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Acronyms and Abbreviations

AFFF
ANZECC
ASC NEPM
CoPC
CsSM

DER

DES
DQOs
EnHealth
FFFP
FSANZ
HBGV
HHRA
In-ground tank
LOR

Agueous Film Forming Foam
Australia and New Zealand Environment and Conservation Council

National Environmental Protection Measure — Assessment of Site Contamination

Chemical of Potential Concern

Conceptual Site Model

West Australian Department of Environment and Regulation
Queensland Department of Environment and Science

Data Quality Objectives

Commonwealth Environmental Health Standing Committee
Film Forming Fluoro Protein foam

Food Standards Australia and New Zealand

Health-based Guidance Values

Human Health Risk Assessment

Water only tanks used for training and testing appliance water pumps.
Limit of Reporting

NEPC National Environment Protection Council

NHMRC National Health and Medical Research Council

PFAS Per- or Poly-fluoroalkyl Substances

PFAS EHP PFAS Expert Health Panel

PFAS NEMP PFAS National Environmental Management Plan
PFAA Perfluoroalkyl acids

PFCA Perfluorocarboxylic acids

PFSA Perfluorosulfonic acids

PFT Perfluorotelomer

PFHxS Perfluorohexanesulfonic acid

PFOA Perfluorooctanoic acid

PFOS Perfluorooctanesulfonic acid

QA/QC Quiality Assurance/Quality Control

QCESA Queensland Combined Emergency Services Academy
QFES Queensland Fire and Emergency Services

QHFSS Queensland Health Forensic and Scientific Services
RSB Queensland Fire and Emergency Services Research and Scientific Branch
SAQP Sampling, Analysis and Quality Plan

TOPA Total Oxidisable Precursor Assay

UFUQ United Firefighters Union of Employees Queensland
USEPA United States Environmental Protection Agency
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Executive Summary

Perfluoroalkyl substances (PFAS) are a ubiquitous group of chemicals found throughout the
environment due to their extensive use in everyday items, including clothing, furniture, floor
coverings, lubricants and fire-fighting foams. In recent years, the environmental fate and potential for
adverse human health impacts from PFAS have raised concerns within the community. Aqueous Film
Forming Foams (AFFF) have been used extensively to extinguish flammable and combustible liquid
fires in testing, training, and emergencies. Three components of concern in AFFF foams are perfluoro-
octane sulfonate (PFOS), perfluoro-hexane sulfonate (PFHxS)nand perfluoro-octanoic acid (PFOA).

The Queensland Fire and Emergency Services (QFES) ceased purchasing AFFF foams and exchanged
the majority of stock with non-fluorinated foams in 2003. Since that date any remaining stock
identified has been progressively removed from service. Historically, the QFES applied these foams to
extinguish fires involving flammable and combustible liquids, and during training exercises. However,
their use was infrequent, and small volumes used especially in training.

The QFES Research and Scientific Branch has undertaken a testing regime in two parts to determine
the concentration and distribution of PFAS including TOPA (Totally Oxidisable Precursor Assay) within
water from in-ground water tanks, and/or soil at identified QFES Fire Stations and the Queensland
Combined Emergency Services Academy (QCESA). Microbiological testing was also undertaken at
specific sites. These results provide an environmental snapshot about the concentration and
distribution of PFAS and microbiological distribution at these locations. The results also inform the
development of a risk-based approach to manage the issue from a QFES perspective.

Phase One focused on Enoggera, Cairns, Townsville, Rockhampton, Yeppoon, Oakey and Southport
Fire Stations. It involved analysing water and soil samples, where they could be obtained, for PFAS
contamination. Microbiological testing of the water was also undertaken in this phase.

Phase Two focussed on Enoggera, Cairns, Cairns South, Atherton, Gordonvale, Mt Isa, Forrest Beach,
Ayr, Home Hill, Airlie Beach, Proserpine, Mackay, Sarina, Dysart, Moranbah, Rockhampton, Gladstone,
Bundaberg, Maryborough, Noosa Heads, Caloundra, Charleville, Toowoomba, Crows Nest, Arana Hills,
Windsor, Roma St, Kemp Place, Annerley, and Cleveland Stations, and QCESA. This phase included
water and TOPA results where they could be obtained but not soil samples. In addition, tap water
sourced from these locations was also characterised.

Results were compared to the Australian health-based recreational and drinking water quality
guidelines for PFOA, sum of PFOS and PFHxS [3(PFOS + PFHxS)], and the Queensland Government
environmental water discharge criteria as per the Department of Environment and Science (DES)
Operational Policy Environmental Management of Firefighting Foam. The soil results were compared
to the DES value for PFOS/PFOA and PFAS in soil at which it can be applied as cover materials for
landfills. Results were also compared to the PFAS National Environmental Management Plan (NEMP)
Human health-based guidance values for soil in an industrial/commercial setting.
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Eight sites could not be sampled for water. Five of these sites; Toowoomba, Moranbah, Atherton,
Cleveland, and Gordonvale, as the in-ground water tanks were empty. The remaining three sites;
Crows Nest, Oakey and Yeppoon contained no in-ground tank.

The highest PFAS water concentrations were observed at Gladstone Fire Station (PFOA 1.4 pg/L,
(>(PFOS + PFHxS) 41.9 pug/L and TOPA (incl C4-C8 sulfonates) 78 pg/L). Mackay and Enoggera Fire
Stations exhibited the next two highest PFAS water concentrations. The results for PFOA
concentration in water demonstrated all Fire Stations, except Gladstone Fire Station, met the
Australian health-based PFOA drinking water quality guideline value. The results for Gladstone,
Mackay, Enoggera, Cairns, Cairns South and Proserpine Stations exceeded 5(PFOS + PFHxS) Australian
health-based recreational water quality guideline value, and the Queensland Government
environmental water discharge criteria for TOPA.

Results for Townsville, Home Hill, Ayr, Airlie Beach, Bundaberg, Maryborough, Noosa Heads,
Caloundra, Arana Hills, Kemp Place and Southport Fire Stations were greater than the 3(PFOS + PFHxS)
Australian health-based drinking water quality guideline value, but less than the recreational water
quality guideline value. The PFAS water results for Ayr, Caloundra and Kemp Place also exceeded the
Queensland Government environmental water discharge criteria for TOPA or the (PFOS + PFHxS)
release value. The PFAS results of the other Fire Stations were less than the Queensland Government
environmental water discharge criteria for TOPA. The PFAS results for the other seven remaining Fire
Stations were less than the S(PFOS + PFHxS) Australian health-based drinking water quality guideline
value.

The PFAS water concentrations obtained for the majority of sites tested at QCESA also exceeded the
S(PFOS + PFHxS) Australian health-based recreational water quality guideline value, and the
Queensland Government environmental water discharge criteria for TOPA. QCESA has unique
circumstances where the water is continuously recycled for use at the facility. During the study
opportunities were identified to consider enhancing water treatment approaches at QCESA.

Soil testing showed that contamination levels of PFOS/PFOA and PFAS at all Fire Stations were less
than the DES ERA60: Material used in Capping criteria at which soil can be applied as cover materials
for landfills and the NEMP Human health-based guidance values for soil in an industrial/commercial
setting.

The results of the microbiological testing of water sampled in Phase One showed that concentration
of microbiological organisms met the standards for Class A water.

A series of recommendations were provided to the QFES for consideration to inform the development
of arisk-based approach to the issue and manage the in-ground water tanks tested in the study. These
recommendations include:

e Remove the in-ground tank water for destruction in accordance with established standards
and regulations at Gladstone Fire Station, Enoggera Fire Station and Mackay Station as the
highest priority. In addition, consider filling the tanks with a suitable gravel, or similar material,
and cap with concrete (of suitable thickness and strength) to render them inoperative;
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e Review the current water quality monitoring program at QCESA to include PFAS and compare
levels against established water quality standards.

e Review, and if appropriate improve water purification arrangements at QCESA to ensure the
water meets established water quality standards. This should also include removal of PFAS
using a cost effective and suitable treatment system;

e Remove the in-ground tank water for destruction in accordance with established standards
and regulations at Proserpine, Cairns, Cairns South, Kemp Place, Ayr and Caloundra Fire
Stations on a risk basis. In addition, consider filling the tanks with a suitable gravel, or similar
material, and cap with concrete (of suitable thickness and strength) to render them
inoperative;

e Establish a water management program for the remaining in-ground water tanks. This may
include: status quo; removal of the in-ground tank water for destruction in accordance with
established standards and regulations, discharge of the in-ground tank water directly to the
environment; and rendering the tanks inoperative;

e Qut of approximately 242 Fire Stations there were in-ground water tanks identified at 31 Fire
Stations. There is merit to reviewing QFES doctrine about foam training, and activities
requiring access to these tanks. In addition, consider the purpose of the in-ground water
tanks, their suitability and ultimate fate. If appropriate the arrangements should be modified
to reflect contemporary practices;

e Consider the merits of an education program across QFES to highlight QFES policy regarding
foam training arrangements, acceptance of foam and other materials at fire stations, as well
as appliance pump testing and drafting exercises; and

e Communicate the findings of the AFFF testing program to QFES staff.
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Introduction

Firefighting Foam

The National Fire Protection Association® (NFPA) defines foam as a stable aggregation of bubbles of
lower density than oil or water. Foams were first developed around the turn of the 20th Century by
Loran®. However, widespread use did not occur until the 1940’s with the development? of protein-
based foams. Further rapid advances were made with the development of fluoroprotein foams in the
1960’s by National Foam Inc® and aqueous film forming foams (AFFF) by Tuve and Jablonski.*®
Internationally, AFFF was for decades the most widely used foam. The NFPA defined fluoroprotein
foam and AFFF! as:

e Film forming fluoroprotein foam concentrate (FFFP): a protein foam concentrate that uses
fluorinated surfactants to produce a fluid aqueous film for suppressing hydrocarbon fuel
vapours; and

e Agqueous film forming foam (AFFF) concentrate: a concentrate based on fluorinated
surfactants plus foam stabilisers to produce a fluid aqueous film for suppressing hydrocarbon
vapours and usually diluted to 1-6 percent.

The incorporation of fluorinated surfactants into AFFF is the reason they are film forming and mostly
explains their fire extinguishment performance.®’ They belong to a group of chemicals commonly
described as polyfluoroalkyl substances (PFAS).2

Finished foam or foam solution is defined by the NFPA! as a homogenous mixture of foam concentrate
and water, in the mix ratio required for the application. Typically, the finished foam has about 1 - 6%
of the foam concentrate and the remainder is water.

918 of AFFF has become an area of global concern due to the

More recently, the environmental fate
PFAS components within these foams. Two PFAS of interest are perfluoro-octane sulfonic acid*>?
(PFOS) and perfluoro-octanoic acid?*?? (PFOA). To counter this, a new group of fluorine free foams
have been developed?*?> and commercialised, such as the foam currently used by the Queensland
Fire and Emergency Services (QFES). Foams are further categorised into their specific use and of

interest in this report are Class A and Class B foams:

e Class A foam for use on ordinary combustible materials such as wood, cloth, paper, and many
plastics; and

e Class B foam for use on fuels such as flammable liquids, combustible liquids, petroleum
greases, alcohols and flammable gases.

Foam concentrate properties and constituents are modified to suit the specific application. They

13,26-28

typically contain a mixture of ingredients such as:

e Diluent —water;

e Surfactants such as fluorosurfactants, or hydrocarbon based surfactants;

e Solvents such as propanol, propylene glycol and propylene glycol tert butyl ether;
e Foam stabilisers such as sodium lauryl sulfate;

e Corrosion inhibitors and biocides; and

e Additional additives such as sodium chloride.
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The ingredients may add up to 35% of the foam concentrate. In recent years the nature of the
fluorosurfactants used within the AFFF foams?*3! has changed from PFOS/PFOA or similar
fluorosurfactants to 8:2 fluorotelomer, and more recently, 6:2 fluorotelomer in response to regulatory
concerns. Many of the foam ingredients are classified as dangerous goods and/or hazardous
chemicals. However, the foam concentrate typically does not meet the criteria to be described as a
dangerous good or hazardous chemical.? Nonetheless, all foams pose a short term or long term
environmental risk if released because of their inherent physico-chemical properties and toxicity such
as chemical oxygen demand (COD), biochemical oxygen demand (BOD), and environmental
persistence.

Polyfluoroalkyl substances (PFAS)

Polyfluoroalkyl substances are described as chemicals that contain one or more perfluoroalkyl
moieties.?>32 Whilst they do not occur naturally, there are more than 3000 available on the global
market.3335 PFAS were first synthesised in 1938 by Plunket3® when teflon was prepared. To aid
classification and reduce confusion Buck® separated PFAS into polymers and non-polymers. The non-
polymer group, which is of particular interest is further separated non-polymers into four further
groups, (Figure 1).

Per- and polyfluoroalkyl substances (PFASs)

‘— Perfluoroalkyl carboxylic acids (PFCAS)
; Perfluoroalkane sutfonic acids {PF5As)
_ Perfluoroalkyl acids (PFAAs) | .
CnFansik - Perfluoroalkyl phosphonic acids (PFPAs)
= Perfluoroalkyl phosphinic acids (PEPIAS)
_ Non- | Perfluoroalkane sulfonyl fluoride (PASF) PASF-based derivatives
po{yme[s CnFanesSORF CnEanssSO2-R, B = NH, NHCH20H2OH, el

FT-based derivatives
CnFzpaaCH20H2-R

R« NH NHCH2CH20H, #lc

_ Perfluoroalkyl iodides (PFAIs}) _ Fluorotelomer iodoes (FTis)

CnFansal CnFan+1CH2CH21

- Per- and polyfluoroalkyl ethers (PFPEs)-based derivatives - Folyflucronlkyl ether carboxylic acids
PFASs
Polytetrafiuoroethylene (PTFE]
fl " o Polyvinviidene fluor "WDF),
B UO'OPO yme'$ Fluorninated v-!’ly?r‘nr propylens (FEP}
Perfluaroatkoxyl polyrer (PFA), ete
Fluorinated (methlacrylite polymers
= Polymers —+ Side-chain fluorinated polymers — fluorinated urethane polymers
Fluorinated oxetane palymers
~ Perfluoropolyethers

Figure 1.
General classification of PFAS substances.®

Perfluorinated chemicals are those where all carbons are completely fluorinated. However, in this
context there is often a functional group attached to the molecule. Polyfluorinated chemicals where
the molecule contains only some carbon fluorine moieties are typically of the fluorinated surfactants
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used within the AFFF foams. The difference between perfluorinated chemicals and polyfluorinated
chemicals is shown in the Figure 2.

Poly-fluorinated compounds Per-fluorinated compounds
Fully fluorinated { Unfluorinated § Functional Fully fluorinated Functional
carbon-chain “tail” C2 “spacer” group carbon-chain “tail” group

e.g. Poly-fluorinated - 6:2 Fluorotelomer sulfonic acid (6:2FtS) e.g. Perfiuorinated - PFOS

Atoms-Green=Fluorine, Grey=Carbon, White=Hydrogen, Red=Oxygen. Yellow=Sulphur. non-fluorinated carbon atoms circled
(Molecule graphics generated by www.chemspider.com)

Figure 2
Perfluorinated and polyfluorinated chemicals.3! Note the variation by attaching the functional group.

PFAS are attractive as additives within firefighting foams because of their physico-chemical properties.
However, PFAS are also often highly persistent if they are released to the environment 131517, 37-42
Some PFAS will partially degrade in the environment and transform to highly stable end products*
which are usually perfluoroalkyl or perfluoroalkyl(poly)ether acids. The environmental fate was not
realised when these chemicals were first developed and used industrially.*

The manufacture of PFAS has been extensively reviewed”®* and highlights two main processes briefly
described in the following section to inform the subsequent debate about their environmental and
health concerns. PFAS used in foam was originally manufactured using electrochemical fluorination’2
where raw materials such as octane sulfonyl fluoride underwent electrolysis in anhydrous hydrogen
fluoride to produce a mixture of linear and branched perfluorinated isomers and homologues of the
raw material and other perfluorochemicals,** (Figure 3).

a Perfluorooctane sulfonyl derivatives b Perfluorooctanoyl derivatives
I CgH,;SH I C,H,;C0CI
h 4 A 4
ICSH”SO:F I C:H]_gCOF I
HF, e Electrochemical Fluorination (ECF) HF, e
N
CgF,SOSF C,F,sCOF
POSF
A A 4 A 4 A 4
C,4F,,SOH | cFiisox | | oFiscol | |C,Fnco_«M- I
PFOS POSF derivatives PFOA PFOA salts
(see Fig. 7)
Figure 3

[llustration of ECF process to prepare PFOS and PFOA. Taken from Reference 8.
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This industrial process was the major source of PFAS used in AFFF until recently. In 2001, 3M
announced it would no longer use this process to manufacture PFAS. Consequently, numerous
changes to the manufacturing approaches to prepare PFAS occurred in the past two decades
particularly across the United States and Europe. Nonetheless, there remains significant manufacture
of PFOS via this method within China where it is estimated 100-200 tonnes is prepared annually.

The alternative manufacturing process® currently adopted in the United States is telomerisation. The
raw material, typically a perfluoroalkyl iodide, is reacted with tetrafluoroethylene to prepare a mixture
of perfluoroalkyl iodides and perfluorinated chains. The product is then reacted further with ethylene
to form fluorotelomer iodides. The fluorotelomer iodides are reacted again to create the surfactants
and other products, (Figure 4). Manufacturers offer short chain products that do not contain PFOS or
PFOA. The 6:2 telomer based surfactant has found widespread use within AFFF foams. Nonetheless,
recent research has raised questions about the ultimate environmental fate of these products as well.

| F(CF,),l I Pentafluoroethyl iodide, PFEI

+ (n-2)/2 CF,=CF, Tetrafluoroethylene, TFE “Telomerization™
= Perfl Ikyl iodide, PFAI
erfluoroalkyl odide, PFA
F(CFa),l (“Telomer A™)

+ CHZ':CHZ Ethylcnc

n:2 Fluorotelomer
iodide,
FTI(*Telomer B”)

A 4
F(CF,),CH,CHI |

\
F(CF,),CH,CH,0H n:2 Fluorotelomer alcohol, FTOH

Figure 4
lllustration of Telomerisation process to prepare PFAS.2

Why the interest?

Taves>**’

suspected in 1968 there was organic fluorine in blood. Guy and Taves> showed almost a
decade later PFOA was present in blood after improvements in analytical approaches. In early 1980’s
PFOA was first found>! in drinking water. In the past two decades studies'**%#-8 have been published
highlighting the escape from and release of PFAS-containing AFFF foams into the environment from
firefighting training grounds and other sites where there has been significant foam use. In the past
few years within Australia significant environmental contamination®*® by PFAS released from
firefighting training grounds principally used by the Australian Defence Force and Aviation Airport Fire
Services has been reported. Releases from State Fire Services have also been reported*%, but the

extent of the issue has not been well characterised. Key dates have been illustrated in Figure 5.

Version 1.3: Released 17 January 2019 Page | 12
Uncontrolled when printed



OFFICIAL - PUBLIC

2009 PFOS and
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" 1=
blood bank samples WV "‘ s
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Figure 5

Timeline of important events in history of PFAS within Australian/Queensland context.

In recent years firefighter, community and regulatory concern about potential for long term health
impacts arising from the use of AFFF has increased. Releases of fluorinated chemicals, including
foams, into the environment have generated increased concern about the environmental fate and
persistence of PFAS. In the 2000’s a number of regulatory programs®!%2232 started to restrict the
manufacturing approaches and use of PFAS. Unfortunately, despite the research efforts,%%1° there
remain many uncertainties about their chemistry and distribution in the environment. The uncertainty
also extends to understanding the exposure and health impacts on people.

Exposure and Exposure Pathway

It is not intended to review the complete area of human health and environmental impacts of PFAS
particularly associated with AFFF releases since there are numerous publications addressing these
questions>>°+ 117 Instead the following sections will briefly summarise the exposure pathways of PFAS
to provide further context for the QFES study. These chemicals are not naturally found in the
environment and their sources of emissions to the environment are typically:

e Manufacture, use and disposal;
e Presence as impurities in substances emitted to the environment; and
e Precursor substances that degrade in the environment.

People can have both direct and indirect exposure to these PFAS. Indirect exposure occurs from a
precursor PFAS that undergoes environmental breakdown or metabolises in the body to form
perfluoroalkyl acids (PFAAs). Direct exposure occurs when the PFAAs are absorbed in the body. As a
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consequence of the variety of PFAS emission pathways and the exposure pathways, the relationship
to an exposure within people and the environment is complex as illustrated in Figure 6.

* PFC Firefighting

Foam
=
" 2
}f;';fed PFOS Treated = =0
Material e ij_*ag'"g
PFC Producing/ ‘ "
Using Factory
DusuFlbre Animal Fire Fighling

Air v Practice &
< Fires
wastes ' @g

Fruits, Vegetables &
Crops

P
t

SoilrfFarm
Land

Food

Effluent

Waste -

»

Landtill

Leachate —» WWTP — Sludge —o?"'r
by

77/

|

Figure 6.

PFAS release from the technosphere, contamination pathways to the environment and exposure
pathways to humans.®®

The most obvious exposure pathways are:

e Air;

e Ingestion;

e |njection; and
e  Skin.

PFAS are not routinely monitored in the air, however there have been sporadic measurements

reported for some PFAS, such as PFOA. In contrast, there are numerous published reports®9-66:80-6

concerning the quantities of PFAS in water (surface, subsurface and ocean). It has been reported
PFAS80-66:80-% gre ybiquitous in the environments, and routinely found in food and dust within typical

43,59

indoor environments. The most significant pathway*° proposed is ingestion through sources such as

food, water and dust.
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Health Impacts

Taves reported®*” in 1968 organic fluorine was detected in blood. More recently, Olsen”’
retrospectively tested blood from 1974 for PFAS and identified a variety of PFAS. 3M reported® in
1999 that PFAS were common in human blood, and more recent studies®””’® have also reported PFAS
in the blood within both specific and general populations. PFAS are present in all persons and the
general population values vary across the globe. As the use of PFAS have been restricted, more recent
studies reported the PFAS serum concentrations®®’® decreased. The typical serum levels for PFAS in
particular PFOS and PFOA of South East Queenslanders®® have decreased by around 63% and 66%
respectively from 2002-2003 to 2010-2011. However, Olsen’>7® reported specific occupationally
exposed groups had significantly higher PFAS serum levels, with levels varying according to job type.
Nonetheless there remains much uncertainty about the pathways to account for the presences of
PFAS in blood®.

The highest concentrations of PFAS are found in apex predators, such as polar bears®. This is indicative
of substances that biomagnify in the food chain. The bioaccumulation potential of PFAS is reported to
increase with increasing chain length.6%%2 Olsen and others have reported*® 4%7° the fate of PFAS
varies across species as a result of many factors including biotransformation, elimination and excretion
differences. Of interest is the elimination half-life in humans for PFAS such as PFOS and PFOA. Olsen’®
further reported these values were 8.5 years and 3.5 years respectively for PFOS and PFOA. These
long residence times pose other concerns, particularly about long term health impacts as a result of
their resistance to degradation and potential for bioaccumulation. There has been a plethora of
epidemiological studies* 577989117 ysing various endpoints that have shown varying results. Definitive
health risks have not been reported in humans, with studies of people occupationally exposed to high
concentrations*®% showing varying results. Nonetheless, several studies have reported
associations*#>>3 between PFAS concentrations and adverse health effects such as fetal
development, alterations to lipid metabolism, and thyroid disease. Barry’® reported a link to kidney
and testicular cancer, and more recently the IARC classified®” PFOA as a Class 2B carcinogen, i.e.
possibly carcinogenic to humans. Further information about the toxic effects of perfluorochemicals
has been published by de Witt* and more recently by the Expert Health Panel for Per and Poly

fluoroalkyl Substances.'’

The significance of firefighter exposures may vary from the general population due to their activities
and the nature of the materials they have access to. In the occupational setting there are no
Workplace Exposure Standards (WES) established for AFFF or the constituent PFAS. Generally, the
most significant firefighter exposure pathway for hazardous chemicals is the respiratory system.!?
Despite the importance of this exposure pathway, its significance within the firefighting environment
should be considered in the context of fire-fighters’ use of self-contained breathing apparatus (SCBA)
and their tactical methods. Determining the significance of skin as an entry route for PFAS in a
firefighting context is essential to understanding the exposure of firefighters compared with the
general population. Recently, Kirk'® reported skin as an exposure pathway for firefighters that needed
to be considered in the context of firefighting.

There is little, if any data reported in the literature characterising the extent of firefighter exposures
and the significant of the exposure pathways in the context of PFAS and AFFF use including whether
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PFAS skin absorption poses a significant risk to firefighters. Franko® reported dermal penetration of
PFOA occurred. However, penetration was slow (ca. 48-69% over 24 hours), and the penetration rate
was dependent on its ionisation state.

Mueller®!

recently reported PFOS/PFHxS serum levels in Australian Airport firefighters. They found
many factors were associated with the exposures, and the PFOS/PFHxS serum concentrations were
associated with the time of their job contact with AFFF. The highest serum levels were one order of
magnitude higher compared to the serum levels of the general Australian population, whilst the serum
levels within firefighters with less than 10 years’ experience were only slightly above those of the
general population. It was inferred these latter results reflected the phase-out of AFFF use from

training activities. They also found no relationship between skin exposure and PFOS levels.

Environmental Impacts

A significant concern®®12 13.1517,34,80-95,113,129-159 ahat AFFF foams, and in particular PFAS is their fate
within the environment. PFAS are readily released into the environment from manufacturing sites,
waste sites, sewerage treatment works, consumer products, biosolids, and firefighting.??* Indeed 95%
of PFAS are used in activities other than firefighting,’?®> but the significance of PFAS contamination
from non AFFF sources is not well understood in Australia, particularly PFAS contamination and fate
from biosolids and landfill leachate.?® Many initial studies focused on discharges from manufacturing
sites, however, it became apparent??'31>17 that PFAS were also present on and near former military
bases where AFFF foams were used. In the past decade many studies!***>7 have been published
highlighting the spread of the PFAS within the environment. The most prevalent sources include waste
water, and sewerage works and biosolid disposal. Consequently, it has been shown?%22334349 pEAS
were ubiquitous within the environment and their environmental fate has been extensively reported
elsewhere.

PFAS are usually water soluble and thus easily distributed within the environment. These chemicals
are environmentally persistent® and thus are not readily degraded by photo-oxidation, hydrolysis, or
biodegradation to environmentally benign substances. As an example: PFOS has an environmental
half-life of 42 years, and has been classified?® as a persistent organic pollutant. PFOA is even more
stable, with an estimated half-life®* of greater than 92 years. It has also been proposed?? to be
classified as persistent organic pollutant. There is a complex relationship>® between PFOS and PFOA
within the environment and moreover, many PFAS degrade in the environment to PFOA. These
materials are not only environmentally persistent, but they have been demonstrated®61-81-88108 tg phe
bio-accumulative and biomagnify within the food chain. The highest concentrations of PFAS tend to
be found in apex predators. However, much uncertainty remains about the fate of PFAS within the
environment.

The typical analytical approach used to estimate PFAS targets a select group of analytes. This approach
has been applied!? to other environmental contaminants such as polycyclic aromatic hydrocarbons
(PAHs). However, several publications®*8%1% have highlighted there are many PFAS within the
environment beyond the traditional select group of analytes targeted. Houtz**1%® developed an
analytical method, total oxidisable organic precursor (TOPA), which measures PFAS precursors not
detected using standard analytical approaches that transform to perfluoroalkyl acids.
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In recent years there has been a concerted effort334448866105 t5 shift to PFAS that are not
environmentally persistent or bioaccumulative, and that exhibit low environmental toxicity. This is
illustrated by the shift to lower molecular weight PFAS telomers'® used in firefighting foams. The PFAS
telomers®”** degrade to perfluorocarboxylic acids in the environment. For example: 6:2 fluorotelomer
sulfonate degrades!® to perfluorohexanoic acid. However, the environmental fate3%% of
fluorotelomers and their degradation products has received significantly less attention than PFOA and
PFOS and there remain significant gaps.

Applicable Regulatory Standards

There are numerous environmental and human health criteria applied by various international and

Australian regulatory frameworks.'**%

104

For example, the Biomonitoring Commission of German
established preliminary references values for PFOA/PFOS in blood
for children and adults, whilst the United States Environmental Agency Office of Water!!! applies

Federal Environmental Agency

lifetime drinking water health advisory values for PFAS. These latter values were recently revised.'!
Within Australia, the Food Standards Australia New Zealand published revised guidelines concerning
PFQOS, PFOA and PFHxS within water. The Commonwealth Department of Health adopted health-
based guidance values which were intended to be used in site investigations and human health risk
assessments. The values are:

Toxicity Reference value PFOS/PFHxXS PFOA
ng/L ug/L | ng/L | ug/L

Drinking water quality value 70 0.07 | 560 | 0.56

Recreational water quality value 700 0.7 5600 | 5.6

The DES (Department of Environment and Science) has published interim water release
concentrations for PFAS. These value for PFOS and PFOA are 0.3 pg/L. The value of Total Oxidisable
Precursor Assay (TOPA) including C4-C8 sulfonates (PFBS, PFHxS, PFOS, PFOSA, PFDcS) is 1 pug/L. The
alternative measure also applied is 3 (PFOS + PFHxS) is 0.3 pg/L. They also apply further values for
water leaching from landfills and for soil applied to cap landfills. These Australian based values and
the DES release criteria have been applied in this report.
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Experimental

The QFES endorsed a two-staged plan presented by its Research and Scientific Branch (RSB) to
investigate in-ground tank water for contamination by PFAS. Phase One investigations involved
sampling and analysing water and/or soil from six Fire and Rescue stations (Cairns, Townsville,
Rockhampton, Yeppoon, Enoggera, Oakey, and Southport) that had in-ground tanks used for testing
drafting pumps and training of personnel for emergency situations where water supply is limited.

Phase Two investigations involved sampling and analysing water from all remaining Fire and Rescue
stations identified as containing an in-ground water tank, namely Cairns (repeat), Cairns South,
Atherton, Mareeba, Mt Isa, Forrest Beach, Ayr, Home Hill, Airlie Beach, Proserpine, Mackay, Sarina,
Dysart, Moranbah, Rockhampton (second in-ground tank), Gladstone, Bundaberg, Maryborough,
Noosa Heads, Caloundra, Arana Hills, Windsor, Enoggera (repeat), Roma Street, Kemp Place, Annerley,
Cleveland, Anzac Avenue (Toowoomba), Crows Nest, and Charleville.

Sampling Quality Control Strategies
To manage PFAS cross contamination the following modified sampling strategies,'?® were adopted.

1. All personnel within 5m of the sampling and preparation areas wore clothing pre-washed at least
seven times prior to sampling. Sunscreen and insect repellent were not applied during the
sampling or preparation stages. No food was permitted on-site during the sampling or
preparation activities. No Teflon® or Teflon®-coated materials/equipment, including aluminium
foil, were used or allowed to come into contact with the samples.

2. Prior to sampling, personnel washed their hands with soap and rinsed them thoroughly before
donning a clean, new pair of disposable non-powdered nitrile gloves. A new pair was worn for
each sample collected.

3. Sampling equipment and tools were decontaminated prior to use via scrubbing and rinsing
thoroughly with soap and tap water. The equipment was then triple-rinsed with deionised water,
with the final rinse sampled and analysed for PFAS, to ensure no contamination was introduced.

4. Sample containers were supplied ready for use by the QHFSS NATA certified laboratory:

5. Samples were then packed into portable coolers together with ice in polyethylene bags to keep
cool for transport to the laboratory. A sample of the laboratory supplied deionised water was
transported as a travel blank.

Sampling Method

In-ground water tanks were measured to calculate their capacities and determine the current water
level at all identified stations. PFAS and biological samples were collected in 1L polypropylene bottles
attached to a cleaned aluminium sampling pole and stoppered with a polypropylene cork. The pole
was then lowered to 75% of the water depth within the in-ground tank, and the water collected by
dislodging the polypropylene cork using an aluminium drawing pole attached to the end of the cork.
Once the sampling was complete (as determined by no visible bubbles or 1 minute after dislodging
the cork) the sample was retrieved, and the original polypropylene lid screwed onto the bottle.
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Biological samples were decanted from the 1L polypropylene collection bottle into a 250mL sterile
polyethylene terephthalate bottles containing 25 mg sodium thiosulfate with unlined polypropylene
lids.

Town water samples at each station were collected directly into 1L polypropylene sample bottles from
a tap adjacent to the in-ground tank that had been flushed for 2 minutes prior to sample collection.

Soil samples were collected from station locations identified as having the highest previous loading of
firefighting foam through training and maintenance activities. Soil samples were also collected from
land outside the station confines and adjacent to the Fire and Rescue station sampling site. The
sampling area was prepared by removing the grass layer and digging a 200mm wide and 300 mm deep
hole using the washed stainless-steel spade. Sample (ca. 300 g) was placed into a 375mL glass bottles
with unlined polypropylene lids using a new sterile polypropylene scope that was disposed of after
collecting each sample.

Collected water and soil samples were packed into portable coolers together with ice in polyethylene
bags to keep cool for transported to the laboratory for analysis.

PFAS Analysis Methods!#16 127

Water and soil samples were analysed for PFAS by the Queensland Health Forensic and Scientific
Services (QHFSS) laboratory using a NATA accredited method based on the United States
Environmental Protection Agency Compendium Method 537.

PFAS (Perfluoroalkyl substances) Water Samples

Water samples were extracted using a weak anion exchange cartridge, followed by elution with
10:89:1 Isopropyl/ Acetonitrile/Ammonium hydroxide (v/v). Samples were concentrated to 1mL
(nitrogen blower) for LC-MS/MS analysis. The PFAS of interest were analysed using high performance
liguid chromatography (HPLC, Shimadzu Corp., Kyoto Japan) coupled to a tandem mass spectrometer
(QTrap 4000 or 5500, AB-Sciex, Concord, Ontario, Ca). The targeted PFASs were separated on a C18
column and through gradient elution using mobile phases made of 10% and 90% methanol,
respectively, with 5 mM ammonium acetate. The mass spectrometer was operated in negative
electrospray ionisation mode using scheduled multiple reaction monitoring (SMRM). An extra guard
column (C18) was installed between the solvent reservoirs and the injector to exclude PFASs that
originated from the HPLC system. All the compounds are reported as acids (sulfonate ion — difference
of one hydrogen from the equivalent acid). Particularly for PFOS, the various compounds were present
as various salts in the standards. Appropriate corrections were made to determine the equivalent
amount of acid.

TOPA (Total oxidisable precursor assay) Water Samples

The total oxidisable precursor assay (TOPA) used a standardised pre-treatment of the water samples
using a hydroxyl radical to oxidise the precursors to perfluoroalkyl carboxylic acids. Perfluorinated
carboxylates and sulfonates remain intact under these pre-treatment conditions. Water samples were
incubated with potassium persulfate (60mM) and sodium hydroxide (125mM) at 85°C for 6 hours.
Samples were neutralised and then extracted by solid phase extraction and analysed on the LC-
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MS/MS. TOPA were reported as Total (C4-C14) Perfluoroalkyl carboxylic acids, Total (C4-C10)
Perfluoroalkyl sulfonic acids and Total Fluorinated Organics.

PFAS (Perfluoroalkyl substances) Soil Samples

Soil samples were pre-treated with freeze drying and homogenisation. Samples were extracted from
the soil using 99:1 MeOH/ Ammonium Hydroxide (v/v) through sonication and centrifugation. Extracts
were blown down to dryness and made up in deionised water. Analytes in the soil extracts were
extracted by weak anion exchange cartridges (same as water), followed by elution with 10:89:1 IPA/
ACN/Ammonium hydroxide (v/v). The PFAS compounds were determined using LCMSMS. Conditions
for the LCMSMS are the same for soil and water.

TOPA (Total oxidisable precursor assay) Soil Samples

This method covers also the total oxidisable precursor assay (TOPA, where a standardised pre-
treatment of the water samples exposes underlying precursors. The pre-treatment method used a
hydroxyl radical to oxidise the precursors to perfluoroalkyl carboxylic acids. Perfluorinated
carboxylates and sulfonates remain intact under these pre-treatment conditions.

The soil samples were extracted through ENVI-Carb before they were incubated with potassium
persulfate (60mM) and sodium hydroxide (125mM) at 852C for 6 hours. Samples are neutralised and
then extracted by solid phase extraction and analysed on the LCMSMS.

Display Name Abbreviation

Perfluoroalkylcarboxylic Acids/perfluoroalkylsulfonates

Perfluorobutanoic acid, Perfluoropentanoic acid, Perfluorohexanoic acid,
Perfluoroheptanoic acid, Perfluorooctanoic acid, Perfluorononanoic acid, Perfluorodecanoic
PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PENA,
PFDA, PFUdA, PFDOA,
PFTrDA, PFTeDA,

acid, Perfluoroundecanoic acid, Perfluorododecanoic acid, Perfluorotridecanoic acid,
Perfluorotetradecanoic acid, Perfluorohexadecanoic acid, Perfluorooctadecanoic acid,
Potassium Perfluorobutanesulfonate * (factor 0.89), Sodium Perfluorohexanesulfonate *

(factor 0.95 ), Sodium Perfluorooctanesulfoate * (factor 0.96), Sodium
Perfluorodecanesulfonate *

PFHXDA, PFODA, L-PFBS,
L-PFHXS, L-PFOS, L-PFDS

2-Perfluorohexyl ethanoic acid, 2-Perfluorooctyl ethanoic acid, 2-Perfluorodecyl ethanoic
acid

FHEA, FOEA, FDEA

Sodium 1H,1H,2H,2H-perfluorohexane sulfonate* (factor 0.94), Sodium 1H,1H,2H,2H-
perfluorooctane sulfonate* (factor 0.95), Sodium 1H,1H,2H,2H-perfluorodecane sulfonate*
(factor 0.96)

4:2FTS, 6:2FTS, 8:2FTS

Perfluoroalkylcarboxylic Acids/perfluoroalkylsulfonates mass labelled

Perfluoro-n-[13C4]butanoic acid, Perfluoro-n-[1,2-13C2] hexanoic acid, Perfluoro-n-[1,2,3,4-

13C4]octanoic acid, Perfluoro-n-[1,2,3,4,5-13C5] nonanoic acid, Perfluoro-n-[1,2-
13C2]decanoic acid, Perfluoro-n-[1,2-13C2]undecanoic acid, Perfluoro-n-[1,2-
13C2]dodecanoic acid, Sodium perfluoro-1-hexane[1802]sulfonate, Sodium perfluoro-1-
[1,2,3,4-13C4]octanesulfonate,

MPFBA, MPFHXA,
MPFOA, MPFNA, MPFDA,
MPFUdA, MPFDOA,
MPFHxs, MPFOS

Mass-labelled telomere Acids/sulfonates

2-Perfluorohexyl-[1,2-13C2]ethanoic acid, 2-Perfluorooctyl-[1,2-13C2]ethanoic acid, 2-
Perfluorodecyl-[1,2-13C2]ethanoic acid, Sodium 1H,1H,2H,2H-perfluoro-1-[1,2-13C2]-
octane sulfonate (6:2)

MFHEA, MFOEA, MFDEA,
M2-6:2FTS

*Correction factors were included to convert the sulphonate to the acid

Table 7

PFAS targeted analytes in Queensland Health Forensic and Scientific Services analyses.
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Quantification was achieved using isotope dilution of PFAC and PFAS. Calibration standards were
made up in the range between 0.1 and 100 ngmL™ (0.1; 0.2; 1; 4; 10; 20; 40; 100). Branched and linear
isomers of individual PFAS were quantified using linear standards.

Quality Assurance and Quality Control

Extraction of water samples (PFAS)
For each 10 samples a minimum of one duplicate sample was prepared as well as one blank and blank
spike. A matrix spike was performed on every 20 samples.

For each sampling event a trip blank (Milli Q water as supplied by Laboratory) and rinsate water
sample (to check cleaning of sampling equipment between samples) were prepared and submitted
with the samples for analysis. All sample identifications were coded and submitted to the laboratory
in a random order.

Calibration standards were injected multiple times in each batch of samples, including after every 10
samples to check for instrument drift. Quantification of PFASs was performed using a linear regression
fit analysis weighted by 1/x of the calibration curve. The quantitation of PFASs was based upon
comparison with calibration curves constructed using only the linear isomer of each compound.

The following checks were applied:

o If blanks report values are greater than the limit of quantitation, samples from the batch
should be repeated or blank corrected when the blank is more than one tenth the LOR.

e Spike as well as isotope results are plotted in a program called NWA Quality Analyst and results
should fall within a set acceptable recovery range.

e  When using the LCMSMS the concentration of the analytes in both MRM transitions should
be within 30%.

e When validating the method 10 spiked samples were run at the expected LOQ (3x LOD). 10
blanks were also run along 10 NESS (non-extracted spike). With this procedure the
repeatability, reproducibility, LOQ/LOR and uncertainty (including the effect of bias) are
determined for all analytes. The approach to measurement uncertainty is standard deviation
of replicate analyses multiplied by 2.26 to give a 95% confidence level.

Microbiological Analysis Methods

Water samples were analysed for coliforms and Escherichia coli by the Queensland Health Forensic
and Scientific Services (QHFSS) laboratory using a NATA accredited Method 20902: Water
microbiology - coliforms and Escherichia coli - enzyme hydrolysable substrate method.

Microorganisms were grown in a defined liquid medium containing substrates for the specific
detection of the enzymes B -galactosidase and B -glucuronidase. The dehydrated medium was
dissolved in 100 mL of sample, or dilution of sample, which was then added to a 51 or 97 well reaction
tray. This was then sealed and incubated at 36°C for 18-22 hours. If, within the tray, some of the wells
exhibited no growth in the medium after incubation, while other wells exhibited some growth with
appropriate reactions, then the most probable number of target organisms in 100 mL was estimated
from appropriate probability tables.
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Water samples were analysed for Enterococci by the Queensland Health Forensic and Scientific
Services (QHFSS) laboratory using a NATA accredited Method 23144: Water microbiology —
Enterococci — membrane filtration method.

A measured volume of water sample was passed through a membrane filter, retaining the bacteria in
the sample on or near the surface of the membrane. The membrane was placed onto the surface of
an m-enterococcus agar plate and incubated under the required conditions. The plate was then
examined for typical enterococci colonies, which are counted. A proportion of presumptive colonies
was confirmed by testing for aesculin hydrolysis.
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Investigation of Potential PFAS and Microbiological
Contamination of QFES Far Northern Region Fire and Rescue
Stations with In-ground Water Tanks

The Queensland Fire and Emergency Services (QFES) Far Northern Region
(FNR) is a large geographically and economically diverse area that extends
from Cardwell in the southeast to the Torres Strait Islands in the north and the
Gulf of Carpentaria in the west. Significant industries including tourism, cattle
grazing, agriculture and mining operate within the Region, which is considered
a premier tourist destination in Australia.

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and Special Operations
capability to the entire Region. This capability is provided by a mix of 25 permanent, composite and
auxiliary Fire and Rescue stations located throughout the Region. The region is staffed by 135 full time
employees and 317 auxiliary employees.

QFES Emergency Management supports Local Government areas within the region. The QFES
Emergency Management FNR team has a total of five staff who work closely with all local governments
to meet the Queensland Disaster Management legislative arrangements.

Rural Fire Service (RFS) regional operations is co-located with the F&R Far Northern Region but led by
the RFS Assistant Commissioner. RFS FNR operates with 206 brigades, and is staffed by approximately
4,475 personnel, including regional QFES personnel, Volunteer Firefighters, and Volunteer Community
Educators.

State Emergency Service (SES) regional operations is co-located with the F&R Far Northern Region but
led by the SES Assistant Commissioner. SES FNR operates with 52 groups, and is staffed by
approximately 1,143 personnel, including regional QFES personnel and volunteers.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, of perfluoroalkyl substances (PFAS) contamination
at QFES FNR stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam)
project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
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and analysed for PFAS contamination. The following criteria were adopted and used for Phase One of
the study:

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS. Water samples were collected from two stations. The
following criteria were adopted and used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o SPFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 ug/L); and

e The DES interim water release guidelines: S(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from all Far Northern Region Fire and Rescue stations
that contained in-ground water tanks. Cairns station was sampled and analysed in Phase One of the
tests and re-sampled in Phase Two based on the results from Phase One tests. Four stations (Cairns
South, Atherton and Gordonvale) were identified for Phase Two of these investigations. Samples were
collected from Cairns and Cairns South stations, but not from Atherton and Gordonvale stations
because the tanks were empty at the time of sampling. No visible foaming was present in the in-
ground tank water, or after agitation of the collected sample.

Phase One investigations

Two water samples were collected from the Cairns Fire and Rescue station - one from the Cairns in-
ground tank and one from an adjacent town water tap. Two soil samples, one from behind the station
tower and one from adjacent nature strip outside the station, for PFAS analysis. Two further water
samples were collected, one from the in-ground tank and one from an adjacent town water tap, for
biological analysis.

Phase Two investigations

Six water samples were collected from the Cairns in-ground tank - two in-ground water tank samples,
two town water samples, a sample of rinsate collected from the sample probe pre-use cleaning wash,
and a travel blank, for PFAS and TOPA analyses.

Five water samples were collected from the Cairns South in-ground tank - two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses.
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Cairns Fire and Rescue Station

Cairns Fire and Rescue station is an older style - . =,
building built prior to 1970. It is the major
station in Cairns and is located on a major road
within a residential area. The station houses
five appliances and support vehicles and is
crewed by six firefighters in the standard QFES
10/14 shift system. The area office, BA-HazMat
complex, training and emergency management
centre, and regional maintenance workshops
are all co-located on-site. All training activities are conducted on a large open space at the rear of the
station and/or in a multistorey training tower. A concrete in-ground water tank (1200 mm diameter
x 3300 mm deep, capacity of 3730 L) adjacent to the tower is used for pump testing and water drafting
training. The in-ground tank is covered by a steel plate cover that does not prevent water ingress.
Water was collected on two occasions from the in-ground tank that was 100% full each time of
sampling.

,% 3

e f':%’-" S
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Figure FNR 1
Cairns Fire and Rescue station location and surrounding suburban setting.
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Cairns Results

Cairns Fire and Rescue station was one of the four sites identified in Far Northern Region that
contained an in-ground water tank. This study investigated the in-ground tank water and on-site soil
for the presence of PFAS contamination.

Phase One investigation

Two water samples from the in-ground tank and two from an adjacent town water tap were collected
for PFAS and biological analyses. One soil sample from behind the station tower and one from
adjacent nature strip outside the station were also collected for PFAS analysis, (Table FNR 1).

Biological
Analyte Name PFAS Sample Analyses Analyses
Water (ug/L) Soil (mg/kg) V\(/zcaltfjr/ii)zrzlss
LOR | Tap | Sample LOR | Street | Yard Tank | Tap
Biological Test
E. coli <1 <1
Coliforms >100 <1
Enterococci 3 <1
PFAS Chemical Test
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.027 0.005 <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.08 0.002 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.11 0.001 <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.045 0.001 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.065 0.002 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR 0.001 <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR 0.001 <LOR <LOR
Perfluoroundecanoic acid (PFUDA) 0.01 <LOR <LOR 0.002 <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR 0.007 <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR 0.01 <LOR <LOR
Perfluorohexadecanoic acid 0.05 <LOR <LOR Not Reported
Perfluorooctadecanoic acid Not Reported
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.18 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.21 0.001 <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.3 0.001 <LOR <LOR
Perfluorodecanesulfonic acid (PFDS) 0.005 <LOR <LOR 0.002 <LOR <LOR
2-perfluorohexyl ethanoic acid (FHEA) Not Reported 0.002 <LOR <LOR
2-Perfluoroocty ethanoic acid (FOEA) Not Reported 0.02 <LOR <LOR
2-Perfluorodecyl ethanoic acid (FDEA) Not Reported 0.02 <LOR <LOR
4:2 Fluorotelomer sulfonic acid (4:2 FTS) Not Reported 0.002 <LOR <LOR
6:2 fluorotelomer sulfonate (6:2 FTS) 0.001 <LOR 0.15 Not Reported
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.002 <LOR 0.13 0.005 <LOR <LOR
Total PFAS <LOR 1.30 0.09 <LOR <LOR
Table FNR 1

Phase One water and soil sample analyses from Cairns Fire and Rescue station.
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The Phase One in-ground tank water analysis (Table
FNR 1) shows the total PFAS (1.3 pg/L) is comprised
of three PFAA moieties (PFCA, PFSA and PFT).
Comparison of the molar percentages highlights the
PFSA (sulfonates) moiety is the highest contribution
of the PFAS contamination. The PFCA (carboxylic
acid) and PFT (telomer) moieties make up the
remaining PFAS contamination. The PFSA and PFCA
are representative of the older style fluorinated Total PFSA's
foams, while the PFCA and PFT indicate newer style o
fluorinated foams, (Figure FNR 2).

CAIRNS PFAS PROFILE

Total PFCA's
25%

Figure FNR 2

The in-ground tank water analysis shows that PFOA PFAS molar profile of the Cairns in-ground tank.
(0.065 pg/L) was below the interim Australian

health-based guidelines for both drinking and recreational water, but the 3(PFOS + PFHxS) (0.51 pg/L)
was above the drinking water and below the recreational water guidelines, (Figure FNR 3). Similarly,
PFOA was below the Queensland Government environmental water discharge criteria , but 3(PFOS +
PFHxS) was above the environmental discharge guideline, (Figure FNR 4).

Cairns In-ground Tank PFAS profile - Phase One
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Perfluoroalkyl Substances (PFAS)

Figure FNR 3
Perfluoroalkyl substances (PFAS) profile of the Cairns Fire and Rescue station in-ground tank — Phase One.

The biological results (< 1 org/100mL of water for E. coli, >100 CFU for total coliforms, and 3 CFU for
Enterococci) show water was equivalent to A+ recycled water for E. coli. The soil analyses showed no
reportable levels of PFAS (<LOR) and were therefore below the DES ERA60: Material used in Capping
and NEMP human health-based soil criteria for industrial/commercial land.

Phase Two investigation

Six water samples were collected from the Cairns Fire and Rescue station for PFAS and TOPA analyses
- two in-ground water tank samples, two town water samples, one sample of rinsate collected from
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the sample probe pre-use cleaning wash, and a travel blank. The results for the four in-ground and

tap samples are shown in Table FNR2.

LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ng/L) | (ug/L) | (ng/L) (ne/) | (ug/l) | (ng/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.07 <LOR 0.43 0.36 6
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.14 <LOR 0.34 0.20 2.5
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.34 <LOR 1.6 1.26 4.7
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.096 <LOR 0.21 0.11 2.9
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.12 <LOR 0.43 0.31 3.6
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.008 <LOR 0.038 0.030 4.8
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR 0.02 0.02 -
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.04 <LOR 0.054 0.014 1.35
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.62 <LOR 0.65 0.030 1.1
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.67 <LOR 0.57 -0.100 0.85
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.42
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR 0.11
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 2.6
TOPA C4-C14 Carboxylic acids <LOR 3
TOPA C4-Cio Sulfonic acids <LOR 13
Total TOPA <LOR 4.3
Table FNR 2

Phase Two water sample analyses from Cairns Fire and Rescue station in-ground tank and town water.

The Phase Two in-ground tank water analysis
(Table FNR 2) shows the total PFAS (2.6 pg/L) is
comprised of three PFAA moieties (PFCA, PFSA and
PFT). Comparison of the molar percentages
highlights the PFSA (sulfonates) moiety is the
highest contribution of the PFAS contamination.
The PFCA (carboxylic acid) and PFT (telomer)
moieties make up the remaining PFAS
contamination. The PFSA and PFCA are
representative of the older style fluorinated foams,
while the PFCA and PFT indicate newer style
fluorinated foams, (Figure FNR4).

CAIRNS PFAS PROFILE

Total PFCA's
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Figure FNR 4

PFAS molar profile of the Cairns In-ground tank.
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The in-ground tank water analysis shows that PFOA (0.12 pg/L) was below the Australian health-based
guidelines for both drinking and recreational water. However, the 5(PFOS + PFHxS) (1.29 ug/L) was
above both drinking and recreational water guidelines, (Figure FNR 5).
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Perfluoroalkyl Substances (PFAS)

Figure FNR 5
Perfluoroalkyl substances (PFAS) profile of the Cairns Fire and Rescue station in-ground tank — Phase Two.

Consideration of the Queensland Government environmental water discharge criteria show PFOA was
below the discharge criteria, but the S(PFOS + PFHxS) and TOPA (4.3 pg/L) were both significantly
above their respective discharge values. The TOPA analysis showed the presence of PFAS precursors
[PFCA (3.07 pg/L from PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA), PFSA (1.27 pg/L from PFBS, PFHXxS,
PFOS) and PFT (0.53 pg/L from 6:2 FTS, 8:2 FTS)] that may oxidise or biotransform over time, (Table
FNR 2, Figure FNR 6).
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Figure FNR 6
TOPA perfluoroalkyl substances (PFAS) profile of the Cairns Fire and Rescue station in-ground tank.
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Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.67 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFF =0.67x3730x1.00
=2499.1 pg (= 0.0024991 g) of PFOS

=0.0024991 x 100 /1 (1% PFOS) or =0.00024991 x 100/ 5 (5% PFOS)
=0.2499 g =0.04998 g
=250 mg =50 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Cairns Fire and Rescue
station in-ground water tank is between 0.05 to 0.3 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Cairns South Fire and Rescue Station

Cairns South Fire and Rescue station is a newer
style single storey, two engine bay station built in
the late 1990’s. It is the major station in the
Edmonton area and located on a major road within
a residential area. The station houses one fire-
fighting appliance and is staffed by four firefighters
in the standard QFES 10/14 shift system. All
training activities are conducted on a large open
space at the rear of the station where a concrete
in-ground water tank (1200 mm diameter x 2500

mm deep, 2826 L capacity) is used for pump testing and water drafting training. The tank has a raised
lip and is covered by a steel cover plate to prevent water ingress. Water was collected from the in-
ground tank that was 70% full at the time of sampling.

Figure FNR 7
Cairns South Fire and Rescue station in-ground water tank and surrounding suburban setting.
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Cairns South Fire and Rescue station was one of the four sites identified in Far Northern Region that
contained an in-ground water tank. This study investigated the in-ground tank water for the presence

of PFAS contamination.

Phase One investigation

This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Cairns South Fire and Rescue station -two samples from
the in-ground water tank, two town water samples, and a sample of rinsate collected from the sample
probe pre-use cleaning wash for PFAS and TOPA analyses. The results are shown in Table FNR 3 below.

PFAS TOPA
Perfluoroalkyl Substances (PFAS) LOR Tap | Samplel | Tap | Sample2 Delta To:i:As
(ug/L) | (ng/L) (ug/L) (ug/L) (ug/L) (ug/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.02 <LOR 0.08 0.06 4
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.028 <LOR 0.053 0.025 1.9
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.075 <LOR 0.33 0.26 4.4
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.023 <LOR 0.027 0.004 1.2
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.044 <LOR 0.069 0.025 1.6
Perfluorononanoic acid (PFNA) 0.007 <LOR < LOR <LOR <LOR < LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR < LOR <LOR <LOR < LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR < LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR < LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.036 <LOR 0.038 0.002 1.1
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.29 <LOR 0.29 0.000 1
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.93 <LOR 0.83 -0.100 0.89
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR < LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR < LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR < LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 1.5
TOPA C4-C14 Carboxylic acids <LOR 0.6
TOPA Cs-Cyo Sulfonic acids <LOR 1.2
Total TOPA (incl C4-C1o Sulfonic acids) 0.05 <LOR 1.8
Table FNR 3

Water sample analyses from Cairns South Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table FNR 3) shows the total PFAS (1.45 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA).
Comparison of the molar percentages highlights
the PFSA (sulfonates) moiety is the highest
contribution of the PFAS contamination. The
PFCA (carboxylic acid) moiety makes up the
remaining PFAS contamination. The PFSA and
PFCA moieties are both representative of the Total PFSA's
older style fluorinated foams, (Figure FNR 8). a7

CAIRNS SOUTH PFAS PROFILE

Total PFCA's
13%

The in-ground tank water analysis shows that
PFOA (0.044 pg/L) was below the Australian Figure FNR 8

health-based guidelines for both drinking and  PFAS molar profile of the Cairns South In-ground tank.
recreational water, but the S(PFOS + PFHXxS)

(1.22 pg/L) was above both drinking and recreational water guidelines, (Figure FNR 9).
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Figure FNR 9
Perfluoroalkyl substances (PFAS) profile of the Cairns South Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA was
below the discharge criteria, but the S(PFOS + PFHxS) and TOPA (1.8 pg/L) were both significantly
above their respective discharge values. The TOPA analysis showed the presence of PFAS precursors
[PFCA (0.49 ug/L from PFBA, PFPeA, PFHxXA, PFHpA, PFOA) and PFSA (1.26 ug/L from PFBS, PFHXS,
PFOS)] that may oxidise or biotransform over time, (Table FNR 3, Figure FNR 10).
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Oxidation products of PFAS Contaminents
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Figure FNR 10
TOPA perfluoroalkyl substances (PFAS) profile of the Cairns South Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.93 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
maree =0.93x2836x0.70
=1846.726 pg (= 0.00184673 g) of PFOS
=0.00184673 x 100/ 1 (1% PFOS) or =0.0024991 x 100/ 5 (5% PFOS)
=0.185¢g =0.0369 g
=185 mg =37 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Cairns South Fire and
Rescue station in-ground water tank is between 0.04 to 0.2 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate
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Summary of Far Northern Region Results
Phase One

The Cairns Fire and Rescue station in-ground tank water results showed low levels of PFAS
contamination with only the 3(PFOS + PFHxS) (0.51 pg/L) value above the interim Australian health-
based drinking water guideline, but below the recreational water guideline. However, when the
current Australian health-based criteria are applied, the 3(PFOS + PFHxS) is above the Australian
health-based drinking and recreational water guidelines. The biological results (< 1 org/100mL of
water for E. coli, >100 CFU for total coliforms, and 3 CFU for Enterococci) show the water to be
equivalent to A+ recycled water for E. coli. The soil analyses showed Cairns station land and the
adjacent nature strip had no reportable levels of PFAS contamination present. Subsequent application
of the current Australian health-based criteria would result in the S(PFOS + PFHxS) value being above
the recreational water guideline.

Phase Two

The Far Northern Region (FNR) in-ground tank water

analyses showed detectable levels of PFAS Total Polyfluorinated Substances

contamination at both Cairns and Cairns South Fire 3 m Total PFCA

and Rescue stations. The total PFAS concentration é Total PFSA

at Cairns South (1.45 pg/L) was ca. half that of Cairs = 2 Total PFT

(2.63 pg/L). The PFAS profiles of both stations show §

the presence of the perfluoroalkyl acids (PFAA) g 1

moieties [PFSA (major component) and PFCA], &

whilst Cairns also showed the presence of fluoro -

telomeres (PFT), (Figure FNR 11 and Figure FNR 12). 0 r—
Cairns Cairns South

The results show neither station [Cairns (0.12 Figure FNR 11

pg/L) and Cairns South (0.044 pg/L)] exceeded the
Australian health-based recreational or drinking
water guidelines for PFOA, but the (PFOS +
PFHxS) results from both stations [Cairns (1.29
pg/L) and Cairns South (1.22 pg/L)] exceeded the
recreational and drinking water guidelines. The TOPA [Cairns (4.6 pug/L) and Cairns South (1.30 pg/L)]
and PFOS + PFHxS for both stations exceeded the respective DES water discharge guidelines.

Total PFAS contamination of water samples in
Far Northern Region Fire and Rescue station
in-ground tanks.

Concern for PFAS bio-persistence has been reported for a number of years,15116120122 it more
recently interest has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHXA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHxA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.1%

The Far Northern Region stations showed the presence of PFAS bio-transformation moieties (PFCA,
PFSA, PFT). There was a different distribution of PFCA homologues between the stations with Cairns
containing six homologues (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA) and Cairns South station five
homologues [PFBA, PFPeA, PFHxA, PFHpA, PFOA]. A different distribution of PFSA homologues was
also observed, with Cairns station containing two homologues (PFHxS, PFOS) and Cairns South station
containing three homologues (PFBS, PFHxS, PFOS), (Figure FNR 12). Cairns was the only station to
contain PFT with two homologues (6:2 FTS, 8:2 FTS). The potential for oxidation or biotransformation
of PFAS can be highlighted by the differences (delta A values) between the TOPA and initial of PFAS
concentrations, (Table FNR 4, Figure FNR 13).

