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Abstract 

This article gives an overview of a recent project of the German Environmental Specimen Bank (ESB) regarding the 
management of its data. It describes the user requirements, both from the perspective of the scientists as well as of 
application management, which have led to the development of a general tool for managing environmental data. Ex-
amples demonstrate the flexible structure of the new application and thus give an impression for possible use in other 
monitoring programs. Thereafter, we examine the German ESB’s open data, which is a part of the Federal Environ-
ment Agency’s Linked Open Data initiative. 

1. Introduction 
Environmental monitoring data have at least four main description dimensions in common: (i) Which ob-
ject has been observed? (ii) Where did the observation take place? (iii) When has the object been ob-
served? (iv) Which parameters have been observed? 

Environmental Specimen Banks (ESBs) are specialised environmental monitoring programmes which 
collect and archive samples in order to document and assess the quality of the environment in which we 
live. In the 1980s, the German ESB was initiated in order to systematically collect samples from the envi-
ronment and human populations. It is a monitoring instrument of the German Federal Ministry for the En-
vironment, Nature Conservation and Nuclear Safety. It is managed by the Federal Environment Agency 
and operated by contracted research institutes and university groups with special competencies in the par-
ticular fields. The general concept for the operation of the German ESB (BMU 2008) and more specific 
standard operating procedures (SOP) define where, when, and which specimen and matrices should be 
taken and which measurements have to be carried out. The measurements cover biometric and anamnestic 
data, but also metadata logging of the sampling circumstances, for example weather conditions. After 
sampling, the samples are deep frozen and stored long-term for retrospective analyses. In the meantime, 
the German ESB has secured some 200,000 human samples and about 350,000 environmental subsamples. 
These archived samples are the real treasure of all ESBs, as they allow us to look back into history. How-
ever, each archived sample is worthless without the numerous data and descriptive information collected 
at the time of sampling. So, along with the systematic collection of samples, an information system was 
set up to manage this data. 
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2. The Information System of the German Environmental Specimen Bank 
The German ESB concept outlines the needs and tasks of the ESB Information System (IS ESB) as fol-
lows: 

“A cross-media, integrated evaluation of the state of the environment requires the integration of all data 
and information from routine operation of the Environmental Specimen Bank. For this purpose, a central-
ised and computerised information system was established for uniform data collection, storage, mainte-
nance and processing, taking into account the necessary data security aspects. 

The task of this information system is to make all surveys arising during routine operation of the Envi-
ronmental Specimen Bank available in the form of an overall system for current access, to provide com-
prehensive documentation, and to make them available for retrospective studies. 
The information system is set up in such a way that it is possible to 

• Record and process quality-tested data and information from every relevant phase, from sampling, 
specimen transportation and analysis, to storage and delivery of the specimens, according to the re-
sponsibilities of the institutes involved, and to make such data and information available for the 
purposes of evaluation 

• Include explanatory texts (e.g. standard operating procedures, details of sampling plans, territory 
descriptions) into the information system 

• Link factual data with geographical allocation 
• Set up interfaces to a geographical information system and hence portray, evaluate and transmit 

surveys in their ecosystemic context 
• Exchange data and network with other systems managing status data 
• To prepare and transmit required reports in a timely manner. 

Networking of the institutions involved, and the permanent operation of the common information system 
are basic prerequisites for continuous updating of the data and their evaluation in an ecosystem context. 

The results of the Environmental Specimen Bank must be made freely accessible to a broad range of 
users via the Internet.” (BMU 2008). 

3. Motivation and Project Goals IS ESB 5.0 

In the late 1990s, the IS ESB was set up as a client/server application with Visual Basic/Microsoft Ac-
cess® client for data administration and a relational server database for centralised data management to 
implement the concept requirements. This application offers an almost unique handling for analytical data, 
but specifically handles biometric data of environmental specimens as well as anamnestic data on human 
subjects. 

