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Fact-Sheet Trifluoroacetate (TFA)

▪ Anion of trifluoroacetic acid (CAS 76-05-1) 

▪ Industrial chemical (solvent and building block)

▪ 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

▪ t1/2: many, many (!) years; log KOC: 0.79

▪ Regulations (Germany)

▪ Until 2017: 1 µg/L in drinking water (DW) (health-related indication value)

▪ 2017–2020: 3 µg/L in DW (health-related indication value)

▪ From 2020: 60 µg/L in DW (guidance value) (Tolerable Daily Intake: 18 µg/kg bw)

→ Precautionary principle! 



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

Tap water Heidelberg: 

TFA > 20 µg/L

Scheurer, Nödler, Freeling et al. (2017) Water Res. 126, 460–471. 

▪ 100 µg/L at the point of discharge (River 

Neckar)

▪ Clear impact on River Rhine

▪ Water supply >300 km downstream still 

affected!



Scheurer, Nödler, Freeling et al. (2017) Water Res. 126, 460–471. 

Tap water Heidelberg: 

TFA > 20 µg/L

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



TFA concentration in german tap waters (2016)

Heidelberg:

> 20 µg/L

Langenburg:

1.6 µg/L

Oberweiler im Tal:

0.14 µg/L

Tübingen:

0.32 µg/L

Sindelfingen:

0.76 µg/L

Wüstensachsen:

0.27 µg/L

Weil im Schönbuch:

0.5 µg/L

Berlin:

0.27 µg/L

Angermünde:

<0.05 µg/L

Hamburg:

0.20 µg/L

Schluchsee:

0.21 µg/L

Limburg/Lahn:

0.11 µg/L

Göttingen:

0.47 µg/L

Wickenrode:

0.36 µg/L

Haltern am See:

2.5 µg/L

Bonn:

0.80 µg/L

Koblenz:

1.7 µg/L

Cologne:

0.73 µg/L

Dresden:

0.74 µg/L

Munich:

0.35 µg/L



Surface water monitoring (May 2018, Lower Saxony, Germany)

Nödler et al. (2019), https://www.nlwkn.niedersachsen.de/download/141156

51 water samples

▪ Min. 0.23 µg/L

▪ Max. 3.0 µg/L

▪ Median 0.92 µg/L



TFA

(Bio-)Degradation of selected plant 

protection products (PPP) → e.g. flufenacet

(Bio-)Degradation of selected pharmaceuticals

→ e.g. sitagliptin, etc.

Photolysis of 

refrigerants

(e.g. air condition)

and atmospheric 

deposition

Industrial 

discharge

▪ Primary Source

▪ Secondary Source



Selected potential precursors to TFA (Part I: PPPs)

Diflufenican

250–1000 t/a

Flufenacet

250–1000 t/a

Flurtamone

25–100 t/a

Domestic sales (Germany 2019)



Fluoxetine

1.3 t/a

Sitagliptin

40 t/a

Selected potential precursors to TFA (Part II: Pharmaceuticals)

Prescription data (Germany 2019)



TFA concentration in german tap waters 2016 (excerpt)

Wickenrode:

0.36 µg/L

x
x

x
!



Refrigerants as precursors to TFA

Market forecast

Continuous decline

in Europe

• High global warming potential

1,1,1,2-Tetrafluoroethane

(R-134a, Norflurane)

• REACH: 10,000–100,000 t/a

Transformation to TFA 7–20 %
ℎ ∙ υ



Refrigerants as precursors to TFA

Market forecast

Continuous decline

in Europe

• High global warming potential

1,1,1,2-Tetrafluoroethane

(R-134a, Norflurane)

• REACH: 10,000–100,000 t/a

Transformation to TFA 7–20 %
ℎ ∙ υ

2,3,3,3-Tetrafluoropropene

(R-1234yf )

• REACH: 1,000–10,000 t/a

• Low global warming potential

• Rapid transformation (t1/2: 2–11 d)

Transformation to TFA 100 %
ℎ ∙ υ

Market forecast

Sharp increase



TFA in precipitation (Germany, 8 locations, 2 years)

Spring/Summer Autumn/Winter

Freeling, Behringer, Heydel, Scheurer, Ternes & Nödler (2020), Environ. Sci. Technol. 54, 11210–11219. 

1. Strong seasonal pattern

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

→ 98 tons per year in Germany (based on data from 2018)!

3. Increasing concentration cmpd. with 1995/1997 (0.08–0.11 µg/L PWA)*1

*1 Klein (1997), Dissertation



Surface snow 0.06 µg/L (n = 2)

Tap water 0.20 µg/L (n = 1)

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

TFA in precipitation / tap water 2017 (Svalbard, Norway)



TFA and drinking water treatment

Drinking water protection ⇌ Resource protection!

→ C-F bond is highly stable

no removal by oxidative 

treatment

→ TFA is very mobile!

log KOC: 0.79

no removal by GAC

Scheurer, Nödler, Freeling et al. (2017) Water Res. 126, 460–471. 

→ Many anions in raw water

ion exchange not economically

feasible



TFA in food samples and related matrices (I)

Beer

Total median 6.1 µg/L

Tap water

Total median 0.25 µg/L

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

Malt is the major source of TFA in beer!

▪ Correlation with K (potassium)

▪ Brewing test



TFA in food samples and related matrices (II)

▪ Human blood: 8.5 µg/L*2

(n = 252)

▪ Human urine: ~10 µg/L
(n = 1)

▪ Manure: ~100 µg/L*3

(n = 2)

*1

*1  EURL-SRM – Residue Findings Report (2017)
*2 Duan et al. (2020), Environ. Int. 134, 105295.
*3 Nödler et al. (2019), https://www.nlwkn.niedersachsen.de/download/141156 Scheurer & Nödler (2021) Food Chem. 351, 129304. 

Beer

Total median 6.1 µg/L

Tap water

Total median 0.25 µg/L

Malt is the major source of TFA in beer!

▪ Correlation with K (potassium)

▪ Brewing test



TFA in food samples and related matrices (III)

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

*1

▪ Human blood: 8.5 µg/L*2

(n = 252)

▪ Human urine: ~10 µg/L
(n = 1)

▪ Manure: ~100 µg/L*3

(n = 2)

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



TFA

(Bio-)Degradation of selected plant protection 

products (PPP) → e.g. flufenacet, diflufenican, etc.

Manure

(Bio-)Degradation of selected pharmaceuticals

→ e.g. sitagliptin, fluoxetine, etc.

Urine

▪ Primary Source

▪ Secondary Source

Photolysis of 

refrigerants

(e.g. air condition)

and atmospheric 

deposition

Industrial 

discharge

Nödler & Scheurer (2019) Environ. Sci. Technol. 53, 11061–11062.  



Conclusions

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

TFA

▪ is everywhere

▪ comes from multiple primary

and secondary sources

▪ in DW-treatment, it cannot be 

removed in an economically 

and ecologically sensible way.



Conclusions

CO2 as a refrigerant instead of TFA-precursors

https://www.umweltbundesamt.de/themen/auf-umweltfreundliche-kaeltemittel-umsteigen

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

TFA

▪ is everywhere

▪ comes from multiple primary

and secondary sources

▪ in DW-treatment, it cannot be 

removed in an economically 

and ecologically sensible way.

https://www.umweltbundesamt.de/themen/auf-umweltfreundliche-kaeltemittel-umsteigen
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