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Cultivation of asparagus in the Hessian Ried
(echo-online)

The Case of the Hessian Ried
- Water management – water export

- Nitrate
- Uranium

Changes in (urban) water cycles
Pre-Urbanization
To a large extend natural water cycles, water
demand is typically covered by local resorces
(groundwater/surface water)

„Sustainable“ Urbanization
Water reuse, optimized water cycles,
reduced surface sealing, infiltration of
excess water, increased use of local
resources, reduced water import

Current Urbanization
Significantly altered water cycles, large surface areas sealed,
reduced evapotranspiration/infiltration, large quantities of
wastewater, reduced use of local water resoures due to quality
problems, large quantities of water are imported
Modified after Skinner (2013)
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Example Frankfurt Rhine-Main
Wastewater discharge

Water demand ~ 60.000.000 m³/a
90 % are ‚imported‘
30%
Vogelsberg

Point discharge of about
100.000.000 m³/a treated
wastewater into river Main

Kinzigtal

Niederrad

10%
Stadtwald

Spessart

Sindlingen

Frankfurt
50%

Hessisches Ried

District
Darmstadt

In addition about 20.000.000 m³/a
treated waste water from the industrial
area of Hoechst

The Hessian Ried
Vogelsberg

Alluvial plain in the upper Rhine valley
between the rivers Main (north), Rhine
(west), Neckar (south), and the
Odenwald mountains (east).
Thick sedimentary fill of the graben
structure  great aquifer.
Covers an area of approx. 1200 km2.

Kienzigtal

33% of the area are intensively used
for agriculture.

Spessart

Hessian Ried
40 km

The Hessian Ried
Problem
In former times largely marshland with repeated flooding. In the 19th century the Rhine
was straightened and in 1925 the ‘General Cultural Plan’ was announced (large scale
drainage and cultivation of e.g. asparagus and tobacco).

www.rathaus-buerstadt.de

www.grundwasser-online.de

The Hessian Ried
Problem

April 2010

October 1999

Highly dynamic water table – flooding
in wet years, subsidence and
damage to buildings in dry years due
to organic rich layers.
Competing uses of groundwater
resources for agriculture (irrigation)
and public water supply (Frankfurt
and south Hesse), as well as
‘Ecosystem Services’ (e.g. forests).
Water demand exceeds availability
Depht to water
table (m)

www.hlug.de

Water Association Hessian Ried
founded in 1979



Duties according to the articles of association
-

provide water for agricultural irrigation

-

provide water for groundwater infiltration

-

ensure a safe & reliable Public Water Supply

-

improve the ecological situation in the area concerned

-

further duties according to the „Groundwater-Management-Plan“, i.e.
maintain groundwater levels between an upper and lower threshold
by adjusting infiltration and extraction rates

Water works Biebesheim
Treatment of Rhine water:
Max. 5,400 m³/h directly out of the river Rhine (0,1% of avg. Rhine discharge).
Full treatment to drinking water quality.
Water is provided for irrigation and infiltration.

Infiltrationsystems

Former drainage
trenches, now used
for infiltration

Infiltration through
artificial trenches

Infiltration through
large diameter wells

Water management installations
Capacity Biebesheim water
treatment plant
43 Mio m³/y

Capacity infiltration
38 Mio m³/y

Capacity of the three water
works for public water supply
52 Mio m³/y

Irrigation
2,5 – 8,5 Mio m³/y
(up to 4.5 Mio m³/y from
Biebesheim + groundwater)

Example Frankfurt Rhine-Main
El. Cond. tap water Frankfurt

Water demand ~ 60.000.000 m³/a

Water source clearly defined
90 % are ‚imported‘
Electrical Conductivity (µS/cm)

30%
Vogelsberg

Kinzigtal

10%
Stadtwald

Spessart

50%

Hessisches Ried

Electrical Conductivity (µS/cm)

District
Darmstadt

Spessart/Vogelsberg

170 – 230

Vogelsberg

390 – 430

Stadtwald

570 – 720

Hessisches Ried

City of Frankfurt

710 – 740
Hessenwasser, 2012

Data from Püttmann et al., Uni Frankfurt

Example Frankfurt Rhine-Main
1,4-Dioxane tap water Frankfurt

El. Cond. tap water Frankfurt

Contamination source clearly defined

Water source clearly defined

1,4-Dioxane (µg/l)

Electrical Conductivity (µS/cm)

City of Frankfurt

City of Frankfurt

Data from Püttmann et al., Uni Frankfurt

1,4-Dioxane
Chemical-physical properties of Dioxane
Parameter
CAS-number

123-91-1

Molecular weight

88,11 g/mol

Boiling point

101,1 °C

Water solubility

miscible

Vapour pressure

5080 Pa bei 25°C

Henry‘s law constant

4,8*10-6 atm*cm3/mol

Octanol-water part. coeff. log KOW -0,27
Sorption coefficient log KOC

1,23

Biodegradation

poor

Production > 1000 t per year in the EU (ECSIS, 2103)
Stabilizer in 1,1,1-Trichlorethan (not used anymore)
Industrial solvent (pharmaceuticals, colours, glues etc.)
By-product in surfactant production (polyethoxylates) and polyester
Below detection limit in rain

Concentrations and mass fluxes of 1,4-Dioxane
in Oder, Rhein, and Main
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Stepien et al. (2014):
Water Res. 48, 406-419

Data from Püttmann et al., Uni Frankfurt

The Hessian Ried and nitrate
Chemical status of the
groundwater resources in Hesse
127 groundwater bodies in Hesse
25 in a poor chemical state, 19 due to nitrate
‘Hot Spot’ Hessian Ried

