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Trifluoroacetic Acid 
Trifluoroacetic acid, or TFA, is a strong organic acid and has the shortest chain (only 

two carbons) of all perfluorinated carboxylates (PFCA) (Solomon et al. 2016; Boutonnet et 
al. 1999). It has a pKa of 0.23, is miscible with water, and has a low octanol/water partition 
coefficient (log POW= -2.1) which shows no potential for bioaccumulation (Boutonnet et al. 
1999). TFA is manufactured as an industrial chemical, exists naturally in the environment, 
and is also produced from the atmospheric degradation of fluorocarbons including 
hydrofluorocarbons (Garavagno et al. 2024; Solomon et al. 2016). TFA is used in the 
production of fluorinated compounds, as a laboratory chemical, and for the surface 
treatment of glass (UBA 2021). TFA is highly soluble in water and adsorbs poorly to soil, 
sediment and organic matter, and thus is introduced into the natural water cycle quickly 
from the atmosphere, soils, and through wastewater (UBA 2021). The ultimate sink of TFA is 
in surface waters (Solomon et al. 2016).  

 The sodium salt of TFA (sodium trifluoroacetate, NaTFA) is much less toxic than the 
free acid (Boutonnet et al. 1999). At the pH levels of environmental media (pH range 
approximately 4.0-8.5), TFA often presents as NaTFA. 

 TFA is a severe irritant to the skin and eyes (Boutonnet et al. 1999). The literature 
regarding toxicity of trifluoroacetate in stream mesocosms, algae, higher plants, fish, 
animals and humans, has shown overall low toxicity in these systems (Boutonnet et al. 
1999). 

Literature Search 

Methods 
 A literature search was conducted to obtain both peer-reviewed literature and grey 
literature such as government reports. PubMed was utilized to identify the relevant studies 
in the peer-reviewed literature. Government documents were identified via Google and 
were also searched to identify additional peer-reviewed studies. However, some of the 
industry studies and older studies identified in both government documents and the peer-
reviewed literature were not accessible.  
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Government documents 
Various government and international documents describe points of departure1 

(PODs) for TFA including the European Chemicals Agency (ECHA) and European Food 
Safety Authority (EFSA), the German Environment Agency (UBA), and the United Nations 
Environment Programme (UNEP).  

Peer-reviewed literature 
Multiple reviews were identified in the peer-reviewed literature that described 

toxicology studies of TFA and NaTFA including Dekant & Dekant (2023), Ema et al. (2010), 
and Boutonnet et al. (1999). These studies, along with the results from PubMed searches, 
were used to identify the original literature.  

Terminology 
Several of the studies discussed in this report describe no-observed-adverse-effect 

levels (NOAELs) or no-observed-effect level (NOEL). The NOAEL is the “highest exposure 
level at which there are no biologically significant increases in the frequency or severity of 
adverse effect between the exposed population and its appropriate control; some effects 
may be produced at this level, but they are not considered adverse or precursors of 
adverse effects” (EPA 2024a). The NOEL is the “exposure level at which there are no 
statistically or biologically significant increases in the frequency or severity of adverse 
effect between the exposed population and its appropriate control; some effects may be 
produced at this level, but they are not considered adverse or precursors of adverse 
effects” (EPA 2024a).  

Various studies describe LD50 (“lethal dose 50”) and LC50 (“lethal concentration 
50”) values. The LD50 is the dose that is lethal to 50% of the animals (EPA 2024a). The LC50, 
on the other hand, is the concentration that is lethal to 50% of the animals (EPA 2024a). 
Similarly, the LD0 is the maximum tolerable dose or the highest non-toxic dose while LD100 
is the lowest dose that kills 100% of the test animals. 

ECHA (2024) describes Derived No Effect Levels (DNELs) for TFA. ECHA describes 
the DNEL as “the level of exposure above which humans should not be exposed” (ECHA 
2012). The DNEL should reflect the likely route(s), duration, and frequency of exposure 
(ECHA 2012). DNELs should also consider the following: 1) the uncertainty caused by the 
experimental data and intra- and interspecies variation; 2) the nature and severity of 

1 The point of departure is the point on a dose-response curve established from experimental data, generally 
corresponding to an estimated low effect level (e.g., 1% to 10% incidence of an effect) (EPA 2024b). 
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effects; and 3) the sensitivity of the human population (ECHA 2012). A NOAEL or NOAEC is 
utilized to calculate the DNEL.2 

 The Germany Environmental Agency (Umweltbundesamt, UBA) calculated a 
tolerable daily intake (TDI) for TFA. TDIs indicate the tolerable daily intake of a non-
intentionally added contaminant in food and drinking water (UBA Undated). The TDI is 
based on a NOAEL and takes various safety factors into account including extrapolation of 
test duration, toxicodynamic and toxicokinetic differences between and within species 
(UBA Undated). The acceptable daily intake (ADI) is similar to the TDI but is the amount of a 
chemical a person can be exposed to on a daily basis over an extended period of time 
(usually a lifetime) without suffering deleterious effects (EPA 2024a). 

