
               

Nomos

Felix Beck

Beiträge zum ausländischen öffentlichen Recht und Völkerrecht 	 | 316

Prevention, Responsibility, and Liability  
in a Transboundary Context

Self-Spreading Biotechnology  
and International Law

https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Beiträge zum  
ausländischen öffentlichen Recht und Völkerrecht

Edited by

the Max Planck Society 
for the Advancement of Science
represented by Prof. Dr. Armin von Bogdandy
and Prof. Dr. Anne Peters 

Volume 316

https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Felix Beck

Self-Spreading Biotechnology 
and International Law
Prevention, Responsibility, and Liability  
in a Transboundary Context

https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


The Deutsche Nationalbibliothek lists this publication in the 
Deutsche Nationalbibliografie; detailed bibliographic data 
are available on the Internet at http://dnb.d-nb.de
a.t.: Freiburg i.Br., Universität, Diss., 2021 
ISBN	 978-3-8487-7377-0 (Print)
	 978-3-7489-1352-8 (ePDF)

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.
ISBN	 978-3-8487-7377-0 (Print)
	 978-3-7489-1352-8 (ePDF)

Library of Congress Cataloging-in-Publication Data
Beck, Felix
Self-Spreading Biotechnology and International Law
Prevention, Responsibility, and Liability in a Transboundary Context
Felix Beck
808 pp.
Includes bibliographic references.
ISBN	 978-3-8487-7377-0 (Print)
	 978-3-7489-1352-8 (ePDF)

1st Edition 2022 
© Felix Beck
Published by 
Nomos Verlagsgesellschaft mbH & Co. KG 
Waldseestraße 3 – 5 | 76530 Baden-Baden 
www.nomos.de
Production of the printed version:  
Nomos Verlagsgesellschaft mbH & Co. KG 
Waldseestraße 3 – 5 | 76530 Baden-Baden

ISBN	 978-3-8487-7377-0 (Print) 
ISBN	 978-3-7489-1352-8 (ePDF)
DOI	 https://doi.org/10.5771/9783748913528

This work is licensed under the Creative Commons Attribution  
4.0 International License.

Onlineversion
Nomos eLibrary

Open Access funding provided by Max Planck Society.

Erstgutachter:	 Prof. Dr. Silja Vöneky
Zweitgutachter:	 Prof. Dr. Jens-Peter Schneider
Dekan: 	 Prof. Dr. Katharina von Koppenfels-Spies
Datum der mündlichen Prüfung: 	 9. November 2021 in Freiburg im Breisgau

https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Acknowledgements

The present volume is based on my doctoral thesis, which was accepted 
by the Faculty of Law of the Albert Ludwig University of Freiburg in the 
winter semester of 2021/22. Case law, sources, and literature were updated 
for publication in May 2022.

This endeavour would not have been possible without those helping me 
pursue it until its conclusion. First and foremost, I wish to express my 
gratitude and appreciation to my supervisor, Professor Silja Vöneky, for 
her inspiring guidance, constructive feedback as well as her unwavering 
encouragement and support. I also thank Professor Jens-Peter Schneider, 
who quickly reviewed my thesis as a second reader.

My research was generously supported by the Deutsche Bundesstiftung 
Umwelt (German Federal Environmental Foundation). Its doctoral schol­
arship not only gifted me the time and freedom to complete my thesis 
but also offered stimulating opportunities for interdisciplinary exchange. 
I would like to extend my sincere thanks to all staff, particularly Sabine 
Dannhauer, Verena Exner, and Dr. Hans-Christian Schaefer, for their trust 
in my work and their support.

I wish to thank Professor Armin von Bogdandy and Professor Anne 
Peters of the Max Planck Institute for Comparative Public Law and Inter­
national Law in Heidelberg for accepting my volume into the Institute’s 
book series, the Beiträge zum ausländischen öffentlichen Recht und Völker­
recht. The Open Access publication of this volume was made possible by 
the Nomos publishing house and a grant by the Konsortium Baden-Württem­
berg, for which I am also much obliged.

For reading draft chapters and providing feedback and corrections, I 
am grateful to Friedrich Arndt, Chris Patricia Hänsel, Jamie Haughey, Dr. 
Lisa Schneider, and Miriam Schuler. Special thanks are due to Dr. R. Guy 
Reeves, who provided invaluable expert advice on scientific questions.

Last, I could not have undertaken this journey without my family, 
especially my parents, to whom I am deeply indebted for their endless 
affection, support, and patience.

Berlin, June 2022 Felix Beck

5
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Overview of Chapters

Table of Abbreviations 27

Introduction 35

Self-Spreading Biotechnology Challenges 
International Law

Part One:
45

The Emergence of Self-Spreading BiotechnologyChapter 1: 47

Concepts and Terms Relevant to Transboundary Harm 
Caused by Biotechnology

Chapter 2:
107

Prevention of Transboundary HarmPart Two: 129

The Regulation of Biotechnology in International LawChapter 3: 131

Prevention of Transboundary Harm from 
Biotechnology Under Customary International Law

Chapter 4:
247

The International Governance of Engineered Gene 
Drives

Chapter 5:
317

Operator LiabilityPart Three: 365

The Nagoya – Kuala Lumpur Supplementary Protocol 
on Redress and Liability

Chapter 6:
367

A Private Liability Scheme: The ‘Biodiversity Compact’Chapter 7: 461

7
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


A Customary Obligation to Ensure Prompt and 
Adequate Compensation for Transboundary Damage?

Chapter 8:
477

Responsibility and Liability of StatesPart Four: 493

State Responsibility for Transboundary Harm Caused 
by Biotechnology

Chapter 9:
495

Strict State Liability for Transboundary Harm?Chapter 10: 595

Compensation for Environmental Damage in 
International Law

Chapter 11:
617

Concluding Remarks 665

Summary of Results 671

Zusammenfassung in deutscher Sprache 689

Table of Cases 713

Table of Treaties and Instruments 721

Bibliography 743

Overview of Chapters

8
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Table of Contents

Table of Abbreviations 27

Introduction 35

Self-Spreading Biotechnology Challenges 
International Law

Part One:
45

The Emergence of Self-Spreading BiotechnologyChapter 1: 47
Principles of Genetics and Molecular BiologyA. 48

Basics of Molecular BiologyI. 48
Natural Genetic Change and InheritanceII. 51

Genetic Mutation1. 51
Sexual Reproduction2. 53
Mendel’s Laws of Inheritance3. 54

Anthropogenic Genetic ChangeIII. 54
Genome EditingB. 56

Functioning of Genome EditingI. 57
Engineered Nuclease Techniques for Site-Specific DNA 
Cleavage

II.
59

Zinc Finger Nucleases1. 59
Transcription Activator-Like Effector Nucleases2. 60
CRISPR-Cas3. 61

Applications of Genome Editing TechniquesIII. 65
Agriculture1. 65
Basic Research and Medicine2. 67
Human Germline Editing3. 69
Industrial Biotechnology4. 70

Technical Challenges of CRISPR-Cas Based Genome 
Editing

IV.
70

Off-Target Effects1. 70
Genetic Mosaicism2. 72
In Vivo Delivery of CRISPR-Cas Components3. 72

9
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Environmental Risks and Ethical Concerns Connected to 
the Use of Genome Editing

V.
73

Alleged Environmental Risks of Genome Editing in 
Agriculture

1.
73

Risks and Ethical Concerns Relating to Human 
Genome Editing

2.
75

Engineered Gene DrivesC. 77
Natural Gene Drive MechanismsI. 78

Over-Replication Mechanisms1. 78
Interference Mechanisms2. 79

Development of Engineered Gene DrivesII. 81
Potential Applications of Engineered Gene DrivesIII. 83

Control of Vector-Borne Diseases1. 84
Modification Drivesa) 84
Suppression Drivesb) 85
Current State of Developmentc) 86

Control of Invasive Species2. 88
Agriculture3. 89

Limitations and Risks of Applying Engineered Gene DrivesIV. 89
Limitations of Current Gene Drive Techniques1. 90
Risks Related to Gene Drive Applications2. 91

