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EXECUTIVE SUMMARY 

BACKGROUND 
WSP Australia Pty Ltd (WSP) was commissioned by the Department of Defence (Defence) under the Defence per- and 
poly-fluoroalkyl substances (PFAS) Panel to conduct a Human Health Risk Assessment (HHRA). The HHRA was 
undertaken to quantitatively assess the risk to human health resulting from potential environmental exposure to PFAS, 
contained in legacy Aqueous Film Forming Foams (AFFF) used at the Royal Australian Air Force (RAAF) Base 
Townsville (herein referred to as ‘the Base’). The Base is located on Ingham Road, Garbutt, Queensland 4180.  

AFFF were stored and used by Defence at the Base for fire-fighting purposes, including routine testing and emergency 
fire-fighting response practice drills, from approximately the 1970s to 2004. AFFF containing PFOS and PFOA as active 
ingredients was phased out in approximately 2004 and replaced by another product (Ansulite). 

WSP completed a Detailed Site Investigation (DSI) (WSP, 2018) of the Base and surrounding off-Base areas, including 
the Townsville Town Common Conservation Park (the Town Common) and the suburbs of Garbutt, Rose Bay, Belgian 
Gardens and Pallarenda (the ‘Investigation Area’) between April 2017 and February 2018. This report was publicly 
released in May 2018 by the Department of Defence and presented at a Community-Walk-In-Session. 

The HHRA also incorporates environmental analytical results collected across the Investigation Area following the 
rainfall events that occurred across the catchments in post-March 2018. This dataset will be presented in the DSI 
Addendum Report which is in preparation as at the issue of this HHRA and expected for release early 2019. 

Finally, the HHRA also includes aquatic biota analytical results from investigations conducted across the Investigation 
Area and Cleveland Bay between July 2017 and March 2018. The whole of this data, including the supporting technical 
reports prepared by those engaged by WSP, to collect the samples ethically, are appended to this report. 

This HHRA has undergone a rigorous technical review process including: 

— An independent Technical Advisor (TA) who is an accredited as a Queensland Department of Environment and 
Science (DES) accredited auditor; and 

— The Technical Working Group established by the Queensland Government Interdepartmental Committee for 
Fluorinated Fire Fighting Foam which draws together expertise from Queensland State Government including 
Queensland Health and DES. 

OBJECTIVES 
As the HHRA evaluates exposure via the direct contact with environmental media as well as exposure that may occur via 
the consumption of locally caught and/or home-grown foods that comprise PFAS, the objectives of the HHRA are to: 

— Assess, quantitatively and qualitatively, potential human health risks to human receptors within the Investigation 
Area that may be inadvertently exposed (via direct contact), to PFAS impacted environmental media (i.e. soil, 
groundwater, surface water and sediment) from the Base; and  

— Assess exposure via the consumption of locally caught and/or home-grown foods (i.e. fish, fruits and vegetables) 
within the Investigation Area, that either comprise PFAS, or are irrigated with bore water that comprises detectable 
concentrations of PFAS. 
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FIELD INVESTIGATION FINDINGS 
Environmental samples (i.e. soil, groundwater, surface water and sediment), as well as aquatic biota samples (i.e. fish, 
crustaceans, plants) collected in the field, underwent an initial screening process against published relevant criteria for 
each media investigated. The purpose of the screening process was to determine if a sampled media returned results that 
were above the adopted screening criteria. If the concentrations were found to be above the screening criteria, for a 
particular media, then additional assessment via the HHRA was required to assess the human health risk.  

As two shallow soil samples collected during the DSI fieldwork program at the Former Fire Training Area (NQ0054) 
were reported above the relevant health screening value for PFOS + PFHxS at a depth of 0.5 mBGL, soil at the Base was 
evaluated further as part of the HHRA. Soil sampling conducted for the DSI Addendum in the Ingham Road Sports Field 
were below the adopted screening criteria for public open space. This sampling closes out an uncertainty raised in the 
DSI and demonstrates that the human health risk to users of the sporting field from PFAS to be acceptable. 

Soil samples collected from within the kindergarten/domestic area reported soil samples collected at depths greater than 
0.5 mBGL to be above the ‘residential with garden/accessible soil’ screening criterion for PFOS + PFHxS. However, all 
surface soil samples collected within the kindergarten area were below the residential criterion, demonstrating that the 
potential soil exposure pathway to children at the kindergarten is acceptable. 

