_\
/

A\

\ \\

y
RECIPES

Precavution » Innovation » Science

WP 2
D2.4.2 Inter-case study
analysis
D2.4.3 Identification of
Issues cutting across case
studies

Dino Trescher
Tijs Sikma
Pia-Johanna Schweizer

The RECIPES project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 824665




Authors

Dino Trescher, IASS Potsdam

Tijs Sikma, Rathenau Institute

Pia-Johanna Schweizer, IASS Potsdam

Contributors

Rosanne Edelenbosch, Rathenau Institute

Petra Verhoef, Rathenau Institute

Ventseslav Kozarev, Applied Research and Communications Fund
Zoya Damianova, Applied Research and Communications Fund
Desislava Asenova, Applied Research and Communications Fund
Afke Groen, Maastricht University

Christine Neuhold, Maastricht University

Laura Drivdal, University of Bergen

Jeroen P. van der Sluijs, University of Bergen

André Gazso, Institute of Technology Assessment, Austrian Academy of Sciences
Anna Pavlicek, Institute of Technology Assessment, Austrian Academy of Sciences
Sabrina Roéttger-Wirtz, Maastricht University

Fritz-Julius Grafe, Humboldt- Universitat zu Berlin

Harald A. Mieg, Humboldt- Universitat zu Berlin

Rosanne Edelenbosch, Rathenau Institute

Petra Verhoef, Rathenau Institute

Miriam Urlings, Maastricht University

Project coordination by Maastricht University
Thanks to all RECIPES partners for valuable discussion on the cases studies comparison.



Manuscript completed in December 2020

Document title

Work Package

Document Type

Date

Document Status

D2.4 Case study analysis
D2.4.2 Inter-case study analysis

D2.4.3 Identification of issues cutting across case studies

WP2
Deliverable
December, 2020

Final Version

Acknowledgments & Disclaimer

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 824665.

Neither the European Commission nor any person acting on behalf of the Commis-
sion is responsible for the use which might be made of the following information.
The views expressed in this publication are the sole responsibility of the author and
do not necessarily reflect the views of the European Commission.

Reproduction and translation for non-commercial purposes are authorised, pro-
vided the source is acknowledged and the publisher is given prior notice and
sent a copy.




Table of contents

1 Introduction ..ucciiiiiiiiiiiiiiiie s s s snnssssassnsansansansansnnnnnnnnnnnns 6
B 0T 5 =) 6
1.2 WP2 and this report.....c.cccuimmimrmnmmmnmssmsnsssnssanssasssssssnsssnssnnssnsssnnsanssnnss 6
1.3 Methodology....ccvimimrimmimmne s s s ss s s ssanssasssnssanssanssnnssnnsnnnnnnsnnnss 9
1.4 Executive SUMMArY ..c.iicuierimmiasmsnsmsnssasmsssssssssssssnssasssssssssssnsssnssanssnnsns 12

D2.4.3 Identification of issues cutting across multiple case

L o ¢ = e 14

2. Complexities and controversies regarding the relevance of

Lo 1 =T o 14
2.1 Framing of the PP and innovation ........cccciiicmiiisie s s s s s snnsnasnns 14
2.2 Subjectivity and objectivity in risk assessment...........cceciiiicnieinenee: 16
2.3 The difficulty of admitting uncertainty ......ccccciiicciiiiciiiccsriec s ns s e e e 16
2.4 Layers of uncertainty ....cccvicciiiiiiicsincsnrsssnss s snse s s s r s r i nnna n nan 17
2.5 Aspects of hazards ...ccuviciiiriiecimrssmrssmrssssssssssssssassssansssanssssnnsnsnnnns 19
2.6 Weighing of benefits and uncertainties .......ccccvicciiicincinncsnns s snneanas 20
2.7 The difficulty of prevalence and path dependencies........c.ccvveiviieenn 21
2.8 The problem of no established science........ccccuvviiiciicciniec s s s snennas 22

3. Complexities and controversies with regard to the

procedures around the application of the PP......ccvcvviiiiiinnann, 23
3.1 The meaning of applying the PP .....ccciiiiiciiicnisnc s s snn s snasnnasnnnnnnns 23
3.2 Address regrettable substitution........ccciiiiciiisirrsssrss s snse s ssss s ssarenns 23
3.3 Need for transSPare€NCy . iicciicrsrrsnmranmrasmsnsrsnsssnssasssasssasssnssanssanssnnsnnnnnns 24
3.4 Organization of knowledge networks ........ccuvectiimnissnn s snsa s snnnsnennss 24
3.5 Public involvement........c.cciiiiiiisis i i i i s s s s s s s e e 25
3.6 Industry involvement in risk assessment........ccccivimmmrmnnnsnannnnnnes 26
3.7 Cost-benefit analysis and proportionality.......cccuvciiicmirrnrsassnssnnnnans 26
3.8 Aligning innovation with precaution.........ccvicrieimicsmsesmssrsasa s sssnsnnns 27
3.9 Precautionary principle vs principle of prevention .......ccccvviciiiieinas 28
3.10 Alternatives to regulation..........cccuvcviiisines i srsssrr s s 28

4. Complexities and controversies with regard to the effects of

the application of the PP for innovation ......cciiciviiivicinncrnnnnnas 29
4.1 Incremental vs radical innovation.........ccvvcvirinriesmsssssss s s nsnannns 29
4.2 Alternative innovation pathways........c.cccviciiimiisnissnissnssns s s snanues 29

5. Discussion and lessons from case study comparison .......... 30




5.1 Overview of lessons derived from the inter-case study analysis ...... 30

5.2 Discussion Of results .......c.ccuiiiiiiiiiisine i 34
D2.4.2 Inter-case study analysis ..civciviiirninnesnensnanssnnssnnnsnnns 36
6. ANNEX . uuuerunnsunnsannsannsannsasnsssnsssnsssnsssnsssnsssnnssnnssnnssnnnnnnnnnnns 36

6.1 RECIPES general overview of research questions according to

the methodological frameworkK........iccviiviriernessssssssssassssssnsssnssansnnnns 36

6.2 Table overview of all 9 case studies ........c.verimrirniins s s s ss s snanss 40
7. ReferencCes. ..uciiiiiireriennassessassnsassnsnsnssnsnssnsnsnsnnnnsnnnnnnnns 198

List of tables
Table 1: Overview of case studies performed in the RECIPES project................. 3

Table 2: Overview of lessons in the dimension relevance from intra-case
(] UTa VA ol0] Y oY= o =] ] o 1RSSR 31

Table 3: Overview of lessons in the dimension procedures of
intra-case study analysSiS....coviiiiiiiiii i e 32

Table 4: Overview of lessons in the dimension effects of intra-case
WU Ta VA= T = A2 LSRR 34




List of abbreviations

CSS

CDSS

EDCs

GMO

LGMO

Neonics

PP

SPIs

SDGs

WFD

WP

Chemical Safety for Sustainability

Clinical Support Systems

Endocrine Disrupting Chemicals

Genetically Modified Organism

Law on Genetically Modified Organisms (Bulgaria)

Neonicotinoid insecticides

Precautionary Principle

Science Policy Interfaces

Sustainable Development Goals

Water Framework Directive

Work Package



1 Introduction

This document fulfils RECIPES delivery 2.4.2, the inter-case study analysis and
delivery 2.4.3, identification of issues cutting across multiple case studies. The
criteria for the analysis are presented in delivery 2.2 as the comparative multi-
ple-case design, which is the methodological framework developed in task 2.2.
Delivery 2.3 explains the case study selection process which was undertaken to
arrive at the nine cases studies that have been carried out in WP2. Delivery 2.4.1
compiles all nine case studies carried out in the RECIPES project.

This report is part of the EU funded project entitled REconciling sCience, Innova-
tion and Precaution through the Engagement of Stakeholders (RECIPES). The
precautionary principle guides decision-makers faced with high risks, scientific
uncertainty and public concerns. As a general principle of EU law, it allows deci-
sion-makers to act despite scientific uncertainty. The precautionary principle has
been criticised for hindering technological innovation, therefore some stakehold-
ers have developed an innovation principle, which requires taking into account
the potential impacts of precautionary action on innovation. The RECIPES project
aims to reconcile science, innovation and precaution by developing new tools and
guidelines, based on co-creation with stakeholders, to ensure that the precau-
tionary principle is applied while still encouraging innovation.

The RECIPES project comprises three research phases. In the framing phase of
the project, the RECIPES Consortium has examined the effect and the application
of the precautionary principle since 2000 by combining legal analysis, desk re-
search and a narrative literature review, complemented with a media analysis of
the public discourse around the principles of precaution and innovation, in order
to understand the different stakeholder perspectives. In the analytical phase of
the project, an innovative conceptual framework for comparative multiple case
study analysis has been developed, in order to perform case-study analyses. This
will be combined with scenario building. In the developmental phase of the pro-
ject, scenario workshops will be combined with a multi-criterion assessment
framework to develop and assess the usefulness of the to-be-proposed new
tools.

This report contributes to the analytical phase of the project. It comprises the
inter-case study analysis and the identification of issues cutting across multiple
case studies.

The overall aim of WP2 is to understand and explain the differences in the appli-
cation or potential application of the precautionary principle in nine different case
topics, in a way that reflects the particular context of the case study topic. The



multiple case study component of the RECIPES project is one of the key analyti-
cal phases of the project.

Within the scope of the entire RECIPES project, WP2 builds on aspects of WP1, in
particular the report which presents the stock taking of the precautionary princi-
ple since 2000. In addition, WP2 feeds into WP3, the development of new tools
and approaches to the PP in a co-creation approach, as well as ensuing commu-
nications in other work packages.

The complete list of WP2’s project deliverables and milestones can be seen be-
low.

Deliverables

D 2.1: Literature research on multi-case study analysis

D 2.2: Development of criteria for multi-case study analysis

D 2.3: Selection of case studies

D 2.4.1: Intra-case study analysis

D 2.4.2: Inter-case study analysis

D 2.4.3: Identification of issues cutting across multiple case studies
D 2.5.1: Comparison of case study analysis with results of WP1

Milestones

M 2.1: Formulation of hypotheses on role and interaction of PP/ IP

M 2.2: Methodological framework for comparative multi-case study analysis

M 2.4: Emerging themes and conclusions of individual and cross-case analysis
M 2.5: Developing scenarios of application PP and IP to emerging technologies

This document fulfils delivery 2.4.2 Inter-case study analysis and 2.4.3 Identifica-
tion of issues cutting across multiple case studies. WP2 tasks 2.1-2.4 encompass
the entire case study analysis component of WP2. Task 2.5 concerns the synthesis
of the WP2 case study analysis with WP1, and development of scenarios for the fu-
ture of the precautionary principle and innovation in the EU. Task 2.5 is thus the key
linkage between WP2 (and aspects of WP1), and WP3 and the ensuing RECIPES
project deliverables. The scenarios developed for task 2.5 will be validated in stake-
holder workshops, and will themselves help inform the development of new tools for
policy makers in further RECIPES work packages.

The following table shows the nine case studies performed within the RECIPES pro-
ject.




Table 1: Overview of case studies performed in the RECIPES project

D2.4.1: Intra case study analysis

of 9 selected case studies

Authors

1. New gene-editing techniques

(gene drives)

Rosanne Edelenbosch, Tijs Sikma, Petra
Verhoef; Rathenau Institute

2. Genetically Modified Organisms
(GMOs)

Ventseslav Kozarev, Zoya Damianova, De-
sislava Asenova; Applied Research and
Communications Fund

3. Endocrine disrupting chemicals
(EDCs)

Afke Groen, Christine Neuhold; Maastricht
University

4. Neonicotinoid insecticides
(Neonics)

Laura Drivdal, Jeroen P. van der Sluijs;
University of Bergen

5. Nanotechnologies

André Gazso, Anna Pavlicek; Institute of
Technology Assessment, Austrian Academy
of Sciences

6. Glyphosate

Sabrina Réttger-Wirtz, Maastricht Universi-
ty

7. Financial risks in urban infrastruc-
ture planning

Fritz-Julius Grafe, Harald A. Mieg; Hum-
boldt-Universitat zu Berlin

8. Artificial Intelligence in Health
Care, clinical decision support sys-
tems (CDSS)

Tijs Sikma, Rosanne Edelenbosch, Petra
Verhoef; Rathenau Institute

9. Microplastics in food products and
cosmetics

Miriam Urlings, Maastricht University

D2.2 has detailed the methodological framework for carrying out the RECIPES case
studies. Delivery 2.3 has introduced the RECIPES WP2 case studies and explained
the case study selection process that was used to select the cases.

D2.4.2 Inter-case study analysis

The methodological framework for the identification of issues cutting across mul-
tiple case studies has been detailed in delivery 2.2. Delivery 2.4.1 presents the
intra-case study analysis of each case based on the methodological framework.
Delivery 2.4.2 compares the nine case studies along the dimensions identified by
the methodological framework. The results are presented at the end of this re-



port in table to provide an at a glance overview and to allow for easier navigation
between and across case studies.

D2.4.3 Identification of issues cutting across multiple case studies

In D2.4.3 Identification of issues cutting across multiple case studies, the research
focuses on the complexities and controversies which cut across the cases. They are
identified based on epistemological challenges in risk governance, namely
complexity, uncertainty and ambiguity. The findings are analysed based on the
guiding research questions (overview in appendix 6.1) and the results are dis-
cussed along three analytical dimensions.

Relevance: Complexities and controversies with regard to the procedures around
the application of the principle (chapter 2)

Procedures: Complexities and controversies with regard to the procedures around
the application of the principle (chapter 3)

Effects: Complexities and controversies with regard to the effects of the applica-
tion of the PP for innovation (chapter 4)

The aim of D.2.4.2 is to understand and compare the individual cases in their
specific context. The case study comparison is based on a common conceptual
and methodological framework which increases comparability of cases and thus
the quality of the intra- and inter-case study analysis. The methodology of WP2
therefore rests on the conceptual framework and the methodological framework.

The conceptual framework addresses several key aspects of the RECIPES pro-
ject’s larger conceptual approach to the precautionary principle, specifically with-
in a risk perspective!. Within this risk perspective the key epistemological chal-
lenges are complexity, uncertainty and ambiguity (SRA 2018; Renn 2008). These
epistemological challenges highlight the limits of our understanding and our abil-
ity to communicate effectively about risk and innovation (Renn, Klinke, van As-
selt 2011).

The mythological framework serves as a blue print for carrying out the case
study research by the case study researchers. The main research goal for the
inter-case study comparison is, to better understand the complexities and con-

Y In the RECIPES project risk is defined as ,uncertainty about and severity of the consequences (or outcomes) of
an activity with respect to something that humans value™ (Aven and Renn 2010).



troversies with regard to the relevance, the procedures and the effects around
the application of the PP in practice across the nine case studies. What role do
complexity, ambiguity, and especially uncertainty play? Based on the preparatory
work in the two framework documents the aim of the case study comparison is
to draw lessons from concrete cases in which the precautionary principle was (or
could have been) applied in relation to a presumed socio-technological or socio-
economic innovation.

The phrases complexities and controversies warrant an explanation. Complexity
implies that human intuition cannot be relied upon to understand cause and ef-
fect (IRGC 2018). Complexity refers to the difficulty of identifying and quantify-
ing causal links between a multitude of potential candidates and specific adverse
effects (Renn, Klinke, van Asselt 2011). It includes the interplay of human agen-
cy within the context of regulation, innovation, legal decision-making, changing
societal values, and vested interests, which result in higher-level complexity than
the technological system alone. Many of these variables play a role and are inter-
twined in cases where the PP is applied. The application of the PP is thus accom-
panied by a variety of complexities.

Controversies are modes of communicative action centering on themes associ-
ated with considerable levels of societal disagreement®. Controversies influence
the societal discourse on risk. Conflict theory claims that many modern societies
are essentially structured by the evolution of conflicts and shifts in the patterns
of conflict resolution (Lau 1989; Giegel 1998). Three types of conflicts can be
identified that are of relevance in the RECIPES context: conflicts of interest, con-
flicts of values and conflicts on knowledge (cf. Béschen 2010). Therefore debates
and controversies can arise at three levels, 1. within science, 2. at the science-
policy interfaces (SPIs), and 3. at the level of public discourse (van Nest et al.
2014).

With regard to the case studies in the RECIPES projects an increasingly multi-
layered and diversified socio-political landscape can be observed, in which a mul-
titude of actors, their perceptions and evaluations draw on a diversity of
knowledge and evidence claims, belief and value orientations, and political inter-
ests in order to influence processes of risk analysis, decision-making and risk
management (Renn & Klinke 2013).

Complexities and controversies are first of all a logical symptom of the fact that
the application of the PP is accompanied by high stakes, uncertainties and social
values at dispute (cf. Funtowicz & Ravetz 1993). Based on the results of the in-

2 For analytical purposes we follow here a position of ,epistemological hierarchicalism®™ with regard to
knowledge claims about risk and uncertainty. Epistemological hierachicalism “posits variations in the quality of
knowledge claims along a continuum ranging from those of considerable agreement to those of great disagree-
ment. Knowledge claims, while always short of absolute truth, admit to degrees of approximation to what is
true®. (Rosa 1998, p. 38)
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ter-case study comparison, D2.4.2, on the following complexities and controver-
sies can be identified.

Complexities and controversies

1.) with regard to the relevance of the PP. Insight into the complexities
and controversies that play a role in establishing the relevance of the PP in re-
lation to a particular socio-technological or socio-economic innovation.

2. with regard to the procedures concerning the application of the PP in
relation to innovation:

2.1. Comprehension of decisions, procedures, measures, legislation etc. that
are derived from the application of the PP.

2.2. What procedures and measures are derived from the application of the
PP? How are they influenced by other societal/economic/political dynamics?

3. with regard to the_effects of the application of the PP for innovation:
Did the application of the PP have an effect on the innovation pathway, if so,
how?

The following chapters 2-4 present the cross-cutting issues surrounding complex-
ities and controversies of the case studies. Each issue is based on evidence from
the inter-case study analysis (D2.4.2) and supplemented with evidence from the
intra-case study analysis (D2.4.1). Furthermore, each issue puts forth lessons
learnt which will inform task 3.2 “Development of tool and guidelines” D2.4.2
Inter-case study analysis is presented in table form at the end of the document,
including an overview of the guiding research questions.

11




The case study comparison has identified several issues of complexities and con-
troversies surrounding the case studies. These issues can be arranged in three
subcategories: 1. with regard to the relevance of the PP, 2. focusing on the pro-
cedures regarding the application of the PP, and 3. with respect to the effects of
the application of the PP for innovation.

Firstly, reoccurring issues induced by complexities and controversies across the
cases that played a significant role in the with regard to the relevance of the PP
are concerning four main aspects: 1. layers of uncertainty, 2. aspects of hazard,
3. weighing in the benefits and uncertainty of benefits and 4. the difficulty of
prevalence and path dependencies.

These main trajectories of complexities and scientific uncertainties indicate that
they need to be understood as a correlate of the type of environment in which
the technology is introduced. For instance, the unpredictability and complexity of
a healthcare system, the many variables and interactions at play in ecosystems
(EDCs, glyphosate, nanotechnology, GMOs, gene drives) or the intersection of
social systems with financial systems (financial risks in water infrastructure plan-
ning) point towards the importance of situational context. A main lesson espe-
cially derived from the issue of layers of uncertainty but also derived from other
identified issues in the case study comparison, s that there is a need for more
integrative risk governance frameworks that connect between different types of
uncertainties which can inform risk assessors on the applicability of the PP in the
case of accumulated uncertainties.

Secondly, reoccurring issues identified across the cases in the subcategory pro-
cedures regarding the application of the PP, can be grouped around four main
aspects: 1. framing of the PP and innovation in the discourses, 2. the meaning of
the PP and its measures, 3. the organization of knowledge networks, 4. cost
benefit analysis and proportionality. Regarding issue 3. organization of
knowledge networks the key question was how different knowledge and perspec-
tives about a technology must be assembled to ensure a reasonable application
of the PP? The nanotechnology case provides valuable insights for identifying,
structuring and evaluating the available information on a certain technology.
Therefore another main lesson is to organize transdisciplinary knowledge net-
works. This requires a trusted platform of deliberation to identify structure and
evaluate the available information on the technology from stages of infancy on-
wards.

Thirdly, when complexities and controversies are analysed with regard to the ef-
fects of the application of the PP for innovation in the case study comparison two
aspects need to be considered: 1. incremental vs radical regulation/innovation,
2. alternative innovation pathways.

12



The comparison across cases indicates that the application of the PP has had a pos-
itive effect on incremental innovation in many cases. Furthermore, the application
of the PP contributed (if it was applied in the case) often to alternative, more re-
sponsible innovation pathways, like green chemistry (EDCs), new plant protection
technologies and non-chemical alternatives to pest management (neonics), green
nanotechnology and safe-by-design approaches in nanotechnologies.

An overview of the lessons from the inter-case study analysis is provided in section
5.1.
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D2.4.3 Identification of issues cutting across mul-
tiple case studies

2. Complexities and controversies regarding
the relevance of the PP

A reoccurring theme in the cases concerned how the PP and innovation were
framed. The term framing refers to differences and conflicts about what major soci-
etal actors select as risks and what types of problems they label as risk problems
(rather than opportunities or innovation potentials, etc.). Framing in this context
encompasses the selection and interpretation of phenomena as relevant risk topics
(cf. Renn 2008)°.

Framing in a narrower sense means that "the initial analysis of a risk problem look-
ing at what the major actors, e.g. governments, companies, the scientific commu-
nity and the general public, select as risks and what types of problems they label as
risk problems”. This defines the scope of subsequent work. Therefore framing in
this context is linked to problem framing in the Pre-Assessment phase of risk gov-
ernance. As with the framing part, judgements on acceptability rely on two major
inputs: values and evidence. What society is supposed to tolerate or accept can
never be derived from looking at the evidence alone. Likewise, evidence is essential
if we are to know whether a value has been violated or not (or to what degree).
With respect to values and evidence we can distinguish three cases: (1) ambiguity
on evidence but not on values (interpretative ambiguity) (2) ambiguity on values
but not on evidence (normative ambiguity) and (3) ambiguities on values and evi-
dence (Renn 2008).

In the neonics case the perceived interaction between precaution and innovation
seemed to depend a lot on the framing of innovation: ‘In a narrow framing of inno-
vation, in this case as innovating new plant protection products, then innovators
asked for creating more predictability in the EU legal framework (in this case, espe-

® When framing the issue, besides the distinction of what is selected as risk and what is labelled as risk
problems the classic distinction between evidence claims and normative claims is relevant because justi-
fying claims for evidence versus values involves different routes of legitimisation and validation, namely,
whether a consensus or conflict evolves about what requires consideration as a relevant risk depends on
the legitimacy of the selection rule. The acceptance of selection rules rests on two conditions: first, all
actors need to agree with the underlying goal; secondly, they need to agree with the implications derived
from the present state of knowledge (whether and to what degree the identified hazard impacts the de-
sired goal). Dissent can result from conflicting values as well as conflicting evidence, and, in particular,
from the inadequate blending of the two.

14



cially considering article 21 of regulation 1107/2009%), formalizing an impact analy-
sis, and making more time for creating more certainty in risk assessments. (...) If
one would opt for a broader definition of innovation, one could see more realistic
possibilities for aligning innovation with the PP, more in line with the Integrated
Pest Management approach and with Responsible Research and Innovation (RRI)?’
(cf. case study neonics, p. 39). With regard to neonics, different perspectives on
agriculture played on the background: like idealized images of local farming or ide-
alized images of agricultural industry as a feeder of the world (cf. case study neon-
ics, p.21).

