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EDITOR'S NOTE:
This article is part of the special series “Integrating Global Climate Change into Ecological Risk Assessment: Strategies,

Methods and Examples.” The papers were generated from a SETAC Pellston Workshop held at Oscarsborg Fortress near
Oslo, Norway, June 2022. The international workshop included climate change modelers, risk assessors, toxicologists, and
other specialists with a diversity of backgrounds and experience. The findings of the series demonstrate that climate change
can successfully be incorporated as an integral part of risk assessment for a wide range of environments, to address the
issues of long‐term, adaptive environmental management.

Abstract
The environmental management cycles for chemicals and climate change (EMC4) is a suggested conceptual framework for

integrating climate change aspects into chemical risk management. The interaction of climate change and chemical risk
brings together complex systems that are imperfectly understood by science. Making management decisions in this context
is therefore difficult and often exacerbated by a lack of data. The consequences of poor decision‐making can be significant
for both environmental and human health. This article reflects on the ways in which existing chemicals management systems
consider climate change and proposes the EMC4 conceptual framework, which is a tool for decision‐makers operating at
different spatial scales. Also presented are key questions raised by the tool to help the decision‐maker identify chemical risks
from climate change, management options, and, importantly, the different types of actors that are instrumental in managing
that risk. Case studies showing decision‐making at different spatial scales are also presented highlighting the conceptual
framework's applicability to multiple scales. The United Nations Environment Programme's development of an inter-
governmental Science Policy Panel on Chemicals and Waste has presented an opportunity to promote and generate
research highlighting the impacts of chemicals and climate change interlinkages. Integr Environ Assess Manag 2023;00:1–21.
© 2023 The Authors. Integrated Environmental Assessment and Management published by Wiley Periodicals LLC on behalf
of Society of Environmental Toxicology & Chemistry (SETAC).

KEYWORDS: Chemicals management; Climate change; Ecological risk assessment; Management implementation;
Regulatory approaches

INTRODUCTION

Introduction to chemical pollution

In 2022, it was estimated that the value of global pro-
duction, shipping, and trade in chemicals was US $5.7 tril-
lion, with Asia‐Pacific, Europe, and North America
accounting for the bulk of this figure (American Chemistry
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Council, 2023). While the chemicals industry has brought
large benefits to modern lives (e.g., advances in the devel-
opment of medicines, detergents, lubricants, and cos-
metics), the use of chemicals has the potential to negatively
impact the natural environment and human health (Fuller
et al., 2022). Examples of known negative impacts include
persistent perfluorinated compounds causing liver damage
in rodents (Costello et al., 2022); toxic pesticides con-
tributing to global insect declines (Forister et al., 2019;
Sánchez‐Bayo & Wyckhuys, 2019); endocrine disruptors
(e.g., oral contraceptive pills, bisphenol A) causing feminiza-
tion and potential infertility of fish populations, even in sites
far from urban areas (Harris et al., 2011; Jarque et al., 2015);
anti‐inflammatory pharmaceuticals devastating populations
of vulture species in areas of India and Pakistan (Oaks et al.,
2004); and nonpoint‐source agricultural pollution contributing
to eutrophication of waterbodies (European Environment
Agency [EEA], 2018; Grizzetti et al., 2017).
Global policy analysis studies highlight that the historical

and current chemical production and use burdens the
earth's physical capacity for chemical pollution and out-
paces our technical capacity for chemical and toxicological
analyses, thus threatening ecosystems and human viability
(Diamond et al., 2015; MacLeod et al., 2014; Persson et al.,
2022). Therefore, it is imperative that the effects of climate
change on chemical pollution, toxicity, and ultimately risk
are assessed to understand the global, regional, and local
actions necessary for the management of chemical risk in a
changing climate.

Landscape of chemicals management systems

Multiple chemicals management systems exist to limit and
manage chemical pollution, including regulatory, policy, and
voluntary systems. At the world scale, the Inter‐Organization
Programme for the Sound Management of Chemicals (IOMC)
attempts to strengthen international cooperation on chem-
icals issues and supports national decision‐making through
the IOMC toolkit (Inter‐Organization Programme for the
Sound Management of Chemicals, 2021; World Health
Organization [WHO], 2023), the Stockholm Convention reg-
ulates persistent organic pollutants (Stockholm Convention,
2001), the Rotterdam Convention (1998) promotes prior in-
formed consent for exporting listed chemicals, and the
Minamata Convention regulates mercury (WHO, 2021). Ex-
amples at the regional scale to legislate the manufacture,
import, distribution, use, and disposal of various types of
chemicals include the European Union (EU) Registration,
Evaluation, and Authorization of Chemicals legislation
(European Parliament, 2023) and in the United States, the
Toxic Substances Control Act (TSCA; USEPA, 2020). Systems
are also in place for specific types of substances and pollution
issues on a national scale, for example, a series of United
Kingdom contaminated land regulations identify and re-
mediate chemicals on land in the UK. Through voluntary
mechanisms, various organizations and company groups es-
tablish agreements and systems to control the manufacture
and use of chemicals. For example, the Antimicrobial

Resistance Industry Alliance (AMRIA) promotes responsible
antibiotic manufacturing to reduce environmental con-
tamination from these substances and help suppress
the selection of antimicrobial resistance (AMR Industry
Alliance, 2022).

