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ABSTRACT 

This doctoral thesis delves into the multifaceted realm of the historical exposome, encompassing the 

cumulative measure of environmental exposures experienced by individuals throughout their lifespan. 

The Luxembourg Time Machine (LuxTIME) project serves as the background for this interdisciplinary 

exploration, incorporating elements from history, data visualization, cheminformatics, and eco-

hydrology. Its focus is on researching environmental influences on the health of the population in the 

Minett region, located in the southwest of Luxembourg. The thesis comprises six interdisciplinary 

manuscripts, each contributing to the overall understanding and advancement of exposomics research. 

The initial focus centred on the integration of cheminformatics within the LuxTIME framework, 

examining the identification of known and unknown chemicals in the environment using high 

resolution mass spectrometry (HRMS) techniques. The study encompasses both external and internal 

exposome factors, striving to encompass a comprehensive range of determinants influencing human 

health. In parallel, an extensive data inventory was compiled, consisting of quantitative and qualitative 

data from diverse sources such as archives, newspapers, and scientific institutes. To effectively explore 

and communicate research findings, data visualization tools are employed, providing a visual 

representation of the exposome data, and facilitating interdisciplinary knowledge sharing. Next, the 

thesis highlights the importance of delving into the past, emphasizing the relevance of historical data 

in understanding the impacts of chemical exposure on humans and the environment. Case studies are 

conducted to simulate and visualize historical dust exposure originating from a steel factory, utilizing 

mathematical models and quantitative industrial and environmental data from the Luxembourgish 

past. Additionally, the past and present management and regulation of persistent chemicals is 

discussed, looking at per- and polyfluoroalkyl substances (PFAS). The chemical stripes visualization, 

developed in this thesis, is used to illustrate the trends of chemical use and registrations over time, 

emphasizing the importance of studying chemical exposure and advocating for improved management 

practices. An essential component of the thesis revolves around non-target analysis (NTA), involving 

the analysis of Luxembourgish surface water samples from diverse locations using HRMS and NTA 

techniques. Through classification steps and comparisons with previous studies, potential exposome-

related pollutants are identified, and recommendations are made for the development of future 

governmental monitoring lists. In conclusion, this doctoral thesis demonstrates how exploring the 

exposome in an interdisciplinary manner provides valuable insights and new perspectives by adding a 

historical dimension to the exposome concept. By delving into the past, employing advanced analytical 
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techniques, and innovative data visualization methods, a more comprehensive understanding of the 

exposome and its implications for human health is achieved. 

 

 

Figure 1: Interdisciplinary integration in the LuxTIME project. 
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AIMS AND OBJECTIVES 

The primary objective of this doctoral thesis, conducted within the LuxTIME framework, was to 

comprehensively explore and enhance the understanding of the historical exposome, specifically 

investigating the influence of (past) environmental exposures on the health of individuals living in the 

Minett region and its surroundings. This research aimed to adopt and investigate the interdisciplinary 

nature of exposomics research, expanding the exposome concept to focus more on past evidence of 

human impact on the natural world. A particular emphasis of LuxTIME was on the key disciplines 

integrated within the LuxTIME team, namely environmental cheminformatics, eco-hydrology, history, 

and data science (see FIGURE 1). The underlying manuscripts contribute to the advancement of 

innovative methodologies and techniques for the analysis and visualization of exposome-related data. 

Moreover, this PhD project placed a significant focus on integrating past chemical history into 

exposomics workflows. Therefore, the project integrated the field of cheminformatics within the 

LuxTIME framework, utilizing HRMS and NTA techniques to identify potential exposome-related 

chemicals. The research in this thesis was centered on the following main objectives: 

▪ To (re)define the concept of the historical exposome, focusing first on the chemical perspective 

and subsequently incorporating interdisciplinary viewpoints from the humanities and natural 

sciences 

▪ To explore various ways of obtaining historical environmental data, including different sample 

types, archival data and analytical techniques 

▪ To examine the use of simulations and their limitations in cases where historical data or 

samples were not available 

▪ To compile and analyse qualitative and quantitative exposomics data from diverse sources, 

creating an extensive LuxTIME data inventory comprising various data from Luxembourg 

▪ To explore and communicate research findings and map interdisciplinary knowledge using data 

visualisation as the main navigation tool 

▪ To examine the relevance of exposomics research by investigating trends in chemical usage, 

overall chemical numbers and looking at regulatory measures, particularly for persistent 

chemicals 

▪ To explore the importance of monitoring environmental pollutants in Luxembourgish surface 

water samples via NTA and HRMS, complementing routine targeted efforts 
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In general, this doctoral thesis seeks to discover new facets of the past exposome by redefining the 

concept, fostering interdisciplinary collaboration and providing insights into the historical and 

contemporary implications of chemical exposure in the context of exposomics research. 

 

Figure 2: Research progression and objectives in the LuxTIME project. 
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SYNOPSIS 

I. The Luxembourg Time Machine – LuxTIME 

The Institute for Advanced Studies (IAS),1 established in 2020 by the University of Luxembourg, aims to 

enhance interdisciplinary research efforts. Acting as a catalyst, the IAS endeavours to overcome 

barriers between scientific disciplines and sectors. One funding instrument offered by the IAS is the 

Audacity program, which supports collaborative projects at the forefront of interdisciplinary science 

characterized by an exploratory and audacious nature. The Luxembourg Time Machine project2 named 

LuxTIME is a collaboration involving the Centre for Contemporary and Digital History (C²DH) and the 

Luxembourg Centre for Systems Biomedicine (LCSB) at the University of Luxembourg, along with the 

Luxembourg Institute of Science and Technology (LIST). The primary objective of LuxTIME was to 

investigate the feasibility of developing a national platform known as the Luxembourg Time Machine. 

This platform should provide scientists and stakeholders with the means to explore the intricate history 

of Luxembourg using digital tools and data from diverse disciplines and fields. 

By constructing a digital dataset that incorporated information from three distinct fields and scientific 

perspectives—namely eco-hydrology, environmental cheminformatics, and history—LuxTIME aimed 

to employ a local case study, specifically the industrialization of the Belval/Minett region, as a testing 

ground for methodological and epistemological reflections on studying the impact of environmental 

changes on the local population's health. This investigation adopted a regional and long-term 

perspective. By combining historical evidence from the natural science and humanities perspective, 

LuxTIME enabled novel approaches to studying the past: through the combination of archival evidence 

providing contextual information and scientific evidence derived from chemical, biological, or medical 

investigations, the project pioneered the interpretation of 'big data of the past' within a truly 

interdisciplinary framework. The Belval case study served as a critical assessment of the analytical 

potential of a multi-layered research design that could potentially be expanded into a national case 

study, which could culminate in the creation of a Luxembourg Time Machine incorporating diverse data 

types from numerous institutions. The Luxembourg Time Machine project originated as a ‘spin-off’ of 

a larger European research endeavour called the European Time Machine,3 which falls under the Future 

Emerging Technologies Flagship. The C²DH was among the founding members of this initiative. 

Given the interdisciplinary nature of the LuxTIME project, there were methodological and 

epistemological challenges in establishing a common understanding among the research team. To 
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address this, the project employed the concept of a trading zone and facilitated the development of 

‘interactional expertise’ within the interdisciplinary team. Meetings and workshops were held to 

identify ‘boundary objects’ and foster a co-design process that clarified research questions, 

methodologies, and expected outcomes within this interdisciplinary context.  

The initial PhD projects within LuxTIME specifically focused on the history of contamination and 

environmental impact associated with industrialization in the Minett region. This specific doctoral 

project – undertaken within the LuxTIME initiative – examined the presence of historical contamination 

in the environment of Luxembourg through chemical analysis under the title ‘Historical Exposomics’. 

Non-target high resolution mass spectrometry techniques, in combination with open source 

cheminformatics tools, were employed to identify contaminants of particular relevance in various 

contexts. The outcomes were visualized and interpreted using (historical) data visualization tools in 

collaboration with Aida Horaniet Ibanez, the doctoral candidate from C2DH. The project website can 

be found at https://luxtimemachine.uni.lu/.  

II. The Exposome 

The exposome concept refers to the cumulative measure of all environmental exposures, 

encompassing external and internal factors, to which an individual is subjected throughout their 

lifespan.4 It takes into account various factors such as chemical substances, biological agents, physical 

agents, lifestyle factors, and socioeconomic factors that can impact human health. By adopting an 

exposome perspective, researchers aim to gain a holistic understanding of the entirety of 

environmental exposures and their interplay in relation to health outcomes. 

The term ‘exposome’ was first introduced by Christopher Wild in 20054  to expand the focus of research 

beyond genetic factors and investigate the broader environmental influences on human health. Since 

then, the exposome framework has gained significant attention in the field of environmental health 

research.5 Gary Miller and Dean Jones extended the concept in 20146 to its commonly used definition 

today: 

“The cumulative measure of environmental influences and associated biological responses throughout 

the lifespan, including exposures from the environment, diet, behaviour and endogenous processes” 6 

There are two main components of the exposome: the external exposome and the internal exposome. 

The external exposome includes exposures from the external environment, such as air pollution, water 

quality, diet, physical activity, and occupational exposures.6 In contrast, the internal exposome 

https://luxtimemachine.uni.lu/
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comprises the biological responses and modifications that occur within the body as a result of 

exposure, such as metabolic products, DNA adducts, and oxidative stress markers.7 The exposome 

concept aims to capture the complexity of environmental exposures and their potential interactions, 

recognizing that individuals are exposed to multiple factors simultaneously and that these exposures 

can have cumulative effects over time. Exposure signals, which may be transient in nature, pose the 

possibility of health responses emerging years after the initial exposure. By considering the entirety of 

an individual's environmental exposures, the exposome concept provides a more comprehensive 

understanding of the determinants of health and disease.7 

III. The Historical Exposome 

The exposome framework aims to capture the totality of environmental exposures throughout an 

individual's life, including past exposures, and their potential impacts on health. The extension of the 

concept acknowledges that historical exposures influence health outcomes in the present and 

emphasizes the importance of considering long-term cumulative effects. 

To delve deeper into the historical aspects of the exposome, researchers often rely on retrospective 

assessments, such as historical records, archival data, and biomarkers in preserved samples, to 

reconstruct past exposures and understand their potential health implications. By integrating historical 

data and environmental exposures, researchers can gain insights into the relationships between past 

exposures and current health outcomes.  

LuxTIME aimed to study the so-called  ‘historical exposome’ of the local population in the Minett area. 

The first (review) paper included in this thesis represents the first publication arising from the LuxTIME 

project, which aimed to investigate the chemical perspective of the historical exposome.  Therefore, 

further introduction of this aspect, including state of the art literature at the time, is given in the 

respective manuscript (RESULTS, CHAPTER I) “Historical exposomics and high resolution mass 

spectrometry”.8 The commentary “Historical Exposomics: A Manifesto”9 is the second paper of this 

thesis (RESULTS, CHAPTER II), which provides insights into the interdisciplinary discussion around the 

‘historical exposome’ that took place within the LuxTIME framework, suggesting an interdisciplinary 

approach to study the Anthropocene, making use of natural and social archives. It also includes a 

concept criticism looking at the scientific development in exposomics research. 



11 
 

IV. Cheminformatics 

The field of cheminformatics plays a crucial role in connecting the chemical perspective into exposome 

research. Cheminformatics involves the application of computational and data-driven approaches to 

analyse chemical data, including the identification, characterization, and prediction of chemical 

compounds and their properties.10 In the context of exposome research, cheminformatics provides 

valuable tools and methods for analysing and interpreting the chemical exposures that individuals 

experience.11 One important aspect of exposome research is the identification and quantification of 

chemical substances to which individuals are exposed. Cheminformatics techniques, such as chemical 

structure elucidation, spectral analysis, and database mining, can aid in the identification and 

classification of chemical compounds present in environmental samples, biological matrices, and other 

sources.10 These techniques enable researchers to link specific chemical entities to exposure events 

and understand their potential health implications. 

Cheminformatics also facilitates the integration and analysis of large-scale chemical data generated in 

exposome studies. With the advancements in high-throughput screening technologies and the 

availability of large, open chemical databases like PubChem,12 researchers can employ 

cheminformatics approaches to process and analyse massive datasets containing information on 

chemical structures, properties, and activities. These datasets also encompass valuable information 

from patents and literature (used in RESULTS, CHAPTER IV and V),13,14 presenting a significant challenge 

due to the substantial size of patent files and the diverse nature of literature data.  

In the context of cheminformatics, the open exchange of data is of high importance as open data 

fosters transparency and reproducibility, allowing the scientific community to openly access and 

validate the underlying information, methods, and results. Moreover, open data encourages 

collaboration and accelerates scientific progress. This collaborative approach promotes 

interdisciplinary insights, fosters innovation, and enables the discovery of new patterns and 

correlations that may have gone unnoticed otherwise. Furthermore, open data promotes efficiency 

(possibility to build upon prior work) and avoids duplication of efforts, saving time and resources. Given 

the history of closed data systems, such as the Chemical Abstracts Service (CAS) with limitations in 

terms of accessibility and availability, open data initiatives like PubChem have revolutionized the field 

by providing a vast and openly accessible database for chemical information. This openness 

democratizes access to (chemical) data, enabling researchers worldwide to contribute, access, and 

leverage the collective knowledge, leading to more comprehensive and robust research outcomes.  
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The addition of the cheminformatics perspective to the LuxTIME team has provided significant 

contributions to both interdisciplinarity and exposome research, as this PhD project was carried out 

within the Environmental Cheminformatics (ECI) group at the Luxembourg Centre for Systems 

Biomedicine (LCSB). The ECI group specifically concentrates on the identification of known and 

unknown chemicals in the environment using open source cheminformatics tools to examine their 

impact on human health. This research focuses not only on the internal exposome but also on the 

external exposome, aiming to study a comprehensive range of factors. 