A review of the off-Base shallow soil data (i.e. ≤0.5 mBGL) identified concentrations of PFOS + PFHxS to be above the 
residential garden/accessible soil in one surface sample collected from one property in the Garbutt Community where 
irrigation with groundwater is known to occur at the property. No exceedances of the PFOS + PFHxS residential criterion 
was reported in the remaining residential sampling dataset, which includes properties where groundwater irrigation or 
surface water inundation occurs in Garbutt, Rowes Bay and Pallarenda. Where a reported concentration was identified to 
be above the residential screening criterion, further assessment was conducted in the HHRA. 

PFAS has been detected in groundwater from the majority of wells on the Base. However, the absence of PFAS in 
isolated monitoring wells suggests that there isn’t one continuous PFAS ‘plume’ beneath the Base, but a series of PFAS 
‘plumes’ related to specific source areas and possibly surface water bodies. Plumes were interpreted to extend to the east 
and north-east from the south-eastern section of the Base, west and north-west from 5 AVN and north from the northern 
end of the runway. The highest PFAS concentrations were generally reported from monitoring wells installed at the 
known source areas or immediately downgradient of the source areas.  

The detection of PFAS in off-Base monitoring wells to the north-west, north, north-east, south-east and east of the Base 
suggested that groundwater ‘plumes’ have transported PFAS off-Base in these directions. The DSI concluded that the 
groundwater impacts are not continuous ‘plumes’ in the traditional hydrogeological sense but rather, are more likely to 
occur at distances from the Base as a result of surface water PFAS transport, with subsequent infiltration of PFAS 
impacted water into the underlying aquifer. This transport mechanism was considered to still be occurring in the surface 
water bodies of the Town Common and the Three Mile Creek and Mundy Creek catchments. 

A water use survey was distributed to 2,500 residents and businesses within the Investigation Area during the DSI 
activities to identify the presence and use of groundwater bores. As at 27 April 2018, the project team received 166 Water 
Use Surveys via mail, email, phone and in person. Twenty-eight respondents to the survey indicated that they had bores 
on their property, 22 of which were operable and 18 of which were actively in use for water supply. Residential 
groundwater users have been identified in the surrounding suburbs of Garbutt, Belgian Gardens, Rowes Bay and 
Pallarenda. Residential groundwater use is limited to the irrigation of lawns, gardens, vegetables and fruit trees; and these 
exposure pathways warrant consideration in the HHRA. No extracted groundwater was identified to be used for drinking 
purposes, livestock watering, stored in tanks or used to fill swimming pools. 

PFAS was detected in surface water and sediment on- and off-Base at concentrations in exceedance of the nominated 
human health guidelines. The results indicate that PFAS is being transported by surface waters from the Base into the 
Town Common, Louisa Creek, Three Mile Creek and Mundy Creek catchments. At the time of the DSI investigation, 
there was no surface water flow from the Base. However, a period of higher flow was observed in the dataset collected 
for the DSI Addendum with elevated PFAS concentrations observed discharging from the Base. It appears that PFAS 
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impacted sediments found at a distance from the Base have been transported to those locations bound to the sediments in 
these high flow events. Recreational exposure to surface water is expected to be limited given the occurrence of 
crocodiles in the area and seasonal stingers in the estuaries. 

Results of samples collected up-gradient of the Base indicate a background source of PFAS exists in the upper 
catchments of Louisa and Peewee Creeks and in the middle reaches of the Bohle River. However, compared with the 
concentrations recorded in surface waters discharging from the Base, the background up-gradient input of PFAS 
concentrations to the Investigation Area is considered to be minor. 

The off-Base aquatic biota dataset, which is appended to the HHRA, identified the following:  

— Reported concentrations of PFOS + PFHxS within finfish (flesh) samples were reported above the Food Standards 
Australia New Zealand (FSANZ) screening criteria in mullet collected from the Bohle River (estuarine) and with 
flesh samples of anchovy, bream, catfish, mullet, queen-fish and whiting from the Town Common (estuarine). PFAS 
concentrations (PFOS + PFHxS and PFOA) in all other finfish (flesh) samples were reported below the screening 
criteria.  

— Reported concentrations of PFOS + PFHxS and PFOA within finfish (flesh) marine samples collected from Rowes 
Bay and Bohle River were below the FSANZ screening criterion in all species sampled.  

— Reported concentrations of PFOS + PFHxS within finfish (liver) samples were reported above the FSANZ screening 
criteria in samples (Mullet and Catfish) collected from the Town Common, PFOA concentrations were reported 
below the screening criteria. It is acknowledged that liver results generally showed higher PFAS concentrations than 
flesh samples. The fish (liver) results at all other sampling locations reported PFOS + PFHxS and PFOA below the 
adopted screening criteria.  

— Fish livers are not expected to be consumed in isolation by recreational fishers in the Investigation Area but rather in 
the rare instances where the whole of the fish is consumed or utilised (such as the production of stock). Fish flesh is 
considered to be the portion of the fish more likely to be consumed and thus the dominant exposure pathway. 