In the case of technologies of which many uncertainties exist it seems to be tempt-
ing to search for a familiar frame. Very generally speaking frames are cognitive
concepts that provide a structure that can help to understand the unknown on the
basis of what one already knows. Risks assessment data is in public and policy dis-
course for instance interpreted on the basis of these frames. . In some cases very
strong frames tended to distort the debate and led to controversy.

The GMO case study emphasised that the controversies span around a ‘division
[that] is not merely between pro and anti-GMO, but goes deeper in both directions,
because it is, in fact, rooted into differences of values. [...] Thus, underlying values
also affect the perception and definition of safety, as well as on the scope of evi-
dence required to determine such safety’ (cf. case study GMO, p. 10.).

In the glyphosate case it is emphasised, ‘that in framing the risk analysis process
through regulation, political choices are made and that ‘[g]lyphosate (...) has be-
come a catalyst for testing existing dichotomies’ and that ‘glyphosate has the po-
tential of re-politicizing the field of science based-law’ (cf. case study glyphosate, p.
39).

In the case of CDSS it is important that different patient groups can trust that a
CDSS works to each advantage, and for instance does not discriminate against
women (cf. case study CDSS, p. 6f).

Lesson from the case study comparison: The importance of understanding each
other’'s meaning of framing and stimulating reflection on different frames, including
one’s own presuppositions to avoid prejudices and polarization in discussions.

4 concerning the placing of plant protection products on the market and repealing, https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1107&from=EN
15



Another reoccurring theme in the intra-case studies are discussions about the ex-
tent to which a risk can be seen as something objective or subjective. This too
leads to complexity and controversy, as apparent ‘objective’ assessments may ob-
fuscate private or political interests, while claiming that all risk assessments are
subjective tends to undermine the status and legitimacy of risk assessment insti-
tutes and scientists.

In the GMO case, for instance, ‘there is clear divergence between how risks are
objectively assessed via scientifically agreed methods and protocols, and what is
being referred to as socially constructed risks, or what society perceives as a risk.’
(cf. case study GMO, p. 13)

In the microplastics case it was however observed that: '(...) we can see that de-
velopment of scientific knowledge does not happen in a complete vacuum, but is
driven by societal attention for a subject.” (cf. case study microplastics, p. 26).
Namely, growing societal attention for the issue of (micro)plastic pollution leads to
more research efforts into the consequences of this pollution. Simultaneously,
these research efforts are also promoted by awarding research funding.

This especially seems to lead to controversies with regard to ‘risks’ that have a less
established status in risk assessment methods, like risks related to human rights,
socio-economic risks and ethical dilemmas, because generally beyond scientific un-
certainty these are accompanied with more normative and interpretative ambiguity
(cf. case studies gene drives, p. 6 f.; CDSS, p. 6-9; financial risks in water infra-
structure planning, p. 6-8)

Lesson from the case study comparison: the need for more transparency with
regard to the subjective aspects of risk assessment. This implies the need for more
inclusive and deliberative assessment methods, without delegitimizing the role of
experts and avoiding ‘partisan’ risk assessments.

Another complexity in relation to the relevance of the PP has to do with ‘admitting’
uncertainty. Human knowledge is always incomplete and selective and thus contin-
gent on uncertain assumptions, assertions and predictions.

In the case of the use of CDSS in healthcare, there is a need for understanding
the broader effects and new risks (datafication, loss of control, lack of human ele-
ment, division of labor) that such system may have on healthcare professionals and
patients. Technology developers however have the tendency and interest to show-
case simplicity surrounding their products (cf. case study CDSS, p. 5-8).
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In the case of glyphosate the actors involved in the approval procedure emphasized
the absence of scientific uncertainty: ‘the existence of scientific uncertainty is not
recognized. As the hazard and risk assessment performed by EFSA and ECHA con-
cluded that glyphosate is not a carcinogen, from the perspective of these Agencies
and the Commission, there is no scientific uncertainty on this question.’ (cf. case
study glyphosate, p. 35). So complexities and controversy in this case indicate,
that other questions than carcinogenicity is at the core of the dispute.

So the complexities and controversies in the cases above exemplify the need to
take a broader array of potential consequences into account, in order to develop
technology with a fair distribution of risks and benefits.

The PP can only be invoked when scientific uncertainties about particular risks are
admitted. This necessitates a culture of openness in scientific and technological
practices.

In the case of microplastics there is no uncertainty about microplastics building up
in the environment, leading to damage in this environment. However, there are
many uncertainties when it comes to human health effects because the effects of
microplastics on the body are difficult to measure.

Lesson from the case study comparison: the need for characterization of un-
certainty. Need to take a broader array of potential consequences into account, in
order to develop technology with a fair distribution of risks and benefits. More open
communication about the fallibility of science and the limits of scientific knowledge
and technological solutions.

The main complexity for the relevance of the PP is the multi-layered aspect of un-
certainty, and especially how such layers relate to one another.

1. Scientific uncertainty refers to cases in which the technology itself lacked a
shared definition (cf. case studies nanotechnology, p. 9; microplastics, p. 12.,
CDSS p. 12 f.; gene drives, p. 10, neonics p. 15 f; EDCs, p. 11 f.), lack of data,
measurement, methods, protocols, measurement devices, unwillingness to ad-
mit or examine uncertainty, lack of personnel and funding to research uncer-
tainties). In the case of nanotechnologies, the upcoming debate on embed na-
nomaterials into a bigger field (as “advanced materials”) makes the lack of
common definition all the more obvious (cf. case study nanotechnology, p.9).

2. Uncertainties around particular properties of the technology in question.
These uncertainties are related to inherent properties of the technology, e.g. Ar-
tificial Intelligence-systems that can display apparent autonomous behaviour
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and the countless possibilities to combine nanoparticles and their physical prop-
erties with other nanoparticles or even biological entities on this level.

3. Uncertainties as a correlate of the type of environment in which the
technology is introduced, e.g. the unpredictability and complexity of a
healthcare system, the many variables and interactions at play in ecosystems
(cf. case study EDCs, p. 8-10; glyphosate, p. 6-9; nanotechnology, p. 15 f.;
GMOs, p. 7-9.; gene drives, p. 6-8.) or the intersection of social systems with
financial systems (cf. case study financial risks in water infrastructure planning,
p. 6-8). These uncertainties might be a valid characteristic for all so called “Key
Enabling Technologies (KETs)”®, because their main characteristic is their uni-
versality regarding the field of application.

4. Uncertainty as a consequence of the types and multitude of interactions
that the technology engages with in various environments. In the case of
nanotechnology, such interactions are multivariate, e.g. nanoparticles can be
distributed through the wind, water and the soil. This influences their bioavaila-
bility and subsequently their toxicity to different organisms (for instance soil or-
ganisms) and the potential exposure and negative health effects on (specific)
groups of humans. Another layer of uncertainty stems from inabilities to get
clarity with regard to the characterization of the interactions between the tech-
nology and its environment. There are for instance debates within the science of
toxicology and health sciences with regard to what should be considered toxic
(cf. case study nanotechnology, p. 20) or unhealthy.

5. Uncertainty with regard to knowledge about risk management. Assump-
tions are implicitly made with regard to the possibility of reversing the effects of
a technology after its introduction. This refers especially to the norm of “irre-
versibility”. The assessment of uncertainty subsequently always seems to make
use of knowledge or information about the possibilities of risk management.
Such considerations were explicitly made in the gene drives debates, but it
seems they were reflected upon in the microplastics and glyphosate debates.

6. Uncertainty with regard to risk governance seems (justifiably) to be part of
determining unacceptable uncertain risks. In the gene drives case (cf. case
study gene drives, p. 26), the difficulty of transboundary governance plays a le-
gitimate argument for delineating the unacceptable uncertain risks with regard
to the introduction of gene drives.

5 Key Enabling Technologies (KETs) — a group of six technologies: micro and nanoelectronics, nanotech-
nology, industrial biotechnology, advanced materials, photonics, and advanced manufacturing technolo-
gy. Source: https://knowledge4policy.ec.europa.eu/foresight/topic/accelerating-technological-change-
hyperconnectivity/key-enabling-technologies-kets_en

18



Lesson from the case study comparison: There is a need for more integrative
integrative risk governance frameworks® that connect between different types of
uncertainties, in order to inform risk assessors on the applicability of the PP in the
case of accumulated uncertainties.

The case study analyses often touched upon the question what should be taken into
account during risk assessment. This varies between taking into account primarily
traditional indicators of risks, like toxicity and carcinogenicity, to also including so-
cioeconomic impacts, impacts for future generations, stable financial structures and
human rights. However, multiple, interrelating risks are often the issue and it
seems difficult to assess their causal relationships. Artificial Intelligence in Clinical
Decision Support Systems (CDSS), for instance, could pose severe risks in relation
to human rights and unwanted dependencies in healthcare systems. Endocrine dis-
ruptors’, neonics,® microplastics, nanotechnologies® and glyphosate!® are associat-
ed with a wide variety of (individual) health and environmental risks of which can
be asked to what extent each of them sufficient for invoking the PP.

In the context of financial risks in water infrastructure planning ‘planning risks’ and
‘financial risks’ are described as risks that can also have longstanding, irreversible
and serious consequences (cf. case study financial risks in water infrastructure
planning, p. 12 f.).

The main issue here is that the discussion is not about one clearly defined hazard
but a wide combination of (mutually reinforcing) hazards that make the PP rele-
vant. It seems difficult to formalize such considerations into fixed standards or
models. It has been criticised that not clarifying such relations sufficiently might
lead to an overburdening of the PP. The PP might lose its legitimacy and risks being
put away as a political tool. This also indicates the importance of involving different
scientific disciplines in the risk assessment process.

® cf. white paper towards and integrative risk governance framework (Renn 2008) or integrating ap-
Eroaches in Food Safety Governance (Renn & Dreyer 2009)

health effects related to obesity, diabetes and cardiovascular diseases; female and male reproductive
health; hormone-related cancers in females — including breast cancer — and prostate cancer in males;
thyroid health; and neurodevelopment and neuroendocrine systems. But also: linked, inter alia, to the
occurrence of dyslexia, 1Q loss, ADHD, and autism (cf. case study EDCs, p.6).
8 autism, schizophrenia and ADHD) and a possible role in Parkinson and Alzheimer’s disease (cf. case
study neonics p. 8)
? Associated amongst others with cardiovascular diseases, asthmatic inflammation malignant mesotheli-
oma, and other types of cancer (cf. case study neonics, p.13).
10 Glyphosate is estimated to also work as an Endocrine disruptor (cf. case study glyphosate, p.1).
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The need for a more integrative risk assessment framework is expressed in the
case of microplastics (p. 21), financial risks in water infrastructure planning (p.
11); gene drives (p. 25); CDSS (p. 10).

The nanotechnology case study stood out as a case in which a transdisciplinary ap-
proach and the involvement of many stakeholders was part of EU strategies to-
wards nanotechnology from the start (and the National Action Plans that followed):
‘It is somewhat interesting to note that the reinvention of physics by creating a new
research field has also led to a revitalisation of human and environmental toxico-
logical research and also the increased development and testing of different com-
munication and participation formats.’ (cf. case study nanotechnology, p. 13)

The early involvement of other disciplines in the nanotechnology case also seems
important to avoid that regulatory and risk assessment science fall behind, as hap-
pened in the neonics case: ‘Regulatory science and risk assessment frameworks lag
systematically behind new scientific insights with huge time delays, as evident in
that the Bee Guidance document, drafted in 2013, still not is fully approved and
employed in regulatory assessments of new pesticides.’ (cf. case study neonics, p.
39)

Lesson from the case study comparison: There is a need for more integrative
risks assessment frameworks that involve various scientific disciplines in the risk
assessment process.

Another reoccurring issue is the question of how benefits of the innovation should
be taken into account with regard to the relevance of the PP. In some cases there
seem to be a felt need to also take into account the (huge) benefits a technological
innovation brings, to truly know the ‘real’ risks of the technology, and the need to
invoke the PP.

What stood out in most cases is that it is very common to assess the uncertainty of
a risk, but that there seems to be less (scientific) discussion on the uncertainty
around the benefits of a technology'!. This was especially relevant in the cases
where the benefits of the innovation in question were less than speculated, or
where soon other (more responsible) technologies were able to provide the same

" This finding can also be seen in context of to the “Collingridge Dilemma”, it states that the further de-
velopment of a technology faces a double-bind problem: (1) An information problem: impacts cannot be
easily predicted until the technology is extensively developed and widely used. And (2) A power problem:
control or change is difficult when the technology has become entrenched. This means that it is inherent
to new technologies that their development paths are uncertain — it is even to a certain extent necessary
to have this uncertainty to develop something new. This also means that at this stage a technology can-
not be sufficiently regulated, at least not in a conventional way (Collingridge 1980).
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type of benefits. Once a technology has been implemented on a wide scale, such
steps are difficult to reverse.

In the neonics-case some studies have not found clear and consistent evidence on
yield benefits from the use of neonicotinoids on different crops (cf. case study ne-
onics, p. 10). The benefits of the use of glyphosate may be relativized because the
weeds which glyphosate is supposed to kill over time become increasingly resistant
to it (cf. case study glyphosate, p. 5). For many applications of CDSS the effective-
ness and efficiency is contested (cf. case study CDSS, p. 39). And the effectiveness
of gene drives with regard to diseases is also yet uncertain (cf. case study gene
drives, p. 6).

The importance of patience for alternative safer (social) solutions to some problems
seems to be relevant in almost all the cases that were accompanied by a strong
technology push and unrealistic expectations on technological solutions for deeper
societal or ecological problems. Alternative innovation pathways towards sustaina-
ble pesticides seems to have been hampered because of a strong industry push
towards the use of glyphosate, the price and largescale application of which sus-
tainable alternatives cannot compete easily.

Lesson from the case study comparison: There is a need to take alternative
(emerging) innovation pathways in the context of risk assessments into account.

The prevalence and societal/environmental entrenchment of a technology seems to
be accompanied by a whole set of new questions. Societies develop a dependency
on large scale implemented technologies. As for instance a technology like plastics
has been firmly accepted in a society, many industries have adopted it in their pro-
duction-network. The replacement of such a technology subsequently goes against
many interests. The widespread use of plastics provides a clear example of this
complexity. Plastics are used almost everywhere in it is a big challenge to reverse
this. The wide use and prevalence of glyphosate and neonics poses similar prob-
lems. Agrochemical industries and some farmers are highly attached and invested
in these agrochemicals and therefore wield active resistance against regulation (cf.
case study glyphosate, p. 5). The same might occur in the emerging nanotechnolo-
gy industry where nanomaterials are potentially applicable in diverse products and
applications, ranging from electronics and automotive technology to consumer
products and environmental technology.

Lesson from the case study comparison: More attention on irreversible conse-
quences of large scale (disruptive) innovations in innovation policy, already in the R&D
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phases. In general, more attention needs to be paid to reinforcing factors of risk — ad-
ditionally to the conventional assessment of risks by impact and probability. These re-
inforcing factors are — besides of the lack of reversibility — the propagation and diffu-
sion of a damage (in time and space), or, in case of health risks, the change from
acute to chronic disease. There seems to be a need for interim risk assessment after
introduction of some new technologies.

A complexity is that sometimes there does not exist any established science yet,
such as with gene drives and endocrine disruptors. This gives rise to the conun-
drum that risks can only be really understood when such a technology is (locally)
researched: ‘in order to reduce the epistemic uncertainty about risks, research ac-
tivities (field trials) must be undertaken that themselves pose risk’ (cf. case study
gene drives, p. 25). The problem of the absence of established science is implicitly
drawn upon in the case of the use of some CDSS (p. 9 f.) and EDCs (p. 11 f.).

Lesson from the case study comparison: Regular ‘emerging technologies’ scan-
ning, capacity building and foresight for public policy are important. There is a need
to think about 'robust' research policy, for example policy aimed at problem orient-
ed research, which does not necessarily require a specific technology as a starting
point.
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3. Complexities and controversies with regard to
the procedures around the application of the PP

The PP is a legal principle with a very general significance, from which different
measures for the application can be inferred, dependent on the context of the
question. In some cases the cause of controversy lies in the fact that that different
stakeholder struggled with how the PP should be applied. In many of the cases it
seems that the stakeholders perceive they encounter an inconsistent or contradic-
tory application of the PP because the different possible measures in applying the
PP are not made explicit. A case in point is provided by the gene drives case study.
In this case, there is little agreement on how the PP should be applied (cf. case
study gene drives, p.23).

Lesson from the case study comparison: There is a need for more clarity on
the different possible measures in relation to applying the PP.

A lot of cases struggled with a regrettable substitution, the introduction or adoption
of chemicals that may not be safer and potentially worse, e.g. the replacement of
bisphenol A (BPA) with the substance bisphenol S (BPS), that followed the applica-
tion of the PP and the substitution of the three banned neonicotinoids by other ne-
onicotinoids (thiacloprid and sulfoxaflor) that were not yet banned, but similarly
harmful to pollinators.

‘As shown in our case study, even if EDCs are regulated, this can lead to regretta-
ble substitutions, which can be seen as a ‘lose-lose scenario’: it is costly for the
regulator and costly for the company in question’ (case study EDC, p. 25). In some
cases (cf. case study EDCs, p. 23) this was related to a process-focussed govern-
ance - and the shift towards a process of ‘one substance - one assessment’.

Lesson from the case study comparison: The PP needs to be applied early on in
the process in order to avoid sudden regrettable substitution. Also, there is a need
for more integrative risk governance.
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In some cases the need for transparency of the risk assessments during the
application of the PP was emphasized. In multiple cases the legitimacy of the indus-
trial studies was questioned, partly due to a lack of transparency on used methods
(cf. case study EDCs, p. 26; case study glyphosate, p. 32).

EDCs: ‘As shown, in the EU the delay by the Commission to take regulatory deci-
sions concerning EDCs has been the result of lobbying activities, especially by the
chemical industry. Here we come back to the dilemma raised at the outset: How to
take time, but address the issue in a diligent and thorough manner? This in turn is
linked to larger societal issues of transparency and the role of lobbyists: How can
the public distinguish between ‘regulators taking a slow but diligent approach’ and
‘regulators being delayed by lobbying activities’? We thus see the need for regula-
tory transparency’ (cf. case study EDCs, p. 26).

The case study on Financial risks in water infrastructure can serve as evidence for
the need of transparency, especially the case of London water infrastructure, where
a non-transparent financing and ownership structure has been created (cf. case
study financial risks, p. 17).

Lesson from the case study comparison: There is an increased need for (regu-
latory) transparency.

A very fundamental question with regard to the application of the PP was on how
different knowledge and perspectives must be assembled to ensure an adequate
application of the PP.

In the neonics case, the current social organisation of expertise regarding the ban
by some neonics, especially regarding the risks that neonics pose to pollinators was
questioned (cf. case study neonics, p. 39).

The nanotechnology case, however, an exemplar of how to organize knowledge
networks. ‘An important contribution to identifying, structuring and evaluating the
available information on a certain technology when it is in its infancy an independ-
ent and neutral actor is necessary to provide a platform of deliberation which is
trusted by many if not all concerned parties. In the case of the Austrian nanotech-
nology debate this has been provided by the Austrian Academy and its project Na-
noTrust. This holds also true for the German speaking countries: in 2007 the so
called “Dialogue of Authorities” (Behérdendialog) has been established and is still
active. Therefore, appropriate strategies to secure neutrality and independence are
absolutely vital because of the threat to lose the necessary variety of potential as-
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pects and the possibility to be instrumentalised by other, often funding organisa-
tions’ (cf. case study nanotechnology, p. 17).

In the gene drives case researchers similarly seemed to search for a solution that
the technology could offer. Instead it is better to organize knowledge networks
around (grand) societal challenges, so that the problem comes first and the devel-
opment of a specific technology is only viewed as one possible solution (cf. case
study gene drives, p. 24).

Lesson from the case study comparison: Transdisciplinary knowledge networks
should be organized so that problems addressed in the Global Sustainable Devel-
opment Goals (SDGs) gain priority and the development of a specific technology is
viewed as one possible way to resolve one or several of these issues. This requires
a trusted platform of deliberation to identify, structure and evaluate the available
information on the technology when in its infancy stage.

In some cases there seemed to exist disagreement with regard to the extent that
the general public should be involved during the application of the PP.

In the GMO-case the outcry of the general public seemed to result into a height-
ened pressure on the Government and parliament, which led to decisions that
seemed to be based on political opportunism (cf. case study GMOs, p. 2).

The case study of financial risks in water infrastructure planning in Milan on the
other hand showcased an example in which public involvement led to a more bal-
anced and broadly supported decision making: ‘As the case studies have shown,
open, transparent and egalitarian processes help navigating contemporary multi-
risk environments with more success’ (cf. case study financial risks in water infra-
structure planning, p. 22).

It seems that the organization of public involvement is very important (with a focus
on early on deliberation instead of raising unnecessary conflict). In some cases,
however, conflict seemed to be justified and functional. In the case of glyphosate,
public concerns (partially) led to more research into possible carcinogenicity of the
substance.

Lesson from the case study comparison: Generally, deliberative methods and
processes are very valuable, but a decision has to be made which questions can be
discussed and evaluated and which questions are not included. Deliberative meth-
ods should be deployed without obfuscating possible differences in evidence and
different reasons for conflicts on interests, values and knowledge.
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Another controversial issue was the question to which extent industry should be
involved in the risk governance process. Arguments in favour of industry involve-
ment concerned the fact that industry often had more means to, for instance, per-
form quick assessments.

Multiple cases on the other hand showed that the risk assessments of industry ac-
tors were more positive about the risks of an innovation than, for instance, EU
agencies (cf. case study glyphosate, p. 9-11; microplastics, p. 14; EDCs, p.18 f;
neonics, p. 14 f).

In the glyphosate case ‘the uncertainty with regard to the glyphosate risk is pre-
sented less as a clash of scientific findings but rather a problem of conflicting regu-
latory scientific choices in the hazard identification/risk assessment stage. (...) ‘sci-
entific uncertainty is mostly fuelled by normative and interpretative ambiguity (...)
the reliability of industry studies is questioned, and regulatory authorities apply a
weight of evidence approach that leads to academic studies being of limited signifi-
cance to the risk assessment performed, leading to opposing findings concerning
the highly contested carcinogenicity of glyphosate’ (cf. case study glyphosate, p.
36).

Lesson from the case study comparison: There is a need to clarify role of in-
dustries in the risk assessment compared to possible other risk assessors. Also, the
decisive role of evidence risk assessment needs to be made explicit. Furthermore,
risk assessment needs to reflect constantly on validity, potential bias, and trans-
parency.

In most cases a cost-benefit analysis has been carried out during the application
of the PP and the proportionality of measures was taken into account. There were
differences however in what benefits had to be taken into account for whom and
how such benefits should be assessed in relation to costs.

In the case of microplastics it is argued: ‘Since it is not realistic in the current soci-
ety to ban all plastic products, yet we need to find a way to deal with potential
negative effects, a cost-benefit analysis needs to have a central place in this dis-
cussion’ (cf. case study microplastics, p. 20)

In the case of gene drives the issue is described as follows: ‘cost benefit analyses
tend to discount future interests and needs: the focus is mainly on short term ben-
efits, while long term social costs are taken into account to a lesser degree’ (cf.
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case study p. 12). In this case there was no formal cost benefit analysis, costs and
benefits were perceived differently by different stakeholders.