V. High Resolution Mass Spectrometry and Non-Target Analysis  

High resolution mass spectrometry (HRMS) is a powerful analytical technique that has gained 

significant prominence in cheminformatics (and in exposome research) and is the predominately used 

method in the ECI group. HRMS offers a comprehensive and sensitive approach for the identification 

and quantification of a wide range of chemical compounds, enabling the assessment of the (chemical) 

exposome at a high level of detail.11 HRMS utilizes the principles of mass spectrometry to measure the 

mass-to-charge ratio (m/z) of ions generated from analytes in a sample.  More details on the technique 

itself can be found in the RESULTS, CHAPTER I “Historical exposomics and high resolution mass 

spectrometry”.8  The high resolution of the mass spectrometer allows for precise determination of the 

exact mass of ions and their fragments, enabling accurate identification and differentiation of chemical 

compounds. This capability is particularly valuable in exposomics research, where the complexity and 

diversity of environmental exposures necessitate the analysis of numerous chemical species. In the 

context of exposome research, HRMS can be applied to various sample types, including biological 

samples, environmental matrices, and archival materials, as introduced in RESULTS, CHAPTER I.8 By 

coupling HRMS with advanced data analysis and (open source) cheminformatics tools, both known and 

unknown chemicals present in the samples can be identified and characterized. The obtained mass 

spectral data can be further processed using databases such as PubChem12 and spectral libraries like 

MassBank15 to aid in compound identification and annotation (for a detailed discussion of databases, 

see the RESULTS, CHAPTER I8). One of the key advantages of HRMS for a wide range of research is its ability 

to provide a comprehensive coverage of the growing chemical space (204 million substances in the CAS 

registry in 202316). It allows for the detection of various classes of chemicals, including environmental 

pollutants, human metabolites, pharmaceuticals, and natural products. Moreover, HRMS can facilitate 

retrospective analysis of stored samples,17 enabling the investigation of historical exposures and their 

potential long-term effects on human health, which was of interest for this project. 
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There are different ways to screen for chemicals using HRMS. In addition to targeted analysis, non-

target analysis (NTA) is an important approach in exposomics research. Its application in LuxTIME can 

be seen in RESULTS, CHAPTER VI “Non-Target Screening of Surface Water Samples for the Identification of 

Exposome-Related Pollutants: A Case Study from Luxembourg”.18 NTA involves the detection and 

identification of unknown compounds present in a sample, without prior knowledge or specific 

targeting of particular analytes. This approach allows the exploration of the exposome beyond the 

known chemicals, potentially uncovering new environmental contaminants – and even their health 

implications – that may have been overlooked in targeted approaches.19 This information is crucial for 

an improved understanding of the exposome (the complete picture is nearly impossible to obtain), for 

hypothesis generation (often applied in metabolomics approaches) and developing strategies for 

exposure reduction and risk mitigation.20 NTA using HRMS involves the acquisition of full-scan mass 

spectra, capturing a wide range of ion signals across the selected mass range. These spectra contain 

valuable information about the molecular composition and structure of the detected compounds. 

Advanced data processing techniques, such as mass spectral deconvolution, peak alignment, and 

spectral matching algorithms, can be employed to process and analyse the complex mass spectral 

data.21 NTA also poses certain challenges, as the complex interpretation and identification of unknown 

compounds require extensive databases, spectral libraries, and advanced cheminformatics tools.19,22 

Moreover, the workflows are neither straightforward nor standardized and there remains a need for 

harmonization in the field.23,24 In addition, the high complexity and dynamic nature of environmental 

samples can lead to the presence of numerous interferences and matrix effects, which can affect the 

accuracy and reliability of compound identification.22 For this thesis the R package patRoon, developed 

by Rick Helmus,21,25 was mainly applied to perform NTA.18 It offers a fully customizable workflow, 

integrating different NTA tools into one package to serve as an open source software platform available 

for a range of instruments and different study needs (see RESULTS, CHAPTER VI18). 
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VI. Data Visualisation  

Data visualization plays an important role in interdisciplinary research by fostering collaborations and 

serving as a valuable tool for effective communication and knowledge integration. Interdisciplinary 

research projects like LuxTIME often involve complex and diverse datasets from multiple disciplines 

(here: cheminformatics, history, eco-hydrology). Data visualization helps to simplify complex 

information and improve understanding by presenting it in a visually appealing and intuitive manner. 

Visualizations provide a means to distil large volumes of data into meaningful patterns, trends, and 

relationships, enabling researchers from different disciplines to grasp and interpret the information 

more easily.  

One illustrative example of simplifying scientific data complexity through a minimalist visualization 

approach are the warming stripes or climate stripes introduced by Ed Hawkins.26,27 These stripes offer 

a straightforward and intuitive yet impactful means of conveying the concept of global warming, relying 

solely on common colour associations (red = warm; blue = cold). This visualization idea was developed 

further in this project, visualizing chemical patent or literature data summarized in PubChem as 

‘chemical stripes’.12 The numbers of chemicals present in the environment are on the rise as global 

chemical use, production and trade increases.14 Obtaining reliable and openly accessible data on global 

chemical usage over time is exceedingly challenging and historical concentrations of environmental 

pollutants are limited to a small number of targets only. This is why patent data or data from 

consolidated references can serve as valuable surrogate sources of information. By quantifying the 

number of patents (FIGURE 3A) or references (FIGURE 3B)  published for a given chemical per year, an 

estimate of its use and potential environmental release can be derived. The traffic light colour scheme 

(or alternatively the colour-blind friendly version replacing green with blue, see FIGURE 3C) was 

employed to signify the severity of the situation, with higher numbers depicted in red as a warning 

indicator (potential environmental threat). To enable the research community to generate their own  

chemical stripes for their desired chemicals, the R-package chemicalStripes was developed.28 FIGURE 3 

shows three examples of the chemical stripes for perfluorooctanesulfonic acid (PFOS) using patent and 

literature data. Modifications of the chemical stripes and further information on the visualization can 

also be found in RESULTS, CHAPTER IV “How can Data Visualization Support Interdisciplinary Research? 

LuxTime: Studying Historical Exposomics in Belval”,13 CHAPTER V “Avoiding the Next Silent Spring: Our 

Chemical Past, Present, and Future”14 and in the GENERAL DISCUSSION AND FUTURE PERSPECTIVES part. 
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Figure 3: Chemical Stripes example for PFOS  (1980-2019) generated using the ‘chemicalStripes’ R 
package28 (CID: Chemical Identifier); (A) stripes based on patent data (B) stripes based on literature 

data (C) colourblind-friendly version. 
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Effective communication is crucial in interdisciplinary research, where researchers from different 

backgrounds like humanities or natural sciences may have varying levels of domain-specific knowledge. 

Data visualization enabled LuxTIME participants to present their findings in a visual format that 

transcends disciplinary boundaries (e.g. with the chemical stripes), which was especially important 

within the LuxTIME framework. Moreover, since collaboration and the exchange of ideas across the 

different disciplines was one of the main goals, data visualization served as a common language that 

enabled participants to communicate and share their findings, irrespective of their disciplinary 

backgrounds. By providing a (visual) representation of data, visualizations promoted interdisciplinary 

discussions and fostered mutual understanding within LuxTIME. Data visualization techniques also 

offered the opportunity to explore and analyse multidimensional datasets from multiple perspectives, 

promoting creativity and innovation. By visualizing data in different ways, hidden patterns, 

relationships, and insights that may not have been apparent through traditional analytical methods 

alone were uncovered. 

Throughout the LuxTIME project, an extensive digital dataset capturing the historical aspects of 

Luxembourg was compiled, encompassing diverse quantitative and qualitative data obtained from 

sources such as archives, newspapers, and scientific institutes. Data visualization tools were employed 

to delve into this data repository, leverage the accompanying metadata, and effectively communicate 

research findings and project progress (see RESULTS, CHAPTER IV13). Interdisciplinary projects like 

LuxTIME offer a platform to showcase the vast array of available data visualization techniques and 

concepts, which are often used very sparsely within specific disciplines. Novel approaches involving the 

combination of visualization tools or the exploration of unconventional visualizations within a given 

field are seldom attempted, hindering the exploration of new frontiers in data presentation and 

interpretation. Therefore, CHAPTER IV “How can Data Visualization Support Interdisciplinary Research? 

LuxTime: Studying Historical Exposomics in Belval”13 presents a data visualisation toolbox, suited for all 

disciplines and involving several different visualization tools and concepts. This toolbox was created to 

serve as an initial collection to be extended in future interdisciplinary efforts.  
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VII. Thesis Scope 

This interdisciplinary cumulative thesis encompasses a wide range of subjects, including history, data 

visualization, cheminformatics, and eco-hydrology. It comprises six manuscripts (in the RESULTS section) 

that highlight the scope of the LuxTIME project, showcasing its progress and outcomes. 

The manuscript in CHAPTER I “Historical Exposomics and High Resolution Mass Spectrometry”8 is a 

review paper, published in 2021 in the Exposome journal. It aimed to explain the basic principles of the 

(chemical) historical exposome and create a foundation with state of the art literature upon which to 

build the latter work of this thesis.8 The review discusses chemical approaches required to capture the 

complex nature of the historical exposome. Different sample types, analytes, analysis techniques, and 

data interpretation methods are discussed in the context of chemical exposures, with a specific 

emphasis on their connection to health. The paper concludes with perspectives and challenges 

studying the historical exposome, revealing that there were not any suitable data types for true 

historical exposomics research via HRMS within the Minett region, and presenting the need for 

alternative approaches and more interdisciplinary collaboration.  

The interdisciplinary perspective of the historical exposome is then explored in CHAPTER II “Historical 

Exposomics: A Manifesto”,9 published in 2023 in the Exposome journal. This manifesto like paper 

emphasizes the need for an interdisciplinary approach and introduces the historical exposomics 

concept to create a “trading zone” between exposome, history and data science. The possibilities and 

limitations of using natural and social archives to assess the historical exposome within the LuxTIME 

framework are presented. Moreover, the article discusses definitions of the environment, issues 

related to significance, visualization, and availability of suitable material (natural archives) and 

introduces ways of creating new historical narratives to support exposome research. Reconstructing 

history and historical exposures without available data or material seems to be extremely difficult to 

impossible.  

The next manuscript in CHAPTER III titled "Exploring the Simulation and Visualization of Historical Data 

in Environmental History: Airborne Dust Concentration from the Belval Factory", submitted to the 

Journal of Digital History, showcases an effective approach to simulate past dust exposure originating 

from a steel factory in the Minett region using a mathematical model. This study utilized quantitative 

and qualitative industrial and environmental data from Luxembourg's historical records as input 

parameters to calculate an estimation of airborne dust concentrations during the last century. 
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Subsequently, an assessment was conducted to evaluate the chemical contamination and health 

effects associated with the simulated dust, along with a comparison to actual dust measurements 

conducted in the past. The resulting dust values were then visually represented through a video, 

illustrating the extent and temporal variation of atmospheric pollution surrounding the steel plant.  

Besides visualising historical dust data, the subsequent paper in CHAPTER IV titled "How can Data 

Visualization Support Interdisciplinary Research? LuxTime: Studying Historical Exposomics in Belval",13 

published in 2023 in Frontiers - Big Data, further extends the exploration of data visualization 

techniques. This study focused on visualizing the exposomics data collection, available metadata, and 

the progress of the LuxTIME project. Various visualization tools were presented to facilitate knowledge 

sharing, track the evolution of interdisciplinary topics, and represent the data contained within the 

LuxTIME inventory.  The data inventory is a collection of different qualitative and quantitative data 

sources connected to the exposome.  

The significance of investigating historical (chemical) developments is also stressed in CHAPTER V 

“Avoiding the Next Silent Spring: Our Chemical Past, Present, and Future”.14 This viewpoint paper – 

published in Environmental Science & Technology 2023 – delves into the topic of persistent chemicals, 

specifically per- and polyfluoroalkyl substances (PFAS), which accumulate in the environment over 

time. It highlights the potential for earlier regulation, drawing parallels with the regulation of the 

pesticide dichlorodiphenyltrichloroethane (DDT). Furthermore, the manuscript explores the 

management and regulation of these substances and proposes strategies for improvement. The 

chemical stripes visualization (see introduction in Synopsis Chapter VI. DATA VISUALISATION and further 

use in the RESULTS, CHAPTER IV and V)13,14 is also incorporated and discussed in this manuscript. The 

included stripes showcase the trends in (estimated) chemical use of DDT and selected PFAS, along with 

the overall increase in chemical registrations in the CAS registry. A timeline of (increasing) chemical use 

is presented, showcasing the first use (according to patent data) and the first regulations (Stockholm 

Convention) for persistent chemicals. The viewpoint stresses the topicality and importance of 

investigating (past) chemical exposure aligning with the primary objectives of the present PhD project.  

Finally, this exposomics research – conducted since the inception of LuxTIME – is presented in CHAPTER 

VI titled “Non-Target Screening of Surface Water Samples for the Identification of Exposome-Related 

Pollutants: A Case Study from Luxembourg”,18 published in Environmental Sciences Europe 2023. This 

research paper specifically concentrates on the utilization of cheminformatics within the LuxTIME 

framework, highlighting its role in advancing exposome research. Due to the lack of suitable historical 
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samples (identified in CHAPTER I8), a proof of concept was performed on water samples as an exploration 

of what is possible and how current research can also influence the future. A HRMS and NTA analysis 

(using patRoon) was conducted on a total of 271 surface water samples collected from 20 diverse 

sampling sites across Luxembourg. Subsequently, a series of classification procedures were carried out, 

accompanied by comparisons to previous studies and target monitoring efforts. A special focus was on 

the Minett region, examining specific issues in the region. Furthermore, a list of 41 chemicals of 

potential significance for inclusion in governmental monitoring lists is presented. This final research 

paper serves as the conclusive component of the doctoral thesis, illustrating the contribution of 

(chemical) exposomics research as one disciplinary part within the LuxTIME project.  

Following the six preceding manuscripts, the thesis closes with a dedicated section for overall GENERAL 

DISCUSSION AND FUTURE PERSPECTIVES looking at potential future steps. 
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RESULTS 

I. Historical Exposomics and High Resolution Mass Spectrometry 

Authors: 

Dagny Aurich, Owen Miles and Emma L. Schymanski 

Manuscript type:  

Review 

Contribution statement: 

DA and ELS conceptualized the review. DA was responsible for writing (original draft preparation) of 

all chapters except for the ‘Water’ chapter, which was written by OM. DA, ELS and OM did the review 

and editing. ELS was responsible for funding acquisition and supervision. Visualizations 1 and 4 were 

reproduced with permission from the respective sources. DA modified Figure 3, indicating the original 

source. Figures 2 and 5 were created by DA. 

Submission status: 

Published in the Exposome journal on 31 December 2021. (DOI: 10.1093/exposome/osab007) 

Short summary/ Contribution to the field:  

This review examined the exposome more closely from an historical and chemical perspective, setting 

the focus on the chemical part. The (interdisciplinary) concept of the ‘historical exposome’ is described 

further in CHAPTER II.  

Different sample types, analytes, analytical methods and data analysis techniques are presented, 

summarized and evaluated critically based on state of the art literature. The data analysis of HRMS 

data is explored, emphasizing the importance of selecting appropriate tools. Limitations in HRMS for 

historical exposome research are highlighted, including inconsistent interpretation and terminology. 

