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Introduction to PFAS Treatment Technologies

The widespread presence of per- and polyfluoroalkyl substances in the environment has led to the development
and implementation of various treatment technologies aimed at their removal and destruction (Jahnke & Berger,
2008). Due to their resistance to natural degradation processes and their ability to persist in humans, animals,
and environmental matrices, PFAS have attracted increasing attention (Nahar et al., 2023; Panieri et al., 2022).
Their extensive use in numerous industrial and consumer applications has resulted in their pervasive presence in
aquatic environments, highlighting the need for effective treatment strategies (Kurwadkar et al., 2021).
Therefore, mitigation strategies are essential for addressing PFAS contamination (Luki¢-Bilela et al., 2023).
Innovative analytical methods have been developed for detecting ionic and neutral PFAS in various matrices,
assisting in their identification and quantification within complex environmental samples (Jahnke & Berger,
2008). However, determining PFAS at trace concentrations in complex matrices remains a significant analytical
challenge, emphasizing the need for simplified and reliable methods for routine environmental monitoring, food
safety, and biological sample analysis (Trojanowicz & Koc, 2013). These advanced analytical techniques are
vital for evaluating the effectiveness of treatment technologies and ensuring regulatory compliance (Caniglia et
al., 2022; Jahnke & Berger, 2008). Furthermore, the discovery of PFAS ubiquity in wildlife, humans, and the
global environment less than a decade ago has prompted the demand for robust, reliable, and highly sensitive
analytical methods for their determination in various matrices (Jahnke & Berger, 2008).

Rapid Small-Scale Column Tests are often employed to simulate the performance of full-scale treatment
processes in a laboratory setting, providing a cost-effective and time-efficient means of evaluating different
treatment options. The bench-scale test report focuses on a rapid, small-scale column testing methodology,
which is crucial in assessing the effectiveness of treatment technologies like CAST pretreatment for PFAS
removal. This technology offers a promising avenue for addressing PFAS contamination in water sources and
underscores the importance of ongoing research and development efforts in this field. The increasing number of
research papers on perfluoroalkyl substances in recent years demonstrates the growing scientific interest and
concern surrounding these compounds (Trojanowicz & Koc, 2013). Integrating pretreatment processes like
Flotation Technologies' CAST system prior to GAC adsorption represents a promising strategy for enhancing
the overall efficiency and longevity of PFAS removal. Moreover, electrochemical methods are being explored to
determine the mechanisms of PFAS removal in detail. This pretreatment aims to improve the performance of
subsequent treatment processes, such as ion exchange, by removing organic matter and other contaminants that
can interfere with PFAS removal. The method offers a streamlined approach to mimic full-scale media vessel
designs, enabling a practical assessment of treatment effectiveness within a compressed timeframe. The bench-
scale test report assessing the efficacy of the CAST pretreatment in conjunction with RSSCT for PFAS
treatment holds significant importance for optimizing treatment strategies and informing decision-making
processes in water treatment facilities.

Technical Review of Bench-Scale Test Report

A comprehensive technical review of the bench-scale test report is essential for evaluating the experimental
design, data analysis, and conclusions regarding the effectiveness of CAST pretreatment in enhancing PFAS
removal during RSSCT. The experimental design in the bench test report involved a comparative analysis of
influent PFAS concentrations in two distinct test scenarios: one using CAST pretreatment and another without
it. Like the testing performed on air suction flow-biofilm reactors, bench-scale testing allows for controlled
experimentation and optimization of treatment processes (Forde et al., 2014). Careful consideration should be
given to potential scale effects, as the performance observed in bench-scale tests may not directly translate to
full-scale applications due to differences in hydrodynamics, flow patterns, and other operational parameters. The
thorough documentation of the experimental setup, procedures, and results enhances the reliability and
transparency of the study. The evaluation of the test report should include several critical aspects, encompassing



a detailed examination of the materials and methods employed, scrutiny of the quality control measures
implemented, and a comprehensive assessment of the data analysis techniques used.

