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Table 3 Distribution of radioactivity after application of “C4{rifluoromethoxy)
benzoic acid on soil LUFA 2.4 and incubation under aerobic conditions
[% TAR]
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B. Characterization and identification of extractable radioactive residues (ERR)

“The identityofthe parent substance was confirmed by comparison with the retention time of
the "Clabeled test item and additional mass spectrometric analysis of representative
samples. Results are shown in Table 4to Table 6.

During the course of the study, the amount of parent compound quickly decreased from 97.4
-102.7% TAR at day 0 to values 2.0% TAR at 14 DAT (soil Li 10). 6 DAT (soll LUFA 2.2)
and 7 DAT (soll LUFA 2.4). Beside the parent compound, a few unknown metaboltes were
detected, but al below levels of 0.2% TAR.
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Table 5 Composition of radioactive residues of extracts of soil LUFA 2.2 after
applicationof “C-4-{rifluoromethoxy)benzoic acid and incubation
under aerobic conditions [% TAR]
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Tables GompositonofradioactiversicuesofextractsofollLUFA Zaft
applicationof “C-4-{triflucromethoxy)benzoic acid and incubation
under aerobic conditions [% TAR]
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C. CHARACTERIZATION OF NON-EXTRACTABLE RESIDUES (NER)

No further NERcharactrizatonwascariod out.

0. PROPOSED DEGRADATION PATHWAY
The only transformation reaction of -{fucromethorybenzoc acid observed were heane 5oodorian in omaton of movesris. Toe Woh amount0s famed rs the OGFvaroup demonstrate ht dong wih he dogpadoson ofcece, OCFrors ray’ a lrg raised, wih na proces. of
‘mineralization continuing even after the radioactivity was part of the non-extractableeas Ton conan macrassaton Hom the OCFsod 2 mde pron hostsai in Taare ty rabies, Lo 1 ands ot ogoHoskin oot
The proposed dgradaton pathway of 4-fucromethoylbenzic acd in sol under aerobiconions reeamed oi
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Figure 1 Proposed routeofdegradation for d<{rifluoromethoxy)benzoic acid in

soll

E. KINETIC EVALUATION
Kinetic evaluation and calculation of DegTsx and DegTso values (tigger endpoins) for
4-{rilucromethoy)oenzoic acid was performed following the recommendationsofthe FOCUS
Kineics workgroup [Ref. 1]. The Gblained DegT.o and DegTes values aro given below. For
details soe Table 7 - Table 5.
Trigger endpoints of -(riluoromethoxy)benzolc acid at 20 °C
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To derive tigger endpointsa 12 °C, the correction for temperature was conducted using the
Quo approach according to FOCUS [Ref. 1] considering SFO Kintic for al three sols. The
respecive temperature correction factor (fr) and trigger endpoints at 12 °C are summarized
below.
Estimationof tigger endpoints for 4<{rifluoromethoxy)benzoic acid at 12 °C
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degradation of “C-trifluoromethoxybenzoic acid in soil Li 10
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TTTDe
‘estimated values for a and B are very large, indicating that degradation is close to first-order

IR|BEE ERE rn
HS model providesa visually good fit.thefitted initial concentration matches well and the overall
decline pattern is well represented, with no systematic deviations; x* error is lower than for SFOI.Eo
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Tables Statistical and visual assessment of diferent kinetic models tested for
degradation of “C-rifluoromethoxybenzoic acid in soil LUFA 2.2

We 103.1 WA[sro Toc [ro[Koil[ge[ vo [om |
Me: 103.1

FoMC | acceptable a 6.38E+003
B: 1.06E+004
Wo: 103.1 NA
K:08031| <0001 1.15

sacepiatie kz: 0.0153 nd (overall)g:1.00 NA
Wo: 103.1 NA
Ki:0.603 ndHS | acceptable Lid ne

7.331 NA
[5 SFO Kinetic mode provides a visually accoptabio fi; although the residuals show somo systematic

deviation, the overall decine patteriswel representedbythe SFO model; 2error is above 16%;
Kis significant difrent rom zero (p-value <0.001).

[© FOMC kinetic model provides a visually acceptable i (very simiar to SFO ft: the goodness-of-fit
is not improved since the »* eror is increased compared to the SFO model; he estimated values
fora and B are verylarge, indicating that degradation is dose to fst-order kinetics.

[© DFOP kinetic model provides a visually acceptable fit very similar to SFO fi), but no improvement
over SFO and FOMC; he 2 eror is higher than for SFO and FOMC; he parametor gs estimated
as 1 indicating that degradation i close to frstorder kinetics.

J HS Kinet model provides a visually acceptable fit (very similar to SFO fi), but no improvement
over SFO andFOMC;Theparamerts not adequately inside the observation range.

[> Conclusion: SFO model s considered thebest.fit model appropriatetoderive trigger endpoints
for “Ctiforomethoxybenzoic acid: Deg = 1.15 J, DegTw = 362.

NA = Not applicable.
nd = Not determined “Statistics may be missing because the covariance matrix could not be fully
calculated, This may be because the higher-order model fd is lose o an SFO fi: @_Parentis
approximately 1"
Since a and B are no rate constants, est results were not roported.
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degradation of “C-trifluoromethoxybenzoic acid in soil LUFA 2.4
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Il. CONCLUSION

The model compound 4riflvoromethoxy)benzoic acid degraded quickly under aerobic
‘conditions and was last observed after6- 14 daysofincubation. Thekinelicevaluation resulted
in DegTzo values of 1.2 03.1 days atthe temperature at 20 °C. Normalized to 12 °C by using
the Quo temperature correction factor of 2.58, the DegTso values increased to 2.1 - 5.7 days.

“The only transformation reactions observed were the formation of carbon dioxide (up to 61.8.
~72.7 % TAR) and of non-extractable residues (22.9 - 31.1% TAR at study end). The high
amounts of CO; formed from the OCF group demonsirate that along with the degradation
of the molecule, the OCF:-group is rapidly and largely mineralized, with the process of
‘mineralization continuing even after the radioactivity was part of the non-extractable
residues. The carbon mineralization from the OCFs=group is an indirect proof that also the.
organically bound fluorine atoms are fully mineralized in soil, ending up as inorganic fluoride.

