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Executive Summary 

Introduction 

Department of Defence has engaged Coffey Environments Australia Pty Ltd (Coffey) to conduct a 

Human Health Risk Assessment (HHRA) as a result of the detection of per- and polyfluoroalkyl 

substances (PFAS) in the environment potentially associated with its use in legacy aqueous film 

forming foam (AFFF) at Royal Australian Air Force (RAAF) Base Tindal (the Base). 

The information and data collected in the Detailed Site Investigation (DSI) conducted by Coffey 

informs this HHRA, in addition to data collected specifically for the assessment of risk.  Further data 

collection for the Supplementary DSI is ongoing and selected data have also been used in this HHRA.  

The interim HHRA (IHHRA) was published in January 2018 and addressed the exposure routes most 

likely to drive risk, utilising available dry season information within the Investigation Area (IA).  This 

HHRA is based on a more detailed conceptual site model (CSM) developed using wet and dry season 

information and evaluates all potential exposure pathways and receptor populations within the 

Investigation Area.   

Background 

Aqueous film-forming foam (AFFF) is a fire-fighting foam that has been used extensively worldwide, 

and within Australia, from the 1970s.  It was used by civilian and military authorities for its 

effectiveness in extinguishing liquid fuel fires.  PFAS compounds such as perfluorooctane sulfonate 

(PFOS), perfluorohexane sulfonate (PFHxS) and perfluorooctanoic acid (PFOA) are components of 

Class B AFFF that was used at the Base.  The presence of AFFF on the Base is related to the active 

suppression of fires, training and storage for emergency use, maintenance of equipment used to store 

or distribute AFFF, and other historical incidental uses or emissions.  The primary sources of PFAS 

compounds are associated with the Fire Training Area and Fire Station.  Other secondary sources 

have also been identified on the Base.  

PFAS compounds used in AFFF are known to be highly persistent as they do not readily degrade and 

hence may be present in environmental media for many years following their release.  PFAS 

contamination in soil and groundwater has been identified at the Base, particularly in the source areas 

where AFFF has been used, and in offsite areas due to migration in surface water and groundwater.    

Nature and Extent of Impact 

PFAS has been shown to leave the Base via surface water runoff to the ephemeral Tindal Creek, and 

as a result of leaching from soils to the underlying groundwater.  PFAS has been reported in 

groundwater (the Tindall Aquifer) beneath RAAF Base Tindal, extending west beyond the rural 

community at Uralla towards the Katherine township.  Groundwater and surface water impacted by 

PFAS discharges to the Katherine River.  PFAS compounds have been detected in the Katherine 

River from Knotts Crossing and down-stream locations to the Daly River.   
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Figure A. Investigation Area 

Objective 

The purpose of the HHRA is to quantify likely intake of PFAS during various activities, against the 

tolerable daily intake (TDI) values to receptor populations within the Investigation Area.  The primary 

objective for the HHRA is to understand the potential risks to human health associated with 

contamination of various media as a result of the historical use of legacy AFFF containing PFAS 

compounds, to inform risk management options.  To achieve this objective, the HHRA developed the 

conceptual site model to identify the potential receptors within the Investigation Area and the main 

pathways of exposure.   

Conceptual Site Model 

The conceptual site model for RAAF Base Tindal has been developed based on the information 

gathered during the investigations conducted in 2017 and 2018.   

Sources PFAS on-Base and transport off-Base 

Source areas at the site relate to PFAS storage, distribution or use at the Base.  Direct measurement 

of media such as soil, sediment and water as part of the DSI identified the primary source areas on-

Base as being the following: 

• Fire Training Area (NT0064) 

• Fire Station (NT0065) 

• Mechanical Operations Maintenance Sections (NT0053 and NT0072) 

• Fuel Farm 1 (NT0076) and Fuel Farm 2 (NT0077) 
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PFAS contamination emitted from the primary source areas on the Base is migrating from the site via:  

• Leaching to groundwater (Tindall Aquifer) and subsequent flow with groundwater westerly 

toward the Katherine River, discharging to the river within the Investigation Area. 

• Leaching and surface water run-off via site drains and Tindal Creek, which flows through 

Uralla and discharges to the Katherine River in Katherine South. 

PFAS concentrations detected in groundwater and in surface waters, indicate that water used for 

drinking, swimming or domestic uses, as well as irrigating edible plants and watering livestock, could 

be impacted in areas located hydraulically down-gradient of the Base.   

Receptor populations and potential exposures 

Potentially exposed receptor populations were selected by linking identified PFAS in various media 

on- and off-Base, and populations also at those locations.   

Direct exposure to contamination, beyond the primary source areas identified at the Base, occurs 

through groundwater extraction from within the contaminated areas of the Investigation Area or use of 

surface waters of Tindal Creek or Katherine River (primarily downstream of sample location SW110 

(opposite Rapide Street).  Based on the conceptual site model, potential receptors at the point of 

exposure are presented in Table A. 