Results of the Literature Search 
Acute toxicity 

Dekant & Dekant (2023) discuss a study cited by ECHA (2022) in which the potential 
effects of TFA were examined after a single oral dose of 2000 mg/kg bw (body weight) in 
rats. The absence of mortality in this study showed that the acute toxicity of 
trifluoroacetate was very low. 

Muijser et al. (2010)3 studied male Wistar rats that were exposed to TFA vapors 
(nose-only exposure) at a concentration of 0, 30, 100, or 300 mg/m3 for four hours (ECHA 
2024). The animals in the first dose group (30 mg/m3) were sacrificed one day after the end 
of the exposure and necropsied (ECHA 2024). The rats in the second group were sacrificed 
after a 14-day observation period (ECHA 2024). Clinical signs were noted, body weight was 
measured at day 0, 1, 3, 7, and 14, and gross pathology and histopathology were examined 
(ECHA 2024). TFA did not induce mortality at any of the tested concentrations including 
300 mg/m3. However, at 300 mg/m3, TFA induced local irritation of the nasal cavity 
epithelium in the rats. This effect was reversible as no irritation of the nasal cavity was 
noted in the animals necropsied at the end of the period of observation.  

Boutonnet et al. (1999) describe the following publications regarding the acute 
toxicity of TFA: Patty (1963) and Kheilo and Kremneva (1966). Patty (1963) describes an LD50 
for the oral route of administration of a 2-5% solution in the range of 200 to 400 mg/kg bw in 
rats and mice. Oral LD100, LD10, and LD0 values were found to be 1000, 500, and 250 mg/kg 
bw, respectively (Kheilo and Kremneva 1966). Kheilo and Kremneva (1966) also describe 

 
2 The LOAEL or LOAEC should be used only when a NOAEL/NOAEC is not available (ECHA 2012). 
3 It was not possible to obtain a reference for this citation. 
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acute inhalation toxicity for trifluoroacetic acid. The LC50, LC100, and LC10 for a 2-hour 
exposure in mice were reported to be 13.5 mg/l, 20.4 mg/l, and 9.2 mg/l, respectively. For a 
2-hour exposure in rats, the LC50, LC100, and LC10 were reported to be 10 mg/l, 11.5 mg/l, 
and 8.3 mg/l, respectively. Kheilo and Kremneva (1966) described threshold concentrations 
of 4 mg/l for rats based on body temperature and 1.5 mg/l based on “neuromuscular 
excitability” (Boutonnet et al. 1999) 

Boutonnet et al. (1999) also describe several LD50 values for the sodium salt of TFA 
via the intraperitoneal route of administration: >4000 mg/kg (Rosenberg 1971); >2000 
mg/kg (Airaksinen and Tammisto 1968; Airaksinen et al. 1970). An intravenous LD50 for 
sodium trifluoroacetate was reported to be 1200 mg/kg for mice (Airaksinen and Tammisto 
1968). Intraperitoneal administration of sodium trifluoroacetate to mice was described 
resulting in a slight increase in glucose-6-phosphate dehydrogenase activity in livers and 
erythrocytes (Rosenberg 1971). There was also a transient decrease in glutathione and 
NADPH content in the liver 12 hours after treatment. This decrease in glutathione and 
NADPH content was also seen in erythrocytes at 24 hours (Rosenberg 1971). Boutonnet et 
al. (1999) also describe a study that identified an intravenous LD50 for sodium 
triflouroacetate of 1200 mg/kg in mice (Airaksinen and Tammisto 1968).  

Boutonnet et al. (1999) also describe a 1971 study by Rosenberg and Wahlstrom. In 
this study Swiss male rats were treated with either a single intraperitoneal dose of 1000 
mg/kg or 2000 mg/kg sodium trifluoroacetate. Hepatocytes were found to have a cloudy 
swelling with slight accumulation of fat and an increase in liver glycogen at the 1000 mg/kg 
dose. At the 2000 mg/kg dose, vacuolization was noted. 

