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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 ug/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 Aqueous 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)

r Perfluoroalkyl carboxylic acids (PFCAS)
Perfluoroalkane suffonic acids [PFSAs
_ Perfluoroalkyl acids (F‘FAAs)_L ryimay ' '
CnFanaik ‘L- Perfluoroalkyl phosphonic acids (PFPAS)
= Perfluaroatkyl phosphinic acids (FFPIAS)
_ Non- | Perfluoroalkane sulfonyl fluoride (PASF) PASF-based derivatives
| polymers CnFanesSO2F CnFansSO2-R R = NH NHCH2CH2OH, ett

FT-based derivatives
CnFansaiCH20H2-R

R e NH NHCH2XCH20H, ¢

| Perfluoroalkyl iodides (PFAls) _ Fluorotelomer iodoes (FTis)

CnFansl CnFans\CH20H21

- Per- and polyfluoroalkyl ethers (PFPEs)-based derivatives - Polyflucroalkyl ether carbowylic acids

PFASs
Polytetrafluaroethylene {PTFE},
olyvinylidene fluon

Po de (PVDF),
r- Fluoropolymers — . -

jorinated ethylene propylene (FEP)

Perfluoroaltkoxyl polymer (PFA), etc

Fluorinated [methlacrylate podymers
— Polymers — Side-chain fluorinated polymers — fluorinated urethane p

Huorinated oxetane polym

~ 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. Perfluorinated - 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”?
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,y75H | | C;H,;COCI I

b

| csnl,;ozr- | | C;H,sCOF |

HF, e Elecirochemical Fluorination (ECF) HF, e
k. h
CgF;S0,F C,F,5COF
POSF
b b b k.
I CyF350,H I | coFpsox | | oFscom | IC;.F“;CO:'M' |
PFOS POSF derivatives PFOA PFOAsalts
(see Fig. T}
Figure 3

Illustration 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{CF3)l Pentafluoroethyl iodide, PFEL
+ (n-2)2 CF,=CF, Tetrafluoroethylene, TFE “Talomerization”
h 4 o
F(CF).] (PF'IF‘EII;?ILT:TJ} iodide, PFAI
+ CH;=CH, Ethylene
— :2 Fl 1
| F(CF.),CH,CH,1 it
FTI("Telomer B")
h 4
F(CF1),CH,CH:0H i:2 Fluorotelomer aleohol, 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.
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e o 2 )
2009 PFOS and 2016 PFOA
related d proposed to be
c_:ompoun s listed under
listed under
Annex B of the
Annex B of the Stockholm
2002 NICNAS Stockholm convention on
1938 PTFE Warning convention on Persistent
discovered by about PFAS 2003 QFES Persistent Organic
Plunkett SOA Organic — Poﬁutants
FFF foam only Pollutants
1949 Dupont 2014 IARC
introduces classifies PFOA
Teflon brand as Class 2B
1935 1975 2000 2005 2010 2017
1976 Taves et ; 2016 Oakey
al. tentatively 199.0 s ADF base AFFF
_ . Environment F—
identified concerns 2015 Muell contamination
PFOA in ueTer report
pooled blood about PFAS publishes about
2003 ADF perfluorochemicals
1968 Taves reports report about in blood of
first organic 1978 3M reports to 1084 PEOA AFFF use firefighters
fluorine in blood found in
blood bank samples s\;wk;siwater
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

10192232 started to restrict the

persistence of PFAS. In the 2000’s a number of regulatory programs
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

t"ﬁ >
L = 2
PFC )

‘
PFQOS Treated —
Treated E Food Packaging

Material
PFC Producing/ A

Using Factory

..r._

DusliFnbre Animal Fire Fighling

Air v Praqtice &
: o Furels
wastes ' ‘ %

Fruits, Vegelables &
Crops

’?
T

SoilfFarm
Land

Q
Leachate — WWTP — Siudge _—P/-f/r e

267 /'/[

’

O
L

Effluent

Waste
\ 4

»

Landtill

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®®-66:80-6

concerning the quantities of PFAS in water (surface, subsurface and ocean). It has been reported
PFASS0-66:80-% gra 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 Qlsen and others have reported*® 4%87° 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* 677989117 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®*#>>® 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/PFHxXS 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!®**3>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?%2%334349 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®6181-88108 tg pe
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®®81% 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 17

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, MPFHXxA,
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 c
grazing, agriculture and mining operate within the Region, which is considered ;"“AI\N:‘}R\T
a premier tourist destination in Australia. i

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 YPFOS + PFHxS: recreational water (0.7 ug/L); and drinking water (0.07 pg/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.

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 (pg/L) Soil (mg/kg) V\(/g;fjr/iz?r:ﬁs
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
29%

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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CONFIDENTIAL

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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Perfluoroalkyl Substances (PFAS)

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

03 r HAPFBA
B A PFPeA
0.25 | B A PFHXA
A PFHpA
02 F m A PFOA
< m A PFNA
o0 H A PFDA
= 0.15
p m A PFUdA
2 A PFDOA
© 01 F A PFTrDA
E B A PFTeDA
g 0.05 t m A PFBS
S A PFHXS
0 ! [ — A PFOS
A PFDS
-0.05
_01 -
-0.15 b

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
marrr - =0.93 x 2836 x0.70
=1846.726 ug (= 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 ug/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,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.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).
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PFAS Identified in Far Northern Region In-ground Tanks
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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-
ground tanks.

TOPA Accelerated Oxidation Results of Far Northern Region
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Figure FNR 13

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-Cio 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 aukxiliary 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: 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 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/) | (ug/L) | (ug/U) | (ug/L) | (ng/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-Cyo 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.

Version 1.3: Released 17 January 2019

Uncontrolled when printed

Page | 41



CONFIDENTIAL

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.

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

CONFIDENTIAL

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
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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 5(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 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 =0.041 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
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.
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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) | (ue/t) | (ne/L) | (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 Cs-C1o 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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Perfluoroalkyl Substances (PFAS)

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 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 = 0.061 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 NR 9
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/l) | (ne/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 C4-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,
5(PFOS + PFHxS) and TOPA (0.123 ug/L) were all below their respective discharge values. The TOPA
analysis showed the presence of PFAS precursors [PFCA (0.008 ug/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 ug (= 0.0000903 g) of PFOS
=0.0000903 x 100 /1 (based on 1% PFOS) or =0.0000903 x 100/ 5 (based on 5% PFQS)
=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-

CONFIDENTIAL

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

(ue/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 C4-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 PFAS PROFILE IN MT ISA STATION
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). Total PFSA's
82%

Total PFCA's
18%

The in-ground tank water analysis shows that Figure NR 14
PFOA (< LOR) and 3(PFOS + PFHxS) (0.024 pg/L)
were below the Australian health-based
guidelines for both drinking and recreational water, (Figure NR 15).

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

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).
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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 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 = 0.014 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
=53 mg =1.1mg

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 it 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.%
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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) (ne/L) (ng/L) | (ug/t) | (ng/L) | (ne/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.

o

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.

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::i: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-Cyo 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 5
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.
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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'tzir/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/L) | (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 3(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 ug/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
Maree = 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.

Version 1.3: Released 17 January 2019 Page | 74
Uncontrolled when printed



CONFIDENTIAL

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.

Sarina State High'School '

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/) | (ng/U) | (ue/L) | (ug/L) | (ue/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) 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 0.011 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 Ca-Cio Sulfonic acids) <LOR 0.05

Table CR5

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.

Total PFCA's
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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.
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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 = 0.015 x 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 Ca-Cyo 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
(carboxylic acid) moiety makes up the remaining PFAS
contamination. The PFSA and PFCA are
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
and recreational water. The Y(PFOS + PFHxS) (0.075
ug/L) was below the recreational water guideline and
marginally above the drinking water guideline,
(Figure CR 18).

PFAS PROFILE IN DYSART STATION

Total PFCA's
24%

Total PFSA's
76%

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 pug/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 =0.066 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.
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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.
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Figure CR 21
Mackay Fire and Rescue station location and surrounding suburban setting.
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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) | (ng/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 Ca-Cyo 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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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).

Version 1.3: Released 17 January 2019 Page | 86
Uncontrolled when printed



CONFIDENTIAL

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 ug (= 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 g
=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, 2 .
capacity of 3390 L) is used for pump testing and water drafting trammg 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.
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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 | P TOPA Delta | 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°‘a£';7P;5A'S
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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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 ug/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 pg/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 =29mg

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.

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 Cs-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 pug/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 =0.064 x 2830 x0.75
= 135.84 ug (= 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 5(PFOS + PFHxS) 0.008 mg/kg)]
and Yeppoon [station PFOA (<LOR), 3(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).
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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
* Actual Value = 34
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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% 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.® 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
pg/L g/l g/l g/l ue/L pg/L ue/L ue/L

Perfluorobutanoic acid (PFBA) 0.01 | 0.50 4.1 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 | -011 | 0.01 | <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 | 0.08 | <LOR | <LOR | <LOR
Perfluorononanoic acid (PFNA) 0.007 | 096 | 094 | -0.02 | <LOR | 001 | 002 | 001 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | 0.10 | 011 | 001 | 001 | 001 | 0.01 | <LOR | <LOR | <LOR
Perfluorodecanoic acid (PFDA) 001 | 006 | 010 | 004 | <lOR | 0.01 | 0.2 | 0.01 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
Perfluoroundecanoic acid (PFUAA) 001 | 038 | 053 | 0.15 | <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 36 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 -16 | 041 | 046 | 0.05 0.06 | 0.06 0.0
Perfluorodecanesulfonic acid (PFDS) 002 | 002 | 0.06 | -0.20 | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR | <LOR
(1:'21F*T"52)“'2H‘Per”“"“’hexa”es“”"”icadd 0.005 | <LOR 23 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
(1;'21;'52)“'2”‘Pe'”“"“’"“ta”es“'f"”ic add | 901 | 69 00 | <LOR | <LOR <LOR <LOR <LOR <LOR <LOR
(18*:"21;'52)“'2H‘Per”“"“’de“a”es“'f"”ic add | 902 | 023 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 61 030 | 0.24 0.03 0.11 13 11 0.12
Total TOPA (incl Cs-Cio 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).
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CONFIDENTIAL

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 fn\

covers the coastal areas of Bundaberg, Hervey Bay and the Sunshine Coast

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 {j\JJ
significant numbers of tourists throughout the year. The Region is divided C

into two Zones, Wide-Bay Burnett and Sunshine Coast. ﬂ,m.mx.-q
Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and e

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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CONFIDENTIAL

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: 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 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

CONFIDENTIAL

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) | (wg/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-Ci10 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 pg/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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Bundaberg
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 pg (= 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.

pUblic Work =
e . {

<3

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 ]
el | e | e | G | e | 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.
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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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Perfluoroalkyl Substances (PFAS)

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 ¢ =0.00696 g
=348 mg =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.
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Figure NCR 9

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 | wem | ete
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-Cyo 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
marrr - =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, 2 v
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 (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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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 ug/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
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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
marre = 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.

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) (ug/L) (mg/L) (ng/L) (ng/L) (mg/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-Cio 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 : \E |
population of approximately 1.8 million people. jS:?\%
Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and £ " B );'
Special Operations capability to the entire Region. This capability is provided by ﬁ,,m %
a mix of 38 urban Fire and Rescue stations located throughout the Region. The S
region is staffed by 880 full time employees.

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).

Version 1.3: Released 17 January 2019 Page | 121
Uncontrolled when printed


https://qfes.psba.qld.gov.au/our_org/oem/frs/br/PublishingImages/BR.png

CONFIDENTIAL

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.

Version 1.3: Released 17 January 2019 Page | 122
Uncontrolled when printed



CONFIDENTIAL

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.

Figure BR1
Arana Hills Fire and Rescue station and surrounding suburban setting.
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Arana Hills Results

CONFIDENTIAL

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/L) | (ug/t) | (ue/L) | (we/L) | (ue/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 Cs-C10 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.

Fire and Rescue station In-ground Tank PFAS Profile

0.8
0.7
< os
oo
=
c 05
L
s 04
=)
f=
g o3
c
]
© 02
0.1
0 « 11
A S NS AR R g O P OO s
L <& & ® @6 & ¥ SR Q\»“ SR <</\ <<’\ <<’\ &

«Q/ \2\+
<< Q

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
pg/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
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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
=33mg =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.

Version 1.3: Released 17 January 2019 Page | 127
Uncontrolled when printed



CONFIDENTIAL

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;&;cezl
Water (ug/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).

The in-ground tank water analysis shows

CONFIDENTIAL

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.

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
(ug/l) | (ne/L) | (ue/) | (we/U) | (ug/l) | (ue/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 36 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-Cyo 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 3(PFOS + PFHxS) (5.7 pug/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.
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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)
=273¢g =0.546¢g
=2732 mg =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.
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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 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 =0.036 x9200 x0.27
=89.424 ug (= 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 W e

station is one of the two major Fire i‘
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

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

g i

-

Figure BR 16
Roma Street Fire and Rescue station and surrounding suburban setting.
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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/L) | (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 Ca-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 ug/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).

Roma Street Fire and Rescue station In-ground Tank PFAS Profile
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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 m e p————— ]
standard QFES 10/14 shift system. An area office, tralnlng offlce eqmpment offlce 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.

PERARS

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) | (ng/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 1.3
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 ug/L) were both above their
respective discharge values. The TOPA analysis showed the presence of the PFAS precursors [PFCA
(0.68 pg/L from PFBA, PFPeA, PFHxXA, PFHpA, PFOA, PFNA, PFDA, 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
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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)

MAFFF =0.35x24200 x 0.85
= 7199.5 pg (= 0.0071995 g) of PFOS

=0.0071995x 100/ 1 (1% PFOS) or =0.0071995 X 100 / 5 (5% PFOS)
=0.720¢ =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 Results

CONFIDENTIAL

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 C4-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.

Version 1.3: Released 17 January 2019

Uncontrolled when printed

Page | 146




CONFIDENTIAL

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

=0.0009339x 100 /1 (1% PFOS) or =0.0009339 X 100 / 5 (5% PFQOS)
=0.0934¢g =0.0187 g
=934 mg =18.7 mg

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 5(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 )
. S 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 <3 8
total PFAS concentration at Enoggera (8.4 f 6
ug/L) was significantly higher than all other ‘E
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 ug/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 5(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 |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% PFHxA, 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).

. . . m A PFBA
Oxidation products of PFAS Contaminents u A PFPeA
A PFHXA
A PFHpA
B A PFOA
m A PFNA
H A PFDA
H A PFUdA
0.6 B A PFDOA
B A PFTrDA
M A PFTeDA
0.4 m A PFBS
M A PFHXS
A PFOS
0.2 A PFDS

0_l|_|.l- I|II- ir . |I-l- -u-. ||Il- )

Annerely Kemp Place Roma Street Windsor Enoggera Arana Hills

0.8

Concentration (ug/L)

Fire and Rescue station

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 Compounds LR PFAS | TOPA | Delta | PFAS | TOPA | Delta | PFAS | TOPA | Delta PFAS | TOPA Delta PFAS | TOPA | Delta | PFAS | TOPA | Delta
ug/L He/L ue/L ug/L pe/L pe/L ug/L pe/L pe/L pe/L pe/L ug/L pe/L ug/L pe/L pe/L ue/L | me/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:,21F|:IF,SZ)H,2H-PerfIuorohexanesulfonic acid 0.005 <LOR <LOR <LOR <LOR <LOR <LOR
(16|-f,21F|:Ir,SZ)H,2H-PerfIuorooctanesulfonic acid 0.01 0.57 <LOR <LOR <LOR 0.06 057
(lg,lel_-lr,SZ)H,ZH-Perfluorodecanesulfonic 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 n
contains some of the fastest developing urban/rural communities, population F L 2™
and land use growth areas in Queensland. This includes local Government b \:%
Areas and major cities of the Gold Coast, Logan and Ipswich, and the Scenic _’Jw- R
Rim, Lockyer Valley and Somerset Regional Councils. CJ\’UJ“

Fire and Rescue (F&R) provides Fire, Rescue, Hazmat, Community Safety and [N%%
Special Operations capability to the entire Region. South East regional T
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 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 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: (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.

Southport Fire and
Rescue station

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 ug/L from PFBA, PFPeA, PFHXA, PFHpA, PFOA), PFSA (0.163 pg/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)

MAFFF =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
Toowoomba in the east, west to the South Australian border and south to the New
South Wales border. The region's major city is Toowoomba with most of the
population concentrated in the eastern part of the region, with the western areas
more sparsely populated.

>

N
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A

PN

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 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 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 YPFOS + PFHXxS: recreational water (0.7 ug/L); and drinking water (0.07 pg/L); and

e The DES interim water release guidelines: Y(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.

P
TEA Street! CHARIEVIELE((

> £

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) | (/L) | (ug/L) | (ps/L) | (mg/L) (vg/L) ate
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-Cio Sulfonic acids <LOR 0.088
TOPA (incl Cs-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 5(PFOS + PFHxS) (0.052 ug/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

B A PFBA
0.05 B A PFPeA
[ A PFHXA
i A PFHpA
004 [ B A PFOA
i m A PFNA
m A PFDA
20,03 - m A PFUdA
% B A PFDOA
= B A PFTIDA
20.02 A PFTeDA
© m A PFBS
= B A PFHXS
§o,01 L A PFOS
S A PFDS
. 1]
-0.01
-0.02 -

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 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 =0.029 x 5136 x 0.50
=74.472 ug (= 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 =15mg

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

R\
{

Figure SWR 5

Oakey Fire and Rescue station location of the in-ground water tank and surrounding suburban
setting.

L A

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.

Version 1.3: Released 17 January 2019

Uncontrolled when printed

Page | 165




CONFIDENTIAL

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

oy
...

e 8

In-ground
Tank

N

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 + PFHxS)
(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 pug/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 ug/L) and TOPA
including C4-Cs sulfonates (1 pg/L). The alternative PFOS+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
training. Co-located on the site is the
Queensland  Ambulance  Service
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)

o,
L
ity

POFESWhytelsland =

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 WW2 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
ug/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 pug/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 LR Tap PFAS TOPA Delta PFAS TOPA Delta PFAS TOPA Delta
TOPA/PFAS TOPA/PFAS TOPA/PFAS
pue/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 1.3 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-C4o 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
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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.
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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 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 (magre) = concentration PFOS x Volume of tank water x percent full (as fraction) x 1/(fraction
of PFOS within concentrate)

WW 1: marre =0.9x27980x0.9
=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)
=162g =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% PFQOS)
=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 Lok 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 ue/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 1.1 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 1.1 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-Cyp 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 Lok 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 pg/L
from PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA), PFSA
(2.97 ug/L from PFBS, PFHxS, PFOS) and PFT (0.02 pg/L
from 6:2 FTS)], SS2 [PFCA (0.65 pg/L from PFBA,
PFPeA, PFHxXA, PFHpA, PFOA, PFNA), PFSA (4.36 ug/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 ug/L from PFBS,
PFHXxS, PFOS) and PFT (0.03 pg/L from 6:2 FTS)], SS4
[PECA (0.067 pg/L from PFBA, PEPeA, 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%
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QCESA SS3 PFAS PROFILE

Total Telomer
1%
Total PFSA
85%

QCESA SS4 PFAS PROFILE
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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, PENA), PFSA (3.77 pg/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: marrr =2x38850x0.5
= 38850 pg (= 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)
=334¢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

=0.071102 x 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 ug (= 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 mPFCA
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 5(PFOS + PFHxS) results from both in-ground
tank groups [WW (average 1.2 pug/L, range: 1.44 —1.70 pg/L), SS (average: 2.8 pg/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 pg/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 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 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
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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 WW2

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 (5(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.?3°

PFOS (PerFluoro-Octane Sulfonate) (5 (PFOS + PFHxS))

The (PFOS + PFHXS results are summarised in Table 8 and graphically displayed in Figure 8. The red
line in the graph represents the Australian health-based recreational water quality guideline.’9”132 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.’*32 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 5(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>9¢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).3213° 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.

Version 1.3: Released 17 January 2019 Page | 190
Uncontrolled when printed



CONFIDENTIAL

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 + PFHXxS)
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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CONFIDENTIAL

Queensland Forensic and Scientific Services
Government HealthSupport

TQueensland

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Referenca  © SSP0051857
24 Corporate Drive Client Order Mumber  : Bott_R
CANNON HILL QLD 4170 Quote Number !
Client Project
T Client Batch Reference
ATTN: Michael Logan Date Received | 08-Sep-2016
Date Commencad : 13-Sap-2016

Lahoratory Mumberfs ;. 16KS855 — 16KS5958

Submilting Authority

Mumber of Samples : 4

Reason for Analysis - Analysis for Parfluorinated Compounds in soil
Method/s of Analysis : 33846 — Perfiuorinated Compounds in soil

Remarks - Please note that the two waler samples have been reported separately.
6:2 FTS Is normally not reported in sail because of blank contamination.

The LCMS screen (Liguid Chromatogrphy Mass Spectrometry) orbitrap also indicated the presence of the
following compounds in sample 16K5958:

(FOSA) Perflucrooctanasulfonamide

(PFD0S) Perluorododecanesulfonic acid

(PFHPS) Perluorcheptanesulfonic acid

(M-EtFOS5A) N-sthylperfiuoraoctyl sulfonamide

(N-MeFOS5A) N-methylperfiusrooctyl sulfonamide

Perflusrclalradecanclc acid (PFTeDA) has & low recovery.

