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SOME  ÜBSERl/ATIONS ON P H D S P H O R D U S  IN A TT ER S E E ,  

M O N D S E E ,  AND F U S C H L S E E  S E D I M E N T S

A. G U N A T I L A K A  

I n t r o d u c t i o n

P r o g r e s s i v e  e n r i c h m e n t  of lakes uith n u t r i e n t s  has led 

to s e r io us  e u t r o p h i c a t i o n  p r o b l e m s  and it r e p r e s e n t s  one 

of the c e n t r a l  p r o b l e m s  in p o l l u t i o n  m a n a g e m e n t ,  The  

p o l l u t i o n  r e s e a r c h  c a r r i e d  out in last tuo deca des  c l e ar ly  

s h o u e s  that i n c r e a s i n g  i npu t of n u t r i e n t s  is the m a i n  

ca us e of e u t r o p h i c a t i o n , Due to la rg er r e s i d e n c e  time, 

n u t r i e n t s  in s e d i m e n t s  are m o r e  s t a b l e  than those in the 

uat e r column,

G D L T E R M A N  (1966) s h o u e d  that s e d i m e n t s  can pl ay  a 

c r i t i c a l  rol e in d e t e r m i n i n g  the t r o p h i c  st ate  of a lake.

A st u dy  of s e d i m e n t s  c o u l d  help in u n d e r s t a n d i n g  e u t r o p h i -  

ca t i o n  p r o c e s s e s  takin g p l a c e  in the o ve r lying ua t e r  

co l u m n  and such k n o u l e d g e  uil l also help in dra u in g up 

p r o g r a m m e s  for lake m a n a g e m e n t .

A p r e l i m i n a r y  i n v e s t i g a t i o n  of s e d i m e n t  uas c a r r i e d  

out in A t t e r s e e  - M o n d s e e  - F u s c h l s e e  la ke - c h a i n ,  in 

o r d e r  to e s t a b l i s h  n u t r i e n t  p r o fi le s in se d i m e n t s .  The 

m a i n  objectiv/e of this uo rk  uas to find the state of
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P h o s p h o r o u s  in these th re e lakes.

The e a r l y  uork of E I N S E L E  ( 1936, 1938) and M O R T I M E R  

(1941, 1942) gav e the i n d i c a t i o n  that the p h o s p h o r o u s  

e x c h a n g e  at the s e d i m e n t - u a t e r  i n t e r f a c e  of lakes has 

been c o n t r o l l e d  by some p h y s i c a l  (t e m p e r a t u r e )  and 

c h e m i c a l  (o x i d a t i o n - r e d u c t i o n )  c o n d i t i o n s  and s t r e s s e d  

the i m p o r t a n c e  of r e d o x - p o t e n t i a l  of the s e d i m e n t s  in 

c o n t r o l l i n g  p h o s p h o r o u s  r e l e a s e  to the uater, GAIMDUB 

(1975) and KAMP-I\IIELSDI\I (1975) p r o v e d  that t e m p e r a t u r e  

and p h o s p h o r o u s  r e l e a s e  ra t es  are d i r e c t l y  rel ate d,

Ho ue ve r,  r e c e n t  uork ( P R D C E L L A  et al. 1970; K A M P - N I E L S O N  

1974, 1975 a and b ; DAVIS et al. 1975) in di c a t e s  that 

p h o s p h o r o u s  ui l l mov e into u e l l - o x y g e n a t e d  uater t h r o u g h  

s u r f a c e  m u d  that p r e s u m a b l y  has a high r e d o x  p o t e n t i a l .

It uas sh ou n that m i c r o - o r g a n i s m s  are r e s p o n s i b l e  for this 

r e l e a s e  and h e n c e  b a c t e r i a  and alg ae c o n s i d e r e d  to be 

i m p o r t a n t ,

The b i o t i c  role of a n i m a l s  in this e x c h a n g e  p r o c e s s e s  

see ms  to be s i g n i f i c a n t ,  Th e uork of E D U A R D S  (1958),

TESSEF'JDU ( 1964), DAVIS ( 1974 a and b), DAVIS et al. ( 1975), 

GA LL EP et al. (1978) and G A L L E P  (1979) d e m o n s t r a t e d  the 

r ol e of C h i r o n o m i d s  and G l i g o c h e a t s  in n u t r i e n t  r e l e a s e  

from s e d i m e n t s .
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M a t e r i a l s  and m e t h o d s

S e d i m e n t  s a m p l e s  were c o l l e c t e d  from d e e p e s t  par t of 

l a k e s  ( A t t e r s e e :  170 m U n t e r a c h ,  100 m U e y r e g g  - M o n d s e e :

65 m - F u s c h l s e e :  68 m ) , o n c e  in e a r l y  S p r i n g  and a g a i n

in lat e A u t u m n  using a m o d i f i e d  K a j a k  c o r e r  (NEUJRKLA 1977).

\
T h e  w a t e r  o v e r l y i n g  the s e d i m e n t  was e m p t i e d  c a r e f u l l y  wi th  

a s l o w  w o r k i n g  s uc t i o n  pu m p  un der r e d u c e d  p r e s s u r e ,  The  

s e d i m e n t  c o r e s  were cut in t o 1 cm t h i c k  slices; s l i c e s  

f r o m  f o l l o w i n g  depths w e r e  c o l l e c t e d  for f u r t h e r  a n a l y s i s :  

s u r f a c e ,  2, 3, 4, 5, 8, 10, 15, and 20 cm r e s p e c t i v e l y • 

D u p l i c a t e  s a m p l e s  wer e air d ri e d  for c h e m i c a l  a n a l y s i s .