Unintended Geographic Spreada) 92
Intended but Unauthorized Spreadb) 92
Undesired Spread to Non-Target Speciesc) 93
Dual Use of Gene Drive Techniquesd) 94

Potential Ecological Effects of Suppressing a Target 
Species

3.
94

Potential Transboundary Effects of Gene Drives4. 96
Horizontal Environmental Genetic Alteration Agents (HEGAAs)D. 97
Self-Spreading Biotechnology Not Involving Genetic Alteration 
of the Target Organism

E.
99

Use of Genetically Modified Viruses in Plant Pest ControlI. 100
Self-Disseminating VaccinesII. 101
Mass Releases of Sterile Genetically Modified InsectsIII. 103
Use of Wolbachia to Suppress Mosquito-Vectored 
Infectious Diseases

IV.
104

SummaryF. 105

Table of Contents

10
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Concepts and Terms Relevant to Transboundary Harm 
Caused by Biotechnology

Chapter 2:
107

‘Genetically Modified’ and ‘Living Modified’ OrganismsA. 108
Types of Damage Potentially Caused by LMOsB. 109
The Distinction Between ‘Responsibility’ and ‘Liability’C. 112
The ‘Polluter-Pays’ Principle: State or Operator Liability?D. 114
Standards of Liability: Fault-Based, Objective, Strict, and 
Absolute Liability

E.
116

Procedural Issues in Enforcing Civil Liability in a Transboundary 
Context

F.
119

Civil Liability and ‘Administrative Liability’ for Damage to the 
Environment

G.
123

Summary and OutlookH. 126

Prevention of Transboundary HarmPart Two: 129

The Regulation of Biotechnology in International LawChapter 3: 131
The Cartagena Protocol on BiosafetyA. 132

ScopeI. 133
Subject Matter: Living Modified Organisms Obtained 
Through Modern Biotechnology

1.
134

Living Organisma) 135
Genetic Materialb) 136
‘Novel Combination’ of Genetic Materialc) 138
Obtained Through the Use of Modern 
Biotechnology

d)
140

‘Application of in vitro nucleic acid 
techniques…’

aa)
140

‘… that overcome natural physiological 
reproductive or recombination barriers…’

bb)
143

‘… and that are not techniques used in 
traditional breeding and selection’

cc)
145

Coverage of Certain New and Emerging Techniquese) 147
Genome Editingaa) 147
Engineered Gene Drivesbb) 148
Genetically Modified Virusescc) 150

Table of Contents

11
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Techniques That Harness Natural Mechanisms 
of Self-Propagation (Wolbachia)

dd)
150

Restriction to Hazardous LMOs?2. 151
Activities Covered by the Protocol3. 153
Exemption for Transboundary Movement of LMOs 
Which Are Pharmaceuticals (Article 5)

4.
155

Conclusions5. 157
Substantive ProvisionsII. 158

Advance Informed Agreement Procedure for 
Transboundary Movements of LMOs

1.
159

Scope of the AIA Provisionsa) 160
Procedure of Obtaining an Advance Informed 
Agreement From the Party of Import

b)
161

Risk Assessmentc) 161
Role of the Precautionary Principle in Decision-
Making (Article 10(6))

d)
163

Role of Socio-Economic Considerations in Decision-
Making (Article 26)

e)
164

Rules for LMOs Intended for Direct Use as Food or 
Feed, or for Processing (Article 11)

f)
167

Exemption of Contained Use and LMO-FFP: The 
‘Intended Use’ Problem

g)
168

Genuine and Disguised Changes to the 
Intended Use

aa)
169

Responsibilities of Exporting Partiesbb) 171
Responsibilities of Importing Partiescc) 172

Conclusionsh) 173
Risk Management and Preparedness2. 174

Risk Management (Article 16)a) 174
Obligation to Establish Appropriate Risk 
Management Measures (para. 1)

aa)
174

Imposition of Preventive Measures Based on 
Risk Assessment (para. 2)

bb)
176

Prevention of Unintentional Transboundary 
Movements (para. 3)

cc)
177

Appropriate Observation Period for Any LMO 
(para. 4)

dd)
181

Obligation to Cooperate (para. 5)ee) 182
Notification in Case of Unintentional 
Transboundary Movements (Article 17)

b)
182

Table of Contents

12
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Illegal Transboundary Movements (Article 25)c) 184
Prevention of Illegal Transboundary 
Movements (para. 1)

aa)
184

Obligation to Dispose of the LMO in Case of an 
Illegal Transboundary Movement (para. 2)

bb)
186

Handling, Transport, Packaging, and Identification 
(Article 18(1))

d)
188

Conclusionse) 189
Information-Sharing Through the Biosafety Clearing-
House (Article 20)

3.
190

Application in Relation to Non-Parties (Article 24)4. 192
Upward Derogation (Articles 2(4) and 14)5. 194
Liability and Redress (Article 27)6. 195

ConclusionsIII. 196
Excursus: The Relationship Between the Cartagena 
Protocol and EU Biotechnology Law

IV.
197

The European Union’s Legal Framework for GMOs1. 198
Scope of the GMO Regime in the European Union2. 200
Compatibility of the European GMO Regime With the 
Cartagena Protocol

3.
202

Convention on Biological DiversityB. 205
Jurisdictional Scope (Article 4)I. 206
Prevention of Transboundary Harm (Article 3)II. 206
Regulation and Control of Risks Associated With the Use 
and Release of Living Modified Organisms (Article 8(g))

III.
207

Provision of Information to Parties Receiving LMOs 
(Article 19(4))

IV.
209

Control of Invasive Alien Species (Article 8(h))V. 209
Impact Assessment and Minimization of Adverse Impacts 
(Article 14(1))

VI.
212

Environmental Impact Assessments (lit. a)1. 212
Procedural Obligations (lit. c and d)2. 213

Examination of the Issue of Liability and Redress 
(Article 14(2))

VII.
213

Are Eradication Programmes Prohibited Under the CBD?VIII. 215
ConclusionsIX. 216

International Trade LawC. 217
Key Provisions of International Trade LawI. 217

Table of Contents

13
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Agreement on Sanitary and Phytosanitary Measures: 
Potential Source of Conflict With the Cartagena Protocol

II.
218

Resolving Potential Conflicts Between International Trade 
Law and the Cartagena Protocol

III.
222

International Plant Protection ConventionD. 225
World Organisation for Animal HealthE. 227
Codex AlimentariusF. 229
United Nations Convention on the Law of the SeaG. 230
International Regulations on the Transport of Hazardous GoodsH. 231
International Health RegulationsI. 233
Disarmament and Humanitarian International LawJ. 234

Biological Weapons ConventionI. 235
ENMOD ConventionII. 240
International Humanitarian LawIII. 241
ConclusionsIV. 242

SummaryK. 242

Prevention of Transboundary Harm from 
Biotechnology Under Customary International Law

Chapter 4:
247

The Legal Foundation of the Obligation to Prevent 
Transboundary Harm

A.
247

Scope of the Obligation to Prevent Transboundary HarmB. 251
HarmI. 252
Transboundary HarmII. 253

‘Extraterritorial’ Transboundary Harm1. 254
Harm to Areas Beyond National Jurisdiction2. 255
Harm to ‘Global Commons’3. 256

Harm Caused by ‘Physical Consequences’III. 258
The Threshold of ‘Significant’ HarmIV. 262
Risk of HarmV. 266
Foreseeability of Harm and the Role of PrecautionVI. 266

Foreseeability as a Precondition of Prevention1. 266
The Precautionary Principle (or Approach)2. 267
Precaution and the Burden of Proof3. 271
Precaution in the Area of Biosafety4. 272

Table of Contents

14
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Living Modified Organisms and the Risk of Transboundary 
Harm

VII.
272

Scholarly Opinions1. 273
Transboundary Effects of LMOs and the Notion of 
‘Significant Harm’

2.
274

Anticipation of Risk3. 277
ConclusionsVIII. 277

Prevention of Transboundary Harm as an Obligation of ‘Due 
Diligence’