Results in this repor have been authorised for release by M, du Plassis

Martha du P.I;;-..::Issis
Chemist, Organics Laboratory
13-0ct-16

TEHSO55-958

This repert coceridas Gl pravious ropars. The resuls relmls sosely o e sem e & rcated and ane bmibed o 7 speclic 1asls Lndadguan as ised on the mpoil. The rasuis of this report ar
corfidaninl nd &% 1o 1o ba usad o dsckised % any olher petEon of used Kr Sy olher purpase, whather drectly of indimciy, unles iha uso (5 dscioeed or the purpcss & sepressly authorsad in
wiilirgg by Quesrskand Hoalh and the nomed reciplent o Fis repert. To v flost astent parmmitiod by law, Qusendand Healh wil nol ba fable for ey o o daim |inckiding logal cozts calcualed o
an indanwily basia) which ariso becausza of o) problems reluted lo v maschantatilly, finess or quatly of the sampheb, o (b} any negigen! or unimedul act of cmbsions by Qussnsiand Healh thet is
connacted with any actiidas or sarvoss provides by Qussnseland Healh under Fis agraament (ncluding the timing sredie mathed uncar which The sompleds wern bhan, Slorod or iansporied)

Ennuirins Mastha du Fieanin 26 Hessals Road Tl Bicie 5O Phane  [#64 7} arA &iid
Phome  [+81 T) 2274 80049 Coopers Falns LD 4100 Archerfiald CLD 4108 Fa [#6 7} 3000 5628
Email  Martha duplessishasith,gld gev.au ALISTRALLA ALISTRALLA Emal  FSS@heathaoklgovau
Page: 10of2
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Client Reference Sample 3 Sample 4
Sample Type Blank soil Station yard soil
Sampling Time / Date 11:30 07-08-2016 11,30 07-08-2018
Sample Description FNR Tap FMR Case 4 Pit
Method | Perfluorinated Compounds Guidelines | Units | Reporting Limit 16KS857 16KS958
33346 | Perfluorobutanoic acid (PFBA) mgkg 0.005 = 0,005 = 0,005
33846 | Perfluoropentanoic acid (PFPeA) mafkg 0.002 = 0.002 = 0.002
33946 | Perfluorohexanoic acid (PFHxA) makg 0.001 < 0.001 < 0.001
33846 | Perflucroheptancic acid (PFHpA) mgkg 0001 | <000 < 0.001
33846 | Perflucrooctansic acid (PFOA) mg'kg 0.002 < 0.002 = 0.002
33846 | Perflusrononancic acid (PENA) maikg 0.001 < 0,001 =0.001
33848 | Perflucrodecanoic acid (PFDA) malkg 0.001 =< 0.001 = 0.001
33946 | Perflucroundecanoaic acid (PFLUIDA) markg 0.002 =0.002 =0.002
33846 | Perflucrodedecanoic acid (PFDoA) mg'kg 0.002 < 0.002 = 0.002
33946 | Perflucrotridecancic acid (PFTrDA) ma/kg 0.007 = 0.007 < (.007
33945 | Perfluorotetradecanoic acid (PFTeDA) ma/kg 0.01 <001  <0.01
33845 | Perflucrobutanesulfonic acid (PFBS) ma'ka o001 | =000 < 0.001
23846 | Perflucrohexanasulfonic acid (PFHxS) mg/kg 0.001 = 0.001 = 0.001
33846 | Perfluornoctanesulfonic acid (PFOS) mg'kg 0.001 i = [1.001 < 0,001
33846 | Perfluorodecanesulfonic acid (PFDS) | mgikg 0.002 = 0.002 = 0002
33846 | 2-Perflugrchexy| ethansls acld (FHEA) mgkg 0.002 | = 0.002 < 0002
33846 | 2-Perflucroocty ethanoic acid (FOEA) | mgikg 0.02 =0.02 < 0.02
33848 | 2-Perfluorodecyl ethanoic scid (FDEA) matkg 0.02 <0.02 < 0,02
33946 | 4:7 Fluorotelomer sulfonic acid (4:2 FTS) | mgkg | 0.002 = 0.002 = 0.002
33946 | B:2 Fluorctelomer sulfonic acid (8:2 FTS) mgkg 0.005 < 0.005 = 0,005

This report cvemides all previous reports. The resulis relate solefy to the samplers s received and ane Imited 1o the speciio fesis underiahen as Isted on the reparl.  The resuits of this report ane confidental and am not %o be used or disciosed bo any ofhier persan or used for any other purpose,
whatner direclly or indinsctly, unlese $at uss it disdosed or the purposs (s spressly sathonsed inowrbng by Oueensiand Health and the named recipient on $is report. To the fullest et permined by lnw, Quesnsiand Healin wil not £ liable for 2ny loes or daim |inchading legal coets caloutaind
on an mdemnfy basiz) which arise becagse of (3] oroblems related 10 T merthantabidy, finsss or qualty of the sampis's, o |b} any negligent or unizetul ack or cmssons by Gueenstand Heath that is connected with anmy aciBes or services provaced oy Quesnstard Heath under e agrsesam
{rciuding the iming andior methad wider which e sampleis were taker, siored or ranspoded),

16K E055-1EKE058 Page20i 2
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Queensland Forensic and Scientific Services
Government Hi:nhhs::i[:gsﬁ

CERTIFICATE OF ANALYSIS

Laboratory Raferonce @ SSPO0GTRET

B A e e gy e

, i \ . B 3]
CLIENT : CIFES Research and Scientific Branch g;?:hc;;d:h::f . ﬂ;ftshp_gmﬁ
(QFESSC) 24 Corporate Drive Date Commenced  : 13-Sep-2016

CANMON HILL QLD 4170

1 -
michael.logan @gfes.qld. gov.au haboraory Numbera GKSSE-1615558

ATTN: Attn - Michael Logan

MNumber of Samples © 4
Mathod's of Analysis : 32403 - Perfluorinated Compounds in Water

Remarks © Plaasa nofe that the soil samples 16KS957 (FNR Tap), 16KS5958 (FNR Case 4 Pit) will be reported
saparataly.

The liguid ehromatography mass spectrometry serean (Orbitrap) Indicated the presence of the
following substancas in the listed samples:

16KS856 6:2 Fluorotelomer sulfonic acid (6:2 FTS) at 0.15 ug/L
16KS966 8:2 Fluorctelomer sulfonic acid (8:2 FTS) at 0.13 ug/lL

16K5956 Perluorcoctanesulfonamide (FOSA),Perfluoredodecanesulionic acid (FFDoS),
Perflunroheptanasulfonic acid (FFHpS). Please note that no quantitation is available for thess
compounds.

S

Martha du Flessia
MNATA Accredited Laboratory 41 Charmist, Organic Chemistry

IGKSA55- 16KE05R 21-Zop-18
This sapeort ciaimdes all proviois nepeds, Thi eesulta felale solely to Ihe somple!s as recoived and we Amiled jo the spedilc fels underaann s Ested on S epod, The medie on this mpan am
cnnbdnndnl ard am nol b b issd of dhdeiad to &y alhar parmen of usad 1o7 any olhi guspoan, whether directly or indirectly, unfess that uss |s disclosed or (he punpose (g sepracaly aulfed pad In wiling by
Cusersland Hesith avd the named racplent on Fie reporl. T lhe fullest sxhant parmised by law, Cieerstand Halh will nol bes Labks lor any loss or clalm {including lsgal oosts miculmed on o indesnity basis)
which nrise beoause of (o) problems nelsted to i merchantabibly, finess or quatty of e samplafs, or () any reghget or unliful sl o ostasions by Quasrsiand Hodlih that |s connecied with any aclhites
of aanices proviied by Quarnsiand Haath under s agreemont (noluding the IFng andior method under wiich the sampleds wene (nken, siomed of ianpeniad),

Enquiies  Martha du Plssls a0 Kessan Faad PO Box GO Phone  [+51 TlaEr4 6111

Pl {+81 7} 3274 9008 Gonges Plars QLD 4108 Archestizid (LD 4108 Fax [+ 7) 3000 g2

Email Martha_duPlessis@thealih.gldgovau ALISTRALLA ALSTRALRS Emall  FSE@heaih.gld gov.au

FORIGOBEE Prirded: 0U:27 21-Sop- 16 modp Page: 1of2
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Client Reference FNRTAP FNRCASE4PIT
‘ Sample Type ?\fatarfsp Water
' Sampling Time/Date o " 10:30 07-Sep-2016 10:30 07-Sep-2016
| Station Tap Case 4 Pit
Sample Description |
— . . | . i
| Method Imcamm Units "‘P"'?""il 16KS955 16KS956
32403 _ Perfluorobutanoic acid 1 wol 0.005 <0.01 0027
' {32403 | Perdl ntanoic acid ng/l 0.01 <0.007 " o8
- 32403 Perﬂuomhaxmc acid _poL 0.005 ! __ =0.005 o 0.11
| 32403 | Perfluorcheptanoic acid____ - Mgl | 0.005 < 0.005 _ 0.045
l ' 32403  Perfluorooctanoic acid o 0005  ~ <0.007 __ D.065
32403 _ Perfluorononanoic acid _ugh 0.005 @ <0007 =< 0.007
32403 | Perfluorodecanoic acid | wgl 0.005 ]l__ <001 <001
32403 Perﬂuoroundocanom acld o ug/l 0.005 | <001 <0.01
32403 Perfuorododecanoic acid ugh 0.005 <0.02 <002
‘ 32403  Perfluorotridecanoic acid o . j ugl. | 0.005 <0.05 <0.05 o
32403  Perfluorctetradecanoic acid o L mol _0.005 <0.02 <0.02
32403  Perfluorohexadecanoicacid - | _0.005 | <005 __<0.05
32403 [Perﬂuorobuumwefomc acid T ugh | 0005 <0.005 0.018
| 32403 _ Perfluorohexanesulfonic acid ug/ll 0008 | <0.005 021
| 32403 Perfluorcoctanesulfonic acid i ug/L 0.005 <0005 030 -
‘ 32403 | Perfluorodecanesulfonic acid gt 0.005 <0.02 _ =0.02
| cerres i m gl - ":'M_-_h-_.'h“m s and are POt 10 D S5 of SACOMC 1T 8% ST DITEON O Umed F any ST DUIDosE, wnamer drectly of FrSrecy, Ltiess Tt use i dschend o Be
e e e e o e 31 e e e e, o 0 e
l 16KS955-16KS958 o . Page: 20f2
| TOB25-9882 Primed 027 21-5ep-16 moop!
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Cams Regiona Council Water & Waste

CONFIDENTIAL

Tel: (07)4044 8344

Certificate of Analysis
Cairns Laboratory Services Fax (07)4044 8333 y
= Reg Onal 33 MacNamara Street emal: Sboraton@caime= gkl gow au Final Report
COUNCIL MANUNDA, QLD 4870 ;
Wter and Waste Australia ijed No: 082001
Report ID: 18823

Aftention: Ray Boft
Client: Q Fire and gency Service Date Received: 7/09/2016 12:30pm
Address: PO Box 280 Date Issued: 08-Ssp-2018

WESTCOURT QLD 4870

The sampieys) refarmed 0 In this repon were anaysed by the following meod(s):
Analysis Method Laboratory NATA Accredited
Coliforms USEPA 1804 Caims Regional Councd Water & Waste (Accreditation # 14208) v
Intestinal Enterococci TPB0S0 Caims Regional Councd Water & Waste (Accreditation # 14208) v
The resyfiis) In this rapor were Jghorsad by

Name Title Qualificagons
Murray Revall Scientist (Microbiclogy) B. App. Sci, Grad. Dip.
Siobhan Barrstt Scientist (Microbiology) B. Sc. (Hons) Medical Lab Science., M.Phi.

This report shouid not be reproduced, except in il

Page 1012

Principal Contact for this Report: : Fay A S

Dr. Franccise Pieitain jﬂE‘) NATA &

Laboratory Coordinator v Accraditad for
o an
INg.Agr., P.D MRACI C Chem 150 fec tro1s
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- Chent @uesnsland Fire and Emergency Servica Froject No: 082001
Cajrns .
Regional Repati: 18823
PCOUNCIL 08-Sep-2016
» Wit and Wit Fageszof2
LRM: 422868 Diate Sampled: 07-09-2015 11:30am
Tap water Received af Lab:  O7-09-2018 12:25pm
o Metnoad AMEINS Resut . OR Guwsling  Dats Stansd
Microbiology
Intestinal Entemcoc <1 CFL100mL <1 O7-D%-2016
Coliformms E. coli <1 CFLU/100mL =1 O7-D3-2016
Colifomms Total coliforms <] CFL100mL <1 O7-03-2016
LRMN: 422860 Date Sampled: O7-00-2016 11:30am
Case 4 Pit Received af Lah:  07-09-2016 12-2%5pm
LoMethed L L Resurt .. LOR Guideling _____Date Started
Microbiology
Intestinal Enterococe est3 CELYI0O0mL <1 [7-03-2016
Uncertainty i increased duue o the low numbear of colonies iselated, thergfore the result
above iz an esomried value.
Caolifomms E. cali <] CFL100mL <1 Ov-09-2016
Coliforms Total coliforms =100 CEW100mL <1 O7-03-2016
Explanatory Notes for this Project
Responsibility for sampling lies with the CUSTOMER. Samples analysed as received.
This report showld not be reproduced, acceps i full
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Queensland Forensic and Scientific Services
Government HealthSupport
Dueersland

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference @ S5PO051976
24 Corporate Drive Client Order Mumber . Bott_R
CQuate Mumber :
CANNOM HILL QLD 4170 Glient Project
- Client Batch Reference
ATTN: Michael Logan Date Received : 20-5ep-2016
Date Commenced ; 27-Sep-2018
cc: Laboratory Mumber/s 1 18KS1029 — 18K51032
Submitting Authority

MNumber of Samples 4

Reason for Analysis Analysis for Perflucrinated Compounds in soil

Mathod!s of Analysis 33846 - Perflusrinated Compounds in soil

Remarks : Flease nofe that the water samples have been reporied separately.

6:2 Fluorotelomer sulfonic acid (6:2 FTS) is normally ned reported bacause of blank contamination in soils.

Results in this raport have been authorised for release by M. du Plessis

(Q}Jﬂﬂé’ﬁfjb

lWartha du Plessis
Chemist, Organics Laboratory
14-Oct-16

TEKS1029-T6HS 1032 -
T rapar] awanides ol provious dapors. The results mizle solsly bo the samplnis as recakaed and ara lmiled (o ha specilc osks uroataken as sled on tha repot. Tha rasalis of This rapar ana
configanial & an nat i be wsed or discosed o ary other pemson or used Tar any ol punpoae, whalher dinecly of indirecty, Lnkss thal use b disciosed of e purpose & eeprassly aulhoised in
wriing by Quasrsbers Hasilh srd the ramed recipion on this roporl. To the tulest cdent parm s by law, Quesnsland Healh wil nol ba Babls for any kas o daim [including lagel coals calcdalad on
an indamnily hisia) which sries becauss of {a) problems refaled o lhe menchartabiity, finass o qually of (he samplks, o (b} any nagigend or Lnkewiul 2ol or omissions by Queansiand Haallh that Is
cannecied with ary acibdies of prvioes povided by Quesnsiand Health under this agresman (ncuding tha Uming ardfor method under which 1ho samplo's wag takan, sioed or kansportod),

“Enguiries Martha du Flessis U} Keasnls Ruad - PO B o4 Fhune (461 ) saraant]
Phone  [+81 T} 1274 S0B8 Coeopas Pline QLD 4108 Archerfald QLD 4108 Fax, (461 7 J000 G20
Emall Martha duplossisiZhoalih. gldgov.au ALISTRALLA ALISTRALLA, Ermmil F& Safmai gl gov.au
Page: 1 of 2
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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 "‘l‘.’;;::“’ 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) mg/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
33846 | Perfluorodecanoic acid (PFDA) malkg 0.001 <0.001 < 0.001
33946 | Perfluoroundecanoic 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) ma/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 | Perfluorodecanesulfonic acid (PFDS) mg/kg 0.002 <0.002 < 0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) ma/kg 0.002 <0.002 < 0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) mg/kg 0.02 < 0.02 <0.02
33846 | 2-Perfluorodecyl ethanoic acid (FDEA) ma/kg 0.02 <0.02 <0.02
33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) mglkg 0.002 < 0.002 <0002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) ma/kg 0.005 <0.005 < 0.005

This repon cverrides all previous reparts. The results relate sclely to the sempiels as received and are kmited to the speciic tests undertaken as listed on the report. The results of this report are confidentisl and are not 1o be used or disclosed to any ather penon of used for any other purpose,
whether directly or Indirectly, Lnless that use |s disciosed cr the pUrPose s expressly authorised in writng by Queensland Health and the named recigient on this repert. To the fulest extent permitied by law, Queensiand Heallh will not be liable for any loss or claim (including legal costs calculated

on an indemnity basis) which arlse because of (a) problems related 1o the merchantability, fitness or quality of the sampla/s, or (k) any negligant or unlawful act er omissiona by Queensland Heallh that s connected with any ties or services provided by QL Health under this agreement

(inciuding the timing andior mathod under which the ware taken, stored or transperted).
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Government Himd g poert

CERTIFICATE OF ANALYSIS

Labomiory Aoleorcn | BEPDIEIETE

PR T e B o e oA T Rl Gl P By T ]

CLIENT : QIFES Aesaarch and Sclantlfi: Branch B nteezog
e 24 Comarata Driva Dula Commarced ¢ 27-Bap-2018

CANNON HILL OLD dv7a

michanl kgan & phas.qid.gov.su Laboratory Mumbans @ (GRS 1088-16KS 1032

ATTH: Al - Michael Logan

Musrai of Samphia 4
Mothod's ol Anaksts | 303 - Parlugeinaled Compaunde in Wik

Remarks ! Flease rola $al tha sal sarmgdes 181020 (MAT-Blank), 183130 [FMAT-Yand wil b mgponiad
saparately,

T Figlirwing aiitorlances wam nat detechd al the LA balow i the lsled semples:
THKS 103, 1651082

2-Palisorochy efranct ackd (FOEA) < 0,08 ug'L
2-Perlunmdenyl sthangio acid [FOEA) < 0.05 ugl
A2 Fluosobel ot Aulpim: acid (4.2 FTS)] < Q005 wpl
2 Flucrotelome  sulfonio acid {6:2 FTE) = 001 wpl
B2 Fluorohabomar sllosic acid {822 FTS) < 002 wgl,

Pizass nols that HATA ncomditolion doos nol cover i paerbsimancs ol Bis seraca,

D Pessis

Marihi e Pl
HATA docredited Labombory 41 Chomet, Crgenks Chamising
PAKETOIR MK S0 05:-Coi-14

T, ripnrt compn g 90 CRACR MRTLL TH AL (LS BTy 0 Wl L L i (el vl o iy} by B ey opin prdivmmire w1 e B 10w g TH iRl ol e -

oommorvil I W 0T P G OO0 B ey BT e’ i A e op e pummne, s e e ey o e, Rl N1 TR I SRR O I DU L AR AT g i
Crmamrusiarect i 9 B MliToied (RCERAND Il P, 'Tin D s | ket it By e, (omemnirad Hinolh sl o s i b g ORI B ol ik g, il i abinshdend s, s el brpind
T A LR O L] LR Bl i e ek sl w02 oy of o parroie, < o] iy repiigon o Lt 01 OF YL Dp Clishellie] = Bl & e wil gy gl

Hmﬂwwmuf_ b - ] g IS o L S I Al S L, il i b

[routes  Wana o Fieil e Ky Mol P B e (=0 Hazmmn

Fers Al T Eme et Plaim L0 & FE hachmaflaici CL [ 4ilai Fax (e 7 3000 gEo

1. ST it 0 b B0 oy g AT L A TR bl FERSmalih e gy e

TOOEEL Frinded Sk HI Bk i) g Pags: 1ef 2
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CONFIDENTIAL

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 m"’ 16KS1029 16KS1030
33946 Perfluorobutanoic acid (PFBA) mg/kg 0.005 < 0.005 < 0.005
33946 Perfluoropentancic acid (PFPeA) mg/kg 0.002 < 0.002 < 0.002
33946 | Perfluorohexanocic 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) ma/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) malkg 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 Perfluorodecanesulfonic acid (PFDS) mg/kg 0.002 < 0.002 < 0.002
33946 | 2-Perfluorohexyl ethanoic acid (FHEA) ma/kg 0.002_ < 0.002 < 0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) mg/kg 0.02 <0.02 <0.02
33946 | 2-Perfluorodecyl ethanoic acid (FDEA) ma/kg 0.02 <0.02 <0.02
33946 | 4:2 Fluoratelomer sulfonic acid (4:2 FTS) ma/kg 0.002 <0.002 < 0.002
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) mg/kg 0.005 <0.005 <(0.005

The results relate soiely 10 the SEMple/s 38 recived and & BTited 1o e speciic tests UndeMaken as isiad on e BP0 The results of His repon ere confidential and are Not 10 be used or disclosed 1o
directty or indirectly, uniess that use s distiosed or the purpose is expressly authorised in

or services p by QL

ay other person of used for &y ofer purposs,
writeg by Queensiand Health and the named recigient on this report. To the fullest extent permitted by aw, Queensiand Heaith will not be lable for any lows or claim (inchuding legal costs calculated

Heaith under this agreamant

onan Indlmnll basis) which arlse because of (a) problems related fo the maerchantability, ftress or quality of the sample/s, o (b) any negligent or unkawlul aet or omisalans by Quesnsiand Heallh that s connected with any
W.ﬂu method under which he were taken, stored of transporied).
Page 20f 2
Version 1.3: Released 17 January 2019 Page | 218

Uncontrolled when printed



CONFIDENTIAL

Queensland Forensic and Scientific §er|1.;ices
edlthSupport

Government Dhazerstant

CERTIFICATE OF ANALYSIS
Laboratory Reference  © SSPO05S1976
Cliant Order Ma, cBOTT_R

CLIENT : QFES Research and Scientific Branch Date Flacalved ' 20-Sep-2016

(QFESSG) 2045(3' ggﬁﬁ_:ﬁ_fnéi[) 4170 Date Commenced » 27-Sep-2016
michael.logan @ gfes.qld.gov.au Laboratory Numbers @ 16K31029-16K51032
ATTM: Attn - Michael Logan

Mumber of Samples - 4

Mothodfs of Analysis ;32403 - Perfluorinated Compounds in Watar

Ramarks . Please note that the soil samples 16K31029 (NRT-Blank), 16KS1030 (MRT-Yard) will be repportad

separataly,

The following substances were not detecied at the LOR below In the listed samplas:
16KS1031, 16K31032

2-Perfluorooctyl ethanolc 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 ugL
6.2 Fluorotelomer sulfonic acld (6:2 FTS) < 0.01 ugL
B:2 Fluorotelomer sulfonic acid (8:2 FTS) < 0.02 ug/L

Please note that NATA accreditation dees nol cover the parfarmance of this service,

Martha du Plessis
NATA Accredited Laboratory 41 Chemist, Organic Chemistry

T6KST028- 16K S1032 05-Cict-18
This repor owarrides all provicus e, The nesulls relate solely 1o the samples a5 recsivad and ane mitad 1o e spaclis ais undeamen & Asted on the repod. Tha msubs on b report s
conlcantal and ank nol % ke usad o deciosnd by ofher person of used by any athar purpoes, shedwer cirecly or dinly, uniess that uoe Is disdosed or ihe purposss i espreacly authoased in wiling by
Cipdraland Hewlth and the named recipient on this mpon, To e [uilest axten! peamitled by o, Guesnsiand Health wi not b kabie lor any ks of claim @nduding egal cosls ceadaled on an indomnity basis)
which anize becauss of () problems rfaled to tha merchastablity, Sness or guably of the samalefs, or () any reglgent of unkwiul g1 ¥ omiasions by Cussnsiand Heakn that is connacted wih any adhisas
or sendces provided by Gunensfand Hesl i undas e sgreeman dnoluding ths Sming andfor mifhod unde »8idy tha aamglal weis tshen, slomd or inmsporied).

