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Acronyms and Abbreviations

Mg/l micrograms per liter

AFFF aqueous film-forming foam

Arcadis Arcadis U.S., Inc.

AFT attack foam trailer

APS additional polluting substance

CTDEEP Connecticut Department of Energy and Environmental Protection
DESPP Connecticut Department of Emergency Services and Public Protection
EBCT empty bed contact time

F3 fluorine free foam

FAO fire apparatus operator

GAC granular activated carbon

gal gallon

IBC intermediate bulk container

LCMSMS liquid chromatography with tandem mass spectrometry
ND non-detect

ng/L nanograms per liter

PFAAs perfluoroalkyl acids

PFAS per- and polyfluoroalkyl substances

PFBS Perfluorobutane sulfonic acid

PFDA perfluorodecanoic acid

PFDoA perfluorododecanoic acid

PFHxS perfluorohexanesulfonic acid

PFNS Perfluorononanesulfonic acid

PFOA perfluorooctanoic acid

PFOS perfluorooctanesulfonic acid

PFNA perfluorononanoic acid

PFTeA perfluorotetradecanoic acid

PFTrDA perfluorotridecanoic acid

PFUdA perfluoroundecanoic acid

ppb parts per billion
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PPE personal protective equipment

TOP total oxidizable precursor

USEPA United States Environmental Protection Agency
viv concentration by volume
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1 Introduction

Arcadis U.S., Inc. (Arcadis) is pleased to present the successful results of performing a per- and polyfluoroalkyl
substances (PFAS) cleaning on a fire-fighting apparatus. This work was requested by the Connecticut
Department of Energy and Environmental Protection (CTDEEP) to perform a cleaning of one (1) attack foam
trailer (AFT) owned by Connecticut Department of Emergency Services and Public Protection (DESPP) stationed
in Winsted, Connecticut. Cleaning activities took place at the Old Saybrook garage operated by CTDEEP in Old
Saybrook, Connecticut (Site). Historically, the apparatus contained National Foam Universal Gold 1% / 3%
Alcohol-Resistant aqueous film-forming firefighting foam (AFFF), inclusive of long chain PFAS. Execution of
cleaning activities followed a PFAS Cleaning standard operating procedure (SOP) prepared by Arcadis in July
2021 specifically for use with its proprietary and trade-secret protected cleaning agent, Fluoro Fighter™. This
cleaning agent has been shown to effectively remove PFAS associated with process and emergency response
infrastructure (Anderson, Theriault et al. 2021). This summary report includes documentation of work performed,
including any deviations from the SOP, a summary of data collected during execution of the infrastructure
cleaning, and recommendations for future modifications of the SOP for the CTDEEP State-Wide AFFF Take Back
Program.

1.1 PFAS Cleaning Objectives

The PFAS cleaning objective discussed herein was to reduce PFAS levels on the wetted surfaces of the AFT as much
as possible. Arcadis used an equivalent analytical method to United States Environmental Protection Agency (USEPA)
Method 537 Modified and total oxidizable precursor (TOP) assay methods to provide confirmation of cleaning and to
quantify the PFAS mass removed during cleaning.

1.2 Fluoro Fighter™

Fluoro Fighter™ is a proprietary aqueous organic solvent developed by Arcadis to facilitate comprehensive
cleaning of infrastructure that has been exposed to PFAS. The cleaning agent was applied as an aqueous
solution that is chemically compatible with equipment associated with AFFF storage, distribution, and use. In a
typical application, the cleaning agent remains in contact with wetted surfaces for a minimum of eight hours, after
which the cleaning agent solution is then extracted and stored for disposal as a PFAS-impacted waste.

1.3 Sample Analysis and Total Oxidizable Precursor Assay

Cleaning activities included the collection of grab samples for confirmation. Collected samples were submitted to
Eurofins Lancaster Laboratories Environmental, LLC, (Eurofins) in Lancaster, Pennsylvania, for analysis using
Department of Defense Quality Systems Manual 5.3-compliant Eurofins Method PFC_IDA including isotope
dilution (i.e., liquid chromatography with tandem mass spectroscopy [LC-MS-MS]), an equivalent method to
USEPA Method 537 modified. Laboratory analysis also included a sample preparation method called TOP assay
to indirectly measure the total polyfluorinated (i.e., “precursor”) concentration in samples. Conventional PFAS
analysis using LC-MS-MS reports a limited list of the many potential PFAS that can be present in an AFFF-related
sample. The TOP assay is an oxidative digestion that converts precursors to measurable PFAS, thus enabling an
accounting of total PFAS (Houtz and Sedlak 2012). The difference in the total PFAS between pre- and post-TOP
assays represents the quantity of precursors in the sample.
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Confirmation samples were collected throughout the cleaning procedure and analyzed to document changes in
the concentrations of PFAS through each step of the procedure. Arcadis staff collected all samples for PFAS
analysis and packaged them for delivery to Eurofins for analysis. Samples were collected and analyzed by the lab
upon receipt. Duplicates and trip blanks were collected, as necessary, to assist with validation of the data.