Table A: Impact media and potential direct exposures to receptors in the Investigation Area 

PFAS in media Potential receptor populations via direct exposures 

Shallow or extracted 
impacted groundwater 

• Residential (urban and/or rural) 

• Workers (on-Base and off-Base workers) 

Impacted surface water from 
Katherine River or Tindal 
Creek 

• Recreational users (i.e., swimming) 

• Consumers of aquatic foods (i.e., fish or cherabin) or native foods 
in contact with impacted waters 

• Residents / workers who draw water from impacted sections of the 
Katherine River 

• Visitors to the Hot Springs 

Soil and sediments • Base personnel in source areas 

Town water supply • Recreational users of public pool 

• Residential (urban and/or rural) 

• Workers (on-Base and off-Base) 

Residential receptors include those in urban environments such as Katherine or the Base Residential 

Area where the properties are smaller and are supplied with reticulated town water.  Rural residents 

are those living in the countryside where the properties are larger and rely on water obtained from 

bores or surface water.  Indigenous communities within the Investigation Area and surrounds collect 

some traditional foods near or directly from the impacted portion of the Katherine River. 

Workers were divided into two groups; those involved in maintenance and subsurface activities, and 

those associated with commercial, industrial, council or agricultural activities. 

Indirect exposures to contamination occurs where food sources or other media are affected by these 

waters via irrigation, stock-watering or the aquatic habitat.  The conceptual site model is presented in 

Figure B. 
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Data Evaluation 

Of the 28 PFAS compounds analysed for all media in this assessment, PFOS and PFHxS have been 

the main PFAS compounds detected (approximately 80% of the total PFAS concentration in sampled 

private bore water). The active ingredient in the manufactured AFFF products (i.e. 3M LightwaterTM 

which was the main product used at the Base) were typically PFOS and PFHxS.   

Environmental investigations conducted from 2017 until present reported detectable PFAS in 

groundwater across most of the Investigation Area.  Fruit and vegetables obtained from residential 

gardens, eggs from locally raised poultry, serum from local livestock and fish from Katherine River 

were found to contain PFAS compounds to varying degrees, as a result of PFAS impacted water used 

for irrigation, watering or in a surface waterway habitat.   
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Figure B: Conceptual site model – Investigation Area 
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Zones within the Investigation Area 

The HHRA identified specific zones within the Investigation Area based on water quality and water 

use to distinguish between water sources and characterise areas by PFAS concentrations.  The 

zones are defined by the water source and the concentrations of PFOS and PFHxS measured at 

each bore during the 2017/2018 dry and wet season.  It should be noted that whilst the zone 

boundaries are not expected to vary seasonally, they will vary and diminish over time.  Each of the 

zones are delineated as described in Table B. 

Table B: Investigation Area Zones  

 Zone 1 Zone 2 Zone 3 Zone 4 (1) Zone 5 (2) 

Water source 
description 

Extracted 
groundwater 
from private 
bores 

Extracted 
groundwater 
from private 
bores 

Katherine River 
water 
(downstream of 
sampling 
location SW110 
(adjacent to 
Rapide Street)) 

Town Water 
supply (4) 

Extracted 
groundwater from 
private bores or 
Katherine River 
water upstream of 
Sampling location 
SW110 (adjacent 
to Rapide Street) 

Health Based 
Guideline for 
PFAS in 
drinking water 
(3) 

PFOS+PFHxS 
concentrations 
above 
drinking water 
guideline 

PFOS+PFHxS 
concentrations 
above 
drinking water 
guideline 

PFOS+PFHxS 
concentrations 
above drinking 
water guideline 
during dry 
season 

PFOS+PFHxS 
concentrations 
below 
drinking water 
guideline 

PFOS+PFHxS 
concentrations 
below drinking 
water guideline 

Health Based 
Guideline for 
primary 
contact 
recreation (3) 

PFOS+PFHxS 
concentrations 
above 
recreational 
water 
guideline 

PFOS+PFHxS 
concentrations 
below 
recreational 
water 
guideline 

PFOS+PFHxS 
concentrations 
below 
recreational 
water guideline 

PFOS+PFHxS 
concentrations 
below 
recreational 
water 
guideline 

PFOS+PFHxS 
concentrations 
below recreational 
water guideline 

Predominant 
land uses 

Rural 
residential 

RAAF Base 

Recreational 

Rural 
residential 

RAAF Base 

Recreational 

Rural 
residential 

Recreational 

Urban 
residential 

Commercial 

Recreational 

Rural residential 

Recreational 

1 Katherine township and Base residential area 

2 Extracted groundwater from private bores or Katherine River water piped from upstream of sampling location SW110 

(adjacent to Rapide Street) 

3 Guidelines for PFAS compounds: PFOS+PFHxS and PFOA.  Federal Department of Health, 2017 

4 Power & Water.  Treated water from Katherine River, drawn from Donkey Camp Weir, located upstream of the 

Investigation Area. 

The zones are not defined by property title (cadastre) boundary.   For instance, individual properties 

within Zone 1 and Zone 2 may also change zones or intersect both Zone 1 and Zone 2, depending on 

factors such as the location of their bores in relation to the centreline of the PFAS plume.  

The water use zones are generally presented in Figure C.  The boundaries of Zone 1, Zone 2 and 

Zone 5 are based on maximum PFAS concentrations measured over the 2017/18 wet and dry 

seasons.   