— Crustacean (flesh) samples reported concentrations of PFOS + PFHxS below the FSANZ screening criteria in all 
samples collected. A crustacean (whole) sample collected from the Bohle River reported PFOS + PFHxS at the 
screening criteria. All other crustacean samples (whole and flesh) reported PFAS concentrations (PFOS + PFHxS 
and PFOA) below the adopted screening criteria.  

— Reported PFAS concentrations (PFOS + PFHxS and PFOA) in mollusc (oyster) samples were below the laboratory 
limit of reporting (LOR). Given the limited number of available samples and the paucity of molluscs in the area due 
to limited occurrence, the results for shell and flesh were evaluated together. Hence, no further consideration of 
molluscs in the HHRA was undertaken.  

— Samphire and sargassum samples, which can be consumed by humans, reported PFAS concentrations (PFOS + 
PFHxS and PFOA) below the laboratory limit of reporting (LOR). Hence, no further consideration of edible aquatic 
plants in the HHRA was undertaken. 

— All reported PFOA concentrations in finfish and crustaceans were below the FSANZ screening criteria. Hence, 
PFOA concentrations in finfish and crustaceans was not considered further in the HHRA. Crustaceans (whole and 
flesh) were not evaluated further as PFAS was not identified above the FSANZ screening criteria of 65 µg/kg.  

CONCEPTUAL SITE MODEL 
The CSM has been presented in three parts, representing the three primary receiving surface water catchments in the 
Investigation Area (Louisa Creek/Town Common/Bohle River; Three Mile Creek; Mundy Creek). Summary of the 
linkages between identified sources, exposure pathways and sensitive receptors for the three catchments is in a graphical 
representation provided in Figures ES.1, ES.2 and ES.3 overleaf.  
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Figure ES.1 Conceptual Site Model for the Three Mile Creek catchment 
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Figure ES.2 Conceptual Site Model for the Louisa Creek/Town Common/Bohle River catchment 
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Figure ES.3 Conceptual Site Model for the Mundy Creek catchment 
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ADOPTED TOXICITY CRITERIA 
The tolerable daily intake (TDI) values as developed by FSANZ in 2017 have been adopted in the HHRA, as per the 
standard practice for assessing human health risks to PFAS in Australia. The TDIs apply to PFOS and PFOA (although 
PFHxS is added to PFOS in the assessment as a conservative approach). 

— PFOS: FSANZ derived a TDI of 20 ng/kg bw/day based on the no-observed-adverse-effect-level (NOAEL) in a 
study where the adverse health outcome of decreased parental and offspring body weight gains in a multigeneration 
reproductive toxicity study in rats was observed.  

— PFOA: FSANZ derived a TDI of 160 ng/kg bw/day based on the NOAEL in a study where the adverse health 
outcome of foetal toxicity in a developmental and reproductive study in mice was observed. 

— On the basis PFHxS also displayed similar toxicokinetic differences between laboratory animals and humans, like 
PFOS and PFOA, the establishment of a TDI for PFHxS was not recommended given the limited data. As indicated 
above, FSANZ adopted the same approach as enHealth in recommending the use of the TDI for the sum of PFOS 
+PFHxS as a conservative interim measure. 

In development of both these TDIs, the TDI from the primary study was divided by 30 to account for interspecies 
differences and intra-species differences in humans (hence, embedding conservatism into the TDI derivation). 

EXPOSURE ASSESSMENT 
The following complete exposure pathways and receptor groups were selected for further evaluation on-Base: 

— Direct contact exposure to PFAS-impacted soil, inclusive of incidental ingestion, dermal contact and inhalation of 
dusts, by Defence personnel on-Base 

— Direct contact exposure to PFAS-impacted soil, sediments, surface water and/or groundwater, inclusive of incidental 
ingestion, dermal contact and inhalation of dusts, by subgrade maintenance/utilities workers on-Base.  

The following potentially complete exposure pathways for off-Base human receptors within the Investigation Area were 
quantitatively assessed in the HHRA: 

— Ingestion of PFAS in home-grown produce, including fruits and vegetables, by residents (child and adult) where 
groundwater is used for irrigation 

— Direct contact of PFAS in water irrigated to gardens and grass where groundwater is extracted from private bores 
— Ingestion of PFAS in aquatic biota, including various locally caught fish species, by residents (child and adult) 

caught within off-Base (estuarine) waterways 
— Direct contact with PFAS in garden soils, inclusive of incidental ingestion, dermal contact and inhalation of 

windblown dust, by residents living adjacent to the Base 
— Direct contact with PFAS in soil, sediment, surface water and/or groundwater, inclusive of incidental ingestion, 

dermal contact and inhalation of dusts, by maintenance/utility workers accessing subgrade utilities.  

