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Table 1. A of hori:

methods used in i

and

future possible issues®

Scanning stage_Method

Approach

Strengths

Examples

One-to-one questioning (usually of
senior experts or stakeholders) to
identify issues and explore important
driving forces and areas of uncertainty;
can be highly structured, with no
debate (e.g. ‘7 questions’), or open
and involve discourse

Breaks down key question into a
mutually exclusive and completely
exhaustive set of sub-questions
Search for published threats and
opportunities

Bring together team of experts to
suggest possible issues based on their

Well understood, so generally N

accepted, technique; good at
getting key individuals
perspectives on the future

Identifies the information
needed to provide a complete
answer to the key question
Makes use of only published
evidence (which might have
been peer-reviewed)

Use of experts provides
credibility; interactive nature

own i and of the
literature

Contributions by anyone into, for
example, an on-line forum (such as
Wikipedia)

Consultation of experts through
o N

Scoping Interviews
Issue tree
Gathering Literature
information  searches and
state-of-
science
reviews
Expert
workshops
Open fora
Spotting Delphi
signals i
Watching Trend
trends analysis
Making Scenarios
sense
Systems
maps.
Agree the Backcasting
response

(usually g

Study historic performance to identify
future trends

Consider a range of possible future
states and then explore the possible
consequences of each

Show the relationships between all
factors influencing the central issue,
and whether their effect is positive
or negative
Describe a vision of the preferred
future, then identify the key steps
needed to reach it

of draws out deep
(or partially formed) ideas,
and refines issues

Makes use of ‘wisdom of
crowds’, and, potentially,
broadest possible range of
contributors

Good at providing overview
of what is happening in an
area of science

Aids identification and
understanding of drivers

Helps organisations prepare
for change, and test
robustness of current
strategies

Provides an understanding

of the range of issues
influencing the central

issue

Can be done as a stand-alone
exercise

esearch Funders Forum Horizon

o i ion among
individuals with an interest
or expertise

Less suitable for general or
imprecisely scoped issues

Can be backward-looking
unless a deliberate effort is
made to produce outlooks of
the future (as in Sigma Scan)

Findings will depend on who
is involved; can also depend
on process used to elicit their
knowledge

Lacks a rigorous system for
ensuring quality of entries

Not interactive

Past performance is not
necessarily a guide to the
future

Require substantial
resources (time and
expertise) to produce

Requires pre-existing
knowledge

Requires careful
structuring to identify
all relevant factors

Ri
Scanning Study [19]

Foresight project on Brain Science, Addiction and Drugs
foresight.gov.uk/OurWork/C i
Brain%20Science/index.asp)
Literature search: Sigma Scan commissioned by UK
Government Office for Science’s Foresight's Horizon
Scanning Centre. (http:/www.sigmascan.org)
State-of-science reviews: any Foresight project
(http://www_foresight.gov.uk)
Horizon scan of conservation issues in UK [11].
Assessment of 100 ecological questions of highest
priority to global conservation [16] Delta (Science and
Technology) Scan commissioned by UK Government
Office for Science's Foresight Horizon Scanning
Centre (now incorporated in their Sigma Scan)
(http://www.sigmascan.org)
Future Wikia (http:/future.wikia.com/wiki/Main_Page)
http:/signtific.org/

The Millennium Project’s Global Energy Scenarios

acunu. delphi.html)

A State of the Nation’s Ecosystems 2008 [20]

Wildlife Conservation Societies’ Futures of the Wild [21]

: Future Choices

Foresight project on Tackling Obesiti
(http://www.foresight.gov.uk/OurWork/
ActiveProjectsObesity/Obesity.asp)

Visioning and backcasting for UK Transport policy
scl.ac. i

“Some non-environmental examples are given to illustrate how the method could be applied. Foresight's ‘toolkit of futures techniques (http:/www.foresight.gov.ukitoolkit) gives further methods and a range of case studies.