Properties that draw water from the Katherine River downstream of sampling location SW110 

(adjacent to Rapide Street) are in Zone 3 and are unlikely to exceed PFAS drinking water guidance 

values during the wet season when the river flows increase significantly, effectively diluting PFAS 

impact to levels below the drinking water guideline. 
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Figure C – Water use zones (Zone 4 is defined by access to reticulated town water supply as shown in Figure D) 

 

 

Figure D – Zone 4: Reticulated town water supply areas. 
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PFAS impacted media evaluated in the HHRA, relevant to each land use and zone setting, are 
presented in Table C.  

Table C: Source of media sampled in each zone 

Settings 
Food or Water Source 

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 

Drinking 
water and 
domestic 
uses 

Extracted bore 
water 

Extracted bore 
water 

Downstream 
Katherine River (1) 

Katherine town 
water supply 

Extracted bore 
water / upstream 
Katherine River (1) 

Recreational 
uses (2) 

Extracted bore 
water 

Extracted bore 
water 

Downstream 
Katherine River (1) 

Katherine town 
water supply 

Extracted bore 
water / upstream 
Katherine River (1) 

Soils 
Soil irrigated 
with bore 
water 

Soil irrigated 
with bore 
water 

Soil irrigated with 
downstream 
Katherine River 
water (1) 

Soil irrigated 
with Katherine 
town water 
supply 

Soil irrigated with 
extracted bore 
water  

Terrestrial 
foods 

Home grown 
fruit and 
vegetables 
irrigated with 
bore water 

Home grown 
fruit and 
vegetables 
irrigated with 
bore water 

Home grown fruit 
and vegetables 
irrigated with 
downstream 
Katherine River 
water (1) 

Home grown 
fruit and 
vegetables 
irrigated with 
Katherine town 
water supply  

Home grown fruit 
and vegetables 
irrigated with non-
impacted water (3) 

Locally raised 
livestock / 
poultry eggs 
watered with 
bore water. 

Locally raised 
livestock / 
poultry eggs 
watered with 
bore water. 

Locally raised 
livestock / poultry 
eggs watered with 
downstream 
Katherine River 
water (1)  

Locally raised 
poultry eggs, 
watered with 
Katherine town 
water supply 

Not sampled 

Aquatic 
foods 

Fish and crustaceans from Katherine River 

 

- Not applicable 

1 From sample location SW110 (adjacent to Rapide Street). 

2 Water related activities i.e. swimming 

3 Where PFAS concentrations are below the drinking water screening criteria. 

The data used to inform the HHRA has been based on water, soil and food samples collected during 

the wet and dry season.  Private bore water samples were collected from rural and urban residential 

properties, council bores and the Base.  Samples of surface water, soils, aquatic biota and locally 

grown fruits, vegetables and poultry eggs were obtained in both rural and urban settings.  Serum 

samples of locally raised livestock and poultry from rural properties were collected to determine meat 

concentrations.  The fruits and vegetables sampled, livestock and the types of fish are presented in 

the Table D.  Private bores in urban settings are not widely used for irrigation of home grown produce 

or livestock watering. 
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Table D: Terrestrial and aquatic specimens sampled 

Fruit Vegetables Livestock  Fish and 
crustaceans 

Bush or related 
foods 

Banana  Basil Cattle Barramundi Fish varieties 

Black sapote Beans Sheep Sooty Grunter Cherabin 

Cherry tomatoes Beetroot and leaves Goats Bony Bream Freshwater 
Crocodile 

Coconut Brazilian spinach Pigs Butler's Grunter Brushtail Possum 

Custard apple Capsicum Chickens Mullet Billy goat plum 

Grapefruit Carrot Ducks Sleepy Cod Keelback Snake  

Jackfruit Cassava  Blue Catfish Bandicoot 

Lemons  Chilli  Cherabin (prawn) Quail 

Lime Chives  Black Catfish Radjah Shelduck 

Mangos  Corn cob  Freshwater 
Longtom 

 

Melon Drumstick (Moringa)  Spangled Perch  

Mulberries Eggplant  Mouth Almighty  

Papaya Lemongrass  Giant Gudgeon  

Paw paw Okra  Archerfish  

Tomato Pumpkin  Tarpon  

Starfruit Radish    

Watermelon  Snake beans    

 Spinach    

 Sweet potato    

 Taro    

Toxicity Assessment 

The PFAS toxicity criteria adopted in this assessment were published by the Australian Department of 

Health.  Tolerable daily intake values for chronic exposure were derived by Food Standards Australia 

New Zealand for PFOS, PFHxS and PFOA, as these were the compounds studied in the majority of 

toxicity studies to date.  The main PFAS compounds found in the AFFF relevant for RAAF Base 

Tindal are PFOS and PFHxS. 

Exposure Assessment 

The exposure pathway evaluation and subsequent Tier 1 screening assessment conducted in the 

HHRA identified the exposure pathways that required evaluation in a Tier 2 assessment.  The Tier 2 

assessment quantitatively evaluated the exposure pathways presented in Table E. 
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Table E: Quantitative evaluation of potential exposures to receptors in the Investigation Area  

Receptor 

Population  

Quantitative evaluation of exposure pathway 

Residential 

occupants 

• Ingestion of PFAS impacted water by residents for drinking water. 

• Incidental ingestion and dermal contact with PFAS impacted water for domestic 
uses such as showering / bathing, cleaning / washing and irrigation purposes. 