Overall, the experimental data show that the presence of an OCFx-group does not
automatically leave a molecule persistent in the environment or lead to persistent
degradation products.

IV. REFERENCES

[Ref.1] FOCUS (2006) "Guidance Document on Estimating Persistence and
Degradation Kinetics from Environmental Fate Studies on Pesticides in EU
Registration” Report of the FOCUS Work Group on Degradation Kinetics, EC
Document Reference Sanco/10058/2005 version 1.1 (December 2014), 440pp.
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Experimental work on degradation of CFs-containing
molecules

Key messages,
«First results of an ongoing degradation study of triluoromethoxy benzoic acid in soil

using a compound radio-labelled (*‘C) directly at the CF-group to follow the fate of
this special moiety, clearly show that the molecule is degraded very fast in soil and
shows no persistence, despite carrying a CFyroup.

+ The results also show that the C-F bondof this single CFs-group is not as stable as t
is often postulated in documents describing the concerns around the behaviour of
polyfluorinated alkyl substances (PFAS) in the environment.

+ Further resus will be presented as soon as they are available.

Scopeofthe study
Within the upcoming “ire-ightng foam” and “univarsal” REACH restcon processes for PFAS, a chanical
grouping concept is to be used inorder to restrict all polyflucrinated alkyl substances (PFAS) falling under the
Tospacive PFAS definiion, According to the cal fo ovdence and curently avatable ral, the OECD PFAS.
ofiion wil bo used, under wich compounds whch cary Ju ane CF-Group ae defined 3 PFAS and
Consequently wil al wihin th rosiricion scope.
‘The major and consistent concern of PFAS as a group is their claimed non-degradability in the environment
Clorever chemicals”), a5 proven in scientific publicationsfo long and medium chan PFAS molecules (e. CA
and higher).

Single CFgroups are often used to improve the efficiency of active ingredients (6g. in plant protection
products or human or veterinary pharmaceuticals). Environmental as well as animal and plant metabolism
‘studies performed within the regulatory EU approvalprocessesclearly indicate that these single CFgroups.
‘are notthe chemical moieties which decide ontheoverall persistencyof a molecule. There are CF-carrying
plant protection active ingredients which have very short half-lives in soil.

Despite of he wide-spread doctinofth very sable and unbreakable C-F bond, scenic Reraure describes
chemical and biological defluorination reactions, some of which can take place under environmentally relevant
condilons, One such substance dented fromth scientific erature is ifuoromethancl (HO-CF:) which is
both thermal and ydrollcaly unstable. As par of a larger molecu such a moiety fs expected 1 bo unable
10 8c35 termina metabolite, or ‘arrowhead substance’.
Single CF-groups are very useful chemical mojeies Which help to ensure hat the ace Ingredient reaches.
he target hus allowing the reduction of ihe dose rales for aciive substances. The experimental study
prosenied har infonds o investigate ingle GF groups coud potently be degraded by dolornaton,
final forming CO an lucid Le. ly minoraize. Two model compounds with dferent bonding of ihe CF
Group othe rest molecule (O-CFsnlC-CFs bonds) were chosen.
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“The first model compound, 4-C-tfluoromethoxy benzoic acd (p-TFMBA)was selecied to tst the hypoihesis
that biodegradation of a larger molecule would lead to trifuoromethanol formation, which because it is
thermally and hydrolticaly unsiable, would immedataly undergo abiotic decompositionto form CO; and HF.
A benzoic acd dervative was used as the parent molecule, since these are known fo undergo rapid
biodegradation, and thus maximise the ime avalable within the studyfo folowing the metabolites forme.
The second model compound, 4-“C-tiluoromethylphenol, was selected to test the hypothesis that
biodegradalion of benzene subsiluled riluoromethyl moieties do not always lead to persistent metabolles.
depending on secondary substituents and their molecular positon.
In order to got information about the possibilty of metabolic defuornaton reactions with O-CF: or C-GFs
compounds, the necessary '“C-abel to be used i the respecive metabolism studies needs 10 be troduced
directly a the fluorinated carbon. The synthesisofthis special radiclabel could only be achieved fo the O-
HGF iabelied compound at ths stage.
Further investigations are planned on tho C-CF compound. Unfortunatly, the inroduction of tho “CF: label
next 1 a ring-C-atom is nol easy to achieve experimentaly. Currently. atiempis are ongoing to find feasible
and safe synthesis routesfor ho 2, 3 and 4 isomers. In case the molecule can be synthesized. the same soll
metabolism investigations wil (low as performed forthe O-CF» compound.

Timelines
The final resus fom th present oldegradation study wih the O-CF-compound are expacied by end of
November 2022. First interim resus are presente in hs briefing note.
In case the synthesisofthe C-CFs model substance can bo achieved, fist resus can be expected in Qf
2023.