S e d i m e n t  s a m p l e s  w e r e  i g n i t e d  at 450°C in a m u f f l e  

o v e n  for ZU hrs; the d i f f e r e n c e  in the w e i g h t  at 105°C 

(f o r m o i s t u r e  d e t e r m i n a t i o n )  and the lo s s in w e i g h t  a f t e r  

m u f f l i n g  was  taken as the i g n i t i o n  w e i g h t  loss and is 

e x p r e s s e d  as p e r c e n t a g e  o r g a n i c  ca rbo n.

T o t a l  p h o s p h a t e  was d e t e r m i n e d  a f t e r  p e r s u l p h a t e  

o x i d a t i o n  (RAV/EH et al. 1979). 100 mg s e d i m e n t  s a m p l e s  

w e r e  m i x e d  wi t h  50 ml d i s t i l l e d ,  d e i o n l z e d  w at e r  a n d  5 g 

P o t a s s i u m  p e r s u l p h a t e  in l a r g e  b o i l i n g  tu b es . The tu b e s  

w e r e  c o v e r e d  wi t h a l u m i n i u m  foil and a u t o c l a v e d  for two 

h o u r s  at 1,5 atm p r e s s u r e .  P h o s p h o r o u s  was  d e t e r m i n e d  by 

M U R P H Y  and R I L E Y  (1962) m e t h o d  S T R I C K L A N D  & P A R S 0 N S  ( 19 67) . 

I n o r g a n i c  p h o s p h a t e  was d e t e r m i n e d  s e p a r a t e l y  on m u f f l e d  

(450°C) s a m p l e s ,  d i g e s t e d  in the same  m a n n e r .  The d i f f e r e n c e
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b e t u e e n  the t o t a l- P and i n o r g a n i c - P  f r a c t i o n s  uere 

taken as the o r g a n i c - P  c o n te nt . In a d d i t i o n  from the 

late A u t u m n  s e r i e s  to tal n i t r o g e n  also was d e t e r m i n e d  

in ord er to e s t a b l i s h  C : P : N  r at ios . The same p e r s u l p h a t e  

d i g e s t i o n  uas used here: af t e r  c o o l i n g  1 g D e v a r d a s  al loy 

uas ad ded to each test tube to c o n v e r t  all the n i t r a t e s  

into a m m o n i u m .  N i t r o g e n  uas d e t e r m i n e d  as A m m o n i u m  using 

m o d i f i e d  S O L O R Z A N G  (1969) m e t h o d  ( S C H R E I N E R  (1976)).

R e s u l t s :

A g e n e r a l  d e s c r i p t i o n  of the s e d i m e n t s  is given in ta b l e  1 

and n u t r i e n t  a na l y s i s  data are s u m m a r i s e d  in Tab le s 2 - 7 .

The s u r f a c e  s e d i m e n t s  in these t h r ee  lakes s h o u  d is t i n c t  

d i f f e r e n c e s  in a p p e a r a n c e .  The co lou r of the sp r i n g  s u r f a c e  

s e d i m e n t  a p p e a r e d  to be p a l e r  than the au t um n S e d i m e n t .  

L a m i n a t i o n  uas o b s e r v e d  in the fi rst  feu cm of bot h 

M o n d s e e  and F u s c h l s e e  s e d i m e n t s  uith M o n d s e e  s e d i m e n t s  

s h o u i n g  ve r y  cl ear s t r i a t i o n s .  As the s a m p l e s  uer e ta ke n 

at the m a x i m u m  depth ( p oi n t of h i a h e s t  S e d i m e n t a t i o n ) ,  the 

fi rst  feu cm of the s e d i m e n t  (ca. 5-ß cm; see Tab le  1) uere 

m i x e d  uith  a sm a l l  p e r c e n t a q e  of u n d e c o m p o s e d  v e g e t a t i v e  

m a t e r i a l  i m p o r t e d  from the c a t c h m e n t .  U i t h  depth, s e d i m e n t s  

b e c o m e  m o r e  c o m p a c t  and s o l i d  due to the p r e s e n c e  of a 

h i gh er  p e r c e n t a a e  of fine clay. Th ey also app er ed  to be 

h i gh ly  r e d u c e d .  An i n c r e a s e  in the n e g a t i v e  r e do x p o t e n t i a l
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uas o b s e r v e d  u i t h i n  the f i r s t  cm of all th re e s e d i m e n t s  

and a c c c r d i n g  to their r e s p e c t i v e  r e d o x  pro fil e,  they 

c o ul d be a r r a n g e d  in the f o l l o u i n g  d e s c e n d i n g  order:

M o n d s e e  ^ F u s c h l s e e  ) A t t e r s e e  (— 12□ to -480; +5 to -35 0 

and +5 to -12 0 Ep^ml/ r e s p e c t i v e l y ) .