The bench test results demonstrated that CAST pretreatment significantly influenced the performance of ion
exchange resins in removing PFAS from contaminated water. Specifically, perfluoroalkyl ether carboxylic acids
such as DA, NFDHA, PFMOBA, and PFMOPrA exhibited minimal breakthrough throughout the loading
experiment, with both treatment scenarios achieving over 99.9% removal. Additional data analysis and
interpretation are required to assess the statistical significance of the observed differences and establish the
robustness of the findings. Analyzing water quality parameters can provide a baseline against which the
effectiveness of treatment processes can be evaluated and compared (Wallace et al., 2014). Moreover, the test
report should thoroughly evaluate the data quality, addressing any potential sources of error or uncertainty in the
measurements. A comprehensive analysis of the data presented in Figures A.3 to A.13, as highlighted in the
bench test report, offers valuable insights into the effectiveness of CAST pretreatment in enhancing the removal
of various PFAS compounds using DOWEX PSR2+ resin.

The findings from this report align with broader efforts to develop and optimize effective PFAS treatment
strategies for safeguarding water resources and public health. This collaborative approach facilitates the
exchange of knowledge, expertise, and resources, accelerating the development and implementation of
innovative solutions for addressing PFAS contamination on a global scale. By selectively removing certain
organic constituents, CAST pretreatment reduces competition for binding sites on the ion exchange resin,
allowing for more efficient PFAS removal. The CAST pretreatment system employed in the experiment likely
induced changes in DOC composition by selectively removing specific organic matter fractions. This study
provides critical data for optimizing the design and operation of full-scale PFAS treatment systems.

The bench-scale test report offers valuable insights into the effectiveness of CAST pretreatment combined with
DOWEX PSR2+ resin for PFAS removal, providing a foundation for further research and development in this
critical area. It would be interesting to compare and contrast CAST pretreatment with alternative methods like
magnetic anion exchange resin, which has been shown to effectively remove dissolved organic carbon and color
from dyeing secondary effluent (Yang et al., 2014). Further research could explore the application of modified
biochar for the simultaneous adsorption of organic pollutants and heavy metal ions, offering a comprehensive
solution for water treatment. Future studies should evaluate the long-term performance and cost-effectiveness of
integrated treatment systems incorporating CAST pretreatment and ion exchange for PFAS removal. It is also
essential to develop analytical methods that are both reliable and cost-effective for monitoring PFAS in various
environmental matrices.

Experimental Design and Methodology

Bench-scale testing that utilizes rapid small-scale column testing is a cost-effective and time-efficient way to
assess the performance of various treatment technologies for PFAS removal. In a recent study, Flotration
Technologies contracted ECT2 to conduct this evaluation, focusing on PFAS treatment with and without
preliminary treatment using Flotration’s proprietary CAST treatment technology. The experimental design
featured a comparative analysis of influent PFAS concentrations in two distinct test scenarios: one employing
the CAST pretreatment and the other operating without it. Influent concentrations between the two tests were
comparable, with the percentage differences for individual PFAS compounds falling within the margin of error
of the analytical methods used. The rapid small-scale column testing methodology used in this study simulates
the performance of full-scale treatment systems, offering valuable insights into the efficacy of PFAS removal
under controlled conditions. Dow's PSR2+ ion exchange resin was used for PFAS treatment alongside
Flotration. CAST technology is not detailed in this bench test report. Flotration Technologies contracted ECT2
to evaluate PFAS treatment in test water with and without preliminary treatment using Flotration’s CAST
treatment technology. The project site associated with this test water is expected to require treatment of 20 gpm
of flow, with treatment targets aligned with USEPA MCLs for PFAS, which are 4 ng/L for PFOA and PFOS, 10
ng/L for PFHxS, PFNA, and HFPO-DA, and a Hazard Index of 1.

