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Executive Summary 

Introduction 
CH2M HILL Australia Pty Ltd (CH2M) has been commissioned by the Department of Defence 
(Defence) to undertake a per- and polyfluoroalkyl substances (PFAS) data gap investigation in the 
area surrounding the Liverpool Fire Station (LFS), located at the corner of Anzac Road and Delfin 
Drive, Moorebank, New South Wales (NSW) 2173. 

Background 
Following the Detailed Site Investigation (DSI) (CH2M, November 2018) and Human Health and 
Ecological Risk Assessment (HHERA) (CH2M, April 2020), the Site Auditor for the PFAS investigation 
at Holsworthy Barracks considered that there were data gaps that warranted further investigation, 
including a lack of data relating to PFAS concentrations in soil and home grown produce from 
residential properties surrounding the LFS, and the potential presence of PFAS-impacted perched 
groundwater within 4 metres of the ground surface in residential areas around the LFS. The Site 
Auditor raised a concern that the presence of PFAS impacted perched groundwater may present an 
amenity risk if a property owner decides to undertake excavation works (e.g. installation of a 
swimming pool) and is required to manage and dispose of the water. 

The limited data relating to PFAS concentrations in soil and biota was primarily due to challenges 
associated with obtaining permission to access many of the residential properties, and it was agreed 
that access would be attempted again. 

As a result, the PFAS Management Area Plan (PMAP) and Ongoing Monitoring Plan (OMP) 
recommended further investigation to resolve these data gaps. This document presents the scope 
and results of the data gap investigation as well as the assessment of risks to human health and 
amenity. 

Objectives 

The objectives of this investigation were to collect quantitative information to close-out identified 
data gaps relating to PFAS concentrations in soil, homegrown produce, and perched groundwater; 
enable the assessment of potential risks to human health and amenity; and inform specific and 
appropriate actions for managing any identified PFAS impacts. 

Data Gap Sampling Program 
A study area was established that included residential properties surrounding the LFS. This was 
based on historical aerial photos of the cleared area around the LFS, that may have been utilised for 
fire-fighting training activities prior to residential development. The data gap sampling program 
targeted edible biota grown for home consumption (such as fruit and vegetables) and co-located soil 
samples (where edible biota was sampled), in order to assist in understanding PFAS uptake 
mechanisms. 

The properties sampled for edible biota and co-located soil were dependent upon responses 
received to access requests from residents located in the study area. A letterbox drop was carried 
out for all residents in the study area as part of the public release of the HHERA and PMAP in 2020. 
This included a request for property owners or tenants to contact Defence so that sampling at their 
property could be arranged. Defence also conducted property title searches in the area and sent 
letters requesting access to conduct sampling to the registered property owners. Where property 
owners or tenants in the study area were already registered in the Defence community consultation 
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database, attempts to contact these property owners or tenants were also made through telephone 
and email. 

Letters were delivered to 20 residential properties in the study area on 9 December 2020 requesting 
access to sample homegrown produce and soil. Only two responses permitting access were received 
initially and sampling was completed at these properties on 18 December 2020. A third response 
permitting access was received on 11 January 2021 and sampling was completed at this property on 
29 January 2021.  

During the sampling of a residential property in Wattle Grove on 18 December 2020, it was 
identified that a resident was growing edible produce for consumption on a neighbouring 
commercial / industrial property. Therefore, a total of three residential properties and one 
commercial / industrial property were sampled as part of the data gap investigation, with written 
permission obtained by Defence to use the data obtained from all properties. 

Three perched groundwater monitoring wells (MWs) were installed in public land on 8 December 
2020 to support the assessment of amenity risk, with a sampling event completed by CH2M on 18 
December 2020, and a sampling event completed by others as part of the Holsworthy Barracks OMP 
on 25 March 2021 and 7 June 2021. 

A summary of the sampling program is provided below in Table ES-1. 

Table ES-1: Summary of the Sampling Program 

Environmental Media Total Samples Analysed for PFAS 

Perched Groundwater 3 

Edible Homegrown Produce 24 

Soil 24 

 

Addendum Human Health Risk Assessment Findings 
The approach to conducting the addendum HHRA comprised (i) an additional screening assessment 
and (ii) a quantitative assessment of potential health risks.  

The methodology employed for the addendum HHRA was primarily based on the methodology 
adopted for the Holsworthy HHERA (CH2M, 2020) with respect to human health risks. The report 
structure for the addendum HHRA includes an issue identification step which incorporates a 
screening assessment for soil and biota, an exposure assessment as relevant to the scenarios 
assessed for this HHRA, and a risk characterisation step. It is noted that a separate hazard 
assessment was not presented in this report as the identified chemicals of potential concern are the 
same PFAS compounds as per the Holsworthy HHERA (i.e., PFOS, PFHxS and PFOA). The adopted 
toxicity data are still relevant and appropriate in the context of this addendum HHRA and have been 
presented in Table 10-10 of this report for ease of reference and transparency. Toxicity profiles and 
toxicological information for the COPCs was presented in the Holsworthy HHERA (CH2M, 2020) and 
therefore was not presented separately in this report.  

The Holsworthy DSI (CH2M, 2018) and HHERA (CH2M, 2020) identified the potential receptors and 
exposure mechanisms relevant to the Holsworthy Barracks, LFS and the surrounding residential area. 
In relation to this data gap investigation, the conceptual site model and additional screening 
assessment further defined key risk issues and either excluded certain exposure pathways or 
included exposure pathways that were identified to require a quantification of risk for this HHRA.  

Based on the results of the screening assessment, certain exposure scenarios were excluded from 
the risk quantification step and were deemed to present a low and acceptable health risk, as 
presented in Table ES-2. Following the screening assessment, a quantitative assessment was 
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completed for those pathways that could not be excluded at the screening stage. The findings of 
potential health risks quantified for the study area are provided below in Table ES-2. 

Table ES-2: Summary of Exposure Scenarios and Potential Human Health Risks for Residential Properties 
within the Study Area 

Receptor Media Exposure Pathway Identified Risk to Human Health 

Residents 
(child and 
adult) 

Soil Direct contact (incidental ingestion, dermal 
contact and dust inhalation) with shallow soil 
in gardens (maximum of measured 
concentrations) 

Low and acceptable 

Sub-surface 
maintenance 
workers 

Soil Direct contact (incidental ingestion, dermal 
contact and dust inhalation) with shallow soil 
in easement (maximum of measured 
concentrations) 

Low and acceptable 

Residents 
(child and 
adult) 

Home-grown 
produce (herbs) 
- Measured 

Consumption of home-grown produce 
(maximum of measured concentrations) 

Low and acceptable 

Home-grown 
produce (fruit (1) 
and vegetables) 
– Measured  

Consumption of home-grown produce 
(measured produce concentrations) 

Low and acceptable  

Theoretical 
estimates in 
home-grown 
eggs (1) 

Potential current and future consumption of 
home-grown eggs (based on modelled 
concentrations from soil) 

Low and acceptable  

Soil, home-
grown produce 
and egg 
consumption 

Multiple Exposure Pathways – direct contact 
with soil in gardens; consumption of 10% 
home-grown produce (maximum of 
measured concentrations for herbs and 
vegetable concentrations based on uptake 
from soil per above); egg consumption 
(assuming 30% is home-grown) based on 
quantitative assessment (and uptake from 
soil per above). 

Low and acceptable  

Residents 
(child and 
adult) 

Soil, home-
grown produce 
and egg 
consumption 

Multiple Exposure Pathways – direct contact 
with soil in gardens (maximum of measured 
concentrations); consumption of 50% home-
grown produce (maximum of measured 
concentrations for herbs and vegetables 
concentrations); egg consumption (assuming 
100% is home-grown) based on quantitative 
assessment (and uptake from soil per above). 

Low and acceptable  

 

(1) Pathway/media was assessed via a screening assessment. All other pathways were quantitatively assessed. 

 

Low and acceptable risks to human health from exposure to PFAS are concluded to be present 
across the residential properties within the study area based on the risk qualification and risk 
quantification steps.  

Perched Groundwater Amenity Risk 
As noted above, during the review of the PMAP, the Site Auditor recommended that an assessment 
of perched groundwater amenity risk be undertaken. The Site Auditor considered that PFAS 
contaminated groundwater could present an amenity risk if present within 4 m of the ground 
surface. An amenity impact was considered to occur if PFAS impacted groundwater entered an 
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excavation on a residential property and the property owner was required to manage and dispose of 
this water appropriately. The Site Auditor noted that the presence of PFAS impacted groundwater 
deeper than 4 metres below ground surface was unlikely to present a risk because deeper 
excavations were unlikely to occur in the area given the R2 zoning and therefore, there would be no 
need to manage groundwater deeper than 4 metres. 

This investigation identified perched groundwater within two (MW134 and MW136) of the three 
shallow monitoring bores installed, with detected concentrations of PFAS varying above and below 
drinking water guideline values. There are no specific guidelines for the assessment of PFAS amenity 
risk issues or for the disposal of PFAS impacted water; however, PFAS concentrations below the 
drinking water guidelines would generally indicate a low risk in the event that disposal is required. 

The occurrence of perched groundwater in both MW134 and MW136 was also variable, with 
perched groundwater occurrence and detected PFAS concentrations presented in Table ES-3 below.  

Table ES-3: Summary of Perched Groundwater Occurrence and PFAS Concentrations 

Location Sampled Date Water Column (m) 
Sum of PFHxS + PFOS 

(µg/L) 
PFOA (µg/L) 

MW133 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) Dry N/A N/A 

25/03/21 (AECOM) Dry N/A N/A 

7/06/21 (AECOM) Dry N/A N/A 

MW134 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) Dry N/A N/A 

25/03/21 (AECOM) 2.10 0.89 0.02 

7/06/21 (AECOM) 1.05 1.6 0.03 

MW136 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) 0.48 0.032 <0.002 

25/03/21 (AECOM) Dry N/A N/A 

7/06/21 (AECOM) 0.82 0.15 <0.01 

NOTE: Shading indicates exceedance of the drinking water screening criterion (0.07 µg/L) adopted for the purposes of assessing amenity 
risk 

Water columns of 2.10 m and 1.05 m were identified in MW134 during OMP monitoring on 25 
March 2021 and 7 June 2021 respectively, after this well had been dry during installation (8 
December 2020) and during the first monitoring round (18 December 2020). 

Similarly, no perched groundwater was identified in MW136 during installation, with a small water 
column (0.48 m) enabling the collection of a grab sample on 18 December 2020. This well was then 
dry upon inspection during OMP monitoring on 25 March 2021, before a small water column (0.82 
m) enabled the collection of a sample on 7 June 2021. 

Monitoring well MW133 has been dry since installation on 8 December 2020. 

This investigation has established that shallow perched groundwater containing detectable PFAS 
concentrations may be encountered within 4 metres of the ground surface within the study area; 
however, the occurrence of perched groundwater has been variable with either no, or very low 
volumes of water identified. 

A further recommendation made by the Site Auditor in relation to the investigation of perched 
groundwater and assessment of amenity risk was that if perched groundwater is present, all wells 
should be gauged and sampled at a 3-monthly frequency for a period of 12 months. However, the 
data obtained over the 6-month period between December 2020 and June 2021 is considered 



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA v 

sufficient to conclude that given the variability of both occurrence and yield of perched 
groundwater, this is not considered to present a risk to the amenity of residents surrounding the LFS, 
and therefore no further data collection is considered necessary. 

In addition to the amenity risk issue, an assessment of potential human health exposure risks was 
undertaken based on the perched groundwater data collected for this investigation. PFAS 
concentrations were below recreational water quality guidelines indicating no further assessment of 
exposure risks to residents and sub-surface construction and maintenance workers via direct contact 
is considered warranted. 
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Glossary of Terms 
Term Definition 

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

Absorption The process by which one thing absorbs or is absorbed by another. For a human being or 
animal, absorption is the process of a substance getting into the body through the eyes, 
skin, stomach, intestines or lungs. 

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

Bioaccumulation The accumulation of substances in an organism at a rate faster than it can be excreted by 
that organism. 

Biodegradation The process by which organic substances are decomposed by micro-organisms into 
simpler substances such as water, carbon dioxide and ammonia. 

Biota The animal and plant life of a region. 

Carcinogen A substance that causes cancer. 

Chronic exposure Continuous or repeated exposure contact (for more than 1 year) between a chemical 
substance and a target receptor. 

Dermal contact Direct contact (by touching) with the skin  

Dose  The total amount of a chemical administered to, taken up by, or absorbed by an 
organism, system or population. 

Exposure The concentration or amount of a chemical that reaches a target organism, system, or 
population in a specific frequency for a defined duration. 

Exposure assessment  The evaluation of the exposure of an organism, system, or population to a chemical (and 
its derivatives). 

Exposure pathway The pathway a contaminant takes from its source via a medium (air, soil, surface water, 
groundwater) to a receptor which represents a potential hazard to that receptor. 

Exposure point 
concentration 

A conservative estimate of the concentration of a substance (PFAS in the context of this 
HHRA) available in a medium to which receptors can be exposed. 

Exposure route The way in which a chemical substance enters a target after contact (for example, 
ingestion, inhalation or dermal absorption). 

Exposure scenario A set of conditions or assumptions about sources, exposure pathways, concentration of 
contaminants involved, and exposed population (i.e., numbers, characteristics, habits) 
used in the evaluation and quantification of exposure(s) in a given situation. 

Hazard The inherent property of a contaminant or situation having the potential to cause 
adverse effects when a population may be exposed to that contaminant. 

Hazard identification The identification of the type and nature of adverse effects that a contaminant has an 
inherent capacity to cause to an exposed population. 

Hazard Index The sum(s) of at least two hazard quotients.  

Hazard Quotient  The ratio of the mean daily intake to the reference dose or tolerable daily intake for 
threshold exposure.  

Health risk assessment The process of estimating the potential impact of a chemical, biological or physical agent 
on a specified human population system under a specific set of conditions. 

Intake  The total amount of contaminant (or dose) taken into the body by the exposure route. 

Point of exposure The place where someone/an organism can encounter a substance in the environment. 

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

Precursor A substance that participates in a chemical reaction from which PFOS and PFOA may be 
formed. 

Receptor The term receptor throughout this HHRA report is defined as the entity (a group or 
number of people, population, organism, community) that may be adversely affected by 
contact with, or exposure to the identified PFAS chemicals of concern.  

Response  The change developed in the state of dynamics of an organism, system, or population in 
reaction to exposure to a chemical substance. 