Moreover, the manuscript shows that the Minett region lacks suitable data types for true historical 

exposomics research using HRMS, which had a major influence on the course of the LuxTIME project. 

 

 

https://doi.org/10.1093/exposome/osab007
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II. Historical Exposomics: A Manifesto 

Authors: 

Dagny Aurich, Aida Horaniet Ibanez, Christophe Hissler, Simon Kreipl, Laurent Pfister, Emma L. 

Schymanski, Andreas Fickers 

Manuscript type:  

Commentary 

Contribution statement: 

All authors contributed to the conceptualization, review, and editing of the commentary. DA was 

responsible for writing the introduction, 'The LuxTIME Project as an Interdisciplinary Framework', 

'Critique of the Current Approach', 'Botanical Samples', and parts of the 'Conclusion'. AHI wrote 

'Finding Significance in a Different Way' and 'Data Visualization'. LP wrote the section on 'Freshwater 

Bivalves'. SK wrote the 'Historical Groundwater Reserves' section, and ELS wrote the abstract. SK, DA, 

and AF contributed to the sections on 'Environmental History and the Anthropocene'. AF wrote the 

section on 'Definitions of the Environment', the introductory part of 'Evidence from Social and Natural 

Archives', 'New historical narratives', and modified the 'Conclusion'. ELS and AF were responsible for 

funding acquisition and supervision. Figures 1, 2, and 4 were originally created by AHI based on data 

collected by DA and AHI. DA created Figure 3. Figure 5 was reproduced with permission from the 

respective sources. 

Submission status: 

Published in the Exposome journal on 18 August 2023. (DOI: 10.1093/exposome/osad007) 

This manuscript will be also part of the PhD thesis by co-first author Aida Horaniet Ibanez. 

Short summary/ Contribution to the field: 

This perspective examined the historical exposome concept in a manifesto-style article focusing 

especially on the aspect of interdisciplinarity. It discusses the use of natural and social archives to 

bridge the gap between exposome, history and data science, creating a ‘trading zone’ between 

apparently completely different disciplines. The main disciplines involved in LuxTIME are eco-

hydrology, environmental chemistry and environmental history, each providing new viewpoints and 

approaches to the study of the exposome. This article reflects on the possibilities and limitations of 

current - mostly natural science based - approaches and shows the numerous possibilities to involve 

natural and social archives in the study of the exposome. 

https://doi.org/10.1093/exposome/osad007
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III. Simulating and Visualising Data in Environmental History: Airborne Dust Concentration 

from the Belval Plant in Luxembourg (1911-1997) 

Authors: 

Dagny Aurich, Aida Horaniet Ibanez, Jens van de Maele 

Manuscript type:  

Research paper 

Contribution statement: 

All authors contributed to the conceptualization and the review and editing of the manuscript. DA was 

responsible for writing (original draft preparation) of Chapters 3, 5, 6, 8 and the ‘Conclusion’ in Chapter 

9. AHI wrote Chapter 2 and 7 and JM ‘Abstract’, ‘Introduction’ and Chapter 4. The Visualizations 1, 3, 

4, 6 (a, b), 9, 11 (a) and 12 were reproduced with permission from the respective sources. The 

simulation video was mainly created by AHI – on the code basis as indicated – and checked and 

modified by DA. AHI also inserted the screenshots shown in Figures 8, 10 (a, b) and 11 (b, c). DA 

modified Figure 5 and Table 1, indicating the original source. Figure 2, Graphs 1 and 2 were created by 

DA.  

Submission status: 

Submitted to the Journal of Digital History on 28 April 2023, under review.  

This manuscript will be also part of the PhD thesis by co-first author Aida Horaniet Ibanez. 

Short summary/ Contribution to the field:  

This paper uses historical data and interdisciplinary collaboration (projects REMIX and LuxTIME) to 

model the airborne dust concentration generated by the Belval steelwork in Luxembourg. The research 

combines scientific knowledge, historical sources, and visualizations to understand the extent and 

reasons behind dust pollution. It explores new ways of generating and analysing historical data and 

discusses the impact on the environment and human health. The limitations of the model, and 

challenges associated with visualizing and simulating historical data are discussed. 
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General Remarks 

 

The Journal of Digital History is a non-traditional journal.  

 

[Red text] in the attached manuscript indicates interactive content, visible in the online journal view. 

 

For the interactive view of the manuscript, please visit the Journal of Digital History via: 

https://journalofdigitalhistory.org/en/notebook-viewer-form 

 

 

 

 

Jupyter notebook file in GitHub repository: 

https://github.com/DagnyAurich/Dust-paper/blob/main/Dust_pollution_paper.ipynb . 

  

https://journalofdigitalhistory.org/en/notebook-viewer-form
https://github.com/DagnyAurich/Dust-paper/blob/main/Dust_pollution_paper.ipynb
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SIMULATING AND VISUALISING DATA IN ENVIRONMENTAL HISTORY: AIRBORNE DUST 

CONCENTRATION FROM THE BELVAL PLANT IN LUXEMBOURG (1911-1997) 

Dagny Aurich1*, Aida Horaniet Ibanez2*, Jens van de Maele2 

1 Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, 6 avenue du Swing, 

4367, Belvaux, Luxembourg.  

2 Luxembourg Centre for Contemporary and Digital History (C²DH), University of Luxembourg, 11, Porte 

des Sciences, 4366 Esch-sur-Alzette, Luxembourg.  

*Corresponding authors: dagny.aurich@uni.lu, aida.horanietibanez@uni.lu 

To be published at: https://journalofdigitalhistory.org/en 

Keywords 

 

Dust Pollution, Environment, Data Visualization,  Simulation, Steel Industry, History of Luxembourg 

 

Abstract 

 

Luxembourg’s industrial history can be reconstructed using primary sources containing quantitative 

and qualitative industrial and environmental data, which can then be analysed and visualised digitally. 

This research combines current scientific knowledge and historical data to model the airborne dust 

concentration generated by the Belval steelworks in Esch-sur-Alzette between 1911 and 1997. The 

calculations are based on a model of atmospheric dispersion, using parameters such as production 

volumes, the presence of filter systems and meteorological data. Visualisation of the simulated data 

offers insights into the extent and variability of dust concentrations over time, along with the 

underlying reasons (e.g. wars or technical innovations). An interdisciplinary approach allowed the 

integration of chemical and health perspectives, which were then embedded into a historical context. 

Simulations, a form of data generation widely used in engineering, open new opportunities for the 

recreation of historical data, which can be compared with scientific research. These historical data can 

also be re-analysed and visualised on the basis of new and/or current perspectives. 

mailto:dagny.aurich@uni.lu
mailto:aida.horanietibanez@uni.lu
https://journalofdigitalhistory.org/en
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This research is a collaboration between the REMIX project (an interdisciplinary project focusing on the 

history of the Minett region in connection with Esch-sur-Alzette – European Capital of Culture 2022) 

and the interdisciplinary LuxTIME project (which attempts to build and visualise historical datasets with 

the aim of studying the impact of environmental changes on Belval’s population). The aim is to explore 

new ways of generating, validating, analysing and visualising past data through interdisciplinary 

collaboration, rather than to validate a model for the study of historical dust pollution. This work 

discusses (a) the model, (b) the parameters used, (c) the results of the dust simulation, (d) the impact 

on health, (e) the historical sources, and (f) the limitations of the model and the challenges involved in 

visualising and simulating historical data. 

 

Introduction 

 

Air pollution has a history. In today’s society, this historicity is most commonly perceived in the context 

of global warming, where the ‘weight’ of billions of tonnes of carbon dioxide released in the past has 

become a factor of major importance for our global ecosystem. The mechanism behind this has been 

elegantly described by Malm, who observed that our climate has essentially become a ‘product of past 

emissions’, while the ‘emissions produced by cars [today will generate] their greatest impact on 

generations not yet born’. For Malm, present-day emissions are effectively ‘invisible missiles aimed at 

the future’ (Malm 2016). The adjective ‘invisible’ is rather important here. After all, the peculiar 

interrelationship between past, present and future is not the only paradoxical characteristic of air 

pollution history (on this interrelationship, see also (Uekötter 2020)). Another paradox is the fact that 

the ongoing global warming is caused by a gas that, when encountered under everyday circumstances, 

is both invisible and odourless. This lack of perceptibility does not imply, however, that pollution 

problems went completely unnoticed by previous generations. Prior to the scientific and societal 

problematisation of the greenhouse effect, other manifestations of air pollution – such as dust, dark 

smoke, soot particles and stench – were particularly palpable in cities and industrial regions, and as 

such were a regular source of indignation (for two classic studies on this indignation, see (Brüggemeier 

and Rommelspacher 1992; Mosley 2001)). 
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The southwest of the Grand Duchy of Luxembourg, an important iron and steelmaking region from the 

1870s onward, was one of those places where people were constantly faced with air pollution that was 

as omnipresent as the industrial plants themselves.1 In the Minett, as Luxembourg’s metallurgical 

region is called, the soot and smoke of the steelworks were part of a ‘sensescape’ that could be seen 

and smelled on a near-permanent basis (on the notion of sensescape, see (Pritchard and Zimring 

2020)). To borrow the words of an elderly inhabitant of Dudelange, who recently reminisced about his 

life in Luxembourg’s industrial region: day in, day out, ‘the dust and dirt fell from the skies’ (Back-

Hoffmann 2021). In order to objectify the severity of this problem, several scientific studies were 

carried out in the Minett towns of Differdange and Esch-sur-Alzette between the late 1930s and the 

early 1970s, with the specific aim of measuring the typical quantity of airborne dust particles at or near 

industrial sites. Yet these measurements – which we discuss in section 8.2 – only lasted for a limited 

period (e.g. three months), and thus only provide a snapshot in time. 

In this contribution, we attempt to create a long-term picture of past dust pollution levels by using the 

Belval iron and steel complex in Esch-sur-Alzette – the informal capital of the Minett (hereafter: Esch) 

– as a test case (Figure 1). For this purpose, historians, metallurgy experts, chemists and data 

visualisation specialists have collaborated to analyse a major metallurgical pollutant: dust. We present 

a simulation and visualisation of the diachronic evolution of local airborne dust concentrations in the 

vicinity of the Belval plant, using various parameters as input for our model. These include the 

production numbers of the plant throughout the 20th century, the production process (e.g. LD-AC or 

Thomas for steelmaking), the typical usage of filtering systems, and the prevailing wind directions over 

time. Based on this data set, we offer a plausible approximation of how the dust emissions of the Belval 

iron and steel complex might have affected the local air quality between 1911 (the first year of 

operation) and 1997 (when the last blast furnace was shut down). 

 

 
1 For the economic and social history of Luxembourg’s metallurgical industry, see the six-volume series Terres 
Rouges: Histoire de la sidérurgie luxembourgeoise, published from 2009 to 2018 by the National Archives of 
Luxembourg. 
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Figure 1: Smoking chimneys of the Belval steel plant. Slide from around 1960. Source: Archives de la 

Ville d’Esch-sur-Alzette. 

An important precedent for modelling in environmental history can be found in the work of Tarr, who 

has investigated emissions of man-made components such as pesticides, herbicides and heavy metals 

in the estuary of the Hudson and Raritan rivers between 1700 and 1980. To achieve this aim, Tarr 

worked together with physicists and environmental engineers ((Tarr 1996); see also (Tarr 2021)). 

Likewise, in their 2021 study on climate change and its effects on people, Pfister and Wanner 

attempted to reconcile the scientific cultures of the natural sciences and the humanities: ‘Scientists 

explain how natural systems work, while (environmental) historians tell stories of people who grapple 

with the effects of weather and climate’ (Pfister and Wanner 2021). As such, the research by Pfister 

and Wanner is in line with the approach outlined by Guldi and Armitage, who have discussed the role 

of history in the process of understanding ‘the multiple pasts which gave rise to our conflicted present’. 

Regarding climate change, Guldi and Armitage have argued that ‘history, with its rich, material 

understanding of human experience and institutions and its apprehension of multiple causality, is re-

entering the arena of long-term discussions of time where evolutionary biologists, archaeologists, 

climate scientists, and economists have long been the only protagonists’ (Guldi and Armitage 2014).  

Similar to the way in which environmental history and the history of technology have become more 

entangled in the last decade (resulting in the development of a crossover field known as ‘envirotech’, 

e.g. (Pritchard and Zimring 2020)), interdisciplinary endeavours between the human and natural 
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sciences are indeed essential if one wants to adequately evaluate environmental changes that have 

occurred in the past. This has been made explicit by Massard-Guilbaud: 

How can we write a history of climate without contacting climatologists? A history of pollution without 

touching on chemistry? A history of sanitation systems or energy resources without taking an interest in 

technology? Let us note, moreover, that it is not only historians who are discovering this need for 

interdisciplinarity; specialists in other disciplines […] are also approaching historians [...] on 

environmental issues because [...] they feel the need to do so. (Massard-Guilbaud 2007)2 

The research questions that motivate our own interdisciplinary research are as follows. Throughout 

the 20th century, how were people living near the Belval iron and steel complex affected by dust 

pollution? Can this pollution from the past be quantified and displayed on a map? And how did it evolve 

over time? Using modelling and simulation with historical data as input, we generate new data allowing 

us to analyse such questions, thus uniting the points of view of exact sciences (e.g. the health impact 

of various concentration levels) and history (e.g. the industrial development of the region and the 

societal narratives about pollution). We hypothesise that the pollution generated by the Belval plant 

affected many (if not all) of the inhabited quarters of both Esch and the surrounding municipalities 

(including some on French territory, which would make Belval a case of cross-border air pollution). 

It must be emphasised that our contribution offers only an estimation of pollution values, due to the 

limitations inherent in any simulation. In the current study, such limitations include the lack of 

adequate corporate sources on the presence and efficiency of filtering systems, forcing a reliance on 

assumptions (based on data in non-Luxembourgish secondary literature on ideal typical metallurgical 

filtering systems). Another important limitation of our model is the omission of other pollution sources, 

such as iron and steel complexes other than Belval (including two more plants in Esch), non-

metallurgical industrial complexes, traffic and domestic heating. As such, we agree with a warning 

recently posited by Joy Parr concerning interdisciplinary work. While Parr endorsed collaborations 

between ‘researchers in environmental history and the history of technology’ and scientists from fields 

like ‘metallurgy [and] bio-chemistry […]’, she pointed at possible incompatibilities between historical 

science and the natural sciences, due to the latter’s tendency to ‘simplify’ for the purpose of 

experimentation, as well as to ‘derogate knowledge and reasoning that is not readily represented in 

symbols and signs’ (Parr 2010). In our interdisciplinary contribution, we take a rather modest view on 

 
2 All translations throughout have been done by the authors. 
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this matter, by explicitly pointing at the potential of our research as well as the lacunae and possibilities 

for future improvement. 

