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Glossary of Terms and Acronyms

Additive Effect
Adsorption

Adverse Health
Effect

ANZECC

ASLP

AT

Background Level

BW

Carcinogen

CF

Chronic Exposure

Dermal Contact
Detection Limit

Dose

ED

EF

EFSA

ET
Exposure

Exposure

Assessment

Exposure Pathway

FSANZ

An additive effect is where two or more substances act together to produce a total
effect that is the same as the sum of the individual effects

The process of taking in. For a person or an animal, absorption is the process of a
substance getting into the body through the eyes, skin, stomach, intestines, or lungs.

A change in body function or cell structure that might lead to disease or health
problems

Australia and New Zealand Environment and Conservation Council

Australian Standard Leaching Procedure

Averaging Time

An average or expected amount of a substance or material in a specific environment,
or typical amounts of substances that occur naturally in an environment.

Body weight
A substance that causes cancer.
Unit Conversion Factor

Contact with a substance that occurs over a long time (more than 1 year) (compare
with acute exposure and intermediate duration exposure)

Contact with (touching) the skin (see route of exposure).

The lowest concentration of a chemical that can reliably be distinguished from a zero
concentration.

The amount of a substance to which a person is exposed over some time period. Dose
is a measurement of exposure. Dose is often expressed as milligram (amount) per
kilogram (a measure of body weight) per day (a measure of time) when people eat or
drink contaminated water, food, or soil. In general, the greater the dose, the greater
the likelihood of an effect. An “exposure dose” is how much of a substance is
encountered in the environment. An “absorbed dose” is the amount of a substance that
actually got into the body through the eyes, skin, stomach, intestines, or lungs.

Exposure Duration

Exposure Frequency

European Food Safety Authority
Exposure time

Contact with a substance by swallowing, breathing, or touching the skin or eyes.
Exposure may be short-term (acute exposure), of intermediate duration, or long-term
(chronic exposure).

The process of finding out how people come into contact with a hazardous substance,
how often and for how long they are in contact with the substance, and how much of
the substance they are in contact with.

The route a substance takes from its source (where it began) to its end point (where it
ends), and how people can come into contact with (or get exposed to) it. An exposure
pathway has 5 parts: a source of contamination (such as chemical leakage into the
subsurface); an environmental media and transport mechanism (such as movement
through groundwater); a point of exposure (such as a private groundwater bore); a
route of exposure (eating, drinking, breathing, or touching), and a receptor population
(people potentially or actually exposed). When all 5 parts are present, the exposure
pathway is termed a completed exposure pathway.

Food Standards Australia New Zealand
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Guideline Value

HI

HIL

HSL
Ingestion

Inhalation

LOAEL

LOR
MDH
No effect level

NEPC
NEPM
NHMRC
NOAEL

PFAS
PFOS
PFOA

8:2 FTS
4:2 FTS

6:2 FTS
NEtFOSAA
NMeFOSAA
PFBS
PFDS
PFDA
PFDOA
PFHpA
PFHXS
PFHXA
PFNA
PFPeA
PFOSA
PFTeDA
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Guideline value is a concentration in soil, sediment, water, biota or air (established by
relevant regulatory authorities such as the National Health and Medical Research
Council (NHMRC), Australia and New Zealand Environment and Conservation Council
(ANZECC) and World Health Organisation (WHQ)), that is used to identify conditions
below which no adverse effects, nuisance or indirect health effects are expected. The
derivation of a guideline value utilises relevant studies on animals or humans and
relevant factors to account for inter- and intra-species variations and uncertainty
factors. Separate guidelines may be identified for protection of human health and the
environment. Dependent on the source, guidelines will have different names, such as
investigation level, trigger value, ambient guideline etc.

Hazard Index
Health Investigation Level
Health Screening Level

The act of swallowing something through eating, drinking, or mouthing objects. A
hazardous substance can enter the body this way (see route of exposure).

The act of breathing. A hazardous substance can enter the body this way (see route of
exposure).

Lowest-observed-adverse-effect-level: The lowest tested dose of a substance that has
been reported to cause harmful (adverse) health effects in people or animals

Limit of Reporting
Minnesota Department of Health

The tested dose of a substance that does not cause adverse effects in people or
animals. See also NOAEL and LOAEL

National Environment Protection Council
National Environment Protection Measure
National Health and Medical Research Council

No-observed-adverse-effect-level: The highest tested dose of a substance that has
been reported to have no harmful (adverse) health effects on people or animals

Per- or Poly-fluoroalkyl Substance
Perfluorooctanesulfonic Acid

Perfluorooctanoic Acid
1H.1H.2H.2H-Perfluorodecanesulfonic Acid
1H.1H.2H.2H-Perfluorohexanesulfonic Acid
1H.1H.2H.2H-Perfluorooctansulfonic Acid
N-Ethyl-Perfluorooctanesulfonamidoacetic Acid
N-Methyl-Perfluorooctanesulfonamidoacetic Acid
Perfluorobutanesulfonic Acid
Perfluorodecanesulfonic Acid
Perfluorodecanoic Acid

Perfluorododecanoic Acid

Perfluoroheptanoic Acid
Perfluorohexanesulfonic Acid
Perfluorohexanoic Acid

Perfluorononanoic Acid

Perfluoro-n-Pentanoic Acid
Perfluorooctanesulfonamide
Perfluorotetradecanoic Acid
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PFTrDA
PFUNA
Point of Exposure

Population
Receptor
Population

Risk
RME

Route of Exposure
SWL
Synergistic Effect

Toxicity
Toxicity Data

Toxicological
Profile

Toxicology
TRV

Uncertainty Factor

USEPA
WQG

WHO
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Perfluorotridecanoic Acid
Perfluoroundecanoic Acid

The place where someone can come into contact with a substance present in the
environment (see exposure pathway).

A group or number of people living within a specified area or sharing similar
characteristics (such as occupation or age).

People who could come into contact with hazardous substances (see exposure
pathway).

The probability that something will cause injury or harm.

Reasonable maximum exposure: The RME represents exposure scenario based on a
set of exposure parameters that is representative of expected maximum exposure for
that receptor and activity. The RME would not be expected to be exceeded except
under highly specific and exceptional circumstances.

The way people come into contact with a hazardous substance. The 3 routes of
exposure are breathing [inhalation], eating or drinking [ingestion], or contact with the
skin (dermal contact)

Standing Water Level

Synergistic effects are where two or more substances act together to produce a total
effect that is greater than the sum of the individual effects

The degree of danger posed by a substance to human, animal or plant life.

Characterisation or quantitative value estimated (by recognised authorities) for each
individual chemical for relevant exposure pathway (inhalation, oral or dermal), with
special emphasis on dose-response characteristics. The data is based on available
toxicity studies relevant to humans and/or animals and relevant safety factors.

An assessment that examines, summarizes, and interprets information about a
hazardous substance to determine harmful levels of exposure and associated health
effects. A toxicological profile also identifies significant gaps in knowledge on the
substance and describes areas where further research is needed.

The study of the harmful effects of substances on humans or animals.

Toxicity Reference Value, e.g. an RfD, ADI, TDI, or PTWI. A guideline toxicity value
that incorporates uncertainty or safety factors to identify a safe dose assuming daily
lifetime exposure to a substance that is unlikely to cause harm in humans.

Mathematical adjustments for reasons of safety when knowledge is incomplete. For
example, factors used in the calculation of doses that are not harmful (adverse) to
people. These factors are applied to the lowest-observed-adverse-effect-level (LOAEL)
or the no-observed-adverse-effect-level (NOAEL) to derive a minimal risk level (MRL).
Uncertainty factors are used to account for variations in people's sensitivity, for
differences between animals and humans, and for differences between a LOAEL and a
NOAEL. Scientists use uncertainty factors when they have some, but not all, the
information from animal or human studies to decide whether an exposure will cause
harm to people (also sometimes called a safety factor).

United States Environmental Protection Agency

Water quality guidelines (Australian guidelines based on the protection of ecosystems)
(ANZG 2018)

World Health Organisation
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Executive Summary

Environmental Risk Sciences Pty Ltd (enRiskS) has been engaged by EPIC Environmental Pty Ltd
(Epic), on behalf of CS Energy Ltd (CS Energy), to conduct a human health and ecological risk
assessment (HHERA) in relation to the presence of per- and poly-fluoroalkyl substances (PFAS) on
and off-site of the Callide Power Station located near Biloela, QLD (the “site”).

The site operates as a coal fired power station, operating two power plants, Callide B and Callide C.
The power station receives up to 5.8 million tonnes of black coal annually from the neighbouring
Callide Mine, owned by Batchfire Resources. The presence of PFAS has also been identified at this
adjacent coal mine.

These chemicals have been found to be widespread in the environment in Australia and other
countries (HEPA 2020).

Following release of the Queensland Department of Environment and Sciences’ (DES’s) (now the
Department of Environment, Science and Innovation (DESI)) Operational Policy for the
management of firefighting foam in 2016, CS Energy undertook a review of site operations and
identified historical use of per- and poly-fluoroalkyl substances (PFAS). This review identified
aqueous film forming foams (AFFF) had been used historically over the life of the station. Removal
of all non-compliant AFFF commenced in late 2018, with all non-compliant AFFF removed from
service and disposed to a licensed disposal facility prior to 2019.

CS Energy also undertook a detailed investigation into the nature and extent of PFAS contamination
associated with historical use of PFAS in aqueous film forming foam (AFFF) used in fire training
activities and equipment at the power station site.

Environmental investigations have been undertaken by EPIC Environmental. Initial work was
completed in 2019. Investigations were then expanded to a range of off-site locations in 2021.
These investigations were completed in a staged approach commencing immediately downstream
of the Callide Power Station site (investigation Zone 1) and expanding downstream (investigation
Zones 2, 3 5 and 6) and adjacent (investigation Zone 4) to the site.

This HHERA has been prepared making use of extensive data collected by EPIC Environmental in
these investigations. It has focused on the area downgradient of the power station site and has
evaluated all the uses of groundwater or surface water expected in rural areas to provide
information to allow refinement of community advice, if appropriate.

Evaluation of potential for risks to people has been undertaken using the approaches recommended
in national guidance provided in the ASC NEPM (supported by the PFAS NEMP) and by enHealth,
and FSANZ (enHealth 2012a; FSANZ 2017a; HEPA 2020; NEPC 1999 amended 2013a, 1999
amended 2013b).

In regard to ecological risks, the environmental values determined by EPIC arising from the
Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (i.e. Water EPP) have been
considered in this HHERA as well as the relevant Australian water quality guidelines (or other
relevant guidelines for other media) (ANZG 2018; HEPA 2020).
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On the basis of the available data and the assessment undertaken in this report, the following can
be concluded:

Human Health

Risks for each of the individual exposure pathways are acceptable in all zones (based on the
guidance from national health authorities). These pathways include:
ingestion of groundwater for drinking (and all household uses of water)
incidental ingestion of groundwater during use of water for farming purposes
incidental ingestion of groundwater during outdoor domestic uses of water
consumption of home grown fruit/vegetables which may contain PFAS due to
irrigation by groundwater
o consumption of home grown eggs which may contain PFAS due to chickens drinking
groundwater
o consumption of home grown meat which may contain PFAS due to stock watering

using groundwater and consumption of fodder by the cattle where that fodder is

irrigated with the relevant groundwater.
Risks resulting from combining drinking groundwater with all or some of the pathways
involving consumption of home grown produce are acceptable based on Australian health
guidance for all zones except for the most impacted areas within Zone 1.
Zone 1 has the highest concentration of PFOS+PFHXS. In this zone, if multiple exposure
pathways for home grown produce (i.e. home grown eggs + home grown fruit & vegetables +
home grown meat or home grown fruit & vegetables + home grown meat) are combined with
using groundwater at the property as the sole source of drinking water, the risk to individuals
would be slightly elevated when compared to the national guidelines for the locations with
the highest concentrations (i.e. 0.3-0.4 ug/L). Based on the data available, it is understood
that no individual household is exposed via the combination of all the possible exposures.
It is understood that properties are being supplied with an alternate source of drinking water
so use of groundwater as the sole source of drinking water is not occurring.
For Zone 4, there was only 1 groundwater supply bore available for monitoring in this zone.
The results for this bore were in compliance with the drinking water guideline for
PFOS+PFHXxS. Risks are, therefore, negligible and no further assessment was required for
this zone.
Risks due to exposures to people using Callide Creek for swimming/recreation are
acceptable.
Risks due to exposure to PFAS via consumption of fish caught in Lake Callide are
acceptable based on the conservative national FSANZ trigger point.
Risks due to exposure to PFAS via consumption of fish caught in Callide Creek are
acceptable based on adjusted guidelines in line with the practical limitations on catch size
and frequency of fishing.

O O O O

It is important to note that the combination calculations (as per Table 10.8a) are based on the
maximum concentrations reported and assume that people living/working on those properties will:

use the groundwater as their sole source of drinking water and for all farming and/or
domestic activities where incidental ingestion could occur
consume 100% of eggs from chickens kept at the property

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS ES-2 | Page
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consume 35% of meat from livestock kept at the property which are given groundwater to
drink and that eat fodder that has been irrigated with groundwater
consume 35% of fruit and vegetables from produce grown at the property and irrigated with
groundwater.

It is understood that this combination is unlikely to have occurred.

Ecological

No direct ecotoxicity effects from exposure to PFAS on aquatic species in Callide Creek and
Lake Callide are expected.

No effects in birds are expected due to consuming aquatic organisms from Callide Creek or
Lake Callide that may contain PFOS.

No effects in mammals are expected due to consuming aquatic organisms from Callide
Creek or Lake Callide that may contain PFOS.

Other matters
The following points are also noted:

This assessment has been based on the maximum reported concentrations for any sample
type in each zone.

While the site is likely to contribute to the levels of PFAS in Callide Creek, the site
investigation shows that Callide Power Station is not the sole source of these chemicals to
these waterways.

For uptake of the chemicals into meat or eggs, the highest concentrations modelled for
either PFOS or PFHxXS have been used in the risk calculations.

For uptake into meat, the combination scenario uses the risks based on the stock drinking
groundwater and eating fodder that has been irrigated using the groundwater.

There are no maximum residue levels for PFAS in meat/eggs (i.e. legally enforceable limits).
FSANZ, however, has published trigger points to indicate when food may need more
detailed investigation. The concentrations modelled in this assessment are generally in
compliance with these trigger points.

This assessment shows that, based on a site-specific evaluation of risk, the concentrations of PFOS
and PFHxS (and other PFAS) in groundwater or surface water do not pose an unacceptable risk to
people when that water is accessed/used on properties in the off-site area downgradient of Callide
Power Station based on national guidance for health risk assessment.

The levels of PFAS in groundwater or surface water also do not pose an unacceptable risk to
ecosystems in and around Callide Creek based on national guidance for ecological risk
assessment.

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS ES-3 | Page
Ref: EPIC/24/CPS001-G



En[RiskS

Section 1. Introduction

1.1 Background

Environmental Risk Sciences Pty Ltd (enRiskS) has been engaged by EPIC Environmental Pty Ltd
(Epic), on behalf of CS Energy Ltd (CS Energy), to conduct a human health and ecological risk
assessment (HHERA) in relation to the presence of per- and poly-fluoroalkyl substances (PFAS) on
and off-site of the Callide Power Station located near Biloela, QLD (the “site”).

The site operates as a coal fired power station, operating two power plants, Callide B and Callide C.
The power station receives up to 5.8 million tonnes of black coal annually from the neighbouring
Callide Mine, owned by Batchfire Resources. PFAS has been identified at the adjacent coal mine.

Following release of the Queensland Department of Environment and Sciences’ (DES’s) (now the
Department of Environment, Science and Innovation (DESI)) Operational Policy for the
management of firefighting foam in 2016, CS Energy undertook a review of site operations and
identified historical use of per- and poly-fluoroalkyl substances (PFAS). This review identified
aqgueous film forming foams (AFFF) have been used historically over the life of the station. Removal
of all non-compliant AFFF commenced in late 2018, with all non-compliant AFFF removed from
service and disposed to a licensed disposal facility prior to 2019.

CS Energy also undertook to investigate the nature and extent of PFAS contamination associated
with historical use of PFAS in aqueous film forming foam (AFFF) used in fire training activities and
equipment. Initial investigations were completed in 2019. Investigations were expanded to a range
of off-site locations (up to 12 km downgradient of the site) in 2021. These investigations were
completed in a staged approach commencing immediately downstream of the Callide Power Station
site (investigation Zone 1) and expanding downstream (investigation Zones 2, 3 5 and 6) and
adjacent (investigation Zone 4) to the site.

A HHERA has been prepared in this report making use of all of the collected data to assess
potential risks.

Figure 1.1 shows the layout of the power station site.

1.2 Objectives
The objectives of this HHERA are:

Conduct an initial review of data and information to inform the development of a conceptual
site model (CSM) relevant to the offsite environment (relevant to the investigation area as
Zones 1 to 6).
Undertake a HHERA in relation to the presence of PFAS in the off-site environment to
address the following:
o Risks to people
» Rural residential uses of the off-site environment, which include:
e potable and non-potable uses of water (groundwater and surface

water)
e agricultural activities such as large scale cropping or livestock
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¢ home consumption of produce such as fruit and vegetables, eggs and
potentially livestock
= Recreational use of the off-site environment including recreational fishing and
consumption of edible species
= Workers involved in a range of activities in the off-site environment
o Risks to the aquatic environment as relevant to the site and off-site areas.
B Where relevant, establish site-specific guidelines or triggers relevant to the site and offsite
areas and land uses.

The HHERA will not consider or address any other chemicals in this environment.
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1.3 Approach

The approach taken for the quantitative assessment of human health and environmental risks is in
accordance with the current national guidelines / protocols endorsed by Australian regulators,
including:

National Environmental Protection Measure — Assessment of Site Contamination (ASC
NEPM) including:
o Schedule B1 Investigation Levels for Soil and Groundwater (NEPC 1999 amended
2013c)
o Schedule B4 Guideline on Health Risk Assessment Methodology (NEPC 1999
amended 2013b)
o Schedule B5 Guideline on Ecological Risk Assessment (NEPC 1999 amended
2013a)
o Schedule B7 Guideline on Health-Based Investigation Levels (NEPC 1999 amended
2013d)
enHealth Environmental Health Risk Assessment, Guidelines for Assessing Human Health
Risks from Environmental Hazards (enHealth 2012a)
enHealth Australian Exposure Factor Guide (enHealth 2012b)
ANZG, Australian and New Zealand Guidelines for Fresh and Marine Water Quality, A joint
initiative of the Australian and New Zealand Governments in partnership with the Australian
state and territory governments, Online (ANZG 2018).
PFAS National Environmental Management Plan (the “PFAS NEMP”) Version 2, January
2020 (HEPA 2020).

While the guidance documents from enHealth and the ASC NEPM are dated from 2012 and 2013,
they are the most recent versions of these important national guidance documents.

Additional guidance has been sought from international sources where relevant, however,
international guidance has not been adopted where it is inconsistent with the Australian regulatory
or policy settings.

The overall approach to undertake a human health and ecological risk assessment (HHERA) is that
from enHealth (2012a) and is shown in Figure 1.2 (modified from enHealth 2012a).

The figure shows the risk assessment process in the centre of the figure (boxes shaded blue/grey)
and the supporting processes of risk management and risk communication (boxes shaded white).
Risk management and risk communication are usually undertaken by others once a risk
assessment has been completed. It is important for a risk assessor to discuss the requirements of
such an assessment with those responsible for managing or communicating about a risk to ensure
the assessment covers all the required aspects.
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| Risk communication |

Issue Identification

e Review the available site information

e Review information on the nature and extent of
contamination

e Develop a preliminary Conceptual Site Model (CSM)

e Identify the Contaminants of Potential Concern (CoPC)
that require detailed evaluation

e Identify and discuss uncertainties with CSM

v v

\ 4
A

Exposure Assessment Hazard/Toxicity Assessment
¢ Identify and evaluate exposure populations e Review health effects and dose-response
(human health and ecological) and characteristics associated with exposure to
exposure pathways the CoPC
e Characterise exposure using available site * Identify appropriate toxicity reference
data and assumptions relevant to the CSM values (TRVs) and ecological guidelines to
e Identify and discuss uncertainties be used to quantify effects associated with
exposure
e Identify and discuss uncertainties

v

Risk Characterisation

Ry ems . Cr?mbl?e 'the gvlfllutatlr?n of e);]poTtlrJ]re a;?hhazarFi/tOX|C|t3; to Ry el
L| reality check, cl arlac erise risks to umlan eal ﬁm e envwonme;jn_f reality check, |
refine CSM e Evaluate uncertainties relevant to the a§sessment and i refine CSM
these may change the outcome of the risk assessment

e Present conclusions

\ 4
Risk Management

e |dentify options for risk management.

e Determine if options adequately protective of health and

the environment

Consider economic, social and political aspects

Make informed decisions

Take actions to implement decisions

Monitor and evaluate the effectiveness of the decisions

Figure 1.2 Risk Assessment Process as adapted from enHealth (2012a)
The normal approach for a HHERA is that they are undertaken in 2 stages:

B Screening assessment — this part of the assessment involves comparing the worst case
concentrations of the chemicals of interest to national guidelines that are conservative.
Those chemicals found to be higher than the national guidelines under these worst case
circumstances are identified as the key chemicals for the assessment and they are carried
through to the next stage.

B Detailed or refined assessment — this part of the assessment focuses on a more site-specific
evaluation just for the chemicals identified as key in the screening step. This type of
assessment considers the specific exposure pathways that are relevant to the site of interest
and includes detailed calculations of how people or ecosystems could be exposed.
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This HHERA has addressed the various aspects of a HHERA in the following sections:

Summary of relevant site information and available data relevant to the development of a
Conceptual Site Model (CSM) (Section 2)

Introductory information on per and polyfluoroalkyl substances (PFAS) (Section 3)

Nature and extent of PFAS contamination in the off-site area (Section 4)

Summary information on ambient/background levels of PFAS in the environment in Australia
(Section 5)

Summary of conceptual site model (CSM) (Section 6)

Identification of an appropriate dose-response relationship and quantitative values (toxicity
reference values; TRV) for the assessment of potential human health effects associated with
exposures to PFAS (Section 7)

Identification of appropriate values for the assessment of potential environmental health
effects associated with exposures to PFAS (Section 8)

Screening assessment of all data relevant for the site (Section 9)

Refined assessment based on human health (Section 10)

Refined assessment based on ecosystems (Section 11)

Conclusions of the HHERA with consideration of the assessment presented and the
uncertainties identified (Section 12).
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Section 2. Site information

2.1 General

This section provides a summary of the PFAS concentrations in relevant media at the site and
downgradient of the site as well as site characteristics relevant to the assessment of potential
exposures.

The following reports and information sources have been used in this HHERA:

Enviropacific 2022, Site-Specific Remediation Plan Callide Power Station, CS Energy
(September 2022)

Environmental Management Strategies 2022, Conceptual Site Model for PFAS Migration —
Callide PS (February 2022)

EPIC 2020, Preliminary PFAS Environmental Investigation — Callide Power Station, CS
Energy (June 2020)

EPIC 2021, Callide Power Station — Targeted PFAS Environmental Investigation, CS Energy
(January 2021)

EPIC 2022a, Callide Power Station — Contaminated Land Investigation Document (Site
Investigation), CS Energy (September 2022)

EPIC 2022b, PFAS Investigation - Hydrogeological Review — Callide Power Station (April
2022)

EPIC 2023, Landholder Water Use Investigation Summary Report — Callide Power Station
(December 2023)

EPIC 2024, Callide Power Station — Addendum Contaminated Land Investigation Document
(Site Investigation), CS Energy (March 2024)

Hydrobiology 2023, Callide Power Station Ecological and Contaminants Report (July 2023).

2.2 Site description

The site occupies two land parcels located at Biloela Callide Road, Mount Murchinson. Operational
areas of the power station are split between the two lots, with the majority of the Waste Containment
Facility located within Lot 1 on Registered Plan (RP) 615528 as shown in Figure 1.1.

Site details are provided in Table 2.1.

Aspect Detail Detail

Lot identification 1 RP615528 4 on Survey Plan (SP) 103557

Address Biloela Callide Road, Mount Biloela Callide Road, Mount
Murchison QLD 4715 Murchison QLD 4715

Site area (ha) 631.933 239.200

Site owner CS Energy Limited CS Energy Limited

Local government authority Banana Shire Council Banana Shire Council

Zoning Special industry Special industry

Both parts of the site are listed on the Environmental Management Register (EMR) for 1 or more of
the following reasons:

Petroleum Product or Oil Storage
Chemical Storage
Coal Fire Power Station
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Waste Storage, Treatment or Disposal
Hazardous Contaminant: Asbestos and synthetic mineral fibres
Asbestos Manufacture or Disposal

The presence of PFAS at the site was also notified.