Based in the neonics case it should be acknowledged that cost-benefit analysis
may come with limitations, as future costs and benefits are difficult to estimate
precisely and that such analysis would contain several uncertainties and limitations
(cf. case study neonics, p. 31).

Lesson from the case study comparison: There is a need for more transparency
concerning the details of cost-benefit analysis, proportionality and acknowledge-
ment of the limits and uncertainties inhibiting cost benefit analysis. This includes
short term versus long term costs and benefits. Also, an institutional memory and
repository of knowledge needs to be established that fosters mutual learning.

The only cases in which the innovation principle demonstrably had a role was the
case EDC'’s (case study, p. 24) and neonics (case study, p. 36) The PP did not have
an effect on innovation pathways according to the case study researchers.

This does not mean that the benefits of innovation were not taken into account in
the cases. The benefits of potential innovations were part of the public and policy
discourse in many of the cases.

The case study on water infrastructure planning demonstrates that the implemen-
tation of the PP requires innovation in technologies, organization as well as in fi-
nancing.

Lesson from the case study comparison: Most case studies demonstrate clear
examples of technology push in the public discussions as well as in regulatory deci-
sions and in the use of cost-benefit analysis/proportionality and impact assess-
ments. In one case, a lack of technological innovations has been compensated by
organizational or financial innovation.
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In some cases there existed controversy with regard to the question if the precau-
tionary principle or the principle of prevention'? was more appropriate (cf. case
studies microplastics p. 14; neonics p. 2).

Lesson: More analytic clarity is required with regards to what distinguishes the PP
from the principle of prevention.

Many case studies showcase examples of other ways in which precaution was ap-
plied towards technological innovation, besides regulation.

In the scientific-technological environment examples of applying precaution without
regulation can be found in:

The role of peer review in academic journals (cf. case study gene drives, p. 19)
Research in to technologies that mitigate risks (cf. case study gene drives, p.
19f)

Raising awareness in the scientific community (cf. case study nanotechnology,
p.13; gene drives, p.19)

The construction of risk assessment frameworks in combination with technology
research (cf. case study gene drives, p.20; nanotechnology, p.21))

The engagement of scientists in public debates as to improve mutual under-
standing (cf. case study microplastics, p.22)

The application of safety-by-design (cf. case study nanotechnologies, p.14)

With regard to economic dynamics, the following precautionary strategies can be
found in the case studies:

Pressure from consumers (cf. case study EDCs, p. 25)
Letters of intent to buy new products, as well as public scrutiny of the behav-
iour of global brands (cf. case study EDCs, p. 23)

In relation to societal interactions/norms, precaution is enforced through:

Public pressure from consumer organisations, think tanks and NGOs, as well
as from (some political parties in) the European Parliament (cf. case study
EDCs, p.25)

21n the terminology of risk management actions, the term risk prevention refers to the
process of actions to avoid a risk source or to intercept the risk source pathway to the reali-
zation of damage with the effect that none of the targets are affected by the risk source
(Aven et al 2015).
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The role of mass media and social media (cf. case study microplastics, p. 22)

Some cases (CDSS, p. 22; nanotechnology, p. 11) showcased the advantages of
early precautionary thinking and foresight early in the innovation pathway.

Lessons from the case study comparison: There is a need for more integrative
risk governance approaches, foresight and stakeholder involvement with regard to
risk regulation and innovation policy.

4. Complexities and controversies with regard to
the effects of the application of the PP for innova-
tion

In many cases the application of the PP seemed to foster incremental innovation
rather than radical innovation. In some case studies it was argued that the applica-
tion in some instances could halt radical or disruptive innovation. The application of
the PP also often did not lead to ‘radical’ regulation, even if deemed necessary (as
was deemed necessary by some stakeholders for instance in the case of AI and
nanotechnology).

In the case of EDCs it was stated that ‘locally, incremental innovation is safer and
more profitable, given that other industries are not co-investing. However, globally,
radical innovation can be seen as more profitable. Here public-private cooperation
is required to create the critical mass necessary for radical innovation. In this con-
text we also need more of a debate on the role of regulatory agencies in the con-
text of radical innovation’ (cf. case study EDCs, p. 26)

Lessons from the case study comparison: More empirical research is required
to test the claim that the PP currently halts important radical innovations in the EU.

The application of the precautionary principle contributed (if it was applied in the
case) often to alternative, more responsible innovation pathways, like green chem-
istry (cf. case study EDCs, p. 27), improvements to the quality of seed treatment
formulations, modifications to planting equipment using deflector techniques that

reduce emission of dust during sowing of seeds coated with neonics, new plant pro-
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tection technologies and non-chemical alternatives to pest management (cf. case
study neonics, p.35), green nanotechnology, which recently appears to be embed-
ded into overarching policy concepts like circular economy and the sustainable de-
velopment goals (SDGSs).

As nanomaterials are also chemical substances to a certain extent the discussion
also connects to the recent EU strategy on Chemical Safety for Sustainability
(CSS)*3. And safe-by-design approaches (cf. case study nanotechnology, p. 42) as
well as different strategies for overcoming infrastructure gaps (cf. case study finan-
cial risks in water infrastructure planning, p. 16).

In other cases it has stimulated the use of non-technological solutions, like social
innovations in the neonics case study (cf. case study neonics, p.36).

Only in the case of EDC’s (cf. case study EDCs, p. 25) did the application of the PP
lead to regrettable substitution (though it can be questioned if this was only the
effect of the application of the PP).

Lessons from the case study comparison: There is the need to stimulate possi-
bilities for alternative solution pathways for innovations.

5. Discussion and lessons from case study compari-
son

The main research goal of the inter-case study comparison is to better understand
the complexities and controversies around the application of the PP in practice
across the nine case studies. What are the complexities, uncertainty, and ambigui-
ties associated with the case studies and how have they been understood by vari-
ous relevant actors (legal, policy makers, the risk community, NGOs, industry, the
public)?

Based on the nine intra-case study analyses, the case study comparison aims to
draw lessons from concrete cases in which the precautionary principle was (or could

13 com (2020) Communication from the EU Commission; Chemicals Strategy for Sustainability Towards
a Toxic-Free Environment, No. No 667, 15.10.2020 https://eur-
lex.europa.eu/resource.html?uri=cellar:f815479a-0f01-11eb-bc07-
0laa75ed71a1.0003.02/DOC_1&format=PDF
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have been) applied in relation to a presumed socio-technological or socio-economic
innovation.

The following table below merges all lessons from the intra-case study analysis and
provides an overview of the lessons learnt from the case study comparison.

Table 2: Overview of lessons in the dimension relevance from intra-case study
comparison

Relevance

Lesson No. Issue

1.1 Framing of PP and innovation

The importance of understanding each other’s meaning of framing and stimulating reflec-
tion on different frames, including one’s own presuppositions to avoid prejudices and po-
larization in discussions.

1.2 Subjectivity and objectivity in risk assessment

The need for more transparency with regard to the subjective aspects of risk assess-
ment. This implies the need for more inclusive and deliberative assessment methods,
without delegitimizing the role of experts and avoiding ‘partisan’ risk assessments.

1.3 The problem of admitting uncertainty

The need for characterization of uncertainty. Need to take a broader array of potential
consequences into account, in order to develop technology with a fair distribution of risks
and benefits. More open communication about the fallibility of science and limits of scien-
tific knowledge and technological solutions.

1.4 Layers of uncertainty

There is a need for more integrative integrative risk governance frameworks'* that con-
nect between different types of uncertainties, in order to inform risk assessors on the
applicability of the PP in the case of accumulated uncertainties.

1.5 The many aspects of hazards

More integrative risks assessment frameworks. Involving different scientific disciplines in
the risk assessment process

14 ¢f. white paper towards and integrative risk governance framework (Renn 2008) or integrating ap-
proaches in Food Safety Governance (Renn & Dreyer 2009)
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1.6 Weighing of benefits and uncertainties

There is a need to take alternative (emerging) innovation pathways in the context of risk
assessments into account.

Lesson No. Issue

1.7 The difficulty of prevalence and dependencies

More attention on irreversible consequences of large scale (disruptive) innovations in innova-
tion policy, already in the R&D phases. In general, more attention needs to be paid to rein-
forcing factors of risk — additionally to the conventional assessment of risks by impact and
probability. These reinforcing factors are — besides of the lack of reversibility - the propaga-
tion and diffusion of a damage (in time and space), or, in case of health risks, the change
from acute to chronic disease. There seems to be a need for interim risk assessment after
introduction of some new technologies.

1.8 The problem of no established science

Regular ‘emerging technologies’ scanning, capacity building and foresight for public policy
are important. There is a need to think about 'robust' research policy, for example policy
aimed at problem oriented research, which does not necessarily require a specific technology
as a starting point.

Table 3: Overview of lessons in the dimension procedures of intra-case study

analysis
Procedures
Lesson No. Issue
2.1 The meaning of applying the PP
There is a need for more clarity on the different possible measures in relation to applying
the PP.
2.2 Address regrettable substitution

The PP needs to be applied early on in the process in order to avoid sudden regrettable
substitution. Also, there is a need for more integrative risk governance.

2.3 The need for transparency

There is an increased need for (regulatory) transparency.

2.4 Organization of knowledge networks
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Transdisciplinary knowledge networks should be organized so that problems addressed in
the Global Sustainable Development Goals (SDGs) gain priority and the development of a
specific technology is viewed as one possible way to resolve one or several of these is-
sues. This requires a trusted platform of deliberation to identify, structure and evaluate
the available information on the technology when in its infancy stage.

Lesson No. Issue

2.5

Public involvement

Generally, deliberative methods and processes are very valuable, but a decision has to
be made which questions can be discussed and evaluated and which questions are not
included. Deliberative methods should be deployed without obfuscating possible differ-
ences in evidence and different reasons for conflicts on interests, values and knowledge.

2.6 Industry involvement

There is a need to clarify role of industries in the risk assessment compared to possible
other risk assessors. Also, the decisive role of evidence risk assessment needs to be
made explicit. Furthermore, risk assessment needs to reflect constantly on validity, po-
tential bias, and transparency.

2.7 Cost-benefit analysis and proportionality

There is a need for more transparency concerning the details of cost-benefit analysis,
proportionality and acknowledgement of the limits and uncertainties inhibiting cost bene-
fit analysis. This includes short term versus long term costs and benefits. Also, an institu-
tional memory and repository of knowledge needs to be established that fosters mutual
learning.

2.8 Aligning innovation with precaution

Most case studies demonstrate clear examples of technology push in the public discus-
sions as well as in regulatory decisions and in the use of cost-benefit analy-
sis/proportionality and impact assessments. In one case, a lack of technological innova-
tions has been compensated by organizational or financial innovation.

2.9 Precautionary principle vs principle of prevention

More analytic clarity is required with regards to what distinguishes the PP from the prin-
ciple of prevention.

2.10 Alternatives to regulation in precaution

There is a need for more integrative risk governance approaches, foresight and stake-
holder involvement with regard to risk regulation and innovation policy.
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Table 4: Overview of lessons in the dimension effects of intra-case study

analysis

Effects

Lesson No. Issue

3.1 Incremental vs. radical innovation

More empirical research is required to test the claim that the PP currently halts important
radical innovations in the EU.

3.2 Alternative innovation pathways

There is the need to stimulate possibilities for alternative solution pathways for innova-
tions.

The results of the inter-case study analysis indicate that there are three main cate-
gories which need to be considered in the forthcoming process of the RECIPES pro-
ject: chapter 2 issues regarding relevance, chapter 3 regarding procedures and
chapter 4 regarding effect. These three dimensions can serve a suitable analytical
grid to contribute to an improved alignment of the PP and innovation. Cross-cutting
issues that played a significant role in the complexities and controversies with re-
gard to the relevance of the PP are issues concerning four main issues: 1. layers of
uncertainty, 2. aspects of hazard, 3. weighing of benefits and uncertainties 4. the
difficulty of prevalence and path dependencies. In the second dimension, i.e. com-
plexities and controversies with respect to the procedures regarding the application
of the PP, issues relate to four main aspects: 1. the meaning of framing in the dis-
courses, 2. the meaning of the PP and its measures, 3. the organization of
knowledge networks, 4. cost benefit analysis and proportionality.

Therefore, there is a need for more integrative risk governance frameworks that
connect between different types of uncertainties which can inform risk assessors
on the applicability of the PP in the case of accumulated uncertainties. Further a
second lesson is that transdisciplinary knowledge networks are required that fo-
cus on investigation of societal needs. Technology development should be fo-
cussed on answering these needs and requirements. This approach requires
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trusted platforms of deliberation to identify, structure and evaluate the available
information on the technology, when in its infancy stage.

The analysis of the complexities and controversies indicates that two main reasons
for controversies and disputes are located at conflicts between claims of evidence
and values (Linkov et al. 2014, Renn 2008) the overarching meta-theme is a need
for integration of competing and controversial knowledge claims. This raises the
question how different knowledge and evidence claims can be compared, evaluated
and assessed in order to feed into scientific policy advice.

The scientific evidence gained in the intra- and inter-case study analysis, obtained
through systematic research and evaluated according to established methodology
and rules, is essential for understanding complex natural, technological as well as
social phenomena and, therefore, for making informed decision. And for the poli-
cymaking process and related decisions made by policymakers should be evidence-
informed but the scientific advice itself must always be evidence-based (Renn, Ba-
hamian & Capaccioli 2019).

The results of the intra-case study comparison indicate that the compiled
knowledge builds on robust scientific evidence (Nowotny 2003; Nowotny, Gibbons
& Leydersdorf 2001)*> which needs to be contextualized e.g. in participatory pro-
cesses, so that evidence-based knowledge can evolve into evidence-informed col-
lectively binding decisions.

'* Nowottny et al suggest that scientific knowledge, in other words evidence-based knowledge needs
to be contextualized, because it is no longer sufficient, because in more open knowledge
environments that are now emerging, knowledge also needs to be ‘socially robust’, because
its validity is no longer determined solely, or predominantly, by narrowly circumscribed sci-
entific communities, but by much wider communities of engagement comprising knowledge
producers, disseminators, traders, and users.
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D2.4.2 Inter-case study analysis

6. Annex
1. Core 1.1 Time peri- | 1.2 Geographic 1.3 Role of the | 1.4 Unique
characteris- | od focus PP in case characteristics
tic of the of the case
case
2. Innova- 2.1 Why has 2.2 Economic, 2.3 Are these 2.4 What do the
tion as- this prod- social, environ- benefits them- | different stake-
sessment uct/technology | mental benefits selves debata- | holders say
been devel- ble? What is about the bene-
oped? What the evi- fits?
problems will dence/uncertai
it / does it nty discussion?
solve?
3. 3.1 What is 3.2 Describe how | 3.3 potential 3.4 extent of
Risk/threat | the overall different societal severity / (ir)reversibility

risk(s) of the
topic?

groups (individual
health, local
communities, the
local environ-
ment, and future
generations) are
threatened or

scope of the
harm

of deployment

potentially
harmed.
4. Scientific | 4.1 What is 4.2 Which scienc-
analysis the state of es were involved
about the research in risk assess-
threat field? ment
5. Episte- 5.1 Complexi- | 5.2 Uncertainty 5.3 Ambiguity
mological ty
challenges
6. Rele- 6.1 Why is the | 6.2 Normative
vance of PP relevant to | underlying argu-
the PP to this case ments
the case
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7. 1 Risk 7.1.1 Whatis | 7.1.2 If applica- 7.1.3 Has an 7.1.4 Optionally,
governance | the legal sta- ble, describe the impact as- how other regu-
tus of the PP discussion of the sessment has latory policies
Politi- in your case acceptabil- been made (i.e. ISO, EU
cal/juridical | and jurisdic- ity/tolerability/int | prior to the bodies, stand-
dynamics: tions? olerability of risk | adoption of ards, voluntary
context in regulatory de- [ precautionary | regulations, re-
cisions. measures? search policies)
have been used
in this case.
7.2 Risk 7.2.1 How has | 7.2.2 If the PP 7.2.3 If the PP | 7.2.4 Has a re-
governance | the threshold has been invoked, | has been in- versal of the
of damage have both the voked, is the burden of proof
Politi- been set, and | cost-effectiveness | measure re- been specifically
cal/juridical | met or not of the measure, versible? implied or re-
dynamics: met, in exist- | and the propor- quested in legal
core com- ing legal cases | tionality of the or regulatory
ponents or regulatory measure been decisions?
decisions? considered in ex-
isting legal cases
or regulatory de-
cisions?
7.3 Risk 7.3.1 The sci- | 7.3.2 The eco- 7.3.3 Societal
governance | entific- nomic dynamics interactions/
technological norms
2" order
dynamics environment
8. Reflec- 8.1 Who have | 8.2 Any alterna- 8.3 Have 8.4 Important
tion on the | reflected on tive proposals for | stakeholders relevant context
PP in the (and criticized) | the application called for the (like economic
literature the present and use of the revision of the | forces)

use and appli-
cation of the
precautionary

precautionary
principle with re-
gards to the case

PP in the case?

principle study topic
9. Effect of | 9.1 What al- 9.2 Other innova- | 9.3 Other 9.4 Regrettable
the PP on ternative in- tion pathways in types of solu- substitution?
innovation novation other geograph- tions than in-
pathways pathways can | ical regions novation?

or has the PP
opened up, if
any?
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10. Innova- | 10.1 Which 10.2 How is the 10.3 How was 10.4 Did the IP
tion princi- | stakeholders IP positioned? it juxtaposed have any effects
ple invoked IP? How could it be to the PP? on the innova-
Are there positioned (if not tion pathways?
plans to in- invoked)?
voke it?
11. Synthe- | 11.1 The role 11.2 Risk govern- | 11.3 The over- | 11.4 Recom-
sis of complexity, | ance of uncertain | all tension be- | mendations to

ambiguity and
uncertainty in
understanding
your case

risks:

a. How did the
geographical re-
gion deal with the
risks and what
factors play a
role?

b. How did these
representations
relate to what we
know now?

tween PP/ IP:

a. The possibil-
ity of win-lose,
lose-lose, and
win-win dy-
namics be-
tween precau-
tion and inno-
vation

b. Whether the
IP can improve
these dynam-
ics, or whether
(other) chang-
es would need
to be made to
the PP to ac-
commodate the
issues in your
case.

the case study
comparison
team, lessons
learnt for RECI-
PES tools and
guidelines; dis-
cussion of re-
sponsi-
ble/sustainable
innovation and
RRI
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Case studies in order of appearance in the rows of the table:

Not Case Study

1 Genes Drives

2 Genetically Modified Organismus (GMO)

3 Endocrine Disrupting Chemicals (EDCs)

4 Neonicotinoid insecticides (neonics)

5 Nanotechnologies

6 Glyphosate

7 Financial risks in water infrastructure planning

8 The use of Artificial Intelligence in healthcare - Computer Deci-
sion Support Systems (CDSS)

9 Microplastics in food products and cosmetics
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NB: In the analysis not all research questions are relevant or could be answered in

each case study, therefore some fields in the following table may not be filled out.

The content in the tables are originally taken from the texts in each case study and
arranged for analytical reasons following the grid of the research questions (rows)
and the case studies one below each other (columns).

1. Core char- 1.1 Time 1.2 Geo- 1.3 How has 1.4 Unique
acteristics period graphic the PP been characteris-
case focus applied? tics / out-
standing
features of
the case
New Gene First pro- EU Applied to the Case is not
Editing tech- posal theo- GMO regula- about in-
niques: gene retical con- tions applica- conclusive
drives cept for ble to gene evidence,
gene drives drives but about a
(1960) - in missing
silico re- field of sci-
search in- entific
vertebrates knowledge
(2020). about the
environ-
mental ef-
fects of ge-
netic modi-
fication on
a popula-
tion level.
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Genetically 1973 the Bulgaria Applied to ban GMOs have

Modified Or- first example all GMOs and been consid-
ganisms of a GMOs nearly all gene- ered as syn-
(GMOs) and spurs editing re- onymous to
the devel- search, but not risk, and are
opment of evidence- not well per-
the field /science-based. ceived in the
country (Bul-
- 2020 garia). The
attitude
The LGMO re- among legis-
fers directly to lators re-
the precaution- flects a
ary principle, strong pre-
and explicitly cautionary
states as its principle
primary objec- whereby
tive the need to risks are as-
ensure protec- sumed to be
tion of the hu- highly prob-

man health and
the environ-
ment from any
hazards result-
ing from the ac-
tivities it sought
to regulate.

able, without
cost-benefit
considera-
tion.

These are ex-
plicitly specified
to include any
work with GMOs
in contained
environment,
deliberate re-
lease of GMOs
in the environ-
ment, release
to the market of
GMOs or com-
bination of
GMOs as single
products or
product ingredi-
ents, the relo-
cation, trans-
portation, im-
port and export
of GMOs, and
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further specifies
the scope of
management
and control of
these activities.
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Endocrine Dis- EU Some EDCs EDCs widely
rupting Chem- have been prevalent,
icals banned for cer- but process-
tain applica- es to identify
tions, others EDCs remain
not yet contested.
Dilemma be-
tween socie-
tal pressure
to regulate
and time to
gather evi-
dence. Re-
sulted in
regulatory
stalemate, as
well as in re-
grettable
substitutions.
Neonicotinoid EU Some neonics Risk assess-
insecticides Neonics in- have been ment includ-
vented in banned for cer- ing inde-
the tain applica- pendent re-
1980-90, tions, others search and
put on not yet stakeholder
the mar- input. EC
ket regulation
1990s, allowing a
risk dis- reassess-
covered ment of ap-
in the proval before
mid/late approval pe-
1990s - riod ended.
ongoing,
then the
PP was
invoked
in the
2000 -
ongoing
(in the
EU, spe-
cifically
in 2013
and
2018,
court
case on-
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going).

Nanotechnol-
ogies

1997 First
mention of
nanotech-
nology with-
in an EU-
level strate-
gic docu-
ment - 2020
Horizon Eu-
rope
Framework
Programme
- 2021-2027

EU, Ger-
man
speaking
countries,
Austria

1. EUC nano-
technology ac-
tion plan "Safe
and sustainable
development of
NT"

2. specific legis-
lation in con-
sumer product
areas

3. risk govern-
ance activities
for evaluation of
the available
knowledge (un-
certainty man-
agement)

4. guidelines for
worker safety

5. safety re-
search pro-
grammes

6. establish-
ment of public
communication
strategies

Umbrella
term of very
different sci-
entific ap-
proaches and
disciplines;

interesting
new features
and func-
tionalities;
combination
of engineer-
ing and life
science ap-
proaches;

now incorpo-
rated in the
field of ad-
vanced ma-
terials
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Glyphosate

2012-2017
(time period
of renewal
procedure).

[Monsanto
developed
and patented
the use of
glyphosate to
kill weeds in
the early
1970s and
first brought
it to market
in 1974, un-
der the
Roundup
brand name.]

EU

The substance
has not been
banned (yet),
but the regula-
tion which gov-
erns the re-
assessment
process is
based on the
PP; the fact that
the assessment
takes place is
an application
of the PP;

the limited
length of the
authorisation is
a form of pre-
caution

Risks be-
came known
after long
time of use
only;

Scientific un-
certainty in
face of multi-
tude of stud-
ies;

EU institu-
tions do not
acknowledge
scientific un-
certainty;

45




Financial risks
in water infra-
structure
planning

1989 - 2017

Milan and
London

Applied, without
attention to
cost/proportion
ality of meas-
ure.