Pathways that were not assessed quantitatively in the HHRA, but rather were assessed qualitatively, are listed below. 
These pathways were confirmed to be either incomplete (i.e. the pathway is not present) and/or the concentration of 
PFAS reported was below the nominated trigger human health criterion at the point of exposure, meaning the health risk 
was acceptable. 

— Inhalation of PFAS impacted dusts generated from soil by children attending and adults working at the on-Base 
kindergarten. Incidental ingestion and dermal contact with PFAS in soil is incomplete given no trigger of the 
residential criterion in surface soils in the kindergarten. 

— Ingestion of water from either private bores and surface water off-Base, due to the supply of municipal town water 
and no reported occurrence of this pathway in the Water Use Survey (refer to the DSI report). 
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— The non-potable/domestic use (including sprinkler play) of private bore water or surface water off-Base, due to the 
supply of municipal town water. 

— Recreational direct contact with PFAS in sediments and surface water by off-Base residents given the potential 
occurrence of crocodiles and stingers in off-Base waterways. 

— Incidental ingestion and dermal contact with water whilst swimming in private or public pools filled from bore 
water, due to the supply of municipal town water and no reported occurrence of this pathway in the Water Use 
Survey (refer to the DSI report). 

— The consumption of home-raised poultry and poultry eggs, due to the supply of municipal town water and no 
reported occurrence of this pathway in the Water Use Survey (refer to the DSI report). 

— The consumption of home slaughtered meat and/or home-made dairy products (i.e. milk, cheese), due to the land use 
setting which is suburban residential. 

— The consumption of home-made honey from a bee hive hobbyist (i.e. kept for domestic uses), due to the land use 
setting which is suburban residential. 

Several exposure pathways including the consumption of home-raised/slaughtered meat, poultry and poultry-eggs; dairy 
products and/or honey (from home-kept bee hives) were not evaluated as part of the HHRA, as they were found to be 
incomplete, based on current information available for the Investigation Area. Likewise, the extractive use(s) of private 
bore water for drinking and/or other non-potable and domestic uses, including the filling of swimming pools were also 
identified to be incomplete, based on the information obtained from the WUS (as at 27 April 2018); and the supply of 
municipal (town) water for primary drinking and domestic use(s). However, should any of the above exposure pathways 
for home-grown produce and/or extractive uses of groundwater be realised (currently or in the future), then further 
assessment including a risk evaluation is warranted.  

CONCLUSIONS 
Given the current land uses in the Investigation Area and the current behaviour of human receptors within the 
Investigation Area, the following worst-case human health exposure scenarios and associated health risk outcomes are 
summarised below in Table ES.1. 
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Table ES.1 Summary of exposure scenarios and Human Health Risks 

RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

ON-BASE 

Defence personnel  Soil Sorption of PFAS onto soil 
during various activities 
(training, emergency 
response incidents, 
equipment testing and 
historical fire 
training/discharging etc.) 

Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

Exceeded adopted screening 
criteria 

Yes Low and acceptable 

Groundwater Extraction Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete – groundwater is 
not being extracted by 
Defence personnel to carry 
out Base activities 

No No exposure risk 
identified as pathway 
incomplete 

Surface water Runoff to on-Base drains, 
open pits and waterways 

Direct contact pathways (oral 
ingestion and dermal contact) 

Exceeded adopted screening 
criteria 

Yes Low and acceptable 

Sediment Sorption of PFAS onto 
sediments within surface 
water drains and open pits 

Direct contact pathways (oral 
ingestion and dermal contact) 

Below screening assessment 
criteria 

No No exposure risk 
identified as below 
adopted screening criteria 

Kindergarten – 
children and adult 
workers 

Soil Outdoors – surface and 
shallow soils (<0.5 mBGL) 

Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

Below screening assessment 
criteria 

No No exposure risk 
identified as below 
adopted screening criteria 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

  Outdoors – soil at depth 
(>0.5 mBGL) 

Direct contact pathways (oral 
ingestion, dermal contact and 
dust)  

Above screening criteria Yes – dust 
inhalation pathway  

Low and acceptable for 
dust inhalation pathway 

NB: Potential for elevated 
health risk if deeper soils 
are bought to the surface 
and exposed – 
management required for 
deeper soils. Refer to 
Note (1) underneath 
table.  