• Incidental ingestion and dermal contact with water whilst using a private swimming 
pool filled with PFAS impacted water. 

• Incidental ingestion and dermal contact with PFAS impacted water during 
sprinkler play. 

• Ingestion of home grown fruit and vegetables irrigated with PFAS impacted water. 

• Ingestion of eggs produced from poultry watered with PFAS impacted water. 

• Ingestion of meat from livestock and poultry watered with PFAS impacted water. 

Recreational 

users/fishers 

• Incidental ingestion and dermal contact with Katherine River water whilst 
swimming. 

• Incidental ingestion and dermal contact with Tindal Creek water whilst swimming. 

• Incidental ingestion and dermal contact with pool water whilst swimming at 
Katherine Aquatic Centre. 

• Ingestion of fish caught in the Katherine River, specifically downstream of the 
sample location SW110, opposite Rapide Street. 

• Ingestion of crustaceans caught in Katherine River or Tindal Creek. 

• Ingestion of bush foods. 

Workers  

(On-Base and 

off-Base) 

• Ingestion of PFAS impacted water for drinking water. 

• Incidental ingestion and dermal contact with PFAS impacted water during work 
related activities. 

The general approach taken for the exposure assessment was to adopt exposure parameters (these 

are inputs such as how many hours per day or days per year someone is exposed) that would reflect 

the typical experiences of the majority of the receptor group.  It is acknowledged that individual human 

behaviours vary within any group and therefore a more conservative approach has also been 

evaluated using upper estimates of exposure assumptions to represent a higher level of exposure.  

The upper estimate approach is likely to only apply to a few individuals for some pathways. 

Adults and young children were evaluated separately, as the relative intake for young children (aged 0 

to 6 years) is known to differ from older children and adults based on weight to food intake ratios and 

hygiene behaviours.  The exposure parameters and adopted PFAS concentrations were based on 

typical and upper estimate exposures as defined here:   

• Typical scenarios are based on a mixture of average or maximum (i.e. 365 days per year) 

exposure parameters and average exposure concentrations.  This results in a conservative 

estimate of the average population exposure and is likely to represent most of the population. 

As an example, it was assumed adults would drink 2 litres of water containing average 

concentrations of PFAS measured in each water source, every day over their adult life. 

• Upper estimate scenarios are based on a mixture of upper estimates (i.e. the 90th percentile) 

and maximum exposure parameters, and the upper estimate of PFAS concentrations in food 

or water consumed, resulting in a cumulative overestimate of exposures.  The scenarios are 

not likely to be representative for many individuals in the population.  For example, it was 

assumed adults would drink 10 litres of water containing 90th percentile concentrations of 

PFAS measured in each water source, for every day over their adult life. 
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Risk Characterisation 

The outcomes of all exposure pathways assessed for both young children and adult residents are 

presented below in Figures E and F respectively. 

Based on the available data collected during the 2017/18 wet and dry season conditions, the 

exposure modelling and parameters adopted, the following exposure pathways were identified as 

resulting in potential intakes that may exceed the tolerable daily intake (TDI) over chronic periods (i.e. 

over a lifetime for adults or 6 years for young children), for the following receptor populations: 

Residential 

• Ingestion of drinking water sourced from groundwater extracted from private bores 

within Zone 1 by residents in both typical and upper estimate exposure scenarios. 

• Ingestion of drinking water sourced from groundwater extracted from private bores 

within Zone 2 by residents evaluated in the upper estimate exposure scenario. 

• Ingestion of eggs obtained from poultry in Zone 1 by young children in typical and 

upper estimate scenarios, and by adults in upper estimate exposure scenarios.  

Exposure pathways were defined as marginal where the estimated intake was 75% or more of the 

tolerable daily intake, as this may result in exceedance of the tolerable daily intake when combined 

with other pathways.   

Marginal risks were identified for typical exposures in young children who ingest drinking water 

extracted from bores in Zone 2. 

Marginal risks were identified for upper estimate exposures for: 

• Ingestion of drinking water drawn from the Katherine River down-stream of sample 

location SW110 (opposite Rapide Street) in Zone 3, by residents evaluated in the 

upper estimate exposure scenario. 

• Young children frequently swimming in pools filled with bore water extracted from 

Zone 1. 

• Young children ingesting large quantities of home-grown root vegetables irrigated 

with bore water extracted in Zone 1. 

• Young children frequently eating beef from cattle watered with bore water extracted 

in Zone 1.  

• Young children frequently eating eggs from poultry watered with bore water from 

Zone 2.  

Recreational 

• Ingestion of a range of fish caught in Katherine River (specifically downstream of 

sample location SW110, opposite Rapide Street) by recreational fishers in both the 

typical and upper estimate exposures.  Ingestion of Barramundi, Sleepy Cod and 

Sooty Grunter only in a typical exposure scenario did not indicate an elevated risk to 

adults. 

• Ingestion of crustaceans caught in Tindal Creek or Katherine River (specifically 

downstream of sample location SW110, opposite Rapide Street) by recreational 

fishers in upper estimate exposure scenario. 