The structure of our article can be summarised as follows. In section 2, we discuss the terms ‘modelling’ 

and ‘simulation’, their history and application across disciplines, and their largely untapped potential 

in the humanities. Section 3 explains the general impact of dust pollution on health, in order to provide 

a basis for the subsequent analysis of our results. Section 4 establishes the historical context of the 

metallurgical industry in Luxembourg, the Minett region and Esch, while also briefly exploring the 

societal narratives about pollution. In section 5, we introduce steelmaking production techniques as 

well as their evolution and impact on dust pollution. In section 6, we explain the actual simulation 

process by focusing on the data generated by the dispersion model. Here, we discuss in detail the data 

basis and the model specifications, to explore the hypothesis presented (regarding the impact of 

pollution on the inhabitants of Esch and the surrounding area). In section 7, we explore the data 

visualisation process. Section 8 contains an analysis of the results including the validation of the model 

used, a basic Gaussian dispersion model that has already been proven through its use in similar 

scenarios (in various contexts) (Leelőssy et al. 2014); this section is focussing on our way of applying 

the model. Further, a comparison of the model results against available measurements is presented in 

section 8.2, and the limitations and potential ways to improve the model in future research in 8.3 and 

8.4. For future research on historical dust pollution, the model could be used with alternative data 

sources for new simulations, or new models could be tested adding new variables. Our conclusions are 

offered in the final section (9). 

 

Modelling and simulation 

 

Since modelling and simulation are key elements in our research, a brief introduction of terms and 

usage across disciplines is appropriate. Banks defined simulation as ‘the imitation of the operation of 

a real-world process or system over time’ (such as the generation and dispersion of dust pollution of a 

steel plant) that can model both existing and conceptual systems (Banks 1999). As such, simulation is 

used for a variety of purposes including prediction, performance, training, entertainment, proof and 

discovery. While induction can be used to find patterns in data and deduction to find consequences of 

assumptions, simulation generates data that can be analysed inductively (Carson II 2005). 
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Initiated during the Second World War ‘to address problems too complex for theory and too remote 

from laboratory materials for experiment’ (Galison 1996), simulation spread through the social 

sciences by the end of the 1960s, where it was (and still is) often used for modelling artificial 

populations and investigating human behaviour (Lebherz et al. 2018). However, ‘it has remained 

almost unknown to the humanities’ (McCarty 2016), notwithstanding a few exceptions. Apart from the 

environmental historical research mentioned in the introduction, Lebherz et al. have presented a case 

of text mining by scientific workflows and computer simulation, with the aim of investigating potential 

influences on the author’s literary productivity. In this context, they have identified four prerequisites: 

a solid data basis, the specification and construction of a model, the definition of hypotheses to answer 

research questions, and the reuse of proven models in similar scenarios (Lebherz et al. 2018). 

Simulation is also frequently used in certain fields of archaeological research, such as evolutionary 

archaeology and the study of human evolution (Lake 2014).  

Champion has discussed the distinction between model (‘a physical or digital representation of a 

product or process’) and simulation (‘the re-configurative use of a model to reveal new and potential 

aspects’) (Champion 2016). In the context of the humanities, McCarty has referred to modelling as ‘the 

analogical bridge between computing and the interpretative disciplines’ that ‘keeps the digital 

construct separate, informing humanistic research both by what it discovers and especially by what it 

cannot’. The defining moment of simulation occurs ‘when it becomes the only way to know something 

or to form a coherent picture from fragmentary knowledge’ (McCarty 2016). 

 

Dust pollution from a chemical and health perspective 

 

Pollution caused by dust (atmospheric particulate matter) is a global problem, both historically and in 

the present (Butte and Heinzow 2002; Han et al. 2021). Dust coming from various anthropogenic 

sources such as industry, households and traffic is a major source of chemical contamination of entire 

regions and has a negative impact on health. Dust particles can also come from natural sources, like 

pollen, microorganisms and the natural erosion of soils. The size, origin and chemical composition of 

dust particles play a major role when looking at health effects. Airborne dust comes in all shapes and 

sizes, which are either visible or invisible to the naked eye (aerodynamic diameter 1 to 400 µm) (Kumar 

and Kumar 2018). 
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Large dust particles settle quickly (> 100 µm) or are trapped in the nose, mouth and larynx region when 

inhaled (inhalable fraction ≤ 100 µm), as shown in Figure 2 (Wippich et al. 2020). Smaller particles stay 

for longer in the air, while very small particles can penetrate the respiratory system. The respirable 

dust fraction that can enter the alveolar region is defined to be below an aerodynamic diameter of 10 

µm, independent of the particle’s length (WHO n.d.). Small particles that remain in the gas-exchange 

region of the lungs can cause allergic reactions, cancer and other serious diseases or disorders (Wippich 

et al. 2020; WHO n.d.; Bala and Tabaku 2010).   

 

Figure 2: Respiratory system with different dust fractions and their aerodynamic diameter 

Dust sources can be either point or area sources, from where particles (having long lifetimes) can 

spread over many kilometres (Leelőssy et al. 2014). Their chemical composition is essentially linked to 

their origin: during the extraction and processing of minerals, for instance, dust containing silica is often 

released in the air, which can result in permanent health damage (e.g. diseases such as silicosis) (Mlika, 

Adigun, and Bhutta 2022). Likewise, metallic dusts (e.g. lead and cadmium) from smelters cause harm 

to fauna and flora, as do chemical dusts created in agriculture (e.g. pesticides), vegetable dusts (e.g. 

wood, cotton), moulds and spores (WHO n.d.). Other air pollutants are created by the reaction of 

sunlight with atmospheric compounds, leading to photochemical smog (sunlight reacting with volatile 

organic compounds and nitrogen oxides). 
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The iron and steel industry is known to be a major contributor to air pollution. In the past, burning coal 

for steel production produced vast amounts of black coal dust, resulting in fine particles covering entire 

cities and regions. Such particles often contain silica and various metals; those with a diameter below 

2.5 µm can easily enter the alveoli (i.e. the gas-exchange regions of the lungs) (Figure 2) and cause 

serious harm (Su, Ding, and Zhuang 2020). Early types of filtering devices based on cyclone techniques 

only removed larger particles, thus leaving smaller fractions uncaptured (‘The Steel City and a Brief 

History of Dust Collection’ 2019). In the Western world, with the rise of environmental regulation and 

technical advances from the mid-20th century onward, it became possible to significantly decreased 

dust emissions as long as steel companies were prepared to make the necessary investments. The 

decrease was mainly enabled by improved filtering techniques, including shaker bag collectors, reverse 

air or pulse jet baghouses, and (later) cartridge collectors (‘The Steel City and a Brief History of Dust 

Collection’ 2019). However, even today many iron and steel plants continue to rely on coal fuel (the 

‘dirtiest’ but also cheapest option available), with little concern for the environmental effects and the 

availability of cleaner techniques (‘Do We Really Need Coal to Make Steel?’ 2020). As well as producing 

greenhouse gases like nitrous oxide (N2O), steelmaking generates other airborne contaminants 

(Koponen et al. 1980). Metals like cobalt, lead and chromium are released into the atmosphere (Nurul, 

Shamsul, and Noor Hassim 2016) when not filtered appropriately, and so are concentrations of 

polycyclic aromatic hydrocarbons (PAHs), iron oxides and sulphur dioxide (SO2) (Bala and Tabaku 2010). 

Historically as well as in the present, respirable particle emissions from the iron and steel industry pose 

risks to human health (Valenti et al. 2016).  

 

Esch-sur-Alzette and the Belval metallurgical complex: a brief historical overview 

 

Measured per capita, Luxembourg was the world’s foremost iron and steel producer throughout the 

20th century (for global production trends, see (Hemmer 1953)). While all of the Minett’s towns were 

severely affected by air pollution, Esch had the specific characteristic of being surrounded by iron and 

steel complexes. The local historians Assa and Pagliarini have rightfully noted that ‘Esch and its factories 

formed one unity; their evolution occurred along parallel lines’ (Assa and Pagliarini 1998). From the 

moment the first blast furnace in Esch started operating, the urban infrastructure of this ‘mushroom 

town’ (Knebeler and Scuto 2010) indeed developed almost exclusively to serve the metallurgical 

industry. An engraving from the 1920s shows that iron and steel complexes could be found to the 
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southwest of Esch (the Terres Rouges plant, established in 1872), to the east (the Esch-Schifflange 

plant, 1871) and to the west (the Belval plant, 1911). Other polluting factories, such as a cement 

factory, a brewery and a coal-fired power plant (which supplied electricity to the steelworks) were also 

present in the town throughout much of industrial era (for a general overview, see (Scuto 1993)). A 

scale model of the Minett, made for the 1937 World’s Fair in Paris, clearly illustrates how Esch was 

‘embraced’ by factories and, consequently, by industrial smoke and dust (on Luxembourg’s 

participation at the 1937 World’s Fair, see (Millim 2014)). 

 

 

Figure 3: Engraving by G. Peltier showing the three iron and steel complexes surrounding Esch: Esch-

Schifflange (left), Terres Rouges (centre) and Belval (below right). Source: (Knebeler and Scuto 2010). 
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Figure 4: Scale model of Esch exhibited at the 1937 World’s Fair in Paris, showing the three iron and 

steel complexes surrounding Esch: Esch-Schifflange (bottom), Terres Rouges (top left) and Belval (top 

right). Source: Archives Nationales de Luxembourg, Fonds ARBED, File AES-U1-54. 

Contrary to present-day popular belief (e.g. (Moia 1998; Logelin-Simon 2006; Back-Hoffmann 2021)), 

the air pollution caused by the metallurgical complexes of the Minett was not uncontested by the local 

population. From the early 20th century onwards, inhabitants voiced their criticism about dusty factory 

smoke through articles in newspapers and magazines, readers’ letters and interventions in parliament 

and municipal council meetings. This paragraph will shortly explore a few criticisms concerning the 

Belval complex from the period when the plant was established. A more in-depth analysis of complaints 

from inhabitants about air pollution in the entire Minett region is offered in a separate article, which 

focuses on the period of the Trente Glorieuses (c. 1945-1965) and conceptualises the role of 

newspapers, politicians and scientists as ‘mediators’ in the public debate on air pollution (Van de Maele 

forthcoming). 

From around 1900, about three decades after the dawn of industrialisation in Luxembourg, the 

country’s press began to report on the so-called ‘plagues’ of dust and smoke (in German: Staubplage, 

Rauchplage). These ‘plagues’ were reported to soil clothes and buildings, irritate lungs and eyes, and 

affect animal and plant life. As early as 1899, for example, the newspaper Luxemburger Wort published 
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a remarkably lucid analysis of air pollution in industrial regions (for the history of this newspaper, see 

(150 Jahre Und Kein Bisschen Alt: 150 Joër Wort, 1848-1998 1998)). Despite its conservative, pro-

business profile, the newspaper offered a remarkably modern-sounding, holistic approach towards 

both human and non-human nature, thus offering a rather bleak picture of the industrial era: 

No more than fifteen years ago, everyone took for granted that a chimney should smoke, and every 

stranger who came to a factory town looked in admiration at the myriad of smoking chimneys […]. Even 

those who were directly harmed by the smoke considered this to be so inevitable that they hardly ever 

complained about it, and when they did, they were told – with a shrug – that nothing could be changed. 

And so for decades, the vegetation in industrial areas withered, entire forests had to be cut down 

prematurely […], and soot particles and poisonous gases inhaled by human lungs slowly but surely 

planted the germ of many a deadly disease.3 

Already around this time, awareness about the detrimental side effects of metallurgical dust also 

existed on a governmental level. This becomes evident in a 1910 investigation undertaken at the 

instigation of the Luxembourg Prime Minister in response to the construction request for the Belval 

plant submitted by the German corporation Gelsenkirchener Bergwerks AG. At that time, the 

corporation had recently acquired a plot of forested land just to the west of Esch. Conceived as a 

vertically integrated plant, the Belval complex was to include two blast furnaces (later supplemented 

with a third), steel converters, a sintering plant and rolling mills. In a letter to three engineers (who 

were most likely state-employed), the Prime Minister expressed reservations about the addition of yet 

another metallurgical factory in the Minett: ‘[…] [It] is necessary to investigate all [technical] methods 

to curtail noise […] and dust […].’4 Consistent with the legal framework of the time (Parmentier 2008), 

the Prime Minister’s reservations were mainly driven by a desire to minimise damage to the private 

property of adjacent landowners; a true ‘environmental’ awareness (as can be seen embryonically in 

the very avant-garde 1899 newspaper article mentioned above) was not yet part of the politicians’ 

intellectual habitus. In response, the experts offered a highly ambiguous evaluation of the prospective 

plant. Although they acknowledged the existence of a pollution burden, this burden was considered to 

be a ‘normal’ phenomenon in industrial regions: 

The inconveniences these kinds of establishment can have for certain [neighbouring] owners in terms of 

their enjoyment of the tranquillity and pure air of the countryside are not to be denied. These 

inconveniences stem from the vapours and dust that detract from the purity of the air, as well as the 

noise caused by the machines and the movement of workers […]. Such inconveniences are common in 

 
3 ‘Die Rauchplage und ihre Beseitigung’, Luxemburger Wort für Wahrheit und Recht, 13 May 1899, p. 1. 
4 Archives Nationales de Luxembourg, Ministère de la Justice Collection, File J-090-00804, Letter from the Prime 
Minister, March 1910. 
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industrial centres; everyone experiences them in Esch, Differdange, Rodange, Dudelange, etc. Yet they 

cannot be invoked as a reason to refuse authorisation.5 

This discourse was typical of the professional ethos of late-19th and early-20th-century engineers, who 

typically saw themselves as expert organisers, both within and beyond their technical sphere of 

competence (on the role of engineers in Luxembourg society, see (Glesener and Wilhelm 2009)). As 

such, the engineers also gave advice about the moral economy in which the steelmaking was to take 

place: in their view, the imperative of economic development outweighed the time-honoured right of 

neighbouring inhabitants to ‘pure’ air. The engineers’ opinion proved to be decisive: shortly after the 

governmental enquiry, a green light was given to the Gelsenkirchener Bergwerks AG, and in 1911 the 

two blast furnaces of the iron and steel complex (which would later become known as Belval) were 

fired up. Soon enough, newspapers would again voice concerns about the increasing dust problem in 

Esch. In April 1914, just three months before the start of the First World War, another conservative 

newspaper, the Obermosel-Zeitung, for instance voiced concerns about the worsening ‘smoke plague’:  

If any town far and wide suffers greatly from the smoke plague, it is Esch. No fewer than 30 to 40 blast 

furnace chimneys in the town’s immediate vicinity spew their contents on the Minett’s capital day and 

night. If a resourceful person were to come up with an effective invention against the smoke plague, he 

should certainly file a patent in Esch. It is only a small consolation for the people of Esch to hear that the 

smoke plague is also known to be a great evil in other places, and that in many cases desperate efforts 

are being made to combat it […].6  

Still in 1914, the Esch-based architect Paul Flesch declared in a municipal council meeting that Esch 

should keep a corridor without industry in the north, to allow the town’s 30 000 inhabitants ‘to breathe 

some clean air for at least a few days a year’. With his call for the incorporation of public hygiene 

principles in urban planning policies, Flesch sought to pair economic development with a more decent 

quality of life for the town’s inhabitants (Scuto 2005). As it turned out, the north of Esch would 

effectively remain industry-free – even though the ‘right to produce’ (and, consequently, the right to 

pollute) of the existing iron and steel complexes would never be called into question by local and 

national authorities. Using a term from German historiography (e.g. (Geissler 2016)), it can be said that 

these authorities consistently affirmed the Ortsüblichkeit (‘geographical appropriateness’) of industry. 