Boutonnet et al. (1999) identified a 1969 study by Blake and colleagues in which 
they administered trifluoroacetaldehyde, trifluoroacetic acid and sodium trifluoroacetate 
via intraperitoneal injection to five groups of five mice each. The mice were observed for 96 
hours. Blake and colleagues found that trifluoroacetaldehyde and trifluoroacetic acid were 
of “a low order of toxicity when administered to mice.” There were no deaths observed even 
when mice received up to 800 mg/kg of trifluoroacetaldehyde or up to 5000 mg/kg of 
sodium trifluoroacetate. Trifluoroacetic acid caused death in two of the five animals at the 
150 mg/kg dose.  

Finally, Boutonnet et al. (1999) described a 1988 study by Fraser and Kaminsky. This 
study administered a single intraperitoneal dose of 240 mg/kg of trifluoroacetic acid to 
male Wistar rats that did not produce any toxic effects. 
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Chronic/repeated dose toxicity 
 Dekant & Dekant (2023) describe a 28-day oral study by Bayer (2014) in which 
trifluoroacetate was administered in the diet at concentrations of 0, 600, 1800, 5400, and 
16000 ppm to male and female Wistar rats (n=5 per group). There was no mortality, effects 
on body weight, or consumption observed. However, there was a small increase in the 
activity of alanine aminotransferase (ALT) at the highest dose levels in both male and 
female rats. There were small effects on serum cholesterol and glucose levels. Along with 
the minor changes in ALT, there were dose-dependent increases in absolute and relative 
liver weight and liver to body/brain weight ratios at trifluoroacetate concentrations >600 
ppm and liver enlargement at 5400 and 16000 ppm. However, although there was liver 
enlargement there were no histopathological changes in the liver. The highest dose, 16000, 
which corresponded to 1315 mg/kg bw per day in males and 1344 mg/kg bw/day in 
females, was considered the NOAEL. 

Dekant & Dekant (2023) describe another Bayer (2014) repeated dose oral study that 
was carried out to examine possible modes of action regarding changes in liver enzymes 
and mild liver hypertrophy. Male and female rats (n=5 per group) were given diets with 
sodium TFA at concentrations of 0, 600, 1200, and 2400 ppm for 14 days. Animals were 
sacrificed after 14 days. TFA did not affect body weight gain, food consumption, 
hematology, and clinical chemistry but did result in increased liver weights and 
hepatocellular hypertrophy. Dekant & Dekant (2023) state that based on the findings of this 
study, trifluoroacetate “has to be considered a weak peroxisome proliferator.” 

An ECHA (2024) dossier4 describes Bayer (2007)5 as a 90-day oral study where 
Wistar rats were administered sodium trifluoroacetate orally via diet. There were 10 male 
and 10 female rats per dose group: 160, 1600, and 16000 ppm. A similarly constituted 
group of 10 males and 10 females were administered a normal diet and served as controls. 
No toxicologically significant changes were noted regarding clinical appearance, functional 
observations, food consumption, and ophthalmoscopy (ECHA 2024). Dekant & Dekant 
(2023) describe a Bayer (2014)6 study in which sodium trifluoroacetate was administered to 
male and female Wistar rats (10 of each per dose group). Reduced body weight gain was 
observed in males in the 16000 ppm dose group. Treatment-related effects on clinical 
chemistry including bilirubin, glucose and liver enzyme levels and urine composition 
(higher ketone bodies) were seen at concentrations greater than 160 ppm. Both mean 
absolute and relative liver weights were also increased at feed concentrations above 160 

 
4 https://echa.europa.eu/de/registration-dossier/-/registered-dossier/5203/7/6/1# 
5 It was not possible to obtain a reference for this citation. 
6 It is possible that Bayer (2007) described by ECHA (2024) and Bayer (2014) described by Dekant & Dekant 
(2023) are the same study. 
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ppm. Minimal to moderate diffuse centrilobular hepatocellular hypertrophy and an 
increased incidence of hepatocellular necrotic foci were observed in males in the highest 
dose group. From this study, a NOAEL of 8.4 (males) and 10.1 mg/kg bw (females) TFA was 
determined. 