These are a few examples from the complex landscape
of chemicals management approaches that have been de-
veloped over the last century (Christensen et al., 2011;
Lönngren, 1992; Teran et al., 2012). Table 1 presents a
nonexhaustive list of these systems, providing examples at
different ranges of legal coverage, chemicals targeted, and
geographic reach, all aimed at meeting their respective
protection goals vis‐à‐vis potential effects of chemicals.

Depending on the protection goals of each management
system or framework, chemicals are evaluated, charac-
terized, and handled in different ways and at different life‐
cycle stages of a chemical. The evaluation process relies on
existing information and toxicological and ecotoxicological
data regarding chemical characteristics, toxicity, and ex-
posure. If research suggests that a substance's hazard or risk
will affect the protection goal of a system, then the sub-
stance's environmental risks or hazards will be managed in
the manner outlined by the system and/or framework. There
is, however, a factor of growing importance largely ignored
within these chemicals management systems that affects the
management and impacts of chemicals at every stage of a
product's life cycle, namely, climate change.

Lack of climate change inclusion in chemicals management
systems

Climate change and chemical emissions are tightly inter-
twined. Climate change, for example, is likely to cause in-
creases in cardiovascular disease and respiratory illnesses,
with corresponding increases in pharmaceutical usage
(Redshaw et al., 2013). Wastewater treatment plants will see
more demand for the reuse of their wastewater, the need to
cope with increased flooding, sewer overflows, and a lack of
freshwater for dilution (Zouboulis & Tolkou, 2014). Similarly,
chemical technology development, production, usage,
and consumption increase ozone depletion, increase carbon
dioxide emissions, and alter environmental services
(McKenzie et al., 2011; Naidu et al., 2021; Thonemann,
2020). The interactions between climate change and
chemical emissions are further explained in the section
“Implications of climate change for chemicals management.”

Even though concerns over the links between climate
change and chemical risk are being highlighted by re-
searchers, conventions and strategic initiatives around climate
and chemicals are siloed. For example, the UN Framework
Convention on Climate Change tends to ignore implications
for chemical pollution, while the voluntary Strategic Approach
to International Chemicals Management (SAICM) overlooks
the impacts of climate on chemical risks (Strategic Approach
to International Chemicals Management, 2019). The same is
true for the sixth and most recent Intergovernmental Panel on
Climate Change assessment report and its predecessors
(Intergovernmental Panel on Climate Change [IPCC], 2021,
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2023). If we are to continue to benefit from the use of
chemicals under a changing climate while not harming the
natural environment, climate change should be explicitly fac-
tored into chemical risk assessment and management prac-
tices to evaluate and manage the interlinkages between
chemicals and a changing climate and environment.

Aim

The aim of this article, therefore, is to explore the im-
plications of climate change for different chemicals manage-
ment practices. It also provides recommendations on how
these practices could and should be adapted moving forward
to ensure sustainable use of chemicals into the future. We
present a discussion on how climate change impacts can be
incorporated into chemicals management. A conceptual
framework is presented to guide the reader through under-
standing the causal pathway integrations with risk assessment
and risk management. This article also provides three case
studies of where a changing climate will impact the stated
goals of chemicals management frameworks. The presented
framework also offers a structure to help decision‐makers in-
corporate climate science into their decision‐making. Where
tools and techniques exist to support this process, these are
highlighted. Where gaps exist in the tools needed to support
decision‐makers, these are similarly highlighted along with
suggestions on how these could be filled.
This article is part of a series (Landis et al., forthcoming;

Mentzel et al., forthcoming; Moe et al., forthcoming;
Oldenkamp et al., 2023; Stahl et al., forthcoming) produced
at a Society of Environmental Toxicology and Chemistry
Pellston® workshop in June 2022. The workshop goal and,
more specifically, this article was to address the concern that
potential environmental and ecological impacts associated
with a changing climate were not being considered in na-
tional or international chemicals management processes.

IMPLICATIONS OF CLIMATE CHANGE FOR
CHEMICALS MANAGEMENT
Climate change and associated adaptation approaches

will affect how chemicals are emitted and behave in the
environment as well as the characteristics of receiving en-
vironments and the sensitivity of receptors to exposures.
These effects have been reviewed in detail in a range of
publications (e.g., Balbus et al., 2013; Boxall et al., 2009;
Hader et al., 2022).
Reductions of chemical risks due to climate change can be

foreseen. For example, a move away from fossil fuels, in
response to climate change, will result in a reduction in
emissions of hydrocarbons from spills and combustion
processes. The associated decline in the availability of oil‐
based feedstocks is already resulting in a move toward more
biologically based chemicals in products produced by dif-
ferent sectors, which may be less toxic to receptors, and
more research is needed to fully understand toxicity. Addi-
tionally, increases in temperature may reduce the persis-
tence of some chemicals within the environment under
certain conditions (e.g., pesticide degradation in warmer

conditions; Bailey, 2004). Conversely, warmer conditions
could negative affect microbiological communities needed
for chemical biodegradation (Bogdal & Scheringer, 2011).
Most changes, however, will increase chemical risk. In terms