Version 1.3: Released 17 January 2019 Page | 35
Uncontrolled when printed



Concentration (pg/L)

SRR P I RS
<8’ "*@“ Q‘Q LR ob

PFAS Identified in Far Northern Region In-ground Tanks

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

OFFICIAL - PUBLIC

Q
((,\k <<«Q/ \2\+

W Cairns
M Cairns South

S 5 O &
<g> \<\+ O @ <(\ {\ <{\ \gy 0‘3@‘3

Perfluoroalkyl Substances identified in QFES in-ground Tanks

Figure FNR 12

PFAS contamination profile of water samples in Far Northern Region Fire and Rescue station in-
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ground tanks.

TOPA Accelerated Oxidation Results of Far Northern Region

Figure FNR 13
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Effects of accelerated oxidation on PFAS compounds. Delta (A) changes reflect the actual

concentration difference of starting from oxidised PFAS contaminates.
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LOR Cairns Cairns South
PFAS Standard Compounds PFAS | TOPA | A PFAS | TOPA | &

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) 0.03 (ng/l)
Perfluorobutanoic acid (PFBA) 0.01 0.07 0.43 0.36 0.02 0.08 0.060
Perfluoropentanoic acid (PFPeA) 0.007 0.14 0.34 0.20 0.028 0.053 0.025
Perfluorohexanoic acid (PFHxA) 0.005 0.34 1.6 1.26 0.075 0.33 0.26
Perfluoroheptanoic acid (PFHpA) 0.005 0.096 0.21 0.11 0.023 0.027 0.004
Perfluorooctanoic acid (PFOA) 0.007 0.12 0.43 0.31 0.044 0.069 0.025
Perfluorononanoic acid (PFNA) 0.007 0.008 0.038 0.03 < LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR 0.02 0.02 <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR < LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR < LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 0.04 0.054 0.014 0.036 0.038 0.002
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.62 0.65 0.030 0.29 0.29 0
Perfluorooctanesulfonic acid (PFOS) 0.005 0.67 0.57 -0.100 0.93 0.83 -0.10
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR < LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 0.42 <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 0.11 <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS 2.63 1.45
TOPA (incl C4-C10 Sulfonic acids) 4.3 1.8

Table FNR 4

PFAS contaminant assay of water in Far Northern Region in-ground water tanks. All station town water samples tested less than level of reporting (<LOR).
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Investigation of Potential PFAS and Microbiological
Contamination of QFES Northern Region Fire and Rescue
Stations with In-ground Water Tanks

The Queensland Fire and Emergency Services (QFES) Northern Region is one
of the most demographically and geographically diverse regions within the
Queensland Fire & Emergency Services. The region spans from Ingham to the
Gulf of Carpentaria, the length of the Queensland/Northern Territory border
to Birdsville and to Bowen in the south, encompassing an area of 600,000 km?.

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and
Special Operations capability to the entire Region. This capability is provided
by a mix of 445 employees, ranging from full-time and auxiliary firefighters, emergency management
officers, community safety officers and technical rescue.

QFES Emergency Management supports Local Government areas within the region to meet the
Queensland Disaster Management legislative arrangements.

Rural Fire Service (RFS) regional operations is co-located with the F&R Northern Region but led by the
RFS Assistant Commissioner. RFS Northern Region operates 186 brigades, staffed by approximately
14 regional QFES personnel, 4056 Volunteer Firefighters, and 44 Volunteer Community Educators.

State Emergency Service (SES) regional operations is co-located with the F&R Northern Region but led
by the SES Assistant Commissioner. State Emergency Service (SES) regional operations operates with
40 groups, staffed by approximately 596 volunteers, and they are supported by 12 SES staff in
Townsville and Mount Isa offices.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, perfluoroalkyl substances (PFAS) contamination at
QFES NR stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam) project
was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
and analysed for PFAS contamination. The following criteria were adopted and used for Phase One of
the study:
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e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS contamination. Water samples were collected from four
stations. The following criteria were adopted and used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o Y(PFOS + PFHxS): recreational water (0.7 pg/L); and drinking water (0.07 pg/L); and

e The DES interim water release guidelines: 5S(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from all Fire and Rescue stations within Northern Region
Fire and Rescue Stations that contained in-ground water tanks. Townsville station was sampled and
analysed in Phase One investigations and based on these results not re-sampled in Phase Two. Three
stations were identified (Mt Isa, Home Hill, and Forrest Beach) for Phase Two investigations, with a
fourth station (Ayr) identified by the region and added to the list during the time of sampling. No
visible foaming was present in the in-ground tank water, or after agitation of the collected sample.

Phase One investigations

Four water samples, two from the in-ground water tank and two from an adjacent town water tap
and two soil samples, one from the station front yard and one from adjacent nature strip outside the
station were collected from the Townsville Fire and Rescue station. The water samples were analysed
for PFAS and biological contamination.

Phase Two investigations

Eight water samples were collected from the Mt Isa in-ground tank - four from the in-ground water
tank, two from a town water tap, one rinsate from the sample probe, and a travel blank, for PFAS and
TOPA analyses.

Six water samples were collected from Forrest Beach station - two from the in-ground water tank, two
from a town water tap, one rinsate from the sample probe, and a travel blank, for PFAS and TOPA
analyses.

Five water samples were collected each from the Home Hill and Ayr stations - two from the in-ground
water tank, two from a town water tap, and one rinsate from the sample probe for PFAS and TOPA
analyses.
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Forrest Beach Fire and Rescue Station

Forrest Beach Fire and Rescue station is a single storey,
one engine bay station housing a fire-fighting appliance
and staffed by on-call auxiliary fire-fighters. All training
activities are conducted on a large open space at the rear
of the station. A concrete in-ground water tank (2000 mm
diameter x 3700 mm deep, capacity of 11620 L) is used for
pump testing and water drafting training. The in-ground
tank is covered by a steel plate cover to prevent water
ingress. Water samples were collected from the in-ground
tank that was 90% full at the time of sampling.

Figure NR 1
Forrest Beach Fire and Rescue station and surrounding suburban setting.

Forrest Beach Results

Forrest Beach Fire and Rescue station was one of the five identified in Northern Region containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Six water samples were collected from Forrest Beach station - two from the in-ground water tank, two
from a town water tap, one rinsate from the sample probe, and a travel blank, were analysed for PFAS
contamination. The results are shown in Table NR 1 below.
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LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap Sample Tap Sample Ratio
(ng/L) | (wg/L) | (ug/L) | (ug/U) | (ng/L) | (ug/b)
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR <LOR
TOTAL C4-C14 Carboxylic acids <LOR <LOR
TOTAL Ca-Cio Sulfonic acids <LOR <LOR
TOPA (incl Cs-C1o Sulfonic acids) <LOR <LOR <LOR
Table NR 1

Water sample analyses from Forrest Beach Fire and Rescue station in-ground tank and town water.

The Phase Two in-ground tank water analysis (Table NR 1) showed no reportable PFAS in the water
sampled and as such all results were below the Australian health-based guidelines for both drinking

and recreational water, and DES environmental discharge values, (Table NR 1).

Calculation of PFOS concentrate

No calculation of the amount of QFES foam'!® concentrate typically used prior to 2003 (3M Light Water
AFFF) could be performed since no reportable PFAS was present in the water in-ground tank.
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Townsville Fire and Rescue Station

Townsville Fire and Rescue station is an older
style station built prior to 1970. It is the major
station in the Townsville area, with four engine
bays housing one operational support unit, one
rescue unit, one firefighting appliance, one
aerial appliance, and one hazmat support unit.
The station is crewed by six firefighters in the
standard QFES 10/14 shift system. The station
also houses the regional fire communication
centre and BA HazMat unit. The station in-
ground water tank is of concrete construction (1500 mm diameter and 6000 mm deep, capacity of
10 600 L) adjacent to a multi-storey tower is used for pump testing and water drafting activities. The
in-ground tank is covered by a steel plate cover to prevent water ingress. This tank was 85% full at
the time of sampling, and has been used for activities at the station including drafting water and
appliance pump performance checks.

35
traliPark

Figure NR 2
Townsville Fire and Rescue station location and surrounding suburban setting.
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Townsville Results

Townsville Fire and Rescue station was one of the five identified in Northern Region sites containing
anin-ground water tank. This study investigated for PFAS contamination at Townsville Fire and Rescue
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station by collecting and analysing water and soil samples from the site.

Phase One investigation

Two water samples from the in-ground tank and two from an adjacent town water tap were collected
for PFAS and biological analyses. One soil sample from behind the station tower and one from the

adjacent nature strip outside the station were also collected for PFAS analysis, (Table NR 1).

Phase Two investigation

This station was not involved in Phase Two tests.

Analyte Name PFAS Analyses Biological Analyses
Water (ug/L) Soil (mg/kg) V‘(’g;z*‘/iggf:';)%s
LOR | Tap | Tank | LOR [ Street | Station Tank | Tap
Biological Test
E. coli I —
Coliforms o =
Enterococci > =

PFAS Chemical Test

Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.01 0.005 <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR | <LOR | 0.002 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR | 0.008 | 0.001 <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR | <LOR | 0.001 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR | 0.002 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR | 0.001 <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR | <LOR | 0.001 <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR | <LOR | 0.002 <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR | <LOR | 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR | 0.007 <LOR 0.038
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR 0.01 <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR

Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR | 0.006 | 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR | 0.042 | 0.001 | <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR | 0.041 | 0.001 <LOR 0.005
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR | <LOR | 0.002 | <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid 0.005 <LOR <LOR | 0.002 | <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid 0.01 <LOR <LOR

1H,1H,2H,2H-Perfluorodecanesulfonic acid 0.02 <LOR <LOR 0.005 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 0.002 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR | <LOR 0.02 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR | <LOR 0.02 <LOR <LOR
Total PFAS <LOR | 0.11" | 0.008 | <LOR 0.043

* Total PFAS for this sample did not include a measurement for Perfluorohexyl ethanoic acid (FHEA).

Table NR 2

Water sample analyses from Townsville Fire and Rescue station in-ground tank and town water.
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The Phase One in-ground tank water analysis (Table TOWNSVILLE PEAS PROFILE
FNR 1) shows the total PFAS (0.11 pg/L) is comprised Total

of two PFAA moieties (PFCA and PFSA). Comparison PFCA's

of the molar percentages shows the highest 17%
contribution from the PFSA (sulfonates) moiety.
The PFCA (carboxylic acid) makes up the remaining
PFAS contamination. The PFSA and PFCA are
representative of the older style fluorinated foams,
(Figure NR 3). The in-ground tank water analysis

shows that PFOA (< LOR pg/L) was below the o
Australian health-based guidelines for both 83%
drinking and recreational water. However, 5(PFOS
+ PFHxS) (0.083 pg/L) was above the drinking water
guideline and below the recreational water
guideline. Consideration of the Queensland Government environmental water discharge criteria show
both the PFOA and 5(PFOS + PFHxS) were below the discharge criteria, (Figure NR 4).

Figure NR 3
PFAS molar profile of the Townsville in-ground tank.

Townsville Fire and Rescue station
In-ground Tank PFAS profile
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Figure NR 4
Perfluoroalkyl substances (PFAS) profile of the Townsville Fire and Rescue station in-ground tank.

The biological results (< 1 org/100mL of water for E. coli, < 1 org/100mL for total coliforms, and < 1
org/100mL for Enterococci) show the water is equivalent to A+ recycled water for E. coli. The soil
analyses for the station land (total PFAS 0.043 mg/kg) showed very low levels of PFAS present. The
PFOA (<LOR mg/kg) was below reportable concentrations and the 3(PFOS + PFHxS) (0.005 mg/kg)] was
at the limit of reporting, therefore below the DES ERA60: Material used in Capping and NEMP human
health-based soil criteria for industrial/commercial land.
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The total PFAS analysis shows that PFAS precursors [PFCA (0.018 pg/L from PFBA, PFHxA) and PFSA
(0.089 pg/L from PFBS, PFHxS, PFOS)] were present and may oxidise or biotransform into PFAS of
concern over time, (Table NR 2, Figure NR 4).

Calculation of PFOS concentrate

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.041 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFF =0.041 x 10600 x 0.85
=369.41 ug (= 0.00036914 g) of PFOS

=0.00036941x100/1 (1% PFOS) or =0.00036941 x 100/ 5 (5% PFOS)
=0.037¢g =0.0074 g
=37 mg =74 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Townsville Fire and Rescue
station in-ground water tank is between 0.007 to 0.04 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is approximately
equal to the volume of concentrate
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Ayr Fire and Rescue Station

Ayr Fire and Rescue station is a two-
storey station with three engine bays,
housing two fire-fighting appliances. It is
staffed by four firefighters in the QFES
continuous day shift roster system in
addition to auxiliary firefighters. All
training activities are conducted on a
large open space concreted yard. A
concrete in-ground water tank (900 mm
diameter x 2300 mm deep, capacity of
1460 L) is used for pump testing and
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water drafting training. The in-ground tank is covered by a steel grated plate to prevent water ingress.
Water samples were collected from the in-ground tank that was 90% full at the time of sampling.

Bt w e
o ey
e L

Figure NR 5
Ayr Fire and Rescue station location and surrounding suburban setting.
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Ayr Results

Ayr Fire and Rescue station is one of the five identified Northern Region sites containing an in-ground
water tank. This study investigated the in-ground tank water for the presence of PFAS contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation
Five water samples were collected from the Ayr Fire and Rescue station - two from in-ground water

tank, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table NR 3).

LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ug/l) | (ug/L) | (ug/L) | (ug/t) | (ue/t) | (ng/b)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.02 <LOR 0.31 0.29 16
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.024 <LOR 0.33 0.31 14
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.05 <LOR 0.42 0.37 8.4
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.012 <LOR 0.17 0.16 14
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.031 <LOR 0.17 0.14 5.5
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR 0.066 0.066 <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR 0.05 0.05 <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR 0.03 0.03 <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR < LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.01 0.06 <LOR 0.07 0.01 1.2
Perfluorooctanesulfonic acid (PFOS) 0.005 0.012 0.061 <LOR 0.072 0.011 1.2
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.01
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR 0.6
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR 0.11
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS 0.022 0.98
TOTAL C4-Ci14 Carboxylic acids <LOR 15
TOTAL Ca-Cio Sulfonic acids <LOR 0.14
TOPA (incl C4-C10 Sulfonic acids) 0.3 <LOR 1.64
Table NR 3

Water sample analyses from Ayr Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table NR 3) shows the total PFAS (0.98 pg/L) is
comprised of the three PFAA moieties (PFCA, PFSA
and PFT). Comparison of the molar percentages
shows the highest contribution from the PFCA
(carboxylates) moiety. The PFSA and PFT make-up
the remaining PFAS contamination. The PFSA and
PFCA are representative of the older style
fluorinated foams, (Figure NR 6). The in-ground
tank water analysis shows that PFOA (0.031 pg/L)
was below the Australian health-based guidelines
for both drinking and recreational water. However,
the S(PFOS + PFHxS (0.12 pg/L) was above the
drinking water and below the recreational water
guidelines, (Figure NR 7).

AYR PFAS PROFILE

Total PFSA's
12%

Total PFCA's
87%

Figure NR 6
PFAS molar profile of the Ayr in-ground tank.
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Figure NR 7

Perfluoroalkyl substances (PFAS) profile of the Ayr Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA
S(PFOS + PFHxS were below the discharge values, but the TOPA (1.64 pg/L) was above the discharge
value. The TOPA analysis showed the presence of PFAS precursors [PFCA (0.137 pg/L from PFBA,
PFPeA, PFHXA, PFHpA, PFOA, FHEA, FOEA, PFSA (0.121 pg/L from PFHxS and PFOS) and PFT ((0.01 pg/L

from 6:2 FTS)] that may oxidise or biotransform over time, (Table NR 3, Figure NR 8).
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Oxidation products of PFAS Contaminents
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Figure NR 8

TOPA perfluoroalkyl substances (PFAS) profile of the Ayr Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.061 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marre = 0.061 x 1460 x 0.91
= 81.0446 pg (= 0.0000810446 g) of PFOS

=0.0000810446 x 100 /1 (1% PFOS) or =0.000810446 x 100/ 5 (5% PFOS)
=0.081¢g =0.001625 g
=81l mg =1.6mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Ayr Fire and Rescue station
in-ground water tank is between 0.002 to 0.08 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is approximately
equal to the volume of concentrate
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Home Hill Fire and Rescue Station

Home Hill Fire and Rescue station is a single
storey, four engine bay joint emergency
services facility, housing one fire-fighting
appliance. It is staffed by on-call auxiliary
fire-fighters.  All training activities are
conducted on a large open space at the rear
of the station. A concrete in-ground water
tank (900 mm diameter x 2400 mm deep,
capacity of 1530 L) is used for pump testing
and water drafting training. The in-ground
tank is covered by a steel cover to prevent
water ingress. Water samples were collected from the in-ground tank that was 70% full at the time
of sampling.

Figure NR9
Home Hill Fire and Rescue station location and surrounding suburban setting.
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Home Hill Results

Home Hill Fire and Rescue station was one of the five identified Northern Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Home Hill Fire and Rescue station, two in-ground water
tank samples, two town water samples, and a sample of rinsate collected from the sample probe pre-
use cleaning wash for PFAS and TOPA analyses, (Table NR 4).

PFAS TOPA |
Perfluoroalkyl Substances (PFAS) LOR Tap | Sample | Tap | Sample Delta TOPR:::AS
(ng/L) | (ug/L) | (ug/t) | (ug/t) | (ug/L) (ng/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.008 <LOR 0.023 0.015 2.9
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR < LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR < LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR < LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.011 <LOR 0.012 0.001 11
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.086 <LOR 0.088 0.002 1.0
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR < LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR < LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR < LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.105
TOPA C4-C14 Carboxylic acids <LOR 0.023
TOPA Cs-Cyo Sulfonic acids <LOR 0.10
Total TOPA (incl Cs-C1o Sulfonic acids) 0.02 <LOR 0.123
Table NR 4

Water sample analyses from Home Hill Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis (Table HOME HILL PFAS PROFILE
NR 4) shows the total PFAS (0.105 pg/L) is Total PECA's
comprised of two PFAA moieties (PFCA and PFSA). 8%
Comparison of the molar percentages highlights
the PFSA (sulphonates) moiety is the highest
contribution of the PFAS contamination. The PFCA
(carboxylic acid) moiety makes up the remaining
PFAS contamination. The PFSA and PFCA are
representative of the older style fluorinated foams,
(Figure NR 10).

Total PFSA's
92%

The in-ground tank water analysis shows that Figure NR 10

PFOA (< LOR pg/L) was below the Australian PFAS molar profile of the Home Hill in-ground tank.
health-based guidelines for both drinking and

recreational water. However, the S(PFOS + PFHxS) (0.097 pg/L) was above the drinking water
guidelines, but below the recreational water guidelines, (Figure NR 11).

Home Hill In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure NR 11
Perfluoroalkyl substances (PFAS) profile of the Home Hill Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.123 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.008 pg/L from PFHxA) and PFSA (0.097 pg/L
from PFHxS and PFOS)] that may oxidise or biotransform over time, (Table NR 4, Figure NR 12).
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Oxidation products of PFAS Contaminents
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Figure NR 12

TOPA perfluoroalkyl substances (PFAS) profile of the Home Hill Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.086 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

The mass of PFOS can then be used as a basis to estimate the amount of foam concentrate present as
3M light water using the following relationship.

Mass AFFF (magre) = concentration PFOS (Ceros) X Volume of tank water (Viank) X percent full (as fraction)
marrr = 0.086 x 1500 x 0.70
=90.3 pg (= 0.0000903 g) of PFOS
=0.0000903 x 100 /1 (based on 1% PFOS) or =0.0000903 x 100/ 5 (based on 5% PFQOS)
=0.009g =0.0018¢g
=9mg =1.8mg
Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Home Hill Fire and Rescue
Station in-ground water tank is between 0.002 to 0.009 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is approximately
equal to the volume of concentrate.
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Mt Isa Fire and Rescue station

Mt Isa Fire and Rescue station is a two-storey
station with four engine bays, housing four
five-fighting and one specialist support
appliances. It is staffed by four firefighters in
the standard QFES 10/14 shift system. A
concrete in-ground water tank (1050 mm
diameter and 4500 mm deep and a capacity of
3890-L) is used for pump testing and water
drafting training. The in-ground tank is
covered by a steel plate to prevent water
ingress. Water was collected from the in-ground that was 96% full at the time of sampling.

Figure NR 13

Mt Isa Fire and Rescue station location and surrounding suburban setting.
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Mt Isa Results

Mt Isa Fire and Rescue station was one of the five identified Northern Region sites containing an in-
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ground water tank. This study investigated for PFAS contamination within the in-ground tank.

Phase One investigation

This station was not involved in Phase One tests.

Phase Two investigation

Eight water samples were collected from the Mt Isa Fire and Rescue Station -four in-ground water
tank samples, two town water samples, a sample of rinsate collected from the sample probe pre-use

cleaning wash, and a travel blank for PFAS and TOPA analyses, (Table NR 5).

TOPA/PFAS
LOR PFAS TOPA Delta Ratio
Perfluoroalkyl Substances (PFAS) Tap | sample | Tap | sample Gamma

(He/L) | (ue/L) | (ne/t) | (ne/t) | (W8/L) | (ug/L) value
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR <LOR <LOR 0.008 0.008 <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.01 <LOR 0.009 -0.001 0.89
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.014 <LOR 0.011 -0.003 0.79
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.024
TOPA C4-C14 Carboxylic acids <LOR 0.008
TOPA Cs-Cyo Sulfonic acids <LOR 0.02
Total TOPA (incl Cs-C1o Sulfonic acids) 0.02 <LOR 0.028

Table NR 5

Water sample analyses from Mt Isa Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table NR 5) shows the total PFAS (2.63 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA).
Comparison of the molar percentages highlights
the PFSA (sulfonates) moiety is the highest
contribution of the PFAS contamination. The
PFCA (carboxylic acid) moiety makes up the
remaining PFAS contamination. The PFSA and
PFCA are representative of the older style
fluorinated foams, (Figure NR 14).

The in-ground tank water analysis shows that
PFOA (< LOR) and 3(PFOS + PFHxS) (0.024 pg/L)

PFAS PROFILE IN MT ISA STATION

Total PFCA's
18%

Total PFSA's
82%

Figure NR 14
PFAS molar profile of the Mt Isa in-ground tank.

were below the Australian health-based
guidelines for both drinking and recreational water, (Figure NR 15).

Mt Isa In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure NR 15
Perfluoroalkyl substances (PFAS) profile of the Mt Isa Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.028 pg/L) were all significantly below their respective discharge values.
The TOPA analysis showed the presence of PFAS precursors [PFCA (0.008 pg/L from PFHxA) and PFSA
(0.020 pg/L from PFHxS, PFOS)] that may oxidise or biotransform over time, (Table NR 5, Figure NR
16).

Version 1.3: Released 17 January 2019 Page | 56

Uncontrolled when printed



OFFICIAL - PUBLIC

Oxidation products of PFAS Contaminents
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Figure NR 16
TOPA perfluoroalkyl substances (PFAS) profile of the Mt Isa Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.014 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marrr = 0.014 x 4000 x 0.95
=53.2 pg (= 0.0000532 g) of PFOS
=0.0000532 x 100 / 1 (based on 1% PFOS)  or =0.0024991 x 100 / 50 (based on 5% PFOS)
=0.0053 g =0.0011g
=5.3mg =11mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Mt Isa Fire and Rescue
station in-ground water tank is between 0.001 to 0.005 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is approximately
equal to the volume of concentrate
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Summary of Northern Region Results

Phase One Investigation

The Townsville Fire and Rescue station in-ground tank water results showed low levels of PFAS
contamination below the interim drinking and recreational water guidelines. However, when the
current Australian health-based criteria are applied, the S(PFOS + PFHxS) (0.083 pg/L) value is above
the interim Australian health-based drinking water guideline. The biological results (< 1 org/100mL of
water for E. coli, < 1 org/100mL for total coliforms, and org/100mL for Enterococci) show the water
equivalent to A+ recycled water for E. coli. The soil analyses for the station land and the nature strip
showed very low levels of PFAS present, PFOA (<LOR mg/kg) and 3(PFOS + PFHxS) 0.005 mg/kg)], and
hence below the DES ERA60: Material used in Capping criteria and NEMP human health-based soil
criteria for industrial/commercial land.

Phase Two Investigation

The Northern Region (NR) in-ground tank Total Polyfluorinated Substances

water analyses showed PFAS contamination 1 Total PECA
in all Fire and Rescue station in-ground tanks Total PESA
[(MtIsa, 0.024 pg/L), (Townsville, 0.11 pg/L), = 08 Total PFT
(Home Hill, 0.11 pg/L) (Ayr, 0.98 pg/L)], 2
except Forrest Beach (< LOR). The PFAS 5 06
profiles for all stations except Ayr show the g 04
presence of two PFAA moieties [PFCA and &
PFSA]. Ayr was the only station where the S 02
PFT moiety was detected. Similarly, PFSA
was the predominant contaminant in all in- 0 ' ,
Forrest Beach Townsville Ayr Home Hill Mt Isa

ground tanks, except Ayr where PFCA
moiety was the predominant species. The Figure NR 17
highest total PFAS was observed in Ayr,
(Figure NR 17). The PFCA and PFSA moieties
are consistent with older style AFFF firefighting foams, while the PFCA and PFT are consistent with
newer style AFFF firefighting foams

PFAS contamination of Northern Region in-ground tank water.

The Northern Region analyses show small concentrations ranges for PFOA (<LOR —0.031 pg/L), >(PFOS
+ PFHxS) (<LOR — 0.12 pg/L) and TOPA (< LOR — 1.6 pg/L) and that that no station exceeded the
Australian Health-based recreational and drinking water guidelines for PFOA. The 3(PFOS + PFHxS)
results show Forrest Beach (< LOR pg/L) was below the Australian Health-based recreational and
drinking water guidelines, Townsville (0.121 pg/L) and Home Hill (0.083 pg/L) both exceeded the
drinking water guideline and Ayr (0.98 ug/L) exceeded both the recreational and drinking water
guidelines. The TOPA result showed that no station, except Ayr (1.6 pg/L), exceeded the Queensland
Government environmental water discharge criteria. TOPA was not measured for Townsville, (Table
NR 6).

Concern for PFAS bio-persistence has been reported for a number of years,1>116120122 ht more
recently has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS forms PFOA. One method of measuring these changes is TOPA,
which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer (22% PFBA, 27% PFPeA, 22%
PFHxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer (11% PFBA, 12% PFPeA, 19%
PFHXA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.1%
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Northern Region in-ground tank waters showed a different distribution of PFAS moieties across the
stations. The PFCA homologues differences show Mt Isa contained one homologue (PFHXxA),
Townsville contained two homologues (PFBA, PFHxA) and Ayr contained five homologues (PFBA,
PFPeA, PFHxA, PFHpA, PFOA). Home Hill and Forrest Beach contained no PFCA homologues. All
stations except, Townsville and Forrest Beach, contained two PFSA homologues (PFHxS, PFOS).
Townsville contained three (PFBS, PFHxS, PFOS) and Forrest Beach contained no PFSA homologues.
Ayr was the only station to contain any PFT with one homologue (6:2 FTS), (Figure NR 18). The
potential for PFAS oxidation or biotransformation can be highlighted by delta (A) values which are the
differences between TOPA and initial PFAS concentrations, (Table NR 6, Figure NR 19).

Total PFAS Identified in Northern Region In-ground Tanks
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Perfluoroalkyl Substances identified in QFES in-ground Tanks

Figure NR 18
PFAS contamination profile of Northern Region Fire and Rescue station in-ground water tanks.

Oxidation products of PFAS Contaminents
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Figure NR 19
Accelerated oxidation on PFAS compounds reflected by the difference between TOPA and PFAS.
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Forrest Beach Townsville Ayr Home Hill Mt Isa
PFAS Standard Compounds LR PFAS | TOPA | Delta | PFAS | Soil | Delta | PFAS | TOPA | Delta | PFAS | TOPA | Delta | PFAS | TOPA | Delta
(hg/l) | (ue/l) | (ue/l) | (/L) | (ug/t) | (me/k (ne/L) (me/L) (ne/L) (ug/L) (ng/L) (ng/L) | (ug/t) | (ng/L) | (me/U)
Perfluorobutanoic acid (PFBA) 0.01 <LOR | <LOR | <LOR 0.01 <LOR 0.02 0.31 0.29 <LOR <LOR <LOR | <LOR | <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR | <LOR | <LOR | <LOR | <LOR 0.024 0.33 0.31 <LOR <LOR <LOR | <LOR | <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR | <LOR | <LOR | 0.008 | <LOR 0.05 0.42 0.37 0.008 0.023 0.015 | <LOR | 0.008 | 0.008
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR | <LOR | <LOR | <LOR | <LOR 0.012 0.17 0.16 <LOR <LOR <LOR | <LOR | <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 | <LOR < LOR <LOR <LOR <LOR 0.031 0.17 0.14 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 | <LOR < LOR <LOR | <LOR <LOR < LOR 0.066 0.066 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 < LOR < LOR <LOR <LOR <LOR <LOR 0.05 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 < LOR < LOR <LOR | <LOR <LOR < LOR 0.03 0.03 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 < LOR < LOR <LOR | <LOR <LOR < LOR <LOR <LOR <LOR <LOR <LOR | <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR | <LOR | <LOR | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR | <LOR | <LOR | <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 < LOR < LOR <LOR | <LOR <LOR < LOR <LOR <LOR <LOR <LOR <LOR | <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 < LOR <LOR < LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR < LOR <LOR 0.006 <LOR < LOR <LOR <LOR <LOR <LOR <LOR | <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR < LOR <LOR 0.042 <LOR 0.06 0.07 0.010 0.011 0.012 0.001 0.01 0.009 | -0.001
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR < LOR <LOR 0.041 <LOR 0.061 0.072 0.011 0.086 0.088 0.002 | 0.014 | 0.011 | -0.003
Perfluorodecanesulfonic acid (PFDS) 0.02 < LOR < LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 | <LOR <LOR | <LOR < LOR < LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 < LOR <LOR | <LOR 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 < LOR <LOR | <LOR < LOR < LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 < LOR <LOR 0.6 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 < LOR <LOR | <LOR <LOR 0.11 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 < LOR <LOR | <LOR <LOR < LOR <LOR <LOR
Total PFAS <LOR 0.11 <LOR 0.98 0.097 0.028
TOPA (incl Ca-C1o Sulfonic acids) <LOR 1.6 0.1 0.03
Table NR 6

PFAS contaminant assay of water in Northern Region in-ground water tanks. All station town water samples tested less than level of reporting (<LOR)
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Investigation of Potential PFAS and Microbiological
Contamination of QFES Central Region Fire and Rescue
Stations with In-ground Water Tanks

The Queensland Fire and Emergency Services (QFES) Central Region covers a large,
mainly rural area that incorporates a diverse mix of primary production, mining,
mineral processing, chemicals and explosives manufacturing and export, energy
production and transmission, tourism and commerce. The Region covers the
Whitsunday Islands to Agnes Waters, and the Queensland/South Australian Border.

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and Special Operations
capability to the entire Region. This capability is provided by a mix of thirty-eight permanent,
composite and auxiliary Fire and Rescue stations located throughout the Region. The region is staffed
by 620 full time and auxiliary employees.

QFES Emergency Management supports the Local Government areas within the region. The QFES
Emergency Management CR team work closely with all local governments to meet the Queensland
Disaster Management legislative arrangements.

Rural Fire Service (RFS) regional operations is co-located with the F&R Central Region but led by the
RFS Assistant Commissioner. RFS CR is staffed by approximately 8000 personnel, including regional
QFES personnel, Volunteer Firefighters, and Volunteer Community Educators.

State Emergency Service (SES) regional operations is co-located with the F&R Central Region but led
by the SES Assistant Commissioner. SES CR operates with 66 groups and is staffed by 14 permanent
staff and approximately 1200 volunteer personnel across the region.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, of perfluoroalkyl substances (PFAS) contamination
at QFES Central Region stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming
Foam) project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
and analysed for PFAS contamination. The following criteria were adopted and used for Phase One of
the study:
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e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS contamination. Water samples were collected from
seven stations. The following criteria were used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o Y(PFOS + PFHxS): recreational water (0.7 pg/L); and drinking water (0.07 pg/L); and

e The DES interim water release guidelines: 3(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from all Central Region Fire and Rescue stations in-
ground water tanks. Rockhampton and Yeppoon stations were sampled and analysed in Phase One.
Seven stations (Airlie Beach, Proserpine, Mackay, Sarina, Dysart, Rockhampton and Gladstone) were
sampled and analysed for Phase Two of these investigations. Moranbah station was empty at the
time of sampling. No visible foaming was present in the in-ground tank water, or after agitation of
the collected sample.

Phase One investigations

Two water samples were collected from Rockhampton Fire and Rescue station, one from the primary
in-ground tank and one from an adjacent town water tap. Two soil samples, one from behind the
station tower and one from adjacent nature strip outside the front of the station, for PFAS analysis.
Two further water samples were collected, one from the in-ground tank and one from an adjacent
town water tap, for biological analysis.

No water samples were collected from Yeppoon Fire and Rescue station, as no tank existed. Two soil
samples, one from behind the station tower and one from adjacent nature strip outside the front of
the station, were collected for PFAS analysis.

Phase Two investigations

Eight water samples were collected from the Gladstone in-ground tank - four in-ground water tank
samples, two town water samples, a sample of rinsate collected from the sample probe pre-use
cleaning wash, and a travel blank, for PFAS and TOPA analyses.

Six water samples were collected from the Sarina station - two in-ground water tank samples, two
town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning wash
and a travel blank, for PFAS and TOPA analyses.

Five water samples were collected each from the Rockhampton, Mackay, Dysart, Proserpine and Airlie
Beach stations - two in-ground water tank, two town water, a rinsate sample collected from the
sample probe pre-use cleaning wash for PFAS and TOPA analyses.
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Gladstone Fire and Rescue station

The Gladstone Fire and Rescue station is an
older style station built prior to 1970. Itis the
major station in the Gladstone area, with
three engine bays housing five fire
appliances, one operational support unit, one
rescue, two firefighting and one aerial
appliance. The station is manned by six
firefighters in the standard QFES 10/14 shift
system. All training activities are conducted
on a large open space at the rear of the station and/or in a multistorey training tower. A concrete in-
ground water tank, adjacent to the tower (1560 mm diameter x 4500 mm deep and a capacity of
8630 L) is used for pump testing and water drafting training is covered by a steel plate cover, but not
water proof to prevent water ingress. Water samples were collected from the in-ground tank that
was 84% full at the time of sampling.

e ™ o In-ground == -
Water Tank [

Figure CR 1
Gladstone Fire and Rescue station location and surrounding suburban setting.

Gladstone Results

Gladstone Fire and Rescue station was one of the eight identified in Central Region containing an in-
ground water tank. This study investigated for PFAS contamination within the in-ground water tank.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Gladstone station - two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses. The results are shown in Table CR 1 below.
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PFAS TOPA
Perfluoroalkyl Substances (PFAS) LOR Tap | Sample | Tap | Sample Delta TO::;P:AS
(ue/) | (us/l) (ne/L) (ug/L) (ne/L) (ne/L)

Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.5 <LOR 4.1 3.6 8.2
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR 2.0 <LOR 5.8 3.8 2.9
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 4.9 <LOR 19 14 3.9
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.26 <LOR 1.3 1.0 5.0
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 1.4 <LOR 2.0 0.60 14
Perfluorononanoic acid (PFNA) 0.007 | <LOR 0.96 <LOR 0.94 -0.02 0.98
Perfluorodecanoic acid (PFDA) 0.01 <LOR 0.06 <LOR 0.1 0.040 1.7
Perfluoroundecanoic acid (PFUdA) 0.01 < LOR 0.38 <LOR 0.53 0.15 1.40
Perfluorododecanoic acid (PFDoA) 0.02 < LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 < LOR <LOR <LOR < LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR 1.5 <LOR 1.3 -0.20 0.87
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR 7.9 <LOR 8.7 0.80 11
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 34 <LOR 34 0 1
Perfluorodecanesulfonic acid (PFDS) 0.02 < LOR 0.02 < LOR 0.06 0.04 3.00
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 < LOR < LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 6.9
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR 0.23
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 < LOR < LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 < LOR < LOR
Total PFAS <LOR 61
TOTAL C4-C14 Carboxylic acids <LOR 34
TOTAL Ca-Cio Sulfonic acids <LOR 44
TOPA (incl Cs-C1o Sulfonic acids) 0.010 <LOR 78

TableCR 1

Water sample analyses from Gladstone Fire and Rescue station in-ground tank and town water.

The Phase Two in-ground tank water analysis (Table
CR 1) shows the total PFAS (61 ug/L) is comprised of
the three PFAA moieties (PFCA, PFSA and PFT).
Comparison of the molar percentages highlights the
PFSA (sulfonates) moiety is the highest contribution
of the PFAS contamination. The PFCA (carboxylic
acid) and PFT (telomer) moieties make up the
remaining PFAS contamination. The PFSA and PFCA
are representative of the older style fluorinated
foams, while the PFCA and PFT indicate newer style
fluorinated foams, (Figure CR 2).

The in-ground tank water analysis shows that PFOA
(1.4 pg/L) was above the Australian health-based
drinking water guideline, but below the recreational

GLADSTONE PFAS PROFILE

Figure CR 2

PFAS molar profile of the Gladstone in-ground tank.
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water guideline. However, the 3(PFOS + PFHxS) (41.9 ug/L) was above both drinking and recreational
water guidelines, (Figure CR 3).

Gladstone Fire and Rescue station Inground Water Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure CR 3
Perfluoroalkyl substances (PFAS) profile of the Gladstone Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show the PFOA,
5 (PFOS + PFHxS) and TOPA (78 pg/L) were all significantly above their respective discharge values. The
TOPA analysis showed the presence of PFAS precursors [PFCA (10.5 pg/L from PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PFNA, PFDA, PFUdA), PFSA (43.4 ug/L from PFBS, PFHxS, PFOS, PFDS) and PFT (7.13 pg/L
from 6:2FTS, 8:2FTS)] that may oxidise or biotransform over time, (Table CR 1, Figure CR 4).

Oxidation products of PFAS Contaminents
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Figure CR 4
TOPA perfluoroalkyl substances (PFAS) profile of the Gladstone station in-ground tank.
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The Gladstone water sample shows the two PFSA homologues, PFOS and PFHXxS, are the major PFAS
contaminants. The other main PFAS contaminants are the PFAA and the FTS, mainly PFOA, 6:2 FTS
and small amounts of 8:2 FTS, which indicate that newer style foams have been present.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (34 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFF =34 x 8630 x0.84
= 246472.8 g (= 0. 2464728 g) of PFOS

=0.2464728 x 100 / 1 (1% PFOS) or =0.2464728 x 100 / 5 (5% PFOS)
=25¢g =49¢g
=25000 mg =4900 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Gladstone Fire and Rescue
station in-ground water tank is between 5 to 25 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Yeppoon Fire and Rescue station

The Yeppoon Fire and Rescue station is a
newer style station built after 2000. It is the
only station in the Yeppoon area, with three
engine bays housing three fire-fighting, one
rescue and one aerial appliance. The station
is crewed by one permanent station officer
and auxiliary firefighters. All training
activities are conducted on a large open .
space to the rear and at the side of the station. No in-ground water tank exists on the site.
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Figure CR 5
Yeppoon Fire and Rescue station location and surrounding suburban setting.

Yeppoon Results

Phase One investigation

Yeppoon Fire and Rescue station had no in-ground
tank at the time of sampling. However, two soil
samples, one adjacent to the training area and one
from adjacent nature strip outside the station
were collected for PFAS analysis. The analyses
show the PFOA (<LOR mg/kg) and 5(PFOS + PFHxS)
(2.312 mg/kg)] were below the DES ERA60
material used in Capping: PFOA criteria and the

NEMP soil criteria applied to human health
exposure guidelines for industrial or commercial land.
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Biological
Analyte Name PFAS Sample Analyses Analyses
Water (pg/L) Soil (mg/kg) \A(/S't:ir/sl%?gss
LOR | Tap | Tank LOR | Street | Yard Tank | Tap
Biological Test
E. coli
Coliforms
Enterococci
PFAS Chemical Test
Perfluorobutanoic acid (PFBA) 0.005 <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.002 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.001 <LOR 0.001
Perfluoroheptanoic acid (PFHpA) 0.001 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.002 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.001 <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.001 <LOR <LOR
Perfluoroundecanoic acid (PFUDA) 0.002 <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.007 <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.01 <LOR <LOR
Perfluorohexadecanoic acid Not Reported
Perfluorooctadecanoic acid
Perfluorobutanesulfonic acid (PFBS) 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.001 <LOR 0.012
Perfluorooctanesulfonic acid (PFOS) 0.001 <LOR 2.3
Perfluorodecanesulfonic acid (PFDS) 0.002 <LOR 0.017
2-perfluorohexyl ethanoic acid (FHEA) 0.002 <LOR <LOR
2-Perfluoroocty ethanoic acid (FOEA) 0.02 <LOR <LOR
2-Perfluorodecyl ethanoic acid (FDEA) 0.02 < LOR < LOR
4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0.002 <LOR <LOR
6:2 fluorotelomer sulfonate (6:2 FTS) Not Reported
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.005 <LOR <LOR
Total PFAS <LOR 2.33

Table CR 2

Phase One water and soil sample analyses from Yeppoon Fire and Rescue station.
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Rockhampton Fire and Rescue station

The Rockhampton Fire and Rescue station is
an older style station built prior to 1970. It is
the major station in the Rockhampton area,
with three engine bays housing three fire-
fighting, one rescue and one aerial appliance.
The station is crewed by six firefighters in the
standard QFES 10/14 shift system. A fire
communications centre, above the engine
bays, is staffed by three officers who are also
impacted by the engine room activities. The area office and BA-HazMat complex are co-located on-
site, and all training activities are conducted on a large open space to the rear and at the side of the
station, and/or in a multistorey training tower. Water samples were collected from a concrete lined
rectangular tank (8200 mm long x 1000 mm wide x 2000 mm deep) and a concrete in-ground water
tank (1800 mm diameter and 7050 mm deep) with a padlocked steel plate cap. The former tank has
a water capacity of 14850 L and was 90% full at the time of sampling. The latter tank has a water
capacity of 17940 L and was 96.5% full at the time of sampling. These tanks have been used in the
past for activities at the station including drafting water and appliance pump performance checks.
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Figure CR 6
Rockhampton Fire and Rescue station location and surrounding suburban setting.
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Rockhampton Results

Rockhampton Fire and Rescue station was one of the eight identified in Central Region containing an
in-ground water tank. Rockhampton station had two in-ground tanks, a newer water collection tank
(#1) and an older disused tank (#2). This study investigated for PFAS contamination within the in-
ground water tanks.

Phase One investigation

Four water samples were collected for PFAS and biological analyses, two from the in-ground tank 1
and two from an adjacent town water tap. Two soil samples were collected for PFAS analysis, one
within the station confines and one from the nature strip outside the station. The results are shown
in Table CR 3 below.

Analyte Name PFAS Sample Analyses Biological
Analyses
Water (ug/L) Soil (mg/kg) water (CFU/100ml)
LOR | Tap | Tank | LOR | Street | Yard Tank | Tap
Biological Test
E. coli <1 <1
Confirmed coliforms 2500 <1
Enterococci not reported
PFAS Chemical Test
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.02 0.005 <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.008 0.002 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.029 0.001 <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR 0.001 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.036 0.002 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR 0.001 <LOR <LOR
Perfluorodecanoic acid (PFDA) 001 | <tor | <LOR | 0001 | <LOR <LOR
Perfluoroundecanoic acid (PFUDA) 0.01 <LOR | <LOR | 0.002 | <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR 0.007 <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 | <tor | <LOR | 001 | <LOR <LOR
Perfluorohexadecanoic acid 0.05 <LOR | <LOR Not Reported
Perfluorooctadecanoic acid Not Reported
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR | 0.009 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR | 0.092 0.001 0.008 0.003
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.11 0.001 <LOR 0.015
Perfluorodecanesulfonic acid (PFDS) 0.005 <LOR <LOR 0.002 <LOR <LOR
2-perfluorohexyl ethanoic acid (FHEA) Not Reported 0.002 <LOR <LOR
2-Perfluoroocty ethanoic acid (FOEA) 0.05 <LOR <LOR 0.02 <LOR <LOR
2-Perfluorodecyl ethanoic acid (FDEA) 0.05 <LOR <LOR 0.02 <LOR <LOR
4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0.005 <LOR <LOR 0.002 <LOR <LOR
6:2 fluorotelomer sulfonate (6:2 FTS) 0.01 <LOR <LOR Not Reported
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.02 <LOR <LOR 0.005 <LOR <LOR
Total PFAS 0.04 <LOR 0.304 0.002 0.008 0.018
Table CR 3

Phase One water and soil sample analyses from Rockhampton Fire and Rescue station.
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The Phase One in-ground tank water analysis (Table ROCKHAMPTON Tank 1 PEAS PROFILE
CR 3) shows the total PFAS (0.304 ug/L) is comprised Total

of two PFAA moieties (PFCA and PFSA). Comparison Telomers Total
of the molar percentages shows the highest 0% P;iﬁ;ols
contribution from the PFSA (sulfonates) moiety

which comprises of 70% of the PFAS contamination.

The PFCA (carboxylic acid) moiety makes up the

remaining PFAS contamination. The PFSA and PFCA Total
are representative of the older style fluorinated PFSA's
foams, (Figure CR 7). The in-ground tank water oo
analysis shows that PFOA (0.036 pg/L) and 5(PFOS +

Figure CR 7
PFHxS) (0.202 pg/L) were below the interim  prasmolar profile of the Rockhampton in-ground tank #1.
Australian health-based guidelines for both drinking

and recreational water. Similarly, PFOA and (PFOS + PFHxS) were below the Queensland
Government environmental water discharge criteria, (Figure CR 8).

Rockhampton In-ground Tank PFAS profile - Phase One
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Perfluoroalkyl Substances (PFAS)

Figure CR 8
Perfluoroalkyl substances (PFAS) profile of the Rockhampton Fire and Rescue station in-ground tank.

The biological results (< 1 org/100mL of water for E. coli, 2500 CFU for total coliforms) show water is
equivalent to A+ recycled water for E. coli. The soil analyses showed no reportable levels of PFAS
(<LOR) , but trace contamination of 3(PFOS + PFHxS) (0.018 mg/kg) on the station site. This is
significantly below the DES soil contamination and NEMP human health criteria for soil.

Phase Two investigation

Six water samples were collected for PFAS and TOPA analyses - two in-ground water tank samples,
two town water samples, one sample of rinsate collected from the sample probe pre-use cleaning
wash, and a travel blank. The results for the four in-ground and tap samples are shown in Table CR 4.
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PFAS TOPA
Perfluoroalkyl Substances (PFAS) LOR Tap Sample Tap Sample Delta TO::::OFAS
(ng/L) | (ng/) | (ug/t) | (ng/L) | (ne/L) (ug/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.01 <LOR 0.05 0.040 5.0
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.023 <LOR 0.015 -0.008 0.65
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.021 <LOR 0.1 0.079 4.8
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.013 <LOR 0.013 0 1
Perfluorooctanoic acid (PFOA) 0.007 < LOR 0.019 <LOR 0.051 0.032 2.7
Perfluorononanoic acid (PFNA) 0.007 < LOR 0.01 <LOR 0.02 0.010 2.0
Perfluorodecanoic acid (PFDA) 0.01 <LOR 0.01 <LOR 0.02 0.010 2.0
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 < LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 < LOR < LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.006 <LOR 0.007 0.001 1.2
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.024 <LOR 0.027 0.003 1.1
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.099 <LOR 0.17 0.071 1.7
Perfluorodecanesulfonic acid (PFDS) 0.02 < LOR < LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 < LOR < LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 < LOR < LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 < LOR < LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR < LOR
Total PFAS <LOR 0.24
TOPA Cs-C14 Carboxylic acids <LOR 0.27
TOPA C4-Cio Sulfonic acids <LOR 0.20
Total TOPA 0.17 <LOR 0.47
Table CR4

Water analyses from Rockhampton Fire and Rescue station in-ground tank 2 and town water.

The Phase Two in-ground tank water analysis
(Table CR 4) shows the total PFAS (0.24 pg/L) is
comprised of the two PFAA moieties (PFCA and
PFSA). Comparison of the molar percentages
shows the highest contribution from the PFSA
(sulfonates) moiety comprising 70% of the PFAS
contamination. The PFCA (carboxylic acid) moiety
makes up the remaining PFAS contamination. The
PFSA and PFCA are representative of the older
style fluorinated foams, (Figure CR 9).

ROCKHAMPTON PFAS PROFILE

Figure CR9
The in-ground tank water analysis shows that PFAS molar profile of the Rockhampton in-ground tank #2.
PFOA (0.019 pg/L) was below the Australian
health-based guidelines for both drinking and recreational water. The S(PFOS + PFHxS) (0.123 ug/L)
was below the recreational water guideline, but above both drinking water guideline, (Figure CR 10).
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Rockhampton Fire Station Inground Water Tank PFAS Profile - Phase Two
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Perfluoroalkyl Substances (PFAS)

Figure CR 10

Perfluoroalkyl substances (PFAS) profile of water from the Rockhampton station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.47 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.27 pg/L from PFBA, PFPeA, PFHXA, PFHpA,
PFOA, PFNA, PFDA) and PFSA (0.204 pg/L from PFHxS, PFOS, PFDS)] that may oxidise or biotransform
over time, (Table CR 4, Figure CR 11).

Oxidation products of PFAS Contaminents N
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Figure CR 11
TOPA perfluoroalkyl substances (PFAS) profile of the Rockhampton Fire and Rescue station in-ground tank 2.
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Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (tank 1 = 0.11 pg/L; tank2 = 0.099 pg/L) concentration in the in-
ground tank water. The total mass of PFOS foam concentrate in the in-ground tank water was
calculated based on 3M Light Water AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

In-ground tank 1
MAFFE =0.11 x 15000 x 0.90
= 1485 pg (= 0.001485 g) of PFOS

=0.001485 x 100/ 1 (1% PFOS) or =0.001485 x 100/ 5 (5% PFOS)
=0.149¢g =0.0297
=149 mg =29.7mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Rockhampton Fire and
Rescue station in-ground water tank is between 0.03 to 0.2 g.

In-ground tank 2
MAFFE =0.099 x 17940 x 0.965
=1713.9041 pg (= 0.001713041 g) of PFOS

=0.001713041 x 100/ 1 (1% PFOS) or =0.001713041 X 100/ 5 (5% PFOS)
=0.171¢g =0.0343 ¢
=171 mg =343 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Rockhampton Fire and
Rescue station in-ground water tank is between 0.03 to 0.2 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Sarina Fire and Rescue station

Sarina Fire and Rescue station is an older
style two storey station built prior to 1970.
It has a two engine bays housing one fire
appliance and training rooms above them.
The station is crewed by auxiliary firefighters
and was only involved in Phase Two of the
QFES water sampling. The station adjoins a
state school and residential houses around
it. The water samples were collected from a - .
concrete in-ground water tank (1230 mm diameter and 1100 mm deep capacity of 1310 L) used for
pump testing and water drafting training. The in-ground tank is covered by a steel plate cover to
prevent water ingress. Water was collected on one occasion from the in-ground tank that was 24.6 %
full at the time of sampling.

Figure CR 12
Sarina Fire and Rescue station in-ground water tank and surrounding suburban setting.

Sarina Results

Sarina Fire and Rescue station was one of the eight identified in Central Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Sarina in-ground tank - two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses, (Table CR 5).
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LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample .
(ug/) | (neg/U) | (ue/L) | (ug/L) | (ug/L) | (ne/b) Ratio
Perfluorobutanoic acid (PFBA) 0.01 <LOR | <LOR | <lOR <LOR <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR <LOR <LOR 0.014 0.014 <L
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR | <LOR | <lOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 001 | <lO0R | <LOR | <lOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.01 <LOR 0.011 0.001 1.1
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.015 <LOR 0.025 0.010 1.7
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) | 0.005 | <LOR | <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR | 0.025
TOTAL C4-C14 Carboxylic acids <LOR 0.01
TOTAL C4-Cao Sulfonic acids <LOR 0.04
TOPA (incl C4-C1o Sulfonic acids) <LOR 0.05
Table CR 5

Water sample analyses from Sarina Fire and Rescue station in-ground tank and town water.

The Phase Two in-ground tank water analysis (Table
CR 5) shows the total PFAS (0.025 pg/L) is comprised

entirely of one PFAA moiety (PFSA).

The PFSA is

representative of the older style fluorinated foams,
(Figure CR 13). The in-ground tank water analysis
shows that PFOA (<LOR pg/L) and S(PFOS + PFHxS)
level (0.025 pg/L) were both below the Australian
health-based guidelines for both drinking and

recreational water, (Figure CR 14).

Consideration of the Queensland Government
environmental water discharge criteria show that
PFOA, 3(PFOS + PFHxS) and TOPA (0.04 pg/L) were all
significantly below the discharge criteria. The TOPA

PFAS PROFILE IN SARINA STATION

Figure CR 13
PFAS molar profile of the Sarina in-ground tank.
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analysis showed the presence of PFAS precursors [PFCA (0.014 pg/L from PFHxA), PFSA (0.036 pg/L
from PFHxS, PFOS)] that may oxidise or biotransform over time, (Table CR 5, Figure CR 15).

Sarina Fire and Rescue station
In-ground Tank PFAS Profile
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Figure CR 14
Perfluoroalkyl substances (PFAS) profile of water from the Sarina station in-ground tank.
Oxidation products of PFAS Contaminents
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Figure CR 15
TOPA perfluoroalkyl substances (PFAS) profile of the Sarina Fire and Rescue station in-ground tank.
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Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.015 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marre = 0.015x 1310 x 0.246
=4.8339 pg (= 0.0000903 g) of PFOS

=0.0000048339x 100/ 1 (1% PFOS) or =0.0000048339 X 100/ 5 (5% PFOS)
=0.000483 g =0.00009668 g
=0.48 mg =0.1mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Sarina Fire and Rescue
station in-ground water tank is between 0.00001 to 0.0005 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Dysart Fire and Rescue station

Dysart Fire and Rescue station is an older style
station built prior to 1970. It has a small engine
bay with side attached rooms houses one fire-
fighting appliance. The station is crewed by
auxiliary firefighters and was only involved in
Phase Two of the QFES water sampling. All
training activities are conducted on a large open
space at the rear of the station. A concrete in-
ground water tank (1070 mm diameter x 4500
mm deep, capacity of 4040 L) at the rear of the yard is used for pump testing and water drafting
training. The in-ground tank is covered by a steel plate cover to prevent water ingress. Water was
collected on one occasion from the in-ground tank that was 33.3% full at the time of sampling.
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Figure CR 16
Dysart Fire and Rescue station location and surrounding suburban setting.
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Dysart Results

Dysart Fire and Rescue station was one of the eight identified in Central Region stations containing
an in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Dysart Fire and Rescue station - two in-ground tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table CR 6).

loR | PR TOPA__ | pelta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample .
el | e | e | e | e | G | oo
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR 0.01 0.01 0
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.011 <LOR 0.015 0.004 1.4
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.008 <LOR 0.041 0.033 5.2
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.006 <LOR 0.006 0 1
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR <LOR 0.011 0.004 1.6
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.005 <LOR 0.006 0.001 1.2
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.009 <LOR 0.012 0.003 1.3
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.066 <LOR 0.12 0.054 1.8
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.11
TOTAL C4-C14 Carboxylic acids <LOR 0.082
TOTAL Ca-Cyo Sulfonic acids <LOR 0.14
TOPA (incl Cs-C1o Sulfonic acids) 0.064 <LOR 0.22
Table CR 6

Water sample analyses from Dysart Fire and Rescue station in-ground tank and town water.

The Phase Two in-ground tank water analysis (Table CR 6) shows the total PFAS (0.11 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA). Comparison of the molar percentages highlights
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the PFSA (sulfonates) moiety is the highest

contribution of the PFAS contamination. The PFCA PFAS PROFILE IN DYSART STATION
(carboxylic acid) moiety makes up the remaining PFAS ‘
contamination. The PFSA and PFCA are Total PFCA'S

24%
representative of the older style fluorinated foams,

(Figure CR 17). The in-ground tank water analysis

shows that PFOA (<LOR pg/L) was below the

Australian health-based guidelines for both drinking Total PESA's
and recreational water. The Y(PFOS + PFHxS) (0.075 76%
ug/L) was below the recreational water guideline and

marginally above the drinking water guideline,

(Figure CR 18). Figure CR 17
PFAS molar profile of the Dysart in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.14 ug/L) were all significantly below their respective discharge values.
The TOPA analysis showed the presence of PFAS precursors [PFCA (0.083 ug/L from PFBA, PFPeA,
PFHxXA, PFHpA, PFOA), PFSA (0.14 pg/L from PFBS, PFHxS, PFOS)] that may oxidise or biotransform
over time, (Table CR 6, Figure CR 19).

Dysart in-ground Tank PFAS profile
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Figure CR 18
Perfluoroalkyl substances (PFAS) profile of water from the Dysart station in-ground tank.
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Oxidation products of PFAS Contaminents
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Figure CR 19
TOPA perfluoroalkyl substances (PFAS) profile of the Dysart Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.066 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
maree = 0.066 x 4040 x 0.333
= 88.8791 g (= 0.00008888 g) of PFOS

=0.00008888 x 1 / 100 (1% PFQOS)  or =0.00008888 X 5 / 100 (5% PFOS)
=0.00889 g =0.0018 g
=89 mg =1.8mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Dysart Fire and Rescue
station in-ground water tank is between 0.002 to 0.009 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Moranbah Fire and Rescue station

The Moranbah Fire and Rescue station is an older style
auxiliary station built prior to 1970. It has a small
engine bay with side attached rooms housing one fire-
fighting appliance. The station is crewed by auxiliary
firefighters. All training activities are conducted on a
large open space at the rear of the station and/or in a
multistorey training tower. A small concrete in-
ground water tank (1270mm in diameter and 600mm
deep, capacity of 760 L) that is kept empty and only filled for training is located behind the station. It
contained a large drain in the centre that allows crews to fill and empty.

Figure CR 20

Moranbah Fire and Rescue station location and surrounding suburban setting.

Moranbah Results

Moranbah Fire and Rescue station was one of the eight identified Central Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

The in-ground tank at Moranbah was empty at the time of sampling. No samples were collected for
analysis as the tank was typically empty and filled for training when required.
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Mackay Fire and Rescue station

Mackay Fire and Rescue station is an older style
station built prior to 1970. It one of two stations in
the Mackay area, with three engine bays housing two
fire-fighting, one rescue and one special appliance.
The station is crewed by six firefighters in the
standard QFES 10/14 shift system. The BA-HazMat
complex is co-located on-site and all training activities
are conducted off-site. A concrete in-ground water
tank (1800 mm diameter x 3400 mm deep, capacity of 8650 L), located inside the engine bay and used
for pump testing and water drafting training. The in-ground tank is covered by a steel plate cover to
prevent water ingress. Water was collected on one occasions from the in-ground tank that was 13.5%
full at the time of sampling.

Figure CR 21

Mackay Fire and Rescue station location and surrounding suburban setting.

Version 1.3: Released 17 January 2019 Page | 84
Uncontrolled when printed



OFFICIAL - PUBLIC

Mackay Results

Mackay Fire and Rescue station was one of the eight identified in Central Region stations containing
sites containing an in-ground water tank. This study investigated the in-ground tank water for the
presence of PFAS contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Mackay stations - two in-ground water tank samples, two
town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning wash
for PFAS and TOPA analyses, (Table CR 7 below).