C.
278

Procedural Duties in the Context of PreventionD. 281
Adoption and Enforcement of Effective Domestic 
Regulation

I.
282

Environmental Impact (or Risk) AssessmentII. 283
Legal Status1. 284
Triggers of the Obligation2. 286
Process and Content of EIAs3. 287
Standards for Risk Assessments of LMOs/GMOs4. 288
Conclusions5. 289

Use of the Best Available TechnologiesIII. 289
CooperationIV. 291

Notification1. 291
Timinga) 292
Addresseesb) 293
Contentc) 294
Procedured) 294

Exchange of Information2. 295
Consultations and Negotiations3. 296

Public ParticipationV. 298
Legal Status Under General International Law1. 299
Public Participation Under the Cartagena Protocol2. 300
GMOs Under the Aarhus Convention3. 300

Status Quoa) 300
The GMO Amendmentb) 301
The Lucca Guidelinesc) 302

Obligations When Damage Is Imminent or InevitableVI. 303
Notification in Emergency Situations1. 303
Obligation to Control and Mitigate Damage2. 304

ConclusionsVII. 305

Table of Contents

15
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Establishing Breaches of the Obligation to Prevent 
Transboundary Harm

E.
305

Occurrence of Harm as an Indication of a BreachI. 306
Occurrence of Harm as a Prerequisite of a BreachII. 308
Relationship Between Procedural and Substantive 
Obligations of Prevention

III.
311

SummaryF. 314

The International Governance of Engineered Gene 
Drives

Chapter 5:
317

The Development of COP Decision 14/19A. 318
Legal Status of COP Decision 14/19B. 321

Functions of COP DecisionsI. 321
COP Decisions as ‘Soft Law’II. 323
Soft Law Status of Decision 14/19 for Parties to the CBDIII. 325
Effect on Non-PartiesIV. 325

Substance, Context, and Consequences of COP Decision 14/19C. 326
Precautionary Approach (or Principle)I. 326

References to Precaution in Earlier COP Decisions1. 327
Early Deployment of Gene Drives as a Precautionary 
Measure?

2.
327

Assessment3. 329
Preconditions for Environmental Releases of Engineered 
Gene Drives

II.
329

Scientifically Sound Case-by-Case Risk Assessment1. 329
Status of the Obligation Under International Lawa) 330
The Cartagena Protocol’s AHTEG on Risk 
Assessment

b)
330

Guidance on Risk Assessment and Monitoring 
of LMOs

aa)
331

Additional Guidance on Risk Assessment of 
Engineered Gene Drives

bb)
333

Assessmentc) 335
Appropriate Risk Management Measures2. 336

Status of the Obligation Under International Lawa) 336

Table of Contents

16
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Proposed Risk Management Strategies for Gene 
Drives as ‘Best Available Techniques’?

b)
336

Phased Pathway to the Deployment of Gene 
Drives

aa)
337

Self-Limiting Gene Drivesbb) 338
Assessmentc) 339

Free, Prior and Informed Consent3. 339
Status of the Obligation Under International Lawa) 340

CBD Mo’otz Kuxtal Voluntary Guidelinesaa) 340
United Nations Declaration on the Rights of 
Indigenous Peoples

bb)
341

Assessmentcc) 342
Excursus: Consent of Individuals as a Human Rights 
Requirement?

b)
343

Conclusions4. 346
Safety of Synthetic Biology in Contained UseIII. 347

No Binding International Rules on LMOs in Contained 
Use

1.
348

The WHO Laboratory Biosafety Manual2. 349
Excursus: Regulation of Gene Drives in Contained Use 
in the European Union

3.
351

Containment Standards for Gene Drives Formulated by 
Researchers

4.
353

ConclusionsIV. 354
Governance of (Potential) Transboundary SpreadsD. 355

Regulation of Transboundary Movements Under the 
Cartagena Protocol

I.
356

‘Likely’ Transboundary Movements as ‘Intentional’ 
Transboundary Movements?

1.
356

Proposal for a Clarification2. 358
Transboundary Spreads and the Obligation to Prevent 
Significant Transboundary Harm

II.
359

Summary and OutlookE. 361

Table of Contents

17
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Operator LiabilityPart Three: 365

The Nagoya – Kuala Lumpur Supplementary Protocol 
on Redress and Liability

Chapter 6:
367

Negotiating HistoryA. 368
ScopeB. 373

Subject Matter: Living Modified OrganismsI. 373
LMOs That Are Pharmaceuticals for Humans1. 374
Products Derived From LMOs2. 375

Damage to Biological DiversityII. 377
Biological Diversity1. 378
Adverse Effects on the Conservation and Sustainable 
Use of Biological Diversity

2.
379

Adverse Effects on Conservationa) 380
Adverse Effects on Sustainable Useb) 381
Conclusionsc) 382

Threshold of Damage: ‘Measurable’ and ‘Significant’3. 383
Risks to Human Health4. 384
Domestic Criteria to Address Damage5. 386
Types of Damage Not Addressed by the Supplementary 
Protocol

6.
387

Conclusions7. 388
Damage Resulting from LMOs ‘Which Find Their Origin 
in a Transboundary Movement’ (Article 3(1))

III.
389

Damage Resulting From Authorized Uses Following 
Intentional Transboundary Movement (Article 3(2))

1.
389

Damage Resulting From Unintentional Movements 
(Article 3(3))

2.
391

Damage Resulting From Illegal Transboundary 
Movements (Article 3(3))

3.
392

Damage Resulting From Transboundary Movements 
From Non-Parties (Article 3(7))

4.
392

Damage Resulting From LMOs in Transit5. 393
Damaged Caused by Domestic Activities With LMOs6. 393
Conclusions7. 394

Temporal Scope (Article 3(4))IV. 394
Spatial Scope (Article 3(5))V. 395
ConclusionsVI. 397

Table of Contents

18
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Administrative Liability: Response Measures to Redress Damage 
to Biological Diversity

C.
397

Meaning and Scope of ‘Response Measures’I. 399
Identification of the Liable OperatorII. 401
Establishment of a Causal Link and Standard of Proof 
(Article 4)

III.
406

Implementation of Response Measures (Article 5)IV. 409
Requirement of the Operator to Take Response 
Measures (para. 1)

1.
409

Responsibilities of the Competent Authority (para. 2)2. 411
Measures When There Is a Threat of Damage (para. 3)3. 412
Response Measures Taken Instead of the Responsible 
Operator (para. 4)

4.
413

Recovery of Expenses by the Competent Authority 
(para. 5)

5.
414

Reasoning and Legal Review of Decisions (para. 6)6. 416
Transposition into Domestic LawV. 417

Provision of ‘Rules and Procedures That Address 
Damage’ (Article 12(1))

1.
417

Response Measures Already Addressed by Domestic 
Civil Liability Law (Article 5(7))

2.
419

Implementation of Response Measures ‘in Accordance 
With Domestic Law’ (Article 5(8))

3.
421

ConclusionsVI. 421
Civil Liability for Material and Personal InjuryD. 423

Scope: Material or Personal Damage Associated with 
Biodiversity Damage

I.
423

Material or Personal Damage1. 423
Damage ‘Associated’ With Biodiversity Damage2. 425

Provision of Adequate Rules and Procedures on Civil 
Liability (Article 12(2))

II.
426

List of Elements to be Addressed When Developing Civil 
Liability Law (Article 12(3))

III.
427

The Meaning of ‘Adequate’ Rules and ProceduresIV. 428
ConclusionsV. 429
Excursus: Draft Guidelines on Civil Liability and RedressVI. 430

Other ProvisionsE. 433
Exemptions From Liability, Time and Financial Limits, 
and Right of Recourse (Articles 6 to 9)

I.
433

Table of Contents

19
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Financial Security (Article 10)II. 435
Right of Parties to Provide for Financial Security 
(para. 1)

1.
436

Consistency of Financial Security Provisions With 
Existing International Law (para. 2)

2.
438

Study on Financial Security Mechanisms (para. 3)3. 439
Conclusions4. 440

Relationship to State Responsibility (Article 11)III. 441
Review of Effectiveness (Article 13)IV. 441
Relationship to Rights and Obligations Under 
International Law (Article 16)