Enqurins  Martha du Plssls 4 Keszels Hond PO o G4 Phone (i1 7) 3274 9191

Fhone 4B 7) 32749 9088 Coopus Plains GLD 4108 HArcoaefiid QLD 4108 Fax (1 7) 2000 9528

Esrail Wiarima_ch Plasslai hoalih.gid gov.au AUETRALIA ALISTRALLY Emal  FEE@nalngd fov

POGRELEAN Prinbad: 10016 05-Oot- 16 mospd Page: 1 of 2
Version 1.3: Released 17 January 2019 Page | 219

Uncontrolled when printed



CONFIDENTIAL

| Client Reference NRTTAP | NRTCASE4PIT

- o - s— el 4 |

’ Sample Type Water | Water |
Sampling Time/Date ) _ 7N 15-3ep-,2ms__ ' 722216 Sep2016

l Sample Description

' Method ‘ Perfluorinated Compounds . Units R‘E:::'lﬂs 16KS1031 16KS1032

| 32403 | Perfluorobutancic acid T il 0005 | <00l 0.010

| 32403 | Perfluoropentanoic acid S ol __0.01 <0.007 . <0.007

| 32403 | Perfluorohexanoic acid o _pa/lL 0.005 < 0.005 ] 0.008
32403 | Perflucroheptanoic acid o po/l 0.005 | <0.005 < 0.005

32403 | Perfluorooctanoic acid g/l _0.005 _=<0.007 —_ <0.007
32403 | Perfluorononanoic acid _ o po/l | 0.005 < 0.007 i < 0.007 |
32403 |Perflorodecanoicacid - _uglL 0.005 =001 <001 |
32403 | Perflucroundecanoic acid o _pall 0.005 < 0.01 1 <001 o
32403 | Perfluorododecanoic acid pg/L _0.005 _=0.02 L < 0.02

| 32403 | Perfluorotridecancic acid .| w0005 | <005 | < 0.0
32403 | Perfluorotetradecanoic acid S | _wat 0005 | <0.02 1 <0.02
32403 | Perfluorohexadecanoic acid R ug/lL 0.005 <005 <0.05 __‘
32403 | Perflucrobutanesulfonic acid | poll 0.005 <0005 1 0.006 |
32403 | F'erﬁuomhexanesuffrmr acid ) | owWgh | 0008 | =0.005 0.042
32403 | Perfluorooctanesulfonic acid ) nafl ~0.005 < 0.005 0041

| 32403 | Perfluorodecanesulfonic acid o | poll 0.005 <0.02 | <002

This Tepon oveTDes M Svious (R0 The s, retal solety 10 Te sarpin e

SDECHc UWh UnOertaken ik BN 00 e report. Trg resJls On this repot are confidariiel and are ac? 10 b used o dacioued D any STV PR of USe TOF By 0T DUIPGBE. whether (FecBy OF indrecly. LVRES T ube & dscionen or The
PUDOSS & Epressly writing by Hewith ani the s roport. To fhe fillest extert parmimed by nw, wmmmmun for any inss of claim (nchading ey costs calculated o
m,nmwauummm o e i unbnnmldnd., g e onan MmNty D) which ariss because of (4} prolome ralabed o e menchantabiity, Niness of quality of Te samples, o (b}

TG/ nr OF Ll ey sl 82 18 onnichad wiih .ﬂwmlm‘nrm undee which the wmm-ur-mn uwared o trarwponied).

16KS1029-16KS1032 [ o e " Page: 20f2
70396-0258 Printed: 10:19 05-Oct-18 modp!
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CONFIDENTIAL

TOWNSVILLE LABORATORY SERVICES
TOWNSVILLE CITY COUNCIL
Delvery Addrass: Douglas Water Plant, Angws. Smith.Drive, Douglas, Oid 4814

Postal Address: B0 Box 1268, Towneville, Qd 4810
Cityof Ph 07 4727 B6RS

Townsville e mai labenosiries @ townsvillo.old.gov.a u

CERTIFICATE OF ANALYSIS

Client: Prepaid Client

Attention: Ray Bott

Contact Humber: 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:

i

Peter Mockeridge
Authorised test signatory

/\

NATA

TECHNICAL
COMPETENCE
The Townsville Laboratory Services is accredited for compliance with ISONEC 17025
MNATA is a signatory to the ILAC mutual recognition arangement for the mutual recognition of the equivalence of testing and inspection reparts
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 reproduced without the written consent of the Townsville City Council

Page 1of 2
‘\-\ N WOy TOWNSVILLE CITY COUNCIL
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CONFIDENTIAL

Job Reference:  16-3641

Sample Description: NRTCASE4 | TAP BLANK
PIT
Sample Date and Time: 16/09/2016 16092016
101500 10:15:00
Sample Number: 16-3641-1 16-3641-2
Units

Microbiclogy (Potable)

T MI10 Total Coliform org/100mi <] Edl

Tl MI10 E. coii MPM org/100mi < <1
Sample Description: NRTCASE4 | TAP 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)

TH_MID Enterococcus o/ 100mi < =
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Gowernment HealihSupport
Meraslerd

CERTIFICATE OF ANALYSIS

CLIENT: QOFES Research and Scientific Brarch Latoralory eferencs ESPI0ELE50
24 Carparaie Driva Glinnt Order Wusbar Baolt_R
Cayoie Baamber
CaMHOM HILL QLD 4970 G Profect .
. Chanl Aakch Ratrence
ATTH. Michasl Legan Dt Ricahvad - 1-Sep-2018
Diake Commenoed - 2T Sep-dif
o Latovaiony Bumbers - 1ERS1000 - 16HE1005

Aubmilling Authorily
mumbar of Samplos 6
Reasor for Analysis Analysis for Perd soriraied Compaunds in sod
Methods of Analysis X366 — Perfuorinaad Compounds in sol
Femaiks ! Plakein nicta That 1he waltr sampless s baen reporisd saperataly.
82 Flugralelemar sidfoni: acid (83 FTS) s nomally not reporied becssss of bank conlaminalion in solls.

Sarfluomobelradecancic acd [FFTaDA) has & bow recoeerny

Faegdie in thig rapor hess Bgan guihorsed for rdoaso oy ML du Plessia

WPl

Martha chs Plessk
Chamist, Crganics Labomiony
18-Ciet-18

. Tha e o
Thin rmgred v s all prcim o w1 el bl i0e B- il QSRS BE Heodetd 0 BB Dreien - o pogrilin insdy. o slesl wie . badind] o0 T BS0CHL ¥ PR -
B ol i 2 vand o S ke o ol pm ey on e b ey et i, Tl S I RO, VRS . i ko o W i b L TR i
g Dy b s B i e recipiens on v epos . T fha et wrer ry b, £ Pl i it oy boam - choser firmisiirg Il I Sl Rl a1
wThE iy h-.g--_.q-ﬂhm; oo o g o T B O Tk Dy Joveradeed Howlh ol i

imchares shy barsin | =u Bl il | ) e . e
Lﬁﬂnmﬁw%hq—-;;mmm Tl Erping. o mahed Ll miyivk il i, ] 4 LEAROR R
Enqkin Marta ba Fuish rauHomd ) T P G Prarw (81 AT
il Lwops Pl QL0 4108 farherimid Gl p TER I i
Byl mmm S TR AIFTTLELL Freail F U L g e i
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CONFIDENTIAL

Chant | Semple 1 Samgple Sample £
Sample Type ! Bl sl 1. Sal Soil
Sempling Time | Date o B 1
| Sampie Description CRYBLANK CRY-YARD CRE- BLANK CRENAED
Method Perflucrinatod Compounts Guidelines | Units W | EKE1000 16K81001 16KS1002 16KS1002
33946 | Pefuorobutanci: soid (PFEA) mgitg 0.005 <0008 <0008 < D.058 <0005
33346 | Perflucropantancic asd (PFPwy | mafig 0.002 <0.00¢ <0002 < 0.002 < 0.002
35846 | Peflucrohexancic ackl [PFHRA) kg 0,089 = .00 i :u-.ug_ < 000 | = [0t
F30E | Perflucroheplancic acd (PFHpA) mgfig 0.001 « 0,001 | Q0 | __=0nom LT
E3ME | Perflucrocctanais ackd [PFOW) mgfeg 0002 Q00 | <0002 = 0007 | =000
33846 | Pecflucronanancic acid (PFNA) i migkg 0001 a8 <000 < 0001 | coont |
X048 Pu-ﬁumdumdg_.q!q.[fmﬁ;__ I | mafkg L onoo = (1,001 00 = (00 = (a1
3B | Perluerourdecanar sdd (PRUDA) | maf] | 0.0a = (0.002 < 0002 = 0002 = 0002
336 | Perluorododecanais scid (PFDad) B migkg 0082 < (.002 20002 =000 = 0002
| 33ME | Perflucrotridecanci: seid (PFT:OM} | migikg 0007 = 0,607 < (1.067 = 0007 = 0.007
33946 | Perflucrotetradacance: acld (PFTaDA] k| o =00 am <0m i
33848 | Pefluorcbutaresufionic acd (PFRS) kg 0.001 000 | = 0,001 = (1.001 = A0
33846 Perflucrchexanesuifore: acd (PFhas) maki | poot {001 12 | =0 [
HHEE | Peflucrcocianesulfone acd (PEOS) mgkg 1 ] 23 i 0.0 s
336 Parfomdecansulfonic sod (PFDS) i maky L oo L LU = 0o L =aom@
ZIME 2 Perflucrohany! stharoi acid (FHEA) kg B.002 « (.00 - 0 002 i = 002 | 0o
B | 3 Perfluoroocty ethance acid [FOEA) gy ooz gL v L | =0 | < LI i
| 336 3 Pefyorodecy’ efaro sad (FDEA) i | L1 S kL [T =om =am |
33548 -l-‘J'Flmh.-r-_:HEI?FTH__. ) l"ﬂ 0033 | « QO tﬂ{l!:__ < DO = i |
| 33846 | a2 Fucectslomer sullonic o (B2 FTS; | P opes « Q.00 | « 1 00% < QUD0S < QD05 {
Tl Gl O T i s . T v, ek ﬂfh#m-wm-ﬂmlﬁuﬂnﬂn_wu-ﬂ Tha e b oy eoefidosinl e Y 0 b U o RGO B0 I DO P o S| ey D D,

m-—**mmﬁ v o o T P P Tl

F‘"‘wr..

E g mmmm‘mﬂ# wiarerd or impppriac.

TR A0 T30S

wpriperd o Fep ool To i UHER OO0 SOTTVERG Oy e U I el i Do b e oy ks O ok (o el s ramac ]
o B ECORMT PR W T bkl e o !.'Il!rllnrinn Iy g g ot ur e B O e Dy s L BT T L ] T 'y ol . i s g e b S el i v sy e

Fage ¥ old
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Government HealthSupport

CEFITIFICATE OF ANALYSIS

Laboratory Aeference  : SSP00S1950

CLIENT : QFES Hesearch and Scientiflc Branch gi?:;ii?:;f ng:;_mm
{QFESSC) 24 Corporate Drive Date Commencad : 19-8ep-2016

CANNOM HILL QLD 4170

michael.logan @ gfes.qld.gov.au Lahoratory Mumbars @ 16KS1000-16K5 1005

ATTN: Atin - Michael Logan

Mumbear of Samples : 6
Method's of Analysis : 32403 - Perfluarinated Compounds in Waler

Remarks . The liquid chromategraphy mass spectrometry scraen (orbitrap) Indicaled the presence of the fellowing
substances below the LOR in the listad samples: 16KS1004, 16K31005
6:2 Fluoratelermer sulfonic acld (8:2 FTS) < 0,01 ug'L

The following were not detected at the LOR balow:
2-Perfluorooctyl athanoic ackd (FOEA) < 0.05 ugiL
2-Perluorodecyl ethanclc acid (FDEA) «< 0,05 ugil
4:2 Fluorctelomer sulfonic acid [4;2 FTS) < 0.005 ug/L
#:2 Fluorctalomer sulfonic acid (8:2 FTS) < 0.02 ugiL

Please note that NATA accreditation does not cover the performance of this service

The goil samples 16KS1000 -16K51003 will be reporied separataly,

R e

Martha du Plessis
MNATA Accredited Laboratory 41 Chemist, Organic Chemistry

16KS1000-16K5 1005 . 28-Sep-16 -

This repor ovarstes all previous rapens. Tha resuls relain selely loihe spwple!s os recalved and are kmied Io 1o specfic tests undersaken a5 Eled on he Mpcrt, Tha rasulis on i epor are

conliderilial and ane rol 10 b psed o7 dsckoned b Ay elher pamon of Ussd lar any oFer pupose, enaher drecly or indrecty, unless thal use & dsciosed or the puspise is ecprassly sulorised in wiling by
Cumensiond Heakh and fhe nomed redpbenl on this report. To the fullet exiend permibed by kawy, Cusarland Heath wil o be Aable for ooy less or dom (inchuding legel costn cuouliied onoon indesnity basis)
which afsn bectusn of () poblers related to the merchamssiity, fiveas or quetky of te sampeds, o (6] =y neghgenl of unlaslul aet o emssions by Cuennsiand Heallh that is cannected with any acthifies

Erquites  Mariha du Plessls 30 Kessels Roao PO Do 2 Phama (#4817} 3274 3111

Fwna (481 ) 3274 8080 Coopers Fiains OLD 4108 Archerieid QLD 4108 Fus (61 7} 5000 0628

Emall Parth_dul sl dealth.qld, gov.au AUBTRRALLA AETRALL Emal  FES0heakhgkl govau

BE4E-4E20 Printed 12:25 28-5e0-16 modpl Page: 1of2
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CONFIDENTIAL

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 | |
32403 | Perfluorobutanoic acid | wet | 0.005 <001 | 020 '
32403 | Perflucropentanoic acid gl 0.01 <0007 |  0.008
| 32403 | Perflucrohexanoic acid - o ol | 0.005 | <0.005 . 10.029
| 32403 | Perflucroheptancicacid o ] L 0005 | =0.005 |l =0.005
32403 | Perfluorooctanoic acid o pell 0.005 | <0.007 0.036
32403 | Perflucrononanocic acid noll | 0.005 <0007 | <0007 |
32403 | Perfluorodecanoic acid o | pgll | 0.005 <001 | =0.01 ]
| 32403 | Perfluoroundecanoic acid ) ) pa/l 0o0s | <001 | < 0.01 i
32403 | Perflucrododecanoic acid ugill 0005 | <0.02 <002
32403 | Perfluorotridecanoic acid o opglt | 0.005 =005 =005 |
32403 | Perfluorotetradecanoic acid o pgll | 0005 | =0.02 =002 |
32403 | Perfluorohexadecanoic acid ] pnoll 0005 | <0.05 =005
| 32403_| Perfluorobutanesuffonicacid | gl 0.005 | __=0.005 | __0.008
32403 | Perfluorchexanesullonic acid - o ol | boos | =0.005 - 0.092
32403 | Perfluorooctanesulfonic acid wgll | 0005 | < 0.005 011
32403 | Perfluorodecanesulfonicacid pgll | 0005 | <0.02 =0.02

“Thils repart averrides &l previous: reports. The results relate salsly 1o e samplels as recalved Bnd are limitast 1o the specfic tests undertaken a8 listd on the repor. 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).
16KS1000-16KS1005 ) Page: 20f 2
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CONFIDENTIAL

W D HOLLOWAY & ASSOCIATES PTY LTD (ABN 80107270657) T/as
BUNDABERG ANALYTICAL SERVICES

14 Enterprise Street
BUNDABERG Q) 4670
Ph 0741531440
warren holloway@bigpond com
Atftention: Inspector Dir Ray Bott
QFES Scientific
Brisbane QLD
LABORATORY REPORT
Sample Type: Water
Date Becerved: 14.09.16
Date Test Conunenced: 15.09.16
Eeport Date: 16.09.16
Confirmed E. coli
Lab No. Sample Id Coliforms efi'100ml
cf/100ml
17353  CRE. Tap Water (blank) =1 =1
17534  CRER Case 4 Pit 2,500 =1

== greater than < = less than, cfu = colony forming units.

Mo E coli detected, high level of coliforms in the pit water. High levels of coliforms are often
associated with soil bactera contamination. Ideally fire fighting water should comply with the
hacteria drinking water recommendations to reduce the risk of inhalation infections.

The NHMRC (June 1994, 2-14) recommendations for drinking water is there should be no
Coliforms and no Themmotolerant Coliforms (E. coli) per 100 ml of water.

The level of bacteria can be reduced by the addition of Sodium Hypochlarite to the water. Itis
suggested that 500ml of Sodium Hypochlorite could be added to 10,0001 of water.

Method
AS4276.3.1-1995 AS4276. 5-1905 & AS4276.7-1995.

A '::.n} lmkm

5
Issued by: Dr W Holloway MSc PhD FRACT CChem Chief Scientist and Director

This certificate is issued for the named party, on the samples provided; it should not be relied upon by others. An
accepted condition of the service provided, is that the total liability is agreed to be limited to the cost of the paid
moice.
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CONFIDENTIAL

i ienti rvices
Queensland Forensic and Scientific ?c?hhSuppnn

toHl Government cataband

CERTIFICATE OF ANALYSIS

: S5P0051089

Laboratory Reference
CLIENT : QFES Research and Scientific Branch ggf:'nc;’f;;;{“ : ?ﬁuﬁz 016
(OFESSC) 24 Corporate Drive Date Commenced - 18-Jul-2016

CANMON HILL QLD 4170

michael logan @qfes.qgld.gov.au Laboratory Mumber’s  : 16KSE8T-16KS689

ATTHN: Attn - Michael Logan

MNumber of Samples 2
Reason for Analysls Perfluarinated Compounds in Watar
Method's of Analysis : 32403 - Perfluarinated Compounds in Waler

Remarks . Tha liguid chromatography mass spectrometry screan Indicated the presence of the following substances in
the listed samplas:
16KSABT 6:2 Fluorotelomer Sulfonate ( FTS) at 0,099 uglL
16KSE8S 6:2 Fluorotslomer Sulfonate [ FTS) at 0.086 ug/l

Please nota that no dilufions were done for sample 16KSBE7 and values above 0.48 ugiL are only
appraximate, Dilutions ware done for sampla 16K5688.

The following sulfanates are reported as the ackd:
Parfilucecbutanesulfonate
Perflusrohexanesulfonate
Perflusrooctanesulfonate

L

; Ma “a u Plessis
MATA Accredited Laboratory 41 Cheamist, Organic Chemistry

1GKSEET-1GKS6R9 27-Jul-16
T sepeont ewerrides §| prawious saporki. The reculls relnis solsly 0 T ampkes 33 mooied anc are imited 1096 spclio insts wndaraken o Ieed on the reporl. The rezuliz on fhis fapod e
comfidnmial and are 5ol 16 b e & dikeksed 1o any ofher pescn or wed 8 sny olhar pupnse, wheeher cineatly of Indiecty, unbess thal un s dieciossd of Iha purpcsa |z expreea by mufhdsiiod In writng by
Quasnsiand Healin and the named recigani on this reporl. To thn fullest exent permilled by las, Cuannsland Heath wil ol be fosia b any focs or claim fincuding legal costs caltulaisd on an Mdameily basi)
which artss Decause ol {a} rofalnd to the merchanisiily, lhness or quallty of the samplets, of (0) sy neglhgent or unlaedul sel of emissies by O o Henalth st 18 G with arny ahiiee
o sinsce provides Ly Gussnaland Heolih under this agresssent (Incusing tha Tming andicr mathod under which $ie sampleis wen taken, gored of ranseoned),

Erguiies  Mariha du Pleasis 10 Keemnn Ross PO B S04 Phone (461 ThaZF4 8011

Fhons (81 7) X374 G0RD Coohers: Palea OL0 4108 Aechuifield QLD 4108 Fax {+4i1 T} 3000 5C28

Emal Martha_duPless s G HhsaMh, qh. gov.ay ALISTRALIA MUESTHALLY Emal PS5 &Eealhgld govou

AR4SG-EIRE Prines 1310 2716 mes Page: 1of2
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CONFIDENTIAL

Client Reference

3

Water Town

15:00 08-Jul-2016

Enogerra Fire Station

“This: repart aveides al previous reparts. The results relate solaly 10 the samplefs as recatved and ane lmited 1o the specfic tests und ertaken as [t an the report.

purpose Is expressly authorised in writing by Queenstand Health and the named recipiant on this repart. T the fullest extant permittest by law, Queensland Health will nat be abls for any |oes or claim {iractiy
any aegligant o unlzwhil act o cmissions by Ousensland Healt Mat ie cannected with any activities or

sanvices provided by Queansiand Health under tis agreement {including te timing andior meshod

this report

urder siich the samphe's wens Eken, Storad or tansportad).

1 2
- : _
Sample Type Water Surface Water Well
”Ss_a__r_gg_ling Time/Date 15:00 08-Jul-2016 15:00 osuuf—qu__
Enogerra Fire Station Enogerra Fire Station

| Sample Description

Method | Perfluorinated Compounds Units “T_“'T:“Q ' 16KS687 16KS688

mr

[ 32403 | Perfluorobutancic acid pg/l | 0.005 | 042 039

32403 | Perfluorcpentancic acid o o/l 0010 | 084 0.66

32403 | Perfluorchexanoic acid L pall 0.005 1.1 1.2

32408 | Perfluorcheptanoic acid ug/L . 0.005 044 042

32403 | Perfluorooctanoic acid Mg ¢ 0.005 | 037 0.33

32403 | Perfluorononancic acid _ ug/L [ 0005 | 028 025 |
| 32403 | Perfluorodecanoic acid o ug/l | 0005 | 0.005 ____0.005

32403 | Perfluoroundecanoic acid B o L opgl | _0.005 | 0.016 . 0b.014

32403 | Perflucrododecanoic acid uog/L 0.005 _ =0.005 <0005

32403 | Perfluorohexadecansic acid ug/l 0.005 < 0.005 <0.005

32403 | Perfluorooctadecanocic acid ug/L 0.01 <0.01 =001
| 32403 | Perfluorobutanesulfonic acid ug/l 0.005 0.31 029

32403 | Perfluorchexanesulfonic acid | pgll 0.005 | 4.9 63
32403 | Perflunronctanesuifonic acid _ug/l 0.008 59 42
|_32403 | Perfluorodecanesulfonic acid ugl 0.005 < 0.005 = 0.005

and are not &5 be 1sad or distlesed v ary other parsen of wad ki any cher pupose, whether drectty or indirectly, uniess that wsa is disclosed or the
ding lagal costs calculated on an indemnity basis) which arse becauss of (2) problems rilatad to the merchantability, finass or qualty of the sample's, or ()

16KS687-16KS689 T " Page: 20f2
48483-6385 Printed: 1310 27-Jul-16 medpt
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CONFIDENTIAL

Queensland Forensic and Scientific Services

Healths rt
Government A aiond

CERTIFICATE OF ANALYSIS

Laboratory Reference © S5PDDS1138

CLIENT : QFES Research and Scientific Branch Chent Order e o Damien
(QFESSC) %mﬁmﬁf&ﬁn 4170 Laboratory Number's  © SS18MW11222

michael logan@afes.gld.gov.au

ATTN: Attn - Michael Logan

MNumber of Samples @ 1

Key o efu = Colony Forming Units
=5t = Estimated Count
FDMEAS = Field Measurements as provided by Submitting Authority
mg = Milligrams
mpn = Muost Probable Mumber
MA = Mot Applicable
NR = No Result
NT = Mot Tested
MTU = Mephelometric 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

- B

AV

Bruce Gray
——— Supervising Scientist, Water Microbiology
SS18MWT1 322 24-Jul-18

Thits report overrides all previous reports. The results refafe soisly 1o Be samplers &5 recsived and ans Imied to the spedfic fesis undertaken as Isted on T report. The resuits on this neport are

confidential and an= not 1o b wsad of discosad fo any offesr parson or used for any ofer purposs, whisther dinsctly or indirectly, uniess that use |s disciosed or the purpose s sxpresshy suifonssad in weting by
Guesnsiand Heali and e namssd reciplent on this report. To See fullest extent pemitted by w, Qussnsiand Health will not b= labée for any koss or daim (Incieding legal cost: calculatsd on an indemnEy bask)
which arise because of (a) problems neiated to the merchanfablEy, finess or quallty of the samples, or (b} any neglgent or unkawiul act or omissions by Gueensiand Heakh that |s connecied with any activies
or services provided by Cueensiand Healh under this agresment {(iInciuding the Eming andior method under witich the sample’s wers ai=n, siorsd o rnsporied).