• Ingestion of a range of fish caught in the Daly River by recreational fishers in the 

upper estimate exposures.  Consumption of Barramundi, Sooty Grunter or Sleepy 

Cod only would not present an elevated risk, under any exposure setting in Daly 

River. 
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Workers (on-Base and off-Base) 

• Ingestion of drinking water sourced from groundwater extracted from private bores 

within Zone 1 and Zone 2 or river water in Zone 3 by workers evaluated in the upper 

estimate exposure scenarios. 

• Incidental ingestion of shallow groundwater within a 1 m maintenance trench located 

in source areas at the Base by subsurface workers evaluated in the upper estimate 

exposure scenario. 

• Exceedances of the adopted soil screening criteria for Base workers undertaking 

subsurface or maintenance works were noted in the maximum concentrations 

reported in the Fire Training Area, which is an identified source area.   

• Exceedances of the adopted human health sediment screening criteria in 

infrastructure sediments indicates that maintenance workers at the Base undertaking 

repairs or maintenance on infrastructure pits may be exposed to elevated 

concentrations of PFAS.   

 

Bush Foods 

Bush foods were investigated based on conversations with indigenous hunters and member of the 

Binjari, Rockhole and Kalano communities, and reference to written literature, where available.  Some 

targeted collection and testing was undertaken, which was supplemented by comparison to 

concentrations in similar plants or animals if specific target species were not available.    

There was insufficient information about concentrations and consumption rates of traditional foods, 

other than fish and cherabin, to reliably calculate exposure.  However, qualitative assessment was 

made using comparison of available results and similar plants and animals to FSANZ trigger values.   

Refinement of exposures and risk characterisation 

Given that individual exposures within receptor groups within the Investigation Area are likely to vary, 

a process has been provided to estimate risks via the selection of appropriate exposure pathways, 

media sources and whether the behaviour or concentration is likely to be typical or at the upper end 

for each pathway.  The process for estimating the potential risk for a resident or worker within the 

Investigation Area or a recreational user/fisher of Katherine River or Tindal Creek, is presented in 

Appendix H of the HHRA report. 

Uncertainty and variability  

Health risk assessments require a number of assumptions regarding site conditions, human 

behaviours and activities relating to exposure, and chemical toxicity. Even though site-specific 

parameters were included where available (e.g., local food information and analytical data), it is not 

possible to fully describe current and future conditions and human activities in the Investigation Area.  

The assumptions considered for this risk assessment were generally conservative in nature, to 

account for uncertainty and variability in the parameter estimates by providing a deliberate margin of 

safety.  The inclusion of upper estimate exposures is considered to provide a very conservative 

estimate of maximum plausible exposures.   

Whilst the quantification of risk estimates can be tailored for individuals or groups based on their 

location, diets and activities, some uncertainty will remain.   

The outcomes for each pathway for each exposure type (typical exposure or upper estimate 
exposure) are shown in Figure E (Residential receptors - Young children), Figure F (Residential 
receptors - Adults), Figure G (Recreational receptors - Young children), Figure H (Residential 
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receptors - Adults), Figure I (Occupational receptors - Workers) and Figure J (Occupational receptors 
– Maintenance / subsurface workers).   

To assist with the understanding of the characterisation of risk, the outcome for each pathway and 
media source has been colour coded and defined as follows: 

• Green shaded cells indicate the potential exposures for the exposure scenario have 

been identified as low and acceptable 

• Yellow shaded cells indicate cumulative potential exposure may be above the TDI, if 

other pathways are also present. 

• Orange shaded cells indicate an exposure exceeding the tolerable daily intake has 

been identified and management may be required for this pathway. 

• Light green shaded cells indicate the potential exposures for the exposure scenario 

have been identified as low and acceptable based on the outcomes of other zones 

or where PFAS levels were not detected or were below the adopted screening 

criteria. 
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Figure E: Estimated Hazard Index - Young Child Receptor Residential Scenarios 
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Figure F: Estimated Hazard Index - Adult Receptor Residential Scenarios 
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Young Child Receptor / Exposure Setting / Media Source Exposure Setting 

Exposure Pathway Typical Exposure Upper Estimate Exposure 

Incidental ingestion of water swimming in Katherine Aquatic Centre Low and acceptable Low and acceptable 

Dermal contact with water swimming in Katherine Aquatic Centre Low and acceptable Low and acceptable 

Incidental ingestion of water swimming in Base pool Low and acceptable Low and acceptable 

Dermal contact with water swimming in Base pool Low and acceptable Low and acceptable 

Incidental ingestion of water swimming in Katherine River Low and acceptable Low and acceptable 

Dermal contact with water swimming in Katherine River Low and acceptable Low and acceptable 

Incidental ingestion of water - wading in Tindal Creek Low and acceptable Low and acceptable 

Dermal contact with water - wading in Tindal Creek Low and acceptable Low and acceptable 

Ingestion of all local finfish (Katherine River) Elevated Elevated 

Ingestion of all local finfish (Daly River) Low and acceptable Elevated 

Ingestion of barramundi, sleepy cod and sooty grunter (Katherine River) Elevated Elevated 

Ingestion of barramundi, sleepy cod and sooty grunter (Daly River) Low and acceptable Elevated 

Ingestion of crustaceans (Katherine River / Tindal Creek)  Low and acceptable Elevated 

