
c o n c e n t r a t i o n .  

The n i t r o g e n  accumula t ion  i n  s u b s u r f a c e  w a t e r s  i s  n o t  t h e  
r e s u l t  o f  a  s i m p l e  filtration p r o c e s s ,  b u t  it i s  t h e  r e s u l t  o f  
complex and  i n t e r m i t t e n t  b lochemica l  and c h e m i c a l  p r o c e s s e s  
c l o s e l y  r e l a t e d  t o  t h e  p e r i o d l c a i  variations I n  t h e  groundwater  
f low ( F i g u r e  2 ) . 

A s  a  r e s u l t  o f  a g r i c u l t u r a l  p r o d u c t i o n  technologies, o r g a n i c  
m a t e r i a l s  and f e r t i l i z e r s  w i t h  n i t r o g e n  c o n t e n t  w i l l  b e  b r o u g h t  
I n t o  t h e  s o i l .  The p r o t e i n  i n  t h e  o r g a n i c  m a t t e r  w i l l  decompose 
i n t o  ca rbamide  which on f u r t h e r  decompos i t ion  r e s u l t s  i n  ammonia; 
t h e  l a t t e r  i n  t h e  form o f  ammonia i o n s ,  d i s s o l v e s  i n  w a t e r ;  
however, depending  on t e m p e r a t u r e  and  p t ~  v a l u e s ,  f r e e  ammonia 
mlght  a l s o  o c c u r .  Both forms o f  ammonia a r e  w e l l  a d s o r b e d  by 
t h e  s o i l  and  a r e  r e a d i l y  u t i l i z e d  by p l a n t s ,  o r  t h e y  a r e  o x i d i z e d  
by b a c t e r i a  i n t o  n i t r a t e .  

Among t h e  f e r t i l i z e r s  most commonly u s e d ,  ammonium n i t r a t e s  ! 

have t h e  h i g h e s t  n i t r o g e n  c o n t e n t .  I n  w a t e r  t h e y  d i s s o c i a t e  
i n t o  ammonium i o n  and  n i t r a t e  i o n ,  b o t h  w i t h  a  n i t r o g e n  c o n t e n t .  
The n i t r o g e n  c o n t e n t  i n  ca rbamide ,  ammonium p h o s p h a t e s  and  
s u l p h a t e s  i s  o n l y  h a l f  t h a t  i n  ammonium n i t r a t e .  I n  a d d i t i o n  
t o  t h i s ,  t h e  decompos i t ion  o f  ammonia i n t o  n i t r a t e  l a r g e l y  
depends on t e m p e r a t u r e  c o n d i t i o n s .  I n  e x p e r i m e n t s  ( L i t e r a t h y  and 
P i n t b r ,  1979 )  c a r r i e d  o u t  w i t h  Danube w a t e r ,  t h e  a m n i a - n i t r a t e  
p r o c e s s  b e g i n s  o n l y  above 150C t e m p e r a t u r e  ( F i g u r e  3 ) .  I t  c a n  b e  
assumed t h a t  i n  t h e  s o i l ,  t h i s  p r o c e s s  s t a r t s  a t  t e m p e r a t u r e  
l e v e l s  some d e g r e e s  l o w e r  t h a n  t h a t ,  however o n e  may t a k e  it 
a s  c e r t a i n ,  t h a t  d u r i n g  p e r i o d s  w i t h  a  modera te  c l i m a t e  and  
d u r i n g  t h e  c o o l  o r  c o l d  p e r i o d s ,  t h e  ammonia o x i d a t i o n  p r o c e s s  
i s  i n t e r r u p t e d ,  and t h e  ammonia g e t s  f i x e d  on t h e  s u r f a c e  o f  t h e  
g e n e r a l l y  h i g h l y  a b s o r b e n t  s o i l  p a r t i c l e s , i n  t h e  p e r i o d  when 
f i l t r a t i o n  a c r o s s  t h e  s o i l  p r o f i l e  i s  t h e  most marked, due t o  
t h e  c e s s a t i o n  o f  w a t e r  u t i l i z a t i o n  by p l a n t s .  B i o l o g i c a l  
investigations have  unambiguo11sly proved  t h a t  a m m o n i f i c a t i o n ,  
t h a t  i s , t h e  g e n e r a t i o n  o f  a m n i a  from o r g a n i c  m a t e r i a l s ,  
c o n t i n u e s  a t  lower  t e m p e r a t u r e s  i n  t h e  u n f r o z e n  s o i l  zones.  
even  d u r i n g  t h e  w i n t e r ,  c o n s e q u e n t l y ,  o n l y  a s  t h e  r e s u l t  o f  
e x c e s s i v e  f e r t i l i z e r  u s e  w i l l  t h e  a d s o r p t i o n  c a p a c i t y  o f  t h e  
s o i l  become e x h a u s t e d .  T h i s  would t h e n  r e s u l t  i n  p o l l u t i o n  o f  
g roundwater  by ammonia. I t  i s  c l e a r  t h a t  t h e  magni tude  o f  
n i t r o g e n  p o l l u t i o n  depends a l s o  on t h e  t y p e  o f  f e r t i l i z e r s  
used and t h e  n i t r o g e n - s o i l  i n t e r a c t i o n s .  

NITROGEN-SOIL INTERACTIONS 

I n d e p e n d e n t  o f  t h e  form i n  which n i t r o g e n  g e t s  i n t o  t h e  
g r o u n d w a t e r ,  t h e  complex p r o c e s s e s  o f  n i t r o g e n  dynamics t a k e  
p l a c e  i n  t h e  s o i l  p r o f i l e .  The n i t r o g e n  d i s s o l v e s  i n  s o i l  
m o i s t u r e ,  and i s  a d s o r b e d  on t h e  s u r f a c e  o f  s o i l  p a r t i c l e s ;  



i n p u t  

1 N, t r a n s -  
D e c o x p o s i t i o n  Consunpt ion  D i s s o c i a t i o n  formation 

s y s t e m  

S a t u r a t i o n  O x i d a t i o n  

+ i N,  o u t p u t  

I 
N,  v e r t i c a l  t r a n s p o r t a t i o n  

1 C N i n p u t  f 
H o r i z o n t a l  
t r a n s p o r t a t i o n  N ,  a c c u m u l a t i o n  - 

i n p u t  oxygen consumption 

N,  accuqu- 
l a t i o n  
s y s t e m  

N i t r a t e  r e d u c t i o n  

F i g u r e  2 The p r o c e s s  o f  n i t r o g e n  a c c u m u l a t i o n  under  t h e  
s u r f a c e  



F i g u r e  3 .  I n f l u e n c e  O f  H20 t e m p e r a t u r e  o n  N i t r o g e n  forms (Danube  
w a t e r  s a m ~ l e s )  , a f t e r  L i t e r a t h y ,  1971  



o x i d a t i o n  t h e n  t a k e s  p l a c e  i n  t h i s  zone and f i n a l l y  p l a n t s  
u t i l i z e  it. The s o i l  zone c o n s t i t u t e s  an i n d e p e n d e n t  n i t r o g e n  
b u d g e t  i n  which t h e  above p r o c e s s e s  o c c u r  i n  complex i n t e r a c t i o n .  
A s  i s  known, t h e  n i t r o g e n  b a l a n c e  i s  d e t e r m i n e d  by  t h e  meteoro-  
l o g i c a l  c o n d i t i o n s  and t h e  p h y s i c a l  p a r a m e t e r s  o f  t h e  s o i l ,  
t h e  b i o c h e m i c a l  c o n d i t i o n s ,  and  t h e  t y p e  and form o f  t h e  
s u b s t a n c e s  th rough  which t h e  n i t r o g e n  was b r o u g h t  i n t o  t h e  s o i l .  

P r o c e s s e s  which a f f e c t  t h e  n i t r o g e n  dynarnlcs a r e  governed  
by t h e  s e a s o n a l  b i o l o g i c a l  rhythm. I t  f o l l o w s  t h a t  t h e  e f f e c t s  
o f  m e t e o r o l o g i c a l  f a c t o r s  a r e  a l s o  s i g n i f i c a n t .  The o c c u r r e n c e  
o f  n i t r o g e n  below t h e  ground s u r f a c e  i s  d e c i s i v e l y  d e t e r m i n e d  
by h y d r o g e o l o g i c a l  and geochemica l  c o n d i t i o n s .  I n  t h i s  c o n t e x t ,  
t h e  f o l l o w i n g  b a s i c  h y d r o g e o l o g i c a l  t y p e s  c a n  b e  d i f f e r e n t i a t e d  
i n  t h e  n e a r - s u r f a c e  zone o f  i n f l u x :  

( a )  s o i l s  o f  s e l f - c o n t a i n e d  w a t e r  b u d g e t ;  

( b )  s o i l s  w i t h  w a t e r  b u d g e t s  a f f e c t e d  by s u b s u r f a c e  w a t e r s ;  

( c )  s o i l s  o f  i n d e p e n d e n t  w a t e r  b u d g e t s .  

S o i l  zones  w i t h  s e l f - c o n t a i n e d  w a t e r  b u d g e t s  a r e  t h o s e  which do 
n o t  r e c e i v e  a d d i t i o n a l  w a t e r  f rom t h e  s u b s u r f a c e  a q u i f e r s  by 
c a p i l l a r i t y  ( F i g u r e  4 ) .  Such s o i l  zones  a r e  t h o s e  c o v e r i n g  
g r a v e l  l a y e r s ,  k a r s t i c  c a r b o n a t e  f o r m a t i o n s ,  o r  c h a l k  r o c k s  o f  
i r r e g u l a r  s t r u c t u r e .  Under a r i d  and  s e m i - a r i d  c o n d i t i o n s ,  
downward w a t e r  t r a n s f e r  r a r e l y  o c c u r s  i n  s u c h  s e l f - c o n t a i n e d  
s o i l  z o n e s ,  b u t  it o c c u r s  a l o n g  t h e  e r o s i o n  pathways o n l y  i n  
t h e  c a s e  o f  heavy r a i n f a l l .  I t  f o l l o w s  from t h e  above  
t h a t  under  s u c h  c o n d i t i o n s ,  t h e  a n n u a l  a v e r a q e  o f  n i t r o g e n  
t r a n s p o r t  i s  a l s o  o f  n e g l i g i b l e  q u a n t i t y .  Under humid c o n d i t i o n s ,  
s y s t e m a t i c  w a t e r  t r a n s f e r  t a k e s  p l a c e ,  w h i l e  m o b i l i z a t i o n  o f  the 
u n u t i l i z e d ,  s t o r e d  n i t r o g e n  i n  t h e  s o i l  may a l s o  b e  s u b s e q u e n t l y  
t r a n s p o r t e d  by t h e  w a t e r  which h a s  i n f i l t r a t e d  i n t o  t h e  s u b s u r f a c e  
a q u i f e r s .  T h i s  n i t r o g e n  o u t p u t  c o u l d  be  minimized by improved 
a g r i c u l t u r a l  t e c h n o l o g y .  

Along t h e  t r a n s p o r t  r o u t e  t h r o u g h  t h e  s o i l  t o  t h e  a q u i f e r ,  
i n  t h e  c o n d i t i o n s  p r e v a l e n t  i n  t h e  u n s a t u r a t e d  zone ,  and w h i l e  
i n  c o n t a c t  w i t h  a d s o r b i n g  s u r f a c e s ,  t h e  n i t r o q e n  undergoes  
c h e m i c a l  changes  r e s u l t i n g  i n  t h e  f u r t h e r  o x i d a t i o n  o f  a m n i a .  
The geochemica l  c h a r a c t e r  o f  t h i s  t h i c k  u n s a t u r a t e d  zone i s  t h e  
s o - c a l l e d  open o x i d a n t  s y s t e m  (Champ e t  a l . ,  1979) i n  which 
e x c e s s  oxygen i s  p r e s e n t ,  and t h e  a d d i t i o n a l  s u p p l y  o f  oxygen 
i s  a s s u r e d .  

I n  t h e  upper  p a r t  o f  t h e  s a t u r a t e d  zone w i t h  t h i c k  g r a v e l  
l a y e r s  and  below t h e  s o i l s  w i t h  s e l f - c o n t a i n e d  w a t e r  b u d g e t s , t h e  
w a t e r  f l o w s  a l o n g  t h e  h y d r a u l i c  g r a d i e n t ;  t h u s  t h e  n i t r a t e  and  
o t h e r  d i s s o l v e d  p o l l u t a n t s  a r e  t r a n s p o r t e d  i n  a  l a t e r a l  d i r e c -  
t i o n .  I n  t h e s e  zones n i t r a t e  r e d u c t i o n  d o e s  n o t  t a k e  p l a c e ;  
t h i s  r e s u l t s  i n  t h e  c o n t i n u o u s  a c c u m u l a t i o n  o f  n i t r a t e .  

I n  t h e  s a t u r a t e d  zone,  i . e . ,  i n  t h e g r o u n d w a t e r ,  t h e r e  i s  
a  c l o s e d  o x i d a n t  s y s t e m  where d i s s o l v e d  o r g a n i c  c a r b o n  (DOC) 
i s  a lways  p r e s e n t  and  which g r a d u a l l y  e x h a u s t s  t h e  oxygen c o n t e n t .  
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F i g u r e  4 .  S o i l s  w i t h  s e l f - c o n t a i n e d  w a t e r  b u d g e t  (Type A )  



Fol lowing  a  downward d i r e c t i o n ,  t h e  r e d u c t i o n  s y s t e m  d e v e l o p s  
a f t e r  t h e  oxygen h a s  been u t i l i z e d ,  and  a c c o r d i n g  t o  Champ 
e t  a l . ,  (19791, t h e  r e d u c t i v e  decompos i t ion  o f  NO3 w i l l  o c c u r  
f i r s t .  I n  t h e  deep  a l l u v i a l  z o n e s ,  t h e  r e d u c t i o n  r o c e s s  is 
f u r t h e r  i n c r e a s e d  by t h e  r e d u c t i o n  o f  b i v a l e n t  Fe+$, o r i g i n a t i n g  
from o r g a n i c  d e c o m p o s i t i o n ,  i n t o  a  t r i v a l e n t  compound. 

P r o c e s s e s  t a k i n g  p l a c e  i n  t h e  t r a n s p o r t  zone w l i l  n o t  
t r a n s f o r m  the q u a n t i t y  o f  n i t r o g e n  t h a t  h a s  e n t e r e d  t h e  
u n s a t u r a t e d  t r a n s p o r t  zone,  and  t h e  n i t r o g e n  o r i g i n a t i n g  f rom 
t h e  s o i l  zone w i l l  b e  t r a n s p o r t e d  i n t o  t h e  s a t u r a t e d  zone w i t h  
a  r a t e  t h a t  depends on the t h i c k n e s s  and  p h y s i c a l  p a r a m e t e r s  
o f  t h e  t r a n s p o r t  zone; c o n s e q u e n t l y  t h e  u n s a t u r a t e d  t r a n s p o r t  
zone can n o t  b e  c o n s i d e r e d  a n  i n d e p e n d e n t  subsys tem.  

The w a t e r  b u d g e t  o f  n e a r  s u r f a c e  s o i l  zones  i s  n o t  s e l f -  
c o n t a i n e d  i n  f l a t  l a n d s  w i t h  f i n e  s a n d ,  l o e s s ,  c h a l k  o r  o t h e r  
f o r m a t i o n s  where t h e  i n c r e a s e  by c a p i l l a r i t y  is  i n  t h e  o r d e r  o f  
magnitude o f  o n e  m e t e r ,  a s  i n  p e r i o d s  w i t h o u t  p r e c i p i t a t i o n ,  
t h e  w a t e r  l e a v i n g  t h e  s y s t e m  v i a  e v a p o t r a n s p i r a t i o n  w i l l  b e  
r e p l a c e d  f rom below due t o  t h e  e f f e c t s  o f  c a p i l l a r i t y .  T h i s  
s i t u a t i o n  c a n  b e  c o n s i d e r e d  the second  b a s i c  h y d r o g e o l o g i c a l  
g r o u p  B ( F i g u r e  5 )  . 

I n  t h i s  s y s t e m  t h e  e x c e s s  w a t e r  i n  t h e  s o i l  zone w i l l  i n f i l -  
t r a t e  i n t o  t h e  groundwater .  w i t h  a  t i m e  l a g ,  a s  t h e  w a t e r  
f i l l i n g  t h e  p o r e s  h a s  t o  b e  displaced f i r s t .  I n  p e r i o d s  o f  
poor  p r e c i p i t a t i o n  o r  w i t h o u t  p r e c i p i t a t i o n ,  t h e  c a p i l l a r y  s o i l  
w a t e r  w i l l  r e p l a c e  t h e  w a t e r  a l r e a d y  consumed, t h u s  i n d u c i n g  a  
r e v e r s e  f low.  

I n  a r i d  and s e m i - a r i d  c o n d i t i o n s ,  t h e  dynamic b a l a n c e  o f  
t h e  s o i l  zone w a t e r  b u d g e t  w i l l  be  m a i n t a i n e d  by t h e  d e f i c i t  
i n  t h e  g roundwater  b a l a n c e  a n d  c o n s e q u e n t l y  t h e  p o l l u t a n t s  
d i s s o l v e d  by t h e  f l o w i n g  w a t e r  w i l l  n o t  g e t  i n t o  t h e  d e e p e r  
s a t u r a t e d  zones .  I n  humid a r e a s  o r  i n  i r r i g a t e d  l a n d s ,  t h i s  
p r o c e s s  i s  r e v e r s e d  a n d  the a n n u a l  n e t  b a l a n c e  m i g h t  show a  
downward movement o f  t h e  w a t e r .  

I n  t h i s  s y s t e m ,  t h e  t r a n s p o r t  zone is t h i n  a n d  s a t u r a t e d  
and  t h e r e f o r e  o n l y  a  p a r t  o f  t h e  soil  zone o p e r a t e s  a s  a n  open 
o x i d a n t  s y s t e m  a n d  t h e  t r a n s p o r t  zone  forms a c l o s e d  o x i d a n t  
s y s t e m  where t h e  d i s s o l v e d  o r g a n i c  c a r b o n  (DOC) r e d u c e s  the 
e x c e s s  oxygen,  w h i l e  t h e  w a t e r  which moves downward s t i l l  
c o n t a i n s  unreduced o x i d e s .  Moving downward, r e d u c t i o n  w i l l  
become c h a r a c t e r i s t i c ,  soon  t u r n i n g  t h e  s y s t e m  i n t o  a  r e d u c i n g  
o n e .  

Water  s e e p a g e  i n  t h e  s y s t e m  is s low i n  a l l  d i r e c t i o n s  and  
due  t o  t h e  t h i c k n e s s  o f  t h e  open o x i d a n t  s y s t e m ,  r e d u c t i o n  
p r o c e s s e s  a r e  s o  s i g n i f i c a n t  t h a t  t h e y ,  depending  o n  t h e  c a p a c i t y  
f o r  r e d u c t i o n ,  may p r e v e n t  n i t r a t e  f l u x  i n t o  t h e  d e e p e r  zones .  
During t h e  i n c r e a s e d  a c t i v i t y  o f  t h e  r e d u c i n g  agents - -caused  
by a c c e l e r a t e d  o r  e x c e s s  n i t r o g e n  p o l l u t i o n - - t h e  e x t e n t  o f  t h e  
c l o s e d  o x i d a n t  zone i n c r e a s e s ,  t h u s  d e p r e s s i n g  t h e  u p p e r  l e v e l  
o f  t h e  r e d u c i n g  zone ,  and a l l o w i n g  t h e  n i t r a t e  f l u x  t o  permeate  
t h e  d e e p e r  zones .  
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F igure  5 .  S o l l s  w l t h  w a t e r  budget  influenced by groundwater 
(Type B) 
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I t  r e a d i l y  f o l l o w s  from t h e  above t h a t  i n  h y d r o g e o l o g i c a l  
t y p e  "A" t h e  t r a n s p o r t  zone i s  g e o c h e m i c a l l y  a t t a c h e d  t o  t h e  
s o l 1  zone,  w h i l e  i n  t y p e  "B" i t  b e l o n g s  t o  t h e  s a t u r a t e d  a q u i f e r  
zone;  t h i s  g r o u p i n g  i s  a l s o  j u s t i f i e d  h y d r o l o g i c a l l y .  

I n  t h e  t h i r d  h y d r o g e o l o g i c a l  g roup  "C" ( F i g u r e  61,  t h e  f i r s t  
n e a r - s u r f a c e  a q u i f e r  i s  c o v e r e d  by imperv ious  rock  f o r m a t i o n s  
and no r a i n  w a t e r  can g e t  below t h e  s o i i  zone,  l . e . ,  t h e  s o i l  
w a t e r  b u d g e t  i s  i n d e p e n d e n t  o f  t h e  g roundwater .  I t  i s  t h u s  
o b v i o u s  t h a t  under  s u c h  c o n d i t i o n s  t h e  a q u i f e r  c a n n o t  b e  p o l l u t e d  
by d i s s o l v e d  p o l l u t a n t s  v i a  v e r t i c a l  t r a n s p o r t ,  and o n l y  l a t e r a l  
t r a n s p o r t  might  c a u s e  n i t r o g e n  p o l l u t i o n .  The c o n d i t i o n s  o f  
such  s y s t e m s  a r e  v e r y  s i m i l a r  t o  t h o s e  o f  t h e  c o n f i n e d  a q u i f e r s .  

Under n a t u r a l  c o n d i t i o n s , n o  n i t r o g e n  o x i d e s ,  o r i g i n a t i n g  
from t h e  a tmosphere  and from o r g a n i c  d e c o m p o s i t i o n ,  accumula te  
i n  t h e  n e a r - s u r f a c e  a q u i f e r s .  N i t r o g e n  a c c u m u l a t i o n  o c c u r s ,  
however, due t o  t h e  e x c e s s i v e  u s e  o f  f e r t i l i z e r s  and  t h i s  might  
even be  a c c e l e r a t e d  by o t h e r  human a c t i v i t i e s .  Under n a t u r a l  
c o n d i t i o n s ,  t h e  downward movement o f  w a t e r  towards  t h e  d e e p e r  
a q u i f e r s  1s s low and t h e  o r d e r  o f  magni tude  i s  10 cms/yr . ,  
i . e . ,  t h e r e  is no d a n g e r  o f  n i t r a t e  i n f l u x  i n t o  t h e  d e e p e r  
l a y e r s .  I n  deve loped  c o u n t r i e s ,  however, d e e p  a q u i f e r s  a r e  
a l s o  u t i l i z e d ,  s o  t h e  i n c r e a s e d  w a t e r  p r o d u c t i o n  and  r e s u l t a n t  
f low may a l s o  a c c e l e r a t e  t h e  downward f l u x  o f  n i t r a t e .  

A c t u a l  h y d r o g e o l o g i c a l  and  geochemica l  c o n d i t i o n s  a r e  
o b v i o u s l y  much more complex t h a n  t h o s e  i l l u s t r a t e d  by t h e  t h r e e  
b a s i c  t y p e s  d e s c r i b e d  above.  However, n a t u r a l  s y s t e m s  c a n  b e  
w e l l  r e p r e s e n t e d  w i t h  t h e s e  b a s i c  s t r u c t u r e s  and /or  by t h e i r  
c o m b i n a t i o n s .  

CONCLUDING REMARKS 

The n i t r i f i c a t i o n  o f  g roundwater  seems t o  b e  a n  i r r e v e r s i b l e  
p r o c e s s  r e s u l t i n g  i n  t h e  accumula t ion  o f  n i t r a t e  i n  g r o u n d w a t e r ,  
s o  t h e  w a t e r  p o l l u t e d  by n i t r a t e  w i l l  remain p o l l u t e d  f o r  a  l o n g  
p e r i o d  o f  t i m e ,  even  a f t e r  t h e  n i t r o g e n  i n p u t  h a s  c e a s e d .  

The n i t r i f i c a t i o n  p r o c e s s  c o u l d  b e  o r  s h o u l d  b e  governed  
by c o n t r o l  ( o p t i m i z a t i o n )  o f  t h e  n i t r a t e  i n p u t  i n t o  t h e  s o i l -  
p l a n t  sys tem.  

The key t o  t h e  s o l u t i o n  t h e r e f o r e  l i e s  i n '  t h e  improvement 
and c o n t r o l  o f  a g r i c u l t u r a l  p r a c t i c e s .  
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THE IMPACT OF NITROGEN FERTILIZER APPLICATION ON THE NITRATE 
CONCENTRATION I N  GROUNDWATER: COST-BENEFIT ANALYSIS 
CONSIDERATIONS 

I n s t i t u t e  f o r  A g r i c u l t u r a l  Economics 
U n i v e r s i t y  o f  G o e t t i n g e n  
F e d e r a l  R e p u b l i c  o f  Germany 

I n  t h i s  p a p e r ,  a c o n c e p t  f o r -  c o s t - b e n e f i t  a n a l y s i s  is d e v e l o p e d  
f o r  d e a l i n g  w i t h  t h e  i m p a c t  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 c a t i o n  
on t h e  n i t r a t e  c o n c e n t r a t i o n  o f  g roundwater .  The d i s c u s s i o n  
s t a r t s  w i t h  some e m p i r i c a l  e v i d e n c e  from d a t a  c o l l e c t e d  i n  t h e  
F e d e r a l  R e p u b l i c  o f  Germany. A f t e r  o u t l i n i n g  b a s i c  i s s u e s  o f  
c o s t - b e n e f i t  a n a l y s e s  i n  marke t  economies ,  a p r o p o s a l  f o r  em- 
p i r i c a l  r e s e a r c h  is d e a l t  w i t h  i n  g r e a t e r  d e t a i l .  Major  compo- 
n e n t s  o f  t h e  c o n c e p t  a r e  model ing  n i t r a t e  f l o w s  i n  s o i l s  a n d  
a q u i f e r s .  I t  is shown how t h o s e  p h y s i c a l  models  h a v e  to be i n -  
c o r p o r a t e d  i n t o  economic a p p r o a c h e s  f o r  e s t i m a t i n g  costs a n d  
o p t i m a l  f e r t i l i z e r  a d j u s t m e n t .  F i n a l l y ,  t h e  p a p e r  makes some 
recommendations r e g a r d i n g  t h e  c h o i c e  o f  p o l i c y  i n s t r u m e n t s .  



1 .  N i t r a t e  Concen t ra t ion  i n  Groundwater - Some E m p i r i c a l  Evidence f rom t h e  

Federal  Repub l i c  o f  Germany 

As I n  many o t h e r  c o u n t r i e s 1 )  t h e r e  i s  a  g row ing  concern i n  t h e  Federal  Repub- 

l i c  o f  Germa~y  (FRG) about the  t h r e a t s  t o  human h e a l t h  o f  h i q h  n i t r a t e  con- 

c e n t r a t i o n  i n  d r i n k i n g  wate r  ( v g l .  2.6. OBERi4ANNana aL;NOiRf4ANFI, i 5 7 7 j .  A  r e c p n t  

s t u d y ,  based on wate r  q u a l i t y  da ta  f o r  n e a r l y  40 m i l l i o n  peop le  w i t h  samples 

taken between 1974 and 1977, i n d i c a t e s  t h a t  5 . 6  % o f  t h e  p o p u l a t i o n  had access 

t o  wa te r  which exceeded t h e  l i m i t  o f  50 mg/l NO3. recommended by  t h e  World 

Hea l th  O r g a n i z a t i o n  (AURAND e t .  a l . ,  1978).  F i g u r e  1 i n d i c a t e s  t h a t  1 Z o f  

t h e  p o p u l a t i o n  was s u p p l i e d  w i t h  water  which even exceeded t h e  h i g h  l i m i t  o f  

90 mg/l NO3 wh ich  i s  c u r r e n t l y  e f f e c t i v e  i n  t h e  FRG (T r inkwasserverordnung) .  