2.3 Site history
The site consists of 3 coal fired power stations: Callide A, Callide B and Callide C.

Callide A Power Station was constructed in 1965, operating up until 1988 when Callide B Power
Station was commissioned. Callide B continues to operate. Callide C Power Station was
commissioned in 2001 and continues to operate. Callide A Power Station was retrofitted to trial low
emission coal-fired power generation between 2012 and 2015, with the facility currently in the
process of demolition (EPIC 2022a).

Site operations are managed under Environmental Authority EPPR00536313 (Callide A and B) and
EPPR00707213 (Callide C) and the internal CS Energy Environmental Management System.
Callide B and C manage ash and water internally within the adjacent Waste Containment Facility
(EPIC 2022a).

The source of PFAS at this site is the historical use of AFFF (aqueous film forming foam).

The historical use of AFFF at the Callide B and C Power Stations was limited to testing, training and
maintenance activities along with use as part of emergency response. No AFFF fire systems were
installed during the construction of Callide C (water-based deluge/suppression systems). AFFF fire
systems and areas where AFFF is reported to have been used are associated with Callide B
(turbine halls) and the shared infrastructure including the fuel oil tanks, sulfur plant, coal plant and
fire station) (EPIC 2022a).

The historical use of AFFF at the site is considered to have comprised infrequent use of smaller
guantities (generally less than 10 L per event). The largest reported use is associated with
emergency response associated with coal fires at the coal plant, with multiple fires reported and
AFFF use reported between 20-160 L per event. It is noted that use of AFFF at the coal plant was
undertaken to control fires, rather than fully extinguish, with coal material continuing to the boiler
(>1,000°C) (EPIC 2022a).

Historical information available for the site identifies that potential on-site releases (use) of AFFF at
the Callide B and C Power Station site is likely to be less than 1,000 L over the life of the station,
including use of up to 300 L of AFFF concentrate in training activities, system tests and
use/maintenance of extinguishers, and a further approximately 500 L of AFFF concentrate used in
emergency response associated with coal fires at the Coal Plant. It is noted that a number of events
are reported to have been fully contained within on-site bunding and cleaned up by licenced
contractors. Limited information was available for use of AFFF at the Callide A Power Station site.
By comparison, the Oakey Army Aviation Centre is reported to have released approximately 1.2
million litres of AFFF concentrate over 25 years of operation (EPIC 2022a).
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2.4 Geology and hydrogeology

The site is underlain by the Youlambie Conglomerates (formally known as the Rainbow Creek
Beds), the Biloela Formation and the Lochenbar Formation (formally known as the Kroombit Creek
Beds) comprised predominantly of andesitic rocks. The Youlambie Conglomerate also underlays
Callide A, which is then underlain by the Lochenbar Formation which extends under the current
Callide B and C stations including Ash Dam B (EPIC 2022a).

The Youlambie Conglomerates, the Biloela Formation, and the Lochenbar Formation are all overlain
by Tertiary sediments in the southwest portion of the site grading into the Quaternary alluvium
floodplain clays, silts, sands and gravels associated with Callide Creek (EPIC 2022a).

The Lochenbar Formation is highly fractured beneath the site, with a potential fault running north-
south in line with the Callide Dam spillway. Dioritic dykes are likely associated with faulting. Dykes
have been observed at more than 50 m width and have been noted as being deeply weathered (in
excess of 22 m in MW27 on the western side of ADB) (EPIC 2022a).

The site is located in a broad shallow valley on the southern slopes of the Callide Range which rises
to a height of 524 m Australian Height Datum (AHD) at Mt Murchison (peak approximately 3.5 km
north of the site). The local topography has been highly modified by development including the
power station sites, mining and installation of Callide Dam (EPIC 2022a).

Ground surface levels across the site fall in a south-westerly direction from approximately 280 m
AHD in the north-eastern corner to 190 m AHD in the south-western corner. The topography on-site
has been modified by development which includes levelled areas associated with site infrastructure,
surface water management features including dam/bund walls and surface water channels and filled
areas associated with the ash dams and evaporation cells (EPIC 2022a).

The elevation of the Ash Dam B spillway is reported to be 214.95 m AHD, with the base of the dam
wall (external) approximately 200 m AHD. Ground surfaces immediately south of Ash Dam B drop
steeply towards Callide Creek, located at approximately 180 m AHD (EPIC 2022a).

Surface water within the WCF drains to the DRD, located immediately west of Callide C Power
Station, with overflow from the DRD directed to Ash Dam B via the eastern dirty drain (EDD), in the
southern portion of the WCF. With the exception of Callide A Power Station and the immediate
surrounds, all operational areas of the site are located within the WCF watershed catchment which
includes Ash Dam B, DRD and the evaporation ponds (EPIC 2022a).

Stormwater diversion channels (western and eastern) are located around the external perimeter of
the WCF to divert external catchment runoff around the WCF and into Callide Creek, south of the
site (EPIC 2022a).

Seepage from Ash Dam B is reported to have been expected to occur, with the design including
provision for seepage collection and management. A seepage collection trench has been installed
between the external wall of Ash Dam B and the external stormwater diversion channels to intercept
and control seepage. The channels direct seepage to two seepage collection ponds, from which
seepage is returned to Ash Dam B (EPIC 2022a).

Ash Dam B is reported to have been constructed over 3 former drainage channels, with all 3
watercourses intersected by the wall of Ash Dam B. Surface waters from Ash Dams 1 and 2,
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located south-west and north-east of Callide A respectively, discharge to Dunn Creek via licenced
discharge points (EPIC 2022a).

The principal aquifers (i.e. groundwater) identified on-site comprise:

Tertiary and Quaternary alluvial sediments
Weathered/fractured bedrock of the Lochenbar Formation under Callide A, B and C
The Youlambie Conglomerate under the northeast corner of Callide A (EPIC 2022a)..

A former alluvial channel of Suicide Gully is suspected to be present at the southwestern portion of
Ash Dam B, which will likely facilitate surface water infiltration in the area immediately southwest
(down gradient) of the dam wall (EPIC 2022a).

Groundwater flow across the site is typically consistent with topography, with groundwater generally
flowing from the northeast boundary down to the southwestern boundary of the site. Groundwater
contours were assessed in July 2021. It is noted that seepage recovery wells are installed along the
southern site boundary which locally influence groundwater flow within the seepage recovery area
(EPIC 2022a).

The hydraulic conductivities for various geological materials have been adopted based on previous
investigation by Aurecon (2011):

Coal Ash: 0.0864 m/day

Tertiary sediments: 2.2 m/day

Fresh bedrock (bulk mass): 0.05 m/day
Fractured bedrock: 10.25 m/day (EPIC 2022a).
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Section 3. Introduction to PFAS

3.1 Exposure to chemicals in everyday life

The fundamental building blocks for the entire planet are chemical substances. The building blocks
of all matter are the chemical elements like carbon or hydrogen or copper or gold. These elements
combine to form chemical substances or compounds.

Whether it is the water we drink, the air we breathe, the food we eat, the ground we walk on, the
houses we live in, the things we have inside our houses or workplaces or what we ourselves are
made of, everything is made of chemicals.

Some chemical substances like water, oxygen and nutrients are essential to keeping us alive or to
let plants or other animals live.

Other chemical substances are naturally occurring, but they can kill us — like spider and snake
venoms or well-known poisons like arsenic or mercury.

The same applies to the chemical substances we manufacture — some substances are quite benign
and some are quite toxic.

A range of chemical substances are used to manufacture things we use every day like food, clothes,
computers, kitchen appliances, cars, houses, roads, trains, planes, hair dyes, beauty products,
toothpaste, shampoo, flea rinse for our pets and many other things.

3.2 What are PFAS?

PFAS are a family of manufactured chemicals that contain the element fluorine. They have unique
properties and make materials stain- and stick-resistant. Manufacturers have developed a host of
compounds in this family to repel oil and water from clothing, carpeting, furniture, and food
packaging such as pizza boxes and fast-food containers. Fire-fighting foams have used them, as
have cleaners, paints, roof treatments, and hardwood floor protectant (USEPA 2017).

These chemicals are made up of a chain of carbon atoms that have fluorine atoms attached. They
also commonly have an end group which carries a charge which allows them to be water soluble.

One of the uses of this family of chemicals was in aqueous film forming foams (AFFFs). These
foams were used in firefighting particularly for hazardous liquid fires such as fuels (e.g. petrol,
avgas). One of the main legacy AFFFs was 3M Lightwater (i.e. used historically). It contained PFOS
and small amounts of other related chemicals that could break down in the environment over time
into PFOS or PFHXS. AFFFs containing PFOS were manufactured between the 1960s and 2002.
Other AFFFs that contained PFOA or chemicals that could break down into PFOA were
manufactured between 1970s and 2016. The newer AFFFs currently in use for firefighting at airports
etc are made from short chain PFAS or from chemicals that do not contain fluorine (i.e. use a
different family of chemicals) (see AFFF Fact sheet at ITRC?).

The requirement to have firefighting foams on the Callide Power Station site (and at other sites
upstream) in case of emergencies is likely to be the main reason PFAS are being reported here.

! https://pfas-1.itrcweb.org/fact-sheets/
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Given this is the likely source, the PFAS most likely to be found at this site are those commonly
included in the standard analytical suite provided by commercial laboratories in Australia.

The use of these chemicals in products used around the home (for purposes such as in food
packaging or as waterproofing/stain proofing agents) may result in a wider range of these chemicals
being present. When doing a risk assessment at a landfill or a wastewater treatment plant where
such household products may be the driver for these chemicals, it will be important to consider the
potential for a wider range of PFAS to be present including precursor chemicals (i.e. chemicals that
can break down in the environment to key PFAS as discussed below).

3.3 Properties of PFAS

Many of the more common PFAS are extremely persistent, bioaccumulative and toxic (PBT). Unlike
other compounds that have these characteristics (e.g. organochlorine pesticides, PCBs or dioxins)
these compounds are also highly water soluble. In addition, they accumulate in blood rather than in
fatty tissue (USEPA 2017).

Bioaccumulation is the term applied when a chemical accumulates inside an organism because the
chemical is taken up by the organism faster than it can excrete or break down the chemical®.
Chemicals that bioaccumulate are ones that are not easy to remove from the organism or they are
difficult to break down into their component parts or both. Not all PFAS have this characteristic but
some of the most common ones do.

The shorter chain PFAS — including PFBA, PFBS, PFPeA, PFPeS are not bioaccumulative but the
key PFAS compounds (PFOS, PFOA, PFHxS) and other ones with longer carbon chains have high
potential for bioaccumulation.

In addition, many of the PFAS precursor compounds break down to give PFOS or PFOA when
released into the environment. Degradation stops at PFOS and PFOA because they are so
persistent.

PFOS, PFHxS and PFOA are commonly found in the environment at higher concentrations than the
rest of the commonly measured PFAS for a number of reasons including:

PFOS, PFHxS and PFOA were the major components of PFAS products produced prior to
2000 — i.e. products were mostly 1 of these 3 key compounds with only minor amounts of
other PFAS

These were the chemicals that were manufactured in the highest volumes especially pre-
2000

PFOS, PFHxS and PFOA are the terminal break down products for many of the precursors.

The structure of these 3 compounds means they are chemically and biologically stable in the
environment, resisting typical environmental degradation processes (like biodegradation, photolysis
and hydrolysis) making them extremely persistent. These compounds are mobile in soil and leach
into groundwater. They are more water soluble than lipid soluble. They do not readily volatilise

2 https://cfpub.epa.gov/si/si_public record Report.cfm?dirEntryld=349938&Lab=CCTE
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(evaporate) from soil or water. These compounds are not found in the environment from natural
sources, only from anthropogenic sources (ATSDR 2015, 2018, 2021).

Their water solubility and persistence mean they last a long time and they can easily move away
from the areas where they were used. During rain they wash out of the soil into stormwater as it
runs off overland toward surface waters. They also wash out of the soil into soil water that
percolates down through the soil profile and into groundwater. They also move easily with the
groundwater as it travels away from a site toward surface water.

PFOS is a sulfonic acid. Manufacture of PFOS was phased out in 2000-2002. A variety of PFAS
compounds break down to PFOS in the environment and it has been found to be widespread in the
environment (COT 2006a).

PFOA is carboxylic acid. It has been used as an emulsifier in the production of fluoropolymers like
Teflon (polytetrafluoroethylene). (COT 2006b).

3.4 Types of PFAS analysis

There are 3 commercially available methods that can be used for the laboratory analysis of PFAS —
standard analysis, total oxidisable precursors (TOP) assay analysis and total organic fluorine (TOF)
analysis.

There are some differences between the 3 methods, in relation to:

status of method development

type and reproducibility of the data obtained

information that is provided by the analysis

whether there are any Australian guidelines for the analysis results.

Hence, not all PFAS analysis results can be considered equal and further discussion is presented in
Appendix A.

It is noted that the environmental guidelines presented in the PFAS NEMP are based on results
from the standard analysis. The guidelines in the PFAS NEMP are those usually relied on by
environmental regulators. There are no guidelines available in Australia or internationally for the
results of TOP assay or TOF analysis.

When a chemical is detected in our environment (e.g. in drinking water or a waterway) that does not
necessarily mean that the chemical poses a health or environmental risk. There needs to be a high
enough concentration for there to be a risk. This is clearly supported by the fact that national
guidelines have been developed by governments to indicate what concentrations of a chemical can
be in soil or water without concern.

Australia has guidelines for drinking water, recreational water, recycled water, air, soil based on
human health protection and ecosystem protection guidelines for water and soil (ANZG 2018; HEPA
2020; NEPC 1999 amended 2013c, 2021; NHMRC 2008, 2011 updated 2022, 2019; NRMMC 2006,
2008, 2009a, 2009b). These national guidelines allow us to determine whether a chemical present
in water or soil or air might pose a risk to people or the environment. The guidelines indicate that no
further action is required if the concentration found is low enough (i.e. below the guideline). Further
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investigation might be required if the concentration reported is higher than the relevant guideline
value.

The Australian chemical management system focuses on key chemicals where the potential for
toxicity to human health and the environment has been identified.

For example, there are more than 100 different polycyclic aromatic hydrocarbons (PAHs) (ATSDR
1995). In Australia, we commonly analyse for only 16 of this group of chemicals (called the priority
PAHSs). The national government guidelines are focused on these 16. Focusing on the key ones
allows us to manage the presence of this whole group of chemicals appropriately.

A similar approach has been adopted in the PFAS NEMP for PFAS. The 3 key chemicals in this
family — PFOS, PFHxS and PFOA — are the focus of all of the guidelines in Australia. Understanding
the concentrations of these 3 PFAS in a sample allows management of the whole group.
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Section 4. Nature and extent of PFAS contamination
in the off-site area

4.1 General

Initial investigations completed at the site in 2019 targeted existing on-site and off-site
environmental monitoring locations (i.e. monitoring wells), with the investigation expanded during
2020 and 2021 to include sampling of private groundwater supply bores at properties up to 12 km
downstream of the site. Monitoring at both monitoring wells and groundwater supply bores has
continued through to 2024 and has been undertaken by EPIC Environmental (EPIC 2020, 2021,
2022a&b, 2023, 2024).

Groundwater sampled at monitoring wells and supply bores reporting concentrations above the
Australian Drinking Water Guideline (0.07 ug/L) (for sum of PFOS and PFHXxS) have been identified
on-site and off-site (PFOS+PFHxS up to 33.5 ug/L (on-site) and 6.59 ug/L (off-site)) (based on
adding maximum PFOS and maximum PFHXS concentrations regardless of well/bore).

Surface water samples collected on and off-site have also reported concentrations above the
Australian Drinking Water Guideline (PFOS+PFHXS up to 0.595 ug/L (on-site) and 0.187 ug/L (off-
site)) (based on adding maximum PFOS and maximum PFHXS concentrations regardless of
location).

In addition, Hydrobiology has undertaken biota sampling along Callide Creek and from Lake Callide
and Lake Kroombit.

The data from the groundwater and surface water sampling in the off-site area and the biota data
have been used in this assessment.

An assessment of data quality assurance and quality control was undertaken and presented in the
various reports of the work prepared by the consultants (EPIC 2020, 2021, 2022a&b, 2024 and
Hydrobiology 2023 and related data tables). These evaluations identified that the data were of
suitable quality for interpretation and these data have been relied on for this assessment.

4.2 Groundwater

Groundwater has been sampled at more than 150 locations both on and off the Callide Power
Station site. The sampling locations include the CS Energy monitoring network (monitoring wells),
QLD Department of Resources monitoring wells and groundwater supply bores on individual
properties in the downgradient area. This assessment focuses on the off-site area so only those
sampling locations located off the power station site have been considered here.

The groundwater sampling locations are shown on Figure 4.1 and a summary of the data for these
locations is provided in Appendix B. Maximum concentrations for individual PFAS at locations
upgradient of the power station site are provided in Table 4.1. Maximum concentrations for
individual PFAS at locations downgradient of the power station site are provided in Table 4.2.

The sampling locations relevant for the off-site area upgradient of the site include MWO01 and MW74
(i.e. monitoring wells). It is noted that MW74 is actually located on the power station site but it is only
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just within the site boundary on the upgradient side of the site so is considered to be representative
of the nature of groundwater coming onto the power station site.

The sampling locations relevant for the off-site area downgradient of the site include MW68, MW69,
MW70, MW72, MW73, MW79, MW80, RN13030692, RN13030126, RN13030127, RN13030697,
RN13030698, RN13030715 and RN13030112.

Groundwater sampling of the monitoring wells (i.e. CS Energy monitoring network and QLD
Department of Resources monitoring wells) occurred in November 2020, February and October
2021, January, March/April, July and October/November 2022 and January, March, June,
September and December 2023 (i.e. up to 12 rounds for some locations) (i.e. data used to respond
to the EE issued by DESI). Not all locations were sampled on all occasions.

Results for the groundwater supply bores are discussed in the refined assessment later in this
report.

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 16| Page
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Table 4.1: Maximum groundwater concentrations at each off-site sampling location —upgradient

Location Maximum Concentration (ug/L)
PFOS | PFHxS PFBS PFPeS PFBA | PFPeA | PFHxA | PFHpS | PFDoDA | PFHpA | PFOA PFNA | 6:2FTS | PFDA | 8:2FTS
MWO01 0.012 0.0140 0.0019 0.04
MW747 0.024 0.364 0.2170 0.15 0.9540 2.24 0.9260 0.0063 0.18 0.0175 0.0007 0.05
Notes:
Bolded - highest of maximum concentrations
N groundwater well on the upgradient side of the Callide power station site just at the boundary — considered representative of groundwater quality arriving at the site

Table 4.2: Maximum groundwater concentrations at each off-site sampling location — downgradient

Location Maximum Concentration (ug/L)
PFOS | PFHxS | PFBS | PFPeS | PFBA | PFPeA | PFHxA | PFHpS | PFDoDA | PFHpA | PFOA | PENA | 6:2FTS | PFDA | 8:2FTS
MW68 0.4590 0.367 0.0767 0.06 0.02 0.017 0.1320 0.0158 0.0032 0.0105 0.042 0.03
MW69 0.0944 0.0173 0.0024 0.0017 0.0187 0.014 0.095 0.001 0.009
MW70 0.3 0.0172 0.0019 0.0011 0.025 0.015 0.048 0.0012 0.003
MW72 0.0113 0.0089 0.0011 0.0012 0.006 ND 0.001
MW73 0.1840 0.0784 0.0074 0.0099 0.02 0.006 0.009
MW79 0.062 0.0378 0.0163 0.0086 0.0053 0.016 0.0025 0.0012 0.0012 0.113
MW80 0.115 0.059 0.0116 0.0089 0.048 0.004 0.004 0.0006 0.02
RN13030692 0.0308 0.0085 0.0039 0.0006 0.004
RN13030126 0.0119 0.0137 0.0013 0.0014 0.01
RN13030127 0.0163 0.0616 0.0414 0.0072 0.0011 0.0011 0.0009 0.096
RN13030697 0.098 0.204 0.0123 0.0255 0.0066 0.006 0.0042 0.0007 0.0017 0.3140
RN13030698 0.008 0.0436 0.0045 0.005 0.0007 0.012
RN13030715 0.0041 0.0048 0.0021 0.001 0.01
RN13030112 0.0259 0.0046 0.005 0.0019 0.006
Notes:

Bolded - highest of maximum concentrations
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4.3 Surface water

Surface water has been sampled at around 50 locations both on and off the Callide Power Station
site. This assessment focuses on the off-site area so only those sampling locations off the power
station site will be considered here.

The surface water sampling locations are shown on Figure 4.2 and a summary of the data for all
these locations is provided in Appendix B. Maximum concentrations for individual PFAS at
locations upstream of the power station site are provided in Table 4.3. Maximum concentrations for
individual PFAS at locations downstream of the power station site are provided in Table 4.4.

The sampling locations relevant for the off-site area upgradient of the site include SW17, SW33,
SW34, SW37, SW39, SW50 and SW51.

The sampling locations relevant for the off-site area downgradient of the site include:

Dunn Creek: SW20, SW36, SW42
Callide Creek: SW02, SW12, SW22, SW40 and SW41.

Surface water sampling occurred in November 2020, January, April/May, October and December
2021, January, March, July and October 2022 and February, June and December 2023 (i.e. up to
12 rounds for some locations). Not all locations have been sampled on all occasions.

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 19|Page
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Table 4.3: Maximum surface water concentrations at each off-site sampling location — upstream

En|RiskS

Location Maximum Concentration (ug/L)
PFOS | PFHxS | PFBS | PFPeS | PFBA | PFPeA | PFHXA | PFHpS | PFDoDA | PEHpA | PFOA PENA | 6:2FTS | PEDA | 8:2FTS
Swi7 0.0185 0.0328 0.0152 0.0072 0.0065 0.0308 0.0171 0.0085 0.0035 0.0008
SW33 0.0144 | 0.0152 | 0.0035 0.037 0.0981 | 0.0320 0.0077
SW34 0.1950 0.25 0.1880 | 0.0528 | 0.8190 3.02 1.38 0.0143 0.706 0.0984 | 0.0189 0.24 0.0013 0.013
SwW37 0.0056 | 0.0046 0.0019
SW39
SW50 0.303 0.294 0.0726 | 0.0517 0.152 0.573 0.317 0.0214 0.144 0.0672 | 0.0112 0.045
SW51 0.0059
Notes:
Bolded — highest of maximum concentrations
Table 4.4: Maximum surface water concentrations at each off-site sampling location — downstream
Location Maximum Concentration (ug/L)
PFOS | PFHxS | PFBS | PFPeS | PFBA | PFPeA | PFHXA | PFHpS | PFDoDA | PFHpA | PFOA | PENA | 6:2FTS | PFDA | 8:2FTS
Callide Creek
SWo2 0.0059 | 0.0134 0.003 0.0018 | 0.0046 0.002 0.0005
SWi12 0.0181 | 0.0594 | 0.0111 | 0.0113 0.002 0.0038 | 0.0019 | 0.0011
SwW22 0.0195 0.0187 0.0048 0.0019 0.0022 0.002
SW40 0.0606 0.0281 0.0082 0.0025 0.0014
Sw41l 0.0339 0.023 0.0047 0.0022 0.0046 0.0011
Dunn Creek
SW20 0.0029 0.002 0.003 0.01
SW36 0.0295
SW42 0.018 0.0242 0.0104 0.0046 0.022 0.0265 0.0138 0.0052 0.002
Notes:
Bolded — highest of maximum concentrations
Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 21|Page
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4.4 Biota

Hydrobiology undertook sampling of biota in the local waterways in February 2023 (Hydrobiology
2023). Samples were collected from Callide Creek up and downstream of the power station and
within Lake Callide and Lake Kroombit. These consultants also looked at the quality of the habitat in
these waterways. Sampling locations are shown in Figure 4.3.

The habitat quality in these waterways was largely classified as good to excellent with good bank
stability based on national guidance. It is noted though that many parts of Callide Creek are
ephemeral waterways so won'’t always have sufficient water to support ecosystems. Water quality
characteristics such as pH, electrical conductivity and dissolved oxygen were also collected. The
dissolved oxygen levels were quite low at most locations based on low flow through the creek during
2022 (Hydrobiology 2023).

Tissue analysis for PFAS was undertaken for fish that might be consumed by people and fish and
other species that may be consumed by birds and mammals.