Just et al. (1989) was also identified in EFSA’s 2014 document and in Boutonnet et 
al. (1999). In this study, male Wistar rats were fed 500 mg/kg TFA for 5-14 days (EFSA 2014; 
Boutonnet et al. 1999). The authors did not see an effect on body weight but did see a slight 
increase in liver weight (EFSA 2014; Boutonnet et al. 1999). 

The EFSA (2014) document also describes a UK assessment in which repeated dose 
studies were carried out between 75 and 750 mg/kg bw. Effects including changes in liver 
weight, liver serum enzymes and liver histopathology were observed. 

The German Environment Agency describes a study in which rats were administered 
TFA in drinking water at concentrations of 0, 30, 120, and 600 ppm for one year (UBA 
Undated; Dekant & Dekant 2023). The study was conducted by manufacturer Solvay 
Hanover according to OECD guidelines 417 and 452 for the assessment of toxicokinetic 
and chronic effects (UBA Undated). Significant differences (p=0.005 and 0.009, 
respectively) were found between the ALT concentrations in the control group (0 ppm) and 
the groups that received 120 ppm and 600 ppm TFA at day 370 (UBA Undated). The 
differences were no longer significant (p=0.55) after recovery7 at day 412 (UBA Undated).  A 
no observed effect level (NOEL) of 30 ppm (corresponding to 1.8 mg/kg bw per day) was 
observed.  

Boutonnet et al. (1999) identified a 1969 study by Blake et al. in which trifluoroacetic 
acid or sodium trifluoroacetate was administered via drinking water at a concentration of 
114 g/l to male Sprague-Dawley rats. The rats rejected the solution which resulted in 
dehydration and weight loss. Within 10 days, an increase (<30%) was seen in the liver-to-
body weight ratio. 

Boutonnet et al. (1999) identified a study by Stier et al. (1972) in which sodium 
trifluoroacetate was administered to male Wistar rats in drinking water at approximately 
130 µmol per 100 g body weight per 24 hours (~150 mg/kg bw per day) for five to six days. 
After five days of treatment, the relative liver weights were increased by approximately 43% 
and the glycogen content of the liver was decreased. 

According to Boutonnet et al. (1999), Kheilo and Kremneva (1966) exposed rats via 
inhalation to trifluoroacetic acid for four hours daily six times a week at concentrations of 

 
7 The recovery period between days 370 and 412 was only for the control group and the group with the highest 
dose of TFA (600 ppm) (UBA Undated). 
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0.4 to 0.7 mg/l (86-150 ppm) for five months. Irritation of mucous membranes, increased 
proteinuria, and “altered neuromuscular excitability” were observed. The authors found 
that chronic exposure to approximately 5 to 11 ppm caused only minor symptoms in rats 
and that these are considered close to the threshold concentrations for chronic exposures 
(Boutonnet et al. 1999). 

A study of male rats and male guinea pigs by Warheit (1993) was also identified by 
Boutonnet and colleagues. The rats and guinea pigs were fed diets containing 7500 ppm 
(750 mg/kg per day in rats) for 25 days. Among the rats, decreased body weight was 
observed (without changes in food consumption). Decreases in serum cholesterol, 
triglycerides, glucose, and insulin levels were also found in rats, and to a lesser extent, in 
guinea pigs. Increased liver weights and diffuse liver hypertrophy were seen in treated rats. 
However, the liver weight in guinea pigs was reduced.  

Reproductive and developmental toxicity 
 Dekant & Dekant (2023) cites ECHA (2022) and describes a one-generation 
reproductive toxicity study in rats. Sodium TFA was given to Wistar rats in their diet. In the 
F0 generation, male and female rats (25 males and females per dose group) were fed diets 
with 0, 120, 600, or 3000 ppm TFA for ten weeks during pre-mating, gestation, and 
lactation. The received doses were approximately 10, 50, and 250 mg/kg bw/day. During 
lactation, TFA was reduced to 60, 300, and 1500 ppm in females. The two cohorts of F1 
animals (20 males and females per group in each cohort) were not given TFA during 
lactation and received TFA-containing diets from postnatal day 21 to postnatal day 35 
(doses of 60, 300, and 1500 ppm) and from postnatal day 35 to sacrifice (doses of 10, 600, 
and 3000 ppm). The study examined estrous cyclicity, thyroid hormones, and sperm 
parameters. Treatment-related adverse effects were not seen in the parental animals. The 
F1 generation (offspring) showed treatment-related changes such as changes in relative 
liver weights, some clinical chemistry parameters, and reductions in serum T4. However, 
the other thyroid parameters (T3, TSH, weight, histopathology) and reproductive 
parameters were not affected. Thus, it was found that the top dose level in this study 
(3000/1500 ppm) with intakes between 242 and 265 mg of the sodium salt of TFA/kg bw/day 
was considered the NOAEL for reproductive performance, offspring development and 
general toxicity. 

