Trifluoroacetate in the water cycle
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Fact-Sheet Trifluoroacetate (TFA)

O
= Anion of trifluoroacetic acid (CAS 76-05-1) E g
= |ndustrial chemical (solvent and building block) F\"C/ \O_
= Tonnage under REACH: 100-1,000 t/a ||:

(1,000-10,000 t/a until recently)

= Highly persistent in the environment, very mobile in the water cycle
= t,,,: many, many (!) years; log Kyc: 0.79

= Regulations (Germany)
= Until 2017: 1 pg/L in drinking water (DW) (health-related indication value)

= 2017-2020: 3 pg/L in DW (health-related indication value)
= From 2020: 60 ug/L in DW (guidance value) (Tolerable Daily Intake: 18 ug/kg bw)

— Precautionary principle!
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2016, how It all began: Industrial discharge at River Neckar
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Scheurer, Nodler, Freeling et al. (2017) Water Res. 126, 460-471.

Mainz

Cologne Diisseldorf

Basel Karlsruhe

100 pg/L at the point of discharge (River
Neckar)

Clear impact on River Rhine
Water supply >300 km downstream still

affected! E TZW



2016, how It all began: Industrial discharge at River Neckar

| Tap water Heidelberg:
TFA > 20 pg/L
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Chemische Substanz im Trinkwasser

Zerischen Bad Wimpfen und Manrhers war
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MNeckar mit TFA belastet

Bad Wimpfen Ein Chemieunternehmen in Bad wimpfen soll fir die Einleitung: des Stoffes
Trifluoressigsaure [TFA) verantwartlich s=in. Die Firma spricht von ungefahrlichem
Trifluoracetat.

Wodhen das Trinkwasser
ornte das Chemmieunter

Doktorand stoRt auf verunreinigtes Trinkwa }E:‘

2wischen Bad Wimpfen und Mannheim war in den vergangenen Wochen das Tri
winer Flucrverbindung verunseinigt. Verursacher kénnte das Cherm
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Chemikalie belastet Trinkwasserversorgung am
Neckar

Karlsruhe (dpa/lsw) - Ein unerwiinschtes chemisches Abbauprodukt belastet die
Trinkwassergewinnung am Neckar im Raum Mannheim und Heidelberg.

ure (TFA) aus dem Flusswasser sei im Uferfiltrat und im Trinkwasser
las Redierunasorasidium Karlsruhe am Montaa mit.

TrnkWA
\«a'r\,\r\\"?“'“g

Das miissen Sie zu TFA im Neckar und zur
Wasserversorgung wissen

50 schon und so schmutzig: Neckar ist einer der verdrecktesten Fliisse im Land -
Zum Problem wird das, wenn er Trinkwasserbrunnen beeinflusst
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TFA concentration in german tap waters (2016)
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Hamburg:
0.20 pg/L
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Haltern am See: Angermunde:

2.5 ug/L e <0.05 ug/L
Cologne: N Y ', Berlin:
{f ¥ . 0.27 pg/L
!. N \ /_I B .

Bonn: N o N Wickenrode:

Koblenz: Dresden:

1.7 pg/L

W istensachsen:
0.27 ug/L

Oberweiler im Tal:
0.14 pg/L

Limburg/Lahn:

Sindelfingen:

Langenburg:

Weil im Schonbuch: - Y

= Heidelberg:
> 20 ug/L

Tubingen: |

0.32 ugl/L ’ " o« :

[ o PP R Munich:
Schluchsee: [ TN b e a0l R 0.35 ug/L

B TZW

0.21 pg/L ?




Surface water monitoring (May 2018, Lower Saxony, Germany)
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.= Primary Source

'+ Secondary Source | (Bio-)Degradation of selected plant

_____________________________________________

protection products (PPP) — e.g. flufenacet

°

g Photolysis of
ndustrial o TN PPN refrigerants
e B TFA ) &(4=) (c.g. air condition)

Ischarge ‘ and atmospheric

g 3 deposition

4

(Bio-)Degradation of selected pharmaceuticals

— e.g. sitagliptin, etc.
g glip = T7W



Selected potential precursors to TFA (Part |: PPPs)

Domestic sales (Germany 2019)
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i NH__0O | -

Foo ok :

F %O\O){F Diflufenican J//ﬂ ' IEE\\\\/
| gA V

250-1000 t/a
.

