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Abstract 10 

 11 

Trifluoroacetic acid (TFA) is a persistent, highly mobile ultrashort-chain per- and polyfluoroalkyl substance 12 

(PFAS), increasingly detected in aquatic and other environmental compartments globally. Its occurrence, transport 13 

pathways and regulatory treatment are insufficiently described in several regions of Southeastern Europe, 14 

including Croatia. This study aimed to collate the available information on TFA occurrences, regulatory 15 

frameworks, and relevant studies to characterise its status in Croatia and define research, monitoring and policy 16 

gaps. Recent European screening initiatives detected TFA at concentrations of approximately 620 ng/L in a surface 17 

water sample from the Sava River and 160 ng/L in a tap water sample from Samobor. A synthesis of environmental 18 

fate studies suggests several plausible pathways contributing to TFA contamination: atmospheric deposition 19 

following the degradation of fluorinated refrigerant gases, releases from landfills and waste disposal, and 20 

agricultural inputs arising from the degradation of PFAS pesticide active substances. Critical monitoring gaps were 21 

identified, in particular the lack of publicly available data on TFA concentrations in Croatian groundwater, which 22 

is an important knowledge gap given the extensive and interconnected aquifer systems of the Dinaric Karst, as 23 

well as limited information on the occurrence of TFA in agricultural soils, crops and food matrices. Addressing 24 

these blind spots requires validation and implementation of appropriate analytical methods, including direct 25 

injection LC-MS/MS for TFA in water; expansion of routine water monitoring to explicitly include TFA and other 26 

ultrashort-chain PFAS; and inclusion of the potential for TFA formation and leaching in environmental risk 27 

assessments of pesticide active substances that form TFA.   28 

Keywords: Drinking water monitoring; Fluorinated gases; Landfills; PFAS pesticides; Ultrashort-chain PFAS. 29 

 30 

Introduction 31 

 32 

Per- and polyfluoroalkyl substances (PFAS) comprise a large and diverse class of synthetic organofluorine 33 

compounds characterised by highly fluorinated carbon structures and, in many cases, exceptionally strong carbon-34 

fluorine (C-F) bonds. Their chemical stability, surface-active properties, and resistance to degradation have led to 35 

widespread use in industrial applications, fire-fighting foams, refrigerants, consumer products, pharmaceuticals 36 

and some agricultural formulations over several decades. Their persistence in the environment, combined with the 37 

high mobility and potential for bioaccumulation of many PFAS compounds, has led to their widespread detection 38 

and growing regulatory concern. This is why they are often referred to as „forever chemicals”. 39 

Historically, environmental monitoring and risk assessment have focused primarily on well-studied long-chain 40 

perfluoroalkyl acids, including perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS). As 41 

regulatory restrictions on several legacy PFAS increased, the use of shorter-chain PFAS and alternative fluorinated 42 

substances expanded. Among these compounds, trifluoroacetic acid (TFA; CF₃COOH) is the smallest 43 

perfluoroalkyl carboxylic acid, containing two carbon atoms (C₂), and is mostly classified as an ultrashort-chain 44 

PFAS. TFA is now recognised as a widespread and persistent environmental contaminant, particularly in aquatic 45 
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systems. Its very high water affinity and limited sorption to soils contribute to its high environmental mobility and 46 

potential for transport into groundwater and surface waters. 47 

TFA can arise from both direct emissions and the environmental transformation of precursor substances. Important 48 

sources and pathways include: 49 

1. Atmospheric degradation and deposition: TFA can be formed through the atmospheric transformation of 50 

certain fluorinated gases, including hydrofluorocarbons (HFCs) and hydrofluoroolefins (HFOs), used 51 

primarily as refrigerants, but also in other applications. Atmospheric TFA and its precursors can 52 

subsequently reach terrestrial and aquatic environments through wet and dry deposition (David et al., 53 

2021; Garavagno et al., 2024; Holland et al., 2026). 54 

2. The spatial and temporal pattern of this pathway depends on the atmospheric lifetime and transformation 55 

yield of the precursor. HFO-1234yf is short-lived (on the order of a few days) and is converted to 56 

trifluoroacetyl fluoride, which hydrolyses rapidly to TFA; consequently, its contribution is expected to 57 

occur comparatively close to emission regions. By contrast, HFC-134a has an atmospheric lifetime of 58 

approximately 14 years and is more widely dispersed before degradation. Published modelling has treated 59 

the TFA yield from HFC-134a as significantly lower than that from HFO-1234yf, although recent 60 

mechanistic work has questioned the feasibility of parts of the previously proposed HFC-134a oxidation 61 

pathway (David et al., 2021; Garavagno et al., 2024; Holland et al., 2026; Vincent et al., 2026). 62 

3. Transformation of fluorinated pesticides: Certain pesticide active substances containing trifluoromethyl 63 

(-CF₃) groups can degrade to TFA in soil and other environmental compartments. Recent experimental 64 

research has demonstrated TFA formation from several pesticide active substances (Johnsen et al., 2026), 65 

while broader agricultural research identifies pesticides, rainfall/atmospheric deposition, irrigation water 66 

and biosolids among potential sources of TFA to agricultural systems (Ashworth, 2026). 67 

4. In a 52-week laboratory experiment using three agricultural soils, Johnsen et al. (2026) detected TFA 68 

formation from all seven tested C-CF₃ pesticides: trifluralin, fluazifop-P-butyl, fluazinam, tau-fluvalinate, 69 

diflufenican, fluopyram and mefentrifluconazole. Formation varied by compound and soil, demonstrating 70 

that molecular structure alone does not determine the quantity of TFA formed under soil conditions. 71 

The relative importance of individual pathways is expected to differ geographically and according to land use, 72 

industry presence, atmospheric conditions, hydrology and agricultural intensity. Consequently, the presence of 73 

TFA in a particular water body cannot be used to assign contamination to a specific source. 74 

TFA is highly mobile and persistent in the environment. Its low affinity for soil solids means that it remains 75 

primarily dissolved in water, allowing its movement through agricultural soils and the vadose zone into 76 

groundwater and through surface-water systems.  77 

Once present in the environment, TFA has no obvious degradation pathway and occurs predominantly as freely 78 

dissolved trifluoroacetate, being transported with flowing water and accumulating in terminal water bodies. It has 79 

low conventional bioaccumulation potential in animals but can accumulate in plants. Its high water solubility and 80 

low octanol-water partition coefficient make conventional lipid-driven bioaccumulation in biota unlikely; this 81 

should be distinguished from uptake and accumulation in particular plant tissues, which remains relevant to food-82 

chain exposure (Hanson et al., 2024). 83 

In June 2026, ECHA’s Committee for Risk Assessment (RAC) adopted an opinion recommending the harmonised 84 

classification of TFA as toxic to reproduction, Category 1B (Repr. 1B; H360Df), as well as persistent, mobile and 85 

toxic (PMT) and very persistent and very mobile (vPvM) (ECHA RAC, 2026). This recommended classification is 86 

not yet legally binding as its incorporation into the CLP Regulation is pending. In July 2026, the European Food 87 

Safety Authority (EFSA) published a new assessment of dietary exposure to TFA and reduced the acceptable daily 88 

intake from 0.05 to 0.014 mg/kg body weight per day. EFSA noted that TFA can originate from several PFAS-89 

related sources, including certain industrial gases and active substances used in pesticides, and can occur in 90 

groundwater, soil and food crops (EFSA et al., 2026). 91 

Evidence concerning historical background concentrations is limited. Nielsen et al. (2001) analysed five samples 92 

of pre-industrial freshwater from Greenland and Denmark and detected no TFA above 2 ng/L. The authors 93 
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interpreted these results as evidence against TFA being a naturally occurring trace component of freshwater, 94 

although the small sample set does not exclude all natural formation pathways. 95 

 96 

TFA and the Croatian regulatory context 97 

 98 

In Croatia, monitoring of PFAS in drinking water is now implemented under the national legislation transposing 99 

Directive (EU) 2020/2184 on the quality of water intended for human consumption. The EU framework establishes 100 

a parametric value of 0.10 µg/L for the “Sum of PFAS”, covering 20 specified PFAS, as Member States were 101 

required to comply with this parameter from 12 January 2026. 102 

However, the TFA is not one of the 20 PFAS included in the drinking-water “Sum of PFAS” parameter. Therefore, 103 

compliance with the 0.10 µg/L value for the 20-PFAS sum does not establish the absence of TFA. This distinction 104 

is important because TFA's ultrashort-chain structure and high mobility make it analytically and environmentally 105 

different from the longer-chain PFAS compounds. 106 

In 2026, the EU legislative process on environmental-quality standards agreed to add TFA to the group of PFAS 107 

monitored in surface waters, expanding the relevant PFAS sum from 24 to 25 compounds (Directive (EU) 108 

2026/805). For groundwater, the agreed framework retains a standard for the sum of 20 PFAS aligned with the 109 

drinking-water framework while explicitly providing for consideration of a separate TFA quality standard in a 110 

future review. 111 

In this context, Croatia represents an important case for assessing the extent to which existing monitoring covers 112 

this highly mobile ultrashort-chain PFAS. In particular, the availability of TFA measurements in Croatian surface 113 

waters, drinking water, groundwater, agricultural soils and food remains an important consideration for 114 

establishing national baseline values and determining monitoring priorities. 115 

 116 

Objectives 117 

 118 

This study therefore aims to: 119 

• Assess the available empirical evidence on TFA occurrence in Croatian surface waters and drinking water, 120 

including data obtained in the recent European and national screening initiatives; 121 

• Evaluate the Croatian regulatory and monitoring framework for TFA in the context of current EU 122 

requirements and emerging environmental-quality standards; 123 

• Characterise potential TFA sources and transport pathways relevant to Croatia, with particular attention 124 

to atmospheric deposition and the environmental transformation of fluorinated pesticide active 125 

substances; 126 

• Identify critical monitoring and data gaps, particularly concerning groundwater, agricultural soils, crops 127 

and food matrices; and 128 

• Develop evidence-based recommendations for analytical monitoring, environmental surveillance, 129 

pesticide risk assessment and regulatory implementation. 130 

  131 
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Materials and methods 132 