Enquiries  Bruse Gray 3% Kesseis Road P Bow 5534 Phome (=51 7) 3274 3111

Frione {81 7) 2274 BOTE Coopers Flans QLD 4108 Archerieid GLD 4108 Fax (=51 7)3000 3528

E~all Brune. Brawd@health.old.gov.au AUSTRALA ALUETRALLA Emall  FSS{Dhealin.old gov.au

THIE0350 Printed 13020 24-JubH1S root Page: 1of3
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CONFIDENTIAL

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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CONFIDENTIAL

Notes on the Interpretation of Results

PASS means that a sample is microbiclogically fit-for-purpose, and FAIL means that a sample is not microbiclogically fit-for-purpose.
The fitness-for-purpose of 3 water sample is determined by reference to relevant regulations and guidelines:

Drinking Water - The Public Health Regulafion 2005 and the Australian Drnking Wafer Guidelines 2011, (Section 10.2.2 and microorganism factsheets)
Swimming and Spa Pool Water - The Queesnsiand Health Swimming and Spa Pool Water Qualiy and Operational Guidelines. (Microbiclogical criteria)
Recycled Water - The Public Health Regulations 2005. (schedulas 3B, 3C, 3D, 3E)

An interpretation may be made where none of the abowve 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)
Caoliphages T2

Campylobacter 24

Clostridium perfringens (spores) T2

Clostridium perfringens (vegetative cells) i8
Cryplospordium/Giardia p=lsd

Total Coliforms/E. coli 18

Enterccocci i8

Haterotrophic Colony Count 12

Legicnella 48

Fseudomonas 12

Salmonella 18

Shiga-toxigenic E. coli i8

Vibrio cholerae 18

Thin repost cverrces sl preious eporis. The et reiis iy © B e e recsives o o imited b S aoscfic it arderisken s lwied on the reort. The resuss on B sport sns confiderisl snd sne ot be ussd or disciossd i sy ofter peneon or sesd o7 ey other pUpoRs, st divscly or indivecly, orism Ea uss b deciossd o e
PeTROm I eamrey BLEnCrmd i weting by Cussrmrd Hest 5o e meT recise on i report. 10 e Sulsst sri permises by bw, Cussmsseg Hesith el ot be imbls for mny ioms o7 ceem (Inclding isgel Costs CxiCsistd on BN NdsrTrity bems) weich S tecums of (8] PTSTE Tt I e mereantsbity, Mes or iy of e ssei, o (5]
Wy Negigent O Lnims®ul B0t OF Crissons by Oussnsissc Hesih EEL s Connscisd s By Schvies of Eevioss ovced by Oussmsind Hesh Sros” s sgres et noudng s STing Srcior msthad ander which the mempiels wers i, sored o1 renspocid)

SSTEMWT1322 Page: 3of 3
734380350 Frinted: 15:20 24-Ju-18 root
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Government HealthSupport

Cupnnslaned

CERTIFICATE OF ANALYSIS

CLIENT: QOFES Research and Scientific Branch Laboratory Reference @ S5P0052373
24 Corporate Drive Client Order Number : Boit_R
CANNON HILL QLD 4170 Guate Numbar :
Client Project
v R Client Batch Reference
ATTN: Michael Logan Date Received - 20-0ct-2016
Date Commenced : 24-Sep-2016
Laboratory Mumbers - 18KS1081
cc:
Submitting Authority

Number of Samples 1
Reascn for Analysis Analysis for Perfluorinated Compounds In soil
Methadis of Analysis 33846 — Perllucrinated Compounds in sail

Remarks - 52 Fluorotelomer sulfonic acid (8:2) Is normally nal reported in soll because of blank contamination.

Please note that samples are reported on a dry weight basis.

Results in this repor have been authorised for release by M. du Plessis

Martha du Plessis
Chamist, Organics Laboratory
10-Mov-18

TEKEST087

This regort cusrrides ml previous raperts, Tha resuls ralals scloly % tha sampleis 8 rocaived snd @ Bmied i (o speciic tests underisken as lislad on tha mparl. The resuls of thik repor are
condadurdal and am not i be ussd e dieciossd ko ary oiher parson of used for any other purpiss, whelhar diecly o indreclly, urless el use s discosad or Ine purpoes i aspreasly aulhorisad in
wiiting by Gussrmbnd Hasith and iha named recigian on this meporl. To e ubest axdenl peemilied by las, Quosrstand Heallh wil nol b labis for any loss of clam (nroiuding lgsl cosls cakulaled on
an Irvdemrily bovs ) which sete tscauss of (@) probioma rolalsd 1o the mercheniscifly, fiFess or quatiy of he samplais, of () sy reglgent o unlawi acl or omissions by Queenilasd Haokh hal =
camreaied wilh sy aeiiviias or servicas provided by Oueonstsrd Hoolih under s agresmeni (Inghuding tha ming andior ma e undar which the sampleds wars baken, shened of INrapatod).

Enguiclaa M du Plssls 0 Kassals Foad PO B S84 Fhore  (#81 7] 374 111
Plons  [#81 T) 1274 8088 Copars Flains QLD 4108 Acchnrinid QLD £108 Fax [+61 T) 3000 5425
Emall Marthaduplessisihealthald.gov.au ALISTRALA AUSTRALA Ermmil FESgyhanlh.qid pov.au
Page: 1 of 2
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CONFIDENTIAL

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
33846 | Perflucrooctancic acid (PFOA) ma/kg 0.002 < 0.002
33946 Perfluorononanoic acid (PENA) mg/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) mg/kg 0.001 < 0.001
33946 | Perflucrohexanesulfonic acid (PFHxS) mglkg 0.001 0.003
33948 | Perfluorooctanesulfonic acid (PFOS) mg/kg 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) ma/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
tored or transparted),

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

Version 1.3:
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CONFIDENTIAL

Queensland Forensic and Scientific Services

Government HealthSupport
Quesnsland

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference | SSPDRG1831
24 Corporate Drive Client Order Number : Bott_R
CANNON HILL QLD 4170 Uuate Mumber :
Clienl Project
o Client Batch Reference
ATTN: Michael Logan Dale Received : 15-5ep-2016
Date Commenced D 27-5ep-2016

ce: Laboratory Numberfs - 16K5993 — 18K5995

Submitting Authority

Mumber of Samples 3

Reason for Analysis  : Analysis for Perflucrinated Compounds in saoil
Methodds of Analysis : 33846 — Perfluarinated Compaunds in sail

Remarks : Please note that the water samples have been reported separately.
5:2 FTS is normally nof reporied in soll because of blank contamination.

Perfluoroietradecanoic acid (PFTeDA)} has a low recovery

Resulls in this report have been authorized for release by M. du Plessis

Martha du Plessks
Chamist, Organics Laboratary
14-0Oel-16

16KS95.3-T6K599F
This repost ovarices al previous repares. Tha fasdis relake adely 1o the sasplsds a3 received and am §miled %o the speoiic lesis underlaen as isted on e repod. The resulls of s repon aro
«conhidential ond are nod 1o b usad o o scksed o any olher perscn or used for any ofthar purpose, whelhar divsclly or indiractly, unlass that uss |s disdosed or the purposs s asprassly aulharised in
writng by Cueansiand Healkh and tha namead racipenl an his el To the fdest edten] permilied by lae, Quoonslard Heallh will nol be labde for any loss or clalm (ncluding kegal costs calodated on
an indemnity basis) which arise becaesa of (#) protiams felsied 10 e merchaniabibty, Moess or qualfy of the sampiels, or (0] amy negligant o uslowdol ool ar omisskons by Quasnsland Hoalh thal ks
sanneciod wilk any adiviles o servoas providad by Cussnslaed Healh uicker $is agresseni [inchading the Sming andior meihod unoer whicn the sampleds ware laken, sioned or lransporied).

Enquiries Martha du Plesals T Kussuk Foad BETEL Flerm (481 7] SR04 8190
Phene  [#81 7) 3274 B0A0 Coopers Plaing QLD 4108 Arenieald QLD 4108 Fax (+81 7) 000 BE2
Emall Mardiadluplessisghanlih gt gov.s ATSTRALA ALSTRALIA Esii FRS @ tvth gl g
Page: 1of 2
Version 1.3: Released 17 January 2019 Page | 235
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Client Reference Sample 3
| Sample Type Garden soil
Sampling Time / Date 14:20 14-09-2016
Sample Description GCOo05
Method '[ Perfluorinated Compounds Guidelines | Units ! Reporting Limit 16KS995
33946 | Perfluorobutanoic acid (PFBA) mg/kg 0.005 <0.005
33946 | Perflucropentanoic acid (PFPeA) mg/kg 0.002 0.011
33946 | Perfluorohexanoic acid (PFHxA) mg/kg 0.001 0.012
33946 | Perfluorcheptancic acid (PFHpA) . mg/kg | 0.001 0.005
33946 | Perflucrooctanoic acid (PFOA) mg/kg 0.002 0.005
33946 | Perfluorononanoic acid (PFNA) mg/kg 0.001 0.004 |
33946 | Perflucrodecanoic acid (PFDA) mglkg 0.001 0002
33946 Perfluoroundecanoic acid (PFUDA) ) mag/kg 0.002 0.004
33946 Perfluorododecanoic acid (PFDoA) mg/kg 0.002 < 0.002
33946 Perfluorotridecancic acid (PFTrDA) ma/kg 0.007 < 0.007
33946 Perfluorotetradecanoic acid (PFTeDA) mg/kg 0.01 <0.01
33946 | Perflucrobutanesulfonic acid (PFBS) malkg | 0.001 0.001
33946 | Perflusrohexanesulfonic acid (PFHxS) mg/kg 0.001 0.008
33946 Perfluorooctanesulfonic acid (PFOS) mg/kg 0.001 0.037
33946 | Perfluorodecanesulfonic acid (PFDS) mg/kg 0.002 <0002 |
33946 | 2-Perfluorchexyl ethanoic acid (FHEA) mg/kg 0.002 <0.002
33946 | 2-Perfluoroocty ethanoic acid (FOEA) ma/kg 0.02 <002 |
33846 | 2-Perfluorodecyl ethanoic acid (FDEA) mg/kg 0.02 _ <0.02
33946 | 4:2 Fluorotelomer sulfonic acid (4:2 FTS) | mg/kg 0.002 <0002 |
33946 | 8:2 Fluorotelomer sulfonic acid (8:2 FTS) l— mg/kg 0.005 <0.005 4‘

This report overrides all previous reperts. The results relate solely ta the samplels as recsived and are limited to the speci i i TP
X : 1 . The e ved @ . pecific tests undertaken as Ested on the report, The resulls of this report sre confidential end are not 1o be used or disclosed to ary ather parsen or used for any other pi 52,
::i‘:?:i::g g;;quilzhlgzzwzu:?:r:gs:ﬁﬁ:mo; i‘elaf;pﬁ is e;rcpr;hosstlgma_rsc\;:‘ed in Mlﬂnlgwby:fq:emnsla::r Health and the named recipient on this reporl. Ta the fullest extent permitted by law, Queensiand Heaith will not be lisble for any loss or claim {induding legal costs calculated
. i y basis [ & m antabilty, finess or gquali samplels, er {b} an Egent or unlawiul act or omissions b is corm i i ¥ i
{including the timing @ndior method under which the samplefs were taken, sicred ar transported). b} a1y ey missions by Quaensland Healln that s cormectad with any acivides or senices provided by Queensiand Health under this agreerment

16KS993-995 -
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CONFIDENTIAL

Queansland Forensic and Scientific Services

e
Gowvernmient Haalrsupgnn,

s e et e 8 = w e e T T, TR AR T

EEH“FIC.&TE OF ANAL‘I’SIS

4 A S brm e g SRR LB LS
Loboratory Befamnss | SEFODS1S3
. 4]
ELIENT OFES Ressarch and Scarshic Branch e e
4 Corporabn Drive ;
IGFESS & Dato Commenaed ¢ 1E-Gap-R01E

CANMON HILL QLD 4170

michasliogan G qfes. gl gov. au Leboraivy Mumbars 1BKSE93-16HSRES

ATTH: Aln - Michae| Logan
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CONFIDENTIAL

CERTIFICATE OF ANALYSIS

CLIENT: CQFES Research and Scientific Branch Laboratory Reference  © SSPO0S2034
24 Corporate Drive Clignt Order Number  : Boll_R
CANMNON HILL QLD 4470 Quote Number :
Client Project
BT Client Bafch Referenca .
ATTN: Michael Logan Dats Recsived  23-Sep-2016
Dala Commanced 1 27-Sep-2016
ce Laboratory Numbes's + 16KE51035 - 16K51038
Submitting Authority

MNumber of Samples 2
Reason for Analysis  : Analysis for Perfluarinaled Compounds In sall
Method's of Analysis : 33946 — Perfluorinated Compounds In soll

Remarks : 6:2 Fluorotelomer sulfonic acid (5:2) is normally not reported in soil because of blank contamination,

Results in this report have been authorised for release by M. du Plessis

.

PiuPlessts.

Martha u Plessis
Chemist, Organics Laboratory
14-0ct-16

T6KE1035-18KS1038

This rapoel centrides ol previcus repors. The resulls relote solely 10 the samplets s recnbed and o Brdlod 12 ha spocilie Wale Undeisken 5 leled on the report. The reaulls of s fepornt are
conficanial snd ate not b be used or disclosed to any oihor persan of used for any cthaf e, whallie diesily of Pdicoaly, usine that uss b disckeed o the purpose is wepresely authorised in
wridng by Quoeraknd Heslth ard the namod redpient on this report. Ta $he fuliast astand psnmsitied by e, Qieeraband Haslh wil ol b kb for amy kes or chaie (nduding legal costs cakiubsbed on
an indaminily Esei) which arss becawss of (3) problems related 1o the meechantabiily, nass o qually of iha samgials, of () ary reghgan of unbewiul st or ombssions by Quesembard Heabl thal i
coannacied wilh &ny scliviios o perdione provded by Quesnaland Healh under this agresman| finciuding Iha Sming andhor malhod wdar which ihe samebals e an, soned of ansocrked)

m“ M du Flassis 0 Kassiata Rond PO Dox 504 Prone (451 ) 3ara ofid
Phome  [+61 T) 2274 5088 Coepars Plaing GLD 4108 Archorfield OLD 4408 Fax (451 7) 3000 5628
Emmil mummnuulmmuu.w ALISTRALIA SLUSTRALIS Ermail Fh%mnakh okl goy. au
Page: 1 of 2
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CONFIDENTIAL

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 saoil yard
Method | Perfluorinated Compounds Guidelines Units Reporting Limit 16KS51035 16KS1036
33946 | Perfluorobutanoic acid (PFBA) | markag 0.005 <0.005 <0.005
33946 | Perflucropentanoic acid (PFPeA) ma/kg 0.002 <0.002 <0.002
33946 | Perflucrohexanoic acid (PFHxA) mg/kg 0.001 <0.001 < 0.001
33946 | Perfluoroheptanoic acid (PFHpA) | | mg/kg 0.001 < 0.001 <0.001

| 33946 | Perfluorooctanoic acid (PFOA) ma/kg 0.002 <0.002 <0.002
33946 | Perfluorononanoic acid (PFNA) ma/kg 0.001 <0.001 < 0.001
33946 | Perfluorodecanoic acid (PFDA) ma'kg 0.001 < 0.001 <0.001
33946 | Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 <0.002 <0.002
33946 | Perfluorododecanoic acid (PFDoA) mglkg 0.002 <0.002 <0.002
33946 | Perfluorotridecanoic acid (PFTrDA) ma'kg 0.007 < 0.007 <0.007
33946 | Perfluorotetradecanoic acid (PFTeDA) ma'kg 0.01 <0.01 <0.01
33946 | Perfluorobutanesulfonic acid (PFBS) __mglkg 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 0.003 0.010
33946 | Perfluorodecanesulionic acid (PFDS) mg/kg 0.002 <0.002 <0.002
33946 | 2-Perfluorohexy! ethanoic acid (FHEA) mg/kg 0.002 <0.002 | <0.002
33946 | 2-Perfluorcocty ethanoic acid (FOEA) markg 0.02 <0.02 <0.02
33946 | 2-Perfluorodecyl 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 Flugrotelomer sulfonic acid (8:2 FTS) ma/kg 0.005 <0.005 <0005 |

This repart everrides all previaus reports. The results relats solely to the sample/s as received and are limited to the specific tests undertaken 2s listed on the report. The results of this repon &re confidential and are not to be used of disclosad to any other persen or used far any oher purpese,

whether diractly or indirectly, unless that use is disclosed ar the purpose s

on an indemnity basis) which anss because of (&) problems related to the mer::msntd:li\ﬂy, firess or quality of the sampled;

inwrittng by O

(including the timing and/or methed under which the sample/s were taken, stored or transported)

Heaith and the named recipient on this report. To the fullest extent permitted by law, Queensland Haaith will not be lizble for any (oss or claim {incuding legal costs calcutated
's, or (b) any negligent or unlawlul act or emissions by Queensland Health that is connected with any activities or services provided by Queensland Health under this agreement

16KS1035-1036

Page 2 of 2
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Government Healthf:!uppfrﬁ

CERTIFICATE OF ANALYSIS

CLIENT: QFES Research and Scientific Branch Laboratory Reference  ; SSPODE1850
24 Corporate Drive Client Order Number ; Bot_R
CANNON HILL QLD 4170 Quote Number :
Client Project
- Client Batch Reference !
ATTN: Michael Logan Date Received . 16-Sep-2016
Date Commenced . 27-5ep-2016
Laboratory Number's 2 18RS1000 - 16KS51005
ccC:
Submitting Authority

Mumber of Samplas .G

Reason for Analysis  © Analysis for Perfluorinaled Compounds in soil

Method’s of Analysis : 33946 — Perfluorinated Compounds in soll

Remarks : Please note fhat the water samples have been reportad separately.

6:2 Fluorotelomer sulfonic acid (8:2 FTS) is narmally nel reported because of blank contamination in soils.

Perluorotetradecancic acld (PFTelA) has a low recovery

Rasults In this report have been authorised for release by M. du Plessis

rl

Martha du Plessis
Chemist, Organics Laboratory
18-0ct-16

TEHS T000-1 6KST005 i . . .
Thik régean erenmidus al pravious repors. The resulls relale solely o the sampleds os moshand and &0 lmiad to he spealic ieste undeaken g Bised on e repoit. The resuls of Ihis raport are
eerfitlanial srd ara nol 4 ba usad or decksod S any olher person or used for any ot purpess, whiler dractly or indrectly, uniess (it e s dackesd o tha pupase & mprosshy sulcrssd in
wiiling by Qusanslans Heath and the named recplent on this reporl. To Fes fullest exent parmiied by law, Cucansiand Health wil nol ba flste do sy less or daim {Including legal coste caledaled on
an indaminty hasi) which arise becausa of (o) probrems releted |0 e merchantatifly, Siness of gually of tha samplds, or {o}any negligen! o urawful a0 or emissions by Quasnsiand Hesllh e ja

worruted wilh ey atihilias or Sonioes provided by Susansiand Health under #ie agresment fncuding tha Bming andior method urckr which s aampla's won tnien, sored or ranspofsd,
Enquirios Martha du Plesals ¥ Kassak Road P o 525 Fhona  [#51 I} 2ra &t
Fhone  [#&1 7) 3274 BoRs Cooprs Pave OLD 4108 Archeriaid QLD 4108 Fe [+61 7} 3000 2020
Emall  Marthnduplessisgihesith,gld, gevau AUSTRALLL AUSTRALLA Emal Faisrealinkd gov e
Page: 1 of 2
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Client Reference Sample 1 Sample 1 Sample 3 Sample 4

Sample Type soil soil Soil Soil

Sampling Time / Date

Sample Description CRY-BLANK CRY-YARD CRR- BLANK CRR-YARD
Method | Perfluorinated Com ideli i Reporting |

pounds Guidelines | Units Limit 16KS1000 16KS1001 16KS1002 16KS1003

33946 | Perflucrobutanoic acid (PFBA) mglkg 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) mg/kg 0.001 < 0.001 0.001 <0.001 < 0.001
33946 | Perfluoroheptanoic acid (PFHpA) mg/kg 0.001 <0.001 < 0.001 < 0.001 <0.001
33946 | Perfluorooctanoic acid (PFOA) mg/kg ~0.002 <0.002 <0.002 <0.002 <0.002
33946 | Perfluorononanoic acid (PFNA) mg/kg 0.001 < 0.001 < 0.007 <0.001 < 0.001
33946 | Perfluorodecanoic acid (PFDA) mg/kg 0.001 < 0.001 < 0.001 < 0.001 < 0.001
33946 | Perfluoroundecanoic acid (PFUDA) mg/kg 0.002 <0.002 < 0.002 <0.002 <0.002
33946 | Perfluorododecanoic acid (PFDoA) mg/kg 0.002 <0.002 < 0.002 < 0.002 < 0.002
33946 | Perfluorotridecanoic acid (PFTrDA) mg/kg 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) mg/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 | Perfluoroactanesulfonic acid (PFOS) mg/kg 0.001 < 0.001 2.3 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) mg/kg 0.005 < 0.005 < 0.005 < 0.005 <0005

This report ovarides all previous reporis. The results relate solely to the samplefs 2 received and are limited to the specific tests undartaken as listed on the repart. The results of this report are confidential and are not to be usad or disclosed ta any other person or used for any other purpose,
whether directly or indirectly, unless that use is disclosed or the purpese is expressly autherised in writing by Queensland Health and the named recipient on this repart. To the fullest extent permitted by law, Queensland Health will not be lishle for any loss or cdaim {(induding legal costs calculated
on an indemnity basis) which arise because of (a) problems refated to the merchantability, fitness or guality of the samplers, or (b} any Pegligent ar uniswful act or omissiens by Queensland Health that is connected with any activifies or services provided by Queensland Hea'th under this agreement
(including the timing and/or method under which the samplefs were taken, stored or transported),

16KS1000-1005

Page 2 of 2
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Appendix B

Phase Two

Laboratory analyses Data
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CONFIDENTIAL

Queensland Forensic and Scientific Services
%l Government HealthSupport
Queensland

CERTIFICATE OF ANALYSIS - AMENDED REPORT

CLIENT: Raymond Bott Laboratory Reference  : SSP0052842
QFES Laboratory Reference  : SSP0052843
24 Corporate Drive Laboratory Reference  : SSP0052852
: Client Project :
Cannon Hill QLD 4170 Client Batch Reference
Date Received : 24 Nov 2016
ATTN: Raymond Bott Date Commenced : 28 Nov 2016
Laboratory Number/s : 16KS1188-16KS1255
CC:
Submitting Authority : QFES
Number of Samples : 89
Reason for Analysis : PFAS monitoring

Method/s of Analysis

Remarks

16KS1188-16K51255

: QIS 32403 — Perfluorinated Compounds in Water

: Amended report - please destroy all copies of reports dated prior to this one

DrAshley/Tronoft
Chemist, Organics Laboratory
13/12/2016

This raport overrides all previcus reports. The results relate sclsly to the sample's as received and are limited to the specific tests undertaken as listed on the report. The results of this raport 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 authorised in
writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, Queensland Health will not be liable for any loss or claim (including legal costs calculated on
an indsmnity basis) which arise becausa of (a) problems related to the marchantability, fitnass or quality of the sampla/s, or (b) any negligent or unlawful act or omissions by Queensland Hsalth that is
connactad with any acivitiss or sevices provided by Queensland Health under this agresment (including the timing and'or method under which the sampla's wers taken, storad or transported)

Enquiries Ashley Tronoff

39 Kessals Road PO Box 594 Phone  (+617) 3274 9111

Phone (+817) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+61 7) 3000 9628
Email  ashley.tronofi@health.qld.gov.au AUSTRALIA AUSTRALIA Emal  FSS@healthgld gov au
Page: 1 of 11
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Free PFAS — Table 1 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1188 16K51190 16K51191 16K51192 16KS51194 16K51195 16K51157 16K51198 16K51199 16K51200
Cient Reference No.: SWRCV-01 SWRCOV-03 SWRCV-04 SWRCV-05 QCwWwi-01 | GCWW1-02 | QOWW1-04 | QCWW1-05 | QCWW2-01 | QOWW2-02

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
Perfluorononanocic acid (PENA) 0.007

Perfluorodecanoic acid (PFDA) 0.010

Perfluoroundecanoic acid (PFUdA) 0.010

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecancic 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-Perfluorochexanesulfonic 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

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 0.3 03 0.3
TOTAL €4-C10 Sulfonic acids 0.020 0.05 1.3 1.3 1.3 1.1

16KS1188-16K51255

This repon owerridas &ll pravious reponz. The rezults relate solely 1o the s=ample/s &s received and are limited 1o the specific tasts undertsken 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 indirectly, unless thal use is disclosed or the purpose is expressly authorised in writing by Queensland Health and tha named recipient on this report. To the fullest extent permitied by law, Queensland Health will not be liable for any loss or daim (including legal costs
calculated on an indemnity basis) which arise because of (a) problams related 1o the merchantabiity, fitness or quality of the sampla’s, or (o) any negligent or unlawful act or omissions by Queansland Health that is connected with any activifes or sarvices provided I::\ Queensland Healih undar
thiz agreement (including the iming and‘or mathad undsr which the sample/s wera takan, stored or ransparted).