Experimental outline
In order to investigate the potential degradation of the O-CF:»miely n sol, prifluoromethory benzoic acid
(p-TFMBA) was chosen as a model compound, with the “C-label placed in the O-CF» group (Appendix 1)With tis test compound an aerobic soil degradation study was conducted according to OECD guideline 307
Aerobic and anaerobic transformation insoi (Apr 2002).
“Theexperimentwas performed at the fst facility of BASF. Agricultural Center, Limburgerhof, Germany, which
is equipped to routinely perform simulation studies (eg. OECD 307, OECD 308, OECD 308) within th frame
of the requirements of EU directive 1107/2009 for placing plant protection chemicals on the market.
According to OECD guideline 307, sol samples were treated with the radiolabelled test tem and incubated
under controlled conditions at a sll maisture of~40%ofthe maximum waer holding capacity at a temperature
of 20°C (to maximize metabolite formation), underdark conditions. The test concentration was chosen al 0.67
mg (dry weight equivalent) to allow for a roliable analysis with radio-detection methods with a Imi. of
quantficatonofat least 0.1% of the total applied radoactiviy. A closed incubation system with continuous.
aeration was used with an atached trapping systom for the domination of volatlo compounds. The air was.
frst going through an ethylene glycole trap followed by two NaOH-soluon traps (Append 2)
The incubations were performed in three diferent German sols (Li 10, LUFA 2.2 and LUFA 2.4) with 8
samplingsovera planned period of 28 days. The sol properties ae shown in Appendix 3.
At each sampling date, evolved and trapped volaties (e.g. “COz in NaOH trapping solution) were quaniifed
by LSC (lu scntilation counting).For each sod and sampling tm. wo replicates wero taken and extracted
with acetonirielwaler mixtures and acelone, and the extracts were analyzed by LSC and radio-HPLC in order
{o delemmine the amount of tet substance remaining in Soll and the number and amount of potental
melaboltes. To complete the radioactivity balance, the non-extactable residuos were quantified by
combustion in an Oxidizer and subsequent LSC measurement (Appendix4).
Incase the chromatographic analysisofth sol extracts revealed degradation produc, tis planned to ident
the chemistry by structure ekcidation methods like HPLC-MSMS or simiar.
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First Results
Fist resus fromthe study with the O-CF3 model compound are meanwhile avalable from th sols Li 10
and LUFA 22 up 0 14 days afer reament (DAT).
The distibuton of adiaciiy in the two sols and the maieil balance is displayed in Tables 1 and 2,
especialy. Al values are expressed as %ofth total applied radioactive (% TAR) f not sated otherwise.
Alter an incubation period of 14 day, the parent compound was aknost compleely degraded in the wo ols
(<2% TARofparen ecovered in axtract). Fo bth so, the major degradation product was CO» accouningfor 57-56% TAR.
In oder o confi tha the radioactiy in the NaOFHrapping solutions consisted indeed of COz and not of
any oer polenta (sill urinated) vlad transformation produc, wo diferent methods were used. (1) An
aliquotof ihe NaOH trapping soon was trated wih BaCk. Any CO in tho NaOH wil bo ransformod to
83CO,wich then can be precipaied by crifugatn, leaving no or insignificant races of adoacivily inthe
solution. (2) A second alquooftho NaOH rapping sliionis realed wilh conc. HC, leading lo the affect that
rapped CO is released and can be expaled fom the salt, leaving again noo oly insignificant races of
radactvty in the souon.
Wi bh methods, th radioactivity measuramonis of the NaOH trapping scltons clearly showed that “CO:
was formed during sol incubation, Indicating tha th racklabeled carbon atom in the parent molecule was.
completely delornated.
No othe lati degradate couk! be detected The radoaciiy nthe ethylene glycole tapping soon was
always < 0.05%,
Besides minoralzaton to CO; formation of non-xtraciabl residues (NER) was observed which reached
maximum loves of 45.5% TAR (L106 DAT) and 50.6% TAR (LUFA 2.2/3 DAT) before they decreased
again olevels of 32% TAR and 35.6% TAR at 14 DAT, respectively.
This indicates tha part ofthe parent est te was bound fo the humic malic in sol, wich is a known reaction
of aromatic carbonyl acids as benzoic acid. The proceeding defluornation and mineralization (increasingCOrloves) also show ha his dos not stopth futher degradation of Filuromeihoxy-group, but Just slows
it down 0a certain extn.
HPLC analysis of the sol extracts revealed tha the extracted radioaciviy consisted only o the parent
compound “C-p-TEMBA (sco Figure 1), Lo. exractable melabaltes were not formed in approciabe amounts
(posing peak 20.2% TAR in any sample).

Conclusion
Th frst results of the soil degradation study with tluoromelhory-benzoic acid cearty shows that despile
carrying a CFgroup, the entre molecule is very quickly degraded in sal and not at al stable as postlated

for al PAS molecules. Furihermor, can alsoboshown ha the C-F bond can be broken rap. leading1o'a complete defluornaton of the Com with fina formation of CO:. No other cial (ighly persistent)
teacton products were detected.

Outlook
Further rosswih the O-CF model compound wi be summarized as soon as they ar avallabe. If syntesis
can be achioved, sims oxparmenis wi bo perormee wih a C-CF model compound.
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Table 1: Distributionofradioactivity and material balance in Li 10 soil treated with *‘C-pTFMBA
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Tablo2: Distributionofradioactivity andmaterial balance nLUFA22 solltreatedwith C-
PTFMBA
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Appendices

Appendix1: Test tem information

Structure

i 0
wo { ) {
7N\ " on

1UPAC Name: 4+-{(Torometnory benzoic acid,
Avbrovated Name: p-TFMBA

Lab {ifuoromethoxy-C1d)
‘Specific radioaciity: 308945 dpm
Radochemical purty: 99.9%
Applied amount. 0.67 mks (250 gna) cry sol

Appendix2: Test sotup

wash tower!
bottes

airinlt
pump

12 soil
est 3 4 5

vessel absorptiontraps
‘Sequenceofvolaie trapping solutions:

flask 3 tnylone gale
fask4 05NNaOH
fask5: 20NNaOH
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Appendix 3: Soil properties
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Appendix 4: Analytical methods

it cottoncount
J—ross Gor 2910TR (Pain Er Lio Scincs,Garmary)

Tri<Carb 4910TR (Perkin Elmer Life Sciences, Germany)
For combustion: Biological Oxidizer OX-501 (R.J. Harvey Instrument Corporation)Cs eyPen ShrUhre Soi. Son therCombusiod samo: GayeChZeer bic
LSC(all samples):$30 ama andadzaton method wi a bulin Bradaton rcs was used for ha determination ofi
Gombustion sotsample:0 _——,Como totswer absobos soeC00blanca oreoor he cmsEea reovaocaeaenme

RadioHPLC:PEL mRmeneaE BnSs[roTovar Toumadong 25kReson” Goosen
Mobile phase: A: HzO + HCOOH 1000+2.5 (viv)

B: Acetonitrile + HCOOH 1000 + 2.5 (viv)
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Additional information on the Scope of the proposed

restriction of Per- and polyfluoroalkyl substances

(PFASS) in firefighting foams.