 133 

Study design 134 

 135 

This study was designed as a structured narrative evidence review aimed at identifying, categorising and critically 136 

interpreting publicly available evidence on the occurrence of trifluoroacetic acid (TFA) and related per- and 137 

polyfluoroalkyl substances (PFAS) in Croatia. 138 

The main focus of the study was to determine whether publicly available evidence exists on the presence of TFA 139 

in different environmental media in Croatia and to assess the extent to which existing monitoring systems enable 140 

the identification and assessment of TFA contamination. Particular attention was paid to distinguishing data 141 

relating directly to TFA from data relating to PFAS as a broader group of chemicals. 142 

The study did not involve primary sampling or laboratory analysis. The analysis was based on existing publicly 143 

available data from official reports, scientific and technical literature, research projects, reports by civil society 144 

organisations, and relevant European regulatory and institutional documents. 145 

 146 

Research questions 147 

 148 

The analysis was conducted with the aim of answering the following research questions: 149 

1. What publicly available evidence exists on the occurrence of TFA in the environment of the Republic of 150 

Croatia? 151 

2. In which environmental media are data on the presence of TFA available? 152 

3. What TFA concentrations have been recorded in Croatian samples to date? 153 

4. To what extent do existing Croatian environmental and water monitoring systems address TFA? 154 

5. Are there significant gaps in the available data on TFA in surface water, groundwater, water intended for 155 

human consumption, soil, food and biota? 156 

6. To what extent can existing data on PFAS be used to assess the occurrence of TFA? 157 

7. What potential sources and environmental pathways of TFA can be identified on the basis of the available 158 

literature and regulatory documents? 159 

 160 

Search strategy and data sources 161 

 162 

For the purposes of the study, publicly available data were collected from several groups of sources. 163 

Searches were conducted between 1 August and 25 August 2026, with the final source verification performed on 164 

25 August 2026. Sources searched included Google Scholar and Google Search; the websites and document 165 

repositories of the Croatian Institute of Public Health (HZJZ), Hrvatske vode, the Josip Juraj Strossmayer Water 166 

Institute, the Croatian Veterinary Institute, the European Food Safety Authority (EFSA), the European Chemicals 167 

Agency (ECHA), the European Commission, the European Parliament and EUR-Lex; and the websites of Pesticide 168 

Action Network Europe (PAN Europe) and Earth Trek (Zemljane staze). Publisher websites, DOI records, and the 169 

reference lists of eligible publications and reports were also searched to identify additional relevant material. 170 

Searches were restricted to sources in Croatian and English and were conducted by Natalija Svrtan. 171 
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The first group comprised official Croatian sources, including reports and documents from the Croatian Institute 172 

of Public Health (HZJZ), Hrvatske vode, the Josip Juraj Strossmayer Water Institute, the Croatian Agency for 173 

Agriculture and Food (HAPIH), and other competent public authorities and institutions. 174 

Importance is given to the monitoring of water intended for human consumption. The HZJZ report for 2025 states 175 

that PFAS testing was conducted on 473 samples of water intended for human consumption, including 77 raw-176 

water samples and 396 treated-water samples (HZJZ, 2026a). Twenty PFAS compounds comprising the “Sum of 177 

PFAS” parameter were analysed. 178 

The second group comprised European and international institutional sources, including documents from European 179 

Union institutions, relevant regulatory documents, and publicly available responses and documents from the 180 

European Commission and the European Parliament. 181 

The third group comprised scientific and technical sources, including scientific publications and technical reports 182 

on the occurrence of TFA and PFAS compounds, their sources, environmental persistence, mobility, and potential 183 

pathways of environmental transport. 184 

The fourth group comprised research reports by civil society organisations, particularly PAN Europe, containing 185 

data obtained through the analysis of surface water, groundwater and water intended for human consumption 186 

samples from several European countries. Earth Trek participated in the collection of the Croatian sample in one 187 

such study. The available materials state that the study of surface water and groundwater covered ten EU Member 188 

States, including Croatia. 189 

The search focused on combinations of terms in Croatian and English, including: 190 

• “trifluoroacetic acid”; 191 

• “trifluoroctena kiselina”; 192 

• “TFA Croatia”; 193 

• “TFA Hrvatska”; 194 

• “PFAS Croatia”; 195 

• “PFAS Hrvatska”; 196 

• “TFA water Croatia”; 197 

• “TFA drinking water Croatia”; 198 

• “TFA groundwater Croatia”; 199 

• “TFA surface water Croatia”; 200 

• “PFAS monitoring Croatia”; 201 

• “PFAS pesticides Croatia”. 202 

For each identified source, the references and related documents were also reviewed to identify additional data 203 

relevant to Croatia. 204 

Study-selection counts were not recorded prospectively and could not be reconstructed reliably. Sources were 205 

selected according to their relevance to the predefined research questions and eligibility criteria. All sources 206 

included in the final synthesis are documented in the reference list. No formal review protocol was prepared or 207 

registered. 208 

 209 

Inclusion and exclusion criteria 210 

 211 

Sources were included in the analysis if they contained: 212 

1. direct data on measured TFA concentrations in Croatia; 213 

2. data on PFAS monitoring in the Croatian environment; 214 

3. information on the methods and scope of national monitoring relevant to TFA; 215 
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4. data on the occurrence of TFA or PFAS in Croatian surface water, groundwater, water intended for human 216 

consumption, soil, food or biota; 217 

5. information relevant to identifying gaps in the existing monitoring system; 218 

6. European data used as a reference context for interpreting Croatian findings. 219 

Sources were excluded if they did not contain sufficient information to identify the environmental medium, 220 

location, substance analysed or methodology, as well as sources containing only general information on PFAS 221 

without a connection to Croatia or relevance to the interpretation of TFA. 222 

 223 

Data extraction and categorisation 224 

 225 

For each included source, the following data were collected where available: 226 

• author or institution; 227 

• year of publication; 228 

• type of source; 229 

• geographical location; 230 

• environmental medium; 231 

• substance analysed; 232 

• number of samples; 233 

• analytical method; 234 

• limit of detection and/or limit of quantification; 235 

• measured concentration; 236 

• unit of measurement; 237 

• regulatory or reference value, where applicable; 238 

• information on the potential source of contamination; 239 

• limitations of the available data. 240 

 241 

The data were then classified according to environmental medium into the following categories: 242 

1. water intended for human consumption; 243 

2. surface water; 244 

3. groundwater; 245 

4. soil; 246 

5. food; 247 

6. fish and other aquatic organisms; 248 

7. wildlife and other biota. 249 

Sources containing direct TFA measurements were specifically identified, while data on other PFAS substances 250 

were analysed separately. This approach was taken to avoid equating general PFAS monitoring with TFA 251 

monitoring. 252 

 253 

Assessment of the scope of existing monitoring 254 

 255 

To assess the ability of the existing monitoring system to identify TFA contamination, the following were analysed: 256 

• coverage of environmental media; 257 
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• number and spatial distribution of samples; 258 

• types of PFAS compounds analysed; 259 

• inclusion or exclusion of TFA from analytical methods; 260 

• monitoring frequency; 261 

• public availability of results; 262 

• existence of national reference or regulatory values. 263 

 264 

Particular attention was paid to distinguishing between the parameters “Total PFAS” and “Sum of PFAS” and the 265 

direct determination of individual compounds. In the Croatian framework for water intended for human 266 

consumption, “Sum of PFAS” is defined as a group of substances listed in the relevant annex to the legislation, 267 

while HZJZ documentation describes the analysis of 20 PFAS substances. 268 

Therefore, the results of existing PFAS monitoring were interpreted as an indication of the presence of the PFAS 269 

compounds analysed, but not automatically as evidence of the absence of TFA in samples in which TFA was not 270 

directly determined. 271 

 272 

Identification of data gaps 273 

 274 

Gaps in the available data were identified by comparing the existing evidence across different environmental 275 

media. 276 

Each environmental medium was classified according to the level of data availability as follows: 277 

• good data availability  -  systematic or relatively extensive measurements are available; 278 

• limited data availability  -  individual or spatially and temporally limited data are available; 279 

• major data gap  -  no systematic monitoring exists or no publicly available data were identified. 280 

 281 

According to the initial analysis of the available materials, there is concrete publicly available evidence of TFA in 282 

Croatian surface water and water intended for human consumption. For the Sava River sample, a concentration of 283 

620 ng/L is reported, while 160 ng/L TFA was recorded in a sample of water intended for human consumption, 284 

taken in the city of Samobor, Zagreb County. 285 

Data availability is more limited for groundwater, food, soil and biota. A European wine screening provides two 286 

individual Croatian food-matrices results: 21 µg/kg TFA in a 2023 Malvazija from Istria and 48 µg/kg in a 2024 287 

Graševina from Vukovarsko-srijemska County. These two observations document occurrence but cannot establish 288 

a Croatian concentration range or representative national food baseline. The PFASsFoodWildlife project, 289 

coordinated by the Croatian Veterinary Institute with HAPIH and other Croatian research institutions as partners, 290 

is investigating more than 20 PFAS substances in food of animal origin and selected animal species during 2024-291 

2027. Public project descriptions do not specify whether TFA is included among the target analytes. 292 

 293 

Analysis of potential sources and contamination pathways 294 

 295 

Potential sources and pathways of TFA were analysed based on the available scientific literature, technical reports 296 

and regulatory documents. 297 

The following sources and pathways were considered: 298 
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• use of fluorinated chemicals; 299 

• application of PFAS pesticides and their degradation; 300 

• fluorinated gases in cooling systems and other industrial applications; 301 

• atmospheric transport and deposition; 302 

• wastewater; 303 

• surface-water and groundwater transport. 304 

 305 

The analysis of potential sources was not used to attribute a specific Croatian finding to an individual source of 306 

contamination. The presence of a particular potential source in an area was not considered evidence of a causal 307 

relationship with the measured TFA concentration. Potential sources were interpreted solely as possible 308 

environmental pathways requiring further investigation and analyses. 309 

 310 

Study limitations 311 

 312 

The main limitation of this study is the fact that the analysis is based on publicly available secondary data. The 313 

quantity, quality and comparability of the available information vary across environmental media and sources. 314 

Because the search included grey literature and institutional webpages without independent duplicate screening or 315 

formal quality assessment, the review may be affected by selection and publication bias, changes in online sources, 316 

and variations in evidence quality. Organisational screening reports should be distinguished from peer-reviewed 317 

studies, and their sampling and analytical documentation should be cited directly. 318 