YCH3
N

HaC

7\ F Flufenacet

F’Q/ Z’/\OKS)\;@F 250-1000 t/a @
F

Flurtamone
25-100 t/a
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Selected potential precursors to TFA (Part |l

. Pharmaceuticals)

Prescription data (Germany 2019)

H,C F
“NH 0— >—PF Fluoxetine
\—b F 1.3 t/a

Sitagliptin
40 t/a
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TFA concentration in german tap waters 2016 (excerpt)

Wickenrode:
0.36 ug/L
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Refrigerants as precursors to TFA TFA & (%
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1,1,1,2-Tetrafluoroethane
(R-134a, Norflurane)

4. 486454
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« REACH: 10,000-100,000 t/a Market forecast

High global warming potential ‘

Continuous decline

h-v
&> Transformation to TFA 7-20 % in Europe

B TZW



Refrigerants as precursors to TFA

TFA &

dd 4 ‘,.I
y
4

s

F

1,1,1,2-Tetrafluoroethane
(R-134a, Norflurane)

F

F
HzC)Y

FF

2,3,3,3-Tetrafluoropropene
(R-1234yf)

« REACH: 10,000-100,000 t/a

« High global warming potential

h-v
&> Transformation to TFA 7-20 %

« REACH: 1,000-10,000 t/a
« Low global warming potential

« Rapid transformation (t,,,: 2—11 d)

h-v
&> Transformation to TFA 100 %

-/

Market forecast

U

Continuous decline
in Europe

Market forecast

U

Sharp increase
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TFA in precipitation (Germany, 8 locations, 2 years)
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Strong seasonal pattern

Precipitation-weighted average (PWA) 0.34 pg/L (max. 38 pg/L)

— 98 tons per year in Germany (based on data from 2018)!
Increasing concentration cmpd. with 1995/1997 (0.08-0.11 pg/L PWA)™

"1 Klein (1997), Dissertation
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Freeling, Behringer, Heydel, Scheurer, Ternes & Nodler (2020), Environ. Sci. Technol. 54, 11210-11219.
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Surface snow 0.06 pg/L (n = 2)
Tap water 0.20 ug/L (n = 1)

Svalbard S —
Svalbard and Jan Mayen
Directions Save Nearby Send to your Share
phone
Photos

Photos

Quick facts

Svalbard is a Norwegian archipelago between mainland
Norway and the North Pole. One of the world’s northernmost
inhabited areas, it's known for its rugged, remote terrain of
glaciers and frozen tundra sheltering polar bears, Svalbard
reindeer and Arctic foxes. The Northern Lights are visible
during winter, and summer brings the “midnight sun"—sunlight
24 hours a day.

| Satellite

Thanks to Prof. Roland Kallenborn (Norwegian University of Life Sciences) for the samples!




TFA and drinking water treatment &
Lo ) #(TFA @

. — TFA is very mobile! ;

Fé"‘c/c\o' log Kge: 0.79

\\ no removal by GAC

|
w [
Q}é D CI — Many anions in raw water
Granulated k» 03 Ch,orma%n lon exchange not economically
®

Activated CARIX Ozonation l feasible

Carbon  15n Exchange | -
lon Exchang — C-F bond is highly stable

No Removal No Removal no removal by oxidative
treatment

Drinking water protection = Resource protection!
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TFA in food samples and related matrices (I) \T_Fyg \"J

Beer Tap water
Total median 6.1 pg/L Total median 0.25 pg/L
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Malt is the major source of TFA in beer!
= Correlation with K (potassium)

= Brewing test
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Scheurer & Nodler (2021) Food Chem. 351, 129304.



TFA In food samples and related matrices (ll)

TFA Qf )

Beer Tap water
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Malt is the major source of TFA in beer!

= Correlation with K (potassium)

= Brewing test

Scheurer & Nédler (2021) Food Chem. 351, 129304.

2.0

0,0

TFA concentration

in tap water in pg/L

0.23 (Grapes/IT)

0.23 (IT)
0.28 (Rye/Unknown)

0.11 [Orange/IT)

0.24 (Mango/ES)

;'_1.087 (NZ)

0.10 [ZA)
0.65 (Green Beans/DE)
0.65 (DE)

0.27 (Tomato/DE)
0.12 (ES)
1.2 (Fennel inf./unknown)

4.8 (Rosemary/IL}

0.098 (Grape Juice/unknown)
0.29 (Endive lettuce/DE)

0.29 (DE)

0.15 (Potato/DE)

0.64 (Soybeans/ DE)
0.64 (DE)
0.47 (unknown)

0.15 (Carrots/DE)

0.15 [DE}
0.094 (Broccoli/DE)
0.075 (DE)