The s u r f a c e  s e d i m e n t s  c o n t a i n e d  a h ig h e r  p e r c e n t a g e  

of ua te r (60 - 85 %), u h i c h  sh ou e d  a g r a d u a l  d e c r e a s e  uith 

depth. Ho ue v er , there ue re  no c h a r a c t e r i s t i c  d i f f e r e n c e s  

b e t u e e n  the th re e s e d i m e n t  types. Loss in ign it i on  at 450°C 

u h i c h  c o r r e s p o n d  to the o r g a n i c  ca rb o n  c o n t e n t  of the 

s e d i m e n t  i n d i c a t e d  a s i m i l a r  d i s t r i b u t i o n  p a t t e r n  in all 

s e d i m e n t s .  The o r g a n i c  c a r b o n  c o n t en t d e c r e a s e s  ui t h depth 

ui th  a c o n s p i c u o u s  drop in the first 5 cm (for s p ri ng

20 - 36 %; Aut umn 17 %). At depths b e l o u  5 cm it f l u c t u a t e s  

u i t h i n  a n a r r o u  ränge. In At t er se e,  s u r f a c e  s e d i m e n t s  a p p e a r e d  

to co n ta in  a h i g he r p e r c e n t a g e  of o r g a n i c  m a t t e r  in S p r in g 

u h e r e a s  M o n d s e e  and F u s c h l s e e  sh ou a s l i g h t  O v e r a l l  i n c r e a s e  

in Autumn.

A n a l y t i c a l  data giv en in tables  2-7 s h o u  d i f f e r e n t  

levels  of n u t r i e n t  a c c u m u l a t i o n  in s e d i m e n t s  uith A t t e r s e e  

s h o u i n g  a min im um. T o t a l - P  c o n c e n t r a t i o n  is hi gh es t in 

M o n d s e e  s e d i m e n t s  (S pr in g 418-764; 5 3 3 - 7 0 5  in Au tumn)

uh i ch  is a p p r o x i m a t e l y  t h r e e  times the c o n c e n t r a t i o n  in 

A t t e r s e e  ( S p r i n g  203-225; A u t u m n  20 6 - 3 1 1  m i c r o g r a m m / g ) . 

F u s c h l s e e  has a s l i g h t l y  h i g h e r  c o n c e n t r a t i o n  (A utm n 258- 

336; S p r i n g  2 7 3 - 3 1 7  m i c r o g r a m m / g )  than A t t e r s e e .  The 

ge n e r a l  tr e n d  is d e c r e a s e  in c o n c e n t r a t i o n  uith depth,
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u h i c h  is c h a r a c t e r i s t i c  for all three lakes. In g e n er al , 

s p r i n g  c o n c e n t r a t i o n s  are s l i g h t l y  h i g h e r  for M o n d s e e  and 

F u s c h l s e e  but they lie m o r e  or less u i t h i n  the sam e r ä n g e  

as A t t e r s e e .  I n o r g a n i c  p h o s p h o r o u s  c o n c e n t r a t i o n s  s h o u  

u i d e  f l u c t u a t i o n s  ei th er in v/ertical d i s t r i b u t i o n  or be t u e e n  

the th ree s e d i m e n t  types. G r g a n i c  p h o s p h o r o u s  sh o u  s i m i-  

l a r i t i e s  in d i s t r i b u t i o n  in all th ree  la kes but t h e r e  is 

a s l i q h t  d e c r e a s e  in A u t u m n .

Total-l\li tr o ge n ( T—IM s K j e l d a h l - N  + A m m o n i u m  + n i t r a t e  +

+ ni tr it e) v a l u e s  are a v a i l a b l e  only for Autumn. The T-PJ 

c o n t e n t  is f a i r l y  high in M o n d s e e  (13,6 - 17 mg/g) and 

F u s c h l s e e  (ca. 17 mg/g) s u r f a c e  s e d i m e n t s  (first 5 cm) 

but the c o n c e n t r a t i o n  is s l i g h t l y  louer in A t t e r s e e  (9 - 

12 m g / g) . In v e r t i c a l  d i s t r i b u t i o n  of T-I\l, M o n d s e e  and 

F u s c h l s e e  s h o u  s i m i l ä r i t i e s  (10 - 15 m g / g ) .

C : P ra t i o  is l oue st  for M o n d s e e  (1 27 -24 9)  u h i l e

it is tuice as tnuch for F u s c h l s e e  ( 2 6 1- 46 7)  and A t t e r s e e

( 2 6 9 - 4 0 9 ) .  The order of m a g n i t u d e  of C : PJ in M o n d s e e :  7,3-

4,6; F u s c h l s e e :  ß , 1-4,2; A t t e r s e e :  5,5 - 10,6.

M:P r a t i o  for A u t um n s h o u  some i n t e r e s t i n g  s i m i l ä r i t i e s  

and d i f f e r e n c e s ;  it is s i m i l a r  in that it i n c r e a s e s  uith  

de p th  but d i f f e r s  u i d e l y  in m a g n i t u d e  ( M o n d s e e  20-36; 

A t t e r s e e :  33-54; F u s c h l s e e :  4 2 - 7 Q ) .

Di s c u ss i o n :

The e x c h a n g e  of P b e t u e e n  b o t t o m  s e d i m e n t s  and o v e r l y i n g  

u a t e r  is i m p o r t a n t  in the p h o s p h o r o u s  b u d g e t  of lakes
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(S TU MM & L E KI E  1971, I M B O D E N  1974). G e n e r a l l y  the la kes 

act as p h o s p h a t e  traps e i t h e r  by s e d i m e n t a t i o n  of o r g a n i c  

m a t e r i a l ,  a d s o r p t i o n ,  or p r e c i p i t a t i o n  of i n o r g a n i c  

p h o s p h a t e  (S T R A S K R A B O V A  et al. 1973, P R O C H E Z K O U A  et al 1973).

In the A t t e r s e e - M o n d s e e - F u s c h l s e e  lake - c ha i n  the 

p h o s p h o r o u s  l o a d i n g  is c o n s i d e r a b l y  high; this can be seen 

from the f o l l o u i n g  f i g u r e s  given by M Ü L L E R  ( 1 9 7 9 ) , M O O G  (1980).