Risk  The probability in a certain timeframe that an adverse outcome will occur in a person, a 
group of people, plants, animals and/or the ecology of a specified area that is exposed to 
a dose or concentration of a chemical substance, i.e., it depends on both the level of 
toxicity of the chemical substance and the level of exposure to it. 

Risk assessment A systematic process of evaluating the potential risk that may be posed by a hazardous 
substance (PFAS in the context of this HHRA) to a receptor in a system. 

Screening The process of comparison of site data to screening criteria to obtain a rapid assessment 
of contaminants of potential concern. 

Soluble Susceptible to being dissolved in a liquid, especially water. 

Source A potentially hazardous substance that may be released to the environment (PFAS in the 
context of this HHRA). 

Threshold The dose or exposure concentration of a chemical substance below which a stated effect 
is not observed or expected to occur. 

Tolerable daily intake Analogous to acceptable daily intake. The term ‘tolerable‘ is used for substances that are 
not deliberately added, such as contaminants in food and water. 

Toxicity The inherent property of a chemical substance to cause an adverse biological effect. 
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 Introduction 
CH2M HILL Australia Pty Ltd (CH2M) has been commissioned by the Department of Defence 
(Defence) to undertake a per- and polyfluoroalkyl substances (PFAS) data gap investigation in the 
residential area surrounding the Liverpool Fire Station (LFS), located at the corner of Anzac Road and 
Delfin Drive, Moorebank, New South Wales (NSW) 2173 (see Figure 1 in Appendix A). 

 Background 
Following the Detailed Site Investigation (DSI) (CH2M, November 2018) and Human Health and 
Ecological Risk Assessment (HHERA) (CH2M, April 2020), the Site Auditor for the PFAS investigation 
at Holsworthy Barracks considered that there were data gaps that warranted further investigation, 
including a lack of data relating to PFAS concentrations in soil and biota from residential properties 
surrounding the LFS, and the potential presence of PFAS-impacted perched groundwater within 4 
metres of the ground surface in residential areas around the LFS. 

The limited data relating to PFAS concentrations in soil and biota was primarily due to challenges 
associated with obtaining permission to access many of the residential properties, and it was agreed 
that access would be attempted again. 

As a result, the PFAS Management Area Plan (PMAP) and Ongoing Monitoring Plan recommended 
further investigation to resolve these data gaps (Department of Defence, 2020a). This document 
presents the investigation of the residential properties located within the defined study area 
surrounding the LFS in order to address the data gaps, assess the risks to human health and amenity, 
and inform the development of appropriate management actions where required. 

 Objectives 

The objectives of this investigation were to collect quantitative information to close-out identified 
data gaps relating to PFAS concentrations in soil, homegrown produce and perched groundwater; 
enable the assessment of potential risks to human health and amenity; and inform specific and 
appropriate actions for managing any identified PFAS impacts. 

 Scope of Works 

The data gap investigation comprised the following scope of works: 

• Preparation of a Sampling and Analysis Quality Plan (SAQP), including review by Defence. 

• Distribution of letters to local residents within the study area to provide notification of the 
drilling and proposed residential sampling activities. 

• Obtain permission to conduct soil and edible biota investigations within properties via 
signed access letters from tenants and property owners. 

• Obtain land access permission from the Liverpool City Council for the installation of perched 
groundwater monitoring wells within road verges. 

• Preparation of safety documentation. 

• Drilling and installation of three (3) perched groundwater monitoring wells. 

• Gauging and sampling of available perched groundwater. 

• Sampling of homegrown produce and collection of co-located soil samples in accordance 
with the approved SAQP. 
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• Presentation of results letters to property owners; and 

• Preparation of this addendum to the Holsworthy Barracks HHERA. 

 Regulatory Framework and Guidance Documents 
The data gap investigation was completed in accordance with the National Environment Protection 
Council (NEPC), National Environmental Protection Measure (Assessment of Site Contamination), 
1999 (2013 amendment) (the NEPM). The NEPM is the national guidance document for the 
assessment of site contamination in Australia. The purpose of this guidance is to establish a 
nationally consistent approach for the assessment of site contamination. The NEPM contains several 
schedules providing guidance on how to characterise site contamination and assess the potential 
risks associated with this contamination. The staged investigation process adopted, including the 
completed Preliminary Site Investigation (PSI), DSI and HHERA, and the use of a Conceptual Site 
Model (CSM) and Data Quality Objectives (DQOs) to guide data collection, are in accordance with 
the NEPM. 

In 2018 the Heads of EPAs Australia and New Zealand (HEPA) released the PFAS National 
Environmental Management Plan (PFAS NEMP), with the objective of achieving a nationally 
consistent approach to the environmental regulation of PFAS. The DSI was completed in accordance 
with the PFAS NEMP.  

The first version of the PFAS NEMP has since been superseded by version 2.0, which was published 
in January 2020. The PFAS NEMP 2.0 has been endorsed by a number of states and territories as well 
as the Commonwealth Government and therefore, the data gap investigation has been completed in 
accordance with version 2.0. 

Other guidance documents considered include Australian Standards; Defence guidance documents 
and technical memorandums; and State guidance and legislation. 

A list of key guidance documents considered in the preparation of this data gap investigation is 
provided in Appendix B. 
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 Identified Data Gaps 
The investigation of soil and biota in properties surrounding the LFS completed as part of the DSI and 
HHERA did not identify any current unacceptable risks. However, access to private properties was 
constrained and therefore, the extent of soil impacts was not well understood. Furthermore, there 
may be other types of biota grown for home consumption in the area in addition to those sampled, 
and these may exhibit different uptake rates for PFAS or different levels of consumption. 

The PFAS Management Area Plan (PMAP) published by Defence in April 2020, identified that the 
area of soil impact in residential properties around the LFS needed to be better defined through 
further investigation. Data collected during the DSI indicated that risks to human health are likely to 
be limited to properties where the soil is used to grow produce for home consumption (e.g. 
vegetables, fruit, chicken eggs). PFAS concentrations may not be high enough to present risks to 
human health through direct contact, incidental ingestion, or inhalation of dust. 

Further, the potential for PFAS impacted perched groundwater within the residential area around 
the LFS was not investigated as part of the DSI. Although the beneficial use of perched groundwater 
is unlikely to occur, the Site Auditor noted during development of the PMAP that if PFAS impacted 
groundwater is present within 4 m of the ground surface, this may present an unacceptable amenity 
risk due to the requirement for property owners to manage this water during any future excavation 
works undertaken in the area. The Site Auditor noted that groundwater deeper than 4 m below 
ground surface would not present an amenity risk as excavations deeper than 4 m below ground 
surface would be unlikely given the area’s R2 zoning. 

Additionally, the HHERA noted the presence of rainwater tanks at some properties and the potential 
for water in these tanks to be PFAS impacted due to wind-blown aerosol or dust from the LFS.  

The management actions recommended in relation to the identified data gaps are detailed in section 
7.1 of the PMAP, and include undertaking further investigations of soil, home grown produce, 
rainwater tanks, and perched groundwater in the residential area around the LFS. Where these 
investigations identify elevated risks, develop appropriate management actions in consultation with 
the property owners and NSW agencies. Management actions or precautionary advice would likely 
need to be specific for each property. 

In relation to the testing of rainwater tanks, the PMAP suggested that this could be undertaken as 
part of the investigation of data gaps. However, the HHERA detailed that the potential health risk to 
residents at properties that were identified by the water use survey to have a rainwater tank in use 
for watering gardens and/or home grown produce was considered negligible. The closest known 
rainwater tank at a residential property is located approximately 50 m from the LFS. Water from this 
tank is used to water home grown produce that was sampled as part of this investigation. Therefore, 
while sampling of water from the tank was not undertaken, the sampling of biota and co-located soil 
is considered to adequately address this uncertainty. On this basis, no further investigation of 
rainwater tanks was considered warranted as part of the data gap investigation. 
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 Study Area 
The study area for the data gap investigation is based on historical aerial photos of the cleared area 
around the LFS that may have been utilised for fire-fighting training activities, prior to residential 
development. 

The location and spatial boundary of the study area in relation to the Holsworthy Barracks is shown 
in Figure 1 in Appendix A. For the purposes of this report, the spatial boundary for the data gap 
investigation will be referred to herein as the ‘study area’. 
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 Preliminary Conceptual Site Model 
A preliminary conceptual site model (CSM) for the data gap investigation is shown in Table 4-1 below and identifies the potential source-pathway-receptor 
(SPR) linkages developed in the HHERA and adopted in the SAQP for this investigation. 

The preliminary CSM informs the data gap investigation, with confirmed linkages and potential risks outlined in the conclusions of the addendum Human Health 
Risk Assessment (HHRA) (see Section 10.9). 

An objective of this investigation is to assess potential risks to human health, which involves the determination of which specific pathways are applicable to the 
residential properties within the study area. Thus, the pathways and receptors presented below are implied to potentially apply to this area, until data 
collection demonstrates otherwise. 



HOLSWORTHY PFAS INVESTIGATION  
SECTION 4 – PRELIMINARY CONCEPTUAL SITE MODEL  

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 6 

Table 4-1 Preliminary Conceptual Site Model 

Area Impacted 
Media 

Transport 
Pathway 

Exposure Route Receptor Exposure Route 
Evaluation 

Receptor Quantified in HHERA Rationale  

Residential 
properties 
within the 
study area 

Soil, 
sediment 
and 
associated 
leachate 
generation 

Wind dispersal 
of soil 
particulates 
during 
disturbance of 
surface or sub-
surface soils in 
gardens 

Inhalation of PFAS in 
airborne particulates 

 

 

 

 

Residents near 
to the fire 
station 

Complete Yes – residents near to the LFS Soil samples in the residential 
area near the LFS were above 
the health-based guidance 
value for residential with 
gardens/accessible soil land 
use. This guidance value does 
not consider the consumption 
of some types of produce (e.g., 
eggs) or potentially higher 
consumption levels (i.e. > 10% 
consumption of home-grown 
produce). Therefore, a more 
detailed assessment of 
potential risks is required.  

Dust exposure was quantified 
via the inhalation of outdoor 
dusts, not the addition of 
indoor dusts. This exposure 
route for properties located 
near to the fire station is 
considered insignificant, in 
comparison to other exposure 
routes such as the ingestion of 
food contaminated with PFAS 
and/or exposure to outdoor 
dust contaminated with PFAS. 
However, for properties in 
closer proximity to LFS it is 
considered possible and 
therefore acknowledged as part 
of uncertainty assessment. As 
noted by enHealth (2019), the 
inhalation of dust contaminated 
with PFAS is considered to be a 
minor exposure pathway. 
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Table 4-1 Preliminary Conceptual Site Model 

Area Impacted 
Media 

Transport 
Pathway 

Exposure Route Receptor Exposure Route 
Evaluation 

Receptor Quantified in HHERA Rationale  

Incidental ingestion of PFAS 
in airborne particulates 

Complete Yes – residents near to the fire 
station 

 

Dermal contact with soil Complete Yes – residents near to the fire 
station 

 

Indirect exposure via 
entrainment of indoor dust 

Possibly complete No – residents near to the fire 
station. 

Dust exposure was quantified 
via the inhalation of outdoor 
dusts, not the addition of 
indoor dusts. This exposure 
route for properties located 
near to the fire station is 
considered insignificant, in 
comparison to other exposure 
routes such as the ingestion of 
food contaminated with PFAS 
and/or exposure to outdoor 
dust contaminated with PFAS. 
However, for properties in 
closer proximity to LFS it is 
considered possible and 
therefore acknowledged as part 
of uncertainty assessment. As 
noted by enHealth (2019), the 
inhalation of dust contaminated 
with PFAS is considered to be a 
minor exposure pathway. 

Indirect exposure via 
deposition of airborne 
particulates on home-grown 
produce 

Possibly complete No – exposure route quantified 
via the consumption of home-
grown produce. 
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Table 4-1 Preliminary Conceptual Site Model 

Area Impacted 
Media 

Transport 
Pathway 

Exposure Route Receptor Exposure Route 
Evaluation 

Receptor Quantified in HHERA Rationale  

Home-grown 
produce 

Uptake by 
produce from 
PFAS in soil 

Uptake by 
produce 
watered with 
PFAS impacted 
water 

Consumption of home-
grown produce 

Residents near 
to fire station 

Complete 

 

Yes – residents near to fire 
station that grow and consume 
produce. 

 

 

Surface 
water 

Extraction of 
surface water 
for beneficial 
use 

Direct contact 
(ingestion/dermal) 

Residents near 
to fire station 

Incomplete No – residents near to fire 
station 

Qualitative discussion provided 
regarding the future use of 
surface water 

Surface water is not currently 
being extracted for potable or 
non-potable/domestic uses – 
residents use mains water 
supply. 

Groundwater Extraction of 
groundwater 
for beneficial 
use 

Direct contact 
(ingestion/dermal/inhalation 
of aerosols) from irrigation 

Residents and 
sub-surface 
maintenance 
and 
construction 
workers near 
to fire station 

Incomplete No – residents and sub-surface 
maintenance and construction 
workers near to fire station 

Qualitative discussion provided 
regarding the future use of 
groundwater for extractive 
purposes 

Groundwater is not currently 
being extracted for potable or 
non-potable/domestic uses – 
residents use mains water 
supply. 
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 Contaminants of Potential Concern 
A primary objective of this data gap investigation was to characterise potential PFAS contamination 
in edible homegrown produce, co-located soil samples, and any perched groundwater encountered 
in the residential properties within the study area. This characterisation includes specific compounds 
of interest as well as an understanding of PFAS fate and transport and is summarised in the following 
sections. 