Another limitation is that different studies and monitoring programmes do not necessarily analyse the same groups 319 

of PFAS compounds or use the same analytical methods, limits of detection and limits of quantification. Therefore, 320 

data on individual PFAS compounds cannot automatically be used as a substitute for TFA data. 321 

Due to the limited number of identified Croatian TFA measurements, the results of this analysis cannot be used to 322 

estimate the national average TFA concentration or to calculate the spatial or temporal distribution of 323 

contamination in the Republic of Croatia. For this reason, the findings are interpreted as evidence of documented 324 

occurrence rather than as a representative assessment of the overall TFA pollution in Croatia. 325 

The results of this study provide a starting point for future systematic measurements of TFA in different 326 

environmental media and for the development of a national monitoring programme that would enable a more 327 

reliable assessment of the distribution, sources and potential exposure pathways of TFA in the Republic of Croatia. 328 

 329 

Use of generative AI and editorial assistance 330 

 331 

During the preparation of this manuscript, the author used OpenAI’s ChatGPT for spelling and grammar checking, 332 

improving clarity and structure, formatting, and assistance with the preparation of tables and figure. The author 333 

critically reviewed and revised all AI-assisted inputs, independently verified the factual statements, numerical data 334 

and references against the cited sources, and takes full responsibility for the final content of the manuscript. 335 

Generative AI was not used as an author and did not determine the study conclusions. 336 

  337 
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Results 338 

 339 

Available evidence on TFA in Croatian waters 340 

Despite the historical lack of short-chain per- and polyfluoroalkyl substances (PFAS) surveillance in Croatia, 341 

screening campaigns have confirmed the presence of trifluoroacetic acid (TFA) in both surface water and drinking 342 

water resources.  343 

• Surface waters: In an international multi-country screening study conducted by Pesticide Action Network 344 

(PAN) Europe in collaboration with Croatian non-governmental organisation Earth Trek (Zemljane staze) 345 

in April 2024, surface water sampling was carried out across ten EU member states. The Croatian surface 346 

water sample retrieved from the Sava River revealed a TFA concentration of approximately 620 ng/L. 347 

Across the 23 European surface-water samples, TFA concentrations ranged from 370 to 3,300 ng/L, with 348 

a reported mean of 1,220 ng/L, placing the Sava River sample among the lower concentrations reported 349 

in the European screening campaign (PAN Europe, 2024a). 350 

• Drinking water (Water intended for human consumption): In the related PAN Europe screening of 351 

drinking water, the Croatian tap-water sample collected in Samobor contained 160 ng/L TFA (Earth Trek, 352 

2024b). Across 11 EU countries, TFA was quantified in 34 of 36 tap-water samples (94%), at 353 

concentrations ranging from below the 20 ng/L detection limit to 4,100 ng/L; the reported mean was 740 354 

ng/L. The programme also included 17 mineral-water and two spring-water samples, of which 12 of 19 355 

contained TFA, with concentrations ranging from below detection to 3,200 ng/L and a reported mean of 356 

278 ng/L. In the four composite drinking-water samples analysed for TFA and 24 additional PFAS, TFA 357 

accounted for more than 98% of the combined PFAS burden. These European screening results provide 358 

context for the Samobor observation but are not a statistically representative assessment of Croatian 359 

drinking water. The verified Croatian water measurements are summarised in Table 1. 360 

 361 

Table 1 Reported TFA and PFAS measurements relevant to Croatian water matrices 362 

Environmental 

medium and 

sampling 

location 

Parameter / 

analyte 

Reported result and data 

origin 
Interpretation and limitations 

Surface water 

Sava River, 

Croatia 

Trifluoroacetic 

acid (TFA) 

Approximately 620 ng/L 

 

PAN Europe surface-water 

screening (2024a) 

Single screening result 

documenting TFA occurrence at 

the sampled location and time. It is 

not nationally representative and 

does not permit source attribution 

or a direct regulatory-compliance 

assessment. 

Tap water 

Samobor, 

Zagreb County, 

Croatia 

Trifluoroacetic 

acid (TFA) 

160 ng/L 

 

PAN Europe drinking-water 

screening; Earth Trek (2024b) 

Single screening result; not 

nationally representative. The 0.10 

µg/L ‘Sum of PFAS’ value is not 
applicable to this result because 

TFA is excluded from that 20-

PFAS parameter. 
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Environmental 

medium and 

sampling 

location 

Parameter / 

analyte 

Reported result and data 

origin 
Interpretation and limitations 

Raw water 

(spring) 

Tonkovića vrilo, 
Croatia 

PFAS (20-

compound 

analytical panel) 

5.2 ng/L (0.0052 µg/L) 

 

HZJZ supplementary 

monitoring/official 

communication, 2026 

Single result from additional 

monitoring conducted in 2026. 

The reported concentration was 

below the 0.10 µg/L parametric 

value applicable to the ‘Sum of 
PFAS’. TFA was not included in 
the analytical panel; consequently, 

this result provides no information 

on the occurrence or concentration 

of TFA. 

 363 

Note. LOQ = limit of quantification; EQS = environmental quality standard; HZJZ = Croatian Institute of Public 364 

Health. The table distinguishes direct TFA observations from measurements of other PFAS parameters. 365 

 366 

Official national PFAS monitoring framework 367 

 368 

Official Croatian drinking-water monitoring currently covers specified PFAS parameters, but TFA is not included 369 

in the 20-compound “Sum of PFAS” analytical panel. 370 

 371 

Water intended for human consumption (HZJZ surveillance data) 372 

 373 

Under the national legislative framework established pursuant to Directive (EU) 2020/2184, the Croatian Institute 374 

of Public Health (HZJZ) conducted targeted exploratory surveillance of drinking water in 2025. Monitoring of the 375 

PFAS parameters laid down in Directive (EU) 2020/2184 became mandatory from 12 January 2026 and was 376 

incorporated into the Croatian national monitoring programme for 2026.  377 

• Sample distribution: A total of 473 samples were analysed across consumption sites nationwide, 378 

comprising 77 raw water samples and 396 treated-water samples collected at points of consumption 379 

(HZJZ, 2026a). 380 

• Analytical method: Quantification was executed via direct injection Liquid Chromatography - Tandem 381 

Mass Spectrometry (LC-MS/MS) with a Limit of Quantification (LOQ) of 1.5 ng/L (0.0015 µg/L) per 382 

individual compound. 383 

• Analyte spectrum: The methodology targeted 20 specific per- and polyfluoroalkyl substances defining the 384 

regulatory parameter “Sum of PFAS” (Maximum Admissible Concentration [MAC] = 0.10 µg/L or 100 385 

ng/L). ”Sum of PFAS” means the sum of per- and polyfluoroalkyl substances considered a concern as 386 

regards water intended for human consumption listed in point 3 of Part B of Annex III of Directive. This 387 

is a subset of ‘PFAS Total’ substances that contain a perfluoroalkyl moiety with three or more carbons 388 

(i.e. –CnF2n–, n ≥ 3) or a perfluoroalkylether moiety with two or more carbons (i.e. –CnF2nOCmF2m–, 389 

n and m ≥ 1). 390 

• Detection rates: 391 

• In raw water, concentrations above the LOQ for the “Sum of 20 PFAS” were detected in 5 392 

samples (6.5%), geographically located in Primorsko-goranska and Zadarska counties. 393 

Concentrations ranged from 0.0032 µg/L to 0.044 µg/L (maximum recorded in karst aquifers).  394 
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• In treated drinking water, concentrations above the LOQ were reported in eight samples. The 395 

HZJZ report describes this as 2.2%. The samples originated from Primorsko-goranska, Zadarska 396 

and Zagreb counties, and the reported concentrations ranged from 0.0021 to 0.025 µg/L. All 397 

quantified values were below the 0.10 µg/L parametric value for the “Sum of PFAS”. 398 

• Additional monitoring in 2026: In an official communication published in August 2026, HZJZ 399 

reported that 14 PFAS analyses had been conducted during 2026 through the national drinking-400 

water monitoring programme, source-water monitoring and monitoring performed by the water 401 

supplier. PFAS were detected in only one of these samples, collected from the Tonkovića vrilo 402 

spring, at a reported concentration of 0.0052 µg/L (5.2 ng/L). HZJZ stated that this concentration 403 

was approximately 20 times lower than the applicable maximum admissible value and lower 404 

than the highest concentrations reported in raw groundwater from Croatian karst areas during 405 

the 2025 exploratory monitoring. The result concerns the analysed 20-PFAS panel and does not 406 

provide information on TFA, which was not included among the target analytes (HZJZ, 2026b). 407 

• Analytical Exclusion of TFA: Because TFA possesses a two-carbon chain (C₂HF₃O₂), it falls entirely 408 

outside the 20-compound list constituting the regulatory “Sum of PFAS” parameter. Because TFA was 409 

not included in the analytical panel, the 473-sample HZJZ dataset generated no TFA concentration results. 410 

 411 

Surface water monitoring (PFOS focus) 412 

 413 

Surface water monitoring conducted by Hrvatske vode and the Josip Juraj Strossmayer Water Institute focuses 414 

primarily on designated Environmental Quality Standard (EQS) priority substances, notably perfluorooctane 415 

sulfonate (PFOS). For instance, targeted testing in Ličko-senjska County (sampling sites: Lika - Bilaj, Lika - 416 

Ostrvica bridge, Lika - Budak, and the Brlog - Gusić polje reservoir) confirmed PFOS concentrations consistently 417 

below the LOQ <0.00065 µg/L (<0.65 ng/L). These monitoring protocols do not routinely incorporate ultrashort-418 

chain PFAS like TFA. 419 

 420 

Contextual evidence from food and PFAS-pesticide residue screening 421 

 422 

Wine screening: A 2025 European campaign analysed 10 older wines and 39 more recent wines from ten countries. 423 

TFA was detected in all 39 recent wines, with a median concentration of 110 µg/L and a maximum of 320 µg/L, 424 

while it was not detected in wines produced before 1988; the accompanying report describes a marked increase 425 

after 2010 (Earth Trek, 2025b). The underlying sample table reports two Croatian results in mass-based units: a 426 