Enquiries Ashley Tronoff 38 Fessals Aoad P0 Box 584 Phone +617) 3274 8111
Phone {464 7) 3274 0087 Coopers Plains QLD 4108 Archerield QLD 4108 Fax +617) 3000 B628
Email ashley. tronoff@health. gld gov.au AUSTRALIA AUSTRALIA Email FS“ {@health.gld.gov_au
Page: 2 of 11
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Free PFAS — Table 2 of 5

Laboratory Reference No.: —— 16K51203 16K51204 | 16KS1205 16K51206 | 16KS1208 16K51209 16K51211 16K51212 16K51214 | 16KS1216
Client Reference No.: QCWW3-02 | QCww3-03 | aowws-04 | QOWW3-05 | Qcsss-01 QC555-02 Qcss1-01 Qcss1-02 QCss2-01 QCs52-05

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

Perfluorododecancic acid (PFDoA) 0.020

Perfluorotridecanocic 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 [PEHxS) 0.005 0.40 0.91 0.90 1.1
Perfluorooctanesulfonic acid (PFOS) 0.005 0.92 2.0 0.006 2.0 3.2 0.010)
Perfluorodecanesul fonic 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 €4-C10 Sulfonic acids 0.020 1.4 3.0 2.9 4.4

16KS51188-16K 51255

This report overridas all pravious raporis. The results relate solely 1o the samplefs &s recaived and are limited 1o the spedific tests underizken as listed on the report. The results of this report are confidential and are not to be used or disclosed to any ather 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 Queensland Health and tha named recipient on this report. To the fullest axtent permitted by law, Quesnsland Healthwill not ba liable for any loss or daim (including legal costs
calculzted on an indemnity basis) which arise because of (2) problams related 1o the merchamebdity, fitness or quality of the sampda’s, or (o) any negligent or unlawiul sct or omissions by Queensland Heslth that is connected with any ectivities or sarvicas provided by Queensland Heslth under
thiz egresmant (including the iming and’or method undar which the sample's wera tsken, storad or franspored).

Enguiries Ashley Tronoff 38 Kessels Hoad B0 Box 584 Phone
Phone  (+64 7) 3274 0047 Coogers Plains QLD 4108 Archerfield QLD 4108 Fax
Email ashley. troneffidthealth. gld gov.au AUSTRALIA AUSTRALIA Email
Page: 3 of 11
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Free PFAS - Table 3 of 5

Laboratory Reference No.: LOR (ug/l) 16K51217 16KS1218 16K51219 16K51221 16K51223 16K51224 16K51226 16K51228 16K51229 16K51232
Client Reference No.: Qcss3-01 Qcss3-02 Qcss3-03 QCS53-05 QCss4-01 QCs54-02 QcCss4-04 BRAH-02 BRAH-03 BRAH-06

Perfluorobutancic acid (PFBA) 0.010 0.07 0.15 0.16
Perfluoropentanocic 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 0.091 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 (PEBS) 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-Perfluorchexanesulfonic 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 1.1 1.1
TOTAL €4-C10 Sulfonic acids 0.020 3.7 0.35 0.15 0.14

16K51188-16K51255

This repon overrides all
whether diractly or indire.
calculzted on &n indemnity basis)
this agreement (including the tim:

us repons. The results relate solely 1o the samplefs &= received and are limited 1o the specific undereken &s lisied on the report. The results of this repon are confidential and are not to be used or disclosed to any other person or used for any

s that use is disclosed or the purposs is expressly authorised in writing by Queensland Heslth and the named recipient on thi= report. To the fullest axtent permittad by law, Quesnsland Health will not be liable for any loss or daim (including legal
h arise because of (a) problams related 1o the marcha ity, fitnes= or quality of the sampla’s, or (b) any negligent or urlawful act or omissions by Quesanzland Health that is connected with any activifies or zarvices provided by Queenzland Health undar
g and'or method under which the sample/s were taken, siored or fransporied).

Enquiries Ashiey Tronoft 38 Fezsals Aoad PO Box 584 Phone &1 7] 3Era el
Phone {+64 7) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+E1 7) 3000 BE23
Email ashley. tronofi@he alth.gld gov.au AUSTRALIA ALUSTHALIA Email FSS@health gld gov_au
Page: 4 of 11
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CONFIDENTIAL

Free PFAS — Table 4 of 5

Laboratory Reference No.: LOR (xg) 16K51233 16K51234 | 16KS1236 16K51237 16K51239 16K51240 16K51241 16K51243 16K51245 16KS51246
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 (PFPed) 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 (PEHxS) 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 repori overrides 2l previous reporiz. The results relate solely 1o the samplefs &s received and are limited 1o the specific tests underizken &s lisied on the report. The results of this report are confidential and are not i be used or disclosed to any other person or used for any other purposs
whether diractly or indirecty, unlass that use is disclosed or the purpose is expressly authorised in writing by Cusensland Health and the named recipient on this report. To the fullest axtent permitted by law, Queansland Heslth will not be liable for amy loss or daim (including legel costs
calculztad on an indemnity basis) which arise because of (a) problams related 1o the mer shility, fitness or quality of the sampla’s, or (b} any negligent or urlawful act or omizsions by Queanzland Heslth that i connected with any sctivies or sanvicas provided by Queensland Heslth undar
this egreement {including the fiming and’or method under which the sample/s were 18ken, siored or trensporied).

Enquires Ashley Tronoff 38 Kessels Hoad PO Box 564 Phone 171374 8111
Phone (461 7) 3274 0087 Coopers Plains QLD 4103 Archerfield QLD 4108 Fax {+£17) 3000 DE23
Email ashley.tronefii@he alth. gld gov.au AUSTRALIA ALSTRALIA Email FSS@healthgld gov_au
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Version 1.3: Released 17 January 2019 Page | 248

Uncontrolled when printed



CONFIDENTIAL

Free PFAS — Table 5 of 5

Laboratory Reference No.: LOR bt} 16K51247 16K51249 16K51251 16K51253 16K51255
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-Perflucrohexanesulfonic 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 C4-C14 Carboxylic acids 0.150 0.7
TOTAL C4-C10 Sulfonic acids 0.020 0.54

16KS51188-16K 51255

This repont overrides &l pravious reports. The results relate solely 1o the sample/s &s received and are imited 1o the specific tests underzken &s listed on the report. The results of this repont are confidential and are not to be wsed or disclosed to any other parson or used for any other purposa
whether diractly or indiractly, unless that use is disclosed or the purpose is expressly authorised in writing by Queensland Health and the named recipient on this report. To the fullest axtent permitted by law, Queensland Health will not be liable for any loss or daim (including legal costs
calculated on an indemnity basis) which arise because of (3) problems related io the merchaniabiity, fimess or quality of the samplas, or (b} any negligent or uniawiul act or omissions by Queensland Hesdth that is connected with any activifies or servicas provided by Queensland Hesalth undar
thiz egreement (including the iming and’or method under which the sample/s were taken, siored or fransporied).

Enquiries Ashley Tronott 38 Fessals Hoed PO Box 584 Phone [+E17) 3274 8111
Phone  {+61 7) 3274 9067 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+51 7) 3000 9623
Email ashley.tronoffi@health.gld gov.au AUSTRALIA AUSTRALIA Email F55@health.gld.gov.au
Page: 6 of 11
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TOPA PFAS — Table 1 of 5

CONFIDENTIAL

Laboratory Reference No.: LOR (ug/L) 16K51189 16K51191 16K51192 16K51193 16K51194 16KS1196 16K51198 16KS1199 16K51201 16K51202
Client Reference No.: SWRCV-02 SWRCV-04 SWRCV-05 SWRCV-06 QCWW1-01 | 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 acid (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 (PFMA) 0.007 0.008
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
Perfluorobutanesulfonic 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
Perfluorooctanesulfonic acid (PFOS) 0.005 0.040| 0.94 0.90 0.78 0.87
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 0.7 0.7 0.6 0.7
TOTAL C4-C10 Sulfonic acids 0.020 0.09 1.4 1.3 1.2 1.4

16KS1188-16K51255

This report overrides all previous reports. The results relate solely to the sampless as received and are limited to the specific tests undertaken as listed on the report. The resulis 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 authorised in writing by Queensland Health and the named recipient on this report. To the fullest extent parmitted by law, Queensland Health will not be liable for any loss or claim (including legal costs
calculated on an indemnity basis) which arise because of (a) problems related to the merchantability, fitness or quality of the sampla’s, or {b) any negligent or unlawful act or omissions by Cueensland Health that is connected with any activities or services provided by Queensland Health undar

this agreement (including the fiming and'or method under which the sample/s were taken, stored or transported).

Enquiries Ashley Tronoff 39 Kessels Road PO Box 594 Phona {+617) 3274 9111
Phone (+61 7) 3274 9087 Coopars Plains QLD 4108 Archerfield QLD 4108 Fax {+61 7) 3000 9628
Email ashley.tronoffii@health.qld.gov.au AUSTRALIA ALUSTRALIA Email FSS@health.gld.gov.au
Page: 7 of 11
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CONFIDENTIAL

TOPA PFAS — Table 2 of 5

Laboratory Reference No.: LOR (ug/L) 16KS1203 16K51206 16K51207 16K51209 16K51210 16K51211 16K51213 16K51215 16K51216 16K51217
Client Reference No.: QCWW3-02 | QCWW3-05 | QCWW3-06 QCS555-02 QCs555-03 QCs51-01 QCss51-03 QCs52-02 QcCs52-05 QCs53-01

Perfluorobutanoic acid (PFBA) 0.010 0.12 0.12 0.15

Perfluoropentanoic acid (PFPeA) 0.007 0.11 0.14 0.17

Perfluorohexanoic acid (PFHxA) 0.005 0.99 1.0 1.4

Perfluorcheptanoic 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

Perfluoroundecanoic acid (PFUdA) 0.010

Perfluorododecanocic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (PFTeDA) 0.020

Perfluorobutanesulfonic 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 2.1 3.5 0.008
Perfluorodecanesulfonic acid (PFDS) 0.020

TOTAL C4-C14 Carboxylic acids 0.150 1.4 1.5 1.9

TOTAL €4-C10 Sulfonic acids 0.020 3.0 3.2 4.8

16KS51188-16K 51255
This report ovarrides all previous reports. The resulls relale solely 1o the sample/s as recaived and are imited to the specific tests underiaken as listed on the reporl. The results of fhis report are confidential and are not to be used or disclosed o any olher parson of used for any oiher purpose,

whether directly or indirectty, unless that use is disclosed or the purpose is expressly authorised in writing by Queensiand Health and the named recipient on this report. To the fullest extent parmitted by law, Gueensiand Health will not be liable for any loss or claim (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 negligent 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 fiming and’'or method under which the sampla/s were taken, stored or transported).

Enquiries Ashley Tronoff 39 Kessels Road PO Box 584 Phone {+61 7) 3274 9111
Phone (+61 7) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+61 7) 3000 9628
Email ashley.tronoff@health.qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld.gov.au
Page: 8 of 11
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CONFIDENTIAL

TOPA PFAS — Table 3 of 5

Laboratory Reference No.: LOR (ug/U) 16K51218 16K51220 16KS1222 16K51223 16KS1225 16K51226 16KS1227 16KS51230 16KS1231 16K51233
Client Reference No.: QcCss3-02 QCss3-04 Qcss3-06 Qcss4-01 Qcss4-03 Qcssa-04 BRAH-01 BRAH-04 BRAH-05 BRAH-07
Perfluorobutanocic 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
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
Perfluorobutanesulfonic acid (PFBS) 0.005 0.062 0.008 0.024 0.023
Perfluorohexanesulfonic acid (PFHxS) 0.005 1.1 0.12 0.076 0.079
Perfluorooctanesulfonic acid (PFOS) 0.005 2.8 0.25 0.087 0.073
Perfluorodecanesulfonic acid (PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 1.6 0.2 1.4 1.1
TOTAL C4-C10 Sulfonic acids 0.020 3.9 0.38 0.19 0.17

16KS1188-16KS51255

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 resulis 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 authorised in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, Cueensland Health will not be liable for any less or claim (including legal costs
calculated on an indemnity basis) which arise because of (a) problems related to the merchantability, filness or guality of the sampless, or {b) any negligent or unlawful act or omissions by Queensland Health that is connected with any activities or services provided by Cueensland Health under
this agreement {including the fiming and'or method under which the sampla's were taken, stored or transported).

Enquiries Ashley Tronoff 39 Kessals Road PO Box 594 Phona {+617) 3274 9111
Phone (+61 7) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {(+61 7) 3000 9528
Email ashley.tronoff@health.qgld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld.gov.au
Page: 9 of 11
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CONFIDENTIAL

TOPA PFAS — Table 4 of 5

Laboratory Reference No.: LOR (ug/L) 16K51234 16K51235 16K51236 16K51238 16K51240 16K51242 16K51244 16KS1245 16K51246 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 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

Perfluorcoctanoic acid (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

Perfluoroundecanoic acid (PFUdA) 0.010 0.02 0.03

Perfluorododecanoic acid (PFDoA) 0.020

Perfluorotridecanoic acid (PFTrDA) 0.050

Perfluorotetradecanoic acid (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 C4-C14 Carboxylic acids 0.150 0.3 0.6

TOTAL €4-C10 Sulfonic acids 0.020 0.07 0.07

16K51188-16KS51255
This report ovarrides all previous reports. The results relats solely 1o the sampla/s as received and are limited to the specific tests undertaken as listed on the report. The resulis of this report are confidential and are not to be usad or disclosed to any other parson or used for any other purpase,

whether directly or indirectly, unless that use is disclosed or the purpose is expressly authorised in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, CQueensland Health will not be liable for any loss or claim (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 negligent or unlawful act or omissions by Queensiand Health that is connected with any activities or services provided by Queensiand Health under
this agreement {including the timing and’or method under which the sampla/s wera taken, stored or transported).

Enquiries Ashley Tronoff 39 Kessels Road PO Box 594 Phona {+617) 3274 9111
Phone  (+61 7) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax {+61 7) 3000 9628
Email  ashley.trenoff@health.qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.qid.gov.au
Page: 10 of 11
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CONFIDENTIAL

TOPA PFAS — Table 5 of 5

Laboratory Reference No.: LOR (ug/L) 16KS51250 16KS1252 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
Perfluorooctanocic acid (PFOA) 0.007 0.12
Perfluorononanoic acid (PFNA) 0.007 0.049
Perfluorodecanoic acid (PFDA) 0.010 0.03
Perfluoroundecanoic acid (PFUdA) 0.010 0.07
Perfluorododecanoic acid (PFDoA) 0.020
Perfluorotridecanoic acid (PFTrDA) 0.050
Perfluorotetradecanoic acid (PFTeDA) 0.020
Perfluorobutanesulfonic acid (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 C4-C14 Carboxylic acids 0.150 1.1
TOTAL C4-C10 Sulfonic acids 0.020 0.68

16KS1188-16KS51255

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 parson or used for any other purpose,
whethar directly or indirectly, unless that use is disclosed or tha purpose is expressly authorised in writing by Queansland Health and the named racipient on this report. To the fullest extent parmitted by law, Cusensiand Health will not ba liabla for any loss or claim (including legal costs
calculated on an indemnity basis) which arise because of (a) problems related to the merchaniability, filness or quality of the sampless. or (b) any negligent or unlawful act or omissions by Queensland Healih that is connected with any aclivilies or services provided by Queensland Health under
this agreemeant (including the timing and'or method under which the sampla's were taken, stored or transported).

Enquiries Ashley Tronofi 39 Kessals Road PO Hox 554 Phone  (+B1 7) 3274 9111
Phone  (+61 7) 3274 9087 Coopers Plains QLD 4108 Archerfisld QLD 4108 Fau {+61 7) 3000 9628
Email ashley.tronoff@health.qld.gov.au AUSTRALIA AUSTRALIA Email FSS@health.gld.gov.au
Page: 11 of 11
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CONFIDENTIAL

Free PFAS - Table 1 of 2

Laboratory Reference No.: LOR (ug/L) 16K51266 16K51267 16K51269 16K51271 16K51273 16K51285 16K51286 16K51287 16K51288 16K51289
Oient Reference No.: NRISA-01 NRISA-02 NRISA-04 NRISA-06 NRISA-08 CRGO1 CRGO2 CRGO04 CRGO6 CRGOT

Perfluorobutanoic acid (PFBA) 0.010 0.50 0.50
Perfluoropentanoic acid (PFPeA) 0.007 2.0 2.0
Perfluorohexancic 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 1.5
Perfluorononancic acid (PFNA) 0.007 0.96 1.1
Perfluorodecancic 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 7.7
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-Perfluorchexanesulfonic acid (4:2FTS) 0.005

1H,1H,2H,2H-Perflucrooctanesulfonic acid (6:2FTS) 0.010 6.9 6.9
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FTS) 0.020 0.23 0.22
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 11 10

TOTAL C4-C10 Sulfonic acids 0.020 0.02 0.02 44 43

16K S1266-16K51352

Thés 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 disdlosed or the purpose is expressly authorsed in writing by Queensland Health and the named recipient on this report. To the fullest extent permitted by law, Queensland Health will not be Bable 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 negiigent 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 Sming and’or method under which the sample/s were taken, stored or transported).

Enquiries Ashley Tronoff 30 Kessels Road PO Bax 594 Phone (+61 7) 3274 9111
Phone (+81 T) 3274 9087 Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (61 T) 3000 9628
Email ashley.tronofii@health gld.gov.au ALSTRALIA AUSTRALIA Email F55@health.gld.gov.au
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CONFIDENTIAL

Free PFAS — Table 2 of 2

Laboratory Reference No.: LOR (ug/L) 16K51290 16K51291 16K51292 16K51293 16KS51294 16K51295 16K51296 16K51297 16K51298 16K51300
Cient Reference No.: CRAD4 CRS503 CRRKO1 CRRKO2 CRRKO4 CRPO1 CRPO2 CRPO5 CRAD1 CRAD3

Perfluorobutanoic acid (PFBA] 0.010 0.01 0.01 0.01
Perfluoropentancic acid (PFPeA) 0.007 0.023 0.011
Perfluorohexanoic acid (PFHxA) 0.005 0.008 0.021 0.063
Perfluoroheptancic acid (PFHpA) 0.005 0.013 0.011
Perfluorooctanoic acid (PFOA) 0.007 0.019 0.011
Perfluorononancic 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-Perfluorochexanesulfonic acid (4:2FTS) 0.005
1H,1H,2H,2H-Perfluorcoctanesulfonic 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 C4-C14 Carboxylic acids 0.150
TOTAL C4-C10 Sulfonic acids 0.020 0.10 0.13 0.93

16K S1266-16K51352

This report overrides all previous reports. The results relate solely to the sample’s as received and are limited to the spedific tests undertaken as listed on the report. The results of this report are confidendial and are not to be used or disclosed to any other person or used for any other purpose,
whather directly or indirectly, unlesa 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 parmitted by law, Cusensland Health will not be Bable for any loss or daim (incleding 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 neglgent or unlawful act or omissions by Quesnsland Health that is connected with any activiies or services provided by Queensland Health under
this agreement (including the tming andor method under which the sample’s were taken, stored or transported).

Enquiries Ashley Tronoff 30 Kessels Road PO Bax 594 Phone (+61 7) 3274 9111
Phone  (+81 7) 3274 0BT Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+81 7) 3000 2528
Email ashley.tronoffifihealth gld.gov.aw ALUSTRALLA AUSTRALLA Email F5S@health.qid.gov.au
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CONFIDENTIAL

TOPA PFAS — Table 1 of 2

Laboratory Reference No.: LOR (ug/U) 16K51266 16K51268 16K51270 16K51272 16K51273 16K51285 16K51345 16K51346 16K51289 16K51347
Client Reference No.: NRISA-01 NRISA-03 NRISA-05 NRISA-07 NRISA-0B CRGO1 CRGO3 CRGO5 CRGO7 CRGO8

Perfluorobutanoic acid (PFBA) 0.010 4.1 4.8
Perfluoropentanoic acid (PFPeA) 0.007 5.8 6.5
Perfluorchexanoic acid (PFHxA) 0.005 0.008 0.008 19 23
Perfluoroheptanoic acid (PFHpA) 0.005 1.3 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 1.3 1.4
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 A4 48

16K S51266-16K51352

This report overrides all previous reports. The results relate solely to the sample’s as received and are limited to the spedific tests undertaken as listad 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 authorised in writing by Quesnsland Health and the named recipient on this report. To the fullest extent permitted by law, Qusensland Health will not be Bable for any loss or daim (incheding legal costs
cakulated on an indemnity basis) which arise because of (a) problems related to the merchantability, fitness or quality of the sampla/s, or (b} any negligent or unlawful act or omissiens by Queensland Health that is connected with any activities or services provided by Queensland Haalth under
this agreement (including the fiming andor method under which the sample’s were taken, stored or transported).

Enquiries Ashley Tronoff 3 Kessels Road PO Box 584 Fhone {+61 7) 3274 8111
Phone {+61 T) 3274 Q08T Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (+B1 7) 3000 2628
Email ashley.tronoffiiheakth gld.gov. au AUSTRALIA AUSTRALLA Email FSS@health.gld gov.au
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CONFIDENTIAL

TOPA PFAS - Table 2 of 2

Laboratory Reference No.: LOR (ug/L) 16K51292 16K51348 16K51349 16K51295 16K51299 16K51350 16K51351 16K51298 16K51352
Client Reference No.: CRRKO1 CRRKO3 CRRKOS CRPO1 CRAD2 CRPO3 CRPO4 CRAD1 CRS505
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
Perfluorcheptanoic 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
Perfluorchexanesulfonic 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 S1266-16K51352

This report overrides all previous reports. The results relate solely to the sample/'s as received and are limited to the spedfic tests undertaken as listed on the repord. The results of this report are confidential and are not to be used or disclosed fo any other person or used for any other purposs,
whether directly or indirectly, unless that use is disdosed or the purpose is expressly authonsed in writing by Queensland Health and the named redipient on this report. To the fullest extent permitted by law, Gueensland Health will not be Bable for any loss or daim (including legal costs
calkculated on an indemnity basis) which arise because of (a) problems related to the merchantability, fitness or qualkity of the sample/s, or (b} any negigent or unlawful act or omissions by Oueensland Health that is connected with any activities or services provided by Oueensland Health under
this. agreement (including the fiming and'or method under which the sampla’s were taken, stored or transported).

