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Session D1 FromResearch to MarketableProducts - TheTerra-, Aqua-, Site Remediation
Centre and NetworkTASK Leipzig

Bernd Susset
Consulting Office Dr. Bernd Susset and Center for Applied Geosciences, University of Tübingen in cooperation with:
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1. Main results of german joint research project BMBF - “Sickerwasserprognose“
• Field lysimeter tests
• Modeling approaches
• Laboratory leaching tests

2. Standardization of leaching tests - “research product”
• Ruggedness testing for practicable leaching tests   
• German standards and validation (ring test) results
• Comparison with CEN- and ISO-Technical Specifications

3. Impact to regulations for sustainable recycling (issues between saving natural resources by 
substitution on the one hand and soil or groundwater protection on the other hand)

• Scientific concept for Draft  German Federal Decree for the Use of Mineral Recycling Materials
• European regulations

4. TASK - Measures for future developments
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concentration in water

source term
laboratory leaching tests

extraction, leaching, percolation
lysimeter tests

transport term
analytical and numerical methods

or “verbal argumentative“

groundwater
Point of Compliance
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field lysimeter tests: sourcestrengthand transport behaviour

GFS

GFS

Geringfügigkeitsschwelle (GFS) 
no observed effect concentration

LS [L/kg]           LS [L/kg]           

Recycling demolition waste0/10 
with and without retention layer

Recycling demolition waste0/4 
with and without retention layer
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field lysimeter tests: source strength and transport behaviour

Recycling Demolition Waste0/10 with or without retention layer

LS [L/kg]           LS [L/kg]           



 

salts

numerical model

(source+transport)

metals

numerical model

(source+transport)

PAHs

numerical model

(source +transport)

“Endliche Quelle“

unverzögerter, zeitlich begrenzter Durchbruch 
geringfügig gedämpfter Maximalkonz.

“Unendliche Quelle“

stark verzögerter Durchbruch ggf. 
stark abgeminderter Konzentration
(<<Maximalkonz. bei Bioabbau)

Teilabreicherung der Quelle nachfolgend
konstante Langzeitkonzentration

(< Maximalkonzentration)

stark verzögerter Durchbruch der 
mittleren Langzeitkonzentration 

(< Maximalkonzentration)
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Numerical modelingof the transport term
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salts metals organics
Per convention: Cw,kum at LS 2 (averageof 
initial high and lower long termtailing 
concentrations) 
• ComparisonwithGFS (no retention)
• Comparisonwithmedia related

applicationvalues (retentionconsidered)

Constant equilibriumconcentration
Cw at LS 2
• Comparison with GFS (no retention)
• Comparison with media related 
application values (retention and 
attenuation considered)

Descending fromCi toGFS at 
bottomof construction layer
withina  definedshort time 
(dependingon thicknessand 
seepagewater rate) referenced to 
Cat LS2 
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Schematizationof source term- referencemethod: columnpercolation test

WF
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DIN standardcompared to CEN and ISO

zentrifugation, filtration
anorganics: 0,45 membrane filter
Organics glassfibre filter  

Only if turbidity: zentrifugation
anorganics: 0,45 mm membrane filter 
organics: no filtration  

Leachant preparation

extensive test: 0,1;, 0,2; 0,5; 1; 2; 5; 10 
(20–40 days) short test: 2 (1 week) 

extensive test: 0,3; 1; 2; 4 (3-5days) 
short test: 2 (16-40 h)

L/S – fractions [L/kg]
(total test duration)

fixed flow rate of 15 cm/d, variable contact 
time of 15 –30 h

calculated flow rate to keep a fixed contact 
time of 5 h

flow rate/contact time

saturation, stop flow for 2 days, startsaturation over 120 min, direct startpre-equilibration mode

Minimum 3Minimum 2column ID/max. grain diameter [   ]

(ID at least 10 * grain diameter (min 5 cm) 
and L at least 3 * ID) 
5 or 10  X 15 or 30 Typical technical grain 
distributions are 0-32 mm sample usually 
has to tobe sieved and crushed in praxis

(ID at least 2* grain diameter, L at least 4 * 
ID)  5 –10 X  20 - 50

column dimension ID * L (filling height) 
[cm]

Sieving (crushing) to 4 mm or 10 mmpreferable original sample, if > 32 mm 
sieving (crushing) to 32 mm

sample preparation, max. grain size

CEN/TS 14405 and ISO 
TS 21268-3

DIN 19528
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DIN standardcompared to CEN and ISO

zentrifugation, filtration
anorganics: 0,45 membrane filter
Organics glassfibre filter  

Only if turbidity: zentrifugation
anorganics: 0,45 mm membrane filter 
organics: no filtration  

Leachant preparation

extensive test: 0,1;, 0,2; 0,5; 1; 2; 5; 10 
(20–40 days) short test: 2 (1 week) 

extensive test: 0,3; 1; 2; 4 (3-5days) 
short test: 2 (16-40 h)

