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Can organic fertiliser explain the build-up and

variability of TFA?

Following the switch to fluorinated refrigerants, TFA levels in rain water

increased from around 100 ng/L in 1995 to around 500 ng/L today. Plants are

known to bioaccumulate TFA through transpiration. Since crop production is

mainly used for cattle feed in Luxembourg and the cattle dung is returned to

the arable fields, this cycle conveys TFA and can potentially lead to soil

accumulation through constant cycling. A simple model using agronomic

figures for Luxembourg shows that crops can indeed drive up the TFA levels

in soils depending on the transpiration coefficients in crops and the level of

organic fertilizing on the fields. Soil water concentrations incrementally reach

the high levels of several micrograms per Liter needed to explain the

variability documented in the groundwater pollutions while manure TFA

levels are in the magnitude reported by the few existing measurements. This

is a strong indication that TFA concentrations in cattle feed, dung and soils

need to be monitored to correctly assess the impact of the TFA cycling and

build-up in agriculture as a major source of TFA ground water contamination.

tom.galle@list.lu

LIST.lu

A survey along a gradient of pollution in ground water

As part of a regular survey on emerging pesticide metabolites reaching ground

water, a recent monitoring explored the relationship between nitrate pollution

levels and trifluoracetic acid (TFA) contamination of Luxembourgish

groundwaters. The hypothesis: intensive agriculture drives TFA pollution levels.

A significant relationship could be shown (R=0.61 with n=40), with an intercept

close to levels expected from precipitation concentrations of TFA. However,

scattering around the regression was strong, raising the question if agricultural

practice (precursor pesticide use or organic fertiliser use) could explain that

variability. Simultaneously monitored pesticide metabolites showed no presence

of persistent metabolites of TFA precursors in groundwater yet, although they

were detected at significant levels in surface waters during flood events.

Do TFA groundwater levels originate from pesticides?

The absence of the metabolites of flufenacet (the most commonly used

herbicide precursor to TFA) in groundwater raises the question if current

TFA pollution is related to the use of pesticides or if another source or

pathway is dominating. Indeed, flufenacet-ESA with a soil half-life of 302

days and a similar polarity than TFA should appear almost simultaneously

(TFA is released upon formation of this metabolite). Given the history of use

of flufenacet and transit times of up to 10 years to groundwater, this source

might not yet contribute to current TFA concentrations.. Although if transit

was immediate the contribution would be about 58% considering a 2-fold

application of herbicides containing flufenacet and diflufenican in winter

wheat and organic fertiliser amendment of 130 kg N/ha with 100 ng/L TFA .

Fig. 9: Evolution of soil and manure TFA concentration from 1995 to 2025 with two different crops and different intensities of organic amendment.

Fig. 8: Modelling the TFA cycle with agronomic figures reflecting
Luxembourgish agriculture

Fig. 3: Pesticide use statistics for Luxembourg. Several compounds
have been banned for use in drinking water protection zone in
2015 leading to shifts in use.
Fig. 4 (right): Emerging herbicide use is already prominently
detected in surface waters of drinking water providing regions.

Fig. 5: Herbicides and the formed metabolites. Notice the differences in soil half-lives and the fact that flufenacet releases TFA upon first
metabolization while diflufencian does not. Dimethenamid is shown for occurrence interpretation (Data: PPDB)

Fig. 1: The relationship between TFA and nitrate concentration in
Luxembourgish groundwater springs.
Fig. 2 (right): Simultaneously measured levels of pesticide
metabolites.
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Weight No Weighting

Intercept 522.3562 ± 264.73769

Slope 37.16532 ± 7.93087

Residual Sum of Squares 3.15527E7

Pearson's r 0.60518

R-Square (COD) 0.36624

Adj. R-Square 0.34957
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Countrywide use statistics

Fig. 6: The only current application of flufenacet allowed in
protection zones in winter wheat and released TFA with 1:1
molecular formation rate (Data SER).

Fig. 7: A static picture of TFA soil concentrations depending
only on current input for a five year crop rotation with 2
winter wheat treatments.

Table 1: Parameters used to simulate the TFA cycling and build up
in soils
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