2 PFAS Cleaning Execution

Arcadis executed the cleaning defined in the SOP for one (1) AFT:

e The AFT stationed at the Winsted Fire Department (Winsted AFT) was cleaned as the proof-of-concept
demonstration for subsequent cleaning procedures. The Winsted AFT manufactured by United Plastic
Fabricating, Inc. in 2002 for the State of Connecticut has a 500-gallon (gal) Class B foam cell.

e The Winsted AFT arrived onsite containing AFFF. Based on information provided by CTDEEP the foam
contained within the AFT foam cell was National Foam Universal Gold 1% / 3% Alcohol-Resistant AFFF.

e Cleaning of the Winsted AFT was conducted over five days spanning the period of September 20 through
September 29, 2021.

e Cleaning commenced with a potable water rinse of the Winsted AFT’s foam cell, followed by an initial Fluoro
Fighter™ application and subsequent water rinse (Step A). Step A was repeated in three identical application
and rinse steps.

The following sections include observations from cleaning execution and any significant deviations from the SOP.
A photo log of the work performed in Phase 1 is attached in Appendix A. Field notes of work performed are
provided in Appendix B for reference.

2.1 Cleaning Execution Observations

Clean Harbors personnel removed approximately 385 gallons of AFFF from the foam cell associated with the
Winsted Trailer on September 14, 2021 and placed the waste material in 55-gallon United States Department of
Transportation (DOT)-certified steel drums for disposal. Arcadis mobilized two personnel to Old Saybrook,
Connecticut on September 20, 2021, to commence cleaning activities. Upon arrival, a PFAS cleaning agent
conveyance and application system was assembled, consisting of pumps, hoses, piping, and segregated 275-
gallon totes for storage of each type of waste and interim cleaning process waste storage. Arcadis constructed
and operated the application system within a secondary containment berm sized to allow for ample space for
cleaning and to hold the maximum volume of the largest vessel in the system. The selected flow path for cleaning
the Winsted AFT used the on-board proportioner valves and associated piping along with an auxiliary pump to
load the cleaning solution. The trailer’s rear drain and associated piping was used for unloading the cleaning
solution.

On September 24, 2021, Arcadis performed a potable water rinse of the AFT to remove residual AFFF from the
foam cell. This initial rinse included a rinse of the four (4) foam proportioners located at the front of the AFT.

On September 25, 2021, Arcadis commenced cleaning of the Winsted Trailer. Due to baffles in the trailer's foam
cell, the cleaning solution was distributed throughout the foam cell using a “fill and drain” method, consisting of a
series of cycles of filling and draining the foam cell with cleaning solution to induce agitation. Additionally, Arcadis
used overnight soaking and recirculation methods to apply cleaning solution to the foam cell and associated foam
system piping.
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The three Fluoro Fighter™ application steps (Step A, Step B, and Step C) consisted of an overnight soak, a series of
fill and drain cycles, a system recirculation, and a second series of fill and drain cycles. The duration of soaking
cycles and the number of fill and drain cycles varied slightly due to field sequencing. Samples were collected after
the overnight soak and at the end of each series of fill and drain cycles.

The spent rinse water and Fluoro Fighter™ from each step were passed through granular activated carbon (GAC) to
remove PFAS prior to containment in waste totes for disposal.

2.2 Deviations from PFAS Cleaning SOP

PFAS cleaning mostly followed the SOP. Deviations from the SOP are documented below.

1. The SOP calls for three identical Fluoro Fighter™ application steps with no prior rinsing. Arcadis performed a
potable water rinse of the AFT (to remove residual AFFF concentrate) before starting the Fluoro Fighter™
applications. The AFFF concentrate draining step, performed by others, had not fully removed the
concentrate from the AFT. This residual rinse also included a rinse of the AFT’s four (4) foam proportioners.