 PFAS CoPC 
While PFOS and PFOA are the most commonly tested and reported compounds, these are only two 
of a wide range of PFAS compounds which are potentially present in AFFF. While regulatory 
investigation levels are not available for the additional PFAS compounds present in AFFF (except 
PFHxS), they are still being considered as potential additional CoPC (Contaminants of Potential 
Concern). An analytical suite including 28 PFAS compounds has been selected for this additional 
study in accordance with the Defence PFAS Investigation and Management Guidance Document E 
Standard Analytical Suite (Defence, 2018). The 28 PFAS include the following: 

• Perfluoroalkane Sulfonic Acids 

– Perfluorobutane sulfonic acid (PFBS) 
– Perfluoropentane sulfonic acid (PFPeS)  
– Perfluorohexane sulfonic acid (PFHxS) 
– Perfluoroheptane sulfonic acid (PFHpS)  
– Perfluorooctane sulfonic acid (PFOS)  
– Perfluorodecane sulfonic acid (PFDS)  

• Perfluoroalkane Carboxylic Acids 

– Perfluorobutanoic acid (PFBA)  
– Perfluoropentanoic acid (PFPeA) 
– Perfluorohexanoic acid (PFHxA)  
– Perfluoroheptanoic acid (PFHpA)  
– Perfluorooctanoic acid (PFOA)  
– Perfluorononanoic acid (PFNA)  
– Perfluorodecanoic acid (PFDA) 
– Perfluoroundecanoic acid (PFUnDA)  
– Perfluorododecanoic acid (PFDoDA)  
– Perfluorotridecanoic acid (PFTrDA)  
– Perfluorotetradecanoic acid (PFTeDA)  

• Perfluoroalkyl Sulfonamides 

– Perfluorooctane sulfonamide (FOSA) 
– N-Methyl perfluorooctane sulfonamide (MeFOSA) 
– N-Ethyl perfluorooctane sulfonamide (EtFOSA)  
– N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE) 
– N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE)  
– N-Methyl perfluorooctane sulfonamidoacetic acid (MeFOSAA)  
– N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA) 

• (n:2) Fluorotelomer Sulfonic Acids 

– 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 
– 6:2 Fluorotelomer sulfonic acid (6:2 FTS)  
– 8:2 Fluorotelomer sulfonic acid (8:2 FTS)  
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– 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 
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 Data Quality Objectives 

 DQO Process 
The Data Quality Objectives (DQO) process is a seven-step systematic planning approach used to 
prepare plans for environmental data collection activities. The DQO process is specified in the NEPM 
1999 (2013 amendment) and provides a systematic approach for defining the criteria that a data 
collection design should satisfy, including when, where and how to collect samples or 
measurements; determination of tolerable decision error rates; and the number of samples or 
measurements that should be collected. 

The DQO process was adopted for the data gap investigation and is described in Table 6.1. 

Table 6.1: Summary of Data Quality Objectives 

Step Description 

State the 
Problem 

Between 1970 and 2000, the Liverpool Fire Station (LFS) was utilised by the Department of Defence 
as a fire station, with operations including the use of AFFF containing PFAS. A DSI and HHERA have 
been conducted for the broader Holsworthy Barracks area and the LFS.  

Sampling of soil and biota (home grown produce) during the DSI and interviews with Defence 
personnel, identified that use of AFFF for training activities occurred in the area around the LFS prior 
to residential development. The PMAP identified a management area around the LFS, based on 
historical aerial photos showing the former cleared area around the LFS available for training. 
Sampling of soil and biota during the DSI was limited due to difficulties in accessing properties in the 
area. The potential presence of PFAS in soil and uptake by home grown produce could present risks 
to human health and the environment, and the PMAP detailed that the area of soil impact in 
properties around the LFS needed to be better defined through further investigation. 

Further, the potential for PFAS impacted perched groundwater within the residential area around 
the LFS was not investigated as part of the DSI. Although the beneficial use of perched groundwater 
is unlikely to occur, the PMAP notes that if PFAS impacted groundwater is present within 3m of the 
ground surface, this may present an unacceptable amenity risk due to the requirements for 
management of this water during any future excavation works undertaken in the area. 

Further investigation was required to assess contamination to a sufficient degree, such that an 
appropriate level of risk assessment could be undertaken and allow management actions or 
precautionary advice to be developed where potential risk to human health is identified. 

Identify the 
Decision/Goals 
of the 
Investigation 

Defence’s primary project objective is to define (and manage if required) potential contamination 
risks, both on the Defence property and to the surrounding areas, resulting from historical usage of 
legacy AFFF products by Defence. The purpose of this data gap investigation was to provide 
sufficient information on the potential concentrations of PFAS within homegrown produce and the 
soil growing media, as well as perched groundwater within the surrounding residential area, to 
allow an appropriate level of risk assessment to be completed. Key goals included: 

• Understanding the PFAS distribution and concentrations in homegrown produce and co-located 
soil in residential properties within the study area from the historic use of AFFF. 

• Confirm whether PFAS-impacted groundwater is present within 4 mbgl within this area. 

• Undertake sampling and laboratory analysis of perched groundwater, edible homegrown 
produce, and co-located soil in residential properties within the study area where access 
permission is obtained, in order to determine the PFAS concentrations. 

• Complete an assessment of the potential risk to residents due to the consumption of 
homegrown produce and exposure to PFAS-impacted soil. 

• Undertake an assessment of amenity issues associated with perched groundwater in residential 
properties within the study area. The methodology for assessing these risks is discussed in 
Section 10; and  

• Prepare an addendum to the HHERA summarising the data gap investigation and findings of the 
risk assessment.  

Identify the 
Inputs to the 
Decision 

• Historical data from the DSI and HHERA. 
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Step Description 

• Information obtained from residents in the study area regarding whether homegrown produce 
is consumed, the type of produce, amount consumed, growing media (native soil or imported 
soil), for example. 

• Analytical data from perched groundwater, edible homegrown produce and co-located soil 
samples collected in the study area. 

• Field data including field observations, geological logs, field screening results, edible produce 
types present, groundwater well yields and recovery rates (where applicable). 

• Surveyed investigation locations and levels and/or depths of samples or observations; and 

• Screening levels and guideline criteria adopted for the data gap investigation. 

Define the 
Investigation 
Boundaries 

The spatial boundary for the data gap investigation is based on historical aerial photos of the cleared 
area around the LFS, where the use of AFFF for training activities is understood to have occurred 
prior to residential development. This area is shown in Figure 1 in Appendix A. Actual properties 
sampled as part of the investigation were dependent upon responses received from residents 
permitting property access. 

The PMAP includes an Ongoing Monitoring Plan (OMP), which was developed to monitor changes to 
surface water and groundwater contamination characteristics and inform risk management 
decisions where required. The OMP proposed a total of seven perched groundwater wells to be 
installed across the broader residential area to the north and northeast of the LFS.  

This was revised to three perched groundwater wells for the purposes of the data gap investigation, 
with two wells to be installed close to the LFS boundary (MW133 and MW134) and one well to be 
installed approximately 150 m northeast of the LFS boundary in an inferred downgradient location 
(MW136). The two wells close to the LFS boundary will enable assessment of potential worst case 
PFAS concentrations, with the third well enabling calculation of the inferred shallow groundwater 
gradient. 

Schedule B2 of the NEPM (2013) considers that on residential sites, the maximum depth of 
excavation (such as for a swimming pool) is unlikely to extend beyond 3 m. Therefore, the perched 
groundwater investigation sought to identify if groundwater may be present within 3 m of the 
ground surface. 

The co-located soil sampling was to assist with understanding the mechanisms for PFAS uptake in 
the biota. Therefore, sampling focussed on surface soils, just under the root zone of vegetation that 
is grown for human consumption (if present), with an indicative vertical investigation extent of 0.05-
0.10 mbgl.  

Temporally, the data gap investigation works were completed in December 2020 and January 2021. 
The groundwater wells installed for this investigation will be gauged and if perched groundwater is 
present, sampled and analysed for PFAS four times in the first year, with future sampling to be 
determined following review of the PMAP. 

Develop the 
Analytical 
Approach or 
Decision Rules 

The decision rules for the data gap investigation are as follows: 

• Has the data collected as part of the investigation met the Data Acceptance Criteria (see 
Appendix C – Quality Assurance and Quality Control Assessment)? If yes, then the data can be 
used to assist in the assessment of risks to human health and amenity. If no, then an assessment 
of the need to collect additional data will be required. 

• Has the data collected as part of the investigation provided sufficient information for the 
assessment of risks? If yes, then no further sampling is required. If no, then additional sampling 
may be required. 

Specify 
Performance or 
Acceptance 
Limits 

Decision errors include sampling errors (i.e. samples do not represent site conditions) and 
measurement errors (fieldwork and laboratory quality assurance/ quality control [QA/QC]). 
Potential decision errors will be minimised during the investigation by: 

• Adopting a robust analytical QA/QC program including data validation of laboratory provided 
QA/QC results and appropriate calibration of equipment to record field parameters (refer to 
Section 8.10 for further details relating to QA/QC); and 

• Undertaking data collection activities in accordance with the relevant guidance documents and 
CH2M PFAS-specific Standard Operating Procedures (SOPs). 

Optimise the 
Design for 
Obtaining Data 

The output of this step and the overall DQO process was the optimised sampling design included in 
the SAQP. Sampling work completed for the data gap investigation is summarised in Section 8. The 
sampling program was developed to meet the objectives detailed in Section 1.2. 
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 Investigation Levels 

 Background 
As this investigation aims to resolve data gaps and further assess the risks identified in the DSI and 
HHERA, the investigation levels nominated in the DSI have been adopted for this investigation where 
these remain applicable. Considerations for the selection of appropriate investigation levels are 
provided in further detail in Section 8 of the DSI. The selection of investigation levels specific to this 
data gap investigation are detailed in the following sections. 

 Protection of Human Health 
Food Standards Australia New Zealand (FSANZ) has undertaken an assessment of the available 
toxicity data on PFOS, PFOA and PFHxS where Tolerable Daily Intake (TDI) values have been 
identified. The TDI values for PFOS + PFHxS (20 nanograms/kilogram body weight/day [ng/kg bw/d]) 
and PFOA (160 ng/kg bw/d) were published on the Department of Health website on 3 April 20171. 

7.2.1 Homegrown Produce Trigger Points 
Using the 2017 Department of Health published TDI values and the most recent Australian national 
nutrition survey, FSANZ determined what level of PFOS and PFHxS combined and PFOA in individual 
foods would trigger further investigation. As noted in FSANZ (2017), these trigger points are the 
maximum concentrations of these chemicals that could be present in foods so that even high 
consumers would not have dietary exposures exceeding the relevant TDI. Trigger points for the types 
of produce sampled during this investigation are presented in Table 7-1. It is noted that there are 
trigger points for aquatic biota and other mammalian food types; however, these are not included as 
this sampling was not required as part of the investigation of data gaps. 

Table 7-1 FSANZ (2017) Proposed Trigger Points for Investigation (micrograms per kilogram [µg/kg]) 

Food PFOS, PFOS + PFHxS PFOA Derivation 

Poultry eggs 11 85 Children 2-6 years, P90 consumption 

Fruit (all) 0.6 5.1 Children 2-6 years, P90 consumption 

Vegetables (all) 1.1 8.8 Children 2-6 years, P90 consumption 

 

Where reported concentrations exceed the screening criteria, a quantitative risk assessment is 
needed. This assessment followed the methodology adopted for the HHERA and was based on a 
typical resident in the study area, rather than a specific assessment for each property. As per the 
HHERA methodology, a ‘typical’ and ‘upper’ exposure has been assessed for child and adult 
receptors. 

7.2.2 Soil Guideline Values 
While the primary purpose for the collection of co-located soil samples is to understand PFAS uptake 
mechanisms in biota, the soil analysis results were screened against the human health guideline 
values for soil included in the PFAS NEMP 2.0 (HEPA,2020). These are summarised in Table 6.2 
below. 

 
1  http://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-pfas.htm 

http://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-pfas.htm
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Table 7-2 Soil Guideline Values for the Protection of Human Health (mg/kg) 

Land Use Sum PFOS & 
PFHxS 

PFOA Applicable Locations 

Residential with garden / 
accessible soil 

0.01 0.1 Residential property (Note 1) 

Commercial / Industrial 20 50 Commercial/industrial property (Note 2) 

Notes on the application of the guideline values: 

1. These values have been adopted for residential properties within the study area on the basis that 
these properties have accessible soil and the potential for the consumption of homegrown produce. 
It is noted that these values may not be adequately protective for properties with homegrown 
poultry and eggs, and/or the consumption of homegrown livestock. Additionally, it is noted that the 
guideline value for PFOS + PFHxS has increased from 0.009 mg/kg to 0.01 mg/kg following the 
revision of the PFAS NEMP 1.0 (2018) and issue of the PFAS NEMP 2.0 (2020). 

2.The commercial / industrial guideline has been adopted in order to screen samples collected as 
part of this investigation from commercial / industrial property located adjacent to residential 
properties. 

Where reported soil concentrations exceed the screening values, the exposure risk to residential 
receptors from direct contact with soil has been assessed using the methodology applied in the 
HHERA. As for biota, the assessment was based on a typical resident for the study area rather than 
specific assessments for each property. As per the HHERA methodology, a ‘typical’ and ‘upper’ 
exposure have been assessed for child and adult receptors. 

7.2.3 Perched Groundwater Guideline Values 
The purpose of the investigation of perched groundwater is to understand the amenity risk that may 
arise in the event that PFAS-impacted perched groundwater enters an open excavation on a 
residential property. In order to evaluate the amenity risk and the assessment of potential human 
health risks for residents, sub-surface construction and maintenance workers who may come into 
contact with perched groundwater as a result, the NHMRC (2019) recreational water quality 
guidance values have been adopted as screening criteria for this exposure scenario.  

The water guideline values adopted have been included in Table 7-3 below. 

Table 7-3 Adopted Guideline Values for the Protection of Human Health (µg/L) 

Guideline Sum PFOS + PFHxS PFOA 

Recreational water 2 10 

 

The adopted screening criteria are noted to be conservative for the purposes of screening potential 
risks to residents, sub-surface maintenance and construction workers via incidental ingestion (this 
includes the exposure that may occur from perched groundwater seeping into an excavation), as 
residents and workers will not be drinking perched groundwater, nor swimming in an excavation 
that has the potential to accumulate with water via groundwater seepage, or surface water runoff. 
The recreational water quality guideline assumes that a person may ingest 0.2 L (200 mL) of water 
per day and is considered to be overly conservative for both residents and workers who may be 
exposed via incidental ingestion/dermal contact with water in an excavation. Current best practice 
for workers under this scenario assumes that they may potentially ingest 5 mL per working shift, 
which equates to approximately 1 teaspoon per shift.  

In addition to the above, discussions with property owners and information from water use surveys 
obtained during the DSI has not identified the beneficial use of groundwater for the supply of 
drinking water. Hence, the use of drinking water guidelines is therefore not considered applicable to 
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the study area for the investigation of amenity. Should any future excavation works undertaken 
within residential properties encounter perched groundwater that requires disposal, then disposal 
requirements for the perched water would need to be assessed on a case-by-case basis, in the event 
that PFAS is present in perched groundwater at concentrations above the laboratory limit of 
reporting, to ensure that disposal requirements are compliant at the receiving facility.  

