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ABSTRACT

Regenerable ion exchange resin for PFAS 
remediation has been in service in Australia since 
September of 2017. Currently five regenerable 
systems are continuously operated for remediation 
purposes and another regenerable system is 
providing municipal drinking water treatment. This 
paper will provide an update on PFAS treatment 
using regenerable resin data from bench-, pilot-,  
and full-scale systems. The paper serves as a state-
of-the-science for regenerable resin used in PFAS 
mitigation operations. Lessons learned from more 
than 5 years of full-scale operation are shared. A 
comprehensive break-down of the total water 
treated and mass of PFAS removed to date is 
provided. Resin optimisation work and data on the 
regeneration efficiency is discussed. Since 2019, 26 
regeneration cycles have been performed at the 
example site, without build-up of residual PFAS 
on the resin. Additionally, no physical breakdown 
of the resin bead has been observed. From the 
regeneration perspective, a balance is performed 
on “mass PFAS removed” and the “mass PFAS 
recovered” during regeneration events. 

INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are 
contaminants that have increased in attention 
considerably in the last 10 years. Seemingly 
ubiquitous in the environment, PFAS have 
been found in a wide range of locations and 
applications. Examples of remote locations include 
both Antarctica and Tibet (Cousins et al., 2022). 
Additional evidence of PFAS pervasiveness includes 
identification in human blood and breastmilk, and 
in diverse products such as dental floss, ski wax, 
clothing, firefighting foams, microwave popcorn, 
cosmetics and in the electronics industry (Szilagyi, 
et.al., 2020; CDC, 2018; Zheng et al., 2021; Boronow 
et al., 2019; EPA, 2022a; Schellenberger et al., 2022, 
Backe et al., 2013, Seltenrich, 2020;  Whitehead et 
al., 2021; Lay et.al., 2023). In fact, PFAS have been 
identified in almost all industrial branches. Glüge, et 
al. (2020) identified more than 200 use categories 
involving PFAS including, among others: the 

Data is shared supporting these observations. 
Finally, economics of system performance are 
included.
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suited for PFAS remediation (Fang, 2022, Parker, 
2022). Boyer (2022) identified PFAS removal 
efficacy as a function of the resin’s base polymer 
composition, functional group, and strong- or weak-
base designation. Gagliano reported similar resin 
characteristics of importance and included resin 
porosity as another important factor influencing 
resin performance (2020). Liu (2021) found the 
PFAS properties of chain length, charge and 
functional group affected resin affinity at shorter 
contact times but beyond 2 hours, affinity was 
affected to a greater extent by the resin polymer 
matrix. Polystyrenic media achieved a higher 
removal efficiency for 40 legacy and emerging 
PFAS than polymethacrylate and polyacrylic resins 
(Liu, 2021). Dixit (2021) found similar results to Liu 
during his review.  

Regenerable ion exchange media is also proven 
to be an effective treatment method for a variety 
of environmental contaminants (Sen Gupta, 2017) 
including PFAS (Woodard, 2018, Boyer, 2021, Feng, 
2022). RIEX resins have been employed at full-
scale at multiple locations starting in the mid- to 
late 2010s (Woodard, 2017; Woodard, 2018). In 
addition to the resin’s capacity for PFAS uptake, the 
regeneration efficiency must be sufficiently high 
to make regeneration viable. Both hydrophobic 
and electrostatic interactions must be overcome 
for effective regeneration. This is accomplished 
using a solvent (e.g., methanol, ethanol, isopropyl 
alcohol, or a mixture of these alcohols) to overcome 
the hydrophobic interactions (van der Wall forces 
or London dispersion forces), and a concentrated 
brine (e.g., NaCl) to reverse the resin’s preference 
for the ionically bound PFAS molecule. Multiple bed 
volumes of this solvent/brine solution are passed 
through the exhausted media bed to remove PFAS 
from the resin. Additionally, once removed from 
the resin, the PFAS must be able to diffuse back 
into the bulk solution. Gel resins, with less open 
pore structures often struggle kinetically in this 
regard. Liu (2021) found macroporus resins better 
suited for regeneration than gel-based resins 
and suggested size exclusion effects responsible 
for poor diffusion of PFAS from the gel resin.  
Regeneration is accomplished by passing several 
bed volumes of briny solvent through a bed of spent 
media removing PFAS from the resin and creating a 
concentrated solvent/salt/PFAS solution for further 
treatment. Liu (2021) tested 5 different salts and 
found NaCl and NH4Cl were the best performing 
brine ingredients for regeneration. Better results 
were seen with increasing brine concentrations but 