V.
442

Governance- and Process-Related Provisions 
(Articles 14 to 21)

VI.
443

Issues Not Addressed by the Supplementary ProtocolF. 444
Transboundary HarmI. 444
Designation of a Competent AuthorityII. 445
Right of Affected Individuals to Request ActionIII. 446
International Coordination of Response MeasuresIV. 447
Jurisdiction, Applicable Law, and Mutual Recognition and 
Enforcement of Judgments

V.
448

Excursus: CropLife International’s Implementation GuideG. 450
Proposed Scope of Domestic Implementing LegislationI. 451
Identification of the Liable Operator and ExemptionsII. 451
Determination of DamageIII. 452
Identification of Suitable Response MeasuresIV. 453
Civil LiabilityV. 453
ConclusionsVI. 454

Summary and OutlookH. 455

A Private Liability Scheme: The ‘Biodiversity Compact’Chapter 7: 461
MembershipA. 463
ScopeB. 464
Causation, Identification of the Party Liable and Standard of 
Liability

C.
465

DefencesD. 467
ResponseE. 468
Financial Caps and Time LimitsF. 469

Table of Contents

20
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Claims Process, Arbitration and EnforcementG. 471
ConclusionsH. 473

A Customary Obligation to Ensure Prompt and 
Adequate Compensation for Transboundary Damage?

Chapter 8:
477

Scope of Application and Use of TermsA. 478
Requirement to Ensure Prompt and Adequate CompensationB. 480

The Standard of ‘Prompt and Adequate’ CompensationI. 481
Imposition of Strict Operator LiabilityII. 482
Compensation FundingIII. 483

Obligation to Provide for Response MeasuresC. 484
Obligation to Provide for International and Domestic RemediesD. 486
Relationship to the Law of State ResponsibilityE. 487
Legal Status: Emerging Customary International Law?F. 489

Responsibility and Liability of StatesPart Four: 493

State Responsibility for Transboundary Harm Caused 
by Biotechnology

Chapter 9:
495

Requirements of the International Responsibility of a StateA. 497
Conduct Consisting of an Action or OmissionI. 498
AttributionII. 499

Conduct by State Organs and Persons Exercising 
Governmental Authority

1.
500

Conduct by Persons Instructed or Controlled by the 
State

2.
502

The Criteria for Attribution Under Article 8 
ARSIWA

a)
502

Instructionaa) 503
Directionbb) 505
Controlcc) 505

Attribution of Private Activities Causing 
Transboundary Harm

b)
510

Regulatory Oversightaa) 510
Enterprises Owned and Controlled by a Statebb) 511

Table of Contents

21
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Research and Development Activities by Public 
and Governmental Institutions

cc)
514

State-Funded Research and Development 
Activities

dd)
516

Attribution of Conduct Acknowledged and Adopted by 
the State as Its Own

3.
517

Attribution by Lex Specialis Norms4. 517
Attribution of Transboundary Harm Through Human 
Rights Law?

5.
518

Conclusions6. 520
Breach of an International ObligationIII. 521

International Obligation of Any Origin or Character1. 521
Conduct in Breach of the Obligation2. 523
No Requirement of Fault3. 523

Circumstances Precluding WrongfulnessIV. 524
Consent1. 525
Self-Defence2. 525
Countermeasures3. 526
Force Majeure4. 527
Necessity5. 528
Reparation in the Event of a Circumstance Precluding 
Wrongfulness

6.
531

Legal Consequences of International ResponsibilityB. 533
Obligations of Cessation and Non-RepetitionI. 534
Obligation to Make Full ReparationII. 535

Recoverable Injury1. 536
Causation2. 537

Proof of Causality for Environmental Damagea) 538
Harm Within the Ambit of the Rule Breachedb) 542
Concurrent Causes of Damage and ‘Shared 
Responsibility’

c)
542

Forms of Reparation3. 544
Restitutiona) 544

Objective of Restitutionaa) 545
Restitution Not Materially Impossiblebb) 546
Disproportionality of Restitutioncc) 547

Compensationb) 548
Loss of Life and Personal Injuryaa) 549
Property Damagebb) 550
Loss of Profits or Incomecc) 551

Table of Contents

22
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Damage to the Environmentdd) 553
Punitive Damagesee) 554
Interestff) 555

Satisfactionc) 556
Contribution to the Injury and Failure to Mitigate 
Damage

4.
557

Right to Take CountermeasuresIII. 559
Implementation of State ResponsibilityC. 561

Standing to Invoke State ResponsibilityI. 561
Invocation of Responsibility by Injured States1. 562
Invocation of Responsibility by Non-Injured States2. 565

Right of Non-Injured States to Invoke 
Responsibility

a)
566

Remedies Available to Non-Injured Statesb) 569
Claims for Injured NationalsII. 571

The Law of Diplomatic Protection in Cases of 
Transboundary Harm

1.
571

The Requirement to Exhaust Local Remedies in Cases 
of Transboundary Harm

2.
573

Invocation and Enforcement of State ResponsibilityIII. 577
The Claims Process Envisaged in the ARSIWA1. 577
Settlement of Disputes2. 578
Non-Compliance Procedures3. 582

The Compliance Mechanism Under the Cartagena 
Protocol

a)
583

Role, Functions and Proceduresaa) 583
Recent Practicebb) 586
Legal Statuscc) 587

The Relationship Between Non-Compliance 
Procedures and State Responsibility

b)
588

Conclusions4. 590
Summary and OutlookD. 591

Strict State Liability for Transboundary Harm?Chapter 10: 595
International TreatiesA. 598
State PracticeB. 604
Human Rights LawC. 609
International Law CommissionD. 610

Table of Contents

23
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


ConclusionsE. 614

Compensation for Environmental Damage in 
International Law

Chapter 11:
617

The Reparative Approach: Mitigating, Evaluating, and Restoring 
Environmental Damage

A.
620

Types of Response Measures Subject to ReimbursementI. 622
Mitigation Measures1. 622
Restoration Measures2. 623
Evaluation Measures3. 626

Limitations to CompensabilityII. 628
Limitation to ‘Reasonable’ Measures1. 628
Limitation of Reimbursement to Incremental and 
Extraordinary Expenses

2.
630

Limitation of Restoration Costs to the Monetary Value 
of the Impaired Environment?

3.
632

Compensability of ‘Environmental Solidarity Costs’III. 632
The Compensatory Approach: Monetary Compensation for 
Damage to the Environment

B.
633

Compensability of ‘Pure’ Environmental DamageI. 635
The Practice of International Liability Treaties1. 635
The Stance of the International Law Commission2. 637
Compensability of Environmental Damage in the 
United Nations Compensation Commission

3.
638

Compensation of Environmental Damage Before the 
International Court of Justice (Case of Costa Riva v. 
Nicaragua)

4.

639
Conclusions5. 642

Forms of Compensation for Damage to the EnvironmentII. 643
Compensatory Restoration1. 644
Monetary Valuation of Environmental Damage2. 646

Valuation Based on Market Pricesa) 647
Non-Market-Based Valuation Techniquesb) 648
Benefit (Or Value) Transfer Methodc) 651
Costs for ‘Hypothetical’ Response Measuresd) 651

Conclusions3. 652
Case Study: Valuation of Environmental Damage in the 
‘Certain Activities’ Case Before the ICJ

III.
654

Costa Rica’s ‘Ecosystem Services Approach’1. 654

Table of Contents

24
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Nicaragua’s ‘Replacement Costs Approach’2. 655
Nicaragua’s ‘Corrected Analysis’3. 656
The Court’s Judgment: ‘Overall Assessment’ of 
Environmental Damage

