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PREFACE 

One o f  t h e  p r i n c i p a l  p r o j e c t s  o f  t h e  Task on Env i ronmenta l  
Q u a l i t y  C o n t r o l  and Management i n  I IASA1s Resources  and Envi ron-  
ment Area i s  a  c a s e  s t u d y  o f  e u t r o p h i c a t i o n  management f o r  Lake 
B a l a t o n ,  Hungary. The c a s e  s t u d y  i s  a  c o l l a b o r a t i v e  p r o j e c t  
i n v o l v i n g  a  number o f  s c i e n t i s t s  f rom s e v e r a l  Hungar ian 
i n s t i t u t i o n s  and IIASA ( f o r  d e t a i l s  see WP-80-187). 

A s  p a r t  o f  t h e  c a s e  s t u d y ,  d i f f e r e n t  l a k e  e c o l o g i c a l  models 
and w a t e r  q u a l i t y  management models a r e  under  development .  The 
n u t r i e n t  l o a d s  p l a y  a  C i s t i n c t  r o l e  i n  b o t h  k i n d s  o f  model ing.  
T h i s  i s  e s p e c i a l l y  s o  i f  a  compar ison  o f  t h e  v a r i o u s  approaches  
i s  a l s o  c o n s i d e r e d ;  c e r t a i n l y ,  t h e  same l o a d i n g  f i g u r e  must b e  
employed. The o b j e c t i v e  o f  t h e  p r e s e n t  p a p e r  i s  t o  d e t e r m i n e  
a  n u t r i e n t  l o a d  e s t i m a t e  f o r  Lake B a l a t o n  which w i l l  t h e n  s e r v e  
a s  a  b a s i s  f o r  a l l  t h e  model ing work. 
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1 .  INTRODUCTION 

A r t i f i c i a l  e u t r o p h i c a t i o n ,  a t y p i c a l  problem o f  today ,  i s  a 

r e s u l t  o f  t h e  i n c r e a s e  i n  t h e  amount o f  p l a n t  n u t r i e n t s  e n t e r i n g  

wa te r  bod ies .  I n  t u r n ,  t h e s e  wa te r  n u t r i e n t s  a r e  c l o s e l y  r e l a t e d  

t o  t h e  development o f  t h e  su r round ing  reg ion .  Thus, t h e  d e t e r i o r a -  

t i o n  i n  wa te r  q u a l i t y  shows t h e  c o n f l i c t  between t h e  develop-  

ment o f  t h e  i n f r a s t r u c t u r e  o f  t h e  a r e a  i n  q u e s t i o n  and t o l e r a n c e  

of t h e  a q u a t i c  envi ronment .  

I t  f o l l ows  from t h i s  argument t h a t  a wel l -grounded knowledge 

of  t h e  n u t r i e n t s  r each ing  t h e  l a k e  i s  o f  pr imary  impor tance,  

independent  o f  whether  p r a c t i c e ,  l a k e  r e s e a r c h ,  o r  t h e i r  combina- 

t i o n  is  cons ide red .  Th is  knowledge shou ld  i nvo l ve  d i f f e r e n t  

n u t r i e n t  forms, and t h e i r  r e s p e c t i v e  s p a t i a l  and temporal  changes.  

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

demands f u r t h e r  e x p l o r a t i o n ,  a c r i t i c a l  i s s u e  from t h e  v iewpo in t  

o f  w a t e r  q u a l i t y  management. 

The o b j e c t i v e  i n  t h e  p r e s e n t  paper  is  t o  d i s c u s s  t h e  problem 

o f  n u t r i e n t  l o a d s  i n  Lake Ba la ton  (F igu re  1 )  i n  t h e  above c o n t e x t .  

The paper  shou ld  a l s o  a c t  a s  a background r e p o r t  on  t h i s  f i e l d  

s e r v i n g  b o t h  f o r  l a k e  e c o l o g i c a l  and wa te r  q u a l i t y  manaaenent 

model ing, and o t h e r  p r a c t i c a l  purposes.  The paper  i s  o rgan i zed  

a s  fo l l ows .  

-1-  





I n  C h a p t e r  2 ,  a  c l a s s i f i c a t i o n  o f  d i f f e r e n t  n u t r i e n t  

forms,  i n v o l v i n g  t h e i r  dynamics,  i s  g i v e n ;  f o l l o w i n g  i s  a 

d i s c u s s i o n  on  t h e  amount and q u a l i t y  o f  a v a i l a b l e  d a t a .  Next ,  

a n  e s t i m a t e  o n  t h e  y e a r l y  and monthly a v e r a g e  n u t r i e n t  l o a d s  

based  p r i m a r i l y  o n  t h e  raw d a t a  ( f i v e  y e a r  l o n g  o b s e r v a t i o n  

p e r i o d )  i s  p r e s e n t e d  and summarized i n  a  form t h a t  can  b e  

e a s i l y  used  b o t h  f o r  l a k e  e u t r o p h i c a t i o n  mode l ing ,  where a t  

p r e s e n t ,  f o u r  c o u p l e d  l a k e  segments  a r e  d i s t i n g u i s h e d  (van  S t r a t e n  

and somly6dy, 1980) , and management model ing (Kov6cs e t  d l . ,  

1980; Bog6rd i  e t  a l . ,  1981) .  

The o b j e c t i v e  o f  C h a p t e r  3 i s  t o  a n a l y z e  t h e  c r e d i b i l i t y  

o f  t h e  phosphorus  e s t i m a t e s  worked o u t .  D i f f e r e n t  k i n d s  o f  

u n c e r t a i n t i e s  a r e  d i s c u s s e d  ( d a t a  s c a r c i t y ,  u n i d e n t i f i e d  o r  

unmoni tored s o u r c e s ,  e tc . , )  and a n  e f f o r t  i s  made t o  r e f i n e  

t h e  o r i g i n a l  l o a d i n g  f i g u r e s ,  employ ing a n  e v a l u a t i o n  o f  t h e  

s o u r c e s  o f  n u t r i e n t s  ( e r o s i o n ,  f e r t i l i z e r  u s e ,  p o p u l a t i o n ,  e t c . , ) .  

Fur the rmore ,  a  r a n g e  a round  the mean l o a d  a c c o u n t i n g  f o r  s t ~ c h a s t i c i t ~  

and u n c e r t a i n t y  is  g i v e n .  I n  t h e  s u b s e q u e n t  c h a p t e r ,  a  b r i e f  s u r v e y  

i s  p r e s e n t e d  o n  n u t r i e n t  r e l a t e d  m o n i t o r i n g  and mode l ing  work 

i n  t h e  l i g h t  o f  t h i s  p a r t i c u l a r  l a k e .  F i n a l l y ,  c o n c l u s i o n s  a r e  

drawn o n  t h e  p r e s e n t  s t a t e  o f  the n u t r i e n t  l o a d i n g  prob lem and 

f u t u r e  r e s e a r c h  i s  recormended.  

I t  is  n o t e d  h e r e  t h a t  a  p r e l i m i n a r y  s t u d y  o n  t h e  n u t r i e n t  

b a l a n c e  was p r e v i o u s l y  e l a b o r a t e d  (van S t r a t e n  e t  a l . ,  1 9 7 9 ) .  

With r e s p e c t  t o  o t h e r  a s p e c t s  o f  t h e  c a s e  s t u d y ,  t h e  r e a d e r  i s  

r e f e r r e d  t o  van S t r a t e n  and ~ o m l y 6 d y  (1980)  . 

2. ESTIMATE OF AVERAGE LOADS BASED ON AVAILABLE DATA 

2.1 C l a s s i f i c a t i o n  

P l a n t  n u t r i e n t s  e n t e r i n g  t h e  l a k e  a r e  e i t h e r  o f  p o i n t  s o u r c e  

o r  non-po in t  s o u r c e  o r i g i n .  Both o f  them c a n  b e  6 i v i d e d  i n t o  

two g r o u p s ,  d i r e c t  and i n d i r e c t  l o a d i n g  t y p e s ,  depend ing  on  how 

they  r e a c h  t h e  l a k e .  T h i s  d i s t i n c t i o n  w i l l  b e  used 

o f t e n  i n  t h i s  r e p o r t .  Fo r  i n s t a n c e ,  a  n u t r i e n t  

form o f  d i f f u s e  o r i g i n  t r a n s p o r t e d  t o  t h e  l a k e  a c t u a l l y  a s  a  

p o i n t  s o u r c e  th rough  one o f  t h e  t r i b u t a r i e s  (and n o t  d i r e c t l y  

a s  a  l i n e  s o u r c e  a l o n g  t h e  s h o r e ) ,  is  c a l l e d  i n d i r e c t  non-po in t  

source . .  S i m i l a r  d i f f e r e n t i a t i o n  i s  made between d i r e c t  and 

i n d i r e c t  p o i n t  s o u r c e s ,  t h a t  i s ,  sewage l o a d s .  I n  t h i s  r e g a r d ,  



t h e  f o l l ow ing  c l a s s i f i c a t i o n  o f  n u t r i e n t s  e n t e r i n g  Lake Ba la ton 

can be  made: 

( a )  N u t r i e n t s  c a r r i e d  by t r i b u t a r i e s ,  i n v o l v i n g  

(i) i n d i r e c t  sewage; 

(ii) i n d i r e c t  non-point  sou rce  l o a d s .  

( b )  Sewage l oad ing  

(i) d i r e c t ;  

(ii) i n d i r e c t  (which a l s o  be longs  t o  ca tego ry  a (i) ) ;  

(iii) a t h i r d  group i s  formed by s p e c i a l  sewage 

l o a d s  which a r e  d i scha rged  t o  f i shponds ,  

marshland,  etc . ,  and o c c a s i o n a l l y  d r a i n e d  

d i r e c t l y  o r  i n d i r e c t l y  i n t o  t h e  l a k e  ( s i n c e  t h e r e  

i s  a tempora l  change i n  t h e  d i r e c t  vs .  i n d i r e c t  

c h a r a c t e r ,  t h e  e x p r e s s i o n  mixed seuage l o a d  

w i l l  b e  u s e d ) .  

(c)  D i r e c t  non-po in t  sou rce  l o a d i n g  

(i) urban s tormwater  runo f f  from towns and v i l l a g e s  

a l ong  t h e  s h o r e l i n e ;  

(ii) non-point  sou rces  from t h e  d i r e c t  v i c i n i t y  

(wa te rshed)  o f  t h e  l a k e  ( r u r a l  a r e a  which does 

n o t  be long  t o  t h e  sub-watersheds o f  permanent 

t r i b u t a r i e s )  ; 

(iii) a tmospher i c  p o l l u t i o n  ( w e t  and d ry  d e p o s i t i o n ) ;  

( i v )  groundwater  i n f i l t r a t i o n .  

Some o f  t h e  l o a d  components l i s t e d  above can h a r d l y  be  

s p e c i f i e d  i n  p r a c t i c e  (sewage l o a d  from t h e  non-sewered a r e a  

i n  t h e  v i c i n i t y  o f  t h e  l a k e ;  l oads  o r i g i n a t i n g  from an imal  farms 

and s o l i d  was te  d i s p o s a l  sites; groundwater  i n f i l t r a t i o n ,  etc.  ) . 
For t h e s e ,  t h e  t e r m  u n i d e n t i f i e d  s o u r c e s  is  used. 

Subsequent ly ,  t h e  q u e s t i o n  o f  a v a i l a b i l i t y  f o r  a l g a e  shou ld  

be d i s c u s s e d  b r i e f l y :  a  mass ba lance  o f  t h e  a v a i l a b l e  n u t r i e n t  

forms i s  o f  pr imary  impor tance i f  e u t r o p h i c a t i o n  i s  cons ide red .  

Concerning phosphorus,  f o r  example, t h e  or thophosphate-P d e r i v i n g  

from a t r i b l l t a r y  loaa. i s  com._nletely ava i lab1.e .  P- lnost t h e  sane  

c a n b e s a i d  abou t  n u t r i e n t s  o f  sewage o r i g i n .  Our knowledge o f  

t h e  a v a i l a b i l i t y  o f  t h e  (TP - (PO4-P ) )  forms i s  more l i m i t e d  

(van S t r a t e n ,  1979; Logan e t  a l . ,  1979) ,  i . e .  t h e  rest o f  t h e  



t o t a l  phosphorus f r a c t i o n .  Th i s  depends b a s i c a l l y  on t h e  composi- 

t i o n  o f  t h e  p a r t i c u l a t e  f r a c t i o n ,  t h a t  i s ,  which p e r c e n t a g e  i s  i n  

o r g a n i c  form, and which compounds and b i n d i n g  forms a r e  dominant.  

A s  a f i r s t  e s t i m a t e ,  10 t o  30% o f  t h e  (TP- (P04-P) l o a d  c o u l d  be  

a v a i l a b l e  i n  t h e  l a k e .  P r a c t i c a l l y  t h e  same can  be  s a i d  abou t  

t h e  a tmosphe r i c  p o l l u t i o n  ( t h e  a v a i l a b i l i t y  o f  n u t r i e n t s  r each ing  

t h e  l a k e  th rough  w e t  d e p o s i t i o n  i s  s l i g h t l y  h i g h e r ) .  

Some o t h e r  l i k e l y  i n s i g n i f i c a n t  l o a d  compounds, such  a s  

n a v i g a t i o n  e f f e c t s  and w a t e r  s p o r t s ,  a l s o  f a l l  i n t o  t h i s  c a t e g o r y .  

I t  is no ted  t h a t  t h e  s t r u c t u r e  o f  most o f  t h e  sec t ions - -and  

chap te rs - - fo l l ows  t h e  sequence o f  t h e  c l a s s i f i c a t i o n .  

2 . 2  Dynamics o f  t h e  Load 

The l o a d i n g  t y p e s  l i s ted  show d i f f e r e n t  tempora l  changes 

which b a s i c a l l y  depend on t h e  use  o f  c e r t a i n  m a t e r i a l s  a s s o c i a t e d  

w i t h  n u t r i e n t  c y c l i n g  ( e . g .  f e r t i l i z e r ,  d e t e r g e n t s )  and on pro-  

cesses ( e x c r e t i o n ,  change i n  v e g e t a t i o n  cove r  and p o p u l a t i o n ,  

etc . )  r e s u l t i n g  i n  n u t r i e n t s  which may e n t e r  w a t e r  b o d i e s .  

These changes a l s o  depend on o t h e r  p r o c e s s e s  which a f f e c t  t h e  

t r a n s f e r  o f  n u t r i e n t s  t o  t h e  l a k e  ( r a i n f a l l - r u n o f f ,  a i r  mot ion,  

groundwater  f low,  e tc .  ) . The dynamics a r e  o f  impor tance  f o r  

s e v e r a l  r e a s o n s .  To g i v e  o n l y  a  few examples ,  t hey  i n f l u e n c e  

methods o f  p r o p e r  mon i t o r i ng  o f  v a r i o u s  n u t r i e n t  fo rms,  what  

t h e  r esponse  o f  t h e  l a k e  t o  t h e  i n p u t  w i l l  b e  and how t h e  

management a l t e r n a t i v e s  shou ld  b e  carr ied o u t .  

( a )  N u t r i e n t s  c a r r i e d  by t r i b u t a r i e s  

If t h e  sewage p o r t i o n  is r e l a t e d  t o  a  c e r t a i n  permanent  

p o p u l a t i o n ,  t h i s  l o a d  is  approx ima te l y  c o n s t a n t  th rough  t h e  yea r .  

Most o f  t h e  i n d i r e c t  sewage i s  d i s c h a r g e d  t o  r i v e r s ;  t h u s ,  t h e  

r e l a t e d  l o a d  o f  t h e  l a k e  i s  a c t u a l l y  i n f l u e n c e d  by v a r i o u s  

b i o l o g i c a l ,  chemica l ,  and p h y s i c a l  p r o c e s s e s  i n  t h e s e  r i v e r s .  

The i n d i r e c t  non-po in t  s o u r c e  f r a c t i o n  i s  b a s i c a l l y  a f f e c t e d  by 

t h e  h y d r o l o g i c  c y c l e  ( r a i n f a l l - r u n o f f - e r o s i o n ,  snow m e l t i n g ,  

i n f i l t r a t i o n ,  etc . )  and is a s u b j e c t  o f  e s s e n t i a l  t empora l  

changes.  Fo r  example,  JO& (1980) and J o l i n k a i  (1977) showed 

t h a t  approx ima te l y  60-70% o f  t h e  t o t a l  phosphorus l o a d  i s  

t r a n s p o r t e d  t o  t h e  l a k e  d u r i n g  f l o o d s ,  which o c c u r  less t h a n  

2-3 months a  y e a r .  



The c o n t r i b u t i o n  o f  h igh  f low p e r i o d s  t o  t h e  d i s s o l v e d  load  
/ 

is less s i g n i f i c a n t  ( J o l a n k a i ,  1977);  n e v e r t h e l e s s  an i n c r e a s e  

w i t h  growing d i scha rge  shou ld  be expected.  The dynamics of  

t r i b u t a r i e s  o f  s m a l l e r  sub-watersheds and l a r g e r  average s l o p e s  

a r e  much f a s t e r  than  f o r  r i v e r s  o f  medium s i z e .  Here, many 

s t o c h a s t i c  peaks caused by i n d i v i d u a l  s torm e v e n t s  a r e  super-  

imposed on t h e  s e a s o n a l  v a r i a t i o n .  

( b )  Sewage l oad ing  

The f l u c t u a t i o n  i n  t h e  d i r e c t  sewage l o a d  ( o r  more g e n e r a l l y  

i n  t h e  sewage l oad  o f  t h e  r e c r e a t i o n a l  a r e a )  i s  c l o s e l y  r e l a t e d  

t o  t h e  s e a s o n a l  changes i n  t h e  popu la t i on ,  t h a t  is ,  t o  tou r i sm.  