The relationship
between cities
and their infra-
structure de-
fines how socie-
ty interacts with
the environ-
ment, thus em-
phasizing the
importance of
the way we
govern, main-
tain and con-
struct urban
water infra-
structure. The
precautionary
principle by
means of the
WFD, thus en-
acts immense
influence over
the way we or-
ganize our cit-
ies.

A particular key
issue is the Ur-
ban Waste Wa-
ter Treatment
Directive, which
is one of the
‘industry direc-
tives’ born from
the WFD. It has
been utilized to
sue cities within
the European
Union that do

It provides a
reverse per-
spective on
the precau-
tionary prin-
ciple, it does
not follow
the introduc-
tion of a new
product or
technology in
tension with
the precau-
tionary prin-
ciple, but it
examines the
long-term
impacts of a
precaution-
ary principle
regime.

Size of the
project,
'white ele-
phants',

The London
case focus-
ses on an in-
dividual in-
frastructure
project and
shows how
financial in-
novation has
shaped the
case. The Mi-
lan case pre-
sents a long-
er-view per-
spective that
shows how
structural
changes in
the infra-
structure
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not conform
with the im-
posed waste
water standards

sector have
enabled an
environment
for sustaina-

ble financial

innovation.
The use of Ar- 1972 (MY- EU Not applied. It Possible
tificial Intelli- CIN) - has been men- ‘emerging’
gence in March 2020 tioned in rela- case. Human
healthcare tion to the im- rights focus
(CDSS) plementation of

Al in general
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Microplastics 1950: In- EU The PP is not 1. Lack of a
in food prod- dustrial de- yet applied, but definition of
ucts and cos- velopment the European microplastics
metics led to large Commission is 2. because of
scale plastic working to ban limited haz-
production - microplastics in ard and risk
2020: Final cosmetics via assessment,
opinions on the REACH reg- it is not pos-
the re- ulation sible to de-
striction termine a
proposal by maximum
the Risk As- threshold for
sessment exposure in
Committee food at this
and the So- moment
cio-
Economic
Assessment
Committee
of ECHA

New Gene (contribution Public Very large / ig-
Editing to) eradication health, norance
techniques: of vector environ-
gene drives borne disease ment

or invasive

pests, in-

creased resili-

ence of spe-
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cies.

Genetically
Modified
Organisms
(GMOs)

Many different
GMOs/ bene-
fits

Transferring
beneficial
traits across
species to im-
prove herbi-
cide resistance
and pesticide
tolerance;

to increase
yield;

to improve nu-
tritional val-
ues.

Insulin pro-
ducing bacte-
ria or bacteria
for oil spill
mitigation

Potentially
solving
food
shortages

Reducing
long-time
horizons
and limited
scalability
of conven-
tional
breeding

Agricultur-
al benefits,
economic
benefits,
nutritional
benefits,
enhanced
food quali-
ties, ena-
bling ther-
apeutics

Especially the
broader bene-
fits are debata-
ble

Many of
these al-
leged bene-
fits however
are com-
monly linked
to commer-
cial inter-
ests, and
sometimes
to specific
corporations
hosting and
sponsoring
the re-
search, mar-
ketization
and com-
mercialisa-
tion of GM
crops. This
makes it
particularly
challenging
to provide
an unbiased
and credible
assessment
of the extent
to which
benefits can
be trans-
ferred onto
end con-
sumers.

‘The authors
further claim
that NGO
reports and
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non-
scientifically
reviewed
publications
were found
to be more
likely to re-
port lower
estimates of
positive im-
pacts of GM
crop benefits
than ones
published in
peer-
reviewed
journals.!
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Endocrine
Disrupting
Chemicals

They were
originally en-
gineered so as
to produce
benefits for
various indus-
tries, consum-
ers, and indi-
viduals. As
such, EDCs
can be found
in many prod-
ucts

They were
originally en-
gineered so as
to produce
benefits most
importantly -
but not exclu-
sively - for
industry and
agriculture,
households
and consum-
ers, as well as
for medical
and personal
health care.

In the area of
household
products, the
most well-
known chemi-
cals with en-
docrine-
disrupting
properties
were originally
developed for
the plastics
industry

In the field
of agricul-
ture, pes-
ticides and
herbicides
have rep-
resented
“a great
benefit for
human
health”,
for exam-
ple by
helping to
“control
agricultur-
al pests
[...] and
plant dis-
ease vec-
tors” and
by insuring
“increased
food pro-
duction
[and] a
safe and
secure
food sup-

plyll
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Finally, some
chemicals
have been
purposefully
designed to
have endo-
crine-
disrupting
properties so
as to benefit
human health.
This particu-
larly includes
EDCs devel-
oped for fe-
male heath,
such as for
birth control
and for the
treatment of
menopause
symptoms.
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Neonico-
tinoid in-
secticides

The invention
of neonico-
tinoids in the
late 1980s and
1990s, are of-
ten highlight-
ed as signifi-
cant techno-
logical ad-
vancement in
pesticide de-
velopments,
signifying a
new era of
pest manage-
ment, with a
higher versa-
tility in appli-
cation meth-
ods and a high
target specific-
ity

They are
promoted
for provid-
ing a cost-
effective in
increasing
yields, but
it is also
argued
that their
targeted
use has
decreased
the use of
other pes-
ticides.

Countering this,
other studies
have not found
clear and con-
sistent evidence
on yield bene-
fits from the
use of neonico-
tinoids on dif-
ferent crops.

Another issue is
that due to the
widespread
use, some spe-
cies have start-
ed developing
resistance to
some neonics
(see Bass et
al., 2015 for
review of litera-
ture on pest re-
sistance to ne-
onicotinoids).
Additionally, a
decline of polli-
nators may
have huge con-
sequences for
yields of crops
that depend
them
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Nanotech-
nologies

Because of
their high var-
iability and
universal use
nanotechnolo-
gies are
among so
called key en-
abling tech-
nologies (KET)

Nanomaterials
and products
have already
found their
way into eve-
ryday life, be-
ing used in
consumer
goods, con-
struction,
pharmaceuti-
cals and
chemicals,
healthcare,
power genera-
tion and in-
formation
technology

KETs are
technolo-
gies which
are meant
to retain
the com-
petitive-
ness of the
European
industries
and capi-
talise on
new mar-
kets
worldwide.

Nanomaterials
are already be-
ing used in var-
ious commer-
cial consumer
products, such
as electronics,
but still very
little is current-
ly known about
their production
volumes, mar-
ket distribution
and their fate
and impact
over the value
chain and life
cycle, because
valid infor-
mation is miss-
ing. It is there-
fore essential to
further develop
reliable, stand-
ardised refer-
ence materials,
robust analysis
and measure-
ment methods
as well as a
harmonized
registration
system for all
nanomaterials.
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Glyphosate

Glyphosate-
based herbi-
cides are used
worldwide to
remove un-
wanted weeds
not only in ag-
riculture, but
also forestry,
gardening and
use in public
parks, and to
remove un-
wanted weeds
from railways

Especially in
combination
with GMOs,
glyphosate
was claimed to
have many
advantages,
the first being
that it leads to
a reduction of
other chemical
and mechani-
cal ways of
killing weeds,
which were
said to be
more harmful
to the envi-
ronment

Farmers’
organisa-
tions like
the British
National
Farmers’
Union
(NFU)
stress that
glyphosate
is very im-
portant in
agriculture
and that a
withdrawal
of approv-
al would
have many
negative
conse-
quences,
including
the in-
creased
need for
tillage
leading to
a decrease
in earth-
worms, a
decrease
in soil or-
ganic mat-
ter and in-
creasing
CO2 emis-
sion (NFU
2017).

However, the
benefits pre-
sented in the
context of
glyphosate may
be relativized.
The weeds
which glypho-
sate is sup-
posed to Kkill
will, over time,
become in-
creasingly re-
sistant to it. In
turn this leads
to an increase
in the use of
glyphosate-
based pesti-
cides, the re-
turn to tillage,
and an increase
in combining
the use of
glyphosate-
based pesti-
cides with other
pesticides
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Financial
risks in wa-

Access to
clean water

ter infra- and sanitation
structure has been rec-
planning ognised as a
human right
water infra-
structure is a
key prerequi-
site for the
development
of cities
The use of Faster, easier, Public In many cases
Artificial cheaper, more health, effectiveness
Intelli- accurate, effi- personal- and efficiency is
gence in cient and ef- ised medi- contested, ex-
healthcare fective deci- cine, less tra costs for
(CDSS) sion-making in healthcare maintenance
healthcare costs, and education,
general, more long term
increase studies are
technolog- needed
ical com-
petiveness

56




Microplas-
tics in food
products
and cos-
metics

Microplastics
have not been
developed as
a solution to
one clear is-
sue. Rather, it
is a side effect
of the growing
use of plastic
in a wide vari-
ety of uses.

Microplastics
in cosmetics is
a cheaper al-
ternative to
natural sub-
stances for the
purpose of ex-
foliation,
scrubbing etc.
Microplastics
in food is a
side-effect
from the wide-
spread use of
plastics in all
kinds of appli-
cations. This is
often a cheap,
light-weight
option for
packaging ma-
terials

The inno-
vation and
mass pro-
duction of
plastics
has been a
great con-
tributor to
the grow-
ing wealth
in the
western
world. Be-
cause
plastic is,
in compar-
ison to
other ma-
terials, low
costs, low
weight and
highly re-
sistant to
heat and
chemicals
it is suita-
ble for
many ap-
plications.

For exam-
ple, in cars
and
planes, the
use of
plastic re-
duces the
weight of
the vehi-
cle, lead-
ing to low-
er CO2
emission
and fuel
costs.
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New
Gene
Editing
tech-

niques:

gene
drives

Risks for biosafety
and biosecurity,
moral hazard

Potentially very
severe and
broad scope

Irreversi-
ble
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Genet- Risks for human Irreversi-

ically health, ecosystems ble
Modified and the environ-

Organ- ment.

isms

(GMOs)

Genetic Contamina-
tion/Interbreeding

Competition with
Natural Species

Increased Selection
Pressure on Target
and Nontarget Or-

ganisms

Ecosystem Impacts

Impossibility of Fol-
low-up

Horizontal Gene
Transfer

Adverse Effects on
the Health of People
or the Environment

Unpredictable and
Unintended Effects

Loss of Management
Control Measures
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Long-Term Effects

Ethical Concerns
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Endo-
crine
Disrupt-
ing
Chemi-
cals

There is indeed evi-
dence that exposure
to EDCs induces
various types of dis-
eases, which are re-
lated to any hormo-
nal system in the
body. Amongst oth-
er threats to human
health, there is
strong scientific evi-
dence that endo-
crine disruptors in-
duce negative
health effects relat-
ed to obesity, dia-
betes and cardio-
vascular diseases;
female and male re-
productive health;
hormone-related
cancers in females -
including breast
cancer - and pros-
tate cancer in
males; thyroid
health; and neuro-
development and
neuroendocrine sys-
tems.

Exposure to EDCs
has been linked, in-
ter alia, to the oc-
currence of dyslex-
ia, IQ loss, ADHD,
and autism

Although
EDCs can
thus be
seen as “a
risk that
concerns
us all”,
they pose
risks es-
pecially to
unborn
and young
children

(Unborn)
children
and preg-
nant fe-
males are
thus most
important-
ly threat-
ened and
potentially
harmed,
as are fu-
ture gen-
erations
(WHO,
2012b):
changes
caused by
EDCs at
an early
stage “un-
derlie dis-
orders
that may
manifest
later in
adult life
and con-
tribute to
‘diseased
ageing’
with a
multitude

Given that EDCs
can have serious
and irreversible
health conse-
quences
“throughout life”,
the WHO has
called them a
“global threat
that needs to be
resolved” (WHO,
2012a, p. 27).

Irreversi-
ble
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of chronic
diseases”
(Bergman,
Riegg &
Drakvik,
2019, p.
2). Fertile
popula-
tions,
workers
exposed to
EDCs in
their envi-
ronment,
and peo-
ple with
low in-
comes are
also
among the
societal
groups
that are
most im-
portantly
at risk (Di
Renzo et
al., 2015;
WHO,
2012a).

the ‘cock-
tail effect’.

Finally,
the
threats
that EDCs
pose are
not limited
to human
health but
have im-
plications
for the
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environ-
ment as a
whole and
the well-
being of
wildlife
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Neonico- Water surveys in Very prevalent Irreversi-

tinoid more than a dozen ble
insecti- countries have doc-
cides umented wide-

spread contamina-
tion of surface wa-
ters around the
world at levels that
frequently exceed
water quality norms
(Giorio et al.,
2017). Studies also
confirm wide spread
environmental con-
tamination by neon-
ics in soil, air, wild
plants (including
pollen and nectar),
agricultural pro-
duce, bees, bee-
hives, honey, hu-
man urine and ef-
fluent of waste wa-
ter treatment plants
(ibid). Neonics are
persistent in soil
and can accumulate
from one planting
season to the next
and are taken up by
non-treated follow-
up crops.

In both research
and in public de-
bate, the main at-
tention has been on
the risk that neonics
pose to pollinators,
especially bees.

Pollinator decline is
a serious risk be-

cause they provide
key ecosystem ser-
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vices as many im-
portant agricultural
crops depend on
them. Additionally,
94% of all flowering
wild plants depend
on insect pollinators
for reproduction
(IPBES 2016), and a
decrease in insect
abundance can in
turn have conse-
quences to insect
eaters such as
birds.

There is also a
growing amount of
research demon-
strating risks for
other species and
ecosystem services.

Lastly, risks on the
effects of neonics on
human health re-
mains poorly under-
stood. While high-
lighting that more
research is needed,
the limited literature
on this field suggest
concerns for neuro-
developmental ef-
fects on brain de-
velopment during
prenatal and early
life exposure (pos-
sibly leading to in-
creased incidence of
autism, schizophre-
nia and ADHD) and
a possible role in
Parkinson and Alz-
heimer’s disease
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Nano-
technol-
ogies

Laboratory studies
indicate that the
dose-response rela-
tionship between
nanoscale carbon
black or titanium
dioxide with toxic
effects such as oxi-
dative stress, in-
flammation or geno-
toxicity correlates
with particle size
[68][69].

In addition, other
physicochemical and
functional material
parameters such as
state of aggrega-
tion, density, sur-
face properties,
crystallinity, biologi-
cal impurities as
well as solubility
rates and surface
reactivity have toxi-
cokinetic relevance
[70]. Laboratory in-
vestigations using
the example of pul-
monary exposure in
mice show that na-
noscale titanium di-
oxide (nano-Ti02)
has not caused any
DNA damage com-
pared to its larger
counterparts, but
has led to increased
inflammatory reac-
tions [71].

Reduced lung func-
tionality and in-
creased inflamma-
tion values were al-
so found in workers
exposed to na-
noscale carbon

From a
toxicologi-
cal view-
point a
certain
risk posed
by a sub-
stance is
connected
not only to
the ad-
verse ef-
fect, but
foremost
to the ex-
posure of
a person
or a living
being to
the re-
spective
substance.
In the
case of
nanotech-
nology,
the risk
for human
health is
often iden
tified as
occurring
at the
workplace
(including
laborato-
ries)
where na-
nomateri-
als are
created or
handled.
The other
group
mainly
concerned
are con-
sumers
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black (carbon black) because

[72]. In general, in- they can
halation of ENMs is come into
also associated with contact
cardiovascular dis- with na-
eases, where not nomateri-
only the particle size als via na-
but also shape has noprod-
toxicological rele- ucts.
vance.

However, CNTs not
only cause asthmat-
ic inflammation
[73], but several
publications on bio-
assays in rats sug-
gest that CNTs have
carcinogenic effects
as well.

Although more re-
cent studies rather
address environ-
mental interactions
and transformation
processes signifi-
cantly influencing
toxic effects (e.g.:
particle agglomera-
tion, dissolution),
there is still a pauci-
ty of information
and discrepancies in
literature about
their environmental
impacts.

A very important
issue which turned
up rather late both

68



in public and in sci-
entific discourse is
the behaviour of
nanomaterial-
containing products
at the end of their
life cycle and their
effects on waste
streams and envi-
ronmental media
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Glypho-
sate

In 2013 the NGO
Friends of the Earth
published a media
briefing, in which
they pointed to the
toxicity of the sub-
stance. The brief-
ing, mostly referring
to data from Latin
America, also cited
studies pointing to
birth defects, an in-
creased rate of mis-
carriages and a risk
of genotoxicity
(leading to genetic
mutation and an in-
creased cancer
risk). Furthermore,
according to other
research, it is esti-
mated that glypho-
sate exposure poses
risks to the kidney
and the liver (Myers
et al 2016).

Carcinogenicity

Endocrine disruptor

First, specific spe-
cies are harmed by
glyphosate and,
second, it might en-
danger the whole
ecosystem through
its negative effects
on biodiversity,
which in turn harms
many species form-
ing part of the eco-
system.

Many of
the case-
controlled
cancer
studies
that are
used in
the IARC
assess-
ment were
conducted
amongst
male
farmwork-
ers, ex-
cluding
women
from the
studies
(IARC
2015). Al-
so the EU
risk as-
sessment
of glypho-
sate has
been criti-
cised for
lacking at-
tention to
vulnerable
groups,
for exam-
ple
through
not exam-
ining the
risk of ex-
posure for
pregnhant
women

Endocrine
disrupting
effects dif-
fer per
gender

Due to the popu-
larity of glypho-
sate and glypho-
sate-based herb-
icides (GBHSs),
humans are ex-
posed to it in
various ways.
First of all, obvi-
ously the appli-
cation of a
glyphosate
based-herbicides
exposes humans
to it: there is the
occupational ex-
posure to
glyphosate
(farmers, work-
ers in garden
and landscape
maintenance,
forestry workers
etc.), but also
exposure
through house-
hold use, as
weed killer on
private proper-
ties (IARC
2015). Further-
more, the con-
tinuously in-
creasing use of
glyphosate has
resulted in the
fact that glypho-
sate and ami-
nomethylphosph
onic (AMPA, the
product into
which glyphosate
is metabolised)
can be detected
in air, water, soil
and also food
(Benbrook
2016).
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Finan- The costs associated
cial risks with the infrastruc-
in water ture investments
infra- needed to comply
struc- with the increasing
ture standards are so
planning high, that they pre-
sent a challenge in
themselves to cities.
Underfinanced infra-
structure leads to
lack or degradation
of water supply sys-
tems which affects
water quality
Financial risks
Planning risks
The use Depends on applica- Data- In some
of Artifi- tion. Harm to (pub- risks: es- case this
cial In- lic) health and viola- pecially might lead
telli- tion human rights women,, to irre-
gence in (privacy, autonomy racial mi- versible
healthca over body, equality, norities, conse-
re access to lower so- quences
(CDSS) healthcare) cio- that en-
economic danger
groups, the sus-
low edu- tainability
cated of the
healthcare
Risks re- system
lated to a
loss of
con-
trol/lack of
human el-
ement/
another
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division of
labour:
patients,
healthcare
profes-
sionals
and socie-
ty as a
whole
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Micro-
plastics
in food
products
and
cosmet-
ics

Microplastics stay
widespread in the
environment for
long; while leaking
added chemicals in
the environment.
Adverse effects of
microplastics in
cosmetics consider
mostly the envi-
ronment. The risk of
microplastics in food
is considered less
serious: most parti-
cles will be excreted
by the body, how-
ever specific effects
on human health
are unknown.

A recent review on
the human health
effects of microplas-
tics mentioned a va-
riety of outcomes
potentially being re-
lated to microplastic
ingestion, including
oxidative stress, cy-
totoxicity, chronic
inflammation and
increased risk of
cancer, neuro-
degenerative dis-
eases and autoim-
mune diseases

Apart from the po-
tential risks caused
by the actual pieces
of microplastics, mi-
croplastic particles
carry other chemical
substances on their
surface or inside the

(sea) ani-
mals,
through
food

Although
the scien-
tific base
for health
risks
caused by
micro-
plastic ex-
posure in
foods is
still thin,
there is no
reason to
believe
that the
exposure
or risks
are specif-
ic for cer-
tain
groups in
society.
Micro-
plastic pol-
lution is a
wide-
spread
problem
and the
food prod-
ucts that
transport
microplas-
tics from
the envi-
ronment
into the
human
body are
consumed
in all lay-
ers of so-
ciety. Alt-

The presence of
large amounts of
microplastics in
the environment
has been estab-
lished conclu-
sively

This com-
bination of
being pre-
sent in
large
amount
and for
such a
long time
makes it
an unpre-
dictable
and unde-
sirable
situation
for the
environ-
ment.

Once in
the envi-
ronment,
not many
options
are avail-
able to get
them re-
moved
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particle

hough no
difference
in the ex-
posure to
microplas-
tics are
expected
between
genders or
specific
local
communi-
ties, there
is specific
concern
for future
genera-
tions

74




4, 4.1 What is the state of the 4.2 Which
Sc research field? sciences
ie were in-
nti volved in
fic risk as-
an sessment?
al
ysi
s

New Although scientists have been
Gene Ed- investigating gene drives for
iting decades, the assessment of risks
tech- did not seem pertinent because
niques: the technology was weak and its
gene development was incremental.
drives However, the scientific break-

through of CRISPR-Cas9 has
quite suddenly made applications
possible that were not before,
raising immediate question per-
taining to safety and ethics more
generally

Field release with research pur-
poses is at least a few vyears
away and expectations are that a
fully evaluated technology to
control disease vectors will not
be available for another 10
years. This is partly due to the
large amount of knowledge nec-
essary to assess the technique’s
safety and efficacy

Some aspects of this knowledge
can be obtained by modelling
environmental impacts and from
experience with similar technol-
ogies or application

Scientists are also learning from
experience with similar technol-
ogies or application domains, like
situations where GMOs have
been detected in wild plant
populations due to seed or pollen
movement and the control of
pest animals
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Genet-
ically
Modified
Organ-
isms
(GMOs)

Industry-funded scientific stud-
ies, as well as those authored by
molecular biologists, tend to be
more likely to express positive
attitudes to GM crops and argue
against serious inherent risks.
Publicly funded scientists, and
those trained in ecology, are
more likely to purport negative
attitudes,

Even scien-
tists within
the same
disciplinary
domain
continue
arguing,
and others
have noted
inconsist-
encies in
data avail-
ability, data
interpreta-
tion, cases
of poor
methodo-
logical rig-
our or
questiona-
ble com-
mercial in-
terests
casting
doubt on
the impar-
tiality of the
research
results
and/or their
interpreta-
tion. Across
disciplinary
domains,
there is
even less
agreement.
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Endo- Scientific analysis of the risks Reports
crine posed by endocrine-disrupting from
Disrupt- chemicals to wildlife, laboratory amongst
ing animals, and humans most im- others
Chemi- portantly includes many “thou-
cals sands of published studies” WHO, UNEP
and the In-
ternational
Labour Or-
ganisation,
consumer
organiza-
tions
Given the
nature of
endocrine
disruption,
the risk as-
sessment of
EDCs has
been a
mostly in-
terdiscipli-
nary en-
deavour
Neonico- During the 1990s, the first early- Mostly
tinoid warning reports emerged linking natural sci-
insecti- neonics bee-colony losses in entists (in-
cides France, and the PP was applied cluding the
to ban products containing neon- disciplines
ics for certain crops chemistry,
biology,
Large amounts of independent toxicology,
peer-reviewed research on the ecology)
risks of neonics, especially on
bees. Many lab studies, but also A few social
some field studies. scientists
like econo-
Industry research and industry mist.
funded research
Independent peer-reviewed re-
search
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EC mandated EFSA reviews
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Nano-
technol-
ogies

First of all, nanotechnological
substances and compounds can
be formed from more than 50
different chemical elements, the
most common being silicium, ti-
tanium, carbon and metal ox-
ides. In the case of carbon the
number of possible chemical
compounds is almost unlimited

The next level consists of the
physical behaviour of nano-
materials in itself and their ten-
dency to form aggregates and
agglomerates on their own and
with components of their envi-
ronment. Nanomaterials can not
only be described by their chem-
ical behavior but also by their
physical properties such as sur-
face area, surface charge or cat-
alytic activity. On the next level
they will have to be described
according to their behaviour in
natural environments (water, air,
soil) and living beings, which
adds to complexity the complexi-
ty of this environment. And final-
ly, the universal applicability of
nanomaterials in nearly every
conceivable product and usage is
to be considered.