Figure G: Estimated Hazard Index – Child Recreational Receptor Scenarios 
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Adult Receptor / Exposure Setting / Media Source Exposure Setting 

Exposure Pathway Typical Exposure Upper Estimate Exposure 

Incidental ingestion of water swimming in Katherine Aquatic Centre Low and acceptable Low and acceptable 

Dermal contact with water swimming in Katherine Aquatic Centre Low and acceptable Low and acceptable 

Incidental ingestion of water swimming in Base pool Low and acceptable Low and acceptable 

Dermal contact with water swimming in Base pool Low and acceptable Low and acceptable 

Incidental ingestion of water swimming in Katherine River Low and acceptable Low and acceptable 

Dermal contact with water swimming in Katherine River Low and acceptable Low and acceptable 

Incidental ingestion of water - wading in Tindal Creek Low and acceptable Low and acceptable 

Dermal contact with water - wading in Tindal Creek Low and acceptable Low and acceptable 

Ingestion of all local finfish (Katherine River) Elevated Elevated 

Ingestion of all local finfish (Daly River) Low and acceptable Elevated 

Ingestion of barramundi, sleepy cod and sooty grunter (Katherine River) Low and acceptable Elevated 

Ingestion of barramundi, sleepy cod and sooty grunter (Daly River) Low and acceptable Marginal 

Ingestion of local finfish livers (Katherine River) Elevated Elevated 

Ingestion of local finfish livers (Daly River) Marginal Elevated 

Ingestion of crustaceans (Katherine River / Tindal Creek)  Low and acceptable Elevated 

Figure H: Estimated Hazard Index - Adult Recreational Receptor Scenarios 
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Figure I: Estimated Hazard Index - Adult Worker Scenarios – Commercial / Industrial / Council / Agricultural 

 

Figure J: Estimated Hazard Index - Adult Worker Scenarios – Subsurface / Maintenance 
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The exposure pathways noted as presenting an elevated or marginal risk of exceeding the tolerable 
daily intake, require management measures to reduce or minimise potential exposures.  It is noted 
that residents in Zone 1 and Zone 2 have already been confirmed to have alternative drinking water.  
As residents are identified in Zone 3, access to alternative drinking water is being confirmed or 
provided.  Rural residents in Zone 1 and Zone 2 using bore water, or in Zone 3 using river water to 
irrigate produce and water livestock should be advised to find alternative water sources or balance 
consumption with food from other sources.  Similarly, the ingestion of fish and crustaceans obtained in 
Katherine River, in the vicinity of the Katherine township and downstream to the junction with the Daly 
River, should be restricted until sufficient information is available to define suitable dietary limits. 

Bush Foods 

Concentrations reported in individual samples of fruits, mammals and birds indicated that 

consumption of these foods occasionally would not be expected to contribute significantly to 

intake.  Concentrations in reptiles collected from impacted areas were particularly elevated, and 

consumption of snakes, larger lizards and potentially crocodiles from impacted areas may significantly 

contribute to PFAS intake.  Based on observed PFAS uptake in some root vegetables and animals 

living in water, water yams and turtles in impacted areas are likely to contain elevated concentrations 

of PFAS and consumption of these foods may significantly contribute to PFAS intake. 

Key assumptions and limitations of the HHRA 

This HHRA is based on the following key assumptions and limitations: 

• The assessment of health risk is based on data obtained in 2017 and 2018.  The estimation of 

historical exposures is not possible as the concentrations in various media cannot be known. 

• Data was collected from sampling of seasonal fruits and vegetables, livestock serum and eggs, 

crustaceans and water obtained during wet and dry season conditions.  Due to high water 

conditions, fish were not collected during the wet season period, but were collected across early 

dry to late dry to observe seasonal fluctuations.  

• Study included populations residing or working within the Investigation Area and recreational users 

of Katherine River and Tindal Creek (wet season only).   

• Only chronic exposures (over a lifetime) associated with long-term continuous exposure to PFAS 

in food and water were assessed.  Acute exposures (i.e. short term up to 14 days) have not been 

identified as causing harm in toxicity evaluations and have not been evaluated in this assessment. 

• Routes of exposure were assessed associated with the consumption of home-grown / raised foods 

or animal products (fruit, vegetables, eggs or meat), water (including drinking water and incidental 

ingestion whilst undertaking other activities such as bathing, swimming and cleaning) and soils 

irrigated with impacted water in a residential setting within the Investigation Area only.  

• Routes of exposure associated with recreational activities or fishing in the Katherine River, 

included the ingestion of fish collected from the impacted portion of the Katherine River and 

ingestion of crustaceans from the Katherine River and Tindal Creek.  The collection of other 

aquatic biota considered to be traditional foods was attempted however were not successful due to 

various reasons.  Users of public spaces such as parks and sportsgrounds irrigated with impacted 

water were assessed, as well as users of public swimming pools in Katherine and the Katherine 

River hot springs. 

• Workers were separated into 2 groups, those that work above ground and undertake activities 

associated with commercial, industrial, council or agricultural jobs, and those that are involved with 

maintenance activities or in the subsurface where direct contact with media such as soils, 

sediments and shallow groundwater are likely.  
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• Indigenous populations were generally included in the assessment of residential, recreational or 

occupational receptors.  The consumption of traditional foods beyond fish is understood to be 

occasional.  Where direct data was not available, qualitative assessment of relative risk has been 

made using available data collected to assess other elements of the HHRA and the Ecological 

Risk Assessment in the Investigation Area. 