2. Waste management procedures described in the SOP entail waste segregation and storage, but do not call
for treatment. The waste streams generated during this project were treated with GAC prior to storage in
waste totes for disposal. Notably, the waste streams, and the GAC used to treat them, were stored separately
from the unused Fluoro Fighter™ solution.
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3 Cleaning Agent Data Analysis

Confirmation samples were collected during the trailer cleaning demonstration at the following intervals:

Initial Water Rinse (to remove residual AFFF)
Pre-Step A Water Rinse

Step A Application

Post-Step A Water Rinse

Step B Application

Post Step B Water Rinse

Step C Application

Post Step C Water Rinse

® N Ok N~

Confirmation samples were sent to Eurofins Laboratory in Lancaster, Pennsylvania (Eurofins) for analysis using
United States Environmental Protection Agency (USEPA) Method 537 Modified to include isotope dilution and
total oxidizable precursor (TOP) assay. Both methods used an analyte list of 24 PFAS. Additional samples were
collected and submitted to Eurofins for analysis using USEPA Method 537 Modified for disposal profiling after
passing each waste stream through GAC vessels to remove PFAS.

Table 3-1 presents confirmation sampling data via USEPA Method 537 Modified both before and after TOP assay
with calculated removal percentages between each water rinse step. USEPA Method 537 Modified data reports
the PFAS that are analyzed as part of the Eurofins analyte list. The TOP assay sample preparation method uses
a strong oxidant to transform precursors into terminal perfluoroalkyl acids (PFAAs) that are on the USEPA Method
537 Modified analyte list. For the purposes of this report, terminal PFAAs are defined as PFAS that have fully
fluorinated tails and either carboxylate or sulfonate head groups. Terminal PFAAs cannot undergo further
transformation by TOP assay. After TOP assay, the sample is reanalyzed. Analyzed data is presented as prior to
TOP assay sample preparation (“pre-TOP”) and after TOP assay sample preparation (“post-TOP”). A significant
increase in reported PFAS post-TOP indicates that the PFAS present in the original sample includes a large
number of precursors. For this trailer demonstration, each water rinse step and Fluoro Fighter™ application step
saw a 20- to 100-fold increase in reported PFAS in the post-TOP data with respect to the pre-TOP data. Such an
increase post-TOP is consistent with data originating from AFFF applications.
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Table 3-1. Total detected PFAS Data Summary with Mass Removal Calculations

Cleaning Step

Step A Fluoro Step B Fluoro Step C Fluoro
Analytical Residual Pre-Step A Fighter Post-Step A Fighter Post-Step B Fighter Post-Step C
Method Rinse Water Rinse Application Water Rinse Application water rinse application water rinse
Analytical ;’:f;ﬁ dh;?etEOd 7,606,700 127,649 748,640 6,568 16,995 1,542 5,387 1,443
Data (ng/L
(ngll) After TOP assay A= 787,670,000 12,372,900 27,140,000 463,170 672,700" 57,200 234,800 30,386
Individual Step USEPA Method 98.3% 94.9% 76.5% 6.4%

Removal? (%) |537 Modified
After TOP assay 98.4% 96.3% 87.7% 46.9%

Cumulative USEPA Method
Removal® (%) |537 Modified

After TOP assay NC 96.3% 99.5% 99.8%

NC 94.9% 98.8% 98.9%

Notes:

1. The laboratory erroneously reported that all post-TOP PFAS were non-detect (due to matrix interference). The value in this table was calculated based on the ratio of
precursors reported pre-TOP and post-TOP for the Step A and Step C Fluoro Fighter™ Application data.

2. Individual step removal percentage was calculated as follows: ((PFASprevious step — PFAScurrent step) / PFASprevious step)-

3. Cumulative removal percentage was calculated as follows: ((PFASinitial — PFAScurrent step) / PFASinitial).
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The initial residual rinse step was performed upon discovery of gross residuals of AFFF still remaining in the
trailer. In order to maintain consistency in cleaning data, the residual rinse step was added to clear the system of
latent foam concentrate so subsequent data would be comparable between systems. To promote clarity in
figures, the initial rinse step is not included in cleaning system performance analysis.