The main user requirements of the ESB programme follow e.g. new insights in monitoring strategies, 
upcoming questions of chemical assessment, and integration of “evolving pollutants”, which makes it nec-
essary to evaluate and adjust the monitoring programmes. For example, the investigation of new specimen 
is necessary for a more meaningful description of the relationships in a food web. 

Thus, during the last decade, the application was forced to handle new specimens and measurement pa-
rameters for either one special investigation or permanently. Each of these new requirements entailed an 
adaptation of data management, data maintenance, and forms. The adaptation of the application was time-
consuming, costly and always behind the needs. As a consequence, several adaptations still need to be 
done. Additionally, each new client version had to be distributed to the involved partners to ensure consis-
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tent data. Another problem we confronted was the different combinations of operating systems and Micro-
soft® Office versions that are or should be installed at the participating parties. 

Finally, in 2010 we decided to redevelop the existing application to fulfil up-to-date requirements for an 
easy access data management and data analysis as well as to overcome the described organizational and 
technical restrictions. The derived main project goals are: 
1. To develop a more generalised application for managing environmental monitoring data which pro-

vides the needed flexibility to map future requirements with a minimum of programming investment. 
2. The new application should support the working processes starting with the observation planning, fol-

lowed by data management, data search and analysis. 
3. The application should be developed as a web application to make it easily accessible for the Agency’s 

users and the external parties involved. 
We expect an improvement in the maintenance of the data and a simplification of data access, which will 
enable better analyses and evaluation. The technical advantage of a centralized web application will be 
that all users have the same system which will avoid local discrepancies. Overall we expect a consistent 
and sustainable new application. 

4. The Approach 
The project consists of six main steps: 
1. Interviews with the involved parties: Analysis of the current use of the existing system, known gaps, 

workarounds, new user requirements, identification of the restrictions imposed by the old application 
2. Description of the processes that must be supported by the application 
3. Draft of the data model 
4. Creation of a rough click dummy 
5. Application development 
6. Data migration 

4.1 The Processes 

The German ESB actors are made up of employees of the Federal Environment Agency and various con-
tractors with different responsibilities. We started the project with interviews of each actor group to ana-
lyse the current use of the existing system, known gaps, workarounds, new user requirements, and identi-
fication of the restrictions imposed by the old application. The interviews were supported by a short ques-
tionnaire with a standardized section and an individual section to identify and consider the specific tasks 
of each involved party. 

The interviews resulted in a document describing the structure of the main processes and elements, the 
different roles of actors, and the necessary artefacts in these procedures or processes. The primary objec-
tive of the document is to design an optimized IT support for the processes, which will take into account 
the current use of the existing system critically. The identified processes are: 
1. Maintenance of the investigation programmes 
2. Initialising new specimens and updating existing specimens 
3. Set up of the sampling plans 
4. Samplings, i.e. execution of the plans 
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5. Sample transport and archiving 
6. Quality assurance and release of data 
7. Data analysis 
8. Publication of results 

4.2 The Application Structure 
The new system data model is based on the four dimensions specimen types, measured parameters, loca-
tions, and time as key parameters. The application is divided into the four components key maintenance, 
plans, data management, and data search, which represent the main tasks (Figure 1). 

 

Figure 1 
Components of IS ESB 

Each component consists of a fixed set of elements, relations to other components, and a generalised data 
representation. The basic information is defined in key lists which are defined by the administrator to con-
figure the components within the main structures. The keys lists are extensible and each element can be 
used several times by contextual assignment. Any kind of measured or descriptive values are defined in 
the “parameters”. Examples for parameters are age, sex, length, weight, degree of needle density, a chemi-
cal substance, cloud cover, head of a laboratory. 

Plans use these parameters to define which measures have to be taken. It is possible to define con-
straints like a minimum or a maximum as well as to define formulas in JavaScript. Figure 2, left shows an 
example of a configured sampling plan with the values which should be measured. Once a parameter is 
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defined and configured in an investigation plan, it is possible to gather data for this parameter. The data 
management forms are based upon the structure and constraints defined in the plans (Figure 2, right). 