aerospace, biotechnology, chemical, electroplating, 
energy, oil and gas, and pharmaceutical sectors. It 
has been reported that rainwater often contains 
PFAS concentrations greater than various health 
advisories (Cousins et.al., 2022). Summarised, PFAS 
are in the air that we breathe (Morales-McDevitt, 
et. al., 2021), the water that we drink (Crone, et al., 
2019), and the soil that grows our food (Felizeter, 
et. al., 2021). Presumptive contamination supported 
by retrospective site activities and modeling has 
suggested more than 57,000 sites in the United 
States are impacted with PFAS contamination 
(Salvatore, 2022). Much has been published about 
the adverse effects of PFAS to human health and 
the environment (Sunderland et.al., 2018; EPA, 
2022b; EPA, 2022c; AU DOH, 2018, Cousins, 2022). 
Australian Drinking Water Guidelines have been 
established to protect human health and limit the 
combined total of PFOS and PFHxS to <0.070 μg/L 
and PFOA to <0.560 μg/L (AGI, 2024). When PFAS-
impacted waters are identified and require remedy, 
various technologies have been implemented. 
Chief among full-scale treatment technologies are 
adsorbents such as granular activated carbon (GAC) 
and ion exchange resin (IX). Specific use-cases, site 
conditions, and customer preferences will dictate 
the choice of media but studies have found IX to 
be more cost effective with a lower environmental 
life cycle burden for the removal of both short 
and long chain PFAS when compared to GAC 
(Murray, 2021, Gagliano, 2020, Emery, 2018). The 
media (GAC or IX) eventually becomes exhausted 
of contaminant capacity and ultimate end-of-life 
considerations must be accounted for. Landfill 
disposal and thermal treatment are two possible 
actions. Future liability and tightening regulations 
are a concern for these options. The US EPA and 
others have suggested more study is needed to 
fully understand conditions required for complete 
decomposition and defluorination of PFAS through 
incineration (EPA 2024; EPA 2020; Baghirzade, 
2021). Using a regenerable ion exchange (RIEX) 
resin is one approach minimising the generation of 
spent-media waste.  

Ion exchange media is well established and proven 
for the removal of environmental contaminants 
(Bolto, 2002, Sen Gupta, 2017, Levchuk, 2017) 
including PFAS (Dixit, 2020; Gagliano, 2020, Fang, 
2022). IX resins rely on two primary mechanisms 
for removal of contaminants: hydrophobic and 
electrostatic interactions. Due to the low pKa for 
the majority of anionic PFAS of concern, strong 
base anionic exchange resins are particularly well 



GROUNDWATER

04

concentrations beyond 10% were not investigated 
(Liu, 2021). Studies have suggested that there is 
a limit to the brine concentration because of the 
decreasing PFAS solubility in higher ionic strength 
waters (Deng, 2016). Boyer (2021) investigated the 
environmental effects associated with 8 salts other 
than NaCl and found all alternative salts resulted in 
higher environmental impacts. 

While research has been presented on the use of 
RIEX for PFAS removal, data and optimisation 
efforts from full-scale operations has not been 
widely shared. The objective of this effort is to 
share insights gained from a full-scale RIEX system 
in operation since March of 2019. 

METHOD

Water quality

Initial remedial alternative investigations considered 
GAC, single-use ion exchange resin, and regenerable 
ion exchange resin for treatment of PFAS-impacted 
groundwater at the site. Concentrations in the 
groundwater before design commenced were 
reported to range from 16-320 μg/L for the sum of 

PFOS and PFHxS. Observed PFAS concentrations 
and other water quality parameters at the combined 
influent to the WTP are shown in Table 1. Water 
quality parameters are important to understand 
as excessive organics or monovalent or divalent 
ions can negatively affect resin capacity for the 
target of concern, PFAS. Treatment objectives 
were consistent with the Australian Drinking Water 
Guidance, with requirements of <0.560 μg/L for 
PFOA and <0.070 μg/L for the sum of PFOS + 
PFHxS. After considering the expected change-
out frequencies and life-cycle costs of the different 
technologies, RIEX was selected as the treatment 
technology for full-scale implementation. 