of chemical use, several scenarios can be foreseen. For ex-
ample, increases in plant, animal, and human disease pres-
sures will require increased use of pesticides, veterinary
medicines, and pharmaceuticals (e.g., Boxall et al., 2009;
Redshaw et al., 2013). Increasing dry and hot periods, which
are predicted to increase under climate change (IPCC, 2021,
2023), may result in increased emissions and ecotoxicity of
chemicals used in personal care products, such as chemical
sunscreens interacting with higher‐salinity water (Diffey, 2003;
Neale et al., 2023). Additionally, the dilution of effluents and
runoff will be reduced, thus increasing chemical concen-
trations, while increase of precipitation and/or intensity of
rainfall events in some regions could provide higher nutrients
loadings in certain catchment areas, which, together with an
increase in temperature, could trigger eutrophication proc-
esses. In forested areas, increases in fires will result in an in-
crease in volatile organic compound emissions and particulate
matter (Jaffe et al., 2020) and the release of polyfluoroalkyl
substances (PFAS) from use of fire suppression foams and
wetting agents (Mejia‐Avendaño et al., 2017). Increases in
temperature will also alter the bioaccumulation, persistence,
and volatility of chemicals (Bailey, 2004; Tao et al., 2017).
Flooding events, sea‐level rise, and increased erosion will

mobilize contaminants, such as metals and persistent organic
compounds contained in dump sites and other contaminated
sites, in turn establishing new pathways by which they can
affect biological receptors (Brand et al., 2018). Existing
wastewater treatment infrastructure will not be able to cope
with the large volumes of surface runoff from extreme rainfall
events, resulting in an increase in untreated emissions from
combined sewer overflows (Esteve‐Selma et al., 2016).
These alterations will have important implications for

chemical risk managers working at the global, national, local,
and site‐specific scales. In Table 2, we select previously de-
scribed chemicals management scenarios and highlight some
climate‐driven changes that are likely to be relevant for that
scenario. We also consider the potential implications of a
selection of adaptive and mitigation responses to climate and
explore the impacts of these on chemical risks in the envi-
ronment. The take‐home message from Table 2 is that if we
are to protect ecological and human health in the future:

1. those responsible for chemical risk management need
to incorporate climate change into their assessment
frameworks and ask the question, “Will climate change
alter the use, emissions, fate, exposure, and effects of
chemicals in the system I am managing?”; and

2. those responsible for policies to mitigate and adapt to
climate change need to consider chemical risk in their
decision‐making processes and ask the question “will the
mitigation/adaptation approach that I am evaluating or
proposing have any unforeseen consequences in terms
of chemical risks to the environment?”

Integr Environ Assess Manag 2023:1–21 © 2023 The AuthorsDOI: 10.1002/ieam.4872
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3. both groups need to consider the fundamental material
connections between petroleum exploitation for use in
the energy system, the use of petroleum‐derived prod-
ucts as feedstock for the production of chemicals,
and the role played by resulting emissions in worsening
climate change.

Both chemical policy developers and climate policy de-
velopers need to coordinate efforts to optimize the mutual
benefits (i.e., co‐benefits) of any adaptation or mitigation
approaches in the chemical and climate policy areas and to
ensure that there are no detriments for the other sector. In
the section “Decision and implementation deficit,” we pro-
pose an overarching conceptual framework that risk man-
agers could use to consider climate change and chemical
interactions for different management scenarios and illus-
trate the approach using three contrasting scenarios cov-
ering a range of scales and both a conceptualization of and
framing chemical and climate change management and
implementation.

Decision and implementation deficit

Both the climate and the way in which society uses
chemicals are changing rapidly; thus, flexibility is needed in
addressing climate and chemical issues. Chemicals man-
agement performed within a multilevel governance under-
standing (e.g., global, regional, national, and subnational;
Geels, 2011), in addition to the combined challenges of
climate and increasing production and resulting emissions,
exposures, and effects of chemicals, requires management
systems that can adapt to the challenges presented by
changing technologies, ecosystems, and societal structures.
As seen in Table 1, many management frameworks and
strategies exist; yet, why are they not working? Where is
action needed? Previous research highlights the lack of
identification of actors (e.g., Persson, 2019). To address the
impacts of climate change on chemicals management and
chemicals on climate change, we need to move beyond
decision‐makers initiating actions such as strategies, poli-
cies, and standards to the identification and appointment of
“doers” who will implement the identified mechanisms and
follow up on outcomes of actions taken.

Conceptual framing for change and action implementation

We present a conceptual framework developed to guide
chemical and climate change decision‐makers on the im-
plications of climate change for current chemicals manage-
ment strategies such as those summarized in Table 1. This
framework, environmental management cycles for chemicals
and climate change (EMC4), illustrates the flow of information
and interactions between components of the assessment,
management, and implementation processes (Figure 1) and
builds on following existing management (nonanalytical) ap-
proaches such as

• Driver‐Pressure‐State‐Impact‐Response (DPSIR, environ-
ment focus; EEA, 1999; Patrício et al., 2016),

• the Driving force‐Pressure‐State‐Exposure‐Effect‐Action
(DPSEEA, environmental health focus; Corvalán et al.,
1999; Edokpolo et al., 2019), and

• the adaptive management framework (Van den Brink
et al., 2016; Cains & Henshel, 2021).