2023 Malvazija from Istria contained 21 µg/kg TFA and 11 µg/kg metalaxyl, while a 2024 Graševina from 427 

Vukovarsko-srijemska County contained 48 µg/kg TFA and 10 µg/kg boscalid. Each sample had one pesticide or 428 

metabolite above the limit of detection. These two samples document TFA occurrence in Croatian wine but are 429 

insufficient to characterise national occurrence or infer the source of TFA in either sample (PAN Europe, 2025). 430 

PFAS-pesticide residues in fruit and vegetables: An Earth Trek summary of the ‘Toxic Harvest’ analysis, based on 431 

official pesticide-residue monitoring data, reported that 10.6% of 847 Croatian fruit samples collected during 2014-432 

2021 contained at least one PFAS pesticide residue. The proportion increased from 1.5% in 2014 to 14.7% in 2021. 433 

For vegetables, the reported proportion increased from 0.8% to 14.6% over the same period. Among Croatian-434 

grown products sampled in 2021, residues were detected in 8% of fruit and 12% of vegetables; the most frequently 435 

affected categories reported were apples (15%), melons (10%) and strawberries (10%) among fruit, and cucumbers 436 

(33%), carrots (21%) and peppers (10%) among vegetables. These results concern residues of PFAS pesticide 437 

active substances, not TFA measurements, and therefore provide contextual evidence of pesticide use and dietary 438 

exposure pathways rather than direct evidence of TFA in Croatian produce (Earth Trek, 2024a). 439 
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 440 

Comprehensive data gap matrix across environmental compartments 441 

 442 

Comparing verified evidence with institutional programmes reveals critical monitoring gaps across Croatian 443 

environmental compartments. The availability of Croatian TFA and PFAS data and the principal monitoring gaps 444 

are summarised in Table 2. 445 

Table 2 Availability of Croatian TFA and PFAS data across environmental matrices and principal monitoring 446 

gaps 447 

Environment

al matrix 

Data 

availability 

Current publicly available evidence 

or monitoring 
Principal limitation / monitoring need 

Drinking water Limited 

HZJZ reports national monitoring of the 

20 PFAS included in the regulatory 

‘Sum of PFAS’ parameter. TFA is not 
included in that analytical panel. One 

PAN Europe screening sample from 

Samobor contained 160 ng/L TFA 

(HZJZ, 2026a; PAN Europe, 2024b; 

Earth Trek, 2024b). 

The HZJZ dataset provides no TFA 

results. No systematic publicly available 

national dataset describing TFA 

occurrence, spatial distribution or 

temporal trends in Croatian drinking 

water was identified. Public 

documentation does not establish 

whether Croatian laboratories routinely 

use a method validated and accredited 

specifically for TFA. 

Surface water Limited 

A PAN Europe screening sample from 

the Sava River contained approximately 

620 ng/L TFA. This is a single 

measurement from one place and time 

(PAN Europe 2024a). 

No systematic multi-year Croatian 

surface-water monitoring dataset for 

TFA was identified. The single 

screening result is not nationally 

representative and cannot establish 

temporal trends, spatial distribution or 

source attribution. 

Groundwater Major gap 

No systematic publicly available 

Croatian groundwater monitoring 

dataset reporting TFA concentrations 

was identified in this review. 

National occurrence, spatial distribution 

and temporal trends cannot be assessed 

from publicly accessible data. This is a 

priority gap because Croatian drinking-

water resources include vulnerable and 

highly connected karst aquifers. 

Agricultural 

soil 
Major gap 

No publicly available systematic 

Croatian monitoring data on TFA in 

agricultural soil were identified. 

International studies demonstrate that 

several C-CF₃ pesticide active 
substances can form TFA in soil. 

Croatian data are needed on TFA 

concentrations, formation under 

representative soil and climatic 

conditions, and movement from soil into 

drainage water and groundwater. 

International findings cannot quantify 

contributions in Croatia. 

Food and feed 
Limited / 

major gap 

Two Croatian wines were quantified for 

TFA: Malvazija, 21 µg/kg, and 

Graševina, 48 µg/kg (PAN Europe, 
2025). Separate Croatian fruit and 

vegetable data concern residues of 

PFAS pesticide active substances, not 

TFA. The Croatian Veterinary Institute-

led PFASsFoodWildlife project 

examines more than 20 PFAS in food 

of animal origin and animal species. 

Two wine samples cannot establish a 

national food baseline. No systematic 

Croatian TFA monitoring programme 

for crops, feed or food was identified. 

The public PFASsFoodWildlife project 

description does not establish that TFA 

is included among the target analytes. 
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Environment

al matrix 

Data 

availability 

Current publicly available evidence 

or monitoring 
Principal limitation / monitoring need 

Biota and 

wildlife 
Major gap 

The Croatian Veterinary Institute leads 

the ongoing PFASsFoodWildlife 

project on more than 20 PFAS in 

animal species from aquatic and 

terrestrial habitats, with HAPIH and 

other institutions participating as 

partners (Croatian Veterinary Institute, 

2024-2027). 

The publicly available project 

description does not confirm that TFA is 

a target analyte. No publicly available 

Croatian dataset on TFA occurrence or 

uptake in aquatic or terrestrial biota was 

identified. 

Wastewater 

and landfill 

leachate 

Major gap 

International literature identifies 

wastewater treatment discharges, 

landfill leachate and waste disposal as 

plausible TFA pathways. No publicly 

available Croatian TFA-specific 

monitoring results for these matrices 

were identified in this review. 

Croatian measurements are required 

before the occurrence or contribution of 

these pathways can be characterised. 

International evidence alone cannot 

demonstrate that landfills or wastewater 

are important TFA sources in Croatia. 

Note. The classifications describe the publicly available evidence identified in this review and do not establish 448 

that no unpublished or non-public monitoring data exist. PFASsFoodWildlife is led by the Croatian Veterinary 449 

Institute; HAPIH participates as a project partner. TFA = trifluoroacetic acid; PFAS = per- and polyfluoroalkyl 450 

substances; HZJZ = Croatian Institute of Public Health. 451 

  452 
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Discussion 453 

 454 

Environmental significance of reported TFA levels in Croatia 455 

 456 

In a 2024 European monitoring campaign conducted by PAN Europe and its members, TFA was detected in 34 of 457 

36 tap-water samples (94%), at concentrations ranging from below 20 to 4,100 ng/L, with a mean concentration 458 

of 740 ng/L. The Croatian tap-water sample, collected in Samobor, contained 160 ng/L TFA. This result should 459 

not be assessed against the 100 ng/L “Sum of PFAS” parametric value established by Directive (EU) 2020/2184, 460 

because TFA is not among the 20 PFAS included in that parameter. Although the measured TFA concentration is 461 

numerically higher than 100 ng/L, this does not indicate non-compliance with the “Sum of PFAS” requirement. 462 

The Directive also establishes a separate “PFAS Total” parametric value of 500 ng/L; however, this is a regulatory 463 

parametric value rather than a health-based guidance value, and the assessment of the Samobor result against it 464 

would require confirmation that Croatia applies the “PFAS Total” parameter and that the analytical method used 465 

covers TFA. Consequently, the reported concentration documents the presence of TFA in Croatian tap water but, 466 

by itself, does not establish either compliance or non-compliance with the applicable drinking-water standards 467 

(Earth Trek, 2024b; Directive (EU) 2020/2184). 468 

 469 

Identification of potential sources and transport pathways in Croatia 470 

 471 

Because this evaluation relies on secondary evidence, direct source attribution for specific sampling sites cannot 472 

be established. Nevertheless, peer-reviewed literature and regulatory reports identify several anthropogenic 473 

pathways potentially relevant to TFA occurrence in Croatia, including degradation of C-CF₃ pesticide active 474 

substances, atmospheric transformation and deposition of fluorinated gases and other precursors, and releases 475 

associated with landfills and waste disposal. Their occurrence and relative contributions in Croatia have not been 476 

established through a Croatian source-apportionment study. 477 

The principal plausible pathways considered in this review are summarised in Figure 1.  478 

 479 

Fig. 1 Plausible anthropogenic pathways relevant to TFA occurrence in Croatia. 480 

The pathways shown represent plausible mechanisms identified from European and international evidence; their 481 

occurrence and relative contributions in Croatia have not been established by a Croatian source-apportionment 482 
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study. The reported water concentrations demonstrate the occurrence of TFA but do not identify the sources 483 

responsible 484 

 485 

Agricultural degradation of C-CF3 pesticides 486 

 487 

Johnsen et al. (2026) monitored seven C-CF₃ pesticides over 52 weeks in three agricultural soils and detected TFA 488 

formation from every tested active substance. The tested compounds were trifluralin, fluazifop-P-butyl, fluazinam, 489 

tau-fluvalinate, diflufenican, fluopyram and mefentrifluconazole. Formation differed both among compounds and 490 

among soils, confirming that the presence of a C-CF₃ moiety indicates potential to form TFA but does not by itself 491 

determine the transformation rate. 492 

• Conversion efficiencies: The highest reported formation was 10.7% of the applied fluopyram in one soil, 493 

compared with 3.3% and 7.9% in the other two soils. Formation amounted to 5.3%-6.5% for fluazinam, 494 

2.4%-5.2% for diflufenican, 3.0%-5.3% for fluazifop-P-butyl, 1.1%-2.2% for trifluralin, 0.8%-3.3% for 495 

mefentrifluconazole and 0.4%-1.0% for tau-fluvalinate (Johnsen et al., 2026). 496 

• Leaching modelling and priority substances: Environmental emission and FOCUS groundwater 497 

modelling across EU crop cultivation scenarios indicate nine active substances as major sources of TFA 498 

leaching into subterranean aquifers: diflufenican, flonicamid, fluazifop-P-butyl, fluazinam, flufenacet, 499 

fluopyram, flutolanil, picolinafen, and trifloxystrobin (Diehle et al., 2025).  500 

• Relevance to Croatia: Using the measured formation fractions, Johnsen et al. (2026) estimated that, for 501 

some crop and growth-stage scenarios, annual TFA contributions from C-CF₃ pesticide applications to net 502 

precipitation infiltrating arable topsoil may be comparable to atmospheric contributions beneath treated 503 

fields. This finding indicates the plausibility of an agricultural pathway but cannot quantify its importance 504 

in Croatia without national pesticide-use data, information on application rates and timing, and 505 

measurements or fate modelling under representative Croatian soil and climatic conditions. 506 