 Groundwater Extraction Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete – groundwater is 
not being extracted by 
attendees at the kindergarten 

No No exposure risk 
identified as pathway 
incomplete 

 Surface water Runoff to on-Base drains, 
open pits and waterways 

Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete  

(no accessible on-Base drains, 
open pits or waterways in the 
kindergarten) 

No No exposure risk 
identified as pathway 
incomplete 

 Sediment Sorption of PFAS onto 
sediments within surface 
water drains and open pits 

Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete 

(no accessible on-Base drains, 
open pits or waterways in the 
kindergarten) 

No No exposure risk 
identified as pathway 
incomplete 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

Maintenance/utility 
workers 

Soil Sorption of soil onto PFAS Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

No available soil screening 
criteria for intrusive 
maintenance works. 
Therefore, scenario quantified 
in HHRA 

Yes Low and acceptable 

Groundwater Extraction and seepage into 
open excavation 

Direct contact pathways (oral 
ingestion and dermal contact) 

Above screening criteria Yes Marginal  

In the event that impacted 
groundwater is not 
intersected during 
subgrade activities at the 
Base, the human health 
risk is considered to be 
low and acceptable. 

Surface Water Runoff to on-Base drains, 
open pits and waterways 

Direct contact pathways (oral 
ingestion and dermal contact) 

Above screening criteria Yes Low and acceptable 

Sediment Sorption of PFAS onto 
sediments within surface 
water drains and open pits 

Direct contact pathways (oral 
ingestion and dermal contact) 

No available sediment 
screening criteria for intrusive 
maintenance works. 
Therefore, scenario quantified 
in HHRA 

Yes Low and acceptable 

NB: The total health risk 
from exposure to 
combined media (i.e. soil, 
groundwater, surface 
water and sediment) was 
elevated during the wet 
season only. 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

OFF-BASE 

Residents (child 
and adult) 

Soil Sorption of PFAS onto soil 
from irrigating with private 
bore water  

Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

Above screening criteria in x1 
sample collected from Garbutt  

Yes Low and acceptable 

Groundwater  Extraction Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete for drinking water, 
filling of swimming pools and 
other non-potable uses 

No No exposure risk 
currently identified as 
pathway incomplete 

Groundwater Extraction Direct contact pathways (oral 
ingestion and dermal contact) 

Above screening for domestic 
garden watering 

Yes Low and acceptable 

Surface Water Surface water drainage off-
Base into nearby 
surrounding surface water 
bodies 

Direct contact (oral ingestion 
and dermal contact) during 
swimming 

Incomplete  No No exposure risk 
currently identified as 
pathway incomplete 

Sediment Sorption of PFAS onto 
sediments within surface 
water bodies 

Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete No  No exposure risk 
currently identified as 
pathway incomplete 

Home-grown fruit 
and vegetables 

Uptake of PFAS by fruit and 
vegetables irrigated with 
PFAS impacted bore water 

Consumption of home-grown 
produce 

Complete Yes Low and acceptable 

Home-raised 
poultry and 
poultry eggs 

Uptake of PFAS by poultry 
watered with impacted bore 
water 

Consumption of home-raised 
poultry meat and/or poultry 
eggs 

Incomplete No No exposure risk 
currently identified as 
pathway incomplete 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

Consumers of 
locally caught 
aquatic biota (child 
and adult). Includes 
local residents 
and/or recreational 
fishers holidaying 
in the area 

Aquatic biota 
(finfish, prawns, 
crabs, molluscs, 
samphire etc) 

Uptake of PFAS by aquatic 
biota 

Consumption of locally 
caught finfish, prawns, crabs 
and edible aquatic plants 

Above screening criteria for 
finfish caught within estuarine 
waterways only.  

Exposure scenario evaluated 
in two parts (i) the flesh 
(edible) component of the fish 
and (ii) the fish liver (see 
below) as a component where 
the whole of the fish is 
consumed or utilised 

Yes – finfish (flesh 
component) 

Child – low and 
acceptable for average 
daily intakes (i.e. 28 g per 
day) 

Child – marginal for 
upper limit intakes (i.e. 
72 g per day) 

Adult – low and 
acceptable for average 
and upper limit intakes 
(i.e. 56 g and 143 g per 
day respectively) 

Consumers of 
locally caught 
aquatic biota (child 
and adult). Includes 
local residents 
and/or recreational 
fishers holidaying 
in the area 

Aquatic biota 
(finfish, prawns, 
crabs, molluscs, 
samphire etc) 

Uptake of FFAS by aquatic 
biota 

Consumption of locally 
caught finfish, prawns, crabs 
and edible aquatic plants 

Above screening criteria for 
finfish (liver) from estuarine 
waterways only. Fish livers 
are only likely to be consumed 
when the whole of the fish is 
consumed or utilised, which 
has a low likelihood. 