Consequent ly ,  on average ,  a  d i scha rge  2-3 t i m e s  h i g h e r  t h a n  

normal can b e  expec ted  i n  t h e  summer season .  Th is  i s  a g a i n  

pe r tu rbed  by f u r t h e r  v a r i a t i o n s ,  s i n c e  t h e  peak popu la t i on  may 

be 5-7 t i m e s  more t h a n  t h e  permanent one. I n  t h e  d i r e c t  r eg ion  

o f  t h e  l a k e  less t h a n  20% of  t h e  popu la t i on  i s  connected t o  t h e  

p u b l i c  sewage sys tem ( t h i s  i s  70% f o r  t h e  d r i n k i n g  wa te r  supp ly ;  

~ o v s c s  e t  a l . ,  1980) . I n  some l o c a t i o n s ,  a d i s t o r t i o n  i n  t h e  

dynamics may be caused  by t h e  p resence  o f  f i shponds ,  r e s e r v o i r s ,  

etc.  (see i t e m  (iii) ) which a r e  u s u a l l y  d r a i n e d  once a  y e a r ,  

i n  t h e  autumn. 

Direct non-point sou rce  l oad ing  

A l l  t h e  n u t r i e n t  l o a d s  l i s t e d  h e r e  a r e  i n f l u e n c e d  by t h e  

hydro log ic  cyc le '  j u s t  a s  w i t h  t h e  t r i b u t a r y  l oads .  The dynamics of 

urban runof f  and non-point  sou rces  from t h e  d i r e c t  v i c i n i t y  o f  

the l a k e  (e .g . ,  t h e  v i neya rds  a long  t h e  n o r t h e r n  s h o r e l i n e  i n  

t h i s  c a s e )  a r e  e s p e c i a l l y  f a s t .  Atmospheric p o l l u t i o n  is 

a f f e c t e d  i n  a d d i t i o n  t o  l o c a l  hydro log ic  c o n d i t i o n s  by t h e  

long-range t r a n s p o r t  by a i r .  

~t fo l l ows  from the e x p l a n a t i o n  g iven p r e v i o u s l y ,  t h a t  t h e  

n u t r i e n t  l oad  o f  a l a k e  depends on two e s s e n t i a l  f a c t o r s :  

n a t u r a l  c o n d i t i o n s  and human a c t i v i t i e s .  Of t h e s e ,  t h e  l a t t e r  

can be c o n t r o l l e d -  an  i s s u e  o f  b a s i c  importance i f  t h e  manage- 

ment problem i s  cons idered .  

The dynamics o f  n u t r i e n t  l oad ing  p rocesses  a r e  o f  importance 

f o r  three reasons  
- t h e  p rope r  o b s e r v a t i o n  and computat ion o f  t h e  l o a d  i t s e l f .  

A s  a g u i d e l i n e ,  measurements would be needed; t h e i r  sampl ing 



i n t e r v a l  i s  n o t  l o n g e r  t h a n  t h e  minimum t i m e  c o n s t a n t  o f  i n t e r e s t  

and t h e  l e n g t h  o f  t h e  t o t a l  exper imen t  i s  a p p r o x i m a t e l y  t e n  

t i m e s  l o n g e r  t h a n  t h e  l a r g e s t  t i m e - c o n s t a n t  (Beck, 1981)--condi-  

t i o n s  which a r e  r a r e l y  f u l f i l l e d .  From s u c h  a d a t a  set ,  many 

k i n d s  o f  t empora l  a v e r a g i n g  c a n  b e  per fo rmed (weeks, months,  

e t c . )  . 
- t h e  r e q u i r e d  d e t a i l  f o r  t h e  mode l ing  o f  i n - l a k e  p r o c e s s e s .  

An a n a l y s i s  by ~ o m l y 6 d y  and E l o r a n t a  (1981)  showed t h a t  f o r  

t h e  l a k e  e u t r o p h i c a t i o n  model ing,  month ly  a v e r a g e  l o a d  d a t a  

a r e  s a t i s f a c t o r i l y  a c c u r a t e  i n  t h i s  p a r t i c u l a r  case. I t  i s  

s t r e s s e d  t h a t  t h i s  f i n d i n g  i s  b a s e d  on  t h e  s t u d y  o f  t h e  model. 
- water q u a l i t y  management. Here even l o n g e r  t i m e  scales c a n  

b e  used.  

2 .3 Data A v a i l a b i l i t y ,  Q u a l i t y  and Load E s t i m a t e s  

( a )  N u t r i e n t s  c a r r i e d  by t r i b u t a r i e s  

The water q u a l i t y  network sys tem i n v o l v e s  20 o f  t h e  major  

w a t e r  c o u r s e s  e n t e r i n g  t h e  l a k e  ( F i g u r e  1 )  . With a ca tchmen t  a r e a  
2 o f  4522 km i t  c o m p r i s e s  87% o f  t h e  t o t a l  w a t e r s h e d .  The 

w a t e r  q u a l i t y  samp l ing  p o i n t s  a r e  g e n e r a l l y  l o c a t e d  i n  t h e  

v i c i n i t y  o f  t h e m o u t h .  The r e g u l a r  samp l ing  u s u a l l y  

o c c u r s  once  a month when, among o t h e r s ,  t h e  s t r e a m f l o w  Q ,  t o t a l  

phosphorus  TP, o r thophospha te -P  PO4-P, t o t a l  n i t r o g e n  T N ,  and 

n i t r a t e - N  N03-N are measured.  Data o f  t h i s  t y p e  w e r e  a v a i l a b l e  

f o r  t h e  p r e s e n t  a n a l y s i s  f o r  t h e  f i v e  y e a r s  between 1974 and 1979. 

I n  a d d i t i o n  t o  t h e  s t r e a m f l o w  measurements c a r r i e d  o u t  s imu l -  

t a n e o u s l y  w i t h  t h e  samp l ing ,  more d e t a i l e d  i n f o r m a t i o n  b a s e d  

on  h i s t o r i c a l  f l ow  r e c o r d s  were a t  o u r  d i s p o s a l  f o r  t h e  t e n  

l a r g e s t  t r i b u t a r i e s ,  as f o l l o w s  ( F i g u r e  1 ) :  Zala, Lesence ,  

K g t o l e s ,  Tapo lca ,  E g e r v i z ,  Bu rn6 t ,  b rvgnyes i - sgd ,  Nyuga t i -bvcsa to rna ,  

T e t v e s  and ~ G r g s h e g y i - s & d  (see F i g u r e  1 ) .  These t r i b u t a r i e s  accoun ted  

f o r  rough ly  70% o f  t h e  t o t a l  y e a r l y  a v e r a g e  w a t e r  i n f l o w  o f  17.9 m 3 / s  

(Ba rany i ,  1 9 7 5 ) .  The l a r g e s t  t r i b u t a r y  o f  t h e  l a k e ,  R i v e r  Z a l a ,  

t o  which around 50% o f  t h e  t o t a l  w a t e r s h e d  b e l o n g s ,  y i e l d e d  

e x c e p t i o n a l  d a t a  f rom o n - s i t e  o b s e r v a t i o n ;  t h e  West Trans-Danubian 

Plater A u t h o r i t y  i n i t i a t e d  a more d e t a i l e d  d a t a  c o l l e c t i o n  i n  

t h e  midd le  o f  1975 ( ~ 0 6 ,  1980) . Thus, t h e  r e c o r d  is  45 y e a r s  

l o n g ,  from which d a t a  f o r  1976-79 were u t i l i z e d  t o  r e f l e c t  t h e  

a n n u a l  c y c l e  o f  h y d r o l o g i c  p r o c e s s e s .  Here d a i l y  samp l ing  



f requency was done f o r  Q ,  SS, TP and TN;  weekly sampling took 

p lace  f o r  complete chemical a n a l y s i s  ( invo lv ing  P04-PI  N03-N, 

COD, BOD, e t c . )  . I n  1977, a second sampling s e c t i o n  a t  Za laaps t i ,  

approximately 25 km upstream from themou th ,  was a l s o  e s t a b l i s h e d .  

The f a c t  t h a t  g e n e r a l l y  one observa t ion  pe r  month was 

a v a i l a b l e  f o r  a r e l a t i v e l y  s h o r t  per iod  o f  t ime, a p r i o r i  

excluded t h e  s t a t i s t i c a l  eva lua t i on  f o r  t h e  whole l a k e  

and r e s t r i c t e d  t h e  a n a l y s i s  s o l e l y  t o  t h e  c a l c u l a t i o n  of yea r l y  

and monthly averages ( t h e  l a t t e r  w i th  less accuracy b u t  s t i l l  

co inc id ing  wi th  t h e  requirement of  l ake  water  q u a l i t y  modeling, 

see Sect ion  2 . 2 )  . 
The monthly average loads  w e r e  der ived  a s  t h e  a r i t h m e t i c a l  

mean o f  f i v e  observa t ions  f o r  t h e  subsequent yea rs  where no 

streamflow s t a t i s t i c s  were a v a i l a b l e .  For t h e  t e n  water  courses 

l i s t e d  above, t h e  d ischarge  was rep laced by t h e  monthly averaged 

value,  except  f o r  t h e  River  Zala where t h e  computation was based 

on t h e  a c t u a l l y  measured d a i l y  Q va lues  ( a l s o  f o r  P04-P and 

N03-N). The yea r l y  average loads v a l i d  f o r  t h e  f i v e  yea r  pe r iod  

cons idered ( f o u r  f o r  t h e  River Zala)  were computed from t h e  

monthly averages.  

The r e s u l t s  der ived  thus  f o r  t h e  loads of  TP,  PO4-PI TN and 

N03-N a r e  summarized i n  Tables 1 and 2 ,  and F igures  2 and 3, 

r e s p e c t i v e l y .  Table 1 con ta ins  t h e  y e a r l y  averages f o r  each of  

the  20  t r i b u t a r i e s .  I t  i s  i n d i c a t e d  t o  which sub-watersheds 

(Zala catchment, Southern and Northern watersheds,  F igure 1 and 

van S t r a t e n  e t  a l . ,  1979) and bas ins  (F igure 1 and van S t r a t e n  

and ~omlyddy ,  1980) t h e  i n d i v i d u a l  water  courses belong. The 

t a b l e  a l s o  inc ludes  t h e  a r e a  and average s l o p e  o f  t h e  sub-watersheds. 
2 The t o t a l  P y i e l d ,  (kd/dkm ) ranges i n  a r e a l i s t i c  domain 

(Column 8) except  f o r  water  courses ~ g t o l e s  and Tapolca, where 

t h e  k a r s t i c  o r i g i n  modi f ies t h e  p a t t e r n .  There i s  genera l l y  no 

c l o s e  c o r r e l a t i o n  between y i e l d  and average s lope .  I n  t h e  nex t  

t a b l e ,  t h e  sum of t h e  monthly averages a r e  p resented  f o r  a l l  t h e  

monitored r i v e r s .  For t h e  sake  of comparison, t h e  Zala d a t a  a r e  

a l s o  given.  A s  can be  seen,  t h i s  r i v e r  accounts  f o r  approximately 

52% of t h e  t o t a l  t r i b u t a r y  load i n  TP and a s  f a r  a s  temporal chances 

a r e  concerned, s i m i l a r i t i e s  can be observed between t h e  two da ta  sets 
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Table  2. Monthly Average Loads f o r  T r i b u t a r i e s  
(a)  T o t a l  watershed (1975-79) , 
(b) River  Zala (1976-79) 
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(it is  s t r e s s e d  t h a t  t h e s e  s i m i l a r i t i e s  e x i s t  on a ~ o n t h l y  

b a s i s )  . I n  t h e  t a b l e  ( p a r t  b )  , t h e  monthly ave rage  d i s c h a r g e s  

f o r  t h e  p e r i o d  1969-78 a r e  a l s o  p r e s e n t e d .  From t h e  compar ison 

of  t h e  two columns f o r  Q ,  i t f o l l ows  t h a t ,  f rom 'the h y d r o l o g i c a l  

p o i n t  o f  v iew, t h e  p e r i o d  of w a t e r  q u a l i t y  measurements c o r r e s -  

ponded approx imate ly  t o  average  c o n d i t i o n s .  The re fo re ,  t h e  

l o a d i n g  d a t a  can  be c o n s i d e r e d  as r e a l i s t i c  ave rages .  The t o t a l  

P l oad  o f  t h e  R ive r  Za la  showed an  i n c r e a s e  d u r i n g  t h e  p e r i o d  

of  o b s e r v a t i o n  (150.0,  215.5, 220.3 and 312.0 k g / d ) .  However, 

excep t  f o r  1978, t h i s  was a s s o c i a t e d  w i t h  a s imu l t aneous  growth 
3 i n  t h e  average  d i s c h a r g e  (6.0,  7 .4,  6 .1  and 9 .2  m /s ) , t h u s  

s u g g e s t i n g  t h a t  t h e  h y d r o l o g i c  regime is  r e s p o n s i b l e  f o r  t h e  

change,  r a t h e r  t h a n  t h e  p o s s i b l e  m o d i f i c a t i o n s  i n  wa te rshed  

a c t i v i t i e s .  For  s y s t e m a t i c a l  v a r i a t i o n s ,  t h e  r e a d e r  is  r e f e r r e d  

t o  t h e  t r e n d  a n a l y s i s  f o r  1970-79 f o r  some o f  t h e  smaller w a t e r  

c o u r s e s  by J o l 6 n k a i  ( 1981 ) . 
The y e a r l y  ave rages  a r e  a l s o  g i ven  i n  t h e  two f i g u r e s .  

These i l l u s t r a t e  w e l l  t h e  s p a t i a l  d i s t r i b u t i o n  o f  v a r i o u s  p l a n t  

n u t r i e n t  l o a d s .  A s  can  b e  seen  from t h e  summary o f  Tab le  1 ,  

l o a d s  a r e  g r a d u a l l y  d e c r e a s i n g  i n  t h e  W-E d i r e c t i o n  ( f rom Bas in  

1 t o  Bas in  4, F i g u r e  1 ) .  The TP y i e l d  i s  h i g h e s t  f o r  t h e  Sou thern  

wa te rshed  ( n o t e  t h a t  sewage l o a d s  a r e  n o t  s e p a r a t e d ;  see F i g u r e s  

2 and 3 ) .  

( b )  Sewage l o a d i n g  

Here even less f r e q u e n t  d a t a  a r e  a v a i l a b l e  t h a n  f o r  t h e  

t r i b u t a r i e s :  2-6 measurements a r e  made a n n u a l l y  o f  t h e  l a r g e r  

p o i n t  s o u r c e s  i n d i c a t e d  i n  F i g u r e s  2 and 3 w i t h  s e r i a l  numbers 

1 t o  27. Th is  d a t a  b a s e  is somewhat ex tended  by t h e  o c c a s i o n a l  

s t u d i e s  on t h e  most impo r tan t  t r e a t m e n t  p l a n t s .  Two s l i g h t l y  

d i f f e r e n t  d a t a  sets were a v a i l a b l e  f o r  t h i s  s t udy :  one pub l i shed  

by Dobolyi (1981 ) f o r  t h e  r e c r e a t i o n a l  a r e a ,  and t h e  second 

based  on J o l 6 n k a i ' s  d a t a  c o l l e c t i o n  f o r  t h e  whole wa te r shed .  

The two d a t a  s o u r c e s  r e s u l t e d  i n  a lmos t  t h e  same b a l a n c e  f o r  

t o t a l  phosphorus f o r  t h e  r e c r e a t i o n a l  a r e a ,  b u t  w i t h  

s l i g h t  d i f f e r e n c e s  concern ing  t h e  s p a t i a l  d i s t r i b u t i o n .  Dobo l y i ' s  

t o t a l  n i t r o g e n  l o a d s  w e r e  s y s t e m a t i c a l l y  h i g h e r  by abou t  40%. 



I n  t h e  frame o f  t h e  p r e s e n t  work, Dobo ly i ' s  l oad  d a t a  

were accep ted  and summarized i n  Table 3 and F igu res  2 and 3. 

I n  t h e  r e p o r t  r e f e r r e d  t o  (Dobolyi ,  1981) ,  sewage l o a d s  f o r  

summer and w i n t e r  seasons  w e r e  d i s t i n g u i s h e d ;  t h e i r  d u r a t i o n  i s  

de f i ned  a s  5 and 7 months r e s p e c t i v e l y  (summer p e r i o d  from May 

t o  t h e  end o f  September) .  The weighted averages  o f  t h e s e  d a t a ,  

t h a t  i s ,  the y e a r l y  mean l o a d s ,  a r e  g iven  i n  t h e  t a b l e  and 

f i g u r e s  a l r e a d y  mentioned. He.re aga in  t h e  l o c a t i o n  o f  t h e  sewage 

d i s c h a r g e s  i s  c a t e g o r i z e d  i n  t h e  second column acco rd ing  t o :  t h e  

t h r e e  wate rsheds ,  f o u r  b a s i n s  a l r e a d y  mentioned, whether  

they a r e  l o c a t e d  on t h e  r e c r e a t i o n a l  a r e a  or  n o t ,  and whether  

t h e  sou rce  i s  d i r e c t  o r  i n d i r e c t  o r  mixed. I n  t h e  t a b l e ,  t h e  

c a p a c i t y  o f  t r e a t m e n t  p l a n t s  (where i t  was known) i s  a l s o  g iven  

and t h e  d a t a  source  s p e c i f i e d .  With r e g a r d  t o  t h e  r a t i o  o f  t he  

summer l oad  t o  t h e  y e a r l y  ave rage ,  n o t  t h e  o r i g i n a l  d a t a ,  b u t  

t h e  r e s u l t s  o f  a r e g r e s s i o n  a n a l y s i s  performed on them (F igu re  4 )  

w e r e  employed: 

- 
TP = 1 . 4  3 TPav , and 

s umme r 

This means t h a t  t h e  t o t a l  phosphorus and n i t r o g e n  l o a d s  a r e  

approx imate ly  doubled compared t o  t h e  o f f - season .  

