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Summary

Trifluoroacetic acid (TFA) and trifluoromethane sulphonic acid (TFMS) were determined in juices
and drinks (n=37) together with fruit/vegetable purees (n=9) for small children. The results
showed elevated levels of TFA, especially, in orange juice and in some hand-squeezed oranges.
Considering samples above the reporting limit, an average TFA level of 34 000 ng/| (n=13) was
found for this matrix with a range <2500 to 84 000 ng/|. Additionally, in apple juice TFA was
detected, but at lower levels (mean 6 200 ng/l; n=9). Significant levels of TFA (>25 000 ng/l)
were found in two of the nine purees analysed. TFMS was frequently observed in orange juice as
well (mean 16 ng/l; n=20), but only occasionally in apple juice. Both conventional and organic
product were analysed. Generally, the organic samples showed lower or non-detectable TFA
levels with two notable exceptions. Concentration of TFA was compared to drinking water
guideline values from The Netherlands (NL), Denmark (DK) and Germany (DE). All samples with
measurable TFA concentrations exceeded the NL value, frequently surpassed the DK limit, and
one juice passed the DE limit. It was not within the scope of this study to assess origins of the
products, sources for TFA/TFMS or to perform any risk assessment, although some general
observations are being discussed.

Abbreviations:

DE = Germany; HFO-1234yf = 2,3,3,3-tetrafluoropropene; LIB = Lithium ion battery; LOQ = Limit of quantification; MRL = Maximum
residue level; NL = The Netherlands; NO = Norway; ORU = Orebro University (SE); PBT = Persistent, bioaccumulative, toxic; PFAS =
Poly- and perfluoroalkyl substances; PFAS4 = sum of PFOS, PFOA, PFHxS, PFNA; RPF = Relative potency factor; SE = Sweden; SPE =
Solid phase extraction; TFA = trifluoroacetic acid; TFMS = trifluoromethane sulphonic acid; TDI = Tolerable daily intake; TWI =
Tolerable weekly intake; UPLC-MS/MS = Ultra performance liquid chromatography — mass spectrometry/ mass spectrometry; vPvB =
Very persistent, very bioaccumulative;

Introduction

Per- and polyfluoroalkyl substances (PFAS) have been high on the agenda concerning
environmental problems over the past decade. Both environmental contamination and human
exposure of PFAS have received considerable attention. PFAS have been manufactured and used
since the 1950's, for example, in fluoropolymers, surface coatings, firefighting foams, cosmetics,
paints, etc.
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According to the most recent PFAS definition published in an OECD report, substances
containing at least one fully fluorinated methyl or methylene carbon is to be classified as a PFAS
(OECD, 2021). This has broadened the scope and more substances have been included.
Ultrashort PFAS are characterized as having one, two or three carbon atoms. Among the
ultrashort PFAS, two compounds have drawn the most attention, trifluoroacetic acid (TFA) and
trifluoromethane sulphonic acid (TFMS; triflic acid). A growing number of reports show the
presence of ultrashort PFAS in the environment, especially in water, but also plants, animals and
foodstuffs (Neuwald et al., 2022; Garavagno et al, 2024). They are all associated with high water
solubility and low pKa (acid dissociation constant) values, suggesting that, in the long-term the
aquatic environment becomes the eventual sink. Therefore, they have been highlighted as
potential vPvM and possibly PMT substances (UBA, 2023).

TFA can have a number of sources. One important source in precipitation is phototrans-
formation of “modern” refrigerants such as HFO-1234yf, among others. (UBA, 2021). Other
sources that have been suggested include the combustion of fluoropolymers, oxidative
treatment of PFAS at remediation, direct use as an industrial chemical, and effluents from
landfills and treatment plants (UBA 2021; Freeling and Bjornsdotter, 2023; Garavagno et al.,
2024).

TFA may also be formed at degradation of pesticides containing a CF; group (e.g. fluazinam,
fluopyram) and at present there are around 40 such pesticides approved in the EU (UBA, 2021)
and about 25 in use in the UK (Fidra, 2024) . Theoretical calculations by UBA (2021) indicate that
decomposition of pesticides could be a major source. TFA and CFs; moieties thus form a link to
the concept of “PFAS pesticides” (PAN, 2023; 2024). These pesticides are classified as PFAS
according to the recent definition and several of them can be found in fruit and vegetables. The
PAN (2024) report showed that in 2021 “PFAS pesticides” were found in 20% of EU-grown
fruit/berries and 12% of vegetables. The figures for imports to the EU were 18% for fruit and
12% for vegetables. However, MRL (max residue levels) values were not exceeded. It should be
noted, though, that any residue of “PFAS pesticides” indicates their use but not the total
potential of TFA formation.