Where perched groundwater was not present in the installed wells and no samples could be 
collected, no further assessment of amenity issues was required. 

Where perched groundwater was present, a qualitative assessment of potential amenity issues was 
undertaken.  
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 Investigation Methodology 
This section presents a summary of the methodology for the various data gap investigation activities, 
including the rationale for selected sampling locations and data collection methods. The 
investigation was undertaken in accordance with the SAQP (CH2M, 2020) which was reviewed by 
Defence. 

The data gap investigation scope of work required engagement with local Council and landowners 
to allow property access prior to commencing data collection and sampling activities. This was 
completed in accordance with the Stakeholder and Community Engagement Plan and Defence 
procedures. 

Investigation and sampling activities were undertaken in accordance with applicable guidance and 
standards (see Appendix B) and CH2M SOPs specific to PFAS. Relevant SOPs are provided in 
Appendix D. 

 Program 
A summary of the program of works for the data gap investigation is provided in Table 8-1.  

Table 8-1: Data gap investigation program of works summary 

Activity Date Organisation 

Letterbox drop notifying of release of 
HHERA and PMAP 

25 Jun 2020 CH2M 

Invitation to participate in sampling 
distributed to residential properties 
within the study area 

25 Jun 2020 CH2M 

Consultation with Liverpool City Council 
for perched monitoring well installation 

8 Sep 2020 – 3 Dec 2020 CH2M 

Notification of affected private property 
tenants/owners of drilling and 
monitoring well installation works 

4 Dec 2020 CH2M 

Installation of perched groundwater 
monitoring wells 

8 Dec 2020 CH2M 

Private property access request letters 
issued to residents within the study area 

9 Dec 2020 CH2M 

Consultation with private property 
tenants/owners regarding the sampling 
of homegrown produce and soil 

Nov 2020 – Apr 2021 CH2M 

Gauging and sampling of perched 
groundwater monitoring wells 

14 Dec 2020 – 17 Mar 2021 CH2M 

Private property homegrown produce 
and soil sampling 

18 Dec 2020 – 29 Jan 2021 CH2M 

Laboratory analysis 18 Dec 2020 – 19 Feb 2020 ALS/Eurofins 

Provision of results letters to 
tenants/owners and factual report to 
Defence 

12 Apr – 16 Apr 2021 CH2M 

 

 Collection of Environmental Data 
Actual properties sampled for edible biota and co-located soil were dependent upon responses 
received from residents to access requests. 
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A letter box drop was carried out for all residents in the study area as part of the public release of 
the HHERA and PMAP in 2020. This included a request for property owners or tenants to contact 
Defence so that sampling at their property could be arranged. Defence also conducted property title 
searches in the area and sent letters requesting access to conduct sampling to the registered 
property owners. Where property owners or tenants in the study area were already registered in the 
Defence community consultation database, attempts to contact these property owners or tenants 
were also made through telephone and email. 

Letters were delivered to 20 residential properties in the study area on 9 December 2020 requesting 
access to sample homegrown produce and soil. Only two responses permitting access were received 
initially and sampling was completed at these properties on 18 December 2020. A third response 
permitting access was received in January and sampling was conducted at this property on 29 
January 2021.  

During the sampling of a residential property in Wattle Grove on 18 December 2020, it was 
identified that a resident was growing edible produce for consumption in a transmission line 
easement on a neighbouring commercial / industrial property. Therefore, samples were collected 
from a total of three residential properties and one commercial / industrial property as part of the 
data gap investigation, with written permission obtained by Defence to use the data obtained from 
all properties. 

A summary of the samples collected for PFAS analysis is provided below in Table 8-2. 

Table 8-2: Summary of the Sampling Program 

Environmental Media Total Samples Analysed for PFAS 

Perched Groundwater 31 

Edible Homegrown Produce 24 

Soil 24 

1 Two perched groundwater samples were obtained by others as part of the OMP on 25 March 2021 and 7 June 2021 
and the laboratory data has been included in this report 

 Monitoring Well Installation and Perched Groundwater 
Sampling 

Three perched groundwater monitoring wells (MWs) were installed on 8 December 2020 to support 
the assessment of amenity risk at residential properties within the study area. This followed the 
receipt of access permission from the Liverpool City Council on 26 October 2020 and notification of 
affected local residents of the works via letterbox drop on 4 December 2020.  

Two of the MWs were installed close to the LFS boundary to the north (MW133) and east (MW134) 
and one well was installed approximately 150 m northeast of the LFS boundary in an (inferred) 
downgradient location (MW136). 

Before drilling and installation of each MW, subsurface clearance was completed to identify 
underground services prior to intrusive works. This included non-destructive clearance using a hand 
auger to advance each location to a depth of approximately 1.5 mbgs prior to the commencement of 
drilling.  

8.3.1 Monitoring Well Installation 
A track mounted Geoprobe drilling rig was used to drill and install the perched MWs, in order to 
safely access road verges, minimise the footprint of the work area, and minimise the potential for 
damage to nature strips and garden beds by moving plant. The perched groundwater MWs were 
installed as follows: 
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• Installation was completed in accordance with CH2M SOPs. A borelog was developed for each 
MW, describing the soil lithology, depth to groundwater, sampling intervals, visual signs of 
contamination, well construction details and survey data. The borelogs are presented in 
Appendix E. 

• In accordance with advice provided by the Site Auditor and to meet the data quality objective of 
identifying if PFAS impacted perched groundwater is present within 4 m of the ground surface, 
all MWs were screened at 2 - 4 m depth with a 1 m long sump at 4 - 5 m depth included at the 
base of each well in order to trap any perched groundwater that may enter them. Each well was 
sealed with bentonite near to the ground surface, in order to mitigate the infiltration of surface 
water into the well annulus. 

• Well installation was completed with Class 18, 50 mm diameter uPVC screen with machine-cut 
horizontal slots. The MW were completed with a 50 mm diameter uPVC casing to the ground 
surface. The outer annulus was backfilled with a sand filter-pack to approximately 0.5 m above 
the top of the screen. The outer annulus was then sealed with at least 0.5 m of hydrated 
bentonite pellets, followed by a bentonite cement grout slurry to backfill and seal the remaining 
annulus. 

• Given the MWs are located within road verge and/or on nature strips, the well installation was 
completed with gatic covers flush with the ground surface. 

• The location and elevation of the newly installed MWs was surveyed (in m Australian Height 
Datum) by a registered surveyor and is presented on each borelog.  

8.3.2 Monitoring Well Development 
Newly installed groundwater MWs are typically developed following installation to remove fines and 
“settle” the filter pack for efficient well hydraulic performance. However, all monitoring wells were 
noted as being dry at the time of installation and therefore, development of the wells could not be 
carried out. 

8.3.3 Monitoring Well Sampling 
The three newly installed shallow groundwater monitoring wells were inspected for the presence of 
water on 18 December 2020. 

At the time of inspection, MW133 (located in Collie Court) could not be accessed due to a car parked 
across the top of the well; MW134 (corner of Delfin Drive and Anzac Road) was dry; and MW136 
(corner Glenelg Court and Namoi Court) contained a small volume of water (0.48 m) within the well 
column. This was enough volume to allow the collection of a sample using new Waterra tubing and a 
footvalve. No purging of the well was carried out prior to collection of the sample due to the small 
volume of water.  

Additionally, monitoring events were undertaken by others on 25 March 2021 and 7 June 2021 as 
part of the OMP for Holsworthy Barracks, and included the inspection of the perched groundwater 
wells.  

Both MW133 and MW136 were noted as dry at the time of inspection on 25 March 2021; however, 
approximately 2.10 m of perched groundwater was identified in MW134, and a sample was collected 
for laboratory analysis using a hydrasleeve. The hydrasleeve was installed approximately 0.5 m 
above the base of the well on 24 March 2021 (>24 hrs before sampling). No specific observations 
were made regarding groundwater recharge given the sampling methodology. The field and 
laboratory data obtained for MW134 has been included in this report. 

Further, MW133 was noted as dry at the time of inspection on 7 June 2021; however, approximately 
1.05 m of perched groundwater was identified in MW134 and 0.82 m identified in MW136, allowing 
samples to be collected for laboratory analysis using a hydrasleeve. No specific observations were 
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made regarding groundwater recharge given the sampling methodology. The field and laboratory 
data obtained during the June OMP monitoring has been included in this report. 

The field water quality parameters were measured and recorded for both MW134 and MW136, with 
results presented in Section 9.1.3 including the following: 

– pH 

– Redox potential 

– Temperature 

– Electrical conductivity (EC) 

– Dissolved oxygen (DO) 

 Waste Management 
Given the location of the perched groundwater MWs on road verges/nature strips, it was identified 
that any waste generated would need to be removed from the work area each day so as not to 
remain in publicly accessible areas. 

Waste soil generated from the installation of the MWs was stored in two 205L steel drums. 
Representative soil samples were collected from these drums for laboratory analysis in order to 
inform waste classification. The drums were removed from the work area by the drillers and 
temporarily stored at the driller’s yard until the analytical data was received from the lab and the 
waste soil classified for disposal in accordance with the NSW EPA Waste Classification Guidelines 
(2014).  

The waste soil was then collected from the driller’s yard by a licensed waste management contractor 
and disposed at a licensed waste facility. The waste disposal documentation is included in Appendix 
F. 

No wastewater was generated as a result of sampling MW136 following installation in December 
2020, as no purge water was generated given the small volume of water (0.48 m water column) that 
was available for measurement and sampling. 

 Sampling of Homegrown Produce 
In order to investigate the uptake of PFAS into edible biota, all homegrown produce present was 
sampled unless edible portions were not growing, or numerous individual plants of the same species 
were present. If numerous individuals of the same species were present, then only one was sampled 
per property. 

Edible biota was placed directly into laboratory provided PFAS-free sample containers (i.e. HDPE 
sample jars) whilst wearing a new pair of disposable nitrile gloves. Site details, sampler, date, and 
time were recorded on each sample container, with samples stored on-ice in the field prior to 
delivery to the laboratory.  

All other handling of the samples, including the preparation of the samples for analysis, was 
undertaken by the laboratory. Samples were processed from the whole of the edible portion of the 
biota specimen, or in other words, samples were analysed as they would be consumed. 

It is noted that the final type and number of samples collected was dependent on the availability of 
the edible produce at the time of sampling and the willingness of the property owners/tenants to 
allow sampling. 

The CH2M SOP for biota sampling is included in Appendix D. 
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 Soil Sampling 
In order to investigate the relationship between PFAS concentrations in soil and uptake in biota, co-
located soil samples were collected from garden beds targeting the root zone of vegetation, typically 
between 0.05-0.10 m depth. 

Soil samples were collected as grab samples using nitrile gloves and placed directly into laboratory 
supplied containers suitable for PFAS sample collection and analysis (PFAS-free HDPE containers). 
Where required, a stainless-steel trowel was used to assist with the collection of soil samples and 
was decontaminated between sample locations (using the procedure detailed in Appendix D). 

The soil type at each sampling location was identified and recorded, with the edible produce that the 
soil sample was associated with also recorded. 

 Field Observations 
General site condition data was recorded during field works. Details included confirmation of the 
water sources used for growing edible produce, the type of edible produce encountered, how much 
edible produce was observed, and any information obtained during discussion with property 
owners. Observations have been summarised in Section 9.1.1 and photographs are presented in 
Appendix G. 

 Laboratory Analysis 
The primary laboratory for chemical analysis was ALS Environmental Pty Ltd with secondary analysis 
carried out by Eurofins. Both project laboratories are National Association of Testing Authorities 
(NATA) accredited for the required analyses. Details on laboratory performance, standards, 
methods, and QA/QC are provided in the laboratory reports included in Appendix H. 

 Quality Control 
The data was reviewed against a set of data quality indicators and data acceptance criteria to assess 
whether the DQOs outlined in Section 6 were satisfied. These indicators and criteria as well as the 
results of the data validation process are presented and discussed in Appendix C – Quality 
Assurance and Quality Control Assessment. 

The data validation results presented indicate some minor non-conformances with the data 
acceptance criteria. However, these non-conformances are not expected to have a material impact 
on the data. The data are therefore considered to satisfy the data quality objectives established for 
the project. 

 Cross Contamination and Decontamination 
Measures to prevent cross-contamination and decontamination procedures were undertaken in 
accordance with CH2M SOPs (included in Appendix D). 

 Data Validation and Quality Assessment 

8.11.1 Analytical Methods 
Many PFAS have several branched and linear isomeric forms, which are represented in laboratory 
analytical chromatograms as separate or partially merged peaks. The Western Australian Guidance 
(WA DER, 2017) recommends that these peaks are integrated, and their areas summed, so that 
reported PFAS concentrations are representative of both linear and branched isomeric forms. Both 
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the primary and secondary laboratories have been selected as their PFAS analytical methods adhere 
to the above requirement and are based on the below industry standard methods: 

• US EPA Method 537 – Determination of selected perfluorinated alkyl acids in drinking water by 
solid phase extraction and liquid chromatography/tandem mass spectrometry (LC/MS/MS) 
(applicable to drinking water) for linear and branched isomers (applicable to soil and biota) 

• ISO 25101 – Water quality - Determination of PFOS and PFOA - Method for unfiltered samples 
using solid phase extraction and liquid chromatography/mass spectrometry (applicable to 
drinking water, groundwater, and surface water) 

• ASTM D7968 – Standard Test Method for Determination of Perfluorinated Compounds in Soil by 
LC/MS/MS 
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 Results 
The below section details site conditions and observations made during the sampling in December 
2020 and January 2021, as well as the analytical results for soil, homegrown produce, and perched 
groundwater. Appendix G – Site Photographs contains reference photos of soil and homegrown 
produce specimens collected. 

 Field Conditions and Observations 

9.1.1 Lithology 
Lithology encountered during the drilling and well installation works was generally comprised of clay 
or silty clay, with varying depths of fill material encountered within the top metre of the soil profile 
depending on the borehole location. For example, MW133 located in Collie Court encountered 
bitumen, road base and fill material to a depth of approximately 1.0 mbgl; whereas MW134 and 
MW136, located on grassed nature strips, encountered little to no fill material. The borelogs have 
been included in Appendix E. 

The soils observed during the collection of co-located soil samples from the root zone of home-
grown produce included topsoil, with a combination of topsoil and imported garden mix noted in 
some locations. 

9.1.2 Perched Groundwater Occurrence 
A description of the lithology encountered during the drilling and perched groundwater MW 
installation works has been included in the borelogs. 