Site description

The treatment system consists of two stages of 
pre-treatment media operating in series, followed 
by two separate trains of lead-lag RIEX vessels 
operating in parallel. Following the two trains of 
RIEX, the streams are re-combined into a single line, 
which is passed through a single large polishing IEX 
stage before direct aquifer re-injection. Together, 
both trains process 12.6 L/sec of groundwater. A 
summary of the treatment system components is 
provided in Table 2.  

Table 1: Water quality characteristics

Table 2: Treatment system components
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Figure 1: a) (top graphic) Block flow Diagram for RIEX system with b) (bottom graphic) depiction of  
notional ‘hub and spoke’ regeneration system set-up. 
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Sample collection and analytical methods

All samples were collected in commercial laboratory 
supplied 20 ml HDPE bottles, stored at less than 
6°C, and processed within a maximum of five 
days of sample collection. Concentrations of PFAS 
were determined at the subcontracted laboratory 
using LC/MS/MS and following a modified USEPA 
method 537.1, for which the lab is NATA accredited.  
Standard methods for the analysis of water were 
followed for the determination of general water 
quality parameters reported in Table 1, all of 
which employed the use of NATA-accredited sub-
contracted commercial labs.  

Physical IEX analysis

Polystyrenic RIEX resin beads were submitted 
for physical analysis to compare the condition of 
resin beads repeatedly exposed to regeneration 
conditions against the condition of virgin RIEX 
beads. Samples of virgin, and regenerated resin 
beads were examined via microscopy and infrared 
spectroscopy. During this analysis, three drops of 
water were applied to an IR reflective slide, and 
multiple beads (~50-70) from each sample were 
placed into drops for visual inspection using a 
high-magnification camera (10x objective) within 
the laser direct infrared imaging (LDIR) system. 
The camera used a 10x objective imaging a 600 x 
400 μm. Individual beads were crushed to facilitate 
infrared spectroscopy analysis using the LDIR 
system.

Data handling and calculation methods – Values 
under the limits of reporting and PFAS mass 
removal
 
A conservative approach was used while managing 
censored data, or data below the limit of reporting 
(LOR). Values below the limit of reporting were 
reported at the specified LOR. This method, aimed 
at ensuring a thorough analysis, strengthens the 
dependability of our results, particularly concerning 
data near or beneath the reporting limit. 

To calculate the “mass PFAS removed” by the 
treatment system, influent concentrations were 
compared to the breakthrough curve of the 
effluent. The area under the resin breakthrough 
curve (i.e. difference in effluent versus influent 
concentrations) and the specific throughput (i.e. 
the volume treated) through the treatment system 
were used to determine overall PFAS mass removed.

Bench-scale resin testing

Bench-scale testing of RIEX resin samples was 
executed utilising schedule 40 PVC columns 
(height: 1.52 m; diameter: 5.1 cm).  An influent flow 
rate of 0.65 L/min provided an empty bed contact 
time (EBCT) of 5 minutes, simulating the full-scale 
treatment system. The examined influent was 
sourced from the discharge from pre-treatment 
vessels within a similarly designed WTP located 
at a site in NSW, exhibiting an average PFOS + 
PFHxS concentration of 1 ppb. This concentration 
approximately simulates the PFAS concentration 
observed at the treatment site. The loading cycle 
involved 25,000 bed volumes (BVs) representing 
an extended duration to ensure a comprehensive 
assessment of the system’s performance. This 
performance period allowed for the observation 
of potential trends, breakthrough points, and any 
other dynamic changes that may occur during 
continuous operation. Samples were systematically 
collected at intervals of 2,500 BVs and submitted 
for TOC and PFAS analysis. 