The risk of a nanomaterial is de-
termined by its chemical compo-
sition, other physicochemical
properties, its interactions with
tissues, and potential exposure
levels. The schematic general
outline for risk assessment of
nanomaterials is shown in Figure
5. (EFSA risk assessment
scheme)

Because of
their prob-
abilistic na-
ture this is
valid for all
scientific
statements,
but for
emerging
technologi-
cal systems
and new
scientific
develop-
ments this
inherent
uncertainty
is absolute-
ly decisive.
Moreover,
this con-
tributes to
their evolu-
tionary
flexibility.
Regarding
advanced
materials
like engi-
neered na-
nomaterials
one has to
add their
general
propensity
to be used
for a wide
variability
of applica-
tions.
Therefore,
talking of
uncertainty
additional
sources of
uncertainty
have to be
considered

Scientifically
ambiguous is
also the way
to define a
dose which is
one of the
central ques-
tions on toxi-
cology and
still an un-
solved ques-
tion for na-
nomaterials
because their
effects are
mainly based
on surface
properties
and not on
mass. In toxi-
cology a dose
can be either
the
mass/weight
of a dissolved
substance per
volume (con-
centra-
tion/gram per
litre) or the
molar concen-

tration of a
dissolved
amount of
substance

(number of
atoms, to be
calculated by
the specific
weight) per
volume (mo-
larity, mol per
litre) or final-
ly, the parti-
cle density or
particle con-
centration per
volume (par-
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Only to give an impression which
information needs are consid-
ered by the EFSA to be neces-
sary to sufficiently characterize
nanomaterials, only the first step
of physico-chemical characteri-
zation is listed here:

1)

2)

3)

4)

specific
morphology
(e.g. rigid, long
tubes or fibres,
high aspect ra-
tio nanomateri-
als, fullerenes,
crystal  struc-
ture, porosity),
carrier materi-
als with cores
and shells of
different bi-
opersistence
(e.g. multifunc-
tional nano-
materials);
com-
plex transfor-
mations (e.g.
ageing, chang-
es in surface
properties, po-
rosity) or me-
tabolites or de
novo formed
particles from
ionic species
altered
hydrophobi-
city/hydrophilici
ty;
persis-
tence/high sta-
bility (e.g. in
water, fat, or
body fluids,
lack of
da-
tion/dissolution

such as lin-
guistic and
terminolog-
ical vague-
ness (this is
the reason
why termi-
nology and
metrology
represent
the first ar-
eas of
standardi-
sation - so
too in
nanotech-
nology).
Additional
aspects
which
might en-
large the
uncertain-
ties con-
cerning
new mate-
rials are the
lack of da-
ta, the lack
of meas-
urement
methods
and proto-
cols, inade-
quate
measure-
ment de-
vices and
generally
the inability
to ask the
right re-
search
questions.
Simultane-
ously the
necessity to
regulate

ticle  counts
per volume).
The definition
of dose de-
pends very
much on the
circumstances
the material
in question
will be pro-
duced, ap-
plied or han-
dled.

However,

even the con-
cept of toxi-
cology itself
can be re-
garded as
scientific am-
biguous de-
pending on
the determin-

ing discipli-
nary back-
ground. The

concept can
be chemical-
driven, mor-
phology-
driven or ra-
diation-
driven.

Although
there are still
no binding
workplace
limit  values
for most fine
dusts and
dusts from
nanomateri-
als, recom-
mendations
for signifi-
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5)

6)

7)

8)

9)

)i
in-
creased reac-
tivity compared
to equivalent
non-
nanomaterial
(e.g. catalytic,
chemical, bio-
logical);
target-
ed or controlled
release by the
nanomaterial;
nano-
materials hav-
ing antimicro-
bial activity;
differ-
ent or in-
creased mobili-
ty of the na-
nomaterial in
vivo compared
to the conven-
tional non-
nanomaterial,
i.e. possibility
of increased bi-
oavailability
and internal
exposure (e.g.
transport via
macrophages;
transport
through cell
membranes,
blood-brain
barrier and/or
placenta, deliv-
ery  systems)
and mobilisa-
tion  potential
(e.qg. infiltra-
tion, sorption,
complex for-
mation);
interac-

the imple-
mentation
of these
new mate-
rials and
products
increases
the pres-
sure on de-
cision-
makers.

cantly lower
threshold val-
ues have al-
ready been
proposed for
some nano-
substances.
These rec-
ommenda-
tions vary de-
pending on
the responsi-
ble authorities
even if they
concern the
same sub-
stances
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10)

11)

tions with bio-
molecules such
as enzymes,
DNA, receptors,
potential ‘Tro-
jan horse’ ef-
fects on immu-
notoxicity);
bioac-
cumulation;
quantum
effects (e.g. al-
tered optical,
electronic,
magnetic, me-
chanical or re-
dox properties
in nanoscale
materials).
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Glypho-

Glyphosate has been the focus of

sate a large and still growing number
of scientific studies.
However, since the mid-2000s
several animal and epidemiology
studies published by non-
industry  associated scientist
seem to «call the safety of
glyphosate into question
Studies by IARC, ECHA and EFSA
Financial A key aspect of urban water is Many disci-
risks in the highly integrated nature of plines, but
water all these risks and dynamics, primarily
infra- which all need to be taken into economic
structure consideration to achieve urban financial
planning socio-environmental sustainabil- policy stud-
ity ies
The use To some degree, clinical trials Analyses
of Artifi- have been executed on CDSS. In have been
cial In- most instances these studies made in in
telli- seem to focus on effectivity and the field of
gence in economic benefits, and there Al re-
healthca still exists considerable uncer- search,
re tainty about the long-term ef- computer
(CDSS) fects and the more ambiguous science,
and complex risks (with regard (Bio)-
to a loss of control, another divi- ethics,
sion of labour, lack of a human STS/TA-
element and data risks). institutes,
Medicine,
Health IT,
Risk gov-
ernance,
risk as-
sessment,
Law and
policy stud-
ies
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Micro-
plastics
in food
products
and
cosmet-
ics

Scientific research, which func-
tions as the basis of the risk as-
sessment process, on the health
effects of microplastics is rela-
tively new. In earlier decades,
research on (micro)plastics was
focussed on environmental ef-
fects and the amount of pollu-
tion. Since approximately ten
years, scientific research has
shifted towards potential human
health effects. Consequently, not
much long-term evidence is
available yet and no definitive,
scientific answer has been pro-
vided with regard to the relation
between microplastics exposure
via food or cosmetics and harm-
ful effects on human health.

Apart from
research at
universities,
scientific
analyses
have been
written by
European
institutions
to map the
potential
conse-
quences of
microplastic
pollution for
health and
the envi-
ronment.
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New Gene
Editing
tech-
niques:
gene
drives

Once introduced into the wild,
the technology could cause a
cascade of population dynam-
ics and evolutionary processes
(NASEM, 2016). Not only do
gene drives affect the envi-
ronment, vice versa the envi-
ronment affects the (impact
of) gene drives. A complicated
interwoven web of biotic and
abiotic factors give rise to a
large degree of ecological and
evolutionary complexity

Importantly, the results may
be partly or wholly offset by
unintended, aggregate and
long-term ecological and eco-
nomical effects that play out
through complex feedback
loops

Complicating this further is the
imagined range of gene drive
applications, each with their
own impacts. Applications di-
verge with respect to the
types of systems they are built
into (i.e. health, agricultural or
natural systems), their social
contexts (in different regions
of the world and in different
types of applications) and the
values underlying their appli-
cation (Sandler, 2017).

Gene
drives are
associated
with a
large de-
gree of
epistemic
uncertain-
ty. In the
end, mod-
els of the
application
in nature
will never
perfectly
capture
ecological,
biological
and social
contexts,
especially
in regard
to long
term im-
pacts

Empiric
tests are
impossible

Further-
more, im-
plementa-
tion of
gene
drives
could also
result in
‘random’
effects, as
an ecolog-
ical sys-
tem -the
wild- be-
haves in

The litera-
ture also
shows cases
of interpre-
tative ambi-
guity. Scien-
tists from
different re-
search fields
have differ-
ent perspec-
tives on the
impact gene
drives could
have, just
like they do
in regard to
GMOs.

Another
point of in-
terpretative
ambiguity is
the extent to
which gene
drives
should be
considered
‘synthetic
biology’ -
and thus
should be
regulated as
such-, as the
modification
of genes is
limited. In
addition,
there is am-
biguity about
whether all
CRISPR-
Cas9 edited
organisms
are GMOs.
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different
and com-
plex ways

Experts at
the Scien-
tific Fore-
sight Unit
workshop
on gene
drives
(STOA,
2019) ar-
gued that
gene drive
technology
is not a
silver bul-
let and
that com-
plete erad-
ication of a
species
was
deemed
impossi-
ble, as
even
smallpox
has not
been com-
pletely
eradicat-
ed.

In addi-
tion, be-
cause it
would take
many
genera-
tions for a
population
to become
extinct.

Gene drives
also give rise
to normative
ambiguity

People with
different
value sys-
tems, includ-
ing cultural
and religious
beliefs, will
have differ-
ent under-
standings of
life, nature,
the human
relationship
and respon-
sibility to na-
ture, and the
value of
technology
and innova-
tion, leading
to different
perspectives
on the moral
quality of
gene drives
as an inter-
vention
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Genetical-
ly Modi-
fied Or-
ganisms
(GMOs)

GMOs represent a clear case
of complex interdependencies
within food supply chains and
throughout food systems

There is
frequently
inherent
uncertain-
ty in the
final result
of the
modifica-
tion. For-
eign gene
insertion
can have
different
outcomes.
Even
though the
role and
function of
the gene
in the
“source”
organism
may well
be under-
stood, the
full range
of conse-
quences of
the trans-
fer are not
always
known or
may not
always be
adequately
predicted.

On the one
hand, deci-
sion-makers
are faced
with the lack
of confirmed
information
on, or
knowledge
of, the sub-
ject they
need to reg-
ulate due to
sometimes
conflicting
evidence
that pre-
cludes the
attainment
of undisput-
ed
knowledge.
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Endocrine
Disrupting
Chemicals

First, regulating the risk of
endocrine disruptors is compli-
cated by hazard complexity
and exposure complexity (Vo-
gel, 2005). Hazard complexity
means that it has been highly
complicated to disentangle the
causal relationship between
exposure to EDCs and biologi-
cal changes and diseases in
humans and wildlife.

They do not behave as ‘usual’
toxic substances, but rather
behave like hormones

In addition, the toxicity and
hazard of chemicals is com-
monly established on a case-
by-case basis. Yet EDCs are
clearly “being added on top of
the endogenous hormonal mi-
lieu, such that complex mix-
tures, dose additivity, and
synergism between and
among hormones and chemi-
cals are the norm”

Whereas hazard complexity
thus concerns the measure-
ment of the causal mecha-
nisms of EDCs, exposure com-
plexity concerns the meas-
urement of how humans and
wildlife are exposed to EDCs

regulating the risk of endo-
crine disruptors is complicated
by the broader system in
which EDCs are governed.
Clearly, to detect which chem-

These un-
certainties
can be
linked to
three main
factors:

1. Lack of
data;

2. Lack of
testing
methods;

3.Indeter
minacy
about ef-
fects.

Secondly,
the de-
layed ef-
fects of
endocrine
disrupters
are uncer-
tain. This
is mostly
the result
of time
lags of
many
years - or
even sev-
eral dec-
ades - be-
tween ex-
posure
during the
‘sensitive
window’ of
post-natal
develop-
ment and
the devel-
opment of
disease at

There seems
to be insuffi-
cient
knowledge
to universal-
ly define
what consti-
tutes an ad-
verse endo-
crine effect.
There are
also no ade-
quate stand-
ardised test
methods to
identify such
possible ef-
fects
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icals have endocrine-
disrupting properties, scien-
tists have had to abandon the
conventional, simplifying as-
sumptions for establishing the
toxicity of chemicals. This has
led to regulatory complexity.
That is, the regulatory system
in which EDCs are governed is
‘path-dependent’

Moreover, different regulations
and the different regulatory
agencies involved have had
different understandings of
how best to regulate these
chemicals — depending on
matters such as their exper-
tise and regulatory frame-
work.

Finally, the complexity of en-
docrine disruptors as a risk
also gives rise to important,
wider political complexity. This
is so because different stake-
holders adhere to different po-
sitions

a later
stage in
life (p. 6).

And third-
ly, the
complex
mecha-
nisms
through
which nat-
ural hor-
mones and
endocrine
disruptors
may work
together
to cause a
non-
monotonic
response
to doses of
EDCs re-
main un-
certain.

Given the
complexity
of EDCs,
both in
terms of
hazard
and expo-
sure,

some of
this uncer-
tainty
“probably
cannot be

resolved”
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Neonico-
tinoid in-
secticides

First, there are complexities of
the types and applications of
neonics.

Secondly, and linked to the
variety of applications, there is
a complexity of residues and
possible routes of exposure for
non-target species.

Third, there is a complexity of
species affected.

Fourth, there is a complexity
of ecological contextual factors
that affect the consequences
of neonics exposure for differ-
ent species.

The uncer-
tainty of
exposure
is related
to the lack
of
knowledge
on resi-
dues of
neonics. It
is well
known
that neon-
ic residues
persist and
accumu-
late in
both soil
and water,
nectar and
pollen
(Goulson
et al.,
2013), but
there is
limited
knowledge
on the ex-
act resi-
dues in
different
areas, as
they may
vary sig-
nificantly.

Further,
there are
uncertain-
ties on the
conse-
quences of
different
levels of
exposure,
especially
of lower

The risks
that different
stakeholders
relate to ne-
onics should
be seen in
light of the
two diverg-
ing ways of
framing
plant protec-
tion products
(PPP) (Boz-
zini 2017):
One way of
framing PPPs
is to see
them as
threats to
conserving
biodiversity
and ecosys-
tem ser-
vices. With
this frame,
the focus is
on how in-
dustrial
farming and
the in-
creased use
of pesticides
has de-
creased bio-
diversity,
and the case
of DDT is of-
ten drawn in
as an exam-
ple of the
destructive
consequenc-
es of PPPs.
Another very
different way
of framing
PPPs, is fam-
ing them as
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sub-lethal
exposure
over time.

The larg-
est
knowledge
gaps seem
to be that
the long-
term tox-
icity to
certain
species,
such as
hoverflies
or butter-
flies and
moths has
not been
investigat-
ed. The
same
holds for
soil organ-
isms (be-
yond
earth-
worms)
(van der
Sluijs et
al., 2015).
In addi-
tion, there
is a high
degree of
uncertain-
ty around
possible
‘cocktail
effects’ of
the com-
bination of
different
pesticides
that bees
to varying

vital tools in
providing
food securi-
ty. With this
frame, the
historical
and ongoing
advances in
food produc-
tion that are
necessary to
ensure suffi-
cient food
production
for a grow-
ing world
population is
central.

Rather, the
controversy
centers
more on the
what the
problem is,
more specif-
ically to
what degree
neonics real-
ly causes
pollinator
decline, and
what kinds
of regula-
tions that
are neces-
sary.

Related to
this, there is
ambiguity
around ac-
ceptability of
risk and
what a "high
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degrees
are ex-
posed to.

With the
high de-
gree of
contextual
complexi-
ties, there
are sever-
al uncer-
tainties
connected
to the
methods
chosen for
measuring
the effects
of neonics
on pollina-
tors.

level of pro-
tection" to
be achieved
by the EU's
pesticide
regulation
1107/2009
implies for
the case of
neonics

Another
source of
ambiguity
centres
around the
uncertainties
in lab-
studies and
field studies,
which have
enabled dif-
ferent policy
conclusions
to be drawn
by different
interest
groups.

Another as-
pect regards
how to judge
what consti-
tutes a high
quality and
trustworthy
research,
especially
regarding
reports that
are not
peer-
reviewed
and/or are
funded by
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the industry,
or NGOs.

This ambigu-
ity over evi-
dence is also
evident in at
a more de-
tailed level,
where spe-
cific studies
are inter-
preted dif-
ferently from
different
stakeholders
e.g. the de-
bate on the
‘Country-
specific Ef-
fects of Ne-
onicotinoid
Pesticides on
Honey Bees
and Wild
Bees’
(Woodcock
et al.,

2017).
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Nanotech-
nologies

First of all, nanotechnological
substances and compounds
can be formed from more than
50 different chemical ele-
ments, the most common be-
ing silicium, titanium, carbon
and metal oxides. In the case
of carbon the number of pos-
sible chemical compounds is
almost unlimited

The next level consists of the
physical behavior of nano-
materials in itself and their
tendency to form aggregates
and agglomerates on their
own and with components of
their environment. Nano-
materials can not only be de-
scribed by their chemical be-
havior but also by their physi-
cal properties such as surface
area, surface charge or cata-
lytic activity. On the next level
they will have to be described
according to their behavior in
natural environments (water,
air, soil) and living beings,
which adds to complexity the
complexity of this environ-
ment. And finally, the univer-
sal applicability of nano-
materials in nearly every con-
ceivable product and usage is
to be considered.

The risk of a nanomaterial is
determined by its chemical
composition, other physico-
chemical properties, its inter-
actions with tissues, and po-
tential exposure levels. The
schematic general outline for
risk assessment of nano-
materials is shown in Figure 5.

Because of
their prob-
abilistic
nature this
is valid for
all scien-
tific state-
state-
ments, but
for emerg-
ing tech-
nological
systems
and new
scientific
develop-
ments this
inherent
uncertain-
ty is abso-
lutely de-
cisive.
Moreover,
this con-
tributes to
their evo-
lutionary
flexibility.
Regarding
advanced
materials
like engi-
neered
nano-
materials
one has to
add their
general
propensity
to be used
for a wide
variability
of applica-
tions.
Therefore,
talking of
uncertain-
ty addi-

Scientifically
ambiguous
is also the
way to de-
fine a dose
which is one
of the cen-
tral ques-

tions on tox-

icology and
still an un-

solved ques-

tion for na-
nomaterials
because
their effects
are mainly
based on
surface
properties
and not on
mass. In
toxicology a
dose can be
either the

mass/weight

of a dis-
solved sub-
stance per
volume
(concentra-
tion/gram
per litre) or
the molar
concentra-

tion of a dis-

solved
amount of
substance
(number of

atoms, to be
calculated by

the specific
weight) per

volume (mo-

larity, mol
per litre) or
finally, the
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(EFSA risk assessment
scheme)

Only to give an impression
which information needs are
considered by the EFSA to be
necessary to sufficiently char-
acterize nanomaterials, only
the first step of physico-
chemical characterization is
listed here:

1) specific morphology (e.g.
rigid, long tubes or fibres,
high aspect ratio nano-
materials, fullerenes, crys-
tal structure, porosity),
carrier materials with
cores and shells of differ-
ent biopersistence (e.g.
multifunctional nano-
materials);

2) complex transformations
(e.g. ageing, changes in
surface properties, porosi-
ty) or metabolites or de
novo formed particles
from ionic species

3) altered hydrophobi-
city/hydrophilicity;

4) persistence/high stability
(e.g. in water, fat, or body
fluids, lack of degrada-
tion/dissolution);

5) increased reactivity com-
pared to equivalent non-
nanomaterial (e.g. cata-
lytic, chemical, biological);

6) targeted or controlled re-
lease by the nanomateri-
al;

7) nanomaterials having an-
timicrobial activity;

8) different or increased
mobility of the nano-
material in vivo compared
to the conventional non-
nanomaterial, i.e. possibil-

tional
sources of
uncertain-
ty have to
be consid-
ered such
as lin-
guistic
and ter-
minologi-
cal
vague-
ness (this
is the rea-
son why
terminolo-
gy and
metrology
represent
the first
areas of
standardi-
sation - so
too in
nanotech-
nology).
Additional
aspects
which
might en-
large the
uncertain-
ties con-
cerning
new mate-
rials are
the lack of
data, the
lack of
measure-
ment
methods
and proto-
cols, inad-
equate
measure-
ment de-
vices and

particle den-
sity or parti-
cle concen-
tration per
volume (par-
ticle counts
per volume).
The defini-
tion of dose
depends
very much
on the cir-
cumstances
the material
in question
will be pro-
duced, ap-
plied or han-
dled.

However,
even the
concept of
toxicology
itself can be
regarded as
scientific
ambiguous
depending
on the de-
termining
disciplinary
background.
The concept
can be
chemical-
driven, mor-
phology-
driven or ra-
diation-
driven.

Although
there are
still no bind-
ing work-
place limit
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ity of increased bioavaila-
bility and internal expo-
sure (e.g. transport via
macrophages; transport
through cell membranes,
blood-brain barrier and/or
placenta, delivery sys-
tems) and mobilisation
potential (e.g. infiltration,
sorption, complex for-
mation);

9) interactions with biomol-
ecules such as enzymes,
DNA, receptors, potential
‘Trojan horse’ effects on
immunotoxicity);

10) bioaccumulation;

11) quantum effects (e.g. al-
tered optical, electronic,
magnetic, mechanical or
redox properties in na-
noscale materials).

generally
the inabil-
ity to ask
the right
research
questions.
Simulta-
neously
the neces-
sity to
regulate
the im-
plementa-
tion of
these new
materials
and prod-
ucts in-
creases
the pres-
sure on
decision-
makers.

values for
most fine
dusts and
dusts from
nanomateri-
als, recom-
mendations
for signifi-
cantly low-
er thresh-
old values
have already
been pro-
posed for
some nano-
substances.
These rec-
ommenda-
tions vary
depending
on the re-
sponsible
authorities
even if they
concern the
same sub-
stances.
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Glypho-
sate

Generally, pesticide risk as-
sessment is complex as they
span over a wide range of
products from naturally occur-
ring ones to synthetic chemi-
cals (Bozzini 2017). Moreover,
pesticides are used in the
whole food production chain
from farming to trading, as
well as in landscaping and for-
estry.

A large source of complexity in
the risk assessment of glypho-
sate-based pesticides is that
next to glyphosate as active
substance they contain
other chemicals as well,
and this formulation will be
different for the over 750 dif-
ferent products on the market.

While the formulation of the
different products causes a
first level of complexity, this is
enhanced through complexi-
ties regarding the accumula-
tion and mixing of pesti-
cides that the current sci-
entific methods and regula-
tory framework is not able
to comprehensively ad-
dress.

The physicochemical proper-
ties, make it very difficult to
analyse.

Bioavailability is unclear.

Added to
the com-
plexities
as elabo-
rated in
the previ-
ous sec-
tion, is the
uncertain-
ty of the
ever-
evolving
scientific
methods.