Sutherland and Woodroof. 2009. Trends Ecol Evol

Environmental Health

Why Horizon Scanning?

Environmental Public Health Practice

Divi

CDC Environmental Public Health Leadership Institute

The Centers for Disease Control and Prevention (CDC) Environmental
Public Health Leadership Institute (EPHLI) is a ycar-long leadership
development program for environmental health practitioners. Fellows
participate in two in-person workshops, complete assignments, and
develop a systems-thinking project on an environmental health issue.
Each year, about 30 practicing environmental public health professionals
are admitted to the institute. CDC coordinates this through a partnership
with the National Public Health Leadership Development Network.
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National Center for Environmental Health
on of Emergency and Environmental Health Services

Public Health L Institute

Environmental Health Scan Primary Reading List

Four articles in Reading List #1: Scanning and Emerging Environmental
Issues

Munn, T., Timmerman, P., & Whyte, A. (2000). Emerging environmental issues,
Bulletin of the Metsorological Society, 81(7) 1603-1609.

Kyle, A.D., Woodruf, T. J., & Axelrad, D.A. (2006). Integrated assessment of
‘environment and health: America’s children and the environment.
Environmental Health Perspectives, 114 (3), 447-452.

Craft, E. S., Donnelly, K. C., Neamiiu, I, McCarly, K. M, Bruce, E., Surkova, |
Kim, D., Uhnakova, L., Gyorfy, E., Tesarova, E., & Anderson, B. (2006)
Prioritizing environmental issues around the world;_Opinions from an
international central and eastern European environmental health conference.
Environmental Health Perspectives, 114 (2), 1813-1817.

Cenle for Technology in Government. (2003). And juslice for al: Designing
your business case for integrating justice information. Retrioved April 15, 2008)
from hilp:/iwww.clgalbany.edu

Two articles in Reading List #2; EPA Reports
U.S. Environmental Protection Agency. (2005). Children's health and the
rth e indicators and

environment in N irst report on available
\easures, Country report: United States, Washington, D.C.

Milanes, C., Morry, D., Parker, T., Ricker, K. (1999, February). California's
‘emerging environmental challenges: A workshop o identify future issues for
CalIEPA. Sacramento: Calfornia Environmental Protection Agency: Office of
Environmental Health Hazard Assessment
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Why Horizon Scanning?

Environmental Public Health Practice
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A Section 508-conformant HTML version of this artide

C ommen ta ry is available at https://doi.org/10.1289/EHP5161

Environmental Health Practice Challenges and Research Needs for U.S.
Health Departments

Bryan W. Brooks,” Justin A. Gerding,” Elizabeth Landeen,’ Eric Bradley,* Timothy Callahan,® Stephanie Cushing,®
Fikra Hailu,” Nancy Hall# Timothy Hatch,” Sherise Jurries,'® Martin A. Kalis,? Kaitlyn R. Kelly,’ Joseph P. Laco,?
Niki Lemin,”" Carol Melnnes,” Greg Olsen,” Robert Stratman,'? Carolyn White,'s Steven Wille,’s and John Sarisky*

® J Environmental Health Perspectives

https://www.cdc.gov/environmental-health-practice/php/data-research/uncover-eh/index.html

Brooks et al. 2019. Environ Health Perspect; Gerding et al. 2019. JEH; Gerding et al. 2020. AJPH
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Needs for Onsite Wastewater

What are the priority research questions?
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Holodak et al. 2023. JEH; Brooks et al. 2026. ES&T
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Why Horizon Scanning?

Pharmaceuticals and Personal Care Products

o

in the USA
07072680 $12.00 - 00

Pharmaceuticals and Personal Care Products in the Environment
Editorial

PHARMACEUTICALS AND PERSONAL CARE PRODUCTS: RESEARCH NEEDS FOR
THE NEXT DECADE

Emvavumrwnm\ Health Perspectives

Pharmaceuticals and Personal Care Products in the Environment:
What Are the Big Questions?