Some c o u n t r i e s  m a i n t a i n  such low standards as 20 mg/l NO3. Accord ing  t o  t h e  

samples from FRG, n e a r l y  one t h i r d  o f  t h e  p o p u l a t i o n  r e c e i v e s  wate r  above t h i s  

s tandard.  

I n  so f a r  as l o n g  r u n  t r e n d s  o f  t h e  n i t r a t e  c o n t e n t s  o f  d r i n k i n g  wate r  have 

been measured, t h e y  i n d i c a t e  a  s t e a d i l y  r i s i n g  c o n c e n t r a t i o n  (OBERMAFlri and 

BUNDERMANN. 1977; see a l s o  f o r  t h e  U n i t e d  Kingdom: OAKES. 1981). 

C e r t a i n l y ,  t h e  con tamina ted  water  does n o t  reach t h e  consumers permanent ly .  

Yet, s i n c e  one cannot  e x c l u d e  t h a t  even occas iona l  o r  p e r i o d i c  h i g h  concen- 

t r a t i o n s  may t h r e a t e n  t h e  h e a l t h ,  e s p e c i a l l y  o f  c h i l d r e n ,  t h e  d a t a  tend  t o  

g i v e  s u f f i c i e n t  ev idence  f o r  t h e  urgency o f  measures a g a i n s t  f u r t h e r  n i t r a t e  

c o n c e n t r a t i o n s .  

Nhether  o r  n o t  and t o  which e x t e n t  t h e  farm s e c t o r  c o n t r i b u t e d  t o  t h e  observed 

n i t r a t e  p o l l u t i o n  i s  a  q u e s t i o n  which o b v i o u s l y  r e q u i r e s  f u r t h e r  a n a l y s i s .  

N i t r a t e  c o n c e n t r a t i o n s  may t h e o r e t i c a l l y  a l s o  come from t h e  atmosphere o r  

f rom reserves  s t o r e d  i n  t h e  s o i l .  Yet, a  breakdown by s i z e  o f  wa te r  p l a n t s  and 

by l o c a t i o n  does a t  l e a s t  suppor t  t h e  s u s p i c i o n  t h a t  t h e  farm s e c t o r  i s  a  ma- 

j o r  cause o f  n i t r a t e  p o l l u t i o n  s i n c e  t h e  l i m i t s  a r e  more f r e q u e n t l y  v i o l a t e d  

1 )  Recent p u b l i c a t i o n s  and t h e i r  i m p l i c a t i o n s  a r e  summarized i n  GOLllREV (1980) 
and i n  ZWIRNMANN (1981) .  



% I n h a b i t a n t s  

!nhabi t a n t s  : 46.281.000 

F i g u r e  1: D i s t r i b u t i o n  o f  N i t r a t e  Content  i n  D r i n k i n g  Water 

S o u r c e : I n s t i  t u t  t7"r Vasser-  ,Boden- und ~ u f t h ~ ~ i e ; l e  (1979) 



i n  smal l  wa te r  p l a n t s  which a r e  m o s t l y  l o c a t e d  i n  r u r a l  areas (Tab le  1. F i g u r e  

2 ) .  Such p l a n t s  a r e  o f t e n  s u p p l i e d  f rom a g r i c u l t u r a l  areas r a t h e r  t h a n  t r a n s -  

r e g i o n a l  1  y  f rom nuun ta i  nous f o r e s t  covered watersheds. 

U n f o r t u n a t e l y ,  t h e  debate about  a g r i c u l t u r e ' s  r o l e  s u f f e r s  f rom l a c k  o f  i n -  

f o r m a t i o n ,  e s p e c i a l l y  about  t h e  q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  amount 

o f  n i t r a t e  l e a c h i n g  o r  r u n o f f  f rom a  g iven  f i e l d  and t h e  amount f i n a l l y  r e a c h i n g  

t h e  d r i n k i n g  wate r  source  a t  a  c e r t a i n  d i s t a n c e .  Those t r y i n g  t o  keep a g r i -  

c u l t u r e  o u t  o f  t h e  g row ing  concern and t h e  r e s u l t i n g  c a l l  f o r  n i t r o g e n  redu-  

c i n g  measures emphasize t h a t  a lmost  1/3 o f  t h e  d r i n k i n g  w a t e r  s u p p l y  comes 

f rom s u r f a c e  wate r  w i t h  l i t t l e  c o n n e c t i o n  t o  a g r i c u l t u r a l  emiss ions  and t h a t  

groundwater  s u p p l i e s  a r e  t a k e n  from p r o t e c t e d  catchment  a reas  ( "T r inkwasser -  

s c h u t z g e b i e t e " )  where i n t e n s i v e  f e r t i l i z e r  a p p l i c a t i o n  i s  o f t e n  p r o h i b i t e d .  

Ifowever, t h e r e  a r e  a l s o  reasons t o  be p a r t i c u l a r 1  y  concerned w i t h  a g r i c u l t u r e ' s  

c o n t r i b u t i o n  t o  t h e  n i t r a t e  p o l l u t i o n ,  namely i n  l o n g - r u n  p e r s p e c t i v e .  T h i s  

concern i s  s u b s t a n t i a t e d  by 

- a v a i l a b l e  e m p i r i c a l  s t u d i e s  which demonstrate c l e a r l y  a  p o s i t i v e  impac t  o f  

f e r t i l i z e r  l e v e l s  on n i t r a t e  c o n c e n t r a t i o n .  even w i t h i n  p r o t e c t e d  wate r  sheds 

(CZERATZKI , 1973; OBERMANN and BUNDERMANN, 1977).  

- t h e  e x p e c t a t i o n  t h a t  n i t r o g e n  f e r t i l i z e r  a p p l i c a t i o n  l e v e l s  w i l l  c o n t i n u e  

t o  grow, i n  s p i t e  o f  d e c l i n i n g  r e a l  p r i c e s  o f  farm p r o d u c t s  ( a s  i n  t h e  p a s t ) .  

Inc reased  f e r t i l i z e r  l e v e l s  p e r  h e c t a r e  w i l l  - a t  s t a n d a r d  a p p l i c a t i o n  t e c h -  

n iques  and a p p l i c a t i o n  f requenc ies  - l e a d  t o  i n c r e a s e d  p r o p o r t i o n s  l e a c h i n g  

i n t o  t h e  groundwater .  

- t h e  p e r s p e c t i v e  t h a t  t h e  t o t a l  s i z e  o f  catchment a reas  w i l l  have t o  be c l e a r -  

l y  expanded i n  o r d e r  t o  meet t h e  growth o f  wa te r  consumpt ion as w e l l  as r e a c t  

t o  t h e  r i s i n g  share  o f  d r i n k i n g  wate r  taken  f rom groundwater .  Accord ing  t o  

a v a i l a b l e  p r o j e c t i o n s  t h e  t o t a l  water  u t i l i z a t i o n  i n  t h e  FRG may grow a t  
3  an annual r a t e  o f  1.5 % f rom 30 t o  44 b i l l  i o n  m  between 1975 and 2000. The 

water  used i n  p r i v a t e  households i s  expected t o  grow even a t  a  r a t e  o f  
1 )  1 . 8  % p e r  y e a r  . 

1 )  P r o j e c t i o n s  by t h e  Federal  M i n i s t r y  o f  t h e  I n t e r i o r  (SATTELLE, 1972) 
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- t h e  u n c e r t a i n t y  about  the  underground w a t e r  f l o w s .  I t  seems t o  be n o t  a t  a l l  

e v i d e n t  t h a t  groundwater  sources i n  catchment  a reas  a r e  n o t  i n t e r c o n n e c t e d  

t o  more remote a q u i f e r s .  S ince  some a q u i f e r s  t e n d  t o  r e c o v e r  v e r y  s l o w l y  f rom 

c o n t a m i n a t i o n  one cannot  exc lude  t h a t  n i t r a t e  i s  h o r i z o n t a l l y  f l o w i n q  f rom 

a g r i c u l t u r a l  f i e l d s  t o  water  ca tchnen t  areas ;ver 1:nser dis:&ncei. 

Table 1 :  ? : i t r a t e  Content  o f  D r i n k i n g  Water by S i z e  o f  Y u n i c i p a l f t i e s  

- thousand i n h a b i t a n t s  - 

S i z e  o f  P l i  t r a t e  mg/l 
C l u n i c i p a l i t i e s  < 2 0  2 D - 5 0  5 0 - 3 0  > ? 0  

1  608 249 15 3 

Source:  I n s t i t u t  f u r  Wasser-. Boden- und L u f t h y g i e n e ,  Bundesgesund- 
h e i t s a m t  B e r l i n .  1979 

Our c o n c l u s i o n  f rom t h e  a v a i l a b l e  ev idence  i s  t h a t  n i t r a t e  p o l l u t i o n  shou ld  

be o f  concern  t o  t h e  farm s e c t o r ,  p r e s e n t l y  a t  l e a s t  w i t h i n  t h e  catchment  a reas .  

i n  f u t u r e  p o s s i b l y  i n  much r a r e  extended zones o f  a g r i c u l t u r a l  p r o d u c t i o n .  Yet. 

t h e  amount o f  n i t r a t e  l e a c h i n g  and n i t r a t e  f l o w s  canno t  be !noun w i t h o u t  spe- 

c i f i c  e m p i r i c a l  ana lyses .  l i o reover ,  recommendations c o n c e r n i n g  p o l i c i e s  t o  r e -  

duce t h e  n i t r a t e  c o n c e n t r a t i o n  i n  d r i n k i n g  w a t e r  r e q u i r e  some fundamental w e l -  

f a r e  economic c o n s i d e r a t i o n s .  

2 .  C o s t - B e n e f i t  Concppt 

2 .1  The B a s i c  i,lel f a r e  Economic Problem 

The b a s i c  w e l f a r e  economic c o n s i d e r a t i o n  can be expressed i n  t h e  q u e s t i o n :  

what would be t h e  c o s t s  and t h e  b e n e f i t s  o f  a  reduced  n i t r a t e  c o n c e n t r a t i o n ?  

B e n e f i t s  r e s u l t  from reduced dangers t o  human h e a l t h ,  c o s t s  f rom measures t o  

p r e v e n t  a  h i g h e r  c o n c e n t r a t i o n .  S ince any r e d u c t i o n  o f  t h e  e x i s t i n g  n i t r a t e  



con ten t  I s  l i k e l y  t o  c rea te  cos t s  and s ince  the marginal  cos t s  o f  n t t r a t e  re -  

duc t l on  tend t o  tncrease wh t l e  t he  marglnal  b e n e f i t s  would decrease w l t h  f u r -  

t he r  n i t r a t e  reduc t l on ,  standard we l fa re  economics l ead  t o  suggest t h a t  t h e r e  

I s  something l i k e  a " s o c i a l l y  op t lma l "  degree o f  n i t r a t e  concent ra t ion ,  say 

Po i n  F igure  3. A  n i t r a t e  concen t ra t i on  below Po would cause cos ts  which 

exceed the  b e n e f i t s  t o  t h e  water consumer and v i c e  versa. Hence, t h e  fundamental 

Coats. Buwfitr 

Benefits (damage prerentedl 
or ~0~ Reduction 

r d NO, Rrduction 

r img/ t l  
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Flgure  3: "Opt imaln N i t r a t e  Concent ra t ion  I n  D r l n k l n g  Yater  

economlc r a t l o n a l e  behlnd t h l s  s lmple cons tde ra t i on  i s  t h e  statement t h a t  

pollution l t m l t s  a r e  no t  s o l e l y  technical standards,  bu t  depend a l s o  on t h e  

s o c l a l  cos t s  I n  terms o f  resources requ l red  and p r o f i t s  foregone t o  meet such 

l t m l t s .  S l t u a t f o n s  w l t h  h lghe r  cos t s  o f  t n s t a l l a t l o n s  f o r  n l t r a t e  removals o r  

h ighe r  a g r f c u l  t u r a l  p r l c e s  and. hence, h l  gher p r o f 1  t s  foregone from reduced 

f e r t i l i z e r  l e v e l s  a r e  represented by an upward s h l f t e d  marg lna l  c o s t  curve 

say A ' A '  I n  F igure  3 .  A s o c l e t y  i n  t h l s  s t t u a t l o n  might,  compared t o  t h e  

marglnal  cos t  cu rve  A  A, consequent ly accept a h lghe r  n l t r a t e  l i m l t  I n  d r l n -  

k l n g  water,  f o r  I ns tance  P i .  

To q u a n t l f y  t he  b e n e f i t s  f rom a reduced n l t r a t e  content  I n  d r l n k l n g  water I s  

a r a t h e r  d i f f i c u l t  t ask  l n v o l v t n g  a t  l e a s t  two problems. One I s  t h e  m a s u r e -  

ment o f  t he  e f f e c t  on human h e a l t h  o f  a l t e r n a t i v e  n t t r a t e  concent ra t lons .  Th i s  

would n o t  o n l y  r e q u i r e  knowledge o f  the  t o t a l  d a i l y  n i t r a t e / n i t r l t e  i n take  per  

person, which depends on t h e  o v e r a l l  d i e t .  It would a l s o  r e q u l r e  a c l e a r  

assessment o f  t h e  adverse hea l t h  e f f e c t s  o f  a l t e r n a t l v e  n l t r a t e  concent ra t ions ,  

which a re  no t  s u f f i c i e n t l y  understood1). The o t h e r  problem r e l a t e s  t o  the  value 

1 )  See t h e  survey o f  r e l a t e d  l i t e r a t u r e  i n  TJIRNMANN (1981). 



o f  such e f f e c t s .  Even if t h e  med ica l  i m p l i c a t i o n s  were known. t h e i r  q u a n t i f i -  

c a t i o n  i n  moneta ry  terms touches t h e  b o r d e r l i n e  o f  s o c i a l  s c i e n c e  and i s  p r a c -  

t i c a l l y  i n f e a s i b l e ,  u n l e s s  some q u e s t i o n a b l e  v a l u e  judgements (e.g.  med ica l  

t r e a t m e n t  c o s t s  saved) a r e  used. I n  s p i t e  o f  t h e s e  measurement d i f f i c u l t i e s  

t h e r e  seems t o  be l i t t l e  d isagreement  among med ica l  s c i e n t i s t s  t h a t  a  reduced 

n i t r a t e  i n t a k e  wou ld  reduce t h e  t h r e a t t o  human h e a l t h .  

I f  one g i v e s  up  t h e  a m b i t i o u s  goal o f  f i n d i n g  someth ing  1  i k e  an o p t i m a l  p o l l u -  

t i o n  w i t h i n  t h e  t r a d e o f f  between c o s t s  and b e n e f i t s ,  t h e n  t h e  economic c o n s i -  

d e r a t i o n  remains t o  t a k e  c e r t a i n  n i t r a t e  s tandards  as exogenous ly  g i v e n  and 

t o  f i n d  l e a s t  c o s t  a l t e r n a t i v e s  t o  meet them. Our a n a l y s i s  w i l l  be based on 

t h i s  approach.  Once a  c e r t a i n  n i t r a t e  l i m i t  i s  p rede te rmined  t h e  q u e s t i o n  a r i s e s  

whether  t h i s  l i m i t  s h o u l d  be met by  a v o i d i n g  t h e  n i t r a t e  p o l l u t i o n  a t  i t s  

o r i g i n .  f o r  i n s t q n c e  b y  r e d u c i n g  f e r t i l i z e r  l e v e l s ,  o r  whe ther  i t  s h o u l d  be 

met by  remov ing  t h e  n i t r a t e  f r o m  t h e  w a t e r  a t  t h e  p l a n t .  T e c h n i c a l l y .  b o t h  

ways a r e  f e a s i b l e 1 ) .  The d i f f i c u l t y  o f  c o s t  compar isons i s  t h a t  n o t  o n l y  d i -  

r e c t  c o s t s  b u t  a l s o  e x t e r n a l  e f f e c t s  as  w e l l  as  a d m i n i s t r a t i v e  e f f o r t s  and 

i n s t i t u t i o n a l  l m p l i c a t l o n s  have t o  be compared. 

Moreover ,  t h e  c h o i c e  o f  t h e  l e a s t  c o s t  a l t e r n a t l v e  may depend on  t h e  l e v e l  o f  

t h e  p rede te rmined  n i t r a t e  l i m i t .  H y p o t h e t i c a l l y ,  t h e  p r o f i t  fo regone  from f c r -  

t i l i z e r  use ( e v a l u a t e d  a t  a p p r o p r i a t e  shadow p r i c e s )  may be h i g h e r  t h a n  t h e  

c o s t s  o f  n i t r a t e  removal ( o r  o f  b l e n d i n g  w i t h  c l e a n e r  w a t e r )  i f  t h e  l i m i t  i s  

s e t  a t  4 0  mg/ l  and i t  may be l o w e r  t h a n  t h e  removal  c o s t s  if t h e  l i m i t  i s  s e t  

h i g h .  say 90 mg/ l .  T h i s  would r e s u l t  f r o m  a  y i e l d  f u n c t l o n  w i t h  d e c r e a s i n g  

marg ina l  p r o d u c t  and an a l m o s t  l i n e a r  c o s t  f u n c t i o n  o f  n i t r a t e  removal  as  de- 

mons t ra ted  i n  t h e  f o l l o w i n g  F i g u r e  4. I f  t h i s  h y p o t h e s i s  c o u l d  be s u p p o r t e d  

e m p i r i c a l l y  t h e  c o n c l u s i o n  would be t o  reduce  f e r t i l i z e r  l e v e l s  i f  h i g h  l i m i t s  

a r e  i n  e f f e c t ,  b u t  t o  i n s t a l l  t e c h n i c a l  equipment  a t  t h e  waterworks if t h e  

l o w e r  l i m i t  o f  4 0  mg/l i s  t o  be implemented. 

- - -- 

1) See t h e  r e f e r e n c e s  g i v e n  ZUIRNMANN (1981) .  
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Figure  4: Least Cost St ra teg ies  t o  Reduce N t t r a t e  i n  D r i nk ing  Water 

2.2 Soc ia l  Versus P r i va te  Costs 

Me l fa re  economic cons ide ra t i on  a re  based on t h e  concept o f  soc la l  as opposed 

t o  p r l v a t e  cos ts  and b e n e f i t s .  Th is  d i s t i n c t i o n  i s  i n  two ways r e l e v a n t  f o r  

t h e  assessment o f  a  cos t  comparison among a l t e r n a t i v e s .  One r e l a t e s  t o  d i v e r -  

gent i e s  between market p r i ces  and economic val ues. I n  t he  European Comuni ty. 

f o r  example. many farm p r i ces  c l e a r l y  exceed the  l e v e l  a t  which the  s o c i e t y  

cou ld  Impor t  farm products,  hence farmers rece i ve  a  p r i c e  subsidy. As a  conse- 

quence. s o c i a l  cos ts  (income foregone) o f  a  f e r t i l  l z e r  reduc t i on  would be 

lower than the  p r i v a t e  lncome losses o f  t he  farmers. This i s  demonstrated i n  

F igure  5.  It i s  assumed t h a t  farmers a re  c u r r e n t l y  r e a l  l z i n g  a  n i t r o g e n  f e r t i -  

l i z e r  l e v e l  PI (a) w i t h  a  r e l a t e d  concent ra t ion .  a. o f  leached n i t r a t e .  I f  t h e y  

were t o  reduce t h i s  l e v e l  t o  N (0)  I n  o rde r  t o  lower  t he  n i t r a t e  content  o f  

groundwater t o  (0 ;  0 < a ) ,  t hey  would su f fe r  an lncome l o s s  o f  YF. The l o s s  

o f  n a t i o n a l  income, however, would o n l y  amount t o  YS. I n  o t h e r  words. t h e  lm- 

p lementa t lon  o f  a  n i t r a t e  reduc ing p o l i c y  a t  t h e  farm l e v e l  may be much more 

i n  the  l n t e r e s t  o f  the  s o c i e t y  than o f  t h e  farm popu la t i on  and p o s s i b l y  re -  

q u i r e  a d d i t i o n a l  compensating payments t o  avo ld  those adverse income e f f e c t s .  

The o the r  aspect of  t he  d i s t i n c t i o n  between soc la l  and p r i v a t e  cos ts  i s  r e l a t e d  

t o  poss ib le  ex te rna l  e f f e c t s  o f  a1 t e r n a t i v e  n i t r a t e  reduc lng 'measures. For 

ins tance,  a  reduc t l on  o f  n i t r ogen  f e r t l l i z e r  l e v e l s  as opposed t o  n i t r a t e  
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removal a t  t h e  waterworks m i g h t  a v o i d  d i r e c t  t o x i c  e f f e c t s  o f  n i t r a t e s  o r  

n i t r i t e s  i n  food  o r  feed.  Such e f f e c t s  t h r o u g h  n i t r o s a m t n e s  a r e  t n c r e a s i n g l y  

c o n s i d e r e d  as a n o t h e r  t h r e a t  to human h e a l t h .  

I f  q u a n t i f t c a t i o n  were p o s s t b l e  t h t s  would a g a i n  appear a s  a  l o w e r t n g  o f  t h e  

c u r v e  o f  s o c t a l  c o s t s  o f  f e r t t l i z e r  r e d u c t i o n  w i t h o u t  a f f e c t t n g  t h e  p r t v a t e  

c o s t  c u r v e .  

3. A Concept f o r  E m p t r i c a l  Research 

I n  o r d e r  t o  assess c o s t  f u n c t i o n s  o f  a l t e r n a t t v e  ways t o  reduce  t h e  n i t r a t e  

c o n t e n t  o f  d r t n k i n g  w a t e r .  b o t h  t h e  e m p t r i c a l  p rob lem o f  measur ing  p h y s i c a l  

i n p u t  - o u t p u t  as w e l l  as  t n p u t  - p o l l u t i o n  r e l a t i o n s h i p s  and t h e  p rob lem o f  

a s s t g n i n g  p r t c e s  t o  t h o s e  p h y s t c a l  e f f e c t s  h a v e . t o  be s o l v e d .  Among them, t h e  

e s t t m a t i o n  o f  p h y s i c a l  r e l a t i o n s h t p s  t s  most p r o b l e m a t t c .  

I t wou ld  be beyond t h e  scope o f  t h i s  paper t o  d i s c u s s  t h e  t e c h n i c a l  a l t e r n a -  

t t v e s  o f  r e d u c t n g  t h e  n t t r a t e  c o n t e n t  o f  w a t e r  t n  t h e  waterworks.  They i n c l u d e  

b tochemica l  and phys icochemica l  p rocedures  on  t h e  one hand and t h e  deve lop-  

ment o f  new w a t e r  s u p p l t e s  o r  t h e  b l e n d t n g  o f  v a r i o u s  w a t e r  q u a l i t i e s  on  t h e  

o t h e r  hand2).  I n  s p t t e  o f  r e m a i n t n g  t e c h n t c a l  problems rough  c o s t  e s t i m a t e s  

o f  t h e s e  a l t e r n a t i v e s  s h o u l d  t n  p r i n c i p l e  be p o s s t b l e .  

1 )  T h i s  concep t  i s  based on t h e  assumpt ion t h a t  a g r i c u l t u r a l  p r i c e s  a r e  n o t  
a f f e c t e d  b y  t h e  r e s p e c t i v e  a n t i - p o l l u t i o n  measures. Hence. t h e  economic 
c o s t s  e x c l u d e  l o s s e s  o f  consumer s u r p l u s .  T h i s  i s  a  r e a l f s t i c  s t m p l i f i c a -  
t i o n  where e i t h e r  t h e  r e g i o n  where such p o l i c i e s  a r e  Implemented i s  r e l a t i -  
v e l y  sma l l  o r  where t h e  r e s p e c t i v e  c o u n t r y  i s  sma l l  compared t o  t h e  w o r l d  
m a r k e t .  

2 )  ZWIRNMANN (1981) d i s c u s s e s  a1 t e r n a t i v e  techn iques  and ment tons  r e 1  a t e d  
r e f e r e n c e s .  



The es t imat ton o f  the  impact o f  a g r i c u l t u r a l  p roduct ion  on water p o l l u t i o n  

i s  much more complex, e s p e c i a l l y  s ince t t  I s  a  t y p i c a l  nonpoint  p o l l u t i o n  

where any l o c a l i z a t i o n  o f  sources e m i t t i n g  n i t r a t e  i s  r a t h e r  d i f f t c u l t .  Yet. 

i f  one wants t o  inc lude a  reduction o f  fertilizer l e v e l s  i n  a  cos t  comparison 

o f  a l t e r n a t t v e s  t o  reduce n i t r a t e  concent ra t ions  I n  d r i n k i n g  water, one has 

t o  es t imate  t he  Impact o f  n i t r o g e n  use I n  farm product ion  on t h e  n i t r a t e  con- 

t e n t  f n  d r i n k t n g  water. Methodo log ica l ly ,  t h i s  requ t res  a  two-step procedure. 

namely t he  s tmu la t i on  o f  the  v e r t l c a l  f l ow  o f  n t t r a t e s  f rom the  f i e l d  surface 

t o  t h e  groundwater zones and t h e  s imu la t t on  o f  ho r t zon ta l  f lows, p o s s i b l y  over  

f a r  d istances. 

Both steps, bu t  matn ly  t he  second, leave a  wtde range o f  open questtons. The 

f o l l o w t n g  t s  no t  an at tempt t o  present a  complete model o r  even r e s u l t s  o f  

such a  model. It m y  r a t h e r  serve as an o u t l l n e  f o r  a  research concept and 

framework f o r  a  d e t a l l e d  d tscuss lon o f  methodologlcal  procedures. 

3.1 Hode l l i ng  V e r t i c a l  N i t r a t e  Flows 

The purpose o f  t h l s  submodel would be t o  stmulate t h e  amount o f  n t t r a t e s  leached 

under a l t e r n a t f v e  so l1  and c l i m a t e  condt t tons .  f e r t f l l z e r  l e v e l s  and cropp lng 

systems. kt a l l  n t t r a t e s  no t  accounted f o r  I n  the  c r o p  y l e l d s  contribute t o  

t he  p o l l u t l o n  o f  d r t n k t n g  water. Dependlng on t h e  sot1  cond t t i on ,  on t h e  r e -  

duc t l ve  capacf ty  o f  the  ground as we l l  as on t h e  su r face  water  system a cons l -  

derab le  p ropo r t l on  I s  l e a v i n g  t h e  ground through r u n o f f  and through chemlcal 

and b l o l o g l c a l  d e ' n l t r t f l c a t t o n .  OBERMANN and BUNDEWNN, 1977). f o r  ins tance found 

t h a t  w t t h t n  t h e t r  catchment s tudy area. 50 X o f  t h e  n i t r a t e  I n take  leaves 

the  a q u l f e r  as N2 gas. Much o f  t h l s  process takes p lace  du r i ng  t h e  v e r t i -  

c a l  water f l ow  and. hence. has t o  be accounted f o r  by t h e  r e l a t e d  submdel .  

Various models seem t o  e x t s t  whtch s tmula te  t h l s  v e r t l c a l  f l ow  o f  n i t r a t e s .  