The species that were considered relevant for consumption by people included:

Barramundi Lates calcarifer (listed in SAQP) (collected at AB2 and AB3)

Crayfish Cherax quadricarinatus (listed in SAQP) (collected at AB1, AB2 and AB3)
Yellowbelly Macquaria ambigua (listed in SAQP) (collected at AB1 and AB8)

Eeltail catfish Tandanus tandanus (additional species identified during sampling) (collected
at AB9, AB1 and AB4)

Hyrtl's catfish Neosilurius hyrtlii (additional species identified during sampling) (collected at
AB9, AB1 and ABS8)

Rendahl’s catfish Porochius rendahli (additional species identified during sampling)
(collected at AB1, AB4 and AB5)

Sleepy cod Oxyeleotris lineolata (additional species identified during sampling) (collected at
AB1 and AB4).

The species that were considered relevant for consumption by birds or mammals included:

Eeltail catfish Tandanus tandanus (listed in SAQP) (none collected)

Eastern rainbowfish Melanotaenia splendida (listed in SAQP) (none collected)
Freshwater mussels Velesunio sp. (listed in SAQP) (none collected)

Spangled perch Leiopotherapon unicolour (listed in SAQP) (none collected)

Freshwater prawn Macrobrachium sp. (listed in SAQP) (collected at AB9, AB1, AB2 and
AB3)

Agassiz’s perchlet Ambassis agassizii (additional species identified during sampling)
(collected at AB9, AB1, AB3, AB4, AB5, AB7 and AB8)

Fly specked hardyhead Craterocephalus stercusmuscarum (additional species identified
during sampling) (collected at AB1, AB2, AB3, AB4, AB7 and AB8)

Freshwater shrimp Atyidae sp. (additional species identified during sampling) (collected at
AB4 and ABY).

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 22|Page
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The results for these samples are listed in Tables 4.5 (human health relevant species) and 4.6
(ecological relevant species).

A total of 42 samples were analysed — 23 samples for human health relevant species and 19
samples for ecological relevant species.

Of the 23 human health related samples, only 5 samples had detections for PFOS. Only 1 sample
had a detection for PFHxS (at the limit of reporting) — i.e. around 20% of samples had
PFOS/PFHxXS.

Of the 19 ecosystem related samples, only 8 samples had detections for PFOS and this was the
only PFAS reported in any of these samples — i.e. around 40% of samples.
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Table 4.5: Results summary PFAS tissue concentrations (ug/kg) — human health relevant

En|RiskS

Location Barramundi Crayfish Yellowbelly Eeltail catfish Hyrtl’s catfish Rendahl’s catfish Sleepy cod
AB1 No PFAS detected No PF;AaSm(;?égzted @ No PFAS detected No PFAS detected 2 pg/kg PFOS only No PFAS detected
AB2 No PFAS detected No PFAS detected (2 No PFAS detected
samples)
AB3 No PFAS detected No PFAS detected
4 ug/kg PFOS
AB4 1 ug/kg PFHXS 16 pg/kg PFOS only 1 pg/kg PFOS only
AB5 44 pg/kg PFOS only
AB7
5-6 pg/kg PFOS only
AB8 (2 samples) 8 pg/kg PFOS only
AB9 No PFAS detected | NO PFAS detected (3

samples)

Table 4.6: Results summary PFAS tissue concentrations (ug/kg) — ecosystem relevant

Location Agassiz’s perchlet Fly specked hardyhead Freshwater prawn Freshwater shrimp
AB1 No PFAS detected No PFAS detected No PFAS detected

AB2 No PFAS detected No PFAS detected

AB3 No PFAS detected No PFAS detected No PFAS detected

AB4 10 pg/kg PFOS only No PFAS detected 3 pg/kg PFOS only
AB5 40 pg/kg PFOS only

AB7 84 pg/kg PFOS only 40 pg/kg PFOS only 31 pg/kg PFOS only
AB8 89 ug/kg PFOS only 68 pg/kg PFOS only

AB9 No PFAS detected

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS
Ref: EPIC/24/CPS001-G
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For the human health relevant species, the results indicate that:

Barramundi and crayfish reported no detections for any PFAS above the limit of reporting at
any location.

Most other species reported detections for PFOS in the range 1-5 pg/kg. These results are
in compliance with the FSANZ trigger value —i.e. 5.2 pg/kg.

Rendahl’s catfish reported higher concentrations above the FSANZ trigger value in a number
of locations (AB4 and AB5).

Rendahl’s catfish reported a detection for PFOS at a location upstream of the Callide Power
Station (i.e. AB1).

A single sample of Hyrtl’s catfish reported a concentration slightly above the FSANZ trigger
value at AB8 - likely within sampling and measurement uncertainty.

For the ecological relevant species, the results indicate that:

4.5

None of these species reported PFOS detections at AB1 (i.e. upstream of Callide Power
Station).

Agassiz’s perchlet reported detections of PFOS at AB4, AB5, AB7 and AB8 with
concentrations increasing going downstream.

Fly specked hardyhead reported detections of PFOS at AB7 and ABS8 only.

Freshwater prawns reported no detections at all for any PFAS at any location.

Freshwater shrimp reported detections for PFOS at AB4 and AB7 — the only locations where
this species could be collected.

Concentrations at AB8 for all species ranged between non-detect and 89 pg/kg.

Uncertainties

The sampling and analysis of environmental media from any site results in some level of error that is
inherent in the data reported. In addition, sampling involves the collection of samples from discrete
locations and inferring the level of contamination between these sampling points. The actual
concentration between the sample points cannot be guaranteed.

This HHERA has considered the available site assessment data on face value and assumed that
the data are representative of the PFAS contamination at the site and in the off-site area and are
suitable for interpretative use.
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Section 5. Ambient/background PFAS

5.1 General

These chemicals are commonly present in soil and water throughout Australia (especially urban
areas) due to the nature of these chemicals, the ways they have been used, their use in common
household products as well as for industrial purposes from the 1940s and the lack of analytical
procedures until the early 2000s.

While they are a group of chemicals that do not naturally exist in the environment, they are
widespread in our environment at low levels.

Therefore, it is important to understand what sort of concentrations might be found in water in areas
where there are no major sources of PFAS — i.e. the ambient/background concentrations.

Concentrations for PFOS in surface water and groundwater in urban areas are mostly within the

range of 0.01 to 0.05 pg/L where there is no specific contamination source such as an airport or

defence base. This range has been based on studies from Victoria, NSW, Western Australia and
Queensland. The studies used are those designed to measure levels in normal urban areas.

The PFAS present in urban waterways come from a range of diffuse and point sources including, for
example:

runoff from around homes where products containing these chemicals have been used
(waterproof clothing, furniture etc)

leaks from sewage collection systems

discharges from sewage treatment plants

discharges/runoff from landfills

use of recycled water for irrigation

emissions/runoff from contaminated sites upstream of a location of interest.

A range of studies have been undertaken in Australia specifically looking at ambient levels of these
chemicals (Allinson et al. 2019; Baddiley et al. 2020; Coggan et al. 2019; Richmond 2022; Sardifia
et al. 2019; Sharp et al. 2021; Szabo et al. 2018; Thompson et al. 2011).

These studies indicate that these chemicals are routinely detected in urban surface waters but may
only be occasionally present in water away from urban areas (i.e. more remote areas). They also
indicate that a wide range of PFAS may be found in urban waters.

The following summaries indicate the investigations that have been undertaken in various
jurisdictions in Australia to determine PFAS concentrations found in the general environment. Data
are available for a larger study in Queensland. Those results are supported by data from studies in
Victoria, NSW and Western Australia.

5.2 Queensland

The largest study of ambient PFAS concentrations in surface waters, sediments and fish (and other
aguatic biota) in Australia has been undertaken in Queensland by the Department of Environment,
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Science and Innovation. The goal of this work was to establish an understanding of
baseline/ambient levels of PFAS in surface waters across Queensland (Baddiley et al. 2020).

Samples were collected at 55 locations along the Queensland coast on 6 occasions over a 1 year
period (May 2019 — March 2020) (Baddiley et al. 2020).

PFOS concentrations throughout Southeast Queensland ranged up to 0.017 pg/L.

Sampling was also undertaken in the Calliope River, Fitzroy River, Auckland Creek and Boyne
River. These waterways are in the area closer to the Callide Power Station. The only PFAS
detected in these water samples was PFOS. The PFOS concentrations ranged from <0.0001 to
0.0005 pg/L —i.e. generally lower than the values in southeast Queensland which is in line with a
lower level of urbanisation in this region (Baddiley et al. 2020).

5.3 Victoria

Victorian studies of PFAS concentrations in surface waters have included sampling in freshwaters,
estuarine areas and in rivers and streams in urban and agricultural areas.

PFOS concentrations ranged:

up to 0.0452 pg/L in a study of a number of freshwater locations

up to 0.0749 pg/L in some estuarine locations

up to 0.1 pg/L in a larger study on rivers and streams in urban or agricultural areas (Allinson
et al. 2019; Baddiley et al. 2020; Sardifia et al. 2019).

Many of the PFAS that were detected in these samples were detected in 100% of the samples —i.e.
every sample on every occasion.

A wide range of other PFAS were also reported in these studies with concentrations ranging up to
0.04 pg/L for each individual chemicals (Allinson et al. 2019; Baddiley et al. 2020; Sardifia et al.
2019).

5.4 NSW

Levels of PFAS have been measured in surface waters collected in Homebush Bay/Parramatta
River (i.e within Sydney Harbour). PFOS concentrations ranged up to 0.021 pg/L. Other PFAS were
detected in these samples with concentrations ranging up to 0.0064 pg/L for individual chemicals
(Baddiley et al. 2020; Thompson et al. 2011).

5.5 Western Australia

Data are also available for ambient levels of PFAS in the Perth Metropolitan Area (Richmond 2022).
PFOS concentrations ranged up to 0.044 pg/L in surface waters and 0.03 pg/L in groundwater.
PFOA concentrations ranged up to 0.038 pg/L in surface waters and 0.034 pug/L in groundwater.
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Section 6. Summary of conceptual site model (CSM)

Investigations undertaken at the Callide Power Station have detected some PFAS compounds in
surface water from upstream of the site, within the site and downstream of the site in Callide Creek.
These investigations also found groundwater had detectable concentrations of some PFAS
compounds upgradient of the site, within the site and downgradient of the site — the main aquifer
that is sourced by local landowners.

These chemicals are likely to be present in these environments due to their historical use in AFFFs
at the Callide Power Station. They are also likely to be present due to activities at sites upgradient of
the power station site including the coal mine where AFFFs are also likely to have been used. They
may also be present due to the use of products containing these chemicals around people’s homes
(e.g. food packaging, water proofed equipment, stain proofed furniture etc).

The PFAS commonly present in older AFFFs such as 3M Lightwater or Ansulite products are
PFOS/PFHXxS or PFOA. It is assumed that historical use of AFFFs would be the main source of
these chemicals at the upgradient locations and at Callide Power Station.

The mix of PFAS present, particularly upgradient of the Callide Power Station, is dominated by short
chain carboxylic acids like PFBA, PFPeA and PFHXA which may reflect the use of more modern
AFFFs or products other than AFFFs.

As discussed in Section 5, PFAS can also be present in urban waterways from a range of diffuse
and point sources including, for example:

runoff from around homes where products containing these chemicals have been used
(waterproof clothing, furniture etc)

leaks from sewage collection systems

discharges from sewage treatment plants

discharges/runoff from landfills

use of recycled water for irrigation

emissions/runoff from contaminated sites upstream of a location of interest.

This HHERA has focused on the assessment/interpretation of the data collected in the area
downgradient of Callide Power Station.

The area is primarily rural and not heavily urbanised so it is assumed that the use of AFFFs at the
industrial sites in the area would be the main source of these chemicals to this environment. This is
supported by the findings of the DESI investigation of ambient levels of PFAS in waterways in QLD
(Baddiley et al. 2020) which found ambient PFOS concentrations in other waterways around this
region in the range <0.0001 to 0.0005 pg/L.

Figures 6.1 and 6.2 illustrate the conceptual site model for groundwater and surface water
respectively. These figures show how it is expected that the PFAS could move from the power
station site (or from sites upgradient of the power station) into the environment (groundwater and
surface water) downgradient — the area where people live and/or undertake agricultural activities.
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The following groups have been identified as present in the area downgradient of the power station:
People

Residents who access groundwater or surface water or consume home grown produce
Farmers who access groundwater or surface water or consume home grown produce

Ecosystems

Aquatic organisms within Callide Creek
Terrestrial organisms in the off-site area

Pathways

Ecosystems or people need to be exposed to a chemical before that chemical can cause any
effects. Exposure pathways describe how a chemical that is present in water or soil or air at a site
could reach a person or organisms.

The pathway by which people are most likely to be exposed to PFAS in water or soil is when they
eat or drink the water or soil or foods grown in that soil or water — i.e. ingestion.

Other pathways that may be important for some chemicals include:

absorption through the skin
inhalation of the chemical when it is present in air.

These 2 pathways are considered minor for PFAS because:

when key PFAS such as PFOS, PFOA are present in natural waters (like Callide Creek) they
are present as negatively charged ions (ATSDR 2021) — chemicals in this form do not easily
cross the skin to be absorbed into the body

the key PFAS have low vapour pressure and are highly water soluble, so they do not
evaporate from water or soil into the air (ATSDR 2021) — if they do not evaporate into the air,
the potential to inhale them is negligible.

As a result, the exposure pathways important for this assessment are:

use of groundwater for drinking (includes all uses of water around the home — e.g. drinking,
cooking, showering, cleaning, backyard garden irrigation)

incidental ingestion of groundwater or surface water during use of water for farming
purposes (i.e. small amounts swallowed from splashes or from wet hands touching the
mouth)

incidental ingestion of groundwater or surface water during other domestic uses of water
(e.g. filling pools, sprinkler play etc) (i.e. small amounts swallowed from splashes or from wet
hands touching the mouth)

consumption of home grown fruit/vegetables which were irrigated with groundwater or
surface water in the area downgradient of Callide Power Station

consumption of home grown eggs, milk or meat from livestock that may have drunk
groundwater or surface water in the area downgradient of Callide Power Station
consumption of fish/seafood that lived in Callide Creek.
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Downstream PFAS migration along Callide Creek (surface water)

e Surface water combines with Kroombit Creek (approximately 28
km downstream of CPS) and discharges to the Don River

PFAS migration from onsite source areas via
surface water.

o Historical mass of PFAS in AFFF released to
ground estimated to be 16.2kg

o Residual mass of PFAS in soils (areas of AFFF
use) estimated to be 4.8kg

Onsite movement of surface water
within Waste Containment Facility

® Residual PFAS mass in onsite surface
water estimated to be 0.1—0.6 kg

(approximately 60 km downstream of CPS) Surface water from mine area
e Mass of PFAS historically released downstream (beyond Jambin e Diverted around Waste Containment Facility

Dakenba Rd) via surface water flow unknown

o Discharges to Callide Creek, with some
infiltration to Alluvial Aquifer

® PFAS mass unknown

Shallow Seepage (surface water)

e Collected as surface water and returned to
Waste Containment Facility (occasional
licenced release)

PFAS migration along Callide Creek (surface water)

e When water levels in the aquifer are low (deep) surface water will infiltrate to groundwater.
e When water levels in the aquifer are high (shallow) surface water will continue to downstream catchment.
e Groundwater may discharge to surface water when water table high (aquifer full)

Figure 6.1




Downstream PFAS migration within alluvial aquifer (groundwater)
e Groundwater combines with Kroombit Creek and Callide Valley aquifers.

e Mass of PFAS historically released downstream (beyond Jambin Dakenba
Rd) via groundwater flow unknown

surface water
ground estimated to be 16.2kg
use) estimated to be 4.8kg

estimated to be 0.1—0.6 kg

PFAS migration from onsite source areas via
e Historical mass of PFAS in AFFF released to
e Residual mass of PFAS in soils (areas of AFFF

e Residual PFAS mass in onsite surface water

Onsite movement of surface water
within Waste Containment Facility

e Residual PFAS mass in onsite surface
water estimated to be 0.1—0.6 kg

PFAS migration along Callide Creek (groundwater)

e PFAS moves along groundwater flow path from
east to west expanding with aquifer.

Bulk water moves within aquifer at 4.2 m/day

e Recharge from surface water may dilute (after
significant rainfall events) or increase (during low
flow) concentrations of PFAS in groundwater.

e PFAS mass in Alluvial Aquifer (between Lake Callide
and Jambin Dakenba Rd) estimated to be 6.8 kg.

Figure 6.2

Deeper Seepage (groundwater)
e Groundwater discharging to alluvial aquifer.

e Estimated 75% seepage recovered and returned to
Waste Containment Facility (surface water)
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Section 7. Toxicity of PFAS to humans

7.1 General
This section outlines the approach used to assess the toxicity of PFAS to human health.

7.2 Approach for chemicals in general

The quantitative assessment of potential risks to human health for any chemical requires the
consideration of the types of effects seen in studies, what doses/concentrations were related to
those effects, and, where possible, mechanisms of action (i.e. how the chemical caused the effect).

Most chemicals have a threshold below which there are no adverse effects. That means there is a
dose or concentration below which no adverse effects are seen because there is not enough of the
chemical in the body to cause enough of a change/enough damage. The threshold is determined by
taking the lowest dose that did not cause effects in a study (typically from animal or human (e.g.
occupational) studies) to which a number of uncertainty factors are applied (based on type of study,
how many studies are available etc). This value is termed the toxicity reference value (TRV). When
intakes / exposures are lower than the TRV, they are considered to not be associated with an
adverse health risk (NHMRC 1999). This is the approach taken for PFAS based on the
understanding of the effects of these chemicals.

Some chemicals have the potential to cause cancer by directly damaging DNA. These chemicals
are described as non-threshold as it is assumed that they could cause some level of effect even at
low doses. While this can be interpreted to mean that there is no safe dose, this is a policy
choice/assumption built into the calculations to ensure risks are not underestimated. It actually
means the risk of effects due to exposure to such a chemical increases with increasing dose or
exposure —i.e. at low exposure, risk is low or even negligible and at high exposure, risk is much
higher. The difference between threshold and non-threshold chemicals is chemicals that act via a
threshold mechanism of action have no risk when exposure is to levels below the threshold while
chemicals that act via a non-threshold mechanism of action have a low risk at low exposure. This
approach does not apply to PFAS as they are dealt with using the approach described above.

Dose-response values (threshold or non-threshold), i.e. TRVs, that are considered relevant to the
characterisation of potential health effects associated with exposure to PFAS have been selected
for this assessment from credible peer-reviewed sources in accordance with the current approved
national guidance from enHealth and NEPC (enHealth 2012a; NEPC 1999 amended 2013e).

A summary of the key health effects and aspects relevant to the identification and selection of
appropriate toxicity reference values for the key PFAS is provided in the following sections. A more
detailed review is provided in Appendix C.

7.3 Human health effects

Toxicological studies using laboratory animals for this family of chemicals have focused to date on
PFOS, PFHxS and PFOA. A more detailed review is provided in Appendix C.
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The following provides a general summary of health effects that have been associated with PFOS
and PFOA (ATSDR 2021; Burgoon et al. 2023):

Various effects have been seen in people and in laboratory animals including effects on the
liver and immune system.

Key PFAS have been shown to be quite long lived in the human body (half life is years)
while they can be eliminated from the body in mice and rats in as little as a few hours.
Doses that cause effects in laboratory animals do vary depending on the species being
studied which is common for many chemicals.

In relation to the key PFAS, this is probably due to the differences in how these chemicals
are removed from the body (i.e. elimination rates).

These differences mean a higher dose is needed to reach the same internal concentration
for species that can easily eliminate the chemicals from their bodies and a lower dose is
needed for species that take much longer to eliminate them. These differences between
species are very obvious for the key PFAS chemicals and make interpreting these studies
difficult.

Many effects in laboratory animals have been linked to how these chemicals interact with a
particular receptor inside cells (peroxisome proliferator-activated receptor (PPAR-&). There
are differences between species in how this receptor gets activated. People are not as
sensitive to this process as rats and mice. This may mean interaction with this receptor is not
the primary mechanism of action in people.

High-dose studies in animals indicate that cancer, developmental delays, endocrine
disruption, immunotoxicity and neonatal mortality are potential effects, but people are not
usually exposed to such high levels.

The following sections provides a summary of the key aspects that specifically relate to the
identification of TRVs for the quantitative assessment of potential health effects in this HHERA.

7.4 Toxicity reference values for PFOS, PFHxS and PFOA

Food Standards (FSANZ) undertook a detailed review of the toxicity of these chemicals. It was
published in April 2017. The values recommended by FSANZ (2017) are listed in Table 7.1.

Further discussion on the toxicity of PFOS, PFOA and PFHXS is provided in Appendix C.
Table 7.1: TRV for PFAS — Australia

PFAS Compound TRV Background intake Reference
PFOS + PFHXS 0.02 pg/kg/day 0.0014 pg/kg/day (7% of the TDI) (FSANZ 2017b)
PFOA 0.16 ug/kg/day 0.00078 pg/kg/day (negligible) (FSANZ 2017hb)

The values listed in Table 7.1 are the values used in this HHERA.

7.5 Human health based screening criteria

In addition to these overarching toxicity reference values, other types of screening criteria have
been developed for use in contaminated land investigations involving PFAS chemicals.

These screening criteria are listed in Table 7.2 and are sourced from the PFAS NEMP guidance
developed by Commonwealth Department of Environment and Energy and State EPAs for soil and
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water as well as the food based criteria developed by FSANZ and drinking water guidelines from the
Commonwealth Department of Health (FSANZ 2017b, 2017c; HEPA 2020; NHMRC 2011 updated
2022). These are the guidelines that have been used in this assessment, where they are relevant.

Table 7.2: Screening Criteria for PFAS — Human Health

Criteria T Screening Criteria
riteria fype PFOS + PFHxS PFOA
Drinking water (ug/L) * 0.07 0.56
Recreational water (ug/L) 2 2 10
Soil (residential with accessible gardens) (mg/kg) 3 0.01 0.1
Soil (residential with minimal soil access) (mg/kg)® 2 20
Soil (public open space) (mg/kg) 2 1 10
Soil (commercial/industrial) (mg/kg) 2 20 50
Sediment (mg/kg) ° 0.01 0.1
Finfish (mg/kg) 0.0052 0.041
Fish liver (mg/kg) 4 0.28 2.24
Crustaceans/Molluscs (mg/kg) * 0.065 0.52
Meat (mg/kg) 4 0.0035 0.028
Milk (mg/kg) * 0.0004 0.0028
Honey (mg/kg) 4 0.033 0.264
Offal (mg/kg) 4 0.096 0.765
Eggs (mg/kg) 4 0.011 0.085
Fruit (mg/kg) * 0.0006 0.0051
Vegetables (mg/kg)* 0.0011 0.0088
Notes:

1 NHMRC Drinking Water Guidelines (NHMRC 2011 updated 2022)

2 NHMRC Recreational Water Quality Guidelines for PFAS (NHMRC 2019)

3 National Environmental Management Plan (HEPA 2020)

4 FSANZ Dietary Assessment (FSANZ 2017c)

5 No sediment guidelines have been developed by relevant authorities as yet. In this case the most conservative screening

guideline for soil has been adopted. It is noted that this screening guideline for soil includes consideration of uptake into
fruit and vegetables (10% homegrown produce) which is clearly not relevant for sediments as such crops will not grow in
sediment. This is, therefore, a conservative screening guideline to adopt. CSIRO researchers have studied sediment
toxicity for PFOS and recommend a value of 0.06 mg/kg based on protection of sediment organisms confirming that the
use of the soil values is conservative (Simpson et al. 2021).

It has been assumed that the soil guidelines can be used to screen the sediment data for this
assessment. It is acknowledged that there may be limitations to this assumption but there are
currently no sediment specific criteria available. In regard to human health, it is likely that exposure
to PFAS in sediments will be lower than that from soils, given the nature of the materials and how
people interact with them (moisture content, washoff etc) so using soil guidelines will be

conservative.

7.6

Recent international assessments

Since the work by FSANZ was completed in 2017, several international agencies have published
updated toxicological reviews for these chemicals. These include the USEPA, WHO, US ATSDR
and EFSA (ATSDR 2021; EFSA Panel on Contaminants in the Food Chain et al. 2020; USEPA
2022a, 2022d, 2023c, 2023a; WHO 2022). Some discussion of the findings of these agencies is

provided in Appendix C.

While updated assessments have been provided by these international organisations, the primary
agency in Australia assessing the potential effects of these chemicals — FSANZ — has determined
that the values determined in 2017 remain appropriate.
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These Australian values (as determined by FSANZ and listed in the PFAS NEMP) have been
adopted in this HHERA. These are the values listed in Tables 7.1 and 7.2.

7.7 Other PFAS

Most international guidelines focus on PFOS and PFOA although this is changing with new
guidance being developed to apply to the sum of groups of PFAS in Europe and the US. Guidelines
in Australia focus on PFOS, PFHxS and PFOA.