Alistair B.A. Boxall," Murray A. Rudd,” Bryan W. Brooks,? Daniel J. Caldwell,? Kyungho Choi* Silke chkmann,
Elizabeth Innes,® Kim Ostapyk.® Jane P. Staveley,” Tim Verslycke,® Gerald T. Ankley,® Karen F. Beazley,®

Scott E. Belanger,!! Jason P. Berninger,? Pedro Carriquiriborde,? Anja Coors,'? Paul C. DeLeo, Scott D. Dyer,"
Jon F. Ericson,™ Frangois Gagné,’® John P. Giesy,"” Todd Gouin,® Lars Hallstrom,’® Maja V. Karlsson,”

D. G. Joakim Larsson,?° James M. Lazorchak,2! Frank Mastrocco,™ Alison McLaughlin,® Mark E. McMaster,2
Roger D. Meyerhoff,2? Roberta Moore,® Joanne L. Parrott,?2 Jason R. Snape,?* Richard Murray-Smith, 24

Mark R. Servos,?* Paul K. Sibley,?6 Jiirg Oliver Straub,?’ Nora D. Szabo,?® Edward Topp,?? Gerald R. Tetreault 2
Vance L. Trudeau,?® and Glen Van Der Kraak?

Emionmantal Toxcologyand Chamisty—Voluma 43, Numbar 3—pp. 481487, 2024
15 ey 226 | e B

Pharmaceuticals and Personal Care Products in the

the Big Research Questions?

Alisair B, A. Boxs

and Bryan W. Brooke®
Geogrphy, Uiy of Vs, Yotk e

Environment: What Progress Has Been Made in Addressing

Introducti

o Uy, o, T, USA

Brooks et al. 2009. Environ Toxicol Chem; Boxall et al. 2012. Environ Health Perspect; Boxall and Brooks. 2024. Environ Toxicol Chem
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Why Horizon Scanning?
Key Questions Approach

» Engages experts across disciplines
and sectors

» Systematic way to identify major
research and policy directions

* These are inherently bottom-up
exercises

potentially more legitimacy

Brooks et al. 2013. /EAM; Rudd et al. 2014. [EAM
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Why Horizon Scanning?

Towards Sustainable Environmental Quality

Critical Review Environmental Policy & Regulation

Toward Sustainable Environmental Quality: Priority Research ~ Toward Quality: ying Priority
Questions for Europe Research Questions for Latin America

Tatiana Heid Fariy e odeur,
Jone Conales oo Danod
D sgarts Migues Coo

felena C Silva de Assis.§ Pedro Carriquiriborde, | Katia R Chagas,|
o Fuchs, 1! Renata Mascarenhas, 5 Karina S8 Miglioranz, |
José Maria Navas 11 Dayanthi Nugegoda 111 Estela Planes, 555
wa# Alistair BA Boxall 1/t

.4 Byan W, Bk
T ey Soino €

[a—— Workshop Synthesis

— Towards Sustainable Environmental Quality: Priority Research
Quéstionsfor the Austrlacian Region of Otcania

Toward Sustainable Environmental Quality: Priority Research :
Questions for North America

G I o 9 a I EL"Z?.’E ::za:.za;a[e Environmental Quality: Priority Research
Horizon
Scanning™ ==

A Bucd a0 Byan W okt

Brooks et al. 2013, I[EAM,; Furley et al. 2018, JE4AM, Van den Brink et al. 2018. Environ Toxicol Chem; Fairbrother et al. 2019. Environ Toxicol Chem ;
Gaw et al. 2019. [EAM, Leung et al. 2019. Environ Toxical Chern, Brooks et al. 2026, In press. Environ Toxicol Chem
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Why Horizon Scanning?