LOR | "FAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap Sample Ratio
(ug/L) | (ug/L) | (ne/L) (ng/L) (ng/L) (ng/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.18 <LOR 0.76 0.58 4.2
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR 0.41 <LOR 0.34 -0.070 0.83
Perfluorohexanoic acid (PFHXA) 0.005 | <LOR 1.1 <LOR 2 0.90 1.8
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.28 <LOR 0.17 -0.11 0.61
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.4 <LOR 0.49 0.090 1.2
Perfluorononanoic acid (PFNA) 0.007 | <LOR 0.1 <LOR 0.11 0.010 1.1
Perfluorodecanoic acid (PFDA) 0.01 | <LOR | <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR 0.02 <LOR 0.02 0 1
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR 0.37 <LOR 0.32 -0.050 0.87
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR 3.6 <LOR 2.9 -0.700 0.81
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 6.7 <LOR 5.1 -1.600 0.76
Perfluorodecanesulfonic acid (PFDS) 0.02 | <LOR | <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 | <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 | <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 | <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 13
TOTAL Cs-Ca4 Carboxylic acids <LOR 3.9
TOTAL Ca-Cyo Sulfonic acids <LOR 8.2
TOPA (incl Cs-Cio Sulfonic acids) 0.076 <LOR 12
Table CR7

Water sample analyses from Mackay Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis

(Table CR 7) shows the total PFAS (13.2 pg/L) is MACKAY PFAS PROFILE
comprised of two PFAA moieties (PFCA and PFSA).

Comparison of the molar percentages highlights

the PFSA (sulfonates) moiety is the highest

contribution of the PFAS contamination. The PFCA

(carboxylic acid) moiety makes up the remaining

PFAS contamination. The PFSA and PFCA are Total PFSA's
representative of the older style fluorinated foams, 81%
(Figure CR 22).

Total PFCA's
19%

Figure CR 22
The in-ground tank water analysis shows that PFOA  pras molar profile of the Mackay in-ground tank.

(0.4 pg/L) was below the Australian health-based
guidelines for both drinking and recreational water. However, the 5(PFOS + PFHxS) (10.3 pg/L) was
significantly above both drinking and recreational water guidelines, (Figure CR 23).

Consideration of the Queensland Government environmental water discharge criteria show PFOA was
below the discharge criteria, but the 3(PFOS + PFHxS) and TOPA (12.1 pg/L) were both significantly
above their respective discharge values.

Mackay Fire Station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure CR 23

Perfluoroalkyl substances (PFAS) profile of water for Mackay Fire and Rescue station in-ground tank.

The Queensland environmental water discharge PFAS trigger homologues, PFOA and 5(PFOS + PFHXxS),
were both present in the analyses. The PFOA, S(PFOS + PFHxS). and TOPA (12.1 pg/L) are all
significantly higher than their trigger values. The TOPA analysis showed the presence of PFAS
precursors [PFCA (3.89 pg/L from (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFUdA) and PFSA (8.32
ug/L from (PFHxS, PFOS, PFDS)] that may oxidise or biotransform over time, (Table CR 7, Figure CR 24).
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Oxidation products of PFAS Contaminents
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Figure CR 24

TOPA perfluoroalkyl substances (PFAS) profile of the Mackay Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (6.7 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFE =6.7 x 8650 x0.1353
= 7843.076 pg (= 0.007843076 g) of PFOS

=0.007843076 x 100/ 1 (1% PFOS) or =0.007843076 X 100 / 5 (5% PFOS)
=0.784¢g =0.157¢
=784 mg =157 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Mackay Fire and Rescue
station in-ground water tank is between 0.2 to 0.8 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Proserpine Fire and Rescue station

The Proserpine Fire and Rescue station is an older
style station built prior to 1970. It has a small
engine bay with side attached rooms and houses
one fire-fighting appliance. The station is crewed
by auxiliary firefighters and was only involved in
Phase Two of the QFES water sampling. All training
activities are conducted on a large open space at
the rear of the station. A concrete in-ground water
tank (1060 mm diameter x 3840 mm deep,
capacity of 3390 L) is used for pump testing and water drafting training. The in-ground tank is covered
by a steel plate cover that partially prevents water ingress. Water was collected on one occasion from
the in-ground tank that was 10.4% full at the time of sampling.

SRR T TeEG) SR A ' In-ground
Gz (AR FET e | Water Tank
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Figure CR 25

Proserpine Fire and Rescue station location and surrounding suburban setting.
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Proserpine Results

Proserpine Fire and Rescue station was one of the eight identified in Central Region sites containing
an in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Proserpine station - two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses, (Table CR 8).

LoR | Pt TOPA | pelta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap Sample Ratio
(ng/l) | (ug/L) | (ug/L) | (ne/L) (ug/L) (ug/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.01 <LOR 0.12 0.11 12
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.011 <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.063 <LOR 0.89 0.83 14
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.011 <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.011 <LOR 0.076 0.065 6.9
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.008 <LOR 0.011 0.003 1.4
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR 0.02 <LOR 0.03 0.01 1.5
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.021 <LOR 0.032 0.011 1.5
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.49 <LOR 0.59 0.1 1.2
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.41 <LOR 0.46 0.05 11
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 1.1
TOTAL C4-C14 Carboxylic acids <LOR 1.1
TOTAL Ca-Cio Sulfonic acids <LOR 1.1
TOPA (incl Cs-C1o Sulfonic acids) 0.066 <LOR 2.2
Table CR 8

Water sample analyses from Proserpine Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table CR 8) shows the total PFAS (1.1 ug/L) is PROSERPINE PFAS PROFILE
comprised of two PFAA moieties (PFCA and PFSA). Total PFCA's
Comparison of the molar percentages highlights 13%

the PFSA (sulfonates) moiety is the highest
contribution of the PFAS contamination. The PFCA
(carboxylic acid) moiety makes up the remaining
PFAS contamination. The PFSA and PFCA are
representative of the older style fluorinated T°ta£';7P;5A'5
foams, (Figure CR 26). ’

The in-ground tank water analysis shows that Figure CR 26
PFOA (0.011 pg/L) was below the Australian
health-based guidelines for both drinking and
recreational water. The S(PFOS + PFHxS) (0.90 pg/L) was above both the drinking water and the
recreational water guidelines, (Figure CR 27).

PFAS molar profile of the Proserpine in-ground tank.

Proserpine Fire and Rescue Station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure CR 27
Perfluoroalkyl substances (PFAS) in the Proserpine Fire and Rescue station in-ground tank water.

Consideration of the Queensland Government environmental water discharge criteria show PFOA was
below the discharge criteria, but the S(PFOS + PFHxS) and TOPA (2.2 pg/L) were both above their
respective discharge values. The TOPA analysis showed the presence of PFAS precursors [PFCA (0.134
pg/Lfrom (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFUdA) and PFSA (0.921 ug/L from (PFHxS, PFOS,
PFBS)] that may oxidise or biotransform over time, (Table CR 8, Figure CR 28).
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Oxidation products of PFAS Contaminents
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Figure CR 28

TOPA perfluoroalkyl substances (PFAS) profile of the Proserpine Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.41 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFE =0.41x3390x0.1042
= 144.82758 ug (= 0.00014482758 g) of PFOS

=0.00014482758 x 100/ 1 (1% PFOS) or =0.00014482758 X 100 / 5 (5% PFOS)
=0.0145¢g =0.0029 g
=14.5mg =2.9mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Proserpine Fire and Rescue
station in-ground water tank is between 0.003 to 0.02 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Airlie Beach Fire and Rescue station

The Airlie Beach Fire and Rescue station is a
new style station with two engine bays housing
two fire-fighting appliances. The station is
crewed by four permanent firefighters
operating a standard 10/14 shift. All training
activities are conducted on a large open space
at the rear of the station. A concrete in-ground
water tank (1600 x 1000 x 1800 mm with a capacity of 2830 L) is used for pump testing and water
drafting training. The in-ground tank is covered by a steel plate that does not prevent water ingress.
Water was collected on one occasion from the in-ground that was 75% full at the time of sampling.

. -
p GU In-ground
-»9 Water Tank

Figure CR 29
Airlie Beach Fire and Rescue station location and surrounding suburban setting
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Airlie Beach Results

Airlie Beach Fire and Rescue station was one of the eight identified in Central Region sites containing
an in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Airlie Beach station, two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses, (Table CR 9).

LOR PFAS TOPA__ | Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ng/l) | (ug/t) | (ne/b) (ng/l) | (ng/L) (ng/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.01 <LOR 0.02 0.01 2.0
Perfluoropentanoic acid (PFPeA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.008 <LOR 0.014 0.006 1.8
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.006 <LOR 0.006 0 1.0
Perfluorohexanesulfonic acid (PFHXxS) 0.005 <LOR 0.033 <LOR 0.03 -0.003 0.91
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.064 <LOR 0.063 -0.001 0.98
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.12
TOTAL Cs-Ca4 Carboxylic acids <LOR 0.034
TOTAL Ca-Cyo Sulfonic acids <LOR 0.093
TOPA (incl C4-C1o Sulfonic acids) 0.03 <LOR 0.13
Table CR9

Water sample analyses from Airlie Beach Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis (Table
CR 9) shows the total PFAS (0.12 ug/L) is comprised
of two PFAA moieties (PFCA and PFSA). Comparison
of the molar percentages highlights the PFSA
(sulfonates) moiety is the highest contribution of
the PFAS contamination. The PFCA (carboxylic acid)
moiety makes up the remaining PFAS
contamination. The PFSA and PFCA are
representative of the older style fluorinated foams, Total PFSA'
(Figure CR 30). g%

AIRLIE BEACH PFAS PROFILE

Total PFCA's
15%

The in-ground tank water analysis shows that
PFOA (<LOR pg/L) was below the Australian
health-based guidelines for both drinking and
recreational water. The 3(PFOS + PFHxS) (0.097
ug/L) was below the recreational water guideline, but above both drinking water guideline, (Figure CR
31).

Figure CR 30
PFAS molar profile of the Airlie Beach in-ground tank.

Airlie Beach Fire and Rescue station In-ground Tank PFAS Profile
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Figure CR 31
Perfluoroalkyl substances (PFAS) in the Airlie Beach Fire and Rescue station in-ground tank water.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.1 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.018 pg/L from (PFBA, PFHxA) and PFSA
(0.103 pg/L from (PFBS, PFHxS, PFOS)] that may oxidise or biotransform over time, (Table CR 9, Figure
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CR 32). However, the very low PFAS concentrations together with the TOPA analysis show that
negligible oxidation or biotransformation should occur over time.

Oxidation products of PFAS Contaminents
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Figure CR 32

TOPA perfluoroalkyl substances (PFAS) profile of the Airlie Beach Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.064 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marrr = 0.064 x 2830 x 0.75
= 135.84 g (= 0.000135.84 g) of PFOS

=0.000135.84 x 100/ 1 (1% PFOS) or =0.00013584 x 100 / 5 (5% PFOS)
=0.0136¢g =0.00272 g
=13.6 mg =2.7mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Airlie Beach Fire and
Rescue station in-ground water tank is between 0.003 to 0.02 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Summary of Central Region Results
Phase One

Rockhampton and Yeppoon were the Central Region Fire and Rescue Fire and Rescue stations selected
for Phase One investigations. Water samples were collected from Rockhampton in-ground tank 1.
The Rockhampton Fire and Rescue station in-ground tank 1 water results showed low levels of PFAS
contamination below the interim Australian health-based drinking and recreational water guidelines.
Subsequent application of the current Australian health-based criteria results in the 3(PFOS + PFHxS)
(0.20 pg/L) exceeding the drinking water guideline. The biological results (< 1 CFU/100mL of water for
E. coli, and 2500 CFU/100mL for total coliforms show the water equivalent to A+ recycled water for
E. coli.

The soil analyses showed detectable levels of PFAS at Rockhampton [station, (PFOA (<LOR mg/kg) and
S(PFOS + PFHxS) 0.018 mg/kg); nature strip [(PFOA (<LOR mg/kg) and 3(PFOS + PFHxS) 0.008 mg/kg)]
and Yeppoon [station PFOA (<LOR), 5(PFOS + PFHxS) (2.312 mg/kg); nature strip [(PFOA (<LOR mg/kg)
and 3(PFOS + PFHxS) 0.008 mg/kg)]. All CR soil results were below the DES land contamination levels
and the NEMP health-based criteria for industrial/commercial land.

Phase Two

The Central Region (CR) water analyses showed detectable levels of PFAS contamination at all Fire and
Rescue station in-ground tanks (Gladstone, Rockhampton (in-ground tank 2), Dysart, Sarina, Mackay,
Proserpine and Airlie Beach). The total PFAS concentration at Gladstone (61 pg/L), Rockhampton tank
1 (0.30 pg/L) and tank 2 (0.24 pg/L), Sarina (0.025 pg/L), Mackay (13 pg/L), Dysart (0.11 pg/L),
Proserpine (1.1 pg/L), and Airlie Beach (0.12 pg/L)] show low contamination levels except for
Gladstone and Mackay, (Table CR 10, Figure CR 33).

The PFAS profiles of all stations, except Gladstone, show the presence of two PFAA moieties [PFCA
and PFSA (major component)]. Gladstone is the only station to also contain the PFT moiety, (Figure
FNR 11 and Figure FNR 12).

Total Polyfluorinated Substances
70

1.2
Total PFT
60 1 M Total PFSA
—
~
= °:€08
~ .
% 50 =
=2 )
p 5 0.6
S 40 s
3 5
= v 04
c oy
o 30 8
< 0.2
o
2 , ] . e ]
Rockhampton Dysart Sarina Proserpine  Airlie Beach
10
O —— _ I
Gladstone  Rockhampton Dysart Sarina Mackay Proserpine  Airlie Beach
Figure CR 33

Total (PFAS) contamination of in-ground tank water in Central Region Fire and Rescue stations.
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The Central Region analyses show a narrow concentration range for PFOA (<LOR — 1.4 pg/L), but wide
concentrations ranges for both PFOS + PFHxS (0.025 — 42 pg/L) and TOPA (<LOR—78 pg/L). No station
in-ground tank water, except Gladstone (1.4 pg/L), exceeded the Australian Health-based drinking and
recreational water guidelines for PFOA. Conversely, all stations except Sarina (0.025 pg/L) exceeded
the Australian Health-based drinking water guideline for PFOS + PFHxS. Three stations, Gladstone (42
ug/L), Mackay (10 pg/L), and Proserpine (1.1 pg/L) also exceeded the recreational water guideline for
PFOS + PFHxS. The results show three station in-ground tanks, Gladstone (78 pg/L), Mackay (12 pg/L)
and Proserpine (2.2 ug/L) exceeded the DES water discharge guidelines for TOPA 5(PFOS + PFHxS).
Gladstone was the only station to exceed the DES water discharge guideline for PFOA.

Total PFAS Identified in Central Region In-ground Tanks
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Figure CR 34
PFAS contamination profile of Central Region Fire and Rescue station in-ground tank waters.

Concern for PFAS bio-persistence has been reported for a number of years,!1>116120-122 |t more
recently interest has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHXxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHxXA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.® These
chagess can be further enhanced by the differences (delta A values) in concentration between the
TOPA PFAS and initial PFAS concentrations, (Table CR 10, Figure CR 33).

The Central Region delta results showed the presence of three PFAA moieties (PFCA, PFSA, PFT), with
increases in eight PFCA homologues [Perfluorobutanoic acid (PFBA), Perfluoropentanoic acid (PFPeA),
Perfluorohexanoic acid (PFHxA), Perfluoroheptanoic acid (PFHpA), Perfluorooctanoic acid (PFOA),
Perfluorononanoic acid (PFNA), Perfluorodecanoic acid (PFDA), Perfluoroundecanoic acid (PFUdA)]
and two PFSA homologues [Perfluorohexanesulfonic acid (PFHxS), Perfluorodecanesulfonic acid
(PFDS)].

The Gladstone in-ground tank was the only to contain all three moieties and showed the highest level
of PFAS speciation with eight PFCA homologues (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA,
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PFUdA) and four PFSA homologues (PFBS, PFHxS, PFOS, PFDS), and two PFT homologues (6:2 FTS, 8:2
FTS). It also showed the greatest increases in PFAA delta values from seven PFCA (PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PFDA, PFUdA) and two PFSA (PFHxS, PFDS) values. PFOS, has remained unchanged.
However, only three of these PFAA homologues with (PFBA, PFHxA, PFOA), showed significant changes
across all stations. All stations except Sarina, show the presence of the PFCA and PFSA moieties.
Sarina only contained the two PFSA homologues (PFHxS, PFOS).

PFHxA was the only homologue to show any significant change across all stations, while PFBA showed
increases in all stations, except Dysart and Sarina, and PFOA showed increases in all stations, except
Sarina and Airlie Beach. The results show that although Gladstone has the greatest concentration of
foam present, the greatest amount of potential future oxidation was at Proserpine station. The three
major PFCA compounds (PFBA, PFHxA, PFOA) are consistent with the biotransformation of PFAS foam
products, (Table CR 3 and Figure CR 33).

All other station tanks contained the PFAA moieties (PFCA and PFSA), but with slightly different
speciation of homologues. Rockhampton tank 1 [(PFBA, PFPeA, PFHxA, PFOA) + (PFBS, PFHXS, PFOS)]
and tank 2 [(PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA) + (PFBS, PFHxS, PFOS)] were similar to
Mackay and Proserpine which had the same profiles [(PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA,
PFUdA) + (PFBS, PFHxS, PFOS)]. The Dysart in-ground tank contained [(PFPeA, PFHxA, PFHpA) + PFSA
(PFBS, PFHxS, PFOS)] and the Airlie Beach contained [(PFBA, PFHxA) + (PFBS, PFHxS, PFOS)].

These results show all Central Region stations except Gladstone have only used the PFOS base foams
used by QFES prior to 2003. Gladstone results show that newer type foams, typical of those used in
fire extinguisher solutions, have been used at the site.

Oxidation products of PFAS Contaminents
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Figure CR 35
Effects of accelerated oxidation on PFAS compounds. Delta (A) changes reflect the actual
concentration difference of starting from oxidised PFAS contaminates.
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Gladstone Rockhampton Sarina Dysart Mackay Proserpine Airlie Beach
PFAS Compounds LR PFAS ‘ TOPA ‘ Delta PTFAls ‘ PTFés ‘ T?ZA ‘ Dflzta PFAS ‘ TOPA ‘ Delta | PFAS ‘ TOPA ‘ Delta | PFAS ‘ TOPA ‘ Delta | PFAS ‘ TOPA ‘ Delta | PFAS | TOPA | Delta
He/L ug/L ug/L ug/L ug/L Hg/L He/L He/L
Perfluorobutanoic acid (PFBA) 0.01 | 0.50 41 36 002 | 001 | 005 | 004 | <lOR | <LOR | <LOR | <lOR | 0.01 | 001 | 018 | 076 | 058 | 001 | 012 | 011 0.01 | 002 | 0.01
Perfluoropentanoic acid (PFPeA) 0.007 | 2.0 5.8 3.8 001 | 002 | 002 | -001 | <lOR | <LOR | <lOR | 001 | 0.02 | 000 | 041 | 034 | -0.07 | 001 | <LOR | -0.01 | <LOR | <LOR | <LOR
Perfluorohexanoic acid (PFHxA) 0.005 | 4.9 19 14 003 | 002 | 010 | 008 | <LOR | 0.01 1.0 0.01 | 004 | 0.03 1.1 200 | 090 | 006 | 0.89 | 0.83 0.01 | 001 | 0.01
Perfluoroheptanoic acid (PFHpA) 0.005 | 0.26 13 1.04 | <LOR | 001 | 001 | 0.00 | <LOR | <LOR | <LOR | 001 | 001 | 000 | 028 | 017 | -0.11 | 001 | <LOR | -0.01 | <LOR | <LOR | <LOR
Perfluorooctanoic acid (PFOA) 0.007 | 1.4 2.0 060 | 004 | 002 | 005 | 003 | <LOR | <LOR | <LOR | <LOR | 0.01 | 001 | 040 | 049 | 009 | 001 | 008 | 008 | <LOR | <LOR | <LOR
Perfluorononanoic acid (PFNA) 0.007 | 096 | 094 | -0.02 | <LlOR | 001 | 002 | 001 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | 0.10 | 011 | 001 | 001 | 001 | 001 | <LOR | <LOR | <LOR
Perfluorodecanoic acid (PFDA) 001 | 006 | 010 | 004 | <lOR | 0.01 | 0.2 | 001 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
Perfluoroundecanoic acid (PFUAA) 001 | 038 | 053 | 015 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <lOR | 0.02 | 0.02 | 0.00 | 002 | 0.03 | 003 | <LOR | <LOR | <LOR
Perfluorododecanoic acid (PFDoA) 0.02 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
Perfluorohexadecanoic acid (PFHXDA) 0.05 | <LOR -0.20 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 1.5 1.3 0.80 0.01 0.01 0.01 0.0 <LOR <LOR <LOR 0.01 0.01 0.0 0.37 0.32 -0.05 0.02 0.03 0.01 0.01 0.01 0.0
Perfluorohexanesulfonic acid (PFHXS) 0.005 | 7.9 8.7 000 | 009 | 002 | 0.03 0.0 0.01 | 0.01 0.0 0.01 | 0.01 0.0 3.6 2.9 -0.70 | 0.49 | 059 | 0.10 0.03 | 0.03 0.0
Perfluorooctanesulfonic acid (PFOS) 0.005 | 34 34 004 | 011 | 010 | 017 | 007 | 002 | 003 | 001 | 007 | 012 | 0.05 6.7 5.1 -1.6 | 041 | 046 | 0.05 0.06 | 0.06 0.0
Perfluorodecanesulfonic acid (PFDS) 002 | 002 | 006 | -0.20 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
(1:'21;'52)H'z“‘Per"“°r°hexa”e5“'f°”i°ac“’ 0.005 | <LOR 23 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
(16*:"21;'52)H'ZH‘Perf'“°r°°°ta”es“”°”icac“’ 001 | 69 00 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
(1;'21;'52)H'ZH‘Per"“°r°de°a”e5“'f°”i°ac“’ 002 | 0.23 23 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 | <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 | <LOR <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Total PFAS 61 0.30 | 0.24 0.03 0.11 13 1.1 0.12
Total TOPA (incl Cs-Cao Sulfonic acids) 0.13 78 0.50 <LOR <LOR 12 2.2 <LOR
Table CR 10

Total PFAS contaminant assay of water in Central Region in-ground water tanks. All station town water samples tested less than level of reporting (<LOR).

Version 1.3:

Released 17 January 2019

Uncontrolled when printed

Page | 99




OFFICIAL - PUBLIC

Investigation of Potential PFAS and Microbiological
Contamination of QFES North Coast Region Fire and Rescue
Stations with In-ground Water Tanks

The Queensland Fire and Emergency Services (QFES) North Coast Region [\
covers the coastal areas of Bundaberg, Hervey Bay and the Sunshine Coast { L

and inland to the North and South Burnett. Hervey Bay and the Sunshine —./ \
Coast are among the fastest growing urban areas in Australia and attract ah)‘\
significant numbers of tourists throughout the year. The Region is divided ’\Af)\..t

into two Zones, Wide-Bay Burnett and Sunshine Coast. ?{WA«

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and

Special Operations capability to the entire Region. This capability is provided

by a mix of 46 Urban Fire and Rescue stations located throughout the Region. The region is staffed by
700 full time employees.

QFES Emergency Management supports the Local Government areas within the region. The QFES
Emergency Management NCR team has a total of five staff who work closely with all local governments
to meet the Queensland Disaster Management legislative arrangements.

Rural Fire Service (RFS) regional operations is co-located with the F&R Region, but led by the RFS
Assistant Commissioner. RFS North Coast operates with 280 brigades, and is staffed by approximately
6300 personnel, including regional QFES personnel, Volunteer Firefighters, and Volunteer Community
Educators.

State Emergency Service (SES) regional operations is co-located with the F&R Region but led by the
SES Assistant Commissioner. SES NCR operates with 48 groups, and is staffed by approximately 1,000
personnel, including regional QFES personnel and volunteers.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, of perfluoroalkyl substances (PFAS) contamination
at QFES FNR stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam)
project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
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and analysed for PFAS contamination. No North Coast Region station was investigated in Phase One
testing. The following criteria were adopted and used for Phase One of the study:

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS contamination. Water samples were collected from four
stations. The following criteria were adopted and used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o SPFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 ug/L); and

e The DES interim water release guidelines: S(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from all North Coast Region Fire and Rescue stations that
contained in-ground water tanks. No stations were involved in Phase One investigations. Four
stations (Bundaberg, Maryborough, Noosa Heads and Caloundra) were identified for Phase Two
of these tests. No visible foaming was present in the in-ground tank water, or after agitation of the
collected sample.

Phase One investigations
No North Coast Region stations were used for Phase One tests.

Phase Two investigations

The Bundaberg in-ground tank water was clear and clean looking with no obvious foaming. Six water
samples were collected, two in-ground water tank samples, two town water samples, a sample of
rinsate collected from the sample probe pre-use cleaning wash, and a travel blank, for PFAS and TOPA
analyses.

The Maryborough and Noosa Heads in-ground tanks waters were clear and clean looking with no
obvious foaming. Five water samples were collected from each, two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses.

The Caloundra in-ground tank water was clear and clean looking with no obvious foaming. Seven
water samples were collected four in-ground water tank samples, two town water samples, and a
sample of rinsate collected from the sample probe pre-use cleaning wash for PFAS and TOPA analyses.
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Bundaberg Fire and Rescue station

Bundaberg Fire and Rescue station is an old-
style station with three engine bays housing two
F & R fire-fighting and appliances, and other
bays housing RFS equipment. The station is
crewed by permanent firefighters in the
standard QFES 10/14 shift system. The area
office, RFS office are all co-located on-site. All
training activities are conducted on a large open
space at the rear of the station and/or in a
multistorey training tower. A concrete in-ground water tank (1200 x 1300 mm and 7400 mm deep),
capacity of 11540 L) adjacent to the tower is used for pump testing and water drafting training. The
in-ground tank is covered by a steel plate cover to prevent water ingress. Water was collected on one
occasions from the in-ground tank that was 98.4% full at the time of sampling.

Figure NCR 1

Bundaberg Fire and Rescue station location and surrounding suburban setting.
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Bundaberg Results

Bundaberg Fire and Rescue station was one of the four identified in North Coast Region containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
Bundaberg station was not involved in Phase One testing.

Phase Two investigation

Six water samples were collected from the Bundaberg in-ground tank - two in-ground water tank
samples, two town water samples, a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses and a travel blank. The results are shown in Table NCR 3
below.

LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ug/t) | (ug/L) | (ng/U) | (ug/L) | (ug/L) | (ne/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.06 <LOR 0.11 0.050 1.8
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.18 <LOR 0.2 0.020 1.1
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 0.12 <LOR 0.23 0.11 1.9
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.063 <LOR 0.071 0.008 11
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.025 <LOR 0.042 0.017 1.7
Perfluorononanoic acid (PFNA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR 0.049 <LOR 0.054 0.005 11
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 0.13 <LOR 0.13 0 1.0
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) | 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.01
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) | 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.64
TOTAL Cs-C14 Carboxylic acids <LOR 0.7
TOTAL Cs-Ci0 Sulfonic acids <LOR 0.19
TOPA (incl C4-C10 Sulfonic acids) 0.19 <LOR 0.89
Table NCR 1

Water sample analyses from Bundaberg Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis

(Table NCR 1) shows the total PFAS (0.64 ug/L) is
comprised of three PFAA moieties (PFCA, PFSA

and PFT). Comparison of the molar percentages
highlights the PFCA (carboxylic acid) moiety is the

highest contribution of the PFAS contamination.

The PFSA (sulfonate) and PFT (telomer) moieties ~ Total PFSA's
make up the remaining PFAS contamination. The e
PFSA and PFCA are representative of the older

style fluorinated foams, while the PFCA and PFT

indicate newer style fluorinated foams, (Figure

NCR 2). Figure NCR 2
PFAS molar profile of the Bundaberg in-ground tank.

BUNDABERG PFAS PROFILE

Total PFCA's
70%

The in-ground tank water analysis shows that
PFOA (0.025 pg/L) was below the Australian health-based guidelines for both drinking and recreational

water. The S(PFOS + PFHxS) (0.18 pg/L) was below the recreational water guidelines, but above the
drinking water guideline, (Figure NCR 3).

Bundaberg Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure NCR 3
Perfluoroalkyl substances profile of the Bundaberg Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.89 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.45 pg/L from PFBA, PFPeA, PFHxXA, PFHpA,
PFOA), PFSA (0.18 pg/L from PFHxS, PFOS) and PFT (0.01 pg/L from 6:2 FTS)] that may oxidise or
biotransform over time, (Table NCR 1, Figure NCR 4).
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Oxidation products of PFAS Contaminents
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Figure NCR 4

TOPA perfluoroalkyl substances (PFAS) profile of the Bundaberg Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.13 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
MAFFE =0.13x 11540 x0.98
=1470.706 ug (= 0.001470706 g) of PFOS

=0.001470706 x 100/ 1 (1% PFOS)  or =0.001470706 x 100 / 5 (5% PFOS)
=0.147¢g =0.0294 g
=147 mg =29.4mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Bundaberg Fire and Rescue
station in-ground water tank is between 0.03 t0 0.2 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Maryborough Fire and Rescue station

Maryborough Fire and Rescue station is an
older style station with two engine bays
housing one fire-fighting and appliance, and
rear shed housing a special appliance. The
station is crewed by four in the standard QFES
10/14 shift system. The regional and area
office, BA-HazMat complex, training and
emergency management centre are all co-
located on-site. All training activities are conducted on a large open space at the rear of the station
and/or in a multistorey training tower. A concrete in-ground water (1200 mm diameter and 5100 mm
deep, capacity of 5800 L) is used for pump testing and water drafting training. The in-ground tank is
covered by a steel plate to prevent water ingress. Water was collected on one occasion from the in-
ground tank that was 100% full at the time of sampling.

Figure NCR 5
Maryborough Fire and Rescue station location and surrounding suburban setting.
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Maryborough Results

Maryborough Fire and Rescue station was one of the four identified in North Coast Region containing
an in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One testing.

Phase Two investigation

Five water samples were collected from the Maryborough in-ground tank - two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table NCR 2).

LOR PFAS TOPA | Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample ]
e | e | e | G | el | e | oo
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR 0.03 0.03 <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.014 <LOR 0.026 0.012 19
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.023 <LOR 0.1 0.077 4.4
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.01 <LOR 0.017 0.007 1.7
Perfluorooctanoic acid (PFOA) 0.007 | <LOR | 0.019 | <LOR | 0.033 0.004 0.014
Perfluorononanoic acid (PFNA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR | <LOR <LOR | <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR | <LOR <LOR | <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR | 0.031 <LOR | 0.039 0.008 13
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 0.06 <LOR | 0.072 0.012 1.2
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR | <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) | 0.02 <LOR | <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.16
TOTAL Cs-C14 Carboxylic acids <LOR 0.21
TOTAL Cs-Ci0 Sulfonic acids <LOR 0.11
TOPA (incl C4-C10 Sulfonic acids) 0.19 <LOR 0.31
Table NCR 2

Water sample analyses from Maryborough Fire and Rescue station in-ground tank and town water.

Version 1.3: Released 17 January 2019 Page | 107
Uncontrolled when printed



OFFICIAL - PUBLIC

The Phase Two in-ground tank water analysis MARYBOROUGH PFAS PROFILE
(Table NCR 2) shows the total PFAS (0.016 pg/L)

is comprised of two PFAA moieties (PFCA and

PFSA). Comparison of the molar percentages

highlights the PFSA (sulfonates) moiety is the

highest contribution of the PFAS contamination.

The PFCA (carboxylic acid) moiety makes up the

remaining PFAS contamination. The PFSA and Total PFSA's
PFCA are representative of the older style 58%
fluorinated foams, (Figure NCR 6).

Total
PFCA's
42%

The in-ground tank water analysis shows that Figure NCR 6
PFOA (0.019 pg/L) was below the Australian  PFAS molar profile of the Maryborough in-ground tank.
health-based guidelines for both drinking and

recreational water. The S(PFOS + PFHxS) (0.091 pg/L) was below the recreational water guideline and
above the drinking water guideline, (Figure NCR 7).

Maryborough Fire and Rescue station in-ground Tank PFAS profile
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Figure NCR 7
Perfluoroalkyl substances (PFAS) profile of the Maryborough Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.31 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.066 pg/L from PFPeA, PFHxA, PFHpA, PFOA)
and PFSA (0.091 pg/L from PFHxS, PFOS)] that may oxidise or biotransform over time, (Table NCR 2,
Figure NCR 8).
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Oxidation products of PFAS Contaminents
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Figure NCR 8

TOPA perfluoroalkyl substances (PFAS) profile of the Maryborough Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.06 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
MAFFF =0.06 x 5800 x 1.00
=348 ug (= 0.000348 g) of PFOS

=0.000348 x 100/ 1 (1% PFOS)  or = 0.000348 X 100 / 5 (5% PFOS)
-0.0348 g = 0.00696 g
=34.8mg =7.0mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Maryborough Fire and
Rescue station in-ground water tank is between 0.007 to 0.04 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Noosa Heads Fire and Rescue station

Noosa Heads Fire and Rescue station is a new style
station with two engine bays housing one fire-
fighting and appliance. The station is crewed by four
permanent firefighters in the standard QFES 10/14
shift system. All training activities are conducted on
a large open space at the rear of the station. A
concrete in-ground water tank (1050 mm diameter
and 4900 mm deep, capacity of 4240 L) is used for
pump testing and water drafting training. The in-
ground tank is covered by a steel plate to prevent water ingress. Water was collected on one occasion
from the in-ground tank that was 100% full at the time of sampling.

13
:L' a6z Heads Fire Suation

»

Google

Noosa Heads Fire and Rescue station location and surrounding suburban setting.
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Noosa Heads Results

Noosa Heads Fire and Rescue station was one of the four identified in North Coast Region sites
containing an in-ground water tank. This study investigated the in-ground tank water for the presence
of PFAS contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Noosa Heads in-ground tank - two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses. The results are shown in Table NCR 3 below.

loR | PP TOPA__ | pelta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample .
el | el | Gl | el | e | e | eme
Perfluorobutanoic acid (PFBA) 0.01 | <LOR | <LOR <LOR 0.04 0.04 0
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR | 0.018 | <lOR 0.16 0.14 8.9
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR | 0.005 <LOR 0.006 0.001 1.2
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.011 <LOR 0.03 0.019 2.7
Perfluorononanoic acid (PFNA) 0.007 | <LOR | <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 | <LOR | <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 | <LOR | <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR <LOR <LOR 0.007 0.007 <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.034 <LOR 0.049 0.015 14
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 0.23 <LOR 0.25 0.020 1.1
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.30
TOTAL C4-C14 Carboxylic acids <LOR 0.2
TOTAL Cs-C1o Sulfonic acids <LOR 0.3
TOPA (incl C4-C1o Sulfonic acids) 0.19 <LOR 0.5
Table NCR 3

Water sample analyses from Noosa Heads Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table NCR 3) shows the total PFAS (0.030 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA). T°tal'f;CA'5
Comparison of the molar percentages highlights ’
the PFSA (sulfonates) moiety is the highest
contribution of the PFAS contamination. The PFCA
(carboxylic acid) moiety makes up the remaining
PFAS contamination. The PFSA and PFCA are
representative of the older style fluorinated
foams, (Figure NCR 10).

NOOSA HEADS PFAS PROFILE

Total PFSA's
89%

The in-ground tank water analysis shows that Figure NCR 10

PFOA (0.011 pg/L) was below the Australian  PFAS molar profile of the Noosa Heads in-ground tank.
health-based guidelines for both drinking and

recreational water. The 3(PFOS + PFHxS) (0.26 ug/L) was below the recreational water guideline and
above the drinking water guideline, (Figure NCR 11).

Noosa Heads Fire and Rescue station Inground Water Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure NCR 11
Perfluoroalkyl substances (PFAS) profile of the Noosa Heads Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (5 ug/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.034 pg/L from (PFHxA, PFHpA, PFOA) and
PFSA (0.26 pg/L from (PFHxS, PFOS)] that may oxidise or biotransform over time, (Table NCR 3, Figure
NCR 12).
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Oxidation products of PFAS Contaminents
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Figure NCR 12
TOPA perfluoroalkyl substances (PFAS) profile of the Noosa Heads Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.23 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
marre =0.23x4240x 1.00
=975.2 ug (= 0.0009752 g) of PFOS
=0.0009752 x 100 /1 (1% PFOS) or =0.0009752 x 100/ 5 (5% PFOS)
=0.09752 ¢g =0.0195¢g
=97.5mg =19.5mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Noosa Heads Fire and
Rescue station in-ground water tank is between 0.02 to 0.1 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Caloundra Fire and Rescue station

Caloundra Fire and Rescue station is an older
style station with two engine bays housing two
fire-fighting and one special appliance. The
station is crewed by four permanent
firefighters in the standard QFES 10/14 shift
system. The area office, BA-HazMat complex,
training and emergency management centre,
and RFS officers are all co-located on-site. All training activities are conducted on a large open space
at the rear of the station. A concrete in-ground water tank (1840 mm diameter and 2100 mm deep,
capacity of 5580 L) is used for pump testing and water drafting training. The in-ground tank is covered
by a concrete cover to prevent water ingress. Water was collected on one occasion from the in-ground
tank that was 68.6% full at the time of sampling.

Figure NCR 13
Caloundra Fire and Rescue station location and surrounding suburban setting.
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Caloundra Results

Caloundra Fire and Rescue station was one of the four identified in North Coast Region sites containing
an in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation
Five water samples were collected from the Caloundra in-ground tank - two in-ground water tank

samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table NCR 4).

loR | PFAS TOPA | pelta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ug/L) | (ng/U) | (ng/L) | (ng/L) | (ne/U) | (ke/b)
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR 0.03 0.03 <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.008 <LOR 0.022 0.014 2.8
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.026 <LOR 0.15 0.12 5.8
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.006 <LOR 0.008 0.002 1.3
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.013 <LOR 0.022 0.009 1.7
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.017 <LOR 0.018 0.001 11
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.16 <LOR 0.17 0.010 11
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.32 <LOR 0.33 0.010 1.0
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.55
TOTAL Cs-C14 Carboxylic acids <LOR 0.23
TOTAL Cs-Cio Sulfonic acids <LOR 0.52
TOPA (incl C4-C1o Sulfonic acids) 0.19 <LOR 0.75
Table NCR 4

Water sample analyses from Caloundra Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table NCR 4) shows the total PFAS (0.55 pg/L) is
comprised of two PFAA moieties (PFCA and
PFSA). Comparison of the molar percentages
highlights the PFSA (sulfonates) moiety is the
highest contribution of the PFAS contamination.
The PFCA (carboxylic acid) moiety makes up the
remaining PFAS contamination. The PFSA and
PFCA are representative of the older style
fluorinated foams, (Figure NCR 14).

The in-ground tank water analysis shows that
PFOA (0.013 pg/L) was below the Australian
health-based guidelines for both drinking and

CALOUNDRA PFAS PROFILE

Total PFCA's
10%

Total PFSA's
90%

Figure NCR 14
PFAS molar profile of the Caloundra in-ground tank.

recreational water. The J(PFOS + PFHxS) (0.48 pg/L) was below the recreational water guideline and
above the drinking water guideline, (Figure NCR 15).

Caloundra In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure NCR 15
Perfluoroalkyl substances (PFAS) profile of the Caloundra Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA and
TOPA (0.71 pg/L) were both below their respective discharge values, but the S(PFOS + PFHxS) was
above the discharge criteria. The TOPA analysis showed the presence of PFAS precursors [PFCA [0.053
pg/L from (PFPeA, PFHxA, PFHpA, PFOA) and PFSA [0.50 pg/L from (PFBS, PFHxS, PFOS)] that may
oxidise or biotransform over time, (Table FNR 2, Figure NCR 16).
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Oxidation products of PFAS Contaminents
0.14 A PFBA
B A PFPeA
0.12 M A PFHXA
® A PFHpA
A PFOA
01 A PFNA
=) A PFDA
o A PFUdA
= 0.08 A PFDoA
S A PFTDA
2 A PFTeDA
g 0.06 A PFBS
§ A PFHXS
) A PFOS
0.04 APFDS
0.02
O ]
Caloundra

Figure NCR 16
TOPA perfluoroalkyl substances (PFAS) profile of the Caloundra Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.32 pg/L) concentration in the in-ground tank water. The total

mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Applying these relationships
MAarrr = 0.32 x 5600 x 0.69
=1236.48 pg (= 0.00123648 g) of PFOS

=0.00123648 x 100/ 1 (1% PFOS)  or =0.00123648 x 100/ 5 (5% PFOS)
=0.1237 g =0.0247 g
=123.7mg =247 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Caloundra Fire and Rescue
station in-ground water tank is between 0.03 to 0.1 g.
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Summary of North Coast Region Results
Phase One
No North Coast Region stations were involved in Phase One testing.

Phase Two

The North Coast Region (NCR) in-ground .

tank water analyses showed detectable Total Polyfluorinated Substances m Total PECA
levels of PFAS contamination in all 0.7 Total PFSA
Stations [(Bundaberg, 0.64 pg/L), o6 Total PFT
(Maryborough, 0.16 pg/L), (Noosa ?10 05

Heads, 0.30 pg/L) (Caloundra, 0.55 <

ug/L)]. The PFAS profiles for NCR show & 2%

two PFAS moieties [perfluoroalkyl % 0.3

carboxylic acid (PFCA), perfluorsulfonic S 0o

acid (PFSA)] are present in all stations. In

Bundaberg, minor traces of a third 0.1

moiety [perfluoroalkyl telomers (PFT)] 0 . — L
were also present. The PFSA moiety Bundaberg Maryborough Noosa Heads Caloundra
(sulfonates) is the predominant moiety

for all stations, except Bundaberg where Figure NCR 17

the PFCA moiety is the predominant Total (PFAS) contamination of water samples in North
species. The highest total PFAS for the Coast Region Fire and Rescue station in-ground tanks.
region was observed in Bundaberg,

(Figure NCR 17).

The PFAS moiety ranges PFOA (0.011 — 0.031 pg/L), PFOS + PFHxS (0.091 — 0.48 ug/L) and TOPA (0.31
— 0.89 pg/L), show that no station exceeded the Australian Health-based recreational and drinking
water guidelines for PFOA. The 3(PFOS + PFHxS) results show that no station exceeded the Australian
Health-based recreational water guideline, but that all stations were above the and drinking water
guideline. The PFOA and TOPA results show that no station exceeded the Queensland Government
environmental water discharge criteria. No station, except Caloundra, exceeded PFOS + PFHxS
environmental discharge guideline., (Table NCR 18).

Concern for PFAS bio-persistence has been reported for a number of years,1>116120122 ht more
recently interest has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 + 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHxA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.%

The North Coast delta results showed the presence of the three PFAA moieties (PFCA, PFSA, PFT), with
increases in five of the twelve PFCA homologues (PFB), PFPeA, PFHXA, PFHpA, PFOA) and three of the
four PFSA homologues (PFBS, PFHxS, PFOS). There were increases in all homologue concentrations
across all stations, except Noosa Heads where the PFPeA was unchanged. All stations contained PFHxS
and PFOS, except Caloundra which also contained PFBS. However, PFHxS was the only homologue to
increase across all stations, while PFOS was detected in all stations, but no increases observed.
Bundaberg was the only station to contain any of the PFT homologues with the presence of 6:2 FTS,
albeit it at the LOR, (Figure NCR 18).
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Total PFAS Identified in North Coast Region In-ground Tanks
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Perfluoroalkyl Substances identified in QFES in-ground Tanks

Figure NCR 18
PFAS contamination of water samples in North Coast Region Fire and Rescue station in-ground tanks.
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Oxidation products of PFAS Contaminents
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Figure NCR 19

Effects of accelerated oxidation on PFAS compounds. Delta (A) changes reflect the actual
concentration difference of starting from oxidised PFAS contaminates.
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Caloundra Noosa Heads Maryborough Bundaberg
PFAS Standard Com poun ds LOR PFAS | TOPA | Delta PFAS TOPA Delta | PFAS | TOPA | Delta PFAS TOPA | Delta
(me/L) (me/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (mg/L) (ng/L) (ng/L) (me/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.03 0.03 <LOR 0.04 0.040 <LOR 0.03 0.030 0.06 0.11 0.050
Perfluoropentanoic acid (PFPeA) 0.007 0.008 0.022 0.014 <LOR <LOR <LOR 0.014 0.026 0.012 0.18 0.2 0.020
Perfluorohexanoic acid (PFHxA) 0.005 0.026 0.15 0.124 0.018 0.16 0.142 0.023 0.1 0.077 0.12 0.23 0.110
Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.008 0.002 0.005 0.006 0.001 0.01 0.017 0.007 0.063 0.071 0.008
Perfluorooctanoic acid (PFOA) 0.007 0.013 0.022 0.009 0.011 0.03 0.019 0.019 0.033 0.014 0.025 0.042 0.017
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 0.017 0.018 0.001 <LOR 0.007 0.007 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.16 0.17 0.01 0.034 0.049 0.015 0.031 0.039 0.008 0.049 0.054 0.005
Perfluorooctanesulfonic acid (PFOS) 0.005 0.32 0.33 0.01 0.23 0.25 0.020 0.06 0.072 0.012 0.13 0.13 0.00
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR <LOR 0.01
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR <LOR
Total PFAS 0.55 0.30 0.16 0.64
TOPA (incl C4-C10 Sulfonic acids) 0.19 0.75 0.55 0.31 0.89
Table NCR 5

PFAS contaminant assay of water in North Coast Region in-ground water tanks. All station town water samples tested less than level of reporting (<LOR).
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Investigation of Potential PFAS and Microbiological
Contamination of QFES Brisbane Region Fire and Rescue
Stations with In-ground Water Tanks

The Queensland Fire and Emergency Services (QFES) Brisbane Region covers the [\
local government areas of Somerset Regional Council (part), Moreton Bay
Regional Council, Brisbane City Council, and Redlands City Council, with a total
population of approximately 1.8 million people.

\

é_
%}3
B

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and
Special Operations capability to the entire Region. This capability is provided by
a mix of 38 urban Fire and Rescue stations located throughout the Region. The
region is staffed by 880 full time employees.

i

QFES Emergency Management supports the Local Government areas within the region to meet the
Queensland Disaster Management legislative arrangements.

Rural Fire Service (RFS) regional operations is co-located with the F&R Brisbane Region and operates
with 30 brigades. It is staffed by regional QFES personnel, Volunteer Firefighters, and Volunteer
Community Educators.

State Emergency Service (SES) regional operations is co-located with the F&R Brisbane Region and
operates with 22 groups.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, perfluoroalkyl substances (PFAS) contamination at
QFES FNR stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam)
project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. The
following criteria were adopted and used for Phase One of the study: No soil samples were collected
from the all concrete site.

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
o S(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).
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Phase Two of the investigation involved sampling and analysing water from in-ground water tanks and
corresponding town supplies for PFAS contamination. Water samples were collected from six stations.
The following criteria were adopted and used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o YPFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 ug/L); and

e The DES interim water release guidelines: S(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 ug/L).

In-ground Tank Sampling

This study involved collecting water samples from all Brisbane Region Fire and Rescue stations that
contained in-ground water tanks. Enoggera station was sampled and analysed in Phase One of the
investigation and re-sampled in Phase Two based on the results from Phase One tests. Seven stations
(Arana Hills, Enoggera, Windsor, Roma Street, Kemp Place, Annerley and Cleveland) were identified
for Phase Two of these investigations, but no samples were collected from Cleveland because the tank
was identified as a stormwater drain only and was empty at the time of sampling. No visible foaming
was present in the in-ground tank water, or after agitation of the collected sample.

Phase One investigations

Two water samples were collected from the Enoggera Fire and Rescue station - one from the in-ground
tank and one from an adjacent town water tap, for PFAS analysis. Two further water samples were
collected, one from the in-ground tank and one from an adjacent town water tap, for biological
analysis.

Phase Two investigations

Eight water samples were collected from the Arana Hills Fire and Rescue station in-ground tank - four
in-ground water tank samples, two town water samples, a sample of rinsate collected from the sample
probe pre-use cleaning wash, and a travel blank, for PFAS and TOPA analyses.

Six water samples were collected each from the Enoggera and Windsor Fire and Rescue station in-
ground tanks - two town water samples, and a sample of rinsate collected from the sample probe pre-
use cleaning wash for PFAS and TOPA analyse, and a travel blank, for PFAS and TOPA analyses.

Five water samples were collected each from the Arana Hills, Roma Street, Kemp Place and Annerley
Fire and Rescue station in-ground tanks - two town water samples, and a sample of rinsate collected
from the sample probe pre-use cleaning wash for PFAS and TOPA analyses.

Water samples were collected from an in-ground tank identified at Acacia Ridge Fire and Rescue
station after the QFES investigations. Samples were subsequently collected and analysed by the
regulated waste contractor prior to emptying the tank and transport.
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Arana Hills Fire and Rescue station

Arana Hills Fire and Rescue station is a newer style
building built after 2000. It is a standard two engine
bay, one appliance station that is located on a major
road within a residential area. The station is crewed
by four firefighters in the standard QFES 10/14 shift
system. All training activities are conducted on a large
open space at the rear of the station. A concrete in-
ground water tank (800 mm diameter x 2200 mm
deep, capacity of 1100 L), at the rear of the yard is
used for pump testing and drafting training. The in-
ground tank is covered by a steel plate cover that does not prevent water ingress. Water samples
were collected on two occasions from the in-ground tank that was 50% full each time of sampling.

e

Figure BR1
Arana Hills Fire and Rescue station and surrounding suburban setting.
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Arana Hills Fire and Rescue station was one of the six identified in Brisbane Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS

contamination.

Phase One investigation

This station was not involved in Phase One tests.

Phase Two investigation

Five water samples were collected from the Arana Hills in-ground tank - two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table BR 1).

PFAS

TOPA

Perfluoroalkyl Substances (PFAS) | LOR Tap | Tap' | sample | Tap | Sample Delta TOP:/:_FAS

(ug/t) | (wg/t) | (ue/t) | (we/L) | (we/L) | (wg/L) | (we/b) ate

Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR 0.15 <LOR 0.32 0.17 2.1

Perfluoropentanoic acid (PFPeA) 0.007 | <LOR <LOR 0.4 <LOR 0.15 -0.25 0.38

Perfluorohexanoic acid (PFHxA) 0.005 | 0.018 <LOR 0.23 <LOR 0.36 0.13 1.6

Perfluoroheptanoic acid (PFHpA) 0.005 | 0.006 <LOR 0.22 <LOR 0.12 -0.1 0.55

Perfluorooctanoic acid (PFOA) 0.007 | <LOR <LOR 0.042 <LOR 0.073 0.031 1.7

Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR 0.047 <LOR 0.076 0.029 1.6

Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR

Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR

Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR

Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR < LOR <LOR <LOR <LOR <LOR

Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR

Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR

Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR 0.027 <LOR 0.024 -0.003 0.89

Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR <LOR 0.065 <LOR 0.076 0.011 1.2

Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR <LOR 0.059 <LOR 0.087 0.028 1.5

Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR

1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) | 0.005 <LOR <LOR <LOR

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 0.97 <LOR 0.57

1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR

Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR

Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR

Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR

Total PFAS 0.57 0.99 <LOR 1.81

TOTAL C4-C14 Carboxylic acids <LOR 1.1

TOTAL Cs-Cyo Sulfonic acids <LOR 0.19

TOPA (incl C4-C1o Sulfonic acids) <LOR 1.3

1. Tap water sample repeated after minor contamination of original sample.

Table BR 1

Water sample analyses from Arana Hills Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis

(Table BR 1) shows the total PFAS (1.81 pg/L) is ARANA HILLS PFAS PROFILE
comprised of three PFAA moieties (PFCA, PFSA

and PFT). Comparison of the molar percentages

highlights the PFCA (carboxylic acid) moiety is the

highest contribution of the PFAS contamination.

The PFSA (sulfonates) and PFT (telomer) moieties

make-up the remaining PFAS contamination. The

PFSA and PFCA are representative of the older

style fluorinated foams, while the PFCA and PFT Total
o . . PFSA's
indicate newer style fluorinated foams, (Figure 8%
BR 2). The in-ground tank water analysis shows

that PFOA (<LOR pg/L) was below the Australian
health-based guidelines for both drinking and
recreational water. However, the S(PFOS +
PFHxS) (0.092 pg/L) was below the recreational water guideline and above the drinking water
guideline, (Figure BR 3).

Total PFCA's
60%

Figure BR 2
PFAS molar profile of the Arana Hills in-ground tank.
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Perfluoroalkyl Substances (PFAS)

Figure BR 3

Perfluoroalkyl substances (PFAS) profile of the Arana Hills Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA and
S(PFOS + PFHxS) were below their respective discharge criteria. The TOPA (1.59 pg/L) was the
environmental discharge value. The TOPA analysis showed the presence of PFAS [PFCA (1.1 pg/L from
PFBA, PFPeA, PFHXA, PFHpA, PFOA, PENA), PFSA (0.15 pg/L from PFBS, PFHxS, PFOS) and PFT (0.57
ug/L from 6:2 FTS)] that may oxidise or biotransform over time, (Table BR 1, Figure BR 4).
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Oxidation products of PFAS Contaminents

= A PFBA
18 |
0.18 B A PFPeA
013 C A PFHXA
’ r A PFHpA
r = A PFOA
= 008 F
E C A PFNA
= m A PFDA
g 0.03 |
2 m A PFUdA
o m A PFDOA
E -0.02 Arana Hills
9 B A PFTrDA
c
o
So07 E m A PFTeDA
m A PFBS
-0.12 F W A PFHXS
A PFOS
017 | A PFDS
022 L
Figure BR 4

TOPA perfluoroalkyl substances (PFAS) profile of the Arana Hills Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.059 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFE =0.059 x 1100 x 0.50
= 32.45 pg (= 0.00003245 g) of PFOS

=0.00003245 x 100/ 1 (1% PFOS)  or =0.0003245 X 100 / 5 (5% PFOS)
=0.00325¢g = 0.00065 g
=33 mg =0.65mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Arana Hills Fire and Rescue
station in-ground water tank is between 0.0007 to 0.003 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Enoggera Fire and Rescue station

Enoggera Fire and Rescue station is an older
style building built prior to 1990. It is a
standard two engine bay, one appliance
station that is located on a major road within a
residential area. The station is crewed by four
firefighters in the standard QFES 10/14 shift
system. All training activities are conducted on
a large open space at the rear of the station. A
concrete in-ground water tank (1500 mm
diameter x 9200 mm deep, capacity of
16260 L), at the rear of the yard is used for
pump testing and water drafting training. The in-ground tank is covered by a steel plate to prevent
water ingress. Water samples were collected on two occasions from the in-ground tank that was 70%
full each time of sampling.

Figure BR 5
Enoggera Fire and Rescue station location and surrounding suburban setting.
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Enoggera Results

Enoggera Fire and Rescue station is one of the six identified in Brisbane Region sites containing an in-
ground water tank. This study investigated for PFAS contamination by collecting and analysing
water samples from the site.

Phase One investigation

Two water samples were collected from the Enoggera Fire and Rescue station, one from the in-
ground tank and one from an adjacent town water tap. No soil samples were collected. Two further
water samples were collected, one from the in-ground tank and one from an adjacent town water
tap, for biological analysis. The tank and tap water results are shown in Table BR 2.

Analyte Name PFAS Sample Analyses ?g;?g;izl
Water (pg/L) Soil (mg/kg) \A(/(ajltiijr/i?)?npqll()as
LOR Tap sI?fZEe T5a:1nk Street Yard Tank Tap
Biological Test
E. coli 0
Coliforms 280
Enterococci 21
PFAS Chemical Test
Perfluorobutanoic acid (PFBA) 0.005 <LOR 0.42 0.39
Perfluoropentanoic acid (PFPeA) 0.005 <LOR 0.84 0.66
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 1.1 1.2
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.44 0.42
Perfluorooctanoic acid (PFOA) 0.005 <LOR 0.37 0.33
Perfluorononanoic acid (PFNA) 0.005 <LOR 0.28 0.25
Perfluorodecanoic acid (PFDA) 0.005 <LOR 0.005 0.005
Perfluoroundecanoic acid (PFUDA) 0.005 <LOR 0.016 0.014
Perfluorododecanoic acid (PFDoA) 0.005 <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) Not reported
Perfluorotetradecanoic acid (PFTeDA) Not reported
Perfluorohexadecanoic acid 0.005 <LOR <LOR <LOR
Perfluorooctadecanoic acid 0.01 <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.31 0.29
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 4.9 6.3
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 5.9 4.2
Perfluorodecanesulfonic acid (PFDS) 0.005 <LOR <LOR <LOR
2-perfluorohexyl ethanoic acid (FHEA) Not Reported
2-Perfluoroocty ethanoic acid (FOEA) Not Reported
2-Perfluorodecyl ethanoic acid (FDEA) Not Reported
4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0..005 <LOR <LOR <LOR
6:2 fluorotelomer sulfonate (6:2 FTS) 0.01 <LOR 0.099 0.086
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.02 <LOR <LOR <LOR
Total PFAS <LOR 15 14
Table BR 2

Phase One water and soil sample analyses from Enoggera Fire and Rescue station
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The Phase One in-ground tank water
analysis (Table BR 2) shows the total PFAS
(14.7 pg/L) is comprised of three PFAA
moieties (PFCA, PFSA and PFT).
Comparison of the molar percentages
shows the highest contribution from the
PFSA (sulfonates) moiety is the highest
contribution of the PFAS contamination.
The PFCA (carboxylic acid) and PFT
(telomer) moieties make up the remaining
PFAS contamination. The PFSA and PFCA
are representative of the older style
fluorinated foams, while the PFCA and PFT
indicate newer style fluorinated foams,
(Figure BR 6).

ENOGGERA PFAS PROFILE

Total PFCA's
23%

Total PFSA's
76%

Figure BR 6
Phase 1 PFAS molar profile of the Enoggera in-ground tank.

The in-ground tank water analysis shows that PFOA (0.37 pg/L) was below the interim Australian
health-based guidelines for both drinking and recreational water, but the 3(PFOS + PFHxS) (10.8 pg/L)
was considerably above the interim drinking and recreational water guidelines, (Figure BR 7).
Similarly, PFOA is below the Queensland Government environmental water discharge criteria, but and
S(PFOS + PFHXxS) is above the environmental discharge guideline, (Figure NR 4). The biological results
(< 1 org/100mL of water for E. coli, 280 CFU for total coliforms, and 21 CFU for Enterococci) show the
water was equivalent to class A+ recycled water for E. coli.

Enoggera Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure BR 7

Perfluoroalkyl substances (PFAS) profile of the Enoggera Fire and Rescue station in-ground tank.

Phase Two investigation

Six water samples were collected from the Enoggera in-ground tank - two in-ground water tank
samples, two town water samples, one sample of rinsate collected from the sample probe pre-use
cleaning wash, and a travel blank for PFAS and TOPA analyses. The tank and tap water results are

shown in Table BR 3.
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LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(g/l) | (ne/L) | (ue/) | (we/U) | (ug/l) | (we/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.2 <LOR 0.41 0.21 2.1
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.62 <LOR 0.78 0.16 13
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 11 <LOR 2 0.9 1.8
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.24 <LOR 0.24 0 1
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.18 <LOR 0.2 0.02 1.1
Perfluorononanoic acid (PFNA) 0.007 | <LOR 0.12 <LOR 0.11 -0.01 0.92
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR < LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR 0.18 <LOR 0.19 0.01 11
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR 33 <LOR 3.6 0.3 11
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 2.4 <LOR 2.7 0.3 11
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.06
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS 0.57 <LOR 8.4
TOTAL C4-C1a Carboxylic acids <LOR 3.7
TOTAL Cs-Cio Sulfonic acids <LOR 6.5
TOPA (incl Cs-C1o Sulfonic acids) 0.19 <LOR 10
Table BR 3

Water sample analyses from Enoggera Fire and Rescue station in-ground tank and town water.
Note: The tap sample was repeated due to minor contamination in the initial sample.

The Phase Two in-ground tank water analysis ENOGGERA PFAS PROFILE
(Table BR 3) shows the total PFAS (8.4 pg/L) is
comprised of three PFAA moieties (PFCA, PFSA
and PFT). Comparison of the molar percentages
highlights the PFSA (sulfonates) moiety is the
highest contribution of the PFAS contamination.
The PFCA (carboxylic acid) and PFT (telomer)
moieties make up the remaining PFAS
contamination.

Total PFCA's
29%

The PFSA and PFCA are representative of the older ' Figure BR 8 '

style fluorinated foams, while the PFCA and PFT PFAS molar profile of the Enoggera in-ground tank.
indicate newer style fluorinated foams, (Figure BR

8). The in-ground tank water analysis shows that PFOA (0.18 pg/L) was below the Australian health-
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based guidelines for both drinking and recreational water. The S(PFOS + PFHxS) (5.7 ug/L) was above
both drinking and recreational water guidelines, (Figure BR 9).