The performance metrics for confirmation samples for water rinses and cleaning agent applications are different.
In the water rinse samples, success is identified in the progressive reduction of PFAS concentrations in the
aqueous rinse. In the cleaning agent application samples, success is identified in two ways. One way is via the
amount of PFAS being desorbed and captured by the cleaning agent (i.e., the more PFAS present in the cleaning
agent, the more was removed from the system). A second way is through the progressive reduction in the amount
of PFAS being captured by the cleaning agent. Since each cleaning agent application step is identical, the
progressive reduction in the amount of PFAS captured by the cleaning agent suggests a reduction of PFAS in the
system after each application step.

This project does not have direct performance criteria to achieve as neither Connecticut nor the USEPA have set
performance criteria for PFAS cleaning of AFFF-related infrastructure. As such, the primary goal of cleaning is to
reduce the amount of PFAS mass in the AFT prior to filling with Fluorine Free Foam (F3), reducing future liability
in the event of a foam spill or application.

Currently, the Connecticut Department of Public Health (DPH) has set a Drinking Water Action Level (DWAL) for
five PFAS identified below:

perfluorohexanesulfonic acid (PFHxS)
perfluoroheptanoic acid (PFHpA)
perfluorooctanoic acid (PFOA)
perfluorooctanesulfonic acid (PFOS)
perfluorononanoic acid (PFNA)

a bk owd =

CTDEEP has not set action levels for surface water; however, CTDEEP has set Additional Polluting Substance
criteria (APS) for soil and groundwater. The APS for these five PFAS was set to less than 70 ng/L as a sum of all
detections for the five identified PFAS. Subsequently in this document, these five PFAS are referenced as the
“CT5”. While the APS is not relevant as a performance metric criterion for PFAS removal from the AFT, the APS
is voluntarily provided here as a performance metric for considering the PFAS content of the final water rinse.
Table 3-2 provides trailer demonstration performance for each of the CT5. Water rinse data from the Winsted
trailer cleaning show that after the second and third cleaning agent applications, the CT5 concentrations were
below the 70 ng/L limit as a sum of all five PFAS, with an incremental decrease from the second to third
application (42 to 21 ng/L, respectively). However, it is noted that CTDEEP's Water Permitting and Enforcement
Division is requiring treatment of wastewater from a known PFAS source to non-detect for Method 537M (with
method detection limits below at least 10 ng/L) prior to authorizing discharge to surface water or a POTW.

Figure 3-1 and Figure 3-2 show the before and after TOP assay data for each cleaning step during the Winsted
trailer cleaning for total detected PFAS, respectively. Figure 3-3 and Figure 3-4 show the before and after TOP
assay data for each cleaning step during the Winsted trailer cleaning for CT5 PFAS, respectively. The data
presented in these graphs (and in Table 3-1) indicate that the majority of PFAS was removed during the first and
second cleaning agent applications (96.3% and 99.5%, respectively), with only an incremental increase in
removal for the third cleaning step (0.3% from 99.5% to 99.8%). This data suggests that there may be limited
value in conducting a third cleaning step.
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Table 3-2. Concentrations of the Five PFAS included in CTDEEP’s Additional Polluting Substance (APS) Groundwater Protection Criterion for the Sum of 5 PFAS as
Measured during the Cleaning Process

Concentration (ng/L)

Step A Fluoro Fighter™
Residual Rinse Pre-Step A Water Rinse Application Post-Step A Water Rinse

Pre-TOP Post-TOP Pre-TOP Post-TOP Pre-TOP Post-TOP Pre-TOP Post-TOP
Assay Assay Assay Assay Assay Assay Assay Assay

PFHxS 1,500 39,000 ND ND 220 ND 4.2 ND
PFHpA 140,000 150,000,000 580 1,700,000 1,300 4,100,000 22 63,000
PFOA 1,500,000 52,000,000 4,800 700,000 12,000 1,600,000 200 28,000
PFOS 7,900 ND 84 ND 220 ND 5.6 ND
PFNA 81,000 37,000,000 320 780,000 760 1,100,000 13 23,000
Total 1,730,400 239,039,000 5,784 3,180,000 14,500 6,800,000 245 114,000
Step B Fluoro Fighter™ Step C Fluoro Fighter™
Application Post-Step B Water Rinse Application Post-Step C Water Rinse
Pre-TOP Post-TOP Pre-TOP Post-TOP Pre-TOP Post-TOP Pre-TOP Post-TOP
Assay Assay' Assay Assay Assay Assay Assay Assay
PFHxS ND ND 5.5 ND 23 ND 0.9 ND
PFHpA ND ND 4.1 6,500 10 29,000 2.0 3,300
PFOA 220 ND 27 3,100 87 14,000 14 1,100
PFOS 150 ND 3.2 ND 4.4 ND 24 ND
PFNA ND ND 21 2,600 6.6 11,000 1.5 370
Total 370 42 12,200 110 54,000 21 4,770
Notes:

