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ubcatchment and Site SelectionS 1: n a t u r a l l y v e g e t a t e d fo r e s t a r e aS 2 a n d S 3 : d r y l a n d f a r m i n g ( r a d i s h,p o t a t o , c a b b a g e )S 4: d r y l a n d f a r m i n g a n d r i c e p a d d i e sS 5: ( s u b c a t c h m e n t o u t l e t ) : m a i n l y r i c ep a d d i e sS 6: ( n o t i n t h e s u b c a t c h m e n t ) : m a i n l yr i c e p a d d i e s
Methods
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S4
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Identification of sinks and sources areas of nitrate, DOC and P

A)Surface water sampling: 

•

• nitrate, ammonium, DOC, TP, phosphate, 

turbidity SSC

• Temperature, O2- saturation, electric conductivity, 

pH-value

B) Groundwater sampling:

•

•

•

• nitrate, ammonium, DOC, TP, phosphate

• Temperature, O2- saturation, electric conductivity, 

pH-value

Methods



Characterization of the discharges within the Catchment

Stage-discharge relationship: 

Float method: 

Methods



Discharges measurement sites and used methods 

•S1 and S4a: 

•S3 and S5: 

•S6: 

Site S1
Site S5

Site S4a

Methods
S1

S3

S4a

S5

S6



Characterization of river-/aquifer interactions and 

the riparian zone

Methods

W1

W2

W4

W3

aquifer

dry land farming (corn, winery)

rice paddies

c a. 1 4 0 m
river7. 8 0 m9. 2 5 m 2 . 6 4 m 1 6. 1 0 m



Characterization of river-/aquifer interactions and 

the riparian zone

•

•

•

• W7

�

�

0.5 m ~ 50 m 

~ 3 m 

W7

W6W5RW1 W9

Methods



Characterization of river-/aquifer interactions

•

•

VS2DH 

Methods

Stonestrom and Constantz, 2003



Heat as natural Tracer

- Installations –

Methods

r i v e r
small piezometer: equipped with 

temperature sensors at the depths 

of interest

piezometer transect: 

equipped with pressure 

transducers

surface water monitoring: 

pressure transducer and 

temperature sensor 

large piezometer: equipped with 

temperature sensors at the depths of 

interest and  a pressure transducer at 

the bottom

riverbed

distribution of 

temperature 

sensors over 

depth

pressure 

transducer

large 

piezometer

3.00 m deep under the

riverbed, equipped

with temp. loggers and 

pressure transuders

1.60 m deep under the

riverbed, equipped

with temp. loggers and 

pressure transuders

1.60 m deep under the

riverbed, equipped

with temperature

sensors



Heat as natural Tracer – Installations

Methods



River-/aquifer interactions - Sites -

Methods

third-

order-

stream

third-

order-

stream

fourth-

order-

stream

second-order-stream

first-order-stream: 

stable 

isotopes 16O, 18O 



First Results 2009

General behavior of nitrate and DOC concentrations in the riverse x a m p l e: S i t e 3
S3 mean  conc. [mg/L] max.  conc. [mg/L] min.  conc. [mg/L]

nitrate 

6. 5 5 1 0. 6 7 2 . 2 2

DOC

2 . 2 7 4. 4 2 0. 9 6du r in g s to r m ev e n t s: D O C c o n c e n t r a t i o n s i n c r e a s e
�

s u r f a c e r u n o f fN i t r a t e c o n c e n t r a t i o n d e c r e a s e s
�

r i v e r w a t e r d i l u t i o nu n d e r d ry c o n d i t io n s: D O C c o n c e n t r a t i o n s d e c r e a s eN i t r a t e c o n c e n t r a t i o n s i n c r e a s e



First Results 2009

mean  conc. [mg/L] max.  conc. [mg/L] min.  conc. [mg/L]

S2

6. 8 2 1 0. 1 2 3 . 0 2
S3

6. 5 5 1 0. 6 7 2 . 2 2
S4

7 . 5 4 1 2 . 4 9 2 . 0 0
S5

7 . 2 7 1 2 . 5 6 1 . 6 7
in general: 

S4 and S5 ���� highest conc.

S2 and S3 �lowest conc. � close 

to the river source

during storm events:

S2 and S3 ���� highest conc.

S5 and S4 � lowest 

� higher discharges, water dilution

S5 � highest range, highest max. and lowest min. conc.              S2� smallest range 

Nitrate concentrations in the rivers



First Results 2009

DOC concentrations in the rivers

mean  conc. [mg/L] max.  conc. [mg/L] min. conc. [mg/L]

S2

2 . 3 7 6. 1 7 0. 8 2
S3

2 . 2 7 4. 4 2 0. 9 6
S4

2 . 1 8 4. 6 1 . 0 4
S5

2 . 3 5 5 . 6 7 1 . 1 8
in general: low variability between 

the sites � around 2 mgC/L

S2 � highest range, highest max.  

and lowest min. conc.

S5 � smallest range 

�contrasting behavior of nitrate and 

DOC

S4 � lowest mean conc. (dry land farming and rice paddies)  S2 � highest mean conc. (dry land farming, close 

to the river source



First Results 2009

Nitrate concentrations in the groundwater

du r in g s to r m ev e n t
W2, W3 and W4: 

t h e n i t r a t e c o n c e n t r a t i o n s i n c r e a s e b y c o n t r a s t
W1: 

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

�

d e n i t r i f i c a t i o n p r o c e s s e s i n r i c e p a d d y s o i l s ?
�

r i c e p a d d i e s s i n k s fo r n i t r a t e ?
but: 

n o t e n o u g h d a t a
W1

W2

W4

W3

aquifer

dry land farming (corn, winery)

rice paddies
c a. 1 4 0m

river7 . 8 0m9 . 2 5 m 2 . 6 4m 1 6 . 1 0m

W1

W4

W2

W3

W4: 

h i g h e s t n i t r a t e v a l u e s

�

d r y l a n d f a r m i n g
W3, W2: 

l o w e s t v a l u e s

�

r i v e r w a t e r d i l u t i o nin g e n e r a l



Transport pathways and transformations of nitrate in rice paddies

Additional Research in 2010

g r o u n d w a te ru n s a t u r a te dz o n es a t u r a te dz o n e 3 m

sampling well: 

equipped with ISCO 

Autosampler, screen 

length: 50 cm

observation well: 

equipped  with a 

pressure transducer 

in the groundwater, 

screen length: 50 cm

water level monitoring: 

pressure transducer in pipe

fixed scale: 

measurements of the 

drainage outlet height

surface water temperature: 

T-probe directly in the paddy water

temperature probes: 

steel bar with attached T-sensors installed 

through  the saturated and unsaturated zone

dialyze chamber: 

installed into the saturated zone to 

deter-mine the nitrate conc.over the 

depths

p o n d e d w a te r






