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Biotransformation of 
    Per-and Poly-fluoroalkyl Substances
in Soil Using Enhanced 
          Bioremediation Methods 

In view of the stable nature of the Per- and Poly- fluoroalkyl Substances (PFAS) 
groups of the sulfonic acids (PFSAs) carboxylic acids (PFCAs), which are believed 
to be resistant to biological degradation, the development of bioremediation as a 
treatment technology for PFAS contaminated soils has received scarce attention.

Because of the limited nature of 
this research there are also many 
unknowns regarding the possible 
precursor PFAS transformations in the 
event that bioremediation is applied. 
From studies which have examined 
these precursor transformations in nature 
and by way of chemical oxidisation, 
it has been generally understood that 
transformations are to be stable and 
more toxic metabolites. However, 
some studies have shown these 
routes to be dependent on the type of 
microorganisms involved, which can also 
show dominant transformations into less 
toxic substances.
Enhanced bioremediation involving 
stimulation or inoculation with bacteria 
and fungi and studies into their 
effectiveness have demonstrated that 
this technology is effective in degrading 
some of the most persistent and toxic 
compounds, such as munition waste, 
pesticides, polychlorinated biphenyls, 
polycyclic aromatic hydrocarbons 
(PAH), synthetic polymers and polyester 
polyurethane and is largely considered 
a sustainable and cost effective 
remediation technology.
From the limited studies into the 
suitably of bioremediation as a treatment 
technology of the stable PFASs of 
PFSAs and PFCAs, the results have 
revealed mixed success. However, 
they have shown that fungi could be 
likely candidates for bioremediation 
of PFASs. One study showed a lack 
of degradation of PFSAs and PFCAs 

over several weeks by select strains of 
bacteria while, on the other hand, a study 
investigating the degradation of the PFSAs, 
Perfluorooctanesulfonic acid (PFOS) 
using a bacterial species documented an 
approximate 67% reduction of PFOS in a 
liquid culture after a 48 hour incubation. 
Studies into bioremediation through fungi 
(mycoremediation) have shown that the 
mechanism of degradation occurs via fungal 
enzymes which oxidise these substances 
though enzyme-catalysed oxidative 
humification or oxidative coupling reactions 
(ECOHR & ECOC), which in nature would 
be produced to break down lignin and 
recalcitrant organic material.  One such 
study showed a 36% reduction in the PFCA, 
Perfluorooctanoic acid (PFOA) via ECOHR 
& ECOC in soil slurry after 20 weeks of 
incubation with the fungal enzyme laccase.
In addition, some studies have shown that 
the biotransformation of the precursor 
compounds via fungi as opposed to 
bacteria, which included fungi identified 
white rot and brown rot biotransformed 
PFASs preferably to less toxic substances 
such as 5:3 acid as opposed to the 
terminal PFSAs.
However, studies that have shown this 
potential in fungi and their enzymes, to date 
have largely used single strain or single 
enzyme inoculation, which, from a cost 
and practical perspective, has a number 
of disadvantages for its application as a 
treatment technology. Similarly, it may be 
possible that this approach is restricting 
the investigation potential of bioremediation 
of PFAS, as many fungi will not grow with 

currently available culturing methods, with 
only approximately 5% of known species 
being isolatable as pure cultures.
Considering the potential for bioremediation 
of PFAS as a sustainable and cost effective 
technology and current data gaps using 
practical techniques and unknowns in 
transformation of PFAS precursors, the 
purpose of this study was twofold in that it 
first attempted to quantify the transformation 
of the precursor compounds into the 
more stable PFSA and PFCAs, as well as 
the investigation potential of enhanced 
bioremediation as a treatment technology.
The study used soil spiked with a PFAS 
containing AFFF 3M Light Water™ and 
practitioner-based bioremediation methods 
which involved the addition of brown 
wastes, nutrients and soil ameliorants that 
included straws, mulches and minerals, 
with pouty manure as the microbial source 
using laboratory-scale in-vessel bioreactors 
monitored over a period of 41 days. 
These ameliorants were added initially at an 
approximate content of 40% w/w, with a 
further 10% w/w added at day 12, to reduce 
the soil pH and to improve aeration of the 
soils with this dilution accounted for in the 
results.
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bonds believed to be initiated at the bond 
between C1-C2 where a subsequently 
rearrangement of its chemical structure 
to a less toxic substance was believed to 
take place. 
While this experiment was aimed at 
preferentially growing fungi based on 
previous studies, the development of 
these techniques and mycoremediation in 
general have been rather limited and in all 
the studies bacteria remained abundant in 
the soil. 
Also, the release of these enzymes proved 
to be quite complex and instigated by 
complex environmental factors such as 
reduction in available nitrogen levels, 
oxygen content and the life cycle of the 
fungi. This may explain the variations within 
each stream as opposed to degradation 
that follows a regression trend which is 
often the case in bacterial biodegradation. 

Nevertheless, the study highlighted the 
potential of the bioremediation of PFASs 
and other recalcitrant and toxic wastes.
Furthermore, this study identified areas for 
further research and development, that are 
necessary for the purpose of improving 
the success rate of the technology 
which includes research into competition 
strategies for fungi in non-sterilised soil, 
research into fungal strains that can be 
used to inoculate contaminated soil and 
further research on enzyme absorption onto 
differing soil types.
The research discussed in this article is also 
currently being drafted for publication in a 
scientific journal.
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Figure 2 PFCAs (Results A – Sandy Clay and High Concentrations)

Figure 3 – PFSAs Results B Clayey Sand

Figure 4  PFSA - PFOS (Results A Sandy Clay)

Figure 6 – PFSA - PFOS (Results B Clayey Sand)
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