RESULTS

Performance assessment 2019 - 2023
 
Figure 2 displays influent and effluent PFAS 
concentrations from five points in the treatment 
train: 1) untreated influent to the system, 2) post-
pre-treatment and before the RIEX resin, 3) effluent 
from the lead RIEX vessel, 4) effluent from the lag 
RIEX vessel, and 5) effluent from the polish IX resin 
vessels. Influent levels of PFAS average 16 μg/L 
but experience peaking events exceeding 60 μg/L 
(Figure 2a). As noted by the vertical lines in Figure 
2b, four pre-treatment media change-outs have 
occurred since operations began. When this occurs, 
the influent PFAS concentrations to the RIEX resin 
are reduced. The pre-treatment media is in place to 
protect the resin from competing ion species (e.g., 
NO3

-, SO4
2-, HCO-) and any natural organic matter 

(NOM) in the background water chemistry. These 
species compete for ion exchange sites on the resin 
and, if present, would ultimately reduce its PFAS 
capacity. The pre-treatment media is not in place 
to remove PFAS, although this occurs. When the 
pre-treatment media is exchanged for virgin media, 
total PFAS concentrations of ~10 μg/L are reduced 
to ~4 μg/L. At this site, pre-treatment media change 
outs are scheduled in line with budget provisions 
and to ensure optimum competing species/
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Figure 2: Influent and effluent concentrations from the example treatment system. The system operates two parallel 
trains, Train A and Train B. Data is shown from Train A, similar results for Train B. “Other PFAS” = (Sum of 28 PFAS 

analyzed – (PFOS + PFHxS + PFOA)).
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NOM removal for the long term. This change-out 
of approximately 5600 L of pre-treatment media 
occurs approximately every 24 months. 

Effluent from the lead RIEX vessel consistently met 
the treatment objectives of <0.56 μg/L for PFOA 
and <0.07 μg/L PFOS + PFHxS (Figure 2c, Train 
A data shown). Concentrations for these target 
compounds (PFOS, PFHxS, and PFOA) are <0.10 
μg/L in all cases. The sum of all PFAS (n=28) ranged 
between <0.01 μg/L to 3.06 μg/L. Further PFAS 
removal, particularly for the shorter-chain carboxylic 
acids, occurs through the lag vessel (Figure 2d). 
The target PFAS are all <0.01 μg/L, while the sum 
of all PFAS (n=28) ranges between <0.01 μg/L to 
1.56 μg/L. Polish media further reduces trace PFAS 
before discharge to the environment through a 
groundwater replenishment system (Figure 2d). 
Concentrations from the polish vessel (Figure 2d) 
for target PFAS were below the analytical reporting 
limit in nearly all cases. The highest value recorded 
above the LOR for the 5-year data set was 0.01 
μg/L. The LOR varied during the 5-year operational 
period as lab sub-contracts changed periodically, 
but was most frequently established at 0.01 μg/L. 
For the sum of PFAS (n=28), concentrations ranged 
from <0.01 μg/L to 0.90 μg/L with an average 
concentration of 0.27 μg/L. Of note, the established 
threshold to trigger a regeneration are based upon 
the Health Based Guidance Values for PFOS, PFHxS 
and PFOA.  If greater removal were desired, or if other 
PFAS were required to be treated, the regeneration 

frequency could be easily adjusted to reach lower 
levels than those reported here. Although additional 
regeneration cycles are accompanied with an 
increase in operational costs, the regeneration costs 
are ~10-20% of the replacement and disposal costs 
of handling and replacing spent single use IX resin. 
Therefore, the use of the RIEX resin provides the 
client with inherent flexibility and future proofing 
against regulation changes that may increase PFAS 
removal targets.

Table S1, in the supplementary materials, shows 
effluent concentration ranges and averages in data 
from the different IEX resin vessels during 5 years 
of operation.