To strengthen and emphasize the monitoring and im-
plementation needed to improve on current chemicals
management, while highlighting the key chemicals and cli-
mate change actors (e.g., decision‐makers), it is important to
identify which actors are in a position to give the directive for
developing, initiating, and physically implementing strategies
and laws. The purpose of this conceptual framework
(Figure 1) is to provide a tool to identify actors and options
for chemicals management. Furthermore, it can lead to rec-
ommendations for different actors on how to incorporate
monitoring and adaptive management approaches for sus-
tainable design, production, use, and disposal of chemicals in
the context of climate change. This conceptual framework is
scalable and adaptable as it considers the different levels
of chemicals management (e.g., global, national, regional,
local) and the actors (e.g., intergovernmental organizations,
governments, nongovernmental organizations, industry,
academia) within these policy arenas.

Changes in externalities. From the perspective of an
adaptive management cycle, externalities (i.e., contexts) are
properties and characteristics of a system that are beyond
the purview or scope of the decision‐makers' or managers'
governance. Some things cannot be changed or are per-
ceived as being constant. For example, climate change is an
external factor to the scope of impact for city‐level gover-
nance; the sustainability management practices of one city
or one chemical facility cannot directly affect climate change
on a global scale but only provide a small contribution to-
ward mitigation and adaptation. Thus, climate change is an
externality of the environmental management cycles for any
single actor. Building from the DPSEEA and DPSIR models,
climate change is both an impact and driving force pro-
ducing causes and giving effects that need considerations
for chemical risk management strategies. Driving forces of
climate change include but are not limited to emissions,
technology, lifestyles, economics, social issues, political
contexts, and institutional structures.

Risk assessment. To effectively manage chemicals risk, it is
crucial to establish the link between risk assessment data
and the implementation of risk management strategies. The
process of risk assessment can help decision‐makers and
managers understand how externalities and driving forces
are affecting their system of interest (e.g., chemical manu-
facturing, watershed, species in ecosystems). The problem
formulation and scoping step of risk is foundational in es-
tablishing the scope, context, stressors, and criteria specific
to the decision‐makers' and risk managers' decision space
(Cains & Henshel, 2021; Suter et al., 2003). Traditionally, risk
assessments have focused on a single stressor, such as a
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chemical of interest (e.g., assessment under TSCA and
FIFRA; National Research Council, 1983, 2009). However,
such an approach limits the ability to understand the inter-
action between chemicals and climate change. Given that
climate change is a “threat multiplier” (Goodman & Baudu,
2023), a multistressor risk assessment approach (not just
multichemical) is suggested to characterize the multifaceted
ways in which physical stressors caused by climate change
can affect and have affected the physical, chemical, and
toxicological characteristics of chemicals in the environment
(e.g., Hering et al., 2015). In addition to interactions be-
tween climate change impacts and chemical properties,
both types of stressors have the ability to increase the
vulnerability of susceptible endpoints. For example, hon-
eybee research has theorized increased susceptibility to

compounding stressors due to climate change (Le Conte &
Navajas, 2008). Research has found that some pesticides
reduce colony survival, which can be further compounded
by reduced queen bee fertility caused by temperature ex-
tremes (Cunningham et al., 2022).

Risk management and implementation. Risk management
requires decision‐makers and managers to interpret risk as-
sessment results and transform them into actional manage-
ment strategies. Risk management also needs to follow up on
earlier actions and learn from experiences in a feed‐back loop.
The translation from assessment to management furthermore
needs to be able to identify options and actors (e.g., decision‐
making and implementing stakeholders) in detail at each
level. Such a process should identify various types of actors,

Integr Environ Assess Manag 2023:1–21 © 2023 The Authorswileyonlinelibrary.com/journal/ieam

FIGURE 1 Environmental management cycles for chemicals and climate change (EMC4): The framework includes several feedback cycles, and linkages
between and within subsystems, since learning and adaptation are key processes for the actors involved. The EMC4 framework connects (A) changes in
externalities for climate and chemicals; (B) risk assessment; (C) risk management and implementation; and (D) relationships, solutions, and opportunities. The
solid arrows signify the flow of information from one stage to another. The dashed arrows in (C) signify the feedback of information into previous stages
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together with their motivations and possibilities to act during
various steps of implementation.
The suggested conceptual framework distinguishes be-

tween “decision‐making stakeholders,” “interface actors,”
and “implementation actors,” while outlining their possible
actions. The word actor is used here to underscore that
action is needed to implement management strategies and
policies, while the word stakeholder only conveys that
someone has a vested interest. Interface actors and im-
plementation actors are both decision‐making stakeholders,
but not all decision‐making stakeholders are tasked with the
responsibility or the ability to implement action. A key re-
quirement of management strategies is the conceptualiza-
tion of differences between actors regarding their capacity
to perform actions, that is, actions that influence changes
of relevance regarding the material flows (i.e., multistep
process to transform raw materials into a final product;
Brunner & Rechberger, 2016) leading to emissions and ex-
posures. Not all actors can de facto change the material flow
of concern. The ones who can do it we call “interface actors.”
They are the actors that have a combination of motivation
and means, to change, or reduce, the particular material
flow(s) of concern. It can be a question of closing a valve or
buying and using a chemical substitute for a troublesome
substance or to use less in a particular situation.
We motivate the use of “interface actors” (following Wallin,