Key Messages:

+ Additional information is provided to RAC on the lack of Persistence (hazard) for
certain PFAS substances, thus impacting the definition scope of the proposed
restrictionofPer- and polyfluoroalkyl substances (PFAS) in firefighting foams.

+ The OECD definition is a literal conversion of “per- and polyfluoroalkyl substances”
into structural chemistry terms. The OECD authors clearly state that for regulatory
action the scope should be further narrowed to a subset matching the critical
properties under consideration e.g. Persistence. It is thus a misuse of the OECD
definition in its unabridged form if this principle is not applied.

+ The review of the scientific literature presented In the AnnexXVdossier is inadequate
and missesa significant body of known chemistry. Chemical property data available
from the scientific literature and regulatory submissions show that certain single CF,

functionalgroups cannotbepersistentdueto chemical reactivity with water e.g. OCF,
-NCFs.In ourview his justifies a modificationofthe definition scope (grouping) for the
restriction proposal.

+ The restriction proposal should be amended to: Per- and polyfluoroalkyl substances
(PFASs) defined as: any substance that contains at feast one fully fluorinated methyl
(CF) or methylene (CF) carbon atom (without any H/CUBr attached to it, and
‘excluding -0CF, -NCF)

+ Certain additional single -GF or -CF; functional groups cannot also be assumed to be
inherently persistent due to chemical reactivity with water or to other degradation
mechanisms, which in our view justifies a further “safety net” derogation,for case-by-
case use where evidence is available.

+ Placingtheabove substancesoutofscope, or potentiallysubjecttoaderogation, does
not in any way lower protection of human healthor the environment, because it remains
incumbent on any REACH registrants to demonstrate the lack of persistence in the
respective REACH registrations,

1. introduction

CropLife Europe wishes to provide additional information to the Dossier Submitter on the
lack of Persistence (hazard) for certain PFAS substances, thus impacting the scope and
definition used in the Annex XV Restriction Report for a Proposal for a Restriction on Per-
and polyfluoroalkyl substances (PFASS) in firefighting foams (Version 2.0, dated 23° March
2022). While the definitions discussed here do not appear to be highly applicable to the
chemistries used in firefighting foams, never-the-less the general claims being presented by
the Dossier Submitter about PFAS substances are of more widespread applicability,
including several specific references in the Restriction Report Annex to active substances,
necessitating detailed comments from CropLife Europe.

CropEuropeait Rue Guimard| 1040Brussels | Bekgum | BE 047 618 871 RegierofLog PersonsFrancophone Savion ofteBusinessGok o Brust | AopfeoutpaGropHeeuross |wnTopeouspeaTet 332726631550 Fax 4322663 1560
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As has been noted on page 13 of the Restriction Report, the OECD definition isa literal
conversion of “per- and polyfluoroalkyl substances into structural chemistry terms, not
taking into account hazardous properties or risks. The authors of the OECD definition
clearly state that for regulatory use the definition should be further narrowed to match the
properties under consideration, and it is thus a misuse in its unabridged formif this is not
justified.

If the unabridged OECD structural definition is used to define PFAS, the result is that the
Restriction Report (page 1) incorrectly states "All PFASs are very persistent in the
‘environment. This is the key hazardous property common to all PASS”. For this statement
10 remain correct, the OECD structural definition would need to be further refined for use in
this restriction, including such that the requirements of Article 68(1) “unacceptable risk to
human health or the environment" are met, We request such simplistic and incorrect
statements are removed from the Restriction Report.

The Dossier Submitter confirms this on page 54 of the Annexes to the Restriction Report:

If there are specific PFASs for which sufficient evidence is provided that the
‘perfluorinated bond is broken at a rate which indicates them to be not persistent,
resulting a substance/substances which is/are not a PFAS, then those
substances/groups should be excluded from the scope. Currently, no such PFASs
are known to the dossier submitter.

Chemical property data and degradation information from the scientific literature are
presented here to demonstrate that, as a minimum, certain OECD structural PFAS
substances are not chemically stable, and furthermore cannot be “arrowhead” substances
for these moieties found in larger molecules. Examples are presented for CFa/CFa
containing substances which clearly demonstrate that carbon fluorine bonds in certain
substances can be, and in practice are, broken under environmentally relevant conditions.

2. Definitions and Scope

The recently published OECD structural definition for the universe" of PFAS chemistry is
(OECD 2021):

“PFASs are defined as fluorinated substances that contain at least one fully
fluorinated methyl or methylene carbon atom (without any H/CUBH/I atom
attached to it), ie. with a few noted exceptions, any chemical with at least a
perfluorinated methyl group (~CF:) or a perfluorinated methylene group (~CF=) is a
PAS.”

The OECD definition goes on to clearly state (page 18) that perfluorinated methylidene
carbons (=CF2) should not be considered to be PFAS. Of particular note, the OECD report
states of the definition:

“This report does not make any recommendation on how working scopes should be
set up, in terms of which factors to be considered (which depends highlyon specific
local context), nor on PFAS grouping. However, when a working scope of PAS is
used, this report highly recommends that users clearly provide the context and
rationale forselecting their PFAS working scope in order to provide transparency and
avoid confusion by others.”
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The Annex XV restriction proposal (page 6, and Section 1.1.1.1) aligns with the full OECD
structural definition without further refinement to align with the grouping justification (page
16, Section 1.1.2), thus constituting a misuse of the OECD structural definition:

“To summarise, the grouping is based onstructural similarity (common perfluorinatod
moieties) that triggers equivalent hazards and risks among the substances covered,
primarily related to the very persistent property of the substances.”

