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Ultrashort PFAS: Occurrence, Remediation 
Challenges, Emerging Regulations, & Analysis

Ultrashort chain per- and polyfluoroalkyl substances (USC-

PFAS) are PFAS with three or fewer carbon atoms, and are 

characterized by their high water solubility, low affinity for 

organic matter, and high environmental mobility. These 

properties contribute to their widespread global presence in 

environmental waters and wastewaters – including drinking 

waters. A recent publication found that three USC-PFAS 

(TFA, PFPrA, and TFMS) were ubiquitous in German drinking 

waters, and constituted ~98% of the sum of all detected 

PFAS species.1 Environmental concerns associated with USC-

PFAS include their persistence, potential for groundwater 

contamination, and challenges in remediation due to their 

resistance to conventional treatment methods.  

Occurrence, Uses, and Sources

Ultrashort chain PFAS have been much less studied than 

their longer chain counterparts, and understanding of their 

intended and unintended transformation processes is limited. 

Sources of USC-PFAS include degradation of precursor 

compounds, atmospheric degradation of hydrofluorocarbon 
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Fig 1. Waste refrigerants can be a source of USC-PFAS

Fig 2.  PFAS categorization based on chain length (image courtesy of Phenomenex & SCIEX)

(HFC) and hydrochlorofluorocarbon (HCFC) refrigerants, and 

intentional direct use in products like batteries. They are also 

byproducts from historical electrochemical fluorination (ECF) 

manufacture of longer chain PFAS, and are found in urban 

and industrial waste, and in aqueous film-forming foams 

(AFFFs) used in firefighting.
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Ultrashort chain per- and polyfluoroalkyl substances (USC-PFAS), defined as those with three 
or fewer carbon atoms, are characterised by their significant mobility within the environment, 
high water solubility, and low affinity for organic matter. These properties contribute to their 
widespread presence in environmental waters and wastewaters, as well as drinking waters. 
The environmental concerns associated with USC-PFAS include their persistence, potential 
for groundwater contamination, and challenges in remediation due to their resistance to 
conventional treatment methods. 

Figure 1: PFSA and PFCA categorization based on carbon chain length – ultrashort-chain, short-chain and long-chain.  
(Image provided courtesy of Phenomenex and SCIEX).
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Fate, Transport, and Remediation Challenges

Carbon chain length plays a key role in determining the 

physicochemical characteristics of PFAS chemicals. Long 

chain PFAS are more hydrophobic, which makes them 

amenable to water treatment techniques using adsorption by 

carbonaceous materials like granular activated carbon (GAC). 

Short and ultrashort chain PFAS are more hydrophilic and 

water soluble, which makes them less adsorptive to organic 

carbon. These attributes mean that USC-PFAS disperse more 

freely in aqueous environments and are less prone to sorption 

onto soils, sediments, and other natural solids. The outcome 

is that USC-PFAS are highly mobile in aquatic environments, 

and can travel far from contaminant source areas. These 

same properties make wastewater or groundwater treatment 

strategies such as GAC and ion exchange much more 

challenging for ultrashort chain PFAS versus longer chain 

PFAS such as PFOS or PFOA.

Numerous recent publications have shown detections 

of ultrashort PFAS compounds (particularly TFA and 

PFPrA) in surface waters, groundwaters, and drinking 

waters, confirming their widespread presence in the 

global environment today.2  TFA in particular is by far the 

most environmentally abundant PFAS, and is even found 

consistently in rain (averaging ~ 100-500 ng/L), with 

concentrations increasing steadily after HCFC and HFC 

refrigerants replaced CFCs in the 1990s. Some modern 

hydrofluoroolefin (HFO) refrigerants also degrade to TFA.3,4

Fig 4.  Conceptual site model for PFASs from a fire training area source zone, Arcadis Feb 2019.5  Used with permission. 