2014) by distinguishing specific actors that do have the ca-
pacity to take specific decisions and actions that affect the
material's flow over the interface between the sociotechnical
and ecological subsystems (i.e., human activities that affect
the environment). A reason for thinking in terms of an inter-
face between these two subsystems is that as long as sub-
stances (e.g., fluorinated compounds) and materials (e.g.,
crude oil) are within the sociotechnical subsystem, they can
potentially be controlled by human actions (e.g., by circular
material handling systems). When substances are emitted into
the environment, this control is mostly completely lost, or at
least drastically reduced. An example is contaminated soil,
where earlier ways of disposal, like burying materials in the
ground, or a sloppy use of substances at a site, have resulted
in slow and long‐time dispersal of contaminants into sur-
rounding areas. These contaminations are sometimes pos-
sible but difficult and costly to retake control over.
Activities on various governmental or corporate levels do

not directly change material flows but are intended to influ-
ence other actors in an often incomplete chain of actors and/
or activities to reduce or in other ways change material flows
with the final aim of reducing emissions and exposures, thus
foregoing unwanted impacts on human health and the envi-
ronment. “Implementation actors” are hardly able to make
decisions that directly influence a material flow, but they
might have possibilities to incentivize (or disincentivize) other
actors within their own organization or even other organ-
izations. Since human organizations mostly are hierarchical,
several levels of organization may need to be involved to
stepwise move information, motivations, and responsibilities,
the whole way from implementation to interface actors. We

foresee a rather detailed analysis to identify interface actors,
together with mechanisms to influence their behavior. In
conjunction with the implementation and interface actors, a
wider set of “decision‐making stakeholders” can be identified.
In this group of actors, we may find industrial organizations,
nongovernmental organizations, and media. In some cases,
ordinary households also occur in this group, while they often
can be regarded as “interface actors” having the direct in-
fluence over the release of substances into the environment.
Interface actors can occur at different levels in the organ-

izations operating in product chains handling chemical sub-
stances, chemical mixtures, materials, and products that
might find their way into the environment. Often, concerted
actions within organizations are needed to change material
flows and reduce emissions of particular substances. Fur-
thermore, long‐term activities (e.g., product design, design of
industrial production systems, and the construction of supply
chains) are important to achieve substantial emission reduc-
tions, even if indirectly related chemical production and use.

Relationships, solutions, and opportunities. A large set of
background information regarding the relations between
actors is of importance together with an extensive under-
standing of the relationships, solutions, and opportunities
that exist regarding chemicals management and climate
change. Basically, chemicals managers need to consider
more deeply the interconnectedness between chemical
production, use, and management decisions and their
possible effects on climate change. Chemical production is
reliant on feedstocks derived from petroleum, which is the
common source for fossil fuels. Larger changes related to
elimination, substitution, or changes regarding fuel pro-
duction and feedstocks will have repercussions in the
chemical industries and likewise, application of various en-
gineering solutions, less toxic and sustainable chemistry in-
sights will lead to changes of material flows and emissions.
Various dependencies (e.g., supply chain) and possible

mutual benefits from changes in chemical production and
use need consideration and will most likely influence what
management options are seen as acceptable, given the
numerous priorities influencing decision‐making stake-
holders (e.g., managers, producers, lawyers). The role of
governance and potential opportunities for chemicals
management also need a more holistic approach (e.g.,
managing the whole of an affected system rather than a
stressor source) to make possible the larger changes in
material flows that are needed to meet climate challenges.
Furthermore, a scientific understanding of the various steps
and information needs in designing effective chemicals
management is crucial, as well as the interplay between
science and management; thus, further development of
panel actors is important and needed.

CASE STUDY APPLICATION OF EMC4

We developed eight guiding assessment and manage-
ment questions that risk assessors and risk managers should
ask themselves to better understand how climate change

Integr Environ Assess Manag 2023:1–21 © 2023 The AuthorsDOI: 10.1002/ieam.4872
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will affect the assessment and management of environ-
mental chemical risks (see Table 3). The three case studies of
varying scale (e.g., global, regional, and local) are used to
answer the eight questions and illustrate how the EMC4

(Figure 1) can be used by risk assessors and risk managers to
frame the integration of climate change into environmental
risk assessments and identify decision‐making stakeholders
and actors. These case studies provide contrasting scenarios
to show how there is no one answer or management sol-
ution that fits all scenarios.
For the “changes in externalities” and “risk assessment”

component of EMC4, the following questions should be
addressed (adapted from DPSIR and DPSEEA):

1. Driving forces: What are the current chemical risks as-
sociated with your case study or context?

2. Pressures: How is the climate changing within the area
and/or region of concern?

3. State: How will the physical stressors (e.g., precipitation
extremes) induced by climate change affect the fate,
transport, and toxicity of the chemical or the suscepti-
bility of the exposed ecosystem and/or humans?

4. Exposure: How will climate change affect the use/release/
bioaccumulation of the chemicals of interest?

5. Effects and Impacts: Are there evidence and data avail-
able to understand the relationship between the chem-
ical risks and climate change impacts?For the “risk
management and implementation” component of the
EMC4, the following questions should be addressed:

6. What stakeholders with decision‐making powers and
implementation and interface actors need to be involved
in the assessment and management of these risks?

7. How can human behavior be modified to mitigate
greenhouse gas emissions, chemical emissions, and cli-
mate change impacts at the same time?