Consideration of the Queensland Government environmental water discharge criteria show PFOA was
below the discharge criteria, but the 3(PFOS + PFHxS) and TOPA (10.2 pg/L) were both significantly
above their respective discharge values. The TOPA analysis showed the presence of PFAS precursors
[PFCA (2.4 pg/L from PFPeA, PFHxA, PFHpA, PFOA, PFNA), PFSA (6.0 pg/L from PFBS, PFHxS, PFOS) and
PFT (0.06 pg/L from 6:2FTS)] that may oxidise or biotransform over time, (Table BR 3, Figure BR 10).

Enoggera Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure Br 9

Perfluoroalkyl substances (PFAS) profile of the Enoggera Fire and Rescue station in-ground tank.

Oxidation products of PFAS Contaminents A PFBA
1 . A PFPeA
[ A PFHXA
A PFHpA
i m A PFOA
0.8 H A PFNA
i B A PFDA
= m A PFUdA
% 06 L B A PFDoA
2 I WA PFTrDA
s B A PFTeDA
= I WA PFBS
£ 041 B A PFHXS
8 A PFOS
§ A PFDS
0.2
0 m— )
02 t
Figure BR 10

TOPA perfluoroalkyl substances (PFAS) profile of the Enoggera Fire and Rescue station in-ground tank.
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Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (2.4 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

MAFFF =2.4x16260x0.70
=27316.8 ug (=0.0273168 g) of PFOS

=0.0273168 x 100/ 1 (1% PFOS)  or =0.027316 x 100 / 5 (5% PFOS)
=2.73¢g =0.546 ¢
=2732mg =546 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Enoggera Fire and Rescue
station in-ground water tank is between 0.6 to 3.0 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Windsor Fire and Rescue station

Windsor Fire and Rescue station is an
older style building with two engine bays
built prior to 1990. It is located on a
major road within a residential area.
The station houses one appliance and is
crewed by four firefighters in the
standard QFES 10/14 shift system. A
regional training office is co-located on-
site. All training activities are conducted
on an open space at the rear of the

station or inside classrooms located at the bottom of the station. A concrete in-ground water tank
(1500 mm diameter x 5200 mm deep, capacity of 9200 L) is used for pump testing and water drafting
training. The in-ground tank is covered by a steel plate to prevent water ingress. Water samples were
collected on one occasion from the in-ground tank that was 27% full at the time of sampling.

Figure BR 11
Windsor Fire and Rescue station and surrounding suburban setting.
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Windsor Results

Windsor Fire and Rescue station is one of the six identified in Brisbane Region sites containing an in-
ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigations
No samples were collected at Windsor station in Phase One trials.

Phase Two investigation

Six water samples were collected from the Windsor station - two in-ground tanks, two town water
samples, and a sample of rinsate collected from the sample probe pre-use cleaning wash for PFAS
and TOPA analyse, and a travel blank, for PFAS and TOPA analyses, (Table BR 4).

LOR PFAS TOPA Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap' | Samplel | Tap | Sample2 Ratio
(ne/L) | (ne/L) (ne/L) (ne/L) (ne/L) (ne/L)

Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.04 <LOR 0.15 0.11 3.8
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR 0.13 <LOR 0.15 0.02 1.2
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 0.058 <LOR 0.15 0.092 2.6
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.062 <LOR 0.045 -0.017 0.73
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.022 <LOR 0.048 0.026 2.2
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.015 <LOR 0.021 0.006 1.4
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR 0.02 0.02 <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR 0.03 <LOR 0.03 0 1
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR 0.006 <LOR <LOR -0.006 <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 | <LOR 0.025 <LOR 0.025 0 1
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 0.036 <LOR 0.049 0.013 1.4
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 | <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 | <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 | <LOR <LOR
Total PFAS <LOR 0.424
TOTAL C4-C14 Carboxylic acids <LOR 0.614
TOTAL Cs-Cyo Sulfonic acids <LOR 0.074
TOPA (incl C4-C10 Sulfonic acids) 0.19 <LOR 0.69

1. Tap water sample repeated after minor contamination of original sample.

Table BR 4

Water sample analyses from Windsor Fire and Rescue station in-ground tank and town water.

Version 1.3: Released 17 January 2019 Page | 134
Uncontrolled when printed



OFFICIAL - PUBLIC

The Phase Two in-ground tank water analysis

(Table BR 4) shows the total PFAS (0.42 pg/L) is WINDSOR PFAS PROFILE
comprised of two PFAA moieties (PFCA and
PFSA). Comparison of the molar percentages
highlights the PFCA (carboxylic acid) moiety is
the highest contribution of the PFAS
contamination. The PFSA (sulfonates) moiety
makes up the remaining PFAS contamination in
similar amounts. The PFSA and PFCA are
representative of the older style fluorinated
foams, (Figure BR 13).

Total PFSA's
16%

Total PFCA's
84%

The in-ground tank water analysis shows that Figure BR 13

PFOA (0.022 pg/L) and 3(PFOS + PFHXxS) PFAS molar profile of the Windsor in-ground tank.
(0.061 pg/L) were both below the Australian

health-based guidelines for both drinking and recreational water, (Figure BR 14).

Windsor Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure BR 14
Perfluoroalkyl substances (PFAS) profile of the Windsor Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.69 pg/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.36 pg/L from PFBA, PFPeA, PFHxXA, PFHpA,
PFOA, PFNA, PFUdA) and PFSA (0.067 pg/L from PFBS, PFHxS, PFOS)] that may oxidise or biotransform
over time, (Table BR 4, Figure BR 14).
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Oxidation products of PFAS Contaminents A PFBA
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Figure BR 15
TOPA perfluoroalkyl substances (PFAS) profile of the Windsor Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.036 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marre = 0.036 x 9200 x 0.27
=89.424 pg (= 0.000089424 g) of PFOS

=0.000089424 x 100 / 1 (1% PFOS)  or =0.0000894 x 100 / 5 (5% PFOS)
=0.00894 g =0.001788 g
=89 mg =1.8mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Windsor Fire and Rescue
station in-ground water tank is between 0.002 to 0.009 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Roma Street Fire and Rescue station

Roma Street Fire and Rescue
station is one of the two major Fire
and Rescue stations located in the
Brisbane CBD. It is a brick, four-
storey building built after 2000.
The station houses two two-
fighting appliances, an aerial
appliance, a foam tender and a
technical rescue unit. It is crewed
by ten firefighters in the standard
QFES 10/14 shift system. A QAS
station, an area office and training
office are co-located on-site. All

training activities are conducted on off station or in-side the engine bays of the station. A concrete in-
ground water tank (2000 mm diameter x 9550 mm deep, capacity of 30000 L), located in the engine
bay area is used for pump testing and water drafting training. The in-ground tank is covered by a
concrete cover to prevent water ingress. Water was collected on one occasion from the in-ground

——

&‘3.,:_: S

tank that was 94% full at the time of sampling.

Roma Street Fire and Rescue station and surrounding suburban setting.

Figure BR 16
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Roma Street Results

Roma Street Fire and Rescue station is one of the six identified in Brisbane Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS
contamination.

Phase One investigations
No Phase One samples were collected from this station.

Phase Two investigations

Five water samples were collected from the Roma Street station - two in-ground water tank samples,
two town water samples, and a sample of rinsate collected from the sample probe pre-use cleaning
wash for PFAS and TOPA analyses (Table BR 5).

LoR | PFAS TOPA | Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Sample | Tap | Sample Ratio
(ug/L) | (ng/L) | (ug/L) | (ug/U) | (ue/L) (ug/L)
Perfluorobutanoic acid (PFBA) 0.01 | <LOR <LOR <LOR 0.01 0.01 <LOR
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR 0.009 <LOR <LOR -0.009 <LOR
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 0.008 <LOR 0.013 0.005 1.6
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.006 <LOR <LOR -0.006 <LOR
Perfluorooctanoic acid (PFOA) 0.007 | <LOR <LOR <LOR 0.009 0.009 <LOR
Perfluorononanoic acid (PFNA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHXxS) 0.005 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanesulfonic acid (PFDS) 0.02 | <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) | 0.005 | <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) | 0.02 | <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 | <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <lOR | 0.023
TOTAL C4-C14 Carboxylic acids <LOR 0.032
TOTAL Cs-Cyo Sulfonic acids <LOR <LOR
TOPA (incl Cs-C1o Sulfonic acids) 0.19 <LOR 0.032
Table BR 5

Water sample analyses from Roma Street Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis
(Table BR 5) shows the total PFAS (0.023 pg/L)
is comprised of one PFAA moiety, PFCA. The
PFCA is representative of both older style and
newer style fluorinated foams, (Figure BR 17).
The in-ground tank water analysis shows that
PFOA (<LOR pg/L) and 3(PFOS + PFHxS) (<LOR
ug/L) were below the Australian health-based
guidelines for both drinking and recreational
water, (Figure BR 18).

ROMA STREET PFAS PROFILE

Total PFCA's
100%

Total PFSA's
0%

Consideration of the Queensland Government Figure BR 17

environmental water discharge criteria show PFAS molar profile of the Roma Street in-ground tank.
PFOA, 5(PFOS + PFHxS) and TOPA (0.032 pg/L)

were all significantly above their respective discharge values. The TOPA analysis showed the presence
of PFAS precursors [PFCA (3.07 pg/L from PFPeA, PFHxA, PFHpA)] that may oxidise or biotransform
over time, (Table BR 5, Figure BR 19).
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Perfluoroalkyl Substances (PFAS)

Figure BR 18
Perfluoroalkyl substances (PFAS) profile of the Roma Street Fire and Rescue station in-ground tank.
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Oxidation products of PFAS Contaminents
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Figure BR 19
TOPA perfluoroalkyl substances (PFAS) profile of the Roma street Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (<LOR pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

Thus, no significant AFFF was detected within the Roma Street in-ground water tank.
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Kemp Place Fire and Rescue station

Kemp Place Fire and Rescue station is one
of the two major Fire and Rescue stations
located in the Brisbane CBD. It is an older
style brick, three-storey station built prior
to0 1980. It is a five-engine bay station and
is located on a major road within a
residential/commercial area. The station
houses two fire appliances, one ladder
appliance and one command appliance. It
is crewed by ten firefighters in the - = R |
standard QFES 10/14 shift system. An area office, training office, equipment office and community
safety office are co-located on-site. All training activities are conducted on an open space at the rear
of the station. A concrete in-ground water tank (1800 mm diameter x 9500 mm deep, capacity =
24200 L), is used for pump testing and water drafting training. The in-ground tank is covered by a
steel plate to prevent water ingress. Water samples were collected from the in-ground tank which
was 89% full at the time of sampling.

t

Figure BR 20
Kemp Place Fire and Rescue station and surrounding suburban setting.
Note: A feeder tank attached to the main tank was located at the time of emptying, making a total of 37100L.
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Kemp Place Fire and Rescue station is one of the six identified in Brisbane Region sites containing an
in-ground water tank. This study investigated the in-ground tank water for the presence of PFAS

contamination.

Phase One investigations

No Phase One samples were collected from this station.

Phase Two investigations

Five water samples were collected from the Kemp Place in-ground tank, two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table BR 6).

LoR | PP TOPA | Delta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap | Samplel | Tap | Sample2 Ratio
(ng/L) | (ug/L) | (ug/L) | (ug/L) | (ne/L) (ng/L)
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.05 <LOR 0.15 0.100 3
Perfluoropentanoic acid (PFPeA) 0.007 | <LOR 0.18 <LOR 0.09 -0.090 0.50
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR 0.14 <LOR 0.53 0.390 3.8
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.12 <LOR 0.065 -0.055 0.54
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.052 <LOR 0.12 0.068 2.3
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.039 <LOR 0.049 0.010 13
Perfluorodecanoic acid (PFDA) 0.01 <LOR 0.02 <LOR 0.03 0.01 1.5
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR 0.05 <LOR 0.07 0.02 1.4
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR 0.025 <LOR 0.021 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.16 <LOR 0.2 0.040 13
Perfluorooctanesulfonic acid (PFOS) 0.005 | <LOR 0.35 <LOR 0.46 0.110 1.3
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 | <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 | <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 | <LOR <LOR
Total PFAS <LOR 1.2
TOTAL C4-Ci14 Carboxylic acids <LOR 1.1
TOTAL C4-Cao Sulfonic acids <LOR 0.68
TOPA (incl C4-C10 Sulfonic acids) 0.19 <LOR 1.8
Table BR 6

Water sample analyses from Kemp Place Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis (Table
FNR 2) shows the total PFAS (1.193 pg/L) is
comprised of the two PFAA moieties (PFCA and
PFSA). Comparison of the molar percentages
highlights approximately equal proportions of the
moieties, with the PFCA (carboxylic acid) moiety
contributing  slightly more to the PFAS
contamination. The PFSA and PFCA are
representative of the older style fluorinated foams,
(Figure BR 21). The in-ground tank water analysis
shows that PFOA (0.052 pg/L) was below the
Australian health-based guidelines for both

drinking and recreational water. The 5(PFOS +

KEMP PLACE PFAS PROFILE

Total PFSA's
45%

Total PFCA's
55%

Figure BR 21

PFHxS) (0.51 pg/L) was below the recreational PFAS molar profile of the Kemp Place in-ground tank.
water guideline and above the drinking water

guideline, (Figure BR 22).

Kemp Place Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)
Figure BR 22

Perfluoroalkyl substances (PFAS) profile of the Kemp Place Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA was

below the discharge criteria, but the $(PFOS + PFHxS) and TOPA (1.78 pg/L) were both above their
respective discharge values. The TOPA analysis showed the presence of the PFAS precursors [PFCA
(0.68 ug/L from PFBA, PFPeA, PFHxA, PFHpA, PFOA, PENA, PEDA, PFUdA) and PFSA (0.54 ug/L from
PFHxS, PFOS, PFBS)] that may oxidise or biotransformation over time, (Table BR 6, Figure BR 23).
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Oxidation products of PFAS Contaminents A PFBA
0.4 r A PFPeA
b A PFHXA
0.35 — A PFHpA
B S m A PFOA
C m A PFNA
03 b m A PFDA
= 5 m A PFUdA
}:2 025 f m A PFDOA
= . m A PFTrDA
S 02 ¢ B A PFTeDA
o WA PFBS
€015 A PFHXS
S g A PFOS
S 01 F A PFDS
0.05 [
o l___ ] |
-0.05 F
01 C
Figure BR 23

TOPA perfluoroalkyl substances (PFAS) profile of the Kemp Place Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.35 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marrr = 0.35x 24200 x 0.85
=7199.5 pg (= 0.0071995 g) of PFOS

=0.0071995 x 100/ 1 (1% PFOS)  or =0.0071995 X 100 / 5 (5% PFOS)
=0.720¢g =0.144¢g
=720 mg =144 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Kemp Place Fire and
Rescue station in-ground water tank is between 0.2 t0 0.7 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Annerley Fire and Rescue station

Annerley Fire and Rescue station is an
older style, one story brick station with
two engine bays that houses two
appliances and is crewed by four
firefighters in the standard QFES 10/14
shift system. A large storage shed is
located at the right-side rear of the
station yard. It is surrounded by a
commercial/residential mixed area. All
training activities are conducted on an
open space at the rear of the station,
and it is the location of the Brisbane Region foam cache. A concrete in-ground water tank (2000 mm
diameter x 9000 mm deep, capacity of 28300 L) located at the rear left of the station yard is used for
pump testing and water drafting training. The in-ground tank is covered by a concrete cover to
prevent water ingress. Water was collected on one occasion from the in-ground tank that was 100%
full at the time of sampling. A second tap water sample was collected and analysed due to possible
cross contamination.

Figure BR 24
Annerley Fire and Rescue station and surrounding suburban setting.
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Annerley Fire and Rescue station is one of the six identified in Brisbane Region sites containing an in-
ground water tank. This study investigated the in-ground tank water for the presence of PFAS

contamination.

Phase One investigations

No Phase One samples were collected from this station.

Phase Two investigations

Five water samples were collected from the Annerley in-ground tank - two in-ground water tank
samples, two town water samples, and a sample of rinsate collected from the sample probe pre-use
cleaning wash for PFAS and TOPA analyses, (Table BR 7).

loR | PP TOPA | pelta | TOPA/PFAS
Perfluoroalkyl Substances (PFAS) Tap' | Sample | Tap | Sample Ratio
(ng/L) | (ne/U) (ug/L) | (ng/L) | (ne/U) (ug/L)

Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR <LOR 0.03 0.03 <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.021 <LOR 0.05 0.029 2.4
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.022 <LOR 0.092 0.070 4.2
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.02 <LOR 0.028 0.008 1.4
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.01 <LOR 0.053 0.043 5.3
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.011 <LOR 0.023 0.012 2.1
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR 0.01 0.01 <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR 0.01 <LOR 0.02 0.010 2
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR 0.06 <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.017 <LOR 0.026 0.009 1.5
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.033 <LOR 0.045 0.012 1.4
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.57
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR
Total PFAS <LOR 0.77
TOTAL C4-Caa Carboxylic acids <LOR 0.3
TOTAL Cs-Cyo Sulfonic acids <LOR 0.07
TOPA (incl Cs-Cio Sulfonic acids) 0.19 <LOR 0.37

1. Tap water sample repeated after minor contamination of original sample.

Table BR 7

Water sample analyses from Annerley Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis (Table
FNR 2) shows the total PFAS (0.77 pg/L) is comprised of
three PFAA moieties (PFCA, PFSA and PFT). Comparison Total PFCA's
of the molar percentages highlights the PFT (telomer) 20%
moiety is the highest contribution of the PFAS
contamination. The PFCA (carboxylic acid) and PFSA
(sulfonates) moieties make up the remaining PFAS
contamination. The PFSA and PFCA are representative
of the older style fluorinated foams, while the PFCA and
PFT indicate newer style fluorinated foams, (Figure BR
25).

ANNERLEY PFAS PROFILE

Figure BR 25
PFAS molar profile of the Annerley in-ground tank.

The in-ground tank water analysis shows that PFOA

(0.01 pg/L) and S(PFOS + PFHXxS) (0.05 pg/L) were both below the Australian health-based guidelines
for drinking and recreational water, (Figure BR 26).
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Figure BR 26

Perfluoroalkyl substances (PFAS) profile of the Annerley Fire and Rescue station in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.37 ug/L) were all significantly above their respective discharge values.
The TOPA analysis showed the presence of PFAS precursors [PFCA (0.154 pg/L from PFPeA, PFHXA,
PFHpA, PFOA, PFNA, PFUdA, PFTrDA), PFSA (0.05 pg/L from PFHxS, PFOS) and PFT (0.57 pg/L from
6:2FTS)] that may oxidise or biotransform over time, (Table BR 7, Figure BR 27).
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Oxidation products of PFAS Contaminents

WA PFBA
0.1 H A PFPeA
A PFHxXA
0.09 A PFHpA
m A PFOA
0.08 B A PFNA
m A PFDA
= 0.07 WA PFUdA
S~
ap m A PFDOA
= 006 W A PFTrDA
2 A PFTeDA
g 0.05 m A PFBS
S B A PFHXS
e 0.04 A PFOS
o
S A PFDS
0.03
0.02
0.01
0 ]
Annerely
Figure BR 27

TOPA perfluoroalkyl substances (PFAS) profile of the Annerley Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.033 ug/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marre = 0.033 x 28300 x 1.00
= 933.9 pg (= 0.0009339 g) of PFOS

=0.0009339 x 100 / 1 (1% PFOS)  or = 0.0009339 X 100 / 5 (5% PFOS)
=0.0934 g =0.0187 g
=93.4mg =18.7mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Annerely Fire and Rescue
station in-ground water tank is between 0.02 to 0.09 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Summary of Brisbane Region Results

Phase One Investigation

Enoggera Fire and Rescue station in-ground tank water showed significant levels of PFAS (15 pg/L)
contamination. The PFOA (0.4 pg/L) was below the interim Australian health-based water quality
guidelines for drinking and recreational water. The 3(PFOS + PFHxS) (11 pg/L) was significantly above
both interim guideline values. Both PFOA and >(PFOS + PFHxS) were above the Queensland
Government environmental water discharge criteria . The biological results [< 0 mpn/100mL of water
(E. coli), 280 mpn/100mL (total coliforms), and 21 cfu/100 mL (enterococci)] show the water is
equivalent to A+ recycled water for E. coli. No soil analyses were performed.

Phase Two Investigation )
. o Total Polyfluorinated Substances
The Brisbane Region in-ground tank water

10 M Total PFCA
analyses show detectable levels of PFAS %E::i?
contamination at all sampled sites. The < 8
total PFAS concentration at Enoggera (8.4 f 6
ug/L) was significantly higher than all other %
stations, with Arana Hills (1.8 pg/L) and % 4
Kemp Place (1.2 pg/L) the next highest S
values. All other stations showed very low . B — I | B

levels (<1.0 pg/L) of total PFAS, (Table BR 8).

Annerley Kemp RomaSt Windsor Enoggera Arana Hills
Place

The PFAS profiles of the Brisbane Region Figure BR 28

differed between stations. Roma Street
contained only PFCA moiety, while Kemp
Place and Windsor contained only the PFCA and PFSA moieties. Kemp Place had an approximately
equal amount of both moieties, while Windsor had primarily PFCA (84%). The remaining three stations
Enoggera, Arana Hills and Annerley show the presence of all three PFAA moieties (PFCA, PFSA and
PFT). Enoggera had the highest concentration of PFSA (70%), while Annerley showed the highest
concentration of PFT (74%), (Table BR 8, Figure BR 28).

PFAS molar profile of the Annerley in-ground tank.

The PFOA (0.01 —0.18 pg/L), PFOS + PFHXxS (0.05 — 5.7 pg/L) and TOPA (<LOR — 10.1 pg/L) ranges show
no station exceeded the Australian health-based drinking water or recreational water guidelines for
PFOA or the recreational water guidelines for 3(PFOS + PFHxS). However, Enoggera (5.7 pg/L), Kemp
Place (0.51 pg/L) and Arana Hills (0.12 pg/L)] exceeded the drinking water guideline for 3(PFOS +
PFHxS). Similarly, no station exceeded the Queensland Government environmental water discharge
criteria for PFOA. Enoggera was the only station to exceed the 3(PFOS + PFHxS) discharge limit. The
TOPA results show Enoggera (10.1 pg/L), Kemp Place (1.78 pg/L) and Arana Hills (1.59 pg/L) all
exceeded the Queensland Government environmental water discharge criteria.

Concern for PFAS bio-persistence has been reported for a number of years,!1>116120-122 h;t more
recently interest has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHXxA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.%
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Total PFAS Identified in Brisbane Region In-ground Tanks
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Perfluoroalkyl Substances identified in QFES in-ground Tanks

Figure BR 29
PFAS contamination profile of water in Brisbane Region Fire and Rescue station in-ground tanks.

The Brisbane Region in-ground tank waters showed the presence of the three moieties (PFCA, PFSA,
PFT), with three homologues (PFBA, PFHxA, PFOA) detected across all stations. Increases were
observed in eight PFCA homologues [PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA] and two
PFSA homologues [PFHxS, PFDS]. Enoggera showed the greatest changes in four PFCA (PFBA, PFPeA,
PFHxA, PFOA) and three PFSA (PFDS, PFHxS, PFOS) homologues. PFNA showed increases in all stations,

except Roma Street, which showed negligible increases in all homologues except PFHxA and PFOA,
(Table BR 8 and Figure BR 30).
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Figure BR 30
Accelerated oxidation on PFAS compounds reflected by the difference between PFAS and TOPA.
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Annerley Kemp Place Roma Street Windsor Enoggera Arana Hills
PFAS Standard Com pou nds LR PFAS | TOPA | Delta | PFAS | TOPA | Delta | PFAS | TOPA | Delta PFAS | TOPA Delta PFAS | TOPA | Delta | PFAS | TOPA | Delta
ug/L pe/L ue/L ug/L pe/L pe/L ug/L pe/L pe/L pe/L pe/L ug/L pg/L pe/L pe/L pe/L ue/L | we/L pe/L
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.03 0.03 0.05 0.15 0.10 <LOR 0.01 0.01 0.04 0.15 0.11 0.2 0.41 0.21 0.15 0.32 0.17
Perfluoropentanoic acid (PFPeA) 0.007 0.021 0.05 0.05 0.18 0.089 -0.09 0.009 <LOR -0.009 0.13 0.15 0.02 0.62 0.78 0.16 0.4 0.15 -0.25
Perfluorohexanoic acid (PFHxA) 0.005 0.022 0.092 0.092 0.14 0.53 0.39 0.008 0.013 0.005 0.058 0.15 0.092 1.1 2 0.9 0.23 0.36 0.13
Perfluoroheptanoic acid (PFHpA) 0.005 0.02 0.028 0.028 0.12 0.065 -0.06 0.006 <LOR -0.006 0.062 0.045 -0.017 0.24 0.24 0 0.22 0.12 -0.1
Perfluorooctanoic acid (PFOA) 0.007 0.01 0.053 0.053 0.052 0.12 0.068 <LOR 0.009 0.009 0.022 0.048 0.026 0.18 0.2 0.02 0.042 | 0.073 0.031
Perfluorononanoic acid (PFNA) 0.007 0.011 0.023 0.023 0.039 0.049 0.01 <LOR <LOR <LOR 0.015 0.021 0.006 0.12 0.11 -0.01 0.047 0.076 0.029
Perfluorodecanoic acid (PFDA) 0.01 <LOR 0.01 0.01 0.02 0.03 0.010 <LOR <LOR <LOR <LOR 0.02 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 0.01 0.02 0.02 0.05 0.07 0.020 <LOR <LOR <LOR 0.03 0.03 0 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 0.06 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LO <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR <LOR 0.025 0.021 <LOR <LOR <LOR <LOR 0.006 <LOR -0.006 0.18 0.19 0.01 0.027 | 0.024 -0.003
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.017 0.026 0.026 0.16 0.2 0.040 <LOR <LOR <LOR 0.025 0.025 0 33 3.6 0.3 0.065 | 0.076 0.011
Perfluorooctanesulfonic acid (PFOS) 0.005 0.033 0.045 0.045 0.35 0.46 0.110 <LOR <LOR <LOR 0.036 0.049 0.013 2.4 2.7 0.3 0.059 | 0.087 0.028
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
(1:,21;:,52)H,2H-Perf|uorohexanesuIfonic acid 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
(16|-f,21F|:Ir,SZ)H,2H-Perf|uorooctanesuIfonic acid 0.01 0.57 <LOR <LOR <LOR 0.06 057
(lg,lel_-lr,SZ)H,2H-Perf|uorodecanesuIfonic acid 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Total PFAS 0.77 1.2 0.023 0.424 8.4 1.8
Total PFOS (PFOS + PFHxS) 0.01 0.05 0.51 <LOR 0.061 5.7 0.124
TOPA (incl C,-Cy Sulfonic acids) 0.19 0.37 1.8 0.032 0.67 10 1.6
Table BR 8

Total PFAS contaminant assay of water in Brisbane Region in-ground water tanks. All station town water tap samples, except Annerley, Windsor and Arana
Hills, tested less than level of reporting (<LOR). Tap samples at all three stations were retested, which resulted in a testing <LOR.
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Investigation of Potential PFAS Contamination of QFES
South Eastern Region Fire and Rescue Stations with In-
ground Water Tanks

The Queensland Fire and Emergency Services (QFES) South Eastern Region
contains some of the fastest developing urban/rural communities, population
and land use growth areas in Queensland. This includes local Government
Areas and major cities of the Gold Coast, Logan and Ipswich, and the Scenic
Rim, Lockyer Valley and Somerset Regional Councils.

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and
Special Operations capability to the entire Region. South East regional
operations oversees 35 Fire and Rescue Stations and is staffed by approximately 487 permanent fire
officers, 240 auxiliary firefighters, and technical and administrative staff.

Rural Fire Service (RFS) regional operations is co-located with the F&R South Eastern Region but led
by the RFS Assistant Commissioner. The SER RFS operates with 85 brigades, staffed by approximately
3500 volunteers, including regional QFES personnel, Volunteer Firefighters, Volunteer Community
Educators.

State Emergency Service (SES) is co-located with the F&R South Eastern Region but led by the SES
Assistant Commissioner. SES SER operates regional operations regional operations operates with 25
groups, staffed by approximately 922 members.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, of perfluoroalkyl substances (PFAS) contamination
at QFES Fire and Rescue stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming
Foam) project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
and analysed for PFAS contamination. The following criteria were adopted and used for Phase One of
the study:

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
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o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS contamination against updated criteria. The following
criteria were adopted for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o SPFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 pg/L); and

e The DES interim water release guidelines: 3(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from Southport Fire and Rescue station, which was the
only station to contain an in-ground water tank. No visible foaming was present in the in-ground tank
water, or after agitation of the collected sample.

Phase One investigations

Two water samples were collected for PFAS analyses from the Southport Fire and Rescue station - one
from the in-ground water tank and one from an adjacent town water tap. Two soil samples were
collected for PFAS analysis, one from the Southport Fire and Rescue station yard and one from the
adjacent median strip (outside the station confines).

Phase Two investigations
No Phase Two studies were conducted in South East Region.
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Southport Fire and Rescue station

Southport Fire and Rescue station is an older style
building built prior to 1970. It is one of two major
stations in the Gold Coast area and is located on a
major road within a residential area. The station
houses two appliances and support vehicles and is
crewed by six firefighters in the standard QFES 10/14
shift system. The area office, BA-HazMat complex, fire
communications, professional development unit and
regional logistics workshops are all co-located on-site.
All training activities are conducted on a large open space at the rear of the station and/or in a
multistorey training tower. A concrete in-ground water tank (2000 mm x 2000 mm x 5500 mm deep,
capacity of 22000 L), adjacent to the tower is used for pump testing and water drafting training. The
in-ground tank is covered by a steel plate to prevent water ingress. Water samples were collected on
one occasion from the in-ground tank that was 91% full at the time of sampling.

Lo

Figure SER 1

Southport Fire and Rescue station and surrounding suburban setting.

Southport Results

Southport Fire and Rescue station is the only South Eastern Region containing an in-ground water
tank. This study investigated for PFAS contamination by collecting and analysing water and soil
samples from the site.

Phase One investigations

Two water samples were collected from the Southport Fire and Rescue station - one from the in-
ground tank and one from an adjacent town water tap. Two soil samples, one from behind the
station tower and one from adjacent nature strip outside the station, were collected for PFAS
analysis, Table SER 1).
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The Phase One in-ground tank water analysis (Table
SER 1) shows the total PFAS (0.242 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA).
Comparison of the molar percentages shows the
highest contribution from the PFCA (carboxylic acid)
moiety. The PFSA (sulfonates) moiety makes up the
remaining PFAS contamination. The PFSA and PFCA
are representative of the older style fluorinated
foams, (Figure SER 2).

The in-ground tank water analysis shows that PFOA
(0.012 pg/L) and 3(PFOS + PFHxS) (0.163 pg/L) were

SOUTHPORT PFAS PROFILE

Total
PFCA's, 69%

Figure SER 2
PFAS molar profile of South Port in-ground tank.

below the interim Australian health-based guidelines for both drinking and recreational water.
However, when the current Australian health-based criteria are applied, the 3(PFOS + PFHxS) (0.163
ug/L) is above the drinking water guideline but below the recreational water guideline, (Figure SER 3).
Consideration of the Queensland Government environmental water discharge criteria show PFOA, and
>(PFOS + PFHxS) were both below their respective discharge values, (Table SER 1, Figure SER 3).

Perfluoroalkyl Substances (PFAS) PFAS Sample Analys.es
Water (ug/L) Soil (mg/kg)

LOR Tap Sample LOR Street Yard
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.013 0.005 0.007 <LOR
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.02 0.002 0.009 0.11
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.026 0.001 0.005 0.12
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.008 0.001 0.001 0.005
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.012 0.002 <LOR 0.005
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR 0.001 0.002 0.004
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR 0.001 <LOR 0.002
Perfluoroundecanoic acid (PFUDA) 0.01 <LOR <LOR 0.002 <LOR 0.004
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR 0.007 <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR 0.01 <LOR <LOR
Perfluorohexadecanoic acid 0.05 <LOR <LOR Not Reported
Perfluorooctadecanoic acid Not Reported
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR <LOR 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.043 0.001 0.003 0.008
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.12 0.001 0.064 0.037
Perfluorodecanesulfonic acid (PFDS) 0.005 <LOR <LOR 0.002 <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR 0.002 <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR Not Reported
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR 0.005 <LOR <LOR
2-perfluorohexyl ethanoic acid (FHEA) 0.002 <LOR <LOR
2-Perfluoroocty ethanoic acid (FOEA) 0.05 <LOR <LOR 0.02 <LOR <LOR
2-Perfluorodecyl ethanoic acid (FDEA) 0.05 <LOR <LOR 0.02 <LOR <LOR
Total PFAS 0.36 <LOR 0.242 0.09 0.091 0.296

Table SER 1

Water sample analyses from Southport Fire and Rescue station in-ground tank and town water.
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Southport Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure SER 3
Perfluoroalkyl substances (PFAS) profile of the Southport Fire and Rescue station in-ground tank.

The PFOA (0.005 mg/kg) and S(PFOS + PFHxS) (0.045 mg/kg) results from soil analysis are below the
DES ERA60: Material used in Capping and NEMP human health-based soil criteria for
industrial/commercial land. The soil analyses showed a total PFAS (0.30 mg/kg) with PFAS precursors
[PFCA (0.079 pg/L from PFBA, PFPeA, PFHxA, PFHpA, PFOA), PFSA (0.163 ug/L from PFBS, PFHxS, PFOS)
and PFT (0.025 pg/L from 6:2 FTS, 8:2 FTS)] that may oxidise or biotransform over time, (Table SER 1,
Figure SER 3).

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.12 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marre = 0.12 x 22000 x 0.91
=2402.4 pg (= 0.0024024 g) of PFOS

=0.0024024 x 100 /1 (1% PFOS)  or =0.0024024 x 100 / 5 (5% PFQOS)
=0.240¢g =0.0481¢g
=240 mg =48.1 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Southport Fire and Rescue
station in-ground water tank is between 0.05 to 0.2g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Summary of South Eastern Region Results

Phase One Investigation
Southport Fire and Rescue station was selected for Phase One investigations as it was a large urban
station and it was the only station in the region to contain an in-ground water tank.

The South Eastern Region in-ground tank water analyses showed detectable levels of PFAS (0.24 pg/L)
which comprised of two PFAA moieties (PFCA, and PFSA). The PFOA (0.012 pg/L) was below the
Australian health guidelines for drinking and recreational water. However, the 3(PFOS + PFHxS) (0.16
ug/L) was above the Australian health guidelines for drinking water, but below the recreational water
guidelines, (Figure SER 3). The PFOA and 5(PFOS + PFHxS) results for Southport in-ground water tank
were less than the Queensland Government environmental water discharge criteria.

The Phase One soil analyses show that both PFOA 0.005 mg/kg) and 5(PFOS + PFHxS) (0.045 mg/kg)]
were below the DES ERA60 Waste Disposal Model for Capping materials [PFOA (16 mg/kg) and PFOS
(6 mg/kg)] and NEMP2# health exposure guidelines for industrial or commercial land use (PFOA = 50
mg/kg and 5 (PFOS + PFHxS) = 20 mg/kg).
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Investigation of Potential PFAS and Microbiological
Contamination of QFES South Western Region Fire and
Rescue stations with In-ground Water Tanks

The Queensland Fire and Emergency Services South Western Region runs from A\
Toowoomba in the east, west to the South Australian border and south to the New f “
South Wales border. The region's major city is Toowoomba with most of the /Px}\
population concentrated in the eastern part of the region, with the western areas M

\y

more sparsely populated. 5 i E
Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and

Special Operations capability to the entire Region. South West regional operations
oversees 40 Fire and Rescue Stations and is staffed by approximately 580 permanent fire officers, 240
auxiliary firefighters, and technical and administrative staff.

Rural Fire Service (RFS) regional operations is co-located with the F&R South Western Region but led
by the RFS Assistant Commissioner. RFS SWR operates with 350 brigades, staffed by approximately
3500 volunteers, including regional QFES personnel, Volunteer Firefighters, Volunteer Community
Educators and covers a geographically large area of approximately 400,000 square kilometres.

State Emergency Service (SES) is co-located with the F&R South Western Region but led by the SES
Assistant Commissioner. SES SWR regional operations has six fulltime and three-part time staff in both
Toowoomba and Roma who oversee 41 groups, staffed by approximately 922 members, including
regional QFES personnel, local council officers and SES Volunteers.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, perfluoroalkyl substances (PFAS) contamination at
QFES FNR stations with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam)
project was undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
and analysed for PFAS contamination. The following criteria were adopted and used for Phase One of
the study:

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 pg/L);
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o Y(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and corresponding town supplies for PFAS. Water samples were collected from one station. The
following criteria were adopted and used for Phase Two of the study:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);
o SPFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 ug/L); and

e The DES interim water release guidelines: 3(PFOS + PFHxS) (0.3 pg/L), PFOA (0.3 pg/L),
TOPA(including C4-C8 sulfonates) (1 pg/L).

In-ground Tank Sampling

This study involved collecting water samples from all South Western Region Fire and Rescue stations
that contained in-ground water tanks. Oakey Fire and Rescue station was sampled and analysed in
Phase One of the investigation. No water samples were collected as no tank was present at the
station. Soil samples were collected and analysed for PFAS contamination. Three stations (Charleville,
Anzac Avenue, Crows Nest) were identified for Phase Two of these investigations, but samples were
only collected from Charleville. No samples were collected from Crows Nest as no tank was present
at the station. No samples were collected from Anzac Avenue as the tank was empty at the time of
sampling. No visible foaming was present in the in-ground tank water, or after agitation of the
collected sample.

Phase One investigations

Two soil samples were collected from the Oakey Fire and Rescue station, one from the station yard
and one from outside the station confines were collected for PFAS analysis.

Phase Two investigations

Six water samples were collected from the Charleville in-ground tank - two in-ground water tank
samples, two town water samples, a sample of rinsate collected from the sample probe pre-use
cleaning wash, and a travel blank, for PFAS and TOPA analyses.
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Charleville Fire and Rescue station

Charleville Fire and Rescue station is an older style
building built prior to 1940. It is located on a major
road within a residential area. The station houses two
appliances and support vehicles and is crewed by
auxiliary firefighters. The area office and regional
logistics stores are all co-located on-site. Training
activities are conducted at the rear of the station. A
concrete in-ground water tank, (3000 x 1070 mm x
1600 mm deep, with a capacity of 5136 L) is used for
pump testing and water drafting training. The in-
ground tank is covered by a steel grate that does not
prevent water ingress. Water was collected on one occasion from the in-ground tank that was 50%
full at the time of sampling.

Figure SWR 1
Charleville Fire and Rescue and surrounding suburban setting.
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Charleville Results

Charleville Fire and Rescue station is one of the two identified in South Western Region sites
containing an in-ground water tank. This study investigated for PFAS contamination by collecting
and analysing water samples from the site.

Phase One investigations
No Phase One samples were collected from this station.

Phase Two investigations

Seven water samples were collected from the Charleville station - two in-ground water tank samples,
two town water samples, a sample of rinsate collected from the sample probe pre-use cleaning wash
for PFAS and TOPA analyses and a travel blank, (SWR 1).

PFAS TOPA
Perfluoroalkyl Substances (PFAS) LOR Tap | Sample | Tap | Sample Delta TO;AC)FAS

(ng/L) | (ug/L) | (ve/t) | (we/l) | (we/b) (ng/L) atio
Perfluorobutanoic acid (PFBA) 0.01 | <LOR 0.02 <LOR 0.01 -0.01 0.5
Perfluoropentanoic acid (PFPeA) 0.007 <LOR <LOR <LOR 0.01 0.01 0
Perfluorohexanoic acid (PFHxA) 0.005 | <LOR | 0.011 | <lOR | 0.033 0.022 3
Perfluoroheptanoic acid (PFHpA) 0.005 | <LOR 0.006 <LOR 0.011 0.005 1.8
Perfluorooctanoic acid (PFOA) 0.007 | <LOR 0.01 <LOR | 0.015 0.005 1.5
Perfluorononanoic acid (PFNA) 0.007 | <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR | <LOR | <lOR | 0.008 0.008 0
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.023 <LOR 0.04 0.017 1.7
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.029 <LOR 0.04 0.011 14
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) | 0.005 | <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR
Total PFAS <LOR 0.099 <LOR
TOTAL C4-C14 Carboxylic acids <LOR 0.079
TOTAL C4-Cao Sulfonic acids <LOR 0.088
TOPA (incl C4-C1o Sulfonic acids) 0.19 <LOR 0.17

Table SWR 1

Water sample analyses from Charleville Fire and Rescue station in-ground tank and town water.
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The Phase Two in-ground tank water analysis (Table
SWR 1) shows the total PFAS (0.099 pg/L) is
comprised of two PFAA moieties (PFCA and PFSA).
Comparison of the molar percentages highlights the
PFSA (sulfonates) moiety is the highest contribution
of the PFAS contamination. The PFCA (carboxylic
acid) moiety makes up the remaining PFAS
contamination. The PFSA and PFCA are
representative of the older style fluorinated foams,
(Figure SWR 2).

The in-ground tank water analysis shows that
PFOA (0.01 pg/L) and 3(PFOS + PFHxS) (0.052 pg/L)
were both below the Australian health-based
guidelines for both drinking and recreational
water, (Figure SWR 3).

CHARLEVILLE PFAS PROFILE

Total PFCA's,
Total PFSA's, 47%

53%

Figure SWR 2
PFAS molar profile of the Charleville in-ground tank.

Consideration of the Queensland Government environmental water discharge criteria show PFOA,
S(PFOS + PFHxS) and TOPA (0.017 pg/L) were all significantly below their respective discharge values.
The TOPA analysis showed the presence of PFAS precursors [PFCA (0.079 ug/L from PFBA, PFPeA,
PFHxA, PFHpA, PFOA) and PFSA (0.088 pg/L from PFBS, PFHxS, PFOS)] that may oxidise or biotransform

over time, (Table SWR 1, Figure SWR 4).

Charleville Fire and Rescue station In-ground Tank PFAS Profile
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Perfluoroalkyl Substances (PFAS)

Figure SWR 3

Perfluoroalkyl substances (PFAS) profile of the Charleville Fire and Rescue station in-ground tank.
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Oxidation products of PFAS Contaminents
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Figure SWR 4
TOPA perfluoroalkyl substances (PFAS) profile of the Charleville Fire and Rescue station in-ground tank.

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water!'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS (0.029 pg/L) concentration in the in-ground tank water. The total
mass of PFOS foam concentrate in the in-ground tank water was calculated based on 3M Light Water
AFFF foam concentrate using the following relationship.

Mass AFFF (mAFFF) = concentration PFOS x Volume of tank water x percent full (as fraction) x
1/(fraction of PFOS within concentrate)

marrr =0.029 x 5136 x 0.50
=74.472 pg (= 0.000074472 g) of PFOS

=0.000074472 x 100 / 1 (1% PFOS)  or =0.000074472 x 100 / 5 (5% PFOS)
=0.00745¢g =0.00149 g
=7.5mg =1.5mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the Charleville Fire and Rescue
station in-ground water tank is between 0.002 to 0.008 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Oakey Fire and Rescue station

Oakey Fire and Rescue station is a new station built in 2017 on the same site of the previous site
where the soil samples were collected. It is located on a major road within a commercial/residential
area. The station houses two appliances and support vehicles and is crewed by auxiliary firefighters.
No in-ground water tank has ever existed at the site. Soil samples were collected from the station
for PFAS analysis

Figure SWR 5

Oakey Fire and Rescue station location of the in-ground water tank and surrounding suburban
setting.

Oakey Results

Oakey Fire and Rescue station is one of the four South Western Region sites that were checked for
an in-ground water tank. This study investigated for PFAS contamination by collecting and analysing
water samples from the site.

Phase One investigations

Oakey Fire and Rescue station had no in-ground tank at the time of sampling. However, two soil
samples, one adjacent to the training area and one from adjacent nature strip outside the station were
collected for PFAS analysis.

Phase Two investigations
No Phase Two samples were collected from this station.
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Analyte Name

Biological
PFAS Sample Analyses Analyses
Water (ug/L) Soil (mg/kg) Water Samples

(CFU/100ml)

LOR | Tap | Tank LOR | Street | Yard Tank Tap
Biological Test
E. coli
Coliforms
Enterococci
PFAS Chemical Test
Perfluorobutanoic acid (PFBA) 0.005 <LOR <LOR
Perfluoropentanoic acid (PFPeA) 0.002 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.001 <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.001 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.002 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.001 <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.001 <LOR <LOR
Perfluoroundecanoic acid (PFUDA) 0.002 <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.002 <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.007 <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.01 <LOR <LOR
Perfluorohexadecanoic acid Not Reported
Perfluorooctadecanoic acid
Perfluorobutanesulfonic acid (PFBS) 0.001 <LOR <LOR
Perfluorohexanesulfonic acid (PFHxS) 0.001 <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.001 0.003 0.010
Perfluorodecanesulfonic acid (PFDS) 0.002 <LOR <LOR
2-perfluorohexyl ethanoic acid (FHEA) 0.002 <LOR <LOR <LOR <LOR
2-Perfluoroocty ethanoic acid (FOEA) 0.02 <LOR <LOR
2-Perfluorodecyl ethanoic acid (FDEA) 0.02 <LOR <LOR
4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0.002 <LOR <LOR
6:2 fluorotelomer sulfonate (6:2 FTS) Not Reported
8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.005 <LOR <LOR
Total PFAS 0.003 0.010

Table SWR 2

Phase One water and soil sample analyses from Oakey Fire and Rescue station.

The soil analyses show the PFOA (<LOR mg/kg) and 3(PFOS + PFHxS) (0.010 mg/kg)] were below the

DES ERA60 Waste Disposal Model Operating Conditions for material used in Capping: PFOA (16
mg/kg) and PFOS (6 mg/kg). These two values are also below the soil criteria applied to human
health exposure guidelines for industrial or commercial land use (PFOA = 50 mg/kg and 5 (PFOS +
PFHxS) = 20 mg/kg) published in the Australian PFAS National Environmental Management Plan

NEMP,*?* Table SWR 2.
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Toowoomba (Anzac Avenue) Fire and Rescue station

The Anzac Avenue Fire and Rescue station is an older style
Permanent station built prior to 1970. It has two engine
bays with side attached rooms housing one fire-fighting
appliance. The station is crewed by permanent
firefighters. Co-located at the rear of the station is the
training facility where BA-Hazmat operate, a station tower
and smoke room. Located at the rear of the training
station car park is a large concrete in-ground tank (2300 x
12400 x 5800 mm; capacity 165400 L) that was empty at
the time of checking. The tank had three entry point with
64 mm coupling threads in each. The tank had not been used for 8 — 10 years and was visually very
dry.

Figure SWR 6
Anzac Avenue Fire and Rescue station and surrounding suburban setting.

Toowoomba (Anzac Avenue) Results

Anzac Avenue Fire and Rescue station is one of the four South Western Region sites that were
checked for an in-ground water tank. This study investigated for PFAS contamination by collecting
and analysing water samples from the site.

Phase One investigations
No Phase One samples were collected from this station.

Phase Two investigations
Anzac Avenue Fire and Rescue station had an in-ground tank that was empty and dry at the time of
sampling. No water had been put into the tank for several years.
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Crows Nest Fire and Rescue station

The Crows Fire and Rescue station is an older style station
built prior to 1970. It has a small engine bay with side
attached rooms housing one fire-fighting appliance. The
station is crewed by auxiliary firefighters. This station had
never had an in-ground water tank.

Figure SWR 7

Moranbah Fire and Rescue station location of the in-ground water tanks and surrounding suburban
setting.

Crows Nest Results

Crows Nest Fire and Rescue station was one of four identified South Western Region sites suspected
of containing an in-ground water tank.

Phase One investigation
This station was not involved in Phase One tests.

Phase Two investigation

There was no in-ground tank at the time of testing. No samples were collected. Advice was that there
had never been an in-ground water tank.
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Summary of South Western Region Results

Phase One Investigation

Oakey Fire and Rescue station was selected for Phase One investigations. However, no water samples
were collected because Oakey station had no in-ground water tank. Soil samples were collected and
analysed for PFAS contamination. The soil analyses show that both PFOA (<LOR mg/kg) and 5(PFOS +
PFHXxS) (0.01 mg/kg)] were below the DES ERA60 Waste Disposal Model for Capping materials [PFOA
(16 mg/kg) and PFOS (6 mg/kg)] and NEMP?# health exposure guidelines for industrial or commercial
land use (PFOA = 50 mg/kg and 5 (PFOS + PFHxS) = 20 mg/kg).

Phase Two Investigation

This study involved inspecting the remaining three stations identified that may have contained an in-
ground tank - Toowoomba (Anzac Avenue), Crows Nest and Charleville. However, Crows Nest had no
in-ground tank, and the Anzac Avenue station in-ground water tank was empty and very dry. The only
station to have an in-ground water tank in use was Charleville where water samples were collected
for analysis.

The Charleville in-ground tank water analyses
showed detectable levels of PFAS (0.099 ug/L)
which comprised of approximately equal
contributions the two PFAA moieties (PFCA, and
PFSA). The PFOA (0.01 pg/L) and S(PFOS + PFHXxS)
(0.052 pg/L) were both below the Australian health
guidelines for recreational and drinking water,
(Figure SWR 8). Together with the TOPA (0.17 ug/)
analysis, the PFOA and 5(PFOS + PFHXxS) results for
the Charleville tank water were below Queensland Figure SWR 8

CHARLEVILLE PFAS PROFILE

Total PFCA's,
47%

Government environmental water discharge PFAS molar profile of the Charleville in-ground tank.

criteria.

Concern for PFAS bio-persistence has been reported for a number of years,1>116120122 ht more
recently interest has centred on the environmental fate through biotransformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHxA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.'%

The Charleville in-ground tank water showed the presence of two PFAA moieties (PFCA and PFSA).
These moieties and other undetected species can be highlighted by the difference (delta A values)
between the TOPA and the initial of PFAS concentrations, (Table SWR 3, Figure SWR 4). The Charleville
delta values show increases in four PFCA homologues [PFPeA, PFHxA, PFHpA, PFOA] and a decrease
in the acid (PFBA) and three PFSA homologues [PFBS, PFHxS, acid (PFOS)]. The increases in these
homologues are consistent with the biotransformation of PFAS foam products, (Table SWR 3 and
Figure SWR 4).
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Charleville Oakey Anzac Avenue (TWBA) Crows Nest
PFAS Standard Compounds LR e ol

PFAS TOPA Delta PFAS TOPA

pg/L ue/L pe/L pe/L pg/L ug/L
Perfluorobutanoic acid (PFBA) 0.01 0.02 0.01 0.01 Blank station
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.01 0.01 <LOR <LOR
Perfluorohexanoic acid (PFHxA) 0.005 0.011 0.033 0.033 <LOR <LOR
Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.011 0.011 <LOR <LOR
Perfluorooctanoic acid (PFOA) 0.007 0.01 0.015 | 0.015 <LOR <LOR
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 | <LOR | 0.008 | 0.008 <LOR <LOR
Perfluorohexanesulfonic acid (PFHXS) 0.005 | 0.023 0.04 0.04 <LOR <LOR
Perfluorooctanesulfonic acid (PFOS) 0.005 0.029 0.04 0.04 0.003 0.010
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.01 <LOR <LOR <LOR
Total PFAS 0.099 0.003 0.010

TOPA (incl C4-Cyp Sulfonic acids) 0.19 0.17 1.8
Table SWR 3

Total PFAS contaminant assay of water in South Western region in-ground water tanks and soil. All station town water samples tested less than level of
reporting (<LOR).
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Investigation of Potential PFAS Contamination of the
Queensland Combined Emergency Services Academy

The Queensland Combined Emergency Services Academy (QCESA), located at Whyte Island Brisbane,
is a purpose-built training, management and learning complex offering a range of specialised
education and training facilities for emergency services personnel. QCESA supports the education and
training of staff and volunteers through state-based program management teams, builds community
resilience through programs and resources and develops workplace/organisational emergency
management capabilities for the Queensland Fire and Emergency Services (QFES). QCESA provides
both classroom and practical based training for emergency response agencies including:

e Fire and Rescue;

e Rural Fire Service;

e State Emergency Service;

e Queensland Ambulance Service; and

e Other agencies such as Queensland Police Service or industry groups.

PFAS Investigations and Contamination Criteria

In 2016 the Queensland Department of Environmental and Science (DES) released guidelines for the
storage, use, disposal and subsequent remediation of contamination by fire-fighting foams containing
fluorinated components. The QFES Research and Scientific Branch (RSB) has undertaken a testing
regime to determine the level and extent, if any, perfluoroalkyl substances (PFAS) contamination at
QFES sites with existing in-ground water tanks. The AFFF (Aqueous Film Forming Foam) project was
undertaken in two phases.

Phase One of the investigation focused on water samples from in-ground tanks and adjacent town
water supply collected and analysed for the presence of PFAS and biological contamination. Soil
samples from the station yard and a site adjacent to, but off the station confines were also collected
and analysed for PFAS contamination. The following criteria were used for Phase One of the study:

e The interim Australian health-based water quality guidelines for
o PFOA: recreational water (50 pg/L); and drinking water (5 ug/L);
o S(PFOS + PFHxS): recreational water (5 pg/L); and drinking water (0.5 pg/L);
e DES ERA60: Material used in Capping: PFOA (16 mg/kg) and PFOS (6 mg/kg); and
e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

Phase Two of the investigation involved sampling and analysing water from all in-ground water tanks
and town supplies for PFAS contamination. The following criteria were set for Phase Two of the study
and applied to the results:

e The Australian health-based water quality guidelines for
o PFOA: recreational water (5.6 pg/L); and drinking water (0.56 pg/L);

o S PFOS + PFHxS: recreational water (0.7 pg/L); and drinking water (0.07 pg/L); and

e The DES interim water release guidelines: PFOS (0.3 ug/L), PFOA are (0.3 pg/L) and TOPA
including Cs-Cg sulfonates (1 pg/L). The alternative 3PFOS+PFHXS (0.3 pg/L) measure has also
been applied.
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In-ground Tank Sampling

This study involved collecting water samples from eight in-ground water tanks located on the main
campus of QCESA. No samples were collected for one in-ground tank that was empty at the time of
sampling. No visible foaming was present in the in-ground tank water, or after agitation of the
collected sample.

Phase One investigations
No Phase One investigations were conducted at QCESA.

Phase Two investigations
No samples were collected from the empty in-ground water tank SS6.

Twelve water samples were collected for PFAS and TOPA analyses, three each from the in-ground
water tanks (SS1), (552), (SS5) and (WW?2) - two in-ground tank water samples and a sample of
rinsate collected from the sample probe pre-use cleaning wash.

Four water samples were collected from the in-ground tank (S54) -two in-ground water tank samples,
a sample of rinsate collected from the sample probe pre-use cleaning wash and a deionised water
(rinsate) sample for PFAS and TOPA analyses.

Five water samples were collected from the in-ground tank (WW1) - four in-ground water tank
samples (duplicate set for quality control) and a sample of rinsate collected from the sample probe
pre-use cleaning wash for PFAS and TOPA analyses.

Twelve water samples were collected, six each from the in-ground tanks (SS3) and (WW3) - two in-
ground water tank samples, two town water samples, a sample of rinsate collected from the sample
probe pre-use cleaning wash and a travel blank for PFAS and TOPA analyses.

Combined Emergency Services Academy

The Combined Fire and Emergency
Services Academy (QCESA) was built
and has operated since 2001 and is
the emergency services site for all -
class room and practical based Tk =R ] ——
training. Co-located on the site is the e E;."-'—":“"ﬁ%:-——— o
Queensland  Ambulance  Service esse————_=———

training, Queensland Fire and
Emergency Services (QFES) training
and administration staff and a hot fire
campus. Nine concrete in-ground
water tanks are used for pump testing and water drafting training. The in-ground tanks are covered
by steel plates to prevent the ingress of surface water. They are interconnected and fed by a
recirculating water system, managed on-site. Water was collected on one occasion from eight of the
in-ground tanks. The locations and sizes of the QCESA in-ground water tanks are shown in Table QC 1
and Figure QC 1.

< —
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WW1 | WW2 | WW3 | SS1 SS2 Ss3 Ss4 SS5 SS6
Diameter (mm) 2500 2500 2500 3200 3200 3200 3200 3200 3200
Depth (mm) 5700 6200 6400 4800 5200 5200 5400 5200 5200
Volume (L) 27980 | 30440 | 31420 | 38850 | 41800 | 41800 | 43430 | 41800 | 41800
% full at time of sampling 90 75 75 50 25 63 85 50 0
TableQC1

QCESA in-ground tank sizes and water capacities

Caltex
Refinery Land

QCESA
Main campus
(classroom / practical training)

Figure QC 1
Combined Emergency Services Academy in-ground water tank locations.
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QCESA Results

QCESA is the QFES training academy site containing nine in-ground water tanks. This study
investigated for in-ground tank water PFAS contamination by collecting and analysing water samples
from the site.

Phase Two investigation

Thirty-three water samples were collected from eight QCESA in-ground water tanks for PFAS and TOPA
analyses; eighteen in-ground water tank samples, four town water samples, eight sample of rinsate
collected from the sample probe pre-use cleaning wash, a rinse water blank, and two travel blanks.

The QCESA in-ground tanks are located in two groups on the training campus. The first group includes
the three in-ground tanks WW1, WW2 and WW3. These were originally built for water drafting
training and were being used for pump testing on fire appliances. The results for the three WW in-
ground tanks and tap samples are shown in Table QC 2.

The Phase Two in-ground tank water analysis (Table
QC 2) shows the total PFAS range for the WW in- QCESA WW1 PFAS PROFILE
ground tanks (1.4 - 1.7 ug/L) is comprised
predominately of two PFAA moieties (PFCA and PFSA).
The exception is WW1 where PFT is observed albeit at
the level of reporting. Comparison of the molar

Toltal PFCA
20%

percentages highlights the PFSA (sulfonates) moiety is Total PFSA

the highest contribution of PFAS contamination in all 79%

three in-ground tanks. The PFT (telomer) and/or PFCA

(carboxylic acid) moieties make up the remaining PFAS QCESA WW?2 PFAS PROFILE

contamination. The PFSA and PFCA are representative
of the older style fluorinated foams, while the PFCA
and PFT indicate newer style fluorinated foams,
(Figure QC 2).

Toltal PFCA
23%

Total PFSA

The WW in-ground tank water analyses show PFOA o

(0.039 - 0.058 pg/L) was below the Australian health-
based guidelines for both drinking and recreational QCESA WW3 PFAS PROFILE
water. However, the (PFOS + PFHxS) (1.08 — 1.32
pg/L) wwas above both drinking and recreational
water guidelines, (Figure QC 3).