The summary o f  sewage l o a d s  f o r  d i f f e r e n t  ca tchments ,  r e g i o n s  

and b a s i n s  i s  p r e s e n t e d  i n  Table 4 .  The h i g h e s t  l o a d s  be long t o  

t h e  r e c r e a t i o n a l  a r e a  o f  Basin 4 (it i s  even h i g h e r  i f  t h e  

d i scha rge  o f  S i6 fok ,  which i s  d i v e r t e d  from t h e  r e g i o n ,  i s  

accounted f o r ;  F igure  1 and Table 3 ) .  The mixed sewage p l a y s  

an e s s e n t i a l  r o l e ;  i t s  tempora l  p a t t e r n  is  d i s c u s s e d  l a t e r .  

F i gu re  2 p r e s e n t s  an i n t e r e s t i n g  f i n d i n g  f o r  t h e  R ive r  and 

watershed Za la ,  namely, approx imate ly  50% o f  t h e  moni tored TP 

l oad  a t  t h e  mouth i s  o f  sewage o r i g i n .  When one assumes some 

phosphorus t r ans fo rma t i ons  i n  t h e  r i v e r ,  t h i s  ag rees  w e l l  wi th  

t h e  observed P04-P l oad  a t  Fengkpuszta (see Appendix I ) .  
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Table 3. Yearly Average Sewage Loads 

P 
Ser i a l  No. of Location Q Q c TP TN 
sewage discharges m3/d m3/d kg/d kg/d 
(Fig. 1) 

1. S 2 N R I D  760 - 28.9 29.2 
2. * S 3 R  I D  1600 1800 7.3 74.5 
3. * S 3 R  M 7 40 7 20 8.5 53.1 
4. * S 3 R  M 2500 2000 21.2 108.9 
5. * S 3 R  M 610 lo00 7.4 36.8 
6. * S 2 R  I D  150 150 1 .O 5.9 
7. S 3 NR I D  80 - 1.0 2 -0  
8. S 3 R  I D  480 - 2.8 8.3 
9. * N 4 R  D 220 200 1.4 8.5 

10. N 4 R  D 50 - 0.3 0.8 
11. * S 4 R  D 1370 3600 34.4 86.3 
12. * N 4 R  D 2290 1600 9 -9 183.0 
13. * N 4 R  D 5400 7800 29.8 269.1 
14. * N 4 R  D 680 1100 2.7 28.1 
15. * N 3 R  D 210 600 1.0 4.6 
16. * N 3 R  D 140 1200 0.8 4.5 
17. * N 3 R  D 540 600 3.9 30.4 
18. * N 2 R  I D  2400 3600 15.6 131.1 
19. S 4 R  D 110 - 1.3  4.1 
20, * Z 1 R  M 5300 7500 34.7 212.6 
21. * N 2 R  D 200 1 2 0 0  2.7 8.2 
22. 2 1 N R I D  270 - 2 .O 8.0 
23. 2 1 N R I D  15500 - 81.9 467.9 
24. 2 1 NR I D  3 30 - 3.5 7.2 
25. * Z 1 R  I D  1900 2850 8.1 1 4 1 . 2  
26. 2 1 N R I D  4 50 - 0 -6 3.8 
27. * S 2 R  I D  160 2 60 2.3 6.9 

I 44400 315.1 1924.9 

Notes: * Data source: Dobolyi (1981); Oc =capac i ty  of treatment p lan ts  
(Dobolyi, 1981); Z,S and N watersheds; 1 . . . 4  Basins; R recreat iona l  
area, NR non-recreational area;  D d i rec t ,  I D  i nd i r ec t  and M mixed 
sewage, respect ively.  ..................... 
The load of ~ i 6 f o k  (TP 5 125 kg/d) is excluded from the tab le  s ince 
i ts sewage is diver ted from the watershed. 



Table 4. Yearly average sewage load summary 

Zala watershed 
Southern watershed 
,Northern watershed 

Tota l :  444000 315.1 1924.9 / 
i 

2 7050 197.2 i 1 Recreat ional  a rea  1406.8 1 

Basin 1 
2 
3 
4 

I Direc t  sewage 11210 88.3 627.6 ! 

Basin 1 
2 
3 
4 

i 
Mixed sewage 9150 71.8 411.3 / 

I 

Basin 1 
2 
3 





(c )  Direct non-po in t  s o u r c e  l o a d i n g  

The e f f e c t  o f  d i r e c t  u rban r u n o f f  f rom t h e  v i l l a g e s  s u r -  

round ing  t h e  l a k e  can  b e  s i g n i f i c a n t  a c c o r d i n g  t o  l i t e r a t u r e  

estimates (Melannen and Laukkanen,  1980) . U n t i l  19,80, n o  i n f o r -  

mat ion  w a s  a v a i l a b l e  f o r  t h e  Lake B a l a t o n  r e g i o n ,  a t  which t i m e ,  

measurements o n  a p i l o t  a r e a  o f  70 h e c t a r s  a t  K e s z t h e l y  

( F i g u r e  1 )  w e r e  i n i t i a t e d  a t  VITUKI (Botond,  1 9 8 1 ) .  Observa- 

t i o n s  d u r i n g  t h r e e  s t o r m s  w e r e  per fo rmed,  which c l e a r l y  showed 

t h a t  t h e  t o t a l  amount o f  n u t r i e n t  forms w e r e  washed o u t  d u r i n g  

t h e  f i r s t  1-2 h o u r s  o f  t h e  p r e c i p i t a t i o n .  The f l u x  f o r  TP 

exceeded t h e  v a l u e  4 g/s  which,  when r e l a t e d  t o  u n i t  s u r f a c e  

area, i s  i n  good ag reemen t  w i t h  t h e  d a t a  i n  t h e  l i t e r a t u r e  

(Melannen and Laukannen,  1980) . Next ,  t h e  measurement r e s u l t s  

w e r e  e x t e n d e d  f o r  y e a r l y  a v e r a g e s  and l a r g e r  s e t t l e m e n t s  b a s e d  

on  a s i m p l e  a n a l y s i s  o f  r a i n f a l l  d a t a  and t h e  area o f  v i l l a g e s ,  

r e s p e c t i v e l y .  F i n a l l y  a  t o t a l  b a l a n c e  w a s  p r o v i d e d  f o r  t h e  

b a s i n s  and e n t i r e  l a k e  ( T a b l e  5 ) .  

C e r t a i n l y ,  one  may q u e s t i o n  t h e  a p p r o p r i a t e n e s s  o f  i n v o l v i n g  

t h i s  e s t i m a t e  h e r e  f o r  two r e a s o n s :  i t  w a s  e s t a b l i s h e d  on  r a t h e r  

s c a r c e  d a t a ,  and it c o u l d  b e  added t o  C h a p t e r  3 ,  which c o n s i d e r s  

t h e  c o n f i d e n c e  o f  t h e  l o a d s .  However, t o  a c h i e v e  a comp le te  

l o a d i n g  f i g u r e  which c o v e r s  more o r  less a l l  t h e  n u t r i e n t  fo rms,  

t h e  i n c l u s i o n  o f  r u n o f f  d a t a  ( o f  low q u a l i t y )  w a s  d e c i d e d  on .  The 

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

a l r e a d y  r e q u i r e d  some a s s u m p t i o n s  and  t h i s  w i l l  b e  t h e  case 

w i t h  t h e  l o a d  t y p e  (ii) a n d a t m o s p h e r i c  p o l l u t i o n  a s  w e l l .  I n  

a d d i t i o n ,  t h e  urban r u n o f f  e s t i m a t e  c a n n o t  b e  r e f i n e d  l a t e r  

and even  i t s  a c c u r a c y  c a n  h a r d l y  b e  s t u d i e d .  

Load t y p e  (ii) i n v o l v e s  t h e  c o n t r i b u t i o n  o f  non -po in t  

s o u r c e s  from t h e  d i r e c t  v i c i n i t y  o f  t h e  l a k e  which i s  n o t  

c o v e r e d  by t h e  sub-watersheds  o f  t r i b u t a r i e s  and a c c o u n t s  f o r  

13% o f  t h e  t o t a l  w a t e r s h e d  a r e a .  The s t r u c t u r e  o f  t h i s  immediate 

w a t e r s h e d  i s  q u i t e  h e t e r o g e n o u s ,  s i n c e  it c o n s i s t s  o f  

u r b a n i z e d  a r e a s ,  mo to r ing  r o a d s ,  v i n e y a r d s  where t h e  e r o s i o n  is 

o f  p r imary  i m p o r t a n c e ,  and  o t h e r  a g r i c u l t u r a l  f i e l d s .  W i thou t  

go ing  i n t o  d e t a i l ,  s i n c e  t h e  d a t a  w i l l  n o t  a l l o w  i t , i t was 



dec ided  t o  d e r i v e  a r e a  y i e l d s  based on t h e  t r i b u t a r y  l oads  ( a f t e r  

removing t h e  sewage d i s c h a r g e s )  and then  c a l c u l a t e  t h e  v a r i o u s  

l o a d s .  The r e s u l t s  a r e  summarized f o r  t h e  b a s i n s  and t o t a l  l a k e  

i n  Table 6 .  

The i n f l u e n c e  o f  a tmospher ic  p o l l u t i o n  ( p r e c i p i t a t i o n  and 

d ry  o u t f a l l  on t h e  water s u r f a c e l i s  a l s o  s i g n i f i c a n t  and was 

s t u d i e d  i n  a  j o i n t  program o f  V I T U K I  and t h e  C e n t r a l  I n s t i t u t e  

o f  Atmospheric Phys ics  ( Dobolyi and Horvdth, 1978; ~ ~ & s z s r ~ ~  e t  

a l .  1980; Dobolyi ,  1981) .  Samples were t aken  each  month f o r  a  

y e a r  p e r i o d  i n  1976-77 a t  s i x  l o c a t i o n s  a r o u n d ' t h e  l a k e .  These 

w e r e  f o l l owed  by some la ter  s t u d i e s  i n  subsequen t  y e a r s .  The 

d a t a  o b t a i n e d  w e r e  averaged  and t h e n  e x t r a p o l a t e d  f o r  t h e  whole 

l ake .  The f i r s t  estimate o f  n i t r o g e n  l o a d s  based  on  d a t a  f o r  

1976-77 was e s s e n t i a l l y  reduced (Doboly i ,  1981) .  Here t h e  

modi f ied  r e s u l t s  are employed. A summary i s  ~ i v e n  i n  Table 7 .  

W e t  d e p o s i t i o n  was found t o  b e  more impo r tan t  t han  t h e  d r y  

d e p o s i t i o n ;  t h i s  may e x p l a i n  t h e  h i gh  r a t i o  o f  P04-P. I t  shou ld  

a l s o  be  ment ioned t h a t ,  because o f  t h e  l o c a t i o n  o f  sampl ing 

s t a t i o n s ,  t h e  d a t a  p r e s e n t e d  shou ld  r e s u l t  i n  an  o v e r e s t i m a t e  

of  t h e  a tmospher ic  l oad .  Data f o r  i t e m  ( i v )  w e r e  n o t  a v a i l a b l e ;  

i t s  p o s s i b l e  c o n t r i b u t i o n  (which seems t o  be i n s i g n i f i c a n t !  
i s  d i scussed  l a t e r .  

2 . 4  Summary o f  Average Load C a l c u l a t i o n s  

  he summary o f  a l l  t h e  l oad ing  components d i s c u s s e d  i s  g iven  

on a  y e a r l y  b a s i s  i n  Tab le  8. The g l o b a l  f i g u r e  c a n  b e  o b t a i n e d  

i n  s e v e r a l  ways, e . g .  w i t h  o r  w i t hou t  s e p a r a t i n g  t h e  sewage l oads  

from t h e  moni tored t r i b u t a r y  l o a d s  (where it i s  r e q u i r e d ) .  I n  

t h i s  c a s e ,  t h e  second way w a s  s e l e c t e d  s i n c e  t h e  r i v e r  d a t a  e x p r e s s  

t h e  a c t u a l  l oad  independent  o f  i t s  o r i g i n  and p r o c e s s e s  t a k i n g  

p l a c e  i n  r i v e r s .  I n  a d d i t i o n ,  it was f e l t  t h a t  t h i s  i n f o rma t i on  

is  more a c c u r a t e .  Consequent ly ,  i n  t h e  summary t r i b u t a r y ,  d i r e c t  

and mixed sewage l o a d s  a r e  d i s t i n g u i s h e d .  The i r  sum t o g e t h e r  w i t h  

t h e  o t h e r  sou rces  g i v e s  t h e  t o t a l  l oad .  Paen t h e  manaaement 

o f  t h e  system i s  cons ide red ,  t h e  use o f  t h e  o r i g i n a l  d a t a  i s  

n a t u r a l l y  sugges ted ,  t o g e t h e r  w i t h  t h e  l o c a t i o n s  o f  i n d i v i d u a l  

sewage d i scha rges  and t r i b u t a r i e s .  



Table 5. Estimated Loads from Urban Runoff 
Data source: Botond (1981) 

Total 
Basin 1 

2 
3 
4 

Table 6. Estimated Loads fo r  Direct Non-Point Sources 
i n  the Vicini ty :of the Lake 

Total 
Basin 1 

2 
3 
4 

Table 7. Estimated Loads from Atmospheric Pol lut ion 
Data source: Dobolyi (1981) 

Total 171.1 
Basin 1 10.3 

2 4 1  -1 
3 53.0 
4 66.7 



Table  8. T o t a l  Year ly Average Load summary  

I 

TP FlM-P Ava i lab le  P TN N03-N Volume 
kg/d kg/d kg/d kq/d kg/d m i l l i o n  m 

3 

T r i b u t a r i e s  431.7 178.3 229.0 4382.1 1995.3 

1 D i r e c t  sewage 88.3 - 8 R .  3 627.6 - I / Mixed sewage 71.8 - 71.8 411.3 - I 
/ Urban runo f f  160.5 18.5 46.9 323.2 93.2 1 
I 1 ~ t m o s ~ h e r i c  p o l l u t i o n  171.1 105.0 105 .O 165 5 .O 293 .O I 
1 D i r e c t  non-point 

49 .O 7.5 15.8 549 .O 278 .O 

I To ta l :  972.4 309.3 556.8 7948.2 2659.5 

Za la  watershed 272.8 92.9 156.6 2748.0 909.8 
Southern watershed 354.7 . 109.0 182.3 2358.4 753.4 
Northern watershed 344.9 107.4 217.9 2841.8 996.3 

' Basin  1 

2 
3 
4 



The t o t a l  phosphorus and n i t r o g e n  e s t i m a t e s  a r e  t h e  same a s  

g iven  by J O ~  (1980) and l i e  i n  t h e  range o f  t h e  p r e l i m i n a r y  guess 

o f  van S t r a t e n  e t  a l .  (1979) (see Tab le  1 2 ) .  The a v a i l a b l e  P  

l oad  was c a l c u l a t e d  by assuming 20% a v a i l a b i l i t y  f o r  phosphorus 

f r a c t i o n s  o f  (TP- ( P 0 4 - P )  1. A s  can be  seen  from t h e  t a b l e ,  approx- 

ima te l y  h a l f  o f  t h e  TP l o a d  (around 500 kg/d) i s  a v a i l a b l e  f o r  

a l g a e  i n  t h e  l a k e ,  35% o f  which i s  o r i g i n a t i n g  from t h e  sewage 

l oad  o f  t h e  r e c r e a t i o n a l  a r e a .  The t a b l e  a l s o  i nvo l ves  t h e  u s u a l  

summary f o r  t h e  t h r e e  main wa te rsheds  and f o u r  b a s i n s .  The p a t t e r n  

o f  t h e  to ta l  l oad  shows a  s imi lar  l o n g i t u d i n a l  g r a d i e n t  as t h a t  

o f  t h e  t r i b u t a r y  l o a d  d i s c u s s e d  b e f o r e .  T h i s  is even more a p p a r e n t  

when volume r e l a t e d  v a l u e s  are cons ide red ,  e.g., t h e  volume o f  

Basin 1 i s  o n l y  4.3% o f  t h e  t o t a l  l a k e  (Tab le  8 ) .  Consequent ly ,  

t h e  r e l a t i v e  TP l oad  r e p r e s e n t s  a  s t r i k i n g  d i s t r i b u t i o n ,  

11.9:1.9:1.2:1.0 f o r  t h e  f o u r  b a s i n s ,  a clear i n d i c a t i o n  o f  t h e  

d i f f e r e n c e s  o f  the t r o p h i c  s t a t e  o f  t h e  l a k e  segments Kesz the ly ,  

S z i g l i g e t ,  Szemes and ~ i g f o k ,  r e s p e c t i v e l y .  