There is a growing body of evidence that plants absorb and accumulate TFA. Uptake may occur
through the root-water-soil system or via direct atmospheric uptake in leaves (Garavagno et al.,
2024 and references therein). In some plants (bio)accumulation can be significant with factors
ranging from 5-1 400 (Garavagno et al., 2024). Furthermore, trend data for European tree
species show that TFA levels increased substantially between 1989-2020 (2-5 times; range 25-
1060 pg/kg; Freeling et al, 2022). Regarding degradation of CFs- containing pesticides, Chang An
et al. (2017) demonstrated in experiments with wheat, lettuce, radish, carrot and spinach, that
>10% of the *C signal from labelled pesticides added to the soil ended up as **C-TFA in the
plants.

TFMS is a “super acid” used in organic synthesis and can be included as an additive in lithium ion
battery (LIB) electrolytes (Neuwald et al., 2022). Less is known about TFMS compared to TFA,
but Bjornsdotter (2021) found TFMS (0.2-3 ng/l) in snow from Spitsbergen, Svalbard (NO). TFMS
is also observed in drinking water as reported by van Hees et al. (2023; <2 ng/l) for Sweden and
Norway and Neuwald et al. (2022; median 8 ng/l) for Germany. Regarding pesticides, there is
limited information, but at the very least Fipronil contains a CF3SO group alongside a CFs group.
The substance is not allowed to be used in agriculture in the EU.
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Findings on TFA distribution in the environment, together with data for pesticide use and TFA
accumulation in plants, indicate that TFA enter the food chain and that human exposure occurs.
Fruits and vegetables may thus, together with drinking water, be a significant exposure route.

The objective of this study was to investigate the presence of TFA and TFMS in juice and juice-
based drinks. This included juice/drinks from various fruits, as well as puree-based products,
particularly those aimed at babies and young children.

Material and Methods

A range of fruit and vegetable-based juices, drinks and purees (n=46) were purchased from local
supermarkets in Lidkdping (SE) over the period Feb-July 2024. See figures for further
information. Products were stored refrigerated and/or frozen until analysis. As a reference, a
number of oranges (n=7) were squeezed by hand, and the juice analyzed.

Analysis of ultrashort PFAS was performed by a method developed at Eurofins SE. The method is
based on mixed mode (reversed phase/anion-exchange) separation using UPLC-MS/MS. The
limit of quantification (LOQ) varied between typically 1-5 ng/I (TFMS) and 2 500-5 000 ng/| (TFA)
in this investigation. A sub-set of samples (n=20) was analysed at Orebro University (ORU) where
a supercritical fluid chromatography (SFC) system coupled with MS/MS was employed. The
samples were subjected to SPE pre-concentration and LOQ was 500 ng/| for TFA and 20 ng/| for
TFMS. Further details on the method can be found in e.g. Bjérnsdotter et al. (2022).

Results and Discussion
TFA and TFMS concentrations in juices and purees

Altogether 37 juices and drinks were analyzed as well as nine purees aimed for infants. (Fig 1-2).
With a few exceptions, significant levels of TFA were found in the products. The highest
concentrations were observed for orange juice and significant levels were found in 13 out of 21
samples. The average was 34 000+20 000 ng/I (n=13; mean % S.D.), based on the assumption
that all concentrated products were diluted five times (as recommended) with water free from
TFA, and samples <LOQ were excluded. A corresponding number for apple juice would be 6 200
+2 000 ng/l (n=9) if juices with no detectable TFA were omitted. As expected, the drinks with
partial juice content (12% in ready-made product when stated) showed lower values (<LOQ to
740 ng/l). For the apple drink with a juice content of 12%, an estimation assuming that the juice
was the only source of TFA yielded 6 200 ng/|, which is the same as the average value. The
tomato juice showed a value between that of apple and orange juice, as did the mixed triple-
fruit juice. For the latter, a calculation based on the mean levels in apple and orange juice (not
considering the passionfruit) gave a concentration of 19 000 ng/I, close to the TFA content
determined (17 000 ng/l).