Toltal PFCA
20%

Consideration of the Queensland Government Total PFSA

environmental water discharge criteria shows PFOA 80%

was below the discharge criteria, but 3(PFOS + PFHxS)

and TOPA (1.8 —2.1 pg/L) were both significantly above Figure QC 2

their respective discharge values. PFAS molar profile of the QCESA WW In-

ground tanks.
The WW in-ground tank water analyses showed the

PFAS precursors in WW1 [PFCA (0.34 ug/L from PFBA, PFPeA, PFHxA, PFHpA, PFOA), PFSA (1.32 pg/L
from PFBS, PFHxS, PFOS) and PFT (0.01 ug/L from 6:2 FTS)], WW2 [PFCA (0.33 pg/L from PFBA, PFPeA,
PFHxA, PFHpA, PFOA) and PFSA (1.12 pg/L from PFBS, PFHxS, PFOS)] and WW3 [PFCA (0.33 pg/L from
PFBA, PFPeA, PFHxA, PFHpA, PFOA) and PFSA (1.36 pg/L from PFBS, PFHxS, PFOS)] that may oxidise or
biotransform over time, (Table QC 2, Figure QC 4).
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QCESA WW1 QCESA WW2 QCESA WW3
PFAS Standard Compounds LOR Tap PFAS TOPA Delta PFAS TOPA Delta PFAS TOPA Delta
TOPA/PFAS TOPA/PFAS TOPA/PFAS
pg/L pg/L ue/L ue/L ue/L ue/L ue/L pe/L pe/L pe/L pe/L
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.04 0.08 0.04 2.0 0.04 0.08 0.04 2.0 0.04 0.08 0.04 2
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.058 0.076 0.018 13 0.057 0.058 0.001 1.0 0.065 0.076 0.011 1.2
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.13 0.41 0.28 3.2 0.14 0.39 0.25 2.8 0.13 0.43 0.3 3.3
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.049 0.038 -0.01 0.78 0.049 0.033 -0.02 0.67 0.054 0.041 -0.01 0.76
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.058 0.055 -0.003 0.95 0.039 0.065 0.026 1.7 0.045 0.056 0.011 1.2
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.036 0.034 -0.002 0.94 0.037 0.032 -0.01 0.85 0.041 0.033 -0.01 0.81
Perfluorohexanesulfonic acid (PFHxS) 0.005 <LOR 0.38 0.41 0.03 11 0.37 0.42 0.05 1.1 0.4 0.49 0.09 1.2
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 0.9 0.9 0 1.0 0.71 0.78 0.07 1.1 0.92 0.87 -0.05 0.95
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.01 <LOR <LOR
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR <LOR
Total PFAS <LOR 1.66 144 1.70
TOTAL C4-Cy4 Carboxylic acids 0.7 0.6 0.7
TOTAL C4-C4 Sulfonic acids 1.3 1.2 1.4
TOPA (incl C4-Cyo Sulfonic acids) 0.19 2.0 1.8 2.1
Table QC 2

Water sample analyses from QCESA WW1, WW2, WW3 in-ground tanks and town water.
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QCESA WW In-ground Tank PFAS profiles

1
mWW1
0.9 m WW2
= mWW3
3 0.8
=
c 0.7
i
[ 0.6
€
g 05
(=]
o
0.4
0.3
0.2
0.1 III
o F L IE nnd R
RS S P N SN S S > P PO OO F KK
QT o2 ¥ X o %+OQ’\’\’\<<,<<,<<,
CLITILLE LY oé@ QI\‘ ¥ L& &8 A 40O ¢
Perfluoroalkyl Subsatnces (PFAS)
Figure QC 3
Perfluoroalkyl substances (PFAS) profile of the QCESA WW in-ground tanks.
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Figure QC 4
TOPA perfluoroalkyl substances (PFAS) profile of the QCESA in-ground tanks WW1, WW2, WW3.
Version 1.3: Released 17 January 2019 Page | 175

Uncontrolled when printed



OFFICIAL - PUBLIC

Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS concentrations in the water from in-ground tanks WW1 (0.9
pg/L), WW2 (0.71 pg/L) and WW3 (0.92 pg/L). The total mass of PFOS foam concentrate in the in-
ground tank water was calculated based on 3M Light Water AFFF foam concentrate using the following
relationship.

Mass AFFF (magsr) = concentration PFOS x Volume of tank water x percent full (as fraction) x 1/(fraction
of PFOS within concentrate)

WW 1: marrr =0.9x27980x 0.9
=22663.8 pg (= 0.0226638 g) of PFOS

=0.0226638 x 100 / 1 (1% PFOS)  or =0.00024991 x 100/ 5 (5% PFOS)
=2.27¢g =0.453¢g
=2270 mg =453 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA WW1 in-ground
water tank is between 0.5 to 22 g.

WW 2: marrr =0.71x 30440 0.75
=16209.3 pg (= 0.0162093 g) of PFOS

=0.0162093 x 100 /1 (1% PFOS)  or =0.0162093 x 100/ 5 (5% PFOS)
=162¢g =0.324¢g
=1620 mg =324 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA WW?2 in-ground
water tank is between 0.3 to 2 g.

WW 3: mare = 0.92 x 31420 0.75
=21679.8 pg (= 0.0216798 g) of PFOS

=0.0216798 x 100/ 1 (1% PFOS) or =0.021678 x 100/ 5 (5% PFOS)
=217¢g =0.434¢g
=2168 mg =434 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA WW3 in-ground
water tank is between 0.4 to 2 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.

The second cluster of QCESA in-ground tanks are located in and around the road crash rescue site and
adjacent to the Hazmat training site. The second group incudes the six in-ground tanks SS1 to SS6,
built for water drafting training and currently used for water capture on the site. The results for the
five SS in-ground tanks containing water and tap samples are shown in Tables QCESA 3 - 4.
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QCESA SS1 QCESA SS2 QCESA SS3
PFAS Standard Compounds toR Tap PFAS TOPA Delta PFAS TOPA Delta PFAS TOPA Delta
TOPA/PFAS TOPA/PFAS TOPA/PFAS
ue/L He/L ue/L pe/L pe/L pe/L ue/L ue/L me/L pe/L me/L
Perfluorobutanoic acid (PFBA) 0.01 <LOR 0.05 0.12 0.070 2.4 0.06 0.15 0.090 25 0.07 0.14 0.07 2.0
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.1 0.14 0.040 1.4 0.14 0.17 0.030 1.2 0.11 0.038 -0.072 0.35
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.26 1 0.740 3.9 0.26 1.4 1.140 5.4 0.26 1.3 1.04 5.0
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.071 0.068 -0.003 1.0 0.088 0.076 | -0.012 0.86 0.076 0.027 -0.049 0.36
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.074 0.1 0.026 1.4 0.083 0.11 0.027 1.3 0.091 0.086 -0.005 0.95
Perfluorononanoic acid (PFNA) 0.007 <LOR 0.012 0.01 -0.002 0.83 0.015 0.014 | -0.001 0.93 0.014 0.013 -0.001 0.93
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA) 0.05 <LOR <LOR <LOR <LOR
Perfluorobutanesulfonic acid (PFBS) 0.005 <LOR 0.069 0.062 -0.007 0.90 0.064 0.054 -0.01 0.84 0.071 0.062 -0.009 0.87
Perfluorohexanesulfonic acid (PFHXS) 0.005 <LOR 0.9 1 0.100 1.1 11 1.2 0.10 11 1 1.1 0.100 1.1
Perfluorooctanesulfonic acid (PFOS) 0.005 <LOR 2 2.1 0.100 1.1 3.2 35 0.30 11 2.7 2.8 0.100 1.0
Perfluorodecanesulfonic acid (PFDS) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005 <LOR <LOR <LOR <LOR
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.01 <LOR 0.02 0.05 0.03
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.02 <LOR <LOR <LOR <LOR
Perfluorohexyl ethanoic acid (FHEA) 0.2 <LOR <LOR <LOR <LOR
Perfluorooctyl ethanoic acid (FOEA) 0.05 <LOR <LOR <LOR <LOR
Perfluorodectyl ethanoic acid (FDEA) 0.05 <LOR <LOR <LOR <LOR
Total PFAS <LOR 3.6 5.1 4.4
TOTAL C4-Cy4 Carboxylic acids 1.5 1.9 1.6
TOTAL C4-C4 Sulfonic acids 3.2 4.8 3.9
TOPA (incl C4-C4o Sulfonic acids) 0.19 4.7 6.7 5.5
Table QCESA 3
Water sample analyses from QCESA SS1, SS2, SS3 in-ground tanks and town water.
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1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS)

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS)

1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS)

Perfluorohexyl ethanoic acid (FHEA)

Perfluorooctyl ethanoic acid (FOEA)

Perfluorodectyl ethanoic acid (FDEA)

Total PFAS

TOTAL Cs-Ci4 Carboxylic acids

TOTAL C4-Cao Sulfonic acids

TOPA (incl C4-C10 Sulfonic acids)

Table QCESA 4
Water sample analyses from QCESA SS4, SS5 in-ground tanks and town water. Tank SS6 contained no water at time of sampling

QCESA SS4 QCESA SS5 QCESA SS6
PFAS Standard Compounds LoR Tap PFAS TOPA Delta PFAS TOPA Delta PFAS | TOPA | Delta
TOPA/PFAS TOPA/PFAS TOPA/PFAS
pg/L pe/L pe/L pe/L pe/L pe/L pe/L ue/L ue/L ue/L pg/L
Perfluorobutanoic acid (PFBA) 0.01 <LOR <LOR 0.02 0.02 <LOR 0.04 0.05 0.07 2.4
Perfluoropentanoic acid (PFPeA) 0.007 <LOR 0.014 0.013 -0.001 0.93 0.057 0.087 0.023 13
Perfluorohexanoic acid (PFHxA) 0.005 <LOR 0.027 0.13 0.103 4.5 0.14 0.25 0.74 4.0
Perfluoroheptanoic acid (PFHpA) 0.005 <LOR 0.014 0.008 -0.006 0.57 0.049 0.065 | -0.015 0.77
Perfluorooctanoic acid (PFOA) 0.007 <LOR 0.012 0.015 0.003 1.3 0.039 0.071 0.022 13
Perfluorononanoic acid (PFNA) 0.007 <LOR <LOR <LOR <LOR <LOR <LOR 0.01 0.002 1.2
Perfluorodecanoic acid (PFDA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluoroundecanoic acid (PFUdA) 0.01 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorododecanoic acid (PFDoA) 0.02 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotridecanoic acid (PFTrDA) 0.05 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR
Perfluorotetradecanoic acid (PFTeDA) <LOR <LOR <LOR <LOR
Perfluorohexadecanoic acid (PFHxDA)
Perfluorobutanesulfonic acid (PFBS)
Perfluorohexanesulfonic acid (PFHxS)
Perfluorooctanesulfonic acid (PFOS)
Perfluorodecanesulfonic acid (PFDS)
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The Phase Two SS in-ground tank water analyses
(Table QC 3 and Table QC 4) shows the total PFAS (0.42
— 5.1 pg/L) was comprised predominantly of the PFAA
moieties (PFCA, PFSA and PFT). The exception is SS4
where PFT was not observed. Comparison of the
molar percentages highlights the PFSA (sulfonates)
moiety is the highest contribution of the PFAS
contamination in all in-ground tanks. The PFT
(telomer) and/or PFCA (carboxylic acid) moieties make
up the remaining PFAS contamination. The PFSA and
PFCA are representative of the older style fluorinated
foams, while the PFCA and PFT indicate newer style
fluorinated foams, (Figure QC 5).

The SS in-ground tank water analyses show PFOA
(0.012 - 0.091 pg/L) was below the Australian health-
based guidelines for both drinking and recreational
water. However, the S(PFOS + PFHxS) range (0.34 —
4.30 pg/L) was above the drinking water guideline for
all in-ground tanks. Similarly, all SS in-ground water
tanks, except SS4 (0.34 pug/L), were above the
recreational water guideline. In-ground tank SS4 was
below the recreational water guideline, (Figure QC 6).

Consideration of the Queensland Government
environmental water discharge criteria show PFOA
was below the discharge criteria. The Y(PFOS + PFHxS)
and TOPA values (0.58 — 6.7 ug/L) were both
significantly above their respective discharge values
for all tanks except SS4. The TOPA value (0.58 ug/L)
for inground water tank SS4 was below the
Queensland Government environmental water
discharge criteria.

The SS in-ground water tank analyses showed the
presence of PFAS precursors in SS1 [PFCA (0.57 ug/L
from PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA), PFSA
(2.97 pg/L from PFBS, PFHxS, PFOS) and PFT (0.02 ug/L
from 6:2 FTS)], SS2 [PFCA (0.65 pg/L from PFBA,
PFPeA, PFHxA, PFHpA, PFOA, PFNA), PFSA (4.36 pg/L
from PFBS, PFHxS, PFOS) and PFT (0.05 pg/L from 6:2
FTS)], SS3 [PFCA (0.62 pg/L from PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PFNA), PFSA (3.77 pg/L from PFBS,
PFHXxS, PFOS) and PFT (0.03 pg/L from 6:2 FTS)], SS4
[PFCA (0.067 pg/L from PFBA, PFPeA, PFHXA, PFHpA,
PFOA) and PFSA (0.35 pg/L from PFBS, PFHxS, PFOS)]

QCESA SS1 PFAS PROFILE

Toltal PFCA

Total Telomer 16%
1%
Total PFSA
83%

QCESA SS2 PFAS PROFILE

Total Telomer
1%

Toltal PFCA
13%

Total PFSA
86%

QCESA SS3 PFAS PROFILE

Total Telomer
1%
Total PFSA
85%

QCESA SS4 PFAS PROFILE
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14%

Total Telomer

0% Toltal PFCA

16%

Total PFSA
84%

QCESA SS5 PFAS PROFILE

Total Telomer Toltal PFCA
1% 15%
Total PFSA
84%

Figure QC 5

PFAS molar profile of QCESA SS In-ground tanks.

and SS5 [PFCA (0.53 pg/L from PFBA, PFPeA, PFHXA, PFHpA, PFOA, PFNA), PFSA (3.77 ug/L from PFBS,
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PFHxS, PFOS) and PFT (0.02 pg/L from 6:2 FTS)] that may oxidise or biotransform over time, (Table QC
3 and Table QC 4, Figure QC 7).

QCESA SS 1In-ground Tank PFAS profiles
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Figure QC 6
Perfluoroalkyl substances (PFAS) profile of the QCESA SS in-ground tanks.
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Figure QC 7

TOPA perfluoroalkyl substances (PFAS) profile of the QCESA in-ground tanks SS1, SS2, SS3, SS4 and SS5.
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Calculation of PFOS concentrate within the In-ground water tank

The B class foam concentrate 3M Light Water'® AFFF typically used by QFES prior to 2003 contained
1% to 5 % PFOS. The equivalent amount of foam concentrate within the in-ground tank water can be
calculated using the measured PFOS concentrations in the in-ground tank water from SS1 (2.0 pg/L),
SS2 (3.2 pg/L), SS3 (2.7 pg/L), SS4 (0.24 pg/L) and SS5 (2.0 pg/L). The total mass of PFOS foam
concentrate in the in-ground tank water was calculated based on 3M Light Water AFFF foam
concentrate using the following relationship.

Mass AFFF (magsr) = concentration PFOS x Volume of tank water x percent full (as fraction) x 1/(fraction
of PFOS within concentrate)

SS1: MAFFE =2x38850x0.5
= 38850 ug (= 0.03885 g) of PFOS

=0.03885x 100/ 1 (1% PFOS) or =0.03885 x 100 / 5 (5% PFOS)
=3.89g =0.777 g
= 3885 mg =777 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA SS1 in-ground
water tank is between 0.8 to 4 g.

SS2:  marrr =3.2x418000.25
= 33440 pg (= 0.033440 g) of PFOS

=0.03344x100/1 (1% PFOS) or =0.03344 x 100/ 5 (5% PFOS)
=334g¢g =0.669 g
=3344 mg =669 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA SS2 in-ground
water tank is between 0.7 to 3 g.

SS3:  marr  =2.7x41800 x 0.63
= 71101.8 pg (= 0.0711018 g) of PFOS

=0.071102x 100/ 1 (1% PFOS) or =0.021678 x 100/ 5 (5% PFOS)
=7.11g =142g
=7110 mg =1422 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA SS3 in-ground
water tank is between 1to 7 g.

SS4:  mar  =0.24x 43430 x 0.85
= 8859.72 g (= 0.00885972 g) of PFOS

=0.0088597 x 100/ 1 (1% PFOS)  or =0.0088597 x 100 / 5 (5% PFOS)
=0.886 g =0.177 g
=886 mg =177 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA SS 4 in-ground
water tank is between 0.2 to 0.9 g.
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SS5:  marr  =2.0x418000.50
= 41800 pg (= 0.418 g) of PFOS

=0.0418x100/1 (1% PFOS) or =0.021678 x 100/ 5 (5% PFOS)
=4.18¢g =0.836¢g
=4180 mg =836 mg

Thus, the amount of AFFF foam concentrate (as 3M Light Water) within the QCESA SS5 in-ground
water tank is between 0.8 to 4 g.

Note: based on the specific gravity of the foam concentrate, the mass of concentrate is
approximately equal to the volume of concentrate.
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Summary of QCESA Results
The QCESA in-ground tank water analyses
showed detectable levels of PFAS Total Polyfluorinated Substances (PFAS)
contamination in all eight of the sampled 6

O i HPFCA
tanks. The total PFAS concentrationinthe | PESA
WW in-ground tanks (average: 1.6 pg/L, ﬁ, > F PFT
range: 1.4 — 1.7 pg/L) was considerably % 4 F
lower than the SS in-ground tanks -2
(average: 3.4 pg/L, range: 0.43 — 5.1 pg/L). % 3t
The PFAS profiles of both in-ground tank § > b
groups show the WW in-ground tanks are 3 r
contaminated predominately by the two 1F
PFAA moieties (PFCA and PFSA). The Y N BN [ | . . 2 B

exception is WW 1 where the PFT is
observed albeit at the level of reporting.
Conversely, the SS in-ground tanks are
predominately contaminated by the three Figure QC 9
PFAA moieties (PFCA, PFSA and PFT). The
exception is SS 4 where no PFT is
observed, (Figure QC 9 and Figure QC 10).

WwW1lWW2 WW3 SS1 SS2 SS3 SS4 SS5

In-ground Tank

PFAS contamination of QCESA in-ground tank water.

The PFOA results show neither in-ground tank group [WW (average 0.05 pg/L, range: 0.039 — 0.058
ug/L), SS (average: 0.066 pg/L, range: 0.012 — 0.091 pg/L)] exceeded the Australian health-based
recreational or drinking water guidelines. However, the 3(PFOS + PFHxS) results from both in-ground
tank groups [WW (average 1.2 pg/L, range: 1.44 — 1.70 pg/L), SS (average: 2.8 ug/L, range: 0.34 —4.30
ug/L)] exceeded the recreational and drinking water guidelines. The in-ground tank SS4 did not exceed
the recreational water guideline, but it was interconnected with the remaining tanks in the group. The
TOPA results for the in-ground tank group [WW (average 2.0 pg/L, range: 1.80 — 2.10 ug/L), SS
(average: 4.4 pg/L, range: 0.58 — 6.70 pg/L)] and the PFOS + PFHXxS results for both in-ground tanks
group exceeded the Queensland Government environmental water discharge criteria.

Concern for PFAS bio-persistence has been reported for a number of years,!1>116120-122 |t more
recently interest has centred on the environmental fate through bio-transformation or oxidation into
chemicals of concern, e.g. 8:2FTS telomer forms PFOA. One method of measuring these changes is
through TOPA investigations, which accounts for a 73 £ 5 % conversion of the 6:2 FTS fluorotelomer
(22% PFBA, 27% PFPeA, 22% PFHXxA, 2% PFHpA), and 95 + 9 % conversion of the 8:2 FTS fluorotelomer
(11% PFBA, 12% PFPeA, 19% PFHxA, 27% PFHpA, 21% PFOA, 3% PFNA) into PFCA of concern.1%

The tanks in the QCESA WW in-ground tank group all contained five of the twelve PFCA homologues
(PFBA, PFPeA, PFHXA, PFHpA, PFOA) and three of the four PFSA homologues (PFBS, PFHxS, PFOS). In-
ground tank WW1 also contained one of the three PFT homologues (6:2 FTS). The SS in-ground tank
group tanks all contained six of the twelve homologues [PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA],
three of the four PFSA homologues (PFBS, PFHxS, PFOS), and one of the three PFT homologues (6:2
FTS), (Figure QC10). The in-ground tank SS4 had the lowest contamination and no PFNA. The presence
of the PFAS that may bio-transform into the chemicals of concern can be highlighted by the differences
(delta A values) in concentration between the TOPA PFAS and initial PFAS concentrations, (Table QC
2, Table QC 3, Table QC 4, Figure QC 11).
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QCESA In-ground Tank PFAS profiles

m SS1
m SS2
m SS3
Ss4
W SS5
mWw1
 WW2
uWW3

S S S S S N S A A S S o R N P I < I
Q7 @ F O QT QO LR OO
WL LR R @@ &L VL APy &«

v.
0“’
Perfluoroalkyl Subsatnces (PFAS)

Figure QC 10

Perfluoroalkyl substances (PFAS) profile of the Queensland Combined Emergency Services Academy
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Figure QC 11

Effects of accelerated oxidation on PFAS compounds. Delta (A) changes reflect the actual
concentration difference of starting from oxidised PFAS contaminates.
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Summary of PFAS Contamination based on PFAS, PFOS
(3(PFOS + PFHxS), and TOPA (incl C4-C8 sulfonates)

This section reports the collective Fire and Rescue station and QCESA PFAS results for in-ground tank
water and compares them against the established water quality guidelines. The results of interest are:

o PFOA;
e PFOS (3(PFOS + PFHxS); and
e TOPA (incl C4-C8 sulfonates).

The established Australian health-based and environmental based water quality guidelines'®’132 are:
e PFOA: recreational water 5.6 pg/L; and drinking water 0.56 pg/L;
e PFOS as S (PFOS + PFHxS): recreational water 0.7 pg/L; and drinking water 0.07 pg/L;

e DES interim water release concentrations3*13%: PFOS as 5 (PFOS + PFHxS) and PFOA are 0.3
pg/L; and TOPA including C4-C8 sulfonates (PFBS, PFHxS, PFOS, PFOSA, PFDcS) is 1 pg/L; and

e NEMP human health-based soil criteria for industrial/commercial land: PFOA (50 mg/kg) PFOS
(20 mg/kg).

The results for all the sites tested in the table (Table 8) on the next two pages. The table is set up in
three columns. They are:

e  Column one is the PFOA concentration. Where the result exceeds the Australian health-
based recreational water guideline it is highlighted in red. Where the result exceeds the
Australian health-based drinking water quality guideline it is highlighted in orange;

e  Column two is the sum of PFOS and Perfluorohexane sulfonic acid (PFHxS) concentrations.
Where the result exceeds the Australian health-based recreational water guideline it is
highlighted in red. Where the result exceeds the Australian health-based drinking water
quality guideline it is highlighted in orange; and

e  Column three is the TOPA (Total Oxidisable Precursor Assay including C4-C8 sulfonates) as
described above. Where the result exceeds the Queensland Government environmental
water discharge criteria it is highlighted in red. Where the PFOA or S(PFOS + PFHXxS)
concentration exceeded the Queensland Government environmental water discharge
criteria the TOPA column is highlighted in yellow.

PFOA (PerFluoro-Octanoic Acid)

The PFOA results are summarised in Table 8 and graphically displayed in Figure 7. The red line in the
graph represents the the Australian health-based recreational water quality guideline and the orange
line the Australian health-based drinking water quality guideline. The yellow line represents the
Queensland Government environmental water discharge criteria.

The results show the PFOA concentration in Gladstone Fire and Rescue station in-ground tank water
exceeded the Australian health-based drinking water quality guideline, but not the recreational water
quality guideline 107132
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Fire and Rescue station PFOA PFOS (5(PFOS + PFHxS) | TOPA (incl C4-C8 sulfonates)
(ng/L) (ug/L) (ng/L)

Gladstone

Mackay

Enoggera (Phase One)
Enoggera (Phase Two)
Proserpine

Kemp Place

Cairns (Phase One)

Cairns (Phase Two)

Cairns South

QCESA WW1

QCESA WW?2

QCESA WW3

QCESA SS1

QCESA SS2

QCESA SS3

QCESA SS5

Ayr

Caloundra

QCESA SS4

Noosa Heads

Rockhampton Pit 1 (Phase One)
Bundaberg

Southport

Dysart

Rockhampton Pit 2 (Phase Two)
Arana Hills

Maryborough

Airlie Beach

Home Hill

Townsville

Windsor 0.022 0.061 0.67
Annerley 0.01 0.050 0.37
Charleville 0.01 0.052 <LOR
Mt Isa <LOR 0.024 <LOR
Roma St <LOR <LOR <LOR
Forrest Beach <LOR <LOR <LOR
Sarina <LOR <LOR <LOR
QCESA SS6 - - -
Gordonvale - - -
Moranbah - - -
Atherton - - -
Anzac Avenue - - -
Cleveland - - -
Oakey - - -
Yeppoon - - -
Crows Nest - - -

Table 8
PFAS in-ground tank water quality summary results for PFOA, PFOS (3 (PFOS + PFHxS), and
TOPA (incl C4-C8 sulfonates).
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The PFOA concentration in water within the in-ground tank at all other Fire and Rescue stations and
QCESA was less than the Australian health-based recreational water and drinking water
guidelines.1”132 The Gladstone Fire and Rescue station result was almost three times higher than the
next highest result at Mackay Fire and Rescue station, and more than 16 times higher than the average
PFOA (0.097 pg/L) across all stations and QCESA. Thus, Gladstone Fire and Rescue station was the
highest priority site based on the PFOA test results. The median PFOA result (0.031 pg/L) obtained
was less than the median PFOA value (0.44 ug/L) reported in leachate from landfill .13

PFOS (PerFluoro-Octane Sulfonate) (5 (PFOS + PFHxS))

The (PFOS + PFHXS results are summarised in Table 8 and graphically displayed in Figure 8. The red
linein the graph represents the Australian health-based recreational water quality guideline.297132 The
Australian health-based drinking water quality guideline and the Queensland Government
environmental water discharge criteria are not shown.

The results show that PFOS (3 (PFOS + PFHxS)) concentration in water within the in- ground tanks at
seven Fire and Rescue stations, plus six QCESA in-ground tanks exceeded the Australian health-based
recreational water guideline.’ 132 The Fire and Rescue stations were: Gladstone; Mackay; Enoggera;
Proserpine; Cairns; and Cairns South. Duplicate samples were taken at Enoggera Fire and Rescue
station and Cairns Fire and Rescue station and the result demonstrated a variance of approximately
2. The origin of the difference was not determined. However, there are many explanations that may
account for the variance including environmental conditions, and inherent sampling and analytical
errors.®® The highest result was obtained at the Gladstone Fire and Rescue station (42 pg/L), which
was more than 4 times higher the next highest result at Enoggera Fire and Rescue station. The value
obtained at the Gladstone Fire and Rescue station was also more than 16 times higher than the
average S(PFOS + PFHxS (2.6 ug/L) result for all stations and QCESA. Thus, Gladstone Fire and Rescue
station is the highest priority site to manage based on 3(PFOS + PFHxS) values. The 3(PFOS + PFHxS
values obtained at the Mackay and Enoggera Fire and Rescue stations were approximately 2 times and
4 times higher, respectively, than the average >(PFOS + PFHXxS) result obtained. Thus, Mackay and
Enoggera Fire and Rescue stations are the next highest priority sites to manage.

The results show that the PFOS (3 (PFOS + PFHxS)) concentration in the water within the in-ground
tank at thirteen Fire and Rescue stations and a sampling site at QCESA exceeded the Australian health-
based drinking water guideline.’?”132  These Fire and Rescue stations were: Ayr; Caloundra;
Bundaberg; Maryborough; Noosa Heads; Home Hill; Townsville; Airlie beach; Dysart; Rockhampton;
Arana Hills; Kemp Place, and Southport.

The results show that PFOS (5 (PFOS + PFHxS)) concentration in the water within the in-ground tank
at all other (seven) Fire and Rescue stations and a further sampling site at QCESA were less than the
Australian health-based drinking water guidelines.1®”132 These Fire and Rescue stations were: Mt Isa;
Forrest Beach; Sarina; Annerley; Windsor; Roma St, and Charleville. The values reported in this study were
significantly less than PFOS (5 (PFOS + PFHxS)) groundwater values obtained in studies of Oakey Army
Aviation Centre and similar sites.8>%¢133135143 The median PFOS (3 (PFOS + PFHxS)) result (0.41 pg/L)
was less than the median PFOS (3 (PFOS + PFHXxS)) (0.66 pg/L) value reported in leachate from
landfill*%°,
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TOPA Including (C4-C8 sulfonates)

The TOPA (incl C4-C8 sulfonates) is @ measure of (C4-C14) perfluoroalkyl acid precursors that are not
measured in the standard analytical suite. They are substances that are transformed in the
environment to perfluoroalkyl acids (PFAA) by natural processes.103115116123144145 |t js gnother
analytical approach applied to inform understanding the extent of PFC contamination arising from
AFFF use within the environment.

The TOPA (incl C4-C8 sulfonates) results are summarised in Table 8 and graphically displayed in Figure 9.
The red line in the graph represents the Queensland Government environmental water discharge
criteria.321%9

The results show that the TOPA (incl C4-C8 sulfonates) concentration within the in-ground tank water at
nine Fire and Rescue stations and QCESA exceeded the interim water release concentration (as per
DES Environmental Management of Firefighting Foam Table 6.4.2).3%%° These Fire and Rescue
stations were: Gladstone; Mackay; Enoggera; Proserpine; Cairns; Cairns South; Ayr; Caloundra; and
Kemp Place. Thus, the water within the in-ground water tanks at these sites cannot be directly
discharged to the environment.

The Gladstone Fire and Rescue station TOPA result was amost 7 times higher than the next highest
result at Mackay Fire and Rescue station, and more than 14 times higher than the average TOPA (5.5
ug/L) across all stations and QCESA. Thus, Gladstone Fire and Rescue station was the highest priority
site to manage, followed by Mackay and Enoggera Fire and Rescue stations as the next highest priority
sites.

The TOPA (incl C4-C8 sulfonates) results for in-ground water tanks at all the other Fire and Rescue stations
were less than the Queensland Government environmental water discharge criteria (as per DES
Environmental Management of Firefighting Foam). 3%13°
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PerFluoroOctanoic Acid (PFOA) concentration within in-ground water tank at Queensland Fire and Emergency Services Sites

PFOA concentration (pug/L)
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Figure 7
Perfluoro-octanoic Acid (PFOA) concentration within in-ground tank water as a function of Fire and Rescue stations and QCESA.
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PerFluoroOctane Sulfonate (PFOS) 3(PFOS = PFHxS) concentration within in-ground water tank at

- Queensland Fire and Emergency Services Sites
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Figure 8

Perfluorooctane sulfonate (PFOS (3 (PFOS + PFHxS)) concentration within in-ground water tanks as a function of Fire and Rescue station and QCESA.
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TOPA incl (C4-C8 sulfonates) concentration within in-ground water tank at
Queensland Fire and Emergency Services Sites
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Figure 9

Total Oxidisable Precursor Assay [TOPA (incl C4-C8 sulfonates)] concentration within in-ground tank water as a function of Fire and Rescue station and QCESA.
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Conclusions and Recommendations

This section is separated into three parts.

e General conclusion;
e Recommendations about Fire Stations and QCESA in the study; and

e General recommendations for QFES to consider.

General Conclusion

The concentration and distribution of perfluoroalkyl substances (PFAS) within in-ground tank and tap
water was characterised at thirty Fire Stations and QCESA. The microbiological water quality and PFAS
concentration and distribution within soil was characterised at seven Fire Stations. The in-ground
water tanks at eight Fire Stations were not sampled since the tanks were absent or empty.

The PFAS results showed the level of contaimination at all Fire Stations was less than the the human
health-based soil criteria for industrial/commercial land, and the values at which soil can be applied
as cover materials for landfills.

The results of the microbiological testing of water sampled in Phase One showed that concentration
of microbiological organisms met the standards for Class A water.

The concentration of PFOA in the in-ground tanks for all Fire Stations, except Gladstone, was less than
the Australian health-based PFOA drinking water guideline. Gladstone Fire Station exceeded the
Australian health-based PFOA drinking water guideline.

The highest PFAS water concentrations were obtained at Gladstone Fire Station. Mackay and
Enoggera Fire Stations exhibited the next two highest PFAS water concentrations. The results for
these three Fire Stations together with Proserpine, Cairns and Cairns South all exceeded the 5(PFOS +
PFHxS) Australian health-based recreational water guideline and the Queensland Government
environmental water discharge criteria for TOPA.

The PFAS water concentrations obtained for the majority of sites tested at QCESA also exceeded the
S(PFOS + PFHxS) Australian health-based recreational water guideline and Queensland Government
environmental water discharge criteria for TOPA. QCESA has unique circumstances where the water
is continuously recycled for use at the facility. During the study opportunities were identified to
consider enhancing water treatment approaches at QCESA.

The PFAS water results for Kemp Place, Ayr, Caloundra, Bundaberg, Noosa Heads, Home Hill,
Townsville, Airlie Beach, Arana Hills and Southport Fire Stations were all greater than the 3(PFOS +
PFHxS) Australian health-based drinking water guideline, but less than the recreational water quality
guideline. The PFAS water results for Kemp Place, Ayr and Caloundra also exceeded the Queensland
Government environmental water discharge criteria for TOPA and/or the S(PFOS + PFHxS) release
value. Thus, the PFAS results for the remaining Fire Stations were less than the 3(PFOS + PFHxS)
Australian health-based drinking water guideline, (Table 8).
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Recommendations about Fire Stations and QCESA in this study

The results of the investigation of PFAS contamination of in-ground tank water have shown the PFAS
concentration and distribution within the majority of in-ground water tanks are less than the
recreational water guideline and environmental discharge criteria applied in the study. Nonetheless,
the results have been used in the development of a risk-based approach to manage the PFAS
contamination within the existing in-ground water tanks. The results obtained in this study are
sufficiently novel to publish in a peer reviewed journal to further inform Fire and Emergency Services
internationally.

The recommendations are listed in order of priority and include further explanation where
appropriate. The actions considered varied from maintaining status quo, discharging the water or
treating/removing the water.

Priority One - Gladstone Fire Station

The in-ground water tank PFAS concentration was the highest obtained of all sites sampled. A
reasonable explanation relates directly to using AFFF foam sourced in the past few years. This water
cannot be discharged directly to the environment.

It is considered prudent, and hence recommended that the water from the in-ground water tank be
removed and treated at an approved facility. It is also recommended that the in-ground water tank
be filled with a suitable gravel or a similar inert material and capped with concrete (of suitable
thickness and strength) to render it inoperative.

Priority Two - Mackay and Enoggera Fire Station

The in-ground water tank PFAS concentrations at Mackay Fire Station and Enoggera Fire Stations were
the next highest obtained of all sites sampled. This water cannot be discharged directly to the
environment.

It is considered prudent, and hence recommended that the water from the in-ground water tank be
removed and treated at an approved facility. It is also recommended that the in-ground water tanks
be filled with a suitable gravel or a similar material and capped with concrete (of suitable thickness
and strength) to render them inoperative.

Priority Three - Queensland Emergency Services Combined Academy (QCESA)

The operating environment at QCESA incorporates unique circumstances compared with the Fire
Stations sampled in this study. The water is continuously recycled for use at the facility. Excess water
required during peak demands is drawn directly from town supply. Furthermore, in some instances
excess water is released directly to the environment. The study identified opportunities to address
more globally the water management arrangements at QCESA.

There is regular microbiological testing of the water. However, it is not clear the QCESA monitoring
program is sufficiently broad to ensure that the water meets established water quality guidelines for
such use, or that an adverse change in water quality would be readily detected. It is recommended
that QCESA consider establishing an ongoing water monitoring program at a suitable frequency that
characterises both biological and chemical constituents. This program would provide a water quality
baseline and changes in water quality would be readily identified in a timely manner.

The results showed there were PFA’S present within the water and at levels that the water cannot in
general be discharged directly to the environment. Removing the PFAS contaminated water is not
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likely to be an adequate risk control measure since it cannot be discounted that any new water refilling
the tanks is free of residual PFAS sourced from the local environment. Consequently, there is an
opportunity for QCESA to review, and if appropriate, improve water purification arrangements for the
recycled water including removing any PFA’S within the water. It is recommended QCESA engage an
appropriate consultant to review, and if appropriate, provide a strategy to enhance the water
treatment facilities on site to assure the water quality meets established guidelines. This should also
include establishing a suitable and cost-effective treatment system to remove the residual PFAS
detected in the water. The strategy can then be considered by the QFES as an element of the QCESA
site arrangements. The strategy provides a long-term water quality management road map to ensure
QCESA’s water and water quality needs and likely regulatory requirements are met in the future.

Priority Four - Cairns, Proserpine, Ayr, Kemp Place and Caloundra Fire Stations

The PFAS in-ground tank water concentrations at the Cairns, Proserpine, Ayr, Kemp Place and
Caloundra Fire Stations cannot be discharged directly to the environment. Based on the relative PFAS
concentrations there are several approaches that can be adopted to manage this water including:

e Applying the existing arrangements (status quo);

e Removing water from the in-ground water tank for treatment at an approved facility on a risk
basis; and

e Treating water in-situ to remove the PFAS contaminants.

The first option is not favoured since the concern remains and if the criteria become more stringent
the perception about the adequacy of the QFES practices and ultimate treatment/disposal costs may
significantly increase. The second option is a prudent approach and can be implemented using a tiered
approach. The third option whilst feasible is not likely to be significantly more cost effective than the
second option.

It is recommended that the second option be considered and also the in-ground water tanks be filled
with a suitable gravel or a similar material and capped with concrete (of suitable thickness and
strength) to render them inoperative.

Priority Five - All Other Fire Stations

The PFAS in-ground tank water concentrations at all the other Fire Stations were less than the criteria
(levels of concern) applied. It is recommended the QFES consider establishing a water management
program for the remaining in-ground water tanks. This may include: status quo; removal; or discharge
of the water directly to the environment. If option two (removal) is selected the in-ground water tanks
should be filled with a suitable gravel or a similar material and capped with concrete (of suitable
thickness and strength) to render them inoperative.

General Recommendations

The QFES has approximately 242 urban Fire Stations incorporating a variety of designs and layouts. In-
ground water tanks were identified at 31 Fire and Rescue Stations during this investigation. These
stations have historically developed local management arrangements regarding the use and
maintenance of the in-ground water tanks. These local arrangements also include capturing rainwater
run-off, pump testing, and water drafting training and exercising.
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There is merit for the QFES to review, and where appropriate modify QFES doctrine about foam
training at Fire and Rescue stations. The review would assure QFES practices are contemporary and
consistent with the DES Operational Policy Environmental Management of Firefighting foam.

There is merit for the QFES to review, and where appropriate modify QFES doctrine about pump
testing and drafting practise and exercising at Fire stations or a nominated location. The review would
assure the QFES practices are contemporary and meet our readiness objectives and community
expectations.

It is not clear why 13% of Fire and Rescue Stations have an in-ground water tank. Consequently, there
is merit to consider the purpose of the in-ground water tanks, their suitability and ultimate fate. If
appropriate the arrangements regarding the use of the in-ground tanks should be modified to reflect
contemporary practices, and consideration given to render the in-ground water tanks inoperative over
an agreed time frame. This approach will assist standardising the design and layout across all urban
and Fire and Rescue Stations.

This program provides an opportunity to implement an education program within the QFES:

e Environmental management strategy adopted and the proactive actions of the QFES;

e Communication of the findings of the AFFF investigation program within QFES and specific
areas of PSBA,;

e Highlight QFES policy regarding foam training, drafting and pump testing arrangements; and
e Highlight QFES policy regarding acceptance of foam and other materials at QFES Facilities.

This program also provides an opportunity to communicate to the broader community about
Environmental management strategy adopted and the proactive actions of the QFES.
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Appendix A

Phase One

Laboratory analyses Data
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Queensland Forensic and Scientific Services
Government HealthSupport
ueenskand

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference  : SSP0051857
24 Corporate Drive Client Order Number : Bott_R
CANNON HILL QLD 4170 Quote Number :
Client Project
T Client Batch Reference
ATTN: Michael Logan Date Received : 09-Sep-2016
Date Commenced . 13-Sep-2018
cc: Laboratory Number/s ~ : 16KS855 — 16KS958
Submitting Authority

Number of Samples : 4
Reason for Analysis : Analysis for Perfluorinated Compounds in soil
Method/s of Analysis : 33846 — Perfluorinated Compounds in soil

Remarks : Please note that the two water samples have been reported separately,
6:2 FTS is normally not reported in sail because of blank contamination.

The LCMS screen (Liquid Chromatogrphy Mass Spectrometry) orbitrap also Indicated fhe presence of the
following compounds in sample 16KS958:

(FOSA) Periluorooctanaesulfonamide

(PFD0S) Perfluorododecanesulfonic acid

(PFHpS) Perluoroheptanesulfonic acid

(N-EtFOSA) N-ethylperfluorooctyl sulfonamide

(N-MeFOSA) N-methylperflucraoctyl sulfonamide

Perfluorotetradecanoic acid (PFTeDA) has a low recovery.

Results in this report have been authorised for release by M, du Plessis

LuPlessts

.................................................

Martha du Plessis
Chemist, Organics Laboratory
13-Oct-16

16KS955-958

Tris repon owavides @) fravious repars. The resuts reale soiely 19 $ ssnpis &4 ecabvod and aro imied 1o 190 speciic 0MS Lndetaen as Jsed on tw repont. The resudis of this report are
confianal 4nd 4% Not 1o ba usad or dsclosod 10 any cther perscn o usd & sy S pupese, whather dmcy of indrecty, Lnkas that Lsa s dscoeed or the prarpoan s wprassly aultoesed in
writing by Quesrakand Hoalth and the named reciplent on #is repert. To Ihi fuost axant permitiod iy faw, Crmaneand Healh wil not bo datie for ary loss o dem {inckiing legal costs calculaled on
an ingamaily baais} which arise bocause of (o} probiems relwled Lo fw mescsntacikly, Mness or quaity of tho sumphnts, ar (b} wy Negigent or urawil act of cmiseions by Queenaiand Hoath thet s
mﬁ&xmnummwﬂmbyﬂmdwlmmmﬂiaommqmmm&dngﬂ(mmmwunvmlcn T somphe's wern tekin, stared o

Enasiries Martha du Pressis 38 Kessals Roas PO Bax 594 Phane  (*69 7} 3274 6141

Phone  (+81 7)3274 %009 Coopers Piakha OLD 4100 Acchriold QLD 4108 Far (+69 7) 3000 5628
Email plassin@hestth,qld. gov.au AUSTRALIA AUSTRALIA Emel  F3S@beathokdgovau
Page: 10of 2
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Client Reference

Sample 3

Sample 4

Sample

Type

Blank soil

Station yard soil

11:30 07-0%-2018

11:30 07-09-2016

Sample Description FNR Tap FNR Casze 4 Pit
Method | Perfluorinated Compounds Guidelines | Units | Reporting Limit 16KS95T 16KS958
33846 | Perfluorobutanoic acid (PFBA) maikg 0.005 = 0.005 = 0.005
33846 | Perfluoropentanoic acid (PFPeA) ma'kg 0.002 = 0.002 =0.002
33946 | Perfluorohexanoic acid (PFHxA) mgfkg 0.001 < 0.001 < 0.001
33846 | Perflucroheptancic acid (PFHpA) mg’kg o001 | < 0.0M < 0.001
33846 | Perflucrooctansic acid (PFOA) malkg 0.002 < 0.002 =0.002
33846 | Perflusrononanoic acid (PENA) markg 0.001 < 0,001 =0.001
33848 | Perflucrodecanoic acid (PFDA) mg/kg 0.001 < 0.001 = 0.001
33946 | Perflusroundecanoic acid (PFLIDA) mg'kg 0.002 =0.002 = 0.002
33846 | Perflucrododecancic acid (PFDaA) maikg 0.002 < 0.002 = [1.002
33946 | Perflucrotridecancic acid (PFTrDA) ma/ka 0.007 = 0.007 = 0.007
33946 | Perflucrotetradecanoic acid {(PFTeDA) ma'kg 0.01 <001 =001
33845 | Perfluorobutanesulfonic acid (PFBS) mg'kg 0.001 | < 0.001 < 0.001
33846 | Perflucrohexanasulfonic acid (PFHxS) mg'kg 0.001 = 0.001 = {0,001
33846 | Perfluornoctanesulfonic acid (PFOS) mgfkg 0.001 = 0001 < 0,001
33846 | Perfluorodecanesulfonic acid {(PFDS) mgikg 0.002 = 0.002 = 0.002
33846 | 2-Perflugrchexy| ethanals acld (FHEA) mgky 0.002 = 0.002 = 0.002
33848 | 2-Perflucroocty ethanoic acid (FOEA) mgikg 0.02 <0.02 < 0.02
33848 | 2-Perflucrodecyl ethanoic acid (FDEA) magikg 0.02 < 0.02 < 0.02
33946 | 4:7 Fluorotelomer sulfonic acid (4:2 FTS) _ omgkg | 0.002 = (0.002 =0.002
33946 | B:7 Fluorctelomer sulfonic acid (8:2 FTS) mg'kg 0.005 < 0.005 < 0,005

Tris report ovemides 2l previous reports. The resulls relme solefy o the Sumpleds as received and ame bmited 10 1he Speciio tesis underialen a5 159ed on the reparl. Thie res s of this report ane confidental and ame nat %0 Do used of ASCosed [0 any OMher person of used or anmy olher purpose.
whetner dirscly or indinsctly, uniese @t uss is disdosed or the purposs (s spressy sahonsed inwitng by Ousensians Heath and the named necipient on s report. To the Tulest exdem: permines by krw, Quesnsiand Heaith will not b= lable for 2ny oS or dam (inchaing legal coes

on an mdemnfy basiz) which arise becagse of (3] oroblems related 10 $w merthantabidy, finsss or guakty of the sampiss, or |b) any negligent or unizetul ack or cmssions oy Dusenstand Heath that is connected with any aci«ises or services provaced oy Quesnsiard Heath under ie agree=ant
{inciudng the iming andior mathad wunder which e eamples wene taker, sored of ranspoied),

TEHSA55-T6KSA58
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Queensland Forensic and Scientific Services
Government Healthsql.,ﬂ:gﬁ

CERTIFICATE OF ANALYSIS

(FRTES T T I T T T i AT T YO et Tt g e o]
Laboratory Ralerence : SSPO051857
CLIENT : QFES Research and Scientific Branch S g LR e
24 Corporate Drive ate Recelv : 09-Sep-
{eoel Date Commenced . 13-Sep-2016

CANNON HILL QLD 4170

michael.logan @gfes.qld.gov.au Laboratory Number/s  : 16KS955-16KS958

ATTN: Attn - Michael Logan

Number of Samples : 4
Mathod/s of Analysis : 32403 - Perfiluorinated Compounds in Water

Remarks : Plaase note lhat the soil samples 16KS957 (FNR Tap), 18KS958 (FNR Case 4 Pit) will be reported
saeparately.

Tha liquid chromatography mass spectrometry screen (Orbitrap) Indicated the presence of the
following substances in the listed samples:

16KS956 6:2 Fluorotelomer sulfonic acid (6:2 FTS) at 0.15 ug/L
16KS956 8:2 Fluorotelomer sulfonic acid (8:2 FTS) at 0.13 ug/L

16KS8956 Perluorcoctanesulfonamide (FOSA),Perfluorodedecanesulfonic acid (PFDoS),
Perfluoroheptanesulfonic acid {(PFHpS). Please note that no quantitation is available for these

compounds.
Martha du Plassis
NATA Accredited Laboratory 41 Chemist, Organic Chemistry
16KS955-16KS958 21-Sop-16

Thés saport ovanides af provious repons, The resuls feale scidy to the sprpleS as recenved and e Imiled 1o the spedikc fosts underiaaen as beted 0n $ie repod, The rsdis on 1Na epan are
contideninl ane am not 50 be ured of ckidosed 10 any clhar parsen of Uied 10 ary ofhee purpase, whaether dvectly or Indlrodtly, unfess et uze |s dlsciosed or the purpose is eepresaly autrsed in wisng by
Quesrsiand Hexth and e named recpient 0o 115 report. To the Kilest sxiet pemibed by [, Queersind Hagih w0 not be lable for any loss or clalm (nolding legal costs ciaulmed on on Indemnily batis)
which arise because of (a) probiems related 1o fhe meschantatibly, finess or cuatty of e sampin's, or () any neglgeat or unkimful et of omissions by Guaensiand Hoalih that |s connectod with ary acthites
of 3anioes previdod by Quaengland Heath under 2 agreement (nckucing the timing andfor medhed under which the samplels were luken, slofed or Ifanipotad)

Enquries  Nartha du Plkssls 30 Kessas Road PO Box 664 Prone  (+61 7] 274 9111

Phons  (+817) 3274 9000 Coopes Piaks OLD 4103 Archertiak! LD 4100 Fax  (+61 7] 30005028

Email Martha_duPlessis@hoatih.gid govau ALUSTRALIA AUSTRAUA Emaf  FSS5@heath.okigov.au

T0E25-0BEE Prirveect QU-27 21-Sep- 16 medp) Page: 1of2
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Client Reference FNRTAP FNRCASE4PIT
‘ Sample Type e Top Yot
' Sampling Time/Date o 10:30 07-Sep-2016 10:30 07-Sep2016
| Station Tao Case 4 Pit
Sample Description ' ‘;
T WS S| WO A —
Method | Perfluorinated Compounds Units Reporting 16KS955 18KS956
| 32403 _ Perfluorobutanoic acid gL 0005 <001 0027
| 32403 | Perfluoropentanoic acid pol. 0.01 <0.007 008
| 82403 | Perfluorohexanoic acid Mol 0005 | <0.005 1 0.11
32403 | Perfluorcheptanoic acid | wA ] 0005 | <0.005 | _ 0.045
\ | 32403  Perfluorooctanoic acid | _mgt | 0005 @ <0007 0065
| 32403 _ Perfluorononanocic acid __,_mgh | 0005 <0007 | <0.007
32403 | Perfluorodecanoic acid | __mol _0.005 | =001 | __ <00t _ |
32403 | Perfluoroundecanoicacd | ugh___| 0005 | <001 _ | <001 |
| 32403 Perfluorododecanoicacid | wgA | 0005 <0.02 <002
‘ 32403  Perfluorotridecanoicacid | ugh | 0.005 | _<0.05 <0.05 o
32403 Perfluorotetradecanoicacid | wgh | 0.005 <0.02 <0.02 |
32403  Perfluorohexadecanoicacid _0.005 <0.05 <005 |
| 32403 | Perfluorobutanesulfonic acid _ [ moL  [T0005 <0.005 0.018
32403 | Perfluorohexanesulfonic acid : Mgl | 0008 | < 0.00% ] 021
| 32403  Perfluorooctanesulfonicacid gL 0005 | = <0005 030
‘ |_32403 | Perfluorodecanesulfonic acid Mg | 0005 | <0.02 <0.02

™ parny

PUPOSE I8 mxpressly auToANed In witing by Cueansiant
any ac

Y 10 D Sampin’s a5 FeCHVEd 20d dre Iitad © Mo speciic tee

Satad on e ragort. The s regont 20w POL T D S o GITI0MC T 2%y I POmON Of Used Br 3ty OREr PUDOBE, whiher drectly of Indiracay, Uriess Dt use i disciosad o e
umz?mm“:ww mmu---mw-.wmﬂmumhwuummmmmmumm which arise becauso of (a) problens rated 1 M merchantaoiity, Sness of qualty of tha samples, o ()
with ary of

e et S Iy — 023 prividon by Quannsland Hanh under this agreemort (cluding the Sming ancior Method Lnder which 1 samplas were takan, sored of Tansponied),
} 16KS955-16KS958 e gyt o = T
| 708250882 Prinect 09:27 21-Se0-16 mospt
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Tel:  (07) 4044 8344

Certificate of Analysis
(: airns Laboratory Services Fax : (07) 4044 8332 y
Reglonal 33 MacNamara Strest O Fbcacams I Final Report
COUNCIL MANUNDA, QLD 4870 :
Waser el Vst Austraia Project No: 082001
Report ID: 18823

Aftention: Ray Boft

Client: Q Fire and Emergency Service Date Received: 710912016 12:30pm
Address: PO Box 280 Date Issued:  08-Sep-2016

WESTCOURT QLD 4870
The sampieds) refermed 10 In this repon were analysed Dy the following metod(s!

Analysis Method Laboratory NATA Accredited
Coliforms USEPA 1604 Caims Regonal Counc? Water & Waste (Accreditation # 14206) v

Intestinal Enterococci TPBO80 Caims Regional Councd Water & Waste (Accreditation # 14208) v

Name Title Qualificagons

Murray Revall Scientist (Microbiclogy) B. App. Sci, Grad. Dip.

Slobhan Barrstt Scientist (Microbiclogy) B. Sc. (Hons) Medical Lab Science, M.Phi.

Principal Contact for this Report: T —— A 34906
This report should not be reproduced, except in il =
T Pre s NATA oo
Laboratory Coordinator J \ Accraditng for

Page 1012

COMERIne Witk

Ing.Agr., Ph.D MRACI C Chem 180 /¢ 17025
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(ﬁalrlls Chent Quesnsland Fire and Emergency Servics Project No: 082001
=4
P Repart ID:
< Regiona i 1952
COUNCIL 08-Sep-2016
» Watir and Waste Page2of2
LRN: 422868 Dste Sampled:  07-08-2016 11:20am
Tap water Received at Lab:  07-08-2016 12:35pm
L Method e 2 Reswt _ LOR Guidsline _ _ Date Started
Microbiology
s Intestinal Enterococct <1 CFUW/100mL <1 07-03-2016
Coliforms E. coli <1 CFL/100mL <1 07-03-2016
Coliforms Total coliforms <1 CFL/100mL <1 07-03-2016
LRN: 422860 Date Sampled: 07-02-2018 11:20am
Case 4 Pit Receivedatlab:  07-08-2018 12:35pm
L MO, s B e R e R e A R Rasa o U R Guidsline _____Dats Startsd
Microbiology
A2y Intestinal Enterococs est3 CFLY100mL <1 07-03-2016
Uncerrainty & increased due to the low ber of colonies isolated, thergfore the result
above is an esomated vaiue.
sza1 - Coliforms E. coli <1 CFW/100mL <1 07-03-2016
Caoliforms Tota coliforms >100 CFL/100mL <1 07-03-2016
Explanatory Notes for this Project
Responsibility for sampling lies with the CUSTOMER. Samples analysed as received.
This reporr shouid not be reproduced, except in full
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Queensland Forensic and Scientific Services
Government HealthSupport
Queensiand

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientlific Branch Laboratory Reference  : SSP0051976
24 Corporate Drive Client Order Number : Batt_R
CANNON HILL QLD 4170 Quote Number :
Client Project
s Client Batch Reference
ATTN: Michael Logan Date Received  20-5ep-2016
Date Commenced 1 27-Sep-2016

cc Laboratory Number/s @ 16KS1029 — 16KS1032

Submitting Authority

Number of Samples 4

Reason for Analysis | Analysis for Perflucrinated Compounds in soil

Method/s of Analysis : 33946 - Perfluorinated Compounds in soil

Remarks : Please note that the water samples have been reporied separately.

6:2 Fluorotelomer sulfonic acid (6:2 FTS) is normally not reported because of blank contamination in soils.

Results in this report have been authorised for release by M. du Plessis

P

Martha du Plessis
Chemist, Organics Laboratory
14-Oct-16

16KS1029-16K51032

T foport aveiridss 3 previius reports. The resuls relate sclody to the sampieis &5 recaved and aro limilad 1o the speciic tesks undortaken as lisled on the report Tha resdis of this rapon anma
configantal s a0 not 1o bo used or disciozed fo ary other parsan of Lsed for any ol prpoas, whelher drecty of indrecty, Lniess thal use is disclasod of B0 PUPESe & wepressly autoriaed in
wrEing by Quasensiers Hasllh ana the ramed recipiant on this roport. To the fulest adont penmified by law, Quesnsiand Heakh wil not ba ¥abia for amy kas or daim (indhadng ogel coste calcdalad oo
s indermnlly Dievia) which srise becauss of la)pwbhu revniod 50 the merchartabilly, finass or qually of the aampials, or (b) any nagigent or Lnkmiul @t or anisséons by Queonstand Haath that Is

oonmhdwhryncl»beuuwvbn by Qi Healfh undur Lhis agreemont (ncuding Ihe Uming ardiar method under which the sampla's saa lakan, stared o P
Encuilos Martha du Piessis 30 Keasals Rowd PO Box 584 Phone  (+61 1) 3274 9141
Phone  (+81 7) 3274 2088 Ceopas Piine QLD 4108 Archerfold QLD 4108 Fun (51 7) 2000 2620
Emall Martha duplossisghoalih.gid gov.au AUSTRALLA AUSTRALIA Emml FSSgeman ghd gov s
Page: 1of 2
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Client Reference Sample 1 Sample 2
Sample Type soil s0il
Sampling Time / Date 16-09-2016 16-09-2016
Sample Description NRT-BLANK NRT-YARD
Method | Perfluorinated Compounds Guidelines | Units R‘fl"’n"i““’ 16KS1029 16KS1030
33946 | Perfluorobutanoic acid (PFBA) mg/kg 0.005 < 0.005 <0.005
33946 | Perfluoropentanoic acid (PFPeA) mg/kg 0.002 <0.002 < 0.002
33946 | Perfluorohexanoic acid (PFHxA) mg/kg 0.001 < 0.001 < 0.001
33946 Perfluoroheptanoic acid (PFHpA) mag/kg 0.001 < 0.001 < 0.001
339468 | Perfluorooctanoic acid (PFOA) mg/kg 0.002 <0.002 <0.002
33946 | Perfluorononanoic acid (PFNA) mg/kg 0.001 <0.001 <0.001
33946 | Perfluorodecanoic acid (PFDA) ma/kg 0.001 < 0.001 <0.001
33946 Perfluoroundecanocic acid (PFUDA) mg/kg 0.002 < 0.002 < 0.002
33946 | Perfluorododecanoic acid (PFDoA) ma/kg 0.002 < 0.002 < 0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mg/kg 0.007 < 0.007 0.038
33946 Perfluorotetradecanoic acid (PFTeDA) mg/kg 0.01 <0.01 <0.01
33946 | Perfluorobutanesulfonic acid (PFBS) mg/kg 0.001 < 0.001 < 0.001
33946 Perfluorohexanesuifonic acid (PFHxS) mga/kg 0.001 < 0.001 < 0.001
33946 | Perfluorooctanesulfonic acid (PFOS) mg/kg 0.001 0.004 0.005
33946 Perfluorodecanesulfonic acid (PFDS) ma/kg 0.002 < 0.002 < 0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) mg/kg 0.002 <0.002 < 0.002
33946 | 2-Perflucroocty ethanoic acid (FOEA) mg/kg 0.02 <0.02 <0.02
33946 | 2-Perfluorodecy! ethanoic acid (FDEA) ma/kg 0.02 <0.02 <0.02
33946 4.2 Fluorotelomer sulfonic acid (4:2 FTS) mg/kg 0.002 < 0.002 < 0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) mg/kg 0.005 < 0.005 < 0.005

This report overrides all previous reparts. The results refate solely to the sampiels as received and are kmited to the specific tests undertaken as listed on the report. Tho results of this report are confidential and ane not to be used or disclosed to ary ather person of used for any other purpose,
whether directly or Indirectly, unloss that use is disclosed cr the purpose is expressly authorised in writng by Queensland Health and the named recipient on this report. To the fuliest extent permitted by aw, Queensiand Heaith will notbonabluorwlou ur claim (lmmmwmulwlm

on an indemnity basis) which arlse bocause of (a) problems refated 1o the merchantabllity, ftness or quality of the sample/s, or (b) any negligent or uniawful act cr cmissions by Queensland Health that is connected with any activites or services by Q Heaith under this agreement
(hdu\inglho andior method under which the sample/s were taken, stoced or trunsported).
16KS1029-1032 Page 20of 2
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Queensiand Forensic and Scientific Services
Government Faslieappert

[L— =T TETT IS _

CERTIFICATE OF ANALYSIS

AR e ™l S 00 B8 8 RRTET  S mmm—
Laboratory Rotetence @ BEPDIE1676
. Cliant Cranr No, LBOTT R

CLIENT : QFES Research and Sclantitic Sanch Datn Rocoived . 20.50p-2016

K| 24 Gomporate Drive Data Commeened 27-Bap-2016
CANMONRILE Ui 4v20 Mumbaria  : 16KS10C8-16KS1022
michaal Jogan & ofes.qkl gov.au Lnbomyy :
ATTN: Altn - Michael Legan

Nusmbwr of Ssmphey 4

Mathod's of Anatyals 32403 - Perfucrnaled Compaunts i 'Wirer

Remarks | Plaasa rota 1al the 9ol samgles 1851029 (NRT-Blank), *BKS 1030 (NRT-Yans) wil te eppariod

suparately

Tha fodloaing sutstances e not dulectod sl the LOR bwicw 0 the (isted samples:
TEKS 1038, 16451062

2-Parfuomoctyl eanol ackd (FOEA) < 0.05 up'L
2-Pertuorodecy! ethanoic acid {FDEA) « 0.05 ugil
42 Fluorsdorss sulone acit (4.2 FTS) < 0005 ugl
62 Pluoeotelomer sufonio aod {6:2 FTE) « 0.01 ugl
32 Flucctabomar sdlosic add {82 FTS) < 0,02 ugl.