There are, however, many other chemicals that may be included in the PFAS chemicals class. For
most of these “other PFAS”, limited data are available to evaluate their toxicity. What is available
indicates that these other chemicals are likely to be less toxic than PFOS and PFOA. Given these
limitations, this assessment has considered the guidelines specifically as indicated in the PFAS
NEMP (HEPA 2020) as well as whether there is any change in the conclusions if the sum of all
PFAS detected in a sample (i.e. total PFAS) is considered. In particular, other PFAS compounds
have been assessed in this HHERA using either the TRV for PFOS+PFHXS for sulfonic acid PFAS
and the fluorotelomers including 6:2 FTS or the TRV for PFOA for carboxylic acid PFAS and other
PFAS (sulfonamides etc)).

7.8 Uncertainties

In general, the available scientific information is insufficient to provide a thorough understanding of
all of the potential toxic properties of chemicals to which humans may be exposed. It is necessary,
therefore, to extrapolate these properties from data obtained under other conditions of exposure
and involving experimental laboratory animals. The majority of the toxicological knowledge of
chemicals comes from experiments with laboratory animals, although there may be interspecies
differences in chemical absorption, metabolism, excretion and toxic response, as is particularly the
case for PFAS compounds. There may also be uncertainties concerning the relevance of animal
studies using exposure routes that differ from human exposure routes. In addition, the frequent
necessity to extrapolate results of short-term or sub-chronic animal studies to humans exposed over
a lifetime has inherent uncertainty.

Overall, the toxicological data presented are considered to be current and adequate for the
assessment of risks to human health associated with the potential exposure to PFOS, PFOA and
PFHxS. The uncertainties inherent in the toxicological values adopted are considered likely to result
in an overestimation of actual risk assessed for long-term or chronic exposures.
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Section 8. Toxicity of PFAS to the environment

8.1 General

This section outlines the approach used to assess the toxicity of PFAS to aquatic and terrestrial
organisms. More detail is provided in Appendix D.

Australian authorities have developed national guidance about how to determine concentrations of
chemicals that are likely to be protective (or concentrations likely to cause effects). These include
guidance on the development of water quality guidelines for aquatic systems and ecological
investigation levels for soil to protect terrestrial systems (ANZECC/ARMCANZ 2000; ANZG 2018;
NEPC 1999 amended 2013a). The approaches outlined in these documents are similar to those
adopted in other countries (CCME 1995, 1998, 2005, 2006b, 2006a, 2007; USEPA 2005b, 2007).

The guidance documents focus on how the Australian authorities developed guideline values for
particular priority chemicals but the approaches provided can also be applied in site specific risk
assessments where chemicals present at a site are not covered in national or international
guidance. These approaches involve the collection and review of information on the toxicity of the
specific chemical of interest to aquatic or terrestrial organisms from the scientific literature.

If toxicity information is available for a sufficient number of organism types, a species sensitivity
distribution (SSD) is developed showing the range of concentrations where organisms show effects.
These distributions allow the calculation of a concentration that is likely to be protective of 95% of
organisms (or some other percentage as specified in the guidance documents — e.g. 99%).

For chemicals where toxicity information is limited, the most sensitive effect concentration is used
with relevant uncertainty factors to determine a protective concentration (i.e. assessment or
uncertainty factor approach).

Ecological guidelines are available for PFOS primarily from Canadian authorities. Some limited
ecological guidelines are available for PFOA but there are no ecological guidelines for most other
PFAS.

For PFAS that have potential to bioaccumulate, this characteristic must be considered in developing
the guideline. For those PFAS that are not bioaccumulative only the potential for direct toxicity
needs to be considered.

To deal with the limited availability of guidelines (in Australia or overseas), the approach adopted for
this HHERA has been:

guidelines for PFOS related to direct toxicity are applicable to all sulfonates as well as the
sulfonamides (if detected) and the fluorotelomers

guidelines for PFOA related to direct toxicity are applicable to all carboxylic acids
guidelines for PFOS related to bioaccumulation into higher organisms (birds and mammals)
are applicable to all PFAS included in this assessment — as noted not all PFAS are
bioaccumulative so making this assumption is conservative.
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8.2 Terrestrial ecosystems

The PFAS NEMP (HEPA 2020) provides direct and indirect exposure soil guidelines for the
protection of terrestrial environments in 2 land use settings — a residential setting and a
commercial/industrial setting.

The PFAS NEMP adopted guidelines directly from Environment Canada (Environment Canada
2017, 2018). Australian authorities have not developed specific terrestrial guidelines due to the lack
of any Australia specific data. This is the approach commonly adopted for all chemicals as Australia
specific data are rarely available.

Guidelines are available for PFOS (for direct toxicity and bioaccumulation — based on dietary items
for mammals and birds) and PFOA (for direct toxicity only). These guidelines are listed in Table 8.1.

Table 8.1: Guidelines for protection of terrestrial environments (HEPA 2020)

Basis of Adopted Guideline Notes

Guideline PEOS PEOA

Soil: Indirect exposure (mg/kg [soil])

Agricultural land 0.01 0.01 L - S . .

- - Guideline for indirect exposure (i.e. includes some consideration
Residential 0.01 0.01 of uptake into plants or animals that may be eaten by other
Parkland and organisms and leaching to and impacts on water quality
recreational 0.01 0.01 [protection of freshwater species]) (Environment Canada 2018;

— - HEPA 2020)
Commercial/industrial 0.14 0.14
Soil: direct toxicity (mg/kg [soil])
Terrestrial 1 10 Guideline for direct exposure for public open space, which is
environments — Soil recommended to be used for all land use scenarios (HEPA 2020)

Terrestrial biota (mg/kg [diet])

Guideline for dietary material consumed by higher organisms (for

Terrestrial species PFAS that are bioaccumulative) as listed in PFAS NEMP. There is

(mammals) 0.0046 0.0046 no value listed for PFOA so the value for PFOS has been adopted
(HEPA 2020).
Guideline for dietary material consumed by higher organisms (for
Terrestrial species 0.0082 0.0082 PFAS that are bioaccumulative) as listed in PFAS NEMP. There is
(birds) ’ ' no value listed for PFOA so the value for PFOS has been adopted

(HEPA 2020).

The guidelines for dietary material are those that apply to food items that may be consumed by
mammals and birds such as fish or invertebrates. They indicate what levels of PFOS can be present
in the food items without causing impacts on the higher organisms. These guidelines were
developed by Environment Canada (Environment Canada 2018).

8.3 Aquatic ecosystems

8.3.1 Guidance for direct effects on aquatic organisms

Australian water quality guideline values indicate the concentration of a chemical that can be
present in the water in which an organism lives without causing impacts. These guidelines are
developed in accordance with national guidance — Warne et al. (2018).
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Determining such guidelines uses data from ecotoxicity studies on a range of aquatic organisms.
Such studies involve exposing a type of organism (i.e. fish, alga, invertebrate) to a number of
different concentrations of the chemical of interest and observing whether the organisms are
impacted in some way. Effects might include reduced growth, reduced reproduction or even death
depending on the chemical and the type of study. The data from these studies are used to calculate
the concentration at which no effects are observed. This is the value used in setting the guideline
value.

Such guidelines have been developed by Australian authorities for PFOS and PFOA using data
from the scientific literature.

8.3.2 Guidance for chemicals that bioaccumulate

In addition to direct effects on aquatic organisms, potential for chemicals to bioaccumulate must
also be considered.

Bioaccumulation is the term that describes when a chemical accumulates inside an organism
because the chemical is taken up by the organism faster than it can excrete or break down the
chemical®.

Most chemicals get taken up by organisms, but they do not accumulate inside the organism
because there are mechanisms to remove them (excretion) or to break them down into their
component parts (metabolism/break down). Chemicals that bioaccumulate are ones that are not
easy to remove from the organism or they are difficult to break down into their component parts or
both.

The most common PFAS have this characteristic, so it is important that this potential is considered
appropriately in any risk assessment. These most common PFAS (i.e. PFOS, PFOA, PFHXxS) are
not the only chemicals that might bioaccumulate. Other examples include DDT and PCBs.

The ANZG guidance material provides the following information on how to consider bioaccumulation
for all chemicals that might have this characteristic:

Dietary accumulation can be an important route of uptake for some chemicals, and it will
need to be addressed in future revisions of the Guidelines

There is currently no formal and specific international guidance for incorporating
bioaccumulation into water quality guidelines

For those chemicals that have the potential to bioaccumulate, the decision scheme provides
for site-specific re-assessment of this issue if suitable data become available. Field
investigations of residue levels in appropriate organisms may provide additional evidence for
whether or not bioaccumulation is an issue at the site under study

In the absence of such local data, a higher level of protection is recommended (e.g. 99%
protection for slightly—moderately disturbed systems instead of 95%) (ANZECC/ARMCANZ
2000).

3 https://cfpub.epa.gov/si/si_public record Report.cfm?dirEntryld=349938&Lab=CCTE
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The last dot point about the adoption of the 99% protection trigger value notes that this is not the
preferred approach recommended by ANZECC. However, it often represents the default position
adopted for most contaminated land sites.

The use of the 99% protection trigger value is a policy decision that does not include specific
consideration of scientific information relating to bioaccumulation processes (i.e. does not actually
assess the potential for bioaccumulation in aquatic organisms). The “step up” of a protection level is
simply a trigger for more careful and detailed assessment as the chemical has been identified to be
bioaccumulative.

There are a number of other options to address potential for accumulation including:

Modelling based on characteristics of the chemical
Sampling and analysis of biota from the area of interest.

The use of models to consider potential for bioaccumulation for PFOS or PFOA is not
straightforward as the characteristics of these chemicals do not work well in the models that are
available. Where modelling and monitoring has been undertaken results have not been consistent.

Sampling and analysis of field samples from the area of interest helps determine whether organisms
are actually being exposed to chemicals like PFOS in a form that can get into their systems and be
accumulated. This approach also has limitations/issues in relation to the practicalities of catching
the organisms and the ethics of collecting organisms for analysis.

When considering biota monitoring, it is important to recognise that such monitoring involves killing
organisms. That means the monitoring causes actual harm to the waterway which can be
acceptable under certain circumstances (such as needing to understand the risks in a particular
situation) as has been undertaken for this assessment. Ongoing monitoring of biota is, however,
unlikely to be acceptable. Such monitoring is covered by animal ethics legislation in most states
including Queensland* which requires such monitoring be undertaken only for justifiable scientific
purposes (i.e. information cannot be obtained using surrogate processes) and that it be undertaken
by appropriately qualified staff with appropriate permits as per the legislation. It is also important to
consider the size of the waterway under investigation. Small waterways may be difficult to sample
due to small population size or lack of species altogether. It is also important to not collect so many
samples from such waterways that they are “fished out”.

Regardless, it is important to use an approach or approaches that consider the potential for
bioaccumulation in aquatic organisms that may impact on mammals or birds that consume fish/
invertebrates from a waterway that may contain elevated levels of PFAS.

The currently preferred approach for sites where PFOS may be present is to use the 95% protection
trigger value to determine if there is a potential for direct toxicity to aquatic organisms and to use
field sampling of aquatic biota to assess the potential for bioaccumulation and secondary poisoning.

In this case, screening has used both 99% and 95% species protection guidelines and aquatic biota
sampling has been undertaken to provide a more detailed picture in regard to bioaccumulation.

4 https://www.business.gld.gov.au/industries/farms-fishing-forestry/agriculture/livestock/animal-welfare/animals-science/using-animals
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8.3.3 Guidelines for PFOS and PFOA

There were no trigger values for PFOS and PFOA in the ANZECC/ARMCANZ guidelines published
in 2000 or the online system launched in 2018 5.

Between 2016 and 2018, various state regulatory authorities published guidelines for investigating
PFAS contaminated sites including draft WQG for PFOS and PFOA that were based on draft
determinations by ANZECC. The supporting information about how these values were determined
was released to regulators for comment but has never been publicly released (EPA Victoria 2019b;
NSW OEH 2017; WA DER 2017a). The demand for guidance during this time period was
significant, so it is understandable that these draft values were adopted.

These draft values are listed in Table 8.2.

Table 8.2: Guidelines for PFOS and PFOA - protection of freshwater ecosystems (HEPA

2020)
Species Protection Value PFOS (ug/L) PFOA (ug/L)
High conservation value systems (99% species protection) 0.00023 19
Slightly to moderately disturbed systems (95% species protection) 0.13 220
Highly disturbed systems (90% species protection) 2.0 623
Highly disturbed systems (80% species protection) 31 1,824

These values are listed in the current version of the PFAS NEMP and are recommended for
screening both fresh and marine waters (HEPA 2020).

These guideline values, however, have never been finalised by the technical committee that
oversees these ecosystem protection based guidelines. This is because a range of technical issues
have been raised about the calculation of the values for PFOS. The values for PFOA have not been
considered flawed.

The issues for these PFOS values from 2016 were:

problems with the application of the statistical analysis to the dataset for PFOS
new data that should be included in the dataset
older data that should be removed from the dataset.

Further discussion about the wide range of technical issues that have arisen when reviewing the
original draft Australian guidelines for PFOS and the currently proposed updated draft guidelines is
provided in Appendix D.

CSIRO scientists have undertaken a number of recalculations of the 99% species protection value
for PFOS to try and address some of these issues. These recalculations have resulted in 99%
species protection values for PFOS of around 0.05 ug/L (Batley et al. 2018; Page et al. 2019).

As is normal practice, the technical committee that oversees the water quality guidelines issued a
new draft value for PFOS in May 2023 as a draft for public consultation. Comments closed in

5 www.waterquality.gov.au
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August 2023 and the comments received are currently being considered prior to finalisation of the
guideline for official release and implementation.

The new draft 2023 guidelines for PFOS provided for consultation were those listed in Table 8.3.

Table 8.3: Newly released draft Australian water quality guidelines for PFOS (ANZG 2023)

Species protection level 2023 draft PFOS water quality guideline (pg/L)
99% 0.0091

95% 0.48

90% 2.7

80% 17

Further changes to the dataset and the statistical tools are currently being considered by the
oversight committee (discussed in Appendix D). If these changes are implemented the water
guality guidelines listed in Table 8.4 could be listed in the future for PFOS.

Table 8.4: Recalculated Australian water quality guidelines for PFOS using new software and
SERDP study data (ANZG 2023)

Species protection level Draft PFOS water quality guideline (ug/L)
99% 0.03
95% 0.7
90% 2.7
80% 13

There are no specific guidelines in Australia for soil, water or sediment based on ecological
protection for PFAS other than PFOS and PFOA.

The PFAS NEMP recommends the use of guidelines for PFOS for screening PFHXS in regard to
ecological protection but national guidance does not address any other PFAS.

In situations where chemicals other than PFOS, PFHXS or PFOA contribute significantly to the
PFAS profile present at a site, other PFAS are often screened using the guidelines for PFOS.

This is on the basis that, where data are available for both PFOS and other relevant PFAS, the
values for PFOS are more stringent than for the other PFAS (e.g. PFOS and PFOA water quality
guidelines). Meeting the guidelines for PFOS will, therefore, be expected to be
protective/conservative.

Regardless of the potential for the PFOS guideline to be changed by Australian authorities, the
water quality guideline values adopted for this assessment are those listed in Table 8.2 —i.e. the
values currently recommended for use in site investigations by the PFAS NEMP (HEPA 2020).
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Section 9. Screening assessment

9.1 General

This section presents a screening risk assessment of the data for the various media sampled for the
off-site area downstream of Callide Power Station. The aim of the review is to identify whether
PFAS chemicals are present at levels requiring more detailed evaluation of risk.

9.2 Screening - Groundwater

9.2.1 Human health

Groundwater in this area may be extracted for drinking water so the relevant screening criteria for
human health are those for drinking water use. In addition, the groundwater may be extracted for
uses around a farm or around a home and so the recreational water use guidelines are relevant.

The maximum groundwater concentrations in the monitoring wells reported in this investigation have
been reviewed against the relevant screening criteria noted in Section 7.

The chemicals listed are only the key PFAS with guidelines published in the PFAS NEMP (HEPA
2020).

All of the other PFAS where at least 1 sample contained that chemical at a concentration above the
limit of reporting (i.e. where individual PFAS were detected) have been discussed in Section 10.5.4.

The screening assessment for groundwater (human health) is shown in Table 9.1.

Table 9.1: Screening risk assessment — groundwater

Maximum

Maximum Screening criteria

Detected PFAS

Concentration —
upgradient (ug/L)

Concentration —
downgradient

(Hg/L) -
recreational

Screening criteria
(Mg/L) — drinking

(ug/L)
Chemicals in Australian Guidance (PFAS NEMP)
PFOS+PFHxS 0.388 0.826 2 0.07
PFOA 0.0175 0.0105 10 0.56

Notes:

Screening criteria used here are from Table 7.2

ND = not detected

The maximum concentration for PFOS+PFHXS is below the recreational water use guideline for
PFOS but above the drinking water guideline. The maximum concentration for PFOS+PFHXS is
lower in the upgradient monitoring wells compared to the downgradient monitoring wells.

The maximum concentration for PFOA is similar in the upgradient monitoring wells and the
downgradient monitoring wells. The maximum concentration for PFOA is below both the drinking
water guideline and the recreational water use guideline.

Given that the groundwater in the downgradient area may be used for drinking a refined
assessment is required, where maximum concentrations are above drinking water guidelines. This
refined assessment is provided in Section 10.2.

In addition, Hydrobiology (2023) collected relevant fish that might be consumed by people caught in
Callide Creek. The results for these aquatic biota data are screened in Section 9.4 using the
screening guideline provided by FSANZ for PFOS in fish to be consumed by people.
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9.2.2 Ecological

The maximum groundwater concentrations in the monitoring wells reported in this investigation have
been reviewed against the relevant screening criteria noted in Section 8.

The chemicals listed are only the key PFAS with guidelines published in the PFAS NEMP (HEPA
2020).

All of the other PFAS where at least 1 sample contained that chemical at a concentration above the
limit of reporting (i.e. where individual PFAS were detected) have been discussed in Section 10.5.4.

The screening assessment for groundwater (ecological) is shown in Table 9.2.

Table 9.2: Screening risk assessment — groundwater

Maximum Maximum Screening criteria— | Screening criteria —
Detected Concentration — Concentration — ecological (95% ecological (99%
PFAS upgradient (ug/L) downgradient (ug/L) species protection) | species protection)
(ng/L) (ng/L)
PFOS 0.024 0.4590 0.13 0.00023
PFOA 0.0175 0.0105 220 19

Notes:

Screening criteria used here are from Table 8.2

ND = not detected

For PFOS, the maximum concentrations in the monitoring wells up and downgradient of the site are
above the 99% species protection water quality guideline.

For PFOA, the maximum concentrations in the monitoring wells up and downgradient of the site are
in compliance with both the 95% and 99% species protection values and require no further
assessment.

Refined assessment of the groundwater concentrations for PFOS is provided in Section 11.

It is noted that the Australian water quality guidelines indicate that the 99% species protection value
is to be used as a trigger for a more specific assessment of bioaccumulation in aquatic organisms
collected in the waterway of interest.

Such sampling was undertaken for this site. Hydrobiology (2023) collected fish and invertebrates in
relevant surface water bodies to which groundwater may discharge. These data are screened in
Section 9.4.

9.3

9.3.1 Human health

Surface water on the site is not extracted for drinking water so the relevant screening criteria for
human health for the surface water samples are the recreational water use guidelines.

Screening - surface water

People could come into contact with surface water in Callide Creek, Dunn Creek and the other
waterways when walking, wading, fishing or during other types of recreation. For these uses, the
recreational criteria are appropriate.

Drinking water guidelines have also been considered as some waterways such as Lake Callide are
used as a drinking water source, however, the concentrations in Lake Callide are much lower than
the smaller waterways where recreation may occur.
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The maximum surface water concentrations reported in this investigation have been reviewed
against the relevant screening criteria noted in Section 7.

The chemicals listed are only the key PFAS with guidelines published in the PFAS NEMP (HEPA

2020).

All of the other PFAS where at least 1 sample contained that chemical at a concentration above the
limit of reporting (i.e. where individual PFAS were detected) have been discussed in Section 10.5.4.

The screening assessment for surface water (human health) is shown in Table 9.3.

Table 9.3: Screening risk assessment — surface water

Maximum Maximum . o
. . Screening criteria . L
Detected PEAS concentration Concentration (Wg/L) — Screening criteria
upstream of the downstream of the . (ng/L) — drinking
. . recreation
power station (ug/L) | power station (ug/L)
PFOS+PFHXS 0.597 0.12 2 0.07
PFOA 0.0984 0.002 10 0.56
Notes:

Screening criteria used here are from Table 7.2

For PFOS+PFHXxS, the maximum concentrations in surface water are lower in the downstream
sampling locations compared to the upstream sampling locations. The maximum concentrations are
below the recreational water use guideline for PFOS for all locations. The maximum concentrations
of PFOS+PFHXS in the downstream locations are also higher than the drinking water guideline.

For the PFOA, all maximum concentrations in surface water are lower in the downstream sampling
locations compared to the upstream sampling locations. The maximum concentrations for PFOA are
below the recreational water use guideline and the drinking water guideline.

Given that there are surface water bodies where water may be taken for drinking, a refined
assessment is required where maximum concentrations are above drinking water guidelines. This
refined assessment is provided in Section 10.3.

In addition, Hydrobiology (2023) collected relevant fish that might be consumed by people caught in
Callide Creek. The results for these aquatic biota data are screened in Section 9.4 using the
screening guideline provided by FSANZ for PFOS in fish to be consumed by people.

9.3.2 Ecological

The maximum surface water concentrations reported in this investigation have been reviewed
against the relevant screening criteria noted in Section 8.

The chemicals listed are only the key PFAS with guidelines published in the PFAS NEMP (HEPA
2020).

All of the other PFAS where at least 1 sample contained that chemical at a concentration above the
limit of reporting (i.e. where individual PFAS were detected) have been discussed in Section 10.5.4.

The screening assessment for surface water (ecological) is shown in Table 9.4.
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Detected PFAS

Maximum
concentration

Maximum
Concentration

Screening criteria
— ecological (95%

Screening criteria
— ecological (99%

upstream of the downstream of the species species
power station (ug/L) | power station (ug/L) | protection) (ug/L) | protection) (ug/L)
PFHXS 0.294 0.0594
PFOS 0.303 0.0606 0.13 0.00023
PFOA 0.0984 0.002 220 19

Notes:

Screening criteria used here are from Table 8.2

As noted above (Section 9.3.1), the maximum concentrations for PFOS, PFHxS and PFOA were
higher upstream of the Callide Power Station site.

For PFOS and PFHxS, maximum concentrations are above the 99% species protection water
guality guideline for PFOS. For the upstream sampling locations, the maximum concentrations for
PFOS and PFHXS are also above the 95% species protection value.

For PFOA, maximum concentrations are in compliance with both the 95% and 99% species
protection values and require no further assessment.

Refined assessment of the surface water concentrations is provided in Section 11.

It is noted that the Australian water quality guidelines indicate that the 99% species protection value
is to be used as a trigger for a more specific assessment of bioaccumulation in aquatic organisms
collected in the waterway of interest.

Such an assessment has been undertaken for this site. Hydrobiology (2023) collected relevant fish
and invertebrates in relevant surface water bodies to which groundwater may discharge. These data
are screened in Section 9.4.

9.4

9.4.1 General

Screening — aquatic biota

Many PFAS have the potential to bioaccumulate in organisms and magnify up food chains,
especially PFOS, PFOA and PFHxS (UNEP 2006, 2016).

Bioaccumulation occurs because organisms take in these chemicals through the food and water
they consume (this is common for most chemicals not just PFAS) but are not able to remove them
from their bodies quickly enough so concentrations build up over time. Different organisms
accumulate PFAS at different rates because some types of organisms can remove these chemicals
from their bodies more quickly.

Given that the key PFAS (i.e. PFOS, PFHxS and PFOA) have this characteristic, it is important to
assess the potential for organisms or people to be exposed to elevated levels of PFAS in fish or

other seafood.

Many of the other PFAS (discussed in Section 10), are not bioaccumulative (i.e. organisms can

taken them in and remove them so they do not accumulate).

As discussed above, Hydrobiology undertook appropriate sampling of fish and invertebrates in
Callide Creek, Lake Callide and Lake Kroombit (Hydrobiology 2023).
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9.4.2 Human health

PFOS was almost the only PFAS detected in any of the fish samples. It was not detected in every
sample. It was detected in a small number of fish samples for fish that people might catch and eat.
PFHXS was detected in a single sample at the limit of reporting. No other PFAS were reported
above the limit of reporting in any sample.