Yes – finfish (liver 
component). Only 
evaluated for adults 
as young children 
assumed not to eat 
liver in accordance 
with FSANZ 
(2017c) 

Adult – marginal for 
average intakes (i.e. 32 g 
per day) 

Adult – elevated health 
risk identified for upper 
limit intakes (i.e. 84 g per 
day) 

Recreational users 
of Ingham Road 
Sports Field (child 
and adult) 

Soil Sorption of PFAS onto soil Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

Below screening criteria No  No exposure risk 
identified as below 
adopted screening criteria.  

Refer to Note (2) 
underneath table. 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

Recreational users 
of nearby surface 
waters (child and 
adult) 

Surface water Surface water drainage off-
Base into nearby 
surrounding surface water 
bodies 

Direct contact pathways 
during swimming (oral 
ingestion and dermal) 

Incomplete – not safe for 
swimming due to the presence 
of crocodiles and other 
wildlife 

No No exposure risk 
identified as pathway 
incomplete 

Sediment Sorption of PFAS onto 
sediment within water ways 

Direct contact pathways (oral 
ingestion and dermal contact) 

Incomplete – waterways not 
deemed safe for swimming 
due to the presence of 
crocodiles and other wildlife 

No  No exposure risk 
identified as pathway 
incomplete 

Recreational users 
of nearby public 
swimming pools 
(child and adult) 

Groundwater Extraction Direct contact pathways 
during swimming (oral 
ingestion and dermal) 

Incomplete No  No exposure risk 
identified as pathway 
incomplete 

Maintenance/utility 
workers 

Soil Sorption of PFAS onto soil Direct contact pathways (oral 
ingestion, dermal contact and 
dust) 

No available soil screening 
criteria for intrusive 
maintenance works. 
Therefore, scenario quantified 
in HHRA 

Yes Low and acceptable 

Groundwater Extraction and seepage into 
open excavation 

Direct contact pathways (oral 
ingestion and dermal contact) 

Above screening criteria Yes Low and acceptable 

Surface water Surface water drainage off-
Base to nearby stormwater 
drains or irrigation systems 

Direct contact pathways (oral 
ingestion and dermal contact) 

Above screening criteria Yes Low and acceptable 
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RECEPTOR AND 
SETTING 

MEDIA TRANSPORT PATHWAY EXPOSURE PATHWAY SCREENING ASSESSMENT 
OUTCOME 

EXPOSURE 
SCENARIO 
QUANTIFIED FOR 
HHRA (YES/NO) 

PREDICTED HEALTH 
RISK OUTCOME 

Sediment Sorption of PFAS onto 
sediment in drains/irrigation 
systems 

Direct contact pathways (oral 
ingestion and dermal contact) 

No available sediment 
screening criteria for intrusive 
maintenance works. 
Therefore, scenario quantified 
in HHRA 

Yes Low and acceptable 

Note (1) – Whilst soil impact at depth is present within the kindergarten (i.e. ≥0.5 mBGL), exposure to deeper soils beneath the kindergarten is considered unlikely as any digging activities by children are 
only considered to occur within the designated play areas (i.e. sandpit and/or raised playground area surfaced with tanbark). All surface soil samples collected from the kindergarten (including play areas 
or exposed surface areas) were below the adopted screening criteria. One approach to manage potential exposures from soil at depth (i.e. > 0.5 mBGL) could be the implementation of a management plan. 
It is understood that during construction and maintenance activities on the Base, Defence will implement control measures documented in PFAS-specific guidance publications to facilitate effective 
management of PFAS on the Defence estate. 

Note (2) – In regards to surface soils at the Ingham Road Sports Field, concentrations of PFAS were identified to be below the public open space screening criteria and hence; this pathway was screened 
out from the risk quantification step. Additional surface soil samples were also collected on 26 June 2018 and did not identify concentrations to be above the open space screening criteria. Whilst only a 
small soil dataset exists for soils at a depth where there is the most potential for direct contact to occur (i.e. shallow soils), it is considered that the sports field would be used infrequently by Defence 
personnel and off-Base recreational users. Hence, it is unlikely to be driving the exposure risk in comparison to other on and off-Base scenarios quantified as part of this HHRA.  
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Based on the information provided in Table ES.1 overall health risks were predicted to be low and acceptable for the 
identified receptors and exposure pathways, based on the available data utilised in the HHRA, except for the following: 

— The unacceptable human health risk for consumption of fish liver is driven by the assumption that an adult consumes 
whole fish daily (i.e. 365 day/year) for 29 years with the daily consumption being 227 g of fish per person (with over 
a third of the fish weight being the liver) from fish sourced within estuarine waterway located within the 
Investigation Area. The typical intake, which still assumes daily consumption of whole fish, assumes 88 g of fish and 
the predicted human health risk was predicted to be acceptable. Thus, ad hoc consumption of whole fish sourced 
from the Investigation Area is unlikely to result in a risk to human health. 