8. What policy options are available to affect change while
taking into consideration the pros and cons of each
option?

Global case study: Integrating climate change into SAICM

The SAICM is a global chemicals management framework
adopted by the United Nations in 2006. One of SAICM's
stated functions was to identify and call for action on global
emerging policy issues, such as the product life cycle of tex-
tiles. More than 1900 chemicals are used in the production of
clothing; the EU classifies 165 as hazardous to health or
the environment (European Parliamentary Research Service
[EPRS], 2019). Note that during the publication of this article,
the SAICM framework was superseded by the Global
Chemical Framework during the fifth session of the Interna-
tional Conference on Chemicals Management (ICCM5) in
September 2023. However, the recommendations and com-
mentary that we have offered on SAICM are still relevant for
the Global Chemical Framework.
To understand how the externalities driving chemicals

risks associated with textiles production, use, and disposal

may change in the face of climate change, it is necessary to
characterize them. The United Nations Environment Pro-
gramme Chemicals Branch (UNEP, 2011) identified:

• pesticides used in the growing of natural fibers and any
dyes used in their formulation;

• effluent from the manufacture of dyes and colorants
(e.g., dye baths); and

• effluent from the tanning and treatment of leather
products.

China leads the global textile industry and accounts for
over 35% of global textile exports, seven times more than
second place, Vietnam, and 35 times more than 10th place,
Chinese Taipei (Leal Filho et al., 2022). While China's textile
industry is that of one country, the size of the country and
quantity of produced textiles have a global effect. Using
global climate models like the IPCC's SRES B2 Scenario (Xu
et al., 2006), the expected increase in air temperatures by
the 2080s is projected to result in significant precipitation
decreases in specific regions of China in winter and summer.
Increased temperatures and drought are associated with
increased pests in cotton crops in China (Huang & Hao,
2018), and therefore increased pesticide use. Organo-
phosphate pesticides have been found in flood sediments
across China (Qian et al., 2020; Yuan et al., 2013) and
transportation of chemicals applied to soils or deposited in
freshwater through this route is likely to increase. Further
examples of how climate change can impact the risks from
chemicals due to the textile industry in China are provided
below in Table 3.

In terms of the risk management and implementation
component of EMC4, a chemical pressure such as that re-
sulting from textile manufacture, use, and disposal is global
in nature due to the nature of the supply chains involved.
Without a global response, the impacts of chemical pollu-
tion may simply be transferred to a less wealthy nation with
less stringent regulatory regimes (Shattuck, 2021). Since
2006, SAICM has been one of the primary actors in coor-
dinating global action on chemicals management but
they are not the stakeholders with decision‐making
powers (ICCM, 2006). An important question is whether the
new framework emanating from the SAICM Beyond 2020
process can incentivize governments, who have the power
to regulate, to ask the questions listed above. Second,
UNEP is currently developing a Science Policy Panel that is
intended to bridge the information gap between govern-
ments and current scientific research on chemical and waste
risks (Ågerstrand et al., 2023). The Science Policy Panel is
ideally placed to collate and communicate existing knowl-
edge of the likely impact of climate change on chemicals risk
assessment, in addition to taking steps to understand, pri-
oritize, and close evidence gaps. It will also be necessary for
someone to identify the different actors required to design
effective management mechanisms to tackle the issue.
While this is necessary at a national level, there may be a

Integr Environ Assess Manag 2023:1–21 © 2023 The Authorswileyonlinelibrary.com/journal/ieam
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TABLE 3 EMC4 guiding assessment and management questions for
integrating climate change into environmental risk assessment

Guiding assessment
and management questions

Global: Integrating climate
change into SAICM regarding
textiles

Regional: Nutrients pollution in
a European catchment

Local: Mercury
contamination in South
River, West Virginia, USA

1. What are the current
chemical risks associated
with your case study?

Pesticide usage, effluent of dyes,
treatments, coatings and
detergents, microplastic
release.

Nutrients diffuse pollution from
agriculture, point‐source
pollution, eutrophication.

Methyl mercury (MeHg),
PAHs, organochlorine
pesticides.

2. How is the climate changing
within the area and/or region
of concern?

Textiles is a global industry;
however, increased flooding,
weakening of the monsoon,
increased air temp, and reduced
precipitation are expected in
textile growing and/or
manufacturing areas.

Changes will be different across
Europe: Temperature will
increase, while precipitation
might increase in the north
but decrease in the south.

Increased river
temperature; increased
in land flooding.

3. How will the physical
stressors induced by climate
change affect the fate,
transportation, or the
susceptibility of the exposed
system?

Lower dilution capacity for
pollutants, increased run‐off into
fresh and marine water,
increased deposition into new
areas, change in transformation
of metabolites.

Lower dilution capacity for
nutrients, increased erosion
and thus nutrient transport,
higher risk of eutrophication
(increased nutrient
availability and temperature).

Habitat alteration for
aquatic species; release
and/or resuspension of
contaminated soil into
river; increased
suspended solids.

4. How will climate change
affect the use/release/
toxicity of the chemicals of
interest in the exposed
system?

Increased and changed pesticide
and fertilizer usage, increased
and changed use of textile
treatments (e.g., antimold), likely
change in the way society uses
and washes textiles.

Uncertainty about fertilizer use:
changing crop distribution,
population growth, green
policies, and so forth.
Changes in the water
demand for multiple uses.

More research needed to
understand the
influence of change in
water flow and
temperature on toxicity
of legacy MeHg
contamination.

5. Are there evidence and data
available to understand the
relationship between the
chemical risks and climate
change?

The impact of climate change on
the types of chemical pollution
caused by textiles is increasingly
well evidenced. The impact of
climate change on textiles as a
source of chemical risk is not
well understood.