An overvtew t s  given t n  HAITH (1980) and ZWIRNMANN (1981). Not a l l  o f  them 

were e m p t r i c a l l y  t es ted  aga ins t  d i r e c t  observat lon.  Such t e s t s  r e q u i r e  f i e l d  

1  eve1 i n fo rma t i on  about c ropp ing pa t te rns ,  f e r t i l  l z e r  l e v e l s  and frequenctes.  

s o i l  and c l ima te  data as w e l l  as n i t r a t e  concentrations i n  groundwater a t  va- 

r i o u s  depths. What t s  f i n a l l y  needed fo r  f u r t h e r  cos t  c a l c u l a t i o n s  t s  a  N l t r a t e  



Leaching Ma t r i x  ( F i q u ~  6 )  a l l ow ing  assessment o f  the n i t r a t e  leach ing f o r  whole 

farming systems under a l t e r n a t i v e  f e r t i l i z e r  l e v e l s  and exogenous s o i l  and 

c l ima te  f a c t o r s  : 

F igure  6: Schematic N i t r a t e  Leaching M a t r i x  

N i t rogen 
F e r t i l i z e r  
Intensity 

I n  the FRG we a re  bound to experiments i n  a  few catchment areas, where we a re  

c u r r e n t l y  i n  the  process o f  val i d a t i n g  the CREAMS m d e l  I ) ,  descr ibed e lse-  

where (USDA). The model gives r e s u l t s  f o r  i n t r a - y e a r  seasonal q u a n t i t i e s  o f  

l each ing  water and n i t r a t e s .  depending on the respec t i ve  crop. t he  l e a f  area 

index, weather and s o i l  var iab les .  

N i t r a t e s  Leached i n  k g / h c  i y / l  j 1 
S o i l  and Ci lmate Type 1 j S 0 i :  ano C::rna:e Type n  

Land Use A c t i v i t y  1 Land Use A c t i v i t y  

To exempl i fy  r e s u l t s ,  s imula t ions  o f  n i t r a t e  l e a c h i n g  f o r  grassland and vege- 

t ab les ,  bo th  f o r  two l e v e l s  o'f n i t r ogen  f e r t i l i z e r ,  a r e  presented i n  F igu re  7 

and i n  Table 2. The data r e l a t e  t o  a  catchment area i n  Northwest Germany w i t h  

a  sandy and s tony a q u i f e r  and mixed a g r i c u l t u r a l  p roduct ion .  Th is  f i r s t  very  

p r e l i m i n a r y  t e s t  o f  t he  m d e l  was o n l y  poss ib le  f o r  average y e a r l y  l e v e l s  o f  

n i t r a t e  concen t ra t i on  i n  groundwater underneath t h e  r o o t  zone (Table 3 ) .  I t  

i s  q u i t e  s a t i s f a c t o r y  f o r  grassland, b u t  does no t  match we l l  t h e  n i t r a t e  

l each ing  under f i e l d  crops. 

(kg'ha) Grains Vege- Grass- ...I-- Grains Vege- Grass- . . . 
tab les  land t a b l e s  l and  

1 )  The model i s  be ing worked ou t  by Mrs. Sabine STEtTFlLER. I n s t i t u t  f u r  Agrar- 
okonomie. 



Table 2 :  S imula t ion  o f  NOg-leaching t o  groundwater w i t h  t h e  CREAMS-model 

( p r e l i m i n a r y  r e s u l t s )  - y e a r l y  averages i n  mg N03/1 deep pe rco la ted  

water1) - 

Grassland 1 2 0 0 k g N / h a  1 39.6 15.1 5.5 82.2 86.61 

Vegetables !120 kg  N/ha / 60.1 91.9 11.1 192.1 160.8 / 
Maize 
220 kg N/ha 19.9 34.7 11.9 9.2 122.1 

I Grain 
6 4 k g ~ / h a  8.2 14.9 6.1 9.9 14.8 1 

1) The r e s u l t s  o f  t he  CREAMS-model i n  comparison w i t h  ac tua l  measuring o f  
NO - leach ing I n  a water coinnand area (Hussum) a re  n o t  y e t  s a t i s f a c t o r y .  
exsept f o r  grass1 and. as t h e  f o l l o w i n g  three-year-average's (mg NO /1) 
I n d i c a t e .  The o r i g i n a l  ve rs ion  o f  t h e  model was used fo r  the  s i m u 6 t l o n .  
So f a r  no adjustments o f  t h e  model and no t u n i n g  o f  parameters were done. 

Grain + 
second crop 
180 kg N/ha 

Table 3: Measured and Simulated N i t r a t e  Leaching a t  t he  Hussum Catchment. 

Area (mg/l ) Average 1973-1977 

10.6 43.2 16.4 44.7 54.6 

Grassland 

Vegetables 

Arable Land 

SImul a t l o n  
(CREAMS- 
Model ) 

44.3 

98.4 

33.5 

tleasurement 
Average Extrema 

max 130 
46 -2  .in 9 

236 max 570 
min 180 

90.9 zi':: 



Figure  7: Simulat ions o f  NO3-leaching t o  groundwater w i t h  t h e  CREAMS-model 

( p r e l i m i n a r y  r e s u l t s )  - Monthly averages o f  a  5-year  s i m u l a t i o n  

(1973-1977)  i n  mg NCJ3/1 deen perco la ted  water  

mg N03/1 
G r a s s l a n d  1 8 1 . 8  k g  N/ha a n d  y e a r  

1 5 0  7 2 2 1 . 6  k g , N / h a  and y e a r  ------- 

- ,  I I I I t 
I J F M A M J J A S O N D *  

V e g e t a b l e s  3 8 3 . 6  k g  N/ha a n d  y e a r  
2 6 8 . 2  

4 5 5 . 2  k g  N/ha a n d  y e a r  --I\ 
~ 0 ~ / 1  

A I \  

2 0 0  - 

1 5 0  .. 

100- 

5 0 -  

\ 

, I 1 I I t 

J F M A M J J A S O N D  



3.2 f !odel l lng N l t r a t e  Flows from F i e l d  t o  Pumping S t a t i o n  

I n  order  t o  i n f e r  from a requ i red  d r l n k i n g  water n l t r a t e  standard on t h e  per-  

m i s s i b l e  n l t r o g e n  f e r t l l l z e r  l e v e l  i t  I s  necessary t o  s lmu la te  t h e  f l ow  o f  

n l t r a t e  from the  f i e l d  t o  t h e  pumping s t a t i o n .  This I s  obviously a d i f f i c u l t  

task .  e s p e c i a l l y  i n  so f a r  as the  o f f i c i a l l y  def ined boundaries o f  c u r r e n t  

catchment areas do not  c o r r e c t l y  d e l i n e a t e  t h e  r e a l  bounds o f  t h e  i n t a k e  areas. 

A model o f  ho r i zon ta l  n l t r a t e  f lows should account f o r  two processes. One i s  

t he  f l ow  o f  water from the f i e l d  l o c a t i o n  t o  t h e  r e l a t e d  pumping s t a t i o n s ,  t h e  

o t h e r  i s  t h e  f l ow  o f  n i t r a t e s  leached from the  entrance i n t o  t he  aqu i f e r s  t o  

t h e  pumping s t a t i o n .  Although l e s s  Impor tant  I n  t h e  deeper zones of  t he  aqu l -  

f e r s ,  d e n i t r i f i c a t i o n  has t o  be accounted fo r  as i n  t h e  v e r t i c a l  f l o w  model. 

Var ious model types a re  conceivable which s lmu la te  t he  f l ow  o f  water f rom t h e  

f i e l d  t o  the  pumping s t a t i o n .  Depending on the  intended model ou tpu t  t hey  e l t h e r  

s imu la te  t he  water f l o w  through consecut lve  c e l l s  f o l l o w i n g  hyd rau l i c  g rad ien ts  

o r  they  represent  average mass balance equat ions o f  water and n l t r a t e  movements 

f o r  l a r g e r  areas. IUIRNHANN (1981) analyzes recen t  p u b l l c a t l o n s  o f  t h ree  em- 

p l r i c a l  s tud les  and a r r i v e s  a t  r a t h e r  favorable conc lus ions w l t h  respect  t o  

some o f  t he  models' p r e d l c t l v e  c a p a b l l i t l e s .  

Whether o r  no t  such models can be app l i ed  t o  extended agricultural areas o r  

even - I n  appropriate reg lona l  disaggregation - t o  whole s ta tes ,  as t h e  study 

o f  REEVES (1977) f o r  England and Wales. remalns t o  be Investigated. 

One I n t e r e s t i n g  f ea tu re  o f  several  o f  t h e  a v a l l a b l e  s t u d l e s  I s  t h e  l o n g  t lme  

l a g  o f  10  t o  30 years between n l t r o g e n  a p p l l c a t l o n  and t h e  resulting impact 

on t h e  n i t r a t e  content  o f  pumped water.  The t ime  l a g  seems t o  depend, c e t e r i s  

par lbus ,  on the  thickness o f  t he  unsatura ted zones, t he  speed o f  t he  hor lzon-  

t a l  water f l o w  and the  d ls tance between f i e l d  and pumping s t a t l o n  (see e.g., 

YOUilG e t .  a l . .  1979). Hence, an apparent l a c k  o f  c o r r e l a t l o n  between farming 

activities and water p o l l u t l o n  may be t h e  r e s u l t  o f  t a k i n g  a  too  sho r t  t i m e  

hor izon.  Espec la l l y  where the  a q u i f e r s '  capac i t y  t o  recover  I s  1  lmi ted,  one 

cannot exclude t h a t  I n t e n s i v e  n i t r o g e n  a p p l i c a t i o n  even ou ts ide  t h e  o f f i c i a l  

catchment areas mlght  p o l l u t e  t he  d r l n k i n g  water resources o f  t h e  nex t  gene- 

r a t i o n .  



4. Issues f o r  !.lode1 Appl t ca t i ons  

Var ious issues can be ra i sed  on the basis o f  the aforement ioned models. 9ne 

i s  the cos t  comparison o f  a l t e r n a t i v e  ins t ruments .  Concerning the  farm sec to r  

such cos t  es t imates  can e i t h e r  be based on c u r r e n t  f e r t i l i z e r  technologies 

and product ion  pa t te rns  ( s ta tus  quo ana l ys i s )  o r  on app rop r i a te  adjustments 

(opt imal  adjustment ana l ys i s ) .  Moreover. t he  models cou ld  be used t o  i d e n t i f y  

c r i t i c a l  reg ions w i t h  h igh  p o l l u t i o n  p o t e n t i a l .  

4 .1 Status-quo Cost Estimates 

I n  order  t o  es t ima te  the soc ia l  o r  farm income l o s s  (depending on the respec- 

t i v e  p r i c e s )  o f  a  requ i red  reduc t i on  o f  n i t r a t e s  i n  d r i n k i n g  water,  one addi-  

t i o n a l  s e t  o f  emp i r i ca l  i n fo rma t i on  i s  necessary: t h e  n i t r o g e n - y i e l d  f unc t i ons  

o f  var ious  c rops as w e l l  as product ion  f unc t i ons  o f  those l i v e s t o c k  ca tegor ies  

which use fodder a r e a s , o r  prov ide manure t o  be spread on t h e  f i e l d s .  

A model t o  be used f o r  cos t  est imates has e s s e n t i a l l y  t o  be dynamic and account 

f o r  the t ime  l a g  between product ion  a c t i v i t i e s  and n i t r a t e  i n t a k e  i n t o  d r i n k i n g  

water. I n  o t h e r  words. such a  model should be ab le  t o  i n d i c a t e  the  t r a d e o f f  

between c u r r e n t  income losses r e s u l t i n g  from a n t i - p o l l u t i o n  measures and l a t e r  

eco log i ca l  damage from no t  t a k i n g  a c t i o n  today. 

Such dynamic models a re  complex and requ i re  a  l a r g e  amount o f  t ime dependent 

i n fo rma t i on .  Therefore,  i t  might i n i t i a l l y  be adv isab le  t o  exclude adjustment 

l ags  and d i scoun t  f ac to rs  and l i m i t  t he  ana l ys i s  t o  comparat ive s t a t i c  c o s t  

est imates.  The c o s t  comparison would comprise t h e  s i t u a t i o n  before implemen- 

t a t l o n  o f  a n t i - p o l l u t i o n  measures and the  new steady s t a t e  s i t u a t l o n  a f t e r  

implementat ion.  

The s t a r t i n g  p o i n t  o f  a  comparative s t a t i c  cos t  ana l ys i s  i s  t he  requ i red  n i t r a t e  

concen t ra t i on  1  l m i t .  t i .  If. f o r  s i m p l i f i c a t i o n .  one assumes t h a t  t h i s  1  i m i t .  

expressed i n  mg n l t r a t e  per l i t r e .  i s  t o  be met by t he  l each ing  water under 

each land use a c t i v i t y  (and no t  j u s t  a  r o t a t i o n ) .  then one can d e f i n e  t he  re -  

qu i red reduc t i on .  dni, of  the n l t r a t e  concent ra t ion  as 



where : 

a = l o c a t i o n  s p e c i f i c  d e n i t r i f i c a t l o n  parameter. i n d i c a t i n g  t he  propor-  

t i o n  o f  leached n i t r a t e s  which f i n a l l y  reaches the  pumping s t a t i o n  

(a  -< 1);  

ni(Mi) = t he  cu r ren t  concen t ra t i on  o f  n i t r a t e s  i n  leached water and l and  use 

a c t i v i t y  i, w i t h  n  be ing a  f u n c t i o n  o f  t h e  n i t r o g e n  f e r t i l i z e r  l e v e l  

FNi ; 

n = upper l i m i t  o f  n i t r a t e  concen t ra t i on  a t  t h e  pumping s t a t i o n .  

The cos ts  o f  r e a l i z i n g  t h i s  reduc t i on  through a  lower  f e r t i l i z e r  i n t e n s i t y  a r e  

de r i ved  from t h e  p r o f i t  foregone : 

where : 

i = income foregone per hectare  o f  a c t i v i t y  1  

aFNi - 
. 

= Inve rse  Incremental  n i t r a t e  l each ing  (mg l l )  per  u n l t  o f  marg ina l  

change o f  n l t r o g e n  f e r t i l i z e r  l e v e l .  Thls func t ion  I s  t o  be genera- 

ted  by t h e  v e r t i c a l  f l o w  model 

aY i = marginal  product o f  n i t r o g e n  f e r t l l  i z e r  

P y i  
= p r i c e  per u n i t  o f  o u t p u t  1  

' F N ~  - p r i c e  pe r  u n i t  o f  n i t r ogen .  i n c l u d i n g  t h e  cos ts  o f  o t h e r  complementary 

crop s p e c i f l c  I npu ts  which would be v a r i e d  p a r a l l e l  to the  n i t r o -  

gen l e v e l  (e.g. o the r  n u t r i e n t s .  chemicals. stem shor ten ing t rea tmen t ) ,  

To g l ve  a  r a t h e r  hypo the t l ca l  example f o r  t h e  grassland use f o r  which a  p r e l i -  

minary s imu la t i on  o f  n l t r a t e  l each ing  was presented i n  t h e  prev ious paragraph, 

i t  i s  assumed, t h a t  50 % o f  t h e  leached n i t r a t e l e a v e s  t h e  a q u i f e r  by 

d e n i t r i f i c a t i o n  (a = 0.5). t h a t  t h e  c u r r e n t  n i t r a t e  concen t ra t i on  reaches 



150 mg/l i n  October (n (FN) = 150),  and t h a t  t he  requ i red  n i t r a t e  l i m i t  i s  

50 mg/l (i = 50).  Hence. the  n i t r a t e  content  i n  d r i n k i n g  water i s  t o  be 

reduced by dn = 25 mg/l. 

If one f u r t h e r  assumes t h a t  the  marginal l each ing  e f f ec t  i s  1.33 mg/l n i t r a t e  

f o r  each a d d i t i o n a l  kg/ha n i t r o g e n  f e r t i l i z e r  ( t e n t a t i v e  model r e s u l t  f o r  

month o f  October) ( aFN/k  = 0.75); t h a t  the marginal  product o f  n i t r o g e n  on 

grassland i s  13 KSU ( k i l o - s t a r c h - u n i t s )  per kg n i t r o g e n  (aY/aFFI = 13) .  t h a t  

the  revenue per u n i t  o f  ou tpu t  i s  Py = 0.50 DM/KSU, and t h a t  t he  p r i c e  of  one 

kg of  n i t r o g e n  p lus  o the r  complementary i npu ts  i s  PFN = 2.5 DH/kg, one a r r i v e s  

a t  a  farm income l o s s  o f  Ki - 150 DM/ha. The s o c i a l  Income l o s s  would presum- 

a b l y  be lower, depending on t h e  shadow p r i ces .  Py and PFN. 

The average cos ts  f o r  a  g iven reg ion  w i t h  homogereous s o i l  and c l i m a t e  cond i t i ons  

f o l l o w  from aggregat ion over  a l l  l a n d  use a c t i v i t i e s  

where xi = r e l a t i v e  share o f  1  i n  t o t a l  l and  use (E xi - 1). 

F i n a l l y ,  t he  income foregone per 1  i t r e  o f  leached water (K' - 2). i s  t o  be 
compared t o  t h e  cos ts  o f  d f r e c t  n i t r a t e  e l i m i n a t i o n  a t  t h e w a t e w o r k s  and 

o the r  r e l a t e d  ex te rna l  e f f ec t s  of  the  a l t e r n a t i v e  p o l i c i e s .  

4.2 Optimal F e r t i l i z e r  Adjustment Model 

An economic ana l ys i s  o f  n i t r a t e  p o l l u t i o n  should no t  s t o p  a t  t h i s  stage o f  

s t a t u s  quo ana l ys i s .  An Impor tant  f a c t o r  o f  adjustment has so fa r  been l e f t  

ou t ,  namely t h e  f a r w r s '  p o s s i b i l f t f e s  

- t o  change t h e  product ion  s t r u c t u r e  (e.g. reduce the  share o f  crops w i t h  

h igh  n i t r a t e  emission) 

- t o  change the frequencies o f  f e r t i l i z e r  a p p l i c a t i o n s  (e.g. app ly  more smal l  

p o r t i o n s ) ,  and 

- t o  use a l t e r n a t i v e  technfques and take b e t t e r  account o f  n f t r a t e  reserves 

i n  the  s o i l  a t  t he  beginning o f  the growing season. 



Any of  these measures w i l l  p o t e n t i a l l y  reduce the  cos ts  o f  f e r t i l i z e r  redu- 

c i n g  measures. They w i l l  enable farmers t o  app ly  l e s s  f e r t i l i z e r  w i t hou t  o r  

w i t h  o n l y  small reduct ions  o f  y i e l d s  and income per hectare .  

I t  has t o  be mentioned i n  t h i s  contex t  t h a t  fanners w i l l  - i n  p u r s u i t  of  

even p r i v a t e  p r o f i t  maximizat ion - have a  r i s i n g  i n t e r e s t  i n  such a d j u s t -  

ments, as r e a l  f e r t i l i z e r  p r i c e s  r i s e  so d r a s t i c a l l y  as i n  t he  recent  past .  

One outs tand ing example f o r  t h i s  tendency i s  t he  r a p i d  d i f f u s i o n  o f  t h e  

soca l led  Nmi"-method, where the  n i t r o g e n  doses i s  r e l a t e d  t o  t he  ac tua l  

n i t r o g e n  s tock  i n  the  s o i l  a t  t he  f i e l d  l e v e l .  

One method o f  ana lyz ing the  so de f i ned  opt imal adjustment i s  a  l i n e a r  program- 

ming model. L i nea r  programning can no t  o n l y  be used t o  compute minimum " long-run" 

adjustment cos ts  t o  meet c e r t a i n  n i t r a t e  l i m i t s  (as opposed t o  t h e  sho r t - run  

costs  a t  s ta tus  quo cond i t i ons ) .  It can a l so  he lp  t o  search f o r  app rop r i a te  

p o l i c y  measures. Fur ther  i t  may be developed as an educat iona l  t o o l  f o r  f a m  

extension. An example i n c l u d i n g  ex te rna l  e f fec ts  o f  n i t r o g e n  f e r t i l i z e r  was 

presented by SWANSON e t  a1 . , ( 1978). 

These long- run cos ts  o f  op t imal  adjustment t o  c e r t a i n  n i t r a t e  l i m i t s  w i l l  aga in  

have t o  be compared t o  t h e  cos ts  o f  n i t r a t e  e l i m i n a t i o n  f rom d r i n k i n g  water.  

The conclusions w i t h  respect  t o  an opt imal  p o l i c y  may p o s s i b l y  d i f f e r  f rom those 

o f  t he  s ta tus  quo calculations, i . e .  measures t o  enforce rev i sed  f e r t i l i z i n g  

s t r a t e g i e s  and cropp ing pa t te rns  may be r e c o m n d e d  a l though t h e  s t a t u s  quo 

cos ts  o f  n i t r o g e n  f e r t i l i z e r  reduc t i on  exceed the  cos ts  of  d i r e c t  n i t r a t e  

e l i m i n a t i o n .  

4.3 I d e n t i  f i c a t i o n  o f  c r i t i c a l  Regions 

Whi le t h e  emp i r i ca l  bas i s  o f  analyses a t  t h e  watershed l e v e l  seems t o  be q u i t e .  

sound, many u n c e r t a i n t i e s  a r i s e  when one at tempts t o  draw conclusions f o r  t h e  

reg iona l  o r  sec to ra l  l e v e l .  

B a s i c a l l y .  there  i s  emp i r i ca l  evidence t h a t  i n t e n s i v e  n i t r o g e n  f e r t i l i z e r  

leads t o  cons iderab le  n i t r a t e  leach ing.  e s p e c i a l l y  under l i g h t  s o i l s  and where 

green cover c a n ' t  be assured i n  w i n t e r  t ime.  

A t  t he  watershed l e v e l  several  s tud ies  support  t he  hypothes is  t h a t  t h i s  n i t r a t e  

d i r e c t l y  p o l l u t e s  the  d r i n k i n g  water sources. P o l i c y  measures can be ic 
plemented s p e c i f i c a l l y  f o r  t he  respec t i ve  zones o f  catchment areas. 



But how can c r i t i c a l  reg ions outs ide those watersheds be i d e n t i f i e d ?  How l a r g e  

are  they? What measures should be taken here t o  prevent f u r t h e r  p o l l u t i o n ?  

What i s  t he  t o t a l  damage of  n i t r a t e  leach ing i n  t he  o v e r a l l  sec tor  and what 

cos ts  would be invo lved i f  sector  wide p o l i c i e s  (e.g. n i t r o g e n  tax ,  quota 

e t c . )  were app l ied? 

These a re  ve ry  impor tant  quest ions t o  which we d o n ' t  have answers y e t  and where 

we can o n l y  at tempt approximate ca l cu la t i ons .  

Lacking an opera t iona l  water f low model we can t r y  t o  es t imate  t he  upper bound 

o f  t he  n i t r a t e  p o l l u t i o n  caused by a g r i c u l t u r a l  p roduct ion  when we s t a r t  from 

the  hypothesis t h a t  a l l  l each ing  water exceeding a  c e r t a l n  n i t r a t e  l i m i t ,  say 

o f  50 rng/l, i s  adding t o  t he  p o t e n t i a l  p o l l u t i o n  o f  d r i n k i n g  water a t  some 

p o i n t  I n  t ime. Based on t h i s  assumption. t he  f o l l o ~ i n g  procedure i s  conce lvab le  

t o  a r r i v e  a t  reg iona l  o r  sec to ra l  es t imates :  

1. C l a s s i f y  a  g iven reg ion ( o r  coun t r y )  accord ing t o  s o i l  types and r a i n f a l l  

i n t o  a  l i m i t e d  number o f  l o c a t l o n a l  types. 

2. Simulate t he  seasonal n i t r a t e  i n  l each ing  water per hectare  fo r  t h e  t y p i c a l  

c ropp ing pa t te rns  and f e r t i l  i z e r  l e v e l s .  

3. Est imate t h e  necessary f e r t i l i z e r  reduc t i on  f o r  those crops where n i t r a t e  

concent ra t ion  l l m i t s  a r e  exceeded. 

4. Compute y i e l d  and cos t  e f f e c t s  o f  t h e  requ i red  f e r t i l i z e r  reduct ion .  based 

on reg lona l  p roduct ion  f unc t i on  est imates and standard gross margins. 

5 .  'compute aggregate cos t  and y i e l d  e f f e c t s  by s u m t i o n  over t he  l o c a t i o n a l  

types o f  t he  respec t i ve  reg ion.  

6 .  Locat ion  types o r  reg ions w i t h  s i g n i f i c a n t  v i o l a t i o n s  o f  n i t r a t e  l i m i t s  and 

r e s u l t i n g  h lgh  cos ts  o f  f e r t i l i z e r  reduc ing p o l ~ c i e s  are  i d e n t i f i e d  as po- 

t e n t i a l l y  c r i t i c a l  areas. They are  candidates fo r  more d e t a i l e d  s tud ies  o f  

l each ing  problems and f i e l d  t o  water source f low analyses. f loreover, r e -  

commendations f o r  those reg ions have t o  be developed w i t h  respect  t o  ad- 

justments o f  c ropp ing pat terns  and f e r t i l  i z e r  f requencies.  



Such a  procedure c e r t a i n l y  has the shortcoming, t h a t  1  t o n l y  approximates 

the maximum conceivable damage, t h a t  i t  has t o  r e l y  on poor reg iona l  data f o r  

y i e l d  response func t i ons  and product ion  cos t  est imates,  and t h a t  i t  necessa- 

r i l y  has t o  work a t  a  h igh l e v e l  o f  aggregat ion  and neg lec t  s i t e  s p e c i f i c  

cond i t i ons .  

Yet. compared t o  t h e  f i e l d  l e v e l  ana l ys i s  t h e  reg ion-wide es t imate  o f  maximum 

damage has t h e  advantage t h a t  I t  i l l u s t r a t e s  t h e  re levance ( o r  i r r e l evance )  

o f  more i ndep th  i n v e s t i g a t i o n s  i n  we l l - de f i ned  reg ions,  t h a t  I t  y i e l d s  p r e l i -  

minary es t imates  o f  ex terna l  cos ts  o f  i n t e n s i v e  a g r i c u l t u r a l  p roduct ion  which 

may improve t h e  eva lua t i on  o f  a g r i c u l t u r a l  p o l i c i e s ,  and t h a t  i t  f i n a l l y  may 

h e l p  t he  dec i s i on  maker t o  choose among s i t e  s p e c l f l c  a n t i - p o l l u t i o n  measures 

versus reg ion  o r  sec tor  wide p o l i c i e s  I n  order  t o  ach ieve a  des i red  reduc t i on  

o f  n i t r o g e n  l e v e l s ,  if the  l a t t e r  should t u r n  o u t  t o  be pre ferab le  t o  a  d i r e c t  

n l t r a t e  e l i m i n a t i o n  from the  water. 

5. Conclusions for  Choice o f  P o l i c y  Instruments 

The purpose o f  t h i s  paper was t o  d iscuss open questtons t n  t he  f t e l d  o f  n l -  

t r a t e  p o l l u t i o n  through a g r t c u l t u r a l  p roduct lon  and t o  present an ana l ys l s  

concept. It was n o t  t he  purpose t o  present r e s u l t s  and p o l i c y  reconmendations. 

We s t a r t e d  from t h e  w ide l y  accepted assumption. t h a t  t n tens i ve  a g r t c u l t u r a l  

p roduc t l on  causes constderab le  n l t r a t e  l each ing  I n t o  t h e  groundwater and t h a t  

t h i s  i s  a l ready  causing damages i n  many catchment areas. 