Another
factor that
contrib-
utes to the
scientific
uncertain-
ty with re-
gard to
glyphosate
relates to
the ab-
sence of
reliable
data on
the use of
glypho-
sate-based
herbicides

Especially
regarding
the question
of carcino-
genic risks,
ambiguity -
difference in
interpreta-
tion of the
scientific da-
ta - is a core
characteris-
tic of the
risk assess-
ment pro-
cess con-
cerning
glyphosate.
Next to dis-
putes over
the interpre-
tation and
methodology
of single
studies, the
different as-
sessment of
the scientific
evidence re-
garding car-
cinogenicity
between the
IARC on the
one hand
and the reg-
ulatory
agencies in
the EU on
the other
hand domi-
nated the
public and
scientific de-
bate.

Thus, the
ambiguity in
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the assess-
ment of
glyphosate
follows from
the “trade-
off between
regulatory
science’
and ‘re-
search sci-
ence’, that
is between
the need for
standard
testing crite-
ria (...) and
the need for
research de-
signs that
are innova-
tive (...).
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Financial
risks in
water in-
frastruc-
ture plan-
ning

In terms of planning risks,
complexity increases as deci-
sions set pathways far into the
future, increasing uncertainty
and introducing new depend-
encies.

The group of financial risks
introduces the greatest
volatility, as potential feed-
back loops and network ef-
fects are localized, and local
administrations are potentially
brought to financial collapse.
Here, the increasing com-
plexity is even advanta-
geous to some actors, as
they can then leverage superi-
or knowledge vis-a-vis other
less informed market actors.

The literature has not identi-
fied tipping points per se, but
the network effects of system-
ic risk in the finance sector as
well as the outcomes of lack of
transparency and weak com-
petition are well established.

Uncertain-
ty as to
the effects
of envi-
ronmental
impacts is
low. In
terms of
the plan-
ning risks
taken on
by local
admin-
istrations,
complexity
is largely
due to sci-
entific un-
certainty
over fu-
ture chal-
lenges
such as
climate
change,
infrastruc-
ture vul-
nerability
and eco-
nomic is-
sues

Not only are
solutions
dependent
on local
specificities
(existing in-
frastructure,
investment
practices,
water avail-
ability, etc.),
but they are
also de-
pendent on
a critical
number of
actors
agreeing on
which path
to pursue.
The Tideway
Tunnel pro-
ject shows
how discrep-
ant visions
for the fu-
ture can
yield very
different
outcomes:
environmen-
tal advocacy
groups were
supporting
sustainable
drainage
systems as a
solution for
overcoming
the sewage
overflow is-
sue, as op-
posed to the
tunnel pro-
ject which
was fa-
voured by
investors
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and the wa-
ter operator.

Another key
aspect of
ambiguity is
represented
in the case
of Milan: dif-
ferent inter-
pretations of
the facts can
only exist if
different ac-
tors are in-
vited to par-
ticipate in
the process.
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The use of Emergent and self-organizing Apparent Ambiguity
Artificial behaviour, Complexity of the autonomy lingers about
Intelli- healthcare environment, it of some Al what Al ex-
gence in interacts and adapts to com- systems, actly is and
healthcare plex and unpredictable enti- small vari- when a
(CDSS) ties: humans (reflexivity), ations in CDSS exact-
mediation between different the initial ly makes use
standards, inputs and muiltiple conditions of it.
different sets of data, interac- of a
tion of a CDSS with other (AI) (learning)
systems (feedback loops), Al system o
‘good’ (and consequently safe) | (for in- Ambgunty
decision making in healthcare stance: its exists to
consists of many elements, core code what extent
risks are intertwined and their state- an artificial
relation is difficult to assess ments) System sup-
can have ports or re-
highly di- places the
vergent decision—
results, making of
Epistemic healthcare
uncertain- professionals
ty can fol- in a CDSS.
low from
the fact
;hat_ thef Ambiguity
esign o with regard
an Al sys- .
to responsi-
tem or the o
. bility of
way it is h .
ted arm is ex-
connec acerbated
to other
when an al-
IT- . .
gorithm is
systems
be ob- opaque, and
can due to the
SCUre, fact, that,
Healthcare . .
p especially in
protes- software de-
sionals of-
velopment,
ten have
components
to make
decisions are some-
times ‘blind-
under un- ,
. ly’ borrowed
certainty .
or improved
about
events as
well as the
likelihood No clear
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of these
events,

Data-risks
are diffi-
cult to
pre-
dict/assess

consensus
exists about
how the
possible
risks sur-
rounding Al
should be
character-
ized and
ethically
framed.

Risks are
surrounded
by difficult
ethical ques-
tions

Normative
ambiguity
about risks
is strength-
ened be-
cause the
integration
of Al in
healthcare
systems can
be decisive
for how the
costs and
benefits of
these sys-
tems are
distributed.

102




Microplas-
tics in
food
products
and cos-
metics

Research has indicated that
toxicology of microplastic de-
pends largely on the polymeric
composition, shape of the
plastic particle, the surface ar-
ea, density of the material and
the added chemicals on the
plastic particle surface (45).
However, large variation ex-
ists in the complete group of
microplastic with regard to
many of these characteristics.
Consequently, no general def-
inition exists of what a micro-
plastic is.

This size variation does not
only lead to complexity when
it comes to making and en-
forcing regulations, but also in
adequately comparing evi-
dence coming from academic
studies

Since not one standardized
measurement tool is available,
this is a well-know issue that
reduces the generalisability of
scientific evidence and makes
it difficult to compare studies

Another factor contributing to
the complexity of microplastics
is the fact that there is a wide
variety in materials.

The im-
portant
point that
needs to
be taken
into ac-
count in
under-
standing
the risk is,
knowing
whether
the alleged
health
outcomes
are actual-
ly caused
by expo-
sure by
micro-
plastic,
and not
other sub-
stances.

Additional-
ly, uncer-
tainty is
caused by
an abso-
lute lack of
data with
regard to
the exact
hazard
and expo-
sure of
microplas-
tics (9).
This lack
of data
can be ex-
plained by
the previ-
ously
mentioned
complicat-

In the risk
assessment
of microplas-
tics there is
some dis-
crepancy in
how serious
the uncer-
tain human
health risks
are inter-
preted in the
reports of
EFSA and
SAPEA.

Additionally,
there is dis-
cussion on
different
types of bi-
as.

Studies re-
porting posi-
tive findings
are more
likely to be
published,
regardless of
their scien-
tific quality.

Especially
since not
much scien-
tific evidence
is present of
its exact
harmful ef-
fects, indus-
try argues
that there is
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ing factors
such as no
universal

definition,
large vari-
ety in size,
materials

and added
chemicals.

Additional-
ly, re-
searchers
have ar-
gued that
a substan-
tial part of
the re-
search has
been per-
formed
with con-
centra-
tions of
microplas-
tics that
are unre-
alistically
high.

no reason
for all mi-
croplastic
particles to
be banned in
the same
way

On the other
hand there
are envi-
ronmental
NGO’s which
have a much
lower tolera-
bility to the
potential
risks caused
by micro-
plastic pollu-
tion.
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6. Rele-
vance of
the PP to
the case

6.1 Why is the
PP relevant to
this case?

6.2 Norma-
tive under-
lying argu-
ments
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New Gene
Editing

techniques:
gene drives

Gene drives are
associated with
uncertain  sys-
temic risks.
Gene drives
could give rise
to a black swan
event

systemic and

irreversible
risks, the
precautionary
principle
would hold
parties in-

volved moral-
ly accounta-
ble for unin-
tended harm.
Second, in
such a com-
plex research
and -as we
shall see-
governance

context, re-
sponsibilities

would be
shared

amongst all
parties in-

volved in the
value chain of
the innova-
tion. Third,
we have seen
that also with
regard to
gene drives,
cost benefit
analyses

tend to dis-
count future
interests

and needs:
the focus is

mainly on
short term
benefits,

while long

term social
costs are tak-
en into ac-
count to a
lesser degree.
Eliminating
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particular
pests might
be beneficial
for one gen-
eration, while
long term
ecological ef-
fects tend to
become visi-
ble after a
long time. In
addition, alt-
hough bene-
fits might be
distributed
more equally,
the risks of
gene drives
are less ‘non-
discriminato-
ry’, as a loss
of ecosystem
resilience
would hit
those with
low socioeco-
nomic status
harder.
Fourth, the
precautionary
principle can
be argued to

give more
voice to na-
ture. Fifth,

the ambiguity
around the
interpretation
of evidence
and the val-
ues of nature
implies the
need to em-
phasize mu-
tual learning
across  aca-
demic, regu-
latory and
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other civil so-
ciety commu-
nities.
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Genetically
Modified
Organisms
(GMOs)

Although  risks
of GMOs have
been identified
and studied
from multiple
perspectives,
there are still
inherent uncer-
tainties and
complexities
that preclude a
unanimous and
categorical
judgement on
their conse-
quences, partic-
ularly when
used as food
and food ingre-
dients. The sci-
entific uncer-
tainty remains
in part because
it is not entirely
possible to de-
termine the full
extent and like-
lihood of possi-
ble harms, es-
pecially when
the exact source
or reason for
such  potential
harm may not
be clear.
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Endocrine
Disrupting
Chemicals

The precaution-
ary principle is
of utmost rele-
vance for the
governance of
EDCs. Relevant
actors in this
field, such as
the WHO and
the United Na-
tions Environ-
mental Pro-
gramme
(UNEP), but also
non-
governmental
organisations
(NGOs) and the
European Par-
liament (EP),
have previously
invoked a need
to act on the
basis of the pre-
cautionary prin-
ciple, with the
aim to reduce or
curb serious
consequences of
EDCs for human
health and the
environment
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Neonico-
tinoid

secticides

However, a
main ground for
concern, and for
applying the PP,
is that pollinator
decline  (espe-
cially of wild
bees) is irre-
versible. As pol-
linators provide
the vital ecosys-
tem service of
free pollination
of crops, a sig-
nificant decline
of pollinators
could have dis-
astrous conse-
quences for food
production.
Thereby, the se-
riousness risk
for society and
environment
could justify
precautionary
action.
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Nano- Following a
technolo- Communication
gies regarding a Eu-
ropean strategy
for nanotech-
nology [15]
stated: "“Despite
some calls for a
moratorium on
nanotechnology
research, the
Commission is
convinced that
this would be
severely coun-
ter-productive.
Apart from
denying society
the possible
benefits, it may
lead to the con-
stitution of
“technological
paradises”, i.e.
where research
is carried out in
zones  without
regulatory
frameworks and
is open to pos-
sible misuse.
Our consequent
inability to fol-
low develop-
ments and in-
tervene under
such circum-
stances could
lead to even
worse conse-
quences. The
Precautionary
Principle, as
used up to now,
could be applied
in the event that
realistic and se-
rious risks are
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identified.”

The EU Scien-
tific Committee
on Emerging
and Newly-
Identified Health
Risks (SCE-
NIHR) and the
Scientific Com-
mittee for Con-
sumer Products
(SCCP) identi-
fies knowledge
gaps and point-
ed out the need
to improve the
knowledge base,
in particular re-
garding test
methods and
risk assessment
(hazards and
exposure)
methods. “An
indication is giv-
en in the an-
nexed Commis-
sion Staff Work-
ing Document
Where the full
extent of a risk
is unknown, but
concerns are so
high that risk
management
measures are
considered nec-
essary, as is
currently the
case for nano-
materials,
measures must
be based on the
precautionary
principle.” [20]
“Measures
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adopted under
the precaution-
ary principle
must be based
on general prin-
ciples of risk
management
and must there-
fore inter alia be
proportionate,
non-
discriminatory,
consistent, on
an examination
of benefits and
costs of action
or lack of ac-
tion, and on an
examination of
scientific devel-
opments.”
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Glyphosate Thus, glypho-
sate represents
a case not only
of contestation
of science, but
also of contesta-
tion of scientific
uncertainty.

This also war-
rants the close
analysis of the
application of
the precaution-
ary principle in
the EU risk gov-
ernance con-
cerning glypho-
sate as dis-
cussed in the
following sec-

tion.
Financial The key issues
risks in of the case re-
water in- lating to the
frastruc- precautionary
ture plan- principle are the
ning environmental

and health risks
at the onset of
the case stud-
ies, the com-
plexity related
to the planning
and financial
risks, the uncer-
tainty related to
the long time-
scales at play,
as well as the
ambiguity re-
sulting from the
multitude of ac-
tors involved in

water issues.
The precaution-
ary principle

touches upon all
of these issues
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and acts as a
driver in multi-
risk environ-
ment, where it
emphasizes cer-
tain aspects in
lieu of others,
thus shaping the
overall trajecto-
ry of urban wa-
ter systems in
Europe.

The use of

Artificial
Intelli-
gence in
healthcare
(CDSS)

Our analysis in
the previous
sections seems
to indicate that
the precaution-
ary principle
may be applica-
ble to the use of
CDSS, but only
in specific cir-
cumstances.

Irreversibility,
intergenera-
tional equity,
Hippocratic
oath
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Microplas- Ideally, when Irreversibility,

tics in food performing a intergenera-
products risk assessment, tional, equity
and cos- this should
metics combine all in-

formation on

the hazard and
likelihood and
conclude in a
quantative ex-
pression of the
risk. Based on
this conclusion,
an  acceptable
threshold for the
risk can be de-
termined and
can function as
a basis for poli-
cy measures.
From interviews
with highly
placed officials
in EFSA and
ECHA, we
learned that,
based on the
limited scientific
evidence availa-
ble, and with
debated scien-
tific quality, it is
not yet possible
to set such an
acceptable risk
level in food.
Regarding  mi-

croplastics in
cosmetics, the
issue relates

mostly to the
environmental

burden. Because
the build-up of
microplastics in
the environment
is undesirable in
itself, regardless
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of specific
harmful conse-
quences on the
long term, the
restriction of
microplastics in
cosmetics via
the REACH
regulation,
which  has no
end data, seems
to be more pre-
vention instead
of precaution.

7.1 Risk 7.1.1 7.1.2 If applica- 7.1.3 Has an 7.1.4
governance What is ble, describe the impact as- Option-
the legal discussion of the sessment ally, al-
Politi- status of | acceptabil- been made | so con-
cal/juridica | the PP in | ity/tolerability/in | prior to the | sider
I dynamics your case | tolerability of risk | adoption of | how
and ju- in regulatory de- precaution- other
risdic- cisions. ary regula-
tions? measures? tory pol-
icies
(i.e.
ISO, EU
bodies,
stand-
ards,
volun-
tary

118



regula-
tions,
research
policies)
have
been
used in
this
case.

New Gene
Editing

techniques:
gene drives

N/A- no im-
pact assess-
ment have
been done
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Genetically
Modified
Organisms
(GMOs)

In Bulgaria
the regula-
tory
framework
on GMOs
is defined
mostly in
the Law
on Genet-
ically
Modified
Organ-
isms
(LGMO).T
he LGMO
refers di-
rectly to
the pre-
cautionary
principle’®,
and explic-
itly states
as its pri-
mary ob-
jective the
need to
ensure
protection
of the hu-
man
health and
the envi-
ronment
from any
hazards
resulting
from the
activities it
sought to
regulate.
As Bulgar-
ia is an EU
Member

None

16

adverse impacts regardless of existing economic interests or the absence of scientific proof.

“prioritising the protection to human health and the environment in the face of probable potential
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State, the
regulatory
framework
is based
closely on
the rele-
vant EU
directives
and regu-
lations.
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Endocrine
Disrupting
Chemicals

As chemi-
cal sub-
stances
that are by
far and
large syn-
thetic, en-
docrine
disruptors
are regu-
lated un-
der EU
law. The
precau-
tionary
principle is
detailed in
Article 191
of the
Treaty on
the Func-
tioning on
the Euro-
pean Un-
ion and
may thus
be invoked
for the risk
manage-
ment of
EDCs. In
practice,
EDCs are
regulated
under var-
ious pieces
of EU
regulation
(see the
‘List of EU
legal acts
under
which
EDCs are
regulated’
below).
This is the
result of

It is crucial to note,
however, that the
development of sci-
entific criteria for
the identification of
EDCs under the
BPR and the PPPR
was severely de-
layed by the Euro-
pean Commission.

Two judgments of
the European Court
of Justice are im-
portant with regard
to the standard of
proof required to
identify a substance
as a SVHC based on
endocrine-
disrupting proper-
ties. First, in its rul-
ing on Deza versus
ECHA (T-115/15
and C-419/17), the
Court considered
that the “probability
that an endocrine
disruptor may have
adverse effects on
the environment is
sufficient” to label a
chemical as a SVHC
(paragraph 173,
emphasis ours).

Second, in its ruling
on Plastics Europe
versus ECHA, the
Court confirmed
this judgment with
regard to identify-
ing a chemical as
an endocrine dis-
ruptor to human
health

Different as-
sessment  of
the impact of
PP regulation
of EDCs have
provided dif-
ferent conclu-
sions (e.q.
between EC-
HA and EFSA)
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their use
in diverse
products
that are
regulated
under dif-
ferent
pieces of
legislation,
including
pesticides,
food con-
tact mate-
rials and
cosmetics.
Strikingly,
“different
regulatory
approach-
es exist in
different
pieces of
legislation
for sub-
stances
identified
as endo-
crine dis-
ruptors”
(European
Commis-
sion,
2018, p.
9). There
is thus no
harmo-
nised EU
legal
framework
on EDCs
(see e.g.
Dang et
al., 2016).

Second,
and in
contrast to
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legislation
on the en-
vironment,
regulation
of EDCs
relating to
the area of
health and
food
safety is
not based
on the
precau-
tionary
principle.
Rather,
endocrine
disruptors
are  con-
sidered
“like other
substances
that can
negatively
affect hu-
man
health”.

Third, also
under
REACH,
which is
part of EU
regulation
on the in-
ternal
market,
EDCs can
be subject
to authori-
sation.
Here,
chemicals
suspected
of having
endocrine-
disrupting
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properties
are subject
to a risk
assess-
ment or
socio-
economic
analysis to
establish
“whether a
threshold
(safe lev-
el) or non-
threshold
approach
is to be
applied
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Neonico-
tinoid in-
secticides

In the EU,
the PP was
applied to
regulate
neonics in
2013 and
2018.
These reg-
ulations
occurred
much due
to the
Regulation
(EC) No
1107/2009
concerning
the placing
of plant
protection
products
on the
market,
which en-
tered into
force in
2011. With
the proce-
dures this
framework
provided,
pesticides
already
approved
on the Eu-
ropean
market
could be
reassessed
if new evi-
dence on
risks were
found. As
the re-
search on
risks relat-
ed to ne-
onics  in-
creased,

Different as-
sessments of
the impacts of
PP regulations
of neonics
have provided
different con-
clusions
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especially
regarding
bees that
provide
significant
ecosystem
services,
the EC re-
quested
the Euro-
pean Food
Safety Au-
thority
(EFSA) to
conduct a
risk as-
sessment.
In 2013,
after re-
ceiving
EFSA's
conclu-
sions, the
Commis-
sion Im-
plemented
Regulation
(EU) No
485/2013
- banning
outdoor
use of im-
idacloprid,
clothi-
anidin and
thiameth-
oxam,
which are
three of
the six
neonics
marketed
in Europe
in crops
attractive
to bees
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Nano-
technolo-
gies

At Europe-
an level,
there are
various
pieces of
legislation
that regu-
late na-
nomateri-
als in e.g.
consumer
products,
some of
them in
general
and some
of them in
specific
terms.
These reg-
ulations
are im-
plemented
in Austria,
but also in
the other
member
states of
the Euro-
pean Un-
ion, within
the
framework
of existing
national
legislation.

REACH
Regulation
(EC) No
1907/2006

The Commis-
sion recom-
mendation for
a code of
conduct for
responsible

nanosciences
and nano-
technologies
(N&N) re-
search (code
of  conduct)
dates from
2008 [24].

Another im-
portant  ap-
proach to
regulate the
use of nano-
materials and
nanotechnol-
ogies is
standardisa-
tion. The Aus-
trians stand-
ardisation
committee
052.73 “Nan-
otechnology”
consists of
experts from
research insti-
tutions, engi-
neering and
safety author-
ities.

Risk man-
agement
measures are
dependent on
the sector-
specific  pre-
conditions

128



and the con-
crete context
where they
are applied.
An appropri-
ate risk man-
agement re-
gime will tre-

mendously
differ by
scope, ac-

countabilities
and responsi-
bilities. Be-
cause of the
high variance
of nanotech-
nologies and
the fairly uni-
versal use of
nanomaterials
it is therefore
not possible
to give a one-

for-all  solu-
tion which
can be ap-
plied to all
applications
and areas.
These juridi-
cal docu-

ments and
directives are
complement-

ed by a multi-
tude of pre-
legal and
quasi-legal
provisions,
such as
standards,
registries,
guidelines
and codes of
conduct.
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Nanotechnol-
ogy registries
for example
have been es-
tablished in
several coun-
tries within
the EU and
the EEA
(France,
Denmark,
Belgium,
Sweden,
Norway) and
operate in ra-
ther different
ways. Another
important ap-
proach to
regulate the
use of nano-
materials and
nanotechnol-
ogies is
standardisa-
tion. Nano-
technology
standards are
developed in
international
committees
such as
ISO/TC 229
“Nanotech-
nologies” and
the CEN/TC
352  “Nano-
technologies”
since more
than 10
years. They
are  actively
supported on
the national
level by the
national
standardisa-
tion authori-
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ties such as
DIN (Germa-
ny), BSI
(UK), AFNOR
(France) or
ASI (Austria).

At the same
time risk
management
procedures
have been
developed to
effectively
regulate the
use of nano-
materials and
nanotechno-
logical proce-
dures at na-
tional and in-
ternational
level.
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Glyphosate Although No impact as-
in the sessment
Treaties
the pre-
cautionary
principle is
only men-
tioned Ar-
ticle
191(2)
TFEU on
environ-
mental
policy, it
applies al-
so to other
policies
especially
where they
are aimed
at the pro-
tection of
public
health and
human
health,
which in-
cludes the
Pesticides
Regula-
tion.
Therefore,
it is not
surprising
that also
Regulation
1107/2009
refers to
the princi-
ple.

Financial This high prioritiza- Individual

risks in wa- tion of water quality studies with-
ter infra- has led to the over- out direct
structure shadowing of other mention of PP
planning risks: expensive
measures introduce
new dependencies
and open the door
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to financial instabil-
ity.

The use of
Artificial
Intelli-
gence in
healthcare
(CDSS)

General
principle in
EU law

PP has not
been applied
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Microplas-
tics in food
products
and cos-
metics

Thus far,
there is no
European
legislation
in place to
regulating
the exist-
ence of
microplas-
tics, in
cosmetics
or in food,
on the
market on
European
level. Nev-
ertheless,
there are
several

documents
that criti-
cally as-
sess the
way in
which mi-
croplastics
in food
and cos-
metics

could be
regulated.
Additional-
ly, some
EU mem-
ber states
and other
countries,
such as
the United
States,

have un-
dertaken

action to
ban the
use of in-
tentionally
added mi-
croplastics.

No impact as-
sessment of

the PP has
been per-
formed

One reg-
ulation
where
second-
ary  mi-
croplas-
tics
might be
expected
is the
regula-
tion on
Food
Contact
Material
(Regula-
tion (EC)
No
1935/20
04). This
regula-
tion aims
to regu-
late i.a.
“materi-
als that
can rea-
sonably
be ex-
pected to
come in-
to con-
tact with
food”.
Although
this is a
very ge-
neric de-
scription,
the regu-
lation
does not
once re-
fer to mi-
croplas-
tics spe-
cifically.
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The Eu-
ropean
Commis-
sion has
various
commit-
tees of
scientists
and other
stake-
holders

in place
to pro-
vide ad-
vice on
the risks
sur-
rounding
micro-
plastics.