Plaaos noto that NATA ncamdiation doas nol cover tha parksamance of $is service,

D essis

NATA Accrodited Labomtory 41 mm Chemistry

MRSV EKTTON 05.0ct-18
Mw“d—u&-mmmmmnum\u-w ﬂuwbnw.ﬁ“-unhm mmﬂmumu

COOTUN 3 Y 10T 10 D UBOE O BUSI00E0 1D B MW G e wAed b ey R punne. W et ey f inehreci Irdens 1N Lo I SO 3 e SIS0 I 00wy ahodiad LT
Dmerahod s 5 B rared (g 50 B et 1o 0w L dud cuoet prrrtind by fon, Dumonrard Vel ol no be fathe b arg Mot un-un“ 8 (e 1l witrd 0 dery b

R At Leceae U 10 b L] “mumdnmaunwvmnw by d ot b b v wy prwieg

vummwwtwwmw—umummmwmn-w "]

Crgms Matw o Fesis 2 Kanows hond 1O B S0 re'e (N Damnn

Faoee (81 7] D0 v Coopes P QLD AV Aot (1D 4t Foe L1 73000 Ew

fxs MUTS P U bew B8 g o 00 ST ALSTRIA A PR gy e

OGN Parted 0 WS040 modg) Page: 1ef2
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Client Reference

Sample 1 Sample 2
Sample Type soil soil
Sampling Time / Date 16-09-2016 16-09-2016
Sample Description NRT-BLANK NRT-YARD
Method | Perfluorinated Compounds Guidelines | Units | RePortng 16KS1029 16KS1030
33946 | Perfluorobutancic acid (PFBA) mga/kg 0.005 < 0.005 < 0.005
33846 | Perfluoropentanoic acid (PFPeA) mg/kg 0.002 <0.002 < 0.002
33946 | Perfluorohexanoic acid (PFHxA) mg/kg 0.001 < 0.001 < 0.001
33946 Perfluoroheptanoic acid (PFHpA) ma/kg 0.001 < 0.001 < 0.001
33946 | Perfluorooctanoic acid (PFOA) mg/kg 0.002 < 0.002 < 0.002
33946 Perfluorononanoic acid (PFNA) mg/kg 0.001 < 0.001 < 0.001
33946 Perfluorodecanoic acid (PFDA) mg/kg 0.001 < 0.001 < 0.001
33946 | Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 <0.002 <0.002
33946 | Perfluorododecanoic acid (PFDoA) mg/kg 0.002 < 0.002 < 0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mg/kg 0.007 < 0.007 0.038
33946 | Perfluorotetradecanoic acid (PFTeDA) mg/kg 0.01 <0.01 <0.01
33946 | Perfluorobutanesulfonic acid (PFBS) mg/kg 0.001 <0.001 < 0.001
33946 Perfluorohexanesulfonic acid (PFHxS) mg/kg 0.001 <0.001 < 0.001
33946 | Perfluorooctanesulfonic acid (PFOS) mg/kg 0.001 0.004 0.005
33946 | Perfiuorodecanesulfonic acid (PFDS) mg/kg 0.002 < 0.002 <0.002
33946 2-Perfluorohexyl ethanoic acid (FHEA) mg/kg 0.002 <0.002 <0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) ma/kg 0.02 <0.02 <0.02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 <0.02 <0.02
33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mg/kg 0.002 < 0.002 < 0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS ma/kg 0.005 < 0.005 < 0.005

Thés report overmices al previous reparts.  The results relate soiely 1o the sampie/s as recerved and are kmited 10 the speciic tests Lndertaken as isted on e report. The results of s report are confidential and are not 10 be used or disclosed 10 any Gther PErson or used for ANy OTNer PUTPOse,
whether of Indirectly, uniess that use (s dsciosed or the PUrPOMe (s expressly authorised in writng by Queensiand Health and the named recipient on thik report, To the fulest extent permitted by aw, ounmlmaHummllnuboMl-Mmlu:arclmnoMrvmdwmwwlm

Indemnity basis) which arls of related o the ftre of the | I under this ent
‘onmn.;.ny s) 'mmn(\.zu :-nth‘m pin -)lorwudny the sample/s, o (b) any negligent or uniawiul st or omisaions by Queensiand Health that (s connected with any or services by Q Hoalth agreem
16K51029-1032 Pap?o'l
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il
Government et

& Queensland Forensic and Scientific Services

> - - et e s T e = s =

CERTIFICATE OF ANALYSIS

CHATET BTG = res PPAS & S8 vt

Laboratory Reference : SSP0051976

. b Client Order No. : BOTT_R
CLIENT : QFES Research and Scientific Branch frata Faoaond . 20-80p-2016

(QFESSC) 24 Corporate Drive Date Commenced ~ : 27-Sep-2016

gIcANh:g u :8';'7@ 3'55 q&1;gv au Laboratory Number/s : 16K81028-16K51032

ATTN: Atin - Michael Logan

Number of Samples : 4
Methed/s of Analysis : 32403 - Perfluorinated Compounds in Water

Ramarks : Please note that the soll samples 16KS1029 (NRT-Blank), 16KS1030 (NRT-Yard) will be repported
separately,

The foliowing substances were not detected at the LOR below In the listed samples:
16KS1031, 16KS1032

2-Perfluorooctyl ethanoic acid (FOEA) < 0.05 ug/L
2-Perfluorodecyl ethanoic acid (FDEA) < 0.05 ug/L
4:2 Fluorotelomer sulfonic acid (4:2 FTS) < 0.005 ug/l.
6:2 Fluorotelomer sulfonic acid (6:2 FTS) < 0.01 ug/L
8:2 Fluorotelomer sulfonic acid (8:2 FTS) < 0.02 ug/L

Please note that NATA accreditation dees not cover the performance of this service,

Martha du Plessis
NATA Accredited Laboratory 41 Chemist, Organic Chemistry
16KS1029-16K§1032 05-Oct-16

Thia repon averides n(uouom mpw& The resdis mww fothe mm a5 moehed and arg Imoaa 10 ha specihic kals unmm"a Asted on e report. The resuls an this repert ae
conticantal and are nol 10 be used or deciosod to oy oiher person or used Koy any oar purposs, whedssr directly of Indrectly, urlecs that Lge Is Cisdused O 1he PURCEE s aspreasly authosand in wiling ty
o.mmhnd Husth and the nared recipent on this rapan, To m Tuiast axtant pevmiting by law, Cusersiang Health wil not 5a bahiks for any kas o ciaim fnduding wgul costs codsied on an Indumnity basis)

which anes b of (o) p refaled o the y, Stness or gualty of the samplefs, o (b) any negigant o unkwiil 6c1 o omisons by Quesnsiand Hasks that & connocied wilth any acthiins

or senices nnmnod Iv/ Guoera@nd Heallh undar mo q«mo’n Ondmihg |be Ining aredor methad undov which Iho san‘e wer fken, slomd o ransporied).

Enguries  Martha du Plessis 35 Keszels Hona FO Boe 504 Phone {461 7) 3274911t

Phore {4617) 3274 9088 Coopors Flains QLD 4108 Arcredied QLD a108 Fax {461 7) 3000 9528

Email Marina_duPlessis@henlih.gid gov.au AUSTRALIA AUSTRALIA Emal  FSS@nalingd gov.su

70360081 Printed: 10:16 05-0Uct- 16 modpt Page: 1of 2
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. Client Reference NRTTAP NRTCASE4PIT |
Sample Type Water Water
Sampling Time/Date M7 16Sep2016 | 7272 16-Sep-2016
Sample Description

é Method | Perfluorinated Compounds " Units mﬂg 16KS1031 16KS1032

| 32403 | Perfluorobutanoic acid _ nall 0.005 <001 0.010

32403 | Perfluoropentanoic acid Mgl 0.01 < 0.007 | < 0.007

| 32403 | Perfluorohexanoic acid ug/l 0.005 < 0.005 0.008
32403 | Perfluoroheptanoic acid - = pa/L 0.005 | <0.005 ~<0.005
32403 | Perfluorooctanoic acid g/l 0.005 < 0.007 < 0.007
32403 | Perfiuorononanoic acid pg/l __0.005 <0.007 | < 0.007
32403 | Perflucrodecanoic acid o o/l 0.005 <0.01 o <0.01 §
32403 | Perfluoroundecanoic acid po/L 0.005 <0.01 | <0.01
32403 | Perfluorododecanoic acid ug/L 0.005 _<0.02 <0.02

| 32403 | Perfluorotridecanoic acid - ug/L 0.005 <005 <0.05
32403 | Perfluorotetradecanoic acid po/l __0.005 <0.02 | <0.02 |
32403 | Perfluorohexadecanoic acid HolL 0.005 <0.05 = <0.05 i
32403 | Perfluorobutanesulfonic acid __polL | 0.005 < 0.005 o 0.006 a
32403 | Perfluorohexanesulfonic acid g/l 0.008 __ <0.005 0.042

32403 | Perfluorooctanesulfonic acid po/L 0.005 < 0.005 ~_0.041
32403 | Perfluorodecanesulfonic acid 1 polt 0.005 <0.02 <0.02

This repon overToes af 01IvIous rEpO. The muits rekats soly 10 The SATEIVE B8 FOCOVEE BT 3¢ Imiad © the SOCCMC WA WCETTAREn a8 BERC On e o, The rewis

|

by wed o Y OTHH PECN Of MO T Bl OTWY DUIPOLE. whether (Irectly O Indeacty JesS Dt use & dacksad o e
PUMDOSE & MXDiessly ARDneead i writing by Quoenaland Health and the named SNt on I rspor. To the Auliest extert parmimnd by lnw. Gusansiand Heal will not be Ratse for any 088 o claim (nchading lege costs CRculsted oAty base) Which 27158 DecaUse of (4) prodles rulatod mercrantabilly, Mness o quakty
lﬁvﬂﬂwﬂwwlﬂﬂwﬂﬂlm' Hoalth that is with any { umammnnommmnnummum-momannum-m:«mdmmmmmw:;‘un.menw? " e ' “ e
16KS1029-16KS1032 D T = e e ——P‘g.:——ch—z
70396-0258 Printedt 1019 05-Oct18 medpt
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ﬁ TOWNSVILLE LABORATORY SERVICES
TOWNSVILLE CITY COUNCIL

Delivery Address: Douglas Water Plan, Angus. Smith. Drive, Douglas, Ojd 4814
Postal Address: P00, Box 1268, Townsville, Qld 4810
Cityof Ph 07 4727 8665

Townsville e mail labenauiries @townsville.dld.gov.au

CERTIFICATE OF ANALYSIS

Client: Prepaid Client

Attention: Ray Bott

Contact Number: 0417783779

Job Reference: 16-3641

Job Description: QFES Ray Bott 16/09/16

Sample Condition: Samples intact and within holding time requirement
Registration Date: 16/09/16

Registration Time: 10:55

Report Date: 19/09/16

Purchase Order Number:

£ m. .
Peter Mockeridge
Authorised test signatory

\

NATA

VvV

ACCREDITED FOQR

TECHNICAL
COMPETENCE

The Townsville Laboratory Services is accredited for compliance with ISONEC 17025
NATA is a signatory to the ILAC mutual recognition armangement for the mutual recognition of the equivalence of testing and inspection reports
Test preceded with asterisk (") are not yet part of the scope of NATA accreditation.

Results refer only to the samples as received

This document may not be reproducad without the written consent of the Townsville City Council
Page 1 of 2, — -~ S LAl

TOWNSVILLE CITY COUNCIL
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Job Reference:  16-3641

Sample Description: NRT CASE4 | TAF BLANK
PIT
Sample Date and Time: 16/09/2016 16092016
A10:15:00 10:15:00
Sample Number: 16-3641-1 16-3641-2
Units

Microbiclogy (Potable)

T M0 Total Coliform org/100ml = E

T MI10 E. coii MPM org/100mi < <1
Sample Description: NRT CASE4 | TAF BLANK

PIT
Sample Date and Time: 16/09/2016 16092016
10:15:00 10:15:00
Sample Number: 16-3641-1 16-3641-2
Units

Microbiclogy
|Environmental)

THMID Enterococous g/ 100mi = <
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Uncontrolled when printed



OFFICIAL - PUBLIC

&Qmw Forensic and Scientific Services
Government HealthSupport
(pruasiated

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Bearch Lutoratory fefeiencs SSPO0G1H50
24 Carpaorata Drive g:m 0“2: ':Mv Bat R
te
CANNON HILL QLD 4170 g’” g f::’m
. o
ATTN: Michael Logan Die Recatead 16 Sep 2018
Dt Commenced - 27 Sep-2018
ce: Latocatory Numborfs 16451000 - 16KS1005
Suberilliog Ahodty

Number of Samples 8
Reason for Analysis | Anakysis for Perfuocraled Compaunds in sod
Mothods of Analysis | X1548 —~ Parfuntinated Compounda in sol
Remares | Plagsa nota Mat the watar samples hove teen regorted s paradaly.
8:2 Flugrotelomar sulfonic acld (82 FTS) Is nommally nok reported because of bank contamnation in sclis

Parflucrotelradscanaic acid (PFTRDA) has 2 bkow recovery

Rusudts In this mpat hive 29an suthartaed %or release by M. du Plessis

Shllensts,. ..

Martha dbs Plesshs
Chemist, Qugonics Labomiony
18-0ct-18

mwmm-pm.“ "--u—m-ﬁb'-muwnnmrhm“;;;uhuo\-“ T oeLlin of B30 eort ey
Carfcariod 3ot s fol & 50 Lewd 0r S9ctmet 1o ary o PRI o0 xiel W amy oihie e, S0 ER0hy I IR0l s Bl LTe b diach i o B feipinte 4 S0 Ry SUdGREed 0
g by Cusarwiand i, & 1 racwd reciens 0n B wacr To e St comd e by bew, Gt wiind Hos il 1ot 50 f836e 5 3y 08 & Ot frnk sy Wod (el ks &1

W e vy e A e an s of () o
cormaciad B3 sy wetyies o serwinon promicied by Gree dvineel | i v B o e i sraix methed Unker Wi P - wed o 4
Winneshod [ R
Swwa  (4N) T) T N Loopets o QLD 4108 Perhortd TAD Tvm Fan Rl
il i AIKTRAY o PSRN PO g A
Page-tot2
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> -
Chant Reterence Semple1  Samphe 1t Samgphe 3 Sample &
Sample Type = sl Sod Sol
Sempling Time ! Date
Sample Description CRYBLANY CRY-YARD CRR- BLANK CRR.YARD
Method Perfiucrinatod Compounds Guidelines | Units Lt 16581000 16K81001 16K51002 16K51003
33946 Paflucrobuiancic scid (PFBA) mgley 0.008 <0005 « 0.006 <0008 <0.005
33ME | Pefluccopantanaic aud (PFPeA) ™4 0.002 <0002 < 0.002 < 0.002 <0002
33846 | Perflucrobmxancic ackl (PFHXA) mog 0.001 «0.001 0.001 <0001 <0001
33846 | Perflucroteptanaic aad (PFHpA) mg'kg 0.001 <0.001 = 0.001 < 0.001 < 0.001
33046 | Perflucrooctanoic sckd (PFOA) ma'kg 0.002 <0002 « 0002 <0002 <0002
33948 | Perflycennonanoic ecld (PFNA) = g 0,001 <0001 « 0,001 <0.001 <0001
35846 | Perfluccodecancic acid (PFOA) myg 0.001 <0.001 %0001 <0001 < 0.00t
33946 | Perflucroundecanon acid (PFUDA) makg 0.002 «0.002 0002 <0002 <0002
33846 _| Perlucrododecancic aaid (PFDoA) mg/kg 0.002 «0.002 « 0002 <0002 <0.002
| 33046 _| Perfluceotridecanai ecid (PETAOA) mgkg 0.007 <0007 <aoo? <0907 <0007
33946 | Perflucrotatradacancic seid (PFTaDA] moky 0.01 <001 «0.0 <0.01 <001
33848 | Peflucrcoutaresufionic s (FFBS) mykg 0.001 = 0.001 <0 001 <0001 <0001
386 Peflucroheranesufone 208 (U1 1oas) oy oot <0.001 0.013 <001 0.003
38 Perflocrnoctanesulione 308 (PFOS) mghg 0.001 < 0.001 23 2.008 °.015
[HE  Parfluorcdacanesuliont sod (PFDS) mykg 0.002 <0002 0.017 <00 Qo2
IME 2 Peflucrchary! sthano scd (FHEA) makg 0.002 «0om « Q0 <00 <0002
| SIS46 2 Perflscrcocty stharck: ackd (FORA) mgs 002 ‘002 6w <om <om
| 33345 | 2-Pulstrodecy sthano sod mots 202 1002 L st <om
33946 | 27 Fucdotsiome sulvec sog (42 FTS) s 0002 =002 -5 0 <0.002 <40
33546 | &2 Fuceotsiomer suton sow (82 FTS) kg 0.005 - 0008 « 0008 <2005 | <0p0s

TIN 30000 SOk A e aparte e b rebeke Soiety b N SEEEMTY B TRCI VG B0 10 TR 13 The QRS MALL WO IR N b

. G Y 000 DO UB0E © SIOOBOC 10 By DUROF PATM OF G080 137 By ST SUTEMa
::.wo-wu :u:on i 'mmnmmru_mzm.:-mm-;‘nnwmwnm\ hnﬂnmmnu w_“mu-.t:uamm "-m-uu
%‘- %mmwwuw*uﬁu Vi or mempodac) TN R T

“Pagriold
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Queensland Forensic and Scientific Services
Government Heiakt nppont

" CERTIFICATE OF ANALYSIS

Laboratory Reference ; SSP0051950

CLIENT : QFES Research and Scientific Branch Frtiinieeon : "‘g“s";';m i

JOFERRC) g&ga’gﬂﬁiergio 4170 Date Commenced 19-Sep-2016
michael.logan @qfes.qld.gov.au Laboratory Number/s  : 16KS1000-16KS1005
ATTN: Attn - Michael Logan

Number of Samples : 6

Method's of Analysis : 32403 - Perfluorinated Compounds in Water

Remarks . The liquid chromatography mass spectrometry screen {orbitrap) indicated the presence of the following

substances below the LOR in the listed samples: 16KS1004, 16KS 1005
6:2 Fluorotelomer sulfenic acid (6:2 FTS) < 0.01 ug/L

The following were not detected at the LOR below:

2-Perfluorcoctyl sthanoic acid (FOEA) < 0.05 ug/L

2-Perfluoradecyl ethanolc acid (FDEA) < 0.05 ug/L

4:2 Fluorctelomer sulfonic acid (4:2 FTS) < 0.005 ug/L

8.2 Fluorctelomer sulionic acid (8:2 FTS) < 0.02 uglL

Please note that NATA accreditation does not cover the performance of this service

The soll samples 16KS1000 -16KS1003 will be reported separately,

(@cm/pfam bk s

Martha du Plessis
NATA Accredited Laboratory 41 Chemist, Organic Chemistry
16K51000-16K51005 28-309-16

This report ovwesices sl previous (epors. The resdls relate 2okly 1o 1he aawelels as reoaved ond are mied 10 s £pechic tesis undertaken o atad on T repcrt The (esudis o i rapon are
confidentis) and 306 nol 10 e ussd 0r Gdckond b any oiher pesscn of used 1ar any oMer pupose, whather drecty or Indrectly, urioss thal use & deciosnd of the puspise is sxprassly auarised in wriing by
Cueensiand Heath and S named mdplent o this report, To the Abest exieed pormiied by S, Quuarnstind Heath wil not be fable for oy foss or dam (Inchuding logal costs crlculsed 6o on indestnlly basis)

which arse becauso of (a) soblers roated o the merchamabilty, fiiveas or quethy of e sampiels, or (0) any neggont or urawlu act or cmiasions by O 'd Hodlth that Is with sy activites

or sevias provicad by Quaanaknd Health wnder this agreement (including the timing and'or method under which Fie samples were Wkan, sieeod of Lanapined).

Erquines  Martha du Plessis 30 Kessols Road PO Box 5 Phonk  (+817) 32749111

Prens (+617) 3274 9269 Coapers Plaks OLD 4108 Archerieie GLD 4108 Fax  (+6% 7) 9000 9628

Ermall Martha,_duPlessin@ health.qld, gov.nu AUSTRALIA ASTRAL Emol  FSSOMeaioklgovan

H7512-4629 Printed: 13:25 28-S8p-16 mospt Page: 10f2
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Client Reference

CRRTAPBLANK | CRRCASE4PIT
i Sample Type Water | Water
Sampling Time/Date - 00:05 14-Sep-2016 | 00:05 14-Sep-2016
Sample Description
Method | Perflucrinated Compounds Units ﬁf‘eﬂ"f!‘j("g 16KS1004 16KS1005
m | - S —|
32403 | Perfluorobutanoic acid | we | 0.005 <001 | 0.020
32403 | Perflucropentanoic acid gl 0.01 <0007 |  0.008
| 32403 | Perflucrohexanoic acid - o ol | 0.005 | <0005 . 10.029
| 32403 | Perflucroheptancicacid o ] L 0005 | <0005 |l =0.005
32403 | Perfluorooctanoic acid o pell 0.005 | <0.007 0.036
32403 | Perflucrononanocic acid noll | 0.005 <0007 | <0007 |
32403 | Perflucrodecanoic acid o | pall | 0.005 <001 | <0.01 ]
| 32403 | Perfluoroundecanoic acid ) ) pa/l 0os | 0 <001 | < 0.01 |
32403 | Perflucrododecanoic acid g/l 0.005 | <0.02 <002
32403 | Perfluorotridecanoic acid o opglt | 0.005 =005 =005 |
32403 | Perfluorotetradecanoic acid o pgll | 0005 | =0.02 =002 |
32403 | Perfluorohexadecanoic acid ] nall 0005 | <0.05 =005
| 32403_| Perfluorobutanesuffonicacid | gl 0.005 | __=0.005 | __0.008
32403 | Perfluorchexanesullonic acid - o ol | boos | =0.005 - 0.092
32403 | Perfluoroactanesulfonic acid wglk | 0005 | < 0.005 011
32403 | Perfluorodecanesulfonicacid pgll | 0005 | <0.02 =0.02

This regart overrides &l previous fesors. The results ralate salsly 10 the sairplels as recalved end are lmitad 1o the specdic tests undestaken as listid on the repoet. The resul

s an this report are confidental and are nat 10 be Lsed or disclosd 1o any offvar person or used for any ofher pUPOSE, whether drectly or Nmnectly, UNkSs 12t use 5 dsclosed or he
PUMDOSE & expredsly authonsed in writing by Quearsland Health and the namead recisient on this repart. To tha fullest extant permitied by law, Queansiand Health will not ba i

lable jor any Joss or claim (including legal costs calzulated on an indemeity basie) which ars becauss of 2) problerns related 1o the menchantability, fitness or guality of he sampla’s, o &)
ey unlawtul act or ions by Oy Haalth hetis with any activities or services provided by O Healih undier this (inclucling e iming andfor method under which the samplas wers taken, stored or ransperted).
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W D HOLLOWAY & ASSOCIATES PTY LTD (ABN 89107270657) T/as
BUNDABERG ANALYTICAL SERVICES

14 Enterprise Street
BUNDABERG Q 4670
Ph 0741531440
warren holloway@bigpond com
Attention: Inspector Dr Ray Bott
QFES Scientific
Brisbane QLD
LABORATORY REPORT
Sample Type: Water
Date Received: 14.09.16
Date Test Comuenced: 15.09.16
Report Date: 16.09.16
Confirmed E. coli
Lab No. SampleId. Coliforms cfu/100ml
cfu/100ml
17353  CRR Tap Water (blank) <1 <1
17534 CRR Case 4 Pit 2,500 <]

> = greater than. < = less than. cfu = colony forming units.

No E coli detected, high level of coliforms in the pit water. High levels of califorms are often
associated with soil bacteria contamination. Ideally fire fighting water should comply with the
bacteria drinking water recommendations fo reduce the risk of inhalation infections.

The NHMRC (June 1994, 2-14) recommendations for drinking water is there should be no
Coliforms and no Themotolerant Coliforms (E. coli) per 100 ml of water.

The level of bacteria can be reduced by the addition of Sodium Hypochlorite to the water. Itis
suggested that 500mi of Sodium Hypochiorite could be added to 10,000L of water.

Method
AS4276.3.1-1995.AS4276. 5-1995 & AS4276.7-1995.

W ;//‘ l‘wnwo

Issued by: Dr W Holloway MSc PhD FRACT CChem Chief Scientist and Director

This certificate s issued for the named party, on the samples provided: it shouid not be relied upon by others. An
accepted condtion of the service provided, is that the total liability is agreed to be limied to the cost of the paid
nvoice.
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Queensland
Government
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CERTIFICATE

T nE

QFES Research and Scientific Branch
24 Corporate Drive

CANNON HILL QLD 4170
michael.logan @gfes.qgld.gov.au

ATTN: Attn - Michael Logan

=9

1 Perfluorinated Compounds in Water

Forensic and Scientific Services

HealthSupport

OF ANALYSIS

Laboratory Reference
Client Order No.

Date Received

Date Commenced
Laboratory Number/s

Quewashand

: SSP0051089

: Bott_R

- 14-Jul-2016

: 18-Jul-2016

: 18KS687-16KS689

Method/s of Analysis : 32403 - Perfluorinated Compounds in Water
Remarks : The liquid chromatography mass spectrometry screen Indicated the presence of the following substances in
the listed samples:
16KS687 6:2 Fluorotelomer Sulfonate ( FTS) at 0.099 ug/L
16KS688 6:2 Fluorotalomer Sulfonate ( FTS) at 0.086 ug/l.
Please note that no dilutions were done for sample 16KS687 and values above 0.48 ug/L are only
approximate. Dilutions were done for sample 16KS688.
The following sulfonales are reported as the acid:
Perflucrobutanesulfonate
Perfiucrohexanesulfonate
Perfluorooctanesulfonate
-
. Dliflesis
Martha du Plessis
NATA Accredited Laboratory 41 Chemist, Organic Chemistry
16KS687-16KS659 27-Jul-18

Trvs sepoort overtides 5] peenioun faparta. The resudls relms siely o e &amples &5 rocehed anc are Imiied 10 916 5TIC losts undeitaken i [y on the ropod. The resuliz on s mpont aro
comdorial and sre met 16 be used o dlseksed to any other pescn of Wed 40 20y cthar puipase, whother cirectly of Indrecty, Lnless thal we is deciosed of tha purpcsa (s cxpressly mAhaied in wriing oy
Quoergiand Hoalth and the nemed reciinnt an s repert. To tho fuliest exient permitied by e, Cuoarsiand Heath wil rot b §iie o any loes o claim frcudicg Woal cosis calculaed cn an indumelly basks)

which artse bacauae of {a) p refated to the y. Inass or qualty of the samteds, of (9) sy neghgent arunlawhs 82 of by O Hedth thir Is wih any auiviies

or ennvices Provides by Quesnsiand Haalih under this ngreanent (inchacing the fming and'or method under which *e sampie’s wore taken, tiored of ran: X

Erquries  Maetha du Plessis 30 Kesai's Roao PO Box 54 Phone  («6f Tp3274 0011

Phone (+81 7) 3274 9080 Coopers Pales CLD 4106 Accherfield CLD 4108 Pux (+61 7} 3000 5628

Emal Martha_duPlessis @health qid.gov.ae AUSTRALIA NISTRALIA Emol  FSSGhealhaidgovay

484590 6385 Prive 1310 27-0u-16 modp? Page: 1of2
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Client Reference | 1 2 3
R - i t i i S
Sample Type Water Surface Water Well Water Town
”SamE_]ing Time/Date ) 15:00 08-Jul-2016 15:00 owuf-zo1q___ ] 15:00 08-Jul-2016 _
| Enogerra Fire Station Enogerra Fire Station Enogerra Fire Station
|
| Sample Description |
|
Method | Perfluorinated Compounds Units RBEF'?:“Q' 16KS687 16KS686 16KS689 '
mr
[ 32403 |Perfluorcbutancic acid | pgl 0005 | 042 | o039 <0005
| 32403 | Perfluorcpentancic acid o o/l 0010 | 084 0.66 | <001
| 32403 | Perfluorchexanoic acid | mall 0.005 1.1 | 12 | <0005 |
32408 | Perfluorcheptanoic acid ] | pgll 0,005 044 042 | =0.005 ]
| 32403 | Perfluorooctanoic acid Mg ¢ 0.005 | 037 033 | <0005 |
| 32403 | Perfluorononanoic acid ] pg/L [ 0005 | 028 025 . <=0.005 |
| 32403 | Perfluorodecanoic acid o g/l | 0005 | 0.005 | 0.005 <0005
32403 | Perfluoroundecanoic acid [ wgl 0005 | o016 0014 <0005
32403 | Perflucrododecanoic acid pol | 0005 | <0005 <0005 | < 0.005 N
32403 | Perfluorohexadecanoic acid - ug/L 0.005 <0005 <0005 | <0005 |
32403 | Perfluorooctadecanocic acid ) pgl | 001 | <001 | =001 =< 0.01
| 82403 | Perfluorobutanesulfonic acid i ug/ 0005 | 0.31 1 02 <0005
32403 | Perfluorchexanesulfonic acid | ouwgll 0005 | 49 63 <0005 |
32403 | Perflunronctanesuifonic acid _ug/l 0.008 59 42 @ <0005
|_32403 | Perfluorodecanesulfonic acid ) ug | 0.005 | < 0.005 | =0.005 | =0.005
Th'swpmwerk‘lesalnre-vions'epnr&Thumrelmssalm;lomesﬁmplg’.sas[wshmannaremmmwmmummmaﬂlwnnhmm this report

and are not & be 1=ad or distlesed & any other persen of wsad for any cher pupose, whether drecthy or indirectly, uniess that s is disclosed or the
purpose is exgressly athorised in writing by Cueensiand Health and the named racipient on this repart. To the fullest extant permitiess by law, Quesnsland Heal will not be Esbi for ary |oes or claim (il

ding lagal costs caleulsted on an indemnity basis) which arse because of (2} problems relatad o the merchantability, fitnass or quaity of the samples, ar ()
&y aegligant o unlzwhi act o omissions by Oueensland Haalt Mat is cannected with any activities or sanvices. provided by Queansiand Health under fis agreement {nciuding e timing andfor meshod under hich the samphie's wera taken, Sioned or kansportad).

16KS687-16KS689 ) ' - " Page: 20f 2
43439-6385 Printed: 1310 27-Jul-16 medpt
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Health
Government ealthSupport

% Queenstand Forensic and Scientific Services

CERTIFICATE OF ANALYSIS

Laboratory Reference : SSP0051138

CLIENT : QFES Research and Scientific Branch Sl Orer 0 oL [t

QFESSC) 24 co‘mmte Dfive Date Received : 18-Jul-2018

( CANNON HILL QLD 4170 Laboratory Numberfs  : SS18MW11322
michael logan@afes.gld.gov.au

ATTN: Attn - Michael Logan

Number of Samples : 1

Key : cfu = Colony Forming Units
est = Estimated Count
FDMEAS = Field Measurements as provided by Submitting Authority
mg = Milligrams
mpn = Most Probable Number
NA = Not Applicable
NR = No Result
NT = Not Tested
NTU = Nephelometric Turbidity Units
pfu = Plaque Forming Units

Positive = Detected, but no count possible due to confluent growth on the plate(s)
TFOL = Results to Follow
- = Not Ordered

NATA o e
T =) Y

Supervising Scientist, Water Microbioclogy
SS16MW11322 24-Jul-16

This report overmdes all previous repors. The results relate soiely 10 e SaMpie/s 33 receivad and are kmited to the Specific tasts underiaken 3z £5320 on e report. The resuts on ths report are
confidentis: and are not 1o be usad of discozed 10 any OMAr Derson of wsed %o 3ny Jer CUMPCze, whether directy or Indirectly, uniess that use is dizciosed or the pUPoze s expressly AUTOnzed In wrting by

Gueenziand Heath and the named raciplent on this port. To the fulest extent permitted by kw, Gueenziand Heaith wil not be labie for any 1023 or ciam g lega cost on an ndemnky dasiz)

which arze of (3} pe reiated to the Tinesz or quaNy of the savpie’s, or () any negigent or nixwAd 3t or omiszions by Guesnziand Heath that I conmecied with any actiises

or sarvices provided by Queensiand Healh under this agreement (Incucing the tming andior method under which the samplefs were taken, stored or ransported).

Enquires  Bruoe Gray 33 Kazzeis Roac PO Bax s34 Phore (+517) 32743119

Frone  (+317) 2274 8076 Coopers Flans QLD 4108 Archerfed QLD 2108 Fax  (+517) 30003528

Email Bruce.Gray@heaith.qld. gov au AUSTRALA AUSTRALIA Emyl  FSSgnesitgdgov.as

734380330 Printed 1520 4-0uH15 oot Page: 10f3
Version 1.3: Released 17 January 2019 Page | 230

Uncontrolled when printed



OFFICIAL - PUBLIC

Client Reference

FIRE STATION CASE 4

Sample Type

Water Well

Sampling Time/Date

09:45 18-Jul-2016

Testing Time/Date

18:40 18-Jul-2016

Sample Description

Method | Test Microorganisms Units S516MW11322
20802 | Coliforms mpnd100mL 280
20002 |E._ coli mpn/100mL o
23144 | Enterccocci cfu/100mL 21

Thin repos csrmsien sl preenum spers T waUs el wsley £ Ee mTrd m rscsaes 5 AR Fmas 0 S aecfic es _roersken sa s on fia rencrl The remuis on E1e wnor s confiderin end e ol be e 0° ieiossd i sy oFer semen or ssd bt sy oéer pumoss ahe e ditecly oo ndivscly _nism Ewl e m dmiases o S
Pt m s asremaly 8 uormd = iy oy Oossnamrd Hemt seo $ s reaze on Fw rsocrt 1o B bulest scien cermiSes by e Cussrsine Hesbh sal ool be Inbls for any oms e dieer (noucing gl cows cacuisEd on an nosr gy beme emich ares e of (8] priskms saied k S menrsniabity Hosm or sy ol e mergia 2|

ey rmghgent or Ll mch or ormimsoes by Cussosised Hesih Eut i connecisd wit sy sciviss or scvices provded by Sussosind Hesh snce: i agresmend jncuding Be Sming ancion msihod ander which e sl wers S, siored or ansposied)

SSTeMWT1322

734380350 Prinded: 15:20 24-Ju-16 oot

Page: 2 of3
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Notes on the Interpretation of Results

PASS means that a sample is microbiologically fit-for-purpose, and FAIL means that a sample is not microbiologically fit-for-purpose.
The fitness-for-purpose of a water sample is determined by reference to relevant regulations and guidelines:

Drinking Water -The Public Health Regulation 2005 and the Australian Dnnking Water Guidelines 2011. (Section 10.2.2 and microorganism factsheets)
Swimming and Spa Pool Water - The Queensland Health Swimming and Spa Pool Water Quality and Operational Guidelines. (Microbiological critenia)
Recycled Water - The Public Health Regulations 2005. (schedules 3B, 3C, 2D, 3E)

An interpretation may be made where none of the above guidelines or regulation apply. In such cases, an explanation for the interpretation will be

provided on the report.

Maximum Acceptable Delays Between Sampling and Analysis (Holding Times)
Test Required Maximum Sample Storage Time (hr)
Coliphages 72

Campylobacter 24

Clostridium perfringens (spores) 72

Clostridium perfringens (vegetative cells) 18
Cryptosporidium/Giardia o8

Total Coliforms/E. coli 18

Enterococci 18

Heterotrophic Colony Count 12

Legionella 48

Pseudomonas 12

Salmonella 18

Shiga-toxigenic E. coli 18

Vibrio cholerae 18

Thom repot cuwrtsien ol mwrous wpoctn Thw st reiate sciey £ B STie e RORVeS S0 81 e B S e et GoCeriahen w e on e rezort The resuts on Bim swpord mw confidectnl end s ot 5 be Used 0F ciacioesd 10 M7y SR SeOn o waed 0 aTy Ofwr Do wheee doeclly or roecly arkems Bt e i dhecosed o S

T v I wtteg oy P nc S remec recioert on B eoedt 1o e by e, Hunlth wit ~ot b labie for ary S or e (nokcdeg wps on an nSermsy At D of (4] Pl swieieg b S rwtactasisy Shem or ganty of Se serghels ot (k)
ey eghoert of urrewtil ot or crrmesone By Cuserminnd Hesit Bt corrmcied Wi any scivlies 3 setices rodded by Healt: orcer e Irciudng Be Brang anchior mehod rcher which e sl wers Selee stored of eempo-ed |
SS16MW11322 Page: 30of3
73438-02330 Printad 15:20 24~Ju-15 roct
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Queensland Forensic and Scientific Services
Government HealthSupport

Cuennstand

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference @ SSP0052373
24 Corporate Drive Client Order Number . Bott_R
4 Quote Number :
CANNON HILL QLD 4170 Client Projoct
T Client Batch Reference :
ATTN: Michael Logan Date Received : 20-Oct-2016
Date Commenced : 24-Sep-2016

cc Laboratory Number/s - 16KS1081

Submitting Authority

Number of Samples 1

Reason for Analysis - Analysis for Perfluorinated Compounds in soll

Method/s of Analysis : 33946 — Perfluorinated Compounds in soil

Remarks - 6:2 Fluorotelomer sulfonic acid (6:2) Is normally not reported in soil because of blank contamination.

Please note that samples are reperted on a dry weight basis.

Resulls in this report have been authorised for release by M, du Plessis

(@QMP!ME

iVIadha du Plessls
Chemist, Organics Laboratory
10-Nov-16

16KS1081
Tris report ovecrkdns o provious repceis. Tha rasuls mkale scloly 9 tho samplefs as recsived snd W Smited 1o tho spociic tests urvdeniken as lislod on tha ropart, Tha resuls of Utk foport are
contdontal and are not o be ueed e dikckeed 10 ary other parson of used for any othit pupoie, whather diacty o indrectly, urdess Sl uss is disdosed ar s purpoes is wapreasly auihorised in
writing by Queacystane Humsil wod the named recigiont on this repo. To e fulest oxtanl peermilled by law, Quosratand Health wil nol 2 Kabie for any 1055 or clabm (nouding begal cosls calculated on
an Indomnly tesss) whikch sese becausa of (2) problema reialed 1o the merchonistilty, fivmss o quatiy of the samplels, or (b) ey reglgont o unlawdd ozt or omissions by Oueslass Haakh thal
conneciod wilh sy actiding of senvitus provded by Gueanstand Huath under s agiesment (inzkding the Sming andior maod QA which the sampleds wers Laken, sioied of Irarsooried).

Encurion M du Plessis 30 Kasaews Road PO Box 584 Phoce %01 7) 9274 9111
Plione  (+617)3274 2089 Cacpara Plans QLD 4108 Acchorfied QLD 4108 Fax (o1 7} 9000 0628
Emall  Marma.duplessisgbealthqld.gov.au ALSTRALA AUSTRALIA Emal  FSS@heaih.qkdgov.au
Page:10f 2
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Client Reference Sample 1
Sample Type Blank soil
Sampling Time / Date 14:00 19-10-2016
Sample Description GCO005(blank)
Method | Perfluorinated Compounds Guidelines Units Reporting Limit 16KS1081
33846 | Perfluorobutanoic acid (PFBA) mg/kg 0.005 0.007
33946 | Perflucropentanoic acid (PFPeA) mg/kg 0.002 0.009
33946 | Perflucrohexanoic acid (PFHxA) mg/kg 0.001 0.005
33946 | Perflucroheptanoic acid (PFHpA) mg/kg 0.001 0.001
33946 | Perflucrooctancic acid (PFOA) ma/kg 0.002 <0.002
33946 | Perfluorononanoic acid (PENA) ma/kg 0.001 0.002
33846 | Perfluorodecanoic acid (PFDA) mg/kg 0.001 < 0.001
33946 | Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 <0.002
33946 | Perfluorododecanoic acid (PFDoA) ma/kg 0.002 <0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mg/kg 0.007 <0.007
33946 | Perfluorotetradecanoic acid (PFTeDA) mg/kg 001 < 0.01
33946 | Perfluorobutanesulfonic acid (PFBS) markg 0.001 < 0.001
33946 | Perflucrohexanesulfonic acid (PFHxS) mglkg 0.001 0.003
33946 | Perfluorooctanesulfonic acid (PFOS) mglkg 0.001 0.064
33946 | Perfluorodecanesulfonic acid (PFDS) mglkg 0.002 < 0.002
33846 | 2-Perflucrohexyl ethanoic acid (FHEA) mg/kg 0.002 <0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) ma’kg 0.02 <0.02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 <002 |
33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mg/kg 0.002 <0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) mg/kg 0.005 <0.005

This repart euarmides all previous reports, The results relate salely 1o the samplals as received and are imited 1o the specific tests undertaken as listed on the
whether directly or indirectly, unless that use is disclosed or the purpase is expressly authorised in writing by Queensiand Health and the named recipient on thi
an an indemnity basis) which arise because of (a) problems related to the m

{inwuding the timing andfor methed undar which the samglefs were taken, s

srchantability, fitness or quality of the samplels, or (b} any negligert or unlawful act
lored or transpartad),

report. The results of this report are corfidential and are not o be usad or disclosed to any ather persen or used for any olher purposs,
s report. To the fullest extent parmitted by |aw, Queensiand Haalth will not be liable for any loss ar elzim fincluding legal costs calculated
or amissions by Queenstand Health that is connected with any activiies ar services provided by Queensland Health undsr tis sgreement

T6KS1081

Page 2 of 2
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Queensland Forensic and Scientific Services
Government HealthSuppo:dt
Queavishy

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference  : SSP0D51931
24 Corporate Drive Client Order Number : Bott_R
Quote Number :
CANNON HILL QLD 4170 Clien! Project
. Client Batch Reference
ATTN: Michael Logan Date Received : 15-Sep-2016
Date Commenced . 27-Sep-2016
cc Laboratory Number/s  : 18KS993 — 18KS995
Submitting Authority

Number of Samples 3
Reason for Analysis  : Analysis for Perfluorinated Compounds in sail
Method/s of Analysis - 33846 — Perfluorinated Compounds in saoil
Remarks : Please note thal the water samples have been reported separately.
6:2 FTS is normally not reported in soil because of blank contamination,

Perfluorotetradecanoic acid (PFTeDA) has a low recovery

Resulls in this report have been authorised for release by M. du Plessis

Bl Plossis........

Martha du Plessis
Chemist, Organics Laboratary
14-Oct-16

16KS993-16K5995

This report overrices al previnus mpans. The madls reaks solely 1o the samplals a3 recatved and arm tmiled % the speotic losis Lnderiaken as Jzted on the rapad. Tho resuls of this repen aro
conhdential and 360 ot 10 be used o dackaed lo any other pecson or uted Ky any othar purpose, whether diactly or indlrectly, unfass that Lse |s discosed of the purEose is exprassly autharised n
weitng by Gueansiand Healh and tha named mcpsnt an this repcit. To the fulest sxtent permithod by e, Guoonsiand Hoath wil not be flablo for any loss o claim (ncuding kgal cosls calculated on

& Iindermnky basis) which arise Decause of (#) p ulsdad (o Sm Mrass or qually <f the sampiefs, of (8) ary neghgonl o unlawdd act ar omissions by Quosnsiand Haakh that is
sonnecied wilh any scthditos or serdos provided By Qusnnsianed Huwdh under 'Jltwmnl linchucing the lmrv andor moinod under whioh the were taken, stored or ansporied).
Enquiries Martha du Plessis 39 Kessals Road PO Box 59 Prarm (81 7)R274 8117
Phene  (+&17)3274 W49 Coopers Plana QLD 4108 Archfeld QLD 4108 Fax {461 7)1 3000 0520
Emall Mardha duplassisghealth.ogid gov.su AUSTRALIA ALSTRALA Emall FES@nasth o gov w
Page: 10f 2
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Client Reference Sample 3
Sample Type Garden soil
Sampling Time / Date 14:20 14-09-2016
Sample Description GCO005
Method | Perfluorinated Compounds Guidelines | Units | Reporting Limit 16KS995
33946 | Perfluorobutanoic acid (PFBA) mg/kg 0.005 <0.005
33946 Perfluoropentanoic acid (PFPeA) ma/kg 0.002 0.011
33946 | Perfluorohexanoic acid (PFHxA) ma/kg 0.001 0.012
33946 Perfluoroheptanoic acid (PFHpA) mg/kg 0.001 0.005
33946 Perflucrooctanoic acid (PFOA) mg/kg 0.002 0.005
33946 | Perfluorononanoic acid (PFNA) ma/kg 0.001 0.004
33946 Perflucrodecanoic acid (PFDA) mg/kg 0.001 0.002
33946 Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 0.004
33946 | Perfluorododecanoic acid (PFDoA) mg/kg 0.002 < 0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mg/kg 0.007 < 0.007
33946 Perfluorotetradecanoic acid (PFTeDA) ma/kg 0.01 <0.01
33946 | Perfluorobutanesulfonic acid (PFBS) mgl/kg 0.001 0.001
33946 | Perfluorohexanesulfonic acid (PFHxS) mg/kg 0.001 0.008
33946 | Perfluorooctanesulfonic acid (PFOS) ma/kg 0.001 0.037
33946 | Perflucrodecanesulfonic acid (PFDS) mg/kg 0.002 <0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) mg/kg 0.002 < 0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) mal/kg 0.02 <0.02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 <0.02
33946 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mg/kg 0.002 <0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) mg/kg 0.005 <0.0056

This report overrides alt previous reperts. The results relate salely to the sample/s as received and are limited to the specific tests undertaken as isted on the i i urpose,
T \y 2 v a i report. The resulls of this report are confidential and are not 1o be used o disclosad to other parsen er used for any other ;
mg;goqu mm:n:::iﬁm&f;(:mad o;:);pu“;px is ﬁﬁé&&mﬂ:ﬁd inwriting ”«ﬂ“mﬁ Health and the named recipient on this report. To the fullest extent permitted by law, Queensiand Heaith will nct be lizble for a:ywhss orpc?a'm (including lewl);m cswumed
2 . h. 4 blen 8 mi ilty, SS O s, of a eei i p s s o
{including the timing andior method under which the sampleds were taken, stored o tranaported). quality sampl {b} any negligent or unlawful act or omissions by Queensland Heaith that is connectad with any activities or services provided by Queensland Health under this agreement

16KS993-995 Page 2 of 2
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Queensland Forensic and Scientific Services
Government WeairSupeont
CERTIFICATE OF ANALYSIS
[ - ] TT RSO L e g e g T p— b A —— e —— _FS Ce =i s ba.e. ]
Lotoratory Hetoroncs - SSFOD516G1
. seardh Scianss (anch Chont Ordar No. T SMITH M
:-':‘J;:; ; gfgi::m Dﬂ:: X B Duoto fecsived ! 15-8ap 2016
CANNON HILL QLD 417D o - s g
michaal ‘'ogan @ gfes.gid.gov.uu Doy v
ATTN: Altn - Michas| Logan
Number of Samples I
Mefoas of Anaysis 32403 - Partiuednated Compounds in Wolsr
Fameres Tha Squd chromatograpty mass specioomelty serisn (crbivag) indoated o prosence ol S lofowing

mubetances below the LORA i the isked samples: 10KSHH3, THKSORM
6:2 Fuoroisiomer suffont ackd (&2 FTE) <0.01 wpt

The folloming wors not catectod al 1ho LOR bakow:
2.Parfuorcocty! othanois acke (FOEA) < 0485 ugh
2-Pertugrodecyl aPano aold (FOEA) « 0.05 ug.

42 Flumodetomes suforrc acd (42 FTS) < 0005 ugll

82 Fluorosslamer sufono ackd (8:2 FTS) <0 62 upl

Pioase noto that NATA accreditation doss not cowe 190 parfomancs of Ihis sanice,

Tho sol sample 16XS966 (GCUOS5) Wil ba repored separaloty,

NATA Accrodited Laboratory 41 OO, Oogini Chiiaiy
A 85505 28 5ap10

[T PR TR ST R e p—————T e e R TR
AN e 0 B G OF BN K Ay DN FOENE O LB 1N I S DO, WY TRCRY O ANty LAt T LA s Sk S RAOGUR I GOy S At 11 wWing by

Chrmornd v | el o d B narm | omipest 00 EW mpcd Te e e by les, O Haalr) wl ol b St e ey ot OF ) CROORNG MO COAT ERSIIID B A derwidy haals)

AV e Do e o 1 et odetind B B Sy B o iy o e e, O 4 ary ragipert of s et LA . WA Wy aevites

umrﬂ_ywmmhmmumm PR 0 WY (30 B e W B, 1ed Of Pameprden)

Crouren  Warthe o Maseh ¥ Conaile Vi PO e o Porm LI TIRNAIT

Mew (W62 T) 0N R Cimgwrn Padia CRL €100 Aineced LU 4100 P FoR1 7] 2006 M0

Comad Mathe Afloms Branke ois gos e AT MISTHALA Emul PSSaonte ipee wy

P -0 I 137 e 18 AN Poga: tof2
Version 1.3: Released 17 January 2019 Page | 237

Uncontrolled when printed



OFFICIAL - PUBLIC

Chent Raference - a ' Goooy ocul
Sample Type Watee Urareated Viater Tap Lniesse
Sampling Time/Date i - 1216 1422078 1416 M-5o0 2016
WQ“-—“ et P Db eemny
! "n iptl (S Dese
= — ) [ o
Mathod  Pectorinates Compounds Unne | Meporting K5 | ST
L XM03 | Parfusiututanc ack % 0005 | 0o <091
| 32403 | Pectuoropertancic acd et FOL | 001 o2 <0007
32408 Perfuorchicandicasd R - | SR — ' <0006
. Perfyomheptanow ack . % 0005 @ 0008 <0008
32406 | Perfuorcoctanaic acd — J- L8 0.005 002 b %8007 |
240G | Parfuotensnanor: s = me apes | <0007 1 0007 —
J2400 | Partuorodacancio aod N | 0005 | <001 o =0 _
32403  Perfucroundecance: asd — T 0005 <001 1
3230 Perfuorcdodecarciz actd sy 00os <012 1 <002
2400 Porfunrotridecancio odid i | 0005 | <095 <008 |
22403 |Perfucrtovedicencicasd L Q.005 <002 — e |
32403 Paducrchinndecansis acd B S Qoes <00 | <0058 |
3400 | Parfucrobitanesttonso add ol | Q005 | = 0006 | <006
32406 | Perfucrchexanesaufionic ack - Q005 0.043 e <0006
32803 | Porfucrcodanimboni; sk bt 0005 | 012 T 7 —
Wi | Perfomdessnesutionic ackd byl Q008 = 0.02 | <0
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CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference - SSP0052034
24 Corporate Drive Client Order Number - Botl_R
Quote Number .
CANNON HILL QLD 4170 Client Project
- e Client Baich Reference .
ATTN: Michas! Logsn Date Received . 23-Sep-2016
Date Commenced . 27-Sep-2016
ce Laboratory Number/s  : 16KS1035 ~ 16KS1036
Submitting Authority

Number of Samples :2

Reason for Analysis  : Analysis for Perfluorinated Compounds In soll

Method/s of Analysis : 33946 — Perfluorinated Compounds In soll

Remarks : 6:2 Fluorotelomer sulfonic acid (6:2) is normally not reported in soil because of blank contamination.

Results in this report have been authorised for release by M, du Plessis

Martha du Plessis
Chemist, Organics Laboratory
14-Oct-16

16KS1035-16KS 1036

This capcr] cremnidus ol pravicus mports. The resls relake soiely 10 e SAMPKS 28 MR vEd S0G WH 1100 30 10 SEAGTE Kals LNBRIKAN a3 laled on the report. The resuls of thie report are
conficknial s ww not 1o be used or dsciosod to any ofher persan o Used for any clher paposn, whalher divestly or Peirodly, urinss 918t Uws ke decioand or te purpose is espressly authorized in
WiEng by Queawniind Heslth avd the nsmed redpient on this report. To 0 fullast axtant panmitied by L, Quearlind Histh wil nol bs labbe for sy kas or caie (ndudog egal costs cakculsing on
an Indmvulx‘m-)whh mbemed(l)uwm releted 1o e mecchantabiity, Mrwss or qually of (he samginls, of (0) ey realgue o unbful st o cmibsons by Quasersterd Husth thal

iy o pervicos p land Hoath under this agpesmant ficuding (he Sming andier mathod undar which he survelals werw Lo, stored of transperied)
TEnauiles W 36 Fiessis 0 Kaaweln Road PO Dox 684 Proce (461 7) 32749141
Phome  (+64 7) 3274 9088 Cecpars Pluns OLD 4108 Archodiokd QLD 400 Fax (464 7) 2000 5628
Emmil Martha.cuplossis@healihgid.gov.au ALETRALIA ALSTRALIA Ermab FSSmbeath ckigov.au
Page: 10f 2
Version 1.3: Released 17 January 2019 Page | 239

Uncontrolled when printed



OFFICIAL - PUBLIC

Client Reference Sample 1 Sample 2
Sample Type Blank soil SWR SWR soil yard
Sampling Time / Date 10:45 23-09-2016 | 10:45 23-09-2016
Sample Description Soil Blank SWR SWR soil yard
Method | Perfluorinated Compounds Guidelines | Units = Reporting Limit 16KS1035 16KS1036
33846 | Perflucrobutanaic acid (PFBA) 0.005 < 0.005 <0.005
33946 | Perfluoropentanoic acid (PFPeA) mg/kg 0.002 <0.002 <0.002
33946 | Perfluorohexanoic acid (PFHxA) mg/kg 0.001 <0.001 <0.001
33946 | Perflucroheptanoic acid (PFHpA) mg/kg 0.001 <0.001 <0.001
33946 | Perfluorooctanoic acid (PFOA) mghg 0.002 <0.002 <0.002
33046 | Perfluorononanoic acid (PFNA) mg/kg 0.001 < 0.001 <0.001
33946 | Perfluorodecanoic acid (PFDA) ma/ka 0.001 <0.001 < 0.001
33946 | Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 <0.002 <0.002
33946 | Perflucrododecanocic acid (PFDoA) mg/kg 0.002 < 0.002 < 0.002
33946 | Perfluorotridecancic acid (PFTrDA) mg/kg 0.007 <0.007 < 0.007
33946 | Perfluorotetradecanoic acid (PFTeDA) mg/kg 0.01 <0.01 <0.01
33946 | Perfluorobutanesulfonic acid (PFBS) mg/kg 0.001 <0.001 <0.001
33948 | Perflucrohexanesulfonic acid (PFHxS) mo/kg 0.001 <0.001 < 0,001
33946 | Perflucrooctanesulfonic acid (PFOS) mg/kg 0.001 0.003 0.010
33946 | Perflucrodscanesulfonic acid (PFDS) mg/kg 0.002 <0.002 <0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) mo/kg 0.002 <0.002 <0.002
33946 | 2-Perflucroccty ethancic acid (FOEA) mg/kg 0.02 <0.02 <0.02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 <0.02 <0.02
33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mahkg 0.002 <0.002 <0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 F1S) mg/kg 0.005 < 0.005 <0.005

TS ropont ovetrides st previcon reporss. mmmwnnm-mmqmnuu«mw-mmmm Tha sesuts of tha recon wre confidergal and are rot 15 Se wsed or desciosed o O PAEON OF weed 137 ANy SO Supose,

whetrar drectly or ity Lsiees Bt Lam x O 1he SAIR0Ne I8 sepressly aultoteed I wriing By Quesralant Heat and Dw ramed Jecisient 00 this Mepen. Yonmmmuu.wmnwumv::wwm ey (OFS oL
N AN NdeTAly Basal whh aae beceaw of (a) pr refoned 1 e firaes o gualty of the sangien, o () BTy Negigent o Unkiwil et or ceyasions by Ouseneien! Hest st [ cormecig with any Sctvises & sedces provided by Hea Lnder tNs agroement
_""‘._1*:_"_'_"'_"!..""'”‘"“"""‘" WO Lahon, S0ted Of DRSO ) -l
16KS1035-1036 Page 20f 2
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Queensland Forensic and Scientific Services
Government HealthSuppoﬁ
Quecrsly

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference  ; SSPO051950
24 Corporate Drive Client Order Number  : Batt_R
Quote Number :
CANNON HILL QLD 4170 Chient Project
onpas Client Balch Reference
ATTH:: Michast Logan Date Received ' 16-Sep-2016
Date Commenced . 27-Sep-2016
cc: Laboratory Number/s  : 18KS1000 ~ 16KS1005
Submitting Authority

Number of Samples 6

Reason for Analysis  © Analysis for Perfluorinated Compounds in soll

Method/s of Analysis : 33946 - Perfluorinated Compounds in soil

Remarks : Please note that the water samples have been reportad separately.

6:2 Fluorotelomer sulfonic acid (6:2 FTS) is normally not reported because of blank contamination in soils.