1. Step B Fluoro Fighter™ application post-TOP assay data was reported as non-detect due to an increased reporting limit caused by matrix
interference during lab analysis. Based on pre-TOP assay data, concentrations of PFAS in the post-TOP assay data are not expected to be non-
detect. Unlike the calculation performed in Table 3-1, there is not a consistent ratio of pre-TOP to post-TOP data for individual PFAS, which makes a
similar calculation infeasible.
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Figure 3-1.Total Detected PFAS Concentrations by Cleaning Step for Pre-TOP Analysis
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Figure 3-2. Total Detected PFAS Concentrations by Cleaning Step for Post-TOP Analysis

Note: the gray bar is a calculated value because of analytical lab matrix interference as described in the text.
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Figure 3-4. CT5 PFAS Concentrations by Cleaning Step for Both USEPA Method 537 Modified and Analysis Pre-TOP Assay
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Figures displaying confirmation sampling for individual PFAS during the trailer cleaning are provided in
Appendix C. There are four figures showing pre-TOP analysis, which subdivide the PFAS into several
categories:

1. sulfonates and carboxylates
2. chain length, and
3. PFAS identified in Connecticut DPH DWALs.

Individual PFAS charts show concentrations that are consistent with the general trends seen in the total PFAS
and the CT5 PFAS data. Water from the residual rinse contained the residual AFFF that was present in the trailer
prior to cleaning. Because of this, any PFAS that are present in the residual rinse analysis are expected to be
present in the AFFF. All terminal PFAAs that were detected in the residual rinse water were also present in
subsequent confirmation samples. Two compounds were only detected in the confirmation samples following the
residual rinse: perfluorobutanesulfonic acid (PFBS) and perfluorononanesulfonic acid (PFNS). Results of the
confirmation samples for PFBS and PFNS are presented in Figure 3-5.
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Figure 3-5. Confirmation Sampling Data for PFBS and PFNS

PFBS was present in three water rinses (Post-Step A, Post-Step B, and Post-Step C) and one Fluoro Fighter™
application (Step B). PFBS is a short-chain PFAS that is more soluble in water than longer-chain compounds.
Table 3-3 shows the concentrations of PFBS and PFNS relative to method reporting limits. Reporting limits for the
residual rinse and Pre-Step A Water Rinse were elevated compared to later water rinse reporting limits. This may
indicate the presence of PFBS or PFNS at levels near or below the reporting limit. PFBS was not present in the
Residual Rinse or in the Pre-Step A water rinse, which indicates that PFBS was not likely available for removal
prior to the application of Fluoro Fighter™ in Step A. PFBS may have been available for removal subsequent to
the Step A Fluoro Fighter™ application due to the removal of surface PFAS layers by the cleaning agent.
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Table 3-3. Pre-TOP Assay Concentrations of PFNS and PFBS as Measured during the Cleaning Process.

Concentration (ng/L)

Step A Step B Step C
Pre-Step A Fluoro Post-Step A Fluoro Post-Step B Fluoro Post-Step C
Residual Water Fighter ™ Water Fighter ™ Water Fighter ™ Water
Rinse Rinse Application Rinse Application Rinse Application Rinse
PFBS <2000 <20 <200 0.89J 20 1.2J <17 1.1J
PFNS <2000 <20 2400 <17 1200 <1.8 12 <1.8
Notes:

1. <indicates analytes that were detected at or below laboratory reporting limits.
2. J indicates an estimated value.

PFNS was not present in the residual rinse, nor any of the water rinses. This indicates that PFNS is not readily
soluble in water and would not be removed using only a water rinse. However, PFNS was removed during each of
the cleaning agent applications. That PFNS was not likely present in the residual rinse indicates that this PFAS
was likely present in an AFFF that was previously stored in the Winsted trailer. The data suggests that use of
Fluoro Fighter™ disrupted PFAS layers on the impacted surfaces of the foam system making available PFAS that
may have been present due to storage of a previous AFFF.