 507 

Atmospheric oxidation of hydrofluoroolefins (HFOs) and hydrofluorocarbons (HFCs) 508 

 509 

Atmospheric transformation of fluorinated gases is a plausible diffuse input pathway, but its contribution to the 510 

Croatian TFA measurements has not been quantified. 511 

• HFO-1234yf, used particularly in mobile air conditioning, reacts rapidly with atmospheric hydroxyl 512 

radicals and forms trifluoroacetyl fluoride, which hydrolyses to TFA. Its short lifetime and comparatively 513 

high TFA yield favour formation and deposition nearer to emission regions. HFC-134a is longer-lived and 514 

more globally dispersed, and earlier atmospheric models assumed a lower TFA yield (Kotamarthi et al. 515 

(1998)). However, theoretical calculations by Vincent et al. (2026) indicated that the proposed reaction 516 

pathways leading to TFA and trifluoroacetyl fluoride require too much energy to occur readily under 517 

atmospheric conditions. Their study did not rule out atmospheric TFA formation from HFC-134a, but it 518 

challenges the previously proposed mechanism; the magnitude of this source should therefore be treated 519 

as uncertain (David et al., 2021; Garavagno et al., 2024; Vincent et al., 2026). 520 

• Using 2023 emissions and the STOCHEM-CRI chemical transport model, Holland et al. (2026) predicted 521 

that HFO-1234yf already contributed more to atmospheric TFA generation and deposition over Europe 522 

than HFC-134a, despite estimated global HFC-134a emissions being 22 times greater. The model 523 

estimated global TFA production from HFO-1234yf at 26%-75% of that from HFC-134a. Earlier 524 

modelling of complete conversion of mobile air-conditioning refrigerants to HFO-1234yf estimated a 525 

mean European TFA deposition rate of 0.52 kg km⁻² year⁻¹ and showed that regional deposition occurred 526 

mainly by emissions within the same region (Wang et al., 2018). Other modelling suggests that a 527 
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significant amount can also be transported beyond the emission region and that rainwater concentrations 528 

depend strongly on precipitation (David et al., 2021). Atmospheric deposition should therefore not be 529 

considered as spatially uniform, but it varies depending on emissions, transport, chemistry, rainfall and 530 

geography. These are model-derived results, not measurements of atmospheric deposition in Croatia, and 531 

they cannot identify the source of the Sava River or Zagreb County observations. 532 

 533 

Landfills, waste disposal and wastewater pathways 534 

 535 

Landfills may act as secondary sources of TFA because municipal and industrial waste streams contain fluorinated 536 

products, materials and chemical residues that may already contain TFA or substances that are precursors of TFA. 537 

Water percolating through deposited waste can mobilise these highly soluble substances and transport them into 538 

landfill leachate. In a Swedish investigation of waters associated with landfills, firefighting training sites and a 539 

hazardous waste facility, ultrashort-chain perfluoroalkyl acids were detected in all analysed samples. TFA was 540 

associated particularly with samples originating from the landfills, and concentrations in landfill leachate ranged 541 

from below 34 to 6,900 ng/L. However, the observed concentrations varied considerably among sites, indicating 542 

that waste composition, landfill age, hydrology and leachate management influence the magnitude of releases 543 

(Björnsdotter et al., 2019). 544 

TFA from the landfill leachate may reach the aquatic environment through several pathways: leakage or runoff, 545 

discharge after the on-site treatment, and transfer to municipal wastewater treatment plants. Wastewater treatment 546 

plants should be primarily considered as a collection and transfer points for TFA and its precursors rather than as 547 

their original source. Evidence from the German water cycle indicates that TFA was not effectively removed by 548 

conventional biological wastewater treatment or by a retention-soil filter used to treat combined sewer overflows. 549 

Because TFA dissolves easily in water and does not readily bind to particles, it is expected to remain in the water 550 

and pass through wastewater treatment, unless a treatment method specifically designed to remove or destroy 551 

ultrashort-chain PFAS is used. (Scheurer et al., 2017). 552 

Wastewater may also contain fluorinated pesticide residues, pharmaceuticals, industrial chemicals and their 553 

transformation products. Conventional treatment can change the composition of PFAS mixtures, and biological 554 

treatment may transform some precursor substances into more persistent perfluoroalkyl acids. Still, the formation 555 

of TFA should not be assumed for every fluorinated precursor or treatment process. The laboratory work examining 556 

selected PFAS pesticides and pharmaceuticals in the wastewater treatment processes found variable transformation 557 

products but negligible TFA formation potential for the tested substances. This finding indicates that wastewater 558 

effluent may transport TFA already present in influent streams, while the extent of additional TFA formation during 559 

treatment is substance- and process-specific and remains uncertain (Kim et al., 2022; Li et al., 2026). 560 

No publicly available Croatian measurements of TFA in landfill leachate, untreated or treated municipal 561 

wastewater, sewage sludge, or receiving waters immediately upstream and downstream of wastewater treatment 562 

discharges were identified in this review. Consequently, landfills and wastewater pathways should be treated as 563 

plausible sources and transport routes relevant to Croatia, not as demonstrated contributors to the TFA 564 

concentrations measured in the Sava River or Samobor tap-water sample. Their potential importance could be 565 

assessed through coordinated monitoring of landfill leachate, wastewater influent and effluent, sewage sludge, 566 

groundwater near disposal sites, and receiving surface waters. The monitoring should measure TFA directly and, 567 

where feasible, include precursor-sensitive or total-organic-fluorine approaches to distinguish existing TFA from 568 

compounds with the potential to form it. 569 

 570 

Critical monitoring deficits and regulatory gaps in Croatia 571 

 572 

The analysis highlights three major structural gaps in Croatia's environmental surveillance framework: 573 
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 574 

The regulatory "chain-length blind spot" 575 

 576 

The primary compliance parameter for drinking water in Croatia, the “Sum of PFAS”, covers 20 specifically listed 577 

PFAS and does not include TFA. Compliance with this parameter provides no information on the presence or 578 

concentration of TFA and should not be interpreted as evidence of its absence. 579 

 580 

Analytical and methodological barriers 581 

 582 

Standard solid-phase extraction (SPE) methods optimised for hydrophobic, longer-chain PFAS generally provide 583 

poor retention of TFA because of its high polarity, high water solubility and low octanol-water partition coefficient. 584 

Quantitative determination of TFA therefore requires an analytical method specifically validated for this 585 

compound, such as direct-injection liquid chromatography-tandem mass spectrometry (LC-MS/MS) or ion 586 

chromatography-mass spectrometry (IC-MS). Although HZJZ reports using direct-injection LC-MS/MS for its 20-587 

PFAS analytical panel, the available documentation does not establish whether this method has been validated and 588 

accredited specifically for TFA or whether such TFA-specific methods are routinely applied by Croatian public-589 

health and water-management laboratories. Direct confirmation from the relevant laboratories is therefore 590 

required. 591 

 592 

Data absences across karst aquifers, soils, and food matrices 593 

 594 

• Karst hydrology vulnerability: While limited surface water data exists, systematic baseline data for 595 

Croatian groundwater are absent. Publicly available Croatian groundwater data are insufficient to 596 

establish a national baseline for TFA. In Croatia's extensive karst regions (Dinaric region), rapid conduit 597 

flow and minimal soil attenuation increase the vulnerability of subterranean drinking water sources to 598 

fast-percolating mobile short-chain acids.  599 

• Limited food and agricultural data: Two Croatian wines provide direct but isolated food-matrix 600 

observations: 21 µg/kg TFA in Malvazija and 48 µg/kg in Graševina (PAN Europe, 2025). No systematic 601 

Croatian TFA measurements in food crops, soils or animal-derived foods were identified. Separate 602 

Croatian data show residues of PFAS pesticide active substances in fruit and vegetables, but these are not 603 

measurements of TFA or its formation in Croatian soils. Because TFA moves easily through water and 604 

can be taken up by plants, it is important to distinguish between conventional bioaccumulation in lipids 605 

and the accumulation of TFA in plant tissues (Earth Trek, 2024a, 2025b; Hanson et al., 2024). 606 

 607 

Implications for human health and exposure 608 

 609 

The limited Croatian measurements identified in this review do not allow conclusions about human health risks. 610 

The concentration of approximately 620 ng/L (PAN Europe, 2024a) measured in the Sava River represents a 611 

surface-water observation and should not be interpreted as a direct estimate of human exposure. The concentration 612 

of 160 ng/L detected in the Samobor tap-water sample provides evidence that exposure through drinking water 613 

occurred, but a single sample cannot establish the concentration range, temporal variability or exposure of the 614 

wider Croatian population. 615 



18 

As an illustrative calculation, consumption of two litres per day of water containing 160 ng/L TFA would result in 616 

an intake of approximately 0.32 µg TFA per day. For an adult weighing 70 kg, this corresponds to approximately 617 

0.0000046 mg/kg body weight per day, considerably below the EFSA acceptable daily intake of 0.014 mg/kg body 618 

weight per day established in 2026. This comparison should not be interpreted as a formal risk assessment. It 619 

considers only one drinking water measurement and excludes exposure from food, other beverages and 620 

environmental sources, as well as possible variation in water consumption, body weight and TFA concentrations 621 

over time. The available Croatian evidence is therefore insufficient to characterise aggregate population exposure. 622 

Nevertheless, toxicological concern regarding TFA has increased. A GLP-compliant prenatal developmental 623 

toxicity study conducted under OECD Test Guideline 414 and submitted by the REACH registrants in 2021 624 

reported eye and skeletal abnormalities in rabbit fetuses following maternal exposure to sodium trifluoroacetate. 625 

A developmental no-observed-adverse-effect level could not be established because adverse fetal findings occurred 626 

at the lowest tested dose of 180 mg/kg body weight per day. A subsequent mechanistic study in rabbits reproduced 627 

characteristic ocular abnormalities at lower dose levels. These animal findings do not quantify human risk at 628 

environmental exposure concentrations, but they provided important evidence for the regulatory assessment of 629 