A s  t h e  tempora l  changes a r e  concerned w i t h  t r i b u t a r i e s  and 

sewage, t h e  r e a d e r  i s  r e f e r r e d  to Table  2 ,  and Equa t ions  ( 1 )  and 

(2 )  , r e s p e c t i v e l y .  F u r t h e r  d i s c u s s i o n s  are ?rov ided  t o ~ e t h e r  

w i t h  an e x p l a n a t i o n  o f  t .he u n c e r t a i n t i e s  o f  t h e  p r e s e n t  estimate 

i n  t h e  n e x t  c h a p t e r .  The c h a p t e r  i s  r e s t r i c t e d  t o  phosphorus 

because it p l a y s  t h e  l i m i t i n g  r o l e  on s p a t i a l  and tempora l  averages  

i n  t h e  e u t r o p h i c a t i o n  p r o c e s s .  The a n a l y s i s  f o r  n i t r o s e n  can  be  

performed i n  a  s i m i l a r  f a s h i o n .  

3. CONFIDENCE OF THE PHOSPHORUS 
LOAD ESTIMATE 

3.1 C o r r e c t i o n  o f  t h e  D i f f e r e n t  Loading Types 

(a )  N u t r i e n t s  c a r r i e d  by t r i b u t a r i e s  

lo  Order  o f  magnitude a n a l y s i s  

Apar t  from t h e  p r o b l e r  o f  i n d i r e c t  sewage, t o  be  d i s c u s s e d  

i n  t h e  n e x t  s e c t i o n ,  t h i s  q u e s t i o n  i n v o l v e s  t h e  problem o f  d e t e r -  

mining i n d i r e c t  non-point  sou rce  load ing .  Had t h e  l o a d i n g  r a t e s  

a t  t h e  mouth s e c t i o n  been determined on t h e  b a s i s  o f  measurements 

w i t h  p rope r  sampl ing  f requency (Sec t i on  2 .2)  , no problem o f  

u n c e r t a i n t y  would arise, a t  leas t  f o r  t h e  l oad  reach ing  t h e  l a k e .  



Th is  does n o t  app l y ,  however, t o  t h e  l o a d ' s  o r i g i n  i n  t h e  wa te rshed .  

For  t h e  d e t e r m i n a t i o n  o f  n u t r i e n t  l oad ing  r a t e s  g i ven  i n  t h e  

f o rego ing  c h a p t e r ,  o n l y  s c a r c e  d a t a  a r e  a v a i l a b l e ,  which may l e a d  

t o  c r u c i a l  u n c e r t a i n t i e s  s i n c e  t h e  f l o o d s  remain unobserved.  

T h e i r  d u r a t i o n  ranges  from some hours  t o  1-2 days f o r  t h e  

s m a l l e r  t r i b u t a r i e s ,  b u t  d u r i n g  t h e s e  e v e n t s ,  t h e  l a r g e s t  p o r t i o n  

o f  TP and TN n u t r i e n t s  i s  c a r r i e d ,  a s  s t r e s s e d  p r e v i o u s l y .  

Concern ing t h e  q u a l i t y  o f  d a t a  (Chap te r  2 ) ,  b a s i c a l l y  t h r e e  

groups shou ld  b e  d i s t i n g u i s h e d :  

- River  Za la ,  components TP and TN, f o r  which t h e  l o a d  

can  be c o n s i d e r e d  a c c u r a t e ;  

- River  Za la ,  components PO4-P and N03-N. The l o a d  can  

n o t  be  c a l c u l a t e d  p r e c i s e l y  because o f  i n f r e q u e n t  

o b s e r v a t i o n s ;  

- A l l  t h e  o t h e r  t r i b u t a r i e s  - f o r  which even l e s s  f r e q u e n t  

d a t a  e x i s t s ;  t h e r e f o r e ,  t h e  l o a d  i s  c o r r u p t e d  by a h i g h e r  

e r r o r .  For  two o f  t h e s e  w a t e r  c o u r s e s  ( F i g u r e  I ) ,  e v e n t  

3ased  measurements were per formed which can b e  used t o  

judge t h e  c o n t r i b u t i o n  o f  f l o o d s  t o  t h e  l o a d  ( ~ o l & n k a i ,  

1981 ) .  

To beg in  t h e  d i s c u s s i o n  w i t h  t h e  t h i r d  group,  i t shou ld  be  

ment ioned t h a t  o n l y  a p a r t  o f  t h e s e  r i v e r s  i s  t r u l y  impor tan t  

when u n c e r t a i n t i e s  a r e  cons ide red- - those  r i v e r s  f o r  which t h e  

s l o p e  i s  r e l a t i v e l y  h i g h  ( s e e  Tab le  1 ) .  I t  i s  r a i n f a l l - r u n o f f  

p rocesses  which p l a y  t h e  pr imary  r o l e  i n  i nduc ing  t h e  n u t r i e n t  

l oad .  The r i v e r s  o f  s e r i a l  number 6 ,  9-14, and 18-20 i n  Tab le  

1 be long t o  t h i s  c a t e g o r y  ( t h e  r e s t  a r e  s i m i l a r  t o  t h e  R ive r  

Zala i n  behav io r ,  o r  i n f l u e n c e d  by o t h e r  f a c t o r s  such as t h e  p resence  

o f  marsh lands,  t h e  o r i g i n  o f  k a r s t i c  w a t e r ,  o r  sewage d i s c h a r g e s  

a long  t h e  r i v e r ;  t h e y  a r e  , f u r t he rmore ,  c h a r a c t e r i z e d  by s lower  

dynamics ) .  The ca tchment  a r e a  o f  t h e s e  r i v e r s  i s  less t han  20% 

o f  t h e  t o t a l ,  wh i l e  t h e  s t reamf low and TP l oad  a r e ,  on t h e  b a s i s  o f  

monthly o b s e r v a t i o n s ,  15 and 1 2 % ,  r e s p e c t i v e l y .  Thus, t h e  est i -  

mate g i ven  i n  Chap te r  2 shou ld  be cons ide red  reasonab l y  a c c u r a t e  

even i f  t h e  e r r o r  f o r  t h e s e  p a r t i c u l a r  r i v e r s  i s  u n r e a l i s t i c a l l y  

h i g h .  



For  i l l u s t r a t i o n ,  t h e  l o a d  v e r s u s  d i s c h a r g e  d a t a  i s  g i v e n  

i n  F i g u r e s  5-7 f o r  t h e  K e l e t i  Bozot  (based  on  t h e  r e g u l a r  sampl ing  

network)  and Orv&nyesi -sgd.  I n  bo th  F i g u r e s  6  and 7 ,  t h e  r e s u l t s  

o f  r e g u l a r  o b s e r v a t i o n s  and e v e n t  based  measurements are i n vo l ved .  

From the l a t t e r ,  t h e  d i f f e r e n c e  i s  a p p a r e n t  i n  t h e  b e h a v i o r  o f  

v a r i o u s  s t o r m s ,  such  as summer s t o r m s ,  autumn f l o o d s ,  and a  more 

o r  less s t e a d y  summer r a i n f a l l .  The d a t a  f o r  t h e  l a s t  e v e n t  

c o i n c i d e  q u i t e  w e l l  w i t h  t h a t  o f  t h e  r e g u l a r  samp l ing  network 

( s u g g e s t i n g  t h a t  t h e  r a p i d  p r o c e s s e s  w i l l  remain unobserved 

i n  t h e  f rame o f  c o n v e n t i o n a l  samp l i ng ) .  The measurements a l s o  

show c l e a r l y  t h a t  t h e  i n c r e a s e  i n  t h e  P04-P l o a d  i s  less e x t e n s i v e  

t h a n  i n  t h e  TP. Only a  f e w  such  e v e n t  based  measurements a r e  

a v a i l a b l e  and t h e y  do n o t  a l l ow  a s t a t i s t i c a l  e x t e n s i o n  f o r  a  

l o n g e r  p e r i o d  (e .g .  a y e a r ) ,  u n l e s s  f o r  example, r a i n f a l l  o r  

s t reamf low d a t a  series are known. A s i m p l e  c o n c l u s i o n ,  however,  

can be drawn f rom F i g u r e s  6 and 7: when it i s  su rm ised  t h a t  

c o n d i t i o n s  co r respond ing  t o  l a r g e  autumn f l o o d s  t a k i n g  p l a c e  

th rough  the. whole y e a r  ( o r  i n  o t h e r  words,  t h a t  t h e  co r respond ing  

r e l a t i o n s h i p  i s  v a l i d  f o r  t h e  whole y e a r ) ,  t h e  l o a d  i s  a t  maximum 

doub led  when compared t o  t h e  estimate f rom t h e  r e g u l a r  mon i t o r i ng  

network d a t a  ( t h e  ave rage  s l o p e  o f  t h i s  sub-watershed i s  one o f  

t h e  h i g h e s t  i n  t h e  Lake Ba la ton  reg ion ,  see Tab le  1 ) .  T h i s  

would r e s u l t  i n  an  e r r o r  o f  10-1574 i n  t h e  l a k e ' s  t o t a l  

estimate. 

I n  o r d e r  t o  compare t h e  we l l -mon i to red  Za la  R i ve r  t o  t h e  

o t h e r s ,  the annua l  t o t a l  P  y i e l d  w a s  i l l u s t r a t e d  a s  a f u n c t i o n  

o f  r u n o f f  i n  F i g u r e  8 ,  t o g e t h e r  w i t h  f o u r  t y p i c a l  water c o u r s e s  

be long ing  t o  the Sou the rn  and Nor the rn  wa te r sheds ,  r e s p e c t i v e l y  

(Table 1 ser ia l  numbers i n  6 ,  9- 1 4  and 19)  . A s  can  be obse rved ,  

t h e  Nor thern  c r e e k s  form a  s e p a r a t e  domain o f  smaller y i e l d ,  

which has  t h e  same magni tude f o r  t h e  R ive r  Za la  and 

Sou the rn  t r i b u t a r i e s .  I t  i s  b e l i e v e d ,  on t h e  b a s i s  o f  F i g u r e  

8  and t h e  wa te r shed  a r e a s  o f  Tab le  1 ,  t h a t  t h e  l o a d  o f  t h e  

l a k e  i s  approx ima te l y  doub le  i n  compar ison t o  t h a t  o f  t h e  

R ive r  Za la .  T h i s  su rm i se  i s  w e l l  suppo r t ed  i n  Tab le  1 ,  even  

though t h e  R i ve r  Za la  d a t a  i n v o l v e  t h e  c o n t r i b u t i o n  o f  f l o o d s ,  

and t h e  o t h e r  r i v e r s  do  n o t  n e c e s s a r i l y .  With r e f e r e n c e  t o  

t h e  t r i b u t a r i e s  c o n v e n t i o n a l l y  mon i to red ,  one  can conc lude  

t h a t  f i r s t ,  t h e  l o a d  e s t i m a t e  o f  t h e  p r e v i o u s  c h a p t e r  

r e p r e s e n t s  a  rea l i s t i c  magni tude,  and second,  t h e r e  are 
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s imi la r i t ies  when compared t o  t h e  Za la  w a t e r s h e d  on  a  y e a r l y  

b a s i s  ( F i g u r e  8)  . Thus, keep ing  i n  mind t h e  d e t a i l s  o f  t h e  

Za la  o b s e r v a t i o n s ,  a n  a n a l y s i s  can b e  pe r fo rmed ,  t h e  o b j e c t i v e  

o f  which i s  t o  test  t h e  a c c u r a c y  o f  l o a d i n g  c a l c u l a t i o n s  f rom 

scarce d a t a  ( i n  o t h e r  words ,  t h e  c o n t r i b u t i o n  o f  unobserved 

e v e n t s ) .  Then t h e  r e s u l t s  c a n  b e  used t o  c o r r e c t  t h e  P04-P 

l o a d  f o r  t h e  R i v e r  Z a l a ,  and f i n a l l y  a  c o r r e c t i o n  can  b e  done 

by e x t r a p o l a t i o n  f o r  t h e  t o t a l  w a t e r s h e d .  

2O U n c e r t a i n t y  A n a l y s i s  on t h e  R i v e r  Z a l a  Data 

T h i s  s t u d y  w a s  per fo rmed by sornly6dy and E l o r a n t a  (1981 ) 

f o r  t o t a l  phosphorus  and  o r thophospha te -P .  The i d e a  is a s  

f o l l o w s :  assume a s i t u a t i o n  when t h e  d e t a i l  o f  a v a i l a b l e  

s t r e a m f l o w  and c o n c e n t r a t i o n  d a t a  w i l l  a l l o w  t h e  d e r i v a t i o n  o f  

t h e  " e x a c t "  l o a d  f o r  t h e  r i v e r  cross s e c t i o n  f o r  a  g i v e n  p e r i o d  

(e .g .  , a  month o r  y e a r )  . Next ,  one can  suppose t h a t  f rom t h i s  

d a t a  set,  o n l y  i n f r e q u e n t  o b s e r v a t i o n s  w i t h  some r e g u l a r i t i e s  

( e . g . ,  one p i e c e  o f  d a t a  monthly)  a r e  known. These i n f r e q u e n t  

d a t a  c a n  b e  sampled randomly f rom t h e  o r i g i n a l  d a t a  b a s e  and t h e  

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

t i m e s  i n  a  Monte C a r l o  f a s h i o n  and f i n a l l y  a  s t a t i s t i c a l  a n a l y s i s  

i n  t h e  r e s u l t i n g  l o a d  d e t a  series c a n  be  per fo rmed ( f o r  a  s i m i l a r  

s t u d y  w i t h  a  d i f f e r e n t  o b j e c t i v e ,  see Dolan e t  a l . ,  1 9 8 1 ) .  A s  a  

r e s u l t ,  t h e  a v e r a g e  v a l u e ,  r a n g e ,  d i s t r i b u t i o n ,  v a r i a n c e ,  e tc . ,  

c a n  b e  d e r i v e d  and  compared t o  t h e  e x a c t  (known) v a l u e .  From 

t h i s  compar ison ,  the e r r o r  r e l a t e d  t o  i n f r e q u e n t  samp l ing  ( t h a t  

is  a  measure o f  i n f o r m a t i o n  l o s s )  w i l l  b e  g i v e n .  T h i s  t e c h n i q u e  

w i l l  i n d i c a t e  whe the r  a  samp l ing  s t r a t e g y  i s  a p p r o p r i a t e  o r  

s h o u l d  b e  m o d i f i e d ,  a n  i m p o r t a n t  i s s u e  from t h e  v i e w p o i n t  o f  

e s t a b l i s h i n g  t h e  m o n i t o r i n g  network . 
T h i s  k i n d  o f  a n a l y s i s  was c a r r i e d  o u t  f o r  TP and P04-PI 

and f o r  month ly  and y e a r l y  a v e r a g e s ,  r e s p e c t i v e l y .  The d e t a i l s  

can  be  found i n  ~ o m l y 6 d y  and E l o r a n t a  ( 1 9 8 1 ) ,  and i n  a  condensed 

form i n  Appendix I .  I n  summary, t h e  f o l l o w i n g  can  be  s t a t e d :  

- The s t a n d a r d  and maximum e r r o r s  f o r  t h e  y e a r l y  a v e r a g e  

TP l o a d  a r e  + 13 and + 21X, r e s p e c t i v e l y ,  i f  b iweek ly  - - 
measurements w e r e  assumed. 



- The s t a n d a r d  e r r o r  of  t h e  PO4-P l o a d  i s  l e s s  t h a n  

+ - 10% f o r  one month ly  measurement.  T h i s  i s  v a l i d ,  

however, i n  compar ison t o  t h e  l o a d  computed from weekly 

d a t a ,  though n o t  t o  t h e  e x a c t  v a l u e  ( t h i s  i s  unknown). 

- The e r r o r  o f  t h e  month ly  ave rages  i s  h i g h e r  and f l u c -  

t u a t e s  depend ing  on t h e  s t reamf low r a t e .  The mean 

and ex t reme v a l u e s ,  a s  w e l l  a s  t h e  domain o f  + s t a n d a r d  

d e v i a t i o n  and a t y p i c a l  d i s t r i b u t i o n  i s  g i v e n  i n  

F i g u r e  9 .  

- Given t h e  p r i o r  r a n g e s ,  and t h e  f a c t  t h a t  t h e  unobserved 

f l o o d s  c a u s e  a s y s t e m a t i c  e r r o r ,  it i s  r e a l i s t i c  t o  

i n c r e a s e  a l l  t h e  y e a r l y  ave rage  l o a d i n g  t y p e s  a s  f o l l o w s :  

o The P04-P l o a d  o f  t h e  Za la  R ive r  by 13% ( t a k e n  from t h e  

a n a l y s i s  o f  TP d a t a  f o r  t h e  b iweek ly  o b s e r v a t i o n s ) .  

o  Both t h e  TP and P04-P l o a d s  f o r  a l l  t h e  o t h e r  

t r i b u t a r i e s  by 20% (which i s  perhaps  h i g h e r  f o r  TP 

and s m a l l e r  f o r  P04-P).  The c o r r e c t i o n  w i l l  b e  

per formed on t h e  t r i b u t a r y  l o a d ,  wh ich ,  it shou ld  

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

i n d i r e c t  sewage. 

3O I n f l u e n c e  o f  t h e  Hydro log ic  Regime 

I n  somly6dy and E l o r a n t a ' s  a n a l y s i s  (1981)  ( a l s o  see 

Appendix I ) ,  it was found t h a t  t h e  month ly  ave rage  TP l o a d  

c o r r e l a t e d  s a t i s f a c t o r i l y  w i t h  t h e  co r respond ing  s t reamf low r a t e .  

Accept ing  t h e  month ly  a v e r a g e  s t reamf lows  from Tab le  1 and 

d e r i v i n g  t h e i r  s t a t i s t i c s  f rom Barany i  ( 1 9 7 9 ) ,  con f i dence  l e v e l s  

o f  90% can be e s t a b l i s h e d  f o r  t h e  TP l oad  ( F i g u r e  1 0 ) .  For  t h e  

pu rpose  o f  compar ison,  t h e  ex t reme v a l u e s  f o r  t h e  p e r i o d  1976-79 

a r e  a l s o  p r e s e n t e d  i n  F i g u r e  10 and an  e v e n t  o f  low p r o b a b i l i t y  

i n  J u l y ,  1975, i s  l i k e w i s e  i n d i c a t e d .  