We the re fo re  propose an t n i t l a l  economic ana l ys l s  a t  t h e  l e v e l  of  catchment 

areas i n  o rde r  t o  de f i ne  l e a s t  c o s t  a l t e r n a t i v e s  t o  meet c e r t a f n  n l t r a t e  14- 

m i t s  and I n  o rde r  t o  analyze economic feas tb le  adjustmen'ts o f  p roduct lon  pat -  

t e r n s  and f e r t i l i z e r  a p p l i c a t i o n  s t ra teg ies .  This a n a l y s l s  has t o  i nc lude  

cos t  es t imates  o f  n i t r a t e  e l i m i n a t i o n  from the  water w i t h o u t  a f f e c t t n g  a g r i -  

c u l t u r a l  p roduct ion .  

I f  the  n i t r a t e  p o l l u t i o n  problem tu rns  Out t o  be manageable w i t h i n  narrow 

bounds o f  catchment areas, l o c a t i o n  s p e c i f i c  pol  i c i e s  ( con t ro l  of  f e r t t l  i z e r  

l e v e l s ,  p r o h i b i t i o n  o f  c e r t a i n  crops e t c . )  cou ld  be app l i ed ,  and t h e  major 



a g r i c u l t u r a l  sec tor  would ha rd l y  be a f fec ted.  This perspect ive  would 

d r a s t i c a l l y  change i f  susp ic ions  should be r e a l i s t i c  t b a t  much l a r g e r  ground- 

water sources c o n t r i b u t i n g  to human water supp l ies  and t h a t  n i t r a t e  leached 

i n t o  tne  groundwater ou ts ide  the o f f i c i a l  catchment areas mdy f i n a l l y  

a l so  p o l l u t e  those supp l ies .  The relevance of  t h i s  hypothesis i s  a c t u a l l y  the  

major open quest ion  r e q u i r i n g  t h e  adv ice  of  exper ts  i n  hydrology and s o i l  

science. I t  w i l l  even tua l l y  determine t h e  b o r d e r l i n e  between l o c a l  and sec to ra l  

p o l i c i e s  t o  reduce the  n l t r a t e  problem. 

I n  so f a r  as i t  can be shown t h a t  more extended areas o f  a g r i c u l t u r e  

c o n t r i b u t e  to t h e  n i t r a t e  p o l l u t i o n  - and t h i s  i s  n o t  u n l i k e l y  f o r  c e r t a i n  l o -  

c a t i o n a l  types and farming systems -. one may have t o  cons ide r  s e c t o r  o r  reg ion  

wlde pol  i c y  ins t ruments ,  e.g. t a x a t i o n  o f  f e r t i l i z e r  use, quota o r  p r o h i b i t i o n  

o f  complementary i npu ts  (e.g. stem shor ten ing chemicals such as CCC). These 

pol  i c i e s  would c e r t a i n 1  y  have sizeable negat ive  impacts on farm Income, espe- 

c i a l l y  s Ince q u l t e  d r a s t i c  t a x a t i o n  may be requ i red  i n  o r d e r  t o  s t i m u l a t e  a  

sens ib le  reduction o f  f e r t i l  i z e r  Inputs .  

This l a t t e r  perspect ive  i n d i c a t e s  p o t e n t l a l  political pressure aga ins t  more 

eco log i ca l  cons ide ra t i ons  i n  a g r i c u l t u r a l  p o l i c y .  Compensations o f  income 

foregone may have t o  be inc luded i n  p o l i c y  ana l ys i s .  General ly,  t h e r e  i s  an 

urgent  need for  more emp i r i ca l  evidence on which cos t -bene f i t  cons ide ra t i ons  

can be based. They a re  necessary i n  o rde r  t o  prov ide more o b j e c t i v e  and l e s s  

l r r a t i o n a l  arguments f o r  t he  p u b l l c  debate i n  t h e  domain o f  environmental  

Imp1 l c a t l o n s  o f  a g r t c u l  t u r a l  p roduct ion .  
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THE ADVISORY SYSTEM FOR FERTILIZER APPLICATIOK I N  THE 
GERMAN DEMOCRATIC REPUBLIC EMPHASIZING THE MINIMIZATION 
OF NITROGEN POLLUTION* 

K .  Beer,  H .  Ansorge and H. G o e r l i t z  

I n s t i t u t e  o f  F e r t i l i z e r  Research Leipzig-Potsdam 
Academy o f  A g r i c u l t u r a l  Sc iences  
German Democratic Republ ic  

Th i s  pape r  d e s c r i b e s  one  o f  t h r e e  o p e r a t i o n a l  computer systems 
used t o  g ive  adv ice  t o  farm o p e r a t o r s  i n  t h e  GDR. The system, 
employed nat ionwide,  f u l f i l l s  two o b j e c t i v e s .  F i r s t ,  it s e r v e s  
t o  p l a n  t h e  demand f o r  minera l  f e r t i l i z e r s  on f a n n s ,  i n  d i s -  
t r i c t s ,  anti i n  r eg ions ,  t a k i n g  i n t o  account  the a v a i l a b i l i t y  o f  
o r g a n i c  manure. Second, it determines  t h e  t y p e  o f  f e r t i l i z e r s  
used,  t iming ,  r a t e ,  s p l i t t i n g ,  and t e c h n o l o g i c a l  methods o f  
f e r t i l i z e r  a p p l i c a t i o n  i n  s p e c i f i c  f i e l d s .  The sys tem h a s  
proved t o  be a u s e f u l  b a s i s  f o r  d e c i s i o n s  t o  b e  t aken  i n  t h e  
management, p lanning,  o r g a n i z a t i o n  and c o n t r o l  o f  f e r t i l i z e r  
use .  

 his paper  o r i g i n a l l y  appeared a s  CP-80-34 i n  t h e  C o l l a b o r a t i v e  
Paper s e r i e s  o f  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  S y s t e m  
Analys is ,  Laxenburg, A u s t r i a .  



1 .  In t roduc t ion  

; , .qriculture in the Geman Democratic Iiepublic (;UP,) f a c e s  
t he  t a sk  t o  cont inuously supply high-quzl i ty  food t o  the  
populat ion and r a w  , nz t e r i a l s  t o  t he  aenuf acturin-q indus t ry .  
To f u l f i l l  t h i s  t a sk ,  e c r i c u l t u r a l  product ion h s s  t o  be 

f u r t h e r  i n i e n s i f  i ed .  Anon: t he  i n t e n s i f  i c ~ t i o n  f a c t o r s ,  
ex tens ive  chex i ca l i z a t i on  i s  of  rea at importance. Fo r  t h i s  

reason,  s p e c i a l  a t t e n t i o n  hac t o  be g i v e n  t o  t h e  
e f f e c t i v e  use  of the  ava i l ab l e  ec~ounts  of n i t r o s e n  f e r -  

t i l i z e r s .  

':/hereas t h e  share  of n i t r o r e n  e f f ec t i venes s  in  farm-ecale 
d i spersed  t r i a l s  on loamy sands and very ~ a n d y  loems a t  a  
f e r t i l i z a t i o n  l e v e l  of 1L0 kg ];/ha urrder the  condi t ion  bl 

the  Xi3 coines up t o  25, 40, and 22 ,b i n  v: inter  wheat,  w i c t c r  
rye ,  and po t a to ,  r e spec t i ve ly ,  i t  t a t a l s  66 ;; in f i e l d  
o r a s s  a t  a f e r t i l i z s t i o n  l e v e l  of 1 6 ~  kp b/ha (SCiI l~U,  L.:. , 
1976).  Tilus n i t r ogen  t ake s  an  important p a r t  Fn y i e l d  
forna t ion .  Cn l i g h t  s o i l s ,  hoviever, i t  i s  not  t o  be excluded 
t h e t  f e r t i l i z e r  n i t r o ~ e n  and n i t r oyen  o r i ~ i n a t i n g  f r o n  
s i n e r a l i z a t i o n  of o ~ a n i c  ma t t e r  in the  s o i l  w i l l  per.etrzte 
i n t o  ,qround ar.d sur face  vtatcxx. In urfavorable  c e sc s ,  t he  
n i t r a t e  content  i n  the wate r  a&y exceed t he  l i m i t  of tox- 
i c o l o s i c z l  sefeness .  Xcnce, sc iecce  is o b l i ~ e c i  t o  atte:ld 
s t i l l  nore c a r e f u l l y  t o  the  elaboxat ion of onv i ro r~ncn t s l l y  



acceptab le  and p ro t ec t i ve  so lu t ions .  

Sor:cequer.tly, thc use of nitro,yen f e r t i l i z e r  is  ziri~ed not  
only a t  rezcnin .~  hixh y i e l d s  per  u n i t  a r e a  but a l s o  a t  i m -  
? r o v w  the  u t i l i t y  vslue of the  crop products  z-d a t  u in i -  
:niziny nitrocren pol lu t ion .  ?ne r e a l i z a t i o n  of t i e s e  
a i s s  \;ill rcuder  the app l i ca t i on  of f e r t i l i z e r s ,  p a r t i c u l ~ r l y  
of nitropren f e r t i l i z e r s ,  h e h l y  e f f ec t i ve .  

To have the  environment impaired a s  l i t t l e  a s  poss ib le  
when car ry ing  out  f e r t i l i z a t i o n  opera t ions ,  numerous meas- 
u r e s  t o  p ro t ec t  environaent heve been taken and w i l l  be 
taken in  the  SDh. 

The s t a t e ,  soc i e ty  and each c i t i z e n  in t he  Gi2ii  a r e  obl iged 
t o  p r o t e c t  na ture  an3. i t s  resources.  This ob l i ga t i on  is  l a i d  
dovtn i n  the  S o n ~ t i t u t i o n  of t h i s  country. Themfore ,  e t a t c  
nanayeinent and a ,or icu l tura l  research  bodies  have been concerned 
wi th  in t roduc ing  p a r a l l e l  t o  the  app l i ca t i on  of increased 
a.?~ounts of mineral  and organic fertilizers, a  v a r i e t y  of measures 
con t r i bu t i n3  to a r i se in  s o i l - f e r t i l i t y  and, thus ,  t o  f u r t h e r  
improve the ' k i d m y  func t i on '  the  s o i l  he s  i n  na tu re  ( d B L ; S U ,  b., 
1379) a s  we l l  a s  c o n t l n u o u ~ l y  complete t he  s c i e n t i f i c  
fundamentals of f e r t i l i z e r  use. Surthennore,  it is no t  on ly  a  
ma t t e r  of balancing energy spent  on t he  production, t r a n s p o r t ,  
handl ing,  t reatment ,  and spreading of mineral f e r t i l i z e r s  by a  
h i ~ h  e n e q y  g a i n  t h r o w n  p l an t  yielG,  but of increas ing  t h i s  
energy gain.  It i s  s t a r t e d  ou t  from the  f a c t  t h a t  t he  use of 
l a r c e  q u a i t i t i e s  of n i n e r a l  f e r t i l i z e r s  and orrranic 1i;anures 
c o n s t i t u t e s  an  e s s e n t i a l  p recondi t ion  f o r  rai6iu.o; a ~ r i c u l t u m l  
product ion ~ n d  improving s o i l  f e r t i l i t y .  A t  t h e  sane time, 
the  poss ib le  e f f e c t s  on erivirornent,  on the one hand, and t he  
denands i n  the  f i e l d  of v:zter rr,ananer,.ent and envirolvlent 
p ro t ec t i on ,  on the o t h e r  hznd, expzrid. Such e f f c c t s  h ~ v e  t o  
be d i f f e r e n t i a t e d  as d i r e c t  and i n d i r e c t  ones. 

The d i r e c t  e f f e c t s  a r e  insir:l if  ic'nt nf t e r  s p r i q  app l i ca t i on  



of  i it rope:^ f c r t i i i z c r s  e t  the  s t a r t  of the :.~.o.:--;:,.: s>..:.ol? 

E S ,  i f  doce p roper ly ,  the  n i t rogen  g e n e r a l l y  sill n o t  be 
t r a n s l o c a t e d  t o  the  s u b s o i l .  Experiments wi th  smal l  l y ~ i -  

n e t e r s  on f i v e  b i t e s  betvreen 1965 alia 1972 revez led  t h e  
1u l e a c h i r ~  t o  vary between 8.8 and 16.7 kg L/ha and y e a r  

(below 1  m). O f  these  only 16 t o  1 5  p e r  cen t  accounted f o r  
f e r t i l i z e r  n i t r o c e n .  A c e r t a i n  exep t ion  a r e  sandy b o i l s  

vYhere nitro,rr;en may be washed o u t  e v e c t u a l l y  in spr ing  
i f  r o o t  and t u b e r  c rop  a r e  c u l t i v a t e d  and h igh  p r e c i p i -  

t a t i o n  occurs in the  per iod  when the  p l a n t s  do n o t  y e t  t ake  

up n u t r i e n t s  o r  do only t o  a  smal l  degree. The same holdo 
t r u e  of h i g h  q u a n t i t i e s  of supplernextal w a t e r  from s p r i n k l e r  

i r r i g a t i o n .  High r a t e s  of o q a n i c  manure a p p l i e d  in autumn, 
however, may r e s u l t  i n  6 t r a n s l o c a t i o n  t o  deeper  s o i l  l a y e r s ,  

p a r t i c u l a r l y  when s l u r r y  is  used. 

Chi le  p roper ly  a p p l i e d  mineral  f e r t i l i z e r s  g e n e r a l l y  do n o t  
heve any d i r e c t  i n f l u e n c e  on n u t r i e n t  t r a n s l o c a t i o n ,  a  d i r e c t  
e f f e c t  may be caused a t  h igh  f e r t i l i z a t i o n  l e v e l  by ' n u t r i e n t  
r e s i d u e s '  l e f t  a f t e r  too h igh  f e r t i l i z e r  a p p l i c a t i o n s  o r  very 

low crop y i e l d s .  -This n i t r o p e n  is  found in t h e  s o i l  in form 

of n i t r a t e  End, t h u s ,  is  mobile. 

The c h ~ n c e  of n i t r o g e n  being b u i l t  up i n  tho  s o i l  is  due t o  
nno ther  i n d i r e c t  r e l a t i o n s h i p  wi th  f e r t i l i z a t i o n .  The i c t e n -  
~ i f i c a t i o i i  of crop product idn en= t h e  i n c r e a s i n g  use of min- 

e r a l  f e r t i l i z e r s  a s  w e l l  a s  of e v e r  h i g h e r  amounts of o rgan ic  
manures l e a d  t o  a s i t e - s p e c i f i c  l e v e l  of s o i l  o m z n i c  mat te r ,  

which ia an  importaut  c h a r a c t e r i o t i c  of s o i l  f e r t i l i t y .  

Grganic manuring and s o i l  o v a n i c  m a t t e r  a r e  known t o  have 
a p o s i t i v e  e f f e c t  because they do e x e r t  a most f a v o r a b l e  

i n f l u e n c e  on t h e  s o i l ' s  p h y s i c a l ,  chemical ,  and b i o l o g i c a l  
p r o p e r t i e s .  The same h o l d s  t r u e  of t h e  c lean ing  e f f i c i e n c y ,  

t h e  'kidney func t io i l '  of the  s o i l  f o r  con tunhian t s  t o  t h e  
e ~ v i r o i m e n t  . 



A s  i n  1577/73 129 kz K, 66.1 hl: P 6 and 63.4 kq K2G w e n  2 5 
applied or1 average pe r  1 ha ot f a m l c n d  a rea  i n  the  GDR 
(according t o  S t a t i s t i s c h e s  Jahrbuch d e r  DDR 1979, economic 
y e a r ) ,  f e r t i l i z a t i o n  has  t o  t a  organized in  such a way t h a t  
crop y i e ld  and qua l i t y  a r e  s t rongly  inf luenced and environ- 
ment is impaired a s  l i t t l e  aL poss ib le .  To meet these denancis 
EDI. programs have bee11 es tab l i shed  t o  an increasing extent  
s ince  1971 f o r  the use of macronutrients (1;. P,  P, ,g, Ca) and 
micronutr ients  (B, Cu, in, b:o, Zn) and organic manures 
and have been put a t  the d isposa l  of the GDR farms f o r  crop 
production a s  decision a ide  f o r  the  planning and app l i ca t i on  
of f e r t i l i z e r s  and manures (Table 1 - Applicat ion w e  of 
the ZDP-project ' F e r t i l i z a t i o n 1  end of p l a n t  ana lys i s ,  in p e r  
cent  m l a t e d  t o  the a m a  at tended t o  by the  Agrochemical Analysis  
and Advisory Service of the  GDR; BUR, K. and KG=, G. ,  1978). 

The computation of mcommendetions is based on EDP programs 
including a v s r i e t y  of parameters from which dec is ions  a m  
derived by l o q i c a l  l inkage of f a c t s  during the  computing op- 
e r a t i on .  It i e  possible  by changing panme te r s  and computing 
opera t ions  t o  have new s c i e n t i f i c  f i nd ings  and experience of 
outstanding farms immediately introduced t o  e broad range of 
farms. 

F o r  mineral f e r t i l i z e r s  and organic nanuree recommendations 
a m  ~ i v e n  on quant i ty ,  s p l i t t i n g ,  t h e ,  f e r t i l i z e r  fonn, and 
app l i ca t i on  technique m l a t e d  t o  the respec t ive  crop i n  the  
f i e l d  and the meadows and pas tures ,  respec t ive ly .  irurther- 
mom, ca l cu l s t i ons  of organic manure production and accounts 
of f e r t i l i z e r  requirements by quant i ty  and assortment a r e  made 
f o r  planninp: purposes under considerat ion of the temporal 
demand of s ec t ions  and department8 of a farm a s  wel l  a s  of 
the ahole farm. Simultaneously these recoamendatiuns e n  
f u r t h e r  s ~ m a r i z e d  and then serve the o t a t e  mbnagement a s  
fundamental ma te r i a l  f o r  planning the f e r t i l i z e r  requireme..ts 
and the  r e q i o r ~ a l  d i s t r i b u t i o n  of the t o t a l  mount  of minerzl 
f e r t i l i z e r s  t o  count ies  and d i s t r i c t s  a s  wel l  a6 ae;rochemical 
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c o c t e r s  (LC;;) t l i ~ t  ;I:~ve b c e ~  founded as in te r - fa rm es tab-  
l i s b . , 8 e n t s  by the  farm6 f o r  crop p r o ~ l u c t i o n  e.nd r,:ostly per-  
f o m  t h e  ~ p r e a d i n r  of mineral  f e r t i l i z e r s .  'The m p i d  ~ r o v : t h  
of the  G Z i  a w r i c u l t u r a l  p roduc t ion ,  t h e  r e ~ u l t s  ob te ined  in 

resesrrc l~ work, i ~ ? d  t h e  e v z l u a t i o n  of n u r e m u s  p roposa l s  of 
exper ienced v,orkcrs a s  we l l  es t!le e v e r  i i ~ c r e ~ c i c g  12lom.s- 
t i o n  demand recdered i t  tiece5ssz-y t c j  review end  i-nprove tho 
coinputins t echn iques  arid p a r m e t e r s  of tne  e x i s t i n k  t 3 P  f e r -  
t i l i z a t i o n  proFrams ;lox5 s i t n  t h e  c u r r e n t  proFram aorb;. 

2.  i 3 E  f e r t i l i z a t i o n  p r o j e c t  35 72 

The new f e r t i l i z a t i o n  p r o j e c t  DS 79, p r o s r a ~ ? ~ ~ e d  i n  iL 1 
lanyuarre f o r  t h e  U P  u n i t  Zobotron LS lu4G allowed t o  l i n k  
t h e  i n d i v i d u a l  sub-proqranls ( inac ronu t r i en t s  , i n i c r o n u t r i e n t s  , 
orcai l ic  i n m u r i ~ ? ) .  The l a t t e r  may be cowputed i n  conb ine t ion  
o r  s e p a l a t e l y .  6 survey of t h e  s t r u c t u r e  of t h e  ZDI p r o j e c t  
' Z e r t i l i z e t i o n *  i s  g iven  i n  U w r e  1 *Sc;ie::~e of the  f e r t i l i -  
z a t i o n  s g t t e m l  ( Z L i H ,  K .  e t  a l . ,  1978).  

The f e r t i l i z a t i o n  p r o j e c t  co r . s i s t s  of t h e  fo l lowing  l h k e d  
sub-propramz.es: 
- oroai l ic  r.al;uring 
- n i r ~ e r a l  f e r t i l i z a t i o n  - z . e c r o i ~ u t r i e i ~ t s  
- r l i i lera l  f e r t i l i z a t i o n  - u i c m n u t r i e n t s  

f o r  r e e s o n s  of p l ; i ~ i ~ . i n g  and a s  a b a s i s  f o r  d e c i s i o n s  
on PI; advence f  e r t i l i z a t i o i l  and lirrrinp, t h e  f e r t i l i z a t i o n  
recoxnendat ioca must be computed : . lready i n  t h e  sum,,er of t h e  
preceding year ;  t h e  o ,semtional  a d a p t a t i o n  of n i t r o c e n  
f e r t i l i z a t i o r ~  t o  t h e  s c t u a l  m c t e o m l o ~ i c a l  c o n d i t i o r s  fom.8 
er lother  i n t e o r a l  p e r t  of the  f  e r t i l i z n t i o r ,  p r o j e c t .  I h e  
c x ~ c t  i e t c r 8 . i n a t i o l l  01 the  I, f e r t i l i z a t i o n  is based on s o i l  
a?-,ll:;ses r o r  p l s n t - a m i l c b l e  r:itrs..cn corltant hi e a r l y  
s p r i n c  ( ' i 'opicsl  ~ d v i c e  on 2 ' e r t i l i z a t i o z )  c s  t o  t h e  f i r s t  



- - . J  
I L1 
8 - c 5 .- f - 0 

c urn a c:' " 
L '= 

.' - 5 2 .: I 2 0  ' ' 5 y a s ;  I ,  - -  ! 

'ij 2 = 3 >  I 1 .  I 

l L l o  i I i 



N dreesing,  and on p lant  ana lyois  a s  t o  the 2nd N dressing 
t o  winter  cerea ls .  The t e c h n o l o ~ i c a l  run of working out  
EDP f e r t i l i z a t i o n  recommendations i s  ~hown in Figure 2. 

Data co l l ec t ion  and provision a s  well  a s  the  f i l l i n g  In of 
the  input  documents a n  done under the  supervieion of coop- 
e r a t o r s  of the  Xgrochernical Analysis and Advisory Service 
of the CDR (ACUB). ACUB belonzs t o  the  I n s t i t u t e  of P lant  
Uu t r i t i on ,  Jena, of the  Academy of Agr icul tura l  Sciences of 
the  GDR. It has  d iv i s ions  19 Jena,  a l l e ,  Berghole-Hehbriicke, 
Dresden and Hostock. The s t a f f  members of these se rv i ce  
d iv i s ions  a r e  responsible f o r  advising the  f a m e  f o r  crop 
production in t h e i r  recion. The samples of s o i l  and/or p l an t s  
a s  well  a s  manures are analyzed in specia l ized  l abo ra to r i e s  
in Jena,  Hostock and Halle. The s t a f f  members of ACUB check 
the  input  documante f i l l e d  in. A l l  input  data a r e  punched 
in the Dresden d iv i s ion  of ACUB. 

Chackiay of the punched input  da ta ,  running of the SDP 
pro,yram, and p r in t ing  of t he  f e r t i l i z a t i o n  recommendations 
a r e  ca r r i ed  out  in the computer c e n t m  of t h e  Kinis t ry  of 
Agr icul ture ,  Fores t ry  end Food. Then the  s t a f f  members of 
ACUB check the EDP f e r t i l i z a t i o n  r ecoa~enda t ions ,  hand them 
t o  the  farms arid agrochemical cen te r s ,  and g ive  the  necessary 
explanations. 

To ensum a wide appl ica t ion  r a l q  of the prograrc, i t  was 
l a i d  out  f o r  207 crop spec ies  and u t i l i z a t i o n  types. The 
crops a r e  included i n  the cornputation a s  crop t o  be f e r t i l -  
ized and f o r  t h e i r  properties a s  f i r s t  and second preced- 
inq crops o r  catch crop. Table 2 q ives  a  survey of the crop 
qroups t o  be included. 



Ficure  2 

Organization of data  collection, compu:ction a n d  output of 

fertilization recommendations 

Da:a collection 

( r'illing in of input documents  1 
I 1 
1 I S e n d i n g  the  input documents  to -4CUE 1) I 
I - - I  Checking ty ACUE I 

i 
I 

-- I 

( S n c h i n g  of input d a t a  ty hCUD 1 '  

Computation cen t re  

Checking of input d a t a  

Running of the  propraeirne 

3rintinp of the  fer!ilization 
recommendations 

i 
Checlcing of t h e  print-outs by ACUE 

I 

Handing o v e r  of fertilization r onmendat ions  to farms 
of c r o p  production a n d  4 C Z  59 I 

1) .4CUB - Aprochenica l  Analys i s  a n d  Advisory .Se!vice 

2 )  .4CZ - agrochemical  c e n t r e  



mable  2 G r o u p s  of c rop  s p e c i e s  and  utilization cove red  ky the 
EDr .project 'F e r t i 1 i z a t i o n1 DS 79 
(AXSORGE, H.. 1978) 

h'urnber of the c rop  s p e c i e s  
o r  utilization types  included 

Cereal  c r o p s  

Leguminous c r o p s  

Oil c r o p s  

Fibre plants 

Field vege tab les  

Dolatoes 

S u g a r  beet 

Roo1 c r o p s  for fodder 

Fo rage  plants  for fodder 

F o r a c e  plants for s e e d  

T o b a c c o  

G r a s s l a n d  



The cropping f o r n , a n d  in s e v e r a l  c r o p s  a l s o  t h e  v a r i e t a l  
type .yrown,as w e l l  a s  t h e  in tcnded use, a r e  cons ide red  t o  

f u r t h e r  s p e c i f y  t h e  f e r t i l i z a t i o n  r e c o ~ z e n d a t i o n s .  

The in tended  use  of the  ha rves ted  c rops  i s  requ i red  t o  
c o n s i d e r  i n  f e r t i l i z e r  a p p l i c a t i o n  t n e  i n f l u e n c e  of f e r -  

t i l i z a t i o n  on t h e  q u a l i t y  of t h e  h e r v e s t e d  crops.  

The fo l lowing  u s e s  a m  included:  
- i n d u s t r i a l  p rocess ing  of t h e  h a r v e s t e d  c r o p s  (e .  ,q. m a l t -  

i ng  b a r l e y ,  s t a r c h  p o t a t o ,  manufacture of baby food from 

v e g e t a b l e s )  

- f e e d  and bread ,qrain w i t h  i n c r e a s e d  crude p r o t e i n  c o n t e n t  

- whole-plant h a r v e s t  

- a r t i f i c i a l  d ry ing  of f o r a g e  

- hay-making and f e e d i n g  of f r e s h  f o r a g e  o r  p a s t u r i n g ,  
r e s p e c t i v e l y  

- e n s i l a g e  

- inmediate  c o n s u ~ p t i o n  of v e g e t a b l e s  and p o t a t o e s  
- sto,-age of v e g e t a b l e s  and po tn toee  

- m u l t i p l i c e t i o n  

.The e f f e c t  and t h e  d ~ n a r n i c s  of t h e  n u t r i e n t s  s u p p l i e d  o r e  
r t r o n g l y  in f luenced  by t h e  e i t e  cond i t ions .  There fore ,  t h e  

d i f f e r e n t  s o i l  p r o p e r t i e s  aud t h e  c l i m a t e  a r e  l a v e l y  con- 

s i d e r e d  when computing f e r t i l i z a t i o n  recomnendations w i t h i n  

DS 79. I n  t h i s  c o ~ l t e x t ,  i t  is n o t  on ly  t h e  s o i l  n u t r i e n t  

c o n t e n t  being o y s t e m a t i c a l l y  determined in t h e  GLIR a s i c e  
1952 on t h e  b a e i s  of r e s p e c t i v e  l a w s ,  t h a t  p l a y s  an impor- 

t a n t  r o l e .  Table  3 shows t h e  s o i l  urnups f o r  a r a b l e  l a n d  

included in 35 79. 