TFA’s developmental toxicity (EFSA, 2024; EFSA et al., 2026). 630 

In June 2026, ECHA’s Committee for Risk Assessment recommended the harmonised classification of TFA as 631 

toxic to reproduction, Category 1B (Repr. 1B; H360Df), indicating that it may harm the unborn child and is 632 

suspected of damaging fertility. The recommendation also classified TFA as persistent, mobile and toxic (PMT) 633 

and very persistent and very mobile (vPvM) (ECHA RAC, 2026). The recommended classification is not yet 634 

legally binding, pending its incorporation into the CLP Regulation, but it strengthens the scientific and regulatory 635 

basis for limiting exposure and improving surveillance of TFA in drinking water and food (ECHA RAC, 2026). 636 

Oral intake through water and food is currently the most documented pathway of population exposure. Dermal 637 

exposure is insufficiently characterised. Espartero et al. (2025) showed that certain short-chain PFAS can permeate 638 

human skin in vitro more readily than the tested long-chain PFAS. TFA was not included in that study. Although 639 

its small molecular size could favour diffusion, its near-complete ionisation and extremely low lipid affinity may 640 

limit partitioning into the lipid-rich stratum corneum. The dermal permeability of TFA therefore cannot be reliably 641 

inferred from molecular size or from results obtained for other short-chain PFAS. The findings nevertheless 642 

indicate that dermal exposure should not automatically be excluded when evaluating prolonged or repeated contact 643 

with water contaminated with TFA and that direct experimental investigation under environmentally relevant 644 

conditions is required. 645 

The principal health relevance of the Croatian findings therefore lies not in demonstrating an immediate health 646 

risk, but in documenting an exposure pathway that is not included in the current “Sum of PFAS” drinking-water 647 

parameter. TFA’s extreme persistence means that continued emissions may increase environmental concentrations 648 

and cumulative exposure over time. Systematic monitoring of drinking water, groundwater, food and relevant 649 

exposure pathways is necessary before the magnitude and distribution of health risks in Croatia can be adequately 650 

assessed. 651 

 652 

Policy context and implications 653 

 654 

In April 2025, Earth Trek and supporting Croatian organisations sent open letters to the ministries responsible for 655 

agriculture, environmental protection and health. They called for targeted analyses of TFA and other PFAS in 656 

surface water, groundwater, drinking water, soils, sediments and aquatic organisms; public disclosure of the results; 657 

explicit inclusion of TFA in national monitoring; support for EU water-quality standards for TFA; and restrictions 658 

on PFAS pesticides accompanied by the adoption of safer alternatives (Earth Trek, 2025a). This source documents 659 

stakeholder demands rather than empirical evidence of contamination and is included only to characterise the 660 

national policy response. 661 

The evidence reviewed here supports the need to strengthen Croatia’s capacity to identify and monitor ultrashort-662 

chain PFAS. Existing regulatory monitoring based on the “Sum of PFAS” parameter does not capture TFA, while 663 
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the available Croatian occurrence data remain too limited for a representative exposure or risk assessment. 664 

Addressing this gap requires validated analytical capacity, the inclusion of TFA as an independent monitoring 665 

parameter, improved consideration of TFA formation and leaching in pesticide risk assessment, and coordinated 666 

research across water, soil and food matrices. The specific measures arising from these findings are summarised 667 

in the Key Recommendations for Research and Policy. 668 

 669 

Key recommendations for research and policy 670 

 671 

1. Expand analytical capacity: Develop and harmonise validated analytical methods, including direct-672 

injection LC-MS/MS, in relevant Croatian public-health and environmental laboratories. The methods 673 

should provide limits of detection and quantification suitable for measuring TFA at environmentally 674 

relevant concentrations and should be supported by appropriate quality-assurance and interlaboratory-675 

comparison procedures.  676 

2. Integrate TFA into national water monitoring: Include TFA as a separate parameter in national monitoring 677 

programmes for drinking water, groundwater and surface water, independently of the 20 compounds 678 

covered by the regulatory “Sum of PFAS” parameter. Monitoring should be sufficiently frequent and 679 

geographically representative to identify spatial and temporal variation, with particular attention to 680 

drinking water sources, agricultural areas and vulnerable karst aquifers.  681 

3. Ensure transparent and comparable reporting: Publish sampling locations, dates, water-matrix 682 

information, analytical methods, limits of detection and quantification, and individual TFA results in 683 

accessible formats. Results for TFA should be reported separately from grouped PFAS parameters to 684 

prevent compliance with the “Sum of PFAS” value from being misinterpreted as evidence of the absence 685 

of TFA.  686 

4. Strengthen pesticide risk assessment: Ensure that national and EU assessments of pesticides containing 687 

C-CF₃ groups adequately consider their potential to form TFA. Assessments should address formation in 688 

soil and other environmental compartments, persistence, mobility, accumulation resulting from repeated 689 

use, and leaching into groundwater and surface water. Existing authorisations should be reconsidered 690 

where new evidence indicates that these pathways were not adequately assessed.  691 

5. Expand food, soil and agricultural research: Include TFA in relevant food and environmental matrices 692 

within future national food-safety and environmental research initiatives and, where feasible, within 693 

ongoing programmes such as the Croatian Veterinary Institute-led PFASsFoodWildlife project. Research 694 

should examine TFA in agricultural soils, irrigation water, crops, including grapes and wine, and food of 695 

animal origin, while distinguishing measured TFA from residues of PFAS pesticide active substances.  696 

6. Assess aggregate human exposure: Conduct exposure assessments combining representative data from 697 

drinking water, food and other relevant sources. Assessments should consider differences in body weight, 698 

water and food consumption, age and duration of exposure and should include potentially more highly 699 

exposed or vulnerable population groups. Comparisons with health-based guidance values should account 700 

for aggregate exposure from all measured sources rather than relying on isolated samples.  701 

7. Address toxicological and dermal-exposure uncertainties: Support research on the toxicokinetics and 702 

long-term effects of TFA exposure, including developmental and reproductive toxicity at environmentally 703 

relevant exposure levels. Direct experimental studies should investigate whether TFA can permeate intact 704 

human skin under realistic water-contact conditions. Until such evidence becomes available, dermal 705 

uptake should be treated as an unresolved exposure pathway rather than assumed to be either significant 706 

or negligible. 707 

8. Incorporate evolving health evidence into policy: National risk-management decisions should be 708 

periodically reviewed in light of updated EFSA health-based guidance values and the evolving 709 

harmonised classification of TFA under the CLP Regulation. The absence of a specific legally binding 710 

drinking-water limit for TFA should not prevent monitoring, exposure assessment or proportionate 711 

measures to reduce avoidable emissions. 712 
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Conclusion 714 

 715 

This evidence review provides a synthesis of the currently available evidence on TFA occurrence in Croatian 716 

environmental matrices and examines the scope and limitations of existing monitoring.  717 

• Documented environmental occurrence: Available screening evidence documents TFA occurrence in a 718 

surface-water sample from the Sava River (approximately 620 ng/L) and a tap-water sample from 719 

Samobor (160 ng/L). These concentrations fall within the broad range reported in European screening 720 

studies. However, because the Croatian evidence is limited to two samples collected at specific locations 721 

and times, it cannot be used to determine the prevalence, spatial distribution or temporal variation of TFA 722 

contamination in Croatian aquatic environments and drinking-water supplies. 723 

• Regulatory and analytical blind spots: The national monitoring programmes reviewed here are based 724 

primarily on defined PFAS parameters that do not include TFA. The drinking-water “Sum of PFAS” 725 

parameter covers 20 specified PFAS and does not include TFA. Although the EU water-policy framework 726 

is evolving, the evidence reviewed here does not demonstrate that TFA is currently monitored routinely 727 

as an independent parameter in Croatia. 728 

• Critical data deficits: Severe data gaps persist across major environmental compartments in Croatia. No 729 

public baseline was identified for TFA in groundwater aquifers or agricultural soils. Food evidence is 730 

limited to two quantified Croatian wines (21 and 48 µg/kg TFA), while PFAS-pesticide residue data for 731 

Croatian produce do not constitute TFA measurements. Systematic national data for TFA in crops, animal-732 

derived foods and biota therefore remain unavailable. 733 

• Plausible contamination pathways: European and international literature identifies several anthropogenic 734 

pathways potentially relevant to TFA occurrence in Croatia: atmospheric transformation, transport and 735 

deposition of fluorinated gases and other volatile precursors, including HFO-1234yf and certain HFCs; 736 

environmental degradation of C-CF₃ pesticide active substances, such as fluopyram, fluazinam and 737 

diflufenican; and releases associated with landfills and waste disposal, including landfill leachate, runoff 738 

and wastewater treatment discharges. However, their occurrence and relative contributions in Croatia 739 

have not been established through a Croatian source-apportionment study.  740 

• Human-health relevance and exposure uncertainties: Experimental evidence of prenatal developmental 741 

toxicity in animals and ECHA’s recommended classification of TFA as toxic to reproduction, Category 742 

1B, increase the health relevance of continued environmental exposure. The Samobor measurement 743 

confirms that exposure through drinking water can occur, but a single sample cannot characterise 744 

population exposure or establish a health risk. Aggregate exposure through drinking water, food and other 745 

sources has not been assessed for Croatia. Dermal permeability of TFA also remains unresolved: findings 746 

for other short-chain PFAS indicate that dermal exposure should not automatically be excluded, but they 747 

cannot be used to predict TFA absorption without direct experimental evidence. 748 

The available evidence therefore documents TFA occurrence in Croatian water and food matrices but remains 749 

insufficient to characterise the national contamination burden, population exposure or associated health risks. 750 

Establishing a reliable national baseline will require validated analytical capacity, representative and transparent 751 

monitoring across water, soil and food matrices, assessment of aggregate human exposure and integration of 752 

emerging toxicological evidence into environmental and public-health policy. 753 

  754 



22 

Statements and Declarations 755 

 756 

Author contributions 757 

 758 

Natalija Svrtan: Conceptualisation, methodology, investigation, literature search, data curation, formal analysis, 759 

interpretation, visualisation, and writing - original draft, review and editing. The author approved the final version 760 

of the manuscript and accepts responsibility for the integrity and accuracy of the work. 761 