4 Waste Cleaning Fluid Treatment

At CTDEEP’s request, Arcadis implemented GAC treatment of the waste cleaning fluids. Three 250-pound
Disposorb® drums containing Calgon Carbon Corporation (Calgon) Filtrasorb 400 (F400) were acquired. Arcadis
set up two treatment trains, one to treat water rinses and one to treat spent Fluoro Fighter™. The water rinse
system consisted of two Disposorb® drums plumbed in series. Water rinse was passed through this system twice
prior to storage ahead of disposal. Each pass through the GAC represented 10 minutes of empty bed contact time
(EBCT). Approximately 2,300 gallons of rinse water were passed through the water rinse carbon. The spent
cleaning agent system consisted of one Disposorb® drum and spent cleaning agent was passed through this
system five times prior to storage ahead of disposal. Each pass of the cleaning agent through the GAC
represented 5 minutes of EBCT. Approximately 1,650 gallons of spent Fluoro Fighter™ were passed through the
cleaning agent GAC system. In typical flow through applications, a minimum of 15 minutes of EBCT is
recommended for PFAS removal. Two passes through the water rinse carbon approximated 20 minutes of EBCT.
Five passes through the cleaning agent GAC approximated 15 minutes of EBCT. However, since the water was
stored in a tote between passes, the actual EBCT for portions of the treated water may be less.

For water rinses and spent cleaning agent, confirmation samples were collected during the final transfer of the
treated effluent to the waste storage vessels staged for disposal. CTDEEP requested that waste cleaning fluids
be treated to non-detect for total PFAS, as measured by USEPA Method 537 Modified.

Charts of confirmation data for GAC treatment of PFAS between C4 (four carbons in the fluorinated tail) and C9
(nine carbons in the fluorinated tail) are provided in Appendix D. Table 4-1 includes treated water PFAS
concentrations for waste fluids from the various cleaning steps, which show that GAC treatment did not reduce
PFAS levels to non-detect for any of the waste fluids.
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Percent removal data provided in Appendix D shows that GAC treatment universally reduced PFAS levels in the
Pre-Step A and Post-Step A water rinses and the Step A Fluoro Fighter™ waste. For the remaining waste fluids,
the concentration of at least one C4 to C9 PFAS increased during GAC treatment, while concentrations of other
PFAS were reduced.

Increases in some PFAS concentrations and the associated negative removal calculation after GAC treatment are
related to the relative affinity of different PFAS to GAC. Generally, PFAS affinity to GAC is related to molecular
characteristics like chain length, head functional group, and substitution of the fluorinated tail (e.g., partially- or
full-substituted with fluorine atoms). Longer chain terminal PFAAs have a higher affinity to GAC via adsorption
than shorter chain terminal PFAAs and sulfonates have higher affinity than carboxylates with the same length
fluorinated tail (Appleman, Higgins et al. 2014, McCleaf, Englund et al. 2017). Similarly, partially fluorinated
precursors like fluorotelomer sulfonates (i.e., 4:2 FTS, 6:2 FTS and 8:2 FTS) have a lower affinity to GAC when
compared to longer chain PFAAs (Rodowa, Knappe et al. 2020). Because of these relative affinities, some PFAS
in highly concentrated PFAS waste may be displaced during treatment by other PFAS with higher affinity. This
phenomenon is present in the cleaning fluid waste streams treated. The GAC treatment data shows that after
Step A, shorter chain carboxylates (i.e., PFBA, PFPeA, and less consistently, PFHxA, and PFHpA) had increases
in concentration after treatment, while longer chain sulfonates (i.e., PFHxS, PFOS and PFNS) were more readily
adsorbed. Longer chain PFAAs (not charted) generally followed the same trend, except for Step B Fluoro
Fighter™ data, which showed an unexpectedly high perfluorodecanesulfonic acid concentration after GAC
treatment, which is inconsistent with other Fluoro Fighter™ data.

Notably, there are large increases in the concentrations of certain PFAS during GAC treatment of the Post-Step C
rinse water. This indicates that the GAC being used to treat the rinse water was nearing saturation by the third
treatment step. This demonstrates that a larger GAC system would be needed in future applications to adequately
remove PFAS at the concentrations seen in this rinse water.

The GAC treatment data demonstrates varying degrees of removal. The highest GAC removal rates occurred
when treating waste fluids from the water rinses. This is expected, as the rinse water contains lower PFAS
concentrations and a less complex sample matrix. Conversely, PFAS removal rates by GAC were lower when
treating Fluoro Fighter™ waste streams; most likely due to the higher PFAS concentrations and more complex
sample matrix. Nonetheless, GAC treatment of the Step A Fluoro Fighter™ waste achieved removal rates of up to
70% for certain PFAS, suggesting that with a system of greater capacity, GAC may be able to achieve adequate
removal of PFAS from Fluoro Fighter™.
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Table 4-1. PFAS concentrations in GAC-treated waste fluids.