C r i t i c a l  loa din g,  real p h o s p h o r o u s - i n p u t  and P - i n p u t  as a 

p e r c e n t a g e  v al u e  of c r i t i c a l  lo adi ng

F u s c h l s e e  

M o n d s e e 

A t t e r s e e

F u s c h l s e e  

M o n d s e e  

A 1 1 e r s  ee

C r i t i c a l  l o a d i n g  

1000 

9750 

19740

Real P - i n p u t
(1978)
1250

7240

10540

(1979)

10760

13780

P e r c e n t a g e

125

74

54

110 

70

The p h o s p h a t e  thus b r o u g h t  E n t e r s  ei t he r the food ch ai n 

and is u l t i m a t e l y  s e d i m e n t e d ,  or p r e c i p i t a t e d  as i n o r g a n i c  

p h o s p h a t e .  The i n o r g a n i c  b i n d i n q  of p h o s p h o r o u s  u s u a l l y  

a s c r i b e d  to f o r m a t i o n  of m i n e r a l s  uit h Al, Fe, Ca or to 

a d s o r p t i o n  or i□n e x c h a n g e ,  e s p e c i a l l y  ui th  clay m i n e r a l s ,  

m e t a l  o x i d es  or m e t a l  h y d r o x i d e s  (STUMM8 M O R G A N  1970, 

GOLTERMATi 1976).
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La k e s e d i m e n t s  bear e v i d e n c e  tn p r o c e s s e s  taking p l ac e 

in the o v e r l y i n g  uater c o l um n.  Thus so me  of the p r o c e s s e s  

o u t l i n e d  a b o v e  are r e f l e c t e d  by the p h y s i c a l  and c h e m i c a l  

c h a r a c t e r i s t i c s  of the s e d i m e n t s .

The s e d i m e n t i n g  al ga l b i o m a s s  c o n t r i b u t e s  m u c h  to 

T-P, T-N and also in this case to the s e d i m e n t  colou r.

In m e s o - o l i g o t r o p h i c  A t t e r s e e ,  the a lg a l  c o m m u n i t y  is 

d o m i n a t e d  by d i at om s and he n ce  s u r f a c e  s e d i m e n t s  are pale 

grey in c o lo ur . In e u t r o p h i c  M o n d s e e  and F u s c h l s e e  the 

m a j o r  c o n t r i b u t i o n  to the al ga l b i o m a s s  comes from 

O s c i l l a t o r i a  r u b e s c e n s ; the p u r p l e  p i g m e t  from it is 

r e s p o n s i b l e  for high ly c o l o u r e d  l a m i n a t i o n s .  D i s t i n c t  

t h ic ke r l a m i n a t i o n  in M o n d s e e  sh ou  c o m p a r a t i v e l y  h i g h e r  

S e d i m e n t a t i o n  rates (Ta bl e 1). This has r e s u l t e d  in 

s l i g h t l y  h i g h e r  carbon val ues : the o v e r a l l  S p ri ng  v a lu es  

are s l i g h t l y  high er  than the A u t u m n  v a l ue s.  The im pa c t  

cf the high a lga l b i o m a s s  is c l e a r l y  i n d i c a t e d  by c o m p a r a t i v e l y  

hi gh T-f'J v a l u e s  in A u t u m n  s a m p l e s  of M o n d s e e  and F u s c h l s e e  

( tabl es 5 - 7) .

Roth a l l o c h t h o n o u s  and a u t o c h t h o n o u s  m a t e r i a l  c o n t r i b u t e  

to high s e d i m e n t  T-P v a l ue s.  High al gal b i oma ss and pro- 

b a bl y the l o a d i n g  from i n p u t s  c o n t r i b u t e  mu ch  to the high 

p h o s p h a t e  v a l u e s  in M o n d s e e  and F u s c h l s e e .  A t t e r s e e  A u t u m n  

s a m p l e s  are from the m o r e  e u t r o p h i c a t e d  U e y r e g g - b a y  and 

h enc e may be the i n c r e a s e d  T-P val ues . In c o n tr as t the drop
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in c o n c e n t r a t i o n  of T-P in s u p e r f i c i a l  s e d i m e n t s  of 

M o n d s e e  and F u s c h l s e e  i n d i c a t e  a p o s i t i v e  P - f l u x  to 

the h y p o l i m n i o n .  D r g a n i c - P  does not s ho u  mu c h  V a r i a t i o n  

but it is p r o b a b l e  that o x y g e n  c o n s u m p t i o n  of the 

s e d i m e n t e d  p l a n k t o n  e x c e e d s  the o x y g e n  t r a n s f e r  from

the o v e r l y i n g  s e d i m e n t  and thus c o n t r i b u t i n g  t o u a r d s
\

an o x y g e n  d ep le t i o n .

The m e a n  l\l P ra t io  for the fi rst three cm of 

M o n d s e e ,  A t t e r s e e  and F u s c h l s e e  s e d i m e n t s  are 20, 37 and 

54 r e s p e c t i v e l y .Fr o m the a l g al  p h o s p h o r o u s  ra tio  of 15:1 

(f rom V/DLLEIMLüEIDER 1969), one could a s s u m e  that a l l o c h -  

t h o no us  S e d i m e n t a t i o n  e x c e e d s  by far the a u t o c h t h o n o u s  

S e d i m e n t a t i o n .  H o u e v e r  t he r e  seem to be a s i g n i f i c a n t  

c o n t r i b u t i o n  to a u t u c h t h o n o u s  S e d i m e n t a t i o n  in M o n d s e e .