European Union member states
have a strong monitoring
network to cope with the
Water Framework Directive
requirements, registering
nutrient concentrations
(among other parameters) in
every continental and
transitional waterbody.
Availability of hydrological
and ecological models
incorporating climate change
scenarios provided by
downscaled regional climate
models.

Historical record of
assessed stressors and
monitored assessment
endpoints; multiyear
feasibility study of each
management option;
Downscaled regional
climate change projects
specific to South River.

6. What stakeholders with
decision‐making powers and
implementation and interface
actors need to be involved in
the assessment and
management of these risks?

International Governments, UNEP,
IOMC, industry bodies, new
global science and/or policy
panel.

European Union
administration, Ministries of
Environment, River Basin
Authorities, farmers, and/or
regional administrations.

South River Science team
(consortium of
academics, consultants,
government personnel,
nongovernment
organizations).

7. How can human behavior be
modified to mitigate
greenhouse gas emissions,
chemical emissions, and
climate change impacts at
the same time?

Consume less clothing and fabric‐
based products, preferentially
buy sustainable fabrics, wash
clothes less often, avoid fabrics
with applied treatments.

Decreasing fertilizer use,
working toward a sustainable
and high‐tech agriculture;
implementing nature‐based
solutions to improve water
quality through nutrient
uptake, carbon
sequestration, and
biodiversity conservation.

Adaptive management to
monitor and assess
efficacy of riverbank
stabilization; adding
riparian vegetation and
trees; and agricultural
best management
practices

(Continued )
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role for SAICM to lead this process to ensure that learning is
shared globally.

Regional case study: Nutrient pollution in European
catchments

The EU water policy, highlighted by the European Water
Framework Directive (European Parliament, 2000), aims at
achieving a good ecological status in all surface waterbodies
by 2027. This ecological status is determined with several
indicators, including the nutrients concentrations. In fact, nu-
trients pollution, mainly in the form of diffuse pollution from
agriculture, has been a concern in Europe for several decades
now, particularly since the proclamation of the Nitrates Di-
rective in 1991 (European Parliament, 1991). However, de-
spite all the efforts done, nutrients pollution is still one of the
main environmental problems in Europe and one of the most
important threats for aquatic ecosystems (EEA, 2018; Grizzetti
et al., 2017). The impact of global change on the fate and
transport of nutrients in Europe is uncertain and an in‐depth
analysis of current findings is needed to plan adequate
management strategies to cope with this problem and reduce
the risk of eutrophication. Also, the ongoing 2014 Russo‐
Ukrainian War, and potential food security issues in its wake,
influence the European handling of the issues.
Table 3 provides a brief overview of how global change

(climate change and their associated changes in the society)
might affect nutrients pollution in European catchments,
which tools are available to investigate this problem, and
who is playing a role in the matter (e.g., various actors,
policy options; Wallin, 2014). Nutrients pollution manage-
ment will not be an easy task in the next few decades in
Europe since the impacts might be different depending on
the region: climate will change differently (e.g., increasing
precipitation in the north, decreasing in the south) and the
social changes will take different directions, too (e.g., Mack
et al., 2019; Molina‐Navarro et al., 2020). However, actions
are being taken to address this problem, including coping
with the Water Framework Directive and the Nutrients

Directive requirements, a sustainable food system pursued
in the implementation of the Green Deal, or the imminent
2023 Integrated Nutrient Management Action Plan (EPRS,
2021; European Commission, 2023b).

Local case study: Legacy and active contamination
of the South River, Virginia, USA

We describe the South River, Virginia site as an example of
considering climate change in ecological risk and remedial
decision‐making at a local and/or site scale (Table 3). The
explicit inclusion of climate change as a compounding
stressor produced a suite of prospective risk assessments that
facilitated a risk management and implementation process
producing management actions tailored to both the exposure
and impact of chemical and climate change‐induced stressors.
More than 20 years of investigation culminated in a plan for
remediating legacy mercury at this site (Stahl, 2022; Stahl
et al., 2014). The plan included specific evaluation of eco-
logical risks coupled with climate change (e.g., methyl mer-
cury contamination of fish and wildlife, habitat alteration,
increasing air and water temperatures; Johns et al., 2017;
Landis et al., 2017). Results of the ecological risk assessments
were incorporated into an adaptive management framework
(see Foran et al., 2015) designed to evaluate the effectiveness
of remedial actions (e.g., riverbank stabilization). Restoration
actions were also coupled with the remedial actions and were
driven by considerations described elsewhere (Hooper et al.,
2016; Kapustka et al., 2016). All work was conducted under
the Resource Conservation and Recovery Act, Corrective Ac-
tion program overseen by the Commonwealth of Virginia and
the USEPA. Full details of this effort are documented by
the South River Watershed Coalition (South River Watershed
Coalition, 2023).

IMPLICATIONS AND PATH FORWARD
In contrast to the other articles in this special series

(Landis et al., forthcoming; Mentzel et al., forthcoming;
Moe et al., forthcoming; Oldenkamp et al., 2023;

Integr Environ Assess Manag 2023:1–21 © 2023 The Authorswileyonlinelibrary.com/journal/ieam

TABLE 3 (Continued )

Guiding assessment
and management questions

Global: Integrating climate
change into SAICM regarding
textiles

Regional: Nutrients pollution in
a European catchment

Local: Mercury
contamination in South
River, West Virginia, USA

8. What actions or policy
options are available to
affect change while taking
into consideration the pros
and cons of each option?

