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Overview

« Decades of problems by persistent chemicals
« What can, and what cannot, be done by science?
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The Problem

“Persistent materials, because of this property, will accumulate
In the environment for as long as they are released.

Since the environment is not effective at cleansing itself of
these materials, they will remain for indefinite periods which
were not recognized at the time of their original release.

The problem could become entirely out of control and it would
be extremely difficult if not impossible to do anything about it.”

M.E. Stephenson, Ecotox. Environ. Safety 1 (1977), 39—48 ETH ziirich



Persistent Contaminants

« Some “notorious’ water contaminants:
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perchloroethylene 1,4-dioxane methyl-tert-butyl ether, MTBE trifluoroacetic acid, TFA

« Some globally relevant multi-media contaminants:
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hexachlorocyclohexanes,

lychl ted biph I
polychlorinated biphenyls, HCHs

polybromlnated dlphenyl ethers, PCBs

PBDEs .
ETHZzurich



The Impacts of Persistence

PERSPECTIVES

MARINE ENVIRONMENT

Persistent pollutants, persistent threats

Polychlorinated biphenyls remain a major threat to marine apex predators such as orcas

By Paul D. Jepson'and Robin J. Law'? the Stockholm Convention committed more
than 90 signatory countries to phasing out

ersistent organic pollutants (POPs) | or eliminating large stocks or other sources

are chemical substances that persist in | of POPs, including PCBs (7). Yet, PCBs con-

the environment, accumulate in the | tinue to threaten the survival of marine

centrations fell substantially from the 1960s
and 1970s to 2010 (5, 7). Most avian marine
apex predators, including herons, gulls, os-
preys, petrels, and skuas, are no longer listed
as threatened on the International Union for

Jepson and Law (2016) Science 352, 1388-1389



The Impacts of Persistence

. UK killer whale died with extreme levels
Orca whale with of toxic pollutants

950 I I lg/kg Adult whale Lulu was one of UK's last resident pod and had never produced a

calf, probably because pollutants in her blubber had caused infertility

PCBs in blubbler

accumulated over
22 years

no offspring
caught in net

source: The Guardian, May 2017



The Persistence Fallacy

“Persistence alone is not a problem.”
“Persistence indicates the mere presence of a chemical.”
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The Persistence Fallacy

“Persis oneisnof bl
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Persistence is never “alone”. There are always impacts.
Therefore:

Persistence indicates an impactful causal relationship
that extends far into the future.
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The Meaning of Persistence

* Persistence makes exposure higher, longer,
and more widespread.

* Thereby, persistence directly increases
the occurrence of adverse effects.
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A Large Body of Evidence
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Stories of Global Chemical Pollution: Will We Ever Understand
Environmental Persistence?
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A Large Body of Evidence
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A Large Body of Evidence
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Is Persistence a Hazard?

Published as part of Environmental Science & Technology special issue “60th Anniversary of Environmental
Science and Technology”.

Martin Scheringer® and Ian T. Cousins
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Overview

» Decades of problems by persistent chemicals
 What can, and what cannot, be done by science?
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Scientific Problems, Political Problems

* Many chemical pollution problems are no longer
scientific problems, but political problems:
they require legislative and regulatory action.
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Scientific Problems, Political Problems

* Many chemical pollution problems are no longer
scientific problems, but political problems:
they require legislative and regulatory action.

e Science, and ever more science, cannot solve
political problems.