The bench-scale test report provides critical data on the performance of the CAST pretreatment in enhancing
PFAS removal during RSSCT, and the findings suggest that the CAST pretreatment can significantly improve
the performance of subsequent PFAS treatment processes. A thorough review of the experimental design,
analytical methods, and data interpretation is necessary to fully evaluate the CAST pretreatment's effectiveness.
The findings revealed that PFOA broke through above the 4 ng/L mark first in the CAST-treated water between
8,394 and 14,722 bed volumes, corresponding to 13,276 bed volumes treated. PFOA first broke through above
the 4 ng/L mark in the non-CAST-treated water between 2,580 and 8,394 bed volumes, corresponding to 5,487
bed volumes treated. PFOS broke through above the 4 ng/L threshold at approximately 13,767 bed volumes in
the CAST-treated water, whereas in the non-CAST-treated water, this threshold was exceeded at fewer than



1,619 bed volumes. The integration of CAST pretreatment resulted in about 34,000 bed volumes for the CAST-
treated water. In comparison, the non-CAST-treated water hit this mark at approximately 8,000 bed volumes,
highlighting the enhanced bed volume processing before the PFAS concentration reaches the MCLs. Analyzing
the data will help determine the mechanisms of PFAS removal in the presence of the CAST pretreatment and
provide insights into its potential application for full-scale PFAS remediation.

Results and Discussion

The results of the bench-scale testing revealed that the combination of CAST pretreatment and ion exchange
using Dow's PSR2+ resin demonstrated superior performance in removing PFAS compared to ion exchange
alone. The data indicated a notable difference in the breakthrough curves for several PFAS compounds, with the
CAST pretreatment group exhibiting delayed breakthrough and extended column capacity. Breakthrough curves
plotting concentration against bed volumes treated illustrated the removal efficiencies of various PFAS
compounds using both treatment scenarios.

Notably, the study examined the impact of CAST pretreatment on removing specific PFAS compounds,
including PFOA, PFNA, PFBS, 8:2 FTS, PFOSA, and 5:3 FTCA. The figures presented in the report visually
demonstrate the improved performance achieved with the integrated CAST pretreatment and ion exchange
process. By selectively removing certain organic constituents, CAST pretreatment may reduce competition for
binding sites on the ion exchange resin, allowing for more efficient PFAS removal. The study highlights the
potential of combining complementary treatment processes to achieve synergistic effects in PFAS removal, as
hybrid treatment processes lead to improved effectiveness stemming from the synergistic interactions between
processes with distinct removal mechanisms (Loganathan et al., 2024). Ion exchange processes represent an
efficient technology for the remediation of PFAS-laden surface, ground, and effluent wastewaters, proving more
effective at eliminating emerging short-chain PFAS, which are not removed by carbon-based adsorption
processes (Dixit et al., 2021). The characteristics of organic matter are spatially variable and can change
seasonally, and this variability can affect the efficacy of PFAS removal by ion exchange (Dixit et al., 2019).

Specifically, perfluoroalkyl ether carboxylic acids such as DA, NFDHA, PFMOBA, and PFMOPrA exhibited
minimal breakthrough throughout the loading experiment, with both treatment scenarios achieving over 99.9%
removal (Fang et al., 2022). This observation suggests that the ion exchange resin used in the study has a strong
affinity for these specific PFAS compounds, regardless of CAST pretreatment.

The bench test report details a specific instance where PFOS broke through above the 4 ng/L threshold at
approximately 13,767 bed volumes in the CAST-treated water, whereas, in the non-CAST-treated water, this
threshold was exceeded at fewer than 1,619 bed volumes. The C/Co ratio reached 20% at about 34,000 bed
volumes for the CAST-treated water, while the non-CAST-treated water hit this mark at approximately 8,000
bed volumes. This difference highlights the enhanced capacity and delayed breakthrough achieved by
integrating CAST pretreatment. This data reinforces the concept that strategic pretreatment can substantially
improve the longevity and efficiency of downstream treatment processes.

Data Interpretation and Analysis

The bench-scale test report provides valuable data and insights into the performance of CAST pretreatment
combined with ion exchange for PFAS removal. However, the data presented in the report contains inherent
limitations related to bench-scale testing, such as scale effects, simplified water matrices, and controlled
operational conditions. When interpreting the data, it is vital to consider these limitations and carefully
extrapolate the findings to real-world scenarios. Specifically, the observed improvement in PFAS removal with
CAST pretreatment may be attributed to several factors, including eliminating competing organic matter,
reducing fouling potential, and modifying PFAS speciation (Dixit et al., 2020). Although granular activated
carbon adsorption has been extensively studied for PFAS removal, alternative adsorbents and the effects of
pretreatment processes on their performance have received less attention (Pannu et al., 2023). Further research is
required to elucidate the underlying mechanisms and optimize the integration of CAST pretreatment with ion
exchange for various water matrices and PFAS mixtures.