Tha f i r s t  f  i.yure of t h e  s o i l  g o e s  f o r  t h e  t e x t u r e  of t h e  

t o p e o i l ,  t h e  second f  i a u r e  f o r  hydraulic c o n d u c t i v i t y  and 



7 a b l e  3 Soil g roups  DE 79  - arable land ( . ~ X C O ? ? G ~  e l  ai.. 1 9 7 ~ )  

5 oil Fine part icles  Coil c l a s s  Char-acteristics of 
group < 6prn arab le  so i l s  

46 

1.1 - c 7 SMC~ ( 5 )  Low ground-water level  

1.2 - < 7 S a n d  (s)  influenced by ground-water  

2.1 E - 15 Lightly loamcd s a n d  Low p-round-water level 

- loamy s a n d  
(El / 1 s )  

Lightly loarned s a n d  Influenced by ground-water  
- loamy s a n d  
( c l g s )  

Very loamy s a n d  Without waterlogging - s a n  

Very loamy eand  Wlth waterlogging - s a n d y  Loam 
(E,L/sL) 

Loam (L) IYihout waterlogging 

Loam (L) With waterlogging 

Loam (L) Chernozem so i l s  

Clay (-1 Without waterlogpine 

Clay ( 7 )  

Half-bog, 
shallow bogs  

With w a t e r l o g ~ i n g  

20 - 40 cm peat  
15 - 30  51- orpsn ic  matter 

40 cm pea t  
> 3 0  5: organic matter 



v . ~ t c r l o 7 v i n g  ( w a t e r  l e v e l ) .  Excepted a r e  ~ E e n ~ o z e n  s o i l 6  

( s o i l  proup 4 . 3 ) ,  hzlf -bog 6011s ( s o i l  yroup 6.1 ) ,  and Lo? 

s o i l s  ( s o i l  group 6.2 ). 

To be a b l e  t o  co:lsider ~ n e  d i f f c r c l t  i n f l u e n c e s  of t h e  

c l i rns te  o c  t h e  l e v e l  and efz 'ec t  of' n u t r i c c t  s u , , l y ,  i t  ..- V . G S  

n e c e s s e r y  t o  del'ine f o u r  r . a c r o c l i : ~ a t i c  zo~ :es  f o r  t h e  i'~m:- 
l z s d  z r e e  i n  t h e  SDd. 

< l i ~ i ! n t i c  zoce 1 = Lov:lands u z c e r  xe r i t i rne  i - e l u c n c e  i n  t h e  
l lor th  2r.d the  h i l l y  c o u r l t r j  v. i t h  hul?id, 

7 , i ld  c l i ~ , . a t e  i11 t h e  s o u t h  of t h e  GUH 

C i i l i ~ o t i c  zone 2 = D r y  r e s i o n  ~ i i d  m s z i n a l  r r e a s  i n  t h e  ii;idSle 
~ n d  t h e  s o u t h e n  p a r t s  of t h e  SDR 

C l i ~ i a t i c  zo:ie 3 a T r a r ~ s i t i o n a l  r e p i o n  L e t r e e n  t h e  h i l l y  
c o u ~ i t r y  and t h e  f o o t h i l l s  up t o  t h e  

ccd iu ,n -a l t i t ude  e l e v z t i o u s  of  t h e  low 

xoun te in  ==e of t h e  SDIi 

d l i l n t i c  zone 4 = ; ; levet ions  or' t h e  l o n  2ou:;tains of  t h e  W E ,  

exccedin.7 5"G [L 6b0ve GCE l e v e l  

The r e - i o n ~ l  L i s t r i h u t i o u  of t h e  c l i n a t i c  zones  t o  t h e  SD?. 
cou i ; t i c s  i s  6110~.117 i n  i ' i ~ u r e  3 .  

l'he d e l i i ~ i t a t i o n  of t h e  c l i r n e t i c  z o m s  i s  based on . , re teorolo?i -  

c a l  l i i n i t s  (Teb le  4 ) .  

Yili:. - !zcrocl i r?nt ic  a>proach ; : e c e c s r r i l g  i n c l u 2 c s  Ini'1ue::ces 

31' =LC ~ i c r o -  a::d l o c a l  ciili:r.tcs, v.hiciz n r e  t h e  r e e s o n s  f o r  

excce-i iz~g t k c  li;!its quoted.. These i : i i luences silould be cord- 

cidcreci  by setimniilo thex  t o  t h e  r e s p e c t i v e  c l i ( . : z . t i c  zcr:le ir. 
eccordel;ce ::.ith t h e  : : e t e o r o l o ~ i c a l  l i n i t s .  
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Figure 3 .  Climatic Zones DS 79 



? o r  tiic exact d e t e m i n a t i o n  of t h c  f e r t i l i z a t i o n  p c r i o d s  
i n  tile dii ' i 'ercnt  C 9 R  reqionr:  i n  degc l~dcncs  on c l i tnn te  and 

v~ca the r ,  f o u r  phe:lolo.?ical zones  c r e  Cis'f e r e n t  i c  t e d :  

i h e ; i o i o ~ i c a l  zouc 1 = iieqio;l ?-:it11 i : o r . ~ l  stert of vc-e ta-  
t i v e  p e r i o d  

l h e c o l o g i c a l  zonc 2 = ,le$ioc s i t% s l i ~ i - * t l y  l a t e  s t z r t  of 

v e c e t a t i v e  p e r i o d  
I h e n o l o ? i c e l  zone 3 = liemion r i t h  no=-.a1   tart of v e s c t a -  

t i v c  p e r i o d  acd  ve ry  e a r l y  grain 
r - a m c s t  ( e a r l y  t!lresnixc ) 

i i i c n o l o c i c n l  zoric 4 = i i e ~ i o l l  1:;ith ve ry  l a t e  ~ t e r t  o f  vaneta-  
t i v e  p e r i o d  

The s t r u c t u r e  of t h e  f low c h a r t  of the  sub-proyrcrns accore -  
ir~p: t o  t h e  u n i t  a ~ s c i i l b l y  p r i n c i p l e  z11d e n  e x t c t  e d a p t e t i o n  of 
t h e  r e s p e c t i v e  i n p u t  and out i :u t  inl 'ori t iet ion s l l o w  i n  DS 79 t o  
co:nputc s e p a r a t e l y  and i r .  co:.ibinztio:: t h ~ :  sub-ymqr~. tnn~es  

mentioned ir. i ' i ~ u r e  1 .  P h e r e f r o a  r e s u l t  t h c  fo1lov; i iq  ? o ~ r i b l e  
c o z p u t a t i o a  6,. bte:..s (2:-ble 5 ) .  

:oxputatior: r g ~ t c n r s  1 EIJZ 2 e r e  t h o s e  : ~ o s t  frequc::tly ueed 
by t h e  f 2 r . i ~  f o r  c rop  product ion.  C o ~ p u t a t i o n  sys te :n  1 
1, , ': ~ r i e r ~ l  i ' e r t i l i z c t i o n  (::rcro- olld L: icronutr icr . t s )  ' s e r v c s  

t o  co8ngute crcp-  cnd f i e l d - r e l a t e d  reco, ; rendat ioas  f o r  
f e r t i l i c e t i o l l  w i t h  i ~ ~ s c r o n u t r i c l l t s  ( i i ,  L ,  i . ,  ...?, Ca), and if 
r e ~ u l t s  f r o n  s o i l  ~ n a i y b i c  f o r  n i c r o n c t r i e ? l t b ;  a r e  a v c i l c b l c  
e l e o  f o r  f e r t i l i z a t i o n  v.i th ~ l ; i c r o . i u t r i e n t s  (2 ,  Gu, ; n ,  I:.o, 
211)) ir. ten::s  of qu- i l t i ty ,  s p l i t t i ~ l g ,  t i x c ,  i ' e r t i l i e e r  form,  

a:id i ' e r t i l i z n t i o ~ ,  tecAr;ique. I f  :. icro!?itric::ts c r e  r e q u i r e d ,  
feedback t a k e s  p l ~ c e c i  t o  t h e  use  of : .ecroi lu t r icnt  i e r t i l i z e r s  

c o n t c i x i i ~ ~  r ! i c ro l~u t r i c r i t s .  S i t e  co l iC i t ioas ,  cconoii,ic f a c -  
t o r s ,  2nd t n c  i : J iue; lcc  on the  q u a l i t y  of t h c  c rop  p r o d u c t s  

:re col ie iuere3 i;: tho co r . ipu t~ t ion .  



Table 5 Survey of the computation systems of the DE 79 
?rogranme (ANSORGE, H. et al.. 1979) 

Computation system information Prin t-outs 

(1) Mineral fertiliza- - Ii, P. K, hza. Ca  - Fertilization to crop species  
Lion (macronut- fertilization and fields 
rients and micro- - B. Cu. hln. hno, Zn - Summary on field and f a r m  
nutrients) fertilization level - Balance for repro- - Summary regarding labour 

duction of organic organization on farm level 
matter - Summary by crop spec ies  - Balance for reproduction of 

organic matter 

Orsanic manuring - Available organic 
manures - Straw balance - U E ~  of organic m a -  
nures  - Dalance for repro- 
duction of organic 
matter 

- Amount of organic manures 
p r o d ~ ~ c e d .  straw balance - Straw removal - Orpanic manuring to crop 
spec ies  and field8 - Summary on field and farm 
level - E,ummary regarding labaur 

organization on farm level - Summary by crop spec ies  

(3) Organic manurins - AS for systems - A6 for systems 2 and 1 
and mineral ferti- 2 and 1 
lization - Organic manurins 

i s  immediatly in- 
cluded in mineral 
fertilization 

(4 )  Fertjllzation with - B. Cu. Wn. Vo. Zn - -4pplication of micronutrienls 
micronutrients fertilization without to crop spec ies  and fields 

any bedback  to the 
u s e  of macronu- 
trient fertilizers con- 
taining micronu- 
trients 

(5)  Production of - Amount and time of - Amount and time of organic 
organic manure orpanic manure pro- manure production in the 

duction animal houses  - N fertilization to crop spec ies  
and fields 

(6) Additional comnuta- - N dertilization with 
tion of nitrogen special  regard to 
fertilization in the tlie inorganic N 
spring of the crop content in soil 
year  

(7 )  Straw balance - Ctraw bclsnce - Straw b d c n c e  



The f s n s  linve t o  provide  & e t a  on tho inte!-.dei o r - zn ic  
~.ia.:iuriit,? t o  c n s b l e  t h e  i l i t c n r a t i o n  of t h e  11utric:;ts ~ u p ; i l i c d  
b? t h e  o r - l i i i c  ; ?iiuring elld t h e  coo.!~ut=r;ion of thi. 2;  ln.;cc 
:or tile reproduct io i i  (2; s o i l  s r -+; ; ic  . . r t t c r .  

~ o i , i p u t a t i o n  s::r;te:-, 2 ' ~ ~ , h l i i c  ~ : l l i r i i i o '  i s  used t o  co::ipute 
t h e  8 v a i l s b i l i t ; r  of t ne  d i f f e r e i l t  o ~ c . : i c  azlariures i i i  t c r ,ns  
of  q u a n t i t y  ai:d t i a e ,  arid t . i e i r  4 i s t r i b u t i o r  t o  c r c ? s  8i;d 
i ' i e l d s  under  co r l s ide ra t ion  of f n c t o r s  of  EyrOilCt: ; '  irlid c u l t i -  
va t ior i ,  dcsailds of env i ro : ;~ : l cn t~ l  ecology ::s w e l l  es a s p e c t s  
of  l a b o u r  or-clallization znd ccono!:!y. i'hsce a s t a  !ney a l s o  

s e r v e  a s  i l lput  d a t a  f o r  co;nputi : l~ millerel  f e r t i l i z a t i o n .  
~ ' u r t i . e ~ , o r e ,  bala-nces a r e  e s t a b l i s h e d  f o r  t h e  q u a n t i t y  erid 
u s e  of otrsvr oild r ep roduc t ion  of  s o i l  o ~ n ~ i i c  ma t t e r .  

Of t h e  reL,ainiri,y computztion z y s t e n s ,  system 6 ' i . i t ronen  
i ' e r t i l i z a t i o n  i n  Spr in - I  i s  of  r c c l a l  iraportr.nce f o r  con- 

s i d e r i i w  tlie problems of eriviro~ir,ient. I t  is in tc t i2ed t o  sd- 

d i t i o i ~ e l l y  coxpute  recocil e n d a t i o n s  f o r  n i t r o ~ c n  l ' e r t i l l z a -  
t ior l  w i t h i n  a s h o r t  t i x e  ir. a p r i r q .  It s e r v e s  t o  c o r r e c t  
chazqes  1x1 t h e  c r o p g i i ~ ~  p lan  znd t h e  uce of  o r - s ~ i i c  :uc:;ures, 
which p e r t i c u l e r l y  I n f l c e ~ i c e  i i i t rooen  f e r t i l i z a t i o n  of  t he  
f i e l d s .  . :oreovcr ,  r : i t r o ~ e n  f e r t i l i z a t i o n  is n d j u z t e d  t o  t h e  

c o c d i t i o n s  of t h e  precedh1.7 y e a r  ( c r o p  y i e l d ,  n i t r o . ~ e x i  cx-  

t r -c t io .1  and i i i t ro?ci l  r e s i d u c s  i n  s o i l )  a i ~ d  t o  ci tr6ae:i  
dgrlcnics i n  s o i l  duri i ic  t he  v ; i ~ l t  c r  r.011ths. i'hus tile n..:ounts 
of i n o r c ~ . i i i c  n i t ro ,oen  cor?lpoun6s (I;in = i.iir-N and N+--N) 
z v a i l a b l e  i n  tire s o i l s  i n  e a r l y  spr i i ig  a r e  cc i l s idcr6d.  

'the f c r t i ; i z n t i o r i  recozi .el;Satior:s a r e  c 0 : ~ ~ u t e 2  by f i e l d s  f o r  

t h e  r e s g e c t i v c  crop c p c c i c s  o r  u t i l i z a t i o n  type .  T h e  f c r -  

t i l i z e r  C . I I O U ~ ~ ~ E  r e q u i r e d  t o  reacii  t i i t  pl.ln;;ecl - i e l ? c  ? r e  
7rii:ted ou t .  

:.id, l e v e l  of i; ~ ' e ~ t i l i z ~ t i o c  i s  conputea by ; ! :~nns cf , , ,roiuctio!i 
i ' u c c t i o : : ~  (901;-co.:i?ls 3,' o r i e r )  re;,rerc.;ti:? Lie r ~ l o t i s : ~ s  



between N f e r t i l i z a t i o n  and crop y ie ld .  I n  a  s p e c i a l  
program, t he  y i e ld  increments reached per  kg N a t  t he  
r e spec t ive  y i e ld  l e v e l  a r e  viewed aga ins t  t he  add i t i ona l  
expenditures f o r  f e r t i l i z a t i o n  ( technological  c o s t s  f o r  
N ,  P, and K), t ak ing  the harvest ing c o s t s  f o r  t he  y i e l d  
increment i n t o  account. The optinurn is reached when the  
r e t u n e  f o r  the y i e l d  increment come up t o  t he  c o s t s  f o r  
t h e  add i t i ona l  expenditures requi red  f o r  its production. 
The optimal N r a t e  (N opt.) i.8 ca l cu l a t ed  by means of t he  
optimal y i e l d  (Y opt.) (RUBENSAM, H.; YLMDLEB, P.; Wm- 
HICH, B., 1972). 

Y O D t .  = 

I n  t h i s  context ,  the  symbols mean: 

a ,  0, c  - p a r t i a l  regress ion  c o e f f i c i e n t s  of the producsion 
func t ion  

mJ - technological  cos ta  of N r e r t i l i z a t i o n  

RY - pr i ce  of crop products  i n  d l 0 0  kg 

MY - harves t ing  cos ta  i n  U/lW kg 

EP - P uptake by p l an t  i n  kg/ lW kg of y i e l d  
AP - si te-dependent  P u t i l i z a t i o n  coe f f i c i en t  

a - t echnologica l  c o s t s  of P f e r ~ i l i z a t i o n  
Ek - K upcake by p l an t  i n  kg/700 kg of y i e l d  
Ak - si te-dependent  K u t i l i z a t i o n  coe f f i c i en t  
Pk - technological  cos t s  of K f e r t i l i z a t i o n  

By co r r ec t ing  t h e  optimum N r a t e s  it is poss ib le  t o  system- 
a t i c a l l y  inf luence the crop y i e l d s  and e spec i a l l y  the qua l i t y  



of t h e  crop p r ~ d u c t s  fl.om c e r t ~ i n  s p e c i e s  i f  t h e r e  i~ t h e  
r e s p e c t i v e  de;n nd i n  xiationel ece:jomy. The optimcil i- r a t e s  
a r e  n o t  c a l c u l a t e d  from y e a r  t o  y e a r ,  bu t  a r e  inc luded  a s  

"ram . t a b l e  v z l u e s  in t h e  DS 79 cornputer pro, 

Crop s p e c i e s  grown t o  a s m a l l e r  e x t e r ~ t  a r e  n o t  o p t i z i z e d  
throu5h p roduc t ion  f u c t i o n s .  I n  such c a s e s ,  t e b l e s  a c r e  
worlted o u t  02 the  b a s i s  of e x p e r i ~ e n t a l  r e s u l t s .  

h e  t o  the  s t ro l ln ly  varying ~ i e l d s ,  the  l e v e l  of I. f e r t i l i z a t i o n  
t o  ve,nctables i e  i n v c s t i q t t e d  by wey of b a l a n c h x ,  the  p l a r ~ l e d  
y i e l d s  being included (GEIShLER, TK.; GBYZX, 6.. 1376).  

1; L ~ / i l a  Z ' s A + b  where 

E i s  p l a ~ n e d  y i e l d  in 1&0 k&/ha 
a i s  It up take  by p l a n t  i n  k5/100 kg 

,. i s  f e c t o r  f o r  c r o p  aud s i t e - s p e c i f  i c  a s s i m i l a t i o n  
c n s o c i t y  

b  i s  a d d i t i o n  deper.ding on v e e e t a b l e s  s p e c i e s  and 
f e r t i l i z a t i o n  group 

The b a ~ i c  value of o p t h a 1  n i t r o g e n  f e r t i l i z a t i o n  r c l a t i n q  
t o  c c r c a l s  as precedi : :~  crop,  u o r  ... a 1  . - e teoro log ica l  condi- 
t i o x ,  a ~ d  2bse1:t oxyenic rmnurii-g i s  f u r t h e r  p r e ~ c i l t c d  by 

a d t i t i o n s  and aubtr-zctions f o r :  

- y i e l d  l e v e l  
- p r e c e d i a , ~  c rop  e i ~ d  p o s i t i o n  i n  t h e  crop r o t a t i o n  
- usc  of t h e  c rop  p r o e u c t s  
- . c u l t i v a t i o n  fono  
- n u t r i e n t  sup : ly  b: o?!cel-.ic : 2 ;  i.r-7 t o  t h e  c rop  o r  

r e s i d u e s  f r o m  tho f e r t i l i z a t i o n  of the f i r s t  crop o r  
?recodin? ,oro~:~th 

- r e s i d u e 1  e f f e c t  of or7az:ic sr . luriny t o  t h e  prece3ir.g 
cro;s 

- vr-.ricty i i ~  v ~ g c t c b l c s ,  c e r c a l  ; l c l : t ~ ,  p o t z t o e s ,  a::d 
seed @roc il:~ c r o p s  

- -?p l i cz t io r ,  of cul:.~ s t ; . b i l i z e r s .  



:he edditiol;:+l c o ~ i 7 u t a t i o n  of 1:itrn..cn f e r t i l i z a t i o n  i n  t h e  

~ p r i i x y  of t h e  c r o p  y e a r  i n c l u d e s  f u r t h e n l o r e :  

- c i t r n s e r .  up take  by t h e  p reced ino  c r o p  in. dependence on 

t h c  y i e l d  l c v c l  
- l c v c l  of i; f c r t i i i z a t i o n  t o  tile precedi::? c rop 

- t l i t r o ~ e n  r e s i d u e s  f r o 3  t h e  precedir ,q y e a r ,  ~ i ; d  

- i~ t m ~ s l o c a t i o n  d u r i n q  t h e  v . i n t e r  moilths. 

Co~ l s ide r i i i f f  t h e s e  f a c t o r s  of i:ifluc:lce or1 t h c  l c v c l  of t h c  
o v e r a l l  n i t r o g e n  require: . :ents o l l o n s  a n  aliiiost f u l l  ~ d a p t a -  

t i o n  t o  thc  respective produc t io i l  c o l i d i t i o l ~ s  s o  t h a t  i t  is  
p o s e i b l e  i c  e lmos t  eve ry  cace  t o  a v o i d  daxazes  from over-  

d r e s s i n g  and s t r o l ; g c r  1, t r n n n l o c d t i o n s  i n t o  t h e  ? r o u n d - ~ a t e r  
even on low-sorpt ion  s o i l s  du r inn  t h e  g r o v t i ~ l ~  seaeon.  

,. f u r t a e r  n e a s u r e  f o r  e l i . c i n a t i n g  r l i t roqet l  o v e r d r e s ~ i n q  and 
l eaca i l i q  c o ~ s i s t s  i n  s p l i t t i n g  id f e r t i l i z a t i o r i  alld o b ~ e r v i n . ~  

o p t i - . a 1  o p p l l c a t i o n  d a t e s .  Thus, i t  is  r c c 0 . 1 - e ~ d e d  t o  s p l i t  

i. f e r t i l i z a t i o n  i n t o  two d r e s ~ l n e s  f o r  c e r e a l  c r o p s  arLd 
s q T a r  b e e t  o!ld t v ~ o  t o  f o u r  d r e s s i n e s  f o r  a l ~ o s t  a l l  veFe- 

t a b l e s ,  perez ln ia l  Pox-z~e p l a t s  ( i i i c l u d i n e  a n s ~ l n n d )  and 
cecd ffro~vin: c rops .  111 t h i s  way, 2a. i a r ~ s  Lrnm o v e r d r e s s i n 3  

&ill bc avo ided ,  t h e  q u a l i t y  of t h e  cro; p r o u u c t s  till be 
inp rovcd  and s t r o n v  t r e r i s l o c a t i o n s  w i l l  n o t  o c c u r  even 

a f t e r  h e n v i e r  p r e c i > i t a t i o n e .  

The f a m e  f o r  c r o p  p r o d u c t i o n  r e c c i v c  reco;2-lendetions on 

t h e  o p t i m a l  a p p l i c n t i o n  d a t e s  f o r  a l l  f e r t i l i z e r  Grcssi : lffs  

( i t i c lud iny  ~ p l i t  d r e s s i ~ l s s ) .  They a r e  ,:ivcn i n  form of 
p r i n t - o u t s  011 t h c  t i n e  spa:& i i l a i c a t e d  i n  1C-dzy ~ e r i o d s  

a d  ..:o:.ths aliG the r ~ s ~ e c t i v c  s te j ie  o f  p l a l i t  aevclo, . :  :e!lt. 
i',:us i t  i c  ~ u  r:.:.tced t:xt even i n  a  y e a r  r:hen t t c  . ;ateor-  
o l o r i c a l  c o l i l i t i o n s  d e v i o t e  ;!ucil fr0.n t h e  ~ t a ~ l L ? r d ,  ;. f e r -  

t i l i z a t i o n  w i l l  be c z r r i c d  o u t  &t t n e  t i ~ e  v.i?cn t h e  nu t r i e? : t s  
a r e  needed ei16 due t o  F: =.?id u;rta!:e by t h e  plf.rlt c i l l  i10t 

bc c:ashed o u t  t o  2 c r c z t c r  e x t e n t .  i ;eco: ,~~cndnt io ; le  on 

3 u t u . n  ii drcssir irrz of  jl; kr /ha  s r c  o:.lj- ~ i v e c  i o r  t h e  c u l -  

t i v a t i o n  of \*: inter  m?e -rGV:!i ;,f t c r  c e r e a l 6  i:l o r c e r  t o  



ei iscrc  a  ~ u f f  i c i e ~ t  juvci l i le  devclop-:!ellt of t h e  p l s l l t s  

be fore  win te r .  -utultn 1; d r e s s i l v e  a r e  n o t  recoi;;.?ellied f o r  

o t h c r  c rop  ~ p e c i e r ; ,  n o r  f o r  w i n t e r   cereal^ crd a f t e r  s t r a w  
u i a ~ l u r i l q  t o  p reven t  s t r o n q c r  i;l t n n ~ l o c a t i o n  t o  lower  s o i l  

l a y e r s ,  which 1l;ay become p o s s i b l e  p a r t i c u l e r l y  d u r i - q  mild 

v i in te r  moiiths ~ i t h  heevy p r e c i p i t a t i o n .  

C a l c u l a t i o n  of P,  A, and ;.g fertilization i~ done v ~ i t n i n  

r l u t r i e n t  ba1encir.q where n u t r i c z t  u p t a k e  by t h e  c ro?s  

a r e  viewed aoniilot  n u t r i e n t  supply bq n i i L e r a l  f ~ : r t i l i z a -  

t io r .  aAld o ~ a i . ; i c  ~nai.i;rin- u d e r  cons ide rn t io r l  oi' 11utricr:t 

u t i l i z a t i o n  aud n u t r i e x t  s t a t u s  o f  the  o o i l s .  

lit a n  excess ive  n u t r i e n t  c o n t e n t  of s o i l ,  i t  i s  recom..i,ended 

n o t  t o  epli lg ; , : iners l  E o r  k f e r t i l i z a t i o n .  'The f i e l d  w i l l  
eve11 be excluded f r o a  o ~ a n i c  n a i l u r i ~ ~ g  supglyinr:  e h i ~ h  

a . ~ o u ~ t  of n u t r i e n t e ,  when t h e  ranqe of t o s i c  a c t i o n  (e .  e .  

h a  p o t a z ~ i u n )  i s  reached. S o i l  a n a l y s i b  ttlue h o s  3 r c ~ u l a t i n g  

fu::ction i l ,  the  c e l c u l a t i o l :  t o  eve::tunlly coi!ge;:is~te f o r  

e r r o r s  occurr in .7  ii: 5zlrllcir:y (e .  ,?. e r r o r s  czuccd by 

~ e v c r a l - y e a r  d c v i a t i o ~ ~ s  of t h e  e c t u c l  y i e l d  from t h e  p la raed  
y i e l d ) .  

On t h e  b e s i s  of c n e l g t i c a l  r e s u l t s  011 t h e  l ime s t a t u s  of 
c o i l  t h e  l e v e l  of 1i:niny i~ determined ir .  depe::2clice on t h e  

  oil c l a s e ,  hu!nus co.il;ent mid tlie crop n;ecies a s  vie11 a e  

u t i l i z a t i o n  type. :he l ime q u s n i t i e s  a r c  f i x e d  t o  r e s c h  
o g t i l r a l  s o i l  res?o!'.se. 