* Just calling for more and better science leads
to paralysis by analysis.
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The Emerging Water Contaminant?!
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Tracking Trifluoroacetate (TFA) through Time: A 78-Year Record
from Archived Wines

Finnian Freeling® and Ramén Mira de Orduna Heidinger™
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ABSTRACT: Trifluoroacetate (TFA) is increasingly recognized as a 250

pessistent and globally distributed contaminant. Despite its widespread LY .8
occurrence and formation from diverse precursors, long-term data on TFA %200 5 I on
contamination trends are scarce. We present the first long-term retrospective 150 8 1948 - 2024
analysis of TFA concentrations in archived wines, drawing on a unique and | vintage wines
nearly uninterrupted 78-year sample series (1946—2024) from a single winery . Gitn and shoot
in Baden, Germany. Complementary samples included organically produced o e
wines from the same region, wines from 20 countries across five continents,

and a variety of fruit juices and nectars, Our results reveal a marked and sy b RN |
statistically significant rise in TFA concentrations, with no detectable levels 1045 1965 1985 2005 2025
prior to 1970, and a pronounced increase from 2010 onward, peaking at 260

pg/L in archived wines from Baden. This pattern aligns with trends relating to certain TFA precursor emissions in Germany,
specifically TFA-forming refrigerants and propellants as well as C—CF,-containing pesticides. Recent international wines showed
variable but generally high levels of TFA, reaching up to 620 ug/L. This highlights the increasing global environmental presence of
TFA and the necessity of evaluating its potential long-term effects on ecosystems and human health.

KEYWORDS: trifluoroacetate, trifluoroacetic acid, wine, trend, PFAS, dietary intake
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The Emerging Water Contaminant?!

« Without a ban of TFA precursors, water providers
may be overwhelmed by TFA contamination.

* The problem is caused by the extreme persistence
of TFA, as pointed out by Stephenson (1977).

* There are still permits for TFA releases to rivers
In Europe (e.g., River Alz, Bavaria: 1 t/yr until 2044).

https://doi.org/10.1021/acs.est.5c10868 ETHzurich



Conclusions

 Persistence is at the core
of many contamination
problems.
Avoid persistent chemicals!

» Use grouping approaches to reduce the burden
of regulatory risk assessment.

» Better and more effective pre-market assessment
of chemicals needed. All types of PFASSs slipped in
under REACH! Why?!

 Avoid too early technological lock-ins of chemicals.
https://doi.org/10.1021/acs.est.5¢13807 ETHzurich



Thank you for your attention
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Obstacles

nature water

Perspective https://dol.org/10.1038/544221-023-00168-4

Late lessons from early warnings on PFAS

Received: 14 June 2023 Steffen Foss Hansen®' |, Carina Theresa Heller Bunde', Monika A. Roy®?,
Joel A. Tickner? & Anders Baun'

Accepted: 3 November 2023

Published online: 17 December 2024

Achieving compliance with recent per- and polyfluoroalkyl substances
(PFAS) regulations in the United States and Europe will require substantial
effort and funding by municipal water providers, as well as chemical and
productinnovation to avoid regrettable substitutions. Despite emerging

| ™ Check for updates

https://doi.org/10.1038/s44221-023-00168-4 o
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Obstacles

* Too much reliance on voluntary initiatives

* No grouping, no transfer from well-investigated
chemicals to similar ones

* Too much focus on “significant risks”

e Alternatives to PFASs under-researched and
underdeveloped
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The Broken Record ...
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Boundaries, Limits, Global Threats — How Can the Impacts of Global
Synthetic Pollutants Be Reduced?

Published as part of Environmental Science & Technology special issue “Safe and Just Earth System Boundaries
for Novel Entities”.

Martin Scheringer,* Hans Peter H. Arp, and Ian T. Cousins
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ABSTRACT: The planetary-scale risks posed by “chemicals o
global concern” have deep historical roots that predate the literaturd
on the Planetary Boundaries concept. Two largely separate scientifig
and regulatory tracks emerged from mid-20th-century research: anj
atmospheric track (exemplified by chlorofluorocarbons and strato
spheric ozone depletion) and an aquatic-terrestrial/ecotoxicological <

track (exemplified by DDT, PCBs and other bioaccumulativa AVOID

organohalogens). Both tracks produced early warnings, scientifi PERSISTENCE
consensus, and eventual multilateral environmental agreements (th

Montreal Protocol and Stockholm Convention). In this Perspective
we synthesize the historical evidence, link it to the planetary
boundaries and limits-to-growth narratives, highlight why chemical

regulation repeatedly failed to prevent widespread contamination

and propose a set of pragmatic policy instruments, including targeted premarket controls such as the application of the Safe and

https://doi.org/10.1021/acs.est.5¢13807
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The Broken Record ...
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Is Persistence a Hazard?