— The marginal human health risk predicted for children consuming fish flesh is driven by the assumption that a young 
child will consume upper limit intakes daily (i.e. 72 g per day) for 6 years. This exposure scenario also assumes that 
a fish is sourced within an estuarine waterway located within the Investigation Area and is continually impacted with 
an upper limit exposure concentration (i.e. 4 µg/kg). The typical intake, which also assumes the daily consumption 
of fish at 28 g per day for 6 years was predicted to be low and acceptable.  

— The unacceptable human health risk for maintenance workers at the Base is only just above the trigger level of a 
hazard index of 1 (during the wet season). The worst-case health risk is being driven by the assumptions that the 
same worker attends the Base 40 days/year for 30 years, is exposed to groundwater for the whole of a 10-hour shift 
and that over this period, that 125 mL of impacted groundwater is ingested every day whilst on-Base. Even at this 
extreme exposure, the hazard index was only just triggered suggesting that an adverse health outcome to 
maintenance/utility workers attending the Base is unlikely. 

— Whilst the health risks to maintenance/utility workers on-Base, associated with exposure to sediments was identified 
to be low and acceptable, no sampling of sediments from equipment used within source areas and/or wastewater 
drainage systems was completed to assess if exposure was acceptable. Hence, one approach to manage potential 
exposures from handling equipment; and/or any maintenance works of wastewater drainage systems by workers, 
could be the implementation of a management plan.  

KEY ASSUMPTIONS AND LIMITATIONS OF THE HHRA 
This HHRA is based on the following key assumptions, limitations and approach to quantifying health risks: 

— The HHRA included population groups either residing or working within the nominated Investigation Area only and 
so includes surrounding suburbs of the Base (i.e. Mount St John, Bohle, Pallarenda and Rowes Bay; and parts of 
Belgian Gardens, Garbutt, West End, Mount Louisa and Cosgrove).  

— The WUS did not identify any off-Base bores to be in use for stock watering purposes (including dairy cows) and no 
livestock were identified during completion of the DSI. Properties within the Investigation Area are ‘standard’ 
suburban blocks that would not permit self-sustainability. Hence, dairy, livestock meat, poultry and poultry eggs; and 
honey products were excluded from the HHRA at this current time, as exposure via the consumption of these foods 
is considered incomplete. If any of the above use(s) of groundwater were found to be complete and/or home-grown 
foods confirmed (i.e. dairy, livestock meat, poultry or poultry eggs), currently or in the future, then management 
and/or further assessment (including a risk assessment) may be required to evaluate the potential exposure risk.  

— The WUS identified the irrigational use of private bore water for gardens including vegetable gardens at two off-
Base properties located in Pallarenda (sampled bores BW021 and BW022). Hence, an evaluation of home-grown 
produce was completed for fruits and vegetables. Of note, the two properties sampled in Pallarenda reported 
detectable concentrations of PFOS + PFHxS (ranging between 0.01 µg/L to 0.05 µg/L) and PFOA (ranging from 
<0.00005 µg/L to 0.002 µg/L). However, the reported concentrations were below the drinking water screening 
criteria.  

— No direct measurements of terrestrial biota samples including fruits and vegetables was undertaken as part of the DSI 
sampling program. Hence, the evaluation of exposure risk from home-grown fruit and vegetables has relied on the 
available off-Base soil and groundwater data, to calculate theoretical concentrations within fruits and vegetables 
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(including green leafy and tuber types). The concentrations estimated within each fruit and vegetable group were 
then used to determine the intake exposure concentration within child and adult receptors.  

— Several fruit and vegetables (including a green leafy vegetable) were sampled from a property in Garbutt. Samples 
collected included lemons, limes, cherries, tomatoes, cucumber and silver beet. PFOS was only detected in one 
sample (silver beet) at a concentration below the FSANZ trigger limit for leafy green vegetables. 

— Based on the results of the WUS and observations during the DSI, residential groundwater use was limited to the 
irrigation of lawns, gardens and vegetables. Residential properties, including the community of Happy Valley, are 
connected to the Townsville reticulated water supply. No extracted groundwater was identified to be used for 
drinking purposes, other domestic non-potable uses (i.e. washing, cooking, cleaning, watering animals, recreational 
purposes), stored in tanks or used to fill swimming pools. However, it is noted that currently there is no mechanism 
that prevents the use of extracted water for these purposes. If any of the above use(s) of groundwater were found to 
be complete (currently or in the future) then further assessment and/or management maybe required.  