Perched groundwater was identified in MW136, located on the corner of Glenelg Court and Namoi 
Court, on 18 December 2020 and again on 7 June 2021. Similarly, perched groundwater was 
identified in MW134, located near the corner of Delfin Drive and Anzac Road, on 25 March 2021 and 
7 June 2021. A summary of the perched groundwater monitoring well installation details has been 
included in Table 9-1. 

Table 9-1 - Summary of Perched Groundwater Monitoring Well Installation Details 

Well ID 
Base of well from top of 

casing (mbgs) 
Screen position (mbgs) Screened Lithology 

MW133 5.13 2.13-4.13 Clay 

MW134 4.90 1.90-3.90 Clay 

MW136 5.25 2.25-4.25 Clay 

NOTE: mbgs refers to ‘metres below ground surface’ 

9.1.3 Groundwater Field Parameter Results and Observations 
As noted in Section 8.3.3, water was present in MW136 during the initial monitoring event following 
well installation. This water volume was sufficient to allow the collection of a grab sample using new 
Waterra tubing and a footvalve. No purging of the well was carried out prior to collection of the 
sample.  

Similarly, an additional monitoring event was undertaken by others as part of the Holsworthy 
Barracks OMP and included the collection of a perched groundwater sample from MW134 using a 
hydrasleeve, which also meant that no development or purging of the well was required prior to 
collection of the sample. 
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The water quality parameters measured in the field at the time of sample collection are summarised 
in Table 9.3. 

Table 9-2: Summary of Perched Groundwater Field Parameters 

Well ID 

Date 
Sampled 

Depth 
to 

Water 
(m) 

Total 
Depth 

(mBTOC) 
DO 
(%) 

DO 
(mg/L) 

pH 
Temp 

(°C) 

EC 
(µS/cm) 

Redox 
(mV) 

MW134 
26/03/21(1) 2.569 4.67 - 2.77 6.53 23.9 471.6 117.5 

7/06/21(1) 3.735 4.78 - 2.62 6.26 19.4 793 119 

MW136 
18/12/20 4.500 4.98 37.2 2.95 6.50 24.1 1447 -1.8 

7/06/21(1) 4.131 4.95 - 3.17 6.12 20.4 10,143 64.9 

NOTES: 

(1) Field parameters measured by others as part of the Holsworthy Barracks OMP 

Water quality observations recorded at the time of sample collection indicated that the water in the 
monitoring wells appeared light yellow/light brown in colour, with no odour and low turbidity. The 
laboratory results relating to the perched groundwater are discussed in Section 10.2.6. 

 PFAS Analytical Results 
Summaries of the PFAS analytical results are presented in Section 10. The full analytical results are 
presented in Appendix H – Laboratory Reports and Appendix I – Analytical Tables. 
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 Addendum Human Health Risk 
Assessment (HHRA) 

 Introduction 
The objective of the addendum HHRA is to assess potential human health risk issues associated with: 

• Direct exposure pathways including the ingestion, dermal contact, and inhalation of dust from 
exposed soils in residential gardens. 

• The consumption of home-grown produce that is potentially grown within PFAS impacted soil; 
and  

• Direct contact exposure pathways from the potential exposure to perched groundwater. 

Results of the water use surveys completed as part of the HHERA (CH2M, 2020) have indicated that 
residents have access to mains water supply and use this water source for drinking water and for 
various domestic uses including garden watering. Respondents did not identify any other sources of 
drinking water in the surveys completed. 

The HHRA considers current and potential future activities associated with residential land use in the 
study area.  

The HHRA is based on available soil, home-grown produce and perched groundwater data that was 
collected between December 2020 and June 2021, and information regarding land and water use(s) 
at the residential properties that was made available at the time of preparing this HHRA report.  

The exact locations of sampled produce (fruits and vegetables only; no residents were identified to 
be home-raising chickens for egg laying purposes, meat consumption or growing associated feed 
materials) and co-located soil samples have not been presented in this report. Privacy agreements 
with property owners preclude the identification of some property addresses. Hence, de-identified 
groundwater, soil and home-grown produce results from private properties have been presented as 
part of this report and are included in Appendix I.  

The approach and methodology employed for the HHRA draws on the methodology developed for 
the Holsworthy Barracks HHERA (CH2M, 2020), herein referred to as the Holsworthy HHERA. Full 
details of this methodology are provided in the Holsworthy HHERA (CH2M, 2020). 

 Issue Identification 
This section of the report has defined the risk issues that are relevant to human health for the 
identified receptors and associated exposure scenarios. The identified risk issues are considered to 
reflect the objectives of the addendum HHRA. Data obtained during the additional soil, biota and 
perched groundwater sampling programs for the data gap investigation, as well as information 
obtained during the WuS, completed as part of the Holsworthy HHERA (CH2M, 2020), were utilised 
in defining the potential risk issues for the residential properties in the study area. 

10.2.1  PFAS Chemicals 
A summary of general information on PFAS chemicals and their behaviour in the environment is 
provided in the Holsworthy HHERA (CH2M, 2020). 
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10.2.2 Data Review and Screening Assessment 
A review of the data obtained for perched groundwater, soil and home-grown produce has been 
undertaken to identify and consider potential risk issues. This step also identifies the characteristics 
and associated limitations of the data collected within each medium and reviews the data against 
the identified screening criteria. 

10.2.2.1 Adopted Tier 1 Screening Criteria 

A screening assessment identifies the chemicals that require further evaluation and if the identified 
concentrations are sufficiently elevated (i.e., above screening criteria) to require a detailed 
assessment of potential risk. The screening assessment for the identified soil impacts was conducted 
based on the reported concentrations in soil and the numerical criteria provided in the PFAS NEMP 
(2020a) for PFOS, PFHxS and PFOA. The PFAS NEMP numerical criteria are defined as the maximum 
concentrations in soil which would not result in unacceptable exposure to the identified receptors. 
The numerical criteria for soil assume daily exposure and consumption of home-grown produce (i.e., 
fruits and vegetables) grown in that soil. 

For screening potential risks associated with the consumption of home-grown produce that is grown 
within impacted soil, the FSANZ (2017a) proposed trigger points for fruit and vegetables were 
adopted. Trigger values are defined as “the maximum concentration level of these chemicals that 
could be present in individual foods or food groups so even high consumers of these foods would not 
have dietary exposures exceeding the relevant TDI” FSANZ (2017a). These trigger values are 
considered conservative. 

The nominated screening values have been compared to the sampling data to provide an initial 
indication of exposure scenarios that pose a potential health risk and warrant further evaluation as 
part of the HHRA. A summary of the adopted Tier 1 health screening values is provided in Section 
7.2. 

Residents indicated during the co-located soil and home-grown produce sampling events that 
gardens used to grow produce comprised in-situ (natural) soil, introduced topsoil or a combination 
of both. Hence, the screening assessment for soil has considered that in-situ (natural) soil and/or 
introduced topsoil collected from all depths (i.e., 0.05 mBGL to 0.1 mBGL), is accessible to residents 
completing gardening activities and/or to sub-surface maintenance workers. In the absence of 
available soil screening criteria for sub-surface maintenance workers, the health risk to this receptor 
was quantified. Refer to Section 10.3.2 for details.  

The adopted residential screening criteria for PFAS do not consider potential exposure from the 
consumption of chicken-eggs and/or meat that have been raised on properties with impacted PFAS 
soil. None of the properties sampled as part of the additional data gap investigation were identified 
as currently raising chickens for egg laying purposes, or poultry meat consumption. Therefore, biota 
associated with this exposure pathway were not sampled (for example, chicken eggs or chicken 
feed). However, council zoning for the residential area allows for chickens to be home-raised and the 
Holsworthy HHERA (CH2M, 2020) identified one resident in Wattle Grove as keeping chickens for 
egg laying purposes. Therefore, whilst this exposure pathway was not identified to be currently 
active, it was considered plausible that some residents (although not currently doing so) may do so 
at some point in the future. Hence, the HHRA has assessed the inferred risks to current and future 
residents from the consumption of home-grown chicken-eggs. In the absence of measured PFAS 
concentrations in eggs, theoretical PFAS concentrations in eggs were modelled from measured soil 
concentrations and compared to the screening criteria as detailed in Section 7.2. 

The adopted screening criteria for water exposures (i.e., perched groundwater) are the NHMRC 
(2019) recreational water quality guidance values as detailed in Section 7.2.3. 
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The adopted screening criteria are noted to be conservative for the purposes of screening potential 
risks to sub-surface maintenance workers via incidental ingestion/dermal contact with perched 
groundwater, as workers will not be drinking extracted groundwater, nor swimming in an excavation 
that has the potential to accumulate with water via groundwater seepage, or surface water runoff. 
The recreational water quality guideline assumes that a person can consume 0.2 L of water per day 
during recreational activities. This assumption (i.e., 0.2 L) is overly conservative for a sub-surface 
maintenance worker who may be exposed via incidental ingestion/dermal contact with perched 
water, if present in the study area. 

10.2.3  Soil Screening Assessment 
A summary of the soil analytical results collected from private property gardens and the easement of 
a commercial / industrial property within the study area and a comparison against adopted 
screening criteria is presented in Table 10.1. Tabulated soil results are presented in Table 2, 
Appendix I.  

Table 10.1: Soil Concentration Summary (mg/kg) 

Adopted Screening 
Criteria (mg/kg) PFOA PFOS + PFHxS 

Total No. 
of 

Samples 

No. of Detectable 
Concentrations 

No. of Samples 
above Criteria 

PFOA 
PFOS + 
PFHxS PFOA 

PFOS + 
PFHxS 

Residential with 
garden/accessible soil 
(1) 

0.1 0.01 

Limit of Reporting 
(LOR) 

<0.0002 <0.0002 

Media Concentration Range 

In-situ Soil ≤ 0.1 mBGL 

(SS001, SS008, SS013, 
SS022, SS023 and 
SS024) 

<0.0002 – 
0.0012 

0.0030 – 0.0094 6 2 6 None None 

Introduced topsoil 
(easement) ≤ 0.1 mBGL 

(SS002 – SS007, SS010-
SS012) 

<0.0002 – 
0.0003 

0.0068 – 0.0255 9 6 9 None 6(2) 

Mixture of in-situ soil 
and introduced topsoil 
≤ 0.1 mBGL  

(SS014 – SS021) 

<0.0002 – 
0.0007 

0.0067 – 0.0309 8 2 8 None 7 

Notes: 

(1) HEPA (2020a). 

(2) Soil samples were collected from an area that is zoned for commercial/industrial use. However, it was identified 
that the land was being used by an adjacent residential property owner for growing produce which was being home 
consumed. Therefore, the residential guidelines were adopted for screening purposes. All soil concentrations are 
below the guideline values for a commercial/industrial land use. 

None – denotes no exceedances of the relevant Tier 1 screening value. 

Shading indicates where a result is above the Tier 1 screening value. 
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A review of the soil data indicates that:  

• Reported PFOS + PFHxS concentrations were below the adopted screening criterion within in-
situ soil samples. Concentrations of PFOA were reported below the laboratory LOR or the 
adopted screening criterion. 

• Reported concentrations of PFOA within introduced topsoils were either below the laboratory 
LOR or below the adopted screening criterion. Conversely, reported PFOS + PFHxS 
concentrations were above the adopted screening criterion in six of the nine samples analysed.  

• Reported PFOA concentrations within the mixture of in-situ and imported topsoils were either 
below the laboratory LOR or below the adopted screening criterion. The reported PFOS + PFHxS 
concentrations were above the adopted screening criterion in seven of the eight samples 
analysed. 

10.2.4  Home-Grown Produce Screening Assessment 
A summary of the results and comparison against adopted screening criteria is presented in 
Table 10.2. The tabulated home-grown produce data set is presented as Table 1, Appendix I. 

Table 10.2: Summary of Home-Grown Produce Concentrations (µg/kg) 

Adopted 
Screening 

Criteria 
(µg/kg) PFOA 

PFOS + 
PFHxS 

Total No. of 
Samples 

No. of Detectable 
Concentrations 

No. of Samples above 
Criteria 

   

PFOA 
PFOS + 
PFHxS PFOA 

PFOS + 
PFHxS 

Fruit (all) (1) 5.1 0.6 

Vegetables 
(all) (1) 

8.8 1.1 

Limit of 
Reporting 
(LOR) 

<1.0 <1.0 

Media Concentration Range 

Vegetables 

Spinach <1 <1 1 ND ND None None 

Carrot <1 <1 1 ND ND None None 

Spring onion <1 <1 1 ND ND None None 

Radish <1 4 1 ND 1 None 1 

Red cabbage <1 <1 1 ND ND None None 

Chinese cabbage <1 <1 1 ND ND None None 

Vegetables (Herbs) 

Mint <1 <1 2 ND ND None None 

Parsley (5) <1 <1 2 ND ND None None 

Rosemary <1 <1 1 ND  ND None None 

Birdseye chili <1 <1 1 ND ND None None 

Lemongrass <1 <1 1 ND ND None None 
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Table 10.2: Summary of Home-Grown Produce Concentrations (µg/kg) 

Adopted 
Screening 

Criteria 
(µg/kg) PFOA 

PFOS + 
PFHxS 

Total No. of 
Samples 

No. of Detectable 
Concentrations 

No. of Samples above 
Criteria 

   

PFOA 
PFOS + 
PFHxS PFOA 

PFOS + 
PFHxS 

Fruit (all) (1) 5.1 0.6 

Vegetables 
(all) (1) 

8.8 1.1 

Limit of 
Reporting 
(LOR) 

<1.0 <1.0 

Media Concentration Range 

Moringa plant <1 <1 1 ND ND None None 

Fruit 

Strawberries <1 <1 1 ND ND None  None (2) 

Tomatoes <1 <1 1 ND ND None  None (2) 

Lemon (fruit) <1 <1 1 ND ND None  None (2) 

Mandarin 
(fruit) 

<1 <1 1 ND ND None  None (2) 

Olives <1 <1 1 ND ND None  None (2) 

Small 
eggplant 

<1 <1 1 ND ND None  None (2) 

Notes: 

(1) Ref: FSANZ (2017a) proposed trigger points  

(2) Detection limit is greater than screening criteria 

(3) Shading indicates a concentration is above the adopted screening criteria  

(4) ND - denotes non-detect for PFAS result 

(5) The sample of parsley grown in the ground reported a total PFAS result of 150 µg/kg. However, concentrations of PFOA and PFOS 
+ PFHxS were below the laboratory LOR. Further discussion is provided below.  