The relevant screening criteria for PFOS concentrations in fish (or other seafood) that people may
eat is the FSANZ trigger point for fin fish (FSANZ 2017c) — as listed in Table 7.2.

The trigger point is 5.2 pg/kg for PFOS + PFHXS individually or combined. This health based
screening guideline for consumption of fish is based on a small child eating a large portion of fish on
every day of the year (FSANZ 2017c).

AB2 and AB3 are sampling locations within Lake Callide. No fish samples collected at AB2 or AB3
reported any detections for any PFAS including PFOS.

For the species that were relevant for consumption by people:

Barramundi and crayfish (samples collected at AB1, AB2, AB3) did not contain detectable
levels of any PFAS at any location.

Yellowbelly (samples collected at AB1 and AB8) had detections for PFOS only at 1 sampling
location (AB8). The concentration was in compliance with the FSANZ trigger value for fish of
5.2 pg/kg.

Eeltail catfish (samples collected at AB1, AB2, AB4 and AB9) had detections for PFOS and
PFHxS at 1 sampling location (AB4). The detections were in compliance with the FSANZ
trigger value for fish of 5.2 ug/kg.

Sleepy cod (samples collected at AB1 and AB4) had detections for PFOS only at 1 sampling
location (AB4). The detection was in compliance with the FSANZ trigger value for fish of 5.2
Ha/kg.

Hyrtl’'s catfish (samples collected at AB1, AB8 and AB9) had no detections of any PFAS at 2
of the locations where it was collected but had a detection of 8 pug/kg at 1 location. This
concentration is slightly above the FSANZ trigger point so further discussion has been
provided in Section 10.4.

Rendahl’s catfish (samples collected at AB1, AB4, AB5) had detections for PFOS in all
samples at all locations with concentrations ranging from 2-44 ug/kg. The results for
samples collected at AB4 and AB5 were above the FSANZ trigger point so further discussion
has been provided in Section 10.4.

9.4.3 Ecological

For the samples collected to assess potential ecological risks, only PFOS was detected. No other
PFAS were reported above the limit of reporting in any sample.

The PFAS NEMP provides guidelines for screening PFAS in smaller organisms likely to form the
diet of birds or mammals to check for potential for secondary poisoning/impacts due to
bioaccumulation (HEPA 2020). The guidelines recommended are 4.6 pg/kg for organisms that might
be consumed by mammals and 8.2 pg/kg for organisms that might be consumed by birds. These
guidelines were developed by Environment and Climate Change Canada (Environment Canada
2017, 2018) and were adopted unchanged by Australian authorities.
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They are based on toxicity reference values (TRVS) relevant for birds and mammals plus
assumptions about food ingestion rate to body weight ratios (Environment Canada 2017, 2018).

The screening guideline for birds assumes that a bird will consume almost its entire body weight
every day of the fish or other seafood relevant for this site — the food ingestion rate to body weight
ratio assumed is 0.94 (i.e. they consume 94% of their body weight every day) (Environment Canada
2017, 2018).

For the mammals, the food ingestion rate to body weight ratio is assumed to be 0.24 (i.e. they
consume around 25% of their body weight per day of the fish/seafood in Callide Creek)
(Environment Canada 2017, 2018).

In addition, both of these guidelines include an uncertainty factor of 100 in calculating the toxicity
reference value (TRV). Environment Canada did not include this uncertainty factor when they
calculated soil quality guidelines due to some inconsistency in their national guidance. These dietary
guidelines are, therefore, conservative.

For the species that were relevant for consumption by birds and mammals:

Agassiz’s perchlet were collected in all locations apart from AB2 and AB9. Concentrations
ranged from non-detect (AB1/AB3) to 89 pg/kg at AB8 — i.e. concentrations increasing going
downstream along Callide Creek.

Fly specked hardyhead were collected in all locations apart from AB5 and AB9. Most
locations did not report detections of PFOS (or any other PFAS). Only AB7 and AB8
reported detections for PFOS and ranged from 40-68 pg/kg.

Freshwater prawns were collected at AB1, AB2, AB3 and AB9 only. No PFOS or any other
PFAS were detected in any samples.

Freshwater shrimp were collected at AB4 and AB7 only. PFOS was detected in both of these
samples with the concentration at AB4 being 3 ug/kg and at AB7 being 31 ug/kg.

Almost all of the maximum concentrations of PFOS detected in these species were above the PFAS
NEMP screening criteria for both birds and mammals so further discussion has been provided in
Section 11.

9.5 Refinement of conceptual site model (CSM)

Comparison of maximum upstream or upgradient concentrations in groundwater or surface water
with the maximum downstream or downgradient concentrations shows that the concentrations
entering the Callide Power Station site (or traversing around the site) (i.e. upstream/upgradient) are
higher for most of the individual PFAS than the concentrations downstream/downgradient of the
site.

For groundwater, PFOS and 6:2 FTS are the only PFAS which have a significantly higher maximum
concentration downgradient of the site. For surface water, the maximum concentrations downstream
of the site are much lower than those present upstream of the site.

The focus of this assessment is the contribution made by Callide Power Station to the presence of
these chemicals in the off-site area downgradient. As a result, the refined assessments in Section
10 and Section 11 of this assessment have focused on the presence of PFOS and 6:2 FTS as the
key PFAS.
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Section 10. Refined assessment — human health

10.1 Background

Callide Creek is a small creek in a rural area as shown in the following photos of the biota sampling
locations within the creek line (Hydrobiology 2023). It is not an area that would be subject to
commercial fishing, given creek size and accessibility constraints. The photos included in Figure
10.1 show some views of the creek and the 2 dams.

AB1 — upstream Callide Creek — native
vegetation and roads

AB2 — Lake Callide — reservoir, natural
vegetation, roads, residential and
farming
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AB3 — Lake Callide — reservoir, natural
vegetation, roads, residential and
farming

AB4 — Callide Creek below dam
spillway — native vegetation, wetland
and road/access tracks

AB5 — downstream Callide Creek —
native vegetation, wetland, farming

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 50|Page
Ref: EPIC/24/CPS001-G



En|RiskS

AB7 — downstream Callide Creek —
wetland and native vegetation partially
cleared for road infrastructure. Irrigated
cropping upstream and piggery
downstream.

AB8 — downstream Callide Creek/
Callide Weir — native vegetation and
wetland area with grazing and farm
infrastructure.

AB9 Lake Kroombit Dam

Figure 10.1: Photos of the various biota sampling locations along Callide Creek
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DESI defined relevant environmental values for the Callide Creek system in 2011°. The relevant
values for this system include that water should be suitable for:

aquatic ecosystems
irrigation

farm supply

stock watering
consumption of seafood by people
primary recreation
secondary recreation
visual appreciation
drinking water
industrial uses
cultural/spiritual values.

The nature of the habitats in the creek and the types of food that are present in the creek define
what species of fish might inhabit the creek and the potential for them to be useful for consumption
by people. It is considered that the species in Callide Creek that might grow to sufficient size to
comply with relevant minimum legal size requirements for recreational fishing will be limited.
Therefore, it is not expected that people would fish in this creek system to provide a routine part of
their diet. This applies regardless of whether any organisms present in the creek contain
contaminants like PFAS or not.

Lake Callide, on the other hand, is stocked with fishable species and fishing occurs there regularly.
All samples collected from Lake Callide did not contain any measurable levels of PFAS.

10.2 Use of groundwater

10.2.1 General

Water is sourced from Lake Callide to provide drinking water to Biloela. In addition, groundwater
may be extracted from supply bores for a range of activities on properties downgradient of the
power station including the provision of water for drinking and other domestic/household purposes.

The screening assessment for groundwater and surface water in Section 9 notes that the maximum
concentrations for some of the individual PFAS are above the relevant drinking water guideline. This
triggers a more detailed or refined assessment.

The first step in undertaking a refined assessment is understanding how drinking water guidelines
are determined for the NHMRC Australian Drinking Water Guidelines (NHMRC 2011 updated 2022).

§ https://environment.des.qld.gov.au/management/water/policy/fitzroy-basin
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10.2.2 NHMRC approach

The NHMRC guidelines provide the methodology for determining drinking water guidelines. The
approach taken is covered by the following equation:

Drinking water guideline
= (reference dose * body weight
* source contribution)/(water ingestion rate)

The calculation assumes:

Water ingestion rate = 2 L of water from the same source per day every day for their lifetime
Body weight = 70 kg (a conservative choice for this type of calculation)

Reference dose = toxicity reference value (TRV) for the chemical of interest

Source contribution = only 10% of the toxicity reference value (TRV) can come from
drinking water.

Assuming drinking water can only make a 10% contribution to a person’s total exposure to a
particular chemical is appropriate when setting national guidelines that cover all situations across
Australia. It acknowledges that there are many pathways by which a person may be exposed to a
particular chemical, not just drinking water. Because that cannot be accounted for in a national
generic guideline, the guideline limits the proportion of the toxicity reference value that can come
from drinking water.

It is source contribution part of the calculation that can be adjusted when a site specific assessment
is being undertaken for a particular location — as part of a multi-pathway assessment. This is
because such an assessment specifically considers all the different ways people may be exposed at
a particular location.

10.2.3 Multi-pathway assessment

A multi-pathway assessment considers all of the potential exposure pathways by which a person
can be exposed. One of those pathways can be ingestion of drinking water but this type of
assessment also includes consideration of all the other ways a person may be exposed.

For this assessment, the following exposure pathways are relevant for consideration in regard to the
groundwater and/or surface water downgradient/downstream of Callide Power Station:

ingestion of groundwater for drinking (drinking water guidelines include use of water for
cooking, showering and other uses of water around the home as well as drinking)
incidental ingestion of groundwater during use of water for farming purposes

incidental ingestion of groundwater during domestic uses of water (e.qg. filling pools, sprinkler
play, cleaning etc)

consumption of home grown fruit/vegetables which may contain PFAS due to irrigation by
groundwater

consumption of home grown eggs, milk or meat which may contain PFAS due to stock
watering using groundwater (and/or irrigation of fodder)

incidental ingestion of surface water while recreating (swimming/boating) in Callide Creek
consumption of fish/seafood from Callide Creek.
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A figure showing all the ways people might be exposed to PFAS when these chemicals are present
in the environment is provided in the PFAS NEMP (HEPA 2020). The figure is shown below in
Figure 10.2.

Human Health
Exposure

Figure 10.2: Example conceptual site model showing all the exposure pathways that might
be relevant for this assessment

A multi-pathway assessment is the name applied when all of the pathways relevant at a site are
considered, evaluated and added together to determine the potential exposure of a person living in
that environment. This total exposure is then compared to the toxicity reference value.

These multi-pathway assessments are discussed in the current approved national guidance for
health risk assessments in Australia from enHealth (enHealth 2012a). Such calculations are also
documented in detail by the USEPA for use when assessing large industrial developments (USEPA
2005a) and some of the information in this US guidance document can be useful to support the
approach recommended in Australia.

The multi-pathway assessment approach has been adopted here to fully consider all the ways
people living and working in the area downgradient/downstream of Callide Power Station might be
exposed.

The generic equations to calculate risk for each of these pathways are:

Daily chemical intake
= concentrationx (IR x Fl x Bx CF x EF x ED)
J/(BW x AT)

Risk
= (daily chemical intake)
/(toxicity reference value (adjusted for background exposure) )
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where:
IRdw = ingestion rate for drinking water (L/day)
IRiw = incidental ingestion rate for water during recreation or farming uses (L/day)

IRfood = ingestion rate of relevant type of food (kg/day)

FI = fraction ingested from the site for water/food

B = oral bioavailability (unitless, expressed as a fraction of 1)

CF = conversion factor of 1x10 to convert mg to kg (where required)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time for threshold contaminants (days) (i.e. ED x 365 days for oral/dermal exposures)
TRV = toxicity reference value relevant for the chemical

BI = background intakes relevant to oral/dermal or inhalation exposures (from sources other than soil or

groundwater at the site, which include food, water, air and consumer products where relevant) (as % of
the TRVX) (assumed to be 10% for these PFAS)

The values to be used for these parameters in this assessment are listed in Table 10.1.
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Parameter Young children Adults
BW Body weight (kg) 15 70
EF Exposure frequency (days/year) 365 365
; 3 6 29
ED Exposure duration (years) As per (enHealth 2012b) and ASC NEPM (NEPC 1999 amended 2013d) for all above
AT Averaging time (days) Threshold = ED x 365 days/year; Non-threshold = 70 years x 365 days/year
Concentration of chemical substance in media of relevance (groundwater, . .
Cu surface water, fruit and vegetables, eggs, meat, milk) (ug/L or mg/kg) Concentrations as per Section 10.2.4
IRdw Ingestion rate — drinking water (L/day) As per (NFIMRC 2%11 Updated 2022)
0.02 (farm activities or domestic/recreational uses (e.g. sprinkler play/ filling pools)
IRiw Ingestion rate — incidental ingestion (L/day) 0.2 (swimming in Callide Creek)
As per (NHMRC 2008; NRMMC 2006)
Fruit (kg/day) 0.18 0.14
Green vegetables (kg/day) 0.055 0.1534
Root vegetables (kg/day) 0.017 0.0468
Tuber vegetables (kg/day) 0.028 - 0.0598
as per ASC NEPM (NEPC 1999 amended 2013d) for all of fruit & vegetables
IRfood Eqgs (kg/day) 0.036 | 0.059
Y Ingestion rate of eggs per day — P90 consumption for consumers from FSANZ (FSANZ 2017c)
Meat (kg/day) 0.085 | 0.16
Ingestion rate of beef per day — P90 consumption (FSANZ 2017c) Relevant for home slaughtered meat
Milk (kg/day)! 1.097 | 1.295
Ingestion rate of milk per day — P90 consumption (FSANZ 2017c) Relevant for on farm produced milk
Fruit and vegetables 35% | 35%
Standard conservative assumption for rural residential production
Eggs 100% | 100%
Assume all eggs consumed are home-produced
Fi Vieat 35% [ 35%
Conservative assumption?
Milk 100% | 100%
Assume all milk consumed on farm is produced at the farm
. . . . . . 100% | 100%
B Bioavailability or absorption of chemical substance via ingestion Conservalive assumption — maximum possible
Notes:
1 Even though milk is a liquid the intake rate is expressed here in terms of kg/day for ease of calculation
2 A conservative assumption has been made that up to 35% of a person’s intake of meat across a year has been derived from livestock produced at the farm at which a person is living (i.e. home
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livestock may be killed and consumed on a property but that meat cannot be sold/traded or bartered and cannot be taken off the property https://www.safefood.gld.gov.au/home-kill-legislation-
in-queensland/?keyword=HOME %20 .

3 The standard exposure duration assumptions as recommended in the ASC NEPM are listed here. It is noted that, because PFAS act via a threshold mechanism, this parameter cancels out in
the calculation (i.e. ED is in the numerator and AT=EDx365 days is in the denominator). Therefore, even if a person has lived in this area for much longer than 35 years, the risk estimates
calculated in this assessment would be the same regardless of how many years is assumed for the calculation — i.e. the risk estimates are still the same for longer exposure durations.

57|Page

Human Health and Ecological Risk Assessment: Callide Power Station — PFAS
Ref: EPIC/24/CPS001-G


https://www.safefood.qld.gov.au/home-kill-legislation-in-queensland/?keyword=HOME%20
https://www.safefood.qld.gov.au/home-kill-legislation-in-queensland/?keyword=HOME%20

En[RiskS

10.2.4 Relevant environmental concentrations

The investigations by EPIC Environmental have divided up the area downgradient of the Power
Station into zones for the assessment of groundwater (EPIC 2023). In this case, the data collected
at the groundwater supply bores at properties in the downgradient area have been used as these
data better reflect actual exposure.

Refining the assessment requires consideration of more realistic expected concentrations in each
zone as inputs to the multi-pathway assessment rather than the maximum concentrations used in
the screening assessment.

The zones defined by EPIC (2023) are as follows:

Zone 1 — Callide Power Station to Muirs Rd/Baileys Lane

Zone 2 — Muirs Rd to Dawson Highway — north of Callide Creek

Zone 3 — Baileys Lane to Dawson Highway — south of Callide Creek

Zone 4 — eastern site boundary of Power Station to Lake Callide

Zone 5 — Dawson Highway to Jambin Dakenbah Rd — north of Callide Creek

Zone 6 — Dawson Highway to Jambin Dakenbah Rd — south of Callide Creek (EPIC 2023).

As discussed in Section 9.5, the levels of individual PFAS in groundwater and surface water are
mostly higher in water upgradient/upstream of the Callide Power Station site than in the
downgradient/downstream area of interest for this assessment. This means that, while the power
station may be contributing these chemicals to the local area, it is not the only source of these
chemicals and may not be the major contributor to the downgradient area that is relevant for this
assessment.

There are 2 chemicals reported in groundwater which do not follow this pattern, at least based on
maximum concentrations — PFOS and 6:2 FTS. These 2 chemicals had maximum concentrations in
groundwater in monitoring wells downgradient of the site above the maximum concentrations
reported in groundwater from monitoring wells upgradient of the site. Therefore, this refined
assessment has focused on these 2 chemicals.

EPIC undertook surveys of all landowners in the downgradient area — the focus of this assessment.
Groundwater supply bores and water at the point of use were sampled on multiple occasions (EPIC
2023).

The survey information indicated that keeping dairy cattle is not a relevant exposure scenario for
this area so uptake into milk has not been evaluated (EPIC 2023). Given the climate in the area, this
is to be expected.

Data from these monitoring events (i.e. groundwater supply bores and point of use) have provided
an extensive picture of the concentrations of PFOS (and PFHXS) in the area of focus for this
assessment (i.e. downgradient of the site) and these data have been used in this refined
assessment as these data better reflect actual exposure.
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For 6:2 FTS, the picture is less clear. This refined assessment has considered the extensive data in
this downgradient area. For 6:2 FTS, none of the samples from any of the groundwater supply bores
on individual properties in the downgradient area reported any detections for this chemical.

Further review of the data collected at the monitoring wells close to the power station showed that

this chemical was:

only detected at these monitoring wells on a small number of occasions

mostly was detected at concentrations similar to those upgradient of the power station site
detected at higher concentrations in the downgradient monitoring wells than in the
upgradient monitoring wells on only 1 occasion or 2 occasions depending on the wells

not moving away from the power station monitoring wells toward the downgradient
groundwater supply bores (i.e. not moving with groundwater) potentially due to it being more

readily broken down (i.e. degradation).

This refined assessment has, therefore, focused on PFOS and PFHXS as the key PFAS. PFHXS
has been included as the national health guidance applies to the sum of these 2 chemicals.

The ranges in concentration for PFOS and PFHXS for groundwater and water at the point of use for
each property within the various zones are provided in Tables 10.2 to 10.7. The maximum
concentration for each zone has been based on the maximum sum of PFOS+PFHXS in an

individual sample.

Table 10.2: Concentrations —Zone 1

Concentration (pg/L)
Landowner PEOS PEAXS
1
groundwater 0.0107-0.0182 0.0069-0.0262
point of use 0.0007-0.0118 <0.0005-0.0097
2
groundwater 0.031-0.0955 0.0124-0.0564
point of use 0.02 0.0025
3
groundwater 0.0271-0.0459 0.0191-0.0468
point of use 0.0018-0.0158 0.0006-0.0139
4
groundwater 0.0084-0.0125 0.0034-0.0036
point of use 0.0011-0.0077 0.0008-0.0022
5)
groundwater 0.0567-0.16 0.0151-0.033
point of use 0.0008-0.1 <0.0005-0.0198
6
groundwater 0.0391-0.136 0.009-0.0577
point of use 0.0288 0.0036
7
groundwater NA NA
point of use 0.0017-0.0092 <0.0005-0.0026
9
groundwater 0.0043-0.007 0.001-0.0016
point of use 0.0047-0.0081 0.0006-0.0024
10
groundwater 0.0074-0.0376 0.0022-0.0027
point of use <0.0002 <0.0005
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Concentration (ug/L)
Landowner PEOS PEHXS
11
groundwater 0.194-0.289 0.0707-0.117
point of use 0.015-0.289 0.0102-0.155
12
groundwater 0.0092-0.018 0.0105-0.0242
point of use NA NA
13
groundwater <0.0018-0.0032 <0.0016-0.0015
point of use NA NA
14
groundwater 0.0274-0.0453 0.0048-0.0388
point of use NA NA
15
groundwater 0.198-0.257 0.0609-0.109
point of use 0.26 0.0951
17
groundwater 0.0025-0.0045 <0.0005-0.0009
point of use NA NA
18
groundwater 0.0184-0.103 0.0082-0.0146
point of use NA NA
20
groundwater 0.0008-0.0094 0.0042-0.0262
point of use 0.0048-0.0075 0.0122-0.0126
22
groundwater 0.047-0.0532 0.0397-0.043
point of use <0.0008-0.0121 <0.0005-0.005
36
groundwater 0.0053-0.0071 0.0012-0.0042
point of use NA NA
83
groundwater 0.0432-0.0938 0.0202-0.0539
point of use 0.0681-0.0734 0.0522
Notes:
NA = not available/not relevant

The maximum PFOS+PFHXS concentration in this zone was 0.369 ug/L in groundwater and
0.444 ug/L for the point of use samples. This latter concentration has been used for calculations for
this zone.

Most of the properties in this zone, however, had concentrations less than 0.1 pg/L for the sum of
PFOS and PFHXS so, in addition to the calculations based on the maximum location in this zone, a
concentration of 0.1 pg/L has also been used for calculations for this zone. About half of the
properties in this zone had concentrations of PFOS and PFHXS that were in compliance with the
Australian drinking water guideline.

Where possible, water samples were collected directly from the groundwater supply bore(s) and
also from a tap at the property — i.e. point of use.
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Table 10.3: Concentrations — Zone 2

En[RiskS

Concentration (ug/L)
Landowner PFOS PEAXS
8
groundwater 0.0303-0.0937 0.0099-0.0167
point of use NA NA
16
groundwater 0.0233-0.0305 0.0057-0.0091
point of use 0.0022-0.0173 0.0005-0.0055
19
groundwater 0.0139-0.0285 0.0085-0.0235
point of use 0.0076 0.0069
19-T1
groundwater 0.0044-0.0304 0.0014-0.0103
point of use 0.0109 0.0035
21
groundwater 0.044-0.0798 0.0102-0.0136
point of use 0.0767 0.0124
28
groundwater 0.0068-0.031 0.0012-0.0153
point of use 0.0115 <0.0016
31
groundwater 0.0625-0.0855 0.0724-0.0935
point of use 0.0604-0.0729 0.0758-0.0922
32
groundwater 0.0153-0.0284 0.0042-0.0084
point of use 0.0006 <0.0005
33
groundwater 0.0288-0.0422 0.0074-0.009
point of use 0.043 0.0084
34
groundwater 0.023-0.0422 0.006-0.0116
point of use 0.0394-0.0459 0.0094-0.0103
35
groundwater <0.0002 <0.0005-0.0076
point of use NA NA
37
groundwater 0.0026-0.115 0.0113-0.0186
point of use 0.0034-0.0035 0.0104-0.0113
42
groundwater 0.0435-0.0736 0.0106-0.0123
point of use NA NA
47
groundwater 0.0347-0.0694 0.0061-0.0188
point of use NA NA
51
groundwater 0.0056-0.0074 0.0008-0.0034
point of use NA NA
52
groundwater 0.0186-0.0393 0.0047-0.008
point of use NA NA
555
groundwater 0.0006-0.12 <0.0005-0.108
point of use 0.0005-0.119 <0.0005-0.0203
56
groundwater <0.0002 <0.0005
point of use <0.0002 <0.0005
59
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Concentration (ug/L)
Landowner PFOS PFHXS
groundwater 0.0808-0.106 0.0149-0.0182
point of use NA NA
Notes:
NA = not available/not relevant

The maximum PFOS+PFHXS concentration reported was 0.184 pg/L which has been used for
calculations for this zone. Approximately half of the properties in this zone (11 out of 19) had
groundwater concentrations in compliance with the Australian drinking water guidelines.