Horizon Scanning in Environmental Science, Engineering, and Health

Bryan W. Brooks!”, Gerald T. Ankley?, Alistair B. A. Boxall’, Murray A. Rudd*

|As Ravetz (2006) himself later clarified, post-normal science is fundamentally a diagnostic
framing: it describes the epistemic conditions under which knowledge is produced when facts are
uncertain, values disputed, stakes high, and decisions urgent. Transdisciplinarity and stakeholder
co-production are among the methodological responses that such conditions warrant. They are
neither equivalent to post-normal seience nor suf{scient to constitute it. The bottom-up, tripartite,
and crossdisciplinarity process used by the Global Horizon Scanning Project was explicitly
designed to identify contested information gaps and research priorities across regions,

exemplifying the practices that post-normal science calls for.

Glolgal
Horizon
Scanning™

Brooks et al. 2013 |EAM; Furley et al. 2018 JEAM, Van den Brink et al. 2018, Environ Toxicol Chem; Fairbrother et al. 2019. Environ Toxicol Chem ;
Gaw et al. 2019 {EAM; Leung et al. 2018. Environ Taoxical Chenn, Brooks et al. 2026, In press. Environ Toxicol Chem
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A Triple Planetary Cirisis...

Climate Chang

Uncertainty
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Impacts from Disasters are Increasing
around the World

What is the Sendai

Framework for

Disaster Risk

Reduction? .
DISASTER RESILIENCE g

The Sendai Framework for Disaster Risk L SCORECARD FORCITIES £
LI T A R D T 4 | L ' o

was the first major agreement of the post- ) k. " R, Consutative Version 1.0
2015 development agenda and provides | ‘

Member States with concrete actions to

protect development gains from the risk of

disaster.

SUBSTANTIALLY REDUCE

G A Global disaster mortality

(/) & Number of countries.
with national and local
DRR strategies by 2020
SEVEN TARGETS (@) r. Intemational cooperation

TO ACHIEVE to developing countries

BY 2030 ® ek e

SO FraEoRy SUBSTANTIALLY INCREASE
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Earth System Boundaries for Novel Entities?
An Intergovernmental Science-Policy Panel on
Chemicals, Waste and PoIIutlon

b = Sc1ence st it (st
e IMENTAL SCIENCE fyine &=
Emﬁmm}w&mlﬁ waesrtleed a global sci policy body on chemicals and

Toward a Global Understanding of Chemn:al Pnllutmn A First
Analysis of National and Chemical

Inventories

Zhanyun Wang.* Glen W. Walker, Derck C. G. Muir, and Kakuko Nagatani-Yoshida

P o [T Eg!m%[%lj —

At least 350,000 chemicals and mixtures
Of Chemicals registered fOI" global 3::5;;‘1;;3;:53'& Operating Space of the Planetary Boundari::: ‘
production and use. In 2018, 28,712 : .
for New Zealand...more, more and more...

Chemicals, Waste and Pollution Prevention 13 CA'I‘AI.VS'I' Egm

Ryberg,
wicky Hauschild

' “Uu .

| Pervecte §

P' ] \ The Human ing the Envi Human Health,
—) "im’ and Society for the Next 60 years

44' \-*\")1« &Y Q,' < ’

Orienting from Indigenous Knowledge:
Towars

Wang et al 2020. ES&T; Wang et al. 2021. Science; Persson et al. 2022. ES&T; Ataria et al. 2023. ES&T ; Gago-Ferrerro et al. 2026. ES&T
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Earth System Boundaries for Novel Entities?
Pharmaceuticals are exceeding new criteria for
an environmentally safe and just pharmacy...

C1 | Sustainable design,
development, production,
and distribution

C4 | Societally just controls
and mitigations SCa.2
Alignment with the

principals of a safe
and just pharmacy

. Aligned
Partially aligned
. Not aligned
Unknown
-+ Safe boundary
%% High confidence

* Low confidence
€3 | Minimize harm to
environmental

and human health

C2 | Effective regulation
and monitoring

Boxall et al. 2026. ES&T
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Earth System Boundaries for Novel Entities?
Pharmaceuticals require actions to realize an
environmentally safe and just pharmacy...