 

Figure 2 
Configuration of a sampling plan and the standard representation of value in the data management 

After the data is stored, the data search lists the parameters so they are researchable and displayable in the 
investigation results. Figure 3 shows the measured parameters and the standard representation of results. 
Besides the four dimensions specimen types, measured parameters, locations, and time, the data search 
offers an option to filter the data by its release level and a special option to search data within value 
ranges. Users can express these selection criteria for their use cases in an easy syntax by filling in a form. 
Especially this option supports the scientists in their responsibilities for quality assurance of the data. The 
queried data is shown in tables or diagrams, and it can be downloaded in CSV for further analyses. 

Copyright 2012 Shaker Verlag Aachen, ISBN: 978-3-8440-1248-4



 

Figure 3 
Data search and result representation 

5. Presentation of the Released Data 
5.1 Publications 
Results and data of the ESB investigations are published in scientific journals, and in reports either as print 
media or on the web. Since 2000, the German ESB has published its quality-assured data and information 
on its website (Knetsch 2001). The main task of this web site is to inform the interested public as well as 
the scientific community about its goals, topics, and especially about the results of the ESB routine opera-
tion and its retrospective studies of pollutants. The web application at www.umweltprobenbank.de pro-
vides private citizens, scientists, and policy and administration officials alike with user-friendly and easily 
navigable access to topics and data contained in the ESB. 

5.2 Open Data 
In 2010, the publicly available web application was re-launched with an extended access to information 
and data (Rüther 2009). Data can be queried by different parameters or shown in tables or diagrams, and it 
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can be downloaded in CSV. All content offered and every selected research option provide single real web 
addresses that can be bookmarked. Referring to Berners-Lee’s 5-Star-Rating3, the ESB Website is on the 
3-Star level (Figure 4). 

* “Available on the web (whatever format) but with an open license, to be Open Data 
** Available as machine-readable structured data (e.g. excel instead of image scan of a table) 

*** as (2) plus non-proprietary format (e.g. CSV instead of excel) 
**** All the above plus, Use open standards from W3C (RDF and SPARQL) to identify things, so 

that people can point at your stuff 
***** All the above, plus: Link your data to other people’s data to provide context” 

Figure 4 
W3C 5-Star Rating 

5.3 Being Part of Linked Environment Data 
Following the website re-launch in 2010, we have experimented with a RDF data representation for the 
ESB aggregated measurement data and the profile information of the specimens, analytes, locations, and 
time. 

“The ESB reports the accumulation of pollutants/substances in defined samples at specific places with 
respect to time but is not itself the specialist that can exhaustively describe these reference elements. 
Hence, the data has to be linked to specialized information about each of these parameters. For substances, 
for example, the links could point to the corresponding substance information in the GSBL, for species (as 
test subjects) to the EUNIS4, for places to the Geo Thesaurus of the SNS, for time references to the Envi-
ronment Chronicle (SNS).” (Rüther et al. 2010) 

By the time of the EnviroInfo 2012 conference, a new R&D project will have been started: UFOPLAN 
3712 12 100 Linked Environment Data (Fock et al. 2012). In cooperation with this project, the ESB will 
finally be lifted to 4- and 5-Star Linked Open Data, formatted in the Data Cubes RDF vocabulary. 

6. Conclusions and Outlook 
With this toolbox at hand, users are able to adopt the application for new use cases by themselves without 
any programming. This approach resulted in a consistent and sustainable developed application, which 
means we have reached our main goal of the project. 

Because of its intuitive and flexible structure, the new approach might be interesting for other monitor-
ing programmes, which are faced with similar tasks, data and changing requirements, e.g. other ESBs or 
projects like the Norman Network (Rüther et al. 2011, Koschorreck 2011). 

                                                      
3 http://www.w3.org/DesignIssues/LinkedData.html 
4 http://eunis.eea.europa.eu/species.jsp  
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