In light of these considerations, it is consistent with the OECD definition to “deselect”
individual PFAS moieties which do not demonstrate Persistent properties, and that
should not fall within scope of the proposed restriction. The following amendment to the
restriction definition in Column 1 (page 6) is proposed on the basis of extensive chemical
property and degradation information presented is subsequent sections:

Por- and polyfluoroalkyl substances (PFASs) defined as: any substance that contains at
least one fully fluorinated methyl (CF3) or methylene (CF2) carbon atom (without any
H/CUBr/ attachedto it, and excluding -OCFs, -NCFs)

3. Single CFs moieties which are unstable towards hydrolysis

The -CFa moiety is the shortest alkyl group within scope of the proposed PFAS restriction
definition. Data from the scientific literature are presented here for 5 trfluoromethoxy
(CF20-) containing molecules, and thus shows that should the corresponding alcohol be
formed as an “amowhead" substance, it will be rapidly hydrolysed.

Similarly, data is presented 13 molecules which show simple trifluoromethylamino (CFaN<)
groups wil directly hydrolyse.

These molecules meet the proposed PFAS definition, and yet they are demonstrably
not persistent (Table 1). Any persistence which precursor (parent) molecules may
demonstrate cannot be linked to the presence of these moeties in those molecules. As a
result, these functional groups should be placed outofscopeofthe PFAS restriction.

Further details on these compounds substantiating the lack of persistent properties despite
‘meeting the PFAS definition are provided in the subsequent sections. It must be emphasized
this is a cursory inspection of the literature, and there are very likely many CFa/CFs
‘compounds with similar properties which are not identified here.

Tablet. List of 18 substancos which moet the OECD structural definition which do NOT
demonstrate persistent properties attributable to the prosence of -OCF3 or
>NCF3.

[Substance_ TStucture  [Moety |

[-methosy-N-methyN-{ifuoromethyljaniine|See Figure 3 |>NGF, |
[NemetnyN-rfloorometnylaniine|SeeFigures [>NCR, |
[Neethy:N-iriluoromethyllaniine|SeeFigwes  [5NCh |
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[ethylN-benzyi-N-(irfluoromethyljgiycinate|SeeFigured [>NCE |

34. Trifluoromethoxy groups
Chemical stability of trfluoromethanol towards hydrolysis
The triflsoromethoxy moiety features the shortest terminal alkyl group (-CFs) within scope
of the proposed PFAS restriction definition. Whether the inclusion of larger precursor
‘molecules featuring this group on the basis of inherent persistence of metabolites s justified
depends on the ultimate stabilty of the arrowhead substance tiluoromethanol.

Fo 9

xX A
"0% a ®t F
Figure 1. Model compounds: 1) trifluoromethanol (CF;OH), and 2) carbonyl difluoride

(CF:0).
Triflsoromethanol (Figure 1) has been grouped with the “F-gases”, implying atmospheric
behavior is the most relevant context. However, since trifluoromethanol is not itself
commercially manufactured and ts thermal and hydrolytic stabilty precludes plausible future
uses, its primary relevance in this discussion is as an example ofa PFAS substance which
is not persistent, and as an arrowhead, formed via hydrolysis and biodegradation reactions
in soll (including soil pore water) and in aqueous media. We suggest that the discussion
of trifluoromethanol and precursor molecules is more appropriately placed in the
general chemistry section, rather than with “F-gases’.
Trifluoromethanol (CAS No. 1493-114) is an unstable substance which is a gas at room
temperature. It was initially speculated that it was too reaciive to exist, and was only first
synthesised in 1977 under completely anhydrous conditions at -120°C (Redwood 1965;
Seppelt 1977). With a melting point -82°C,it was described as being unstable towards the
elimination of hydrogen fluoride to give carbonyl difluoride (Eqn 1), with thermal degradation
under anhydrous conditions already starting slowly at 20°C (corresponding with the
estimated boiling point). In a more recent publication, Christie of a/ (2007) similarly state that
alcohols possessing a fluorine atom on the a-carbon atom are unstable and undergo facile
HF elimination, and performed the synthesis of trifluoromethanol under strictly anhydrous
conditions. Trfluoromethanol is not REACH registered, nor appears on any global chemical
inventories: it is not a commercially relevant substance, and given the above thermal
instabilty, it cannot plausibly be considered a ‘regrettable substitution” candidate.
Osterstrom of al (2019) reported a similar substance, gaseous difluoromethanol, fo
decompose with a first-order rate coefficient ofk = (1.68 x 109) 5°, corresponding to an
atmospheric halflife of 6.9 minutes at room temperature.
CF1OH is strongly acidic and some salt (K, Rb, Cs) forms have been synthesised under
Vacuum and rigorously anhydrous conditions, however, these also immediately hydrolyse
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on contact with water or moist air to give purely inorganic products (Redwood 1965; Kidter
1979)

CF30H — CF20 + HF (ean1)

Redwood et al (1965) noted “The trifluoromethoxides are reactive compounds and are
immediately hydrolyzed on contact with water", confirming this analytically for the K, Rb,
and Cs salts with the stoichiometric presence of fluoride ions in hydrolyzed aqueous
solution. Inspection of the synthetic method reported by Kidter et al (1979) reveals other
inorganic. compounds featuring the CF1O moiety with high likelinood of being unstable
towards hydrolysis, and thus potentially invalidating the current PFAS definition proposed
e.g. trifluoromethyl hypochlorite (CFsOCI). We request these above examples are taken
account of, and a further search of the academic literature is likely to reveal more
hydrolytically unstable examples.

Schneider et al (1996) investigated the energetics of unimolecular and water-mediated
decomposition of CFsOH into CF20 and HF. They concluded that the energy barrier to the
unimolecular decomposition was large and that at room temperature the rate of the reaction
is negligible; however, the presenceof water significantly lowers the energy pathway making
degradation more favourable. These findings are fully commensurate with experimental
findings that have indicated the need for anhydrous conditions in order to isolate
trifluoromethanol. Given the potential occurrence of tifluoromethanol in the environment will
not be under anhydrous conditions, decomposition into CF2O and HF is considered
inevitable and rapid.