Actions
A1 | Sustainable Design and I
Pharmaceutical Manufacturing

A2 | Circular Economy Principles in l
the Pharmaceutical Lifecycle

A3 | Tackle Antimicrobial Resistance I
at the Source

A4 | Invest in Treatment
Technologies and Infrastructure

AS5 | Promote Responsible Disposal l
and Take-Back Programs

A6 | Strengthen ERA and
Ecopharmacovigilance

A7 | Equitable Access to l
Environmentally Sound Medicines

AB | Advance Research into I
Environmental Impacts and Solutions

A9 | Strengthen Global Governance, I
Regulation, and Collaboration

A10 | Sustainable Prescribing .
Practices and Public Awareness

Criteria

C1 | Sustainable Design,
Development, Production,
and Distribution

C2 | Effective Regulation
and Monitoring

C3 | Minimize Harm to
Environmental and Human
Health

C4 | Societally Just
Controls and Mitigations

Environmentally Safe and Just Pharmacy: A Framework and Action)
Plan for Operating within the Earth System Boundary for Novel
Entities

e “Sfe and ust Earth Syt

o s it [

Boxall et al. 2026. ES&T
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Where do we go from here
with novel entities?

18
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Global Estuaries Monitoring (GEM) Programme
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www.globalestuaries.org; Adedipe et al. 2024. Environ Int; Luo et al. 2025. Mar Pollut Bull
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We must continue to innovate,
and think and work together!

Inform Possible
Futures

Get an Overview Gather Information

preeT

Aligning Horizon Scanning Approaches with Differing Needs and
Topics at the Science—Policy Interface on Chemicals, Waste, and
Pollution

Gabriel Sigmund,* Ricardo O. Barra, Michael G. Bertram, Miriam L. Diamond, Alex T. Ford,

ipek imamoglu, Jinhui Li, Rainer Lohmann, Andreas Schiffer, Martin Scheringer, Katefina Sebkovi,
Maria Clara V. M. Starling, Noriyuki Suzuki, Penny Viahos, Roland Weber, and Bryan W. Brooks*

Cite This: Environ. S Technol 2026, 60, 20174-20181 cl Read Online

Increasing Understanding

Sigmund et al 2026. ES&T
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Planetary Health

“the health of human civilization and
the state of the natural systems on
which it depends”

Whitmee et al. 2015. Lancet

e

- Engage Earth System Boundaries
for Novel Entities

- Realize an Earth System Exposome

- Innovate Chemistry for the Future

Brooks, Anastas, Diamond, Klanova. ES&T Letters. 2026
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Call for Papers

Eﬁ!ﬂﬂl‘ﬂ% E"ﬂﬂﬂ'.'"ﬂm@ E§E&T| Toxicology

The Chemical
Safety Knowledge

Landscape:

Mapping What We Know and
What We Need to Know

Submit Your Manuscript

@ Acs Publications

Submission Deadline: 31 March 2027

Thank you!

ISTA 22

International Symposium
on Toxicity Assessment

ABSTRACT DEADLINE EXTENDED

25 SEPTEMBER 2026

ORAL & POSTER PRESENTATIONS WELCOME
7-11 DECEMBER 2026 ® AUCKLAND, NEW ZEALAND

Traditional and New Methodologi

in Chemical Hazard Characterisation

KEYNOTE SPEAKERS
Prof. Beate Escher | Prof. Bryan W. Brooks

ica Gregory
n UFZ & Univ. of Tabingen

tal Protection
New Zealand

STUDENT AWARDS
o
@ 2% Dr. Doris Au Student Excellence Awards
« 1xNga Ara Whetii Award for Environmental Benefit
« More awards to be confirmed

SUBMIT YOUR ABSTRACT

Bryan_Brooks@Baylor.edu
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