• The determination of zones adopted in this assessment is based on the available wet and dry 

season data set collected in the Investigation Area and is based on the water source and PFAS 

concentrations in relation to the drinking water and primary recreational guideline levels. 

• Site specific information was used wherever possible to calculate potential intakes by selected 

receptor populations (residents, workers and recreational users within the Investigation Area.   

• The mean concentrations of PFOS + PFHxS and PFOA reported in wet and dry season 

investigations were utilised in this assessment.  The upper estimate 95%UCL or 90th percentile 

concentrations of PFOS + PFHxS and PFOA reported in the wet and dry season investigations 

were utilised in this to represent a plausible maximum or very high scenario over wet and dry 

season conditions.  

• A number of conservative exposure assumptions were included in the risk assessment.  For 

example, it was assumed that in a residential setting the same individual would be exposed to the 

same concentration for 365 days/year for 35 years for the more significant exposure pathways 

such as drinking water and domestic water usage.  When combined, the assumptions deliberately 

overestimate the most likely exposure.  The estimated exposures using upper estimates are 

considered to reflect plausible maximum exposures as the 90th percentile contaminant 

concentrations are multiplied by 90th percentile or maximum exposure parameters. 

• Young children were included in the quantitative evaluation of residents and recreational uses on 

the basis that their exposures are potentially greater given their activities and body weight to 

ingestion rates. The exposure characteristics of a 2 to 3 year old child were adopted and generally 

drive the calculated risks in scenarios where they are a nominated receptor. 

• Biota sampling was conducted at selected properties or locations and was limited to a number of 

foods sources based on surveys, seasonal availability and accessibility.  

• The bioavailability of each PFAS compound varies depending on the exposure route, the media 

ingested and many other factors, therefore it was conservatively assumed to be 100%. 

• The toxicity reference values adopted for comparison with the estimated intakes by residents were 

consistent with those derived by Food Standards Australia and New Zealand (FSANZ) in April 

2017.  FSANZ applied a number of safety factors to account for issues related to data 

extrapolation relating to species variability and human variability. 

• The adopted exposure assumed to be representative of background concentrations across 

Australia was based on the upper estimate calculated from data available in 2016.   

Limitations 

The risk assessment has been limited to addressing the impacts of selected substances, to a specific 
assumed receptor population under a defined exposure scenario, based on information available at 
the time of the assessment.  The risk assessment approach presented does not consider a fully 
probabilistic estimate of risk, but presents conditional estimates based on a number of assumptions 
regarding exposure and toxicity consistent with the nationally endorsed regulatory approach. Further 
assessments would be required to assess risk where site uses vary from the assumed site conditions 
and/or exposure settings used in this risk assessment. 

This executive summary must be read in conjunction with the body of the report and the attached 
‘Important information about your Coffey Environmental Report’.
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Introduction 

This report has been prepared by Coffey for you, as 
Coffey’s client, in accordance with our agreed 
purpose, scope, schedule and budget.   

The report has been prepared using accepted 
procedures and practices of the consulting profession 
at the time it was prepared, and the opinions, 
recommendations and conclusions set out in the 
report are made in accordance with generally 
accepted principles and practices of that profession. 

The report is based on  information gained from 
environmental conditions (including assessment of 
some or all of soil, groundwater, vapour and surface 
water) and supplemented by reported data of the 
local area and professional experience.  Assessment 
has been scoped with consideration to industry 
standards, regulations, guidelines and your specific 
requirements, including budget and timing. The 
characterisation of site conditions is an interpretation 
of information collected during assessment, in 
accordance with industry practice, 

 This interpretation is not a complete description of all 
material on or in the vicinity of the site, due to the 
inherent variation in spatial and temporal patterns of 
contaminant presence and impact in the natural 
environment.  Coffey may have also relied on data 
and other information provided by you and other 
qualified individuals in preparing this report. Coffey 
has not verified the accuracy or completeness of 
such data or information except as otherwise stated 
in the report.  For these reasons the report must be 
regarded as interpretative, in accordance with 
industry standards and practice, rather than being a 
definitive record.  

Your report has been written for a specific 
purpose 

Your report has been developed for a specific 
purpose as agreed by us and applies only to the site 
or area investigated. Unless otherwise stated in the 
report, this report cannot be applied to an adjacent 
site or area, nor can it be used when the nature of the 
specific purpose changes from that which we agreed.  

For each purpose, a tailored approach to the 
assessment of potential soil and groundwater 
contamination is required. In most cases, a key 
objective is to identify, and if possible quantify, risks 
that both recognised and potential contamination 
pose in the context of the agreed purpose. Such risks 
may be financial (for example, clean up costs or 
constraints on site use) and/or physical (for example, 
potential health risks to users of the site or the 
general public). 

Limitations of the Report 

The work was conducted, and the report has been 
prepared, in response to an agreed purpose and 
scope, within time and budgetary constraints, and in 
reliance on certain data and information made 
available to Coffey. 