C o n t r a s t e d  w i t h  t h e  h i gh  f l u c t u a t i o n  i n  t h e  month ly  a v e r a g e s ,  

t h e  u n c e r t a i n t y  i n  t h e  y e a r l y  ave rage  i s  s u b s t a n t i a l l y  s m a l l e r .  

The r e a s o n  stems f rom t h e  v i r t u a l l y  l i n e a r  dependence o f  t h e  

l o a d  on t h e  s t reamf low (see Appendix I )  and t h e  much s m a l l e r  

v a r i a t i o n  i n  t h e  y e a r l y  ave rage  Q t h a n  t h e  month ly .  Judg ing  

from t h e  s t reamf low o b s e r v a t i o n s  f o r  1969-78, a  change i n  t h e  

+ - 25% range  can be  expec ted  and ex tended  t o  t h e  whole wa te rshed  

( t h i s  i s  a g a i n  p robab ly  s m a l l e r  f o r  P 0 4 - P ) .  
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4 .  Summary f o r  T r i b u t a r y  Loads 

Based on t h e  p rev ious  arguments, t h e  c o r r e c t e d  loads  a r e  

a s  fo l lows:  

Concerning t h e  temporal  changes,  t h e  ex tens ion  of t h e  dynamics 

of  t h e  River  Zala can be accepted on a monthly b a s i s  f o r  t h e  

whole watershed.  

b. Sewage Loading 

lo  Order of Magnitude Ana lys is  

Because o f  t h e  d a t a ' s  c h a r a c t e r  and i n f r e q u e n t  sewage l oad  

measurements, i t i s  hard  t o  judge t h e  accurazy o f  t h e  e s t i m a t e  g iven 

from t h e  d a t a  be fo re .  Hopefu l ly ,  t h e  averag ing  smoothed o u t  t h e  

random e r r o r s  and t h e  s c a r c i t y  of  d a t a  d i d  n o t  cause  s e r i o u s  

problems, p a r t i c u l a r l y  s i n c e  t h e  dynamics a r e  n o t  s o  e s s e n t i a l  

a s  i n  t h e  p rev ious  c a s e ,  meaning t h a t  t h e  e s t i m a t e  can be con- 

s i d e r e d  r e a l i s t i c .  

There is ,  however, an oppo r tun i t y  t o  check t h e  r e l i a b i l i t y  

of  t h e  d a t a  through t h e  r e q i o n a l  popu la t i on .  I n  t h e  r e c r e a t i o n a l  

a r e a  ( t h e  rest  of t h e  t o t a l  watershed w i l l  n o t  be cons idered  

h e r e  s i n c e  i ts  i n f l u e n c e  i s  expressed  through t h e  r i v e r  d a t a )  

domest ic  sewage i s  dominant. Th is  s i t u a t i o n  is c l o s e l y  connected 

t o  t h e  number o f  i n h a b i t a n t s  and i t s  f l u c t u a t i o n  due t o  tour i sm i n  

summer pe r i ods .  I n  a st r ic t  sense ,  t h i s  a n a l y s i s  be longs  t o  t h e  

source  e v a l u a t i o n  (see l a t e r ) ,  b u t  t h e  sewage a s p e c t s  which 

may l e a d  t o  a re f inement  o f  t h e  o r i g i n a l  e s t i m a t e  a r e  d i scussed  

here .  

The d a t a  pub l ished by Dobolyi (1981) served  a s  a b a s i s f o r  a n a l y s i s .  

In format ion f o r  19 v i l l a g e s  i n  t h e  d i r e c t  r eg ion  of  t h e  l a k e  

was c o l l e c t e d  on t h e  number of  i n h a b i t a n t s ,  wa te r  supp ly ,  wa te r  

consumption, sewage d i s c h a r g e  and l o a d s ,  and t h e  l e v e l  o f  

sewerage development. Most o f  t h e  in fo rmat ion  was a v a i l a b l e  f o r  

w i n t e r  and summer seasons  s e p a r a t e l y .  



Because ofthe uncertainty of the existing observations, a 

regression analysis was first performed on the corresponding 
3 

discharges (m /d) and load data and these (they showed, by the way, 

a correlation coefficient of approximately 0.95) equations 

resulted: 

si6fok (Figure 1) and another village were excluded from the 

analysis. In the latter case, the origin of the wastewater was 

not exclusively domestic. According to  quat ti on (3), an 

average phosphorus concentration of 6.4 mg/R corresponds, a 

realistic value (apart from one plant, there is only biological 

treatment), which simultaneously shows the effectiveness of the 

tertiary treatment planned for the future (1/6 - 1/10 reduction 

can be achieved). Expressions (3) and (4) are approximately valid 

for the whole watershed, including Zalaegerszes. A fundamentally 

higher concentration of 15 mg/L corresponds to Siofok; this would 

modify the average value of the recreational area to 8.5 mg/R. 

It is worthwhile mentioning that the efficiency of most of the 

existing treatment plants of secondary level should also be improved 

and the capacity increased. Thus the problem of removing the 

phosphorus from the sewage cannot be separated from that of the 

biological treatment. In the framework of sewage management, 

this fact should be taken into consideration (for details see 

~ov&cs et al. 1980, and for sewage data, Dobolyi, 1981). 

From the sewage discharge data, 200 l/d/capita is the 

resulting off-season average, which agrees with the literature. 

Furthermore, knowing the total permanent population (58250 and 

124650 if ~ i6 fok is included) and Equation (3) , a TP load of 126 

and 205 kg/d, respectively, will ensue. This coincides well 

with the measured off-seasonload (see Table 3 and Equation (1)) - 
141 and 232 kg/d. 

The distributions along the four basins are also similar, 

e.g.,0.19:0.27:0.13:0.41 for the permanent population, and 0.22: 

0.14: 0.13 :O. 59 for the sewage discharge (Basins, 1,2, 3 and 4. 

si6fok is included). The difference is essential only for the 

Szigliget Bay. Thus, all things considered, the estimate 

for the winter season is justified from the aspect of source 



evaluation. The analysis suggests that the system of treatment 

plants and sewerage is not overloaded and the total amount of 

produced wastewater is flowing through this system. 

It is worth mentioning that the simple proportionality ex- 

pressed by Equations (3) and (4) is a very useful tool for 

performing ~reliminary calculations on the sewage 

problem in the Lake Balaton area. 

2O Fluctuation and Correction of the Direct Sewage Load 

Following the argument of the previous section, the correct- 

ness of the summer sewage load estimate can also be checked 

through the population count. Compared to the permanent popula- 

tion, there is a 3.7 times increase in the summer period, to 

which 468 and 758 kg/d TP load belongs (without and with ~i6fok) 

- 60% of this is reflected by the sewage data. The rest is 

collected in septic tanks which ultimately causes uncertainties 

concerning the fate of sewage gathered. This fact is taken into 

consideration by an increase of the load. It is assumed (rather 

arbitrarily) that 1/4 of the missing portion, or 15% of the 

original summer load estimate belongs to this unidentified 

category. This modification, principally, concerns all the 

sewage loads; however, the indirect sewage is expressed through 

the tributary load (Section 3.la) and is believed to be monitored 

properly. The recipient of the mixed load is not the lake, but 

another water body in the main season. Thus, only the direct 

load will be modified, including the region of ~i6fok. Con- 

sequently, 40 kg/d will be added to the summer direct load 

(in the yearly average, this means 16.7 kg/d) and distributed among 

Basins 1...4 according to 0.15:0.20:0.20:0.45. These global 

ratios were found on the basis of population, water use, and 

sewage discharged. 

One more correction will be made in the sewage category which 

will not influence the yearly average value. The data discussed 

until now were valid in an average for the summer period assumed 

to be 5 months long. Certainly in July and August, during the 

peak tourist period, a further increase should occur. In fact, 

Dobolyi's measurement in 1979 showed a nearly three times growth 



compared t o  t h e  o f f - s e a s o n .  T h i s  ra t i o  i s  i n  harmony w i t h  t h e  

t o t a l  c a p a c i t y  o f  t h e  t r e a t m e n t  p l a n t  under  o v e r l o a d e d  c o n d i t i o n s .  

Thus,  t h e  r a t i o  1:2:3 is  r e a l i s t i c  f o r  t h e  w i n t e r ,  summerrand 

peak s e a s o n s ,  r e s p e c t i v e l y .  I f  t h e  4 0  kg/d TP l o a d  is a l s o  

d i s t r i b u t e d  f o r  t h e  summer and peak p e r i o d s  i n  t h e  same way 

and t h e  y e a r l y  a v e r a g e  i n c r e a s e d  by t h e  c o r r e s p o n d i n g  16.7 kg/d 

v a l u e ,  t h e  tempora l  p a t t e r n  g i v e n  i n  T a b l e  9 a p p e a r s .  

3' V a r i a t i o n  o f  t h e  Mixed Sewage Load 

T a b l e  3 i n v o l v e s  f o u r  d i s c h a r g e s  f o r  t h i s  c a t e g o r y  ( N r  

3-5 and 2 0 ) .  Among t h e s e ,  t h e  major  p o r t i o n  o f  t h e  sewage of  

K e s z t h e l y  i s  d i v e r t e d  t o  t h e  marsh land nearby  and d r a i n e d  t o  t h e  

R ive r  Z a l a .  A c c o r d i n g l y ,  it i s  mon i to red  a t  t h e  r i v e r  mouth and 

w i l l  b e o n i t t e d  from t h e  sewage l o a d  t a b l e .  

The r e c i p i e n t s  o f  was tewa te r  N r  3-5 a r e  f i s h p o n d s  c l o s e d  v i a  

t h e  l a k e  i n  t h e  summer s e a s o n  and d r a i n e d  between t h e  m idd le  o f  

September andNovember .  T h e r e  i s  c o r r e s p o n d i n g l y  no l o a d  d u r i n g  

summer i n  t h e s e  l o c a t i o n s ,  b u t  t h e r e  is  an  i n c r e a s e d  l o a d i n g  i n  

autumn. Based on  a v a i l a b l e  i n f o r m a t i o n , i t  a p p e a r s  t h a t  some 

n u t r i e n t  remova ls  t a k e  p l a c e  i n  t h e  ponds,  t h e  e f f i c i e n c y  o f  

which c a n  be e s t i m a t e d  up t o  50%.  Assuming t h a t  t h e  ponds i n  

q u e s t i o n  a r e  r e c i p i e n t s  o f  t h e  sewage f o r  f i v e  months w i t h  t h e  

above removal  r a t e ,  t h e  t o t a l  amount o f  phosphorus  d r a i n e d  i n t o  

t h e  l a k e  i s  a p p r o x i m a t e l y  900,  2300, and 800  k g s ,  r e s p e c t i v e l y .  

T o  d e r i v e  a  d a i l y  l o a d ,  t h e  d u r a t i o n  o f  t h e  r e l e a s e  p e r i o d  

shou ld  be known. For  s i m p l i c i t y ,  a  month is  s u g g e s t e d  ( it i s  

n o t e d ,  however,  t h a t  t h i s  p e r i o d  is  g e n e r a l l y  s h o r t e r ) .  Assuming 

a l s o  t h a t  t h i s  month i s  O c t o b e r ,  t h e  t i m e  p a t t e r n  o f T a b l e  1 0  

r e s u l t s  f o r  t h e  t h r e e  mixed sewage l o a d s .  The above removal  

i n  f i s h p o n d s  r e d u c e s  t h e  y e a r l y  l o a d  by 11 kg/d. 

Concern ing  t h e  sewage l o a d  i n  g e n e r a l ,  it i s  f e l t  t h a t  t h e  

e s t i m a t e  f o r  t h e  y e a r l y  a v e r a g e  and w i n t e r  t i m e  is  s a t i s f a c t o r i l y  

a c c u r a t e ,  b u t  more u n c e r t a i n t i e s  e x i s t  f o r  summer c o n d i t i o n s .  

c. Direct Non-point  Source  Loading 

A s  ment ioned i n  S e c t i o n  2 . 3 ,  t h e  l o a d  e s t i m a t e  f o r  u rban  

r u n o f f  c a n n o t  be  c o r r e c t e d ,  s i n c e  o n l y  l i m i t e d  i n f o r m a t i o n  i s  

a v a i l a b l e .  Concern ing  t h e  second t y p e  o f  l o a d s  i n  t h i s  g r o u p ,  



Table 9. Monthly Variat ion of the Direct  Sewage Load re la ted  
t o  the Yearly Average, L = 105 kg/d 

Month, i Load, Li/L 

- - - - - - -- - -- - - - 

I - I V  0.60 

V - V I  1.32 

V I I  - V I I I  1.97 

I X  1.32 

X - X I 1  0.60 

Table lo. Monthly Variat ion of the Mixed Sewage Load re l a ted  
t o  the Yearly Average Value, L = 26.1 kg/d f o r  
N r .  3-5 (see Table 3) 

Month, i Load, L ~ / L  

I - I V  1 .O1 

v - I X  0 

X 5.94 

X I  - X I 1  1 .O1  



t h e  non-po in t  s o u r c e s  f rom t h e  d i r e c t  v i c i n i t y  o f  t h e  l a k e ,  t h e  

f i g u r e  g i v e n  i n  Chap te r  2  i s  presumably  u n d e r e s t i m a t e d .  I f ,  f o r  

example,  it i s  assumed t h a t  i n  a  ye.ar a t  l e a s t  one e v e n t  o f  

30 mm r a i n f a l l  o c c u r s ,  t h e  p r o b a b i l i t y  o f  which is h i g h e r  

t h a n  90%,  and t h e  r u n o f f  c o e f f i c i e n t  is  v i r t u a l l y  0 .1 ,  w i t h  

c o n c e n t r a t i o n s  c o r r e s p o n d i n g  t o  o b s e r v a t i o n s  f o r  such  e v e n t s ,  

an  a d d i t i o n a l  l o a d  o f  30.0 and 3.0 kg/d c a n  b e  d e r i v e d  f o r  TP 

and P04-P,, r e s p e c t i v e l y .  These v a l u e s  w i l l  b e  used  f o r  c o r r e c -  

t i o n .  

C o n t r a s t e d  t o  t h e  p r e v i o u s  l o a d  t y p e ,  t h e  P04-P l o a d  

o r i g i n a t i n g  f rom a t m o s p h e r i c  p o l l u t i o n  i s  b e l i e v e d  t o  b e  o v e r e s t i m a t e d  

because  o f  t h e  l o c a t i o n  o f  sampl ing  s t a t i o n s  ( S e c t i o n  2 . 3 ) .  

T h e r e f o r e ,  a r e d u c t i o n  is  done by m a i n t a i n i n g  t h e  o r i g i n a l  TP 

l o a d ,  b u t  c a l c u l a t i n g  t h e  P04-P l o a d  t o  40% (68.4 k g / d ) .  

I n  r e l a t i o n  t o  t h e  groundwater  i n f i l t r a t i o n ,  t h e  f o l l o w i n g  

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

o f  i n f i l t r a t i o n  and s u b s u r f a c e  s p r i n g s  is  b e l i e v e d  to  b e  n e g l i g i b l e  

( a p p r o x i m a t e l y  I $ ,  B a r a n y i ,  1 9 7 9 ) .  Accord ing t o  s i m p l i f i e d  c a l -  

c u l a t i o n s  (Ma jor ,  1980,  p e r s .  communica t ion) ,  g roundwater  i n f l o w  

may t a k e  p l a c e  a t  t h e  w e s t e r n  end o f  t h e  l a k e s .  I ts  magni tude 
3  is  1000 m / d ,  w h i c h m e a n s t h a t  even if t h e  c o n c e n t r a t i o n  is  

u n r e a l i s t i c a l l y  h i g h ,  t h e  l o a d  s t i l l  rema ins  n e g l i g i b l e .  I t  i s  

stressed, however,  t h a t  a  more p r e c i s e  answer would need r e g u l a r  

o b s e r v a t i o n s .  

F i n a l l y ,  t h e  assumpt ion  a b o u t  t h e  t i m e  p a t t e r n  o f  l o a d i n g  

t y p e s  d i s c u s s e d  h e r e  s h o u l d  b e  ment ioned.  To e x p r e s s  t h e  

i n f l u e n c e  o f  t h e  h y d r o l o g i c  reg ime,  it i s  supposed t h a t  t h e  

l o a d s  from u rban  r u n o f f  and  d i r e c t  d i f f u s e  s o u r c e s  have a  s imi lar  

tempora l  v a r i a t i o n  on a  month ly  b a s i s  compared t o  t h e  l o a d  o f  t h e  

Za la  R i v e r  ( t h i s  s i m i l a r i t y  i s  assumed a l s o  f o r  t h e  r a n g e  o f  t h e  

y e a r l y  a v e r a g e  estimate around t h e  mean v a l u e ) .  The a t m o s p h e r i c  

p o l l u t i o n  is  c o n s i d e r e d  c o n s t a n t  t h rough  t h e  y e a r .  