DISCUSSION

Figure 3 displays both the cumulative water volume 
treated and the total PFAS removed by the RIEX 
system to-date. In addition to removing more than 
22.2 kg of PFAS from the site since operation began 
(Figure 3a), the continuous slope (Figure 3b) is 
indicative of consistent performance with nearly 
1.8 billion litres treated through February of 2024. 
Although consistent slopes in both Figures 3a and 
3b are evident, the slope in Figure 3b is almost 
constant. In general terms, reasons for variation in 
the mass of PFAS removed could be attributed to 

Figure 3: a) Cumulative WTP Treated Water volume (L) and b) Cumulative WTP PFAS Mass removed (g)
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encountering hydrogeologic areas of greater PFAS 
concentration, seasonal PFAS flux variation in the 
subsurface or variability in the whole treatment 
train performance. The slight change of PFAS mass 
removed over time was not correlated to the two 
changeouts of pre-treatment media. This is to be 
expected, since the mass removed calculation is 
based on raw influent minus treated effluent, and 
so is insensitive to changes at stages between 
the inlet and discharge. Correlation to seasonal 
variation were explored by plotting rainfall versus 
the mass of PFAS removed (Figure 4). The site is 
based in tropical Northern Australia, and as such 
is strongly influenced by annual monsoon-like wet/
dry seasonality, as is evident in the rainfall data. 
Interestingly, during the wet season, inlet PFAS 
concentrations increase up to seven-fold and then 
slowly taper off as the dry season takes hold. These 
significant spikes in PFAS concentration and mass 
removal suggest PFAS mass is readily leached from 
the source zone by rainfall infiltration during the 
wet season.  

As REIX effluent concentrations reach the discharge 
threshold, a regeneration event is scheduled. 
To regenerate the resin, the relevant vessel is 
isolated from the treatment process, physically 
removed from the plant by forklift with the resin 
in-situ, and trucked to the regeneration facility to 
be run through the batch regeneration process. 
An additional, stand-by vessel is then placed into 
service so treatment may continue without delay.

To evaluate the consistency and efficacy of 
the regeneration process, the days between 
regeneration cycles and the mass of PFAS 
recovered during each cycle were calculated 
(Table S2).  Many variables can influence the length 
of time between regeneration events: varying 
influent concentrations, age and capacity of pre-
treatment media, number of significant rain events, 
and logistical issues (e.g., performing a change-
out prior to a holiday/weekend). On average, a 
regeneration for a vessel occurs once every 8 
months, after treating approximately 126 million 
litres water. Operationally, when employing a lead/
lag configuration, regeneration of a lead vessel will 
occur at twice that rate, or approximately every 4 
months.

While removing PFAS from influent water and 
reaching the customer’s treatment objective (i.e. the 
ADWG values) are the primary goals, the ultimate 
fate of PFAS removed from the aqueous matrix is 
also important. Figure 6 provides mass-balance 
calculations comparing the PFAS mass removed by 
the RIEX resin and the PFAS mass recovered during 
the regeneration process. On average, 330g of 
PFAS was removed by each vessel before requiring 
regeneration. The mass of PFAS recovered was 
determined from compositing samples throughout 
a regeneration cycle at equal intervals (e.g., at 25%, 
50%, 75% and 100% through each BV of regenerant 
solution). Assuming the composite sample 
collected is representative of the effluent from the 

Figure 4: WTP Influent PFAS concentration vs local rainfall events;  
during periods of greater rainfall, PFAS concentrations increase.  
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regeneration process, PFAS mass recovered closely 
matches, within 2.5%, the PFAS mass removed.
Note, while recoveries are quite similar, minor 
modifications in the sampling protocols occurred 
and therefore limited the statistical tools that 
could be applied to regeneration operations; these 
results should be used as an estimation of the PFAS 
recovered. 

No consistent trend of decreasing (or increasing) 
time between regeneration cycles was observed. 
Similarly, there is no trend associated with the 
mass of PFAS mass recovered per regeneration 
cycle. A noticeable trend would be indicative of 
incomplete PFAS removal during regeneration and 
an unremovable PFAS ‘heel’ building up over time. 
This would result in decreased resin capacity with 
each subsequent regeneration event. During the 5 
regeneration events, data stayed fairly consistent 
with the exception of regeneration #3. Data for 
other vessels did not have similar outliers. The 
overestimation of PFAS recovered during this cycle 
may have been caused by capturing a spike of 
PFAS released during regeneration thereby biasing 
the mass recovery high. 