 

A review of the home-grown produce data indicates that reported PFAS concentrations were below 
the adopted screening criteria for PFOA and PFOS + PFHxS in vegetables, fruits, and herbs with the 
exception of the following: 

• Vegetables (Radish) – PFOS + PFHxS concentrations were above the adopted criterion for 
vegetables.  

Concentrations of PFAS within all other vegetables, fruits and herbs were below the laboratory LOR, 
except for detectable concentrations of other PFAS compounds in a sample of parsley (BIOTFL021). 
Further details regarding the detectable concentrations of other PFAS compounds identified in the 
sample of parsley and how this has been addressed for the HHRA are provided in Section 10.9.  

The produce results are generally consistent with those reported in the Holsworthy HHERA (CH2M, 
2020), where PFAS was not detected in off-property fruits, vegetables or herbs, with the exception 
of a sample of rosemary, potato and dried coffee beans.  
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All available produce being grown was sampled during the additional biota sampling program. This 
included several vegetables (Chinese cabbage, spinach, carrot, spring onion, radish, red cabbage), 
several herbs (chillies, lemongrass, mint, parsley, rosemary, moringa plant) and several fruits 
including strawberries, tomatoes, lemon, mandarin, olives and eggplant. Additionally, since available 
home-grown produce was collected with co-located soil samples, the use of measured produce 
concentrations to represent a reasonable ‘worst case’ exposure intake, is considered appropriate. It 
is also considered that the types of produce sampled and tested provide PFAS results for produce 
(i.e. vegetables, herbs and fruit) that are reflective of a range of different PFAS uptakes rates and 
consumption levels.  

In relation to the co-location of soil and biota samples, 21 of the primary 23 soil sampling locations 
were co-located with biota samples. Of the 21 sample locations where soil and biota samples were 
co-collected, only one sample of radish reported a PFOS + PFHxS concentration (4 µg/kg) to be 
above the adopted screening criterion. The generally low PFAS results identified in the sampled 
produce types may be due in part to low concentrations of PFAS identified in soil, or low transfer of 
PFAS into those specific plants.  

10.2.5 Future Consumption of Chicken Eggs Screening Assessment 
As described in Section 10.2.2.1, residents in the study area are not currently home-raising chickens 
for egg laying purposes. However, it was considered plausible that consumption of home-raised 
chicken eggs could occur in the future within the area and, hence, has been included as part of the 
screening assessment for the HHRA.  

During the DSI, one property in Wattle Grove (outside the current study area) was identified as 
having poultry for home consumed egg production. Results from PFAS analysis of egg samples from 
the property were used to assess risk to human health and no unacceptable risk was identified. 
However, the HHERA noted that PFAS concentrations in soil may be higher for properties closer to 
the LFS and therefore theoretical maximum PFAS concentrations in poultry eggs were modelled 
based on the maximum concentrations in shallow soil from samples collected at the LFS (PFOS + 
PFHxS 0.8 mg/kg). The estimated PFAS concentration in eggs significantly exceeded the FSANZ 
trigger point and therefore a potential unacceptable risk to human health was noted. 

Updated estimates of potential maximum PFAS concentrations in poultry eggs have now been 
determined using the soil data obtained through this additional investigation. The methodology for 
estimating PFAS concentrations is the same as described in the HHERA. 

The calculated theoretical reasonable maximum PFAS concentrations in poultry-eggs are 
summarised in Table 10.3 below, with calculations presented in Appendix J. A comparison of the 
predicted chicken-egg concentrations against the FSANZ (2017a) proposed trigger points for eggs 
has been completed as a screening tool for assessing potential future risks, should residents in the 
study area consume eggs from home-raised chickens. 

Table 10.3: Theoretical Chicken-Egg Estimates – Based on Maximum In-Situ Soil Concentrations 

FSANZ Proposed Trigger Point for Poultry 
Eggs (µg/kg) 

PFOS + PFHxS (1) PFOA (1) 

11 (µg/kg) 85 (µg/kg) 

Estimated Theoretical Concentration in chicken-eggs 

Cegg  1.55 0.02 

Notes: 

(1) Ref: FSANZ (2017a). 

Details regarding the calculated theoretical egg concentrations for PFAS are presented in Appendix J.  
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The calculated theoretical concentrations for chicken-eggs were between one and three orders of 
magnitude below the adopted screening criteria for PFOS + PFHxS and PFOA respectively. The 
uncertainties associated with the theoretical chicken-egg estimates are discussed in Appendix J. 

Of note, the FSANZ trigger values for food are based on 100% of TDI and may not be protective for 
people exposed to PFAS from multiple pathways. Therefore, an assessment of health risks from the 
consumption of home-grown chicken-eggs was quantified as part of the multiple exposure pathway 
analysis provided in Section 10.8.5, utilising the theoretical chicken-egg concentrations detailed in 
Table 10.3 above.  

10.2.6  Perched Groundwater Assessment 
A summary of the perched groundwater analytical results and a comparison against adopted 
screening criteria is presented in Table 10.4. Tabulated perched groundwater results are presented 
in Table 3, Appendix I. 

Table 10.4: Perched Groundwater Concentration Summary (µg/L) 

Adopted Screening Criteria 
(µg/L) PFOA PFOS + PFHxS 

Total 
No. of 

Samples 

No. of Detectable 
Concentrations 

No. of Samples above 
Criteria 

PFOA 
PFOS + 
PFHxS PFOA 

PFOS + 
PFHxS 

Recreational Water Quality (1) 10 2 

Limit of Reporting (LOR) <0.002 <0.002 

Media Concentration Range 

Perched groundwater <0.002 – 
0.03 

0.032 – 1.6 3 2 4 None None 

Notes: 

(1) Ref: NHMRC (2019) 

(2) ND – denotes non-detect 

(3) None – denotes no exceedances of relevant Tier 1 screening value.  

Reported PFOS + PFHxS and PFOA concentrations were below the adopted screening criteria within 
perched groundwater present within the study area. 

Based on the screening assessment for perched groundwater no further assessment of potential 
health risk was considered warranted for this HHRA.  

10.2.7  Summary of Key Risk Issues 
A review of the soil results identified 13 soil samples to be above the adopted health-based Tier 1 
screening values (residential land use with gardens/accessible soils). Hence, further assessment of 
potential exposure risk to soils, from residents conducting gardening activities within this area was 
considered warranted. In addition, further assessment of sub-surface maintenance workers that may 
undertake ad-hoc maintenance works within the area (as no available screening criteria for workers) 
was also considered warranted.  

A review of home-grown produce data collected only identified one sample of radish (from one 
property) to be above the adopted trigger point for vegetables for PFOS + PFHxS. In addition, one 
sample of parsley reported detectable concentrations of other PFAS compounds with a total PFAS 
result of 150 µg/kg. The remaining samples of home-grown produce were either below the 
laboratory LOR or below the relevant trigger point for the food group sampled (i.e. fruit, vegetables). 
Based on the reported radish and parsley results, further assessment of potential health risks from 
the consumption of these produce types was completed.  
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Given the potential for the future consumption of home-raised chicken-eggs, a theoretical plausible 
maximum concentration in chicken-eggs was undertaken. The results of the modelling indicated that 
the modelled chicken-egg concentrations was below the FSANZ (2017a) trigger point for eggs.  

The review of perched groundwater data did not identify PFAS concentrations to be above the 
adopted health-based Tier 1 screening values. Hence, further assessment of exposure risks to sub-
surface maintenance workers was not considered warranted.  

Based on the above, the key human health risk issues are: 

• Direct contact with PFAS in soil; and 

• The ingestion of home-grown produce grown in soil impacted with PFAS. 

10.2.8  Data Adequacy 

The additional soil and biota sampling program was initiated by following the lines of evidence that 
were presented in the DSI report (CH2M, 2018) and the Holsworthy HHERA (CH2M, 2020), regarding 
the potential for higher PFAS concentrations to be present in soil within the study area. The 
additional soil and biota sampling program scope of work required engagement with landowners to 
allow property access prior to commencing data collection and sampling activities. This was 
completed in accordance with project stakeholder and community engagement protocols in line 
with standard Defence procedures. 

Permission to collect soil and edible biota samples was only granted for four properties including the 
easement area of a commercial / industrial property. It is noted that there are 20 residential 
properties in the study area. However, the number of properties where home-grown produce is 
consumed is unknown. 

Where possible, soil samples were collected from the garden beds (or easement) in which the 
produce sampled was growing, as discussed in Section 8.2. All available produce being grown was 
sampled during the biota sampling program including several vegetables (Chinese cabbage, spinach, 
carrot, spring onion, radish, red cabbage), several herbs (chillies, lemongrass, mint, parsley, 
rosemary, moringa plant) and several fruits (strawberries, tomatoes, lemon, mandarin, olives and 
eggplant). This is also considered to address a previously identified data gap around seasonality and 
available produce types, as part of the Holsworthy HHERA (CH2M, 2020). Whereby, produce 
sampling was completed over the summer months (December 2020 and January 2021) in support of 
this HHRA. Hence, produce sampling overall has now been completed during winter (July 2018) for 
the Holsworthy HHERA (CH2M, 2020), as well as during the summer months as part of this HHRA. 

Where produce samples were greater than the screening criteria (i.e., radish in sample BIOTFL031), 
the co-located soil sample SS019 reported a PFOS + PFHxS concentration to be above the adopted 
Tier 1 screening criterion. Hence, the correlation between the PFAS soil and edible biota results are 
considered to represent PFAS results within the study area. The non-detect and low PFAS 
concentrations in the other sampled produce types may be due to low concentrations of PFAS in soil 
or low transfer of PFAS into those specific plants. 

Based on a review of the data sets including soil and home-grown produce, collectively the data is 
considered to be limited for the whole of the study area. However, it is considered representative of 
the subset of properties that were sampled. Considering the revised CSM for the study area, the soil 
and edible biota concentrations at the properties sampled were assumed to be similar to other 
properties within the area. Conservative exposure assumptions using the maximums of the 
measured soil data were employed to represent a reasonable ‘worst-case’ exposure scenario. 
Therefore, the data is considered adequate for the assessment of potential human health risks 
within the study area. 
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10.2.9  Other PFAS Compounds 
The presence of other PFAS compounds in addition to PFOS, PFHxS and PFOA including PFAS 
precursor compounds and their contribution to the total PFAS load has been considered qualitatively 
as part of the HHRA.  

The PFAS analytical suite included analysis for several quantifiable perfluoroalkyl acids (PFAA – the 
group of PFAS that includes PFOS, PFHxS and PFOA) precursors. These analysed precursors included 
perfluoroalkyl sulfonamides and fluorotelomer sulfonic acids. Quantifiable precursors were typically 
not detected, apart from one soil result which had a single detected perfluoroalkyl sulphonamide 
concentration that was comparable to the perfluoroalkyl acid concentrations.  

It is noted that PFOS + PFHxS   and PFPeA comprised most of the total PFAS reported, with PFOA 
contributing less to the total concentrations observed. Whilst other PFAS compounds have been 
detected within the various media sampled, their contribution to the total PFAS result was noted to 
be negligible in comparison to PFOS + PFHxS for all media with the exception of the parsley sample 
discussed below. The following is noted regarding the percentage contributions of PFOS + PFHxS 
within each medium sampled: 

• PFOS + PFHxS concentrations in shallow in-situ soil contributed approximately 69% of the total 
PFAS result.  

• For introduced topsoil (imported to the study area), the greatest contribution to the PFAS total 
result was from PFOS at approximately 81%, with PFHxS contributing approximately 8.6%. 

• The mixture of in-situ soil and introduced topsoil showed that PFOS + PFHxS contributed 
approximately 87.5% of the total PFAS result.  

• For edible biota, only radish and a sample of parsley reported detectable concentrations of 
PFAS. With PFOS contributing 100% of the total PFAS result in the radish sample (BIOTFL031) 
that was growing in a mixture of both in-situ soil and introduced topsoil. The sample of parsley 
(BIOTFL021) that was growing within in-situ soil did not comprise PFOS, PFHxS or PFOA but did 
report detectable concentrations of PFBA (17%), PFPeA (70%) and PFHxA (13%).  

Based on the assessment of other PFAS compounds completed in the HHERA (CH2M, 2020) the 
other PFAS compounds identified in the sample of parsley, which includes PFBA, PFPeA and PFHxA, 
are considered to be less toxic than PFOS and PFHxS, based on the findings of the Borg et al., 2013 
study. Further details are provided in the HHERA report (CH2M, 2020).  

Bar charts for each medium sampled (in-situ soil, introduced topsoil, mixture of in-situ soil and 
introduced topsoil and home-grown produce) which depict the percentage contribution of 
detectable PFAS compounds reported are provided in Figure 1 and Figure 2. 

  



HOLSWORTHY PFAS INVESTIGATION  
SECTION 10 ADDENDUM HUMAN HEALTH RISK ASSESSMENT (HHRA) 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 33 

 
Figure 1: Detected PFAS Compounds - Soil 
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Figure 2: Detected PFAS Compounds – Home-Grown Produce 
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10.2.10 Data Gaps and Limitations 
The appraisal of data gaps in relation to the assessment of human health risk has aimed to close out 
and address (where possible) pertinent data gaps that relate to the quantification of human health 
risk estimates for the study area. A summary of the data gaps is provided in Table 10.5 below. 

Table 10.5: Summary of Data Gaps  

Data Gap Potential Impact on the HHRA How Addressed in the HHRA 

Limited home-grown produce 
samples including type and 
sample size (i.e., produce 
types comprised less than 10 
samples) which is less than 
the desired sample size (n) 
for statistical analysis.  

Limited edible biota types and 
sample sizes may contribute to 
an increased margin of error 
resulting in an over or under-
estimation of the potential health 
risk.  

The data gap assessment completed for the study 
area sampled four additional properties (this 
includes the sampling conducted along the 
easement).  This captured some residential 
properties that are located in closer proximity to 
the LFS, where various types of edible produce 
were observed to be growing. Produce items that 
were sampled included several vegetables 
(Chinese cabbage, spinach, carrot, spring onion, 
radish, red cabbage), several herbs (chillies, 
lemongrass, mint, parsley, rosemary, moringa 
plant) and several fruits including strawberries, 
tomatoes, lemon, mandarin, olives and eggplant.  

It is considered that the additional sampling 
program of edible produce has captured more 
produce types than the previous edible produce 
sampling conducted for the Holsworthy HHERA 
and provides a broader representation of produce 
types that may exhibit different PFAS uptake rates 
and/or maybe consumed at higher consumption 
rates (i.e., herbs versus vegetables).  