3.2  The N e w  Phosphorus Loading F i g u r e  

The new estimate f o r  phosphorus  i s  summarized i n  T a b l e  11 ,  

t h e  s t r u c t u r e  o f  which f o l l o w s  t h a t  o f  T a b l e  8 ,  e x c e p t  t h a t  t h e  



Table  11. The New Phosphorus Loading F igure  f o r  Lake Ba la ton  

TP P04-P Ava i lab le  P Temporal Changes ; 

kg/d kg/d kg/d I - I 

473.0 208.0 261 -0 f  ( t ) ,  see Table  2.6 I 
I 
IZala watershed 225.1 103.7 128.0 
\Southern watershed 152.9 49.8 70.4 
No r the rnwa te rshed  95.0 54.5 62.6 

Bas in  1 225.1 103.7 128.0 
2 169.5 83.3 100.5 
3 67.9 17.5 27.9 
4 10 .5  3.1 4.6 

D i r e c t  sewage 105 .O - 105 -0 Table  9 

Bas in  1 
- 2 

'I 3 
4 

Mixed sewage 26.1 - 26.1 Table  10 
........................................................................... 
Basin  1 

2 
3 
4 

Urban runof f  160.5  18.5 46.9 f  (t) 
....................................................................... 
Atmospheric 

p o l l u t i o n  171.1 68.4 88.9 cons tan t  

D i r e c t  non-point  
sources  (ii) 79.0 10 .5  24.2 f (t) 

I T o t a l  1014.7 552.1 

Bas in  1 
2 
3 

" 4 

143 .O from Tab les  2b,  9 and 
144.6 10 
111.9 
152.6 



c o r r e c t e d  t r i b u t a r y ,  d i r e c t  sewage, and mixed sewage l o a d s  a r e  

a l s o  g i v e n  s e p a r a t e l y  f o r  t h e  f o u r  b a s i n s .  The same can  be  

e a s i l y  per fo rmed f o r  t h e  d i r e c t  non -po in t  s o u r c e s  and t h e  atmos- 

p h e r i c  p o l l u t i o n  f rom T a b l e s  6 and 7 .  

A s  shown, t h e  l o a d i n g  e s t i m a t e  rema ins  v e r y  c l o s e  t o  the 

o r i g i n a l .  The c o r r e c t i o n s  f o r  t h e  t e m p o r a l  changes  a r e ,  however ,  

more s u b s t a n t i v e ,  t h e  l a s t  column r e f e r r i n g  t o  t h e  c o r r e s p o n d i n g  

t a b l e s  i n  t h i s  r e s p e c t .  

Accord ing  t o  t h e  f i n a l  e s t i m a t e ,  t h e  c o n t r i b u t i o n  o f  sewage 

( d i r e c t ,  i n d i r e c t ,  and  mixed)  t o  t h e  l o a d  r e a c h i n g  t h e  l a k e  i s  

32%,  t h a t  o f  t h e  a t m o s p h e r i c  p o l l u t i o n  i s  1 7 % ,  and 24% i s  d e r i v e d  

f rom d i r e c t  d i f f u s e  s o u r c e s  ( u r b a n  and r u r a l ) ,  w h i l e  t h e  res t ,  

27$, i s  a s s o c i a t e d  w i t h  i n d i r e c t  non -po in t  s o u r c e s  ( f e r t i l i z e r  

l o s s ,  l i q u i d  manure;  S e c t i o n  3 . 2 ) .  The c o n t r i b u t i o n  o f  t h e  

sewage l o a d  o f  t h e  r e c r e a t i o n a l  a r e a  t o  t h e  t o t a l  a v a i l a b l e  l o a d  

i s  a p p r o x i m a t e l y  35%.  A c c o r d i n g l y ,  t h e  management o f  sewage 

a s s o c i a t e d  n u t r i e n t s  may have a n  e f f e c t i v e  i n f l u e n c e  o n  t h e  

l a k e ' s  w a t e r  q u a l i t y  (see K O V ~ C S  e t  a l . ,  1 9 8 0 ) .  

S i n c e  t h e  ma jo r  p o r t i o n  o f  t h e  l o a d  i s  i n f l u e n c e d  by 

h y d r o l o g i c  c o n d i t i o n s ,  s t o c h a s t i c  e f f e c t s  w i l l  i n f l u e n c e  t h e  

a c t u a l  y e a r l y  l o a d .  I t  i s  e s t i m a t e d  t h a t  t h i s  r a n g e ,  which a l s o  

i n v o l v e s  t h e  r o l e  o f  d i f f e r e n t  k i n d s  o f  u n c e r t a i n t i e s ,  i s  n o t  

l a r g e r  t h a n  f 25%. 

3 . 3  Phosphorus  Load f rom S o u r c e  E v a l u a t i o n  

 his a p p r o a c h  was used i n  t h e  f rame o f  van S t r a t e n  e t  al!s 

a n a l y s i s  ( 1 9 7 9 ) .  The g o a l  i s  t o  f o l l o w  t h e  phosphorus  c y c l e  

a s  it is  l i n k e d  w i t h  t h e  v a r i o u s  a c t i v i t i e s  and  p r o c e s s e s  

i n  t h e  r e g i o n .  In. t h i s  manner,  two a p p r o x i m a t i o n s  c a n  b e  

d e r i v e d  f o r  t h e  same l o a d  t y p e ,  o n e  f rom t h e  a s p e c t  o f  m o n i t o r e d  

c h a r a c t e r i s t i c s  a s  was done  g e n e r a l l y  i n  t h i s  r e p o r t ,  and t h e  

second  f rom t h e  v iew o f  w a t e r s h e d  a c t i v i t i e s .  The two estimates 

c a n  t h e n  be  c o n t r a ~ t e d ~ w h i c h  i n  some c a s e s  a l l o w s  f o r  t h e  r e f i n e -  

ment o f  t h e  c a l c u l a t i o n  a s  d e m o n s t r a t e d  f o r  t h e  sewage l o a d  i n  

t h e  p r e v i o u s  s e c t i o n .  However, t h e  second  method g e n e r a l l y  g i v e s  

r a n g e s  which a r e  t o o  b road  and c a n n o t  a c t u a l l y  b e  u t i l i z e d  quan- 

t i t a t i v e l y .  For  t h i s  r e a s o n ,  t h i s  a p p r o a c h  is n o t  d i s c u s s e d  i n  

d e t a i l  and t h e  o r i g i n a l  e s t i m a t e  o f  van  S t r a t e n  e t  a l .  (1979)  i s  

a d a p t e d  and p r o v i d e d  i n  T a b l e  12.  



Table 12. Phosphorus Load Est imate from Source Evaluat ion 
( a f t e r  van S t r a t e n  e t  a l l  1979) 

I 
I 

TP F rac t i on  Available-P 

I kg/d a v a i l a b l e  kg/d 

I - 
k e r t i l i z e r  l o s s e s ,  
I eros ion , run-of f 
I 

250-8GO 0 .2  50- 160 

I 
lLiquid manure 

llndus t r y  ' 
i ,D i rec t  sewage 1 50- 200 1.0 150-200 

I I n d i r e c t  sewage 80-160 0 .9  70-140 

P r e c i p i t a t i o n  140-190 0.6 80-110 

To ta l  700-1600 4 30-860 



The t a b l e  p rov ides  a  reasonab le  ranqe c o ~ p a r e d  t o  t h e  e s t i m a t e  

o f  t h e  p rev ious  s e c t i o n .  Some comments on  t h e  i n d i v i d u a l  sou rces  

a r e  a s  f o l l ows .  Many u n c e r t a i n t i e s  and c o n t r a d i c t i o n s  e x i s t  i n  

r e l a t i o n  t o  f e r t i l i z e r  l o s s  and e r o s i o n .  For  example, a  r e c e n t  

r e p o r t  o f  t h e  p l ann ing  bureau  VIZITERV e s t i m a t e d  t h e  l o a d  

a s s o c i a t e d  w i t h  the n a t u r a l  phosphorus c o n t e n t  of  t h e  e roded  s o i l  

t o  be  1000 k g / d ;  however t h i s  f r a c t i o n  i s  v i r t u a l l y  u n a v a i l a b l e .  

The a v a i l a b l e  l o a d  from f e r t i l i z e r  l o s s  was approx imated a t  

30-150 kg/d. Here t h e  b a s i c  q u e s t i o n s  a r e :  which p o r t i o n  o f  t h e  

e roded  s o i l  and l eached  f e r t i l i z e r  w i l l  r each  t h e  waterbody and 

which f r a c t i o n  is a v a i l a b l e ?  The u n c e r t a i n t y  i s  f u r t h e r  i n c r e a s e d  

by t h e  f a c t  t h a t  a  s m a l l  change i n  t h e  f e r t i l i z e r  l o s s  may cause  

a  l a r g e  v a r i a t i o n  i n  t h e  l o a d  o f  t h e  l a k e .  

The amount o f  l i q u i d  manure b a s i c a l l y  depends on t h e  tech-  

nology a p p l i e d  on an imal  farms.  According t o  a  r e c e n t  e s t i m a t e  

(MA&,  p e r s .  communication), i t s  minimum va lue  i s  around 100 kg/d, 

wh i l e  the upper l i m i t  may b e  300 kg/d. The sum o f  t h e  e s t i m a t e d  

f e r t i l i z e r  l o s s  and t h e  l i q u i d  manure g i v e s  a  va lue  c l o s e  t o  

t h e  i n d i r e c t  non-point  sou rce  l o a d  e s t i m a t e d  p r e v i o u s l y .  The 

d i r e c t  sewage i s  s l i g h t l y  h i g h e r  (see t h e  p rev ious  s e c t i o n )  than  

t h e v a l u e  g i ven  i n  t h e  t a b l e ,  and t h e  same i s  v a l i d  f o r  t h e  i n d i r e c t  

sewage. 

4 .  OUTLOOK TO MODELING AND MONITORING 

4 . 1  Modeling 

I n  t h i s  s e c t i o n ,  d i f f u s e  s o u r c e s  w i l l  be  d i s c u s s e d  because 

f o r  p o i n t  s o u r c e s ,  a  s o l i d  d a t a  base  r a t h e r  t han  model ing a c t i v i t y  

i s  necessary .  S i m i l a r l y ,  i n  H a i t h ' s  c l a s s i f i c a t i o n  (1980) 

d e s c r i p t i v e  and management models can b e  d i s t i n g u i s h e d .  I n  t h e  

f i r s t c a s e ,  t h e  de te rm ina t i on  o f  t h e  l o a d  reach ing  t h e  l a k e  under 

g i ven  c o n d i t i o n s  i s  o f  i n t e r e s t .  Th i s  can  be done e i t h e r  by 

f o l l ow ing  each  s t e p  o f  t h e  t r a n s p o r t  o f  chemica ls  i n  t h e  watershed 

o r  i n  a  more s i m p l i f i e d  way by us ing,  e . ~ . ,  r e g r e s s i o n  e q u a t i o n s ,  

i f  a  s u f f i c i e n t  amount o f  d a t a  a r e  a v a i l a b l e  f o r  t h e  mouth s e c t i o n  

o f  r i v e r s .  I n  t h e  second c a s e ,  t h e  o b j e c t i v e  is  t o  s tudy  t h e  

t r a n s p o r t  under changed c o n d i t i o n s  o r  more g e n e r a l l y ,  t o  de te rm ine  

t h o s e  changes i n  wa te rshed  a c t i v i t i e s  which w i l l  r e s u l t  i n  an 

economica l ly  op t ima l  l o a d i n g  r e d u c t i o n .  The l a t t e r  f o rmu la t i on  

l e a d s  t o  an  o p t i m i z a t i o n  problem. Th is  w i l l  n o t  be  rev iewed h e r e .  



Three model t ypes  a r e  reviewed: 

l o  Chemical Transpor t  Models 

Water c y c l i n g  and t r a n s p o r t  of  eroded s o i l  a r e  t r a c e d  i n  

t h e  watershed t o g e t h e r  w i th  t h e  a s s o c i a t e d  d i sso l ved  and par-  

t i c u l a t e  n u t r i e n t  forms. The models may d i f f e r  accord ing t o  

t h e i r  s t r u c t u r e  (whether they  se rve  d e s c r i p t i v e  and/or  p lann ing 

pu rposes ) ,  number of parameters ,  how hydro log ic  e f f e c t s  a r e  in-  

c luded,  d a t a  u t i l i z a t i o n ,  e t c .  For a  summary see Hai th  (1980) 

and Shvytov (1980) ,  f o r  t h e  a p p l i c a t i o n  of a  s imple model f o r  

t h e  Tetves sub-watershed (F igure  1 )  f o r  t h i s  problem, see Bog;rdi 

and Duckstein (1978) .  

Some of  t hese  models (e.g., CREAMS, Knise l  1980; Morgan, 1980) 

tend t o  d e s c r i b e  t h e  subprocesses i n  ex tens i ve  d e t a i l  i n  an 

a t tempt  t o  ach ieve  a gene ra l  a p p l i c a b i l i t y .  Th is  l e a d s  t o  an 

immense i n c r e a s e  i n  t h e  number o f  parameters and a heterogeneous 

model s t r u c t u r e  from t h e  mathematical p o i n t  o f  view. Th is  i n  t u r n  

g e n e r a l l y  exc ludes a  p r i o r i  the performance o f  s e v e r a l  u s e f u l  

s t e p s  i n  t h e  course of  model development such a s  i d e n t i f i c a t i o n ,  

s e n s i t i v i t y a n a l y s i s ,  e t c .  I n  p r a c t i c e  then ,  t h e  s i t u a t i o n  is  

l i k e  t h a t  po in ted  o u t  by Hai th (1980)-- that  c a l i b r a t i o n  and 

v a l i d a t i o n  cannot  be avo ided,  i n  c o n t r a d i c t i o n  t o  t h e  o r i g i n a l  

aim. These l a t t e r  s t e p s  a r e ,  however, rendered more d i f f i c u l t  

because of  t h e  h igh d a t a  need which is  a v a i l a b l e  a t  b e s t  i n  a  

f i e l d ,  n o t  a  watershed l e v e l .  

Some o f  t he  models have a more s i m p l i f i e d  s t r u c t u r e ,  e .g .  I 

based on t h e  Wischmeier equa t i ons  f o r  c a l c u l a t i n g  t h e  volume of  

runof f  and t h e  amount of  eroded s o i l  (BogSrdi and Bo l la ,  1980) . 
With these  two f a c t o r s ,  t h e  d i sso l ved  and p a r t i c u l a t e  n u t r i e n t  

loads  can be c a l c u l a t e d  i f  t he  concen t ra t i ons  a r e  known: 

parameters which have t o  be c a l i b r a t e d  on t h e  b a s i s  of  i n  s i t u  

measurements. The d i f f i c u l t y  o f  t r a n s i t i o n  from t h e  f i e l d  l e v e l  

t o  t he  reg iona l  s t i l l  e x i s t s .  

2 Refer r ing  t o  t h e  Zala watershed (-2500 km ) f o r  which 

d e t a i l e d  obse rva t i ons  a r e  a v a i l a b l e  f o r  two s t a t i o n s  cover ing  

60 and 100% of t h e  t o t a l  catchment a r e a ,  r e s p e c t i v e l y ,  i t  i s  

hard  t o  imagine a t  p r e s e n t  how t o  overcome t h i s  d i f f i c u l t y .  I n  



p r i n c i p l e ,  50-300 more o r  less uni form sub- reg ions shou ld  have 

been d i s t i n g u i s h e d  f o r  which t h e  i n fo rma t i on  r e q u i r e d  i s  n o t  

a v a i l a b l e  and t h e  way t o  l i n k  them i s  n o t  p r o p e r l y  known. There 

a r e  a l s o  doub ts  whether  t h i s  modeling s t r a t e g y  i s  a p p r o p r i a t e  

o r  n o t ,  s i n c e  t h e  b a s i c  parameters  ( t h e  d i s s o l v e d  and p a r t i c u l a t e  

P c o n c e n t r a t i o n s )  have t o  be  found f o r  a11  t h e  f i e l d s  on t h e  b a s i s  

o f  measurements which do n o t  e x i s t .  From t h e  o b s e r v a t i o n s  f o r  

t h e  two c r o s s  s e c t i o n s ,  on l y  a  l i m i t e d  number o f  pa ramete rs  can  

be e s t i m a t e d ,  sugges t i ng  t h e  use of some lumped model. 

A f u r t h e r  d i f f i c u l t y  i s  caused  by t h e  f a c t  t h a t  t h e  dominant 

role of  r a i n f a l l - r u n o f f  e v e n t s  i n  t h e  l oad  canno t  be j u s t i f i e d ,  

e s p e c i a l l y  n o t  f o r  t h e  a v a i l a b l e  f r a c t i o n s .  Thus, t h e  f i r s t  

s t e p  would be t o  s e p a r a t e  t h e  i n f l u e n c e  o f  d i f f u s e  and p o i n t  

sou rces ,  which t o g e t h e r  w i t h  t h e  model ing o f  non-point  sou rce  

l oads  would need d e t a i l e d  measurements o f  t h e  l a k e ' s  t o t a l  

watershed and i t s  r i v e r s .  