Perfluorotetradecancic acid (PFTeDA) has z low recovery

Resuits In this report have been authorised for release by M. du Plessis

Martha du Plessis
Chemist, Organics Laboratory
18-Oct-16

16KS1000-16KS 1005 o
This regon csamides al pravious repods. The resdls relate sdely 1o the sampleds ax reostwd snd ans [MLad jo e spoclic tosto undeinsen s Fssed on e report The resdls of s raport e
ocrmmelnmamnmtaboumdudmwbmymwwna’mumwurpuvpoq,Mdmnlyormromy,umsm;uuulodmdmmwmnupmum&-
wriling by Queenslend Haath and e named recplent on this report. To e fubbsst exdeol permitied by law, Q.mnslmmulhvllrd_boimbld»ymsmdnmIIMMnﬂWMlSchMM

an rgamnly basish which arise bacause of (a) protrems reloted 10 T merchaniabilly, Siness of cualty of e sampla's, or (b} any or Wl act or by O d Health th |6
corvected wilth ey addidlas of senioes crovided by Q. d Health under fie agranmect (nduding e tming andior method urder which P arrpia’s wore taken, stored o fransported),
Enguirios Martha du Plessls 30 Kussaa Road PO Do 54 Fhone (461 1) 4274 9111
Phome  [+61 7)3274 W05 Coupers Paine QLD 4108 Archerdeid QLD 4108 Fax [+61 7) 3000 2028
Emall  Marthaduplessisggheaith,qld.gev.au AUSTRALIA AUSTIRALLA Emal FS5bealn cld gov s
Page: 1 of 2
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Thas report evermides ull previaus reparts, The results retate solely to the sampie/s as receivad and see imited to the specific tests undertaken os listed on the report. The results of this report are coafidential and ace not to bo used or disclosed to any other person or used for any UIpOse,
whetner diractly or (ndirectly, unless It use fs disclosad o the purpose s axprassly authceised in writing by Quesnsland Health and the named recipient on this report. To the fullest axtent parmitied by law, Gueonsiand Mealth will not be iable for any loss o claim (Inahuding legal costs oaloulated

Client Reference Sample 1 Sample 1 Sample 3 Sample 4

Sample Type soil solil Soil Soll

Sampling Time / Date o

Sample Description CRY-BLANK CRY-YARD CRR- BLANK CRR-YARD
Method | Perfluorinated Compounds Guidelines Units Re&?:“t':ng 16KS1000 16KS$1001 16KS1002 16KS1003
33946 | Perfluorobutanoic acid (PFBA) 1 ma/kg 0.005 < 0.005 < 0,005 < 0.005 < 0.005
33946 | Perfluoropentanoic acid (PFPeA) mg/kg 0.002 < 0.002 < 0.002 <0.002 < (0.002
33946 | Perfluorohexanoic acid (PFHxA) mglkg 0.001 < 0.001 0.001 < 0.001 <0.001
33946 | Perfluoroheptanoic acid (PFHpA) malkg 0.001 <0.001 < 0.001 <0.001 < 0.001
33946 | Perfluorooctanoic acid (PFOA) ma/kg 0.002 <0.002 < 0,002 <0.002 <0.002
33946 | Perfluorononanoic acid (PFNA) mg/kg 0.001 <0.001 < 0.001 <0.001 < 0.001
33946 | Perfluorodecanoic acid (PFDA) ma/kg 0.001 <0.001 < 0.001 < 0.001 < 0.001
33946 | Perfluoroundecanoic acid (PFUDA) | mglkg 0.002 < 0,002 < 0.002 < 0.002 <0.002
33946 | Perfluorododecanoic acid (PFDoA) ma/kg ~0.002 <0.002 <0.002 <0.002 < 0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mglkg 0.007 < 0,007 < 0.007 < 0,007 <0.007
33946 | Perfluorotetradecanoic acid (PFTeDA) mg/kg 0.01 < 0.01 < 0.01 < 0.01 < 0,01
33946 | Perfluorobutanesulfonic acid (PFBS) ma/kg 0.001 < 0.001 < (0.001 < 0.001 < 0.001

33946 | Perfluorohexanesulfonic acid (PFHxS) mg/kg 0.001 < 0.001 0.012 < 0.001 0.003
33946 | Perfluorooctanesulfonic acid (PFOS) mg/kg 0.001 <0001 23 0.008 0.015
33946 | Perfluorodecanesulfonic acid (PFDS) mg/kg 0.002 < 0.002 0.017 < 0.002 <0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) mg/kg 0.002 <0.002 _<0.002 <0.002 <0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) mg/kg 0.02 <0.02 <0.02 <0.02 < 0,02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 <0.02 <0.02 <0.02 <0.02

| 33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mg/kg 0.002 < 0.002 < 0.002 < 0.002 < 0.002

33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) malkg 0.005 < 0.005 < 0.0056 < 0.005 < 0.005

o an indemnity basls) which arise of () p related 1o the fitnens or quasity of the sample/s, or (b) any negligent or unlawiul act or omissiens by Queensiand Health that is with any or SOrvices by Q Heanth under this agreement

(inchuding the 4 _m_'lr\dlof mothod under which the were lakery, stored of trunsported),

16K57000-1005 Page 2 of 2
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Appendix B

Phase Two

Laboratory analyses Data
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Queensland Forensic and Scientific Services
Government HealthSupport

Jueensiand

CERTIFICATE OF ANALYSIS - AMENDED REPORT

CLIENT: Raymond Bott Laboratory Reference  : SSP0052842
QFES Laboratory Reference  : gspooszus
24 e Drive Laboratory Reference  : SSP0052852
Corpor at Client Project :
Cannon Hill QLD 4170 Client Batch Reforance -
y Date Received : 24 Nov 2016
ATTN: Raymond Bott Date Commenced : 28 Nov 2016

Laboratory Number/s  : 16KS1188-16KS1255
CcC:

Submitting Autharity : QFES

Number of Samples : 89

Reason for Analysis . PFAS monitoring

Method/s of Analysis : QIS 32403 - Perflucrinated Compounds in Water

Remarks : Amended report - please destroy all copies of reports dated prior to this one

DrAshley:Tronolf
Chemist, Organics Laboratory
13122016
tG(SH“-!MSIZSS
This report ovecries :mm 'ﬂ.rﬂlﬂl“ddabhmﬁ.‘--wwnﬁuhh Sonts snchactshan ms beted o the roport.  Tha resuic of $as repon aim
confdenial atdd arm not 1 b wied o Gacioaed 1 any o paescn or sted e sy o purpose, whethe Soectly mhununhl-an-!uhwwn- acthortaud in
by Cueensiand Health and e mamed recipiant on tis report rouu-n-mwu.wmuwuuhnmummummuuu
an basia) which anse becawss of {ai probi redated 3 he Sity, Bness of quality of the sampia/a, or ) any o unfawhd act or Omiesons by Ousensland Haslth that is
connected wih any scivilies or senvicm ded by O d Hualth wrvder this ag the tming andior mathod which the ssmple's wers taben, stoced or d
y Yronol 5 Keassls Fload ] Wore  (+&1 TI 3274 3111
Phoma (83 7) 2274 9087 m oLD s1te Archefiels QLD 208 Fax 41 7} 3000 9628
Emall  mshiey wonoli@healih.qid gov.au AUSTRALIA Enail SSE0askh ok gov u
Page: 1of 11
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Free PFAS - Table 1 of 5

Laboratory Reference No.: LOR (ug/V) 16KS51188 16KS1190 16KS1191 16KS1192 16KS1194 16KS1195 16KS1197 16KS1198 16KS1199 16KS1200
Client Reference No.: SWRCV-01 SWRCV-03 SWRCV-04 SWRCV-05 QCWW1-01 | QCWW1-02 | QCWW1-04 | QCWW1-05 | QCWW2-01 | QCWW2-02

Perfluorobutanoic acid (PFBA) 0.010 0.02 0.04 0.04 0.04 0.04/
Perfluoropentanoic acid (PFPeA) 0.007 0.058 0.060 0.058 0.057
Perfluorohexanoic acid (PFHxA) 0.005 0.011 0.14] 0.14 0.13 0.14]
Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.049 0.051 0.049 0.049
Perfluorooctanoic acid (PFOA) 0.007 0.010 0.057 0.061 0.058 0.039
Perfluorononanoic acid (PFNA) 0.007

Perfluorodecanoic acid (PFDA) 0.010

Perfluoroundecanoic acid (PFUdA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorohexadecanoic acid (PFHxDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005 0.038| 0.038 0.036 0.037
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.023 0.40 0.39 0.38] 0.37
Perfluorooctanesulfonic acid (PFOS) 0.005 0.029 0.87 0.84 0.90 0.71
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.01

1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020

Perfluorohexy! ethanoic acid (FHEA) 0.200

Perfluorooctyl ethanoic acid (FOEA) 0.050

Perfluorodectyl ethanoic acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150 0.3 0.3 0.3 0.3
TOTAL C4-C10 Suifonic acids 0.020 0.05 13 13 1.3 1.1

16KS1188-16KS1255

This report overnidas all previous reponts. The rasults relate solely 1 the sample/s 25 receved and are limited 1o the specific tests undertaken as listed on the report. The results of this report are confidential and are not to be used or disclosed to any other person or used for any other purposa,
whether directly or mdirectly, unlass that use is disclosed or the purpose is expressly authorised in writing by Quaansland Health and the named recipient on this report. To the fullest extent permitted by law, Queensland Heaith will not be liable for any loss or daim (including legal costs
calculated on an indemnily basis) which arise because of {a) problems reiated 1o the merchantabiity, fitness or quality of tha sampla's, or (b) any nagligent or uniawfuf act or omissions by Queensiand Health that is connected with any activites or sarvices provided by Queensiand Heaith under
this agreement (including the fiming and/or method under which the sample's were t2ken, stored or transported).

Enquires Ashley Tronoff 39 Kessels Hoad PO Box 584 Phone {+817) 3274 8111
Phone (461 7) 3274 0087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+517) 3000 9628
Email ashley.tronoff@health.qld gov.au AUSTRALIA AUSTRALIA Email FSS@health gid.gov au
Page: 2 of 11
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Free PFAS - Table 2 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1203 16K51204 16KS1205 16KS1206 16KS1208 16KS1209 16KS1211 16KS1212 16KS1214 16KS1216
Client Reference No.: QCww3-02 | QCWW3-03 | QCWW3-04 | QCWW3-05 QCSS5-01 QCSS5-02 QCSS1-01 QCSS51-02 QCSS2-01 QCSS2-05

Perfluorobutanoic acid (PFBA) 0.010 0.04 0.05 0.05 0.06
Perfluoropentanoic acid (PFPeA) 0.007 0.065 0.087 0.10 0.14
Perfluorohexanoic acid (PFHxA) 0.005 0.13 0.25 0.26 0.26
Perfluoroheptanoic acid (PFHpA) 0.005 0.054 0.065 0.071 0.088|
Perfluorooctanoic acid (PFOA) 0.007 0.045 0.071 0.074 0.083
Perfluorononanoic acid (PFNA) 0.007 0.010] 0.012 0.015
Perfluorodecanoic acid (PFDA) 0.010

Perfluoroundecanoic acid (PFUdA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorohexadecanoic acid (PFHXDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005 0.041 0.064| 0.069 0.064
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.40 0.91 0.90 11
Perfluorooctanesulfonic acid (PFOS) 0.005 0.92 2.0 0.006 2.0 3.2 0.010
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.02] 0.02 0.05
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020

Perfluorohexyl ethanoic acid (FHEA) 0.200

Perfluorooctyl ethanoic acid (FOEA) 0.050

Perfluorodectyl ethanoic acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150 0.3 0.5 0.6 0.6)

TOTAL C4-C10 Suifonic acids 0.020 14 3.0 2.9 4.4

16KS1188-16KS1255

This report overndas all previous reports. The rasults relate solefy 1o the sample/s as receved and are limited 1o the specific tests undertaken as fisted on the report. The results of this report are confidental and are not to be used or disclosed to any other person or used for any other purposa,
whether diractly or mdirectly, untess that use is disclosed or the purpose is expressly authorised in writing by Quaensiand Heaith and the named recipient on this report. To the fullest extent permitted by law, Queensland Heaith will not be liable for any loss or daim (including legal costs
calculated on an indemnily basis) which arise because of {a) problems related to the merchantabiity, fitness or quality of tha samplaf’s, or (b) any nagligent or untawful act or omissions by Queensland Health that is connected with any activities or services provided by Queensiand Health undar
this agreement (including the iming and/or method undar which the sample/s were taken, storad or transported).

Enquines Ashley Tronofl 35 Kessals Hoad PO Box 584 Phone {+817) 3274 8111
Phone  (+617) 3274 0087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+517) 3000 2528
Email ashley.tronoff@health. qld gov.au AUSTRALIA AUSTRALIA Email FSS@health gid gov au
Page: 3 of 11
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Free PFAS - Table 3 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1217 16KS1218 16KS1219 16KS1221 16KS1223 16KS1224 16KS1226 16KS1228 16KS1229 16KS1232
Client Reference No.: QCsS3-01 QCSS3-02 QCSS3-03 QCSS3-05 QCSS4-01 QCsS4-02 QCSS4-04 BRAH-02 BRAH-03 BRAH-06

Perfluorobutanoic acid (PFBA) 0.010 0.07 0.15 0.16]
Perfluoropentanoic acid (PFPeA) 0.007 0.11 0.014 0.40 0.39
Perfluorohexanoic acid (PFHxA) 0.005 0.26 0.027 0.23 0.23 0.009
Perfluoroheptanoic acid (PFHpA) 0.005 0.076 0.014 0.22 0.25
Perfluorooctanoic acid (PFOA) 0.007 0.051 0.012 0.042 0.056
Perfluorononanoic acid (PFNA) 0.007 0.014 0.047 0.049
Perfluorodecanoic acid (PFDA) 0.010

Perfluoroundecanoic acid (PFUdA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorohexadecanoic acid (PFHxDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005 0.071 0.011 0.027 0.027
Perfluorohexanesulfonic acid (PFHXS) 0.005 1.0 0.10 0.065 0.059
Perfluorooctanesulfonic acid (PFOS) 0.005 2.7 0.24 0.059 0.054
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.03 0.57 0.62 0.59
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020

Perfluorohexyl ethanoic acid (FHEA) 0.200

Perfluorooctyl ethanoic acid (FOEA) 0.050

Perfluorodectyl ethanoic acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150 0.6 11 11

TOTAL C4-C10 Sulfonic acids 0.020 3.7 0.35 0.15 0.14

16KS1188-16KS1255

This repont overrides all pravious reports. The results relate solely o the samplefs as received and are limited 1o the spedific tests undertzken as listed on the report. The results of this report are confidential and are not to be used or disclosed to any other person or used for any other purpose.
whether directly or ndirectly, unless that use is disclosed or the purpese is expressly authonsed in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by taw, Queensiand Health will not be liable for any loss or daim (inciuding lega! costs
calculated on an indemnity basis) which arise because of (a) problams related to the merchantzbiity, fitness or guality of tha sampla's, or (b) any nagligent or uniawful act or omissions by Queensiand Health that is connected with any activifies or sanvicas provided by Queensiand Heslth under
this agreemant (including the Sming and’or method undar which the sample/s were taken, stored or transported).

Enquiries Ashiey Tronofl 38 Kessals Hoad PO Box 584 Phone (+817) 3274 0111
Phone  (4+617) 3274 9087 Coopers Plains QLD 4108 Archedield QLD 4108 Fax (+617) 3000 95238
Email ashley.tronoff@health.qld gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld gov.au
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OFFICIAL - PUBLIC

Free PFAS - Table 4 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1233 16KS1234 16KS1236 16KS1237 16KS1239 16KS1240 16KS1241 16KS51243 16KS1245 16KS1246

Client Reference No.: BRAH-07 BRAH-08 BRAN-02 BRAN-03 BRAN-05 BRW-01 BRW-02 BRW-04 BRW-06 BRRS-01

Perfluorobutanoic acid (PFBA) 0.010 0.04
Perfluoropentanoic acid (PFPeA) 0.007 0.021 0.13
Perfluorohexanoic acid (PFHxA) 0.005 0.018 0.022, 0.008 0.007, 0.058|
Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.020, 0.062
Perfluorooctanoic acid (PFOA) 0.007 0.010| 0.022
Perfluorononanoic acid (PFNA) 0.007 0.011 0.015
Perfluorodecanoic acid (PFDA) 0.010
Perfluoroundecanoic acid (PFUdA) 0.010 0.01 0.03
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050 0.06)
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorohexadecanoic acid (PFHxDA) 0.050
Perfluorobutanesulfonic acid (PFBS) 0.005 0.006
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.017] 0.025
Perfluorooctanesulfonic acid (PFOS) 0.005 0.033 0.036
Perfluorodecanesulfonic acid (PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.11 0.97 0.57 0.51 0.48]
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020
Perfluorohexyl ethanoic acid (FHEA) 0.200
Perfluorooctyl ethanoic acid (FOEA) 0.050
Perfluorodectyl ethanoic acid (FDEA) 0.050
TOTAL C4-C14 Carboxylic acids 0.150 0.2 0.4
TOTAL C4-C10 Sulfonic acids 0.020 0.05 0.07
16KS1188-16K 51255

This report overrides il prewious reporis. The results relate solely b the sample’s as received and are limited to the specific tests undertaken as listed on the report. The results of this report are confidental and are not to be used or disclosed to any other person or used for any other purposa,
whether diractly or indirectly, unless that use is disclosed or the purpose is expressly authorised in writing by Quaensland Health and the named recipient on this raport. To the fullest extent permitted by law, Queansland Health will not be liable for any loss or claim (including legal costs
calculated on an indemnity basis) which arise because of {a) problams related to the merchantabiity, fitness or quality of tha sampla's, or (b} any negligent or uniawful act or omissions by Queensland Heslth that is connected with any activifies or sarvices provided by Queensiand Health under
this agreemant (including the tmeng and/or method undar which the sample's ware taken, storad or transported).

Enquines Ashley Tronofl 39 Kessels Hoad PO Box 584 Phone (+617) 3274 8111
Phone (481 7) 3274 9087 Coogers Plains QLD 4108 Archerfield QLD 4108 Fax {+617) 3000 8628
Email ashley.tronoff@health.qld gov.au AUSTRALIA AUSTRALIA Email FSS@health.gid gov.au
Page: 5 of 11
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OFFICIAL - PUBLIC

Free PFAS — Table 5 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1247 16KS1249 16KS1251 16KS1253 16KS1255

Client Reference No.: BRRS-02 BRRS-04 BRKP-01 BRKP-03 BRKP-05

Perfluorobutanoic acid (PFBA) 0.010 0.05)
Perfluoropentanoic acid (PFPeA) 0.007 0.009 0.18]
Perfluorohexanoic acid (PFHxA) 0.005 0.008 0.14}
Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.12]
Perfluorooctanoic acid (PFOA) 0.007 0.052
Perfluorononanoic acid (PFNA) 0.007 0.039
Perfluorodecanoic acid (PFDA) 0.010 0.02]
Perfluoroundecanoic acid (PFUdA) 0.010 0.05]
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorohexadecanoic acid (PFHxDA) 0.050
Perfluorobutanesulfonic acid (PFBS) 0.005 0.025
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.16]
Perfluorooctanesulfonic acid (PFOS) 0.005 0.35
Perfluorodecanesulfonic acid (PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesul fonic acid (6:2FTS) 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020
Perfluorohexy! ethanoic acid (FHEA) 0.200
Perfluoroocty! ethanoic acid (FOEA) 0.050
Perfluorodectyl ethanoic acid (FDEA) 0.050
TOTAL C4-C14 Carboxylic acids 0.150 0.7,
TOTAL C4-C10 Sulfonic acids 0.020 0.54
16KS1188-16K 51255

This report averrides all previous reports. The results relate solely 1o the sample/s as received and are limited to the specific tests undertaken as listed on the report. The results of this report are confidential and are not to ba used or disclosed to any other person or used for any other purposa,
whether directly or ndiractly, unless that use is disciosed or the purpose is expressly authonsed in writing by Queensiand Health and the named recipient on this report. To the fullest extent parmitted by faw, Queansiand Health will not be liabie for any loss or daim (including legal costs
calaulated on an indemnity basis) which arise because of (a) problems refatad 1o the merchantabiity. fitness or quality of tha sampia/s, or (b) any negligant or unlawful act or omissions by Queensland Hezith that is connected with any activities or sarvices provided by Queensfand Hesith undar
this agreemant (including the tming and/or method undar which the sampieVs were taken, storad or transported)

Enquines Ashiey Tronoft 39 Kessels Hoad PO Box 584 Phone (+617) 3274 9111
Phone  (+617) 3274 0087 Coopers Plains QLD 4108 Archerieid QLD 2108 Fax (+617) 3000 9628
Email ashley.tronoff@hezith.gld gov.au AUSTRALIA AUSTRALIA Email FSS@health qld gov.au
Page: 6 of 11
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OFFICIAL - PUBLIC

TOPA PFAS — Table 1 of 5

Laboratory Reference No.: LOR (ug/L) 16K51189 16KS51191 16K51192 16K51193 16KS51194 16K51196 16K51198 16K51199 16K51201 16K51202
Client Reference No.: SWRCV-02 SWRCV-04 SWRCV-05 SWRCV-06 QCtwwi1-01 | QCWW1-03 | QCWW1-05 | QCWW2-01 | QCWW2-03 | QCWW3-01

Perfluorobutanoic acid (PFBA) 0.010 0.01 0.08| 0.08] 0.08 0.08
Perfluoropentanoic acid (PFPeA) 0,007 0.010 0.072 0.076 0.058 0.076
Perfluorohexanoic acid (PFHxA) 0,005 0.033 0.42 0.41 0.39 0.43
Perfluoroheptanoic acld (PFHpA) 0.005 0.011 0.038 0.038 0.033 0.041
Perfluorooctanoic acid (PFOA) 0.007 0.015 0.064 0.055 0.065 0.056
Perfluorononanoic acid (PFNA) 0.007 0.008
| Perfluorodecanoic acid_(PFDA) 0.010
Perfluoroundecanoic acid (PFUdA) 0.010
Perfluorododecanoic acid (PFDoA) 0.020
perfluorotridecanolc acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorob Ifonic acid (PFBS) 0.005 0.008| 0.033 0.034 0.032 0.033
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.040 0.38 0.41 0.42 0,49
Pertluorooctanesulfonic acid (PFOS) 0.005 0.040 0.94 0.90] 0.78 0.87
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL €4-C14 Carboxylic aclds 0.150 0.7 0.7 0.6 0.7
TOTAL €4-C10 Sulfonic acids 0.020 0.09 1.4 1.3 1.2 1.4

16KS1188-16KS1255

This report averrides all provious roports. The rasuits rolate solely to the sample/s as recotved and aro limited to the specific tosts undortaken as listed on the reporl. The results of this report are confidential and are not to bo used or disciosed to any other parson or used for any other purpose,
whather directly or indirectly, unless that use is disclosed of the purpose is exprassly authorised in writing by Queansland Hoalth and the namad reciplent on this repart, To the fulleat axtont parmitted by law, Queansiand Health will not ba liable for any loas or claim (Including legal costs
calculoted on an indemnity basis) which arise bacause of (a) probloma related to tha marchantability, finass or quality of the sampleva, or (b) any negligent or unlawful act or omiasions by Queanaland Hoalth that is connectad with any activitios or services provided by Queonaland Health under
this agreemont (Including the timing and/or mothod under which the samplo/s woro taken, storod or transporiod)

Enquiries Ashiey Tronofl U0 Keasels Moad PO Wox 594 Phona (461 7) 4274 9111
Phone (61 7) 3274 9087 Coopors Plains QLD 4108 Archorfiold QLD 4108 Fox (461 7) 3000 b628
Emall ashloy. tronoft@@health.qld. gov. au AUSTRALIA AUSTRALIA Email FSS@hoalth.gld.gov,ou
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TOPA PFAS - Table 2 of 5

Laboratory Reference No.: LOR (ug/L) 16K51203 16KS1206 16K51207 16KS51209 16KS51210 16KS1211 16KS51213 16KS1215 16KS51216 16K51217
Client Reference No.: QCWW3-02 | QCWW3-05 | QCWW3-06 QCSS5-02 QCSS55-03 QCS51-01 QCs51.03 QCS52-02 QCS52-05 QCS53-01
Perfluorobutanoic acid (PFBA) 0.010 0.12 0.12 0.15]
Parfluoropentanoic acid (PFPeA) 0.007 0,11 0.14 0.17]
Perfluorohexanoic acid (PFHxA) 0.005 0.99 1.0 1.4
Perfluoroheptanoic acid (PFHpA) 0.005 0.050 0.068 0.076
Perfluorooctanoic acid (PFOA) 0,007 0,093 0,10 0.11
Perfluorononanoic acid (PFNA) 0.007 0.012 0.010 0.014
Perfluorodecanoic acid_(PFDA) 0.010
perfluoroundecanolc acid (PFUdA) 0.010
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Parfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorob Ifonic acid (PFBS) 0.005 0.062 0.062 0.054
Perfluorohexanesulfonic acid (PFHxS) 0.005 1.0 1.0 1.2
Perfluorooctanesulfonic acid (PFOS) 0,005 2.0 0.009 Z.1 3.5 0,008
perfl c Ifonic acid (PFDS) 0,020
TOTAL C4-C14 Carboxylic acids 0.150 1.4 15 1.9
TOTAL €4-C10 Sulfonic acids 0.020 3.0 3.2 4.8
16KS1188-16KS1255
This roport overridos all provious roports. The results roiate sololy 1o lho samplo/s as rowvou and aro limited to the spocific tosts undortaken as listod on the report, The rosults of this report are confidential and are not to be usoed or disciosed to any other parson or used for any other purposo,
whothor directly of Indirectly, unloss that use Is disclosed of the is in writing by d Health and the named raciplant on this report, To the fullest extont parmittod by law, Quoensiand Health will not be llable for any loss or claim (Including logal costs

caloulatod on an Indemnity basiz) which arise becouse of (a) probloms related to the movchnnlnb‘lny fitness or quallty of the sample’s, or (b) any negligont or unlawtul act or omissions by Queensiand Health thal Is connected with any activities or servicos provided by Quoonsland Health undor
thig agreamant (including the tming and/or mathod undaer which the sampla/s wore 1aken, stored or transporad),

Enquirios Ashley Tronoff 35 Koosols Hoad PO Box 554 Phona (161 7) 3274 8111
Phone  (+61 7) 3274 8087 Coopora Plaing OLD 4108 Archorfioid OLD 4108 Fax (461 7) 3000 5628
Emall  ashley.tronoff@health.qld.gov.au AUSTRALIA AUSTRALIA Emall  FES@hoaith.qid.gov.au
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TOPA PFAS - Table 3 of 5

Laboratory Reference No.: LOR (ug/L) 16K51218 16K51220 16K51222 16K51223 16K51225 16K51226 16KS1227 16K51230 16K51231 16K51233
Client Reference No.: QCS53-02 QCS53-04 QCS53-06 QCS54-01 QCS54-03 QCss4-04 BRAH-01 BRAH-04 BRAH-05 BRAH-07

Perfluorobutanoic acid (PFBA) 0.010 0.14 0.02 0.31 0.32
Perfluoropentanoic acid (PFPeA) 0.007 0.038 0.013 0.41 0.15
Perfluorohexanoic acid (PFHxA) 0.005 1.3 0.13 0.34 0.36
Perfluoroheptanoic acid (PFHpA) 0.005 0.027 0.008] 0.22 0.12
Perfluorooctanoic acid (PFOA) 0.007 0.086 0.015 0.071 0.073
Perfluorononanoic acid (PFNA) 0.007 0.013 0.073 0.076
perfluorodecanolc acld (PFDA) 0.010
Perfluoroundecanoic acid (PFUdA) 0.010
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanolc acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorobutanesulfonic acid (PFBS) 0.005 0.062 0.008 0.024 0.023
Perfluorohexanesulfonic acid (PFHxS) 0,005 11 0.12 0.076 0.079
Perfluorooctanesulfonic acid (PFOS) 0.005 2.8 0.25 0.087 0.073
pPerfluorodecanesulfonic acid (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 1.6 0.2 1.4 1.1
TOTAL CA4-C10 Sulfonic acids 0.020 3.9 0.38 0.19 0.17
16KS1188-16KS1255
Thia report avarrides all provious raports. The rasults relate solely 10 the sample/s as racelved and are limitad to the spocific toats undertaken as listed on the repor. Tha rasulla of this roport are canfidential and are not to be used or discioted 10 any othar pargon of usaed for any other purpase,
whothor diroctly of indiroctly, unloss that uso 15 losed or tho 15 0xp y auth in writing by Guoonsiand Hoalth and the namod reciplont on this report. To tho fuliost oxtont pormitiod by law, Queensiand Hoalth will nol bo liable for any loss or claim (Including legal costs

calculated on an indemnity basiz) which arise bacause of (a) probloms rolated to the merchantability, fitness or quality of the sampla/s, or (b) any negligent or unlawful act or omissions by Queansiand Health that 15 connected with any activitios or services provided by Queansland Health under
this agreament (including thae timing and/or mathad undaf which tha samplé/a wara taken, storad or transported),

“Enquirlea Ashlay Tronoff 45 Kaoasols Moad PO Hox 554 Phona — (+B1 7) 3274 8TTT
Phone  (+61 7) 3274 9087 Coopors Plains QLD 4108 Archerfiold QLD 4108 Fax {461 7) 3000 9628
Email ashley.tronott@health.qld.gov.au AUSTRALIA AUSTRALIA Emall FSS@hoalth. qld.gov.au
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TOPA PFAS —~ Table 4 of 5

Laboratory Reference No.: LOR (ug/L) 16KS51234 16K$1235 16KS51236 16KS51238 16K51240 16KS1242 16KS1244 16K51245 16KS51246 16K51248
Client Reference No.: BRAH-08 BRAN-01 BRAN-02 BRAN-04 BRW-01 BRW-03 BRW-05 BRW-06 BRRS-01 BRRS-03
Perfluorobutanoic acid (PFBA) 0.010 0.03 J 0.15 0.01
Perfluoropentanoic acid (PFPeA) 0.007 0.050 0.15
Perfluorohexanoic acid (PFHxA) 0.005 0.092 0.15 0.006| 0.013
Perfluoroheptanoic acid (PFHpA) 0.005 0.028 0.045
perfluorooctanoic acld (PFOA) 0.007 0.053 0.048 0.009|
perfluorononanoic acid (PFNA) 0.007 0.023 0.021
| Perfluorodecanoic acid (PFDA) 0.010 0.010 0.02
perfluoroundecanocic acid (PFUdA) 0.010 0.02 0.03
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Perfluorotetradecanolc acld (PFTeDA) 0.020
Perfluorobutanesulfonic acid (PFBS) 0.005
perfluorohexanesulfonic acid (PFHxS) 0,005 0.026 0.025
Perfluorooctanesulfonic acid (PFOS) 0.005 0.045 0.049
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL €4-C14 Carboxylic acids 0.150 0.3 0.6
TOTAL C4-C10 Sulfonic acids 0.020 0.07 0.07
16KS1188-16K 51255
Whether Gnecl of Iafecly, Unless Iat Ues s Gecioesd Of Ihe EUTOLE s SXpreetly AURGTEed I WTIETG by UGSNUGTC HEGRN &G e named teckarent o (Ve 10porL To e RlGe X160t BOfMEd t Jaw: Oueensiand Hoalh wil ol D0 IGEAE 10r Sy 1086 o I (FEALING R CONE -
calculnted on an indemnity basis) which arise because of (a) problems related 1o the morchantabllity, fitness or quality of the samplo/s, of (b) any negligent or unlawlul act or omissions by Quoensiand Hoalth Ihal is connecied with any or (2 by On Hoalth under
this agrooment (Including the timing and/or mothod undaer which the sample/s wore taken, stored or transportod)
Phone (o007, 2374 o0g7 Coogors Plans 0L 4100 Archerioid LD 4108 P (261 7)000 0628
Emall ashloy. tranofi@health gqid.gov. au AUSTRALIA AUSTRALIA Emall FEE@henth ald gov, au
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OFFICIAL - PUBLIC

TOPA PFAS - Table 5 of 5

Laboratory Reference No.: LOR (ug/L) 16K51250 16K51252 16K51254 16K51255
Client Reference No.: BRRS-05 BRKP-02 BRKP-04 BRKP-05

Perfluorobutanoic acid (PFBA) 0.010 0.15

Perfluoropentanoic acid (PFPeA) 0.007 0.089

Perfluorohexanoic acid (PFHxA) 0.005 [ ) 0.53

Perfluoroheptanoic acid (PFHpA) 0.005 0.065

Perfluorooctanoic acid (PFOA) 0.007 0.12

perfluorononanoic acid (PFNA) 0.007 0.049

Perfluorodecanolc acid (PFDA) 0.010 0.03

Perfluoroundecanolic acid (PFUdA) 0.010 0.07

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Parfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorobutanesulfonic acld (PFBS) 0.005 ( ) 0.021

Perfluorohexanesulfonic acid (PFHxS) 0.005 0.20]

Perfluorooctanesulfonic acid (PFOS) 0.005 { 0.46]

Perfluorodecanesulfonic acid (PFDS) 0.020 )

TOTAL €4-C14 Carboxylic acids 0.150 ) 1.1

TOTAL €4-C10 Sulfonic acids 0.020 0.68

16KS51188-16K 51255

This raport overfidos all provious reports, Tha reaulls relata solely 10 the sampia/a as raceived and are inited 1o the spocific Wsts undoraken aa fislod on tha repor. Tha reaulta of this roport aro confidantial and ara NO! 1o b LEAA of dIACICBea 10 Any OINAr PAraon of used fof any GIhor pUrPasa,
whaether directly of indirectly, unloss thal use s disclosed o the I8 oxf. authorised in writing by Quaensiand Health and he named recipiant on this report, To the lullest extent permitted by law, Gueenaland Health will not be iable for any loss ot claim (mcludlno loqnl coals
calculated an an indamnity basis) which arise bacause of (a) probloma related to tha marchantability, filnass or quality of the samplavs, or (b) any negligent or unlawful act or omissions by Gueansland Haalth that is with any itios or ican pi by O land Health undar
this agreament (including the iming and/or method undar which the sample/s wote taken, stored o iransported),
'ﬁﬁfﬁ. shioy Tronoff 48 Wossols Hoad PO Hox B84 Phane BT 7427 6YTY

Phone (+617) 3274 9087 Coopors Plains QLD 4108 Archerfiold QLD 4108 Fax (+61 7) 3000 9628

Emall ashley tronoft@health.qld.gov.au AUSTRALIA AUSTRALIA Emall FSS@hoalth, ald.gov.au
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OFFICIAL - PUBLIC

Free PFAS — Table 1 of 2

Laboratory Reference No.: LOR (/L) 16KS51266 16KS1267 16KS1269 16KS1271 16KS1273 16K51285 16KS1286 16KS1287 16K51288 16KS1289
Client Reference No.: NRISA-01 NRISA-02 NRISA-04 NRISA-06 NRISA-08 CRGO1 CRGO02 CRGO4 CRGO6 CRGO7

Perfluorobutanoic acid (PFBA) 0.010 0.50 0.50
Perfluoropentanoic acid (PFPeA) 0.007 2.0 2.0
Perfluorohexanoic acid (PFHxA) 0.005 0.005 4.9 4.7
Perfluoroheptanoic acid (PFHpA) 0.005 0.26] 0.25
Perfluorooctanoic acid (PFOA) 0.007 1.4 15
Perfluorononanoic acid (PFNA) 0.007 0.96 1.1
Perfluorodecanoic acid (PFDA) 0.010 0.06 0.07
Perfluoroundecanoic acid (PFUdA) 0.010 0.38 0.46
Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorohexadecanoic acid (PFHxDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005 1.5 1.5
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.01 0.009 7.9 ¥4
Perfluorooctanesulfonic acid (PFOS) 0.005 0.005 0.014 0.014 34 34 0.012
Perfluorodecanesulfonic acid (PFDS) 0.020 0.02 0.02
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 6.9 6.9

1H,1H,2H ,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020 0.23 0.22
Perfluorohexy! ethanoic acid (FHEA) 0.200

Perfluorooctyl ethanoic acid (FOEA) 0.050

Perfluorodectyl ethanoic acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150 11 10

TOTAL C4-C10 Sulfonic acids 0.020 0.02 0.02 44 43

16K S1266-16K51352

This report overrides all previous reports. The results relate solely to the sample's as received and are limited to the specific tests undertaken as listed on the report. The results of this report are confidential and are not 1o be used or disclosed fo any other person or used for any other purpose,
whether directly or indirectly, unless that use is disclosed or the purpose is expressly authonsed in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, Queensland Health will not be kable for any loss or daim (inchuding legal costs
cakulated on an indemnity basis) which arise because of (a) problems related to the marchantability, fitness or quality of the sample/s, or (b) any nagligent or unlawful act or omissions by Queensland Health that is connectad with any activities or services provided by Queensland Health under
this agreement (including the iming and/or method under which the sampla/s were taken, stored or transportad).

Enquiries Ashley Tronoff 39 Kessels Road PO Box 594 Phone (+617) 3274 9111
Phone  (+617) 3274 0087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+61 7) 3000 9628
Email ashley.tronofi@health.qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.qld.gov.au
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Free PFAS — Table 2 of 2

Laboratory Reference No.: LOR (ug/U) 16KS1290 16KS1291 16KS1292 16KS1293 16KS1294 16KS1295 16KS1296 16KS1297 16KS1298 16K51300
Client Reference No.: CRAD4 CRSO03 CRRKO1 CRRKO02 CRRK04 CRPO1 CRPO2 CRPOS CRAO1 CRAO3

Perfluorobutanoic acid (PFBA) 0.010 0.01 0.01 0.01
Perfluoropentanoic acid (PFPeA) 0.007 0.023 0.011
Perfluorohexanoic acid (PFHxA) 0.005 0.008 0.021 0.063
Perfluoroheptanoic acid (PFHpA) 0.005 0.013 0.011
Perfluorooctanoic acid (PFOA) 0.007 0.019 0.011
Perfluorononanoic acid (PFNA) 0.007 0.010 0.008
Perfluorodecanoic acid (PFDA) 0.010 0.01
Perfluoroundecanoic acid (PFUdA) 0.010 0.02
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorohexadecanoic acid (PFHxDA) 0.050
Perfluorobutanesulfonic acid (PFBS) 0.005 0.006 0.006 0.021
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.033 0.024 0.49
Perfluorooctanesulfonic acid (PFOS) 0.005 0.064 0.017 0.099 0.41 0.017
Perfluorodecanesulfonic acid (PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020
Perfluorohexyl ethanoic acid (FHEA) 0.200
Perfluorooctyl ethanoic acid (FOEA) 0.050
Perfluorodectyl ethanoic acid (FDEA) 0.050
TOTAL CA-C14 Carboxylic acids 0.150
TOTAL C4-C10 Sulfonic acids 0.020 0.10 0.13 0.93

16K S1266-16KS1352

Thes report overrides all previous reports. The results relate solely to the sample's as received and are limited to the specfic tests undertaken as listed on the report. The results of this report are confidential and are not to be used or disclosed fo any other parson or used for any other purpose,
whether directly or indirectly, unless that use is disciosed or the purpose is expressly authonsed in writing by Cueensland Health and the named recipient on this report. To the fullest extent parmitted by law, Cueensiand Health will not be kable for any loss or daim (including legal costs
calculated on an indemnity basis) which arise because of (a) problems related to the merchantability, fitness or quality of the sample’s, or (b) any neggent or unlawful act or omissions by Queensland Health that is connected with any activities or services providad by Queensland Health under
this agreement (including the iming and/or method under which the sample/s were taken, stored o transported).

Enquiries Ashley Tronoff 39 Kessels Road PO Box 594 Phone (+617) 3274 9111
Phone  (+617) 3274 0087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+617) 3000 9528
Email ashley.tronoff@heaith qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.qid.gov.au
Version 1.3: Released 17 January 2019 Page | 257

Uncontrolled when printed



OFFICIAL - PUBLIC

TOPA PFAS - Table 1 of 2

Laboratory Reference No.: LOR (ug/L) 16KS1266 16K51268 16KS1270 16KS1272 16KS1273 16K51285 16KS1345 16KS1346 16KS1289 16KS51347
Client Reference No.: NRISA-01 NRISA-03 NRISA-05 NRISA-07 NRISA-08 CRGO1 CRGO3 CRGO5 CRGO7 CRGO8

Perfluorobutanoic acid (PFBA) 0.010 4.1 4.8
Perfluoropentanoic acid (PFPeA) 0.007 5.8 6.5
Perfluoroh ic acid (PFHxA) 0.005 0.008 0.008 19 23
Perfluoroheptanoic acid (PFHpA) 0.005 13 1.4
Perfluorooctanoic acid (PFOA) 0.007 2.0 2.0
Perfluorononanoic acid (PFNA) 0.007 0.94 0.92
Perfluorodecanoic acid (PFDA) 0.010 0.10 0.1
Perfluoroundecanoic acid (PFUdA) 0.010 0.53 0.57
Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorobutanesulfonic acid (PFBS) 0.005 13 14
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.009 0.008 8.7 8.9
Perfluorooctanesulfonic acid (PFOS) 0.005 0.011 0.017 34 38
Perfluorodecanesulfonic acid (PFDS) 0.020 0.06 0.06
TOTAL C4-C14 Carboxylic acids 0.150 34 39
TOTAL C4-C10 Sulfonic acids 0.020 0.02 0.03 44 48

16KS1266-16KS1352

This report overrides all previous reports. The results relate solely to the sample/s as received and are limited to the specific tests undertaken as listed on the report. The results of this report are confidential and are not to be used or disclosed to any other person or used for any other purpose,
whether directly or indirectly, unless that use is disclosed or the purpose is expressly authonsed in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, Cueensiand Health will not be kable for any loss or daim (including legal costs
cakulated on an indemnity basis) which arise because of (a) problems related to the merchantability, fitness or quality of the sample/s, or (b) any naglgent or unlawful act or omissions by Queensland Health that is connected with any activities or services provided by Queensland Health under
this agreement (including the iming and‘or method under which the sample’s were taken, stored or transported).

Enquiries Ashley Tronoff 38 Kesssls Road PO Box 594 Phone {+817) 3274 9111

Phone (461 7) 3274 9087 Coopers Plains QLD 4108 Archerfield OLD 4108 Fax (+617) 3000 9628
Email ashley.tronoff@health gld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld.gov.au
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TOPA PFAS - Table 2 of 2
Laboratory Reference No.: LOR (ug/t) 16KS1292 16KS1348 16KS1349 16KS1295 16K51299 16KS1350 16KS1351 16KS1298 16KS1352
Client Reference No.: CRRKO1 CRRKO3 CRRKO05 CRPO1 CRA02 CRPO3 CRPO4 CRAO1 CRS05
Perfluorobutanoic acid (PFBA) 0.010 0.05 0.12
Perfluoropentanoic acid (PFPeA) 0.007 0.015
Perfluorohexanoic acid (PFHxA) 0.005 0.10 0.89
Perfluoroheptanoic acid (PFHpA) 0.005 0.013
Perfluorooctanoic acid (PFOA) 0.007 0.051 0.076
Perfluorononanoic acid (PFNA) 0.007 0.020 0.011
Perfluorodecanoic acid (PFDA) 0.010 0.02
Perfluoroundecanoic acid (PFUdA) 0.010 0.03
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorobutanesulfonic acid (PFBS) 0.005 0.007 0.032
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.027 0.59 0.010
Perfluorooctanesulfonic acid (PFOS) 0.005 0.027 0.17 0.46 0.025 0.024
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 0.3 1.1
TOTAL C4-C10 Sulfonic acids 0.020 0.03 0.20 1.1 0.02 0.03
16K S1266-16KS1352

This report overrides all previous reports. The results relate solely to the sample/s as received and are limited to the specific tests undertaken as listed on the report. The results of this report are confidential and are not to be used or disclosed 1o any other person or used for any other purpose,
whether directly or indirectly, unless that use is disclosed or the purpose is expressly authonisad in wrifing by Queensland Health and the named racipient on this report. To the fullest extent permitted by law, Cueensiand Heaith will not be Eable for any loss or daim (incloding legal costs
cakutated on an indamnity basis) which arise because of (a) problems related io the merchantability, fitness or quality of the sample/s, or (b} any neghgent or unlawful act or omissions by Queensland Hzalth that is connectad with any activities or services provided by Queensland Health under
this agreement (including the Sming and'or method under which the sample/s were taken, stored or transported).

Enquires Ashley Tronoff 39 Kesssls Road PO Bax 594 Phone (+617) 3274 9111
Phone  (+617) 3274 0087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+61 7) 3000 9528
Email ashley.tronoff@health.qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld.gov.au
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Queensland Forensic and Scientific Services
Govemnment HealthSupport

CERTIFICATE OF ANALYSIS

CLIENT: Raymond Bott Laboratory Reference  : SSP0052930
QFES Laboratory Reference @ SSP0052031
o4 Corporate Drive Laboratory Reference @ S3P0052936
Gannnr? Hill QLD 4170 Laboratory Reference  : S5P0052037

Laboratory Referenca : SSP0052038
Laboratory Reference : SSP0052044

ATTN: Raymond Bott Laboratory Reference  : SSPO0S2052

Client Project
Client Batch Referance -
CcC: Data Recaived : 24 Nov 2016
Date Commeancad : 06 Dac 2116
Labo ratory Mumber's 1 16K51302-16K5138
Submitting Authority  : QFES
Mumber of S3amples : 82
Reasonfor Analysis  : PFAS monitoring
Method's of Analysis : QIS 32403 — Perfluorinated Compounds in Water
Remarks
Fa,
] .-e'
FEL )
Dr Ashley Tronoff
Chemist, Organics Laboratory
05012017
1 6KS1 3031651384

This report overides all pravicus 1eperts. Thevesulis rdlate solkely o the sample's as receired and me imited 1o the spedfic tests undertaken as lisked on the /epert. The rsuls of this report are
corfidential and e net to be used or disclosed o any other person o used for any other purpes e, whether directly o irdmda:‘unbnlhﬂmidioblndﬂﬂnwmﬂwimwlh autherised in
wiiting by Quesraland Health ard the named vedpient onthis repart. T the Rl leat sodant permitied by low, Cueensland Heabhwil et be fable for any kas or clim {ncluding kegal costs cakoulated on
irdemrity basis) which arise becauss of (a) problema relared to the menchanmbdity, finsss o qualty of the sampla's, or (b negligent or unlawful @ct or omissiors by Cusenslard Heakh thatis
corraakedwith any adivities o servicos provided by Cusansland Health undir this sgresment [inchuding the timing and'cr molhng ul which the sampla's wers taken, shored or trareporied).

Enquires Ashly T ronall 30 Feasels Hoad FO B 54 Phone  T&1 TiET4 0111
Phore {461 7) 2274 e087 Coopsrs Plins OLD 4102 Brchedield CLD 4102 Fixe 451 T) 3000 BE2E
Email mehiky rorofifhealthgld gow ou ALISTRALIA ALETRALIA Emal FESgiheatth.qld.gov.ou
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Free PFAS — Table 1 of 4

Laboratory Reference No.: LOX i) 16K51352 | 16KS51303 16K51304 16KS1305 | 16KS1306 | 16KS1307 16K51308 16K51309 | 16KS1310 16K51313
Client Reference No.: CRS05 CRDO1L CRDO2 CRDOA RMO01 CRMO2 CRMO4 CRSO1 CRS02 NCBO1

Perfluorobutancic acid (PFBA) 0.010 0.18

Perfluoropentancic acid (PFPeA) 0.007 0.011 0.41

Perfluorohexanoic acid (PFHxA) 0.005 0.007| 0.008] 1.1

Perfluoroheptanoic acid (PFHpA) 0.005 0.006 0.28

Perfluorooctancic acid (PFOA) 0.007 0.40

Perfl ic acld (PFNA) 0.007 0.10

Perfluorodecanoic acid (PFDA) 0.010

Perfluoroundecanolc acid (PFUJA) 0.010 0.02

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acld {PFTeDA) 0.020

Perfluorohexadecanoic acld (PFHxDA) 0.050

Perfluorobutanesulfonic ackd (PFBS) 0.005 0.005 0.005, 0.37

Perfluorohexanesulfonic acid (PFHxS) 0.005 0.010 0.053 0.009 3.6 0.007
Perfluorooctanesulfonic acid (PFOS) 0.005 0.015 0.35 0.066 0.020 6.7 0.038
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H,2H-Perfluorohexanesulfonic acld (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010

1H,1H,2H,2H-Perfluorodecanesulfonic acld (8:2FTS) 0.020

Perfluorohexy! ethanoic acid (FHEA) 0.200

Perfluorooctyl ethanoic acid (FOEA) 0.050

Perfluorodectyl ethancic acld (FDEA) 0.050

TOTAL C4-C14 Carboxylic aclds 0.150 25

TOTAL CA-C10 Sulfonic ackds 0.020 0.02 0.41 0.08 11 0.05

16K51303-16K 51384

This report aveetidos all peavious tepons.  The results relto sokly 1o the samplo's as recorved and are imitad 1o o specfic tests underaken as listad oo the roport. Tha resuls of this repart are corfidertial and 270 not to bo usad or disdosed 1o any othar poeson or usad dor ary other purposa,
whather directly or ndiroctly, unioss that use & disclosad or the purpose is axpresaly auhonsed in writing by Ouoansiand Hoalth and tha named roapient on this report. To the fullest adare permitiad by faw, Quoonsland Hoalth will not be fabio Jor any loss or daim (indudirg legal costs
cafadaied on an indemnity bass) which anse bocause of (2) problams rolated 1o the merchantabiliy , finess or qualy of the sampla/s, or () any nagiigsal or unlawiul act or omissions by Quaonsiand Haaith that is conmected with any actvitias or sernces provided by Qusansland Heakd undor
this agraament finchuding the timing and'or matod undar which the sampla’s woea takan, storad or ransporiad)

Enqunes Ashley Tronof 20 Kaessals Hood PO Box 594 Prore +61 7) 3749111
Phone  {(+617) 2274 9087 Coopers Plains (LD 4108 Archorficld GLD 4102 Fax {451 7) 3000 9628
Email ashloy tronofiiheath gid gov.ou AUSTRALIA AUSTRALIA Erai FSS@hasith.qid gov.au
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Free PFAS — Table 2 of 4

Laboratory Reference No.: LOR (ug/L) 16KS51314 16K51315 16K51316 16K51317 16K51318 16K51319 16KS1320 16K51321 16K51322 16K51323
Client Reference No.: NCBO2 NCBO3 NCBOS NOMO1 NCMO2 NCCO1 NCCO2 NCCO04 NCCO5 NCNO1

Perfluorobutancic acid (PFBA) 0.010 0.06
Perfluoropentanoic acid {PFPeA) 0.007 0.18 0.008] 0.008
Perfluorohexanoic acld (PFHxA) 0.005 0.12 0.026 0.028
Perfluoroheptancic add (PFHpA) 0.005 0.063 0.006 0.007
perfluorooctanoic acld (PFOA) 0.007 0.025 0.013 0.013
Perfluorononanoic acid (PFNA) 0.007
perfluorodecanolc acid (PFDA) 0.010
Perfluoroundecanoic acld (PFUdA) 0.010 0.11
perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic add (PFTIDA) 0.050 0.05
perfluorotetradecanoic acid (PFTeDA) 0.020
perfluorohexadecanoic acid {PFHXDA) 0.050
perfluorobutanesulfonic ackd (PFBS) 0.005 0.017| 0.019
perfluorohexanesulfonic acld (PFHxS) 0.005 0.04% 0.16) 0.16
Perfluorooctanesulfonic acid (PFOS) 0.005 0.036 0.13 0.32 0.32
Perfluorodecanesulfonic acid (PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic ackd (6:22FTS) 0.010 0.01
1H,1H,2H ,2H-Perfluorodecanesulfonic acid (B:2FTS) 0.020
Perfluorohexyl ethanoic ackd (FHEA) 0.200
Perfluorooctyl ethanoic acld (FOEA) 0.050
Perfluorodecty! ethanoic acid (FDEA) 0.050
TOTAL CA-C14 Carboxylic aclds 0.150 0.2 0.5
TOTAL C4-C10 Sulfonic acids 0.020 0.04 0.18 0.49) 0.50

16KS1303-16K51384

This report avertides ol peavicus toports. The resdts relalo solksly to the sampla's as recanved and ar imitad 10 the spocfic less urdertaken as listod on the report. The rasuls of Bis report are corfidectial and aso not o ba usad or disdosed fo any other person or usad for any othor purposa,
whather directly or ndiractly, urfess that wa = dischsad or tho purpose & agreasly mthonsed in mlmbyousxrahfd Houdth and $w namod reopiert on this roport. To the fullest adont permitiod by law, Quoansiand Hoakhwill not be Sabic for any loas or claim (nduding legal coss
calodatad cn an indomrity basis) wiich anse bocause of (a) probloms rolatad 10 the moechantablly , fitnass oc qaliy of the samgials, or () any negligent or unlavhd act or omissons by Queonaland Haath that is conrected with any actvitios or seevices provided by Ouecneland Hoakh undor
this agreement (induding the fiming and'or mathed undor which the sarple's woes takan, stoead or ransportod)

Enquines Ashloy Tronofl 39 Keasels Hood PO Box 504 Prore (8171340111
Phome  {+517) 3274 9087 Coopers Plains OLD 4108 Ascherficd OLD 4108 Fax (+81 7) 2000 D528
Email ashlky tronofiidheath.qld gov.au AUSTRALIA AUSTRALIA Erad £SS@haalth.gid gov.au
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Free PFAS — Table 3 of 4

Laboratory Reference No.: LOR (ug/L) 16K51324 16K51325 16K51326 16K51332 16K51333 16KS51334 16K51335 16KS51336 16K51337 16K51338
Client Reference No.: NCNO2 NCNO4 NCMO4 FNGS_02 FNCS_03 FNCS_04 FNCN_01 | FNoN_03 | FNCN_OS | FNCN_O6
Perfluorobutancic acid (PFBA) 0.010 0.02 0.07|
Perfluoropentancic acid (PFPeA) 0.007 0.014 0.028 0.14]
Perfluorohexanoic acid (PFHxA) 0.005 0.018) 0.023] 0.075 0.34]
Perfluoroheptancic add (PFHpA) 0.005 0.005] 0.010 0.023 0.096]
Perfluorooctanoic acid (PFOA) 0.007 0.011 0.019) 0.044 0.12
Perfl ic acid (PFNA) 0.007 0.008
Perfluorodecanoic acid (PFDA) 0.010
Perfluoroundecanoic acid (PFUJA) 0.010
Perfluorododecancic acid (PFDoA) 0.020
Perfluorotridecancic add (PFTIDA) 0.050
perfluorotetradecanoic acld {PFTeDA) 0.020
Perfluorohexadecanoic acid {PFHXDA) 0.050
Perfluorobutanesulfonic acid (PFBS) 0.005 0.036 0.040)
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.034 0.031 0.29 0.62]
Perfluorooctanesulfonic acld (PFOS) 0.005 0.23 0.060 0.93 0.67
Perfluorodecanesulfonic acid (PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.42
1H,1H,2H,2H-Perfluorodecanesulfonic acld (8:2FTS) 0.020 0.11
Perfluorohexy! ethanoic acid (FHEA) 0.200
Perfluorooctyl ethanoic acid (FOEA) 0.050
Perfluorodectyl ethanoic acid (FDEA) 0.050
TOTAL CA-C14 Carboxylic acids 0.150 0.2 0.8}
TOTAL CA-C10 Sulfonic acids 0.020 0.26 0.09 13 13

16KS1303-16K 51384
This report overtides ol peavious reports.  The 1asults relate sololy 1o the samplal's as recaved and e imited 10 the spoaiic tests underaken as iistad on the raport. The resubs of this report are confidertial and 279 not 1o ba wad or disdosed 1o any othar porson or usad for any other purposa,

whather drectly o ncio:m unicss 1Mmsasdooadunhopma s aprossly mthonsed in writing by Quosraland Hodlth and the named reapient on this report. To the hullest adont permitiad by faw, Queensland Hoakk wil not be fable for ary loss or claim (induding kgl csts

calodatad on an indomnity basis) whech anse bo of {a) probd relatod 10 he meechantabiliy , ftness or qualiy of the sampia's, or b} amy nagigent or unlavhul act or omissions by Guecnsiand Haalth that is conrectedwith any actvitios or sernices provided by Ousansiand Heaks undar

this agreement (including e timing and'or mathod under which tha saTpleds wers takon, storad o ransporiod)

Enquries Ashly Tronofl 29 Kessals Hoad PO Box 504 Prore (517132749111

Phone  (+617) 3274 9087 Coopers Plains QLD 4108 Archodfioid OLD 4108 Fae {+51 7) 3000 9528

Email ashley tronoli@health gld gov.au AUSTRALA AUSTRALIA Emai FSS{@haaith.qid gov.au
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Free PFAS — Table 4 of 4

Laboratory Reference No.: LOR (ug/t) 16K51369 16K51371 16K51373 16KS1374 16KS1376 16K51378 16K51379 16KS51331 16K51382 16KS1383
Client Reference No.: NRFB_01 NRFB_03 NRFB_05 NRFB_06 | NRAY_02 NRAY_04 NRAY 05 | NRHH_02 | NRHH_03 | NRHH_04

Perfluorobutancic acid (PFBA) 0.010 0.02

Perfluoropentancic add (PFPeA) 0.007 0.024

perfluorohexanoic acld (PFHxXA) 0.005 0.050] 0.008]
Perfluoroheptancic acid (PFHpA) 0.005 0.012]

Perfluorooctanoic acld (PFOA) 0.007 0.031

Perfit ic acid (PFNA) 0.007

Perfluorodecanoic acld (PFDA) 0.010

Perflucroundecanoic ackd (PFUJA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecancic acd (PFTrDA) 0.050

Perfluorotetradecanoic acld (PFTeDA) 0.020

Perfluorohexadecanoic acld (PFHxDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005

Perfluorohexanesulfonic acid (PFHXS) 0.005 0.060] 0.01 0.011]
Perfluorooctanesulfonic acid (PFOS) 0.005 0.061 0.012 0.086
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H 2H-Perflucrohexanesulfonic acld (4:2FTS) 0.005

1H,1H,2H,2H-Perfluorooctanesulfonic acid (6:2FTS) 0.010 0.01

1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020

Perfluorohexyl ethanolc acid (FHEA) 0.200 0.6

Perfluorooctyl ethanoic acld (FOEA) 0.050 0.11

Perfluorodecty! ethanolc acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic aclds 0.150

TOTAL CA-C10 Sulfonic ackds 0.020 0.12 0.02 0.1

16KS51303-16K 51384
This report overnides all peavious Taports. The rusults rokno solly 1o the sanmpla's as recorvad and ate fmited 10 the speafic losts undartalen as stad on tha raport. Tha resuls of this report are corfidentiad and are not 1o bo Lsed or disdiosed 1o any othee person or usad for any other purposa,
whather directly or ndeactly, Jriuzthvmasd,cboadurlhnmm & agromsly mmmlmbvomuwhh and the namod recpiect on this report. To the fullast adant pormitiad by faw, Ouoonsland Hoakh will not be fable for any loss or claim (induding legal s

caloudaiad on an indomrity basis) which anse b ol (a) prob rolatod 10 $he meorch: biliy , fitnoss or qaliy of the samgpia's, or () any nagigent or unlwiul act or amissions bty Queansiand Haalth that is conrocted with any actvitios or sernices provided by Qucansland Hoalh undar
this agreement (including e timing andlor mafhod under whch o sanplo's wera takan, stosed or unsporbd‘
Enquries Ashlkey Tronofl 20 Kossals Road PO Box 594 Prone 481 )3T 49111
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Email ashloy tronofi@health qid gov.au AUSTRALIA AUSTRALIA Emai F5S@hoaith.gid gov.au
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OFFICIAL - PUBLIC

TOPA PFAS - Table 1 of 5

Laboratory Reference No.: — 16K51301 | 16KS1302 | 16KS1303 | 16KS1353 16K51354 16K51355 16K51306 | 16KS1356 | 16KS1357 16K51309
Client Reference No.: CRS04 CRS06 CRDOL CRDO3 CRDOS CRAOS CRMO1 CRMO3 CRMOS CRS01

Perfluorobutanolc acid (PFBA) 0.010 0.03 0.01 0.02 0.76
Perflucropentanolc acid (PFPeA) 0.007 0.013 0.015 0.34
Perflucrohexanolc acid (PFHXA) 0.005 0.014 0.17 0.041 0.014} 0.005 2.0}
Perflucroheptanoic acid (PFHpA) 0.005 0.005 0.17
Perfluorooctancic add (PFOA) 0.007 0.008 0.011 0.49
Perfit ic acid (PFNA) 0.007 0.11]
Perflucrodecanoic acid (PFDA) 0.010

Perfluoroundecanoic acld (PFUdA) 0.010 0.02
perflucrododecanoic acld (PFDoA) 0.020

Perfluorotridecanoic acid (PFTDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorobutanesulfonic acid (PFBS) 0.005 0.005 0.006 0.006) 0.32
Perfluorohexanesulfonic acld (PFHxS) 0.005 0.011 0.058 0.012 0.030) 2.9
Perfluorooctanesulfonic acld (PFOS) 0.005 0.025 0.37 0.12 0.063 0.020] 5.1
perfluorodecanesulfonic acid {PFDS) 0.020

TOTAL C4-C14 Carboxylic acids 0.150 0.2 3.9
TOTAL C4-C10 Sulfonic acids 0.020 0.04 0.43 0.14 0.1 0.02] 8.2

16KS1303-16K51384

This report overtidos olf peovious Teports.  The rasults rolto solly o the samplal's as recanad and are mited 1o tha speaiic tests undartaken as bstod on tho roport. The rasuls of this report are cocfidersial and 270 not 1o ba wsad or disdosed 1o any other porsan or usad ioe ary other purposa,
whathee directly or ndeoctly, unicss that use = disclosed or the purpose s aossly athonsed in witing by Quasnsiand Haxith and the namod reapiont on this report. To the huflest adant permitiad by faw, Quoansland Hoalh will not be Sabla for any koss or claim (nduding legal costs
calodatad on an indemnity basia) which anso bocause of (a) problams rolatod 1o the meechantabilly , Stness or qalty of the sampla’s, or (b} any nagiigent or unlawlul act or omissions by Guoonsiand Hodlth thet is cormacted with any actvities or seoncas provided by Qusansland Hoalkh undor
this agreement (including the timing andlor method undar whch the sarpla’s weea takon, stored or anapariad)
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TOPA PFAS - Table 2 of 5

Laboratory Reference No.: —— 16K51310 | 16KS1313 | 16KS1314 | 16KS1343 | 16XS1344 16K51317 16K51319 | 16KS1358 | 16KS1359 | 16K51360
Client Reference No.: CRS02 NCBOL NCBO2 NCBOA NCBOS NCMO1 NCCO1 NCCO3 NCC06 NCCo7

Perfluorobutanoic acid (PFBA) 0.010 0.03 0.11 0.03 0.03]
Perfluoropentanolc acid (PFPeA) 0.007 0.027 0.20 0.022 0.011
perfluorohexanoic acld (PFHxA) 0.005 0.006 0.10 0.23 0.008 0.15) 0.17]
Perfluorcheptanoic acid (PFHpA) 0.005 0.12 0.071 0.012 0.008| 0.005
Perfluorooctanoic acid (PFOA) 0.007 0.070 0.042 0.008 0.022 0.023|
Perfliu ic acid (PFNA) 0.007 0.025

Perfluorodecanoic acid (PFDA) 0.010 0.02

Perfiy o ic acld (PFUdA) 0.010 0.11

Perflucrododecanocic acid (PFDoA) 0.020

Perfiuorotridecanolc acid (PFTrDA) 0.050

Perfluorotetradecanolc acid (PFTeDA) 0.020

Perfluorobutanesulfonic acid (PFBS) 0.005 0.018 0.020
Perfluorohexanesulfonic acid (PFHXS) 0.005 0.008 0.054 0.17 0.17
Perflucrooctanesulfonic acid (PFOS) 0.005 0.043 0.041 0.13 0.33 0.35
Perfluorodecanesulfonic acid (PFDS) 0.020

TOTAL C4-C14 Carboxylic acids 0.150 0.5 0.7 0.2 0.2
TOTAL C4-C10 Sulfonic acids 0.020 0.05 0.04 0.19 0.51 0.54]