Despite extensive studies on PFAS degradation, significant gaps in experimental data impede complete
efficiency evaluations, underscoring the need for cost-effective and safe mineralization technologies (Meegoda
et al., 2022). Addressing PFAS pollution in water is a top priority for public health and environmental protection
organizations because of the serious health hazards of PFAS exposure (Amen et al., 2023). Given the prevalence
and persistence of PFAS in the environment, water treatment technologies must evolve to eliminate these
substances and safeguard water resources effectively. Conventional treatment technologies often struggle to
remove PFAS effectively, particularly when other contaminants are present (Loganathan et al., 2024).



In conclusion, the bench-scale test report comprehensively evaluates CAST pretreatment's performance in
enhancing PFAS removal through ion exchange. The results demonstrate that CAST pretreatment can
substantially improve the efficiency and longevity of ion exchange resins for PFAS removal, offering a
promising strategy for tackling PFAS contamination in water. The Flotration Technologies project site
associated with this test water is expected to require treatment of 20 gpm of flow, with treatment targets
assumed to be the USEPA MCLs for PFAS to establish a basis for comparison between tests. The experimental
design involved a comparative analysis of influent PFAS concentrations in two distinct test scenarios: one
employing the CAST pretreatment and another lacking it. The enhanced performance observed with CAST
pretreatment underscores the importance of strategic process design and optimization in achieving effective and
sustainable PFAS removal. The hydrophobic and electrostatic interactions serve as the primary mechanisms for
eliminating PFAS (Amen et al., 2023; Dixit et al., 2021). The differences in performance between the two
scenarios highlight the complex interplay of factors influencing PFAS removal and the potential benefits of
integrating complementary treatment processes. Ultimately, the effective mitigation of PFAS contamination
necessitates a comprehensive strategy integrating source control measures, advanced treatment technologies,
and responsible management practices.

Conclusion

The bench-scale test report thoroughly evaluates the performance of CAST pretreatment in enhancing PFAS
removal through ion exchange. The data presented in the report support the conclusion that CAST pretreatment
can significantly improve the efficiency and capacity of ion exchange resins for PFAS removal.

Bench-scale testing offers insights into the performance of the combined treatment approach under controlled
conditions. Additional research is necessary to validate these findings in pilot-scale and full-scale studies and
optimize the design and operation of integrated treatment systems incorporating CAST pretreatment and ion
exchange for PFAS removal. However, these separation technologies do not destroy PFAS compounds; they
remain in the environment, posing health risks (Meegoda et al., 2022). Therefore, further research and
development of destruction technologies for PFAS are essential. Solutions in detection, analysis,
immobilization, destruction, and safer alternatives are urgently needed (Itumoh et al., 2024). Emerging
technologies, such as plasma treatment, have shown promise in laboratory settings for PFAS degradation
(Topolovec et al., 2024). The bench-scale study is an important step, but it is critical to acknowledge its
limitations and the need for further research to validate and optimize the technology for real-world applications
(Meegoda et al., 2022). Developing efficient strategies for identifying and quantifying emerging PFAS is
essential for risk assessment (Nakayama et al., 2019). Rapidly expanding scientific understanding and creating
effective strategies for legislative regulation, remediation, and therapeutic interventions to reduce potential
effects on humans and biota is crucial (Panieri et al., 2022). Flotration continues to evaluate the CAST
technology in concert with several technologies, including options for absorption and destruction. As the
evaluation of GAC and resins continues, the destruction technology focuses on pyrolysis. However, the primary
goal remains the removal of PFAS from the water supply through the best means available.

Rapid small-scale column testing is designed to simulate full-scale media vessel designs within a condensed
timeframe, offering a practical means to assess treatment efficacy. Optimizing treatment processes for PFAS-
contaminated media is essential for minimizing environmental impact and safeguarding public health (Xiao et
al., 2023). These pilot studies must be carefully designed and implemented to accurately represent real-world
conditions and provide reliable data for full-scale implementation.
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