This principle was further underpinned by the powerful political and economic position of the ARBED 

company (Aciéries réunies de Burbach-Eich-Dudelange), which took over ownership of the Belval 

 
5 Archives Nationales de Luxembourg, Ministère de la Justice Collection, File J-090-00804, Letter from 
Noppeney, Haardt and Jaans, 6 May 1910. 
6 ‘Chronik aus dem Erzbassin’, Obermosel-Zeitung, 10 April 1914, p. 2. 
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complex in 1919 (Knebeler and Scuto 2010). In this constellation, the plant would thrive: between 1911 

and 1997, a total of almost 80 million tonnes of iron was produced at the Belval site – or about one 

third of Luxembourg’s total production during that period. Belval’s corresponding steel production 

amounted to approximately 75 million tonnes – a number that is continuing to grow to this day, as the 

steelworks are still in operation even after the closure of the last blast furnace in 1997 (for production 

numbers, see (Knebeler and Scuto 2010)). 

 

Steelmaking techniques in Luxembourg 

 

As steelmaking techniques developed, the degree of dust pollution resulting from the steel industry in 

the Minett varied over time. Initially, at the onset of industrialisation in the 1870s, Luxembourg’s plants 

used the Bessemer process, the first industrial method to produce steel from molten pig iron, which 

was invented in the 1850s and complemented in 1864 by the Siemens-Martin process (Knebeler 2011; 

Metz 1972). Impurities were removed by oxidation, i.e. by blowing air through the molten iron. 

However, as the iron ore found in the Minett is high in phosphorous, only low-quality steel could be 

manufactured (Knebeler 2011). This changed with the modification of the Bessemer process by Sidney 

Gilchrist Thomas, who used dolomite, which is basic, as the converter lining (instead of packed sand, 

which is acidic), thereby removing the phosphorous from the steel into the slag (Knebeler 2011; Metz 

1972). In Luxembourg, the first Thomas steel was produced in 1886; the process was complemented 

by electric arc furnace (EAF) steelmaking after 1900. From the 1950s onwards, pure oxygen processes 

like the LD-AC process (Linz-Donawitz – ARBED – Centre national de recherches métallurgiques de Liège) 

were predominantly used to produce higher quality steel with fewer impurities compared to Thomas 

steel (Metz 1972; Knebeler 2011).7  

The LD-AC method was reported to generate less dust (‘Compte-rendu Chambre des Députés, volume 

1 - 1975-1976’ 1976). In a 1972 article, Metz signalled that the steelworks in the Minett used two 

principal techniques to perform dedusting: electro-static purification with negatively charged dust 

particles collected on a positive collection plate, and wet processes which retained dust with water 

(Metz 1972). The efficiency of these processes seems to have been limited, however. According to 

 
7 Other techniques replacing Thomas steel were the Lance Bubbling Equilibrium (LBE), ARBED Ladle Treatment 

(ALT) or LD Kaldo, and Rotovert. (Metz, Knebeler) 
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Hoffmann (1974), who based her findings on an undisclosed source, dust pollution levels in Esch 

regularly exceeded 1.8 g/m3/day, which was well beyond the West German environmental limits of the 

time (0.42 g/m2/day for urban zones and 0.85 g/m2/day for industrial zones) (Hoffmann 1974). Yet even 

though she was a critic of the steel industry, Hoffmann stressed that 90% of the air pollution in 

Luxembourg resulted from households (oil heating) and traffic, and not from the iron and steel works 

– a position in line with the steel industry itself (Metz 1972). A number of measurements undertaken 

between the mid-1950s and the early 1970s, which we discuss below (section 8.2), indicate that this 

estimation was most likely too flattering for the metallurgical industry, and that the airborne iron oxide 

load caused by steel processes was probably much higher. 

By the time Metz and Hoffmann published their articles, governmental awareness about the 

environmental impact of the iron and steel industry was on the rise. This rise was spurred by multiple 

factors, including decades of public complaints, the international emergence of the ‘modern’ 

environmental movement in the second half of the 1960s, and the ongoing scientific research on 

metallurgical pollution conducted in the transnational framework of the European Coal and Steel 

Community (Van de Maele forthcoming). As a result, in the mid-1970s, the demand for the ‘polluter 

pays’ principle became stronger, eventually requiring Luxembourg’s industry to minimise its 

environmental impact ((Hoffmann 1974); on the worldwide rise of environmental policy-making during 

the 1970s, see for instance (Jarrige and Le Roux 2017; Buelens 2022; Uekötter 2020)). The iron oxide 

content in the Minett’s atmosphere was addressed in a 1976 parliamentary debate, when an MP stated 

that the ‘red clouds’ of iron oxide were predominantly a result of Thomas steel production, while the 

LD-AC process (which was usually operated with pre-installed filters) was reported to generate less 

dust (‘Compte-rendu Chambre des Députés, volume 1 - 1975-1976’ 1976). In Luxembourg, the last 

Thomas steel was produced in 1977 (Metz 1972; Hoffmann 1974). 
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The simulation process  

 

The calculation of our dust simulation model – estimating dust concentrations from 1911 to 1997 – 

was performed at our request by Inspyro, a technical consultancy company assisting metallurgical 

enterprises.8 The various sources (and their limitations) used as input data for the Gaussian model are 

explained below. 

There are several ways to create the atmospheric dispersion models needed to understand and predict 

air pollution. Gaussian, Lagrangian, Eulerian and computational fluid dynamics models all offer 

possibilities,9 differing in their mathematical complexity and field of application. All models require the 

input of parameters like meteorological data, emission parameters and terrain information. To develop 

such a model, an interdisciplinary approach including disciplines like meteorology, chemistry and 

physics is often the best option. The output data is usually plotted on maps indicating areas of 

higher/lower air pollution concentrations and therefore higher/lower health risk. 

In our case, a basic Gaussian dispersion model, as shown by Leelőssy et al. – known for its fast response 

time in the application of long-term average loads for distances between 1 and 100 km – was used 

(Leelőssy et al. 2014). The equation used (1), based on the Gaussian plume model for atmospheric 

dispersion modelling, is shown below.  

𝑐̅ (𝑥, 𝑦, 𝑧) =  
𝑄

2𝜋𝜎𝑦𝜎𝑧𝑢̅
 exp (

−𝑦2

2𝜎𝑦
2) (exp (

−(𝑧−ℎ)2

2𝜎𝑧
2 ) + exp (

−(𝑧+ℎ)2

2𝜎𝑧
2 ))                                     (1) 

A detailed formula derivation can be found in Stockie’s ‘Mathematics of atmospheric dispersion 

modelling’. Stockie defines dispersion as the ‘combination of turbulent diffusion and advection by the 

 
8 The metallurgical experts (civil engineers) who performed the calculation were Sander Arnout, Yannick Cryns 
and Cem Tekin. 
9 Gaussian models assume a normal statistical distribution (parabolic behaviour near the origin of the 
coordinates, “bell curve”) and are typically used for buoyant air pollution plumes. This approach historically 
dominated dispersion models with a number of simplifications to be taken in the advection-diffusion equations. 
Lagrangian models use trajectories – calculated using ordinary differential equations – of air pollutants 
determined by e.g. wind field, buoyancy and turbulence (Leelőssy et al. 2014). Pollutant particles are followed 
in time and space along their trajectories. Eulerian models use a fixed coordinate frame providing a 
spatiotemporal evolution of pollutant concentration at each time step and point in the grid. For environmental 
and health protection measures, computational fluid dynamics models are often used in complex geometry 
where a fine grid resolution is required to calculate turbulence effects (Lagrangian and Eulerian: coarse grid). 
This model does account for flow velocities and turbulence in a complex 3D terrain, unlike the Gaussian 
approach (Tripathi et al. 2018). For more information and a detailed comparison see Leelőssy (Leelőssy et al. 
2014). 
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wind’ (Stockie 2011). Atmospheric contaminant concentrations can therefore be explained using the 

advection-diffusion equation. Using the simplified model of a Gaussian plume, it is assumed that air 

contaminants come unidirectionally (given the wind direction) from one point source – here one 

chimney of the Belval steel plant –, as outlined in Figure 5. 

 

 

Figure 5: Schematic demonstration of the three main contributors to dust transportation: advection, 

diffusion and deposition at the Belval steel plant (photo taken in 2003) indicating the release height h. 

Photo modified by the authors. Source of the photo: www.agora.lu/ 

In formula (1) 𝑐̅ is defined as the time-averaged concentration at a given position, Q represents the 

constant emission rate [kg/s] and (x,y,z) stand for the wind directions (downwind, crosswind, vertical 

direction) with the standard deviations 𝜎𝑦  and 𝜎𝑧 . 𝑢̅ is the time-averaged wind speed at contaminant 

release height h (see Figure 5). Moreover, a homogeneous steady-state flow at the point source (0;0;h) 

is assumed (Leelőssy et al. 2014).  

For the Belval case only one chimney of the steel plant was assumed to be the point source. To calculate 

the amount of dust produced per month, the various steelmaking processes were categorised; in 

relation to ironmaking, sintering and crushing of iron ore were the main processes contributing to dust 

production. Consequently, the average amounts of dust produced by the three steelmaking processes 

were used to calculate the amount of dust generated during the production of raw iron. For electric 

https://www.agora.lu/de/blog/posts/artikel/2020-11-13-belval-neu-erfunden-statt-nur-saniert-vom-industriestandort-zum-zeitgemaessen-stadtviertel
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steel production (using an electric arc furnace (EAF)), the average amount of dust was multiplied by 

the amount of steel produced (see Figure 6). The same approach was applied to Thomas steel and LD-

AC steel. Annual steel production data at the Belval plant was retrieved from a table reproduced in a 

study by Knebeler and Scuto (Knebeler and Scuto 2010). This table includes the production data of steel 

in tonnes per steelmaking technique (Thomas, LD-AC, EAF, total steel) per year, shown in Figure 6. As 

the simulation output shows, the dust concentrations are calculated as averages per month. (The 

annual production values turn out to be a limitation, since monthly data would generate a more exact 

output of the model.) The hypothetical average dust values generated per process (blast furnace, 

sintering furnace, EAF and LD-AC) were taken from Schueneman, as summarised in Table 1 

(Schueneman 1963). Schueneman offered typical values for steel plants in the US in 1963; as such, our 

hypothetical average dust values offer only an estimation of dust-producing steel processes in 

Luxembourg from 1911 to 1997. 

 

 

Figure 6: Steel production at the Belval plant from 1911 to 1998, in t per technique 
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The hypothetical installation date of filters (with varying efficiencies) was likewise taken from 

Schueneman (Schueneman 1963) (Table 1). Based on this hypothesis, steel production techniques in 

Belval after 1963 were assumed to have state-of-the-art filters installed. Again, the installation dates 

are typical estimates for US steel plants until 1963, which will not correspond 1:1 with our case study 

on Luxembourg. We used these assumptions because of the lack of literature on the historical presence 

and efficiency of filter systems in the European iron and steel industry. Table 1 summarises the filters 

installed per technique (based on Schueneman); the amount of dust caught by a filter was subtracted 

from the total amount produced. Afterwards the calculated amount of dust in t/year was converted 

into g/sec. 

 

 Table 1: Average dust produced and filters installed per technique and year, adapted from 

Schueneman (Schueneman 1963) 

Technique 
Average dust 

production [g/t] 

Installation 

year 
Filter Efficiency [%] 

 

 

Blast 

furnace 

 
 

90718.5 

1911 Preliminary 97 

1948 High efficiency 99.50 

1976 State of the art 99.90 

Sintering 

furnace 
9071.85 1931 

Centrifugal 

separators 
90 

EAF 48080.79 1938 No filters - 

LD-AC 18143.7 1967 State of the art 99.50 

 

To determine the wind directions and velocities per year and month, weather data from the yearly 

meteorological reports for Luxembourg City (about 20 km from Esch) (‘Annuaire météorologique et 

hydrographique’ 1949) were used and converted from the Beaufort scale to m/s. Since weather data 

for the years 1911-1949 were not available in digitised form, an average wind profile consisting of 

speed and direction – taken from the 10th and 20th day of each month – was created and used for all 

years, based on the data for the 1949-1997 period (see Figure 7). 
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Figures 7 a and b from left to right: (a) Cover of and (b) excerpt from the yearly meteorological report 

for Luxembourg (in this case showing the data for Luxembourg City, including the average wind 

speeds and directions in January 1949). Source: (Annuaire Météorologique et Hydrographique 1949 

1951) 

Using this input data, the dust concentration (g/m3) of all 15m x 15m x 1m cells – in a 2.5 km radius 

around the Belval plant – was calculated, using a MATLAB (‘MATLAB - MathWorks’ 2022) script based 

on equation (1). The code was generated by metallurgical experts10 and is therefore not included here. 

Nevertheless, we show the input, output (csv files) and further processing (data visualization) of the 

MATLAB script. MATLAB  is a computing environment and a programming language used by engineers 

and scientists, aiding with data analytics, linear algebra, signal processing, etc. MATLAB language is a 

matrix-based language that includes many specialized libraries to solve engineering and scientific 

problems. Although it also includes plotting capabilities, we have decided to use Python for the data 

visualization, to have more flexibility.  