Table 10.4: Concentrations —Zone 3

Concentration (ug/L)
Landowner PFOS PEAXS
20-T1
groundwater 0.0071-0.0094 0.0154-0.0244
point of use 0.0122-0.0115 0.0221-0.0184
23
groundwater 0.0081-0.0105 0.0074-0.013
point of use 0.0074-0.0085 0.0076-0.0107
24
groundwater 0.0103-0.017 0.007-0.0219
point of use NA NA
25
groundwater 0.0121-0.0237 0.0167-0.0362
point of use 0.0004-0.0229 <0.0005-0.0361
26
groundwater 0.0063-0.0221 0.0119-0.0455
point of use 0.0201 0.0417
27
groundwater 0.0057-0.009 0.0036-0.0097
point of use 0.0084-0.0094 0.0073-0.0084
43
groundwater 0.0039-0.0057 0.0152-0.0159
point of use NA NA
44
groundwater NA NA
point of use 0.0019-0.0041 0.0039-0.0074
45
groundwater 0.0065-0.01 0.0078-0.0122
point of use NA NA
46
groundwater 0.0079-0.0114 0.0088-0.0163
point of use 0.0013 0.001
48
groundwater 0.0102-0.0128 0.0079-0.0169
point of use 0.0147 0.0168
49
groundwater 0.0026 0.0119
point of use NA NA
50
groundwater 0.0084-0.0117 0.0102-0.0157
point of use 0.0116 0.0143
53
groundwater <0.0008-0.0111 <0.0008-0.0155
point of use 0.0013 <0.0008
54
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Concentration (ug/L)
LIRS PFOS PFHXS
groundwater 0.0103-0.0152 0.0199-0.0343
point of use 0.0026-0.0118 0.0064-0.0314
Notes:
NA = not available/not relevant

The maximum PFOS+PFHXS concentration reported for this zone was 0.0676 pg/L which has been
used for calculations for this zone. All the properties in this zone had groundwater concentrations in
compliance with the Australian drinking water guidelines.

Table 10.5: Concentrations —Zone 4

Concentration (ug/L)
SIS PFOS PFHXS
57
groundwater <0.0002-0.0002 <0.0005
point of use NA NA
Notes:
NA = not available/not relevant

There is only 1 property in this zone relevant for this assessment. The groundwater supply bore at
this property had concentrations of PFOS and PFHXS below the drinking water guideline for
PFOS+PFHXxS. No further assessment is required for this zone.

Table 10.6: Concentrations —Zone 5

Concentration (ug/L)
Landowner PEOS PEAXS
35
groundwater 0.0464-0.0789 0.0125-0.0187
point of use NA NA
61
groundwater 0.0736-0.09 0.0151-0.0224
point of use 0.0074-0.0766 0.0015-0.0197
62
groundwater 0.0939-0.0995 0.0208-0.0289
point of use 0.0027 0.0008
63
groundwater 0.0679-0.0803 0.0108-0.0191
point of use 0.0011 <0.0005
64
groundwater 0.0151-0.0381 0.0088-0.0472
point of use 0.0028-0.0685 0.0013-0.0425
65
groundwater <0.0002-0.0012 0.0068-0.0705
point of use NA NA
66
groundwater 0.0009-0.0066 0.0395-0.0596
point of use <0.0002-0.0028 <0.0005-0.0491
Notes:
NA = not available/not relevant

The maximum PFOS+PFHXS concentration in groundwater within this zone was 0.125 pg/L. This is
the concentration that has been used in calculations for all properties within this zone. One property
had groundwater concentrations in compliance with the Australian drinking water guidelines.
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Table 10.7: Concentrations —Zone 6

En[RiskS

Concentration (ug/L)
Landowner PEOS PEAXS
67
groundwater 0.0095-0.0116 0.0275-0.0406
point of use 0.0009 0.0017
68
groundwater 0.0058-0.0085 0.0316-0.0361
point of use 0.0059 0.035
69
groundwater 0.0058-0.0079 0.0301-0.034
point of use 0.0084 0.0295
70
groundwater 0.0025-0.0036 0.0154-0.0174
point of use NA NA
71
groundwater 0.0032-0.0046 0.0166-0.019
point of use 0.0015-0.0041 <0.0005-0.002
73
groundwater 0.0122-0.0342 0.0177-0.0443
point of use NA NA
74
groundwater 0.0094-0.0111 0.0346-0.0381
point of use 0.0113 0.037
75
groundwater 0.0082-0.028 0.0232-0.0422
point of use <0.0002-0.0254 <0.0005—0.0355
76
groundwater 0.0054-0.0121 0.021-0.0308
point of use NA NA
77
groundwater 0.0061-0.0193 0.0335-0.0439
point of use NA NA
78
groundwater 0.0037-0.0105 0.0119-0.0279
point of use 0.0003-0.0124 <0.0005-0.0221
81
groundwater <0.0002-0.0042 0.0027-0.0047
point of use NA NA
82
groundwater 0.0056-0.0091 0.0273-0.0299
point of use 0.0003-0.0005 <0.0005
84
groundwater 0.0022-0.0026 0.017-0.0197
point of use <0.0002 <0.0005
Notes:
NA = not available/not relevant

The maximum PFOS+PFHXS concentration in groundwater within this zone was 0.075 pg/L. This is
almost in compliance with the Australian drinking water guideline. This concentration has been used
in calculations for all properties within this zone. Most of the properties in this zone (12 out of 14)
had groundwater concentrations in compliance with the Australian drinking water guidelines.
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10.2.5 Risk characterisation
Approach

Risk characterisation is the final step in a quantitative risk assessment. It involves the incorporation
of the exposure and toxicity assessment to provide a quantitative evaluation of risk. Risk is
characterised separately for threshold and non-threshold carcinogenic effects. This is described
below.

The quantification of potential exposure and risks for threshold effects (i.e. chemicals like PFAS
which act via mechanisms where there is a threshold dose below which no effects occur) has been
undertaken by comparing the estimated intake with the threshold TRV. The relevant TRV represents
a tolerable intake or reference dose with consideration for background intakes and should indicate
an intake that will not result in any adverse effects on health.

The calculated ratio comparing the estimated exposure to the relevant TRV is termed a Hazard or
Risk Quotient (HQ or RQ). The hazard or risk index (RI/HI) is the sum of all ratios (i.e. the Hazard or
Risk Quotients [HQ or RQ)]) over all relevant pathways of exposure which provides some
consideration of the potential for unacceptable risks due to the mix of chemicals to which people are
usually exposed, particularly when the chemicals in a mix act via similar mechanisms which is
assumed to be the case for PFAS.

These quotients and indices are calculated using the following equations:

Daily chemical intake
TRV — background intake

Hazard/Risk quotient =

As discussed in Section 7, the background intake is the intake of a chemical from ambient sources
that the whole population is exposed too. For PFAS, this is considered to be around 10% of the
TRV.

Hazard /risk index = Z HQ/RQ

all chemicals & pathways

The interpretation of an acceptable HI/RI needs to recognise the inherent degree of conservatism
that is built into the establishment of appropriate guideline (threshold) values (using many
uncertainty factors) and also built into the exposure assessment. An acceptable HI/RI is outlined in
the ASC NEPM as being equal to or less than 1 (NEPC 1999 amended 2013b).

In reviewing and interpreting the calculated HI/RI for this assessment the following is noted:

A HI/RI less than or equal to a value of 1 (where intake or exposure is less than or equal to
the threshold — i.e. the toxicity reference value) represents no cause for concern (i.e. is
considered acceptable) (as per risk assessment industry practice and national guidance
from Australian health authorities — i.e. ASC NEPM and enHealth (enHealth 2012a; NEPC
1999 amended 2013b))
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A HI/RI greater than 1 requires further consideration within the context of the assessment
undertaken, particularly with respect to the level of conservatism in the assumptions adopted
for the quantification of exposure and the level of uncertainty within the toxicity (threshold)
values adopted. It may indicate that risks are above an acceptable level as per risk
assessment industry practice and national guidance from Australian health authorities —i.e.
ASC NEPM and enHealth (enHealth 2012a; NEPC 1999 amended 2013b) once
assumptions and exposure pathways are considered to be adequately refined to appropriate
values for the site specific situation.

Calculated Risks — general

Tables 10.8-10.12 present summaries of the HQ/RQs for each pathway assessed and the total
HI/RIs for each zone calculated for all exposures relevant in the off-site area downgradient of
Callide Power Station.

A range of exposure scenarios have been assessed including:

ingestion of groundwater for drinking (drinking water guidelines include use of water for
cooking, showering etc as well as drinking)

incidental ingestion of groundwater during use of water for farming purposes

incidental ingestion of groundwater during domestic uses of water (e.qg. filling pools, sprinkler
play, cleaning etc)

consumption of home produced fruit/vegetables which may contain PFAS due to irrigation by
groundwater

consumption of home produced eggs or meat which may contain PFAS due to the chickens
or cattle drinking groundwater

consumption of home produced meat which may contain PFAS due to the cattle consuming
fodder grown on the property which is irrigated with groundwater.

Each of these exposure scenarios has been assessed in isolation. In addition, a number of
combinations of these exposure scenarios have also been evaluated.

As noted in Section 10.2.4, the groundwater at the single property in Zone 4 only reported
concentrations well below drinking water guidelines, so no further refined assessment has been
undertaken for this zone.

Exposure via consumption of fish or during incidental ingestion while recreating in Callide Creek has
been considered in Sections 10.3 and 10.4.

The values presented in these tables (and all other risk calculations) are rounded to 1 significant
figure reflecting the level of certainty inherent in risk calculations. Detailed calculations are
presented in Appendix E.
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Zone 1

Table 10.8a: Calculated Risks — Zone 1 — maximum concentration

En|RiskS

Receptor/Exposure Pathway

Threshold Risk (HI/RI)

Adults Children
Individual exposure pathways
Ingestion of groundwater for drinking 0.7 1
Incidental ingestion of groundwater during use of water for farming 0.007 0.03
purposes
Incidental ingestion of groundwater during use of water for domestic 0.007 0.03
purposes
Consumption of home grown fruit/vegetables which may contain 0.02 0.01
PFAS due to irrigation by groundwater ) '
Consumption of home grown eggs which may contain PFAS due to 01 0.4
the chickens drinking groundwater ' )
Consumpthn of h_ome grown mea} which may contain PFAS due to 0.07/0.2 0.2/05
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and 0.7 1
vegetables '
Drinking groundwater and consuming home grown eggs 0.8 1
Drinking groundwater and consuming home grown meat? 0.9 15
Drinking groundwater and consuming home grown eggs and meat? 1 2
Acceptable Risk (based on Australian health guidance) 1 <1
Notes:
1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater or surface water

that contains PFAS and for the situation where cattle eat fodder that is irrigated by the groundwater or surface water. The

higher value has been used in the combination scenarios.

2 This value is the maximum for any of the properties within Zone 1. It assumes that people use groundwater as their sole
source of drinking water and that they eat eggs and meat (or just meat) from poultry/cattle grown on the property and
exposed via stock water (for poultry and cattle) and consumption of fodder irrigated with groundwater (for the cattle).
Based on the information available, this combination is unlikely to have occurred. Further discussion is provided below.

Table 10.8b: Calculated Risks — Zone 1 —refined assessment based on 0.1 pg/L for

PFOS+PFHxXS

Receptor/Exposure Pathway

Threshold Risk (HI/RI)

Adults Children

Individual exposure pathways
Ingestion of groundwater for drinking 0.2 0.3
Incidental ingestion of groundwater during use of water for farming 0.002 0.007
purposes
Incidental ingestion of groundwater during use of water for domestic 0.002 0.007
purposes
Consumption of home grown fruit/vegetables which may contain 0.004 0.002
PFAS due to irrigation by groundwater ' )
Consumption of home grown eggs which may contain PFAS due to

- L 0.03 0.08
the chickens drinking groundwater
Consumpthn of h_ome grown mea} which may contain PFAS due to 0.02/0.04 0.04/0.1
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and

0.2 0.3
vegetables
Drinking groundwater and consuming home grown eggs 0.2 04
Drinking groundwater and consuming home grown meat 0.2 04
Drinking groundwater and consuming home grown eggs and meat 0.3 0.5
Acceptable Risk (based on Australian health guidance) 1 <1
Notes:
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1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater that contains PFAS
and for the situation where cattle eat fodder that is irrigated by groundwater. The higher value has been used in the
combination scenarios.

These results indicate the following for Zone 1:

Risks for each of the following individual exposure pathways are acceptable (based on the
guidance from national health authorities):
ingestion of groundwater for drinking (and all household uses of water)
incidental ingestion of groundwater during use of water for farming purposes
incidental ingestion of groundwater during outdoor domestic uses of water
consumption of home grown fruit/vegetables which may contain PFAS due to
irrigation by groundwater
o consumption of home grown eggs which may contain PFAS due to chickens drinking
groundwater
o consumption of home grown meat which may contain PFAS due to stock watering
using groundwater and consumption of fodder by the cattle where that fodder is
irrigated with the relevant groundwater.
This is the case for both sets of calculations for this zone — for both the maximum and
refined assessment.
If the following exposure pathways are combined:
o drinking groundwater (and incidental ingestion of water during farm and/or domestic
activities)
o consuming home grown fruit & vegetables
OR
o drinking groundwater (and incidental ingestion of water during farm and/or domestic
activities)
o consuming home grown eggs
then the risks from exposure to PFAS from groundwater are acceptable based on Australian
health guidance for both the maximum and refined assessment (i.e. HI/RI<1).
If the following exposure pathways are combined:
o drinking groundwater (and incidental ingestion of water during farm and/or domestic
activities)
o consuming home grown eggs
consuming home grown meat
consuming home grown fruit & vegetables
or
o drinking groundwater (and incidental ingestion of water during farm and/or domestic
activities)
o consuming home grown meat
o consuming home grown fruit & vegetables
then the risks from exposure to PFAS arising from groundwater are acceptable based on
Australian health guidance for the refined assessment (i.e. where the water concentration of
PFOS+PFHxS is 0.1 pg/L or less).
For the maximum locations (i.e. where the maximum groundwater concentration of
PFOS+PFHxS was 0.3-0.4 pg/L), either of the following exposure pathway combinations:

O O O O
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o drinking groundwater (and incidental ingestion of water during farm and/or domestic

activities)

o consuming home grown eggs

o consuming home grown meat

o consuming home grown fruit & vegetables
or

o drinking groundwater (and incidental ingestion of water during farm and/or domestic

activities)
o consuming home grown meat
o consuming home grown fruit & vegetables

results in a risk estimate that is slightly elevated based on Australian health guidance.
It is important to note that these calculations (as per Table 10.8a) assume that people
living/working on those properties with the highest concentrations of PFAS in groundwater

will:

o use the groundwater as their sole source of drinking water and for all farming and/or
domestic activities where incidental ingestion could occur

o consume 100% of eggs from chickens kept at the property (where relevant)

o consume 35% of meat from livestock kept at the property which are given
groundwater to drink and that eat fodder that has been irrigated with groundwater

o consume 35% of fruit and vegetables from produce grown at the property and

irrigated with groundwater.

It is understood that this combination is unlikely to have occurred.

Zone 2
Table 10.9: Calculated Risks — Zone 2

Receptor/Exposure Pathway

Threshold Risk (HI/RI)

Adults Children
Individual exposure pathways
Ingestion of groundwater for drinking 0.3 0.5
Incidental ingestion of groundwater during use of water for farming 0.003 0.01
purposes
Incidental ingestion of groundwater during use of water for domestic 0.003 0.01
purposes
Consumption of home grown fruit/vegetables which may contain 0.008 0.004
PFAS due to irrigation by groundwater ' )
Consumption of home grown eggs which may contain PFAS due to 0.05 0.15
the chickens drinking groundwater ) '
Consumpthn of h_ome grown mea} which may contain PFAS due to 0.02/0.06 0.07/0.2
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and 03 05
vegetables ' )
Drinking groundwater and consuming home grown eggs 0.4 0.65
Drinking groundwater and consuming home grown meat 0.4 0.7
Drinking groundwater and consuming home grown eggs and meat 0.4 0.85
Acceptable Risk (based on Australian health guidance) 1 <1
Notes:
1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater that contains PFAS and

for the situation where cattle eat fodder that is irrigated by groundwater. The higher value has been used in the combination

scenarios.
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Table 10.10: Calculated Risks —Zone 3

En|RiskS

Receptor/Exposure Pathway

Threshold Risk (HI/RI)

Adults Children

Individual exposure pathways
Ingestion of groundwater for drinking 0.1 0.2
Incidental ingestion of groundwater during use of water for farming 0.001 0.005
purposes
Incidental ingestion of groundwater during use of water for domestic 0.001 0.005
purposes
Consumption of home grown fruit/vegetables which may contain 0.003 0.002
PFAS due to irrigation by groundwater ' )
Consumption of home grown eggs which may contain PFAS due to

- o 0.02 0.06
the chickens drinking groundwater
Consumptlc_m of h_ome grown meai which may contain PFAS due to 0.01/0.03 0.03/0.07
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and 01 0.2
vegetables ' )
Drinking groundwater and consuming home grown eggs 0.1 0.3
Drinking groundwater and consuming home grown meat 0.1 0.3
Drinking groundwater and consuming home grown eggs and meat 0.2 0.3
Acceptable Risk (based on Australian health guidance) <1 <1

Notes:

1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater that contains PFAS and
for the situation where cattle eat fodder that is irrigated by groundwater. The higher value has been used in the combination
scenarios.

Zone 5

Table 10.11: Calculated Risks — Zone 5

Receptor/Exposure Pathway

Threshold Risk (HI/RI)

Adults Children

Individual exposure pathways
Ingestion of groundwater for drinking 0.2 0.3
Incidental ingestion of groundwater during use of water for farming 0.002 0.009
purposes
Incidental ingestion of groundwater during use of water for domestic 0.002 0.009
purposes
Consumption of home grown fruit/vegetables which may contain 0.006 0.003
PFAS due to irrigation by groundwater ' )
Consumption of home grown eggs which may contain PFAS due to

- L 0.04 0.1
the chickens drinking groundwater
Consumpthn of h_ome grown mea} which may contain PFAS due to 0.02/0.05 0.05/0.1
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and

0.2 0.3
vegetables
Drinking groundwater and consuming home grown eggs 0.2 04
Drinking groundwater and consuming home grown meat 0.25 0.4
Drinking groundwater and consuming home grown eggs and meat 0.3 0.5
Acceptable Risk (based on Australian health guidance) <1 <1
Notes:
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1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater that contains PFAS and
for the situation where cattle eat fodder that is irrigated by groundwater. The higher value has been used in the combination
scenarios.

Zone 6

Table 10.12: Calculated Risks —Zone 6

Receptor/Exposure Pathway Liniesiofe! [Kieks (IR

Adults Children

Individual exposure pathways
Ingestion of groundwater for drinking 0.1 0.2
Incidental ingestion of groundwater during use of water for farming 0.001 0.006
purposes
Incidental ingestion of groundwater during use of water for domestic 0.001 0.006
purposes
Consumption of home grown fruit/vegetables which may contain 0.003 0.002
PFAS due to irrigation by groundwater ' )
Consumption of home grown eggs which may contain PFAS due to

; o 0.02 0.06
the chickens drinking groundwater
Consumptlc_m of h_ome grown meai which may contain PFAS due to 0.01/0.03 0.03/0.08
stock watering using groundwater
Combination exposure scenarios
Drinking groundwater and consuming home grown fruit and 01 0.2
vegetables ) )
Drinking groundwater and consuming home grown eggs 0.1 0.3
Drinking groundwater and consuming home grown meat 0.1 0.3
Drinking groundwater and consuming home grown eggs and meat 0.15 04
Acceptable Risk (based on Australian health guidance) <1 1

Notes:
1 The 2 values listed are for the situation where cattle eat fodder that is not irrigated by the groundwater that contains PFAS and

for the situation where cattle eat fodder that is irrigated by groundwater. The higher value has been used in the combination
scenarios.

These results indicate the following for Zones 2, 3, 5 and 6:

Risks for each of the following individual exposure pathways are acceptable (based on the
guidance from national health authorities):
ingestion of groundwater for drinking (and all household uses of water)
incidental ingestion of groundwater during use of water for farming purposes
incidental ingestion of groundwater during outdoor domestic uses of water
consumption of home grown fruit/vegetables which may contain PFAS due to
irrigation by groundwater
o consumption of home grown eggs which may contain PFAS due to chickens drinking
groundwater
o consumption of home grown meat which may contain PFAS due to stock watering
using groundwater and consumption of fodder by the cattle where that fodder is
irrigated with the relevant groundwater.
Risks resulting from combining drinking groundwater with all or some of the pathways based
on consuming home grown produce which may be impacted by PFAS are acceptable based
on Australian health guidance.

o O O O
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10.3 Swimming/recreating in Callide Creek

Along with considering the extraction and use of groundwater at the properties downgradient of
Callide Power Station, it is also important to consider potential for exposure to PFAS in surface
water in Callide Creek, if used for swimming or other recreational activities.

The photos in Figure 10.1 show that the creek may often be quite still, resulting in rapid growth of
algae and aquatic plants making it less pleasant as an area for swimming. At other times, when
water is released from Lake Callide, this would not be the case.

The risks due to use of surface water for swimming and recreating have been assessed using the
Australian recreational water quality guidelines (NHMRC 2008, 2019).

Recreational water quality guidelines are based on the assumption that people could ingest up to
0.2 L (i.e. 200 mL) of water when they swim (NHMRC 2008). This is a high end estimate based on
recommendations from the World Health Organisation that people consume around 0.05 L (i.e. 50
mL) of water per hour while they are swimming and that they might swim for a number of hours on a
particular day.

This means that recreational water quality guidelines are calculated by multiplying the drinking water
guideline by 10 to convert the value from one based on drinking 2 L of water per day to one based
on incidentally ingesting 0.2 L of water per day while swimming. For PFOS+PFHXS, it is assumed
people swim or recreate in the water body o 150 days per year (i.e. almost every second day).

The NHMRC guidance is under review as the World Health Organisation recently updated their
guidance (WHO 2021). The new WHO guidance indicates that ingestion is likely to be around 0.1 L
of water when swimming not 0.2 L which means, in the future, recreational water quality guidelines
may be determined by multiplying the drinking water guideline by 20. This means the approach
adopted here is conservative.

Section 9.3.1 shows that the maximum concentrations of the key PFAS were less than the relevant
recreational water quality guideline. This means the concentrations in upstream and downstream
locations along Callide Creek are acceptable for recreation based on Australian health guidance.

No further assessment is, therefore, required for swimming/recreating in Callide Creek.

10.4 Food Standards trigger points - fish/seafood

10.4.1 Approach

There were a number of species discussed in Section 9.4 for which the PFOS concentrations were
above the FSANZ trigger point in the screening risk assessment. A detailed/refined assessment is,
therefore, required.

The detailed/refined assessment needs to consider:

how likely people are to be able to catch species that would be desirable to eat on a regular
basis
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how this impacts on the way the FSANZ trigger point has been calculated (i.e. whether
there is any adjustment that can be made).

The Food Standards Code’ provides guidance on the presence of a range of chemicals (naturally
occurring ones, agricultural chemicals or food processing chemicals) or microorganisms in the
Australian food supply. The limits outlined in this code are legal requirements. The calculation
includes consideration of the normal amount that people eat for each particular food type as well as
the acceptable intake of a chemical.

There are no limits in the code for PFAS.

Food Standards Australia and New Zealand (FSANZ) has, however, determined trigger points for
the levels of PFAS that can be in different food types without likelihood of harm. These values are
not legal limits. They have been determined using a conservative exposure scenario and are
provided to inform environmental assessments.

FSANZ has provided the detail about how they were calculated. These details about how this
calculation was undertaken allows the trigger point to be adjusted to provide a value that is more
relevant for the location of interest, where required.

Adjustments to the national guidelines from FSANZ can be undertaken based on a more
appropriate understanding of aspects such as:

how much fish people actually eat over a year or a lifetime (i.e. average instead of high end
value)

how much fish people could catch in a location (i.e. species people could eat, size of fish in
line with size limits, would there be enough fish to catch every day of the week all year
round)

how popular fishing is in an area

if there is other guidance that applies to eating fish.

The health based screening criteria for consumption of fish developed by FSANZ, in regard to PFAS
concentrations, are based on the following assumptions:

body weight of a small child (2-6 years old) (19 kg)®
high end child consumer (P90) (i.e. a child consumes 73 g (0.073 kg) of fish every day)
toxicity reference value (TRV) for PFOS + PFHxS (0.02 ug/kg/d) (FSANZ 2017c).

This means the trigger point of 5.2 pg/kg for the concentration of PFOS+PFHXS in fish is protective
for a preschool child (i.e. 3-4 year old based on data from the Australian Bureau of Statistics) who
eats 73 g of fish every day of the year throughout their childhood.

7 https://www.foodstandards.gov.au/code/Pages/default.aspx

8 FSANZ uses a different body weight for a small child compared to that normally used in contaminated land investigations. FSANZ uses
19 kg and this was used in the calculation of the FSANZ trigger points but contaminated land investigations use 15 kg based on guidance
in the ASC NEPM.
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It is appropriate to use these types of assumptions to calculate a conservative generic criteria to use
to screen data in the first instance. This allows monitoring results to be easily classified to indicate
sites that need no further evaluation.