From an operational perspective, no obvious 
degradation in resin performance is observed. 
From a physical perspective, after 5 years of 
regeneration cycles, no obvious breakdown in the 
polystyrenic bead is observed. Analysis of aged 

media from operational vessels was compared to 
new media using a high-magnification camera and 
infrared spectroscopy. Overall, all media appeared 
remarkably similar under the camera. Clear borders 
were visible and no evidence of brittle material 
indicative of breaking beads was noted. Further 
analysis using a scanning electron microscopy 
should be pursed to further validate this finding. 
The beads were then crushed to enable infrared 
spectroscopy. Multiple points on the crushed 
media were analyzed and the observed spectrum 
did not display significant variations. Figure S2 and 
S3 show examples of the microscopy images and 
IR spectrum of the analysed media. 

Once the PFAS is removed from the resin and 
captured in the still bottoms, the current practice 
involves loading the PFAS onto a bed of mixed 
adsorbents with extended EBCT. This process is 
referred to as “SuperLoading”. Effluent from the 
SuperLoaders™ is an aqueous solution with moderate 
salinity, TOC and residual PFAS concentrations 
in the order of 10’s to 100’s ppb for sum of PFAS 
(n=28). At the treatment site, this solution is further 
processed through a stand-alone treatment train 
utilising single use IX media to achieve relevant 
environmental discharge limits. The media used in 
the SuperLoaders eventually becomes exhausted 
and is sent for disposal (generally treatment via 
a modern, licensed thermal desorption facility).  
 

Figure 5: Historical look at regeneration events from March 2019 – Sept 2022 for one of four regenerable resin vessels.  
No trend of decreasing operational time between regeneration events is noted which would be indicative of loss of 

resin capacity due to incomplete regeneration or the building up of a residual PFAS heel remaining on the resin.
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Table 3: Economics of regenerable resin system compared to single-use resin system.

Waste minimisation 
 
Waste volumes are reduced in this process as 
the need to discard spent resin is minimised via 
reuse of regenerable media; however, waste is not 
eliminated entirely. For example, SuperLoader™ 
media requires disposal on average once a year, 
with each replacement generating ~500kg of 
waste. Notably, for a given 12-month period, the 
three WTPs serviced by the central regeneration 
plant treat ~580ML of water combined, resulting 
in more than a million to 1 reduction in waste 
mass. Additionally, pre-treatment media requires 
replacement once exhausted. Since commissioning, 
approximately ~9,000 kg of pre-treatment media 
has required disposal. Other consumables requiring 
disposal include small volumes of IEX media 
used in distillation polishing (~100 kg). In total, 
accounting for all media disposal from the WTP 
and regeneration plant approximately 12,000 kg 
of combined media, have left the site for disposal.  
For comparison, without regenerable resin, spent 
media would require replacement with virgin 
media once the IEX capacity is reached. To date 
26 vessels have been regenerated since plant start-
up, avoiding cost of an additional ~26,000 L of 
virgin resin and disposal of ~21,000 kg of waste.   

Economics

The economics of the RIEX resin system were 
compared to alternative treatment methods, 
specifically single use IX resin. In the case of RIEX 
resin, the avoided costs of disposing of spent media 

and replacing it with fresh resin are balanced 
by the additional costs incurred installing and 
operating regeneration technology. Indicative 
infrastructure, installation costs, and civil work 
required for regeneration are listed in Table 3; the 
costs associated with handling spent media from 
single use IX systems is also presented.

It’s important to note that the Regeneration costs 
listed in Table 3 are not solely attributed to this site, 
since the regeneration system services two other 
PFAS WTPs in the area as the central regeneration 
hub in a ‘hub and spoke’ model (Figure 1b).  As 
such, the cost of regeneration can be divided 
among the three WTP ‘spokes’ for the purposes 
of cost comparison with single use media/other 
technologies. 

Figure 6 demonstrates the efficiency gains when 
sharing a single regeneration facility among 
multiple treatment sites. Although RIEX payback is 
achieved using a regeneration facility servicing one 
treatment system (at ~14 years), significant savings 
are realised using the hub and spoke model. 
When one regeneration hub services 3 treatment 
systems, payback is achieved in slightly over 5 
years compared to an alternative of using single 
use resin. 