[Data is included in Jupyter notebook (JDH), example matrix below just for illustration – not an actual 

image] 

 
10 The metallurgical experts (civil engineers) who performed the calculation were Sander Arnout, Yannick Cryns 
and Cem Tekin. 
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The visualisation of the model was generated using a Python in Jupyter notebook, from 1044 generated 

matrices of 302x302 values, saved in separate csv files. Each file corresponds to a month and a year 

between January 1911 and December 1997. The data is not geocoded; instead, the reference point (or 

source point) is one hypothetical chimney of the steelworks, located at the centre of the matrix, from 

which concentration values are calculated. The visualisation process of the data is explained in section 

7.  

        

[Actual visualisation is included in the Jupyter notebook (JDH), images are just for illustration – not 

actual images] 

It can be said in advance for our study that the calculated concentration values are most likely to be 

underestimations, since only one emission source in southern Luxembourg was considered (thus 
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eliminating many others). As such, our analysis serves as an experiment and can be taken as a basis for 

further research (e.g. calculating the dust concentrations from all industrial plants in the entire Minett 

region). Other limitations and improvements of our model are discussed in sections 8.3 and 8.4. 

 

Data visualisation 

 

As introduced above, the data visualisation was generated using a Jupyter notebook with Python for a 

multi-layered approach, which allows us to share not only the narrative layer but also the data and the 

code. The data was not geocoded, since explicitly assigning coordinates to each concentration point in 

each dataset would have increased the volume of data considerably. Instead, the data was kept in the 

form of multiple matrices and positioned on the map using Google Earth to calculate the distance 

covered by the density matrix (see Figure 8). 

 

Figure 8: Screenshot of Google Earth11 demonstrating how the distance from the Belval plant is 

measured. 

 
11 https://www.google.com/intl/de/earth/ 
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Initially, the option of using a historical map (see Figure 9) was considered. This was discarded in favour 

of facilitating more accurate calculation of distances and generating a view with the steelworks at the 

centre. 

 

Figure 9: 1923 map of Esch. Source: (Hansen 1923) 

The dust concentrations around the Belval plant (in g/m3) were visualised using a contour map with 

ten predefined levels. We used the extent parameter to plot the concentrations on the map, and a 

customised sequential colour palette to indicate the presence of dust and emphasise a higher 

concentration near the plant.  

[Code to generate the contour map using the extent parameter and colour palette, see JDH] 

Contour maps were generated for every month and year between January 1911 and December 1997 

in English, French and German. For this purpose, the names of the main localities were translated; 

using Figma, they were added to the base maps extracted from Google Earth (see Figures 10 a and b). 
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Figures 10 a and b from left to right: (a) English and French version of the map, (b) German version of 

the map. 

The visualisations were subsequently animated to show evolution over time. 

[Code to generate the animation, see JDH] 

To visualise the impact of pollution in the inhabited quarters of Esch, we repeated the process with a 

zoomed-in map, thus highlighting the immediate vicinity of the Belval plant. 

[Code to calculate the contour plot and the new extent, and the video, see JDH] 

The videos were integrated into a dedicated page of the Minett Stories virtual exhibition, which was 

launched in May 2022. Produced by the Centre for Contemporary and Digital History (University of 

Luxembourg) in connection with Esch-sur-Alzette – European Capital of Culture 2022, the exhibition 

offers twenty-two stories, outlining various transformations of landscapes, places and people, from the 

region’s industrialisation in the late 19th century to the crisis of the 1970s and the subsequent 

deindustrialisation. Instead of focusing on the often-told stories about the growth and success of the 

steel industry, Minett Stories explores everyday life in the Minett, with attention to questions such as 

environmental pollution. 

Our visualisation helps us to answer the initially formulated questions about the geographical 

distribution of dust pollution. By using various historical maps of Esch (see Figures 11 a,b,c) and 

comparing them to the data visualisation for the same year, we can analyse which neighbourhoods 

were most affected over time. July has been chosen, as this is the month when the pollution typically 

reached the farthest in the town of Esch. 

https://minett-stories.lu/en/story/air-pollution-visualized
https://minett-stories.lu/
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Figure 11 a,b,c: from left to right: (a) 1956 map of Esch, (b) simulation of dust pollution around the 

Belval plant in July 1956 showing the entire region, and (c) simulation of dust pollution for the same 

month and year with a focus on the centre of Esch. Source: (Buchler et al. 2020) 

 

Figure 12: 1958 map of Esch, showing the location of various urban quarters. Source: (‘Esch-Sur-

Alzette Nouveau Plan 1958. Répertoire Des Rues et Places’ 1958) 
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It is clear, for example, that high dust levels were often prevalent in the centre of Esch; unsurprisingly, 

the western part of town was the most severely affected. Using a 1958 map of Esch as a reference, the 

affected areas primarily included the neighbourhoods of Uecht, Clair-Chêne, Al-Esch and Wobrecken. 

Moreover, from the outset, Belval’s dust pollution was a cross-border phenomenon, with the French 

villages of Rédange, Russange and Audun-le-Tiche (the latter itself the site of an ironworks from the 

1880s to the 1960s) sharing the pollution burden with small Luxembourgish locations such as Soleuvre, 

Ehlerange and Belvaux. 

 

Final analysis 

 

To conclude, we perform a critical evaluation and interpretation of the dust simulation. We explore 

the plausibility of the calculated values, comparing them to historical and current air pollution 

legislation, as well as to historical measurements. Limitations and possible ways to optimise the model 

are also discussed. 

 

8.1 Validation of the model 

 

Figure 13 shows the summarised (total) amount of dust calculated by year versus steel production in 

tonnes, with dust in blue and production data in red. Important events like the (hypothetical) 

installation of filters are indicated. The graph further indicates a number of historical dates (such as the 

installation of filters, changing techniques, World War I and II, and the steel crisis from the second half 

of the 1970s onward), which all correspond to visible changes in the production and/or dust curves. 

This effect is for instance highly visible after 1965, with steel production increasing and the dust curve 

decreasing, owing to more intensive use of oxygen-based steelmaking and the hypothetical installation 

of ‘state-of-the-art’ filters (see section 0 and Table 1). 
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Figure 13: Total amount of dust calculated in blue; steel production numbers in red; important events 

indicated 

As well as checking the plausibility of the data, it is necessary to look at the actual meaning of the 

calculated dust values (with the highest calculated value being about 3 mg/m3 in October 1929). To 

understand the effects of such values on human health, we will compare them to present-day 

regulatory limit values.  

Directives and measures regarding air quality were first introduced by the European Economic 

Community in the 1970s. In subsequent decades, air pollution resulting from industry decreased 

significantly (European Environment Agency EEA 2013). In Luxembourg, the first legislation regarding 

air pollution was the ‘Loi du 21 juin 1976 relative à la lutte contre la pollution de l’atmosphère’. No 

limit values were laid down in this Act. In the more recent context of EU law, Directive 2008/50/EC 

(European Union 2008) postulates limit values for different atmospheric pollutants to protect human 

health, including values for PM2.5 (25 µg/m3) and metals like Cd (5 ng/m3) (European Parliament. 

Directorate General for Parliamentary Research Services. 2021). Such fine-grained values not only 

indicate recent improvements in measuring methods; they are also indicative of an increase in 

awareness among legislators in recent decades. 

Our model, however, does not distinguish between the various dust fractions or different pollutants. 

When comparing the simulation model with the current EU legislation values, the calculated maximum 
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(3 mg/m3) clearly exceeds the limit related to particulate matter concentration (25 µm/m3 for PM2.5). 

Furthermore, the EU directive from 2008 is under revision following the recent proposal of more 

stringent values by the World Health Organization (WHO). In 2021, the WHO indeed put forward a 

maximum value of 5 µg/m3 for long-term PM2.5 exposure in order to protect human health (World 

Health Organization 2021). 

Specific legislative values have also been established for industrial producers. Relevant EU laws include 

the 2001 ‘Directive on the limitation of emissions of certain pollutants into the air from large 

combustion plants (2001/80/EC)’, followed by the 2010 ‘Directive on industry emissions (2010/75/EU)’, 

which focuses particularly on industrial pollution. Summarising the various sector-specific directives, a 

dust limit concentration of 30 mg/Nm3 for coal and other solid fuels (lower values apply for gaseous 

fuels and higher thermal nominal power) is valid in all EU Member States. The N in the concentration 

unit emphasises an important point to consider. Since dust values depend on pressure and 

temperature, a comparison with other values requires standardised conditions (N: 25°C, 1 atm). This is 

another limitation of our model, as temperature and pressure data were not included. Compared to 

the simulated dust concentrations, the limit value is much higher. 

Decision (EU) 2017/1757 of the Council of the European Union defines separate dust limit values for 

the iron and steel industry: 50 mg/m3 for sintering, 15-20 mg/m3 for pelletising plants, 10 mg/m3 for 

hot blast stoves in blast furnaces (> 2.5t/h), 30 mg/m3 for oxygen steelmaking and casting (> 2.5 t/h), 

and 5 (new ovens) to -15 (existing ovens) mg/m3 for steel production and casting using the EAF process 

(> 2.5 t/h) (European Union 2017). In comparison, our calculated dust amount is below these limits. 

These values, however, define steelmaking processes of today, not of the past; moreover, they are 

process specific. 

Regarding workplace exposure limits measured in time-weighted averages, pollutant-specific levels can 

be found in legislation; in Luxembourg they are regulated by the ‘Règlement Grand-Ducal du 14 

novembre 2016 concernant la protection de la sécurité et de la santé des salariés contre les risques liés 

à des agents chimiques sur le lieu de travail’ (Le Gouvernement du Grand-Duché de Luxembourg 2016). 

In general, it can be said that it is difficult to compare the simulated dust values with legislative limit 

values. First, our values do not include information on external conditions like temperature and 

pressure that is necessary to perform an exact comparison. Second, and even more important, the 

calculated dust concentrations reveal neither the composition of dust and the type of pollutants, nor 
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the dust generating process in steelmaking. Therefore, limit values for specific dust fractions or 

processes cannot be applied. Moreover, when looking at dust concentrations in legislation, it clearly 

makes a difference whether one looks for general or sector-specific directives, as illustrated above.  

Nevertheless, there is evidence for the health impact of air pollution coming from the iron and steel 

industry in Luxembourg and other countries. Of course, other factors such as climate, noise, vibrations 

and other types of pollution (e.g. soil, water) had an influence, too. Regarding health effects analysed 

in Luxembourg, Molitor and Mosinger published a research study on the effects of atmospheric dusts 

on human health in 1960 (Molitor and Mosinger 1960). They found evidence for the connection of 

industry dust  with pulmonary diseases like silicosis and siderosis. In 1975 there was a medical 

symposium (industrial medicine) taking place in Luxembourg, collecting several studies on the effects 

of industry emissions on respiratory diseases and proving the impact of dust emission on health 

(Comission of the European Communities ECSC 1976). A special focus of researchers was on the 

occupational health of steel workers, which were exposed to even higher amounts of pollution than 

the citizens around the steel plant (occupational medicine (Gochfeld 2005)). Other studies 

demonstrating the impact of atmospheric steel pollution on human health were conducted e.g. in 

England, studying mortality effects (Beach and Hanlon 2018), in China, looking at heavy metals - 

representing a carcinogenic risk above certain limits - (Qing 2015) or in Albania (Bala and Tabaku 2010) 

and Brazil (Valenti et al. 2016) studying chronic obstructive pulmonary disease.  

In combination with time witness reports (‘Compte-rendu Chambre des Députés, volume 1 - 1975-

1976’ 1976) and dust measurements conducted in other countries (see above) this information 

supports the assumption that the dust pollution in the area around Luxembourgish steel plants 

exceeded most legislative limit values introduced until today. 

 

8.2. Comparison of the model results with air pollution measurements from the late 1930s to the early 

1970s 

 

To compare the simulated dust levels with real conditions, it is important to scrutinise historical 

documents on dust measurements in the Minett region. We were able to retrieve data on four 

measurements performed between the late 1930s and the early 1970s: 1939 (Schifflange, undertaken 

by the ARBED steel company) (‘Étude sur le dépoussiérage des gaz des hauts-fourneaux à l’usine 
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d’Arbed-Esch’ 1939), 1956-1957 (Differdange, undertaken by the government) (Molitor and Barthel 

1958), 1966-1969 (Esch, undertaken by the municipality) (‘Retombées de poussières: Rapport sur les 

mesures de retombées en poussière effectuées de 1966 à 1969 à Esch-sur-Alzette’ 1972), and 1970-

1971 (Belval, undertaken in an academic context) (‘Les Composes du Fluor dans la pollution 

atmospherique’ 1971). In all cases, dust was collected for a specified period through passive samplers 

(known as Bergerhoff devices). Both the motivation for the measurements and the methodological 

framework for the subsequent interpretation differed over time, as we will outline below. 

In 1939, ARBED undertook dust measurements on the premises of its Schifflange iron and steel 

complex, located directly to the east of Esch (about 2.5 km from the Belval plant, which was owned by 

the same company) (‘Étude sur le dépoussiérage des gaz des hauts-fourneaux à l’usine d’Arbed-Esch’ 

1939). Investigated parameters included the amount of dust generated by the blast furnaces, particle 

sizes and the iron (Fe) content of the samples. This analysis was conducted for economic reasons only, 

with the aim of studying the potential for reusing blast furnace gas after the removal of dust particles. 

The analysis pointed out that very small dust particles (ranging from 0 to 10 µm) constituted about 25% 

of the total emitted dust mass; as noted in section 3, such particles can penetrate the respiratory 

system and pose a threat to human health. In addition, around 48% of all dust released was reported 

to be made up of Fe: a very high iron content that was not unusual in the context of the Thomas 

steelmaking process. Even though the 1939 corporate investigation concluded that recycling and 

filtering techniques would be too expensive to implement, it is clear – in retrospect – that the 

installation of a dedicated filter could have resulted in significant health gains for both the local 

population and factory employees.  