The
World
Health
Organi-
sation
(WHO)
on the
other
hand
does not
include it
in  their
list of
priority
environ-
ment and
health
risks(57)
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7.2. Risk
governance

Politi-
cal/juridica
I dynamics;
core com-
ponents

7.2.1 How has
the threshold
of damage
been set, and
met or not
met, in exist-
ing legal cas-
es or regula-
tory deci-
sions?

7.2.2 If the
PP has been
invoked,
have both
the cost-
effectiveness
of the meas-
ure, and the
proportional-
ity of the
measure
been consid-
ered in ex-
isting legal
cases or
regulatory
decisions?

7.2.3 If the PP
has been in-

voked, is the
measure re-
versible?

7.2.4 Has a
reversal of
the burden
of proof
been specif-
ically im-
plied or re-
quested in
legal or
regulatory

decisions?

New Gene
Editing

techniques:
gene drives

Genetically
Modified
organisms
(GMOs)
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Endocrine
Disrupting
Chemicals

For chemicals
suspected of
having endo-
crine-
disrupting
properties,
the relevant
regulatory
agencies, EF-
SA and ECHA,
have thus
evaluated
whether there
is an accepta-
ble level of
exposure -
that s, a
‘threshold’
for both hu-
mans, ani-
mals, and the
wider envi-
ronment, or
not.

Strikingly,

given that
there is no
harmonized

EU regulatory
framework on
EDCs, the
threshold of
damage can
be - and has

been - de-
fined differ-
ently by dif-

ferent author-
ities, even in
cases in which
it concerns
the same (po-
tential) endo-
crine disrup-
tor.

As one of
the co-
legislators in
the EU, the
European
Parliament
has in the
past explicit-
ly requested
a reversal of
the burden
of proof on
EDCs in the
context of
the 1999
Community
strategy for
endocrine
disrupters
(resolution
A5-
0197/2000).
That is, the
responsibil-
ity for
providing
the infor-
mation nec-
essary to
approve a
chemical
should be
with the
producer ra-
ther than
with the na-
tional or Eu-
ropean au-
thorities.

In principle,
some regu-
lations that
concern

chemicals

with (poten-
tially) endo-
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Perhaps the
most illustra-
tive court
case in this
regard is that
of Plastics Eu-
rope  versus
ECHA (T-
636/17) con-
cerning the
chemical bi-
sphenol A
(BPA).

crine-
disrupting
properties
indeed
specify a re-
versal of the
burden of
proof

Yet also
here, the
standards

for the in-
formation

that produc-
ers have to
submit are,
however,

different in
the context
of different
regulations.

Most nota-
bly, while
the ECJ con-
firmed the
reversal of
the burden
of proof, it
also pointed
out that the
burden of
proof is on
the Commis-
sion when
the Commis-
sion reviews
a chemical
before the
end of a
temporary
approval pe-
riod.
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Neonico-
tinoid in-
secticides
Nano-
technolo-
gies
Glyphosate When con- With regard to In the case
sidering the reversibility of of pesticide
role of cost the glyphosate approvals,
effective- renewal in the manu-
ness/ pro- 2017, one has facturers
portionality, to refer to the are required
as glypho- possibility  to to provide
sate has review any ap- scientific
been re- proval under evidence of
newed, no Article 21 of the safety
cost- the Pesticide of their
effectiveness Regulation product.
assessment where this is Next to per-
of a ban has warranted by forming
taken place. new scientific own tests,
findings and manufac-
technical turers are
knowledge. required to
also com-
pile  peer-
reviewed
scientific
literature
for the ac-
tive sub-
stance in
question

140




Financial
risks in wa-

The primary
risk of unmet

The quality
and sustain-

Obduracy and
path depend-

The  Euro-
pean Com-

ter infra- water quality ability of the encies put in mission has
structure standards was infrastruc- place by large- brought the
planning put to the test tural  solu- scale physical first evi-
in the two le- tions them- structures im- dence un-
gal cases. selves have mensely re- derlying the
not been strict the re- legal case,
Secondary part of the | versibility of | the
risks, result- | legal cases. | implemented
ing from the | This is large- | changes. burden  of
efforts to ly due to the proof  has
achieve solu- long con- since been
tions to the struction and reversed,
primary prob- implementa- so that both
lem to cost tion periods. cities were
and date, are Neither pro- under the
not yet sub- portionality obligation
ject to the nor cost- to
precautionary effectiveness
principle  in | were met in document
the water sec- | the case of their  im-
tor. London and proved
investor in- compliance
terests pre- to the
vailed. UWWTD.
Both cities
did so suc-
cessfully.
The use of PP not applied PP not ap- PP not applied PP not ap-
Artificial plied plied

Intelligence
in
healthcare
(CDSS)
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Microplas-
tics in food
products
and cos-
metics

Following

from the little
amount of
scientific evi-
dence, the
lack of a gen-
eral definition
of microplas-
tics and the
lack of stand-

ardised
measurement
tools, no

threshold  of
damage has
been estab-
lished yet.

Precautionary
measures  will
be applied
when inten-
tionally added
microplastics
in cosmetics
are taken up in
the REACH
regulation.
Consequences
of this meas-
ure will be
completely on
the account of
the cosmetics
industry. In
case, after new
scientific  evi-
dence comes
to light, the
precautionary
measure would
be lifted, it can
be relatively
easy for indus-
try to switch
back to using
microplastics.

The pro-
ducer of
cosmetics

has the re-
sponsibility
of showing
its products
are safe.
Once the
intentional-
ly added
microplas-
tics are
added to
the REACH
regulation,
the burden
of proof is
on cosmetic
companies
accordingly.
In order for
a product
with inten-
tionally-

added mi-
croplastics
to be ap-
proved un-
der REACH,
the compa-
ny has to
provide ev-
idence to
ECHA show-
ing the
safety, for
both envi-
ronment

and health,
of the
product.

With regard
to second-
ary micro-
plastics and
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the occur-

rence of
microplas-
tics in

foods, such
as seafood,
it is much
more  diffi-
cult to allo-
cate where
the burden
of proof
should be.
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7. 3 Risk
govern-
ance

Other dy-
namics

7.3.1 The
scientific-

technological
environment

7.3.2 The
economic
dynamics

7.3.3 Societal
interac-
tions/norms

7.3.4
Other
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New Gene Scientists Interestingly, As gene editing

Editing seem to be Mitchell et al techniques and
tech- getting in- (2017) argue possibly gene
niques: creasingly that safer, drives become
gene wary of the self-limiting more accessible
drives societal back- gene drives and democra-
lash of tech- provide a tized, there is a
nological better busi- rapidly expand-
harm, and in ness model. ing international
academic dis- ecosystem of ac-
cussions about tors (Redford et
regulating al, 2019), in-

At the same
time, emerg-

gene drives,
public trust is

cluding scientists
from different

considered to ing €cono- | fields, DIY bio-
be paramount. mies  repreé- [ hackers, NGO's,
sent im-

policy  makers,
and actors from
industry, some
of who are in-

portant  po-
tential mar-
Scientists are kets for syn-

also research- thetic biology volved in 3
ing technolog- applications heated discus-
ical ways to and products. sion around
mitigate gene Considering gene drives.
drives risks. the regulato-

ry gaps in

many emerg-

ing econo- Kahn (2020)
Peer reviewed

mies, balanc- notes that the
journals could | g a precau- | technology was
also have a | tionary ap- | new for many
role to play in | proach  with | members  and
governance. potential delegates at the
economic United Nations

benefits of Convention. For

The topic of gene drives the layperson it

. could be chal- is difficult to

governing the
. lenge (Red- make sense of
risks of gene -
dri ford et al, the disparate
rives re” 2019) viewpoints rep-
search and ) P ) P

. resented in the
applications

debate: extreme
benefits versus
extreme danger,

has also re-
ceived quite
some atten-

. . worst Versus
tion in aca-
. best case sce-
demic re- -,
nario’s.

search and in
other reports-
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this literature
itself thus con-
tributing to
the govern-
ance of gene
drives.

Researchers
are also con-
tributing to
new risk as-
sessment
frameworks
that gene
drive develop-
ers can use.

Finally, as
tools associat-
ed with syn-
thetic biology
are becoming
increasingly

accessible to
private actors,
the research
field is ex-
panding to in-
clude actors
who may not
have the
backing of an
established

institution
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Genetical-
ly Modi-
fied or-
ganisms
(GMOs)

Endocrine
Disrupting
Chemicals

There has been
considerable
public pressure
to adopt a more
comprehensive
precautionary
approach to the
regulation of en-
docrine  disrup-
tors.

This pressure
comes both from
academia,
stakeholders
such as consum-
er organisations,
think tanks and
NGOs, as well as
from (some po-
litical parties in)
the European
Parliament.

Neonico-
tinoid in-
secticides
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Nano-
technolo-
gies

Safety is noth-
ing of all that.
Apart from the
eminent influ-
ence of empir-
ical data on
the develop-
ment of safe
machinery and
working  pro-
cesses, safety
and sustaina-
bility have in-
novative  as-
pects in them-
selves and
considering
safety aspects
often lead to
new and ra-
ther unex-
pected solu-
tions. There-
fore, integrat-
ing safety as-
pects in an
early stage of
technology
development
can be re-
garded as fos-
tering innova-
tion rather
than hindering
it.

For this rea-

son, nano-
technology re-
search has
been accom-
panied by
safety and

sustainability
research from
the beginning.

Nanotechno-
logical scien-
tific discover-
ies do not
generally

change socie-
ty directly but
they can set
the stage for
change in a
context of
evolving eco-
nomic needs.
Nanotechnol-
ogy is so di-
verse and
complex that
its effects will
take time to
work through
the socio-
economic

systems

Public risk per-
ception: The
study showed
that the topic of
nanotechnology
was largely un-
known to the
population.

Nanotechnology
has been mas-
sively influenced
by dialogue.
The spectrum
ranges from
stakeholder dia-
logues to partic-
ipatory dialogues
and even to in-
formational ses-
sions that are
now often de-
scribed as dia-
logues. Govern-
ments also call
for and promote
dialogue as the
political  instru-
ment par excel-
lence for the re-
sponsible use of
nanotechnology.

The action plan
on nanotechnol-
ogy of the Euro-
pean Commis-
sion as well as
numerous na-
tional action
plans (e.g., Aus-
tria, Germany
and Switzerland)
suggest  activi-
ties especially in
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Unfortunately,
the recent re-
search policy
tends again to
favour strictly

disciplinary
research and
limits the

space for ac-
tivities which
seeks to em-
ploy genuine
interdiscipli-

nary research
and develop-
ment of new
technologies.

The main goal
is the integra-
tion of safety
aspects in in-
novation pro-
cesses as ear-
ly as possible.

two areas in or-
der to achieve
responsible risk
management.
Firstly, it seeks
to intensify re-
search on envi-
ronmental and
health risks
(EHS), and sec-
ondly, it encour-
ages the estab-
lishment of sci-
entifically found-
ed risk commu-
nication pro-
cesses in order
to contribute to
an informed
public debate
[137].

The media play
an important
role in the for-
mation of socie-
ty’s opinion by
drawing atten-
tion to selected
topics and bring-
ing them closer
to the public.
This has been
specifically the
case for nano-
technologies.

The reporting on
nanotechnology
in the media in
the three Ger-
man-speaking

countries is
largely science-
centred and at-
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tracts a general-
ly low level of
attention
amongst the
broad public
thanks to its less
emphasised
placing. Finally,
a focus on risks
and controver-
sial reporting, a
concern raised
regularly in ex-
pert circles, was
not observed in
the media. Risk
topics played a
role in fewer
than 20 % of ar-
ticles, whereas
the benefits and
opportunities of
nanotechnology,
on the other
hand, were men-
tioned in 80 %
of all articles.
Benefits are
seen above all
for science
[140]. + politi-
cians and envi-

ronmental or-
ganizations not
often inter-
viewed
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Glypho-

It should be

sate made clear that
the debate sur-
rounding
glyphosate is
deeply entangled
with a bigger so-
cietal, political,
ecological and
economical
question on the
future of agricul-
ture
Financial There exists As men-
risks in also a dedi- tioned
water in- cated instru- earlier,
frastruc- ment for co- the water
ture plan- operation be- sector is
ning tween eco- highly in-
nomic regula- tegrated
tors to en- into com-
courage  in- plex ur-
novation and ban sys-
transfer of tems and
knowledge on is regu-
the European lated at
Level called several
European levels.
Water Regu-
lators
(WAREG)

The use of
Artificial
Intelli-
gence in
healthcare
(CDSS)
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Microplas-
tics in
food
products
and cos-
metics

Apart from
performing

scientific stud-
ies, scientists
have also en-
gaged in the
public discus-
sion on how to
deal with the
risks concern-
ing microplas-
tics. Several
scientists have
expressed the
criticism  that
there is mis-
match be-
tween the
state of affairs
in science and
how this s
presented in
the media.

Pressure from
consumers

Microplastic pol-
lution has gained
much public at-
tention in recent
years. To a large
extent, this
movement has
been generated
by environmen-
tal NGOs, who
put pressure on
policy makers
and industry to
reduce the use
of microplastics.
The growing
public attention
for the issue of
microplastic pol-
lution can be
seen in a wider
context of public
movements.

The mass media,
including social
media, has also
taken up a great
role in raising
public awareness
for the potential
health effects
caused by mi-
croplastics
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8. Reflec-
tion on the
PP in the
literature

8.1 Who have
reflected on (and
criticized) the
present use and
application of the
precautionary
principle?

8.2 Any al-
ternative

proposals for
the applica-
tion and use
of the pre-
cautionary

principle with
regards to
the case
study topic?

8.3 Have
stakeholders
called for the
revision of the
PP in the
case?

Important
relevant
context
(like eco-
nomic
forces)

153




New Gene
Editing
tech-
niques:
gene
drives

No disagreement
on application.

There is however
disagreement on
how the principle
should be ap-
plied: what do
uncertain and
potentially irre-
versible risks of
gene drives
mean in terms of
regulatory

measures?

In the
NASEM re-
port, it is ar-
gued that ex-
isting sys-
tems to gov-
ern biotech-
nology are
adequate in
the first
phase of con-
tained use of
gene drives,
but that a
precaution-
ary approach
might be
useful for
their experi-
mental re-
lease.

The IUCN
2019 report
concludes

that their re-
port should
feed into de-
cision making
on gene
drives that
takes place
on a case-by
case basis,
considering

the full range
of appropri-
ate stake-
holders, op-
erating with
free  access
to all infor-
mation, and
informed by
the frame-
work of the
precaution-

ary principle.
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The ENSSER
report (2019)
is very criti-
cal of claims
that the pre-
cautionary
principle
slows innova-
tion, arguing
that  objec-
tions come
down to a
misalignment
of the tech-
nological
pathways
developed
under it with
corporate
and private
interests.

General mor-
atorium is
proposed by
some
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Genetical-

ly Modified
Organisms
(GMOs)

All the experts
we interviewed
for this case
study recognised
the importance
of the precau-
tionary principle
as a cornerstone
in the GMO regu-
lations, and no
one criticised the
principle as such.
However, they all
agreed that the
problem is how
the principle is
being used politi-
cally.

“state of perver-
sion, not a state
of  precaution”,

because even
though contained
use is not

banned, field ex-
periments are
impossible,

which in  turn
makes it impos-
sible for scien-
tists to validate
the results of
their work and
establish the
safety of any
GMO they devel-
oped. As a con-
sequence, Bul-
garia can import
particular GM
seeds from other
countries, for
which all risk as-
sessments have
been carried out,
and use them as

The review of
the debates
on the LGMO
in Section 4
suggest of a
variant of the
precaution-

ary principle
that could be
characterised
as a strong
precaution-

ary principle.
It is general-
ly understood
in opposition
to cost-
benefit ap-
proaches, ig-
noring the
highest ex-
pected utility
at the ex-
pense of
adopting ex-
plicitly  cau-

tious ap-
proach to
risk man-
agement.

This is pre-
cisely the
approach fol-
lowed by

several co-
horts of par-
liamentarians
since at least
2003.
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feed, but Bulgar-
ian scientists
cannot develop
their own.
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Endocrine
Disrupting
Chemicals

See previous ta-
ble on social dy-
namics

No, but; In
view of the
“dilemma”

concerning

the regula-
tion of EDCs,
in the long

term he -
amongst
other rec-
ommenda-
tions - calls
for open
support to
the EU regu-
latory agen-
cies from

“neutral, evi-
dence-based
and trusted
third parties
such as sen-
ior academ-
ics”. To him,
such allianc-
es may help
to rebuild
public  trust
in “science-
based policy
making”
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Neonico-
tinoid in-
secticides

Industry stake-
holders have criti-
cised the use of
the PP to restrict
neonics. The cri-
tiqgues are related
to different aspects
of proportionality;
adapting different
restrictions to
more proportionate
to the different
uses of neonics,
and that the pro-
cess of applying
the PP should in-
clude an impact
analysis

NGOs and some
independent re-
searchers have
criticised that the
PP was applied too
late and for too
few types of insec-
ticides.

Industry
stakeholders
have called
for a revision
of ECs appli-
cation of the
PP to ban
three neonics,
through filing
court cases
against the
EC.
Answering the
question: 8.3
Have stake-
holders called
for the revi-
sion of the PP
in the case?
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Nano-

technolo-

gies

Glypho- The use of the Not only the

sate precautionary risk assess-
principle in the ment process
approval proce- was criticized
dure of glypho- for a lack of
sate and the pes- transparen-
ticides frame- cy, but also
work in general the risk
have been ex- management
tensively reflect- process was
ed on and criti- deemed to
cised lack  trans-

parency

Financial Even though the

risks in precautionary

water in- principle lies at

frastruc- the very founda-

ture plan- tion of regulating

ning urban water, it is
rarely reflected
upon.

The use of PP not applied. yes Yes (?)

Artificial
Intelli-
gence in
healthcare
(CDSS)

Reflections on
possible applica-
tions have been
made by scholars
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Microplas- In general, the This criticism Not men-

tics in precautionary is specifically tioned
food prod- principle is seen coming from
ucts and as useful to deal the Italian
cosmetics with  microplas- cosmetics in-

tics dustry. They

are a large
producer of
products con-
taining inten-
tionally add-
ed microplas-
tics. They ar-
gue that lim-
iting the use
of microplas-
tics as pro-
posed in the
REACH regu-
lation is too
cautious, by
not making
any distinc-
tion between
different
types of mi-
croplastics.

On the other
hand, envi-
ronmental
NGOs argue
that the pre-
cautionary
principle is
not applied
strict enough
and see
loopholes for
industry in
the proposed
ban for in-
tentionally
added micro-
plastics in
cosmetics via
REACH
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9. Effect of 9.1 What alter- 9.2 Other 9.3 Other 9.4 Regret-
the PP on native innova- innovation types of solu- table sub-
innovation tion pathways pathways in tions than in- stitution?
pathways can or has the other geo- novation?

PP opened up, graphical

if any? regions
New Gene Gene drive de-
Editing velopers are
tech- building in pre-
niques: caution with
gene self-limiting
drives gene drives.
Genetically Precaution pro- Not men- Not mentioned Not  men-
Modified hibits all GMO- tioned tioned
Organisms related innova-
(GMOs) tion.

In the Bulgari-
an case, the de
facto ban on
GMOs did not
lead to the pur-
suit of an alter-
native innova-
tion path
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Endocrine
Disrupting
Chemicals

More  precau-
tion could lead
to radical inno-
vation  (green
chemistry)

From this per-
spective,

hence, “inno-
vation must be
driven by fo-
cusing on the
demand side”
rather than by

legislation,
which  “takes
too long”

(Jones, 2013).
Possible path-
ways to create
such ‘demand’
for innovation
are the devel-
opment of let-
ters of intent
to buy new
products that
are free of
EDCs, as well
as public scru-
tiny of the be-

haviour of
global brands
(ibidem).

Political initia-
tives and poli-
cy steps to-
wards the de-
velopment of a
circular or bio-
based econo-
my can be
seen as anoth-
er important
‘push’ for in-
novation on
the front of
substituting
EDCs.

There is
some evi-
dence that
bans on the
use of par-
ticular EDCs
have led to
so-called

‘regrettable
substitu-

tions’:  the
introduction
or adoption
of chemicals
that may
not be safer
and poten-
tially worse.

It can be
argued that
such substi-
tution is fa-
cilitated by
the case-
by-case ap-
proach of
current EU
regulations
that govern
endocrine
disruptors.
That is, a
chemical
that is high-
ly similar to
a previously
banned
chemical is
not auto-
matically
also banned

The regula-
tion of cer-
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Indeed, NGOs
and think
tanks, as well
as political
parties on the
left/green

spectrum of
the political
debate have
brought up so-
called ‘sustain-
able innova-
tion’ as an al-
ternative to
the current
approach

tain EDCs
can thus
lead to a
domino ef-
fect, in
which there
are new
complexi-

ties, uncer-
tainties and
ambiguities
about the
hazards and
risks of re-
grettable

substitutes.
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Neonico-
tinoid in-
secticides

Firstly, history
has shown that
innovations of
new pesticides
do appear un-
der restrictions,
because new
crop protection
practices (in-
cluding new
pesticides) are
often  created
as a conse-
quence of other
practices being
banned.

Secondly,

Milner and Boyd
(2017) mention
that, when not
too abruptly,
the withdrawal
of pesticides
can incentivise
innovations, not
only of new
types of pesti-
cides but also
of innovations
around cultiva-
tion methods.
This opens up
for a broader
perspective on
innovation, not
only seeing in-
novation as de-
veloping new
types of plant
protection

products.

Regarding the
application  of

Lastly, the IPM
framework also
includes the
possibility  of
‘social innova-
tions’.
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neonics, some
mitigative inno-
vations have
taken place for
reducing the
emissions of
neonics. Par-
ticularly, there
has been im-
provements of
technical means
of treatment
recipe, im-
provements to
the quality of
seed treatment
formulations,

and modifica-
tions to plant-
ing equipment
using deflector
techniques that
reduce emis-
sion of dust
during sowing
of seeds coated
with neonics

Another innova-
tion pathway is
to look towards
the develop-
ment of new
plant protection
technologies
that could be
promising  for
having the
benefits of
plant protection
with less collat-
eral damage to
the environ-
ment and hu-
man health in-
clude nano-
pesticides
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However, there
are also innova-
tions of non-
chemical alter-
natives to ne-
onics for pest
management.
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Nano-

green engineer-

technolo- ing/green
gies nanotechnolo-
ay;
Safe-by-design
approaches are
heavily dis-
cussed
Glypho- debate sur-
sate rounding the
glyphosate re-
approval has
been a catalyst
for rethinking
pesticide use
and farming in
general - will
lead to innova-
tion
Financial The case shows This balanc-
risks in how the PP ing of risks
water in- contains an in- in a multi-
frastruc- novation di- risk  envi-
ture plan- mension ronment is
ning one of the
key chal-
lenges to
The two cities the precau-
utilized differ- tionary
ent strategies principle in
for overcoming the infra-
_thelr specific structure
infrastructure sector,
gaps. Both of where the
these strategies regulation
resulted in spe- of one as-
cific innovation pect can
pathways lead to the

introduction
of regretta-
ble substi-
tutions
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elsewhere.

The use of

Artificial
Intelli-
gence in
healthcare
(CDSS)

The PP has not
been applied,
but precaution
has led to more
responsible and
human-centric

Al (for example
safe-by-design,
explainable AI)

No
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Microplas-
tics in food
products
and cos-
metics

because the
upcoming ban
for microplas-
tics in cosmet-
ics via REACH,

industry is
working on in-
novation in

cosmetics. For
microplastics in
food, no inno-
vation is seen.