— The contamination status of non-irrigated shallow soils off-Base to the east from the former fire training area in the 
south-east of the Base has been reported below the guidance value for garden accessible soil by sampling along the 
Base boundary. Hence, this exposure pathway was considered to be incomplete. 

— The potential direct contact exposure risk to shallow soils that are irrigated with bore water impacted with PFAS, 
was assessed utilising the data collected during additional surface soil sampling undertaken in June 2018, from lawn 
and gardens areas in residential properties located in surrounding suburbs including Garbutt. The owners of the two 
residential properties where PFOS + PFHxS were reported above the guidance value for residential 
garden/accessible soil were retirees, thus exposure pathway for children was incomplete. As PFOS + PFHxS was not 
reported in excess of the guidance value at any other property, the exposure pathway for children with garden 
accessible soil is confirmed to be incomplete across the Investigation Area. 

— Both the mean and 90th percentile concentrations of PFOS + PFHxS and PFOA reported during the dry season 
investigation were utilised in this assessment. The mean concentration was considered to represent a typical 
exposure (or mean) concentration that the general population would be exposed to. The 90th percentile 
concentrations were adopted to evaluate an upper limit exposure intake and were considered to represent a plausible 
maximum exposure scenario that could occur during dry or wet season conditions. 

— Aquatic biota sampling was limited to seasonal availability of different fish species and accessibility for sampling. 
As no aquatic biota samples were collected during the wet season. The quantification of the maximum exposure that 
may occur during the dry season, was also inferred to occur during the wet season (i.e. the quantification of risks is 
based on dry season aquatic biota data only).  

— Although four separate fish sample events were undertaken to increase sample sizes for certain fish species, the 
resulting datasets for most fish species was generally considered too small to quantify potential health risks at each 
sampled location. Hence, the approach for assessing the exposure pathway for fish consumption has utilised all 
available fish flesh data, across all sampled locations. This approach has the potential to underestimate the health risk 
quantified for this pathway, at locations where fish samples reported elevated PFAS concentrations. Conversely it 
may overestimate health risks at locations where detected PFAS concentrations were low or negligible. For example, 
at the Bohle River and Town Common (both estuarine systems) measured PFAS results were at their highest. The 
inclusion of the higher results obtained at the Bohle River and Town Common with the lower results obtained at 
remaining impact sites (i.e. Mundy Creek, Rowes Bay and Three Mile Creek) to estimate average and upper limit 
intake exposure concentrations, may have resulted in underestimating the predicted health risk outcome for fish 
species present within the Bohle River (estuarine) and Town Common (estuarine).  

— The assessment of potential health risks was based on data obtained during the DSI (WSP, 2018) and ESP’s aquatic 
biota sampling programs between July 2017 and March 2018 only. The evaluation of historical intake exposures was 
not considered possible (or plausible) as the concentrations within the various media were not known. 

— For child receptors, the relevant exposure scenarios were calculated for young children by adopting the exposure 
parameters for a child aged 2–3 years. They are noted to be the most sensitive receptors due to their behaviours; and 
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bodyweight to intake ratio which is higher than that of an adult (i.e. lower bodyweight = higher intake per unit of
bodyweight). The risk assessment has been limited to addressing the impacts of the selected PFAS chemicals (i.e.
PFOS + PFHxS and PFOA), to a specific assumed receptor population, under a defined exposure scenario (i.e. off-
Base residents and defence personnel), based on information available at the time of preparing the HHRA. The risk
assessment approach presented does not consider a fully probabilistic estimate of risk, but presents conditional
estimates based on several 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
Base conditions and/or exposure settings adopted off-Base for the purposes of this risk assessment.

Generic advice from the Queensland Department of Health, the federal Department of Health and FSANZ have been
provided in Appendix G of the report for reference. The guidance documents describe approaches for limiting the
severity of some exposure pathways assessed in the HHRA (e.g. consumption of seafood) whilst explaining why some
exposure pathways that are currently incomplete should not be completed (e.g. chronic ingestion of groundwater). Whilst
the publications were current as at the issue of this report, care should be taken to ensure the advice is current through
referring to the authoring government agency.
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ABOUT US WSP is one of the world's leading engineering professional 
services consulting firms. We are dedicated to our local 
communities and propelled by international brainpower. We are 
technical experts and strategic advisors including engineers, 
technicians, scientists, planners, surveyors, environmental 
specialists, as well as other design, program and construction 
management professionals. We design lasting Property & 
Buildings, Transportation & Infrastructure, Resources 
(including Mining and Industry), Water, Power and 
Environmental solutions, as well as provide project delivery and 
strategic consulting services. With 36,000 talented people in 
more than 500 offices across 40 countries, we engineer projects 
that will help societies grow for lifetimes to come.  
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