Global Regulatory Status

Awareness about the persistence, bioaccumulative nature, 

and suspected toxicity of C8-C14 PFAS began to attract 

widespread concern near the turn of the millennium. PFOS 

was added to the persistent organic pollutants (POPs) list of 

the Stockholm Convention in 2009, with PFOA and PFHxS 

added later in 2019 and 2022. With phaseouts of long chain 

PFAS, manufacturers began to produce short and ultrashort 

chain alternatives. However, with the change from C8 to 

C4 and shorter fluorinated carbon chains came a sacrifice 

to lower technical performance, resulting in the production 

of greater quantities to achieve equal performance. While 

it is generally accepted that short and ultrashort chain 

PFAS have lower toxicological profiles, they are not devoid 
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surface water sites. PFOS was the PFAS identified most frequently 
and at the highest concentrations. This study indicates PFASs to be 
widespread at µg/L concentrations within the UK surface and 
groundwaters assessed. However, it is difficult to draw conclusions 
from this limited study as results were not repeatable and method 
detection limits were relatively high (0.1 µg/L).  
 
In 2007, the DWI undertook a survey of the prevalence of PFOS and 
PFOA within UK drinking water at 20 sites over a 1 year period 
[142]. The very limited survey found that PFOS and PFOA did not 
appear to be widespread within UK raw and treated drinking water 
and that when detected PFOS was below UK drinking water 
guidance values (0.3 µg/L) and associated with specific incidents (i.e. 
the Buncefield Terminal Fire in 2005) or local sources of 
contamination (e.g. an airfield). However, detections of PFOS within 
treated drinking water at concentrations up to 0.13 µg/L were 
measured and little treatment of PFOS or PFOA was observed within 
treatment plants (although GAC present at two sites had not been 
replaced for several years). This limited data set, coupled with 
concentrations of PFOS reported in UK surface waters and aquifers, 
indicates that drinking water in some UK locations may exceed 
acceptable levels applied in many other countries e.g. U.S. EPA HAL 
of 0.07 µg/L (as described in section 6.2). 
 
A report by the Environment Agency in 2008 [143] developed 
partition coefficients for a number of PFASs across a range of aquifer 
materials and also summarises the occurrence of PFASs in UK waters 
with reference to three incidents described in [142] and [144] 
(Buncefield depot, Jersey airport and a major air base). The report 
also found some evidence that PFASs were more likely to be found at 
sites with other pollutants also present and that thick drift deposits 
decreased the likelihood of detecting PFASs in groundwater. 
 
A number of academic studies have included monitoring for PFASs in 
UK rivers [75, 141, 145] which indicate widespread exceedances of 
the EU EQS in both EU and UK surface waters with some detections 
linked to WWTP discharges. A report of results of PFOS analysis of 
surface waters in the UK via the Chemical Investigations Programme  

(CIP2) showed very serious fails, versus the EQS, for 69% of samples 
assessed for PFOS, with serious fails for the remaining samples. All 
waters sampled for PFOA were reported as fails, with 13% described 
as serious fails [146]. 
 
88..  CCOONNCCEEPPTTUUAALL  SSIITTEE  MMOODDEELLSS  AANNDD  RRIISSKK  AASSSSEESSSSMMEENNTT  
  
88..11..  CCoonncceeppttuuaall  SSiittee  MMooddeellss    
 
A robust, site specific CSM is the corner stone of assessing potential 
environmental and human health risks within the land contamination 
sector. The types, properties and fate and transport of PFASs have 
been outlined above along with the aerobic biotransformation of 
precursors which are all crucial aspects in conceptualising PFASs 
sources, pathways and receptors.  
 
As a significant mass of PFAA precursors, in addition to free PFAAs, 
has been detected in both AFFF impacted soil and groundwater; a 
revised CSM to describe PFASs fate and transport is hypothesised 
and presented in Figure 3. 
 