Enquiries Ashley Tronoff 0 Kessels Road PO Bax 594 Phone (+61 7) 2274 9111
Phone (+81 T) 3274 D0BT Coopers Plains QLD 4108 Archerfield QLD 4108 Fax (<81 T) 3000 D&28
Email ashley.tronoffihealth gld.gov.au AUSTRALLA AUSTRALLA Email FES@health.gld gov.au
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CONFIDENTIAL

Queensland Forensic and Scientific Services
Govemnment HealthSupport

CERTIFICATE OF ANALYSIS

CLIENT: Raymond Bott Laboratory Reference @ SSP0052830
QFES Laboratory Reference  : SSP0052031
o4 Corporate Drive Laboratory Reference @ 33P0052336
Gannnr? Hill QLD 4170 Laboratory Reference  : S5P00520G37

Laboratory Reference  : SSP0052038
Laboratory Reference : SSP0052044

ATTN: Raymond Bott Laboratory Reference  : SSPO0S2052

Client Project
Client Batch Refarence
CcC: Data Recaived : 24 Nov 2016
Date Commeancad : 06 Dac 2116
Labo ratory Mumber's 1 16K51303-16K5138
Submitting Authority  : QFES
Mumber of S3amples : 82
Reason for Analysis  : PFAS monitoring
Method's of Analysis : QIS 32403 — Perfluorinated Compounds in Watar
Remarks
Fa,
.-e'
FELd )
Dr Ashley Tronoff
Chemist, Organics Laboratory
05/01207
16K51 3031651384

This report overides all pravicus Teperts. Theresulls relate sokly o the sample's as receired and me imited 1o the spedfic tests undertaken as lisked on the 1epert. The resuls of this report are
corfidential and e et to be used or disclosed to any other person o used for any other pupesse, whether directly or irdmdz:‘unhnmﬂmidioblndaﬂnpurpnwimpmnh authotised in
wiiting by Quesraland Health ard the named vedpient onthis repart. T the Rl leat sedant permitied by low, Cueensland Heabhwil et be fable for any kas or chim {nclding kegal costs cakoulated on
irdemnity basis) which arise bscauss of fa) problems related to the marchantabity, finsss or quality ofthe sampk's, o (b nagligent or unlawful act or omissiors by Cusenslard Heakh thatis
correokdwith any aclisiics o servicas provided by Ousaneland Heahh undor this sgreement (inchuding the timing andior molhng u which thesample's wers lmken, shored or trareporied).

Enquiries Achky T ronoll 30 Feassls Hoad PO Bo 50 Fhone  +&1 T) 34 0111
Phors {+61 7) 2274 pOAT Coopers Plins OLD 4102 Brchedield CLD 4102 Fixe 451 7) 3000 DE2E
Email ashky rorofifhealthgld goeou ALISTRALIA ALETRALIA Emal FESgiheatth.qld.gov.au
Page: 1 of 10
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CONFIDENTIAL

Free PFAS - Table 1 of 4

Laboratory Reference No.: LOR (ug/) 16K51352 16K51303 16K51304 16K51305 16KS1306 16K51307 16KS1308 16K51309 16K51310 16K51313
Client Reference No.: CRSO5 CRODOL CRDO2 CROO4 CRMDL CRMOZ CRMIDS CRSOL CRSOZ NCBO1

Perfluorobutancic add [PFBA) 0.010 0.18

Perfluoropentancic acid [PFPeA) 0.007 0.011 0.41

Perfluorohexanoic acld (PFFHxA) 0.005 0.007 0.008 11

Perflusroheptancic add [PFHpa) 0.005 (0.006] 0.28

Perfluorooctancic acid (PFOA) 0.007 0.40

Perflucrononanolc acid (PFNA) 0.007 0.10

Perfluorodecancic ackd [PFDA) 0.010

Perfluoroundecanolc ackd [PFUdA) 0.010 0.02

Perfluorododecanoic acid [PFDoA) 0.020

Perfluorotridecanoic ackd [PFTrDA) 0.050

Perfluorotetradecancic acld [PFTeDA) 0.020

Perfluorohexadecanoic acld (PFHxDA) 0.050

Perfluorobutanesulfonic ackd [PFES) 0.005 0.005 0.005 0.37

Perfluorohexanesulfonic acid |PFHxS) 0.005 0.010 0.053) 0.002 3.6 0.007
Perflusrooctanesulfonic add [PFOS) 0.005 0.015 0.35 0.066] 0.020 6.7 0.038
Perfluorodecanesulfonic acld |PFDS) 0.020

1H,1H,2H 2H-Perfluorchexanesulfonic acld |4:2FTS) 0.005

1H,1H,2H,2H-Perfluorcoctanesulfonic ackd [6:2FTS) 0.010

1H,1H,2H 2H-Perfluorodecanesulfonic acld |B:2FTS) 0.020

Perfluorohexy| ethanoic ackd [FHEA) 0.200

Perfluorooctyl ethanoic acid [FOEA) 0.050

Perfluorodectyl ethanoic acid (FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150 2.5

TOTAL C4-C10 Sulfonic ackds 0.020 0.02 0.41 0.08 11 0.05

16K51 303-16K 51384

This report orerrides all provious reports. The results relxia solely 1o the sampla's a5 recoived and aro imited 1o the spedific losts undonaken as listed on the rapont. The resuls of this report ane confidential and ara mot 1o bo wsaed or discdoscd 1o any othar person or usad for ary other purposa,
whather dircacily or indeactly, unfoss that uss & dischsod or the purpose s axprossly suthonsed in witing by Qussresland Hoafth and o named redpicnt on this reporl. To the fullest adant penmitied by law, Cusanslard Hoaliwil not ba ablo for any kss or claim (induding kegal oosss
calodmod on an indamnity basis) which anse bemauss of (a) problome related 1o e meechantabiliy , finoss or quality of the sampla's, or fbl any negligent or unlaviul 201 or smissions by Qusorsland Hoalth that is conracted with any acivities or seriogs provided by Oucanslard Hoalk® undar
this agresment (including e timing and'or mathod under which e sarple’s wees Bzkan, storad or ransporisd)

Enquiries Azhky Tronofl 30 Feasals Foad PO B 554 Prana Bl TIara ol
Phons  {+617) 3274 087 Coopars Mains QLD 4108 Mrcharicld OLD 4102 Fax {+51 7) 3000 9528
Email ashky.tronofiiihealth gld gow.auw AUSTRALLA AUETRALLA Errai FES@haaith.qid. gov.au
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CONFIDENTIAL

Free PFAS — Table 2 of 4

Laboratory Reference No.: LOR (ng/t) 16K51314 16K51315 16K51316 16K51317 16KS1318 16K51319 16KS1320 16K51321 16K51322 16K51323
Client Reference No.: NCBOZ NCBO3 NCBOS NCHAOL NCMO2Z NCCOL NCCO2 NCO04 NOO0S NCNO1

Perfluorobutancéc acid [PFBA) 0.010 0.06)
Perfluoropentancic acid [PFPeA) 0.007 0.18 0.008 0.008
perfluorohexanolc acld (PFHxA) 0.005 0.12 0.025] 0.028
Perfluoroheptancic acd [PFHpA) 0.005 0.063] 0,006 0.007
Perfluorooctancic acid [PFOA) 0.007 0.025] 0.013 0.013
Perflusrononanoic acid (PFNA) 0.007
Perfluorodecancic ackd [PFDA) 0.010
Perflucroundecanoic ackd [PFUdA) 0.010 0.11
perfluorododecancle acid [PFDoA) 0.020
Perfluorotridecanclc ackd [PFTrDA) 0.050 0.05
Perfluorotetradecancic acld |PFTeDA) 0.020
perfluorohexadecanoic achd [PFHxDA) 0.050
Perfluorobutanesulfonic ackd [PFBS) 0.005 0.017 0.019
Perfluorohexanesulfonic acid [PFHxS) 0.005 0.045 0.15] 0.16
Perfluorooctanesulfonic acid [PFOS) 0.005 0.036 0.13 0.32 0.32
Perfluorodecanesulfonic acld |PFDS) 0.020
1H,1H,2H,2H-Perfluorchexanesulfonic acld |4:2FTS) 0.005
1H,1H,2H,2H-Perfluorcoctanesulfonic ackd [6:2FT5) 0.010 0.01]
1H,1H,2H,2H-Perfluorodecanesulfonic acid (8:2FT5) 0.020
Perfluorohexyl ethanoic ackd [FHEA) 0.200
Perfluorooctyl ethanoic acld (FOEA) 0.050
Perfluorodectyl ethanoic acid [FDEA) 0.050
TOTAL CA-C14 Carboxylic acids 0.150 0.2 0.5
TOTAL C4-C10 Sulfonic acids 0.020 0.04 0.18 (.49 0.50

16K51 303-16K 51384

This report overnides all peovious raporis. Tho esulis relata solely 1o the samplal's as recarad and o imitod fo Bo spoalic tosis wrdoriabon as lisied on tha rapor. The resuls of this report are confideniial and asa not 1o ba sad or disdosed o any othar person or usad for ary other pusposa,
whather directly or indieactly, unloss that uss & disclssd or the purpose s cprossly sutfonised in wiiting by Qussrsland Haalth and the nemed redpicnt on this reporl. Te the fulkest codont permitied by law, Qucansland Hoalwil not ba Bable for any kss or claim (induding legal oosis
calodaied on an indameity basis) which anse becauss of (a) problams elsed 1o e merckantabiliy, finoss or qualiy of the samgpla's, or (bl any negligent or unlawhul 20 or omissions by Qusorsland Haalth that is conrecicd with any actities or seencas provided by Ouconsland Hoall undar
this agreament (including the timing ard'or mathod under which the sampleds wera takaon, siorod or ransponsd)

Enquirks Ashley Tronoff 30 Fessals Hoad PO B =04 Prana I =T FIEE]
Phorms (-6 7) 3274 50687 Coopers Plains CLD 4108 Archarfiaeld CLD 4102 Fa +61 7] 3000 9628
Email ashley. tronofiitheaith qhd gow. au AUSTRALLE ALUSTRALLA Ermai FESGEhaalth.qld. gov.ou
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CONFIDENTIAL

Free PFAS - Table 3 of 4

Laboratory Reference No.: LOR g/} 16K51324 16K51325 16K51326 16K51332 16K51333 16K51334 16K51335 16K51336 16K51337 16K51338
Client Refarence No.: NCNOZ NCHO4 NCHA04 FNGS_02 FNCS_03 FNCS_D4 FNCN_01 FNCN_03 FMCN_05 FNCN_06
Perfluorobutancéc acid [PFBA) 0.010 0.02 0.07
Perflucropentancic acld [PFPeA) 0.007 0.014 0.028 0.14
Perfluorohexanolc acid (PFHxA) 0.005 0.018 0.023 0.075 0.34
Perfluoroheptancic acd [PFHpA) 0.005 0.005] 0.010) 0.023 0.095]
Perfluorooctancic acid [PFOMA) 0.007 0.011 0.012 0.044 0.12
Perfluorononanclc acid [PFNA) 0.007 0.008
Perfluorodecanoic acid (PFDA) 0.010
Perfluoroundecanole ackd [PFUdA) 0.010
Perfluorododecanolc ackd [PFDoA) 0.020
Perfluorotridecanoic acd [PFTrDA) 0.050
Perfluorotetradecanolc 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 acid [PFOS) 0.005 0.23 0.060 0.93 0.67
Perfluorodecanesulfonic acid |PFDS) 0.020
1H,1H,2H,2H-Perfluorohexanesulfonic acld [4:2FTS) 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic ackd [6:2FTS) 0.010 0.42
1H,1H,2H,2H-Perfluorodecanesulfonic acid [8:2FTS) 0.020 0.11
Perfluorohexyl ethanolc acid [FHEA) 0.200
Perfluorooctyl ethanoic acld [FOEA) 0.050
Perfluorodectyl ethanoic acld [FDEA) 0.050
TOTAL CA-C14 Carbouylic acids 0.150 0.2 0.8
TOTAL CA-C10 Sulfonic ackds 0.020 0.26 0.09 13 1.3

16KS 3031651384

This report oveerides all provious raporis. Tha resuhs relaia solely 1o the sampla's as recorsed and oo imied io e spedlic less urdoraken as lisied on the repord. The resulis of Bhis report are confidential and ara not 1o ba wsed or disdosed 1o any othar person or used for ary other purposa,
whather dircctly or indiradlly, unloss that uso & disclsoad or the purpose s exprossly autfonscd in wiling by Qusorsiand Hoalth and tha nemod redpicnt on this reporl. To the fulles] sxdant permitiod by law, Qusanslard Hoalfwill not ba Bablo lor any kess or claim (induding legal oosis
calodaied on an indameity basis) which anss bocauss of [a) problams relaod o B meechaniabiliy, finoss or quality of the samgpla's, or &) any negligent or unlavful 20 o omissions by Cussrsland Haolth that is conredied with any actvities or servicas provided by Dueanslard Hoalh undar
this. agreament (including e timing and'or mafod undar which tha sample’s wera takan, slorsd o ramsporiad]

Enquries Ashley Tronofl 20 Fessals Hoad P B =54 Prana 461 71 374 9111
Phons  {+517) 3274 9087 Coopars Mains QLD 4108 Mrchariald CLDY 410 Fax {+51 7) 3000 DE28
Email ashky.tronofidheaith qld goe.au KUSTRALLA BUSTRALLA Ermrai FES@haaith.gid.pov.au
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CONFIDENTIAL

Free PFAS - Table 4 of 4

Laboratory Reference No.: LOR g/ 16K51369 16K51371 16K51373 16K51374 16K51376 16KS1378 16K51379 16K51381 16KS1382 16K51383
Client Reference No.: NRFB_OL NRFB_03 NRFB_05 NRFB_0& NRAY_02 NRAY_04 NRAY_05 NRHH_02 NRHH_03 NRHH_04

Perfluorobutance acld [PFBA) 0.010 0.02

Perflucropentancic acid [PFPed) 0.007 0.024

Perfluorohexanolc achd |PFHxA) 0.005 0.050 0.008
Perflusroheptancic acid [PFHpA) 0.005 0.012]

Perfluorooctancic acid [PFOA) 0.007 0.031

Perflusrononanclc ackd |PFNA) 0.007

Perfluorodecanoic ackd [PFDA) 0.010

Perflusroundecanole acid [PFUdA) 0.010

Perfluorododecanclc acid [PFDoA) 0.020

Perflusrotridecancic acid [PFTrDA) 0.050

Perfluorotetradecancic acld |PFTeDA) 0.020

Perflunrohexadecanoic acid (PFHxDA) 0.050

Perfluorobutanesulfonic ackd [PFES) 0.005

Perfluorohexanesulfonic acid [PFHxS) 0.005 0.060 0.01 0.011
Perfluorooctanesulfonic acid [PFOS) 0.005 0.061 0.012 0.085)
Perfluorodecanesulfonic acid (PFDS) 0.020

1H,1H,2H 2H-Perfluorchexanesulfonic acld |4:2FTS) 0.005

1H,1H,2H,2H-Perflucrococtanesulfonic ackd [6:2FTS) 0.010 0.01

1H,1H,2H,2H-Perfluorodecanesulfonlc acid |B:2FTS) 0.020

Perfluorohexy| ethanolc acid (FHEA) 0.200 0.6

Perfluorooctyl ethanoic acid [FOEA) 0.050 0.11

Perfluorodectyl ethanoic acid [FDEA) 0.050

TOTAL C4-C14 Carboxylic acids 0.150

TOTAL C4-C10 Sulfonic ackds 0.020 0.12 0.02 0.1

16K51 303 16K 51384

This report overrides. all provious roports. Tho resuhs redma solely 1o the sampla's s recoived and aro imied 1o the speoific losts wnderaken as listed on tha raport. The resuls of this roport are confidential and aro mot 10 ba usad or discdosed 1o any othar person or usod for any other purposa,
whather directly or indieactly, unloss that uso & disclosod or the pupose s cgrossly aushonsed in witing by Qussrsland Haalth and e named redpicnt on this reporl. To the fullest sodant permitied by law, Dusansland Hoalfwil not ba ablo for any kss or claim (induding lkeogal oosis
calodaied on an indameity basis) which anss bocause of (a) problams relaied o e meeckantabiliy, finoss oo qualily of the sampla's, or fb) any negligent or unlasful 20 or omissions by Ousorsland Haalth that is conredicd wilh any achvities or seracas provided by Ouecansland Hoaltl undar
this agreament (including the timing arad'or metfcd under which tho ssmple's wees takan, sioeod or ransponad]

Enquiries Ashlky Tronofl 30 Feasals Hoad PO Box =54 Prona T+E1 TI232ra a1
Phone  {+617) 3274 087 Coopars Plains QLD 4108 Mrcharfiald OLD 4102 Fax {451 7) 3000 DEZE
Email ashky. tronofiiheaith ghd. gow.auw AUSTRALIA ALETRALLA Emai FESGEihaalth.qid. gov.ou
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CONFIDENTIAL

TOPA PFAS - Table 1 of 5

Laboratory Reference No.: LOR (g} 16K 51301 16K51302 16K51303 16K51353 16K 51354 16K51355 1EKS1306 16K51356 16K51357 156K51309
Client Reference No.: CRS504 CRS06 CRDOL CRDO3 RDOS CRADS CRMIOL CRMO3 CRMOS CR501

Perflucrobutanoic acid [PFBA) 0.010 0.03 0.01 0.02 0.76
Perflucropentanolc ackd [PFPea) 0.007 0.013 0.015 0.34
Perflucrohexancic acid (PFHxA) 0.005 0.014 0.17 0.041 0.014 0.005 2.0
Perflucroheptanolc ackd [PFHpA) 0.005 0.006/ 0.17
Perfluorooctancic add [PFOMA) 0.007 0.008 0.011 0.49
Perflucrononanclc acld [PFNA) 0.007 011
Perflucrodecanocic acld (PFDA) 0.010

Perfluoroundecanoic acid |PFUdA) 0.010 0.02
Perflucrododecancic acid |PFDoA) 0.020

Perflucrotridecancolc ackd [PFTrDA) 0.050

Perflucrotetradecancic acld [PFTeDA) 0.020

Perflusrobutanesulfonic acld |PFBS) 0.005 0.005 0.006 0.0085] 0.32
Perflucrohexanesulfonic acld |PFHxS) 0.005 0.011 0.055) 0.012 0,030 2.9
Perfluorooctanesulfonic acid [PFOS) 0.005 0.025 0.37 0.12 0.063 0.0204 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

16K51 303-16K 51384

This repart ovwserides all provious raporis. The resuls relmia solely 1o the sampla's as recaiad and o imied jo e spedfic losis wrderaben as listed on the repord. The resuls of Bhis report are confideriial and ara not 1o bo used or disdosed 1o any othar person or used for ary other purpess,
whather directly or indieoctly, unloss that uss & disclossd or the purpose s axprossly auonsed in wiiting by Quecrsland Haalth and e nemed redpicnt on this reporl. T the fulles! sodant permitied by law, Qussnslard Hoalwill not ba Babla for any kess or claim (induding legal aosss
calodaied on an indameity basis) which anse becauss of (a) problams relaod 1o the meechantabiliy , fincss or qualiy of the sampla's, or fbl any nagligent or unlaviul 20 or omissions by Qusorsland Haalth thet is conracicd with any actvitics or seences provided by Ducanslard Hoall undar
this agreament (including the: timing andlor mathod under which tho ssrplkds wees takon, sioead o ransponad]

Enquiries Ashley Tronofl 30 Fessals Hoad PO B 554 Prana Bl TIara a1l
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CONFIDENTIAL

TOPA PFAS — Table 2 of 5

Laboratory Reference No.: LOR g/} 16K51310 16K51313 16K51314 16K51343 16K51344 16K51317 16K51319 16K51358 16K51359 16K51360
Client Reference No.: CRS02 NCBOL NCBOZ NCBOM NCBOS NCMOL NCOOL NCO03 NCO06 NCOO7

Perflucrobutanolc acid [PFBA) 0.010 0.03 0.11 0.03 0.03
Perflucropentanolc ackd [PFPeA) 0.007 0.027 0.20 0.022 0.011
Perflucrohexanoic acid {PFHxA) 0.005 (0. 006 0.10 0.23 0.008 0.15 0.17
Perflucroheptanolc ackd [PFHpA) 0.005 0.12 0.071 0.012 0.008 0.005
Perflucrooctancic acid (PFOA) 0.007 0.070) 0.042 0,008 0.022 0.023
Perflucrononancic acld |PFNA) 0.007 0.025]

Perflucrodecanoic acld |PFDA) 0.010 0.02

Perflucroundecancic acid {PFUdA) 0.010 0.11

Perflucrododecanoic acid |PFDoA) 0.020

Perflucrotridecanole ackd [PFTrDA) 0.050

Perflucrotetradecanoic acid (PFTeDA) 0.020

Perflucrobutanesulfonic acld |PFBS) 0.005 0.018 0.020
Perflucrohexanesulfonic acld [PFHxS) 0.005 0.008 0.054 0.17 0.17
Perflucrooctanesulfonic ackd [PFOS) 0.005 0.043 0.041 0.13 0.33 (.35
Perflucrodecanesulfonic acld |PFDS) 0.020

TOTAL C4-C14 Carboxylic acids 0.150 0.5 0.7 0.2 0.2
TOTAL CA-C10 Sulfonic acids 0.020 0.05 0.04 0.19 0.51 0.54

16K51 303-16K 51384

This report overrides all provious meporis. The resuhis relxia sokely 1o the sampla's as recoied and an Imiled 1o the speofic lesss wndoraben as listed on the rapord. The resulis of Bis report ans coolideniial and 2o rot 1o bo used or disdosed 1o any othar person or used for ary other purposs,
whaither directly or indroctly, unlass that uso & disclosad or the purposa is axpressly authonsed in witing by Queansland Haaith and tha named redipient on this report. To the fullest adant permitied by law, Cusansland Hoalthwill not ba iablo for any kess or claim (induding legal oosis
calodaiod on an indamrity basis) which arise because of (a) problams relaled fo e merchantabiliy | fincss or qualiy of the samgla's, or fb) any negligent or unlaviul 20 or omissions by Qusorsland Haalth that is conrodicd with any achvitics or seencas provided by Oucansland Hoakl undar
this agreamant (inchuding e timing andior mathod undar which tho sarpleds weea takan, sioroad or Fansporiod)

Enquinies Ashlky Tronofl 30 Feasals Foad PO B =04 Prona B TIEra o
Phona  {+517) 3274 087 Coopars Plains QLD 4108 Apchadiald OLD 41028 Fax {461 7) 3000 9628
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CONFIDENTIAL

