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Source:  Mueller-Solger et al 2002, Limnol. Oeanogr. 47(5): 1468-1476
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Outline

• Document Delta’s chlorophyll response to 
phosphorus reduction

• Compare to the Rhine River’s response

• Compare to an empirical model for flowing waters



D26 MD10

D28A

WWTF

May-Sep means



1980 1985 1990 1995 2000 2005
year

0

500

1000

1500

2000

2500

3000

3500
ef

ftp
ld

0

2

4

6

To
ta

l p
ho

sp
ho

ru
s 

di
sc

ha
rg

e 
(Q

TP
, k

g•
d-1

)

To
ta

l P
 c

on
ce

nt
ra

tio
n 

(g
•m

-3
) o

r F
lo

w
 (Q

, m
3 •s

-1
)

TP discharge

TP concentration

Effluent flow



1980 1985 1990 1995 2000 2005
year

0

1000

2000

3000

4000

To
ta

l p
ho

sp
ho

ru
s 

di
sc

ha
rg

e 
(Q

TP
, k

g•
d-1

)

Effluent TP discharge

Freeport TP load



1980 1985 1990 1995 2000 2005
year

0

4000

8000

12000

16000

N
itr

og
en

 d
is

ch
ar

ge
 (Q

TN
, k

g•
d-1

)

Effluent TN discharge

Freeport TN load



1975 1980 1985 1990 1995 2000 2005
year

0

50

100

150

TP
Ph

os
ph

or
us

 (T
P,

 m
g•

m
-3

)

0

1000

2000

3000

4000

5000

6000

Wastewater P discharge

To
ta

l P
 d

is
ch

ar
ge

 (k
g•

d-1
)

Delta Total P



1.8

1.9

2.0

2.1

2.2
Lo

g 1
0 T

ot
al

 P
 (u

g/
L)

3.12.3 2.5 2.7 2.9

Log10 Discharge (cms)



1975 1980 1985 1990 1995 2000 2005
year

0

200

400

600

800

N
itr

og
en

 (T
N

,  
N

O
3-

N
 o

r N
H

4-
N

, m
g•

m
-3

)

Nitrate-nitrite N

Ammonium N

Total N



1975 1980 1985 1990 1995 2000 2005
year

0

5

10

15

20

25

30

35

40

45

50
To

ta
l s

us
pe

nd
ed

 s
ol

id
s 

(T
SS

, g
•m

-3
) o

r T
ur

bi
di

ty
 (N

TU
)

Turbidity

Total Suspended Solids



1975 1980 1985 1990 1995 2000 2005
year

0

5

10

15

20

de
lc

hl

0

50

100

150

de
ltp

C
hl

or
op

hy
ll 

(C
hl

, m
g•

m
-3

) 

To
ta

l p
ho

sp
ho

ru
s 

(T
P,

 m
g•

m
-3

)

Total P

Chlorophyll



0.5

0.7

0.9

1.1

1.3

1.5

Log10 Discharge (cms)

2.3 2.5 2.7 2.9 3.1

Lo
g 1

0 C
hl

or
op

hy
ll 

(u
g/

L)



Lobith, Netherlands

Delta



15

31

TSS
(mg/L)

6.02,052185,000Rhine

5.556190,650Delta

Depth

(m)

Flow

(cms)

Area

(km2)

System



Rhine

Delta

1975 1980 1985 1990 1995 2000 2005
year

0

50

100

150

Ph
os

ph
or

us
 (T

P 
or

 S
R

P,
 m

g•
m

-3
)

Soluble P

Total P

1975 1980 1985 1990 1995 2000 2005
year

0

200

400

600

Ph
os

ph
or

us
 (T

P 
or

 S
R

P,
 m

g•
m

-3
)

Total P

Soluble P



Rhine

Delta

1975 1980 1985 1990 1995 2000 2005
year

0

5

10

15

20

de
lc

hl

0

50

100

150

de
ltp

C
hl

or
op

hy
ll 

(C
hl

, m
g•

m
-3

) 

To
ta

l p
ho

sp
ho

ru
s 

(T
P,

 m
g•

m
-3

)

Total P

Chlorophyll

1975 1980 1985 1990 1995 2000 2005
year

0

20

40

60

80

rh
ic

hl

0

200

400

600

rh
itp

C
hl

or
op

hy
ll 

(C
hl

, m
g•

m
-3

) 

To
ta

l p
ho

sp
ho

ru
s 

(T
P,

 m
g•

m
-3

)

Total P

Chlorophyll



1975 1980 1985 1990 1995 2000 2005
year

0

20

40

60

80

0

500

1000

1500

2000

2500

3000

rh
iq

cm
s

C
hl

or
op

hy
ll 

or
 T

ot
al

 P
/1

0 
(m

g•
m

-3
) 

D
is

ch
ar

ge
 (Q

, m
3 •s

-1 )

Flow

Chlorophyll

Total P



*Van Nieuwenhuyse, E.E., and J.R. Jones.  1996.  Phosphorus-chlorophyll relationship in temperate 
streams and its variation with catchment area.  Can. J. Fish. Aquat. Sci. 53:  99 - 105
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Conclusions

• Delta is phosphorus-limited

• Delta Chl:TP is low because loss is high

• To boost Delta Chl, increase TP and reduce loss

• Need whole-system scale experiment
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Questions?
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