All authors have read, understood, and have complied as applicable with the statement on “Ethical responsibilities 762 

of Authors” as found in the Instructions for Authors 763 

 764 

Funding 765 

 766 

This research received no specific grant or other financial support from any public, commercial, or not-for-profit 767 

funding body. The work was neither sponsored nor commissioned, and no payment was received for its creation. 768 

 769 

Competing interests 770 

 771 

The author is employed by PAN Europe and serves as President of Earth Trek (Zemljane staze). Earth Trek 772 

participated in the collection of a Croatian sample discussed in this review, and publicly available materials from 773 

both organisations are cited in the manuscript. The manuscript was prepared independently in the author’s capacity 774 

at Earth Trek and was not commissioned or funded by Pesticide Action Network Europe (PAN Europe). The views 775 

expressed in this article are those of the author and do not necessarily represent the views of PAN Europe. The 776 

author declares no other relevant financial or non-financial interests. 777 

 778 

Ethics approval and consent to participate 779 

 780 

Not applicable. This evidence review involved no human participants, personal data, animals, or primary biological 781 

sampling. 782 

 783 

Consent for publication 784 

 785 

Not applicable. 786 

 787 

Data availability 788 

 789 



23 

No new primary datasets were generated for this study. The review is based on publicly available scientific 790 

publications, institutional documents, regulatory materials and screening reports cited in the manuscript. The 791 

Croatian measurement results discussed in the review were extracted from the cited publicly available sources. No 792 

supplementary dataset or source-extraction table accompanies this article. 793 

  794 



24 

References 795 

 796 

Ashworth, D. J. (2026). Knowns and (mostly) unknowns of trifluoroacetic acid (TFA) transfers within 797 

agricultural soil–plant systems: Identifying fundamental research needs. Environmental Science & 798 

Technology, 60(9), 6845–6847. https://doi.org/10.1021/acs.est.6c01658 799 

Björnsdotter, M. K., Yeung, L. W. Y., Kärrman, A., & Jogsten, I. E. (2019). Ultra-short-chain perfluoroalkyl 800 

acids including trifluoromethane sulfonic acid in water connected to known and suspected point sources in 801 

Sweden. Environmental Science & Technology, 53(19), 11093–11101. 802 

https://doi.org/10.1021/acs.est.9b02211 803 

Croatian Institute of Public Health (Hrvatski zavod za javno zdravstvo). (2026a). Izvještaj o zdravstvenoj 804 

ispravnosti vode za ljudsku potrošnju u Republici Hrvatskoj za 2025. godinu. Hrvatski zavod za javno 805 

zdravstvo. https://www.hzjz.hr/wp-content/uploads/2026/07/IZVJESTAJ_Voda-za-ljudsku-potrosnju_2025-806 

web-2.pdf 807 

Croatian Institute of Public Health (Hrvatski zavod za javno zdravstvo). (2026b, 12 August). Reakcija HZJZ-a na 808 

netočne medijske navode o analizama vode za ljudsku potrošnju na području Gospića. 809 

https://www.hzjz.hr/priopcenja-mediji/reakcija-hzjz-a-na-netocne-medijske-navode-o-analizama-vode-za-810 

ljudsku-potrosnju-na-podrucju-gospica/ (accessed 26 August 2026).  811 

Croatian Veterinary Institute. (2024–2027). Perfluoroalkyl substances (PFASs) in animal species from aquatic 812 

and terrestrial habitats and in food of animal origin: Exposure and risk assessment of Croatian consumers 813 

(PFASsFoodWildlife). Project leader: Nina Bilandžić. https://www.veinst.hr/znanstvene-aktivnosti/npoo-814 

projekti/perfluoroalkilne-tvari-pfass-u-zivotinjskim-vrstama-iz-vodenih-i-kopnenih-stanista-te-hrani-815 

zivotinjskog-podrijetla-izlozenost-i-procjena-rizika-hrvatskih-potrosaca-pfassfoodwildlife (accessed 22 816 

August 2026). 817 

David, L. M., Barth, M., Höglund-Isaksson, L., Purohit, P., Velders, G. J. M., Glaser, S., & Ravishankara, A. R. 818 

(2021). Trifluoroacetic acid deposition from emissions of HFO-1234yf in India, China, and the Middle East. 819 

Atmospheric Chemistry and Physics, 21(19), 14833–14849. https://doi.org/10.5194/acp-21-14833-2021 820 

Diehle, M., Schneider, F., Banning, H., & Heinrich, C. (2025). Trifluoroacetate leaching potential from 821 

fluorinated pesticides: An emission estimation and FOCUS modelling approach. Environmental Sciences 822 

Europe, 37, 161. https://doi.org/10.1186/s12302-025-01215-5 823 

Earth Trek (Zemljane staze). (2024a, 4 December). Europski građani suočavaju se sa sve većom izloženošću 824 

PFAS spojevima putem voća i povrća. https://zemljanestaze.org/europski-gradani-suocavaju-se-sa-sve-825 

vecom-izlozenoscupfas-spojevima-putem-voca-i-povrca/ (accessed 24 August 2026). 826 

Earth Trek (Zemljane staze). (2024b, 10 July). TFA – „Vječna kemikalija” – otkrivena u 94 % uzoraka pitke 827 

vode. https://zemljanestaze.org/tfa-vjecna-kemikalija-otkrivena-u-94-uzoraka-pitke-vode/ (accessed 24 828 

August 2026). 829 

Earth Trek (Zemljane staze). (2025a, 21 April). Hrvatske udruge zahtijevaju hitnu zabranu PFAS pesticida koji 830 

zagađuju pitku vodu. https://zemljanestaze.org/hrvatske-udruge-zahtijevaju-hitnu-zabranu-pfas-pesticida-831 

koji-zagaduju-pitku-vodu/ (accessed 24 August 2026). 832 

Earth Trek (Zemljane staze). (2025b, 22 April). Studija otkriva alarmantan porast „vječne kemikalije” TFA u 833 

europskim vinima. https://zemljanestaze.org/studija-otkriva-alarmantan-porast-vjecne-kemikalije-tfa-u-834 

europskim-vinima/ (accessed 24 August 2026). 835 

Espartero, L. J. L., Ishaq, Z., Bradley, S., Moore, M., Yamada, M., Wang, X., Prow, T., Juhasz, A., & Thai, P. K. 836 

(2025). Dermal permeation of perfluoroalkyl substances in human skin—An in-vitro study. Chemosphere, 837 

378, 144408. https://doi.org/10.1016/j.chemosphere.2025.144408 838 

European Chemicals Agency (ECHA). (n.d.). Trifluoroacetic acid: Registry of CLH intentions until outcome. EC 839 

No 200-929-3; CAS No 76-05-1. https://echa.europa.eu/registry-of-clh-intentions-until-outcome/-840 

/dislist/details/0b0236e188e6e587 (accessed 25 August 2026). 841 

European Chemicals Agency (ECHA), Committee for Risk Assessment (RAC). (2026). Minutes of the 77th 842 

meeting of the Committee for Risk Assessment (RAC-77), 1–5 June 2026. European Chemicals Agency, p. 843 

20. https://echa.europa.eu/documents/d/guest/rac77_final_minutes_en 844 

European Food Safety Authority (EFSA). (2024). Peer review of the pesticide risk assessment of the active 845 

substance flufenacet. EFSA Journal, 22(9), e8997. https://doi.org/10.2903/j.efsa.2024.8997 846 

European Food Safety Authority (EFSA), Cavelier, A., Coja, T., Gall, A., Hernández-Jerez, A., Vleminckx, C., 847 

Bergsma, E., Binaglia, M., Crivellente, F., Colas, M., Lanzoni, A., Louisse, J., De Jesus, R. R., Grillo, A., 848 

https://doi.org/10.1021/acs.est.6c01658
https://doi.org/10.1021/acs.est.9b02211
https://www.hzjz.hr/wp-content/uploads/2026/07/IZVJESTAJ_Voda-za-ljudsku-potrosnju_2025-web-2.pdf
https://www.hzjz.hr/wp-content/uploads/2026/07/IZVJESTAJ_Voda-za-ljudsku-potrosnju_2025-web-2.pdf
https://www.hzjz.hr/priopcenja-mediji/reakcija-hzjz-a-na-netocne-medijske-navode-o-analizama-vode-za-ljudsku-potrosnju-na-podrucju-gospica/
https://www.hzjz.hr/priopcenja-mediji/reakcija-hzjz-a-na-netocne-medijske-navode-o-analizama-vode-za-ljudsku-potrosnju-na-podrucju-gospica/
https://www.veinst.hr/znanstvene-aktivnosti/npoo-projekti/perfluoroalkilne-tvari-pfass-u-zivotinjskim-vrstama-iz-vodenih-i-kopnenih-stanista-te-hrani-zivotinjskog-podrijetla-izlozenost-i-procjena-rizika-hrvatskih-potrosaca-pfassfoodwildlife
https://www.veinst.hr/znanstvene-aktivnosti/npoo-projekti/perfluoroalkilne-tvari-pfass-u-zivotinjskim-vrstama-iz-vodenih-i-kopnenih-stanista-te-hrani-zivotinjskog-podrijetla-izlozenost-i-procjena-rizika-hrvatskih-potrosaca-pfassfoodwildlife
https://www.veinst.hr/znanstvene-aktivnosti/npoo-projekti/perfluoroalkilne-tvari-pfass-u-zivotinjskim-vrstama-iz-vodenih-i-kopnenih-stanista-te-hrani-zivotinjskog-podrijetla-izlozenost-i-procjena-rizika-hrvatskih-potrosaca-pfassfoodwildlife
https://doi.org/10.5194/acp-21-14833-2021
https://doi.org/10.1186/s12302-025-01215-5
https://zemljanestaze.org/europski-gradani-suocavaju-se-sa-sve-vecom-izlozenoscupfas-spojevima-putem-voca-i-povrca/
https://zemljanestaze.org/europski-gradani-suocavaju-se-sa-sve-vecom-izlozenoscupfas-spojevima-putem-voca-i-povrca/
https://zemljanestaze.org/tfa-vjecna-kemikalija-otkrivena-u-94-uzoraka-pitke-vode/
https://zemljanestaze.org/hrvatske-udruge-zahtijevaju-hitnu-zabranu-pfas-pesticida-koji-zagaduju-pitku-vodu/
https://zemljanestaze.org/hrvatske-udruge-zahtijevaju-hitnu-zabranu-pfas-pesticida-koji-zagaduju-pitku-vodu/
https://zemljanestaze.org/studija-otkriva-alarmantan-porast-vjecne-kemikalije-tfa-u-europskim-vinima/
https://zemljanestaze.org/studija-otkriva-alarmantan-porast-vjecne-kemikalije-tfa-u-europskim-vinima/
https://doi.org/10.1016/j.chemosphere.2025.144408
https://echa.europa.eu/registry-of-clh-intentions-until-outcome/-/dislist/details/0b0236e188e6e587
https://echa.europa.eu/registry-of-clh-intentions-until-outcome/-/dislist/details/0b0236e188e6e587
https://echa.europa.eu/documents/d/guest/rac77_final_minutes_en
https://doi.org/10.2903/j.efsa.2024.8997