National guidelines can, however, be adjusted based on a better understanding of fish consumption
patterns to make them more site specific.

Information collected by FSANZ to understand consumption rates in Australia comes from phone
surveys which ask people what they have eaten over the last couple of days (i.e. when survey is
undertaken). These data are then used to indicate normal daily ingestion rates over the longer term.

The information about fish consumption indicates that only a small proportion of children eat fish on
any given day — around 7% (FSANZ 2017c). Focusing on those children, the average amount of fish
those children ate was 28-34 g per day and the 90" percentile amount was 60-72 g per day (i.e.
high end value). As noted, the value used in the calculation of the FSANZ trigger point was 73
g/day.

For adults surveyed by FSANZ, the average amount people ate (for the people who ate fish on the
day) was 50-56 g per day and the 90™ percentile amount was 119-143 g per day. These findings
provide robust values that can be considered when adjusting national guidelines.

Another matter that may allow a national guideline to be adjusted is whether FSANZ has issued
other guidance unrelated to PFAS which may be relevant. In the case of eating fish, FSANZ has
another advisory stating that everyone in Australia should limit their consumption of fish to 2-3
meals per week. This advisory is based on ensuring the intake of mercury is at acceptable levels®.
Mercury occurs naturally in fish and levels depend on the species and the location. Given that this is
national guidance for the entire population, the assumption that people eat 2-3 meals per week
instead of every day can be considered in site specific assessments based on this example from
FSANZ.

Guidance from the USEPA also indicates that this adjustment approach for addressing site specific
situations is appropriate®. Examples of how they use this guidance to set guidelines for specific
locations or specific species is shown at the following websites:

https://www.epa.gov/choose-fish-and-shellfish-wisely
https://www.epa.gov/fish-tech

Therefore, it is considered to be permissible and appropriate to adjust guidelines like these FSANZ
trigger points for PFAS to make a risk assessment more site specific/realistic. As a result, the
FSANZ trigger point has been adjusted for this assessment based on exposure parameters that are
more relevant for this location.

9 http://www.foodstandards.gov.au/consumer/chemicals/mercury/Pages/default.aspx
10 https://www.epa.gov/fish-tech/epa-guidance-developing-fish-advisories
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10.4.2 Adjusted trigger points

The calculation by FSANZ used the following equation:

Guideline value (ng per kg)

En|RiskS

_ toxicity reference value (ug per kg bw per day) * body weight (kg)

fish ingestion rate (kg per day)

There are a number of adjustments that can be considered for this detailed/refined assessment

including:

Number of meals per week

Use of average as well as high end amounts of fish eaten per meal
Focus on adults as well as children.

The first set of adjustments focuses on the use of average ingestion rates and considers adults as
well as children. The adjusted parameter values are listed in Table 10.13 and adjusted trigger points

are listed in Table 10.14.

Table 10.13: Adjusted parameter values for use in trigger point calculation (FSANZ 2017c)

Parameter Parameter Value Comment
Toxicity reference value (ug/kg/d) 0.02 Value used in generic guideline for PFOS + PFHxS
Child Relevant Parameters
E.ISh Ingestion Rate (kg/day) — P90 (i.e. 0.073 Value used in generic guideline

igh end consumer)
Fish Ingestion Rate (kg/day) — Mean for 0.024 Value from FSANZ survey data to allow modification
consumers ' based on site-specific information
Body Weight (kg) 19 Value used in generic guideline
Adult Relevant Parameters
Fish Ingestion Rate (kg/day) — P90 (i.e. 0.123 Value from FSANZ survey data to allow modification
high end consumer) ' based on site-specific information
Fish Ingestion Rate (kg/day) — Mean for 0.045 Value from FSANZ survey data to allow modification
consumers ' based on site-specific information
Body Weight (kg) 70 Standard assumption in Australia

When these parameters are used in these calculations, the following adjusted trigger points can be

determined.

Table 10.14: Proposed adjusted trigger points for fish consumption — based on average

consumption and values for adults

Proposed adjustment Trigger point (mg/kg) Trigger point (ug/kg)
Current generic national trigger point 0.0052 5.2

Child

Average 0.016 16

Adult

P90 0.011 11

Mean 0.031 31

All of the adjusted trigger points listed in Table 10.14 still assume that a person will eat fish from

Callide Creek every day all year round.
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The second set of adjustments are based on adjusting how many meals of fish caught in Callide
Creek a person might eat per week. The number of meals per week can be adjusted as it is unlikely
that there are sufficient fish of sufficient size for people to fish regularly or all year round within
Callide Creek.

Tables 10.15 and 10.16 provide adjusted exposure parameters and trigger points assuming people
consume fish from Callide Creek 3 times per week (i.e. FSANZ recommended maximum
consumption rate based on mercury levels) and 1 time per week (i.e. likely maximum consumption
rate based on nature of creek/habitat and species availability).

Table 10.15: Recommended parameter values adjusted for realistic exposure frequencies
(FSANZ 2017¢)

Parameter Comment

Parameter
Value

Toxicity reference value (ug/kg/d) 0.02 Value used in generic guideline for PFOS + PFHxS
Child Relevant Parameters
Fish Ingestion Rate (kg/day) — P90 0.031 Value used in generic guideline but adjusted for 3 meals per
(i.e. high end consumer) ) week instead of 7
Fish Ingestion Rate (kg/day) — P90 0.010 Value used in generic guideline but adjusted for 1 meal per
(i.e. high end consumer) ) week instead of 7
Fish Ingestion Rate (kg/day) — 0.010 Value from FSANZ survey data to allow modification based on
average ) site-specific information — adjusted for 3 meals per week
Fish Ingestion Rate (kg/day) — 0.003 Value from FSANZ survey data to allow modification based on
average ) site-specific information — adjusted for 1 meal per week
Body Weight (kg) 19 Value used in generic guideline
Adult Relevant Parameters
Fish Ingestion Rate (kg/day) — P90 0.052 Value from FSANZ survey data to allow modification based on
(i.e. high end consumer) ) site-specific information — adjusted for 3 meals per week
Fish Ingestion Rate (kg/day) — P90 0.018 Value from FSANZ survey data to allow modification based on
(i.e. high end consumer) ) site-specific information — adjusted for 1 meal per week
Fish Ingestion Rate (kg/day) — 0.019 Value from FSANZ survey data to allow modification based on
average ) site-specific information — adjusted for 3 meals per week
Fish Ingestion Rate (kg/day) — 0.006 Value from FSANZ survey data to allow modification based on
average ) site-specific information — adjusted for 1 meal per week
Body Weight (kg) 70 Standard assumption in Australia

Table 10.16: Proposed adjusted trigger points based on exposure frequencies

Proposed adjustment Trigger point (mg/kg) Trigger point (ug/kg)
Current generic national trigger point 0.0052 5.2
3 meals per week

Child (P90) 0.012 12
Child (average) 0.038 38
Adult (P90) 0.027 27
Adult (average) 0.074 74
1 meal per week

Child (P90) 0.038 38
Child (average) 0.127 127
Adult (P90) 0.078 78
Adult (average) 0.233 233

These chemicals are known to be routinely present in aquatic systems in urban areas due to their
historic widespread use in household products as well as at industrial sites (as discussed in Section
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5). It is not straightforward to remove such chemicals from waterways when they are sourced from
diffuse sources around homes and, in such circumstances, it is normal practice to provide dietary
advice to ensure people who fish in the area can make appropriate choices.

It is noted that:

Consumption of fish by people is an environmental value that is considered relevant for
Callide Creek.

There are limited species present in Callide Creek that are targeted by recreational fishers or
that could grow to legal size.

The size of the creek means that, even for fish that are relevant for size and fisher
preference, the number of fish that could be present in the creek would limit how many
people could obtain fish from the creek for routine/regular consumption.

A range of jurisdictions (state, national and international) establish conservative screening
guidelines for indicating when fish may be contaminated to a level requiring action and then
adjust those conservative guidelines using waterbody specific information to provide site
specific guidance to ensure people have appropriate local information for decision making.

Relevant adjustments to the national FSANZ trigger point for fish give an adjusted trigger point of
around 40 pg/kg using the standard parameters used by FSANZ with only an adjustment to 1 meal
per week instead of 7 meals per week (i.e. child and P90 consumption). This value is also relevant
for a child eating average amounts of fish for 3 meals per week.

All samples collected for species relevant for consumption by people are at or below this adjusted
trigger point, so no further assessment is required.

10.5 Uncertainties

10.5.1 General

The ASC NEPM requires risk assessments to include consideration of the uncertainties present in
any such assessment. Uncertainties are present because not every aspect of interest can be
measured in an investigation or because the state of knowledge is limited (NEPC 1999 amended
2013b).

Uncertainty in any assessment refers to a lack of knowledge (that could be better refined through
the collection of additional data or conduct of additional studies) and is an important aspect of the
risk assessment process. An assessment of uncertainty is usually a qualitative process relating to
the selection and rejection of specific data, estimates or scenarios within the risk assessment. In
general, to compensate for uncertainty, conservative assumptions are often made that result in an
overestimate rather than an underestimate of risk.

In general, the uncertainties and limitations of any risk assessment can be classified into the
following categories, where uncertainties relevant to each have been addressed within the report
(as noted):

Sampling and analysis (see Section 10.5.2)
Exposure assessment (see Section 10.5.3)
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Toxicity assessment (see Section 7.8)
Other PFAS (see Section 10.5.4).

10.5.2 Sampling and analysis

Groundwater and surface water sampling has occurred at the site targeting both upgradient and
downgradient locations plus areas within the Callide Power Station site. Multiple rounds of both
groundwater and surface water data have been collected over a number of years. The data
available are considered relevant and appropriate for this assessment of risk.

10.5.3 Exposure assessment

The quantification of exposure has adopted a number of conservative assumptions. The values
adopted for the purpose of quantifying exposure are point values that are derived from a wide range
of physiological or behavioural values that are better defined using a distribution. It is overly
complex to present the assessment based on distributions hence the point values identified provide
an approximation of RME.

A number of approaches and assumptions have been adopted in this assessment that are
considered conservative — i.e. they result in an overestimate rather than an underestimate of risk.
Such approaches and assumptions include:

use of the maximum groundwater /surface water concentration from a single location in a
zone to calculate risks across the whole zone for all exposure pathways.

use of maximum concentration measured in fish/seafood to assess potential risks from their
consumption.

10.5.4 Other PFAS
General

This assessment has focused on the PFAS that are considered key within national guidance —i.e.
PFOS, PFHxS and PFOA (HEPA 2020). The presence of other PFAS has been considered in this
uncertainty section to confirm that conclusions based on the key PFAS do not change when the
other PFAS are included.

Groundwater — human health

The screening assessment for groundwater (human health) is shown in Table 10.17.

Table 10.17: Screening risk assessment — groundwater — other PFAS — human health

‘ Maximum . o
sl Concentration — Sl i) Screening criteria
Detected PFAS Concentration — d : (ng/L) — -
. owngradient ; (pg/L) — drinking
upgradient (ng/L) (ug/L) recreational
Chemicals in Australian Guidance
PFOS+PFHxS 0.388 0.826 2 0.07
PFOA 0.0175 0.0105 10 0.56
Additional review of other detected individual PFAS
PFBS 0.2170 0.0767
PFPeS 0.15 0.06
PFHpS 0.0063 0.0158
Human Health and Ecological Risk Assessment: Callide Power Station — PFAS 78| Page

Ref: EPIC/24/CPS001-G



En[RiskS

Detected PFAS

Maximum
Concentration —
upgradient (ug/L)

Maximum
Concentration —
downgradient

Screening criteria

(Mg/L) -
recreational

Screening criteria
(ug/L) — drinking

(Mg/L)
Chemicals in Australian Guidance
6:2 FTS 0.05 0.3140
PFBA 0.9540 0.048
PFPeA 2.24 0.017
PFHxA 0.9260 0.1320
PFHpA 0.18 0.0032
PFNA 0.0007 ND
SUM of PFOS like 0.8113 1.2925 2 0.07
SUM of PFOA like 4.3182 0.2107 10 0.56

Notes:

Screening criteria used here are from Table 7.2

ND = not detected

This screening assessment indicates that, while a range of different PFAS were detected, the
primary PFAS present at concentrations higher than guidelines at downgradient monitoring wells
were PFOS and PFHXS (i.e. >60% of sum of all PFOS like individual PFAS). As a result, the
detailed assessment of PFOS+PFHXS concentrations is appropriate.

Surface water — human health

The screening assessment for surface water (human health) is shown in Table 10.18.

Table 10.18: Screening risk assessment — surface water — other PFAS — human health

Maximum Maximum . o
: 3 Screening criteria : L
concentration Concentration Screening criteria
Detected PFAS (ug/L) - N
upstream of the downstream of the . (ng/L) — drinking
. . recreation
power station (ug/L) | power station (ug/L)
Chemicals in Australian Guidance
PFOS+PFHxXS 0.597 0.12 2 0.07
PFOA 0.0984 0.002 10 0.56
Additional review of other detected individual PFAS
PFBS 0.188 0.0111
PFPeS 0.0528 0.0113
PFHpS 0.0214 0.0019
6:2 FTS 0.24 0.01
8:2 FTS 0.013 ND
PFBA 0.8190 0.022
PFPeA 3.02 0.0265
PEHxA 1.28 0.0138
PFHpA 0.706 0.0052
PFNA 0.0189 ND
PFDA 0.0013 ND
PFDoDA ND 0.0011
SUM of PFOS like 1.1122 0.1543 2 0.07
SUM of PFOA like 5.9436 0.0706 10 0.56

Notes:

Screening criteria used here are from Table 7.2

This screening assessment indicates that, while a range of different PFAS were detected, the
primary PFAS present at concentrations higher than guidelines at downstream monitoring locations
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were PFOS and PFHXS (i.e. >75% of sum of all PFOS like individual PFAS). As a result, a detailed
assessment of PFOS+PFHXS concentrations is appropriate.
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Section 11. Refined assessment - ecological

11.1 General

Section 9.3.2 provides a screening assessment of the potential for individual PFAS in Callide Creek
to have effects by comparing the concentrations found in the creek to national water quality
guidelines from the PFAS NEMP (HEPA 2020).

The findings of the screening assessment were:

PFOA and PFOA like chemicals were not at concentrations above water quality guideline
values protective of ecosystems assuming so do not require further refined assessment.
PFOS and some of the PFOS like chemicals were reported at levels above both the 95%
and 99% species protection value, so further refined assessment is required.

It is important to note that the 99% species protection guideline value only applies to PFAS that
have the potential to bioaccumulate. Chemicals like PFOS and PFHxS are known to have potential
to bioaccumulate.

Chemicals like PFBS, PFPeA, 8:2 FTS and 6:2 FTS, which have also been detected in surface
water downstream of Callide Power Station (see Section 11.5), are known to not have potential to
bioaccumulate. For these chemicals, only the 95% species protection guideline value is relevant.

Therefore, the chemicals that require consideration in this refined assessment are:

PFOS, PFHxXS in relation to bioaccumulation
PFOS, PFHxS, PFBS and 6:2 FTS in relation to direct toxicity.

The most appropriate approach for assessing risks in relation to bioaccumulation for PFOS is biota
sampling directly from the waterway of interest to see if bioaccumulation is actually occurring. This
has been undertaken for this site as discussed in Section 9.4.3.

As noted, PFOS was almost the only PFAS detected in the biota samples. There was 1 sample that
reported PFHXS at the limit of reporting. This means that, even though PFHxS or PFHpS have
potential to bioaccumulate, there were insufficient levels of these 2 chemicals present in Callide
Creek to accumulate in the fish and other species to levels above the limits of reporting. No further
assessment is, therefore, required in relation to bioaccumulation of PFHXS or PFHpS.

This refined assessment has, therefore, focused on:

PFOS — bioaccumulation and direct toxicity
PFBS — direct toxicity

PFHxXS — direct toxicity

6:2 FTS — direct toxicity.

11.2 Direct ecotoxicity to aquatic organisms

11.2.1 General

The focus of this section is the potential for direct ecotoxicity for aguatic organisms. This aspect is
normally addressed using the 95% species protection guideline values for PFOS (and other PFAS
where relevant).
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11.2.2 Refined assessment

To address potential for direct ecotoxicity, the 95% species protection guideline value was applied
to the data in Section 9.3.2 for the key PFAS (i.e. surface water results for Callide Creek). The
value listed in the PFAS NEMP for this guideline value is 0.13 pg/L (HEPA 2020).

Appendix D provides a detailed discussion of the issues with the development of guidelines for
PFOS, the new draft guideline for PFOS released for discussion in 2023 and the new data and
software that now exist. This discussion provides support for adopting the updated draft PFOS 95%
species protection guideline value published in 2023 to assess whether direct ecotoxicity is of
concern at this site.

Therefore, the more appropriate value to adopt for this assessment is 0.48 pg/L for PFOS (and
PFOS like chemicals). The maximum concentrations of PFOS and PFHxS are below this value — i.e.
the results are in compliance with the guideline value.

This updated draft value is considered appropriate for use in this assessment as it is considered
conservative based on the following:

Canadian guideline for ecosystem protection is 6.8 ug/L

USEPA guideline for ecosystem protection is 8.4 pg/L

When new data and new software are applied to the dataset for PFOS in Australia, the draft
value is likely to increase — potentially as high as 1 pg/L.

As a result, it is expected that there would be no direct ecotoxicity effects in Callide Creek and Lake
Callide (i.e. downstream of the power station) due to the presence of these PFAS as the maximum
concentrations for PFOS and PFHXS are below 0.48 ugi/L.

The maximum concentrations of PFBS and 6:2 FTS downstream of the power station are also well
below this value so there would be no direct ecotoxicity effects in Callide Creek and Lake Callide
due to the presence of these PFAS.

11.3 Dietary guideline for birds

11.3.1 Approach

The guidelines adopted in the PFAS NEMP (HEPA 2020) for screening were those developed by
Environment Canada (Environment Canada 2018).

Just as for the human health guidelines, it is important to understand how such criteria were
determined to interpret what these results may mean for this creek and whether there is potential for
adjustment to address site-specific matters.

The dietary guideline for birds from Canada is based on the following assumptions:

results from long term studies of toxicity of PFOS for 3 bird species (mallard duck, northern
bobwhite quail and Japanese quail — these are the species of birds used in pesticide
assessments, so they are the ones for which tests have been developed and which are kept
for such purposes)
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most sensitive toxicity result was a lowest observed effect dose of 772 ug/kg bw/d for the
northern bobwhite

uncertainty factor of 100 was applied to this result giving a toxicity reference value (TRV) of
7.7 ug/kg bw/d

This TRV was then adjusted for the maximum ratio of food intake to body weight in their
database to address potential for exposure — 0.94 kg food/kg body weight (result for Wilson’s
storm-petrel — this means that it is assumed that a bird eats almost its entire body weight
every day of its life)

This gives the dietary guideline of 0.0082 mg/kg ww (Environment Canada 2018) based on
the calculation as follows — 7.7/0.94 = 8.2 ug/kg ww (in the fresh food as consumed by the
bird) i.e. 0.0082 mg/kg ww.

The PFAS NEMP has chosen to apply this guideline to the sum of PFOS+PFHXS but it is based on
PFOS toxicity data only —i.e. it has been assumed that PFHXS has similar toxicity to PFOS for
birds.

11.3.2 Refined assessment

Food ingestion rate to body weight ratio

The information about ratio of food intake to body weight used in this calculation comes from the
CCME Protocol for the Derivation of Canadian Tissue Residue Guidelines for the Protection of
Wildlife that Consume Aquatic Biota (CCME 1998).

In this guidance document, Table 1 gives the ratio of food intake to body weight for a wide range of
bird species. The food intake to body weight ratios vary from 0.1 kg food/kg body weight (i.e. diet
corresponds to 10% of body weight per day) to 0.94 kg food/kg body weight (i.e. diet corresponds to
94% of body weight per day). The guideline calculation used the highest value (0.94) to be
conservative which is appropriate for a generic national guideline.

This range is quite large. This makes sense, given that it is obvious some bird species expend a lot
of energy in their normal activities and require more food to provide that energy, while other species
are not as energetic in their behaviour and so don’t require as much energy each day to undertake
their normal activities.

The average food intake to body weight ratio for the data in this table is 0.33 and the median ratio is
0.31 which indicates that consuming 30% of their body weight per day is common for birds (CCME
1998). The table of values in this Canadian guidance indicates that this ratio ranged from 0.2 to 0.4
for birds like ducks while for raptors it ranged from 0.1 to 0.2. For gull species, it ranged from 0.2 to
0.6. There was 1 species of kingfisher for which data were available for which the ratio was 0.5.

The species with the highest food intake to body weight ratios were 2 species of storm petrels.
These are marine birds that migrate significant distances. The Wilsons Storm Petrel is found
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throughout the world including in Australia. It is known to migrate between Australia and Japan. It
breeds in Antarctica.'!.

All other species (>25 species) in the Canadian guidance have food intake to body weight ratios of
0.5 or less.

Callide Creek is approximately 100 km inland. This means that ocean going/marine bird species
such as storm petrels are not likely to be present in this area. The food intake to body weight ratio
for such birds is, therefore, likely to be quite high for birds in this area.

The dietary guideline for birds can be adjusted based on changing the food intake to body weight
ratio to make the guideline more relevant for the bird species that may be present in this area. As a
result, the dietary guideline has been recalculated using 2 values for the food intake to body weight
ratio — 0.3 and 0.5. These values are taken from the average/median for all species in the Canadian
guidance and the value relevant for kingfishers has been used as a high end estimate for the types
of birds that are likely in this location.

Using the TRV adopted for the PFAS NEMP calculations and a food intake to body weight ratio of
either 0.3 or 0.5, gives adjusted dietary guidelines relevant for birds of:

15 pg/kg ww (i.e. 7.7/0.5)
26 pg/kg ww (i.e. 7.7/0.3)

These values still assume the birds only source dietary items from Callide Creek.
Toxicity reference values

There is a particular issue in regard to the Environment Canada guidelines. The guidance in
Canada recommends:

use of an uncertainty factor of 100 when calculating the toxicity reference value for a bird
when the TRV is used to calculate a dietary guideline.

use of an uncertainty factor of 2 when calculating a TRV for a bird when it is used in
calculating a soil guideline.

This means Environment Canada used a TRV of 7.7 pug/kg bw/d to calculate dietary guidelines for
birds and a TRV of 386 pg/kg bw/d to calculate soil guidelines for PFOS protective for birds. Both of
these values were based on the same study which gave a lowest observed effect dose of 772 pg/kg
bw/d using the northern bobwhite quail (Environment Canada 2017).

This discrepancy in the approaches recommended by Environment Canada was discussed in depth
in some of the supporting documents for the draft PFAS NEMP version 3 but no recommendation
was made about the approach to be preferred in Australia for dealing with this discrepancy?*?.
Australia can make a different choice about the use of uncertainty factors as this is a technical
policy decision based on incorporating an acknowledgement that there are limitations in the

1 http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon id=1034
12 https://consult.dcceew.gov.au/nemp-pfas
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available information which must be covered in some way. This choice is for each
country/jurisdiction to make for themselves.

Site-specific risk assessments across Australia have adopted a range of values for the TRV for birds
including:

7.7 ug/kg bw/d
77 pg/kg bw/d
386 pg/kg bw/d.

APVMA (the Australian pesticide regulator) uses an uncertainty factor (i.e. APVMA use the term
assessment factor) of 10 to apply to endpoints in studies looking at the acute toxicity of a pesticide
to birds (i.e. LD50 values) (see Appendix A of (APVMA 2019)). They use an uncertainty factor of 1
for studies looking at chronic toxicity in birds where the endpoint is a no observed effect level
(NOEL). EFSA also recommends applying an assessment factor of 10 to an LD50 value to estimate
a chronic toxicity value for a risk assessment but using a NOEL as is without any adjustment (EFSA
2009).

Based on these approaches for pesticides, it could be argued that the TRV should be 772 pg/kg
bw/d (i.e. no uncertainty factor applied).

Given that the value adopted for the northern bobwhite quail was a lowest observed effect level
(LOEL) rather than a NOEL, an uncertainty factor would normally be adopted. A value of 10 for this
factor would be an overestimate when the use of a 10 fold factor to convert LD50 values to an
estimate of NOEL is normal practice. However, there is no specific guidance about the conversion
of LOELs to NOELs for bird studies, so an uncertainty factor of 10 has been adopted for this
assessment — in line with recommended approaches for human health protective uncertainty
factors.

This gives a TRV of 77 pg/kg bw/d for use in this assessment.