In c o n t r a s t  to the o v e r l y i n g  uater, p h o s p h o r o u s  

c o n t e n t  of the s e d i m e n t s  in these lakes a ppe ar to be highe r 

by a t l ea st  one Or der ( t a b l e s  2 - 7); this impl ies  that a large 

a m o u n t  of n u t r i e n t s  are b e e i n g  bu ri ed  in s e d i m e n t s .  As this 

p h o s p h o r o u s  c oul d be r e l e a s e d  from s e d i m e n t s  from time to 

time, it can play an i m p o r t a n t  role in e u t r o p h i c a t i o n  

p r o c e s s e s .

The r e l e a s e  of p h o s p h a t e  may r e s u l t  from:

1) i n c r e a s e d  t e m p e r a t u r e ,  2) i n cr e as e in pH, 3) c h a n g e  in 

r e d o x  c o n d i t i o n s  and 4) b i o t u r b a t i o n .

F i g u r e  1 s u m m a r i z e s  the m a j o r  p h o s p h o r o u s  forms and tran s- 

f o r m a t i o n  p a t h u a y s  (a ft er  SC.'AWIA 1979).
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t t
hypolimnion Resuspension/ Resuspension/

Figurei . Suggested mechanism of phosphorus transformation and movement in the 

deep watcr/sediment zone. POP = particulate organic phosphorus, DOP = dissolved 

nonxeactive phosphorus, SRP = soluble reactive phosphorus, SIP = sorbed inorganic 

phosphorus; arrows labeled with 0 2 are affected by oxygen content.

An inc re ase i n t e m p e r a t u r e u i l l  ten d to l i b e r a t e s o m e of

th e inor ga n i c al ly  a d s o r b e d p h o s p h a t e • A Iso incre a s e d b io -

lo g ical ac t i v ity at a hi g h e r te mp e r at ur e, uill a id in

re leas in g pho s ph o r o u s .  The e x c h a n g e pro c es s e s  ar e gov e r n e d

by dif f u s ion c o e f f i c i e n t s  a ) u i t h i n se d iment, b) u i t h in

ua ter co lumn, and c) s e d i m e n t - u a t e r int e r f a c e .

The pH o f the s e d i m e n t and the hyp o l i m n e t i c ua t e r

CO n t r o l s va r i □us p r e c i p i t a t ion and s or p tion proc ess es •

Th e inor g a n i c b i n di ng  of ph o s p h a t e u i t h Ca (II), Al ( III),

an d Fe (III) is d e p e n d e n t  o n pH ( STU MM & M OR G A N 1970, KAMP

NI E L S E N 1974 and L I J K L E M A  ( 1977).

The oxi g en c o n c e n t r a t i on or re dox - p o t e n t i a l s o f the

ua ter co lum n and s e d i m e n t s are prob ab ly the mo s t impo r tan t

er i t e r i a in d e t e r m i n i n g  the m a g n  i tu de o f the exc h a n g e o f

nu t r i e n t s bet u e e n  the ua t er c o l u m n and s e d i m e n t s • L o u
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o x y g e n  and high p h o s p h o r o u s  c o n c e n t r a t i o n s  have been  

o b s e r v e d  ne ar lake b o t t o m s  in M o n d s e e  (J AG SC H 1979) and 

F u s c h l s e e  (H AS L A U E R  1979). The y have also o b s e r v e d  an 

i n c r e a s e  of al mo s t ten f o l d  in total p h o s p h a t e  c o n c e n -  

t r a t i o n  in b o t t o m  ua te r s  (M o nd se e:  <+□ m i c r o g r a m m / 1  at the 

sur f ac e,  3DD at the bottom; Fu s c h l s e e :  59 m i c r o g r a m m / 1  

at the s u r fa ce , 352 at the bo ttom) at the end of s u m m e r  

S t a g n a t i o n ,  The s e d i m e n t s  tak en  in A u t u m n  1979 shoui that 

they uere s t r o n g l y  r e d u c e d .  (Lou r e d o x - p o t e n t i a l s  and 

t r ac es  of s u l f i d e  in o v e r l y i n g  uater, D , 2 8  - 0,31 m.m ol /1;  

the s c a t t e r e d  bl ack p a t c h e s  in s e d i m e n t s  p r o b a b l y  due to FeS).

The o x i d i z e d  m i c r o z o n e  on the s e d i m e n t  s u r f a c e  s u p p r e s s e s  

P - r e l e a s e  from lake s e d i m e n t s ,  a l t h o u g h  p h o s p h o r o u s  does 

not m o v e  into o v e r l y i n g  u a t e r  under a e r o b i c  c o n d i t i o n s .  When 

the zone b e c o m e s  r e d u c e d  du ri n g  a n a e r o b i c  peri od s, such as 

seen in M o n d s e e  and F u s c h l s e e  during s u m m e r  S t a g n a t i o n ,  

p h o s p h o r o u s  d i f f u s e s  fr o m the area of high  c o n c e n t r a t i o n , 

the s e di me nt , into the o v e r l y i n g  uater.