Additionally, co-located soil samples were 
collected where biota was growing. The sampling 
completed is also considered to have captured 
seasonality constraints as the sampling was 
completed during the summer months (December 
2020 and January 2021), versus the sampling that 
was completed during winter (July 2018) as part of 
the Holsworthy HHERA (CH2M, 2020).  

No properties as part of the further works for the 
study area were specifically identified to have 
home-raised chickens or other livestock. This 
exposure pathway was assessed to account for 
current residents (who may not have responded 
to the WuS completed for the Holsworthy HHERA) 
or future residents, who may home-raise chickens 
for egg laying purposes. This was undertaken via 
modelling the potential PFAS uptake into eggs.  
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Table 10.5: Summary of Data Gaps  

Data Gap Potential Impact on the HHRA How Addressed in the HHRA 

Higher PFAS concentrations 
in soil and subsequently 
home-grown produce may 
exist within the study area, 
than what was measured 
during the additional soil and 
biota sampling program 

Potential to underestimate the 
risk associated with direct 
contact exposures to soil, to 
residents who did not consent to 
having soil from their property 
sampled.  

Potential to underestimate the 
health risk associated with the 
consumption of home-grown 
produce, should higher 
concentrations be present in 
produce than what was 
measured during the additional 
soil and biota sampling program. 

Maximum concentrations in soil and maximum 
measured produce concentrations were utilised to 
represent a reasonable ‘worst case’ exposure 
intake based on the sampled properties. The 
potential risk estimates have been inferred to 
apply across the whole of the study area. 

 

 Exposure Assessment 

10.3.1  General 
The exposure assessment has been based on the exposure pathways and receptors of concern 
identified in the CSM provided in Section 4 and the data review and screening assessment 
performed in Section 10.2.2.  

To calculate representative PFAS exposure intakes for child and adult residents and sub-surface 
maintenance workers, the relevant exposure point concentration for soil and/or home-grown 
produce was utilised in combination with relevant exposure parameters for a child/adult resident 
and a worker. As per the Holsworthy HHERA, consideration in this HHRA report has been given to 
both typical as well as upper limit exposure intakes to account for a ‘reasonable’ worst-case 
exposure setting. Further details are provided below in Sections 10.4 and 10.5.  

10.3.2  Exposure Pathway and Receptor Analysis 
Due to the nature and type of PFAS present within the study area, the HHRA has focused on the 
potential health risks associated with the consumption of PFAS in home-grown produce and the 
direct contact with soil (i.e. ingestion, dermal contact and dust inhalation).  

As per the Holsworthy HHERA (CH2M, 2020), this HHRA has not quantified exposures via the vapour 
inhalation pathway, and for completeness has included the inhalation of dusts and dermal contact in 
quantifying potential health risks.   

Direct ingestion and indirect ingestion via bioaccumulation of PFAS in food products including home-
grown produce (e.g., fruit, vegetables) are the most significant exposure routes for human receptors.  

The potential exposure pathways and receptors of concern that have been quantified for the HHRA 
are summarised in Table 10.6 below.  

Table 10.6: Summary of Exposure Pathways and Receptors Quantified in the HHRA 

Sampled 
Media 

(Source) 

Potential 
Exposure 

Mechanism 

Potential Exposure Route 

Receptor Ingestion Dermal 
Dust 

Inhalation 

Consumption of 
Home-Grown 

Produce 

Soil Direct contact 
with soil in 

✓ ✓ ✓  Residents (child 
and adult) 
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Table 10.6: Summary of Exposure Pathways and Receptors Quantified in the HHRA 

Sampled 
Media 

(Source) 

Potential 
Exposure 

Mechanism 

Potential Exposure Route 

Receptor Ingestion Dermal 
Dust 

Inhalation 

Consumption of 
Home-Grown 

Produce 

residential 
gardens  

Sub-surface 
construction 
and 
maintenance 
workers 

Home-
grown 
produce 

Consumption of 
home-grown 
produce  

   ✓ Residents (child 
and adult) 

Notes: 

 ‘✓’ denotes that exposure route was relevant for the HHRA.  

‘’ denotes that exposure route was not relevant for the HHRA. 

 

 Exposure Point Concentrations 
As discussed in Section 10.2.8, the approach to the assessment of potential health risks to residents 
and sub-surface maintenance workers has utilised maximum concentrations reported for the 
relevant media (i.e., soil, produce), as measured during the additional soil and biota sampling 
program completed for the data gap investigation. This is considered to represent a reasonable 
‘worst case’ exposure intake. 

A summary of the adopted EPCs for soil and home-grown produce is presented in Table 10.7 below.  

Table 10.7: Adopted EPCs (1) 

Media Units PFOS + PFHxS Concentration PFOA Concentration 

Soil (2) mg/kg 0.0309 (maximum) – for residential and sub-
surface construction and maintenance 
worker exposure 
 

Not retained (less than screening 
criterion) 

0.0012 (maximum) – for sub-
surface construction and 
maintenance worker 

Home-Grown 
Produce 

Vegetable (radish) 

µg/kg  

 

Measured: 4 (maximum) 

Not retained (less than screening 
criterion or laboratory LOR) 

Notes: 

(1) Refer to tabulated results for home-grown produce and soil provided in Table 1 and Table 2, Appendix I. 

(2) Represents maximum soil concentration identified for in-situ soils. 

 Exposure Parameters 
The approach adopted for the exposure assessment has considered ‘reasonable maximum’ exposure 
settings for soil. For the consumption of home-grown produce, consideration of both typical 
exposure scenarios as well as upper limit exposure settings (i.e., a worst case) to account for 
differences in human behaviours and exposure patterns, which can vary amongst individuals in any 
setting, has been undertaken. The upper limit estimate of exposure also allows for an evaluation of a 
‘worst-case’ exposure intake.  



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 38 

The selected exposure parameters for soil were based on NEPM (2013b) for child and adult 
residents. For sub-surface maintenance workers exposure parameters have been based on a 
combination of NEPM (2013b), enHealth (2012b) and/or Friebel and Nadebaum (2011).  

To evaluate the typical and upper limit exposure settings for the consumption of home-grown 
produce, exposure parameters from the NEPM (2013b) and the mean and P90 food ingestion rates 
for fruits and vegetables from FSANZ (2017b) were adopted to assess typical and upper limit intakes, 
respectively, for child and adult receptors. The P90 food consumption rates are considered to 
represent a ‘reasonable maximum’ for both child and adult residents. 

With regards to a child resident, the relevant exposure scenarios have been calculated for young 
children aged between 1-6, noting that young children are the most sensitive receptors (NEPC, 
2013a). This is due to their behaviours and activities which result in higher levels of intake in 
comparison to adults. In addition, younger children have a lower body weight, so their intake per 
unit body weight is higher than that of an adult. As a conservative approach, the parameters for 
(young) children were generally based on a child aged 2-3 years (i.e., the most sensitive age within 
the child receptor group).  

10.5.1 Adopted Exposure Parameter Values 
The selection of exposure parameter values has been based on information published by one or 
more of the Australian sources as listed below, where site-specific parameter information is not 
available:  

• NEPM (2013c) 

• Food Standards Australia and New Zealand (FSANZ, 2017b) 

• Friebel and Nadebaum (2011); and 

• enHealth (2012b). 
The adopted exposure parameter values for residents and sub-surface maintenance workers are 
provided in Table 10.8 for soil and Table 10.9 for home-grown produce.  
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Table 10.8: Soil Exposure Input Parameter Values  

Parameter Units 

Residents 
Sub-surface Maintenance 

Workers 

Child Adult Adult 

Body Weight (BW) (1,2) kg 15 70 78 

Exposure Duration (ED) (1,3) years 6 29 30 

Exposure Frequency (EF) (1,3) days/year 365 365 20 

Exposure Time - Indoors (ETi) (1) hours/day 20 20 NA 

Exposure Time – outdoors (ETo) 
(1,3) 

hours/day 4 4 8  

Soil Ingestion Rate (IRs) (1,3) mg/day 100 50 330 

Bioavailability – oral ingestion (Bio) 
(4) 

unitless 1 1 1 

Fraction ingested from 
contaminated source (Fcs) (5) 

unitless 1 1 1 

Area of Exposed Skin (SA) (1,3) cm2 2,700 6,300 6,800 

Soil Adherence Factor (SAF) (1,3) mg/cm2/day 0.5 0.5 0.9 

Dermal Absorption Factor (DAB) (6) unitless 0.0005 0.0005 0.0005 

Particulate Retention (PR) (1) unitless 0.375 0.375 0.375 

Particle Emission Factor Indoors 
(PEFi) (1) 

m3/kg 2.6 x 107 2.6 x 107 NA 

Particle Emission Factor Outdoors 
(PEFo) (1,3) 

m3/kg 3.7 x 1010 3.7 x 1010 4.4 x 108 

Indoor Dust Transport Factor (TF) 
(1) 

unitless 0.5 0.5 NA 

Averaging Time (AT) = ED (1,7) years 6 29 30 

Notes: 

(1) Ref: (NEPC, 2013b).  

(2) Ref: enHealth (2012b). Average and 95th percentile for adult male and female combined. 

(3) Ref: Friebel and Nadebaum (2011) 

(4) Assumed to be 100% bioavailable for PFAS.  

(5) Intake from contaminated source assumed to be 100%.  

(6) Ref: ToxConsult (2016a, 2016b). Recommended value to adopt is 0.05%.  

(7) The averaging time is equal to the exposure duration for the evaluation of chemicals via a threshold approach. AT 
(years) multiplied by 365 days/year to convert to days. For intake equations as detailed in Section 10.6.  
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Table 10.9: Dietary Exposure Input Parameters  

Parameter Units 

Residents 

Child Adult 

Body Weight (BW) (1) kg 15 70 

Exposure Duration (ED) (1) years 6 29 

Exposure Frequency (EF) (2) days/year 365 365 

Food Ingestion Rate (IRF) (3) kg/day  

Root Vegetables (radish) – 
0.025 (0.062) 

Root Vegetables (radish) – 
0.054 (0.120) 
 

Fraction Ingested from Contaminated 
Food Source (Fcs) (4) 

unitless Vegetables – 0.1 (0.5) 
 

Vegetables – 0.1 (0.5) 
 

Averaging Time (AT) = ED (1,5) years 6 29 

Notes: 

(1) Ref: NEPC (2013b). 

(2) Maximum exposure frequency adopted. 

(3) The FSANZ ingestion rate for Root and Tuber Vegetables was proportioned using the percent consumption values 
presented in Table 7 of NEPC (2013b). The proportions applied to derive separate ingestion rates for Root 
Vegetables for use in the HHRA are 0.44 for adults and 0.38 for children. 

(4) Assumed that 10% (typical intake) and 50% (upper limit intake) of vegetables may come from home-grown 
produce.  

(5) The averaging time is equal to the exposure duration for the evaluation of chemicals via a threshold approach. AT 
(years) multiplied by 365 days/year to convert to days. For intake equations as detailed in Section 10.6.  

 Exposure Intake Equations 
Intakes of PFAS adhered to soil have been estimated using numerical equations in accordance with 
the approach adopted in NEPC (2013c).The equations used to estimate the intake concentrations for 
the various media (including food sources) and exposure pathways are presented below. Calculated 
exposure intakes are presented in Appendix K.  

10.6.1 Soil Intake Equations 
Potential exposures to PFAS in soil have been calculated for incidental ingestion, dermal contact and 
dust inhalation using the following equations, as adapted from the US EPA Risk Assessment 
Guidance for Superfund (RAGS) (US EPA, 1989), (US EPA, 2004) and NEPC (2013c): 

Intakeoral =
Cs xIRs x BA𝑜 x ED x EF x CF

BW x AT x 365 days/year
 

 

Intakedermal =
Cs xED x EF x SA x SAF x DAB x CF

BW x AT x 365 days/year
 

 

Intakedust  = 
Cs × [(

1

PEF𝑜
x ET𝑜) + (

1

PEF𝑖
 × TF × ET𝑖)] × PR × EF × ED 

AT × 365 × 24
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Where:  

Intake oral = calculated daily intake of PFAS from soil ingestion (mg/kg/day) 

Intake dermal = calculated daily intake of PFAS from dermal contact with soil (mg/kg/day) 

Intake dust = calculated daily intake of PFAS from dust inhalation (mg/m3) 

Cs = adopted soil EPC (mg/kg) 

IRs = ingestion rate of soil by each receptor group (mg/day)  

BAo = oral bioavailability (unitless) – assumed to be 100% (expressed as a fraction of 1) 

ED = exposure duration relevant to exposures by each receptor group (years)  

EF = exposure frequency relevant to exposures by each receptor group (days/year)  

ETo = exposure time outdoors (hours/day)  

ETi = exposure time indoor (hours/day)  

SA = area of exposed skin (cm2) 

SAF = soil adherence factor (mg/cm2/day) 

DAB = dermal absorption factor (unitless) 

PEFo = particle emission factor outdoors (m3/kg) 

PEFi = particle emission factor indoors (m3/kg) 

PR = particulate retention (unitless) 

TF = indoor dust transport factor (unitless) 

CF = conversion factor of 1 x 10-6 to convert mg to kg (kg/mg) 

BW = body weight relevant to each receptor group (kg)  

AT = averaging time (years). AT is multiplied by 365 days/year to convert to days. For the dust 
inhalation pathway, AT is multiplied x 24 hours/day.  

10.6.2 Food Intake Equations 
Potential exposures to PFAS via the ingestion of home-grown produce (i.e., modelled fruit and 
vegetable concentrations) have been calculated using the following equation, as adapted from US 
EPA (1989):  

Intake𝑝𝑙𝑎𝑛𝑡 =
𝐶plant xIRplant x 𝐹𝑐𝑠 x BA𝑜 x ED x EF 

BW x AT x 365 days/year
 

Where: 

Intakeplant = calculated daily intake of PFAS from the ingestion of the edible components of plants 
(mg/kg/day) 

Cplant = PFAS concentration in the edible portions of the plant (mg/kg)  

IRplant = ingestion rate of plants – vegetables/fruit (kg/day) 

Fcs = fraction ingested from contaminated source (unitless) 

BAo = oral bioavailability (unitless) – assumed to be 100% (expressed as a fraction of 1) 

ED = exposure duration (years) 

EF = exposure frequency (days/year) 

BW = body weight relevant to each receptor group (kg)  

AT = averaging time (AT) = AT = ED (years) x 365 days/year to convert to days.  