About two decades later, the scientists Molitor and Barthel conducted a government investigation of 

the dust concentration in the vicinity of the Differdange iron and steel complex (1956, published in 

1958) (Molitor and Barthel 1958). Six passive samplers were placed for a period of about three months 

in a 2 km radius around the plant, allowing the amount of dust in g per m² per month to be calculated 

and a compositional analysis to be performed. Molitor and Barthel claimed that insoluble particles such 

as Fe2O3, SiO2, CaO and SO4 did not have harmful effects, regardless of particles sizes. However, 

pulmonary diseases like siderosis (caused by iron dust) were identified decades before this study was 

published, indicating that this claim was incorrect even at the time of publication (Doig and Mclaughlin 

1936). Dust fractions below 0.03 mm (inhalable fraction, see section 3) were observed in the samples, 
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including silica, which indeed poses a risk for respiratory diseases and other health issues.12 The 

Differdange analysis further indicated that dust concentrations dropped rapidly as the distance from 

the factory increased, starting with 140 g/m²/month near the centre of pollution and falling to about 

40 g/m²/month at a 2 km distance. With the decreasing dust mass, the iron content decreased as well, 

dropping from 75% to 38.4% (Molitor and Barthel 1958). These measurements once again show the 

high contribution of steelmaking to dust pollution levels in the Minett, especially near blast furnaces. 

However, the values measured by Molitor and Barthel cannot be compared directly to the simulation 

presented in our analysis, since the passive sampler was unable to capture the smallest fractions of 

dust (below 5 µm (Heyart 1958); in addition, the measurement units and production site are not the 

same. The measured values in 1956 nevertheless seem to be far higher than the simulated ones, which 

indicates that the dust concentrations in our simulation are probably underestimated. 

In 1966-1969, Barthel was again involved in dust measurements, this time commissioned by the 

municipal administration of Esch (‘Retombées de poussières: Rapport sur les mesures de retombées 

en poussière effectuées de 1966 à 1969 à Esch-sur-Alzette’ 1972). Barthel’s new observations were 

publicly released in 1972, a year marked by intense worldwide interest in environmental pollution 

problems – not least with the publication of the Club of Rome’s report Limits to Growth (Buelens 2022). 

Compared to the Differdange analysis, the number of measurement points was increased to 52 (spread 

over the entire surface area of the town), resulting in 16 samplers per km2. This allowed for a more 

fine-grained analysis of the accumulated dust generated by multiple iron and steel complexes (Belval, 

Terres Rouges and Schifflange). The measurements were subsequently compared to the West German 

limit values for atmospheric dust pollution, which were a maximum of 0.42 g/m2/day in urban zones 

and 0.85 g/m2/day in industrial zones (‘Retombées de poussières: Rapport sur les mesures de 

retombées en poussière effectuées de 1966 à 1969 à Esch-sur-Alzette’ 1972). Over half of the 

measurement points were reported to exceed the West German dust limits for urban regions (34 in 

1966-1967, 35 in 1967-1968 and 28 in 1968-1969), while several points even showed values above the 

industrial limits (9, 6 and 7 respectively). When compared to the simulation model, the measured 

values are significantly higher (dimensions of measurements in g/day and for the simulation in 

mg/month). The dust composition showed an iron oxide content of about 65%, varying with distance, 

 
12 Molitor and Mosinger even published a study themselves on industry dust resulting in silicosis and siderosis 
in 1960 (Molitor and Mosinger 1960). 
Knowledge about respiratory diseases caused by dust was even present in ancient times. See: (Rosen 1993, 
459–76) 
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indicating a clear link with the steelworks. Even though Barthel (incorrectly) stressed that the dust 

concentrations had no significant effect on human health, he did call for technical improvements that 

could bring the pollution levels down to the West German norm for industrial zones. 

Lastly, in 1971, Christiane Conter wrote a dissertation on atmospheric pollution, based on 

measurements performed in 1970-1971 as part of an academic research project at the Belval plant 

(‘Les Composes du Fluor dans la pollution atmospherique’ 1971). Conter’s work clearly presented an 

environmental point of view, with a focus on various sources of pollution (steelworks, households and 

traffic). The dust samples at the Belval steel complex were specifically analysed with regard to fluorine 

compounds, known for being released during various industrial processes and for their toxic effects on 

vegetation and animals. Sampling stations were placed near various points in the production chain; the 

average dust concentration measured was 6 g/m2/day, which exceeded not only the West German 

legislative limits but also the measurements undertaken by Barthel in the years before. Just like Molitor 

and Barthel (Differdange, 1956-1957), Conter analysed dust composition in terms of soluble and 

insoluble particles. However, her specific focus on fluorinated compounds yielded no concrete results, 

as possible trace amounts were superimposed by the dust matrix; additionally, the methods used (X-

ray spectroscopy and electron microscopy) were not sensitive enough to detect fluorinated 

compounds (‘Les Composes du Fluor dans la pollution atmospherique’ 1971).   

Despite the lack of comparability between the simulated values and the available measurements, our 

simulation allows us to isolate the dust pollution potentially generated by a single steelworks in the 

past and to understand how far it reached overtime. From this point, the analysis could be extended 

to other industrial plants and other types of pollution, which would probably bring us closer to the 

existing measurements. Furthermore, the lack of detail in historical measurements, which obviously 

cannot be measured again (e.g. a precise type of pollution created by a particular plant at a specific 

point in time), creates an opportunity for the use of modelling and simulation. 

 

8.3. Limitations and lacunae of the dust simulation 

 

Throughout this research, we have presented different decisions taken during the process of 

simulation, validation and visualization of the data. These decisions simplify and reduce the complexity 

of the problem, but they have been consciously made to serve a specific purpose. This was to simulate 
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industrial dust pollution from a single factory in a given period, based on historical data; above, we 

have presented the results of these decisions. This simulation can change perspectives on the past, e.g. 

with looking at the seasonal changes of wind directions and therefore changes in dust distribution 

(which is often omitted in historical literature). In future steps, we could modify the model variables 

(e.g., using data from other sources), or include new variables and use a different model (see section 

8.4). In any case, we have proven that data simulation based on historical data offers the option not 

only to recreate situations in the past, but also to isolate effects that would not be possible to analyse 

even with real measurements. 

Nevertheless, we want to present a final analysis of the main limitations and gaps of our simulation, to 

which we have already alluded in previous sections. Such limitations become relevant if we seek to 

understand the total pollution to which the analysed area was exposed. First, not all dust emitting 

sources in the Belval region were considered; obviously, the steel industry was only one contributor to 

atmospheric pollution (albeit a very important one) (Metz 1972; Hoffmann 1974; ‘Compte-rendu 

Chambre des Députés, volume 1 - 1975-1976’ 1976). Pollution from households, industrial heating and 

traffic (motor vehicles and trains) accounted for some of the dust particles as well. Second, regarding 

the mathematical formula (1) used (presented in section 6), a few parameters must be analysed 

critically. The choice of a Gaussian model in itself involves simplifications. The model assumes that the 

contaminants come unidirectionally from one point source (one of several chimneys) at a constant 

emission rate Q, with the wind direction always aligned in one axis, considering the time frame of one 

month (Stockie 2011; Leelőssy et al. 2014). This assumption does not cover intramonth variations and 

only considers one metallurgical plant (from a total of three in Esch alone). The model is not suitable 

for low wind speeds, and in terms of meteorological data only averages for Luxembourg City (the 10th 

and 20th of each month), which is about 20 km from Belval, were used. In Gaussian plume models used 

in the calculation of atmospheric pollution, the specific features of the surrounding terrain are usually 

considered (Stockie 2011). As such, our formula could be extended to involve terrain information and 

a greater radius could be covered to better observe long-range effects. State-of-the-art Gaussian 

models like AERMOD, CTDM and ADMS try to extend the basic equation to make it more accurate and 

include more factors like a complex terrain (Leelőssy et al. 2014). Other dispersion models like the 

Lagrangian, Eulerian or CFD models are more suitable for different scales and applications. 

Another factor influencing the results is our use of US data from 1963 (Schueneman 1963) on average 

dust values for different steelmaking techniques and typical filter installation dates. Steelmaking and 
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filter use vary between individual steel plants. The production data used covered only annual values, 

so data on monthly production would make the simulation more precise. To better interpret the 

calculated dust values with regard to regulatory limit values and to determine a possible health effect, 

it would be useful to identify the dust fractions and pollutants contained therein. This is complicated, 

however, as historical dust samples have not been preserved and documents on measurements 

performed in the past (see 7.2) only study a small set of pollutants. Dust pollution values are usually 

standardised using temperature and pressure, which presents another limitation for interpretation. 

Lastly, the dust values identified using the model are technique specific (e.g. for Thomas steel) and do 

not relate to dust generation processes (e.g. sintering) used to set limit values for current EU 

regulations.  

To summarise, the dust simulation of the Belval complex between 1911 and 1997 is just a starting point 

towards modelling the operation of a real-world process: the total generation and spread of pollution 

to which the inhabitants of Esch and the surrounding area were exposed. In Section 8.4, we offer a few 

possible ways of optimising the simulation in future research. 

 

8.4. Optimisation and improvement of the model 

 

Some of the lacunae mentioned in section 8.3 can be improved, thereby opening possibilities for 

further research. Other emission types like traffic, heating and other industrial plants could be 

considered, as well as the terrain around the point sources. The overlap of multiple dust generating 

sources and the resulting plumes, however, involves the risk of making the visualisation too complex 

and therefore confusing. As we state above, the model and used parameters were chosen on purpose, 

simulating an isolated phenomena. 

The model area could be expanded, and temperature and pressure data could be considered. All these 

changes would increase the complexity of the mathematical formula. The meteorological data for the 

years 1911-1948 could be digitised to access additional weather data such as the wind directions and 

speeds for all months. Moreover, subdividing dust particles into different pollutants and fractions 

would enhance accuracy, while the generation of dust for each individual ironmaking and steelmaking 

process could be an interesting parameter to analyse further (especially with regard to the health 

impact of dust). However, the latter extension of the simulation is at the limit of what is practically 
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feasible, since past dust samples (or contemporary analyses) from the respective processes are 

required for a precise investigation of the dust, its fractions and its origins. For several short periods, a 

composition analysis of the dust particles was performed; for other periods, the amount of dust 

created by different processes in the plant was measured, as explained in section 8.2. Using these data 

points is a possible way to extend the simulation, even if only for these specific years. Finally, it would 

be beneficial to look for average dust values produced by Luxembourg’s steel industry, monthly 

production data, filter installation dates and filter efficiency rates. Such data is most likely present in 

the corporate archives of ARBED, which are unfortunately not completely accessible for researchers. 

The optimisation possibilities outlined above would take our study beyond its initial scope. 

 

8.5. Conclusion 

 

Air pollution has a long history: it is not only a problem of the past but also an issue affecting the 

present and the future. Especially in industrialised regions, atmospheric pollution is not only annoying; 

it can also be a dangerous companion of daily life. Dust particles in the respirable fraction pose the 

most worrisome threats to human health, as they can lead to lung diseases. In many parts of the world, 

the steel industry has contributed significantly to the total mass of airborne dust. Improvements in 

production techniques and the installation of filters, as well as legislative measures and economic 

crises, have influenced air pollution over the years.  

Our analysis outlines the evaluation of dust production from a single plant in terms of plausibility and 

health effects. The simulated dust concentrations were compared to measurements and observations 

from the past, representing the ‘scientifically proven reality’ during a specific time period. For the 

simulation, a Gaussian plume model was used; the inserted parameters were analysed critically in 

terms of their limitations and possible improvements. Given the lack of availability of data regarding 

the dates of filter installations in Belval, secondary literature on the US case was used. 

When the results are compared with dust measurements performed in the past, a clear deviation can 

be seen. Measurements from the period between the 1930s and the 1970s show that the dust 

concentration in the Minett was much higher than the simulation shows. Even limit values for industrial 

zones – taken from West Germany – were exceeded. Moreover, a high iron content and smaller particle 

fractions were identified. However, only a partial comparison with measured values is possible, since 
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there are differences in terms of units, techniques and measurement area. One of the challenges of 

modelling and simulation is to find the right balance between complexity (and therefore precision) and 

interpretability. In this case, given the already added complexity of the interdisciplinary approach, we 

decided to use a simplified model, which serves as a precedent for creating new ways of generating 

historical data. At the same time, it allows us to present evidence (albeit on just a fraction of the dust 

to which inhabitants were exposed) and to understand the impact on health in a specific historical 

context.  

The decision to visualise the pollution as coming from just one chimney also has benefits, as adding 

multiple dust sources might overload the visualisation (in the latter case, it would no longer be possible 

to discriminate between the origins of the dust). Furthermore, it has never been possible to measure 

the isolated dust concentration of a single plant using samplers, since there are always other dust 

sources. Hence, a simulation provides a suitable heuristic tool for generating this non-existent 

(historical) data. In sum, our model serves as a basis for studying atmospheric pollution released from 

one selected source and offers the potential to be extended by looking at other contributing factors.  
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AHI were responsible for writing (original draft preparation) of all chapters. AHI gave major input on 

the data visualization theory and DA helped with sections on the interdisciplinary work and 

visualization examples. Figures 2, 3, 4, 5, 6, 7, 10 and 11 were co-designed by both authors and were 

then created by AHI based on data collected by DA and AHI. DA inserted the screenshot shown in Figure 

1 and created Figure 8 and 9.  

Submission status: 
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This manuscript will be also part of the PhD thesis by co-first author Aida Horaniet Ibanez. 

Short summary/ Contribution to the field:  

In this article the Luxembourg Time Machine (LuxTIME) data visualization toolbox is introduced, a set 

of data visualization concepts and techniques from epistemologically distant disciplines. The use of 

such a toolbox is discussed through several data visualizations co-designed by the authors from the 

different disciplines involved. The aim was to explore and communicate the project data and metadata 

and to analyze data visualization as a process in itself. One example is the chemical stripes visualization 

based on chemical patent data, which demonstrates a simple yet effective way of communicating via 

visualization. The data visualization toolbox opens new disciplinary perspectives and facilitates 

interdisciplinary work and could therefore serve as a starting point for other interdisciplinary projects 

that employ data visualization as a navigation tool. 
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Short summary/ Contribution to the field:  

This viewpoint paper – published 60 years after the release of Rachel Carson’s ‘Silent Spring’ – discusses 

the importance of using precaution and improving the management of persistent chemicals like per- 

and polyfluoroalkyl substances (PFAS). Looking at past developments of (reactionary) regulatory 

measures and the rapid increase of the chemical space and chemical use, the need for action is 

emphasized. The lack of understanding about the potential health effects of new chemicals in the past 

has had a noticeable impact on the present. Presently, we are confronted with challenges related to 

the persistence of these chemicals in the environment, in addition to the health effects. Global efforts 

to improve experimental designs, in silico approaches and to promote regulatory measures are 

suggested to avoid possible new ‘Silent Springs’. 