The 231 pro,Tram f o r  co!?.puti!~g recol:,;ien8?.tio:!s on ~:.icro- 

c u t r i e ~ i t s  i s  ~ t ~ x c t u r e l  ir. ~ u c h  a way t h a t  2.11 in f lue l l c in?  

f h c t o r s  -1 i tne r to  kc0c.n :ran fe r - . t i l i zz t io : l  t r i a l s  cnd p-mc- 
t i cc ,  such es l e v e l ,  t e c k ~ i q u e ,  t ime,  31d T o m  of I ' e r t i l i z a -  

t i o n  w i t h  !zicrol;utrie,itc, a r e  coiisidered. 

I n  t i ~ i s  C O l i t c ~ t ,  a  vzluzt io . ,  i s  .ride of tk-c i r . 2 i v i : u ~ l  fnc -  



t o r s  cxe r t i r i -  2 li: ' ; 'ercr.tly s t r o n ?  i ~ l i l u e ! l c c .  , ~ e c i c l  a t t e x -  
t i o r ,  i z  ::.id t o  L~ctli tlie d i f f e r e n t  r l i c r o ~ l u t r i c n t  r e q u i r e -  

me!.:ts oi' t h e  i ~ ! d i v i d u c l  c r o ?  s p e c i c s  s :~d  t h e  su: .:,ly of  t h e  

e o i l  :. i t i :  t k c  r c c 2 e c t i v e  , : icronutricr , t .  

Thc c a l c u l s t i o n  of o r - ~ c i c  c a n u r i r i ~  i : idic; tcs t h e  e v z i i ~ . S l e  

a i ;~ounts  of  t h e  o ~ ~ . a l l i c  xanures  and t h e n  cef i : les  t : l e i r  die- 

t r i b u t i o n  t o  c r o p  s p e c i e c  and f i e l d s .  The a v s i l n b l c  a;..ounts 
of o y a i i i c  -rz.;;ureo e r e  d e t e r n i n e 6  on t h e  b a s i s  of t h e  , - ivcn 

q u a ~ l t i t i e ~  o r  t h e  n i v e n  l i v e ~ t o c k  i n  depenie i lce  oil t h e  t y p e  

all5 t j ize of l i v e s t o c k  r;:n!le.r,cqncnt durin.; t h e  y e n ,  i i o u s i ~ ; ~  

of t h c  anixcrls ,  end s t o m y e  of  t he  orr;e::ic n rnu ren .  The e x i s t -  

i ~ ~ y  s t o c k s ,  s u p ~ l y  ?roil o t h e r  fans, c r ~ d  d e l i v e r y  t o  o t h e r  

f s m s  s r e  t a k e n  i i i t o  accoun t .  

r i cqu i r caen t  s of  e i -v i ron - . cn t a l  eco logy  h2Ve t o  be c o n s i d e  r e d  

i:l ? l c - : ~ i n s  t h c  u se  of or-.~.::ic !a;:urer;, p e r t i c u l s r l y  of  
s l u r r y .  16'or t h i s  r e s&ol l ,  t h e  c o ~ , d i t i o n s  of  e!~viroi i : l .ental  
e c o l o ~ y  and t h e  ~ g c c i f i c  I-n? co;-;ditioiiz F r e  tz;:ii','l a 

s n e c i a l  1 :oz i t i on  e:,,o,;?st t h e  cor?.;lex of  f s c t o r s  co.isidcrcd. 

f o r  t h e  r c c o n :  e r t d a t i o ~ ~ s  on f e r t i l i z e r  u s c  (Tz'olc 6 ) .  

To have thcrn i ~ l c l u d e d  f o r  each  f i c l d ,  tile i o l l o c i c s  l i i r i t e -  

t i o n s  :.lay be y iven :  

- exclusion of aliy o r r a l l i c  cia:~urincr, 

- c o d  i::e~.:er.t t o  s o l i d  orcv.riic :;2curer ( e x c l u s i o n  o f  l i q u i d  
or-z: l ic  I z : u r e s ) ,  

- t c .  porzrJ-  ; : r o h i b i t i o n  of s l u r r y  e p r e a d i l : ~  t u r i r l c  t h e  y e a r ,  

- l i .  i t a t i o n  o f  a p p l i c a  t i o ~ ;  r ~ t c c  i ; i  k.s/'ha of  t o  t n l  nitro-2:: 
. > - -  L, c o i i :  c r .d jor  l i q u i d  o rez r , i c  ;;:n;!ures i l l  v e r i o u s  ~ C V C ~ S  

( 1 LL and 200 kg IJ/ha, r e s 2 e c r ; i v e l y )  



Table  6 Fac to r s  for ferlilizalion recommendation on organic manurine 

Fac to r s  of acronomv and  cultivation 

- Nutrient requirements and utilization by the  c r o p  s p e c i e s  

- Organic matter requirements of so i l s  

- Position in the c rop  rotation and organic manuring to preceding c r o p s  

- Soil c l a s s  and  nutrient l o s s e s  

- Kind. nutrient content. and  amount of organic manures  

Demands of environmental e c o l o ~ y  and  water nananement  

- Limitations regarding quantity 

- Limitations regarding time 

Fac to r s  of labour organizaiion 

- Ridability of the ground 

- Specia l  conditions for s t raw harvest ing 

- .4pplication methods 

- Transpor t  d i s tances  

- Time of manure production, removal of preceding c r o p  

- Sto rage  capaci ty 

- Euital:llity of  c rop  s p e c i e s  f o r  fertilization 

- Given times prol?ibilinc tho ap?lication of liquid orconic manure 

- 1:ind of o r ~ a n i c  manures  

Zpccific farm conditions 



I,O waser p r o t e c t i o n  zones, ground water  l e v e l ,  i n c l i n a t i o n  of 
a lope , management, and t h e  l i k e  i n  f e r t i l i z a t i o n  recommendations. 

F e r t i l i z a t i o n  recommendations a r e  given on t h e  b a s i s  of t h e  
. q u a n t i t y  and t ime of organic  manure p roduc t ion  . a t o r a g e  c a p a c i t y  . f i e l d  d a t a  . given t r a n s p o r t  d i s tances ,  and . parameters  f o r  t h e  use of organic  manures 
The f i e l d s  a r e  s e l e c t e d  by rank o r d e r  (GURLITZ, H.,  1978). 

The recommendation of f e r t i l i z e r  use s t a r t s  ou t  from t h e  op t i -  
m a l  t ime  epane f o r  t h e  i n d i v i d u a l  crops.  I n  how f a r  it is 
necessa ry  t o  r e c o w e n d  manure spread ing  beyond t h e s e  t ime 
spans ,  depends, f i r s t  of all ,  on t h e  a r e a  a v a i l a b l e  f o r  ap- 
p l i c a t i o n  (cropping p a t t e r n  and removal of t h e  p reced ing  c r o p )  
and t h e  e x i s t i n g  s t o r a g e  capaci ty .  These problems a r e  impor- 
t a n t  i n  connect ion w i t h  f a c t o r a  of l abour  o r g a n i z a t i o n ,  par- 
t i c u l a r l y  i n  case  of s l u r r y  a p p l i c a t i o n ,  a s  p a r t i a l l y  it has  
no t  y e t  been p o s s i b l e  t o  s u f f i c i e n t l y  coord ina te  cropping 
p a t t e r n ,  c rop  r o t a t i o n ,  s t o r a g e  c a p a c i t y ,  and spread ing  ca- 
p a c i t i e s  t o  t h e  q u a n t i t y  of slurry a v a i l a b l e .  

Farmyard manuring is c a r r i e d  ou t  according t o  t h e  known 
c r o p s p e c i f i c  parameters.  Due t o  t h e  high p r o p o r t i o n  of so l -  
uble  n i t r o g e n  c o n t e n t ,  t h e  r a t e  of s l u r r y  a p p l i c a t i o n  must 
be i n  accordance with the  n i t rogen  requirements 
of t h e  p l a n t  s t ands .  It, t h e r e f o r e ,  r e s u l t s  from t h e  N 
requirements  of t h e  p l a n t  a t a n d s ,  t h e  N conten t  of t h e  slurry, 
and t h e  minera l  f e r t i l i z e r  e q u i v a l e n t ~ . ( T h e  minera l  f e r t i l i z e r  
e q u i v a l e n t s  a l low t h e  comparison between t h e  n u t r i e n t s  of 
s l u r r y  and those of mineral  f e r t i l i z e r s . )  

A s p e c i a l  problem a r i s e s  i n  t h a t  t h e  s l u r r y  must be spread  
over  t h e  whole y e a r ,  t h a t  means i n  t h e  autumn and w i n t e r  
months, t o o ,  as f o r  economic reasons  the  s t o r a g e  c a p a c i t y  
cannot have any dimensions d e s i r e d  and s p r i n g  spread ing  cannot  
be performed w i t h i n  a  s h o r t  time f o r  r e a s o n s  of l a b o u r  



organiza t ion  i n  vicw of the  l a rge  animal houses and, hence, 
t h e  high quan t i t y  of slurry produced. 

To keep t h e  N l each ing  as low a s  pos s ib l e ,  it i s  recommended 
t o  mainly apply s l u r r y  on t he  b e t t e r  s o i l s  of t h e  farm i n  
autumn. Furthermore, the a p p l i c a t i o n  da te  i n  t he  autumn nonths  
is f i xed  a s  l a t e  as poss ib le  i n  dependence on t h e  s t o r age  
capaci ty .  A t  t h e  SaDe t ime,  it is attempted to combine it with 
ca t ch  cropping o r  s t raw -nuring. The dec l i ne  i n  N l e ach ing  
due t o  s t raw manuring is caused by an  FmElobilization of t h e  
s o i l  n i t r ogen  (Table 7). 

Thus, etraw manuring i n  genera l  must be s t r e s s e d  as a meas- 
u re  t o  reduce N l each ing  a t t r i b u t a b l e  t o  n i t rogen  r e s i d u e s  
from f e r t i l i z a t i o n  o r  m i n e r a l l t a t i o n  of s o i l  organic  mat ter .  
Catch cropping p a r t i c u l a r l y  e f f e c t s  a r educ t i on  of t h e  perco- 
l a t i o n  wate r  r a t e  through t h e  wate r  uptake by t h e  p l a n t 8  and 
t h e  N uptake from s l u r r y  a p p l i c a t i o n  and s o i l  (Table 7). 

To reduce N l e ach ing  a f t e r  autumn a p p l i c a t i o n  of s l u r r y ,  
i n v e s t i g a t i o n s  have been made dur ing  t h e  l a s t  y e a r s  i n t o  
t h o  use of n i t r i f i c i d e s .  The add i t i on  of N-Serve o r  Cyono- 
guanid in  t o  s l u r r y  i n h i b i t e d  the  n i t r i f i c a t i o n  of t h e  
s l u r r y  n i t rogen  i n  incuba t ion  experiments ( l o w  sand,  20 OC, 

50 p e r  c e n t  wate r  capac i ty )  and f i e l d  triale. 

3. Operat ional  n i t r o ~ e n  f e r t i l i z a t i o n  recommendations 
3.1. Topical  advice on t he  1st !u c i r e s s i n ~  t o  v i n t e r  c e r e a l s  

As f o r  reasons  of planning and a s  a b a s i s  f o r  dec id ing  on 
PK advance f e r t i l i z a t i o n  and l iming  t he  f e r t i l i z a t i o n  r e c a -  
mendations n u s t  be computed a l r eady  i n  t h e  summer of 
the  preceding yea r ,  it is only computation system 6 



Tab le  7 Leachinn l o s c c s  after s lu r ry  m a n u r i n  at var ious  soreedin@ 

da t e s  on a Sand-Rost-  E rde  soil ( S  5 D 2 0 / l r ) ,  1  September ,  

1971. until 31 .4ugust, 1q72 (potato) 

Date of s lurry Kutrienf l o s s e s  in !cg/ha 
spi-eading 

N K C a  h.'g 3 

320 !cg  ha as slur-ry August 

220 I:g N/ha as slurry August 

+ f t of s t rawlha 

320 I:g N/ha as s lur ry  .4u_~ust  

+ man~tring with 2.reen 

winter rawe 

320 I;g  ha as s lur ry  Novembcr 3 ?  23  144  10  2 

320 !:g N/ha a s  s lur ry  November 2 22 77 15 1 

+ 4 t  s l raw/ha 



'Xi t rogen F e r t i l i z a t i o n  i n  Spr ing1  which i n c l u d e s  t h e  
meteoro log ica l  c o n d i t i o n s  of t h e  preceding y e a r  and winter .  
But i n  this case,  too ,  i t  i s  not p o s s i b l e  t o  inc lude  i n t o  
t h e  c a l c u l a t i o n s  t h e  a c t u a l  meteoro log ica l  condi t ions  
d u r i n g  the  growing s e w o n  and t h e k  i n f l u e n c e  on f e r t i l i z a -  
t i o n .  It is, t h e r e f o r e ,  necessary t o  adapt t h e  N f e r t i l i z a -  
t i o n  t o  t h e  a c t u a l  meteoro log ica l  condi t ion6  l a t e r  on. 

S t a r t i n g  ou t  from t h e  n e c e s s i t y  of oons ider ing  t h e  d i f f e r e n t  
c o n t e n t s  of inorgan ic  n l t r o g e n  i n  t h e  s o i l s  (Kin = NO;-N and 
NH4+-~) i n  N f e r t i l i z a t i o n  t o  w i n t e r  c e r e a l s ,  cornprohenaive 
i n v e s t i g a t i o n 8  i n  this f i e l d  have been c a r r i e d  ou t  i n  t h e  
GDR e inor  1972. It appears  t h a t  a n  e s s e n t i a l  f a c t o r  of influ- 
enoe on t h e  y i e l d  i s  covered when i n c l u d i n g  t h e  Nin oon ten t  
i n  t h e  dimensioning of t h e  first  N d r e s s i n g  t o  o e r e a l s ,  .nB 
hence t h e  r e l a t i o n s  between N f e r t i l i z a t i o n  and y i e l d  a r e  
doecr ibed  i n  a  b e t t e r  way. 

The N c o n t e n t s  i n  s o i l s  summarized f o r  t h e  s o i l  g o u p s  of 
t h o  DS 79 programme i n  Table 8 show a  marked dependenoe of 
t h e a e  c o n t e n t s  on s o i l ,  weather and t h e  c rop  y i e l d  i n  t h e  
p reced ing  year .  

To g i v e  an  example it s h a l l  be s t a t e d  t h a t  a s  compared w i t h  
t h e  average of t h e  y e a r s ,  t h e  Nin q u a n t i t i e s  were h igher  i n  
1977 due t o  t h e  low crop y i e l d s  of t h e  p reced ing  y e a r ,  than  
i n  1975 when heavy p r e c i p i t a t i o n s  occurred i n  win te r .  

Since 1973, ooncrete  comrnents have been made i n  'Topical  
Advice on F e r t i l i z a t i o n '  i n  e a r l y  s p r i n g  on t h e  exac t  de te r -  
minat ion of t h e  f i r s t  N d rees ing  t o  w i n t e r  c e r e a l s  under 
c o n s i d e r a t i o n  of t h e  inorgan ic  N q u a n t i t i e s  i n  s o i l .  





Thcoe co::ncnts on the  c o r r e c t i o n  of ii i e r t i l i z a t i o l :  a r c  

~ i v e r .  in k : ~  Iz/ila a s  a d d i t i o n s  t o  o r  s u b t r e c t l o n s  frorr t h e  

f i r s t  I, d res6 i ; ; l c~  rocomnexded i x ~  t h e  p r i n t - o u t s  on 

f e r t i l i z a t i o n  clzich z r e  hal:<ed t o  t h e  f e r n s  s'or c rop  

p roduc t ion  a u i  the  c ~ r o c h c m i c t i l  ce::tres. Incy  c r e  v:orkcd 

o u t  f o r  21 c 1 i : ~ a t i c  zones  of  t h e  s o i i  rnd  e l l  t h e  c o i l  cpmups 
occugil~.; t h e r e  ( z l  t o z e t h e r  52 correctio!:  v a l u e s ) .  These 

c o r r e c t i o n  v a l u c s  a r e  based on t h e  c o n t e n t s  of ~ i i t r a t e  nni 
azuonium :litroger: dotersb .ed eve ry  y e a r  i n  l a t c  autumn end 

e a r l y  s p r i n g  i n  z t o t a l  of 1,6iG & o i l  s a n p l c s  f r o n  G-3C and 

31 -60 cm ( p a r t i e l l g  a l s o  61 - 1 0 ~  cn) dep th  i n  5 f i e l d s  p c r  

a ~ r o c t e m i c a l  c e i ~ t r s .  

h s  el80 t h c  l e a c h i n g  l o s e e s  a f t e r  a u t ~ n n  a p p l i c a t i o ~ l  of s l u r r y  

do n o t  o ~ i l y  depend on the  s o i l  c l a e s  b u t  d e c i s i v e l y  on t h e  
meteorological c o n d i t i o n s  i n  ailtu.m and w t z t e r ,  t h c s e   value^ 

heve t o  be equa l ly  c o : ~ s i d c r e i  i n  t h e  c o r r e c t i o n  of miners1  

nitro,qe:l f o r t i l i z r t i o n .  Thus tllc u u t r i e n t  supp ly  r 7 d i l l  be 

s u f f i c i e n t  and t h e  r e s i d u e s  kep t  i n  l i r i i i t s .  " J r e c t e s t  v a r i a t i o n s  

I n  Isin c o n t e n t  a r o  found on medium s o i l s  a s  on sandy s o i l  t h e  

n i t r a t e  : l l tmgen  is z h o s t  complete ly  v:ashcd o u t  by normal 
p r e c i p i t a t i o n s ,  wherees on heavy s o i l s  v.ith h i g h  water c a p a c i t y  

n i t roqe l l  t r a i l s l o c e t i o a  is  low ever1 a f t e r  heavy p r e c i p i t a t i o a s .  
Ths a s n u a l  d i f f e r e l i c e s  may reach  c o z s i d e r a b l e  values ,  

The e v ~ l u a t i o n  of p l o t  and fnrm-scale  d i s p e l t S  t r i a l c  and 
d e t a  c o l l e c t i o n  on t n e  farm shou: t h a t  i t  i s  p o s s i b l e  t o  r ecch  

b c t t e r  : i e l d  ~ t a b i l i t y  a d  t o  improve u t i l i z a  t io i l  of tile 

e,:isti:lo y i e l d  2 o t e n t i a l  by zearls of a;; eimed i; supply  t o  

v i in tcr  c e r e a l s .  



I n  tile 332, p l a z t  z n n l y s i s  a s  a  mcasure f o r  l o p e r a t i o l i c l  
f e r t i l i z a t i o n  a d v i c e '  i s  being c e r r i e d  o u t  i x  n i i ~ t e r  c e r c ~ l s  
ar.5 s h e l l  bo o p a l i e d  t o  o t h e r  crop s p e c i e s  ( s u z z r  b e e t ,  

v e ~ e t a b l c s )  i l l  f u t u r e .  bnder the  cor,dit ions of the  G 3 i i  i t  

h a s  been shovtn t h a t  the  i; n t e s  r e y u i r e d  f o r  r c a c n i n ~  h i r h  

c rop  y i e l d s  z l ~ i  maxiinum u t i l i z a t i o n  of tile yielci  p o t e n t i ~ l r ,  
a& a r u l e ,  chould be s p l i t  in tvdo d r e s s i n y s  becrufie of the  

d i c p o s i t i o n  of t h c  c u l t i v - t c d  c e r e a l  c r o : ~ ~  t o  ~ C J ~ ? ~ I T , .  > h i &  

should a l s o  apply t o  f u t u r e  v a r i e t i e s  v:ith b e t t e r  r e s i s t a x e  
t o  lodging. .:.herens the  Ilin con ten t  i n  s o i l ,  w i n t e r  p r e c i p i -  

t a t i o n ,  s;id the    oil c1i:notic r ey ion  ;;re meillly used f o r  

e x a c t l y  de tarmining the  f i r s t  n i t r o 7 e n  d r e s s i n g  cccord i% t o  
E3P f e r t i l i z a t i o n  recommendations, i t  i s  the  p l a n t ' s  n i t r o r e 3  
contel l t  a t  the  s t a r t  of ~ h o o t i q ~  t h a t  forms t h e  b e s i s  f o r  the  

exact  d e t e m i n z t i o n  of the  sccoild n i t roze r i  d r e s s i ? ~  t o  w i ~ t e r  

c e r e a l s .  

Szmpl- takee p lzce  v:hcn the  c e r e a l  p l a s t s  e r e  2C, - 40 cn 
k i g h  aild heve reached iQT;E;23 ~ t a g e s  1 t o  7. It i s  j o i n t l x  

~ r e g r r c d  gi.d c a r r i e d  ou t  by t h c  f e r n s  f o r  cro9 ~ r o l u c t i o n  
end t h c i r  ~ g X V ~ i l e 7 ! i ~ ~ l  cel i t rcn under  the  s u p e r v i s i o n  of the  
>,CiJ3 s t a f f  ~ e n b e r s .  ; . t t en t ion  n c s  t o  be pa id  t h a t  sufficie1:t 
t i i ~ ~ e  i s  l e f t  between t h e  f i r s t  n i t r o y e n  a r c s ~ i n g  LI!:~, p l ~ ~ i t  
sanpl iny.  T!le op t imal  time f o r  p l a n t  a l ln lys i s  i s  givel:  r . i t : ~  

the c e r e a l  p la i i t s  rcnchillg r l l c i ~ l l t  of between 3~ and 35 cm. 

ndithir. 4 days t h e  hCUB z.:algzes the  samples f o r  t h e i r  1 : i tm:~en  

c0nter.t olld conveys the  rcco;;l;;zc:llation f o r  r tecona n i t r o ~ e c  

l r e ~ c i n , f f  t o  t h c  f ~ m s  f o r  .crop r roduc t ion .  

?he fol1ov:ing stai-.dzr", s r e  va l i i i  f o r  the  e l a b o r t t i o r :  of tile 
f c r t i l i z z t i o r i  recomme~ldation on tile b z s i s  of t h e  !:utritio:lal 

s t a t u s  of t h c  p1n:it: . 



Very h igh  n i t rogen  con ten t  0 kg N/ha 
High n i t rogen  con ten t  30 ~g  N/ha 
Yedium n i t rogen  con ten t  N f e r t i l i z a t i o n  according 

t o  EDP recommendation 
Low n i t rogen  con ten t  11 

Very low n i t rogen  con ten t  19 

The e f f e c t i v e n e s s  of N f e r t i l i z a t i o n  is expected t o  be 
h i g h e s t  i n  t h e  low t o  medium rango of p l a n t  n u t r i t i o n .  
Therefore  t h e  complete EDP r a t e  is a p p l i e d  i n  this case.  
Very low N con ten te  i n d i c a t e  N d e f i c i e n c y  c a l l i n g  f o r  
immediate f e r t i l i z a t i o n ;  an i n c r e a s e  of t h e  FDP r a t e  is, 
however, no t  necessary i n  g e n e r a l ,  u n l e s s  t h e  EDP r a t e  3.8 
very  low (below 45 kg N/ha) o r  t h e  first N d r e s s i n g  had been 
higher .  I n  this case a n  a d d i t i o n  of 10 t o  20 kg N/ha may 
be advisable .  

Very d r y  weather a f t e r  t h e  fkst  N d r e s s i n g  nray cause f u r t h e r  
c o r r e c t i o n e  i n  the  fo l lowing  s t a g e s  of n u t r i t i o n .  

Deviat ion8 of t h e  mentioned scheme f o r  f e r t i l i z a t i o n  recommen- 
d a t i o n s  may a l s o  r e s u l t  from abnormal c rop  d e n s i t i e s .  If it 
is noted on t h e  d a t a  s h e e t  that high crude p r o t e i n  c e r e a l 8  are 
t o  be produced (without p rov id ing  f o r  a  t h i r d  d ress ing) ,  t h e  
second N d r e s s i n g  i a  f u l l y  a p p l i e d  even a t  h i g h  N con ten t s .  

A l l  t h e  o t h e r  f a c t o r s  of i n f l u e n c e  on t h e  N regime ( s o i l  
c l a s s ,  p r e c e d i q  crop,  organic  manuriag t o  preceding orop  
and main crop,  the  use of culm s t a b i l i z e r s ,  s p r i n k l e r  irri- 
g a t i o n )  a r e  considered i n  t h e  opt imal  l a v o l  of t h e  second 
d r e s s i n g  a s  is t o  be seen  from t h e  EDP programme, and gene- 
r a l l y  need not  be judged s e p e r a t e l y .  

4. F i n a l  remarks 

The i n t r o d u c t i o n  of t h e  e e r t i l i z a t i o n  system allowed t o  p l a n  
f e r t i l i z e r  use f o r  t h e  whole farm f o r  c rop  product ion a s  w e l l  



a s  f o r  eccn f i e l d  of t h e  fern ?;id t o  f u r t h e r  inp rove  t h c  

e f f e c t i v e n e s t ;  of c i t f i y e n  S c r t i l i z e t i o : ;  b;- nenne of t h e  LL)E 

r e c o ~ ?  :endat ion  and t h e  o p c r ~ t i o n e l  r e c 0 . x  czdnt ior is  ' T o ~ i c a l  

I.dvice ' a::d ' F l a n t  Ar:elysisq on n i t r o c e n  f c r t i l i z c r  a p p l i -  

c a t i o ~ l  t o  v:inter  c e r e a l s .  2 'ur ther  l i n i t c t i o n  of t!?e p o s s i b l e  

leac!licp; of f e r t i l i z e r  n i t r o g e n  is  oce o b j e c t i v e  of t h i ~ i  

f c r t i l i z a t i o l l  system. i. c e r t a i n  disa&vai:t&?e o f  t h i s  systeill 
c o n s i s t s .  i l l  t h a t  i t  i s  nccesce ry  t o  proceed. f r o n  l o a p t e r n  

..:can v a l u e s  detc1~1i:;cd iil f i c l d  o:id f a n - s c c l e  d i s p e r s e d  
trirls ir, e l c b o r a t i n q  ZDE. f e r t i l i z a t i o r ,  recox!::a:~&ntioi!s, and 

t i l a t  i t  i s  n o t  p o c s i b l e  t o  e x z c t l g  co:ic.ider i:~ edvr::ce t h e  

r c e t c o r o l o , ~ i c n ~  c o l l d i t i o l l ~  v.hich have a  p a r t i c u l a r l y  o t rong  
i n f l u e n c e  011 t h e  e f i ' ec t  of n i t r o , ~ e n  f e r t i l i z a t i o x ~ .  The lop- 

e r n t i o n a l  ' r e c o m l e n d e t i o l ~ s  011 t h e  ~ p p l i c a t i o n  of n i t r o  yen 

fertilizers t o  c i n t e r  c e r e a l s  and i n  f u t u r e  t o  f u r t h e r  c r o p s ,  
t o o ,  a t  t h e  s t a r t  of t!le q ro rv i r .~  season  2nd i n  ~ p r i r c  ~Gha l l  

reduce  t h i ~  problcin. 