0.094 (DE)
0.076 (Apricot/FR)
0.12 (Wine/DE)

1.3 (Mixed \Feg.funh‘nuwn]

"1 EURL-SRM - Residue Findings Report (2017)
*2 Duan et al. (2020), Environ. Int. 134, 105295.
8 Nodler et al. (2019), https://www.nlwkn.niedersachsen.de/download/141156

Human blood: 8.5 pg/L™
(n = 252)

Human urine: ~10 pg/L
(n=1)

Manure: ~100 pg/L™3
(n=2)
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TFA in food samples and related matrices (ll) TFA |5
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() = number of studies, total: 24, number of plant species: 34, total number of PFASs: 45
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Wl Poaceae: wheat (9), maize (8), rice (2), ryegrass (2), barley (1), [ Fabaceae: alfalfa (3), soybean (2),
oat (1), Bermuda grass (1), rye (1), tall fescue (1), pea (1), mung bean (1)
Kentucky bluegrass (1) Cucurbitaceae: gourd (3), cucumber (1)
[ Asteraceae: lettuce (6), chicory (1) B Amaranthaceae: garlic chive (1),
B Apiaceae: carrot (5), celery (2) Spring onion (1), spinach (1)
B Solanaceae: tomato (3), potatoe (2), pepper (1) [ Rosaceae: strawberry (1)

[ Brassicaceae: radish (4), cauliflower (1), Chinese cabbage (1), rape (1)

Lesmeister, Lange, Breuer, Biegel-Engler, Giese, Scheurer (2021) Sci. Total Environ. 766, 142640.

= Human blood: 8.5 pg/L™
(n = 252)

0.087 (NZ)
0.10 (ZA)

eeee ——— = Human urine: ~10 pg/L
(n — 1)

= Manure: ~100 pg/L™
(=2

0.075 (DE)

0.094 ‘DE|

‘I EURL-SRM - Residue Findings Report (2017) - -Izw

2 Duan et al. (2020), Environ. Int. 134, 105295.
3 Nédler et al. (2019), https:.//www.nlwkn.niedersachsen.de/download/141156




= Primary Source (Bio-)Degradation of selected plant protection

» _Secondary Source products (PPP) — e.g. flufenacet, diflufenican, etc.

_____________________________________________

Manure

Photolysis of

refrigerants
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Industrial | -

dustria <\ o o air condition)
d

discharge gk

and atmospheric
deposition

(Bio-)Degradation of selected pharmaceuticals
— e.g. sitagliptin, fluoxetine, etc.
Urine . TZW

Nodler & Scheurer (2019) Environ. Sci. Technol. 53, 11061-11062.



Conclusions

| WWTP TFA
Industry k / PreC|p|t;t|on u IS everyWhere

Agrlculture

= comes from multiple primary

F--.C o
4 ( é \\ and sources

Granulated k‘. 03 Chlorlnat|on - In DW-treatment! It CannOt be

Activated CARIX ®

Carbon  n CARX"  Ozoration l removed in an economically
! and ecologically sensible way.

Discussion on the essential use of TFA and its precursors is necessary!
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Conclusions

CO, as a refrigerant instead of TFA-precursors

Umwelt s ‘ I FA
Bundesamt i ‘

" |S everywhere

Umweit
. Bundes

. _,V,mf._ c,"l~ lagen-k

= comes from multiple primary
and sources

Umweltfreundlich kiihlen ist moglich, zeigte ein UBA-Dienstwagen mit CO2-Klimaanlage von 2009 - 2017.

u L]
R744 ist in der Kdltetechnik der Fachbegriff fiir das natiirliche Kaltemittel Kohlendioxid. R steht fiir Refrigerant (deutsch: . -
Kéltemittel). y

Quelle: Gabriele Hoffmann / UBA

L} -
Das fluorierte Kiltemittel R1234yf wird in immer hoheren Konzentrationen in der Atmosphére nachgewiesen. Es re I I I Ove d I n a n e C O n O I I l I C aI I
entweicht vor allem aus Pkw-Klimaanlagen und zunehmend auch aus stationdrer Kalte-Klima-Technik. Die extrem
n n
and ecologlcally sensible way.

wasserlosliche, algengiftige und schwer abbaubare Trifluoressigsdure - ein Abbauprodukt von R1234yf — gelangt iiber
Niederschlage in Gewdsser. Das UBA rit zum Umstieg auf Alternativen.

Discussion on the essential use of TFA and its precursors IS necessary!
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https://www.umweltbundesamt.de/themen/auf-umweltfreundliche-kaeltemittel-umsteigen
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