P h o s p h o r o u s  d i f f u s i n g  from the s e d i m e n t  to the hypo- 

l i m n i o n  ma y not be i m m e d i a t e l y  a v a i l a b l e  to the a lg a e  in 

the e u p h o t i c  zone. P o s s i b l y  a mo r e d i r e c t  so u rc e  of P for 

s u m m e r  algal g r o ut h is s e d i m e n t  in c o n t a c t  uith the epi- 

l i m n e t i c  ua ter . B e c a u s e  this area is o x y g e n a t e d ,  it has a 

g r e a t e r  p o t e n t i a l  for d i v e r s e  a n i m a l - s e d i m e n t  i n t e r a c t i o n s  

u h i c h  m i g h t  f a c i l i a t e  n u t r i e n t  r e g e n e r a t i o n .
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The e f f ec t s of b e n t h i c  m a c r o i n v e r t e b r a t e s  ( c h i r o n o m i d s , 

□ligochaets) on the s e d i m e n t - u a t e r  e x c h a n g e  may be 

s i g n i f i c a n t .  The role of uo rm  p o p u l a t i o n s  in p r e v e n t i n g  

the b u i l d - u p  of o r g a n i c  m a t t e r  and i n d u c i n g  n u t r i e n t  

c y c l i n g  is ve ry  im p or tan t.

They also i n cr ea se  o x y g e n  p e n e t r a t i o n  into the 

s e d i m e n t  and i n c r e a s e  r e d o x - p o t e n t i a l s  in the s u r f a c e  

layer s of m u d  (EUJARDS 1958). B R I N K H U R S T  ( 1972) and LüQOD 

(1975) usinq dye tracer, f o u nd  that m a c r o i n v e r t e b r a t e s  

had a s i g n i f i c a n t  i n f l u e n c e  on the t r a n s p o r t  of s o l u t e s  

be t u e e n  the s e d i m e n t  and u a t e r  co l um n t hr o u g h  p u m p i n g  

m e c h a n i s m s .  This uo uld  d e f i n i t e l y  r e s u l t  in a c c e l e r a t e d  

d i f f u s i o n  rat es .

üJe hav e no d e t ai le d i n f o r m a t i o n  ab ou t c h i r o n i m i d  and 

□ligochaete p o p u l a t i o n s  in these th ree lakes but they are 

c o m m o n  m e m b e r s  of the lake biots. From  p u b l i s h e d  uork

- E D U A R D S  ( 1958), T E S S E N D V  (1964), B R I N K H U R S T  ( 1972),

LüDDD ( 1975), DAUIS (1974 a R b), DAV/IS et al. ( 1975),

GA LL ER  et al. (1978) and G A L L E P  (1979) - one could 

c o n c l u d e  that they play a p o s i t i v e  ro l e in the r e l e a s e  

of P from s e d i m e n t s  as they are knoun to be i m p o r t a n t  

a gen ts of b i o t u r b a t i o n  and e f f e c t  s e d i m e n t  c h e m i s t r y  

i n c l u d i n g  r e d o x  and pH.

Th e re  is no doubt that the p r o c e s s e s  o p e r a t i n g  in 

the s u p e r f i c i a l  s e d i m e n t s  of lakes can s i g n i f i c a n t l y  

i n f l u e n c e  D v e r l y i n g  uater.  B A N N E R M A N  et al (1975) have
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e s t i m a t e d  s e d i m e n t - d e r i v e d  p h o s p h o r o u s  loads of lake

□ nt a r i o  to be ten p e r c e n t  of the s t r e a m  loads. BURIMS 

& RDSS (1972) e s t i m a t e d  the load of P from lake Eri e 

s e d i m e n t s  to be 137 % of the e x t e r n a l  load during 

the tuo c r i t i c a l  so m me r m o n t h s  uhen the h y p o l i m n i o n  

of the c e n t r a l  basin uas a no xi c. A s i m i l a r  o x yg en  

d e p l e t i o n  is o b s e r v e d  bot h in M o n d s e e  and F u s c h l s e e  

at the end of su mm er  S t a g n a t i o n  uith a c o r r e s p o n d i n g  

i n c r e a s e  in P in the h y p o l i m n i o n .  This i n d i c a t e s  that 

s u p e r f i c i a l  s e d i m e n t s  are p l a y i n g  an i m p o r t a n t  rol e 

in the P - b u d g e t ,  e s p e c i a l l y  in these tuo lakes.

S e d i m e n t s  act as a sin k for p h o s p h a t e s  (uhich 

b e c o m e  bo un d to Fe I I I - o x i d e s ) ,  as long as the P- 

l o a d i n c  of the lake is small, and as long as d i s s o l v e d  

Or, p r e v a i l s  at the s e d i m e n t - u a t e r  i n t e r f a c e .  As so on as 

the l o ad in g e x ce ed s a c r i t i c a l  limit, a s i g n i f i c a n t  

l o u e r i n g  of the r e do x i n t e n s i t y  at the s e d i m e n t - u a t e r  

i n t e r f a c e  r e s u l t s  in a r e v e r s a l  of the f e e d - b a c k  m e c h a -  

ni sm  of P - r e g u l a t i o n ; u n d e r  a n a e r o b i c  c o n d i t i o n s ,  s e d i ­

m e n t s  r e l e a s e  P - a c c u m u l a t e d  in ea rl ie r years. A c c o r d i n g  

to M Ü L LE R (1979), of the thr ee  lakes, on l y A t t e r s e e  is 

u nde r c r i t i c a l  loa di ng  lim it s.  Hou eve r, this does not 

m e a n  that one has to i g n o r e  the c h an ae s that are ta ki n g  

p l ac e in M o n d s e e  and F u s c h l s e e .  P r e c a u t i o n s  taken in time 

c ou l d  p r e v e n t  a c c e l e r a t i o n  of e u t r o p h i c a t i o n  p r o c e s s e s .
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Attersee Mondsee F uschlsee