Regarding TFA levels in the purees (Fig 2), significant levels were found in two cases, likely
reflecting the purees and juices used. The products had different compositions and since no
analysis of pure ingredients was performed no conclusions of relative contributions from the
different fruits and vegetables could be made.

The TFA concentrations in this study can be compared to the values compiled in the review by
Garavagno et al (2024). TFA was found in beer (median 6 100 ng/l; max 51 000 ng/l) and tea
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(2400 ng/1). Levels in grains were comparable or even higher (16 000-180 000 ng/kg). Generally,
much higher TFA concentrations than can be expected in drinking water were observed for the
juice samples (see below).

Additionally, TFMS was identified, particularly in orange juice (16123 ng/l; mean = S.D; n=20).
The maximum level determined was 110 ng/l, which was for a hand-squeezed orange and
coincided with the highest TFA value recorded overall (84 000 ng/l). TFMS was found in both
organic and conventional samples, but with a slight tendency for lower values in the former. In
apple juices and drinks, TFMS was not identified with one exception while a value comparable to
orange was obtained for the tomato juice. Concerning purees, TFMS is still being investigated
and results will be presented later on. To the best of our knowledge, this is the first report on
this ultrashort PFAS in drinks for consumption.
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Fig. 1. TFA concentrations (ng/l) in juices and drinks. “ECO” denotes organic products and “Fresh” hand-squeezed
orange juice. Values for concentrates refer to diluted products (1:5). As a reference drinking water (DW) guidelines for
NL, DK and DE are included (red vertical lines)
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To compare the values obtained by Eurofins F&F, both qualitatively and quantitatively, 20
samples were also analyzed at Orebro University (ORU). Good agreement (R?=0.98; n=9)
between analyses was observed for the orange juices despite different chromatographic
approaches, and ORU TFA values corresponded to 118+11% of the Eurofins ones. For the apple-
based products, a larger difference was found, with ORU measurements being approximately a
factor 1.5 higher. The reasons for this discrepancy are currently being investigated.
Nevertheless, a good correlation was observed (R?=0.97; n=11). Likewise, for TFMS, the ORU
analysis confirmed the order of magnitude, but for the four samples where a direct comparison
could be made somewhat higher values were found at ORU.
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Fig. 2. TFA concentrations (ng/l) in purees. “ECO” denotes organic products. As reference drinking water (DW)
guidelines for NL and DK are included (red vertical lines)

Although not part of the current work, 35 “regular” PFAS compounds (=C4) e.g. PFOS and PFOA
were tested for seven orange and apple juices (LOQ 10-20 ng/l). No detectable concentrations
were observed.

Differences between products and origin

For the orange juice, it can be noted that the difference in TFA among conventional fresh or
concentrated juice, with or without pulp, was within a factor of two for most part of the data
set. Organic orange juice, including hand-squeezed one, was below the TFA reporting limit, with
one exception. This “odd” sample showed a level corresponding to the conventional ones. The
hand-squeezed oranges displayed a wide range of values. Regarding the apple juice, TFA could
be found in both organic and non-organic produce, often at comparable concentrations.
Regarding purees, it is not clear why two samples had significantly higher TFA levels than the
others, which warrants further investigation. It should be noted that one of the two was labelled
as organic.

The country of origin for the fruit used in production of juices was not always stated. In the
current investigation, orange juice from Brazil, Italy and Spain/Greece were provided, while for
apple juice, Poland and Sweden were mentioned. Otherwise, EU or non-EU origin was
frequently stated. The finding that organic produce in many instances showed levels of both TFA
and TFMS, even comparable to conventional ones for some, is of interest and more information
about the sources are needed. Moreover, for apple juice, the two samples with the lowest TFA
were both made from Swedish apples and were not labelled as organic. Regarding country of
origin for orange juice, along with the distinction between juice vs hand squeezed ditto, the
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assessment becomes complex. For the four products originating from Brazil, the TFA levels
ranged from 34 000 to 46 000 ng/I (all ready-made). The samples originating from Italy and
Spain/Greece on the other hand, amounted to 6 000 ng/I TFA or were below the LOQ. No
country specific information was given for conventional orange concentrate. Fresh oranges for
squeezing were from Spain, with one exception from Egypt. The Spanish conventional oranges
demonstrated the broadest range seen in the study <5 000 up to 84 000 ng/l. However, it can be
anticipated that individual oranges may show a greater variation than batches of juice. The two
highest levels were found for fruits of the “Lane late” variety. All organic oranges were also from
Spain and all with non-detectable TFA levels. Regarding apple juice, besides the two Swedish
samples with comparably low TFA concentrations (see above), the Polish sample had a value
relatively close to the mean value calculated.