4.
656

Assessment5. 658
SummaryC. 662

Concluding Remarks 665

Summary of Results 671

Zusammenfassung in deutscher Sprache 689

Table of Cases 713

Table of Treaties and Instruments 721

Bibliography 743

Table of Contents

25
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Table of Abbreviations

ACHR American Convention on Human Rights
AHTEG Ad Hoc Technical Group of Experts
AIA Advance Informed Agreement
AJIL American Journal of International Law
Am. J. Trop. Med. Hyg. The American Journal of Tropical Medicine 

and Hygiene
Appl. Biosaf. Applied Biosafety
ARSIWA Articles on the Responsibility of States for Inter­

nationally Wrongful Acts
Asia Pac. JEL Asia Pacific Journal of Environmental Law
ASIL Proceedings Proceedings of the American Society of Interna­

tional Law at its Annual Meeting
BCH Biosafety Clearing-House
BSL Biosafety Level
BSWG Open-Ended Ad Hoc Working Group on 

Biosafety
BWC Biological Weapons Convention (Convention 

on the Prohibition of the Development, Pro­
duction and Stockpiling of Bacteriological (Bio­
logical) and Toxin Weapons and on Their De­
struction)

BYIL British Yearbook of International Law
Canadian YBIL Canadian Yearbook of International Law
Cas CRISPR-associated proteins
CBD Convention on Biological Diversity
CESCR Committee on Economic, Social and Cultural 

Rights
CJEU Court of Justice of the European Union
CMEA Council for Mutual Economic Assistance
Colum. J. Envt’l L. Columbia Journal of Environmental Law

27
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


CERCLA Comprehensive Environmental Response, 
Compensation, and Liability Act

COP Conference of the Parties
COP-MOP Conference of the Parties to the Convention 

on Biological Diversity serving as the meeting 
of the Parties to the Cartagena Protocol on 
Biosafety

CP Cartagena Protocol
CRAMRA Convention on the Regulation of Antarctic 

Mineral Resource Activities
CRISPR Clustered regularly interspaced short palin­

dromic repeats
crRNA CRISPR RNAs
DARPA Defense Advanced Research Projects Agency
Denver J. Int’l. L. & 
Pol’y

Denver Journal of International Law and Policy

DNA Deoxyribonucleic acid
DSB Dispute Settlement Body of the World Trade 

Organization
ECHR European Convention on Human Rights (Con­

vention for the Protection of Human Rights 
and Fundamental Freedoms)

ECOSOC Economic and Social Council of the United Na­
tions

ECtHR European Court of Human Rights
EEZ Exclusive Economic Zone
EIA Environmental Impact Assessment
EJIL European Journal of International Law
ELQ Ecology Law Quarterly
ENB Earth Negotiations Bulletin
ENMOD Convention Convention on the Prohibition of Military or 

Any Other Hostile Use of Environmental Modi­
fication Techniques

EU European Union

Table of Abbreviations

28
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


EurUP Zeitschrift für Europäisches Umwelt- und Pla­
nungsrecht

FAO Food and Agriculture Organization of the Unit­
ed Nations

FPIC Free, Prior and Informed Consent
Front. Bioeng. & 
Biotechnol.

Frontiers in Bioengineering and Biotechnology

Front. Plant Sci. Frontiers in Plant Science
Geo. Int’l Envtl. L. Rev. Georgetown International Environmental Law 

Review
Geo. Wash. Int’l L. Rev. George Washington International Law Review
German YBIL German Yearbook of International Law
GATT General Agreement on Tariffs and Trade
GM Genetically modified
GMM Genetically modified microorganism
GMO Genetically modified organism
Group of Friends on 
L&R

Group of the Friends of the Co-Chairs on Lia­
bility and Redress in the Context of the Carta­
gena Protocol on Biosafety

Harv. Int’l L. J. Harvard International Law Journal
HEA Habitat equivalency analysis
HDR Homology-directed repair
HEG Homing Endonuclease Genes
IACtHR Inter-American Court of Human Rights
ICAO International Civil Aviation Organization
ICJ International Court of Justice
ICLQ International & Comparative Law Quarterly
ICSID International Centre for Settlement of Invest­

ment Disputes
ICTY International Criminal Tribunal for Former Yu­

goslavia
IHR International Health Regulations
IISD International Institute for Sustainable Develop­

ment

Table of Abbreviations

29
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


ILA International Law Association
ILC International Law Commission
ILM International Legal Materials
Int. Environ. Agree­
ments

International Environmental Agreements

IOPC Funds International Oil Pollution Compensation 
Funds

IPPC International Plant Protection Convention
ISPM International Standard for Phytosanitary Mea­

sures
Italian YBIL Italian Yearbook of International Law
ITLOS International Tribunal for the Law of the Sea
J. Envt’l L. Journal of Environmental Law
J. Int. Econ. L. Journal of International Economic Law
JEEPL Journal for European Environmental & Plan­

ning Law
Leiden J. Int’l L. Leiden Journal of International Law
LMO Living modified organism
LNTS League of Nations Treaty Series
LRTAP Convention on Long-range Transboundary Air 

Pollution
MEA Multilateral Environmental Agreement
Medea Maternal-Effect Dominant Embryonic Arrest
Melb. J. Int’l L. Melbourne Journal of International Law
Mich. J. Int’l L. Michigan Journal of International Law
MOP Meeting of the Parties, see COP-MOP
MPEPIL Max Planck Encyclopedia of Public Internation­

al Law
NASEM National Academies of Sciences, Engineering, 

and Medicine
Nature Biotech. Nature Biotechnology
Nature Comms. Nature Communications
Nature Rev. Genet. Nature Reviews Genetics
N. Engl. J. Med. The New England Journal of Medicine

Table of Abbreviations

30
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


NGO Non-Governmental Organization
NHEJ Non-homologous end joining
NLR Netherlands International Law Review
Nucleic Acids Res. Nucleic Acids Research
NYL Netherlands Yearbook of International Law
OIE World Organisation for Animal Health
OTIF Intergovernmental Organisation for Interna­

tional Carriage by Rail
Pace Envtl. L. Rev. Pace Environmental Law Review
PCA Permanent Court of Arbitration
PCIJ Permanent Court of International Justice
Philos. Trans. R. Soc. A Philosophical Transactions of the Royal Society 

A: Mathematical, Physical and Engineering Sci­
ences

Philos. Trans. R. Soc. B Philosophical Transactions of the Royal Society 
B: Biological Sciences

PIC Prior Informed Consent
PNAS Proceedings of the National Academy of Sci­

ences of the United States of America
Proc. R. Soc. B Proceedings of the Royal Society B: Biological 

Sciences
QIL Questions of International Law
REA Resource equivalency analysis
RdC Recueil des Cours
RECIEL Review of European Community & Interna­

tional Environmental Law
Rep. Reports
RIAA Reports of International Arbitral Awards
RNA Ribonucleic acid
SAYIL South African Yearbook of International Law
SBSTTA Subsidiary Body on Scientific, Technical and 

Technological Advice
Sci. Rep. Scientific Reports
SDN Site-directed nuclease

Table of Abbreviations

31
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


SDR Special Drawing Rights
Ser. Series
sgRNA Single guide RNA
SP Nagoya – Kuala Lumpur Supplementary Proto­

col on Redress and Liability
SPS Sanitary and Phytosanitary Measures
Stan. J. Int’l L. Stanford Journal of International Law
TALENs Transcription activator-like effector nucleases
TEV Total Economic Value
tracRNA Trans-activating crRNA
UN OLA United Nations Office of Legal Affairs
UN United Nations
UNESCO United Nations Educational, Scientific and Cul­

tural Organization
UNCC United Nations Compensation Commission
UNCLOS United Nations Convention on the Law of the 

Sea
UNCITRAL United Nations Commission On International 

Trade Law
UNECE United Nations Economic Commission for Eu­

rope
UNEP United Nations Environment Programme
UNFCCC United Nations Framework Convention on Cli­

mate Change
UNGA United Nations General Assembly
UNTS United Nations Treaty Series
VCLT Vienna Convention on the Law of Treaties
WHO World Health Organization
WTO World Trade Organization
Yale L.J. Yale Law Journal
YB Int’l Env. L. Yearbook of International Environmental Law
YBIL Yearbook of International Law
YBILC Yearbook of the International Law Commission

Table of Abbreviations

32
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


ZaöRV Zeitschrift für ausländisches öffentliches Recht 
und Völkerrecht

ZFN Zinc-finger nuclease

Table of Abbreviations

33
https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


https://doi.org/10.5771/9783748913528-1, am 11.08.2024, 22:17:18
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783748913528-1
https://www.nomos-elibrary.de/agb


Introduction

‘We have thus far been concerned with ultra-hazardous activities arising 
from the skills and achievements of the physicists, chemists and engineers. 
The biologists are now entering the picture with experiments which, we are 
responsibly told, can fundamentally reshape the constituent elements of life, 
memory and learning. […] There may well be cases in which the current 
experiments of molecular biologists involve dangers which pose acutely the 
problem of liability for the objective risks involved in ultra-hazardous activi­
ties.’
– C. Wilfried Jenks1

It appears that Jenks was far ahead of this time when, in his 1966 lecture at 
the Hague Academy of International Law, he mentioned molecular biology 
as a potential field of application for international law on liability for ultra-
hazardous activities. That same year, the genetic code had been ‘cracked’ 
when Marshall Nirenberg and others had fully elucidated the chemical 
structure of deoxyribonucleic acid or DNA. It took seven more years for 
the first transgenic organism to be created, and until 1983 for the first 
genetically engineered crop to be developed.