U a t e r  d ep th  

& s a m p l i n g

D ep th  

1 -  5

5 - 1 0

10 -  15

170 m U n t e r a c h
1 5 . 0 4 . 1 9 7 9

65 m
1 6 . 0 4 . 1 9 7 9

66 m
1 7 . 0 4 . 1 9 7 9

100 m U ey re gg
1 2 . 1 1 . 1 9 7 9

56 m
1 3 . 1 1 . 1 9 7 9 68 m

1 4 . 1 1 . 1 9 7 9

Y e l l o u i s h - p a l e  bro un  ( s p r i n g )  

B r o u n i s h - g r e y  ( A u t u m n ) ,  m ix ed  

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

d en s i - ty ;  inhamogenous

I n h o m o g e n o u s ; more s i l t  and 

c l a y ;  g r e y  c o l o u r ;  b l a c k  

p a t c h e s : s c a t t e r e d ; o c c a s i o n a l  

v e g e t a t i v e  l i t t e r

L i g h t  g r e y  s e d .  u i t h  f i n e  

c l a y ;  Autumn c o l o u r  cha nged  

to  b l a c k .

B l a c k  f l u f f y  ( S p r i n g )  changed

to  p u r p l e  g r e y i s h  b l a c k  i n

Autumn; l a m i n a t i o n - c l e a r  a l t e r -

n a t i n g  s t r i a t i o n s  ( 0 , 5 - 0 , ?  cm

t h i c k ) ;  in h c m o g e n o u s ; mixed
2 -

u i t h  v e g e t a t i v e  m a t t e r ;  S p r s .  

i n  Autumn:  0 , 2 8  m . m o l / 1 .

B l a c k  g y t t j a  l i k e  s e d .  upto  8 

cm; s e d .  b e l o u  u i t h  more  

composed m a t e r i a l  -  g r e y  i n  

c o l o u r

Dark  g r e y  f i n e  s e d i m e n t s ;  

( d a r k e r  t h a n  F u s c h l s e e ) .

B l a c k  f l u f f y  ( S p r i n g ) ; p u r p l e

g r e y i s h  b l a c k  i n  A u t u m n ; l e s s

d i s t i n c t  l a m i n a t i o n ;  f l u f f y

m a t e r i a l  l i g h t e r  i n  d e n s i t y
2 -

up to  3 cm; . in h o m o g en o u s ; S 

p r s .  i n  Autumn:  0 , 3 1  m . m o l / 1  

i n  s u r f a c e  u a t e r .

D ark  g r e y  s e d .  u i t h  f i n e r  

c o n s t i t u e n c y  f o l l o u e d  by 

b l a c k  s e d i m e n t s

D ark  g r e y  s e d i m e n t s ;  

homogenous;  u e l l  decom-  

p o s e d .

T a b l e  1: S e d i m e n t  d e s c r i p t i o n  and p h y s i c a l  c h a r a k t e r i s t i c s
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D e p t h  (cm) T-P % I-P % 0-P % uat er  
c o n te nt

% loss 
igniti

1 23 4.4 87.3 12.7 72.13 8.54

2 236.2 83.8 16.2 56.32 7.49

3 215.5 86.5 13.5 50.63 6.76

4 20 9.6 87.9 12.1 52.28 6.90

5 20 1.3 66.4 33.6 47 .18 6.87

8 167.5 87.8 12.2 44.56 6.68

10 204.1 74.1 25.9 42.52 5.66

15 195.1 71.0 29.0 47.62 6.71

Ta bl e 2i P h o s p h o r o u s  c o n t e n t  in A t t e r s e e  s e d i m e n t s .  S e d i m e n t s  from U n t e r a r c h

at 170 m de pt h taken on 26.4. 1979. To tal p h o s p h o r o u s  (T-P) in ug/g, 

i n o r g a n i c  p h o s p h o r o u s  (I-P), o r g a n i o  p h o s p h o r o u s  (0-P) as p e r c e n t a g e s .  

üJeights e x p r e s s e d  as per grani dry s e d i m e n t s  (105°C).
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D e p t h  (cm) T-P % I-P % 0-P % ua te r 
c o n t e n t

% loss 
igni tii

1 80 2. 5 84.9 15.1 84 . 85 11.22

2 649.4 84.6 15.4 68.36 .23

3 58 9.7 76.9 23. 1 61 .39 8.96

4 438.1 55.3 44.7 58.56 4.98

5 403.4 68.2 31.8 6 4 .2 7 7.20

8 309.2 73.6 26.4 79 .06 6.39

10 337.2 77.9 22.3 56 . 77 5.51

15 275.6 82.6 17.4 52. 48 7.12

Ta b le  3: P h o s p h o r o u s  c o n t e n t  in M o n d s e e  s e d i m e n t s .  S e d i m e n t s  taken at 65m depth

on 2 6 . 4 . 1 9 7 9 .  T o t al  p h o s p h o r o u s  (T-P) in ug/g, i n o r g a n i c  p h o s p h o r o u s  