TOPA PFAS - Table 3 of 5

Laboratory Reference No.: LOR (ug/} 16K51323 16K51351 16KS1352 16K51363 1EKS1364 16KS13565 1EK51333 16K51366 15K51335 16K51367
Client Reference No.: NCNOL NCNO3 MCMNOS NCMIO3 NCMOS FMCS_01 FNCS_03 FNCS_05 FMCN_01 FMCN_0Z
Perflusrobutanolc ackd [PFBA) 0.010 0.04 0.03 0.08 0.43
Perflucropentanoic ackd [PFPed) 0.007 0.026 0.053 0.34
Perfluorohexanoic acld [PFHxA) 0.005 0.007 0.16) 0.10/ 0.33 16
Perflusroheptanoic acid [PFHpA) 0.005 0.007) (0. 006 0.017 0.027 0.21
perflucrooctancie acid [PFOA) 0.007 0.030 0.033 0.069 0.43
Perfluorononanoic acid |PFMNA) 0.007 0.038
Perflucrodecanoic acid [PFDA) 0.010 0.02
perfluoroundecanoic acid |PFUAA) 0.010
Perflucrododecancic acld |PFDoA) 0.020
perfluorotridecanoic ackd (PFTrDA) 0.050
perfluorotetradecancic acld |PFTeDA) 0.020
Perflucrobutanesulfonic acld [PFBS) 0.005 0.007 0.038 0.054
Perflucrohexanesulfonic acid [PFHxS) 0.005 0.045 0.039 0.29 0.65
Perflucrooctanesulfonic ackd [PFOS) 0.005 0.25 0.072 0.83 0.57
Perflucrodecanesulfonic acid [PFDS) 0.020
TOTAL CA-C14 Carboxylic acids 0.150 0.2 0.2 0.6 3.0
TOTAL C4-C10 Sulfonlc aclds 0.020 0.30 0.11 1.2 1.3

16K51 303-16K51384

This repornt owerrides all peovious reports. Tha msuhs relata solely 1o the sampla's as recoised and aro imited 10 the spedlic loss wndoraken as listed on tha rapont. The resuls of this report are confidential and aro ot 1o ba used or disdosed 1o any othar person or ussd for ary other purposa,
whather dirccily or ndieactly, unloss that usa & disclssd or the purpose is spressly autfonsed in wiiting by Oussrsland Haaith and e namad redpicnt on this reporl. To the fullest sodant permitied by law, Quccnslard Hoaliwil not be labla for any kss or claim (rduding keaal oosis
calodaiod on an indameity basis) which arss becauss of (a) problams relaied fo B merchantabiliy, fincss or qualiy of the sampla's, or fb) any negligent or unlavhul 2o or omissions by Quesresland Haafth that is conredicd with any actvitics or seevicas provided by Oueansland Hoall undar
this agreamant (including e ming andor mathod undar which o sarples wern Ezkon, sioead or Eansporiad]

Enquinies Ashlky Tronofl 30 Feasals Foad PO B =54 Prana +61 71 324 9111
Phome  {+517) 3274 9087 Coopars Plains QLD 4108 Apcharfield OLD 4102 Fax {451 7) 3000 DEZE
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TOPA PFAS - Table 4 of 5

CONFIDENTIAL

Laboratory Reference No.: LOR (Ag/} 16K51368 16K51338 16K51369 16KS1370 16K51372 16K51374 16K51375 16K51377 16K51379 16K51380
Client Reference No.: FNCF_04 FMCN_06 NRFE_01 NRFE_02 NRFE_04 MRFE_06 NRAY_01 NRAY_03 NRAY_05 NRHH_O1
perflucrobutanolc acid [PFBA) 0.010 0.31
Perflusropentanolc acid [PFPeA) 0.007 0.323
Perflusrohexancic acid [PFHxA) 0.005 0.42
Perfluoroheptanole acid [PFHaA) 0.005 0.17
Perflusrooctancic add [PFOA) 0.007 0.17
Pedluorononanole acid [PFMA) 0.007 0.066]
perflusrodecancic acld [PFDA) 0.010 0.05
Perlucroundecancic acld |PFUdA) 0.010 0.03
perflusrododecanoic acld (PFDoA) 0.020
perflucrotridecanolc acid [PFTIDA) 0.050
Perflusrotetradecanocic acld [PFTeDA) 0.020
Perflucrobutanesulfonic acid |PFBS) 0.005
Perflusrohexanesulfonic acid [PFHYS) 0.005 0.0708 0.01
perflusrooctanesulfonic acid [PFOS) 0.005 0.072 0.014
Perflusrodecanesulfonic acid |PFDS) 0.020
TOTAL C4-C14 Carboxylic aclds 0.150 1.5
TOTAL C4-C10 Sulfonic aclds 0.020 0.14 0.02

16K51 303-16K51384

This report onerrides all provicus reports. Tha results relxia solely 1o the sampla's as recoved and a imied 1o Bo speofic lesis urderaken as lsled on the report. The resulis of this report are conlfidertial and aro mot 1o b wsed or dsdosed 1o any other person or used for ary other purposs,
whather dircactly or indiroctly, unloss that uss & disclosad or the purpoesa s axprossly authonsed in wiiting by Oussrsland Hadth and the nemed redpicnt on this reporl. T the fullest adant permitiad by ks, Queansland Hoalfiwill not ba labla for any keas or claim (including legal oosis
calodaied on an indemrity basis) which anse becausse of (a) problems relaied io the merchantabiliy, finass or quality of the samplals, or fbl any negligent or unlavful 2d or omissions by Tusersland Hadth that is conredied with any achities or serncas provided by Cusansland Healh undar
this agreament (inchuding B iming and'or metfcd undor which e sampleds wees takan, siorad o ransporiad]

Enquinies Ashky Tronof

30 Fessals Hoad

PO B 554

Prona 61 T349I

Phona (<61 7) 3274 9087 Coopars Plains QLD 4108 Archarisld QLD 4102 Fax {451 7) 3000 DEZE
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CONFIDENTIAL

TOPA PFAS - Table 5 0f 5

Laboratory Reference No.: 16K51382 16K51384
LOR [pg/L)
Cient Reference No.: NRHH_03 MRHH_O5
Perfluorobutanole acld |PFBAJ 0.010
Perflusropentancic acld |PFPeA) 0.007
Perfluorohexanolc acd [PFHxA) 0.005 0.023,
Perflucroheptancic acid |PFHpA) 0.005
Perfluorocctanole ackd [PFOAJ 0.007
Perflusrononanolc acld (PFMA) 0.007
Perflusrodecancic acld |PFDA) 0.010
Perflusroundecancic acid [PFUdA) 0.010
Perflusrododecancic acid [PFDoA) 0.020
Perfluorotridecanoic acld |[PFTrDA) 0.050
Perflucrotetradecancic acid [PFTeDA) 0.020
Perflucrobutanesulfonic acd [PFBS) 0.005
Perflucrohexanesulfonic acid [PFHxS) 0.005 0.012]
Perflucrooctanesulfonic 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

16K51 303-16K51 384

This report overmides all peavious epords. The msdis relola solely 1o the sampla's as recaiwed and ame Imvied 1o the spedlic lesis undertaken as lisied on tha rapor. The resulis of this report are confidential and 2sa not 1o ba used or disdhosed to any other person or usad for any othes purposa,
whathes dinecily o indeactly, unless that usa is dischosad or the purpose is expressly authonised in wriling by Queaensland Haalth and the named redipient on this reporl. To the fullest adant permitiad by law, Qusansland Heali will not be lable for any kess or claim (induding legal oosis
cafoulated on an indamity basis) wiich arise becauss of (2} problams elaiod 1o the merchantabiliy , fitness or quality of tha sampla's, or bl any nagligent or unlawiul 201 or omissions by Oueansland Haalth that is connacied with any actvities or servicas provided by Qusansland Hoakl undar
this agreament (including the timing ardior method under which the sarple's wers takan, storad or ransporiad].
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CLIENT:

CC:

Queensland
Government

CONFIDENTIAL

Forensic and Scientific Services
HealthSuppan
CERTIFICATE OF ANALYSIS
Raymond Bott Laboratory Reference - SSP0053053
QFES Clignt Projoct :
24 Corporate Drive Date Hecaived - 20 Nov 2016
: Date Co cad - 12 Dec 2016
Gannon Hill QLD 4170 Labzrat(::-lymh?:mban's : 1EK591E4DE-1 BES1411

ATTN: Raymond Bott

Submitting Authority
MNumber of Samples
Reason for Analysis

Mathod's of Analysis

- QFES
-8
: PFAS monitoring

: QIS 32403 - Perflucrinated Compounds in Water

Hemarks
ey

Chemist, Organics Laboratory

TMA20M7
fﬁmmfﬁ(ﬁfdff
This report aweerides all peovious reporis. Tha rasshs relma sololy 1o the sampla's as recoived and are imited 1o ta m-an‘ml.nmu-dmﬂmulmndm tha raporl. The rusuls of Bhis report are
mrﬁiriala.ndramtlubﬂmdord:doﬂdlusunﬂlﬂ'wmnrumdhrwuhmm whathar dir . uniess thal usa is disclosed or the is mprassly authorisad in
ﬁ Ouecrsland Haslth and the nemad redipient on this raport. Tolhnhlnulmrtp-mﬂlnd I, l:.‘unnn:lmd wlmtbﬂi.irhlurarr_plm:ord.lm rni.bci'lghgllmmmh.il.ndnn
an nrqbnlwhdmbmmofﬁl]ndﬁnundmdlmhnmhrtﬁy of the sampla's, Orl'bla:ynm;gm'tnru“ulnﬂnmmm Oucanslond Hoal® that is
oonreaied with any aciiviias or servicas provided by O | Healt wndar this agrasmant I'ncbdrglw timing and'or method ui tha sampla’s ware taken, sicead or rarsporiad).
Enquircs Ashky Tranof 31 Fessals Foad PO B 554 Prona [ =T FIEE
Phaonsi (<61 7) 3274 2087 Coopors Plaine OLD 4108 Archoriald OLD 4102 Fax {451 7) 3000 DEZE
Ermuail ashley tramof @heal h.qld gowau AUSTRALLA AUSTRALLA Erai FES@haith.gid. gov.au
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CONFIDENTIAL

Free PFAS — Table 1 of 1

Laboratory Reference No.: —— 16K51406 1EKS1407 16K51409 16K51411
Client Reference No.: BRENOL BRENO2 BREND4 BRENOS
Perflusrobutancic acid [PFBA) 0.010 0.20
Perfluoropentanoic acld |PFPea) 0.007 0.62
Perflusrohexancic acid [PFHXA) 0.005 11
Perflucroheptancic acid |PFHpA) 0.005 0.24
Perfluorooctancle acld (PFOAJ 0.007 0.18
Perflusrononancic acid [PFNA] 0.007 0.12
Perflusrodecancic acld [PFDA) 0.010
Perfluoroundecancic acid [PFUAA) 0.010
Perflucrododecancic acid [PFDoA) 0.020
Perfluorotridecancic acld |PFTrDA) 0.050
Perflusrotetradecancic acld [PFTeDA) 0.020
Perfluorohexadecancic acld [PFHxDA) 0.050
Perfluorobutanesulfonic acid [PFBS) 0.005 0.18
Perfluorohexanesulfonic acd [PFHxS) 0.005 3.3
Perflucrooctanesulfonic acd [PFOS) 0.005 2.4
Perflucrodecanesulionic acid [PFDS) 0.020
1H,1H,2H,2H-Perflusrohexanesulfonic acld [4:2FTS) 0.005
1H,1H,2H 2H-Perfluorooctanesulfonic acid [6:2FTS) 0.010 0.06
1H,1H,2H,2H-Perflusrodecanesulfonic ackd (B:2FTS) 0.020
Perflucrohexyl ethancic acid [FHEA) 0.200
Perflucrooctyl ethanolc ackd [FOEA) 0.050
Perflusrodectyl ethanolc acld |FDEA) 0.050
TOTAL C4-C14 Carboxylic acids 0.150 2.4
TOTAL C4-C10 Sulfonic acids 0.020 6.0

fE-‘KSJ‘:IﬂE—fE‘fSMf i

Bis report overtides all provious repors. The rasuhs relate solely 1o the sampla's as receiwd and an imited 1o tha spedific lests wrdershen as listed on the raport. Th resuls of this report are confidential and 2ea not 1o ba used or disdosed 1o any other person or usad for ary other purposa,
whather directly o indirocily, unlass that usa i disclosad or the purposa is capressly authorised in writing by Queansland Hadith and the n_-ud recipient on this raport. To tha fullest adant permitiad by law, Qusansland Haak® will not ba labls for any less or claim (induding legal costs
calodaisd on an indamnity basis) which anss becauss of (a) problams elaoed o B mescbantabiliy, finess or qualiy of the samgla’s, or bl any negligent or unlaviul 20 or smissions by Qusorsland Haaith that is conrectedwit: any aciities or serices provided by Ouconsland Hoal® undar
this agreament (including e timing and'or metod under which tha sampleds ween takon, siorod o ransporiad).
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CONFIDENTIAL

TOPA PFAS - Table 1 of 1

Laboratory Reference No.: 108 (ug/) 16K51406 16K 51408 16K51410 16K51411
Client Reference No.: BREN-OL BREN-03 BREN-05 BREN-06
Perfluorcbutancic acid |PFBA) 0.010 0.41)
Perflucropentanoic acid |PFPed) 0.007 0.78
Perfluorohexancic acid [PFHxA) 0.005 2.0
Perfluorcheptancic acld [PFHpA) 0.005 0.24
Perflusrooctancic acid (PFOA) 0.007 0.20
Perflucrononancic acid (PFNA) 0.007 0.11
Perflucrodecancic acld [PFDA) 0.010
Perfluoroundecancic acd [PFUdA) 0.010
Perfluorododecancic acid [PFDoA) 0.020
Perfluorotridecanoic acld (PFTrDA) 0.050
Perfluorotetradecancic acid [PFTeDA) 0.020
Perfluorcbutanesulfonic acid |PFES) 0.005 0.19
Perflucrohexanesulfonic ackd [PFHxS) 0.005 3.5
Perlusrosctanesulfonic acld [PFOS) 0.005 2.7
Perflucrodecanesulionic add [PFDS) 0.020
TOTAL C4-C14 Carboxylic acids 0.150 37
TOTAL C4-C10 Sulfonic acids 0.020 6.4

16KST 616K 5141 1

This report orermides all pravious repors. The msdis relola solely o the sampla's as recaied and are imied io the spedlic tesis underaken as listed on the rapor. The resuls of this report ane confidential and 2re not 1o ba wsed or disdosed to any other person or usad jor any othes purposa,
whather dinecily or indisactly, unfass that usa s disclosed or the puposae is axpressly authonsed in witing by Oueansland Haalth and the named redpient on this report. To the fullest adant permitiad by law, Cusensland Haal® will not be lable for any kess or claim (induding legal cosis
calodated on an indamnity basis) which anse bacauss of [a) problame related 1o the merchantabiliy , finoss or quality of the sampla's, or §b) any negigent or unlavful 201 or omizsions by Quoorsland Hoalth that is conrpoted with any acivities or servicas providod by Oueonslard Hoalh undar
this agreament (including e timing andior matfod undor which o sampleds ween Eskon, sicead or ransporiad).

Enqurics Ashky Tronof 30 Fessals Hoad PO B 504 Prona T+61 Tl ZZra o111
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CONFIDENTIAL

Queensland Forensic and Scientific Services
" Government HealthSupport
Quennsland

CERTIFICATE OF ANALYSIS

CLIENT: Raymond Bott Laboratory Reference  : SSP0053906
QFES Client Crder Number :
24 Corporate Drive gll_mti.-gun;:?r
i ient Proj
Cannon Hil QLD 4170 Client Batch Reference
. Date Received :16-02-2017
ATTN: Raymond Bott Date Commenced CAT-02-2017

Laberalory Mumbsarls L 1TKS285-297

CC:

Submitting Authority - QFES

Mumber of Samples 3

Reason for Analysis  : PFAS monitoring

Methodfs of Analysis : QIS 32403 - Perlucrinzted Compounds in Water

Remarks : Total Fluorinated Organics Is the sum of the total oxidisable precursors (TOPA C4-C14) perfluoroalkyl
carbaxylic acids plus (C4-C10) perflucroalkyl sulfonic acids.

Flease nate that the TOPA method is not validated

Martha du Plessis
Chemist, Organics Laboratory
014031 T

MATA Accredited Laboratory 41

17KS295-207
Thin pegen e Tidis B pravicus ropots. The resuls messle scldy 1o Ihe samplels as receved and @t limikd 1o e speciic lasls undidlsian s Isted on o reporl. The feeilks of s repon ans
canfitanial and a0 b ba used o decined fo ary oiber parsoe or used Tor any ciher purooss, whiller direcly or indrecdy, unkess (et e | disciosed or Lhe purposs s exprassly aulhorszd in
wirditg by Duseresiand Homlh and the named reciind] of 178 mpor. T the Rlest extsnt paried by L, Quocnsland Meath wil el ke fasio for any ioss e dem {inehding legal costs calculaed o0
an Indemaily husis) which arise becauss of [2) problems rédaled o Iha manchartabiity, firmes of quably of Iha sawpls's, or (b} any negligan! or uniasiul act or om s o try Qusansiand Healh thal is
canneclid wilh ary pethiBes or servoes provided by Queenaland Health urder this agresman| {neiading Ino Hming ardioe methed undar which ihe samplids wet 1akin, skoved of ronsporisd).

Enquines Martha.duplessis 5 Keaeels Read P Hox 564 Phone  [#6% 7) 2274 2011
Phone (#8417} 3274 0040 Coopars Plaine QLD 4108 Archerfekl LD 4108 Fax {461 7) 3000 2628
Emall  Marthadupleasisealh.qid.gova ALSTRALIA AUSTRALIA Emnl  FEEENeaiin ol govms
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CONFIDENTIAL

Client Reference ' Sample 1 Sample 2 Sample 3
Sample Type Water Witar Water
Sampling Time [ Date -
Sample Description BRAM170213-01 BRAH1T0213-01 BRWATO213-01
Methad | Free Perfluoroalkyl Compounds (PFAS) Units Reporting 17KS 205 17ks208 17KS297

| 32403 Ferfluorobutanoic acid (PFBA) pa/L 0,01 = 0.01 = 0.01 =001
32403 Perflucropentanoic acid (PFPeA) pafl 0.007 < 0.007 < 0.007 = 0.007
32403 Perflucrohexanoic acid (PFHxA) pall 0.005 < 0.005 = 0.005 = 0.003
32403 _Perfluaroheptancic acid (PFHpA) poil 0.005 = 0.005 < 0.005 = 0.005
32403 Perfluorooctancic acid (PFOA) pgil 0.007 < 0.007 = 0.007 <0007 |
32403 Perfluorononancic acid (PFMA) pa/l 0.007 =< 0.007 = 0.007 = 0.007
32403 Perflucrodecancic acid (PFDA) pgfL .01 =001 <= 0.01 = 0,01
32403 Perflucroundscanoic acid (PFUDA) pail 0.01 < 0.01 < 0.01 <0.01
32403 Perflucrodedecancic acid (FFDoA) pol 0.02 =0.02 = 0.02 =0.02
32403 Perfluorotridecancic acid (PFTrDA) pafl 005 | = 0.05 < 0.05 < 0.05
32403 Perflucratetradecanoic acid {PFTeDA) pail 0.02 = 0.02 = 0.02 < (.02
22403 Perfluarchexadecancic acid (PFH=DA) pgiL 0.05 =005 =0.05 =0.05
32403 Perflucrobutanssulfonic acid {PFBS) pall 0005 | = 0005 < (1.005 < 0,005
232403 Perfluorohexanesulfonic acid (FFHxS) Hail 0.005 <0006 = 0.005 < 0.005
32403 Perflucrooctanesulfonic acid (PFOS) il 0,005 < 0,008 = 0.005 = 0,005
32403 Perfluorodecanesulfonic acid (PFDS) il 0.0z | = 0.02 = 0.02 < (.02
32403 4:2 Flugrotelomer sulfonic acid {42 FTS) pail 0.008 < 0.005 = (0.005 = 0.005
32403 6:2 Fluorotelomer sulfonic acid (6:2 FTS) pa/l 0.01 = 0.01 < 0.01 _ =0.01
32403 | &2 Fluorotelomer sulfonic acid (8:2 FTS) padl 0.2 = 0.02 =0.02 =0.02
32403 Perfluorooctyl ethanoic acid (FOEA) pa/L 0.05 =005 < 0.05 _=0.05
32403 Perfluorodecyl ethancic acid (FDEA) pail 0.05 <0,05 < 0.05 <0.05

Total (C4-C14) Free perfluorcalkyl

32403 carboxylic acids _Ip_gJL 0.15 =0.15 =0.15 =0.15
32403 Total (C4-C10) Fm:c ?dasrﬂuoroauﬂyl sulfonic bglL 0,02 <002 <0.02 <0.07

This repart Guarrides ol previous reports. The resuls relate solely 10 1ha samplafs as fsahad v are [isied 5 the spechic bets undertaken as listed on the reporl. The resuks of this nepon are confdantal e ane ral 19 bn e oF dadeind lo any olher pacsen o wd fof any sther pursas,
wihethar cimadly or indirecly, unless that use & disciosed or e purpose s espressly Quingrse rarting by Cusersiing Heslth 2 the remed recipen on this report. To the fuliest exent peErmitied by aw, Quenskand Hawlh wil ot be G6ie 1 @0y 088 or caim (ndusing e ool cHademd
i ar inchimity badia] which anse becauss of |a) problsms refaied fo the mencharfabilty, Tinass o gusity of the samplals, or i) oy regigect of unbwdul act or oissone by Gussnsiand Heakh that is conmeciod wiih any GoIWKS o sondces prosdoed by Quesnsland Hoakh unter Tis agraemant

(inchasing the fining and'er mebes under which the samplels were izien, siored o ransporied).
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Client Reference Sample 1 Sample 2 Sample 3
Sample Type Witer Wiaber Watar
Sampling Time / Date
Sample Description BFANT 7021 3-01 BRAH170213-01 BRW170213-01
Method | TOPA Perflucroalkyl Compounds Units Reparting 17KS295 17KS296 17KS297
32403 Perflusrobutanocic acid (PFBA) PVl 0.01 | =0.01 = 0.0 =0.01
32403 Perflusropentancie acid {FFPaA) pail 0.007 < 0.007 ) = 0.007 < 0.007
32403 Perflucrohexancic acid (PFHxA) pgiL 0.005 =0005 < (.005 = 0.005
32403 Perfluorcheptanoic acid (PFHpA) Mol 0.005 = 0.005 = 0.005 < 0.005
| 32403 Perfluorooctansic acid [FFOA) gl 0.007 =0.007 = 0.007 < 0.007
32403 Perfluorononanoic acid (FENA) pall 0.007 = 0.007 = 0.007 < 0.007
32403 Perflugrodecancic acid (PFDA) pall 0.0 =0.01 <001 < 0,01
| 32403 Perfluoroundecancic acid (PFUDA) g/l 0.01 <0.01 < 0.01 < 0.01
32403 _ Perflucrededecanoic acid (PFDoA) pglL 0.02 =002 =0.02 <0.02
32403 Perfluorotridecansic acid [PFTrDA} ol 0.05 = 0.05 =0.05 < 0.05
32403 |  Perfluorotetradecancic geid (PFTeDA) Pl 0.02 =002 = (.02 = (.02
32403 FPerflusrohexadecanoic acid (PFHxDA) Ha'll 0.05 < 0.05 < 0.05 =0.05
32403 Perfluorobutanesulfonic acid (PFBS) pg/L 0.005 < 0.005 < 0.005 < 0.008
32403 Farfluerohexanssulfonic acid (PFHxS) pall _0.005 < 0.005 = 0,005 = 0.005
32403 Perflucrooctanesulfonic acid (PFOS) Ha/L 0.005 <0.005 < 0.005 <0.005
32403 Perfluorodecanesulionic acid (FFDS) pg/L 0.02 =0.02 = 0.02 =0.02
32403 4:2 Fluorotelorner sulfonic acid (4:2 FTS) pall 0.005 < 0.005 < 0.005 = 0.008
32403 | 6:2 Fluorotelomer sulfonic acid (62 FTS) HaiL 0.01 = 0.0 = 0.01 =00
32403 | 8:2 Flucrotelomer sulfonic acid (82 FTS) pail 0.02 <0.02 <002 <0.02
32403 Perfluorooctyl ethanoic acid (FOEA) pall 0.05 < 0.05 <0.05 <0.05
32403 Perfluorodacy| ethanoic acid (FDEA) pa/lL 0.05 | = (0.05 = 0.05 =005
32403 | TOwILTORA mcu:;ﬁ:?  perfiuoraalkyl HgiL 015 | <0.15 <0.15 <0.15
32403 | Tatal (C4-C10) perfluoroalkyl sulfonic acids | g/l 002 | <0.02 <002 <0.02
32403 Total Fluorinated Croanics ugil 0.20 | =020 =020 =020