25 

Mangas, I., & Parra Morte, J. M. (2026). Scientific report on consumer health-based guidance values for 849 

trifluoroacetic acid. EFSA Journal, 24(7), e10227. https://doi.org/10.2903/j.efsa.2026.10227 850 

European Parliament. (2021). Parliamentary question E-001111/2021 and answer given by the European 851 

Commission. 852 

https://www.europarl.europa.eu/RegData/questions/reponses_qe/2021/001111/P9_RE(2021)001111_EN.pdf 853 

European Parliament and Council. (2020). Directive (EU) 2020/2184 of the European Parliament and of the 854 

Council of 16 December 2020 on the quality of water intended for human consumption (recast). Official 855 

Journal of the European Union, L 435, 1–62. https://eur-lex.europa.eu/eli/dir/2020/2184/oj 856 

European Parliament and Council. (2026). Directive (EU) 2026/805 of the European Parliament and of the 857 

Council of 30 March 2026 amending Directive 2000/60/EC establishing a framework for Community action 858 

in the field of water policy, Directive 2006/118/EC on the protection of groundwater against pollution and 859 

deterioration, and Directive 2008/105/EC on environmental quality standards in the field of water policy. 860 

Official Journal of the European Union, 20 April 2026. https://eur-lex.europa.eu/eli/dir/2026/805/oj 861 

Garavagno, M. de los A., Holland, R., Khan, M. A. H., Orr-Ewing, A. J., & Shallcross, D. E. (2024). 862 

Trifluoroacetic acid: Toxicity, sources, sinks and future prospects. Sustainability, 16(6), 2382. 863 

https://doi.org/10.3390/su16062382 864 

Hanson, M. L., Madronich, S., Solomon, K., Sulbaek Andersen, M. P., & Wallington, T. J. (2024). 865 

Trifluoroacetic acid in the environment: Consensus, gaps, and next steps. Environmental Toxicology and 866 

Chemistry, 43(10), 2091–2093. https://doi.org/10.1002/etc.5963 867 

Holland, R., Adam, B., Khan, M. A. H., Young, D., O’Doherty, S., Stanley, K. M., Rigby, M., & Shallcross, D. E. 868 

(2026). TFA generation and deposition over Europe may currently see a greater influence from HFO-1234yf 869 

than HFC-134a. Environmental Science & Technology Letters, 13(7), 938–945. 870 

https://doi.org/10.1021/acs.estlett.6c00356 871 

Johnsen, A. R., Henriksen, T., & Albers, C. N. (2026). Formation of trifluoroacetic acid from common 872 

trifluoromethyl pesticides in agricultural soils. Journal of Environmental Quality, 55(2), e70160. 873 

https://doi.org/10.1002/jeq2.70160 874 

Josip Juraj Strossmayer Water Institute. (2026). Results of analyses of target parameters within the framework of 875 

expanded surface-water monitoring in Lika-Senj County.  https://institutjjs.hr/en/results-of-analyses-of-target-876 
parameters-within-the-framework-of-expanded-surface-water-monitoring-in-lika-senj-county/ 877 

Kim, J., Xin, X., Mamo, B. T., Hawkins, G. L., Li, K., Chen, Y., Huang, Q., & Huang, C.-H. (2022). Occurrence 878 

and fate of ultrashort-chain and other per- and polyfluoroalkyl substances (PFAS) in wastewater treatment 879 

plants. ACS ES&T Water, 2(8), 1380–1390. https://doi.org/10.1021/acsestwater.2c00135 880 

Kotamarthi, V. R., Rodriguez, J. M., Ko, M. K. W., Tromp, T. K., Sze, N. D., & Prather, M. J. (1998). 881 

Trifluoroacetic acid from degradation of HCFCs and HFCs: A three-dimensional modeling study. Journal of 882 

Geophysical Research: Atmospheres, 103(D5), 5747–5758. https://doi.org/10.1029/97JD02988 883 

Li, S., Luo, W., Pan, Z., Li, J., Ma, X., Dong, Y., Zhang, K., Sun, W., & Xu, N. (2026). Non-target screening and 884 

laboratory experiments reveal the transformation products and negligible trifluoroacetic acid formation 885 

potential of PFAS pesticides and pharmaceuticals in wastewater treatment plants. Environment 886 

International, 207, 110062. https://doi.org/10.1016/j.envint.2026.110062 887 

Ministarstvo zdravstva Republike Hrvatske. (2023a). Pravilnik o parametrima sukladnosti, metodama analiza i 888 

monitorinzima vode namijenjene za ljudsku potrošnju. Narodne novine, 64/2023, no. 1057. https://narodne-889 

novine.nn.hr/clanci/sluzbeni/2023_06_64_1057.html 890 

Ministarstvo zdravstva Republike Hrvatske. (2023b). Ispravak Pravilnika o parametrima sukladnosti, metodama 891 

analiza i monitorinzima vode namijenjene za ljudsku potrošnju. Narodne novine, 88/2023, no. 1384. 892 

https://narodne-novine.nn.hr/clanci/sluzbeni/2023_07_88_1384.html 893 

Nielsen, O. J., Scott, B. F., Spencer, C., Wallington, T. J., & Ball, J. C. (2001). Trifluoroacetic acid in ancient 894 

freshwater. Atmospheric Environment, 35(16), 2799–2801. https://doi.org/10.1016/S1352-2310(01)00148-0 895 

Pesticide Action Network Europe (PAN Europe). (2024a, 27 May). TFA in water: Dirty PFAS legacy under the 896 

radar. https://www.pan-europe.info/resources/reports/2024/05/tfa-water-dirty-pfas-legacy-under-radar 897 

Pesticide Action Network Europe (PAN Europe). (2024b, 10 July). TFA: The forever chemical in the water we 898 

drink. https://www.pan-europe.info/resources/reports/2024/07/tfa-forever-chemical-water-we-drink 899 

Pesticide Action Network Europe (PAN Europe). (2025). Overview table: TFA and pesticides in European wines 900 

[Dataset]. 901 

https://docs.google.com/spreadsheets/d/1XWGIXqHXAtf00BwzLcMc97p5rcwMFVbi21ae4z57_dM/edit?g902 

id=191362167 (accessed 24 August 2026). 903 

https://doi.org/10.2903/j.efsa.2026.10227
https://www.europarl.europa.eu/RegData/questions/reponses_qe/2021/001111/P9_RE(2021)001111_EN.pdf
https://eur-lex.europa.eu/eli/dir/2020/2184/oj
https://eur-lex.europa.eu/eli/dir/2026/805/oj
https://doi.org/10.3390/su16062382
https://doi.org/10.1002/etc.5963
https://doi.org/10.1021/acs.estlett.6c00356
https://doi.org/10.1002/jeq2.70160
https://institutjjs.hr/en/results-of-analyses-of-target-parameters-within-the-framework-of-expanded-surface-water-monitoring-in-lika-senj-county/
https://institutjjs.hr/en/results-of-analyses-of-target-parameters-within-the-framework-of-expanded-surface-water-monitoring-in-lika-senj-county/
https://doi.org/10.1021/acsestwater.2c00135
https://doi.org/10.1029/97JD02988
https://doi.org/10.1016/j.envint.2026.110062
https://narodne-novine.nn.hr/clanci/sluzbeni/2023_06_64_1057.html
https://narodne-novine.nn.hr/clanci/sluzbeni/2023_06_64_1057.html
https://narodne-novine.nn.hr/clanci/sluzbeni/2023_07_88_1384.html
https://doi.org/10.1016/S1352-2310(01)00148-0
https://www.pan-europe.info/resources/reports/2024/05/tfa-water-dirty-pfas-legacy-under-radar
https://www.pan-europe.info/resources/reports/2024/07/tfa-forever-chemical-water-we-drink
https://docs.google.com/spreadsheets/d/1XWGIXqHXAtf00BwzLcMc97p5rcwMFVbi21ae4z57_dM/edit?gid=191362167
https://docs.google.com/spreadsheets/d/1XWGIXqHXAtf00BwzLcMc97p5rcwMFVbi21ae4z57_dM/edit?gid=191362167


26 

Scheurer, M., Nödler, K., Freeling, F., Janda, J., Happel, O., Riegel, M., Müller, U., Storck, F. R., Fleig, M., 904 

Lange, F. T., Brunsch, A., & Brauch, H.-J. (2017). Small, mobile, persistent: Trifluoroacetate in the water 905 

cycle - Overlooked sources, pathways, and consequences for drinking water supply. Water Research, 126, 906 

460–471. https://doi.org/10.1016/j.watres.2017.09.045 907 

Vincent, A., Fujioka, K., Luo, Y., Kaiser, R. I., & Sun, R. (2026). Trifluoroacetic acid formation from HFC-134a 908 

under atmospheric conditions. Physical Chemistry Chemical Physics, 28(7), 4433–4444. 909 

https://doi.org/10.1039/D5CP03359D 910 

Wang, Z., Wang, Y., Li, J., Henne, S., Zhang, B., Hu, J., & Zhang, J. (2018). Impacts of the degradation of 911 

2,3,3,3-tetrafluoropropene into trifluoroacetic acid from its application in automobile air conditioners in 912 

China, the United States, and Europe. Environmental Science & Technology, 52(5), 2819–2826. 913 

https://doi.org/10.1021/acs.est.7b05960 914 

https://doi.org/10.1016/j.watres.2017.09.045
https://doi.org/10.1039/D5CP03359D
https://doi.org/10.1021/acs.est.7b05960