The analyses, evaluations, opinions and conclusions 
presented in this report are based on that purpose 
and scope, requirements, data or information, and 
they could change if such requirements or data are 
inaccurate or incomplete. 

This report is valid as of the date of preparation. The 
condition of the site (including subsurface conditions) 
and extent or nature of contamination or other 
environmental hazards can change over time, as a 
result of either natural processes or human influence. 
Coffey should be kept appraised of any such events 
and should be consulted for further investigations if 
any changes are noted, particularly during 
construction activities where excavations often reveal 
subsurface conditions. 

In addition, advancements in professional practice 
regarding contaminated land and changes in 
applicable statues and/or guidelines may affect the 
validity of this report. Consequently, the currency of 
conclusions and recommendations in this report 
should be verified if you propose to use this report 
more than 6 months after its date of issue.  

The report does not include the evaluation or 
assessment of potential geotechnical engineering 
constraints of the site.  

Interpretation of factual data 

Environmental site assessments identify actual 
conditions only at those points where samples are 
taken and on the date collected. Data derived from 
indirect field measurements, and sometimes other 
reports on the site, are interpreted by geologists, 
engineers or scientists to provide an opinion about 
overall site conditions, their likely impact with respect 
to the report purpose and recommended actions. 

Variations in soil and groundwater conditions may 
occur between test or sample locations and actual 
conditions may differ from those inferred to exist. No 
environmental assessment program, no matter how 
comprehensive, can reveal all subsurface details and 
anomalies. Similarly, no professional, no matter how 
well qualified, can reveal what is hidden by earth, 
rock or changed through time.  

The actual interface between different materials may 
be far more gradual or abrupt than assumed based 
on the facts obtained. Nothing can be done to 
change the actual site conditions which exist, but 



 

Coffey Environments Australia Pty Ltd ABN 65 140 765 902                       Page 2 of 2 

Issued: 22 October 2013 

steps can be taken to reduce the impact of 
unexpected conditions.  

For this reason, parties involved with land acquisition, 
management and/or redevelopment should retain the 
services of a suitably qualified and experienced 
environmental consultant through the development 
and use of the site to identify variances, conduct 
additional tests if required, and recommend solutions 
to unexpected conditions or other unrecognised 
features encountered on site. Coffey would be 
pleased to assist with any investigation or advice in 
such circumstances.  

Recommendations in this report 

This report assumes, in accordance with industry 
practice, that the site conditions recognised through 
discrete sampling are representative of actual 
conditions throughout the investigation area. 
Recommendations are based on the resulting 
interpretation. 

Should further data be obtained that differs from the 
data on which the report recommendations are based 
(such as through excavation or other additional 
assessment), then the recommendations would need 
to be reviewed and may need to be revised. 

Report for benefit of client 

Unless otherwise agreed between us, the report has 
been prepared for your benefit and no other party.  
Other parties should not rely upon the report or the 
accuracy or completeness of any recommendation 
and should make their own enquiries and obtain 
independent advice in relation to such matters.  

Coffey assumes no responsibility and will not be 
liable to any other person or organisation for, or in 
relation to, any matter dealt with or conclusions 
expressed in the report, or for any loss or damage 
suffered by any other person or organisation arising 
from matters dealt with or conclusions expressed in 
the report.  

To avoid misuse of the information presented in your 
report, we recommend that Coffey be consulted 
before the report is provided to another party who 
may not be familiar with the background and the 
purpose of the report. In particular, an environmental 
disclosure report for a property vendor may not be 
suitable for satisfying the needs of that property’s 
purchaser. This report should not be applied for any 
purpose other than that stated in the report. 

Interpretation by other professionals 

Costly problems can occur when other professionals 
develop their plans based on misinterpretations of a 
report. To help avoid misinterpretations, a suitably 
qualified and experienced environmental consultant 
should be retained to explain the implications of the 
report to other professionals referring to the report 
and then review plans and specifications produced to 
see how other professionals have incorporated the 
report findings. 

Given Coffey prepared the report and has familiarity 
with the site, Coffey is well placed to provide such 

assistance. If another party is engaged to interpret 
the recommendations of the report, there is a risk that 
the contents of the report may be misinterpreted and 
Coffey disowns any responsibility for such 
misinterpretation.  

Data should not be separated from the report 

The report as a whole presents the findings of the 
site assessment and the report should not be copied 
in part or altered in any way. Logs, figures, laboratory 
data, drawings, etc. are customarily included in our 
reports and are developed by scientists or engineers 
based on their interpretation of field logs, field testing 
and laboratory evaluation of samples. This 
information should not under any circumstances be 
redrawn for inclusion in other documents or 
separated from the report in any way. 

This report should be reproduced in full. No 
responsibility is accepted for use of any part of this 
report in any other context or for any other purpose or 
by third parties. 

Responsibility 

Environmental reporting relies on interpretation of 
factual information using professional judgement and 
opinion and has a level of uncertainty attached to it, 
which is much less exact than other design 
disciplines. This has often resulted in claims being 
lodged against consultants, which are unfounded. As 
noted earlier, the recommendations and findings set 
out in this report should only be regarded as 
interpretive and should not be taken as accurate and 
complete information about all environmental media 
at all depths and locations across the site. 

 