Harsher regulation of emissions;
incentivize integrated pest
management; incentivize
improvement in manufacturing
and detergent technology;
improved collection for reuse,
repair, and recycling; improved
transparency and/or labeling;
consumer awareness
campaigns.

Water Framework Directive,
Nitrates Directive, European
Green Deal, EU's Common
Agricultural Policy. Definition
and implementation of
specific catchment
adaptation plans, nested in
the national and regional
adaptation strategies.

Collaborative assessment
and management
process driven by
diverse knowledge and
experience needed to
ensure successful long‐
term bank stabilization
by working with the
existing old‐growth
trees along the bank.

Note: Three case studies (e.g., global, regional, local) provide example applications of these questions. The answers to each question are not meant to be
exhaustive but illustrative.
Abbreviations: EMC4, environmental management cycles for chemicals and climate change; EU, European Union; IOMC, Inter‐Organization Programme for the
Sound Management of Chemicals; PAHs, polycyclic aromatic hydrocarbons; SAICM, Strategic Approach to International Chemicals Management; UNEP,
United Nations Environment Programme.
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Stahl et al., forthcoming), our task was to determine if and
how any new approaches for incorporating climate change
projections into ecological risk assessment could become a
standard practice in chemicals management programs and
policies. While the case studies provided by the other work
groups in this workshop focused on spatial and temporal
scales suitable for ecological risk assessment (Landis et al.,
forthcoming; Mentzel et al., forthcoming; Oldenkamp et al.,
2023), our focus was on chemicals management at multiple
geographic scales, which was particularly important as
management occurs across scales. This was the backdrop
for developing the EMC4 conceptual framework.
In the section “Introduction and implication of climate

change for chemicals management,” we touched on how cli-
mate change can influence the fate and effects of chemicals
and potential barriers to address this in chemicals manage-
ment programs. Nations first cooperated to address climate
change in 1992 (Rio Convention; United Nations, 1992), and
the first specific climate change convention was celebrated in
1995 (COP1, Berlin; United Nations, 1995). Yet, in 2022, when
the most recent convention was held (COP27, Egypt; United
Nations, 2023), measurable progress to achieve the goals
nations set for themselves remains elusive. It appears also to
be the case with SAICM that nations desire to participate and
make progress, but that progress has been slow (Strategic
Approach to International Chemicals Management, 2019).
This presents the risk management and policy community
with an opportunity since SAICM is under review and changes
are likely. Thus, with the acknowledgment of a need, con-
sideration of climate change could be incorporated into the
SAICM Beyond 2020 framework and/or approach. Given that
many frameworks rely on pre‐existing knowledge and re-
search for evidence‐based chemical decision‐making (e.g.,
Stockholm Convention), there is a need for a coordinated
effort to understand and explain the relationship between
chemicals and climate change on a global scale to stimulate
an evaluation of the data that exist (e.g., sustainable product
initiatives [SPI]; IOMC).
In this series of articles, case studies have been provided

for chinook salmon in the US Pacific Northwest (Landis et al.,
forthcoming), the Great Barrier Reef in Australia (Mentzel
et al., forthcoming), pesticides in Norway (Oldenkamp et al.,
2023), and have shown the methodology for incorporating
climate change projections into a wide variety of ecological
risk assessments at various spatial scales and for differing
environmental situations. These methods could be oper-
ationalized in the near future as there appear to be little, if
any, technical barriers to preclude their use for ecological
risk assessments. The next logical step would be to in-
corporate them into chemicals management programs
worldwide and to require that they are used in future in-
dustry data submissions for new chemicals and for new
uses of existing chemicals. The consequences of not in-
corporating climate change considerations into chemicals
management programs range from increased pesticide
susceptibility of nontarget species to approving widespread
use of a new chemical prior to understanding the effects of

that chemical in the environment, as was the case for per‐
and PFAS, dichlorodiphenyltrichloroethane, and chloro-
fluorocarbons (Willi et al., 2021).
Since many chemicals management programs and frame-

works rely on pre‐existing knowledge and additional research
on chemicals management decision‐making (e.g., Stockholm
Convention), the use of the EMC4 framework would enhance
the incorporation of climate change into chemical risk as-
sessments. Furthermore, it makes sense to develop a scientific
expert process to evaluate chemical fate and effects data that
exist and the implications that may result due to climate
change (e.g., SPI, IOMC). With the development of the
UNEP's new Chemical and Waste Science Policy Panel
(Ågerstrand et al., 2023), the opportunity is there to develop a
collaborative relationship between the IPCC and Inter-
governmental Science‐Policy Platform on Biodiversity and
Ecosystem Services for a partnership focused on the effect of
chemicals in the environment under climate change. Part-
nership success requires involved parties to find common or
related priorities such that decision‐makers and representa-
tives from each party have programmatic reason to work to-
gether. Key actions of this potential partnership include, but
are not limited to, identifying and remedying critical data
gaps for more robust chemical‐climate change risk assess-
ments. Even though the UNEP Chemical and Waste Science
Policy Panel's focus is “policy relevant, not policy prescriptive,”
the panel could suggest approaches and tools that might
be useful to interface actors, implementation actions, and
decision‐making stakeholders (e.g., nongovernmental organ-
izations, academia, government, industry) involved with
chemical manufacture and management.
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