This repart ovemdes all sresus ragorts. Tre resuls rahe soley 1o F sampis's a5 moosted and are mited & e soecilo tests undemaken & iied o e
whwther directty or indiractly, uhlass thee uee is dsclosed of e purpass b expressly ausornsed in wili
@ a0 incemnity basis) which arse besause of ja) preblems relaled be the =srchartabiiy, finess o
Aincuding the Sming andior mathod under which the samples wene teimn, stared or ransporsd).

report. The resuls of s teport ave confidential and are nol 10 ba uksd of Giscosed [0 any oiNEr Person ar uesd for any sher pupess,
9 by Qussrsiand Hoalth and thie named sesipent on this report. To the fulest axtent permitted by lw, Oueensiand Haesh il nst be kabie for any loss o claim (nduding lgal costs calcumad
Aty of the samplels, or () 2ny neghgeet or wrlawful actor omissions by ussnsiand Heahh that & comected Wi any @iyl ks o snices provided by Cucengland Haalh under Fis agrament
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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

Version 1.3: Released 17 January 2019
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Batch F0718MP
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 9 <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 <0.005 0.005
1H,1H,2H,2H-Perflucrooctanesulfonic 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 a0 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 a3 <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-Perflucrodecanesulfonic 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

ceps1031 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
Perflucrooctanesulfonic 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 91 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

FEO928MP 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 | 1sKS1031 |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
Perfluarooctyl 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-Perfluorodecanesulfonic acid 105 125 <0.020 | <0.020 = < 0.020 0.020
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Batch_FallzaAT BLANK MATRIX
g:;;'::;a{kages SPIKE SPIKE DUPLICATE DEZLI:;’.M DUPLICATE ANALYSIS ?—E;ﬁﬁé DUPLICATE ANALYSIS I?I_L;PDI;LCFA BLANK LOR
cspeanas RECE:]'ERY REC::]'ERY ANALYSIS (pg/L) (%RPD) (ueft) (5RPD) (ng/L) (5%8PD) (ne/t) | (ue/L)
Water analysis
SPIKE SPK_1190 | 16ks1188 [DUP_118g| DUP 1188| 16K51204 |DUP_1204|DUP 1204| 16K51218 |DUP_1218|DUP 1218

Perfluorabutanoic acid 111 60 <0.010 | <0.010 0.040 0.040 0 <0.010 | <0.010 <0.010 | 0.010
Perfluoropentanoic acid 113 99 <0.007 | <0.007 0.065 0.054 18 <0.007 | <0.007 <0.007 | 0.007
Perfluorohexanoic acid 105 111 <0.005 | <0.005 0130 0.140 7 <0.005 | <0.005 <0.005 | 0.005
Perfluorcheptanoic acid 113 85 <0005 | <0.005 0.054 0.048 12 <0005 | <0.005 <0005 | 0.005
Perflucrooctanoic acid 113 171 <0.007 | <0.007 0.045 0.044 2 <0.007 | <0.007 <0.007 | 0.007
Perfluorononanoic acid 121 98 <0.007 | <0.007 — 0.007 0.006 — <0.007 <0.007 <0.007 0.007
Perfluorodecanoic acid 96 90 <0.010 | <0.010 <0.010 | <0010 <0.010 | <0.010 <0.010 | 0.010
Perfluoroundecanocic acid 102 92 <0.010 | <0.010 <0.010 | =0.010 <0.010 | <0.010 <0.010 | 0.010
Perfluorododecanoic acid 130 102 <0020 | <0.020 <0020 | <0020 <0020 | <0.020 <0020 | 0.020
Perfluorotridecanoic acid 50 65 <0050 | <0.050 <0050 | <0050 <0050 | <0.050 <0.050 | 0.050
Perfluorotetradecanoic acid 39 60 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 <0.020 | 0.020
Perfluorohexadecanoic acid 33 52 <0.050 | <0.050 — < 0.050 < 0.050 = <0.050 <0.050 <0.050 0.050
Perfluorabutanesulfonic acid 102 94 <0.005 | <0.005 0.041 0.036 13 <0.005 | <0.005 <0.005 | 0.005
Perfluorohexanesulfonic acid 106 as <0.005 | <0.005 = 0.400 0.410 2 <0.005 <0.005 - <0.005 0.005
Perfluorooctanesulfonic acid 111 65 <0005 | <0.005 0.760 0.750 1 <0005 | <0.005 <0005 | 0.005
perfluorodecanesulfonic acid 87 66 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 <0.020 | 0.020
Perfluorohexyl ethaneic acid 99 133 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.20
Perfluorooctyl ethanoic acid 143 120 <0.050 | <0.050 — < 0.050 < 0.050 — <0.050 <0.050 < 0.050 0.050
Perfluorodectyl ethanoic acid 111 127 <0050 | <0.050 <0050 | <0050 <0050 | <0.050 <0050 | 0.050
1H,1H,2H,2H-Perfluorohexanesulfonic acid 110 127 <0.005 | <0.005 <0.005 | <0.005 <0.005 | <0.005 <0.005 | 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid 174 95 <0010 | <0.010 0.040 0.040 0 <0010 | <0.010 0.030 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 98 113 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 <0.020 | 0.020
Notes

PFTeDA Blank spike recovery below LCL

Batch FE1130AT BLANK MATRIX

Contains packages SPIKE SPIKE DUPLICATE DEZLI:EFAT DUPLICATE ANALYSIS [:_E:'II::FA BLANK LOR
55P52852 RECOVERY | RECOVERY ANALYSIS {pg/L) ) {ug/L) ’ (ne/L) (ng/L)
Water analysis (%) (%) (%RPD) (%:RPD)

SPIKE SPK_1229 | 16K51228 |DUP_1228 DUP_1228| 16KS1243 (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 2 0.130 0.140 7 < 0.007 0.007
Perfluorohexanoic acid 98 72 0.230 0.230 0 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 M 0.042 0.048 13 0.022 0.022 4] < 0.007 0.007
Perfluorononanoic acid 110 151 0.047 0.047 0 0.015 0.016 6 <0.007 0.007
Perfluorodecanoic acid 100 133 <0.010 | =0.010 = 0.009 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 < 0.020 — <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 0 0.006 0.006 Q <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-Perfluorohexanesulfonic acid 97 164 <0.005 | <0.005 - < 0.005 < 0.005 — < 0.005 0.005
1H,1H,2H,2H-Perfluorooctanesulfonic acid I7 N 0.570 0.310 59 0.008 0.010 24 < 0.010 0.010
1H,1H,2H,2H-Perfluorodecanssulfonic 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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Batch F61205AT
Contains packages BLANK | MATRIX | MATRIX
i:;;;‘:: SPIKE SPIKE SPIKE DUPLICATE DUEILL(EME DUPLICATE DUEII‘IF(EME DUPLICATE DUEILL(EATE BLANK | LOR
. REC;\;ERY REC(C;\/;ERY REcg\.;ERv ANALYSIS (ug/L) (%aPD) ANALYSIS (ug/L) T ANALYSIS (ug/L) Ty (ne/L) | (uef)
55p52922 ° ° °
Water analysis
SPIKE SPK_1282 | SPK_1297 | 16Ks51281| DUP_1281] DUP_1281 | 16KS1286 | DUP_1286) DUP_1286 | 16KS1296 | DUP_1296| DUP_1296
Perfluorobutanoic acid 95 105 106 <0.010 | <0.010 <0.010 | <0.010 <0.010 | <0.010 0.010
Perfluoropentanoic acid 105 121 108 <0.007 | <0.007 <0.007 | <0.007 <0.007 | <0.007 0.007
Perfluorohexanoic acid 110 117 91 <0.005 | <0.005 <0.005 | <0.005 <0.005 | <0.005 0.005
Perfluoroheptanoic acid 93 104 97 <0.005 | <0.005 <0.005 | <0.005 <0.005 | <0.005 0.005
perfluorooctanoic acid 113 112 94 <0.007 | <0.007 <0.007 | <0.007 <0.007 | <0.007 0.007
Perfluorononanoic acid 104 117 97 <0.007 | <0.007 - <0.007 | <0.007 - <0.007 | <0.007 = 0.007
Perfluorodecanoic acid 113 103 105 <0.010 | <0.010 <0.010 | <0.010 <0.010 | <0.010 0.010
Perfluoroundecanoic acid 117 102 104 <0.010 | <0.010 = <0.010 | <0.010 = <0.010 | <0.010 = 0.010
Perfluorododecanoic acid 114 106 106 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 0.020
Perfluarotridecanoic acid 59 49 53 <0.050 | <0.050 <0.050 | <0.050 <0.050 | <0.050 0.050
perfluorotetradecanoic acid 44 31 42 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 0.020
Perfluorohexadecanoic acid 2 11 2 <0.050 | <0.050 <0.050 | =0.050 <0.050 | =0.050 0.050
perfluorobutanesulfonic acid 89 95 117 <0.005 | <0.005 <0.005 | =0.005 <0.005 | <0.005 0.005
Perfluorohexanesulfonic acid 108 116 74 <0.005 | <0.005 = <0.005 [ <0.005 = <0.005 | <0.005 = 0.005
Perfluorooctanesulfonic acid 104 103 80 <0.005 | <0.005 = <0.005 | <0.005 = <0.005 | <0.005 = 0.005
perfluorodecanesulfonic acid 89 82 76 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 0.020
Perfluorohexyl ethanoic acid 144 89 115 <020 | <0.20 <020 | <020 <020 | <0.20 0.20
perfluorooctyl ethanoic acid 74 88 184 <0.050 | <0.050 <0.030 | =<0.050 <0.050 | <0.050 0.050
Perfluorodectyl ethanoic acid NA 53 NA <0.050 | <0.050 <0.030 | =<0.050 <0.050 | <0.050 0.050
1H,1H,2H,2H-Perfluorchexanesulfonic acid 99 94 82 <0.005 | <0.005 = <0.005 | <0.005 = <0.005 | <0.005 - 0.005
1H,1H,2H,2H-Perflucrooctanesulfonic acid 76 90 99 <0.010 | <0.010 <0.010 | <0.010 <0.010 | <0.010 0.010
1H,1H,2H,2H-Perflucrodecanesulfonic acid 119 121 96 <0.020 | <0.020 <0.020 | <0.020 <0.020 | <0.020 0.020
Notes
PFTeDA, PFHxDA, FDEA Blank spike recovery below LCL
PFTeDA, PFHxDA Matrix spike SPK_1282 recovery below LCL
PFTeDA, PFHxDA, FDEA Matrix spike SPK_1297 recovery below LCL
Batch F61207AT
_ 2T LI DUPLICAT) DUPLICA
Contains packages SPIKE SPIKE DUPLICATE 20T DUPLICATE ANALYSIS T BLANK LOR
55P52952 RECOVERY | RECOVERY AMNALYSIS (pg/L) ) {ug/L) ’ (ne/L) (ug/L)
. [%RPD) (%RPD)
Water analysis (%) (%)
SPIKE | SPK_1333 | 1sks1332 |DUP_1332[ DUP_1332| 1sks1374 |DUP_1374|DUP_1374
Perfluorobutanoic acid 123 125 <0010 | <0010 - <0010 | <0010 <0010 | 0010
Perfluoropentanoic acid 104 97 <0.007 | <0.007 — < 0.007 < 0.007 < 0.007 0.007
Perfluorohexanoic acid 109 102 < 0.005 <0.005 = < 0.005 < 0.005 = < 0.005 0.005
Perfluarcheptanoic 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 < 0.010 <0.010 = < 0.010 < 0.010 = < 0.010 0.010
Perfluoroundecanoic acid 127 115 <0.010 | <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 47 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 M <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 <0.005 | <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 <020 <0.20 <020 0.20
Perfluorooctyl ethanoic acid 65 35 <0.050 | <0.050 = <0.050 <0.050 < 0.050 0.050
Perfluorodectyl ethanoic acid NA N <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-Perfluoroocctanesulfonic acid 77 73 <0.010 | <0.010 = <0.010 <0.010 = <0.010 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 98 86 <0.020 | <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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Batch F61206AT
Contains packages
St BLANK MATRIX MATRIX
::;;::; SPIKE SPIKE SPIKE DUPLICATE DU:;II-::?ATE DUPLICATE by ;I;::iATE DUPLICATE DUEI‘-IF(;'.QTE BLANK | LOR
sspeaaay REC;:]’ERY RECI{;:]'ERV REC[D%VJER‘( ANALYSIS (pg/L) ey ANALYSIS (ug/L) T ANALYSIS (ug/L) s (ng/L) | tue/)
55P52938
55P52944
Water analysis
SPIKE SPK_1303 | SPK_1324 |16KS1352| DUP_1352| DUP_1352 | 16KS1313 | DUP_1313| DUP_1313 | 16K51323 | DUP_1323( DUP_1323
Perfluorobutanoic acid 101 104 109 <0.010 | <0.010 = <0.010 | <0.010 = <0.010 | <0.010 = <0.010| 0.010
Perfluoropentanoic acid 96 104 90 <0007 | <0.007 = <0007 | <0.007 = <0007 [ <0007 = <0.007| 0.007
Perfluorohexanoic acid 100 105 108 <0.005 | <0.005 = <0.005 | <0.005 = <0.005 | <0.005 = <0.005| 0.005
Perfluoroheptanoic acid 81 96 86 <0005 | <0005 = <0005 | <0.005 = <0005 [ <0005 -— <0.005| 0.005
Perfluorooctanoic acid 104 101 105 <0.007 | <0.007 = <0.007 | <0.007 = <0.007 | <0.007 = <0.007| 0.007
Perfluorononanoic acid 96 111 101 <0.007 | <0.007 = <0.007 | <0.007 = <0.007 | <0.007 = <0.007| 0.007
Perfluorodecanoic acid 96 107 107 <0010 | <0.010 = <0.010 | <0.010 = <0.010 | <0.010 = <0.010| 0.010
Perfluoroundecanoic acid 99 114 104 <0010 | <0.010 - <0.010 | <0.010 - <0.010 | <0.010 = <0.010| 0.010
Perfluorododecanoic acid 88 112 102 <0.020 | <0.020 - <0.020 | <0.020 - <0.020 | <0.020 = <0.020| 0.020
Perfluorotridecanoic acid 55 66 59 <0050 | <0.050 = <0050 | <0.050 = <0050 [ <0.050 -— <0.050| 0.050
Perfluorotetradecanoic acid 48 63 48 <0.020 | <0.020 = <0.020 | <0.020 = «0.020 | <0.020 = <0.020| 0.020
Perfluorohexadecanoic acid 15 23 12 <0.050 | <0.050 = <0.050 | <0.050 = <0.050 | <0.050 = <0.050| 0.050
Perfluorobutanesulfonic acid 84 97 77 <0.005 | <0.005 = <0.005 | <0.005 = <0.005 | <0.005 = <0.005| 0.005
Perfluorchexanesulfonic acid 106 96 109 0.010 0.009 11 <0.005 | <0.005 <0.005 | <0.005 = <0.005| 0.005
Perfluorooctanesulfonic acid 99 118 105 0.015 0.013 14 <0.005 | <0.005 = <0.005 | <0.005 = <0.005| 0.005
Perfluorodecanesulfonic acid 82 67 78 <0.020 | <0.020 = <0.020 | <0.020 = <0.020 | <0.020 = <0.020| 0.020
Perfluorohexyl ethanoic acid 95 99 99 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <020 | 0.20
Perfluorooctyl ethanoic acid 106 90 88 <0.050 | <0.050 = <0.050 | <0.050 = <0.050 | <0.050 = <0.050| 0.050
Perfluorodectyl ethanoic acid 119 71 54 < 0.050 | <0.050 = <0050 | <0.050 = <0050 [ <0.050 = <0.050| 0.050
1H,1H,2H,2H-Perflucrohexanesulfonic acid 97 112 91 <0.005 | <0.005 <0.005 | <0.005 <0.005 | <0.005 - <0.005| 0.005
1H,1H,2H,2H-Perflusrooctanesulfonic acid 71 78 73 <0010 | <0.010 = <0010 | <0.010 = <0010 | <0.010 - <0.010| 0.010
1H,1H,2H,2H-Perfluorodecanesulfonic acid 105 93 148 <0.020 | <0.020 = <0.020 | <0.020 = <0.020 | <0.020 = <0.020| 0.020
Notes
PFHxDA Blank spike recovery below LCL |
PFHxDA Matrix 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
Perfluorononanoic acid a7 a7 < 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 BSLI::EK MSJ:.I:(R;X DUPLICATE C ET}LI :::;:AT 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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Batch GE0219MP
Contains packages
SSPstesy BLANK MATRIX DUPLICAT] DUPLICA
55P51931 SPIKE SPIKE DUPLICATE . DUPLICATE ANALYSIS . BLANK LOR
55P51950 RECOVERY | RECOVERY | ANALYSIS (mg/kg) (%RPD) {mg/kg) (%RPD) (mg/kg) (mg/kg)
$5P51976 (%) (%)
55P52034
Soil analysis

SPIKE SPK_958 16KE9S7 | DUP_857| DUP_957 | 16KE1036 |DUP_1036|DUP_1036
Perfluorobutanoic acid 94 97 <0.005 | <0.005 = < 0.005 < 0.005 = < 0.005 0.005
Perfluoropentaneic acid 31 61 <0.002 | <0.002 = < 0.002 <0.002 — <0.002 0.002
Perfluorohexanoic acid 99 110 <0001 | <0001 - <0.001 < 0.001 — < 0.001 0.001
Perfluoroheptanoic acid 30 64 <0.001 | <0.001 = <0.001 <0.001 — <0.001 0.001
Perfluorooctanoic acid 97 100 <0.002 | =0.002 = <0.002 <0.002 = <0.002 0.002
Perfluorononanoic acid 99 97 <0.001 | <0.001 - < 0.001 <0.001 — <0.001 0.001
Perfluorodecanoic acid 100 102 <0.001 | <0.001 = <0.001 <0.001 - <0.001 0.001
Perfluoroundecanoic acid 99 122 <0.002 | <0.002 = < 0.002 <0.002 = <0.002 0.002
Perfluorododecanoic acid 101 110 <0.002 | <0.002 - < 0.002 <0.002 — <0.002 0.002
Perfluorotridecanoic acid 59 11 <0.007 | <0.007 - < 0.007 <0.007 — <0.007 0.007
Perfluorotetradecanoic acid 49 17 <0.01 <0.01 = <0.01 <0.01 = <0.01 0.010
Perfluorobutanesulfonic acid 85 67 <0.001 | <0.001 = <0.001 <0.001 — <0.001 0.001
Perfluorohexanesulfonic acid 100 125 <0.001 | <0.001 - < 0.001 <0.001 — <0.001 0.001
Perfluorooctanesulfonic acid 99 M <0.001 | <0.001 = 0.010 0.010 0 <0.001 0.001
Perfluorodecanesulfonic acid 57 35 <0.002 | <0.002 = < 0.002 <0.002 = <0.002 0.002
Perfluorohexyl ethanoic acid 92 107 <0.002 | <0.002 - <0.002 < 0.002 — <0.002 0.002
Perfluorooctyl ethanoic acid 106 86 <0.020 | <0.020 - <0.020 < 0.020 — <0.020 0.020
Perfluorodectyl ethanoic acid 100 137 <0.020 | <0.020 <0.020 < 0.020 0.000 0.020
1H,1H,2H,2H-Perfluorohexanesulfanic acid 100 75 <0.002 | <0002 - < 0.002 < 0.002 -— < 0.005 0.002
1H,1H,2H,2H-Perfluorodecanesulfonic acid a7 99 <0.005 <0.02 - <0.02 <0.02 — <0.02 0.020
Motes

PFTrDA, PFTeDA, PFOS Matrix spike SPK_957 recovery below LCL

Batch G61024MP BLANK
Contains packages SPIKE DUPLICATE ANALYSIS DU;TL‘;’ATE BLANK LOR
55P52373 RECOVERY (mg/kg) - (mg/kg) | (mg/kg)
Soil analysi: (%) (%RPD)
SPIKE 16K51081( DUP_1081 | DUP_1081
Perfluorobutanoic acid 112 0.007 0.007 o <0.005 | 0.005
Perfluoropentancic acid 89 0.009 0.010 11 <0.002 | 0.002
Perfluorohexanoic acid 101 0.005 0.005 o <0.001 | 0.001
Perfluoroheptanoic acid 89 0.001 0.001 o <0.001 | 0.001
Perfluorooctanoic acid a9 0.002 0.002 = <0.002 | 0.002
Perfluorononancic acid 99 0.002 0.002 0 <0.001| 0.001
Perfluorodecanoic acid 101 0.001 0.001 = <0.001 | 0.001
Perfluoroundecanoic acid 102 0.002 0.002 -— <0.002 | 0.002
Perfluorododecanoic acid 100 < 0.002 <0.002 - <0.002 | 0.002
Perfluorotridecanoic acid 70 < 0.007 < 0.007 = <0.007 | 0.007
Perfluorotetradecanoic acid 68 <0.010 < 0.010 = <0.010 | 0.010
Perfluorobutanesulfonic acid 85 0.001 0.001 = <0.001 | 0.001
Perfluorohexanesulfonic acid 97 0.003 0.003 o <0.001 | 0.001
Perfluorooctanesulfonic acid 101 0.064 0.063 2 <0.001| 0.001
Perfluorodecanesulfonic acid 77 <0.002 < 0.002 = <0.002 | 0.002
Perfluorohexyl ethanoic acid 96 <0.002 < 0.002 - <0.002 | 0.002
Perfluorooctyl ethanoic acid 104 <0.020 <0.020 = <0.020 (| 0.020
Perfluorodectyl ethanoic acid 96 <0.020 < 0.020 <0.020 | 0.020
1H,1H,2H,2H-Perfluorochexanesulfonic acid 94 <0.002 < 0.002 -— <0.002 | 0.002
1H,1H,2H,2H-Perfluorodecanesulfonic acid 20 < 0.005 < 0.005 — <0.005 | 0.005
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