Prohibiting the
use of these
primary micro-
plastics is
therefore rela-
tively easy, yet
can be very ex-
pensive for in-
dustry. Alt-
hough the ben-
efits of micro-
plastics in
terms of prod-
uct characteris-
tics are real,
alternatives are
available. For
example, natu-
ral, degradable
particles or fi-
bres like coffee,
sugar or salt
can be used as
replacement to
synthetic poly-
mers.

The European
Commission

recognises that
the plastic in-
dustry is a big
driver for Euro-
pean economy.

Regulation
on micro-
plastics in
amongst

others the
USA, with
the Mi-
crobead

Free Water
Act, the
USA was
the first
country in
the world to
ban all in-
tentionally
added mi-
croplastics
in cosmetic
products.
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Improving its
sustainability
will bring for-
ward new busi-
ness opportuni-
ties and accord-
ingly create
new jobs.
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10. Inno- 10.1 Which 10.2 How is 10.3 How was it 10.4 Did
vation stakeholders the IP posi- juxtaposed to the IP
principle invoked IP? tioned? How the PP? have any
Are there plans could it be effects on
to invoked it? positioned the inno-
(if not in- vation
voked)? pathways?
New Gene The IP has
Editing not been
tech- referred to
niques:
gene
drives

Genetically
Modified
Organisms
(GMOs)

There is no
evidence of
the innova-
tion princi-
ple being
applied, or
even con-
sidered at
any stage of
the evolu-
tion of the
GMO legisla-
tion.

However, It
is not diffi-
cult to as-
certain that
the restric-
tive GMO
legislation,
strongly fo-
cused on
risk avoid-
ance, pays
little to no
considera-
tion to inno
vation, par-
ticularly
when it
comes to
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biotechnolo-
gy use in
agriculture.
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Endocrine
Disrupting
Chemicals

Some stake-
holders in the
discussion
about EDCs,
mostly from
the chemicals
industry, have
invoked an ‘in-
novation prin-
ciple’ so as to
prevent further
regulatory
bans on EDCs.

Stakeholders
who have ad-
vocated this
include the
UK-based
Chemical In-
dustries Asso-
ciation (CIA),
the Brussels-
based Europe-
an Chemical
Industry Coun-
cil (Cefic), and
the European
Risk Forum
(ERF), but not
the pan-
European as-
sociation of
plastics manu-
facturers, Plas-
ticsEurope.

Mentioned
that PP reg-
ulation of
EDCs (e.g.
of
phthalates)
would hin-
der innova-
tion.

Notably, the
UK-based
Chemical
Industries
Association
has argued
that “there
is a danger
[...] that in-
novation be
hindered
where bene-
fits of new
technologies
and solu-
tions cannot
be consid-
ered along-
side poten-
tial risks, an
example be-
ing a cancer
treatment
drug that
uses the
mechanism
of endocrine
disruption to
kill cancer
cells

It is also notable
that in its influ-
ential 2015 doc-
ument setting
out the ‘innova-
tion principle’,
the ERF explicit-
ly mentions ex-
amples of chem-
icals that were
regulated given
(uncertain) evi-
dence about en-
docrine-
disrupting activi-
ty. Discussing
public attitudes
towards risks,
ERF brings up
EU regulation of
endocrine-
disrupting neon-
icotinoid insecti-
cides. It argues
that this is an
example of a
regulation that
is not based on
scientific risk
assessment and
established toxi-
cological mod-
els. For ERF,
such “systemic
short-term risk
aversion” and
“inappropriate
and dispropor-
tionate” use of
the precaution-
ary principle un-
necessarily am-
plifies public
concerns (ERF,
2015, p. 15).
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Neonico-
tinoid in-
secticides

In this case,
we have only
found one di-
rect mention of
the ‘Innovation
Principle’ di-
rectly in rela-
tion to neon-
ics. In an arti-
cle in the Ag-
rochemical
magazine ‘Out-
looks on Pest
Management,
Robin Blake (a
Senior Con-
sultant for
Compliance
Services Inter-
national (CSI),
chair of the
Agrisciences
committee for
the Society of
Chemical In-
dustry and As-
sociate Editor
for the journal
Pest Manage-
ment Science),
argue that the
application of
the PP in the
case of neonics
is at odds with
the desire to
innovate and
the “Innova-
tion principle”
- whenever
policy or regu-
latory deci-
sions are un-
der considera-
tion the impact
on innovation
as a driver for
jobs and

Mentioned
that the PP
regulation of
neonics re-
duces com-
panies de-
sire to inno-
vate

He further goes
on to argue that
the PP and IP
should be com-
plementary,
recognizing the
need to protect
society and the
environment
while also pro-
tecting the EU’s
ability to inno-
vate (Blake,
2018). In this
paper, it is how-
ever not clear
exactly how the
PP and IP should
be balanced, but
there seem to
be a focus on
economic impact
assessments.
This raises a
fundamental
problem, name-
ly that economic
impact assess-
ment belongs to
the domain of
the prevention
principle where
costs and risks
can be quanti-
fied. The Pre-
cautionary Prin-
ciple is intro-
duced for uncer-
tain risks, where
one cannot
weigh funda-
mentally un-
known costs to
fundamentally
unknown bene-
fits
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growth should
be assessed
and addressed.

Nanotech- Has not On the national
nologies been men- level the innova-
tioned ex- tive potential of
plicitly these new group
of materials has
but foster- been always
ing innova- tightly linked to
tion plays a safety consider-
central role ations.
in NT-
research
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Glypho-
sate

This study has
not found evi-
dence that the
innovation
principle has
been invoked
formally in the
context of the
debate sur-
rounding
glyphosate.

Not been
referred to
explicitly

Financial
risks in
water in-
frastruc-
ture plan-
ning

The innova-
tion princi-
ple has not
been explic-
itly ad-
dressed in
either case.
In the case
of London,
however,
the prioriti-
zation of a
solution
driven by
financial in-
novation
shows that
the innova-
tion princi-
ple was ap-
plied here.

The cases
however
make an in-
teresting
argument
for the in-
novation
dimension
already be-
ing con-
tained with-
in the pre-
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cautionary
principle. As
stated be-
fore, this
case study
differs in the
regard that
it does not
have the in-
troduction
of a new
technology
or product
as its sub-
ject, but
that it in-
spects the
conse-
quences of
the ongoing
employ of
the precau-
tionary prin-
ciple as a
guiding
principle in
the water
sector.
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The use of
Artificial
Intelli-
gence in
healthcare
(CDSS)

The Infor-
mation Tech-
nology and In-
novation
Foundation
(ITIF) has ad-
vised that the
innovation
principle in-
stead of the
precautionary
principle
should be ap-
plied by policy
makers when
Al is con-
cerned.

The European
Commission
has also con-
nected the in-
novation prin-
ciple with Al in
a communica-
tion on Al in
2018

The Centre for
European Poli-
cy Studies also
mentions Al in
its ‘study sup-
porting the in-
terim evalua-
tion of the in-
novation prin-
ciple’

The ITIF re-
late the in-
novation
principle to
the convic-
tion that
'(...) be-
cause the
overwhelm-
ing majority
of techno-
logical inno-
vations
benefit soci-
ety and
pose mod-
est and not
irreversible
risks, gov-
ernment’s
role should
be to pave
the way for
widespread
innovation
while build-
ing guard-
rails, where
necessary,
to limit
harms.’

The Information
Technology and
Innovation
Foundation jux-
taposed the PP
to the IP:,

They juxtapose
the innovation
principle to the
precautionary
principle: ‘While
some people
advocate for an
almost com-
pletely hands-off
approach to
regulating new
technologies,
those who rec-
ognize that
there is a legit-
imate role for
government
take two distinct
approaches to-
ward action: the
precautionary
principle and the
innovation prin-
ciple.’

No
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Microplas-
tics in food
products
and cos-
metics

As mentioned
in paragraph
3.5, Italian
cosmetic pro-
ducers men-
tioned that the
role of industry
is not repre-
sented suffi-
ciently in the
current pro-
posal to limit
the use of mi-
croplastics via
REACH. Implic-
itly here a link
is made with
the innovation
principle, by
saying that the
industry per-
spective
should be
weighted in
setting bound-
aries for spe-
cific microplas-
tics. However,
in official doc-
uments this
view is not dis-
cussed.

The IP is not
mentioned
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11. Syn-
thesis

11.1 The
role of com-
plexity, am-
biguity and
uncertainty
in under-
standing
your case

11.2 Risk
governance
of uncertain
risks:

How did the
geograph-
ical region
deal with
the risks
and what
factors
played a
role?

How did
these rep-
resenta-
tions relate
to what we
know now?

11.3 The
overall ten-
sion be-
tween PP/
IP:

The possibil-
ity of win-
lose, lose-
lose, and
win-win dy-
namics be-
tween pre-
caution and
innovation

Whether the
IP can im-
prove these
dynamics, or
whether
(other)
changes
would need
to be made
to the PP to
accommo-
date the is-
sues in your
case.

11.4 Rec-
ommenda-
tions to the
cross-case
comparison
team
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New Gene
Editing
tech-
niques:
gene
drives

A precaution-
ary approach
can benefit
both science
and society.
The PP does
not mean
all/nothing-
but should be
introduced
early in tech
development,
provide guid-
ance to devel-
opers & in-
volve broad
stakeholder
perspective.
Political de-
bate should
start from re-
alistic repre-
sentation of
both benefits
and risks.

A heated de-
bate on gene
drives tech-
nology shows
disparate
viewpoints on
the technolo-
gy'’s risks and
how to govern
them: ex-
treme benefits
versus ex-
treme danger,
worst versus
best case sce-
nario’s and a
global morato-
rium versus
slight adapta-
tions of cur-
rent risk as-
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sessment
frameworks.

Second, gene
drives bring
with it an in-
teresting co-
nundrum: in
order to re-
duce the epis-
temic uncer-
tainty, re-
search activi-
ties (field tri-
als) must be
undertaken
that them-
selves pose
risk.

Transbounda-
ry risk is diffi-
cult for involv-
ing stakehold-
ers
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Genetical- GMOs have

ly Modi- been consid-
fied Or- ered as syn-
ganisms onymous to

(GMOs) risk, and are

not well per-
ceived in the
country. The
attitude
among legisla-
tors reflects a
strong precau-
tionary princi-
ple whereby
risks are as-
sumed to be
highly proba-
ble, without
cost-benefit
consideration.

The case also
demonstrates
how scientific
uncertainty
can translate
into legislative
uncertainty,
due to differ-
ent interpreta-
tions and per-
ceptions of the
scope, severi-
ty and impact
of risks.

Thus a very
relevant ques-
tion for GMO
research in
Bulgaria is
whether there
will be suffi-
ciently moti-
vated (young)
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scientists, who
would build
further the na-
tional
knowledge
base on
GMOs, who
would be ca-
pable of advis-
ing — impar-
tially and ob-
jectively -
regulators and
authorities in
the future
should this
become nec-
essary.

The innovation
principle can
hardly provide
or be a solu-
tion in this
case.

As the authors
of the case
study, we
consider this
to be a specif-
ic example of
how precau-
tionary think-
ing can in fact
have a wider
scope that a
normative in-
terpretation of
the precau-
tionary princi-
ple/approach.
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Endocrine
Disrupting
Chemcials

As shown in
our case
study, even if
ECDs are
regulated,
this can lead
to regrettable
substitutions,
which can be
seen as a
‘lose-lose
scenario’: it is
costly for the
regulator and
costly for the
company in
question

Need for regu-
latory trans-
parency and
harmonised
EU legal
framework,
perhaps in-
cluding a hori-
zontal defini-
tion of EDCs.

This dilemma
is very much
apparent in
what has been
coined a
“regulatory
stalemate”
that the EU is
currently fac-
ing when it
comes to “the
risk assess-
ment required
under the pre-
cautionary
principle”
(Garnett, van
Calster &
Reins, 2018,
p. 12). Itis
the nature of
the system -
or the ‘path
dependency’
of the EU cri-
teria for the
regulation of
risks - that
makes quick
action on the
basis of invok-
ing a precau-
tionary princi-

ple impossible.

Closely linked
to this obser-
vation is the

186



fact that re-
versing the
burden of
proof is of-
ten practical-
ly unfeasible
and very
costly, when
the precau-
tionary princi-
ple is playing
‘catch-up’

187




Neonico-
tinoid in-
secticides

Throughout
this case, it is
evident that
complexity
and scientific
uncertainty is
at the heart
of the contro-
versies
around the
application of
PP to regulate
neonics

In this case,
the balancing
of PP and IP
seem to de-
pend a lot on
the framing of
innovation. If
innovation is
defined nar-
rowly, in this
case as inno-
vating new
plant produc-
tion products,
then balanc-
ing the PP
with innova-
tion concerns
creating more
predictability
in the EU le-
gal frame-
work (in this
case, espe-
cially consid-
ering article
21 of regula-
tion
1107/2009),
formalizing an
impact analy-
sis, and mak-
ing more time
for creating
more certain-
ty in risk as-
sessments.
Perhaps the
issue on im-
pact assess-
ment could be
considered
when balanc-
ing the PP
and IP. How-
ever, it raises
the question
‘what kind of

Risk assess-
ment guide-
lines need to
be updated as
innovations
develop, and
independent
research
should be in-
cluded in risk
assessment
process

Key promises
of the neonic
innovation in-
cluded: care-
fully targeted,
high specifici-
ty. Both
proved to be
wrong.

Regulatory
science and
risk assess-
ment frame-
works lag sys-
tematically
behind new
scientific in-
sights with
huge time de-
lays, as evi-
dent in that
the Bee Guid-
ance docu-
ment, drafted
in 2013, still
not is fully ap-
proved and
employed in
regulatory as-
sessments of
new pesti-
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impact and
for whom'?.

If one opts for
a broader
definition of
innovation,
one could see
more realistic
possibilities
for balancing
the PP and
the IP, more
in line with
the Integrat-
ed Pest Man-
agement ap-
proach and
with Respon-
sible Re-
search and
Innovation
(RRI)?

cides.

- There are
major epis-
temic contro-
versies on
weight of ev-
idence
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Nano-
technolo-
gies

Lack of data
and/or meas-
uring proce-
dures con-
tribute to sta-
tistical uncer-
tainties, the
formation of
new borders
of the re-
search field
lead to ter-
minological
and linguistic
vagueness,
and new re-
sults of vari-
ous and very
different re-
search pro-
jects are ob-
ject of cogni-
tive discourse
and ambigu-
ous interpre-
tation.

For all these
reasons an
appropriate
regulation of
emerging
technologies
is not that
much risk
management
than the
management
of uncertainty
depending
both on the
quality of the
available in-
formation and
of the will-
ingness of
people with
very diverg-
ing interests

Science, es-
pecially
Technology
Assessment,
is able to
make an im-
portant con-
tribution to
identifying,
structuring
and evaluat-
ing the avail-
able infor-
mation on a
certain tech-
nology when
itisinitsin-
fancy. An in-
dependent
and neutral
actor is nec-
essary to
provide a
platform of
deliberation
which is
trusted by
many if not
all concerned
parties. In
the case of
the nano-
technology
debate dur-
ing the last
decade sci-
entific actors
have been
central or-
ganisers of
inter- and
transdiscipli-
nary risk and
uncertainty
assessment
procedures.

safety and
sustainability
measures
have to be in-
tegrated in
F&E at a very
early stage.
They have to
be integrated
in research
programmes
more tightly -
this needs to
be associated
by appropriate
communica-
tion processes
between R&D
and safety re-
search;

safety re-
search regard-
ing new tech-
nologies has
to be inde-
pendent;

continuity of
the communi-
cation pro-
cesses is deci-
sive - these
are long-term
processes
highly de-
pendent on
trust and con-
fidence;

risk evaluation
of new tech-
nologies is
mainly uncer-
tainty analysis
and depends
on proper pro-
cesses for
structuring
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Glypho-
sate

What is re-
markable
about the
risk govern-
ance on EU
level is that
the existence
of scientific
uncertainty is
not recog-
nized

What is clear
is that the
glyphosate
controversy,
together with
the debate
surrounding
other pesti-
cides such as
neonics, has
reinvigorated
the public and
political pres-
sure to re-
think the use
of pesticides
in European
agriculture. In
this regard,
the precau-
tionary prin-
ciple has been
a catalyst for
innovation.

PP in risk
management
should be
more trans-
parent; re-
think role of
independent
scientist and
the insights
their studies
can offer
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Financial
risks in
water in-
frastruc-
ture plan-
ning

Scientific un-
certainty is
defined by
increasing
complexity
across the
three risk
groups. The
financial risk
group be-
comes even
further com-
plicated by
the fact that
certain actors
profit from
this com-
plexity and
instrumental-
ize it to their
own ends.
This empha-
sizes the crit-
ical role of
ambiguity in
the sector, as
costs and im-
pacts are
spread across
society for
extended pe-
riods of time,
the consen-
Sus process
itself is criti-
cal for suc-
cessful pro-
ject devel-
opments.

If we com-
pare the dif-
ferent ap-
proaches to
risk govern-
ance of these
specific infra-
structure
projects in
London and
Milan, we see
the innova-
tion principle
at work in
London, but
RRI in Milan.

It details the
innovation
dimension in-
herent in the
precautionary
principle

The first oc-
currence of
innovation is
within the fi-
nancial sec-
tor, where the
precautionary
principle cre-
ates a need
that could not
be met by ex-
isting strate-
gies and
tools, which
thus encour-
ages the de-
velopment of
new solu-
tions.

The second
area of inno-
vation is with-
in the devel-
opment of the
infrastructural
solutions
themselves.
The Tideway
Tunnel pro-
ject is filled
with techno-
logical inno-
vations that
make the
construction
of a tunnel
under a river

PP needs to
consider mul-
ti-risk envi-
ronments

As the cases
have shown,
transparency
is a funda-
mental issue
for achieving
balanced solu-
tions which
take the multi-
risk environ-
ment and long
timescales in-
to considera-
tion. These
uncertainties
become fur-
ther compli-
cated by the
fact that deci-
sion making
processes are
always defined
by those ac-
tors who end
up at the ta-
ble. Their par-
ticular evalua-
tion of signifi-
cant time-
scales, com-
plex interrela-
tions of risks
and eventual
personal
benefits have
significant im-

pact on
whether solu-
tions will be

achieved pro-
portionally and
in a cost-
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across the
breadth of
city possible.

effective man-
ner
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The use of
Artificial
Intelli-
gence in
healthcare
(CDSS)

The risks are
all character-
ized by a high
degree of un-
certainty:
both with re-
gard to their
precise ef-
fects and with
regard to
their proba-
bility

First of all,
this uncer-
tainty is high-
ly dependent
on the specif-
ic technologi-
cal properties
of a CDSS

Secondly, the
use of CDSS
is character-
ized by un-
certain risks
due to the
nature of the
environment
in which it is
implemented.

A third cause
for the uncer-
tainty around
the risks of
CDSS is the
variability in
the nature of
the risks,
which makes
them difficult

First of all,
precaution
towards the
limits and
risks of CDSS
was already
voiced early
on by a vari-
ety of re-
searchers in
the field of
Al

Secondly,
precaution-
ary thinking
about the
specific de-
sign of CDSS
also seems
to have been
present early
on.

Thirdly, EU
risk govern-
ance around
CDSS seems
to have
emerged in
the context
of a strong
economic in-
centives.

Fourthly, the
risks of CDSS
have been
embedded in
a complex
web of EU
legislation.

The precau-
tionary prin-
ciple seems to
be potentially
applicable to
CDSS, but
only on a
strict case by
case basis.

In extreme
cases the
risks of im-
plementing a
CDSS meet
the criteria of
the threshold
of damage
(public health
and human
rights).

The innova-
tion principle
does not
seem to be
particularly
relevant in
this case.
Careful con-
siderations
about the un-
certainties
and require-
ments of
CDSS in the
vulnerable
domain of
healthcare,
logically seem
to have the
upper hand
over the ben-
efits of inno-
vation in
terms of jobs
and economic
growth or the

There are
similarities be-
tween the na-
ture of chal-
lenges faced
in the area of
the data pro-
tection laws
and environ-
mental laws.

Many of the
most serious
risks of CDSS
are related to
the violation
of human
rights.

Many of the
risks of CDSS
are new
‘types’ of
risks.

CDSS, and Al
systems in
general, are
(generally)
geographically
closed off sys-
tems. It
should howev-
er be noted
that a disrup-
tion of a
healthcare
system by a
CDSS can also
have addition-
al effects on
societies as a
whole.
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to assess

To reduce
complexity
and legal un-
certainty, the
European
Commission
has recently
undertaken a
variety of ini-
tiatives that
are more
specifically
aimed at Al
and the risks
of AI (in
healthcare).

health bene-
fits that CDSS
may offer in
the long run.
Especially be-
cause many
of the risks
surrounding
CDSS are
about the
question if
the automa-
tion of deci-
sion making
is desirable
and beneficial
in the first
place.

This case is
primarily
about risks
that ultimately
come down to
‘interaction’
between hu-
mans. CDSS
are made by
humans, for
humans, used
by humans, on
humans.
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Microplas-
tics in
food
products
and cos-
metics

Looking at
the different
components
of the pre-
cautionary
principle, the
risk charac-
teristics of
scientific un-
certainty,
complexity
and ambigui-
ty seem to be
met. Looking
at the legal
practice, ac-
tually apply-
ing and en-
forcing the
precautionary
principle
seems to be
complicated,
especially
with regard
to microplas-
tics in food.
Namely,
there is no
general defi-
nition of the
concept ‘mi-
croplastics’.
Much varia-
tion in micro-
plastic sub-
stances and a
lack of valid
and credible
measurement
tools to de-
termine the
amount of
microplastics
in food and
cosmetics,
complicate
the perfor-

Plastic is in-
self an inno-
vation that
has brought
many positive
sides as well,
because of its
low weight
and long du-
rability. Pre-
cautionary
actions to re-
duce the
amount of
microplastics
in food should
deal with the
amount of
plastics in
general, e.qg.
in packaging
materials. Via
plastic pollu-
tion in the
ocean, these
microplastic
particles end
up in food
products,
such as sea
food. Howev-
er, replacing
plastic in
packaging by
other materi-
als, such as
glass contain-
ers or paper
bags, bring
other nega-
tive side ef-
fects, such as
high weight
and short
shelf-life. The
downsides of
these alterna-
tives should

Definition of
microplastic
and appropri-
ate measure-
ment tools are
needed in or-
der to put
regulation in
place and
check for
compliance.
Potential im-
plementation
of the PP (for
microplastics
in cosmetics)
already pro-
motes innova-
tion towards
more sustain-
able solutions.

In applying
the precau-
tionary princi-
ple it is there-
fore important
to focus not
only on the
‘better safe
than sorry
principle’, but
also take into
account sub-
stitution strat-
egies, cost-
benefit anal-
yses and life-
cycle assess-
ments. This
trade-off be-
tween plastics
and other ma-
terials should
be performed
at different
levels, in order
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mance of sci-
entific re-
search and
assessment
of risks.

be weighted
in taking
strong pre-
cautionary
actions. Also
innovations in
the direction
of biode-
gradable mi-
croplastics (to
be used also
in cosmetics)
are not unde-
niably posi-
tive, since
uncertainty
exist on how
they degrade
in the envi-
ronment.

to act respon-
sibly with re-
gard to the
social, eco-
nomical, envi-
ronmental and
human per-
spective.
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