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Introduction — Today | will talk about...

» The importance of investigating chemical history [ ,‘

* Why quick action is needed Q‘

* How patent data is a useful resource for this investigation

* How visualization can help to raise awareness (Chemical Stripes)
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Introduction — Reconstructing Chemical History

* Investigating chemical history for

o Health Risks (long-term) |
o Environmental Risks i |

o Legal Action RlSK

* Analysing historical records / data
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Introduction — Reconstructing Chemical History

I No of chemicals registered per year in the
' CAS registry
> Avoiding new ‘Silent Springs™ | ..o
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» Can inform policy decisions related to environmental regulations & =
public health protection e
° ceceee
* Arp HPH, Aurich D, Schymanski EL, Sims K, Hale SE. Avoiding the Next Silent Spring: Our Chemical 4 “ Il I . I Il cesset

Past, Present, and Future. 2023. doi:10.1021/acs.est.3c01735



https://doi.org/10.1021/acs.est.3c01735

Introduction — The Why and How

 Quick action is necessary:

o Delay makes information less accurate
o Health impacts may not (yet) manifest (for) decades after exposure

o May help prevent further exposure & minimize the risk of future health impacts
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Introduction — The Why and How

- Patent data as a valuable resource: Pub@hem

o Detailed record of the development / use of chemicals over time
+ Information on production methods, uses & safety concerns

CID 74483

Perfluorooctanesulfonic acid

Depositor-Supplied Patent Identifiers @
<33,291 items > i Download
SORTBY | « Priority Date b

# Publication Number Inventor(s) @ Assignee(s) @ Classification @ Abstract Priority Date (?) Grant Date

Compaosition for preparing top anti-

reflection film for photoresist, top anti-

reflection film for photoresist and ERE O
fluorine-containing composition

1 CM-114035405-A

Fluorine-free environment-friendly

2 CM-114146355-A foam extinguishing agent and
preparation method thereof

2021-12-27

» ldentify potential sources of exposure & inform risk assessments
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Introduction — The Use of Data Visualisation

* Warming or climate stripes

| I

»Communicate complex environmental data in a simple, intuitive way ”g
»See long-term trends and changes =
»Use of colour for quick interpretation (broad audience) J)
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Image ref: https://showyourstripes.info/s/globe



https://showyourstripes.info/s/globe

Introduction — The Use of Data Visualisation

» Extension to other types of environmental data
» Sea level rise
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Image ref: https://twitter.com/selwynox/status/1148154450672050176,



https://twitter.com/selwynox/status/1148154450672050176

Introduction — The Use of Data Visualisation

» Extension to other types of environmental data
»Biodiversity decrease
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Image ref: https://findingnature.org.uk/2022/08/10/biodiversity-stripes/



https://findingnature.org.uk/2022/08/10/biodiversity-stripes/

Introducing Chemical Stripes

» Use of the climate stripes concept v

» Use of patent data from Pub(Qhem: A v

»Show trends and changes (estimated) chemical use ‘
that may have impacted public health & environment ‘

Chemical
Stripes
Example:




R package

* R package chemicalStripes available on GitLab:
> Input: Pub@hem Chemical Identifier (opt.: date range)

» Retrieving compound information using webchem

» Automated extraction of patent data from Pub@hem

» Processing patent data (big data files)

» Creating and saving ‘stripes plot’

chemical stripes(pc 1d, date range = c¢(1960, 2021), colorblind = FALSE)

\ J
|

default - aiiit
https://gitlab.uni.lu/eci/chemicalstripes " l"".l“ ‘ seLcse



https://gitlab.uni.lu/eci/chemicalstripes

Patent Download

CID 74483

Perfluorooctanesulfonic acid

Depositor-Supplied Patent Identifiers @
33,291 items
SORTBY & Priority Date W
#  Publication Number (3)  Title Inventor(s) ()  Assignee(s) (3)  Classification ()  Abstract Priority Date (3)  Grant Date

Composition for preparing top anti-
reflection film for photoresist, top anti-
reflection film for photoresist and
fluorine-containing composition

1 CN-114035405-A 2022-01-07

Fluorine-free environment-friendly
2 CMN-114146355-A foam extinguishing agent and 2021-12-27
preparation method thereof

Mechanochemical methed for
3 CN-114160566-A decomposing hexachlorobenzene by 2021-12-24
using natural mineral additive

Environment-friendly lithium battery
4 CN-114177564-A extinguishing agent and preparation 2021-12-24
method and application thereof