Published as part of Environmental Science & Technol,
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Martin Scheringer® and Ian T. Cousins

) Chack for updates Why is high persistence|alone|a major cause of
concern?

Cite This: https:/doi.org/10.1021/acs.est6c00770 RO V0% 1003 Rmo0ses

lan T. Cousins, 19* Caria A. Ng, @ ® Zhanyun Wang ©° and Martin Scheringer (9 *¢

ACCES S I Iﬂ Metrics & More Persistence 15 3 hazard cnitenon for chemicals enshnned in chemical regulation worldwide, In this paper, we

argue that the higher the persistence of a chemical, the greater the emphasis that it should be given in
chemicals assessment and decsion makng We provide case studies for thwee classes of highly
persistent chemicals {chloroflucrocarbons, polychicrinated biphenyls, and per- and polyflucroaliyl
substances) to exemplify problems unique to highly persistent chemicals, despite thelr othenwise diverse
properties. Many well-known historical chemical pollution problems were the result of the release of
highly persistent chemicals. Using evaluative modeling calcutations, we demonstrate that if a chemical is
highly persistent, its continuous release will lead to continucusly increasing contamination irespective of
the chemical's physical ~chemical properties. We argue that these increasing concentrations will result in
Increasing probabilities of the occurrence of known and unknown effects and that, once adverse effects
are identified it will take decades, centuries or even longer to reverse contamination and therefore
effects Based on ouwr findings we propose that high persstence alone shoud be established as
a sufficent basis tor requlation of a chemical. which we term the “P-sufficient approach’. We argue that
reguistion on high persstence alone is nol over-precautionary given the historical and ongoing
problems that persistent chemicals have caused Reguiation of highly persistent chemicals, for example
bty restriction of emissons would not only be precautionary, but would serve to provent poorly
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The Broken Record ...
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Persistence and Spatial Range
as Endpoints of an
Exposure-Based Assessment of
Organic Chemicals

MARTIN SCHERINGER®

Department of Envirorunental Sciences, Swiss Federal
Institute of Technology, Zarich, Switzerland

An approach to the classification of environmental
chemicals in terms of exposure-based quantities is
presented. First, the spatial range of environmental
chemicals is introduced as the counterpart of the
persistence, and mathematical definitions are given
for the calculation of both persistence and spatial range
from exposure data. Persistence and spatial range
serve as proxy measures that reflect the influence of
many different transport and degradation mechanisms

There are some important advantages of an exposure-
based assessment of chemicals (7): First, an exposure-based
assessment makes it possible to reduce the complexity the
assessment procedure has to deal with because less data
have to be recorded, aggregated, and evaluated. Second,
it can be performed before the effects resulting from the
exposure to the chemical released have become manifest,
i.e., it makes possible a preventive assessment by which
the precautionary principle can be put into practice. The
purpose of this study is to accomplish a description of
exposure in terms of two basic quantities related to space
and time. To this end, the quantity of spatial range R is
introduced as the counterpart of persistence r that covers
the spatial dimension; this quantity has not yet been
discussed explicitly in the assessment of environmental
chemicals.

An extended unit-world model of environmental trans-
port and degradation is used to calculate exposure patterns
of organic pollutants; persistence and spatial range are
determined from these exposure patterns. It has to be
emphasized that the model is not a simulation model but
an evaluative model to be used for the screening of
environmental chemicals. The model makes it possible to
calculate persistence and spatial range in a straightforward
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