Ema et al. (2010), an ECHA dossier8, and Boutonnet et al. (1999) identified a 1988 
study by Lloyd and colleagues. According to Ema et al. (2010), Lloyd et al. dosed Alpk/AP 
male rats one time via oral gavage with either 10 or 20 mg/kg bw; no adverse testicular 

 
8 https://echa.europa.eu/de/registration-dossier/-/registered-dossier/10848/7/9/1 
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effects were seen. According to the ECHA dossier, Lloyd et al. (1988) administered a single 
oral dose of 25 mg/kg bw and saw no effect on the male reproductive system. Boutonnet et 
al. (1999) also describes Lloyd et al. (1988) but indicates that single oral doses of 10 and 25 
mg/kg bw were administered; sodium TFA did not cause any observable testicular effects 
on weight or morphology. Boutonnet et al. (1999) indicates that another study by Lloyd and 
colleagues (1986) administered a single intraperitoneal dose of TFA to 10-week-old male 
AlpK/AP strain rats. Like Lloyd et al. (1988), TFA did not cause any observable effects on 
weight or morphology in the testes. 

Dekant & Dekant (2023) cite ECHA (2022) regarding a developmental toxicity study 
of TFA. TFA was administered to groups of pregnant female rats (n=22 per group) from 
gestational day (GD) 6 to 19. Doses of 0, 37.5, 75, and 150 mg/kg bw per day were 
administered via gavage in water. Fetuses were birthed via C-section on GD 20. In maternal 
rats, the only effect of TFA was a small increase in liver and kidney weight. Fetal effects 
were not observed. Because there was a lack of maternal and embryo/fetal effects, the 
highest dose administered was selected as the NOAEL (150 mg/kg bw per day); the small 
increases in maternal liver and kidney weight were not considered adverse. 

Ema et al. (2010) identified a toxicity study by Saillenfait and colleagues. This study 
is also identified in an ECHA dossier.9 Saillenfait et al. (1996) administered halothane or 
TFA to Sprague-Dawley rats on GDs 10 to 20. TFA was administered by gavage at 
concentrations of 75 or 150 mg/kg bw per day. Mothers and pups were examined for body 
weight, liver weight, and kidney weight. Liver weight among the mothers was significantly 
increased in both dose groups. Body weight change was significantly reduced at the 150 
mg/kg bw for GD 10 to15. Absolute and relative liver weights were significantly increased in 
both dose groups. Exposed offspring were examined on postnatal days 3, 12, and 49 for 
hepatic and renal biochemistry and/or function through measurements of several serum 
and urinary metrics. No adverse outcomes were found regarding length of gestation, litter 
size and offspring survival in the first three days. There were slight but non-significant 
decreases in pup weights in both TFA dose groups on postnatal days 1 and 3. Prenatal 
exposure to TFA induced only slight and transient alterations in the neonatal rat liver but 
was not predictive of developmental effects.  

Discussion 
The major target organ for TFA appears to be the liver (Boutonnet et al. 1999; Dekant 

& Dekant 2023). However, the effects of TFA on the liver appear to be mediated by 

 
9 https://echa.europa.eu/de/registration-dossier/-/registered-dossier/10848/7/9/1 
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peroxisome proliferation, and this mode of action is not considered relevant to humans 
(Dekant & Dekant 2023). 

Summary of acute studies 
Several of the studies identified and described above also reported LD and LC 

values. Although these values would not be considered for selection or development of an 
RfD, these values are summarized in Table 1, below, for completeness.  

Table 1. Summary of identified lethal doses (LDs) and lethal concentrations (LCs) 

Type of 
study 

Potential 
POD 

Exposure 
route Species 

Duration of 
exposure 

(hours) 

Endpoint(s) 
evaluated Study 

Acute 
toxicity 

LD50: 
>2000 
mg/kg 

Oral Rats NRb Death ECHA 2022 

Acute 
toxicity (2-

5% 
solution) 

LD50: 200-
400 mg/kg  Oral Rats and 

mice NRb Death Patty 1963; Ema 
et al. 2010 

Acute 
toxicity 

LD50: 
>4000 
mg/kg 

Intra-
peritoneal Ua NRb Death 

Rosenberg 
1971; 

Boutonnet et al. 
1999 

Acute 
toxicity 

LD50: 
>2000 
mg/kg 

Intra-
peritoneal Ua NRb Death 

Airaksinen and 
Tammisto 1968; 
Boutonnet et al. 