Nevertheless, legal scholars had long taken up Jenks’ initiative and be­
gun contemplating the role of international law in regulating the potential 
transboundary effects of molecular biotechnology. Already in 1980, Cripps 
assumed that the problem identified by Jenks was now ‘far more acute’.2 

At the same time, she observed that ‘there is room for doubt regarding 
the application of recognised general principles of State responsibility to 
the release of genetically engineered viruses and organisms which traverse 
national boundaries’.3

The global COVID-19 pandemic has made the need to address poten­
tial transboundary effects of biotechnology self-evident.4 Nevertheless, al­

1 Liability for Ultra-Hazardous Activities in International Law, 117 (1966) RdC 99, 
169.

2 Yvonne Cripps, A New Frontier for International Law, 29 (1980) ICLQ 1, 6.
3 Ibid.
4 Jing-Bao Nie, In the Shadow of Biological Warfare: Conspiracy Theories on the 

Origins of COVID-19 and Enhancing Global Governance of Biosafety as a Matter 
of Urgency, 17 (2020) Bioethical Inquiry 567.
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though a laboratory escape has been discussed as a potential origin of the 
SARS-CoV-2 coronavirus,5 there is currently no evidence that the virus 
emerged from a deliberate genetic manipulation.6 Hence, despite the per­
sistent controversy over the risks of genetic engineering, there appears to 
be no case in which a genetically modified organism (GMO) has ever caused 
significant transboundary harm; there has never been a GMO ‘equivalent 
of the Torrey Canyon disaster or Chernobyl’.7 Genetically modified crops, 
which are the most widespread instance of biotechnology released into the 
environment, are not known to have a direct cause-and-effect relationship 
with present environmental problems; common issues are rather caused 
by the agricultural practices associated with – but not exclusive to – the 
use of such crops, such as monoculture farming and intensive herbicide 
spraying.8

However, recent advances in molecular biology will likely produce en­
tirely new classes of GMOs that may well have transboundary effects in the 
foreseeable future. These advances are led by the development of genome 
editing techniques, which can modify genetic information on the level of 
individual base pairs (or ‘letters’) in the DNA of virtually any organism. 
Compared to conventional genetic engineering techniques applied since 
the 1970s, genome editing is much more precise, versatile, and cheaper to 
apply. Moreover, it potentially allows the introduction of genetic modifi­
cations without inserting DNA derived from other species (so-called trans­
genes). This challenges existing regulatory frameworks that mostly attach to 
the presence of transgenic DNA in the resulting organism.

5 Filippa Lentzos, WHO: COVID-19 Didn’t Leak from a Lab. Also WHO: 
Maybe It Did, Bulletin of the Atomic Scientists, 11 November 2021, avail­
able at: https://thebulletin.org/2021/02/who-covid-19-didnt-leak-from-a-lab-also-
who-maybe-it-did/ (last accessed 28 May 2022); but see WHO, WHO-Convened 
Global Study of Origins of SARS-CoV-2: China Part (2021), 118–120, concluding 
that ‘a laboratory origin of the pandemic was considered to be extremely unlike­
ly’; Thomas Gaulkin/Matt Field, WHO’s “Exciting Adventure” to Find the Origins 
of COVID-19 Runs into Trouble, Bulletin of the Atomic Scientists, 30 March 
2021, available at: https://thebulletin.org/2021/03/whos-exciting-adventure-to-find-
the-origins-of-covid-19-runs-into-trouble/ (last accessed 28 May 2022).

6 Kristian G. Andersen et al., The Proximal Origin of SARS-CoV-2, 26 (2020) Nature 
Medicine 450; Stephan Lewandowsky et al., Conspiracy Theories Made It Harder for 
Scientists to Seek the Truth, 326 (2022) Scientific American 72.

7 Kate Cook, Liability: ‘No Liability, No Protocol’, in: Christoph Bail/Robert Falkn­
er/Helen Marquard (eds.), The Cartagena Protocol on Biosafety (2002) 371, 373.

8 See NASEM, Genetically Engineered Crops (2016), 97–170; see chapter 1, sec­
tion B.V.2.
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The advent of genome editing also enables new approaches in the de­
velopment of self-spreading biotechnology, by which I refer to genetically 
modified organisms and viruses specifically engineered to spread rapidly 
through natural populations. This includes gene drives, which are ‘selfish’ 
genetic elements that use various molecular mechanisms to bias inheri­
tance in their favour, thus overriding the natural 50 % probability of inher­
itance commonly found in sexually reproducing organisms.9 Engineered 
gene drives can be used to disseminate genetic modifications through 
natural populations of a particular species, either to change certain char­
acteristics of that species or to reduce its abundance, potentially to the 
point of extinction. The currently most advanced research in the field of 
engineered gene drives aims to suppress populations of mosquito species 
that transmit malaria to humans.10

Since gene drives create a vertical spread by increasing the rate of their 
transmission to subsequent generations, it usually takes several generations 
for the drive construct to become prevalent in a population. In contrast, 
horizontal self-spreading techniques aim for a spread within the same gen­
eration of organisms. This can be achieved by genetically engineering 
pathogens or symbionts so that they perform certain tasks in the target 
organism once they have reached it. For instance, genetically modified 
viruses have been used to protect crops against infectious diseases.11 More­
over, current research aims at developing viruses that perform genome 
editing directly in their target organism, which potentially allows to genet­
ically modify entire populations or even species of organisms within a sin­
gle generation.12 These so-called horizontal environmental genetic alteration 
agents (HEGAAs) also raise concerns about their potential for misuse as 
biological weapons.13

Engineered gene drives and HEGAAs share a feature that distinguishes 
them fundamentally from conventional approaches to genetic engineer­
ing: genetic modification is no longer performed under controlled condi­
tions in a laboratory but takes place directly in the environment. These 
approaches thus imply a ‘shift from the release of a finished and tested 

9 Cf. Luke S. Alphey et al., Opinion: Standardizing the Definition of Gene Drive, 
117 (2020) PNAS 30864; see generally Austin Burt/Robert Trivers, Genes in Con­
flict (2006).

10 See chapter 1, section C.III.1.c).
11 See chapter 1, section E.I.
12 See chapter 1, section D.
13 Cf. R. Guy Reeves et al., Agricultural Research, or a New Bioweapon System?, 362 

(2018) Science 35.
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product to the release of an adjustable tool for genetic modification that is 
released into ecosystems’.14 Most existing risk assessment and management 
frameworks are not yet equipped to address the particular risks that arise 
from such uncontrolled modification processes.

It appears to be undisputed that the emergence of self-spreading biotech­
nology presents significant challenges to international law. These chal­
lenges are aptly exemplified by the case of live viruses engineered into 
‘transmissible vaccines’. Around two decades ago, Spanish researchers de­
veloped such a transmissible vaccine to protect wild rabbits, which are an 
endangered species in their native habitat, the Iberian Peninsula.15 This 
vaccine, however, protects rabbits against the very same natural viruses 
used for biological control in Australia, where the European rabbit is an 
invasive species that has caused devastating effects on local ecosystems.16 

Considering previous examples of unintentional or illegal transboundary 
movements of biocontrol agents,17 it would seem just a matter of time 
until such a vaccine occurred in Australia and undermined biocontrol 
efforts there.