2O Regression Models 

When us ing  t h i s  c l a s s i c a l  approach,  a  r e l a t i o n s h i p  between 

t h e  l oad  and s t reamf low i s  g e n e r a l l y  sough t  (see S e c t i o n  2 .3a1 

Dolan e t  a1. ,1981;  Verhoff  e t  a l .  1980) ,  which i n  some c a s e s  

can  t hen  be ex tended by i nvo l v i ng  t h e  s i m p l e s t  watershed 

parameters  (such a s  a r e a ,  Verhoff  e t  a l -  I 1980; and/or  s l o p e )  . 
The a p p l i c a b i l i t y  o f  t h i s  techn ique  depends very  much on t h e  

c h a r a c t e r  o f  t h e  watershed cons idered .  Gene ra l l y ,  i t can  be 

s a t i s f a c t o r i l y  employed f o r  n i t r o g e n  w h i l e  t h e  expe r i ences  f o r  

phosphorus a r e  less promis ing,  e s p e c i a l l y  f o r  t h e  a v a i l a b l e  

f r a c t i o n s .  I n  most of  t h e  c a s e s ,  s o  many f a c t o r s  i n f l u e n c e  t h e  

behav io r  o f  t h e  n u t r i e n t  l o a d  t h a t  t h e  a p p r o p r i a t e  o p e r a t i o n  of  

a  r e g r e s s i o n  equa t i on  canno t  be expected.  For  example, when 

ana l yz ing  t h e  Zala d a t a ,  i t  tu rned  o u t  t h a t  t h e  t o t a l  p e r i o d  

c o n s i s t s  o f  many smaller i n t e r v a l s  f o r  which t h e  sewage d i s c h a r g e ,  

snow me l t ing ,  r a i n f a l l - r u n o f f - e r o s i o n  o r  d r a i n a g e  from o t h e r  

wa te r  systems (see Appendix 5 and F igu re  11) occu r  v i r t u a l l y  

a lone .  Thus, f o r  each  of  t h e s e  p e r i o d s ,  d i f f e r e n t  l o a d  v e r s u s  

st reamf low r e l a t i o n s h i p s  may e x i s t  o f t e n  w i t h  u n s a t i s f a c t o r y  

accuracy,  s i n c e  t h e  conven t i ona l  r e g r e s s i o n  e q u a t i o n s  do n o t  

t a k e  i n t o  account  t h e  dynamic p r o p e r t i e s  o f  t h e  system. 



3O T i m e  S e r i e s  Ana l ys i s  

The dynamics of t h e  sys tem can b e  i n c o r p o r a t e d  i n t o  t h e  model 

w i t h  t h e  h e l p  of  a t i m e  series a n a l y s i s .  The d i s t i n c t i o n  among 

p e r i o d s  o f  d i f f e r e n t  c h a r a c t e r  canno t  n e c e s s a r i l y  be  avo ided.  The 

o t h e r  problem s t i l l  ex is ts--how t o  connec t  t h e  paramete rs  o f  t h e  

t i m e  series e q u a t i o n  (s )  t o  t h e  watershed c h a r a c t e r i s t i c s ,  t h a t  i s ,  

how t o  use t h e  model f o r  management purposes.  

N a t u r a l l y ,  t h e  t ype  of  a n a l y s i s  o f  2O and 3O depends 

b a s i c a l l y  on t h e  t i m e  scale n e c e s s i t a t e d .  For  example, t h e  

r e g r e s s i o n  a n a l y s i s  f o r  t h e  R ive r  Zala on a d a i l y  b a s i s  d i d  n o t  

work w e l l .  Neve r the less ,  i t  w a s  q u i t e  s a t i s f a c t o r y  when monthly 

averages  w e r e  used (Appendix I )  , t h e  t i m e  p e r i o d  be ing  i n  

harmony w i t h  t h e  o b j e c t i v e  of t h e  p r e s e n t  s t u d y .  

To summarize, i t  i s  s t r e s s e d  t h a t  t h e  t y p e  o f  model p r i m a r i l y  

depends on the f e a t u r e s  o f  t h e  p a r t i c u l a r  wa te rshed  and i t s  

p o l l u t i o n  c o n d i t i o n s ;  no g e n e r a l  model ing method e x i s t s  a t  the moment. 

Consequent ly ,  i n  t h e  model development,  t h e  knowledge from 

measurements must  p l a y  a d e c i s i v e  r o l e .  A t  p r e s e n t ,  a l i m i t e d  

a c t i v i t y  w i t h  t h e  a i m  of  e s t a b l i s h i n g  agg rega ted  models i s  

sugges ted .  

4.2 Moni tor ing 

There i s  no i n t e n t i o n  o f  p rov id i ng  an overv iew h e r e .  

Ra ther ,  t h e  p r e s e n t  problem w i l l  be  d i s c u s s e d  i n  t h e  l i g h t  o f  

t h e  two p rev ious  c h a p t e r s .  The measurements c a n  b e  t aken  

acco rd ing  t o  t h e  two d i f f e r e n t  approaches ment ioned p r e v i o u s l y  

f o r  e s t i m a t i n g  t h e  load :  

- t o  moni tor  t h e  l o a d  which e n t e r s  t h e  l a k e ,  

- t o  f o l l ow  t h e  n u t r i e n t  c y c l e  i n  t h e  wa te rshed .  

The two methods are complementary i n  c h a r a c t e r  and co r respond  

t o  t h e  d e s c r i p t i v e  and p lann ing  model t ypes .  

Re la ted  t o  t h e  f i r s t  i s s u e ,  t h e  development o f  t h e  p r o p e r  

sampl ing s t r a t e g y  i s  o f  major  impor tance.  I t  i s  obv ious,  f o r  

example, t h a t  more f r e q u e n t  sewage measurements would b e  needed 

f o r  t h e  summer season .  From t h e  a n a l y s i s  o f  t h e  Zala Rive r  d a t a  

(Appendix I ) ,  i t  appeared t h a t  t h e  weekly P04-P o b s e r v a t i o n s  

a f f o r d  h a r d l y  any more i n fo rma t i on  t h a n  t h e  monthly.  Thus, a 



d r a s t i c  i n c r e a s e  i n  t h e  samp l ing  f requency  would b e  n e c e s s a r y  

(or i f  it c a n n o t  b e  r e a l i z e d ,  a r e d u c t i o n  i s  proposed)  . A 

compromise s o l u t i o n  would a l s o  p rove  s a t i s f a c t o r y ,  e . g . , l o w e r  

t h e  f requency  o f  t h e  TP measurements b u t  i n v o l v e  p e r i o d s  ( h i g h  

f l ow  c o n d i t i o n s )  when t h e  m o s t  i m p o r t a n t  f r a c t i o n ,  t h e  o r t h o -  

phospha te  P I  i s  a l s o  mon i to red  w i t h  a p p r o p r i a t e  f requency .  

I n  o r d e r  t o  c o v e r  t h e  t r i b u t a r y  l o a d  o f  the whole wa te rshed ,  

s i m i l a r  r e g u l a r  o b s e r v a t i o n s  would b e  r e q u i r e d  f o r  some o f  t h e  

smaller water c o u r s e s .  These c a n  b e  s e l e c t e d  o n  t h e  b a s i s  o f  

w a t e r s h e d  p a r a m e t e r s  (Tab le  1 )  and t h e  c h a r a c t e r i s t i c s  o f  n u t r i e n t  

s o u r c e s  ( F i g u r e s  2 and 3 )  . 
F u r t h e r ,  more emphas is  s h o u l d  b e  g i v e n  t o  m o n i t o r i n g  t h e  

d i r e c t  v i c i n i t y  of t h e  l a k e  ( u r b a n  and r u r a l  a r e a s  i n v o l v i n g ,  

for  i n s t a n c e ,  v i n e y a r d s  a l o n g  t h e  n o r t h e r n  s h o r e  of t h e  l a k e )  

and u n i d e n t i f i e d  s o u r c e s  such  as groundwater  i n f i l t r a t i o n ,  

s e p t i c  t a n k s ,  and an ima l  fa rms.  The l a t t e r  t w o  b e l o n g  p a r t l y  

t o  t h e  second c a t e g o r y  o f  measurements i n d i c a t e d  a t  t h e  b e g i n n i n g  

o f  t h i s  s e c t i o n .  I n  t h i s  g roup ,  o n l y  t h e  impor tance  o f  e x p e r i -  

ments r e l a t e d  t o  f e r t i l i z e r  loss and t h e  r e s u l t i n g  a v a i l a b i l i t y  

o f  n u t r i e n t s  i s  s t r e s s e d .  

5 .  SUMMARY AND CONCLUSIONS 

l o  On t h e  b a s i s  of d a t a  f o r  1 9  t r i b u t a r i e s  ( T a b l e s  1 and  2 ) ,  

27 sewage d i s c h a r g e s  ( T a b l e s  3 and 4 ) ,  a t m o s p h e r i c  p o l l u t i o n ,  

e v e n t  b a s e d  o b s e r v a t i o n s  f o r  u rban  r u n o f f ,  and e s t i m a t e s  f o r  

d i f f u s e  s o u r c e s  i n  t h e  d i r e c t  v i c i n i t y  o f  t h e  l a k e ,  a l o a d i n g  

f i g u r e  w a s  g i v e n  i n  C h a p t e r  2 f o r  TP, P04-PI TN and N03-N. 

Accord ing  t o  the b a l a n c e ,  a p p r o x i m a t e l y  1000 kg/d TP and 

8000 kg/d TN r e a c h  t h e  water body ( T a b l e  8 ) ,  i .e., t h e i r  r a t i o  

i s  1:8.  

20 The e s t i m a t e  s e r v e s  f o r  s t u d y i n g  b o t h  t h e  i n - l a k e  p r o c e s s e s  

and problems o f  w a t e r  q u a l i t y  management. Acco rd ing l y ,  d a t a  

were g i v e n  f o r  t h e  v a r i o u s  sewage d i s c h a r g e s  and t r i b u t a r i e s  

s e p a r a t e l y ,  and also i n a g g r e g a t e d  form f o r  d i f f e r e n t  r e g i o n s ,  

sub-watersheds ,  and l a k e  segments .  The volume r e l a t e d  l o a d  i s  

more t h a n  t e n  t i m e s  h i g h e r  a t  t h e  w e s t e r n  end  of t h e  l a k e  

compared t o  t h e  e a s t e r n  end ,  t h u s  e x p l a i n i n g  t h e  c o r r e s p o n d i n g  

pronounced w a t e r  q u a l i t y  g r a d i e n t  and t h e  p r e s e n c e  of d i f f e r e n t  

t r o p h i c  l e v e l s  i n  t h e  l a k e .  



30 I n  Chap te r  3, t h e  c r e d i b i l i t y  o f  t h e  phosphorus l o a d  est i -  

m a t e  w a s  ana lyzed .  An o r d e r  o f  magnitude a n a l y s i s  w a s  performed 

s e p a r a t e l y  f o r  t h e  t r i b u t a r y  and sewage l o a d s ,  a s  w e l l  as f o r  

t h e  t o t a l  e s t i m a t e .  Fo r  t h e s e  purposes ,  t h e  f o l l ow ing  s t e p s  

and i n f o rma t i on  w e r e  used:  t h e  i n t e r compar i son  o f  t h e  charac -  

teristics of  sub-watersheds,  e v e n t  based  measurements and t h e  

subsequen t  e x t r a p o l a t i o n  o f  t h e  Zala Rive r  d a t a  f o r  t r i b u t a r y  

l oad ;  popu la t i on ,  sewage and w a t e r  use  d a t a  and t h e i r  dynamics 

f o r  sewage, and f i n a l l y ,  a s o u r c e  e v a l u a t i o n  from t h e  v iewpoin t  

o f  phosphorus c y c l i n g  on t h e  wa te rshed .  The r e s u l t s  j u s t i f i e d  

t h e  c r e d i b i l i t y  o f  t h e  l o a d i n g  f i g u r e .  

4 0  The o r i g i n a l  estimate w a s  c o r r e c t e d  i n  s e v e r a l  r e s p e c t s .  

To i n v o l v e  t h e  i n f l u e n c e  o f  f l o o d s  which are o f t e n  unobserved 

i n  t h e  smaller t r i b u t a r i e s ,  an u n c e r t a i n t y  a n a l y s i s  w a s  performed 

on t h e  Zala Rive r  d a t a .  I n  harmony w i t h  t h e  r e s u l t s ,  a n  i n c r e a s e  

o f  20% was a p p l i e d  t o  a l l  t h e  w a t e r  c o u r s e  l o a d s .  The sewage 

l o a d  was found a c c u r a t e  f o r  t h e  w i n t e r  season ,  b u t  a c o r r e c t i o n  

was made f o r  t h e  summer season  (assumed t o  b e  f i v e  months l o n g ) .  

A t  t h a t  t i m e ,  t h e  l o a d  is  approx imate ly  doub led.  A f u r t h e r  

peak w a s  g i ven  f o r  J u l y  and August--the r a t i o  is  1:2:3 f o r  t h e  

t h r e e  i n t e r v a l s  (Tab le  1 0 ) .  The o p e r a t i o n  o f  f i shponds  i n f l u e n c i n g  

t h e  l o a d  on t h e  s o u t h e r n  p a r t  o f  t h e  l a k e  w a s  i n vo l ved  (Tab le  1 1 ) .  

S l i g h t  m o d i f i c a t i o n s  w e r e  a l s o  done on o t h e r  l o a d i n g  t ypes .  

The f i n a l  f i g u r e  (Tab le  12)  a g r e e s  w e l l  w i t h  t h e  o r i g i n a l  

estimate and it t o o  i n c l u d e s  t h e  tempora l  changes on a monthly 

b a s i s .  Approximate ly  50% o f  t h e  TP l o a d  i s  a v a i l a b l e  f o r  a l g a e  

i n  t h e  l a k e .  The y e a r l y  ave rage  l o a d  may va ry  i n  a f 25% range  

due t o  s t o c h a s t i c  e f f e c t s  and u n c e r t a i n t i e s .  

The c o n t r i b u t i o n  o f  sewage t o  t h e  l o a d  r e a c h i n g  t h e  l a k e  

is  32% ( two- th i rds  o f  which s t e m s  from t h e  r e c r e a t i o n a l  a r e a ) ,  

17% i s  from a tmospher i c  p o l l u t i o n ,  and 24% i s  d e r i v e d  from 

d i r e c t  d i f f u s e  s o u r c e s  (urban and r u r a l ) ,  w h i l e  27% is  a s s o c i a t e d  

w i t h  i n d i r e c t  non-point  sou rces .  The sewage l o a d  o f  t h e  r e c r e a -  

t i o n a l  area r e p r e s e n t s  36% o f  t h e  t o t a l  a v a i l a b l e  l o a d  and 

a c c o r d i n g l y ,  i t s  management would have an e f f e c t i v e  i n f l u e n c e  

on t h e  l a k e ' s  water q u a l i t y .  



6 O  I n  Chapter  4 ,  t h e  problem o f  modeling and moni tor ing was 

d i scussed  i n  t h e  l i g h t  o f  t h e  p r e s e n t  problem. The importance 

of  measurements was s t r e s s e d  a s  a  b a s i s  f o r  n u t r i e n t  modeling 

bo th  f o r  d e s c r i p t i v e  and management purposes .  Sugges t ions  were 

made concern ing t h e  n o n i t o r i n g  s t r a t e g y  and o t h e r  e x p e r i a e n t s  . 



APPENDIX I :  ANALYSIS OF THE 
ZALA RIVER DATA 

A s tudy  was performed by ~ o m l ~ & d ~  and E l o r a n t a  ( 1981 ) , t h e  

o b j e c t i v e  o f  which was t o  t e s t  how a d e t a i l e d  l a k e  model (see 

van S t r a t e n  and somly6dy, 1980, i n  connec t ion  t o  t h e  t h r e e  model 

v e r s i o n s  under development) shou ld  o r  cou ld  be used i n  a s i m p l i f i e d  

way i n  a management framework. The s e c t i o n  r e l a t i n g  t o  n u t r i e n t  

l oad ing  a n a l y s i s  on t h e  R ive r  Zala i s  summarized h e r e .  

To p rov ide  an  impress ion  o f  t h e  behav io r  o f  t h e  r i v e r  and 

t h e  d a t a  a v a i l a b i l i t y ,  t h e  reco rds  f o r  1978 ( J O ~ ,  1980) a r e  g iven 

i n  F igure  11. A s  can be observed,  t h e r e  i s  on l y  one e v e n t  i n  t h e  

y e a r  when a f l ood  induces  a pronounced i n c r e a s e  i n  t h e  TP con- 

c e n t r a t i o n .  However, t h e r e  a r e  two p e r i o d s  (around days 50-60 

and 235-265, r e s p e c t i v e l y )  when t h e  p resence  o f  o t h e r  mechanisms 

is  suspec ted  (such a s  snow me l t i ng  and d ra inage  from marshland,  

r e s p e c t i v e l y ) .  The s i m i l a r i t y  is h i g h e r  between Q and TP l o a d s ,  

s i n c e  t h e  l a t t e r  i nvo l ves  t h e  st reamf low a s  w e l l .  The dynamics 

o f  t h e  P04-P l oad  a r e  p a r t l y  l o s t  because o f  t h e  i n f r e q u e n t  

measurements, a l though  t o  some e x t e n t ,  it fo l lows  t h e  p a t t e r n  

o f  Q.  However, t h e  absence of  a neak around t h e  day N r .  142 is  

e s p e c i a l l y  appa ren t .  A f u r t h e r  impress ion can be ga ined  abou t  

t h e  behav io r  of  or thophosphate-P from F igure  1 2 ,  which i l l u s t r a t e s  

t h e  (PO4-P)/TP r a t i o  ( 1978, two s t a t i o n s )  a s  a f u n c t i o n  o f  t h e  

st reamf low r a t e .  Although t h e  p o i n t s  a r e  s c a t t e r e d ,  they 
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P04-P load (week l y )  
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I 
Z a l a a p a t i  1978 

F igu re  12. The r a t i o  o f  TP and P04-P as a f u n c t i o n  o f  t h e  
s t reamf low r a t e  f o r  t w o  s e c t i o n s  o f  t h e  River  Zala 



c l e a r l y  show a  d e c l i n i n g  tendency  w i t h  i n c r e a s i n g  Q.  T h i s  

f a c t  can  be  e x p l a i n e d  i n  t h e  l i g h t  o f  F i g u r e  2  : a t  low f low 

c o n d i t i o n s ,  t h e  c o n t r i b u t i o n  o f  sewage d i s c h a r g e  is dominant ,  

b u t  t h e  i n c r e a s e  i n  t h e  d i s c h a r g e  does  n o t  c a u s e  s u c h  a n  i n c r e -  

ment i n  t h e  P04-P c o n c e n t r a t i o n  a s  i n  TP ( t h a t  i s ,  t h e  i n f l u e n c e  

o f  r a i n f a l l - r u n o f f  p r o c e s s e s  on PO4-P i s  s m a l l e r ,  see S e c t i o n  

2 . 3 . b ) .  