Step A Fluoro Step B Fluoro Step C Fluoro
Pre-Step A Water Fighter™ Post-Step A Fighter™ Post-Step B Fighter™ Post-Step C
Rinse Application Water Rinse Application Water Rinse Application Water Rinse
PFBA ND 2,100 93 ND 170 32 600
]4:2 FTS | ND | 790 | 1.8 | ND 4.7 3.0 63 |
PFBS ND ND ND 35 ND ND ND
| PFPeA | 27 | 810 | 8.5 | 84 17 10 120 |
PFPeS ND ND ND ND ND 0.9 ND
] PFHxA | 10 | 12,000 | 18 | 520 40 140 520 |
6:2 FTS 270 390,000 20 23,000 39 8,000 3,100
] PFHxS | ND | 190 | ND | ND ND 1.0 ND |
PFHpA 1.9 820 ND 49 ND 11 16
'PFOA | 7.0 | 8,500 | 0.8 | 440 0.8 96 38 |
8:2 FTS 1,900 160,000 37 3,800 25 25,000 130
] PFOS | 1.2 | 220 | ND | 69 ND 5.4 ND |
PFNA 1.3 520 ND 34 ND 6.3 0.5
] PFNS | ND | 640 | ND | ND ND ND ND |
PFDeA 21 3,000 0.4 ND ND ND 13
| PFDeS | ND | 3,700 | ND | 1,100 ND 15 ND |
PFURA 15 220 ND ND ND 3.1 ND
| PFDoA | 140 | 1,500 | 5.8 | 80 1.0 22 2.4 |
PFTHA 7.2 ND 1.4 ND ND ND ND
] PFTeA | 72 | 890 | 21 | 49 3.7 17 3.1 |
Total CT5 PFAS: 11.4 10,250.0 0.8 592.0 0.8 119.7 54.5
| Total Detected PFAS: | 2,449 | 585,900 | 208 | 29,260 301 33,349 4,594 |
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5 Conclusions and Recommendations

Arcadis successfully executed the cleaning of the Winsted AFT provided by DESPP. Confirmation sampling
indicated removal of 99.0% and 99.8% of all detected PFAS, pre- and post-TOP, respectively. Data analyzed
post-TOP was approximately 20 to 100 times greater than the pre-TOP data. CT5 PFAS were removed to below
a sum of 70 ng/L after the Step B and Step C cleaning agent applications (42 and 21 ng/L, respectively). Arcadis
identified two PFAS that were not likely present in the AFFF stored in the trailer immediately prior to cleaning, but
that did appear in the Fluoro Fighter™ waste streams, indicating that the cleaning agent was able to disrupt the
historical layers of PFAS from the impacted foam system surfaces.

Confirmation sampling data showed limited PFAS during Step C of the cleaning process, suggesting that three
applications of previously unused Fluoro Fighter™ is not significantly more effective than two applications.
Arcadis recommends that future cleaning activities be limited to two applications of Fluoro Fighter™ cleaning
agent. However, although Arcadis doesn’t recommend a third application of previously unused cleaning agent, the
low PFAS concentrations in the cleaning agent following the second application (only 2.4% of PFAS level in the
cleaning agent following Step A) suggest that Fluoro Fighter™ could be used again to remove additional PFAS. A
second application of the Fluoro Fighter™ used in Step B could allow for additional PFAS removal while avoiding
the cost of a third application of fresh cleaning agent. Additionally, the Fluoro Fighter™ volume used in the
second application could be used as first application cleaning agent in a subsequent cleaning, further reducing
the required cleaning agent volume per piece of equipment.

The GAC treatment data from this project suggests that GAC could be an effective treatment for waste rinse
water produced during future cleaning events. However, a larger system than was used in this project would be
needed to avoid PFAS desorption as the GAC becomes saturated. Also, it is recommended that a flow-through
system be used, rather than a system involving recirculation. Due to high PFAS concentrations and a complex
sample matrix, used Fluoro Fighter™ is not highly amenable to GAC treatment. However, it may be possible for a
flow-through GAC system with an adequate empty-bed contact time (e.g., 20 minutes or more) to reliably remove
PFAS from cleaning agent waste fluids; and this could be explored during future cleaning events.