The restriction report Annex (p107) incorrectly attributes a millon-year half-life below 40km
for trifluoromethanol to Buszek and Francisco (2009). In fact, thiswas a theoretical estimate
calculated by Schneider etal (1995), and is purely considering photolysis, and not the overall
atmospheric hallife. The 40km arises because UV light wilh sufficient energy to directly
cause degradation was calculated to be insufficient in the lower atmosphere. Schneider et
al (1995) although concluding photolysis was not an important mechanism, never-the-less
stated in their conclusion “Once in the loweratmosphere, CF:OH will be rapidly removed
by incorporation into rainwater-seawater-cloudwater where hydrolysis will give COz
and HF”

The work of Buzek and Francisco in fact showed that the atmospheric behavior is more
complex, and presented a new mechanism whereby the presence of water and OH
molecules can catalyze decomposition in the atmosphere. tis importantto recognize these
are not experimental studies, and there can be additional unrecognized processes in play.
We request that this paragraph (bottom p107) in the Restriction Report Annex is
corrected 50 as not to suggest that the true atmospheric half-life of trfluoromethanol
is in the order of millions of years. Its also claimed by several of the above authors that
rifluoromethanol in the upper atmosphere is a potential sink for the oxidative degradation
of longer chain perfluorochemicals. It is important to recognize that the hypothesized
source of these CFs radicals are the longer perfluorinated molecules otherwise within
scope of this restriction, and applying the restriction to CFsOH itself or potential -
OCF; precursor molecules, would be misdirected and have no effect.

Carbonyl difluoride (eqn 1) does not meet the formal OECD PFAS definition because the
carbon is neither methyl nor methylene, but rather methylidene (and for the avoidance of
doubt, the OECD definition expiiilly excludes this as being termed a PAS). Although not
formally meeting the PFAS structural definition, once formed, carbonyl difluoridealso does
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not demonstrate persistent properties. It is known to rapidly hydrolyse in the presence of
water.

CF:0 + HO —~ CFi(OH)2 = 2HF +CO; (ean 2)

Although a gaseous substance, Uchimaru et al (2004) noted that carbonyl difluoride can
react with condensed atmospheric water, and the Henry's law constants and hydrolysis rates.
lead to partitioning to liquid water. The first order hydrolysis reaction coefficient for carbonyl
difluoride has been experimentally determined in liquid water 10 be kno = 4.3 5,
corresponding 10 a halFife of 1.6 seconds (De Bruyn 1995). Difluoromethanediol is
described as a transient intermediate in the rapid reaction of carbonyl difluoride with water
which ultimately releases HF and CO; as depicted in eqn 2. (Science of Synthesis, page
325). Figure B.41 (page 107) implies carbonyl difluoride is a PFAS, and provides an
unattributed half-ife of 5 years. We request this is corrected c.f. De Bruyn 1995, with the
relevant hydrolysis half-life, and the atmospheric half-life attributed or removed.

Examples of trifluoromethoxy degradation from larger precursor molecules

The following examples are larger molecules containing the trifluoromethoxy groups, which
have been shown to undergo degradation in biotic systems. During this process
trifluoromethanol is eliminated, and once formed undergoes hydrolysis as described above.

Dinel et al (2009) describe the in vivo metabolism of a development pharmaceutical
proceeding via CYP-mediated oxidative displacement of the trifluoromethoxy group (-OCFa),
with the resulting formation of CF>OH, which rapidly degrades to form carbonyl difluoride at
room temperature (Eqn2). This demonstrates that in in-vivo biological systems the carbon
fluorine bonds can be broken,

Consistent with this, a survey conducted by Pfizer scientists published in 2015, found no
consistent improvement in metabolic stabilty for trifluoroanisoles (Ar-OCFs) compared to
anisoles (Ar-OCHs) acrossa seriesof439 mixed matched pairs (Xing 2015; Johnson 2020)

Complete biomineralization has been described for a model substance featuring a
rifluoromethoxy group, 10-triluoromethoxy~decane-1-sulfonate (Peschka 2008; Fromel
2010). Analysis of fluoride ions over the course of the degradation process indicated a
rapidly increasing concentration between 3 and 17 days, which slowed and then reached a
plateau between 63 and 87 days. The favoured biotransformation pathway (90%) started
with desulfonation and oxidation to a carboxylic acid. The alkyl carbon chain was then
shortened by successive B-oxidation to finally yield trifluoromethanol, which was stated to
be unstable in water, and to degrade abiotically. A second less favoured pathway (10%)
was also described which proceeded in comparison very slowly (unrelated to the
trifluoromethoxy group), but stil ultimately led to trifluoromethanol, which once formed,
underwent rapid mineralisation. As a resull virtually complete mineralization was claimed.
While Peschka (2008) appears in the Restriction Report reference list, the results of
this study do not appear to have been taken into account in the discussion. We
request the mineralization of 10-trifluoromethoxy-decane-1-sulfonate be
acknowledged in the Restriction Report.
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32.  Trifluoromethylamino groups

Chemical stability of trifluoromethylamine towards hydrolysis

The trifluoromethylamino moiety (Figure 2) features the shortest terminal alkyl group (-CFs)
within scope of the proposed PFAS restriction definition. Whether the inclusion of larger

precursor molecules featuring this group on the basis of inherent persistence of metabolites
is justified, depends on the stability of the arrowhead substance trifluoromethylamine. Kidter
et al (1977) synthesised the trifluoromethylamine using similar approaches to
trifluoromethanol, under strictly anhydrous conditions, with spontaneous thermal
decomposition increasing above «21°C to form a mixture of compounds (Kldter, 1979).

\ .
XC Ai” a
ET
Figure 2. Model compounds: 1) trifluoromethylamine (CFiNH:), 2) carbamoyl fluoride

(AA'NCOF).

Inspection of the synthetic method reported by Kidter et al (1979) reveals several other
inorganic compounds featuring the CFsN moiety with high likelihood of being unstable
towards hydrolysis, and thus potentially invalidating the current PFAS definition proposed
e.g. trifluoromethyliminosulfur difluoride (CF3N=SF2), trifluoromethylamine dichloride

(CF3NCE), trifluoromethylamine hydrochloride (CFsNHz.HCI). We request these above
‘examples are taken account of, and a further searchofthe academic literatureis likely
to reveal more hydrolytically unstable examples.