16KS51303-16K 51334

This roport overnidon ol peovious roports.  Tha rasults relata solely 1o the samplals as reconvad and are mited o e speaific lest undartaken as fistod on tha roport. The rasuls of Sis report are cosfidertial and are not 1o bo usad or disdosed 1o any othar persen or usad for ary other purposs,
whather directly o ndractly, unioss that use & disclosed or the purpose s sepressly suthornised in writing by Quoansland Hadith and the named reapicat on this report. To the hullest adort pormitiad by law, Quoonsland Haalh will not bo Sablo for any koas or claim (induding loga! cosn

calodatod co an indomrity basis) which anse bocauss of (a) probloms relatod 10 the merckantahiliy, fitnass o quliy of the samplals, or b} any negigent or unlawlul 2ct or omissions by Quoansiand Haalth that is commodisd with any actvitios o serncos provided by Quoansiand Hoals undar
this agreament (including the timing and'or mood under which o saplo's ween takon, storod or Fansporiod)
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TOPA PFAS - Table 3 of 5

Laboratory Reference No.: L8 gy 16K51323 | 16KS1361 | 16KS1362 | 16KS1363 16KS1364 | 16KkS1365 | 16kS1333 | 16Ks1366 | 16Ks1335 | 16KS1367

Cllent Reference No.: NCNOL NCNO3 NCNOS NCMO3 NCMOS FNCS_01 FNCS_03 FNCS_05 FNCN_01 FNCN_02

Perflucrobutanoic acid (PFBA) 0.010 0.04 0.03 0.08 0.43
Perfluoropentanolc acid (PFPeA) 0.007 0.026 0.053 0.34
Perfluorchexanoic acid {PFHxA) 0.005 0.007 0.16 0.10 0.33 1.6
Perfluoroheptanoic acid (PFHpA) 0.005 0.007 0.006) 0.017 0.027 0.21
Perfluorooctancic add (PFOA) 0.007 0.030 0.033 0.069) 0.43|
pert) ic acid (PFNA) 0.007 0.038
perfluorodecanoic acid (PFDA) 0.010 0.02
Perflucround ic acid (PFUdA) 0.010
Perflucrododecanolc acid (PFDoA) 0.020
Perfluorotridecanolc ackd (PFTrDA) 0.050
perfluorotetradecanoic acld (PFTeDA) 0.020
Perfluorobutanesulfonic acid (PFBS) 0.005 0.007 0.038] 0.054
Perfluorohexanesulfonic acld (PFHxS) 0.005 0.045 0.039 0.29 0.65
perfluorooctanesulfonic acid (PFOS) 0.005 0.25| 0.072 0.83) 0.57
Perfluorodecanesulfonic acld (PFDS) 0.020
TOTAL C4-C14 Carboxylic aclds 0.150 0.2 0.2 0.6 3.0
TOTAL C4-C10 Sulfonic aclds 0.020 0.30 0.11 1.2 13|
16KS1303-16K 51384

This report ovestides ol peavious seports.  Tho resulls relaio sokly 1o the sampla's as reconad and are kmited 10 e speafic 1osts undortaken as listad on tho roport. Tho rosuls of this ropart are confidersial and ara mot 1o ba usad or disdosed 1o any othar porsan or usad for any othor purpess,
whather directly or ndroctly, uniass that uso & disclosad or the purposa s areesly auhonsed in witing by Cueensiand Hoalth and 5o named roapiert on this roport. To the fullast aant permitiad by law, Ouoconsiand Haakhwill not be fablo for any loss or claim (induding legal st
calodaiod on an indemeity basis) which arse bocause of (a) problams related 1o $he meechantabiliy, ftnoss or qualiy of the sampia's, or () any nogiigont or unlawful act or omissions by Queansland Hoalth that is conmocted with any actvitios or services provided by Oueansland Hoalth undar
this agreament (includng the timing and'or mathod under which the sampla's woeo takan, storod o transporiad)

Enquries Ashloy T ronol 30 Kessals Hoad e Prora (461 7) 349111
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TOPA PFAS - Table 4 of 5

Laboratory Reference No.: L0 i) 16K51368 | 16KS1338 | 16KS1369 | 16KS1370 | 16KS1372 | 16KS1374 16Ks51375 | 16Kks1377 | 16Ks1379 | 16KS1380
Client Reference No.: FNCF_04 FNCN_06 NRFB_01 NRFB_02 NRFB_04 NRFB_06 NRAY_01 NRAY_03 NRAY_0S NRHH_01
Perfluorobutanoic acid (PFBA) 0.010 0.31]
Perfluoropentanoic acid (PFPeA) 0.007 0.33]
Perfluorohexanolc acid (PFHxA) 0.005 0.42]
Perfluoroheptanolc acid (PFHpA) 0.005 0.17
Perfluorooctancic acdd (PFOA) 0.007 0.17,
pertl ic acid (PFNA) 0.007 0.086
Perfluorodecanolc acid (PFDA) 0.010 0.05
Perfluoroundecanoic acld (PFUJA) 0.010 0.03
Perfluorododecanoic acld (PFDoA) 0.020
Perflucrotridecanoic acid (PFTDA) 0.050
Perfluorotetradecanoic acld (PFTeDA) 0.020
perfluorobutanesulfonic acid (PFBS) 0.005
Perfluorohexanesulfonic acid (PFHxS) 0.005 0.070) 0.01]
Perfluorooctanesulfonic acid (PFOS) 0.005 0.072 0.014)
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL CA4-C14 Carboxylic acids 0.150 1.5
TOTAL C4-C10 Suifonic acids 0.020 0.14 0.02

16KS51303-16K51384

This report overtides all peavious taports. The resdts rolato solsly 1o the sampla's as reconad and are imitod 10 the speafic 1ests undertakon as stad on the roport. The resuls of s repont are confidoctial and ass not 1o ba used or disdosed to any othar pocson or usad for any other purposa,
whathee drectly or indiractly, unioss that usa & disclosad or the purposs s amressly ethonsed in witing by Quasrsiand Health and e named reapient on this report. To the fullest adort permitiad by law, Quoansiand Haakh will not bo §atle lor any loss or chaim (induding legal coss
calodmiad on an indamvity bass) which anse bocause of (a) probloms rolatod 1o the marchantabiliy , ftnass or qualiy of the sampials, or {b) amy nagiigent o unlawiul act or omissions by Quosnsiend Hoalth that is conrecicd with any actvition or servicas prowided by Ousansiand Hoak® undor
this agreament (including the timing andlor mathod undar which tho sarplas wero tekan, siorod or ransportad)

Enqunes Ashloy Tronoff 20 Ressols Hoad PO Box 504 Prone 4561 7)3Ta 91
Phome  {+617) 3274 9087 Coopars Plains OLD 4108 Aschoricld QLD 4108 Fax (451 7) 3000 9628
Email ashley.tronofi@heakh qid gov.au AUSTRALIA AUSTRALIA Erai FSS@hasith.gid gov.au
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TOPA PFAS - Table 5 of 5

Laboratory Reference No.: 16K51382 16K51384
LOR (ug/L)
Client Reference No.: NRHH_03 NRHH_0S
Perfluorob acld (PFBA) 0.010
Perfluoropentanoic acid (PFPeA) 0.007
Perfluorohexanoic acld (PFHxA) 0.005 0.023
Perfluoroheptanoic acid (PFHpA) 0.005
Perfl tanolc acid (PFOA) 0.007
perfl ic acld (PFNA) 0.007
Perflucrodecanoic acid (PFDA) 0.010
Perfluoroundecanoic acid (PFUdA) 0.010
Perflucrododecanoic acid (PFDoA) 0.020
Perflucrotridecanoic acid (PFTrDA) 0.050
Perfl decancic acld (PFTeDA) 0.020
Perflucrobutanesulfonic acid (PFBS) 0.005
Perfluorohexanesulfonic add (PFHxS) 0.005 0.012
Perfh Ifonic acid (PFOS) 0.005 0.088
Perfluorodecanesulfonic acld (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150
TOTAL C4-C10 Sulfonic acids 0.020 0.10

16KS1303-16K 51384
This report oveenides o peovious 1oports. The resdts relata solly fo the sampla’s as recarved and ars imiod 1o e speofic tests Lndortaken as listod on the roport. The resuls of this report are conhidertial and ara not 1o b wsad or disdosed 1o any othar person or used lor nyothvpum

whather directly or ndeoctly, urimﬂum-dsdosadmlhnmuwnzhWadlnwmrubyo\mdmuoﬂh and the nemod recpicrt on this report. To the hullest wdort pormitiad by faw, Cuoansiand Hoath will not be Satlo for any loas or claim (induding legal oo

caladatod on an indomeity basis) which anse boause of (a) probl relatod 1o the muwhdmm.afb}nwnogiwimmhwhdadumrsbyO\mundhmuoorrodedwkamam1mavmmmm&dbv0mrdrdlh¢hm

this agreement (indluding e timing andfor mathed undor which the sampleds wera takan, sioeod or nmpotbd

Enquries Azhley | ronofl 3 Reazals Hoad PO Box 54 Prore (61 7)37a 911l

Phona  (+617) 2274 9087 Coopars Plains QLD 4108 Ascharficld OLD 4108 Fax (461 7) 3000 9828

Email  ashley tronofiidheath qid gov.ou AUSTRALIA AUSTRALIA Emai FSS@haaith.qd.gov.an
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& Queensland Forensic and Scientific Services
Government HealthSuppon

Queensiand

CERTIFICATE OF ANALYSIS

CLIENT: Raymond Bott Laboratory Reference - SSP0053053
QFES Client Project :
24 Corporate Drive Date Received 29 Nov 2016
Cannon Hill QLD 4170 Date Commenced - 12 Dec 2016

Laboratory Number/s - 16KS1406-16KS1411
ATTN: Raymond Bott

CC:

Submitting Authority : QFES

Number of Samplas : 8

Reason for Analysis : PFAS monitoring

Meathod'’s of Analysis : QIS 32403 - Perfluorinated Compounds in Water

Remarks
1 s
il oy
| "..j I., l'
8 [ Jind
DrAshleminoﬁ
Chemist, Organics Laboratory
11/01/2017
13K31m1a(31411
This report averrides o provious reports. The resuts relnto sololy 1o the sampla's as recamed and ars Fmited 10 e specifio tests undartaken as fistad on the rapcet. Tho rosuks of this report aro
w&‘dwnmmhuﬁuwhwmmmmhwo’u Mm&odiy mmhm-wuhmnumwm
by Quosrsiand Haalth and the namod redipient on this ruport Tolhﬂhhunmlpunmd law, Quoansiond Haalh will not bo Fabl for any loss or claim (moluding logal coss statod
m basin} which 2ss0 becauso of (2) relsted 1o tho fenoes or dl:nn-ph& aﬂwmlmuﬂulumumh%mmml-
ccrrededwith ary sctivitios of seevices pronded by Qlsensiand Healt: undor this agracmant (inchading the timing and'or method ich tho sampla's ware taken, stoead or rarsporad)
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Free PFAS - Table 1 of 1

OFFICIAL - PUBLIC

Laboratory Reference No.: LOR (ug/t) 16K51406 16K51407 16K51409 16K51411
Client Reference No.: BRENOL BRENO2 BRENOA BRENOS

perflucrobutanoic acid (PFBA) 0.010 0.20
perflucropentanoic acid {PFPeA) 0.007 0.62
Perfluorohexancic acid (PFHxA) 0.005 11
Perfluoroheptancic acld {PFHpA) 0.005 0.24]
Perfluorooctanoic acld (PFOA) 0.007 0.18
Perflucrononancic acid (PFNA) 0.007 0.12
Perfluorodecanoic acld (PFDA) 0.010

Perfluoroundecanoic acld (PFUdA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acld (PFTrDA) 0.050

perfl decanoic acld (PFTeDA) 0.020

Perfluorohexadecanoic acid (PFHxDA) 0.050

Perfluorobutanesulfonic acid (PFBS) 0.005 0.18)
Perfluorchexanesulfonic acid (PFHxS) 0.005 3.3
pPerfluorcoctanesulfonic acld (PFOS) 0.005 2.4
Perfluorod Ifonic acid [PFDS) 0.020

1H,1H,2H,2H-Perflucroh ionic acid (4:2FTS) 0.005

1H,1H,2H 2H-Perflucrooctanesulfonic acld (6:2FTS) 0.010 0.06)
1H,1H,2H 2H-Perfluorod onke ackd (8:2FTS) 0.020

Perfluorohexyl ethanoic acld (FHEA) 0.200

Perfluorooctyl ethanoic acld (FOEA) 0.050

Perfluorodectyl ethanolc acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic aclds 0.150 2.4]
TOTAL C4-C10 Sulfonic aclds 0.020 6.0|
16KS1406-16KS1411

whather directly or indroctly, unises that Lo = dischosed or the
this agreoment (including the liming andlor mathod undar which the sarpla’s wees takan, siorad or ransporiad)

This roport oveenidos ol peavicus 1oports.  The rosuits refada solkly 1o the sampla's as recorved and are imitod 10 the speciic losts Lndortaken as listod on the roport. The resuls of this ropart are corfidontial and 2o not 1o bo wsad or disdiosed 1o any othar poeson or usad lor any other purposa,

purpase is axprosshy auhonsed in writing by Quaansiand Hoalth and the namod recipiont on this report. To tha fullest adont pormitiod by law, Queansland Hoabh wil not be fable for any loss or claim (induding logel coss

caladatod on an indomeity basis) which arise bozauss of {a) problams 1elated 1o the morckantabily . finass or qaliy of the sampia's, ¢ (b} any nagigent or unlawful act or omissions by Quesnsiand Hauth that is conmectcdwith any actvitios or serices provided by Qucensiond Hoaki undar

Enqusies Ashley Tronofl 20 Kessals Hoad PO Box 504 Prono 1+81 71327 49111
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TOPA PFAS - Table 1 of 1

Laboratory Reference No.: O (rgt) 16K51406 16X51408 16K51410 16K51411
Client Reference No.: BREN-01 BREN-03 BREN-05 BREN-06
Perfluorobutanolc acid (PFBA) 0.010 0.41
Perfluoropentanoic acid (PFPeA) 0.007 0.78
Perfluorohexancic acld (PFHxXA) 0.005 2.0
Perfluoroheptanoic acld (PFHpA) 0.005 0.24)
Perfluorooctanoic acid (PFOA) 0.007 0.20
Perfluor oic acid (PFNA) 0.007 0.11
Perfluorodecanoic acld (PFDA) 0.010
Perfluoroundecanoic acid (PFUA) 0.010
Perfluorododecancic acld (PFDoA) 0.020
perfluorotridecanoic acld (PFTrDA) 0.050
Perfluorotetradecanoic acld (PFTeDA) 0.020
perfluorobutanesulfonic acid (PFBS) 0.005 0.19
Perfluorohexanesulfonic acd (PFHxS) 0.005 3.6)
Perfluorooctanesulfonic acld (PFOS) 0.005 2.7,
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 3.7
TOTAL C4-C10 Sulfonic acids 0.020 6.4]

16KS1406-16K5141 1

This roport avernides afl peavious Toports. The rosults rolto sololy 1o the sampla's as recevad and oo imited 1o the speafic losts undertaken as listod on tha roport. The rosuls of this report are confidertial and 220 not to bo wsed or disdosed lo any othar peeson or usad for ary other pusposa,
wheather dirsctly or indroctly, unices that use i disclosad or the purposa is axprossly authonsed in writing by Queansiand Haalth and the namod reapicet on this roport. To the hullast adarnt permitiad by law, Quosnsland Hoakiwill not be Sakéa for any loss or claim (mduding legal costs
calodaad on an indemrity bass) which anss bocause of (2) probloms tolatod 1o the merchantabiiy . ftnoss or quality of the sampials, of (b} any nogiigent or unfawful act or omissions by Quoonsiand Hoalth that is connected with any actvitios or services provided by Quscnsland Healh undar
this agreament (including the timing and'or mathed undar which the sarpla's weeo takan, storad oc ransporiod)

Enqunes Ashley Tronofl 20 Kessals Hoad PO Box 594 Prona ISHELFIE
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Queensland Forensic and Scuentlﬁc Services
Government HealthSupport
Queonsland
CLIENT: Raymond Bott Laboratory Reference  : SSP0053906
QFES Client Order Number :
24 Corporate Drive gl‘;;’;‘:;\';{“:le’
; je
Cannon Hill QLD 4170 Client Batch Reference |
. Date Received : 16-02-2017
ATTN: Raymond Bott Date Commenced : 17-02-2017
Laboratory Number/s | 17KS285-297
CcC:
Submitting Authority : QFES
Number of Samples  : 3
Reason for Analysis : PFAS monitoring
Method/s of Analysis : QIS 32403 — Perfluorinated Compounds in Water
Remarks : Total Fluorinated Organics Is the sum of the total oxidisable precursors (TOPA C4-C14) perfluoroalkyl
carboxylic acids plus (C4-C10) perfluoroalky! sulfonic acids.
Please note that the TOPA method is not validated
Dl PlogstS
Martha du Plessis
Chemist, Organics Laboratory
010317
NATA Accredited Laboratory 41
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Client Reference Sample 1 Sample 2 Sample 3
Sample Type Water Water Water
Sampling Time / Date
Sample Description BRAN170213-01 BRAH170213-01 BRW170213-01
Method | Free Perfluoroalkyl Compounds (PFAS) Units "‘““m"l;"‘ 17KS295 17KS296 17KS297
32403 Perflucrobutanoic acid (PFBA) pall 0.01 <0.01 <0.01 <0.01
32403 Perfluoropentanoic acid (PFPeA) pafl 0.007 < 0.007 < 0.007 < 0.007
32403 Perflucrohexanoic acid (PFHxA) pgll 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluoroheptanoic acid (PFHpA) uolL 0.005 < 0.005 < 0.005 <0.005
32403 Perfluorooctanocic acid (PFOA) g/l 0.007 < 0.007 < 0.007 < 0.007
32403 Perfluorononanocic acid (PFNA) ol 0.007 < 0.007 < 0.007 < 0.007
32403 Perfluorodecancic acid (PFDA) g/l 0.01 <0.01 < 0.01 <0.01
32403 Perfluoroundecanoic acid (PFUDA) Pl 0.01 <0.01 <0.01 <0.01
32403 Perfluorodedecanoic acid (PFDoA) palL 0.02 <0.02 <0.02 <0.02
32403 Perflucrotridecanoic acid (PFTrDA) pglL 0.05 <0.05 < 0.05 <0.05
32403 Perfluorotetradecanoic acid (PFTeDA) uall 0.02 <0.02 <0.02 <0.02
32403 Perfluorohexadecanoic acid (PFHxDA) ug/L 0.05 <0.05 < 0.05 <0.05
32403 Perflucrobutanesulfonic acid (PFBS) wall 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluorchexanesuifonic acid (FFHxS) wall 0.005 < 0.005 < 0.008 <0.005
32403 Perfluercoctanesulfonic acid (PFOS) Hall 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluorodecanesulifonic acid (PFDS) wall 0.02 < 0.02 <0.02 < 0.02
32403 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) parl 0.005 < 0.005 < 0.008 <0.005
32403 | 6:2 Fluorotelomer suifonic acid (6:2 FTS) uaiL 0.01 <0.01 <0.01 < 0.01
32403 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) ua/l 0.02 <0.02 < 0.02 < 0.02
32403 Perfluorooctyl ethanoic acid (FOEA) g/l 0.05 <0.05 <0.05 < 0.05
32403 Perfluorodecyl ethanoic acid (FDEA) Ha/l 0.05 <0.05 <0.05 <0.05
Total (C4-C14) Free perfluorcalkyl
32403 carboxylic acids | Hg/L 0.15 <0.15 <0.15 <0.15
32403 Total (C4-C10) Fre:a p:smuoa'oalkyl sulfonic HgiL 0.02 <0.02 <0.02 <0.02
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Client Reference Sample 1 Sample 2 Sample 3
Sample Type Water Water Water
Sampling Time / Date
Sample Description BRAN170213-01 BRAH170213-01 BRW170213-01
Method | TOPA Perfluoroatkyl Compeunds Units R‘uwm""" 17KS295 17KS286 17KS297
32403 Perflucrobutanoic acid (PFBA) bl 0.01 < 0.01 < 0.01 <0.01
32403 Perfluoropentancic acid (PFPeA) ugil 0.007 <0.007 <0.007 <0.007
32403 Perfluorohexanoic acid (PFHxA) pall 0.005 < 0.005 < 0.005 < 0.005
32403 Perflucroheptanoic acid (PFHpA) pail 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluorooctanoic acid (PFOA) __pofl 0.007 <0.007 <0.007 <0.007
32403 Perfluorononanoic acid (PFNA) po/l 0.007 < 0.007 < 0.007 < 0.007
32403 Perfluorodecanoic acid (PFDA) _ poll 0.01 <0.01 <0.01 <0.01
32403 Perfluoroundecanoic acid (PFUDA) pg/l 0.01 <0.01 <0.01 <0.01
32403 Perflucrododecanoic acid (PFDoA) pg/L 0.02 <0.02 <002 <0.02
32403 Perfluorctridecanoic acid (PFTrDA} pa/L 0.05 <0.05 <0.05 <0.05
32403 Perfluorotetradecanoic acid (PFTeDA) g/l 0.02 <0.02 <0.02 <0.02
32403 Perfluorohexadecanoic acid (PFHxDA) Ha/L 0.05 <0.05 <0.05 < 0.05
32403 Perfluorobutanesulfonic acid (PFBS) pg/L 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluorohexanesulfonic acid (PFHxS) ug/L 0.005 < 0.005 <0.005 < 0.005
32403 Perfluorooctanesulfonic acid (PFOS) Ha/L 0.005 < 0.005 < 0.005 < 0.005
32403 Perfluorodecanesulfonic acid (PFDS}) ua/L 0.02 <0.02 <0.02 <0.02
32403 4:2 Fluorotelomer sulfonic acid (4:2 FTS) pa/l 0.005 < 0.005 < 0.005 < 0.005
32403 6:2 Fluorotelomer sulfonic acid (8.2 FTS) Mgl 0.01 <0.01 <0.01 <0.01
32403 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) pall 0.02 <0.02 <0.02 <0.02
32403 Perfluoroocty! ethanoic acid (FOEA) W/l 0.05 < 0.05 <0.05 <0.05
32403 Perfluorodecy! ethanoic acid (FDEA) Ha/l 0.05 < (0.05 <0.05 <0.05
32403;|  THRLTORALA LI perucrushy! bgiL 0.15 <0.15 <0.15 <0.15
32403 | Total (C4-C10) perfluoroalky! sulfonic acids _ugil 0.02 <0.02 <0.02 <0.02
| 32403 Total Fluerinated Organics ug/l 0.20 <0.20 <0.20 <0.20
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Appendix C

Quality Assurance and Quality Control

Motes

If blanks are reparting values greater than one tenth the limit of reporting, samples are blank corrected

For each ten samples a minimum of on duplicate sample is prepared

For each twenty samples a matrix spike is included in the batch

There is always a background of 6:2 FTS in instrument and a pre column is used to reduce the level.

The below labelled compounds are used as isotope dilution in each sample

Labelled Perfluorobutanoic acid
Labelled Perfluorohexanoic acid
Labelled Perfluorooctanoic acid
Labelled Perfluocrononanocic acid
Labelled Perfluorodecanoic acid
Labelled Perfluoroundecanoic acid
Labelled Perfluorododecanoic acid
Labelled Perfluorohexanesulfonate
Labelled Perfluorooctanesulfonate
Labelled Perfluorohexyl ethanoic acid
Labelled Perfluorooctyl ethanoic acid
Labelled Perfluorodectyl ethanoic acid
Labelled 1H,1H,2H,2H-Perfluorooctanesulfonate
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Batch FE0718MP
Contains packages BSLI:EEK NZI:TKRI;X DUPLICATE b E ';LI ::::T BLANK LOR
55P51089 RECOVERY | RECOVERY AMALYSIS ) {ug/L)
Water analysis (95) (%) A
SPIKE SPK_689 16K5687 | DUP_587 | DUP_BBY
Perfluorobutanoic acid 152 131 0.42 041 2 <0.005 0.005
Perfluoropentancic acid 137 142 0.84 077 ] <0.01 0.010
Perfluorohexanoic acid 96 a4 1.10 1.00 10 <10.005 0.005
Perfluorcheptancic acid 132 120 0.44 041 7 < 0.005 0.005
Perfluorooctanoic acid a0 a4 0.37 0.34 8 <0.005 0.005
Perfluorononanoic acid 101 a8 0.28 0.26 7 <0.005 0.005
Perfluorodecanoic acid 114 105 0.01 0.01 0 <10.005 0.005
Perfluoroundecanoic acid 125 103 0.02 0.02 0 <0.005 0.005
Perfluorododecanoic acid 104 116 <0.005 | <0.005 - <0.005 0.005
Perfluorotridecanoic acid ] 7 <0.005 | <0.005 - <10.005 0.005
Perfluorotetradecanoic acid B 13 <0.005 | <0.005 - <10.005 0.005
Perfluorchexadecanoic acid 13 82 <0.005 | <0.005 - <0.005 0.005
Perfluorooctadecanoic acid 25 72 <0.01 <0.01 <0.01 0.010
Perfluorobutanesulfonic acid 101 106 0.31 0.30 3 <10.005 0.005
Perfluorchexanesulfonic acid 104 99 4.30 5.10 4 <0.005 0.005
Perfluorooctanesulfenic acid 110 104 5.90 7.20 20 <0.005 0.005
Perfluorodecanesulfonic acid 18 15 =0.005 | <0.005 - <0.005 0.005
Perfluorooctyl ethanoic acid MA NA <0.005 | <0.005 --- < 0.005 0.005
Perfluorodectyl ethanoic acid MNA NA <0.005 | <0.005 - <0.005 0.005
1H,1H,2H,2H-Perfluorohexanesulfonic acid 132 102 <0.005 | <0.005 <10.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 97 88 0.099 0.107 3 <0.01 0.01
1H,1H,2H,2H-Perfluorodecanesulfonic acid 43 64 0.002 0.001 --- < 0.02 0.02
Notes
PFTrDA, PFTeDA, PFHxDA, PFDS, FOEA, FDEA Blank spike recovery
PFTrDA, PFTeDA, PDFS, FOEA, FDEA Matrix spike SPK_689
Batch FE0913MP
Contains packages BSI;T:EK MS":T;:'X DUPLICATE b ;”I)JLI ::;AT BLANK LOR
55P51857 : RECOVERY | RECOVERY AMNALYSIS (%RP D.:I {ug/L)
Water analysis (%) (%)
SPIKE SPK_956 16K5855 | DUP_855| DUP_955
Perfluorobutanoic acid a1 89 <0.005 | <0.005 = < 0.005 0.005
Perfluoropentancic acid 95 123 <0.01 <0.01 -—- <0.01 0.010
Perfluorohexanoic acid 82 56 <0.005 | <0.005 — < 0.005 0.005
Perfluoroheptanecic acid 106 148 <0.005 | <0.005 -— < 0.005 0.005
Perflucrooctancic acid an 74 < 0.005 < 0.005 - < 0.005 0.005
Perfluoronenancic acid a7 100 <0.005 | <0.005 -— < 0.005 0.005
Perfluorodecanoic acid 91 93 <0.005 | «<0.005 - < 0.005 0.005
Perfluoroundecancic acid a5 78 <0.005 | <0.005 = < 0.005 0.005
Perfluorodedecanoic acid a8 a5 <0.005 | <0.005 -—- < 0.005 0.005
Perfluorotridecanoic acid 72 67 <0.005 | =0.005 = < 0.005 0.005
Perfluorotetradecanoic acid 30 59 < 0.005 < 0.005 = < 0.005 0.005
Perfluorohexadecanoic acid 44 18 <0.005 | =0.005 = < 0.005 0.005
Perfluorooctyl ethanoic acid 134 33 <0.005 | <0.005 -—- < 0.005 0.005
Perfluorodectyl ethanoic acid MNA M <0.005 | <0.005 = < 0.005 0.005
1H,1H,2H,2H-Perfluorohexanesulfonic acid 80 83 <0.005 | <0.005 -— < 0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 101 164 <0.02 <0.02 -—- 0.007 0.02
1H,1H,2H,2H-Perfluorodecanesulfonic acid 103 306 <0.005 | <0.005 -— < 0.005 0.02
MNotes
FDEA Blank spike recovery below LCL
PFHxDA, FDEA Matrix spike SPK_956 recovery below LCL
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Batch FG0919MP

T e BLANK MATRIX DUPLICAT|

e — SPIKE SPIKE DUPLICATE E BLANK LOR

ceps193] RECOVERY | RECOVERY ANALYSIS DIFF.{3R {ug/L)

Water analysis (%) (%] PD)

SPIKE SPK_994 16K5293 | DUP_993 | DUP_993 LOR

Perfluorobutanoic acid 105 100 0.013 0.011 17 < 0.005 0.005
Perfluoropentanoic acid 100 a5 0.020 0.020 0 < 0.01 0.010
Perfluorohexanoic acid 105 96 0.026 0.024 8 < 0.005 0.005
Perfluoroheptanoic acid az 87 0.008 0.006 29 < 0.005 0.005
Perfluorooctanoic acid 110 106 0.012 0.011 9 < 0.005 0.005
Perfluoroncnancic acid 108 93 <0.005 | <0.005 - < 0.005 0.005
Perfluorodecanoic acid 117 10 <0.005 | <0.005 - < 0.005 0.005
Perfluoroundecanocic acid 111 99 <0.005 | <0.005 - < 0.005 0.005
Perfluorododecanoic acid 107 99 <0.005 | <0.005 - < 0.005 0.005
Perfluorotridecanoic acid 85 30 <0.005 | <0.005 - < 0.005 0.005
Perfluorotetradecanoic acid 76 66 <0.005 | <0.005 - < 0.005 0.005
Perfluorohexadecanoic acid a6 18 <0.005 | <0.005 - < 0.005 0.005
Perfluorobutanesulfonic acid 106 91 <0.005 | <0.005 - < 0.005 0.005
Perfluorohexanesulfonic acid 111 103 0.043 0.039 10 < 0.005 0.005
Perfluorooctanesulfonic acid 104 101 0.120 0.110 9 < 0.005 0.005
Perfluorodecanesulfonic acid 100 93 <0.005 | <0.005 - < 0.005 0.005
Perfluorchexyl ethaneic acid 110 68 <0.005 | <0.005 - < 0.005 0.005
Perfluorooctyl ethanoic acid 134 63 <0.005 | <0.005 - < 0.005 0.005
Perfluorodectyl ethanoic acid a1 70 <0.005 | <0.005 - < 0.005 0.005
1H,1H,2H,2H-Perfluorochexanesulfonic acid 100 101 <0.005 | <0.005 - < 0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 109 78 <0.02 <0.02 - 0.003 0.020
1H,1H,2H,2H-Perfluorodecanesulfonic acid 106 102 <0.005 | <0.005 - < 0.005 0.005
Notes

PFHxDA Matrix spike SPK_994 recovery below LCL

FGO92ZEMP BLANK MATRIX DUPLICAT

Contains packages SPIKE SPIKE DUPLICATE 20T BLANK LOR
5SP51976 RECOVERY | RECOVERY | ANALYSIS (ug/L) (me/L) {ug/L)
Water analysis (35) (34) (%RPD)

SPIKE SPK_1032 | 16KS1031 |DUP_1031| DUP_1031
Perfluorobutanoic acid 106 100 <0.010 | <0.010 = < 0.010 0.010
Perfluoropentancic acid 96 93 <0.007 | <0.007 — < 0.007 0.007
Perfluorohexanoic acid 100 90 <0.005 | <0.005 — < 0.005 0.005
Perfluorcheptancic acid 110 106 <0.005 | <0.005 - < 0.005 0.005
Perfluorooctanocic acid 98 90 <0.007 | <0.007 = < 0.007 0.007
Perfluorononanoic acid 103 93 <0.007 | =0.007 - < 0.007 0.007
Perfluorodecancic acid 104 98 <0.010 | <0.010 = < 0.010 0.010
Perfluoroundecancic acid 105 a7 < 0.010 <0.010 = < 0.010 0.010
Perfluorodedecanoic acid 97 85 <0.020 | <0.020 — <0.020 0.020
Perfluorotridecanoic acid a0 107 <0.050 | <0.050 - < 0.050 0.050
Perfluorotetradecanoic acid 82 81 <0.020 | <0.020 = < 0.020 0.020
Perfluorohexadecanoic acid 56 34 <0.050 | =0.050 - < 0.050 0.050
Perfluorobutanesulfonic acid 99 38 <0.005 | <0.005 = < 0.005 0.005
Perfluorchexanesulfonic acid 103 86 < 0.005 = 0.005 = < 0.005 0.005
Perfluorooctanesulfonic acid 102 97 <0.005 | <0.005 = < 0.005 0.005
Perfluorodecanesulfonic acid 94 106 <0.020 | <0.020 - < 0.020 0.020
Perfluorooctyl ethanoic acid 111 101 <0.050 | <0.050 — < 0.050 0.050
Perfluorodectyl ethanoic acid 93 79 <0.050 | <0.050 - < 0.050 0.050
1H,1H,2H,2H-Perfluorchexanesulfonic acid 109 146 <0.005 | <0.005 — < 0.005 0.005
1H,1H,2H,2H-Perfluorocctanesulfonic acid 110 100 <0.010 | <0.010 — 0.0006 0.010
1H,1H,2H,2H-Perflucredecanesulfonic acid 105 125 <0.020 | <0.020 = <0.020 0.020
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MATRIN DUPLICAT 0 | ogroca
- 3»&% DUPLICATE ] € OrF bDupLCATE .A,'(A'.\ 103 ; our .4_.\12.»\'1-\‘.\*:& TEOIFY r_lu.?u‘ U:,“
u:z_l'_:;ih REC l.:‘tkv ANALYSS (/L) INRPD) TS RAPDS [T INGPD) leaiil | Gadl)
R SPK_1190 | 1ges11ss |oup_1138 DuP_Lim| 15 DUP_1204! DUS_LI04
Perlloce sbatanc aced "1 | e | <omw |<o0w] — | o oo | 9
Perflucropentansic sod 113 o <0.007 a0es 0054 15
Parfluccobavancic scd s 1 00 — 1150 0340 ?
Perfluocobeptancic acd 113 a5 0.005 0058 0048 12
Perfloscoonctaneit 30d 113 i — 004y 0 ek 2 <0037
Parflacenronarcic add 121 ag 0007 - 0.007 — <0007 -
Perflocrodecanch 2 920 <0010 0.010 «0.030
Perdlocroudecar 102 92 0.01 — 0.010 — | <oo0| —
Perfluoro3cdecano ackd 130 102 a0 - 0.020 - <ga0 -
Perflocrotrigazanaic ackd %0 [ 0.0%0 - 0,030 - <0030 -
Perfloorotetradecanok acks &0 0.020 0.020 0.010 < 0.020
Perflccrobenadatancic scd 33 52 <0.0%0 0.050 — Q050 — <0.0%0 r—
Perfluarobotanesuifonic ack 102 o4 0.005 0.005 = Q041 n <0.005 -
Perfluceobenanetutons acid 108 o 0.00% 0.008 — 0 400 2 «0.008 -
Perfisorooctaneni¥onic 111 65 0.005 G005 0.760 i < 0.006
ParMuce e Cane e 5 on «0m0 | <000 - 0070 - 000 | <0020 -
ryﬂ_c:‘:-"—.-\' 'e'."m-o\' ):-; 95 .‘.j\l <020 0.20 ) 20 ) < C‘."‘i 1 <020 1
Pertiuoe RaN0C o 143 120 «0.050 004 « 0,050
Perfloccodecty| sthanci 1l 127 <0.050 = 0,050 = <0.050 v
14,14 26 2H-Perfiuorohesanesdifonic acd 110 27 <0005 0.005 Q005 <0005
I’i 18 28 2 Fefluorocctaeesdioni acd 174 a9 <0030 - o0s0 0 oao 0 <0030 -
18,18 20 _2i-Perfipurodecanesotfonic aoe E) 119 .00 000 0020 <0020 |
Notes
IPF'TeDA Blank spike recovery below LCL I
Batch FE1130AT
Contains packages B‘sL::EK MS‘:-II—leIx DUPLICATE DEEI;E:T DUPLICATE ANALYSIS E)rg';l;l:: BLANE LOR
55P52852 : RECOVERY | RECOVERY ANALYSIS (pg/L) E%RPD.:I {ug/L) {%RPD}. (ne/L) (ne/L)
Water analysis () (%)
SPIKE SPK_1229 | 16K51228 |DUP_1228 DUP_1228| 16KS51243 (DUP_1243| DUP_1243
Perfluorobutanoic acid 103 84 0.150 0.160 6 0.040 0.040 (4] < 0.010 0.010
Perfluoropentancic acid 102 209 0.400 0.410 7 0.130 0.140 7 < 0.007 0.007
Perfluorohexanoic acid 98 72 0.230 0.230 a 0.058 0.062 7 < 0.005 0.005
Perfluorcheptancic acid 80 126 0.220 0.260 17 0.062 0.066 6 < 0.005 0.005
Perfluorooctanoic acid 87 NA 0.042 0.048 13 0.022 002z 4] < 0.007 0.007
Perfluorononanoic acid 110 151 0.047 0.047 b] 0.015 0.016 6 <0.007 0.007
Perfluorodecanoic acid 100 133 <0010 | <0.010 = 0.00% 0.010 11 < 0.010 0.010
Perfluoroundecanoic acid 77 94 <0.010 | <0.010 0.030 0.020 40 <0.010 0.010
Perfluorododecanoic acid 82 74 <0.020 | <0.020 - <0.020 <10.020 <0.020 0.020
Perfluorotridecanoic acid 76 80 <0.050 | <0.050 - <0.050 < 0.050 — <0.050 0.050
Perfluorotetradecanoic acid 58 62 <0.020 | =0.020 = <0.020 | <0.020 — <0.020 0.020
Perfluorohexadecanoic acid 34 22 <0.050 | <0.050 - <0.050 | <0.050 — < 0.050 0.050
Perfluorobutanesulfonic acid 92 110 0.027 0.027 b] 0.006 0.006 0 < 0.005 0.005
Perfluorohexanesulfonic acid 97 168 0.065 0.070 7 0.025 0.020 22 <0.005 0.005
Perfluorooctanesulfonic acid 86 168 0.059 0.065 10 0.036 0.036 0 < 0.005 0.005
Perfluorodecanesulfonic acid 113 105 <0.020 | <0.020 <0.020 | <0.020 = <0.020 0.020
Perfluorohexyl ethanoic acid 96 38 <0.20 <0.20 <0.20 <0.20 <0.20 0.20
Perfluorooctyl ethanoic acid 71 73 < 0.050 <0.050 = < 0.050 < 0.050 = < 0.050 0.050
Perfluorodectyl ethanoic acid 151 109 < 0.050 <0.050 = < 0.050 < 0.050 = < 0.050 0.050
1H,1H,2H,2H-Perflucrohexanesulfonic acid 97 164 <0.005 | <0.005 -- < 0.005 < 0.005 — < 0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid I7 NA 0.570 0.310 59 0.008 0.010 24 < 0.010 0.010
1H,1H,2H,2H-Perflucrodecanssulfonic acid 116 125 <0.020 | <=0.020 <0.020 <0.020 — <0.020 0.020
Notes
PFOA, 6:2FTS Matrix spike Spk_1229 recovery below LCL
6:2FTS DUP_1228 RPD <30%
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|
ANk | warrx | maTrie _ |
| wux | sexr | e oveueate  |PPEATE  oupucate | PRUATE pusucare [ PVPEEATH aane | 1om
N RECOVIRY | RECOVERY [SEcourRy] ANALYSS g/l ANALYSS (ug) ANALYSTS Gegt) (e | lug/l)
(NRPO) {%RPD) I%RFD)
) (L) ™~
seaE | s ne | s 1297 Lamsaon| oue aoes| DuP_12nd | aeciase | ooe aame| Dup_t2e€ | seciaee [ous 1aee| Due e
Perfiorobutanok 3cd » 308 108 <0010 | <0020 - <0010 | <0010 | <ao1e | <ooi0 — <aoi0] ave
Perflunropentance ach 105 1 108 Q0 | <ova? <0807 | <0.007 | <0007 | <0007 <aon?| aoor
Parthsocohexanale o 110 ) ! <0008 | <000 — <Q00% — | «000s | <oo0s ~ «ao| oo
Perfhiurcheptancis acid EY) 14 57 <o | <opos - <0008 — | <ooos | <0003 - <gox| oo
Perfunroactance: aod 123 13 % <0007 | <0007 - <0007 - l <0007 | <0007 - «0007| 007
Perfhorononanaic ackd 108 117 7 <0007 | <0.007 — <0007 — | <0007 | <0007 e <0007 0007
Perflunrodecancic acid 113 103 205 <0.010 | «0.030 <0010 | <0010 | <0010 <0.010] 0.010
Perfloroundecanaic 30d 117 a2 104 <0010 | <0020 - <0010 | <ao1e | «ooi0 - <ao0io| avie
Perfluorodedecanse sod 114 205 3 Q030 | <6020 <0020 | <aoxe | <000 <a0o| ¢
Parths0obritarno 304 Lo a0 a8 <00% | <oos0 — <005 — | <o0%0 | <oose -~ <acse| oot
Perfhiurctetrades ancit 304 4 1l &z <onw| <cme — <000 | <omu — | <00 | <on0 - <gmn| oo
Perfunrohexsdec mnox s 1 3 <0030 | <00%0 - <00% | <0030 - l <g0%0 | <oo%0 - <o0%0| oo
Perfluorobutanesutionis acd e L iy <0005 | <0.005 — <0005 | <0005 — | <0005 | <0005 - <0005 0005
Perfiuorchexsne sdforic ackd 108 116 74 <0005 | «0.005 <0005 | <0.005 - | <0005 | <0005 <0.005] 0005
Perfiuorooctaneseifonc scid 104 103 80 <0005 | <0.005 — <0005 | <0005 = | <0005 | <0005 — <Q005] .05
Perfluorodecanssatfunc sod = a1 % «0.020 | <0020 <0020 | <aoe | <0030 <aig| ¢ai0
Parthocoheny’ sthanok acid 144 [ 113 «030 | <ca0 <020 | <030 030 «020| o
Perfliarooctyl ethansic acd 74 w i | <o0s0| <oo%0 - <opsa | <o — | <oow | <0o%0 - <gmn| aoso
Perfunrodecty| wthanoe s NA 53 NA «oo%0 | <00%0 - <00% | <0030 - ‘. <g0%0 | <o0%0 - «<o0so| oo
151,154 24 I8 Perflutrohesanesu Boaie acd 9 Ead L <0005 | <0005 S <0005 0005 — | <0005 | <0005 — <0005 0005
1M, 1M, IM 24-Perfluscosctaneubionic scid 5 90 99 <0.010 | «0.030 <0010 2.010 - | <0010 | <0010 - <0.010] 0010
14, 1M 1M 2W-Perfiyorodecanes Konic 304 119 121 95 <0020 | <0.020 — <0020 2.020 — | <0020 | <0020 — <0.020| 0.020
Notes
PFTeDA, PFHxDA, FDEA Blank spike recovery below LCL
PFTeDA, PEHxDA Matrix spike SPK 1282 recovery befow LCL
PFTeDA, PFHXDA, FDEA Matrix spike SPK_1297 recovery balow LCL
BLANK MATRIX
DUPLICAT] DUPLICA
SPIKE SPIKE DUPLICATE 20T DUPLICATE ANALYSIS TR BLANK LOR
RECOVERY | RECOVERY | AMALYSIS (ug/L) : (ngfl) | (/L) (ng/L)
(%RPD) (%RPD)
(%) (%)
SPIKE 5PK_1333 | 16K51332 |DUP_1332| DUP_1332] 16K51374 |DUP_1374|DUP_1374
Perfluorobutanoic acid 123 125 <0010 | <0.010 = < 0.010 <0.010 = < 0.010 0.010
Perfluoropentanoic acid 104 97 <0.007 | <0.007 — < 0.007 < 0.007 — <0.007 0.007
Perfluorohexanoic acid 109 102 <0005 | <0.005 = < 0.005 < 0.005 = < 0.005 0.005
Perfluorcheptancic acid 101 99 <0.005 | <0.005 = < 0.005 < 0.005 = < 0.005 0.005
Perfluorooctanoic acid 119 104 < 0.007 =0.007 = < 0.007 <= 0.007 = < 0.007 0.007
Perfluoronenanoic acid 114 110 <0.007 | <0.007 - <0.007 | <0.007 — <0.007 0.007
Perfluorodecanoic acid 114 105 <0010 | <0.010 = < 0.010 < 0.010 = < 0.010 0.010
Perfluoroundecanoic acid 127 115 <0010 | =0.010 - <0.010 | =0.010 — <0.010 0.010
Perfluorodedecanoic acid 111 95 <0.020 | =0.020 - <0.020 | =0.020 — <0.020 0.020
Perfluorotridecanoic acid a7 58 <0.050 | <0.050 = <0.050 | <0.050 = <0.050 0.050
Perfluorotetradecanoic acid 17 24 <0.020 | <0.020 = < 0.020 < 0.020 = <0.020 0.020
Perfluorchexadecanoic acid NA NA <0.050 | =0.050 = <0.050 | =0.050 = <0.050 0.050
Perfluorobutanesulfonic acid 100 89 <0.005 | <0.005 — < 0.005 < 0.005 — <0.005 0.005
Perfluorohexanesulfonic acid 104 110 <0005 | <0.005 = < 0.005 < 0.005 — <0.005 0.005
Perfluorooctanesulfonic acid 113 108 <0.005 | <0.005 = < 0.005 < 0.005 — <0.005 0.005
Perfluorodecanesulfonic acid 86 71 <0.020 | <0.020 - <0.020 | =0.020 — <0.020 0.020
Perfluorohexyl ethanoic acid 117 144 <0.20 <0.20 <0.20 <0.20 <020 0.20
Perfluorooctyl ethanoic acid 65 35 <0050 | <0.050 = < 0.050 < 0.050 = < 0.050 0.050
Perfluorodectyl ethanoic acid MA NA <0.050 | <0.050 = < 0.050 < 0.050 = < 0.050 0.050
1H,1H,2H,2H-Perfluorchexanesulfonic acid 26 24 <0.005 | <0.005 — < 0.005 < 0.005 — <0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 77 73 <0.010 <0.010 = <0.010 <0010 = <0.010 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 98 86 <0020 | <0.020 - < 0.020 < 0.020 — <0.020 0.020
Notes
PFTeDA, PFHxDA, FDEA Blank spike recovery below LCL
PFTeDA, PFHxDA, FDEA Matrix spike SPK_1333 recovery below LCL
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BAANK MATRIX MATRX
Bl SPIE SPRE DUPUCATE '”;'f"' DUPUCATE "‘;‘“‘:“" DUPLICATE °"°‘"""‘" am | LoR
RECOVIRY | RICOVIRY [RICOVERY] ANALYSIS (ug/L) ANALYES fugl) ANALYSS ug/) gt |
™ o™ ~ (ae0) INAPD) IN220)
e T e e I e e e e e
Perfluccotistanox scid pl-3 ) 104 s «Q010] <001 - «0030 | <030 - <0030 | «<0Qz0 — <0C10) 000
Prflusyopentance: ad =% 104 %0 | <0007] <0007 — <0007 | <0007 — <0.007 | <0.007 — | <co07] 0007
Perfluorohenancic sck 190 165 108 | <0008 | <0005 - <0008 | <0008 — <0005 | <0008 — <0008 0005
Pefluoroheptanci and u 96 86 | <0005 | <ooos - <0005 | <0008 - <go0s | <ooos — < 000s) v.o0s
Perfluorooctanoic ackd 109 101 0% <0007 | <0007 -— <0007 | <0c0Y _— “0007 | <0007 - <0007} nooy
Swfluoroncrancic st % 1 101 | <oo007] <0007 - <0007 | <0007 — <0.007 | <0.007 — | <o007] 0007
Perfluorodecancic sckd = 107 wr | <o0w| <00t - <0010 | <0010 — <0010 | <0010 - <0.010] c.010
Perflunroundecancic sdid ” 138 10¢ | <o010] <ont0 - <0010 | <000 - <0010 | <co0 — <go10] 0010
M, i aod 1 122 102 | <000 | <00 - <0020 | <0020 — «0020 | ¥0.020 — <0020 0020
Perfluccotridecanse sod » " ” «00% | «00W -— <0050 | <0 - <0050 | <C0% - <0080 0050
Perfluorotatradecancic scid &3 =) a8 | <000 <0020 — <0020 | <0020 — <0.020 | <0.020 — | <o0e0] 0020
Pefluorohexndecsnok noid 15 3 12 «005 | <0050 - <0050 | <0050 - <005 | «0.0% - <0050} 0050
N Menis 304 - »” 77 | <0005 | coo0s - <0005 | <0c0s - <008 | <0008 - <a0os) o008
Purfluorohexanesufone scd 100 A 105 go | ooe 1% «<000% | <0c0% — «000s | <0003 - <00os| noos
> e fluoronctaces.itone sod - 118 s | oos | cous 18 <0008 | <0008 — <0005 | <0.008 — | <o00s] 0.005
Perfluorodecanesdfonk acd 0 © L) <0020 | <0020 - «0020 | <0020 - «0020 | <C020 — <0L20) 0020
Perfluorohesyl ethance aud ” » ” «020 | <020 «030 | «020 «020 | <020 <020 020
Perflumoody ethansic scid 100 w0 L “00%0 | <00W — “0000 | <0050 -_ <0950 | <0.0% - <005} 0950
> efluorodectyl mranoc scd 119 " s4 | <ooso] <0050 - <0050 | <0050 — <0050 | <0.050 — <0050] 0.050
LK. LH 24 2H-Perfiuorohesanesdfoni aod « 12 91 | <o00s| <0008 - <0005 | <0008 — <0005 | <0.008 —  |<ooos) ocos
IH K 24 20 Perfiuotoociasesufone acd 7 n 7 | «ooie| <0010 - <0010 | <0030 - «0010 | «0.030 — <0010) 0010
14,50 2 I Purfiuorodecasesdlune asd 105 53 a5 | <oo0] <00 — «0020 | <0020 - <0020 | <0020 — | <ucao] noao
Notes
PFHxDA Blank splke recovery befow LCL
PiHxDA Mastrix spike SPK_1303 recovery below LCL
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Batch F61212AT BLANK MATRIX B
Contains packages SPIKE SPIKE DUPLICATE 0= BLANK LOR
55P53053 ) RECOVERY | RECOVERY | AMNALYSIS (ug/L) (%RPD) (me/L) {ug/L)
‘Water analysis (35) (%)
SPIKE SPK_1407 | 16K51406 |DUP_1406 DUP_1408
Perflugrobutanoic acid 99 96 <0.010 | =0.010 - < 0.010 0.010
Perfluoropentancic acid 102 100 < 0.007 | =0.007 -— < 0.007 0.007
Perfluorohexanoic acid 98 100 < 0.005 | <0.005 -— <0.005 0.005
Perfluoroheptancic acid 101 a9 <0.005 | <0.005 = < 0.005 0.005
Perfluorooctanoic acid 106 106 <0.007 | <0007 = < 0.007 0.007
Perfluorononanocic acid a7 97 <0.007 | <0.007 - < 0.007 0.007
Perfluorodecanoic acid 96 106 <0.010 | <0.010 = < 0.010 0.010
Perfluoroundecancic acid 104 102 < 0.010 < 0.010 = < 0.010 0.010
Perfluorododecanoic acid 108 119 «<0.020 | =0.020 -— <0.020 0.020
Perfluorotridecanoic acid 55 61 < 0.050 | =0.050 -— < 0.050 0.050
Perfluorotetradecanoic acid 44 58 <0.020 | <0.020 = <0.020 0.020
Perfluorohexadecanoic acid 5 13 <0.050 | <0.050 - < 0.050 0.050
Perfluorobutanesulfonic acid 102 a5 < 0.005 | <0.005 - < 0.005 0.005
Perfluorohexanesulfonic acid 107 106 <0.005 | <0.005 = < 0.005 0.005
Perfluorooctanesulfonic acid 102 100 <0.005 | <0.005 = <0.005 0.005
Perfluorodecanesulfonic acid 34 69 <0.020 | =0.020 = <0.020 0.020
Perfluorohexyl ethanoic acid 131 110 <020 <0.20 <020 0.20
Perfluorooctyl ethanoic acid 90 73 <0.050 | <0.050 = < 0.050 0.050
Perfluorodectyl ethanoic acid 70 39 < 0.050 | <0.050 -—- < 0.050 0.050
1H,1H,2H,2H-Perfluorohexanesulfonic acid 100 96 <0.005 | <0.005 -— < 0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 96 32 <0.010 | <0.010 = < 0.010 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 94 a3 <0.020 | <0.020 -— <0.020 0.020
Notes
PFHxDA Blank spike recovery below LCL
PFHxDA Matrix spike SPK_1407 recovery below LCL
Batch F71010MP
Contains packages BSL::EK MSI:.ILR;X DUPLICATE P ET}LI ::CFAT BLANK LOR
S5P57053 RECOVERY | RECOVERY |  AMALYSIS {pg/L) - (/L) (ug/L)
Water analysis (35) (%a) (%RPD)
SPIKE SPK_7528 | 17KE7527 |DUP_7527) DUP_7527
Perfluorobutanoic acid 30 104 <0.010 | <0.010 = <0.010 0.010
Perfluoropentancic acid 117 115 <0.007 | <0.007 - <0.007 0.007
Perfluorohexanoic acid 108 111 <0.005 | <0.005 - < 0.005 0.005
Perfluorcheptancic acid 118 103 <0.005 | <0.005 - <0.005 0.005
Perfluorooctanoic acid 117 106 <0.007 | <0.007 = < 0.007 0.007
Perfluorononanoic acid 118 86 <0.007 | <0.007 - < 0.007 0.007
Perfluorodecanoic acid 107 81 <0.010 | <0.010 = <0.010 0.010
Perfluoroundecanoic acid 81 72 <0.010 | <0.010 = <0.010 0.010
Perfluorododecanoic acid 119 102 <0.020 | <0.020 - <0.020 0.020
Perfluorotridecanoic acid 63 70 <0.050 | <0.050 - < 0.050 0.050
Perfluorotetradecanoic acid 68 72 <0.020 | <0.020 = <0.020 0.020
Perfluorohexadecanoic acid 65 78 <0.050 | <0.050 - < 0.050 0.050
Perfluorobutanesulfonic acid 132 a4 <0.005 | <0.005 - < 0.005 0.005
Perfluorohexanesulfonic acid 128 99 <0.005 | <0.005 = < 0.005 0.005
Perfluorooctanesulfonic acid a5 85 <0.005 | <0.005 = < 0.005 0.005
Perfluorodecanesulfonic acid 72 66 <0.020 | <0.020 - <0.020 0.020
Perfluorooctyl ethanoic acid 102 MNA <0.050 | <0.050 = <0.050 0.050
Perfluorodectyl ethanoic acid 96 MNA <0.050 | <0.050 = <0.050 0.050
1H,1H,2H,2H-Perfluorchexanesulfonic acid 136 110 <0.005 | <0.005 - <0.005 0.005
1H,1H,2H,2H-Perfluorcoctanesulfonic acid 420 NA <0.010 | <0.010 - <0.010 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 111 94 <0.005 | <0.005 = <0.005 0.005
Notes
FOEA, FDEA Matrix spike SPK_7528 recovery below LCL
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BLANK | MATRIX
SPKE | seike DUPLICATE u:::‘c'm DUPLICATE ANALYSIS Dm manx | on
RECOVERY | RECOVERY | ANALYSISS (mg/sg) 2 (mg/ig) "1 tmeig) | imeike)
% o (WRPD) (%AP0)
SPHE 5PK 558 | 16kE9S? | DUP_957| DUP_S57 | 16xE10% | DUe_1086; DUP_1036]
Perflucrobutansic acid 33 ar <0005 | <0.00% — <0.00% | <0.00% — <0005 | 0.00%
Perflucropentanoic scid 81 &1 <0002 | <0002 - <0002 | <0002 - <0002 | 0.002
Pesflucrohexanoic acid 33 110 <oo01 | <000t - <0001 | <0001 - <poo1 | 0.001
Perflucroheptanoic scid 30 52 <0001 | <0003 - <0001 | <0001 - <0001 | 0001
Perfluorooctanoic acid 97 100 <0002 | <0002 - <0002 | <0002 - <0002 | 0002
Perfluctononanoic ackd 99 97 <0001 | <0D0L - <0001 | <0001 - «<0.001 0,001
Pertlucrodecanci acid 100 102 <0.001 | <0001 - <0001 | <0001 — <0001 | oo0m
Perflucroundecanoic acid 98 2 <0002 | <0002 - <0.002 | <0002 — <0002 | o002
Perflucrodedecancx scid 101 110 <0.002 | <0002 - <0.002 | <0.002 - <0002 | 0.002
Perflucrotridecanoic acid 53 1 <0007 | <0007 - <0007 | <0007 = <0007 | 0007
Perflucrotetradecanoic acid 23 17 <go1 | <00t - <001 <0.01 - <001 .00
Pesflucrobutanesulfonic add 85 67 <0001 | <000t - <0001 | <0001 - <0001 | 00m
Perflucrohexanesulfonic acid 100 125 <0005 | <0001 - <0001 | <0008 -- <0.00] 0,003
Pertlucraoctanesulfonic acd 98 NA <0001 | <0001 — 0.010 0.010 0 <0001 | o.0m
Perfluctodecanesulfonic acid 7 " <0002 | <0002 - <0002 | <0002 — <po002 | 0002
Perflucrohexyl sthancic scid a2 107 <0002 | <0002 — <0002 | <0.002 - <0.002 | ©.002
Perflucroccty! sthanoic acid 108 86 <0020 | <0020 — <0.020 <Q.020 -— <0.020 0.020
Perflunrodectyl ethanoic achi 100 137 <0020 | <0020 <0.020 | <0020 0.000 0.020
1H 1M 28 2H-Perfloorohexanesulfonic acd 100 7S <0002 | <0002 - <gpoz | <g.002 — <0005 | 0002
1H,1H,25,2H-Perfluorodecanesuonic acid 87 " <0005 | <002 - <0.02 <002 - <002 0,020
Notes
| PFTrDA, PFTeDA, PFOS Matrix spike SPK_957 recovery below LCL |
BLANK
SPIKE DUPLICATE ANALYSIS W;l:n BLANK | 108
RECOVEIRY ime/ig) - | {mafeal | imafkal
% {%RPD)
spixe | 1sxsi081| oue_ 1081 | DUP_1081
| Perflunrobutancic scd 112 0007 0.007 0 <0005| 000S
Perflunropentanoic acid a2 0009 0.010 1 <0.002| 0002
Perfluorobenancic scid 101 0.005 0005 0 <0001 | o001
Perfluoroheptanck acid &8 0001 0001 0 <0001 | ooo
Perfluorooctanoic acid 9 0002 0002 - <0002| oom
perfluorononancic ackd ) 0.002 0.002 0 <0001| 0001
Parflaarodecancic acid 101 0.001 0.001 — «<0001| 0001
Perfhudrosndecano acid 102 0.002 0.002 - <0002| o002
Perfiuarododecandic acd 100 «0.002 <0002 - <0002| oo002
Perfluorotridecancic acid 70 <0007 | <ooo7 ~ <0007 | 0007
Perfluorotetradecanca: sod 63 <0010 | <0010 - <0010| oo
Perflunrobutanesulfonic acid 5 0.001 0.001 — <0001| oo
Perflunrobenanesusonic acid 97 0003 0003 0 <0001| o001
Perfluorooctanssulfonic acid 101 0.054 0063 2 <0001| 0001
Perfluorodecanasutfonic ackd Ll <goo2 | <0002 -- <00a2| o002
Perfluorohexyl ethanox acid £ <0002 | <0002 — <0002| ooo2
Perflusrooctyl ethanoic acid 104 <0.020 <0020 — <0020 0020
perfluorodectyl ethancic acid 96 <0.020 | <0020 <0020| 0020
1H, 15 2H,2H-Perfiucrohesanesulfonic add o <p0o2 | <0002 - <o00z| ooo2
1H, 1M 2H 2H-Pertlucrodecanesulfonic acid 0 <000s | <ooos - <0005 | 000%
Version 1.3: Released 17 January 2019
Page | 283

Uncontrolled when printed




OFFICIAL - PUBLIC

This Page

Left Intentionally Blank

Version 1.3: Released 17 January 2019
Page | 284
Uncontrolled when printed