If this value is adopted for the calculation of an adjusted dietary guideline, then the adjusted dietary
guidelines for birds would be:

82 pg/kg ww using the food intake to body weight ratio of 0.94 (i.e. as per Canadian
approach)

150-250 pg/kg ww using the more relevant food intake to body weight ratios of 0.3 or 0.5 to
generate a guideline more relevant for this location.

Site specific matters

There are a number of site-specific matters that are also relevant for discussion in this refined
assessment including:

Callide Creek is not the only waterway in the area.

There are 2 large lakes/dams in the vicinity of the creek — Lake Callide (AB1) and Kroombit
Dam (AB9).

Birds are more likely to collect dietary items from these larger waterbodies.
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PFOS was not detected in almost any samples taken from Lake Callide or from Kroombit
Dam - 1 of the samples collected from Lake Callide for the human health assessment —
reported a concentration of 2 pg/kg ww. This value is in compliance with the Environment
Canada developed dietary guideline —i.e. 8.2 pg/kg ww.

The average concentration of PFOS for all the samples collected within Callide Creek is

10 pg/kg ww using all the biota data (i.e. human health samples and ecosystem samples)
and assuming a concentration of 1 pg/kg ww for all samples where the result was non-detect
(i.e. less than the limit of reporting).

Findings

The diet of birds in any environment will always be a mix of food items from various locations within
their home range.

In this case, birds that consume aquatic diets will take most of their diet from organisms taken in the
dams just due to ease of access, visibility etc. They may also take organisms from Callide Creek.
Regardless, they will not catch the organisms with the highest PFOS concentrations every day.
They will catch some with PFOS at various concentrations and some which do not have any
detectable PFOS. Therefore, using the average concentration reported for this whole dataset in this
refined assessment is appropriate. The refined assessment is provided in Table 11.1.

Table 11.1: Refined risk assessment for birds

Key chemical Average concentration (ug/kg ww)
PFOS concentration in aquatic organisms that birds may eat 10

PFAS NEMP dietary guideline value 8.2

Adjusted dietary guideline values

Adjusted for food ingestion rate to body weight ratio = 0.5 15

Adjusted for food ingestion rate to body weight ratio = 0.3 25

Adjusted for TRV 82

Adjusted for TRV and food ingestion rate to body weight ratio = 0.5 150

Adjusted for TRV and food ingestion rate to body weight ratio = 0.3 250

This refined assessment shows that the average concentration of PFOS in fish and invertebrates
that might be consumed by birds in this area is approximately the same as the national dietary
guideline for birds and is in compliance with all other adjusted dietary guidelines as described.

As a result, no effects in birds due to PFOS exposure in their diet where that is composed of
organisms taken from Callide Creek and the various dams in the area are expected, so no further
assessment is required. This assessment assumes they obtain their entire diet from Callide Creek,
Lake Callide and Kroombit Dam. It is possible they will consume aquatic organisms from other
waterways across the region which may have lower levels of PFAS.
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11.4 Dietary guideline for mammals

11.4.1 Approach

The dietary guideline listed in the PFAS NEMP for the protection of mammals was that developed
by Environment Canada (Environment Canada 2018). As discussed in Section 11.3 for birds, it is
important to understand how such criteria were determined to interpret what these results may
mean for this creek.

The dietary guideline for mammals developed by Environment Canada was based on the following
assumptions:

results from 9 studies of toxicity of PFOS to 4 species (monkeys, rabbits, mice and rats —
these are the species used to assess toxicity for people but as they are mammals for which
data are available they are also commonly used for assessing wildlife)

toxicity reference values (TRVs) were determined based on the dose that caused no effects
even for the most sensitive type of effect (i.e. no observed effect level (NOEL))

an uncertainty factor of 100 was applied to the NOEL (the NOEL is divided by the
uncertainty factor to get the TRV)

TRVs for this range of studies were 0.0011 to 0.112 mg/kg bw/d

The most sensitive TRV (i.e. 0.0011 mg/kg bw/d) was then adjusted for the maximum ratio of
food intake to body weight in their database — 0.24 kg food/kg body weight (result for
American mink from another Canadian guidance document — i.e. the organism consumes
24% of its body weight each day (CCME 1998))

This gives the dietary guideline of 0.0046 mg/kg ww based on the calculation as follows —
1.1/0.24 = 4.6 pg/kg ww (in the fresh food as consumed by the mammal) i.e. 0.0046 mg/kg
WW.

The PFAS NEMP has chosen to apply this guideline to the sum of PFOS+PFHXS but it is based on
PFOS toxicity data only. There is limited information but it indicates PFHXS has similar toxicity to
PFOS for mammals.

11.4.2 Refined assessment
Toxicity data

In considering this guideline in more detail, consideration of what effects were used to generate the
no observed effect dose is relevant. The listed TRVs incorporated a NOEL or LOEL dose and a 100
fold uncertainty factor. Therefore, the NOELs/LOELs were 0.110 to 11.2 mg/kg bw/d.

These studies were designed to assess toxicity of these chemicals to people. As such even small
changes in body weight, liver weight or blood chemistry are considered relevant. However, many of
these types of effects are not ones that are considered ecologically relevant for use in assessing
potential effects on wildlife. Ecologically relevant effects are those that impact on the populations of
these organisms rather than individual animals. Small changes in body weight, liver weight or blood
chemistry are unlikely to impact on the survival of a population of wildlife. Impacts on mortality,
growth and reproduction (including effects on young) are more important for this assessment of
wildlife species.
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The specifics of each of the studies are difficult to find as the Environment Canada document did
not include sufficient referencing.

Using the draft ATSDR toxicological profile for perfluoroalkyls (ATSDR 2018), the following can be
noted about the types of effects that have been seen generally in studies with rats, mice and
rabbits:

Rats — increased liver weight, changes in serum cholesterol (LOEL — 2-3 mg/kg bw/d)
Rats — effects on survival of young and changes in body weight of young, developmental
delays (NOEL — 0.1-0.3 mg/kg bw/d)

Rabbits — similar range of effects with developmental effects in young above 2 mg/kg bw/d
(NOEL)

Mice — similar effects to rats (on survival of young and changes in body weight of young,
developmental delays) (NOEL — 0.1-3 mg/kg bw/d)

No effects on survival of young were observed for doses less than 1 mg/kg bw/d in the various
species (ATSDR 2018, 2021).

For the study in monkeys, again detailed information is limited, however, a NOEL of 0.75 mg/kg
bw/d appears to be relevant for use for wildlife (OECD 2002).

Using this more refined understanding of these studies, a more appropriate toxicity reference value
can be determined.

It can be assumed that a NOEL of 0.1 mg/kg bw/d could be used as this value is 10 times lower
than the dose that caused no impacts on survival of young for a limited range of species. An
uncertainty factor of 10 can then be applied to this value to generate a TRV based on reproductive
and development effects. It is noted that an uncertainty factor of 10 is still larger than that required
by the APVMA when using data from long term studies in the assessment of risks from pesticides
so this approach remains very conservative (see Appendix A of (APVMA 2019)).

Using these values gives a toxicity reference value of 0.01 mg/kg bw/d for use in this assessment
and an adjusted dietary guideline of 42 pg/kg ww using the food intake to body weight ratio of 0.24.

Food ingestion rate/body weight ratio

Given that there is limited information about the types of mammals likely to be feeding on organisms
from Callide Creek or the dams, it is not appropriate to adjust the food ingestion rate/body weight
ratio used in the Canadian dietary guideline for this assessment.

Site specific matters

There are a number of site-specific matters that are also relevant for discussion in this refined
assessment including:

Callide Creek is not the only waterway in the area.
There are 2 large lakes/dams in the vicinity of the creek — Lake Callide (AB1) and Kroombit
Dam (AB9).
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Mammals that consume aquatic organisms may be more likely to collect dietary items from
these larger waterbodies.

PFOS was not detected in almost any samples taken from Lake Callide or from Kroombit
Dam - 1 of the samples collected from Lake Callide for the human health assessment —
reported a concentration of 2 pg/kg ww. This value is in compliance with the Environment
Canada developed dietary guideline for mammals — i.e. 4.6 pg/kg ww.

The average concentration of PFOS for all the samples collected within Callide Creek is

10 pg/kg ww using all the biota data (i.e. human health samples and ecosystem samples)
and assuming a concentration of 1 pug/kg ww for all samples where the result was non-detect
(i.e. less than the limit of reporting).

Findings

The diet of mammals in any environment will always be a mix of food items from various locations
within their home range.

In this case, mammals that consume aquatic diets will take most of their diet from organisms taken
in the dams just due to ease of access, visibility etc. They may also take organisms from Callide
Creek at times. Regardless, they will not catch the organisms with the highest PFOS concentrations
every day. They will catch some organisms with PFOS at various concentrations and some which
do not have any detectable PFOS. Therefore, using the average concentration reported for this
whole dataset in this refined assessment is appropriate.

The refined assessment is provided in Table 11.2.

Table 11.2: Refined risk assessment for mammals

Key chemical Average concentration (pg/kg ww)
PFOS concentration in aquatic organisms that mammals may eat 10
PFAS NEMP dietary guideline value 4.6

Adjusted dietary guideline value

Adjusted for TRV 42

This refined assessment shows that the average concentration of PFOS in fish and invertebrates
that might be consumed by mammals in this area is above the national dietary guideline for
mammals but is in compliance with the adjusted dietary guideline based on a more appropriate
consideration of the toxicity data in regard to wildlife and Australian guidance on the use of toxicity
data in such assessments.

As a result, no effects in mammals due to exposure to PFOS in their diet where that is composed of
organisms taken from Callide Creek and the various dams in the area are expected. This
assessment assumes they obtain their entire diet from Callide Creek, Lake Callide and Kroombit
Dam only. It is possible they will consume aquatic organisms from other waterways across the
region which may have lower levels of PFAS.
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This assessment has focused on the PFAS that are considered key within national guidance —i.e.
PFOS, PFHxS and PFOA (HEPA 2020).

In regard to risks to birds and mammals, the biota sampling by Hydrobiology confirmed that focusing
on these key PFAS was appropriate as essentially only PFOS was detected in any of the tissue

samples (there was 1 sample where PFHXS was detected at the limit of reporting).

The presence of other PFAS has been considered in this uncertainty section for surface water to
confirm that conclusions for based on the key PFAS do not change when the other PFAS are

included.

The screening assessment for surface water (ecological) is shown in Table 11.3.

Table 11.3: Screening risk assessment — surface water — other PFAS - ecological

Detected PFAS

Maximum
concentration
upstream of the
power station (ug/L)

Maximum
Concentration
downstream of the
power station (ug/L)

Screening criteria
— ecological (95%
species
protection) (ug/L)

Screening criteria
— ecological (99%
species
protection) (ug/L)

Chemicals in Australian Guidance

PFOS 0.303 0.0606 013 0.00023
PFHXS 0.294 0.0594 )

PFOA 0.0984 0.002 220 19
Additional review of other detected individual PFAS

PFBS 0.188 0.0111

PFPeS 0.0528 0.0113

PFHpS 0.0214 0.0019

6:2 FTS 0.24 0.01

8:2 FTS 0.013 ND

PFBA 0.8190 0.022

PFPeA 3.02 0.0265

PFHxA 1.28 0.0138

PFHpA 0.706 0.0052

PFNA 0.0189 ND

PFDA 0.0013 ND

PFDoDA ND 0.0011

SUM of PFOS like 1.1122 0.1543 0.13 0.00023
SUM of PFOA like 5.9436 0.0706 220 19

Notes:

Screening criteria used here are from Table 8.2

This screening assessment indicates that, while a range of different PFAS were detected, the
primary PFAS present at concentrations higher than guidelines in Callide Creek downstream of the
power station were PFOS and PFHXS (or the sum of PFOS like chemicals). As a result, a detailed
assessment based on PFOS+PFHXS concentrations in the surface waters downstream of the power
station has been appropriate as shown in Section 11.2. It is expected that there would be no direct
ecotoxicity effects in Callide Creek and Lake Callide due to the presence of these other PFAS as
the maximum concentrations for all of the PFOS like chemicals individually (and for the sum of
PFOS like chemicals) are below 0.48 pg/L in the downstream sampling locations (i.e. locations
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relevant for this assessment) and the maximum concentrations for all of the PFOA like chemicals
individually (and for the sum) are below 19 ug/L.
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Section 12. Conclusions

This HHERA has been prepared making use of extensive data collected by EPIC Environmental
and it has focused on the area downgradient of the power station site. It has evaluated all the uses
of groundwater or surface water expected in rural areas to provide information to allow refinement of
community advice, if appropriate.

Evaluation of potential for risks to people has been undertaken using the approaches recommended
in national guidance provided in the ASC NEPM (supported by the PFAS NEMP) and by enHealth,
and FSANZ (enHealth 2012a; FSANZ 2017a; HEPA 2020; NEPC 1999 amended 2013a, 1999
amended 2013b).

In regard to ecological risks, the environmental values determined by EPIC arising from the
Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (i.e. Water EPP) have been
considered in this HHERA as well as the relevant Australian water quality guidelines (or other
relevant guidelines for other media) (ANZG 2018; HEPA 2020).

On the basis of the available data and the assessment undertaken in this report, the following can
be concluded:

Human Health

Risks for each of the individual exposure pathways are acceptable in all zones (based on the
guidance from national health authorities). These pathways include:
ingestion of groundwater for drinking (and all household uses of water)
incidental ingestion of groundwater during use of water for farming purposes
incidental ingestion of groundwater during outdoor domestic uses of water
consumption of home grown fruit/vegetables which may contain PFAS due to
irrigation by groundwater
o consumption of home grown eggs which may contain PFAS due to chickens drinking
groundwater
o consumption of home grown meat which may contain PFAS due to stock watering

using groundwater and consumption of fodder by the cattle where that fodder is

irrigated with the relevant groundwater.
Risks resulting from combining drinking groundwater with all or some of the pathways
involving consumption of home grown produce are acceptable based on Australian health
guidance for all zones except for the most impacted areas within Zone 1.
Zone 1 has the highest concentration of PFOS+PFHXS. In this zone, if multiple exposure
pathways for home grown produce (i.e. home grown eggs + home grown fruit & vegetables +
home grown meat or home grown fruit & vegetables + home grown meat) are combined with
using groundwater at the property as the sole source of drinking water, the risk to individuals
would be slightly elevated when compared to the national guidelines for the locations with
the highest concentrations (i.e. 0.3-0.4 pg/L). Based on the data available, it is understood
that no individual household is exposed via the combination of all the possible exposures.
It is understood that properties are being supplied with an alternate source of drinking water
so use of groundwater as the sole source of drinking water is not occurring.

O O O O
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For Zone 4, there was only 1 groundwater supply bore available for monitoring in this zone.
The results for this bore were in compliance with the drinking water guideline for
PFOS+PFHXxS. Risks are, therefore, negligible and no further assessment was required for
this zone.

Risks due to exposures to people using Callide Creek for swimming/recreation are
acceptable.

Risks due to exposure to PFAS via consumption of fish caught in Lake Callide are
acceptable based on the conservative national FSANZ trigger point.

Risks due to exposure to PFAS via consumption of fish caught in Callide Creek are
acceptable based on adjusted guidelines in line with the practical limitations on catch size
and frequency of fishing.

It is important to note that the combination calculations (as per Table 10.8a) are based on the
maximum concentrations reported and assume that people living/working on those properties will:

use the groundwater as their sole source of drinking water and for all farming and/or
domestic activities where incidental ingestion could occur
consume 100% of eggs from chickens kept at the property
consume 35% of meat from livestock kept at the property which are given groundwater to
drink and that eat fodder that has been irrigated with groundwater
consume 35% of fruit and vegetables from produce grown at the property and irrigated with
groundwater.

It is understood that this combination is unlikely to have occurred.

Ecological

No direct ecotoxicity effects from exposure to PFAS on aquatic species in Callide Creek and
Lake Callide are expected.

No effects in birds are expected due to consuming aquatic organisms from Callide Creek or
Lake Callide that may contain PFOS.

No effects in mammals are expected due to consuming aquatic organisms from Callide
Creek or Lake Callide that may contain PFOS.

Other matters
The following points are also noted:

This assessment has been based on the maximum reported concentrations for any sample
type in each zone.

While the site is likely to contribute to the levels of PFAS in Callide Creek, the site
investigation shows that Callide Power Station is not the sole source of these chemicals to
these waterways.

For uptake of the chemicals into meat or eggs, the concentrations modelled assuming 100%
PFOS is present have been used in the risk calculations as this is the worst case calculation.
For uptake into meat, the combination scenario uses the risks based on the stock drinking
groundwater and eating fodder that has been irrigated using the groundwater.

There are no maximum residue levels for PFAS in meat/eggs (i.e. legally enforceable limits).
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B FSANZ, however, has published trigger points to indicate when food may need more
detailed investigation. The concentrations modelled in this assessment are generally in
compliance with these trigger points.

This assessment shows that, based on a site-specific evaluation of risk, the concentrations of PFOS
and PFHxS (and other PFAS) in groundwater or surface water do not pose an unacceptable risk to
people when that water is accessed/used on properties in the off-site area downgradient of Callide
Power Station based on national guidance for health risk assessment.

The levels of PFAS in groundwater or surface water also do not pose an unacceptable risk to
ecosystems in and around Callide Creek based on national guidance for ecological risk
assessment.
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Standard PFAS Analysis

Standard PFAS analysis is the analysis method that is the most developed and that is now available
at most commercial laboratories in Australia. Standard PFAS analysis reports concentrations of
around 25 to 30 individual PFAS via a technique known as isotope dilution. This analysis method is
well established, and as noted above, offered by the majority of commercial laboratories in
Australia.

One of the potential issues with any type of PFAS analysis (or any type of analysis for
environmental contaminants, in general) is the potential for variability in results between
laboratories. This has been addressed for PFAS by the Australian Government National
Measurement Institute (NMI). They have provided assessments of the proficiency of laboratories to
undertake PFAS analysis since around 2015/2016.

Proficiency programs are designed to test the performance of the participating laboratories to
provide an independent check of the quality and comparability of PFAS measurements in Australia.
The most recent reports are those for work undertaken in 20232,

Standard PFAS analysis results are, therefore, routinely relied upon for PFAS investigation, risk
assessment and remediation work across Australia.

TOP Assay

The PFAS family is much larger than these 25-30 substances and so, while the standard analytical
suite allows measurement of the substances that are expected to be present most commonly and at
the highest concentration, there remains a question as to whether the others matter.

It is expected that the substances in the standard analytical suite are the most important in regard to
potential risks and it has been shown that some of the other substances may transform into the 3
key ones over time which supports the focus on the 3 key PFAS.

However, researchers developed an assay to target precursors — the PFAS chemicals that break
down into PFOS, PFHXS or PFOA. This is the TOP assay or total organic precursors assay(Houtz &
Sedlak 2012). The method makes use of the same type of analysis as the standard analytical suite
but includes a pretreatment step where the sample is subject to strong oxidation (potassium
persulfate and sodium hydroxide and heat). This is designed to convert relevant PFAS not normally
measured in the standard suite into the critical PFAS we measure using the standard suite (e.qg.
PFOS, PFOA or PFHxS and others). The assay requires analysis of the original sample and then
the sample after the pretreatment step (i.e. strong oxidation step). It is the difference between the 2
sets of results that informs as to whether there are significant amounts of precursors present in the
samples or not.

This assay is most useful for fingerprinting PFAS sources or for use during remediation projects to
ensure treatment plants are appropriately sized. It gives an indication of the load of fluorinated
chemicals that might be present and need to be removed via any proposed treatment process.

13 https://www.industry.gov.au/publications/proficiency-test-reports-2023
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The TOP assay is less developed than the standard analytical suite but is offered by many of the
commercial laboratories in Australia. It can be a problematic method particularly for soil, sediment or
biota samples as it can be difficult to get good reproducibility.

A validation program for TOP assay was undertaken in Australia (Ventia 2019). The results of this
study noted:

The amount of oxidant recommended in the original method (and the number of cycles of
oxidation) is not usually sufficient to meet the quality requirements specified in the NEMP, so
laboratories need to increase the dose of oxidant, the number of cycles and/or the
temperature for the pre-treatment in line with this validation study (HEPA 2020).

The results for the sulfonates (PFOS, PFHXS etc) should always be similar in the TOP assay
(i.e. same levels in analysis of original sample and in oxidised sample). If there are large
differences in the results, this indicates an issue with the analysis.

The results for the longer chain carboxylic acids (i.e. those with 10 or more carbons (i.e.
PFDA, PFUNDA, PFDoDA, PFTrDA, PFTeDA)) should also be similar in original sample and
in oxidised sample. If they are not, then this may indicate some issue with the analysis.

This report (Ventia 2019) also notes:

“The products of TOP assay do not necessatrily represent environmental endpoints of PFAS
degradation. The assay uses a strong oxidation with hydroxyl radicals that would be harsher than
the expected conditions of both abiotic and biotic break down in the environment. Degradation can
include not only oxidation but also hydrolytic processes acting on precursor compounds. For
example, the metabolic endpoint of sulfonamide break down in the environment would be the
sulfonic acid rather than a perfluorocarboxylic acid but the conversion that occurs in the TOP assay
is to the perfluorocarboxylic acid.”

Further work has been undertaken by NMI to assess the proficiency of laboratories to use this TOP
assay for analysing PFAS in water (NMI 2020). All participating laboratories used much higher
amounts of oxidant and allowed the oxidation to occur for much longer times than originally
proposed when this method was first designed (Houtz & Sedlak 2012).

The results from the TOP assay are not commonly used to assess potential risks in standard PFAS
environmental investigations around Australia. Queensland Health has confirmed that TOP assay
results are not required for the purpose of assessing public health risks for human health risk
assessment using biota data.'* This is because:

the strong oxidisers used in the laboratory are not present in the natural environment
the oxidation step primarily converts precursors into carboxylic acid based standard/key
PFAS.

4 https://www.qgld.gov.au/ _data/assets/pdf file/0032/68684/pfas-fish-sampling-protocol.pdf
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In the natural environment, some of the other PFAS chemicals measured in the TOP assay would
break down to PFOS like chemicals. This means the TOP assay results can give an incorrect
picture in regard to risks.

TOP assay results may be useful for:

sizing remedial equipment
where strong oxidisers are to be used during remediation of water or soil containing PFAS
fingerprinting PFAS sources.

It's also important to note that the precursors and the PFAS in the standard analytical suite do not
have much difference in molecular weight (for each size of carbon chain) so if the concentration
measured in the TOP assay increases a small amount it is indicative of only small amounts of
precursor compounds which would be unlikely to change the conclusions around risk.

It is acknowledged that some PFAS degrade in the environment quicker than others, and TOP
assay may provide an indication of the degradation potential and future environmental
concentrations for these PFAS. However, the PFAS with a higher degradation potential are smaller
PFAS or PFAS with functional groups that allow ready hydrolysis or biodegradation which means:

they are not “persistent” in the same way as PFOS, PFHxS, PFOA or other longer chain
chemicals

they are not likely to be bioaccumulative

they are not 1 of the 3 key PFAS that are of most concern (PFOS, PFOA and PFHXS).

This means the risks posed by these other PFAS are less important than those for PFOS, PFOA,
PFHXS because the concentrations are smaller and these chemicals do not qualify as persistent,
bioaccumulative and toxic (PBT) as they do not persist in the environment.

As noted above, the guidelines for PFAS in the PFAS NEMP are for results from the standard PFAS
analytical suite and not for results from TOP assay analysis. There are no guidelines available in
Australia or internationally based on the results from TOP assay.
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TOF Analysis

The third analysis method that is available is total organic fluorine (TOF) analysis. TOF analysis
measures the total concentration of fluorine in an environmental sample, including PFAS and non-
PFAS chemicals. It does not distinguish between chemicals that may be of environmental concern
and those that may not be of concern or even those that may be naturally occurring. TOF analysis is
only available at a few commercial laboratories in Australia and there are no current or historical
proficiency test/validation programs underway for this method.

This method is primarily useful when designing treatment processes to ensure they are adequately
sized as it gives an idea of the load of fluorinated chemicals that might be present.

TOF analysis involves oxidising the sample at approximately 1,000°C under humid conditions. The
carbon fluorine bonds in the chemicals are broken under these conditions and the fluorine is emitted
from the sample as hydrogen fluoride (HF) gas which is dissolved in solution and the fluoride ions
are then measured. As indicated in the PFAS NEMP, this method measures both organic and
inorganic fluoride.

Each laboratory must incorporate some method to correct the results to remove the HF generated
from naturally occurring fluoride in soils which will always be present (i.e. inorganic fluoride). It has
been indicated that this is corrected for by the analysing laboratories, but the methods used by both
laboratories in Australia differ. Given this, the intra laboratory repeatability of TOF analysis is
currently not clear.

The method also does not provide a way to se