1999  

Acute 
toxicity 

LD50: 
>1200 
mg/kg 

Intravenous Mice NRb Death 

Airaksinen and 
Tammisto 1968; 
Boutonnet et al. 

1999  

Acute 
toxicity 

LD50: 
>2000 
mg/kg 

Intra- 
peritoneal Mice NRb Death 

Airaksinen et al. 
1970; 

Boutonnet et al. 
1999 

Repeated 
dose 

LD100: 
1000 

mg/kg bw 
Oral Rats NRb Death 

Kheilo and 
Kremneva 1966; 
Boutonnet et al. 

1999 

Repeated 
dose 

LD10: 500 
mg/kg bw Oral Rats NRb Death 

Kheilo and 
Kremneva 1966; 
Boutonnet et al. 

1999 

Repeated 
dose 

LD0: 250 
mg/kg bw Oral Rats NRb Death 

Kheilo and 
Kremneva 1966; 
Boutonnet et al. 

1999 
Acute 

toxicity 
LC100: 11.5 

mg/l Inhalation Mice 2 Death Kheilo and 
Kremneva 1966; 
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Boutonnet et al. 
1999 

Acute 
toxicity 

LC50:10 
mg/l Inhalation Mice 2 Death 

Kheilo and 
Kremneva 1966; 
Boutonnet et al. 

1999 

Acute 
toxicity 

LC0: 8.3 
mg/l Inhalation Mice 2 Death 

Kheilo and 
Kremneva 1966; 
Boutonnet et al. 

1999 
a U=unknown 
bNR=not reported 

Summary of chronic/repeated dose and reproductive and developmental 
toxicity studies  

Several sources identified POD values for TFA. These studies are described in detail 
in the Discussion section and summarized in Table 1, below. A UNEP document on TFA and 
its salts describes an acute oral no-observed-effect-concentration (NOEC) for TFA in rats of 
250 mg a.e.10/kg bw based on Boutonnet et al. (1999). The acute NOEC for the sodium salt 
of TFA in rats is ≥5,000 mg/kg bw. The UNEP document describes an “8-day chronic” oral 
NOEL for the sodium salt of TFA in rats of 114 mg/kg bw/day. These values are not included 
in Table 2 as the basis of these values were unclear.  

 Several studies were identified that examined reproductive and developmental 
toxicity of TFA (ECHA 2022; Lloyd et al. 1988; Lloyd et al. 1986; Sallenfait et al. 1996). The 
review of data for setting chronic reference doses includes evaluation of reproductive and 
developmental toxicity data (NRC 2001). Two prenatal developmental toxicity studies in 
two species and a two-generation reproduction study are considered a portion of the 
minimum database necessary for setting a chronic RfD (NRC 2001). 

Table 2. Point of departure values identified for TFA 

Type of 
study 

Potential 
POD 

Exposure 
route Species 

Duration of 
exposure 

(days) 
Endpoint(s) evaluated  Study 

Repeated 
dose/ 

”mechanist
ic” 

NOAEL: 
M: 43 

mg/kg bw 
per day 
F: 190 

mg/kg bw 
per day 

Oral Rats 14 

Body weight gain, food 
consumption, 

hematology, and clinical 
chemistry, liver weight, 

hepatocellular 
hypertrophy 

EFSA 2014; 
Dekant & 

Dekant 
2023 

Repeated 
dose NOAEL: Oral Rats 28 

Mortality, body weight, 
food consumption, liver 

effects 

Bayer 2014; 
Dekant & 

 
10 a.e.=acid equivalent (UNEP 2016). 
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M: 1315 
mg/kg bw 

per day 
F: 1344 

mg/kg bw 
per day 

Dekant 
2023 

Repeated 
dose 

NOAEL:  
M: 8.4 

mg/kg bw 
per day 
F: 10.1 

mg/kg per 
day 

Oral Rats 90 

Body weight, hematology, 
clinical chemistry and 

urine composition, liver 
weight, hepatocellular 

hypertrophy, 
hepatocellular necrotic 

foci 

Bayer 2007; 
Bayer 2014; 
ECHA 2024; 