A method for producing a chemically
amplified photosensitive compaosition, a

N

: e photosensitive dry film, and a method Sl
for producing a patterned resist film.
Application of INVS protein in
6 CMN-114053396-A preparation of medicine for repairing 2021-12-07
damage of testicular supporting cells 1977 1983 1989 1995 2001 2007 2013 2019

ceor~0o0e
come@ee

> Using the Pub@hem functionalities 12 il



R package: Example

32460 patents were processed for CID 74483

Your stripes have been saved as png_74483_1960_2021.png 1in your folder C:/uUsers/dagny.aurich/Documents/R_stripes/png_74483_1960_2021.png

Chemical Stripes for Perfluorooctanesulfonic acid

PubChem CID: 74483

IUPACName: 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sulfonic acid
Molecular Formula: C8HF1703S

Exact Mass: 499.9374938

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

https:/gitlab.uni.lu/eci/chemicalstripes 13 il ‘


https://gitlab.uni.lu/eci/chemicalstripes

R package: Example

A total of 32461 patents were found for CID 74483

32460 patents were processed for CID 74483

Your stripes have been saved as png_74483_1960_2021cb.png 1in your folder C:/uUsers/dagny.aurich/Documents/R_stripes/png_74483_1960_2021cb.png

Chemical Stripes for Perfluorooctanesulfonic acid

PubChem CID: 74483

IUPACName: 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sulfonic acid
Molecular Formula: C8BHF1703S

Exact Mass: 499.9374938

500
o

1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

https:/gitlab.uni.lu/eci/chemicalstripes 14 il ‘


https://gitlab.uni.lu/eci/chemicalstripes

Chemical Stripes Visualization - Extended

« Summarized chemical stripes for PFAS with accompanying regulation
dates and cumulative Chemical Abstract Service registry numbers:

1913 1930 1950 . 1970 ~ 1990

12010 2021

S — 200 Mio

Bisflur;amide :
4:2FTS
1 6:2 Cl-

100 Mio

cumulative CAS numbers

15



Chemical Stripes Visualization - Extended

« Many compounds detected in the environment classified as being persistent and

mobile (often even toxic)
. Can be used for different sets of chemicals @
1904 1915 1930 1950 1970 1990 2010 2021
Cyanu
(4,6-Dichloro-1,3,5-triazin-2-yl)a nic acid
Ametryn

i Melamine

e.g. Triazines

EU ban
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Chemical Stripes Visualization - Extended

« Overall trend in rising patent and chemical numbers (databases)

low/ /high number of patents registered per year (WIPO)
1913 1930 1950 1970 1990 2010 2021
] ] ] ] ] ]

| | I I
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* 20 Mio

10 Mio

CAS numbers registered per year

» 0
m : MAX number of patents Silent Spring Stockholm convention
registered per stripe Rachel Carson listing dates

»Alarming:
» Increase of specific chemical classes relevant to planetary boundary threats
» Long time frame between suspecting a chemical to be a threat and regulatory action taking place
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Arp HPH, Aurich D, Schymanski EL, Sims K, Hale SE. Avoiding the Next Silent Spring: Our Chemical Past, 17 “ ll I . I Il ‘ cesset
Present, and Future. 2023. doi:10.1021/acs.est.3c01735 e



https://doi.org/10.1021/acs.est.3c01735

Use of Chemical Stripes Visualization

* Looking at specificGubstance classeScan(aise aware@

» What went wrong in the past?
» What actions could have been taken earliek for better r gulatlon in the future?

eed forAcW - I |I

o Identify specific hazards and risks not fully understood/addressed in the past

o Highlight regulatory gaps
o Promote effective risk asse ent and management
o BuildQublic awareness)and support for safer / more sustainable chemical use

o
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Use of Chemical Stripes Visualization

« Can support the interpretation of (chemical) data
» Stripes illustrate the trend of increasing numbers of potentially threatening chemicals in the
environment
« Can help identify possible changes due to regulatory measures
» PFOAlisted in 2019 in the Stockholm Convention (Elimination)

.
400
300
200

I 100
0

1967 1973 1979 1985 1991 1997 2003 2009 2015 2021
date
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Conclusion

* Investigating chemical history can help with environmental regulations & public health

protection i
£ a

* Quick action is needed especially regarding PMT chemicals g RISK

* Visualizations are an effective tool to raise awareness

« Chemical Stripes visualizations (R package) show
» Trend of increasing chemical numbers
» Possible regulatory effects
» Even for your favourite chemicals....
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