Arcadis recommends further exploration of the pre-treatment of foam transition waste. First, Arcadis recommends
the execution of bench-scale testing with waste generated during cleaning of the Winsted trailer to inexpensively
determine the potential for GAC to effectively remove PFAS from spent cleaning agent. Rapid small-scale column
testing using spent Step A Fluoro Fighter™ at several EBCT (e.g., 20, 40 and 60 minutes) could better define its
ability to be used to pre-treat spent cleaning agent.

Second, Arcadis recommends the bench-scale testing of spent Step A Fluoro Fighter™ for the applicability of
foam fractionation. Arcadis has a pilot-scale foam fractionation system that could be used during the next phase
of treatment (state-wide fire apparatus foam transition) to further reduce waste cost by dramatically reducing
waste volumes (up to 99.5% volume reduction).
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Photograph Log QARCADIS

Connecticut Department of Energy and Environmental Protection
Trailer Demonstration
30084571

Photograph: 1

Description:

The Winsted attack
foam trailer (AFT)
staged at Connecticut
Department of Energy
and Environmental
Protection’s (CTDEEP)
Old Saybrook garage.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/7/2021

Photograph: 2

Description:

The Winsted AFT
staged in secondary
containment at the
CTDEEP Old Saybrook
garage.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/9/2021
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Photograph Log QARCA\D|S

Connecticut Department of Energy and Environmental Protection
Trailer Demonstration
30084571

Photograph: 3

Description:

Clean Harbors
personnel draining
~385 gallons of AFFF
from the Winsted AFT’s
foam cell.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/14/2021

Photograph: 4

Description:

50 gallons of AFFF
drained from the
Winsted AFT by Clean
Harbors during removal
of AFFF from the foam
cell.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/9/2021
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Photograph Log ﬁARCADIS

Connecticut Department of Energy and Environmental Protection
Trailer Demonstration
30084571

Photograph: 5

Description:

Waste (AFFF, PPE)
produced during AFFF
removal containerized
in 55-gallon drums.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/14/2021

Photograph: 6

Description:
Construction of Arcadis
PFAS cleaning agent
conveyance and
application system.
View of pumps, hoses,
piping, and segregated
275-gallon totes for
storage of interim
cleaning process
waste.

Location:
Old Saybrook, CT

Photograph taken by:
Keith McConnell

Date: 9/21/2021
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Photograph Log ﬁARCADIS

Connecticut Department of Energy and Environmental Protection
Trailer Demonstration
30084571

Photograph: 7

Description: Arcadis
PFAS cleaning agent
conveyance and
application system.
Front view of the AFT,
including the AFT’s four
(4) foam proportioners.

Location:
Old Saybrook, CT

Photograph taken by:

; ) SRR Keith McConnell

/777777 . ~.0 & Date: 9/21/2021

Photograph: 8

Description: Arcadis
PFAS cleaning agent
conveyance and
application system.
Front view of the AFT,
including granular
activated carbon (GAC)
drums.

Location:
Old Saybrook, CT

Photograph taken by:
Keith McConnell

Date: 9/21/2021
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Trailer Demonstration

30084571
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Photograph: 9

Description:

View of the Winsted
AFT’s two-can fill tower
during the residual
rinse step.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/24/2021

Photograph: 10

Description: Two (2)
275-gallon totes of
Fluoro Fighter™
connected to the
conveyance and
application system
during the Step A
Fluoro Fighter™
application.

Location:
Old Saybrook, CT

Photograph taken by:
Keith McConnell

Date: 9/25/2021



Photograph Log QARCA\[MS

Connecticut Department of Energy and Environmental Protection
Trailer Demonstration
30084571

Photograph: 11

Description: View of
waste totes stored in
segregated secondary
containment berm.

Location:
Old Saybrook, CT

Photograph taken by:
Agnes Link-Harrington

Date: 9/29/2021

www.arcadis.com 6



Appendix B

Field Notes

































Appendix C

Individual PFAS Charts
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GAC Treatment Data
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Water Rinse After Step C GAC Treatment
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Arcadis U.S., Inc.

630 Plaza Drive, Suite 200
Highlands Ranch
Colorado 80129

Phone: 720 344 3500

Fax: 720 344 3535
www.arcadis.com

Arcadis. Improving quality of life.
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