This is
- 23 years after the nitrate guidance
(12.12.1991),
- after almost 20 years of counter measures
- 14 years after the water framework
directive (WFD) was implemented
The EU commission threatens to sue
Germany because of an inefficient implementation of the EU nitrate guidance
HLUG/Berthold, 2014

… nitrate
Heterogeneous distribution of nitrate
concentrations in the Ried
High nitrate concentrations up to 20 m
below water table
Deepest groundwater body typically
free of nitrate

Filter screens of some monitoring
wells of the WFD (wells with a cross)
start at groundwater surface, for
others in a depth of 20 m below
groundwater surface

1.
… nitrate conceptual model
Odenwald
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Nitrate

Nitrate

Nitrate

Nitrate
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Nitrate degradation - reactions:
4 NO3- + 5 CH2O  2 N2 + 4 HCO3- + CO2
14 NO3- + 5 FeS2 + 4 H+  7 N2 + 10 SO42- + 5 Fe2+
No nitrate reduction
in oxidized zone

Nitrate reduction
in reduced zone

4.
… nitrate reduction potential
measured in drilling cores
TOC concentration (mg/kg)

Solid phase analyses

sulphide phases
Corg
Oxidized zone:
low reduction potential:
Sulfide < 18 mg-S/kg

Reduced zone:
high reduction potential:
Sulfide max. 123 mg-S/kg

Di-/Sulfide concentration (mg/kg)

Kludt et al.

… nitrate reduction potential
measured in drilling cores

… nitrate field data

Over a time of 7 years the
Redox front propagated
between 0 m/a and 0,4 m/a
in four selected wells.

Depth of boundary between oxidizing
and reducing condition (m NN)

A probe measuring nitrate, oxygen, and Eh is
lowered in fully screened wells for profiling
these parameters.

Nolte/IWW, 2012

… nitrate reduction
N2/Ar excess measured in water samples from fully screened well
Nitrate input (calculated)

69 mg/l

90 mg/l

71 mg/l

Traveltime (modelled)

3-5 a

5-10 a

20-53 a

Nitrate reduction along a
flowpath

12 mg/l (17%)

2 mg/l (2%)

71 mg/l (100%)

[mmol/l]
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Nitrate

14,5-15,5m

Nitrate

N2 Excess
Denitrification

10-11m

Depth / flowpath

N2/Ar atm

N (NO3)
N (N2-Exzess)

25-26m

Excess-N2
Nitrate degradation - reactions:
4 NO3- + 5 CH2O  2 N2 + 4 HCO3- + CO2
14 NO3- + 5 FeS2 + 4 H+  7 N2 + 10 SO42- + 5 Fe2+

Kludt et al.

Implication for WFD
Meeting the targets of the WFD (good
chemical status of groundwater) at the
groundwater surface:
Time frame is dependent on (i) time needed to
change agricultural practices plus (ii) travel time
of leachate through the unsaturated zone.
In the Hessian Ried targets could be met at the
groundwater surface e.g. for 17% of the area
within 3 years after changing agricultural
practices and for 10 % in more than 15 years.
For some monitoring wells of the WFD with
deeper screens, concentrations will be high for
decades to come or will even increas due to
exhausted reduction potential on a flowpath.

Travel times for leachate through
the unsaturated zone
Modell: MIKE-SHE (BGS Umwelt)

Leachate
travel times (a)
> 15
9-15
3-9
1-3
0-1

The Uranium case
Propagation of the Redox Front might
mobilize Redox sensitive species, i.e,
Uranium.
Uranium occurs mainly in two oxidation
states, IV and VI.
U(VI): Oxidized conditions,
high solubility
U(IV): Reduced conditions,
low solubility

In groundwater Uranium (VI) is
transported as complexes of the
Uranyl-ion (UO22+)

The Uranium case
Granitic or silicatic source rocks, e.g. Odenwald
‚Pechblende‘, Uraninit, or heavy minerals (Zircon)…

U+4
Oxidation
Immobilization in secundary
mineral phases (amorphous)
sorbed to humic acids or organic matter

U+4
Immobilization
Re-Mobilization
e.g. due to nitrate

Mobilization
Reduction

U+6
Mobilization as
Uranyl-complexes

nach Boyle 1982

The Uranium case
Uranium concentrations in Hessian groundwaters and raw waters (yellow dots - below
detection limit of 0,5 µg/l). Highest concentrations in the Hessian Ried.

894 sampling points

HLUG: Ludwig and Berthold, 2010

3
Mobilizing Uranium
Rollfront mechanism
Due to nitrate input oxidation of e.g. organic matter in the sediments and
release of Uranium as the Uranyl-ion.
Nitrate in fertilizers
Unsaturated
zone

GW
ox / Nitrate

Saturated zone

UO22+
red/ no nitrate
Uranium, e.g. sorbed to organic matter
oxidized zone
no reduction potential

reduced zone
Reduction potential

Mobilizing Uranium
Sulphur isotopes in groundwater sulfate indicate pyrite oxidation and the release of uranium
Nitrate degradation - reactions:
4 NO3- + 5 CH2O  2 N2 + 4 HCO3- + CO2
14 NO3- + 5 FeS2 + 4 H+  7 N2 + 10 SO42- + 5 Fe2+

δ34S in sulfate
(permil rel.
to VSMOW)
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δ34S-Sulfat-Isotopie
[‰ rel.
zu VSMOW]
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Thank you !