As described in the introduction, TFA can have several sources, and it has not been part of this
study to assess or quantify contributions. However, an important aspect to consider is whether
the water used to prepare “ready to drink” juices from concentrates can be a significant source
of TFA. It is not always apparent on the labels if the juice/drink is made from concentrate or not.
However, an overview of the samples where such comparisons can be made indicates that the
water for dilution is unlikely to be a significant factor. Preparation (dilution) of orange juice has
taken place in countries such as Sweden, Denmark, Germany and Spain. The Information on TFA
levels in drinking water is not complete but existing data for Scandinavia (van Hees et al, 2023;
unpubl) show a range between <50-720 ng/l and for Germany <LOQ-1 100 ng/I (Global 2000,
2024; van Hees et al., unpubl). The similar TFA concentration for both orange juices made from
concentrate and fresh products, in relation to what can be expected in drinking water,
strengthen this assumption. However, for “ready to drink” apple juices made from concentrates,
process water could potentially be a contributing, though assumably not major, factor.
Moreover, dilution of concentrates (juices and drinks) bought by consumers will likely add
further TFA, but this is not considered in this work. This is the case also for any potential
contribution from packaging material.

Comparison to guideline values

TFA guideline/limit values for drinking water exist in The Netherlands (NL), Denmark (DK) and
Germany (DE) (UBA, 2020; RIVM, 2023a; Miljgministeriet, 2024). Among samples with TFA
detected, all orange juice bought in stores, some hand-squeezed, as well as the tomato and
“triple” juice, exceeded the NL limit of 2 200 ng/I. All apple juice (including organic) except one
also passed this limit. The DK limit (9 000 ng/l) was exceeded repeatedly for orange juice as well.
The highest TFA sample in the dataset (hand-squeezed; 84 000 ng/l) did not conform to the DE
limit (60 000 ng/l) either. With regard to purees aimed for babies and small children, the two
samples with measurable levels of TFA were both higher than the NL and DK guidelines. It can
also be noted that a recent report from a group of European environmental NGOs (Global 2000,
2024) calculated alternative limits for TFA in drinking water, considering the intake of infants,
ranging between 1 300-2 400 ng/I.

TFA may also be directly compared to a TDI or TWI (tolerable daily/weekly intake) value. In the
method by RIVM (2023), TFA is included in a weighted sum of PFAS that is compared to EFSA’s
TWI value of 4.4 ng/kg bw/week for PFAS4. The weighting is based on relative potency factors
(RPF) where TFA has a value of 0.002. Using this approach, a 10 kg child could drink 92 ml
“average” orange juice (34 000 ng/l) per day to reach the limit (TWI + 7). A similar volume, 105
ml per day would be obtained for the puree with the highest TFA level (approximately one
pouch/day). It should be stressed that this calculation assumes no further PFAS exposure but
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TFA. If the TDI values (1 000-1 800 ng/kg bw/day) derived for TFA alone in the Global 2000
(2024) study were used, this would imply a daily consumption of 290-530 ml of average orange
juice or 3-6 “worst case” 100 ml puree poaches. In contrast, if the TDI underpinning the current
German limit value was used, a 10 kg child could ingest up to 5 300 ml of orange juice per day.
Similar calculations for adults would yield higher tolerable volumes.

Conclusions

This work gives, to our knowledge, the first overview of ultrashort PFAS, TFA and TFMS, in juice,
juice-based drinks and fruit purees for children. The concentrations of TFA, particularly in orange
juice, appear high when compared to drinking water and other fruits tested, but are regarded as
realistic given the increased knowledge of TFA contamination and uptake into plants. TFA and
TFMS were also detected at a significant level in some samples of organic produce. It has not
been within the scope of this work to determine the origin of TFA and processes of uptake, but
there are probably multiple sources that could potentially contribute. Nor was it the intention to
draw conclusions on exposure and toxicity; however, the levels found are still relevant
compared to (or higher than) guideline limits for drinking water. Intake calculations for children
(bodyweight = 10 kg) using current TDI estimates suggest that especially orange juice and some
purees could result in a significant exposure. The finding of TFMS in juice is novel, and although
concentrations are lower than for TFA, the substance still deserves to be assessed in the future.
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