The Ed1 p r o j e c t  ' r ' e r t i l i z a t i o n l  and the  ' ~ i ) e ~ t i o : ~ t l  f e r -  

t i l i z n t i o n  recOa:.;eildatioi;s I T o l ~ i c a l  i .dviccl  2nd ' E l r n t  

A ~ i a l y s i ~ '  c o r ; s t i t u t e  a  c e l l  ? roved b a s i s  f o r  6 e c i s i o z s  t o  
bc t a k a  by t h e  heads  of f a n s  f o r  c rop  p r o d u c t i o n  i n  t h e  

mariagcacnt, p l e c i A i n s ,  o r - a n i z a t i o n  and c o n t r o l  of  r ' e r t i l i z e r  
use.  E s t e ~ i s i v e  r e s c e r c h  ~ o r k  h a s  s t i l l  t o  be doue t o  con- 
p l c t c  t h c  s c i e n t i f i c  c h a r a c t e r  of t h e s e  fundarnerltal d e c i s i o n  

eids p a r t i c u l a r l g  r v i t i l  a  view t o  o v c r c o r e  u ~ c e r t a i n t i c s  r e -  

sultin.? f r o -  : e teo ro10 ,o ica l  co:iditio:?s aiid f u r t h e r  ninii:;ize 

t h e  .iiitrogc:l l o s s e s ,  e s p e c i a l l y  on l i y h t  s o i l s .  It  becomes 

c e c e s a z r y  t o  c a r e  f o r  t h e  conglex e f f e c t  of f  i e l d - r e l a t e d  
f  e r t i l i z n t i o n  rccoil :~~:e:iktio:~c,  JDE s p r i r l 2 l i r y  a d v i c e ,  2r.d t h e  

El& systela of ;cot  c o n t r o l .  Po t n i s  e ~ d ,  i t  i s  a d v i s a b l e  t o  
c c t  up oj:ti::.izntion ~ ; o d e l r  f o r  the  co.~;!lcx i:ltcEctio:l of 

t h e  i : : t c i ; s i f i c , ? t i cn  r ' c c t o r s  t o  bc i b l e  t c  ::c.kc b e t t e r  use  of  

t h c  2 o s ~ i b l c  co:nbinir-T c f f c c t s  t :~roil-k t~.st : :c: . lat icel  2::d 

c;-bcr::etic . .  e t h o d ~  i;;cl~.?i.:,o sgste-:s  E ~ ; F . ~ ; c ~ c ,  t o  O I - ~ ~ I ~ ~ Z C  



xore  ef ; 'cc t ivs ly  t h e  p o d u c t i o r .  p rocesses  ir. t h e i r  e:: t ircty 
(;iu;;d;i&., 1 j 7 3 ) .  This  w i l l  ~ o i ~ t r i b u t e  t o  mslcc z!c.ttcr 
c i rcu la t10 , i s  i:; ~ e t u r e  scd t h e  r e l e t i o n s  bctwecn .:ail and 
crivironncr.t ' o r e  e f f i c i e n t  f o r  t h c  b e x e f i t  of t h e  populetio,? 
and the  p m t e c t i o r .  of LA- = t u re .  
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POSSIBILITIES OF CONTROLLING NITRATE CONCENTRATIONS I N  
D R I N K I N G  WATER 

I n s t i t u t e  f o r  Water Supply and Hydraulic Engineering 
Warsaw Polytechnic  Univers i ty  
Poland 

I n  t h i s  paper,  it i s  emphasized t h a t  the a n a l y s i s  of  t h e  problem 
o f  n i t r a t e  concentrat ion i n  t a p  o r  d r ink ing  wate r  should a l s o  
t a k e  account of o t h e r  n i t rogen  forms (organic  n i t rogen ,  ammonia, 
n i t r i t e s ) ,  which under c e r t a i n  condi t ions  may be transformed 
i n t o  n i t r a t e  ni t rogen.  Three i n t e g r a t e d  non-point sources  of  
n i t rogen  e n t e r i n g  t a p  water can be i d e n t i f i e d ,  inc lud ing  both 
n a t u r a l  and anthropogenic fac to rs :  ( a )  n i t rogen  substances  
contained i n  s t o m w a t e r ,  (b)  n i t rogen  substances  leached o u t  
of  s o i l  and farmlands, e n t e r i n g  t h e  groundwater, and (c) n i t rogen  
substances  i n  s u r f a c e  runoff .  Based on t h e  r e s u l t s  of  va r ious  
s t u d i e s  c a r r i e d  o u t  i n  Poland, t h e  t h r e e  n i t r o g e n  sources  a r e  
descr ibed i n  d e t a i l .  Taking account of  the al lowable  s tandards  
o f  n i t rogen  concentrat ion i n  wate r  resources  f o r  p u b l i c  supply 
and i n  dr inking water ,  t h e  c u r r e n t  n i t rogen  hazards th rea ten ing  
po tab le  water a r e  presented. The r i s k s  occur mainly i n  small  
l o c a l  water  d i s t r i b u t i o n  s y s t e m  which r e l y  on shallow ground- 
waters .  I n  l a r g e  water  supply s y s t e m  u t i l i z i n g  s u r f a c e  water ,  
t h e  main problem is organic  n i t rogen  and ammonia compounds. 

I n  conclusion, t h e  main d i r e c t i o n s  of  research on n i t r a t e s  i n  
t a p  water a r e  presented.  Operat ional  exper ience has  shown t h a t  
t h e  t r a d i t i o n a l  methods o f  water  t reatment  a r e  q u i t e  i n e f f e c t i v e  
a s  regards  n i t r a t e  e l imina t ion .  I n  view o f  t h i s ,  a t t e n t i o n  i s  
drawn t o  t h e  s i g n i f i c a n c e  of "non-treatment methods* involving,  
among o t h e r s ,  implementation of a dual  water  supply system. 
Such a system o f  var ied  q u a l i t y  water  d i s t r i b u t i o n  permits  a 
r a t i o n a l  u t i l i z a t i o n  of good q u a l i t y  water resources  f o r  s a f e  
d r ink ing  water supply t o  t h e  population. 



VARIOUS KITHOGEN FORivIS I N  WATER 

Eiecussion of  the  problem of water  n i t r a t e s  shouid a l s o  t a k e  
account o f  o t h e r  n i t rogen  compounds occuring i n  water. A s  known, 
t h e  p r a c t i c a l  evaluat ion of  water q u a l i t y  invo lves  assessment o f  
t h e  following n i t rogen  forms: - organic  n i t rogen  11;-org/ contained i n  organic  n i t rogen  

coumpounds /p ro te ins ,  peptones, amino a c i d s ,  p y ~ i a i n e ,  urea ,  
amines, e tc . / ,  - ammonia - ni t rogen  /N-HH4/, - n i t r i t e  - ni t rogen  /N-NO2/, - n i t r a t e  - ni t rogen  /N-NO /. 

These var ious  forms of  nit?ogen a r e  t o  occur  a s  i n t e r r e l a t e d  
and, depending on water  condi t ions ,  the  i n d i v i d u a l  n i t rogen  sub- 
s tances  may undergo changes, one bei- converted i n t o  another ,  a s  
i n  the  fol lowing diagram: 

The above diagram does no t  include t h e  whole cyc le  o f  conversions and 
a l l  t h e  n i t r o g e n  forms occurr ing i n  t h i s  cycle.  Therefore, t h e  dia-  
gram cannot be a b a s i s  f o r  t h e  development o f  a dynamic model of  
n i t rogen  balance i n  water. Lever theless ,  i f  t h e  content  o f  n i t r o g e n  
compounds i n  water a t  a given time i s  being considered, it may be 
assumed t h a t  t h e  content  o f  t h e  mentioned f o u r  forms o f  n i t rogen  
makes up t h e  so-ca l led  t o t a l  n i t rogen  / t o t a l  f i x e d  n i t rogen  - N-Tot/ 
contained i n  water  a t  a given time: 

llhe amount o f  organic n i t rogen ,  ammonia-nitrogen and n i t r i t e -  
-ni t rogen should be i n t e r p r e t e d  as p o t e n t i a l  amounts o f  n i t r a t e -  
-nitrogen, s ince  under t h e  condi t ions  which favour  minera l i za t ion  
o r  organic m a t e r i a l  and n i t r i f i c a t i o n  processes ,  organic  n i t rogen ,  
ammonia and n i t r i t e s  may be eventual ly  converted i n t o  n i t r a t e s  
/ a t  the  same time a c e r t a i n  p a r t  o f  n i t rogen  may be l o s t ,  due t o  
var ious  causes/. Apart from t h a t ,  from t h e  po in t  o f  view of t a p  
water  q u a l i t y  c r i t e r i a , t h e  a m o n i a  n i t rogen  content  i t s e l f  i s  o f  
s i ~ n i f i c a n c e ,  a s  it must not  exceed c e r t a i n  values.  The same 
a p p l i e s  a l s o  t o  n i t r i t e - n l t r o g e n  but ,  i n  view of  poor s t a b i l i t y  
of n i t r i t e s ,  it i s  a r e a i a t i v e l y  minor problem. 



Thwrut ior l ly ,  tho mouroem of  pornpoint nitre- water o o n t d -  
m t i o n  r y  be d i v i d d  in to  natural  and .pthpOpo@o. The natural  
marroom inolude: r /  mbmtanoom o u r i e d  out f r o m  natural  moil and 
ground am r r o m l t  of oromion a n d l u c u ,  b/ p r rc ip i t r t ion  with 
r m l i e t  c o n t a t  of w n i r  and nitratem ar ia in6  from e l eo t r i o r l  
dimohmrgom in tho rtwmphero, o/ underground r a t e r  oomi.za6 tap to  the 
marfrom from moil lryerm r i ab  r i t h  U r a l  nitrogun oorpo~nda, 
d/ biologio origin wbmtrpoea /=tor birda axor.murtm, pollem, 
lervee,  .to./. Th. urthmpogenic notaroem of n i t r omn  n t e r  aonta- 
r in r t ion  inoludor r/ fo r t i l i e e r a  and mumre u t i l i eod  in qgx-ioultmre 
and foremtry, b/ uormmontm of a n b a l m  bred in tho opan mpuio 
/p.imturom/, o/ indnmtrial oon tu ia rn ta  of fm d r  piolcrbup by 
prmoipitrtien, d/ mtorrrrtor --off h m  tho marfro. of i n d u m t r i r l  
md  urban mruu, e/ r u t e r r t e r m  filtrating info  the r o i l  from 1- 
meptio trpLU m a d  other a m -  unit., f /  w u t m t e ~ .  applied f o r  
f r r r  uul format orop irrigation.  

Thmorutiorl o lumif io r t ion  of noqpoint osotfrfnurtm info 
BAtUX'd and a m p 0 6 d 0  ID of 1- t b O ' m t i 0 0  of 
. ~ l r i r o o y p t  oantrol, mino. in w m t  ouem the natural and 
# d o  .aproem of owntaminntion arm overlapping. TWm n y ,  PI- 
n i t r o m o  mbmtanoem o u r i e d  a n y  fmm moil tbrPryh eromion and 
leaohing mrge  u i t h  n i t r ogad0  aabmtanoem 00- irw f u t i l i r o r m  
m d  u z l m d  axorrultm. lhterr2 oontomt of I mnd nitrrtom in 
the d r  wrgm with n i t - d o  mbmtamoem of IPQUtM eri6in. 
Pmtural mr f roe  nm-off md mrf roe  ntu f l o m  rrr rPriahod with 
nitro#- o o r p o ~ ~ d o  originating f n m  i n d n m t r i r l  and rrrbrn uwm. 
Under mob oirouutamo~m it  i m  rdrimrble to oeslmidmr int-ted 
momroom of dimparmod nitro- oontrdnantm, i.e.8 

-nitro- rpbmtanoem oontrinod in mtorrrrtmr i n o l u u  tho 
nrturrl mbmkpaem uul d r  0-t-tm pied up favm froo 
*r - nitre- r~bmtmoom 1eroh.d out favm moil and trumforrmd 
in to  m d  r r t e r ,  i n o l u d i q  , r b ~ v e  a l l ,  nitro#- 0- 

00- f t o r  fert i l inerm m d  -, u roll u from mewe 
rppl ior t ion f e r  lmd i r r i m t i o n  o r  Miltrating in to  t h m  
grmxnd tror differmat .mvera&a d t m ,  and m i l  - h a r d  
m i t r o ( 5 . ~  001POllPd.. - nitro- oorporrndr oontrinod in aarfroe nm-off, nrtrvrl o r  
00- fmm o r m o  o r  r iPe r r l  f u t i l i n e r m  md r U i 0 0 m  
oontrrinurtm -oh g m t  i n t o  the g o ~ n d  marfro.. 

H i t r o m  mbmtrpae oonourtrrtion in m t o r r r r t u  rrriem 
u i t b  r r i d e  rur- md dep.adm rriP1y om rdnfrll level. The t o t r l  
rolumo of n i t r o g a  00- in mtorrrrtor ir rlmo rffeotod by d r  
pollution level. Tablo 1 promatm tho avoamgo w n i r  nitro- mnd 

n i t r a t e  nitroe- oonoomtration l . r o l m  in mtorrrrtor xua-off in 
. g i o u l t u r r l ,  i n d n m t r i r l  and w u n t d a  arerm , q rmportod by 
A. Cho jproki /1971/. Bit- lo rd  on the nufrom during m e  y u r ,  
rooordCry to  Cho jnroki /197 I/ i m  r m  follormr - f o r  qgx-iaoltural are-: 4.1 - 10.5 k&u If-NHq; 1.7 - 5.2 

w/hm fl-BO . 6.7 - 16.1 U / h r  B-Tot., - f o r  i ndumt&l  uu: 4.1 - 20.6 LC/h. M a 4 ;  10.5 - 4.0 
H-BO,; 6.6 - 24.5 u/hm B-Tot., 



~- - - - - - ~  

' I  ~ . t r  from 1 1  wtooro log ie  atation. 

2 /  ~ t a  from 3 w t - r o l o g i s  mtationm 

3' htr from 2 mmt-rologie a t r t iona  



-for mnantrin rrarm: approximately 19 k g / h  P-NH4; 4.9 - 7.3 
kg/hr Y-NO3; 24.0 - 26.4 k g h  P-Tot. 

Thama volumes of nitrogen load, oomparad with tha w-t of 
nitrogenoum fart i l iaarm m a a d ,  my be oonmidarad migdfiomt.  

Conomntrrtion of nitrpguroam mbmtancem leachrd-sut f r p r  the 
moil dapmdm on numawus factor., the nost bportamt of rhiah are 

the f a r t i l i z a r  dome. type of s o i l  and eechPioa1 demigu of the 
moil drainago myatem. h b l e  2 prammts nitrogen oolllpaundm 
oonoentrrtion in drrinr(le n t a r  from m c rpa rhen t a l  oorn f i e l d ,  
rooordbg to  tha mtudiam by S m y m a b k a  /1978/. Soil  f i l t r a t i o n  
oomffioimt on thim f i a l d  r m  3.9 - 11 .9 o d d ,  d r a b  pipa mproing 
n m  9 - 21 or ,  m d  drain dapth n m  1.2 r. It o m  ba mam from 
h b l a  2 tha t  tha rraxmgo oonomntrrti of t o t a l  nitrogem in drriPoga 
m t a r  mm rpprori.uta1y 15 g Y-Tot/mYwith the f a r t i  Ear applioation 9 r a t e  of 138 kg N/ha, m d  rpproximmtaly 18.3 g %Tot/- with tha t  
of 276 kg Y h r .  For mothar  f i e l d  atudiad, S t y r d r r r  /1978/ 
report8 mel.krd.1~ h1gh.r aranqta trogen oonouitrrtion i n  d r a h m g o  "3 n t a r ,  approrirt.17 40,5@-Tot/m with tha r l i o r t i on  m t a  of 
125 kg t./hr, and r p p r o d r t a l y  52.4 6 I-Tot/m%th that  of 
250 kg x/h. 

Tabla 3 pruarpta tha raaul t8  of 8tudia8 kq Uor~wmki m d  
Bartomaawioa /1977/ who found high var ia t ion of  nitrogan 
oolpaundn oonorzrtrrtion in ground a t t a r ,  dapomdlry & P l y  oa tha 
type of land uma. On foruaat rmrm, whore no l i n a r r l  f a r t i l imar r  
ware maad, oonomatrrtion of nitro6.n oompounds in m d  n t a r  and 
-in go dltoham n 8  rmlr t i ra ly  l o r ,  amounting t o  approxbrta ly  
4 ./r) Y-Tot, -la on m ~ i o l l l t u r r l  .ream oonoentrrtion 9f nitro- 
oorpoundm in #round +.tar w m m  r p p r o a t a l y  15 g N-Tot/- , m d  in 
drlinaga dltoh = t a r  - approripstaly 10 g Y-~ot/m3. W.rdow8 mnd 
pmmtura arar8 warm oharaotari.%rd by r r a l r t i v o l  hi& oontmat of 3 or&o n i t ro6m in m d  n t a r  /2.5 g X-org/m /. 

The Oontent of nitro6.n 00apo-d8 in - 4 f f  from tba 6-d 
mrfaoa dapmnds n r t nml ly  on tha typa of l rnd  u8a. Tabla 4 premmta 
tha raoulta of mtudiaa Kootaoki /1980/ on nitrogen oolpo~rrdm 
oonoentrrtion in nan-off from orop f i a ldo ,  1leadow8, pmmtura8 m d  
foreat  mrea8. T h i m  author f-d t b t  the u u n r d  load of nitro- 
in marfaom n t a r  m t r u  fram orop fialdm n 8  approximmtaly 
10 4 Y/ha. (kt of t h r t ,  n i t r r t a  n i t m g m  oontent -tad t o  
r p p r o r i r t a l y  '8.4 kg N h .  A high load of  nitrogen n m  d 8 o  
or r r i ad  out from tha mrf roa  of mardorm and pm8turao - rpproxlamtaly 
1 1.5 4 N/hr; in t h r t  or.., howovrr, the r jor p r r t  of 1 t -8 
or&o n i t m g u ~ ,  00- probably from ulkpl u o r r m t m .  Zh. 
mtudiam by Yo8t .oki  /1980/ d t with r .MU n t a r  b m m i n  with tha 
mrfroo of r p p r o r i r t a l y  25 3 . hma8ekFari02 /1976/ & p a d  
ni tA6.n oorpopnds balmom in n t a r  rrm-off in to  tha Vimtula 
Birar from a vary l u g a  bamin. It8 marfaom ru &pprorimtaly 
170,000 d, that i m  about 5s $ of the t o t a l  a m r  of P O ~ ~ C L .  
Ha found that  the annual load of n i t rogm oorporrodm n8hed  out 
f n  tho w f r o a  ram rpprox in te ly  4.1 kg 1ITot/h' /1.6 kg H 4 r g / h a ,  
0.6 ka B - T / h r ,  1.9 ks N-Y03/ha/. 



h b l e  2. nitrogen oompounda ooneentratlon in drainrge n t e r o  
from amp field., aooordiry to Szp- /1974/ 

1 Nitrogen form 1 F e r t l l l ~ e r  applioation j R r t l h e r  applioatlon j 
; rate 138 ke W/ha I rate 138 kg N/ha f 

! I 



Table 3. Nitrogen oo-d8 oonoontration in ground n t e r  
md drainwe ditohea in arena of differart  l m d  uoe 
/a rerye  rrlueo during 1973-74/ 

PNI - ---- 
I -1 

I 1 Hit-- onoatration, j - I n p m o f n t e r !  E X / -  3 ! 

0-p 80i l  ~ d i p l  0- 
1 on mmdy loam. I 
F e r t i l i ~ e r  0.9 10.8 1 8.1 / 9.8 

I 
I------'-------" I I I Head018 mud pm80roD. I./ m-d n t e r  12.5 
h 0 k  D O U D  On 10080 
I omdl ooilm. Ib/ n t o r  ~n I I 
I h r t i l i s o r  applioatim! dlLID ditoh 
I ra te  80 -/'ha I - I--- 
I Conifer01.m foreotm. !I/ urotmd ntor 1 1.5 ) 2.7 1 0.3 4.5 I Loom. a d 7  #oil  I I 1 I 
1 without fortil isero. b/ n t e r  in I I I 

I -attoh 2 .  3 0 ! 3.8 
I 



Yhile dimmmmlng the problem of nonpoint 80uroe8 of n t e r  
oontrrinrt ion r i t h  nitrogen oorpormdm i t  mboald be rrpbrmilmd 
t h r t  nitrogonourn f e r t i l i r e r a  r r e  d 8 0  ur indireot  orume of 80- 

point 8onroe8 of n t e r  oon t rder t i en .  F e r t i l l ~ e r  rmofrotud.ng 
plmtm diaohrrge n a t e n t e r a  with r high oonoentrrtion of nitro- 
gen oorpouud8. Groriea /1977/ report8 the follouing ooncentrrtion 
of nitrogen oorpopnda in wratenterm dimoharged from r f e r t i l i z e r  
~mrrfactud.ng p lu r t  : - o r g d c  nitrogen /~-org/ 275 - 1579 - dtrogmn /]Y-m4/ 317 - 931 d m 3  - n i t r i t e  nitrogen D - N O  / 3 -12.79 e l m  - n i t r r t e  nitrogen D-No2 3' 73 - 642 - totml nitrogen /&Tot/ 854 - 2459 d m  

F e r t i l i z e r  p l m t 8  a180 diachrrge large  volume8 of nitrogen 
oorpaunb. i n t o  the a i r  &oh 8 p r u d  m d  are ,  in tam, a 8orrroe of 
marfaom oontrr inu~tm / t h r o w  t.iPfa.Ll/. 

Tbe prommom e f  nitrogen oorprupdm in publio n t e r  &ply 
aorrroem hr8 f r o  ampoot8: f i r a t l y ,  too high oonoentrrtion of 
n i t r o g a  oorpopndm in t r p  n t e r  i 8  duq~exvu8 f o r  the population 
hemlth, and aeoondly - the  oontent of n i t r o g m  oorpoupd8 in r i v e r  
o r  8t-u n t e r  frrourm eutrophication and plankton arawth which, 
iP turn, 0.er.e toohnioml p z ~ b l r a  10 n t e r  trurtwpt. 

Vith rafer.noe t o  health r i8k ui8-  Srom the  content of 
n i t r o g a  o o q ~ ~ ~ ~ d m  i n  n t e r ,  the follorin(l r o o o t i o n a  of 
*Vrter Quality Cri ter iaa  /1972/, a report prepared for  the U . S .  
Bbrironmmntrl Protaotion Agoaoy, m y  be qaotoar - *<kr the baaia of rdrmrae phymiologiorl effoot8 on infmmta 

m d  boean8e the defined trrrtmont proom88 ha8 no mffoot on 
the rowvml of n i t r r t e  i t  i 8  reoorwnded that  the  n i t ra t*  
ai tavgmn fi-NO / oonoentrrtion i n  publio n t e r  supply 
momme8 not exo2ed 10 &lorn 

-*a the  b ~ i 8  of i t 8  to r io i ty  mmd lo- pranoamord effeot  
than n i t r r t e ,  i t  i 8  rooo-aded tha t  n i t r i t d t r o g m  /N-YOZ/ 
oenoentration in publio n t e r  supply 80uroea not eroeed 
1 w/l.* - *Beoauae .nia may be iPdiQative of pollution m d  kouaae  
of i t 8  aignifiommt effeot  on ohlorinrt ion i t  i 8  rooo-ended 
t h r t  w n i r a i t r o g e n  /N-UE4/ o o n o a t r r t i o n  in publio n t e r  
supply amroe8 not u o e e d  0.5 -/I. 

Ibe  Pollah mtmdmrda on the qamlity of n t e r  mpply 80ume8 
diatinguimh three 0lU8.8 of n t e r  purity:  

Claaa 1 - n t e r  80WOe8 of pmblio n t e r  supply f o r  food 
indnmtq md aml-n-type f i a h  brooding, 

C l u m  2 - n t e r  mapply a m m a  u t i l l a e d  in f i a h  breeding 
/exoept f o r  8-n-type fish/, t o  n t e r  m i r n l a ,  f o r  
reoreation m d  n t e r  aport., 

~1-• 3 - n t e r  mapply aouroem f o r  induet- /exoept f o r  food 
inbe t - /  m d  i r r i g r t i o n  of omp field.. 



m l e  4. A n r y  uacmrl oanoatrr t ion of nitro(- ooqpomrda 
i n  run-off =tor and urmrrl 10- of nit-an lmaohul-out 
from differant areas, rooerdbag to  batmoki /1980/ 

I I I I 
Ni t -  0opo.ntrrti.n ; x b . ~ l f f  from: Ih,-eff ~ m ~ ~ 4 f f  f- i PO 10.d il -ff -to. 10-P f i e l a  1-wo - !fom.t - I 

I I I p..buu. 1 i t 

I-- I 4 - - - 4  I Yitro6an oonorPtrrtiolr f I 
I 
I 

I 
I j - n o n *  h3 i 0.38 1 .2*87 

i - hb, d m 3  i 0.w i 0.42 1 
I 1 - WBO2 * d m 3  I 0.01 i 1 - Nno; dm3 j 0.n 
I 1- nTete d m 3  I 3 0 9 6  1 4.14 1 1-25 1 

I - m a *  nit-a 
i 

I r' 
I 

I 

i 
1 -  Bows ly n h -  I 

I 
I 1 1 8.03 1 0.09 

I I t I 

I 
* ly n h -  i 1.33 I i 0.47 i '-" 

1 0.09 0.17 I f i 0.01 1 

f I i 8 . b  2.15 0.02 i i 8 
I lo.8s i I 1.54 t I i i 0.n I 

I 
I 

I 
I 



?able 3 preaenta the quali ty 8tanBprd.a f o r  water mpply 
80Um08 a. regards nitrogen oolpormda oonoa t ra t ion ,  applying in 
Poland. &aide8 those atmdnrdm, there a re  Plao drinlcing water 
quali ty atanQrda rhioh a t a t e  that  the oonoentrption of m n i a -  
-nitrogem /x-NE4/ in d r b k h g  r a t e r  u8t not exowd 0.5 m/l, and 
that  of nitrat-nitrogur /N-NO - 10 w/l. 

3' 
With r y a r d  to k u t r o p h i c a t i o n  it may be  s a i d  t h a t ,  fcr t n i s  

reason, a lower oonoa t ra t ion  of nitro-n oompoxulda would be 
desirable, 8inoe i t  ha8 been generally acoepted that  the rimk of 
e u t r o p l h i c a t i o n  and a l g a e  growth a r i s e s  a l r e a d y  w i t h  t h e  n i t r o q e n  
oompounda oonoentration axoeeding 0.3 mg/N-Tot/l. 

In la rger  r rn ic ipa l  water mpply myatems i n  Poland there i s  no 
problem of nitratem. Yiohrow8kn a t  al .  /1979/ report  that out of 
a t o t a l  of 24 l a rger  o i t i e s  /over 1001000 thournand population/ 
studied, nitratm-nitrogen o o ~ e n t r a t i o n  did Pot exoeed 2 lb N-No /1 
in 14 oitiem, in 7 o i t i e a  i t  remained within 2 - 5 m& 8 4 0  /I, d d  
in 3 o i t i e a  - within 5 - 10 lb N-NO /1. N i t r i t e  oontent in3tap 
water of tho80 oitiem did not u o e e a  0.) Y-NO,/l, nnd in 1) 
o i t i e a  i t  warn lower thrp 0.01 6 N-NO~/I.  he &t quoted arm the 
average uanual values. 

~ o b l e  6 preaenta fluotnationa of nitzwgen oompounds oontent 
in the Viatula River n t e r ,  the largemt Po1i.h r i v e r ,  dnr- the 
reoent few deoadem. The Viatula River n t e r 8  have the l8 t  o h 8 8  
of pur i ty ,  rpd i t  may be meen that  the oonoentration of differmnt 
form8 of nitrogen in r i v e r  mater appmaches the permissible 
valuea /Tabel 5/. A t  the a u e  time, m n i a - n i t r o g e n  oonourtrptian 
already eroeed8 the t o l e r a b l e  c o n c e n t r a t ~ o n  l e v e l s  f o r  d r l n k i n g  
n t e r .  Table 6 r l8o oontaina datr on the inormaaed ut i l imrt ion of 
fer t i l imera  in Poland &ring 1937-1980. 