The ’chemical stripes’ visualization in Figure 1 of this viewpoint attracted considerable attention on 

social media platforms and within the scientific community overall (paper is in the top 5% of all research 

outputs scored by Altmetric). The resulting sonification of the stripes by Jamie Perrera can be accessed 

via https://vimeo.com/862087332 (487 views).  To increase accessibility, an R package was developed 

by DA (available on GitLab https://gitlab.lcsb.uni.lu/eci/chemicalstripes). More information on the 

stripes can also be found in the SETAC23 presentation slides on Zenodo (DOI: 

10.5281/zenodo.7885031, 399 views, 235 downloads). 
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Submission status: 
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Short summary/ Contribution to the field:  

This research article focuses on non-target screening of surface water samples to identify temporal 

patterns in exposome-related pollutants. In the study 271 samples from 20 sites in Luxembourg were 

analyzed using high resolution mass spectrometry and an open source R-package called patRoon. By 

employing scoring terms and utilizing supplementary database information, tentative identifications of 

chemical compounds were prioritized based on spectral similarity. Moreover, potential threats posed 

by these chemicals were assessed using PubChemLite annotation categories and classyFire 

classification software, enabling prioritization for future confirmation and data analysis. The article 

closes by recommending 41 chemicals (of the 378 tentative identifications) for further confirmation 

and potential inclusion in routine monitoring efforts via targeted approaches by Luxembourgish 

governmental institutions. Further confirmation was beyond the scope of the article, since the targeted 

analysis is performed within the remit of AGE and not LCSB.   
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

The interdisciplinary initiative LuxTIME studied the exposome, offering new insights and perspectives 

by incorporating a historical dimension. Through collaboration between natural scientists and 

humanities scholars, a shared vocabulary was developed, drawing input from all participating 

disciplines. The introduction of the historical exposome as an independent paradigm not only critiques 

prevailing trends in modern exposomics research, but also delves into the past to extract information 

preceding the present state. In the context of the Anthropocene era, wherein the undeniable influence 

of human activities on the environment is observed, equal attention must be given to the reciprocal 

influence of the environment on human health. This becomes especially relevant when examining the 

chemical and health perspectives, given the increasing presence of environmental chemicals and the 

consequent health and environmental concerns.  

By constructing a digital inventory using diverse data sources across Luxembourg, historical exposomics 

data on ecosystem, lifestyle, social and physical-chemical factors was discovered and catalogued. The 

project focussed not only on the external or the internal exposome but tried to build an overall picture 

of the exposome. This endeavour proved challenging considering different data or sample types from 

both social and natural archives, each possessing distinct characteristics. Notably, Luxembourg faced 

limitations in accessing natural archives, primarily due to the absence of environmental sample banks 

and lack of suitable natural archive systems such as lake sediments. Consequently, in the absence of 

historical exposure samples, alternative sources such as social archives, simulations (utilizing 

mathematical models, e.g., for analysing atmospheric pollution), or a combination thereof were used 

instead.  

To effectively communicate the LuxTIME findings and facilitate navigation through the inventory, data 

visualization techniques were employed. These visualizations not only conveyed the research 

outcomes but also presented the metadata of the LuxTIME inventory, serving as a navigation tool. The 

creation of visual representations aimed to explore and communicate project data to an 

interdisciplinary audience, making use of tools and methodologies from various disciplines. Thus, a 

visualization toolbox was formed, leveraging and enhancing pre-established concepts, such as the 

utilization of the chemical stripes visualisation (developed code accessible as an R PACKAGE). This toolbox 

serves as a starting point to collect (interdisciplinary) data visualization techniques that can be 

extended and modified. 

https://gitlab.lcsb.uni.lu/eci/chemicalstripes


143 
 

Through the course of this exploration (presented in CHAPTER IV), it became evident that certain 

visualizations proved more efficacious than others, each carrying its own set of advantages and 

disadvantages. For instance, the utilization of visual metaphors and modifications of traditional 

statistical graphs demonstrated their utility in enhancing data representation within the natural 

sciences. On the other hand, multivariate data glyphs emerged as a valuable approach for conveying 

extensive datasets with many details, yet it was apparent that this approach could potentially 

compromise ease of comprehension due to the complexity of the resulting figures, demanding more 

time and effort from the audience. The exploration of visualizations involving non-standard metrics, 

particularly temporality, brought to light certain challenges. The depiction of varying perceptions of 

time within scientific visualizations poses significant implementation difficulties. This highlighted the 

fact that while creativity in visual representation is advantageous, it must be applied within the bounds 

of practicality and accessibility, e.g. in the context of conveying scientific findings. 

The integration of environmental cheminformatics in the LuxTIME exposomics studies covered mainly 

the analysis of known and unknown chemicals in Luxembourg using HRMS and NTA. Various NTA 

workflows were tested to establish a method for analysing surface water samples. Different types of 

pollutants were considered, including persistent chemicals from industrial, medical or agrochemical 

applications, representing the anthropogenic influence on the natural world.  

Future efforts following this PhD project may involve continuing with the NTA workflow of 

Luxembourgish surface water samples, as established in this work. Conducting long-term monitoring 

of environmental samples using the established NTA workflow can help to track changes in chemical 

composition and identify (new) emerging contaminants. This would provide further insights into 

temporal trends and enable the assessment of potential environmental and health risks over a longer 

time frame. The sample preparation and HRMS method utilized in this study do not encompass the 

whole range of environmental pollutants, with certain substances like PFAS being inadequately 

extracted. To enhance sensitivity across various compound classes, such as the group of persistent, 

mobile, and toxic (PMT) compounds, alternative extraction techniques and chromatographic columns, 

like HILIC (Hydrophilic interaction liquid chromatography), could be employed.  
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Further investigations are necessary to confirm the tentatively identified chemicals, and quantification 

efforts will be required to assess their environmental and health implications. Once confirmed, an 

inclusion of these chemicals in routine governmental monitoring lists (Administration de la gestion de 

l'eau, AGE) could be considered, underscoring the importance of integrating NTA into regular 

monitoring practices. Opting for the open source R package patRoon to conduct the non-target analysis 

aligns well with these endeavours, given its compatibility with various instrument types, including the 

SCIEX instrument used by AGE. Future steps could further involve proposing regulatory measures to 

mitigate identified risks or influencing the development of guidelines for exposure assessment.  

The LuxTIME data inventory can be further expanded by integrating further exposomics data from 

multiple sources, including environmental, biological, and lifestyle factors, to gain a holistic 

understanding of the complex interactions between various exposures and their cumulative effects on 

human health. This could involve developing data integration frameworks and methodologies to 

analyse large-scale datasets, expanding the scale from the Minett region to the whole of Luxembourg. 

However, it is essential to acknowledge that the feasibility of extending the LuxTIME data inventory 

may be challenging due to limited access to certain documents and data from various Luxembourgish 

institutions. Some institutions might not grant unrestricted access to their resources, which could 

hinder the inclusion of specific datasets within the inventory, which was already a problem at an early 

stage of LuxTIME. Overcoming these access restrictions and ensuring comprehensive data integration 

may require extensive collaboration and negotiations with relevant stakeholders to establish data-

sharing agreements and adhere to data privacy and security regulations (this may be feasible with the 

newly-established Luxembourg National Data Service, LNDS). Presently, the established data catalog is 

accessible only within the project, and permission must be granted to publish the collection on the 

LuxTIME website or other platforms. However, efforts are underway to update the website with 

visualizations based on the data inventory, which will be made available before the conclusion of the 

project.  

Moreover, there is scope for further refinement and expansion of the presented data visualization 

toolbox (RESULTS, CHAPTER IV), which serves as a foundational collection of tools that can be extended 

and evaluated in diverse (interdisciplinary) projects. Novel visualization approaches can be explored, 

and their effectiveness can be evaluated in conveying complex exposome data to diverse stakeholders. 

Additional efforts are needed to enhance awareness regarding the availability of various visualization 

tools beyond those typically employed within a single discipline.  The proper use of visualisations and 
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the exploration of a wide range of visual options could be effectively conveyed through workshops or 

lectures, as there remains a deficit in this area among many researchers. Tools for retrospective 

reflection, like the visualization of the evolution of topics over time (Figure 3 of RESULTS, CHAPTER IV), or 

visual metaphors, like the tree in Figure 4 of RESULTS, CHAPTER IV, should be applied more often in future 

applications. Multivariate data glyphs, as shown in Figure 7, allow users to explore several aspects of a 

dataset at the same time, which can be very effective in many scientific applications (considering 

disadvantages presented above). 

Concerning the chemical stripes visualization, ongoing investigations into the extensive dataset that 

underlies these stripes promise to be of significant interest to the environmental community, as 

indicated by the feedback received thus far. Further research is already in progress (master student) to 

differentiate between various types of patents, such as those pertaining to industrial applications, 

bioremediation, or monitoring methods. Moreover, the source of patents is of interest, as well as the 

‘decoding’ of the patent identifier and the study of trends per chemical class or country over time. 

Additionally, alternative data sources may be explored to supplement patent or literature data. In 

RESULTS, CHAPTER IV and V only patent data was used to generate the stripes. The subsequently 

developed R package can generate both literature and patent stripes (see FIGURE 3 in the SYNOPSIS 

Chapter), using the consolidated reference numbers and depositor supplied patent numbers listed in 

PubChem. Looking at certain chemicals, like the pharmaceutical compound Gallopamil (PubChem CID 

1234), the trend in patent and literature numbers can be directly correlated with its use:  First studies 

showed the antihypertensive effect of Gallopamil in 1970 (see literature data, FIGURE 4A) resulting in 

increased patent numbers in the following decades (FIGURE 4B). As testing continued and common side 

effects were discovered, the pharmaceutical’s literature counts increased around 1989 (FIGURE 4A) and 

the product was taken of (several) markets in 2012, resulting in low to none literature and patent 

numbers. 
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Figure 4: Chemical Stripes for Gallopamil (1960-2023) using (A) literature and (B) patent data. 

 

Moreover, the R-package includes the functionality of creating so-called ‘sum stripes’ cumulating 

patent or literature numbers for a list of up to 300 given chemicals. This addition enables users to 

generate the stripes for a whole list of compounds, e.g. 33 compounds from the ‘ZeroPM Box 1’ 

substance list (NORMAN SUSPECT LIST EXCHANGE), see FIGURE 5. The pattern shows an increase in patents 

around 2010, like many stripes do, which still needs future explanation by studying the patent data. 

The creation of the sum stripes function became only feasible through our feedback, prompting 

PubChem to implement modifications that greatly streamlined data retrieval for us. 

https://www.norman-network.com/?q=suspect-list-exchange
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Figure 5: Summarized Chemical Stripes for 33 compounds from the Zero PM Box1 list (NORMAN 
Suspect List Exchange) using patent data from 1960-2023. 

 

The interdisciplinary concept behind LuxTIME undoubtedly offers promising opportunities for 

advancing exposome research and understanding the historical interactions between environmental 

exposures and human health. The collaboration between experts from different fields can foster 

innovative methodologies and diverse perspectives, enriching the research process and broadening 

the scope of investigation. One of the key advantages of interdisciplinarity (in LuxTIME) is the potential 

to overcome traditional disciplinary boundaries (creating a ‘trading zone’), enabling researchers to 

explore complex and multifaceted exposomics data comprehensively. However, the interdisciplinary 

nature also poses challenges and limitations. Integrating various disciplines necessitates effective 

communication, collaboration, and coordination among team members possessing diverse expertise. 

This integration can pose challenges in establishing a shared understanding and vocabulary, 

particularly evident during LuxTIME's early stages when such understanding was just beginning to 

develop, and even the definition of 'deliverables' remained elusive. Disparities in methodologies, data 

formats, and analytical techniques from different disciplines may also hinder seamless data integration 

and harmonization. These disparities became notably pronounced in the context of joint publications, 

reflecting differences in processes between the humanities and natural sciences. Similarly, the criteria 

and requirements that each PhD student had to meet varied depending on their respective fields, 

adding another layer of complexity to the interdisciplinary collaboration.  
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Furthermore, resource allocation and funding for interdisciplinary projects can be demanding. The 

diversity of expertise and research requirements may require additional financial and time 

investments, which could potentially limit the scalability of such projects in the future. 

Additionally, as LuxTIME expands to include data from various sources, ensuring data privacy and 

ethical considerations become paramount. Handling sensitive historical and contemporary data in an 

interdisciplinary setting necessitates strict adherence to data protection regulations and consent 

requirements. Despite the challenges, LuxTIME can serve as a model for future interdisciplinary 

research initiatives. The challenging task of establishing a common ‘vocabulary’ (knowledge ground, 

metaphor) between humanities and natural sciences was addressed, showcasing the potential for 

successful collaboration. With ongoing collaborative efforts and a persistent commitment to refining 

interdisciplinary approaches within Luxembourg, LuxTIME could serve as a starting point for expanding 

its scope beyond the Minett region, encompassing the entirety of Luxembourg (covered e.g. by the one 

year LuxTIME INITIATE project 2022).  

All in all this thesis contributes to the expanding body of knowledge on the historical exposome, 

highlighting the interdisciplinary nature of exposomics research. Consequently, it is expected to foster 

increased (international) collaboration across disciplines within this field. Some of the ideas presented 

within may have elicited mixed responses within the community, but this was part of the intent behind 

the manifesto (CHAPTER II)—to challenge prevailing thinking for the overall benefit of the field as it 

continues to evolve. The future steps presented here aim to advance the field of exposomics research, 

contribute to evidence-based decision-making, and ultimately enhance our understanding of the 

historical exposome. 
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APPENDICES 

Link to the LuxTIME website: 

https://luxtimemachine.uni.lu 

Link to the LuxTIME inventory 

Coming soon 

Link to the chemicalStripes R package: 

https://gitlab.lcsb.uni.lu/eci/chemicalstripes 

 

The accompanying data sources for all included manuscripts can be found in the respective chapters 

and are listed below: 

 

Chapter IV: 

GitHub repository: 

https://github.com/DagnyAurich/Dust-paper 

Chapter VI: 

GitLab repository: 

https://gitlab.lcsb.uni.lu/eci/data_luxwater_nt_paper_da 

GNPS MassIVE repository: 

MSV000092221, accessible via ftp://massive.ucsd.edu/MSV000092221/  

 

 

 

 

https://luxtimemachine.uni.lu/
https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://github.com/DagnyAurich/Dust-paper
https://gitlab.lcsb.uni.lu/eci/data_luxwater_nt_paper_da
ftp://massive.ucsd.edu/MSV000092221/


153 
 

CLOSING PAGE 

A compilation of SOME of the WORST chemistry jokes of my career: 

 

 

To end with…. 

 

THINK LIKE A PROTON. ALWAYS POSITIVE. 

 