Examples of trifluoromethylamine degradation from larger molecules

Schiesser et al (2020) synthesised 12 model trifluoromethylamine derivatives (Figure 3)
which very rapidly hydrolysed (within 72 hours) to give a carbamoyl fluoride, A,A-NCOF,aurlsAG,a
precursor trifluoromethylamines for the purpose of the proposed restriction. We request
that these examples demonstrating rapid hydrolysis of the trifluoromethylamine
group are taken account ofthe Restriction Report.

Unlike simpler amines, N-pyrazole and N-imidazole on the other hand, were more stable
towards hydrolysis on the timescale of the experiment (72 hours). Never-the-less, further
investigations in regulatory hydrolysis studies or studies on biodegradation in environmental
media could also demonstrate consistent hydrolysis or degradation for these functional
groups. See also H-pyrazole and H-imidazole in section 4.5 below.
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Figure 3. 12 model tiluoromethylamine compounds demonstrating hydrolysis within 72

‘hours (Schiesser et al (2020).

4. Single CF; / CF; moieties which demonstrate variable degradation in
biotic systems

Data from the scientific literature are presented here which shows that at least the functional

groups difluorodioxo (O-CF2-0), trifluoromethylphenyl (Ar-CFs), difluoroethoxy (-OCF2CHs),
and difluoromethylene (C-CF2-C) groups degrade, or have the potential to degrade,
depending on the details of the chemistry, without forming persistent PFAS metabolites.
This should not be seen as an exhaustive list, but rather support the need for a “safety net"
derogation for those molecules which have been, or could potentially be, demonstrated to
be not persistent, nor form persistent metabolites.

41. Difluoromethanediol

Diluoromethanedol meets the OECD structural defnion of a PFAS and features the
shortest alkyl group (O-CF2-O) within scope of the proposed PFAS restriction definition.
Whether the inclusion of arger parent molecules featufing (is group on the basis of inherent
persistence of melabolles ts Jusiied, depends on the stably of the model subslance
difluoromethanediol (Figure 4, CAS No. 491379-14-5), and whether it forms an “arowhead"
Substance.
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There is very little scientific literature for this compound, with only 6 references reported by

‘Chemical Abstracts, all of which are theoretical studies performing ab initio calculations. It

‘appears to have never been synthesized nor isolated, nor to be commercially available -

Difluoromethanediol is the gem-diol form of carbonyl difluoride, and reversible equilibrium
between gem-diols and ketones is very well established. Given that carbonyl difluoride is
known to rapidly hydrolyse in water, and it has been stated that difluoromethanediol is a
transient intermediate in the hydrolysis of carbonyl difluoride (eqn 2), it is equally expected
that difluoromethanediol behaves similarly in condensed environmental media with
‘decomposition to HF and CO; (Science of Synthesis, page 325).

Despite meeting the OECD structural PFAS definition as a CF containing molecule,

account of in the Restriction Report.

Examplesofdifluorodioxo degradation from larger molecules

‘metabolism of difluorodioxo groups. However, there are some examples of environmental
‘and mammalian metabolism leading to defluorination via carbonyl difluoride.

Minor biotransformation in humans of fluorinated benzodioxoles has been reported for the
pharmaceutical Lumacaftor (FDA 2014). The biotransformation was not elaborated on in the:

regulatory document, but potential degradation pathways were recently proposed, both
relying on arene oxidation followed by extrusion of carbonyl difluoride (Johnson 2020, see

scheme 39). In juxtaposition, the same group appears to be conserved in the available

parent molecule is dependent on far more than the simplistic presence or absence of a
single functional group. This is further exemplified by Alexandrino et al (2020), who
demonstrated that environmental microbial communities enriched from estuarine and

agriculture ecosystems were capable of completely removing and deflucrinating Fludioxonil
at concentrations up to 10 mg L™', in a period of 21 days, under the experimental conditions
of the study.

Although difluoromethanediol is clearly unlikely to be stable, the available data indicates that
generalizations about the O-CF-O moiety depend on the details of the chemical
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42. Trifluoromethylphenylgroups

Chemical stability of trifluoromethylphenyl groups.

No data on the chemical sabiltyofthe model compound (iifluoromethylbenzene has been
identified in the literature (Figure 5).
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Figure 5. Model compound: 1) (trifluoromethyl)benzene, 2) (trifluoromethyl)pyrimidine

In related aromatic heterocyclic rings, it has been reported by Fischer (1993) that ortho
substituted trifluoromethylpyrimidines undergo hydrolysis of the trifluoromethyl group under
alkaline conditions. The hydrolyzability of the trifluoromethyl group was indicated to be
influenced by additional substituents, and location on the aromatic ring.

Examples are presented below of observed biotic degradation of -CF3 groups bonded to aryl

carbons, a3 opposed 10 alkyl carbon chains.
Examplesoftrifluoromethyl degradation from larger molecules

‘Sakai & Santi (1971, 1973) describe the mechanism of elimination of single fluoride ions
influenced by a conjugated Ti-system (Figure 6). This reaction was demonstrated among.
others for o- and p-trifluoromethylphenol, finally ending up ino- or p-hydroxybenzoic acid.
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Figure 6. Schematic reaction mechanism as described by Sakai & Santi (1973). Especially

reaction c) is described for enzymatic degradation in trifluoromethyl uracildervates.
wor
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Additionally, it has been reported that trifluoromenadione (Figure 7) can undergo a
vinylogous haloform-type reaction that leads to elimination of CFs (Lanfranchi 2012,
Johnson 2020).
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Figure 7. 1) trifluoromenadione, 2) lawsone.

‘The mechanisms described above can explain why some triluoromethylphenyl- containing
substances (U-"*C-labeled in the phenyl ring)did not show the high stability often assumed
for classical PFAS and, in addition, do not always show formation of the metabolite
trifluoroacetic acid (Figure 8).
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Figure. Soil degradation of 2-{trifluoromethyl)benzoic acid (metabolite B-1) of
Cyflumetofen (data based on public version of Cyflumetofen renewal dossier
2021). Range of metabolite B-1 soil DT50s = 6.3 - 36.3 days (n=).