S m l l e r  n t e r  mapply sy8t.rn8 and i n d i v i d u d  looal  water mpply 
8ystsr8 baaed on ground n t e r  are  rt r greater  r ink of high oon- 
oentration of nitrogen oompoundm. Pilawaka and Tom6 /19?1/,braed 
on the studies oarr ied out a t  the Szczecin region Dorth-Weatem 
par t  of Poland/ report  t h r t  apt  of r t o t a l  of 381 ~0118 tented in 
1970, 20 $ had oonoentration of up t o  10 lb &NO 11, 30 $ - 50 - 99 
mg N-YO /1, and in PO $ the ooncentration exceeds  100 rng N-No~/I. 
~ h o  rbo4e data point o ~ t  a t  a hazam~oua effeotr  of n i t r o t e  od the 
quali ty of water supplied by 8 y 8 t u s  baaed on ground water o r  . 
distributing water t o  a m d l  ~ r s d  emtste8 o r  individual hou8lng8. 

PROGRUOlE OF INVESTIGATIONS ON THE PROBLEW OF NITBITS TAP WATER 

The problem of nitrogen oompormd8 in tap water i 8  of a oompla 
nature and, therefore,  i t 8  aolution requires multi-directional 
steps. The f0l l0Ubg motion8 may bo mentioned Pi the m a t  important: 

I Improvement of orop tsohnology a i red at ~ e d n o d  u t i l i -  
r r t i o n  of nitrogenous f e r t i l i e e r s ,  t h e i r  pore effeoSive 
appliort ion and reduotion of f e r t i l i z e r  leakago fmm 
.oilr 

I1 Iden t i f io r t ion  of rain moproea of nitrogen urte'rln& 
water rumouroes in the indir idnal  regions, f i e l d  atudiem 
on apread-out ond l i p t i o n  of nitrogur 0olpopnd8 in 
.oil and water enrironmant, mathematiod lodell- of 
thoae phenomena. 





frblo 6. Vtilimrtion of d n o d  fertilinera uxd fluoturtiona 
of nit-on 00- oonoontmtiom SP river n t o r  

/ i u r  
I 

14 M / h  

I 
I 

C1 

I 1 1934 
i s n / r  j 2.0. 
1949/50 1 6.2 
1959/60 i 16.4 

I I I 
1969h0 r 40.2 0.041 I 1 . 0 1  2.851 
1979/80 i 69.0 f 5 3 3.604 

I - -t 
I I 



III Imprormnnt of -tor t r u b o n t  toohnolo6y, mind a t  tho 
d r r a l o p w ~ t  of offootiwa r t h o d .  of nitro- 00- 
.-tion. 

I V  mwalopw~t  of himy offooti.u -tho- of rrmt.rrtu 
t m t w n t  u rrCub. dmuitrifiortion md r t o r  ragaam- 
ration, 

V Doraloprmt md improruurt of r t o r  mupply m d  
..r.ryo 878t.U 

-roplro.wnt of lo& m y s t a s  vlth rwional  aymte~a, - u t i l i u t i o n  of diffox-ant r t o r  aotuoom prrr i t t -  tho 
rrdnotiom of n i t r r t o  oenourtrrtion in tap rtu, 

r p p l i o r t i e n  of n t o r  app ly  my8tur diatributin(r 
difforont-quality n t o r  /&aal vator mpply m y m t m / ,  - rppliortion of n t o r  0 l 0 8 ~ i ~ t i O l ¶  8yatr8.  

VI h6 ionr l  8tUdi.8 m a d  w o w 0  Uady.0. of fh. 0ffwtirno.s  
of difforont twhpioal 8o ln t io~u  in ordrr t o  n l o o t  tho 
o*timr doaim for  tho oonbitionm of r gim region. 

Harm r ro  .on oo&atm on tho montiend a i r  dirootiena of 
doroloprrnt md mtudi08, 

w r o r u r p t  of r ~ r i o u l t r u r l  toolanology rurtioned in I, may 
thwrmtioally harm tho ~ ~ t a l  for  provmntion of n t o r  
00n t r r rn r t io~  e t h  nitT06.o 00-8 b t ,  a PMtL00, 0-t 
oxpoot s-iiorrrt offoot. hot. booma.. tho @ a o l h u m l  a d u s t r y  
rill oonourtrrto, rboro all, on tho inarormo of food procbotion. 
S8-h /1978/ report8 r wthod of ruQloin6 r i g r t i o n  of nit- 
00- into tho .oil, i,., rooiroulrtion of drmhag. r t o r  r i t h  
h i e  dtT06.o 00-d. 0 0 n o u r t r r t b ~  Md i t 8  -80 for  0- 
irrigmtion, 

I 

mold .ha08 tho -tian of d t - 6 ~  mb8tm0.8 in tho 
mri-t md n t h v r t i o a l  rodollinb of tho80 *OWWP. /it- II/ 
should p o d t  futrrrr fomimt ing  of ohm608 in n t o r  romauoe8 
quality mnd f o m  r b u i a  for  tho pmprr ragirrirl water a p p l y  
--to 

hpror-t of vatu twhnalogy mimod a t  tho o l fdn r t ion  of 
nit=- 00-d., maation~d in 111. i 8  n.o088rq, a h 0 0  tho 
pmaent 'mothod. of n t o r  trufi.nt uw 80 frr Laoffwtiro u 
row* nitro- ooqwpnd., e.pmOial17 nitrate., -1.7 prr8.pt. 
tho rr.rlt. of 8tpdi.8 en Ohmlhga. in nitrogma oo4aamd8 o o n t a t  
in tho 0-80 Of l t r r d i t i u  DO-d of tmtrzlt, i.0, 
modhaatation, rapid flltamtian /no oo&rtioa/, aud alm 
f i l t r r t i on ,  Tablo 8 giro. , a i d l u  roarlt8 oonauniry nnothor 
t r rdi t ioPrl  wthod of water t r w t w n t  u8in6 oodiwntation, 
ooquh t ion  /in pul8rtora/ mad rapid f i l t rat ion,  Mono of tho- 
rthodm ruQloo8 n i t r r t e  oonturt, rrrd in or80 of r t o r  tmWt 
plant uming .low f i l t r r t i o n  tho r o 8 u l t w  n i t r r t o  oonourtration 
i8  oron 8lishtly inoroa~ed duo to the n i t r i f ior t ion  prooo88, OPo 
of tho wthoda of nitrogoan oompouub. o w t i a n  i 8  ion -. 
Ko8id.H ot  11, /1974/ in their  m h d i . 8  on tho rppliortiom of 
8olootiro ion in rrpnir ol ir inr t ion from n t o r  hrr 
obtdaod tho r o d t m  oonfi- that tho wthod i 8  toohPio11ly 
off iciur t  md oost-off.otiro. 



Table 7. Flnctuationm of dtrO6en oompound. 00noIPtration b the 
o-rme of tradit ional n t e r  treatment prooemmem 
medimantation - rapid f i l t r a t i o n  rithomt oorgplation, 
urd mlou f i l t r a t i on  /data re fe r  to  the averwe onnriml 
vmlnem b a l u g e  r i ve r -n t e r  t r e a t n n t  plant/ 

1- --- - - . . - - n -  
I I Conomutrrtion of nitrosur oompotmd. in n t e r  I 

Conmema tin I I 
prooemmer s n/m3 I 

I L- : a-C------=d 
i i I I Krs 1 m 4  i YUo3 1 *IO I ' ~ o t  ------- I 2 :  

.-,I.-----*---- 

I 1 I I 

i 
Rmv n t e r  

"1 
0073 1 0.054 1 1.3 1 3,604 1 ! I - I ------- -an---( 

i i i i i 
After m d ~ ~ t a -  f I I 8 1 
tion I I 

1 I I I i 
I 

/12 h - t a t i on /  ! 1.26 1 0.69 ! 0.054 1 1-45 3.454 

After rapid 
f i l t r a t i o n  

- - - - - - - - - ---- - 7- ---- 3 --- -- 
--- - - - - - -- - - 

i - - -  f I I 
After mlov I I 1 I 

I 
f i l t r a t i on  10.78 1 0.17 1 0.004 ; 1.9 I 2.854 : 
,,,, ,L--l,n,--l,,,------L---.-- 



Tab10 8. Fluotuationa of nitrogen oompamda oonoantration in tho 
oour8e of traditional rater treatmnt prooeoaoa: 
80dimentation, ooagulation /in pulaatora/ and rapid 
f i l trat ion /&ta refer to tho average annual rrlu.8 in 
r large river-uator treatment plant/ 

i i i j After nedimenta- j I I 
I I 

I tion I I I I f i !/12 h retontion/ 1 1.26 , 0.69 1 0.054 1 1.45 1 3.454 

f After coae la t ion  i i I i i I 
~ 8 . t o r m /  0.85 1 0.47 1 0.007 1-35 2.677 I +- -------- ---- !. -----*--a-.--La-- I 

f After rapid i i I i i I i I i 
I f i l trat ion j0.44 0.44 1 0.009 1 1.4 2.680 j 
L - , -  ,,,,, - ---- 



Vas ten te r  deni t r i f ioat ion mrptioned in IV. i s  a t  present 
oonsidered mainly from the point of d e w  of prevent iw r ive r  and 
lake n t e r  e u t r o p h l c a t l o n .  However, f o r  that  reason, the mthod 
has not been mff io ien t ly  i r p l m n t e d  because i t  i s  believed that  
e u t r o p h i c a t i o n m a y  be oontrolled l o r e  e f f w t i v e l y  through phosphorous 
level  oontrol in v a s t e n t e r s  disohorged in to  the reoeiving n t e r s .  
In Poland deni t r i f ioat ion has been considered mainly a s  regards 
indus t r i a l  wastewaters disoharged from nitrogenous f e r t i l i z e r -  
-mufao tu r ing  plpat8. Bo*o a t  al. /1976/ and Vr6bel e t  a1./1W9/ 
oarried o?at p i l o t  s tudies on n i t r a t e  e l i d n a t i o n  through algae 
oulture. Us* this mthod, the authors obtained 30 - 50 $ 
elimination of nitrogen from nstewaters .  

The steps in developrent and improvement of water mpply and 
sewercye systems mentioned in V. include a number of methods rimed 
a t  the solution of the problem of tap water nitrogen; they may be 
defined a s  mnon-treatmentm methods. In general, they o o n d s t  in 
elimination o r  rrduoed u t i l i z a t i o n  of n t e r  sources with a high 
n i t r a t e  oontent. A s  a ru le ,  these methods ore aasociatrd with 
higher oosts  of transportation and sometimes a lso  m o r e  expensive 
w a t e r  distr ibution.  One of the solutions of that  type may be a dual 
n t e r  mpply system in whioh higher-quality water /in thin oaae - 
low n i t r a t e  oonoentration/ is dis t r ihated through a separate systam 
f o r  population and food industry, while lower-quality r a t e r  
/higher n i t r a t e  oontent/ is dis t r ibuted through another network 
to  the remaining users. Fro- the eoonodo point of view, the dual 
n t e r  supply syatema is  f e ~ i b l e  when the inoreased oosta of 
transportation sad dis t r ibut ion of two types of r a t e r  a r e  
oolpmsated f o r  by coat ma-a remalting from the e l i m i n a t i o n  of 
expensive method of nitrogen removal. Technioal, eoonodo and 
sanitary ~ p e o t s  of dual water supply syatams were analyzed by 
Roman /1978/. 

Regional s h d i e a  postulated in item Yf. ahould p e d t  the mos t  . 
effeotive solution of the problem of p ro teo tky  d r i n k i n g  w a t e r  f r o m  
eroesaive nitrogen compounds oontent, with regard to the speoifio 
oonditions of a given region. It seema that  no universal aolution 
to  t h i s  problem w i l l  be found, a s  each region, dependin6 on i t a  
land use sad oondition of water reaouroes, w i l l  require d i f ferent  
s o l u t i o n s  t o  t n e  p r o b l e m  o f  n i t r o g e n  i n  d r i n k i n g  w a t e r .  



Chojnaold A. /1971/ The oontant r i n a r r l  oomponmtm in atlomphario 
praoipitat ion i n  re la t ion t o  nntural m d  .oonorio oonditionm 
in Polmd. Polimh Journal of Soi l  Soionoo Vol. 1II.Ro 1 
P. 39-46. 

Groliao U.J. /1m/ Parforranca analymim of the prirorJ treatment 
of r u t o u r t a r  f- r lrr- nitrogan f a r t i l i z a r  plant. -grams 
in Uatar Tmobnolo(n. Vol. 8 Yom 4/5 p.747-754. Pe-P R r m m .  

J u m m U r r i o z  T. /1976/ Uimlko6O i oh-tarymtyka ardunkn u o t a  
rrztaosa.@ PIP= U i m a ~  & Uon~r  Bai tyokiago. /Quantity urd 
oburctarimtiom of the nitrogen load dimohugad i n t o  the  
Balt io Sar by the Vimtula r i r a r ,  i n  Polloh/. Oompobuk. Uodnr 
34 Ya 11 p. 318-325. 

Komtaoki W, /1980/ -1ogiomr brdrnir  . rb io rn tk  srpor~uogo 
I ~M.  C4~66 111. Zrrrrto64 nriqzk6r rmotouyoh o m s  ioh 
bilaa8 r oprdaoh rt=mfaryo=yoh i a p L m  pouiamohiouyoh 
ma mlorrri brepo6rodulaj. /-lo6iod invamtiuationm on 
hrw Romrrvoir. Wt 111. Iha oantent of nitrogen oompound. 
.nd *air balmoa in rninfn3.l~ a m  mrfcoa -off from direot  
o r t o l u n n t  rru, in Pollah/ A r o h i m m  Oahrary Srodorirlcr No 1 
p. 89-98. 

L., Ult. Z., l?zaobovmka It., Orrbid .k&nianka A., 
kblcormka n., 0maor.kcCypryk K., Xraymstafilr. B. /1976/ Bmda- 
nia  ~d a l i r in ro jq  ~ o t n  za 60imk6r p n . 1 ~ . 2 0 ~ o h  POW- 
hodorli &-6r /Studiam rmrrl of n i t r w o n  opt of tha 
krdumtriol r r m t m t a r  by wur oul tu r r  of d p a ,  i n  Pollah/. 
Arohimr Oohrony Srodorim~n Xo 2 p. 225-234. 

K o m i d . k i  U., ruhnlra T., Rr2ormki L., S i t o r r  Z. /1974/ V - d a  
rnotu w n o w 6 0  s r6d i h i r L 6 r  n r  drodza a a l r k t ~ a j  m a n y  
jonowj. /B.ro* ~ n i r  n i t r o g a  f r e m  n t a r  uui r u t a n t a r  
by tho malmtira ion arohanga rathod, in Pollah/. Ciompodarka 
Vodmr Val. 34 NOD 8/9 p.319-326. 

Wuprmkl Z., Eu-tommarioz A. /1977/ G W t a  ron Nitra t  - -nitam - und andarmn lonrn +I Cnmdrormar ki untarmohiadliohar 
Bbha dar  %iaaralbagung /The u a r u r t m  of P i t r r t e ,  -ni- and 
other ions contrinrd in ground water a t  diffa-t lavala of 
r ine ra l  far t i l imrt ion,  in G~Z.IPP/. h-ohiv fUr Aokar - und 
Pflan%enbau und Bedaabnda 21. H 3 p. 231-238. krlin. 

Pilarmkm H., T o d  D. /191/ U y m i k i  b a d d  d d  mtu&iamnyoh r tare- 
nu voj. m z o ~ a o ~ a ~ o  r rmpekoie profi laktyki dimantrrrryoh 
! & a t r ~ 6  Piomrl4t .  /me l '06~lt~ of d-6 -tar t amthg  in 
the Ssosaoin Prorinoa A r n  undertakm o, r prophylaotio 
r r s r r r o  -st al+wntrry poimoriq  of i n f ~ t m ,  in Polimoh/ 
RoozniLi Pubtrorago Z u a d u  Higimny Vol. 22 No 6 p.665-671. 



B o w  M. /1978/ Eoononiorl, techuioed and sani tary  aspeots of 9.0 

of d is t r ibut ion  s y ~ t s l  with d i f f e ren t  qualitiem of rotor .  
International  Water Supply Asmooiation 12 t h  Congress Kyoto 
1978, Sesion of International  S tmol lng  C o d t t e e  on Water 
Distribution. Subjeot 3. 

Szylrriraka B. /1978/ BaQnia nad zarorto60iq zriqzk6w biogennyoh 
r odplyuaoh z p61 meliomruryoh /Investigation on the oontent 
of nu t r i en t s  in d r r inyewa te r  from agriorrlture area ,  in p o l i d / .  
Gompodarkr Voclna. Vol, Yo 10 p.295-297, 

Water qual i ty  C r i t e r i a  /1972/ h p o r t  of the C o d t t e e  on Water 
QuPli ty  C r i t e r i a ,  E a r l r o ~ l e n t a l  S+Pdies Board, National 
Aoaduq of Soienoes, National Aoademy of R~glneerin(l, 
U . S , & r l m w t r l  Protaotion U a ~ o y .  VambFngton. 

Wiohroraka B., Varielmia B., hngial-ChabZo J., ZJorrL K,, 
Viadrowmka B. /1979/ Zri4zk.i asotowe i niekt6re r e t a l e  r vo- 
d i e  wodooiqgorej w Polmoe /Nitmgen oorpound. and oar to in  
n t r l s  in tap n t e r  in POland, in ~ o l i s h / .  B o o z U  -trow- 
go ZrLladm Eigisny, Vol. 30 Yo 5 p.487-490. 

WAbel S., Borb6ma M., h o k a  E., b w k o r i o ~  S. /1979/ Elimination 
of nitrogen oompoundm from dimoharged waters of o h d o r l  
inQ1mtry on p o s s i b i l i t i e s ,  of t h e i r  u t i l i z a t i o n .  Amhivtu 
Oohrony Smdoriakm Yo 1 p. 25-35. 



POSSIBILITIES OF WATER MANAGEMENT FOR PROTECTING AND TRZATING 
D R I N K I N G  WATER RESOURCES I N  CASE OF NITRATE POLLUTION 

D. Lau t e rbach  and  H. Klapper* 

I n s t i t u t e  o f  Water Management 
B e r l i n  
German Democrat ic  Repub l i c  

Th i s  p a p e r  g i v e s  an  overv iew o f  some o f  t h e  methods f o r  managing 
t h e  n i t r a t e  problem from t h e  p o i n t  o f  view o f  w a t e r  management. 
The main t y p e s  o f  methods d i s t i n g u i s h e d  a r e  t h o s e  f o r  r educ ing  
o r  p r e v e n t i n g  n i t r a t e  i n p u t s  i n t o  w a t e r  b o d i e s ,  f o r  c o n t r o l l i n g  
o r  t r e a t i n g  w a t e r  bod i e s  w i th  t o o  h i g h  a n i t r a t e  c o n t e n t ,  and  
t r e a t m e n t  i n  w a t e r  works. Within t h e  f i r s t  g roup  mentioned,  
p a r t i c u l a r  a t t e n t i o n  i s  g iven  t o  t h e  e s t a b l i s h m e n t  o f  d r i n k i n g  
w a t e r  p r o t e c t i o n  zones ,  w h i l e  t h e  d i s c u s s i o n  o f  t h e  second  group  
a d d r e s s e s  methods such  a s  h y d r a u l i c a l l y  c o n t r o l l i n g ,  o r  b i o l o g i -  
c a l l y  t r e a t i n g  s u r f a c e  w a t e r  b o d i e s .  Ion exchange and a r t i f i -  
c i a l  i n f i l t r a t i o n  a r e  recommended f o r  implementa t ion  i n  wa t e r -  
works. 

*This  pape r  was p r e s e n t e d  by R .  E n d e r l e i n ,  I n s t i t u t e  o f  Water 
Management, B e r l i n  



1. I n t r o d u c t i o n  

I t  i s  t h e  o b j e c t i v e  o f  t h i s  Seminar t o  demonstrate how 

i t  i s  p o s s i b l e  by methods o f  system a n a l y s i s  t o  t ho rough ly  

i n v e s t i g a t e  t h e  n i t r a t e  l o a d  o f  d r i n k i n g  water  resources  

and which q u a l i f i e d  d e c i s i o n  bases f o r  a l t e r n a t i v e  e o l u t i o n s  

i n  t h e  framework o f  r e g i o n a l  water  management have t o  be 

e labora ted.  W i t h  t h i s  i n  mind i t  i s  u s e f u l  t o  g i v e  a  

su rvey  on some p o s s i b i l i t i e s  f o r  p r o t e c t i n g  and t r e a t i n g  

t h e  d r i n k i n g  water  resourcee,  e imu l taneous l y  showing t h e i r  

p o s i t i v e  and n e g a t i v e  aspects.  The s c i e n t i f i c  as w e l l  as 

t e c h n i c a l  and t e c h n o l o g i c a l  fundamentals on wh ich  t h e  

processes a r e  based s h e l l  o n l y  be ment ioned inasmuch as they  

a r e  r e q u i r e d  f o r  p rope r  unders tand ing.  

I t  i s  n o t  t h e  a im o f  t h i s  l e c t u r e  t o  g i v e  a  complete i n t e r -  

n a t i o n a l  survey .  On t h e  c o n t r a r y ,  we want t o  speak about some 

exper iences made i n  t h e  GDR i n  t h i s  respec t .  Accord ing t o  

Lauterbach,  Tiemer,  Busch and Luckner (1977)  i t  s h a l l  be 

p o i n t e d  o u t  t h a t  t h e  raw water  f o r  d r i n k i n g  water  s u p p l y  i s  

coming f rom t h e  f o l l o w i n g  sources :  

The f i r s t  p o s i t i o n  on n a t i o n a l  s c a l e  i s  taken by  the  ground 

water  s i n c e  more than  70% o f  t h e  d r i n k i n g  water  demand a r e  

s a t i s f i e d  f rom t h i s  source.  I n  many r e g i o n s  t h e  s u p p l y  i s  



cove red  from r e l a t i v e l y  s h a l l o w  ground w a t e r  v e i n s  which 

a r e  o f t e n  no t  a t  a l l  o r  i n s u f f i c i e n t l y  p r o t e c t e d  a g a i n s t  

c o n t a m i n a t i o n  by impermeable c o v e r i n g  l a y e r s .  

La rge  r e g i o n s  of t h e  h i g h l a n d s  and t h e i r  f o r e l a n d s  a r e  

s u p p l i e d  w i t h  d r i n k i n g  w a t e r  from d r i n k i n g  w a t e r  r e s e r v o i r s  

which have  been s p e c i a l l y  b u i l t  f o r  t h i s  p u r p o s e ;  t h e  lowland  

r e g i o n s  a r e  p a r t l y  s u p p l i e d  from l a k e s .  

F i n a l l y ,  i n  overcrowded i n d u s t r i a l  and m u n i c i p a l  r e g i o n s  

t h e r e  e x i s t s  t h e  n e c e s s i t y  of t a k i n g  s u r f a c e  w a t e r  from 

r i v e r s  and l a k e s  i n  o r d e r  t o  e n r i c h  t h e  ground w a t e r  a r t i -  

f i c i a l l y ;  i n  i s o l a t e d  c a s e s  i t  is  n e c e s s a r y ,  however,  t o  

d i r e c t l y  t r e a t  t h i s  raw w a t e r  which  i s  g e n e r a l l y  of  v e r y  

poor q u a l i t y  i n  w a t e r  works. 

I n  t h e  f o l l o w i n g  we want t o  d e m o n s t r a t e  p o s s i b i l i t i e s  of 

p r o t e c t i o n  and  t r e a t m e n t ,  however,  i t  must be immed ia t e ly  

a c c e n t u a t e d  t h a t  measures  of p r o t e c t i o n  a r e  a lways  g i v e n  

p r i o r i t y  ove r  measures  of t r e a t m e n t .  A s  i n  many o t h e r  s p h e r e s  

of s o c i a l  l i f e ,  t h e  known p r o v e r b  i s  a l s o  t r u e  i n  t h i s  f i e l d ,  

i . e .  " P r e v e n t i o n  i s  b e t t e r  t h a n  c u r e " .  

Fo l l owing  t h i s  p r i n c i p l e ,  t h e  s u b s e q u e n t  i d e a s  s h a l l  be s u b d i -  

v ided  i n t o  3 main s e c t i o n s :  

1. P o s s i b i l i t i e s  f o r  r educ ing  o r  p r e v e n t i n g  a  n i t r a t e  i n p u t  

i n t o  w a t e r  bod i e s  

2. P o s s i b i l i t i e s  of c o n t r o l l i n g  o r  t r e a t i n g  w a t e r  b o d i e s  w i t h  

t o o  h igh  a  n i t r a t e  l oad  



3.  P o s s i b i l i t i e s  o f  t r e a t i n g  t h e  n i t r a t e - l o a d e d  raw water  

i n  t h e  process o f  t r ea tmen t  t o  d r i n k i n g  water  i n  water  

works. 

2. P o s s i b i l i t i e s  f o r  reduc ing  o r  p r e v e n t i n g  a  n i t r a t e  i n p u t  

i n t o  weter  bod ies  

2.1. O r i n k i n q  water  p r o t e c t i o n  areas 

S ince i n d u s t r i a l i z a t i o n  o f  t h e  economy i n  g e n e r a l  and o f  a g r i -  

c u l t u r e  i n  p a r t i c u l a r  i s  making g r e a t  p rog ress  - t h e  same i s  

t r u e  o f  p r o g r e s s i v e  u r b a n i z a t i o n  i n  many areas - b u t ,  on t h e  

o t h e r  hand, t h e  p r o t e c t i o n  o f  d r i n k i n g  water  resources  i s  t h e  

number one p r i o r i t y ,  e l l  e f f o r t s  a r e  concen t ra ted  on supp lement ing  

and s t i p u l a t i n g  measures t o  be taken i n  s p e c i a l  d r i n k i n g  water  

p r o t e c t i o n  areas.  To t h i s  end, a l l  exper ience and knowledge has 

been comprised i n  a  d r a f t  s tanda rd  which i n  t h e  near f u t u r e  

w i l l  be approved by  a l l  a u t h o r i t i e s  respons ib le .  Now we want 

t o  p resen t  a  few r e s u l t s  as f a r  as n i t r a t e  p o l l u t i o n  i s  concerned. 

Catchment areas o f  water  bod ies  o r  p a r t s  o f  t h e  l a t t e r  wh i ch  

e r e  used f o r  o b t a i n i n g  d r i n k i n g  water  o r  wh ich  a r e  s u b j e c t  t o  

s p e c i a l  p r o t e c t i o n  th rough p r o h i b i t i o n  o r  l i m i t e d  u t i l i z a t i o n  

a r e  l ooked  upon as d r i n k i n g  water p r o t e c t i o n  areas. 

The e n t i r e  a rea  t o  be p r o t e c t e d  w i l l  be subdivded i n t o  v a r i o u s  

zones:  see F igu re  1. 

The p r o t e c t e d  zone 1 i s  t h e  zone o f  d i r e c t  water  ob ta inment ,  and 

w i t h i n  t h i s  zone d i r e c t  p o l l u t i o n  o f  t h e  w i t h d r a w a l  u n i t s  would 

be  ~ o s s i b l e .  Ad jacent  t o  t h i s  zone t o  t h e  o u t s i d e  comes p r o t e c t e d  










































































































































































































































































































