L/S – fractions [L/kg]
(total test duration)

fixed flow rate of 15 cm/d, variable contact 
time of 15 –30 h

calculated flow rate to keep a fixed contact 
time of 5 h

flow rate/contact time

saturation, stop flow for 2 days, startsaturation over 120 min, direct startpre-equilibration mode

Minimum 3Minimum 2column ID/max. grain diameter [   ]

(ID at least 10 * grain diameter (min 5 cm) 
and L at least 3 * ID) 
5 or 10  X 15 or 30 Typical technical grain 
distributions are 0-32 mm sample usually 
has to tobe sieved and crushed in praxis

(ID at least 2* grain diameter, L at least 4 * 
ID)  5 –10 X  20 - 50

column dimension ID * L (filling height) 
[cm]

Sieving (crushing) to 4 mm or 10 mmpreferable original sample, if > 32 mm 
sieving (crushing) to 32 mm

sample preparation, max. grain size

CEN/TS 14405 and ISO 
TS 21268-3

DIN 19528

DIN 19528 validated by an elaborate ring test 

approval by DIN NAW I 2 UA5

will bepublished soon
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Legal requirements and precautionary principles

• Objectives
– German precautionaryprinciple:

a.) Meet the no observedeffect concentrations (Geringfügigkeitsschwellenwerte, LAWA, 
2004) at the point of compliance
b.) Meet the precautionary values of solid concentrations in the unsaturatedsoil zone

– Considerationof retardationor attenuationof contaminants in soilsonly for 
locations and conditionswithsuitableproperties

• 3 Categories
– no retentionpotential: Salts and locations with< 1m distance to groundwater
– moderate retentionpotential: Sandy soilswith1 m distance to groundwater level (mean

highest level) and sorption parametersderived fromBÜK 1000 
– good retentionpotential: loam/silt/claywith1 m distance to groundwater level (meanhighest

level) and sorption parametersderived fromBÜK 1000
basedon the 90th percentiles of sorption parameters (TOC, pH, claycontent etc.), i.e. 90% of 

the soilshave the sameor better sorption characteristics



 

Consideration of the time dependend release of salts as a function of:
material properties, layer thickness, specific seepagewater rate, hydraulicsof applicationscenario, 

capillarybarrier effects (Dilution and averaging factors)
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Derivation of leachingstandards for salts (media relatedapplicationvalues)

Cw

LS (Time)

GFS

2 (4 years)

Cw, cum at LS 2 acc. DIN 19528

1 criteria: “Meet the GFS at the POC at least after 4 years“



 

Recycling Material

sorptive silt
(category: 

good ret. pot.)

threshold value  
9 µg/L
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Derivation of leachingstandards for metals/organics (media relatedappl. values)
Consideration of the retardation and / or attenuation of a constant sourceconcentration (LS2) 
as a function of: scenariospecific seepagewater rate, sorption parametersof twosoil categories

e.g. lead, standardsoil
withgood retentionpotential
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Comparisonof material specific values obtained in the columntest at LS 2 
withmedia relatedapplicationvalues



 

Ongoing activities towards European legislation

• there are similar scenarios and approaches in the criteria development for the EU Landfill Directive 
(Directive 1999/31/EC and Amending act Regulation (EC) No 1882/2003)

• Water Framework Directive 2000/60/EC (Ammendment 2006/118/EC) on the protection of 
groundwater against pollution has to be implemented by member states until 01/2009. Presumably 
in Germany the LAWA GFS will be jurifidicated

• Construction Products Directive (CPD) with Essential requirement 3 (ER3) addressing Health and 
Environmental issues of construction products. This covers all use of recycled materials as 
aggregate in construction. Either bound or unbound. 

• Commission Communication of 21 December 2005: "Taking sustainable use of resources forward": 
A Thematic Strategy on the prevention and recycling of waste" This strategy sets out guidelines and 
describes measures aimed at reducing the pressure on the environment caused by waste 
production and management (preventing waste and promoting effective recycling)

• Proposal for a European Parliament and Council Directive of 22 September 2006 setting out a 
framework for soil protection
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Task Expert Team

UFZ, ZAG,      , ECN, BAM

International Workshop
at WASCON 2009

Dissemination of BMBF-
SiWaPResearch results

Internet based training
concept to procureBMBF-
SiWaPResearch results

Promoting german DIN 
standards and research 
results at CEN- and ISO-

level

Task supports:

CEN-, ISO-Standards, Technical Specifications, GuidancePapers and

European Legislation Strategies (indirectly)   
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We thank BAM and LANUV NRW for co-operation and UBA (Federal 
Environmental Agency) and BMBF (Federal Ministry of Education and 
Research) for provision of financial support.

The studies were carried out at EPA NRW in Düsseldorf and Center for
AppliedGeosciences in Tübingen.

Thank you for your attention!
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