I n  t h i s  c h a p t e r  two d i f f e r e n t  a n a l y s e s  w i l l  be  per fo rmed 

u s i n g  t h e  r e g u l a r  phosphorus  and d i s c h a r g e  o b s e r v a t i o n s  o f  t h e  

Za la  R ive r .  The f i r s t  a n a l y s i s  i s  r e l a t e d  t o  t h e  u n c e r t a i n t y  

c a u s e d  by d a t a  s c a r c i t y ,  t h a t  i s ,  t h e  r o l e  o f  unobserved f l o o d  

e v e n t s ,  w h i l e  the second c o n c e r n s  t h e  s t o c h a s t i c  i n f l u e n c e  o f  

t h e  h y d r o l o g i c  reg ime.  

l o  U n c e r t a i n t y  c a u s e d  by Data S c a r c i t y  

C o n s i d e r  f i r s t  t h e  d a i l y  s t r e a m f l o w  and TP measurements 

f rom which t h e  monthly o r  y e a r l y  a v e r a g e  l o a d  can  b e  c a l c u l a t e d  

w i t h  s a t i s f a c t o r y  a c c u r a c y  and c a l l e d  a n  " e x a c t "  v a l u e .  Next ,  

one  c a n  assume t h a t  f rom t h i s  d a t a  set  o n l y  i n f r e q u e n t  d a t a  

w i t h  some r e g u l a r i t i e s  a r e  known (n  measurements f o r  m p e r i o d s  

o f  l e n g t h  AT f o r  a  t o t a l .  p e r i o d  o f  T  = kAt ,  k  = 1 , 2 , 3 . .  . , 
e . g . , b i w e e k l y  d a t a  f o r  a  y e a r :  n  = 2 ,  m = 12,  AT = 1  mon th ) .  

The l o a d i n g  f o r  t h e  a v e r a g i n g  p e r i o d  i . e .  a  y e a r ,  E l ,  c a n  t h e n  

be computed a s , f o r  example,  t h e  a r i t h m e t i c a l  mean o f  a l l  t h e  

c j Q j  p r o d u c t s .  The samp1ir.g on  t h e  o r i g i n a l  d a t a  b a s i s  may 

t a k e  p l a c e  randomly i n  a  Monte C a r l o  f a s h i o n  ( 1 - < i - < N ,  when 

N i s  a  s u f f i c i e n t l y  l a r g e  number ) ,  t h u s  r e s u l t i n g  i n  t h e  l o a d s  - 
L 
i ' Next,  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  series ci c a n  

b e  per fo rmed.  Such a n  a n a l y s i s  w i l l  i n d i c a t e  how r e l i a b l e  t h e  

l o a d  e s t i m a t e  i s  i f  i t  is  d e r i v e d  n o t  f rom 365 b u t  12 o r  24 

o b s e r v a t i o n s  o n l y ,  which a  p r i o r i  e x c l u d e  some o f  t h e  e s s e n t i a l  

mechanisms c o n t r i b u t i n g  t o  t h e  l o a d  ( f l o o d s ,  sudden r e l e a s e s ,  

e tc . )  . 
The i d e a  i s  s i m i l a r  t o  Dolan e t  a l .  ( 1 9 8 1 ) ;  a l t h o u g h  t h e  

o b j e c t i v e s  d i f f e r  i n  t h e i r  s t u d y ,  t h e  most a c c u r a t e  method f o r  

c a l c u l a t i n g  t h e  y e a r l y  a v e r a g e  l o a d  from s c a r c e  d a t a  was s o u g h t .  

F o r  some o f  t h e  methods t e s t e d ,  t h e  m i s s i n g  d a t a  were r e p l a c e d  



by a c o n c e n t r a t i o n  v e r s u s  f low r e l a t i o n s h i p ,  a procedure  which 

does n o t  o p e r a t e  w e l l  h e r e  on a  d a i l y  d a t a  b a s i s  (see l a t e r ) .  

For  t h e  y e a r l y  ave rages ,  200 runs  w e r e  per formed,  randomly 

s e l e c t i n g  two monthly measurements from t h e  d a t a  set o f  1977. 

A s  an average  o f  a l l  t h e  r u n s ,  212.1 kg/d was a r r i v e d  a t ,  which 

a lmos t  a g r e e s  w i t h  t h e  e x a c t  v a l u e  o f  215.5 kg/d (no  b i a s  was 

i n  t h e  computa t ion ) .  The minimum and maximum v a l u e s  w e r e  170.9 

and 262.6 kg/d r e s p e c t i v e l y ,  w i t h  s t a n d a r d  d e v i a t i o n  o f  28.2 kg/d 

( t h e  e m p i r i c a l  d i s t r i b u t i o n  was d i f f e r e n t  from t h e  G a u s s i a n ) .  

Accord ing ly ,  t h e  maximum e r r o r  is  + - 21%, w h i l e  t h e  s t a n d a r d  

e r r o r  i s  + - 13% (bo th  paramete rs  may b e  h i g h e r  i f  o n l y  one 

monthly d a t a  is  sampP_ed9. 

The p o s s i b l e  range o f  t h e  monthly average  l o a d s  w a s  a l s o  

t e s t e d .  I n  t h i s  c a s e ,  t h e  measurements o f  t h e  co r respond ing  

f o u r  months f o r  1976-79 w e r e  sampled randomly from un i fo rm 

d i s t r i b u t i o n  f o r  bo th  t h e  f i r s t  and second h a l f  o f  each  month. 

A h u ~ d r c d  s i n u l a t i o n s  sqrere per formed f o r  a 1 1  t h e  months. T h c  

r c s u l t s ,  i n c l u d i n g  ncan and ex t reme v a l u c s ,  as w c l l  a s  t h e  

range o f  + a  - (where a  i s  t h e  s t a n d a r d  d e v i a t i o n ) ,  are summarized 

i n  F igu re  9. Here t h e  e x a c t  v a l u e s  are a l s o  g i ven  f o r  compar ison.  

A s  shown, some s l i g h t  biz.s e x i s t s  (which i s  probab ly  r e l a t e d  t o  

t h e  i n s u f f i c i e n t  amount o f  r u n s )  b u t  s t i l l ,  i t s  i n f l u e n c e  i s  

n e g l i g i b l e .  For  i l l u s t r a t i v e  purposes ,  a t y p i c a l  d i s t r i b u t i o n  

is  a l s o  g i ven  ( f o r  Feb rua ry ) .  One can  conc lude  t h a t  on ave rage ,  

t h e  c a l c u l a t i o n  o f  the monthly mean l o a d  f o r  t h e  R ive r  Zala from 

a d a t a  set o f  f o u r  y e a r s  h a s  20% s t a n d a r d  e r r o r s ,  if t h e  p resence  

o f  two monthly d a t a  i s  assumed ( t h e  maximum e r r o r  i s  + 3 9 % ) .  

Th i s  e r r o r  is  l a r g e r  f o r  months o f  h i g h e r  d i s c h a r g e  (compare 

F igu re  9  and Tab le  2b) . 
Next,  a s imi lar  a n a l y s i s  w a s  done f o r  t h e  o r thophospha te  

l oad .  An e s s e n t i a l  d i f f e r e n c e  e x i s t s  i n  comparison t o  t h e  

p r e v i o u s  c a s e ,  namely t h a t ,  a t  b e s t ,  f o u r  o r  f i v e  d a t a  p e r  

month are a v a i l a b l e .  Consequent ly ,  t h e  l o a d  c a l l e d  e x a c t  

canno t  be de r i ved .  The re fo re ,  t h e  o b j e c t i v e  o f  t h e  a n a l y s i s  

cou ld  b e  no th i ng  more t han  t o  o b t a i n  i n f o r m a t i o n  on  r e s u l t i n g  

u n c e r t a i n t i e s ,  i f  t h e  l o a d  i s  c a l c u l a t e d  from even less f r e q u e n t  

observa t ions - - the  c a s e  f o r  t h e  o t h e r  t r i b u t a r i e s .  Because o f  



t h e  s c a r c i t y  o f  t h e  measurements,  3 d a t a  p e r  90 d a y s  were 

randomly s e l e c t e d ,  which c o r r e s p o n d s  t o  t h e  assumpt ion  o f  twe lve  

y e a r l y  o b s e r v a t i o n s .  The domain g a i n e d  f rom t h e  Monte C a r l o  

s i m u l a t i o n  is o b v i o u s l y  na r rower  t h a n  b e f o r e .  A l l  t h e  v a l u e s  

were found i n  t h e  mean f 10 kg/d r a n g e ,  w h i l e  t h e  s t a n d a r d  e r r o r  

w a s  less t h a n  10%.  T h i s  f e a t u r e s u g g e s t s  a  change i n  t h e  s t r a t e g y  

o f  t h e  w a t e r  q u a l i t y  samp l i ng :  f rom 5 2  y e a r l y  measurements h a r d l y  

any more u s e f u l  i n f o r m a t i o n  c a n  b e  c o l l e c t e d  t h a n  f rom 12. Thus, 

a n  i n c r e a s e  ( o r  i f  i t i s  n o t  r e a l i s t i c  f rom o t h e r  a s p e c t s ,  a 

d e c r e a s e )  i n  f r e q u e n c y  i s  proposed .  Ano the r  p o s s i b i l i t y  i s  t o  

reduce  t h e  r e g u l a r  s a m p l i n g ,  b u t  i n v o l v e  d a i l y  measurements f o r  

t h e  c r i t i ca l  p e r i o d s  ( h i g h  f l ow  c o n d i t i o n s )  . 
The same p r o c e d u r e  w a s  a l s o  per fo rmed f o r  t h e  month ly  l o a d s .  

The number o f  r u n s  was l i m i t e d  t o  50 t o  a v o i d  t h e  i n c l u s i o n  o f  

t h e  same comb ina t i on  s e v e r a l  t i m e s ,  due t o  t h e  l i m i t e d  amount o f  

d a t a  ( a n o t h e r  p o s s i b i l i t y  would b e  t o  d e r i v e  a l l  t h e  c o m b i n a t i o n s ) .  

T h i s  f a c t  s l i g h t l y  i n c r e a s e d  t h e  b i a s  i n  t h e  r e s u l t s .  

The s t a n d a r d  e r r o r  f o r  t h i s  s i t u a t i o n  was on a v e r a g e  + 16%,  

w h i l e  t h e  maximum e r r o r  was + - 23%,  b o t h  a g a i n  b e i n g  smaller t h a n  

t h e  e r r o r  f o r  t o t a l  phosphorus .  I t  i s  f e l t  t h a t  t h e  e r r o r  f o r  

P04-P would b e  smaller eT?en i f  a s  d e t a i l e d  i n f o r m a t i o n  w e r e  

a v a i l a b l e  a s  f o r  TP ( d a i l y  measuremen ts ) .  A s  a n  upper  l i m i t ,  t h e  

e r r o r  c h a r a c t e r i s t i c s  of TP c a n  b e  a c c e n t e d .  

S i n c e  a  l a c k  o f  f l o o d  o b s e r v a t i o n s  c a u s e s  a  s y s t e m a t i c a l  

e r r o r  i n  t h e  d e t e r m i n a t i o n  o f  t h e  l o a d ,  a n  i n c r e a s e  o f  t h e  

e s t i m a t e d  v a l u e  b a s e d  o n  s c a r c e  d a t a  i s  r e a l i s t i c  i n  p o s s e s s i o n  

o f  t h e  above r a n g e s  ( S e c t i o n  3.1 ) . 

2' I n f l u e n c e  o f  t h e  Hyd ro log i c  Regime on  t h e  Load 

S e v e r a l  r e g r e s s i o n  a n a l y s e s  w e r e  pe r fo rmed  w i t h  t h e  aim o f  

o b t a i n i n g  a  r e l a t i o n s h i p  between TP l o a d  and t h e  s t r e a m f l o w  r a t e  

( n o t  n e c e s s a r i l y  i n  a  c o n v e n t i o n a l  way, b u t  i n v o l v i n g  dynamic 

p r o p e r t i e s  i f  n e e d e d ) .  D i f f e r e n t  a v e r a g i n g  p e r i o d s  were con- 

s i d e r e d  and a  s a t i s f a c t o r y  r e l a t i o n  o f  a p p r o x i m a t e l y  85% c o r r e l a -  

t i o n  was found o n  t h e  month ly  b a s i s ,  which i s  a l s o  a c c e p t a b l e  

f rom t h e  s t a n d p o i n t  o f  l a k e  water q u a l i t y  mode l ing  (see b e f o r e ) .  

The r e l a t i o n s h i p  i s  e x p r e s s e d  a s  f o l l o w s :  



3 where Q is  i n  m /s. W i t h  t h i s  e q u a t i o n ,  it i s  p o s s i b l e  t o  d e r i v e  

a n  estimate r e l a t e d  t o  t h e  s t o c h a s t i c i t y  d e r i v e d  from the changes 

i n  hyd ro l og i c  c o n d i t i o n s .  The p rocedure  is  as f o l l o w s .  

The monthly ave rage  d i s c h a r g e s  f o r  t h e  p e r i o d  1969-78 g i ven  

i n  Table 2 and the p r o b a b i l i t y  d i s t r i b u t i o n s  o f  Q f o r  t h e  upst ream 

s t a t i o n  ~ a l a a p d t i  (F i gu re  1 )  p u b l i s h e d  by Barany i  (1979) , were 

c o n s i d e r e d  f i r s t .  Then t h e  l a t t e r  were norma l i zed  by t h e  monthly 

mean Q v a l u e s  f o r  each  month and a s i n g l e  log-normal d i s t r i b u t i o n  

f i t t e d .  For  t h e  s a k e  o f  t h e  p r e s e n t  l o a d i n g  s t u d y ,  it w a s  

assumed t h a t  t h i s  d i s t r i b u t i o n  remains  the same f o r  t h e  mouth 

s e c t i o n  and con f i dence  v a l u e s  o f  90% were e s t a b l i s h e d .  F i n a l l y ,  

t h e  lower and upper  bounds w e r e  d e r i v e d  from Equa t ion  ( 5  . 
The r e s u l t s  are p r e s e n t e d  i n  F i g u r e  10 where t h e  mean, 

minimum,and maximum v a l u e s  o f  the o b s e r v a t i o n  p e r i o d  1976-79 

a r e  a l s o  g i ven .  I t  c a n  b e  s e e n  t h a t  t h e  lower  l i m i t  a g r e e s  q u i t e  

w e l l  w i t h  t h e  minimum l o a d s ,  b u t  t h e  upper  one  i s  e s s e n t i a l l y  

h i g h e r  t h a n  t h e  obse rved  maximum. I t  shou ld  b e  ment ioned,  

however, t h a t  e v e n t s  o f  l ower  p r o b a b i l i t y  may r e s u l t  i n  

e x t r a o r d i n a r i l y  h i g h  l o a d s .  Fo r  i n s t a n c e ,  i n  J u l y  1975, a n  

ex t reme f l o o d  was observed :  i n  t h i s  month, t h e  t o t a l  P l o a d  

exceeded 700 kg/d,  a  v a l u e  n e a r l y  f o u r  times l a r g e r  t h a n  t h e  

means o f  1976-79. 

I n  c l o s i n g ,  a  f i n a l  impo r t an t  p o i n t  i s  s t r e s s e d .  A l l  t h e s e  

s t o c h a s t i c  changes i n f l u e n c e  t h e  monthly ave rage  v a l u e s  t o  a 

much g r e a t e r  e x t e n t  t h a n  t h e  y e a r l y  arerage l o a d s ,  s i n c e  t h e  

f l u c t u a t i o n  i n  t h e  y e a r l y  ave rage  s t reamf low is  s u b s t a n t i v e l y  

s m a l l e r  t h a n  t h a t  o f  t h e  month ly .  Dur ing t h e  p e r i o d  1969-78, Q 
3 3 v a r i e d  between 5.1 and 9.1 m / s ,  hav ing  a mean o f  7.4 m /s .  

Equa t ion  ( 5 )  is  n e a r l y  l i n e a r  i n  Q and can  b e  r e p l a c e d  s a t i s f a c t o r i l y  

by the r e l a t i o n  

which means t h a t  t h e  s t o c h a s t i c i t y  is  r e f l e c t e d  i n  LTp as it is  

i n  t h e  s t reamf low r a t e .  From Equa t i on  ( 6 ) ,  t h e  co r respond ing  

mean o f  t h e  y e a r l y  ave rage  l o a d  i s  253.3 kg/d,  which i s  i n  good 



agreement  w i t h  T a b l e  2 ( f o u r  y e a r  l o n g  o b s e r v a t i o n  p e r i o d )  

i t s  range  i s  + 25%.  

The r e s u l t s  o f  t h e s e  two a n a l y s e s  d i s c u s s e d  i n  t h i s  Appendix 

a r e  used  i n  S e c t i o n  3 . l a  t o  c o r r e c t  t h e  phosphorus  l o a d  e s t i m a t e  

o f  t h e  Za la  R ive r .  T h i s  i s  fo l l owed  by a n  e x t r a p o l a t i v e  mod i f i ca -  

t i o n  f o r  a l l  t h e  o t h e r  t r i b u t a r i e s  o f  t h e  l a k e .  
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