Dekant & 
Dekant 

2023 

Repeated 
dose 

NOAEL: 
M: 10 

mg/kg bw 
per day 

F: 12 
mg/kg bw 

per day 

Oral Rats 90 
Hematology parameters, 
urine composition, body 

weight gain 
Bayer 2014 

Drinking 
water 

NOEL: 
1.8 mg/kg 

bw per day 
Oral Rats 365 Changes in liver enzymes 

& liver effects 

UBA 2021; 
Dekant & 

Dekant 
2023 

Repeated 
dose 

NOAEL: 
242-265 

mg/kg bw 
per day 

Oral Rats 

During pre-
mating, 

gestation, 
and 

lactation 

Reproductive 
performance, offspring 

development and general 
toxicity. 

Dekant & 
Dekant 

2023; ECHA 
2022 

Repeated 
dose 

NOAEL: 
150 mg/kg 
bw per day 

Oral Rats GD Developmental toxicity ECHA 2022 

 

Proposed toxicological values 
EFSA, ECHA, and the German Environment Agency describe proposed toxicological 

values for TFA including an ADI, DNELs, and a TDI. The derivation of these values are 
described below and are summarized in Table 3. 

EFSA derived an ADI of 0.05 mg/kg body weight per day (EFSA 2014). To derive this 
value, EFSA examined information provided by Bayer CropScience in 2013 and by the 
applicant, BASF.11 EFSA (2014) agreed with Bayer CropScience’s 2013 position paper that 
the NOAEL (8.4 mg/kg bw per day) from a 90-day oral rat study and the application of an 
extra uncertainty factor of 2 (applied to the standard 100 to account for the potential 
chronic toxicity; 2 x 100 = 200) was appropriate. 

 
11 EFSA cited BASF (2011). 
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ECHA (2024) established a derived no effect level (DNEL) of 3.37 ppm for acute 
inhalation toxicity based on Muijser et al. (2010). According to Dekant & Dekant (2023), the 
animals in this study were exposed to a mixture of vapors and aerosols for 4 hours per day, 
six days per week for 4 months (guinea pigs) or 5 months (rats). Severe irritation of the 
respiratory pathway and the eyes in both rats and guinea pigs was observed (Dekant & 
Dekant 2023). Liver and kidney dystrophy and lack of body weight gain were also found 
(Dekant & Dekant 2023). The no observed adverse effect concentration (NOAEC) for local 
effects based on the nasal cavity epithelium irritation is 300 mg/m3. Factoring in 
modification for respiratory volume (0.210/0.315 = the respiratory rate difference under 
standard conditions and under conditions of light activity for 15 minutes), the relevant dose 
descriptor is 200 mg/m3 (ECHA 2024). Assessment factors were also applied including 2.5 
for remaining differences in toxicokinetics and toxicodynamics, 5 for intraspecies 
differences (worker), 1 for issues related to dose-response, and 1 for quality of the whole 
database. This results in an overall assessment factor of 12.5 (2.5 x 5 x 1 x 1). Dividing 200 
mg/m3 by the assessment factor of 12.5 results in a DNEL of 16 mg/m3 or 3.37 ppm.  

ECHA produced a DNEL of 0.042 mg/kg bw/day for long-term exposure. The key 
study was Bayer (2007). The Bayer study identified a NOAEL of 8.4 mg/kg bw in rats. The 
most sensitive endpoint was repeated dose toxicity dosed orally. An assessment factor of 2 
was applied for extrapolation from subchronic to chronic exposure. An assessment factor 
of 4 was utilized for interspecies differences between rats and humans. An assessment 
factor of 2.5 was applied for remaining interspecies differences (default factor for 
remaining differences). Finally, an assessment factor of 10 was applied as the default for 
the general population (default for the general population). Thus, an overall assessment 
factor of 200 was used (2 x 4 x 2.5 x 10). Dividing 8.4 mg/kg bw by the overall assessment 
factor of 200 results in a DNEL of 0.042 mg/kg bw/day. 