A similar example is the proposed use of an engineered gene drive to 
suppress Palmer amaranth, which has developed resistance to glyphosate 
and has become a major agricultural weed in the Southern United States.18 

However, Palmer amaranth can interbreed with related Amaranthus species 
cultivated as food crops in nearby Mexico and elsewhere.19 An unintended 
spread of a suppression drive in Palmer amaranth could, therefore, severely 
impact the production of Amaranth crops.20 There are numerous similar 
examples where the use of self-spreading biotechnology by one state may 

14 Samson Simon et al., Synthetic Gene Drive: Between Continuity and Novelty 
(2018) EMBO Reports e45760, 2.

15 Juan M. Torres et al., First Field Trial of a Transmissible Recombinant Vaccine 
Against Myxomatosis and Rabbit Hemorrhagic Disease, 19 (2001) Vaccine 4536; 
see chapter 1, section E.II.

16 Elena Angulo/Ben Gilna, When Biotech Crosses Borders, 26 (2008) Nature 
Biotech. 277, 278–279.

17 See, e.g., Peter O'Hara, The Illegal Introduction of Rabbit Haemorrhagic Disease 
Virus in New Zealand, 25 (2006) Revue scientifique et technique (International 
Office of Epizootics) 119.

18 Cf. NASEM, Gene Drives on the Horizon (2016), 57–58; Jacob S. Montgomery et 
al., Sex-Specific Markers for Waterhemp (Amaranthus Tuberculatus) and Palmer 
Amaranth (Amaranthus Palmeri), 67 (2019) Weed Science 412.

19 Cf. D. M. Brenner et al., Genetic Resources and Breeding of Amaranthus, in: Jules 
Janick (ed.), Plant Breeding Reviews, Volume 19 (2000) 227, 239–240.

20 NASEM, Gene Drives on the Horizon (n. 18), 168.
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be incompatible with the priorities and interests of other states.21 Genetic 
techniques aimed at suppressing or eradicating entire species may even be 
incompatible with international law altogether.22

While it is commonplace that uncontrolled transboundary dispersals 
and adverse side-effects of self-spreading biotechnology shall be prevented, 
it is yet uncertain under which conditions accountability can be estab­
lished when such effects occur nevertheless. Only recently, a paper in the 
journal Science asked: ‘Who is responsible, or liable, if self-spreading virus­
es don’t behave as expected or cross national borders?’23 For this reason, 
the present study addresses the challenges to international law posed by 
self-spreading biotechnology not only from the perspective of prevention 
but also gives prominence to the issues of responsibility and liability.

In the context of hazardous activities such as those at stake, the concept 
of liability serves two purposes. The most natural and important function 
of liability is reparation, which means that the injury suffered by the vic­
tim of a harmful event shall be remedied.24 The reparative dimension of 
liability gives effect to the ‘polluter-pays principle’, seeking to ensure that 
the injurious consequences of harm should not ‘lie where they fall’ but 
be repaired by the party which has caused the damage.25 In other words, 
the purpose of reparation is ‘to shift the loss unreasonably suffered by the 
victim to the tortfeasor’.26 Moreover, reparation also may have a corrective 
function in that it provides a method of enforcing the law ex post facto.27 

This is particularly relevant in the context of international law, which 
provides only limited means to ‘punish’ states for serious breaches of their 
obligations.28

21 See Wendy R. Henderson/Elaine C. Murphy, Pest or Prized Possession? Genetical­
ly Modified Biocontrol from an International Perspective, 34 (2007) Wildlife 
Research 578; Angulo/Gilna (n. 16).

22 Axel Hochkirch et al., License to Kill?, 11 (2018) Conservation Letters e12370; see 
chapter 3, section B.VIII.

23 Filippa Lentzos et al., Eroding Norms over Release of Self-Spreading Viruses, 375 
(2022) Science 31, 31.

24 Johan G. Lammers, International Responsibility and Liability for Damage Caused 
by Environmental Interferences, 31 (2001) Environmental Policy and Law 42–50 
and 94–105, 43.

25 René Lefeber, Transboundary Environmental Interference and the Origin of State 
Liability (1996), 1–3.

26 Hanqin Xue, Transboundary Damage in International Law (2003), 277.
27 Lefeber (n. 25), 1.
28 See James Crawford, International Crimes of States, in: James Crawford/Alain 

Pellet/Simon Olleson (eds.), The Law of International Responsibility (2010) 405.
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Besides its reparative function, liability also has a preventive effect. It is as­
sumed that the risk of being exposed to liability deters noxious behaviour 
and provides an incentive to act diligently and prevent damage.29 In other 
words, it may be more economical for a party to prevent damage from the 
outset rather than having to compensate for it later.30 In the context of 
molecular biotechnology, it has even been assumed that the prevention of 
damage was the ‘primary goal of liability’.31

The prevention of, and responsibility and liability for, transboundary 
harm under international law is already a thoroughly studied field. The 
United Nations’ International Law Commission has spent decades of work 
on this issue,32 and the body of scholarly literature in the field is over­
whelming.33 However, the specific problems evoked by self-spreading 
biotechnology demand a fresh look at the topic. Moreover, the Nagoya 
– Kuala Lumpur Supplementary Protocol on Liability and Redress, which 
provides dedicated rules and procedures for transboundary damage caused 
by genetically engineered organisms, entered into force in 2018.34 This is 
notable far beyond the present context, as the Supplementary Protocol is 
the first global treaty on liability for transboundary harm outside the areas 

29 Lammers (n. 24), 43.
30 Michael G. Faure/Andri Wibisana, Liability in Cases of Damage Resulting from 

GMOs: An Economic Perspective, in: Bernhard A. Koch/Bjarte Askeland (eds.), 
Economic Loss Caused by Genetically Modified Organisms (2008) 531, 536–537.

31 Ibid., MN. 15. The preventive function of liability is also recognized in the 
Nagoya – Kuala Lumpur Supplementary Protocol, whose stated objective is to ‘con­
tribute to the conservation and sustainable use of biological diversity […] by 
providing international rules and procedures in the field of liability and redress’, 
cf. Nagoya-Kuala Lumpur Supplementary Protocol on Liability and Redress to 
the Cartagena Protocol on Biosafety (15 October 2010; effective 05 March 2018), 
UN Doc. UNEP/CBD/BS/COP-MOP/5/17, p. 64, Article 1.

32 For a detailed account of the ILC’s work, see Julio Barboza, The Environment, 
Risk and Liability in International Law (2011).

33 Leading studies in the field are, to name but a few, Jenks (n. 1); L.F.E. Goldie, 
Concepts of Strict and Absolute Liability and the Ranking of Liability in Terms 
of Relative Exposure to Risk, 16 (1985) NYL 175; Francesco Francioni/Tullio Scov­
azzi (eds.), International Responsibility for Environmental Harm (1991); Lefeber 
(n. 25); Phoebe N. Okowa, State Responsibility for Transboundary Air Pollution 
in International Law (2000); Edward H. P. Brans, Liability for Damage to Public 
Natural Resources (2001); Lucas Bergkamp, Liability and Environment (2001); 
Xue (n. 26); Rebecca M. Bratspies/Russell A. Miller (eds.), Transboundary Harm in 
International Law (2006); Barboza (n. 32).