(I-P), o r g a n i c  p h o s p h o r o u s  (D-P) as p e r c e n t a g e s .  Lüeights e x p r e s s e d  as 

per gram dry s e d i m e n t s  (1D5°C).
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D e p t h  (cm) —
i i %  I-P % D-P % u a t e r  

c o n t e n t
% 1oss in 
igni tion

1 305.1 86.9 13.1 87.31 10.90

2 258.3 Bk .B 15.2 8 2 . 6 3 9.^5

3 336. k 75.□ 25.□ 81 .82 7.52

k 212.6 80.9 19.1 80 . 60 7.55

5 261. k 83.7 16.3 69.*+5 8.39

8 2kü . 6 75.9 2k. 1 6k.k3 8. '\k

10 2 1 3 . 1 83.7 16.3 53 . 53 6.88

15 158,3 82.9 17.1 50.91 6.96

T a b l e  k: P h o s p h o r o u s  c o n t e n t  in F u s c h l s e e  s e d i m e n t s .  S e d i m e n t s  tak en  at 68 m depth

on 2 7 . k . 1979. T ot a l  p h o s p h o r o u s  (T-P) in ug/g, i n o r g a n i c  p h o s p h o r o u s  ( I- P), D-P  

o r g a n i c  p h o s p h o r o u s  as p e r c e n t a g e s .  UJeights e x p r e s s e d  as per gram dry s e d i m e n t s  

(10 5°C).
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D e p t h  (cm) T-P Ö'
'

I—
I 1 T) %  0-P % uat er  

c o n te nt
% lnss in 
i g n i t i o n

T-N

1 27 6 .3 67 .3 12.7 80 . 18 9.78 9.2

2 31 0.6 87. 1 12.9 78.54 9.18 11.3

3 23 9. 5 8 7 . 8 12.2 76.90 8.49 10.1

4 225 .6 89 . 2 10.8 76.12 7.12 12.3

5 219.0 82 . 2 17.8 74.55 8.10 11.8

8 22 2. 4 8 2. 6 17.4 65.33 7.48 7.3

10 23 7.2 83 .5 16.5 65.15 8.16 6.4

15 223.1 86.8 13.2 60.88 6.68 8.6

20 21 5 .3 77.9 22.1 60.62 6.50 7.8

Ta b le  5. N u t r i e n t  c o n t e n t  in A t t e r s e e  s e d i m e n t s .  S e d i m e n t s  from Lüeyregg-bay

at 10Dm d e p t h taken on 14. 11. 1979. To t a l  p h o s p h o r o u s  (T-P) in ug/g, 

i n o r g a n i c  p h o s p h o r o u s  (I-P), o r g a n i c  p h o s p h o r o u s  as p e r c e n t a g e s  and 

tot al n i t r o g e n  (T—l\l) in mg/g; e x p r e s s e d  as u e i g h t  per gram dry 

s e d i m e n t  ( 1 05°C)
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i (cm) T -P % I-P % 0-P % uater 
c o nte nt

% loss in 
i g ni ti on

T-N

1 65 0 . 4 83. 6 16.4 85 .09 9.35 13.6

2 6 8 1 . 5 8 0 . 7 19.3 80 . 87 9.97 13.7

3 7 0 5. 4 80 .4 19.6 76.77 8.95 14.1

4 53 3 . 4 77.4 22.6 76.23 7.85 17.0

5 4 1 9 . 7 74.4 25.6 76.92 7.70 15.3

8 33 8.5 70. 7 29.3 66.58 8.43 11.2

10 3 33 . 3 73.6 26.4 66.96 6.07 11.5

15 32 4 . 8 76.8 23.2 63.12 7.09 10 .8

20 3 0 6. 3 77.9 22.1 61.01 6.70 10.8

Ta b l e  6:' N u t r i e n t  c o n t e n t  in M o n d s e e  s e d i m e n t s .  S e d i m e n t  from 65m de pt h  taken on

1 4 . 1 1 . 1 9 7 9 .  To t al  p h o s p h o r o u s  (T-P) in ug/g, i n o r g a n i c  p h o s p h o r o u s  (I-P), 

o r g a n i c  p h o s p h o r o u s  (0-P) as p e r c e n t a g e s  and to ta l n i t r o g e n  (T-N) in mg/g; 

e x p r e s s e d  as u e i g h t  per gram dry s e d i m e n t ( 105°C).
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2
3
2

i (cm) T-P % I-P % 0-P % uater 
co n te nt

% i g n i t i o n  
loss

T-N

1 29 3 .3 84 . 5 15.5 80.90 9.78 16.9

2 30 4 .0 84 . 4 15.6 66.96 9.18 15.8

3 3 1 7. 5 8 5 . 7 14.3 63.67 8.49 16.8

4 27 3 .3 86 . 8 13.2 60 .45 7.12 16.9

5 26 8 . 2 88. 1 11.9 62.89 8.10 14.4

8 25 2 . 9 8 8 . 3 11.7 59.86 7.48 14.1

10 23 9 .5 86 . 4 13.6 59.87 8.16 10 .1

15 192.4 87 . 2 12.8 57.19 6.68 10.4

20 139.1 84 . 5 15.5 55.92 6.50 10.9

Ta b le  - 7 ; N u t r i e n t  c o n t e n t  in F u s c h l s e e  s e d i m e n t s  s e d i m e n t s  from 68m de pt h

ta k en  on 1 5 . 1 1 . 1 9 7 9 .  To ta l p h o s p h o r o u s  (T-P) in ug/g, i n o r g a n i c  p h o s p h o r o u s  

(I-P), o r g a n i c  p h o s p h o r o u s  (0-P) as p e r c e n t a g e s  and t o t a l  n i t r o g e n  (T-N) 

in mg/g; e x p r e s s e d  as u e i g h t  per gram dry s e d i m e n t s  ( 1 0 5 D C).
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