 The German Environment Agency utilized the one-year drinking water study 
previously described and the corresponding NOEL to calculate their “health guide value” 
for TFA. Dividing 1.8 mg/kg by the safety factor of 100 (10 for possible differences in 
sensitivity between rats and humans and 10 for sensitivity within human species), a 
tolerable daily intake (TDI) of 0.018 mg/kg was calculated (UBA 2021). Using the standard 
assumptions of 70 kg body weight and 2 liters of drinking water consumption per day and 
an allocation of 10% of the TDI for drinking water itself, the “health guide value” was 
calculated: 

Health Guide Value (TFA) = 0.018 mg/kg x 70 kg x 0.1 = 0.063 mg/l ≈ 0.060 mg/l 
         2 l 
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Table 3. Overview of proposed toxicological values 

Reference 
value Value Endpoint Study UF Source 

ADI 0.05 mg/kg 
bw per day 

Body weight, hematology, 
clinical chemistry and urine 

composition, liver weight, 
hepatocellular hypertrophy, 
hepatocellular necrotic foci 

90-day oral 
rat study 200 EFSA 

2014 

DNEL for 
acute 

toxicity 
(inhalation) 

3.37 ppm Nasal cavity epithelium 
irritation 

Acute 
toxicity in 

rats 
12.5 ECHA 

2024 

DNEL for 
long-term 
exposure 

(oral) 

0.042 
mg/kg bw 

per day 

Body weight, hematology, 
clinical chemistry and urine 

composition, liver weight, 
hepatocellular hypertrophy, 
hepatocellular necrotic foci 

90-day oral 
rat study 200 ECHA 

2024 

TDI 0.018 
mg/kg bw 

Changes in liver enzymes & liver 
effects 

1-year rat 
drinking 

water study 
100 UBA 

2021 

Selection of an RfD 
The TDI (0.018 mg/kg bw per day) developed by the German Environment Agency is 

the best substitute for an RfD. Gibb & O’Leary recommend the TDI because it is based on a 
one-year study. The endpoint is changes in liver enzymes and liver effects; the liver is 
thought to be the target organ of TFA. As described above, uncertainty factors of 10 for 
possible differences in sensitivity between rats and humans and 10 for sensitivity within 
human species were used resulting in an overall uncertainty factor of 100 (10 x 10=100). 
The German Environment Agency’s “health guide value” for drinking water of 0.060 mg/L is 
based on the TDI of 0.018 mg/kg bw, a 70 kg body weight for humans, 2 liters of drinking 
water consumption per day, and an allocation of 10% of the TDI for drinking water (UBA 
Undated).12 The uncertainty factors used by the German Environment Agency (UBA 
Undated) to estimate the TDI and the “health guide value” are reasonable. Furthermore, the 
NOAELs for reproductive and developmental toxicity are well above the NOEL of 1.8 mg/kg 
bw per day that was used to set the TDI.  

 
12 Note that UBA (Undated) indicates that the drinking water concentration of TFA should be kept as low as 
possible and that 0.010 mg/L is recommended.  



14 
 

Route-Extrapolated RfC 
Because of the volatile nature of TFA (Garavagno et al. 2024), a route-to-route 

extrapolation was performed to produce a reference concentration (RfC) for inhalation 
exposure. EPA (2009) provides guidance on the validity of route-to-route extrapolation. If 
there is no quantitative toxicity information for the inhalation route, a qualitative evaluation 
of the exposure route should be conducted to ensure that the hazard will not be 
misrepresented when data from one route are substituted for another without 
consideration of pharmacokinetic differences (EPA 2009). A recent article examined 
whether route-to-route extrapolation to derive guidelines for inhalation exposure was 
appropriate for PFAS13 compounds (Monnot et al. 2023). The authors noted that “the 
current knowledge of PFAS toxicokinetics indicates that there is nothing that would 
preclude employing route-to-route extrapolation in the derivation of provisional inhalation 
toxicological screening levels for individual PFAS when acceptable health-based ingestion 
standards are available” (Monnot et al. 2023). 

EPA provides the following method for extrapolating from an RfD to an RfC (EPA 
1994; Monnot et al. 2023): 

Extrapolated RfC (mg/m3) = RfD (mg/kg-day) x (70 kg/20 m3/day) 

where 70 kg is the default body weight and 20 m3/day is the default inhalation rate 
(EPA 1994; Monnot et al. 2023). Using this equation, and applying it to the TDI above, yields 
the following RfC: 

(0.018 mg/kg-day) x (70 kg/20 m3/day) = 0.063 mg/m3 

 

 

  

 
13 According to the EPA, trifluoroacetic acid is a member of the broad class of compounds known as PFAS 
even though it is not specifically listed or targeted for EPA action (EPA 2022). 
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