Optimisation and future proofing

Today, further optimisation work continues focusing 
on resin capacity for PFAS while maintaining the 
efficiency of regeneration. Recent bench-scale 
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Figure 6: Cost comparison for one regeneration system serving multiple PFAS-impacted sites. Costs comparison is for 
single-use media replacement vs the regeneration of media and capital costs of a regenerable facility. Costs do not 
include operational costs affiliated with single use or regenerable resin treatment systems and were assessed using 

the changeout criteria of managing PFOS+PFHxS concentrations to less than the HBGVs of 70 μg/L.

Figure 7: PFAS capacity comparisons between RePURE media used in the current treatment system and the 
experimental RePURENext media. a) comparison of throughput capacity for PFAS carboxylates and b) throughput 

capacity for PFOS + PFHxS. 
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work using SBA resins with different functional 
groups has demonstrated significant improvements 
in PFAS capacity. Figure 7 shows results from 
experiments comparing the capacity of the RePURE 
media (currently used at the site) to an alternative 
media, RePURENext.

The RePURENext media consistently demonstrated 
more capacity than RePURE resin. Increased 
capacity results in less regeneration events and 
therefore, reduced OPEX. When comparing the 
BVs to 10% breakthrough for the carboxylates, 
the RePURENext media exhibiting ~2.7x the 
capacity compared to RePURE media (Figure 
7a). The RePURENext media showed even greater 
improvements in capacity for PFAS sulfonates, 
demonstrating greater than 4x the capacity 
compared to the RePURE media (Figure 7b). 
Another important factor to consider with 
regenerable resin is the regeneration efficiency of 
the media. Current efforts are underway to optimize 
the regeneration process with the RePURENext 
media. 

A final consideration for the use of RIEX is the 
concept of future-proofing. As PFAS regulation 
and policy evolve, having regenerable resin enables 
targeting of less hydrophobic and harder to remove 
PFAS with minimal process changes. Similarly, 
lower regulatory limits for the currently regulated 
PFAS may be created. Regulations in Europe have 
begun to target shorter-chain PFAS with lower 
hydrophobicity and earlier media breakthrough 
compared to longer chain PFAS. For example, 
Belgium regulates all PFAS to 20 ng/L including 
both PFHxA and PFBA. While these short-chain 
carboxylate PFAS are treated effectively with both 
RIEX and single use resin systems, the media’s 
capacity is reached sooner. If short-chain PFAS 
treatment is a priority, the RIEX system would 
be able to achieve these treatment objectives 
by increasing the regeneration frequency.  With 
greater media use rates, the economics of RIEX 
compared to a single use alternative are further 
improved per Figure 8, which shows a shorter 
timeframe to breakeven for all ‘hub and spoke’ 
scenarios seen in Figure 7, where PFOS and PFHxS 
drive compliance/management decisions. 

Figure 8: Payback curves demonstrating economic response to potential future regulations of PFHxA. Costs 
comparison is for single-use media replacement vs the regeneration of media and capital costs of a regenerable 

facility. Costs do not include operational costs affiliated with single use or regenerable resin treatment systems and 
were assessed using the changeout criteria of managing PFHxA concentrations to less than 100 ng/L. 
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Table S1: PFAS influent (to RIEX) and effluent concentrations from Lead – Lag – Polish regenerable resin vessels. 
Dates of data cover 5 years of operational time from March 2019 – February 2024. 

SUPPLEMENT MATERIAL

Figure S1: PFAS influent (to RIEX) and effluent concentrations from Lead – Lag – Polish regenerable resin vessels. 
Dates of data cover 5 years of operational time from March 2019 – February 2024. 

Figure S2: Infrared spectrum of crushed virgin and used resin media. Key: red line:(RePURE virgin media; brown line: 
used RePURE media from lead vessel; pink line: used RePURE media from lag vessel.  
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Table S2: Historical look at regeneration events from March 2019 – March 2023 for one of four regenerable resin 
vessels. No trend of decreasing operational time between regeneration events is noted which would be indicative 