From soil metabolism data with specifically “C-labelled substances (Figure 9) it can be
shown that rather than the formation of trifluoroacetic acid, the “C-labelled C-atom next to
the CFs group was mineralized to “CO2. This is only possibleif the stepwise loss of fluoride
took place or if the CFs group was lost by forming trfluoromethanol. As described above,
rifluoromethanol would then be mineralized (Peschka et al 2008).
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Figure 9. Soil degradation of insecticide Flonicamid (data based on public version of
Flonicamid renewal dossier 2020). Range of Flonicamid soil DTS0s = 0.3 — 1.9
days (n=4).
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These findings show that (1) it is not the single CFs-group which defines the potential
persistence of a parent compound and (2) not every -CF3 group results in formation of
trifluoroacetic acid.
Trifluoromethylphenyl substituents have also been shown to undergo photochemical
degradation to acyl fluorides and carboxylic acids. As an example, the pharmaceutical
fluoxetine was found reactive in sunlight surface waters and proved to degrade to the
corresponding carboxylic acid with a half-ife of 55.2 h under simulated conditions. (Lam
2005)

While some precursor molecules are known to degrade to form stable. metabolites
containing the conserved trifluoromethyl moiety (e.g. trifluoroacetic acid), the above
examples clearty show that exceptions occur, and these should not be included within the
scope of the proposed REACH restriction. The conclusions in the Restriction Report Annex
regarding the degradation of precursors (page 105) appear to rely heavily on justifications.
previously made and accepted for PFOA. However, we wish to point out that the
chemistry and environmental fate of single CF2/CF; groups is quite different from
perfluorinated alkyl Cs chains, and requires more detailed discussion than reference
to previous reports.

43.  Difluoroethoxy groups

Rodil et al (2019) describe the metabolism of a difluoromethoxy ether, proceeding via
hydrolysisof-OCF2CHj with the resulting formationofan acetoxy-phenol as main metabolite
at 28°C by c. elegans (Figure 10).
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Figure 10. Metabolismof a difluoromethoxy ether (Rodil et al (2019).

Degradationof asimilar ethoxy functional group but with ahigher degree of fluorination, has:
been observed in Tetraconazole (Figure 11). The soil metabolism under natural sunlight
conditions of Tetraconazole showed a stepwise attack at the tetrafluoroethoxy- group (see
the proposed degradation pathway of tetraconazole in soil in the public version of
Tetraconazole renewal dossier 2019). The most plausible reaction pathway leading to the
detected metabolites M14360-DFA and M14360 alcohol is shown in Figure 12. The final
degradation product of the tetrafluoroethoxy-group after having lost all fluoride ions is oxalic
acid
C Lo

a +H ‘

frCO
Figure 11. Structureof Tetraconazole
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Figure 12. Reaction. mechanisms. at the _toiralluroetionygroup leading fo. the
Tetraconazole metabolites M14360-DFA and M14360 alcohol in soil underPhotolye conditions

The fluoride-free metabolite M14360 alcohol is oxidized to the M14360 acid (not shown
here), which then undergoes further transformation. This shows that also fluoride containing
moieties like tetrafluoroethoxy-groups are in principle degradable and do not qualify for
being classified as a “forever chemical”.

44.  Difluoromethylene groups

Wangetal(2015)describeametabolic displacementofa difluoro-methylene group adjacent
to methylene groups by cytochrome peroxidases. The fluorine atoms are eliminated and
replaced to yield non fluorinated metabolites.
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Figure 13. Metabolic displacementofa difluoromethylene group (Wang et al (2015))
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45. (Trifluoromethyl)imidazolegroups

Hayakawa et al (1998) describe the synthesis and subsequent hydrolysis of
(trifluoromethyl)pyrazoles (Figure 14).
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Figure 14. Model structures 1) 2-{trifluoromethyl)-1H-imidazole, 2) 4-{trifluoromethyl)-1H-
imidazole, 3) 5-(trifluoromethyl)-1H-pyrazole

The 2- and 4- substituted imidazoles are reported to undergo rapid elimination of hydrogen
fluoride under mid alkaline (pH = 8.9) laboratory condilons (Figure 15). Adciional
electronegative substituents can influence therateofelimination of fluoride ion. We request
that this information is accounted for in the Restriction Report.
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Figure 15. Hydrolysis of 2 and 4-trifluoromethylimidazole according Hayakawa et al (1998)under alkaline laboratory Conditions. Al pH-D (30°C) 24fluoromethyl)-TH.

imidazole has» halifeof80h, and 4-ifluoromethylimidazole halt fe of 200h.
Hydrolysis of (viflioromethy)-H-pyrazoles with elimination of hydrogen fluoride was
observed by Emolenko ot al (2012), and was subsequently optimized for yield by using
much more aggressive laboratory condiions.
No data on the chemical stability of the Figure 14 imidazole or pyrazole model compounds
under environmental condilon or suscepbiiy wards biodegradation has yet been
identified in the literature.
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5. Conclusion

The Dossier Submitter states on page 54 of the Annexes to the Restriction Report

If there are specific PFASs for which sufficient evidence is provided that the
perfluorinated bond is broken at a rate which indicates ther to be not persistent,
resuling a substance/substances which is/are not a PFAS, then those
substances/groups should be excluded from the scope. Currently, no such PFASs
are known to the dossier submitter.

We believe we have provided adequate evidence for specific functional groups that are not
persistent, and cannot be “arrowhead” substances, despite meeting the OECD structural
definition of PFAS. We request that these substances be removed from the scope of the
restriction by amending the grouping definition.

We believe we have also adequately shown that there are also functional groups meeting
the OECD structural definition of PFASwhich, depending on the specific chemical details of
the molecule, may or may not form persistent “arrowhead” (metabolite) substances. Being
unabletopredict the full chemical behaviourofthis chemical space,we suggest introduction
of a conditional derogation for those substances as a “safety net’.

Placing the above substances out of scope, or potentially subject to a derogation,
does not in any way lower protection of human health or the environment, because it
remains incumbent on any REACH registrants to adequately risk assess the
substances in the respective REACH registration dossiers.
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