34 CBD Secretariat, Press Release: Nagoya-Kuala Lumpur Supplementary Protocol 
on Liability and Redress Comes into Force (05 March 2018), available at: http://
bch.cbd.int/protocol/e-doc/?news=116175 (last accessed 28 May 2022).
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of oil pollution, nuclear damage, and space law that has ever attracted 
sufficient ratifications to enter into force.35 The Supplementary Protocol 
also signifies the result of a ‘paradigm evolution’ by providing for an 
‘administrative approach’ to liability instead of pursuing the conventional 
civil liability approach.36 Nevertheless, it has only received comparatively 
little scholarly attention since it was adopted in 2010.37

While the Supplementary Protocol provides for the liability of ‘opera­
tors’, it leaves the role of states largely unaddressed. In fact, the responsi­
bility and liability of states in the context of transboundary harm caused 
by biotechnology are still unsettled. The ongoing negotiations about the 
international regulation of engineered gene drives aptly demonstrate the 
dire need for conceptual clarity on the obligations, responsibilities, and – 
ultimately – the liability of states for transboundary harm caused by such 
techniques.38 In 2020, two leading Australian and German regulators not­
ed that whether the international law of state responsibility for wrongful 
acts ‘may apply for negative effects caused by [Gene Drive] releases is […] 
not completely solved yet’.39 The present study seeks to capture the current 
state of development of international law by taking stock of the existing 
rules pertaining to transboundary effects of biotechnology and by carving 
out the remaining gaps and grey areas.

Part One sets the scene by reviewing the recent developments in biotech­
nology and the resulting challenges to international law. Chapter 1 reviews 
the aforementioned advances in molecular biology, particularly the emer­
gence of self-spreading biotechnology. It also identifies the limitations and 
risks of these techniques which may potentially give rise to transboundary 
harm. Subsequently, chapter 2 briefly introduces key terms and concepts 
relevant to responsibility and liability for transboundary harm under inter­
national law.

Part Two analyses the rules of international law relating to the preven­
tion of harm from conventional and self-spreading biotechnology. The 
principal instrument in this field is the Cartagena Protocol on Biosafety, 

35 On this problem generally, see Anne Daniel, Civil Liability Regimes as a Comple­
ment to Multilateral Environmental Agreements, 12 (2003) RECIEL 225.

36 René Lefeber, The Legal Significance of the Supplementary Protocol: The Result 
of a Paradigm Evolution, in: Akiho Shibata (ed.), International Liability Regime 
for Biodiversity Damage (2014) 73; see chapter 2, section G.

37 See the references in chapter 6, n. 6.
38 See chapter 5.
39 Heidi J. Mitchell/Detlef Bartsch, Regulation of GM Organisms for Invasive Species 

Control, 7 (2020) Front. Bioeng. & Biotechnol. 927, 4.
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which applies to ‘living modified organisms’ (LMOs).40 However, it is 
currently controversial whether the Protocol’s scope extends to genome-
edited organisms that do not contain transgenic DNA. Moreover, some 
authors have contended that the Protocol may not apply to organisms 
containing engineered gene drives. Therefore, chapter 3 clarifies the Proto­
col’s scope before assessing its substantive provisions, which focus on the 
transboundary movement of LMOs. The chapter also addresses a range of 
other relevant instruments, including the Convention on Biological Diversity 
and the Biological Weapons Convention.

In addition to international treaties, the general rules of customary inter­
national law on the prevention of transboundary harm are highly relevant. 
On the one hand, this is because several states that are key actors in the 
field have not ratified the Cartagena Protocol. On the other hand, the 
general obligation of prevention is only insufficiently incorporated in the 
aforementioned treaties, thus giving even higher relevance to the general 
rules of customary international law. Chapter 4 assesses the pertinent rules 
of custom relating to the prevention of transboundary harm, including the 
precautionary principle. The chapter also explores how breaches of these 
rules can be established.

As previously mentioned, there is currently a vivid debate among states 
on the general lawfulness of, but also the conditions for, environmental re­
leases of organisms containing engineered gene drives. Chapter 5 captures 
the current state of this debate and analyses the consequences of the first 
set of conditions agreed upon by states in 2018. It also identifies issues 
that have not yet been adequately addressed, such as the lack of binding 
standards on laboratory biosafety – an issue that may have become literally 
virulent as coronaviruses were routinely studied in medium-safety BSL‑2 
laboratories around the world before the outbreak of COVID-19.41

Part Three focuses on the liability of operators, which means those state 
and non-state actors involved in developing, producing and releasing 
biotechnological products. Chapter 6 undertakes a thorough analysis of 
the aforementioned Nagoya – Kuala Lumpur Supplementary Protocol. The 
Supplementary Protocol addresses damage to biological diversity resulting 

40 The Cartagena Protocol as well as the Supplementary Protocol refer to ‘living 
modified organisms’ (LMOs) instead of the more common term ‘genetically 
modified organisms’ (GMOs). The present study refers to LMOs unless where 
addressing other national or international instruments that apply to GMOs. See 
chapter 3, section A.I.1.

41 Andersen et al. (n. 6).
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from transboundary movements of LMOs and provides for the imposition 
of operator liability under the domestic legal systems of its state parties. 
However, it only insufficiently regulates several issues that are crucial in 
those transboundary situations to which the Protocol applies. In any event, 
the largest weakness of the Supplementary Protocol lies in its limited 
membership – as of May 2022, it has only 49 parties, missing many states 
that are key players in the field of biotechnology.

An alternative approach to operator liability is offered by the Biodiversi­
ty Compact, a private scheme by which a group of major biotechnology 
corporations have voluntarily assumed liability for biodiversity damage 
caused by any of their LMOs. Chapter 7 examines this instrument and 
discusses whether it can fill the gaps left by the Supplementary Protocol. 
Furthermore, it has been suggested that there is an emerging rule of 
international law that states must ensure ‘prompt and adequate compensa­
tion’ of foreign victims in the event of significant transboundary harm. 
Chapter 8 assesses whether this obligation, which aims at the provision 
of transnational operator liability, is already part of current international 
customary law.

Part Four addresses the responsibility and liability of states. Chapter 9 
analyses the law of state responsibility for breaches of international law. 
It thus builds upon the preceding chapters, which have focused on ‘prima­
ry’ obligations of states to prevent transboundary harm and to provide 
for operator liability when such harm occurs. The chapter analyses the 
conditions under which states are internationally responsible as well as the 
consequences and implementation of such responsibility.

Due to the legal nature of the obligation to prevent transboundary 
harm, the mere occurrence of such harm does not always indicate a breach 
of international law. Thus, there may well be cases in which transboundary 
harm occurs but neither the operator nor the state is required to compen­
sate under the aforementioned regimes. Against this background, there 
are convincing policy arguments in favour of strict state liability, which 
refers to an obligation of states to compensate for transboundary damage 
regardless of whether they have breached international law. Chapter 10 
undertakes an analysis of international practice to determine whether strict 
state liability can be established as a rule of contemporary customary inter­
national law.

Finally, a controversial topic cutting across all of the aforementioned 
instruments and regimes is to which extent international law provides 
for compensation for environmental damage. The underlying question is 
whether the intrinsic value of the environment per se can be quantified 
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in monetary terms, which is widely seen as a precondition for compens­
ability. But determining the ‘nature and quantum’ of compensation for 
environmental damage raises complex problems, as shown by the first-ever 
judgment on this issue by the International Court of Justice in 2018.42 Chap­
ter 11 analyses this judgment as well as other international practice and 
carves out generally accepted principles.

In sum, the present study seeks to provide conceptual clarity on the 
complex interaction between prevention, responsibility, and liability for 
transboundary harm under international law. It demonstrates how states 
are required to prevent transboundary harm from being caused by applica­
tions of biotechnology. It establishes that states must ensure that operators 
who have caused such harm can be held liable under their domestic legal 
system. States themselves are only responsible for transboundary harm if 
they have failed to take diligent action towards preventing such harm or 
if they fail to ensure that foreign victims can obtain prompt and adequate 
compensation from the responsible operators under their domestic legal 
system. Thus, although states will rarely be liable themselves, they must 
still ensure that such harm does not remain unredressed. Clarifying the 
interplay between primary and secondary obligations in international law 
as it stands today will help to gradually improve these obligations and to 
fill the remaining gaps.

42 ICJ, Certain Activities Carried out by Nicaragua in the Border Area (Costa Rica 
v. Nicaragua), Compensation Owed by Nicaragua to Costa Rica, Judgment of 02 
February 2018, ICJ Rep. 15.
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