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Leaching eXpert System 
A new environmental impact assessment tool 

 
LeachXS, is a database/expert decision support system for characterisation 
and environmental impact assessment based on estimated contaminant release 
as derived from leaching tests.  Applicable materials for assessment include: 
 

Soils and Contaminated Soil 
Sludge 
Compost 
Sediments  
Municipal Wastes 
Industrial and Hazardous Wastes 

Mining Wastes  
Preserved Wood  
Treated Wastes  
Stabilised Waste  
Construction Materials 
Cement Mortars and Concrete 

  
The materials leaching database contains results of laboratory leaching tests, 
various lysimeter test results and field data from more than 600 materials and 
wastes. In a few cases, interrelated laboratory, lysimeter and field scale data 
are available.  
 
Leaching tests are interpreted in an expert system to provide estimates of the 
short and long term release of constituents of interest. This makes the 
database/expert system a unique tool to study the release behaviour of different 
materials when used, recycled or landfilled.  
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A regulatory database allows comparison of test data against criteria for 
specific utilisation or disposal conditions. Constituents included comprise 
virtually all inorganic constituents, a selection of organic components and will be 
suitable for radionuclides. At present, the database system covers 
leaching/extraction test data, field data and composition data.  
 
Geochemical speciation and chemical reaction/transport modelling 
capabilities are integrated into the system by using the modelling environment 
ORCHESTRA. The geochemical modelling includes mineral solubility (extended 
MINTEQ database), sorption on Fe-oxide (Dzombak & Morel), Al-oxide, 
dissolved organic carbon (DOC) and particulate organic carbon (POM) 
interaction according to NICA -DONNAN. Graphical and tabular output is 
generated in MS Excel. 
 
LeachXS will facilitate compliance with environmental regulations for recycling, 
waste management, contaminated soil and sediment assessment, fertiliser use 
and construction product use. It also will facilitate the selection and 
development of appropriate treatment processes and engineering designs to 
minimise waterborne environmental impacts. 
 
Functions of LeachXS include: 
 
• Evaluation Guidance – problem definition, selection of characterisation 

needs and methods, detailed methodologies; provision of existing 
information on characteristics and behaviour of materials similar to that in 
question. 

• Laboratory Guidance – lysimeter and field data collection including 
experimental design and quality control considerations; existing information 
from similar pilot and field evaluations. 

• Data Management – standardized formatting and graphical presentation, 
including consistency and quality control checking. 

• Data Evaluation – parameter derivation and comparative data analysis 
a. pH and redox dependency of aqueous concentrations (cations, 

anions, DOC, ionic strength), geochemical speciation, acid/base 
neutralisation capacity, leaching potential (availability) from batch 
testing. 

b. Release of contaminants as a function of time for granular and 
monolithic materials from sequential data sets (liquid to solid ratio or 
time dependency from monolithic or compacted granular tank 
leaching tests, column testing, lysimeter testing), including 
geochemical speciation and mass transfer parameter estimation. 

c. Quality control based on the use of simplified testing in comparison 
with earlier more detailed characterisation of the same or comparable 
materials. 

• Source Term Descriptions – estimate constituent release as a function of 
time for default or user-defined application or management scenarios. This 
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would include selection of appropriate source term models, evaluation of the 
effects of potential external influences (e.g. mixing with other materials, 
carbonation, oxidation, reduction, and acidification) and uncertainty analysis. 

• Impact Evaluation – potential impacts on soil, groundwater or surface water 
and risk estimation, including the application of default or user-defined 
transport and fate scenarios. 

• Decision Algorithms – for comparison of evaluation results and decision-
making based on regulatory criteria from different jurisdictions; 
recommendations on reduced-testing quality control programs; 
recommendations on approaches to reduce constituent release and 
environmental impacts. 

 
The software for the database/expert system includes data conversion tools 
based on MS Excel and data import tools for the Access database. In this way a 
user may insert his own data into LeachXS and obtain the desired answer or 
result. If the user is interested in information on a specific type of material but 
does not have any data on that material, typical default data on more than a 100 
different materials are available and may be drawn from the database. 
 
The following activities are associated with LeachXS are envisaged: 
 
• Release of LeachXS to users for an annual licence fee (possibly in more 

than one version, depending on the purpose and the costumers’ needs); 

• Training courses on the use of LeachXS; and 

• Performance of research projects and expert consultation by ECN, VU and 
DHI using LeachXS. 

 
The released versions of LeachXS contains publicly available data on a wide 
range of different materials.  
 
Versions of LeachXS for use on individual personal computers, through server-
based licence use, and full server-based versions for remote system use are 
envisioned.  
 
For further information, please contact: 
 
 
H.A. van der Sloot 
ECN - Netherlands 
vandersloot@ecn.nl 
 

D.S. Kosson 
Vanderbilt University - USA 
david.kosson@vanderbilt.edu
 

O. Hjelmar 
DHI - Denmark 
oh@dhi.dk 
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Some screenshots of the LeachXS system 
 
To enhance your productivity, special attention is given to the design of the user 
interface. On this page, you see: 
• the LeachXS main menu, disclosing all functions; 
• the Material selection dialog, assisting you in choosing the right materials; 
• the Material information window, with detailed information on the materials 

you selected. 
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This page shows you one of the dialogs that assist you in comparising 
materials, together with the graphical presentation of the comparison results. 
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This page shows the selection of minerals in the Chemical Speciation Wizard with the 
aid of the calculated saturation indexes, together with the modelling results. 
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Here are some screenshots of one of the steps in the Solubility Prediction Wizard for pH 
dependent materials, along with an overview of the modeling results for Ca2+. 
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Future: 
Prediction tool for modeling release from laboratory leaching tests 

- percolation test 
- tank leach test  

 
Models for different utilization and disposal scenarios are available off line, after testing 
they will become available as scenarios in LeachXS. Typical scenarios include: 

-  road base construction  
-  embankment  
-  mixed waste landfill  
-  monolithic waste landfill  
-  drinking water pipes  
-  treated wood constructions  
-  multilayer applications,  
-  oxidation of mining waste 
-  monolithic structures 
-  design of release from material mixtures 
-  interface reactions 

 
 
 
 
 