Cationic PFAA precursors (and some zwitterions) will be retained in 
the soils at the source zone via ion exchange processes (sorbed to 
negatively charged soil particles) and more hydrophobic PFASs will 
be retained in surficial soils more strongly via interaction with the 
fraction of organic carbon. The source zones are likely to be 
anaerobic as a result of the presence of residual hydrocarbons used 
in fire training, so precursors will biotransform extremely slowly due 
to the prevailing biogeochemical conditions and may present an 
ongoing source of anionic PFAAs, slowly released from the source. 
Anionic PFAA precursors will migrate away from the source and enter 
the redox recharge zone where conditions become increasingly 
aerobic thus promoting in situ generation of detectable PFAAs from 
the, often undetected, anionic PFAA precursors.  
 
It is therefore crucial to employ advanced analytical techniques (such 
as the TOP Assay or AOF) in order to characterise PFASs impacted 
sites and develop a robust CSM. Furthermore, investigations 

FFiigguurree  44..  CCoonncceeppttuuaall  ssiittee  mmooddeell  ffoorr  PPFFAASSss  ffrroomm  aa  ffiirree  ttrraaiinniinngg  aarreeaa  ssoouurrccee  zzoonnee..  

Fig 3.  Traditional wastewater treatments are less effective 
for USC-PFAS
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Table 2.  Test & Sampling Details

of environmental risks; their continued use and release in 

combination with higher loadings, greater mobility, and more 

challenging remediation suggest that adverse risks may lie 

ahead. 

Although global regulations for ultrashort PFAS are in early 

stages of development, there are already several European 

regulations and guidelines for TFA in drinking water, which 

has been widely  detected in tap waters and bottled 

waters across Europe and in Canada, the USA, and China.2,6  

Germany has classified TFA as a reproductive toxin, and 

introduced a health-based guidance value for TFA in drinking 

waters of 60 μg/L, with a precautionary goal of < 10 μg/L.  

Denmark has established a regulatory limit for TFA in drinking 

water at 9 μg/L, and the Dutch Institute for Public Health and 

the Environment (RIVM 2023) set a lower indicative drinking 

water value at 2.2 μg/L.

As with other regions in the Americas, Europe, and Asia-

Pacific, Health Canada has committed to monitoring PFAS 

as a class, and although they have not specifically targeted 

ultrashort PFAS, they recognize that analytical methods 

measuring larger lists of PFAS are evolving, and that targeted 

lists for analysis may expand over time.  

Testing for USC-PFAS

ALS offers testing of waters for nine ultrashort PFAS 

through our specialty PFAS laboratory in Sydney, Australia, 

with the parameter list and Limits of Reporting (LORs) 

shown in Table 1. Samples are collected in 20 mL HDPE 

containers without preservation.  Suitable containers must 

be obtained from ALS due to the ubiquitous nature of some 

USC-PFAS such as TFA. In the absence of well-documented 

or regulatory holding time criteria, ALS recommends a 

conservative holding time of 14 days after sample collection, 

although preliminary in-house stability trials indicate that 

these analytes can be stable for up to several months after 

sampling when stored at 4⁰C.  

Please contact your ALS Project Manager for more 

information about this test service. To ensure samples  

can be analyzed within the recommended hold time, it is 

important to pre-arrange sampling and drop-off dates to 

facilitate prompt shipment of samples to our USC-PFAS 

testing laboratory.

Test Code USC-PFAS

Analytical Method LC-MS/MS

Sample Containers and Preservative
2 x 20 mL HDPE
(no preservative)

Holding Time 14 days

Parameter Name Acronym CAS No. LOR 
(µg/L)

Difluoroacetic acid DFA 381-73-7 1

Trifluoroacetic acid TFA 76-05-1 1

Trifluoromethanesulfonic acid TFMS 1493-13-6 0.01

2,3,3,3-Tetrafluoropropanoic acid 2333-TFPA 359-49-9 1

2,2,3,3-Tetrafluoropropanoic acid 2233-TFPA 756-09-2 1

Perfluoroethanesulfonic acid PFEtS 354-88-1 0.01

Perfluoropropanoic acid PFPrA 422-64-0 1

Perfluoro-2-methoxyacetic acid PFMOAA 674-13-5 0.1

Perfluoropropanesulfonic acid PFPrS 423-41-6 0.01

Table 1.  ALS Parameter List for USC-PFAS
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