 Uncertainty Assessment 
The adopted maximum EPC concentrations for PFOS + PFHxS are based on the data collected during 
the soil and edible biota sampling program and were utilised in the assessment of typical and upper 
limit exposure intakes, for the identified receptors. The adopted EPC concentrations are protective 
of both typical and upper limit exposures to PFAS. An assessment is provided in Section 10.2.8 
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regarding the adequacy of using maximum concentrations as measured during the additional soil 
and edible biota sampling program, to represent typical and upper limit exposures.  

The maximum EPC represents a ‘reasonable’ worst-case exposure intake based on the sampled 
properties, which was inferred to apply to properties which were not sampled. 

The additional biota sampling completed for the study area resulted in several different types of 
produce being sampled during the summer months (i.e., December 2020 and January 2021) 
including herbs, vegetables, and fruits. The diverse range of produce sampled within the study area 
is considered to have captured uncertainties identified in the Holsworthy HHERA (CH2M, 2020) 
regarding seasonality constraints and PFAS uptake rates that different types of produce exhibit. 
Hence, previous data gaps regarding seasonality constraints and PFAS uptake rates and specifically 
not sampling a produce type that exhibits a higher PFAS uptake rate, is considered to have been 
addressed as part of the addendum HHRA.  

The assessment of health risks was based on data obtained in December 2020 and January 2021. The 
estimation of historical exposure by people who have lived or worked within the study area is not 
possible as concentrations within the various media are not known. Also, behavioural characteristics 
for people who have previously lived or worked within the area are not known, nor is there 
information available to establish the historical magnitude, frequency, extent, or duration of 
exposure for the receptor groups assessed. 

Exposure assumptions based on enHealth (2012b), NEPC (2013b), Friebel and Nadebaum (2011) and 
professional judgement were included in this risk assessment, which has resulted in several 
conservative exposure assumptions being included. 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 ingestion of home-grown produce within impacted PFAS soil. When combined, the 
assumptions deliberately overestimate the most likely exposure. The estimated exposures using 
upper estimates are considered to reflect reasonable maximum exposures as the maximum 
contaminant concentrations are multiplied by the 95th percentile, or reasonable maximum exposure 
parameters.  

This HHRA has been based on a ‘point estimates’ approach using adopted average and upper bound 
exposure assumptions. Actual exposure is likely to be variable and may be lower (or potentially 
higher) than that assumed.  

The bioavailability of each PFAS compound can vary depending on the exposure route, the media 
ingested and many other factors. For the purposes of this HHRA it was conservatively assumed to be 
100%. 

The source of food daily consumption rates was based on the FSANZ (2017b). The specific average 
and 90th percentile consumption rates for root and tuber vegetables were adopted as opposed to 
the consumption rate for “vegetables (all)” (i.e., use of the “vegetables (all)” consumption rates 
would result in much higher and overly conservative consumption rates for root vegetables by child 
and adult residents). In addition, the consumption rate for root vegetables was further apportioned 
by using the percent consumption values presented in Table 7 of NEPC (2013b). The proportions 
applied to derive separate ingestion rates for Root Vegetables for use in the HHRA are 0.44 for 
adults and 0.38 for children. 

Generally, the fraction of food or soil ingested from the study area was assumed to be all, or a 
significant proportion, from contaminated media (50% for home-grown produce and 100% for soil). 
This is likely to overestimate the intakes for these exposure pathways as it assumes minimal food is 
obtained from other sources such as supermarkets or other locations outside of the study area. 

Young children were included in the quantitative evaluation on the basis that their exposures are 
potentially greater given their behaviour and body weight and sensitivity 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 receptor. 
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The HHRA has not addressed people or children that may display soil-pica behaviours. As detailed in 
enHealth (2012b), "data on the prevalence of soil-pica in the Australian population could not be 
located". Taylor (1991) provided comments on soil-pica behaviour and indicated that: "the 
behaviour of soil-pica occurs quite rarely in the general population of Australia". enHealth (2012b) 
indicates that susceptible populations may include institutionalized children and children with 
developmental delays, autism or celiac disease. Whilst considered a rare occurrence, if soil-pica 
behaviour is suspected to occur within the study area, this is considered to warrant further 
assessment on a case-by-case basis. 

 Risk Characterisation 

10.8.1 Introduction 
The risk characterisation step of the HHRA quantifies the potential risk to human health from 
exposure to the COPC. The process combines the exposure/intake and toxicity information to 
calculate risk estimates. For the evaluation of PFAS, this has been undertaken based on a threshold 
approach (i.e., threshold tolerable daily intake (TDI)).  

The characterisation of risk has been undertaken via the calculation of a hazard quotient (HQ) 
whereby, the intake (calculated as per the equations presented in Section 10.6) is divided by the 
adopted TDI (i.e., FSANZ oral TDI) to produce a ratio that is termed a HQ. The relevant TDI for the 
COPC are based on the values presented in the Holsworthy HHERA (CH2M, 2020) and are 
summarised in Table 10-10. 

For both soil and home-grown produce consumption exposure pathways, the HQ has been 
estimated based on the following equation: 

Where: 

• HQ = Hazard Quotient  

• Intake = estimated total exposure for PFAS from assessed exposure pathway (mg/kg/day) 

• TDI = Adopted tolerable daily intake, adjusted for background exposure (mg/kg/day) 

To estimate the additive effect of exposure to multiple COPCs, the HQs for each PFAS in each 
exposure scenario are then summed to produce a total hazard index (HI). This assumes additivity in 
the toxicological outcomes following concurrent exposures. This also assumes that each PFAS 
compound will behave in the same way once it enters the body and affects the same target organ. It 
is considered reasonable to assume that additive effects may occur from exposure to PFAS 
compounds.  

The total HI represents the potential risks associated with cumulative exposures from multiple 
exposure pathways (where identified to be of potential significance) and hence provides 
conservative risk estimates for the assumptions made by the HHRA. A potentially unacceptable 
exposure is indicated if the total exposure exceeds a HI of 1 for a given scenario. The total HI is 
calculated as follows: 

HI = ∑HQ 

Further details regarding the acceptable risk level for a threshold model in Australia are provided 
below in Section 10.8.2. 

HQ = (Intake/TDI) 
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10.8.2 Acceptable Risk Level 
The acceptable risk level (i.e., acceptable HI) in Australia to assess threshold risk is 1. This is 
consistent with current best practice in Australia and is described in the NEPM (2013a) and enHealth 
(2012a).  

With respect to acceptable threshold risks (i.e., acceptable HI), Schedule B4 of NEPM (2013a) states 
that:  

• “The threshold HI assumes that there is a level of exposure below which it is unlikely for sensitive 
populations to experience health effects. If the exposure level does not exceed the threshold (that 
is, HI less than 1), then it is reasonable to conclude that no adverse health effects are likely to be 
realised. If the exposure level exceeds the threshold (that is, HI greater than 1) then further 
consideration is necessary. A HI greater than 1 does not automatically imply that an 
unacceptable risk is present but does indicate that further action(s) (investigation or risk 
management) is warranted. The HILs were developed on the basis of a HI of 1.”  

enHealth (2012a) provides similar commentary, with the following additional guidance provided 
regarding the interpretation of HI values greater than 1:  

• “When the overall HI is less than 1, it is generally assumed that cumulative risk is within 
reasonable bounds and that there is no need to undertake a more refined risk assessment. Even 
when HI is greater than 1, it does not imply that risks are unacceptable, although there is clearly 
some erosion of the conservatism built into each of the processes of determining components of 
the HQ calculation (exposure and TDI). When the HI is greater than 10 there is more reason to 
undertake further investigation of the risks, including an assessment of whether addition of HQs 
is justified or whether the risk contribution of some of the components is independent”.  

• “Nevertheless, it is a common approach in the professional practice of EHRA in Australia 
(especially when dealing with government agencies) to not only require the calculation of the HI 
for mixtures, but to undertake further refinement of the risk estimates when the HI exceeds 1. 
There may be situations where additional information will be available that shows that the HI 
approach will overestimate the risk and scientific argument could be advanced to show this 
approach to be inappropriate.”  

As reflected above, neither the NEPM (2013a) or enHealth (2012a) provide clear guidance regarding 
the interpretation of HI values greater than 1. However, for the purposes of this HHRA, it has been 
assumed that the default acceptable risk level is represented by a HI of 1 and as noted above, this 
approach is conservative. 

10.8.3  Adopted TDIs 
The adopted TDIs by FSANZ for the assessment of PFOS + PFHxS and PFOA are summarised in Table 
10-10 below. The adopted TDIs also correspond to the values specified in the NEMP(2020b). 

For assessment of the dust inhalation exposure pathway, an inhalation reference concentration (RfC) 
was calculated from the oral TDI assuming a body weight of 70 kg and an inhalation rate of 20 
m3/day. For evaluating dermal exposures, the oral TDI was adopted. 

Table 10-10: Summary of Adopted Toxicity Values and Background Intakes 

COPC Oral/Dermal 
TDI (1)  

(mg/kg 
bw/day)  

Background Intake 
– Oral/Dermal(2) 

(mg/kg/day) 

Adjusted 
Oral/Dermal TDI 

for HHRA(3) 
(mg/kg/day) 

Inhalation 
TDI(4) 

(mg/m3) 

Background 
Intake – 

Inhalation(5) 
(mg/m3) 

Adjusted 
Inhalation TDI 
Adopted for 

HHRA(3) 
(mg/m3) 

PFOS + 
PFHxS 

0.00002 0.0000014 0.0000186 0.00007 0.0000049 0.000065 
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PFOA 0.00016 0.00000078 0.000159 0.00056 0.0000027 0.00056 

Notes: 

(1) Ref: FSANZ (2017b). The relevant TDI was adopted to assess exposure from oral ingestion and dermal contact. 

(2) Ref: ToxConsult (2016a).  

(3) Adjusted TDI calculated by subtracting the relevant background intake from the TDI value.  

(4) Inhalation TDI is derived from the oral/dermal TDI using a body weight of 70 kg and an inhalation rate of 20 m3/day.  

(5) Assumed 7% and <1% of the inhalation TDIs for PFOS + PFHxS and PFOA respectively.  

(6) mg/kg bw/day – milligram per kilogram of body weight per day. 

(7) mg/m3 - milligram per cubic meter. 

10.8.4  Calculated Hazard Quotient and Hazard Index 
The calculated HQs for each exposure pathway and receptor population exposed to PFAS in soil or 
via home-grown produce consumption are presented in Appendix K. The calculated HI (i.e., the sum 
of the HQs) for each exposure pathway is summarised in Table 10.11.  

In interpreting whether a total HI is acceptable or unacceptable with respect to the total intake or 
exposure to PFAS, the following is noted: 

• A HI less than or equal to 1 (and the total exposure/intake is less than or equal to the adopted 
TDI) indicates that adverse health effects (or harm) are unlikely to occur. In this HHRA, where the 
HI is less than or equal to 1, the exposure and risks are noted as “low and acceptable”. 

• A HI greater than 1 indicates that further consideration is necessary. A total HI greater than 1 
does not automatically imply that an unacceptable risk is present, but it does indicate that 
further investigation (or potentially risk management) is warranted.  

Of note, where a HI is calculated to be greater than 1, it infers that there is a potential for the total 
PFAS intake to be higher than the recommended FSANZ TDI. This does not necessarily equate to a 
risk or indicate that toxicity will occur to the relevant population group, as the intake/exposure 
estimations and the TDIs for PFAS have incorporated inherent safety factors in their determination. 
However, it is noted that the likelihood of toxicity occurring, or risk being realised, increases with the 
extent to which estimated intakes/exposures exceed the TDI, meaning that the higher the calculated 
HI, the greater the level of concern. 

Table 10.11: Summary of Calculated HI 

Exposure Scenario Child Resident Adult Resident Sub-surface Maintenance Worker 

Direct contact with soil in 
gardens 

0.011 0.0013 0.00039 

Consumption of home-grown 
produce that is grown within 
PFAS contaminated soil 

Typical 
exposure 

Upper 
Limit 

Exposure 

Typical 
Exposure 

Upper 
Limit 

Exposure 

-- 

Root Vegetables (1) 0.036 0.44 0.017 0.18 -- 

Total HI (2) 0.05 0.5 0.02 0.2 0.00039 

Notes: 

 

(1) Based on measured root vegetable (radish) concentrations. Measured concentrations of other vegetables and fruits 
(excluding parsley) available for sampling were either below the laboratory LOR or the screening criteria (Table 
10.2).  

(2) Calculated total HI’s are presented in Appendix K.  

 

Based on the total HI presented in Table 10.11 above, the following is concluded: 
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• For residents (child and adult) and sub-surface maintenance workers, potential cumulative 
health risks are low and acceptable (i.e., the total HI is below the acceptable risk threshold) for 
exposure to PFAS in soil.  

• For the consumption of home-grown produce based on typical (average) intakes, potential 
cumulative health risks are low and acceptable (i.e., the total HI is below the acceptable risk 
threshold) for both child and adult residents. This conclusion is consistent with the results of the 
sampling where concentrations of PFAS (PFOS + PFHxS and PFOA) in home-grown produce were 
generally below the laboratory LOR in vegetables, fruits, and herbs (apart from a radish  sample).  

• For residents (child), potential cumulative health risks under the upper limit exposure intake 
scenario, are below the acceptable risk threshold and are therefore, concluded to be low and 
acceptable. The potential cumulative health risks for the adult resident under the upper limit 
intake scenario are below the acceptable risk threshold and are also concluded to be low and 
acceptable.  

10.8.5 Multiple Pathway Assessment 
Where multiple exposure pathways are identified to be complete for the same receptor, the 
consideration of potential risks from cumulative exposures is required. Multiple-pathway exposure 
combinations have been identified for residents, as detailed below:  

• Direct contact (incidental ingestion and dermal contact) with and inhalation of shallow in-situ 
soils located within gardens and where home-grown produce is grown 

• The consumption of home-grown produce, grown within impacted soil; and 

• Potential for future (and current) consumption of home-raised chicken eggs (estimated from 
maximum soil concentrations).  

Table 10.12 provides a multiple pathway assessment for the pathways listed above.  

Table 10.12: Summary of Calculated HI – Multiple Pathway Assessment 

Exposure Scenario Child Resident Adult Resident 

Direct contact with soil in gardens 0.011 0.0013 

Consumption of home-grown produce that is grown 
within PFAS contaminated soil (1) 

Typical 
Exposure 

Upper Limit 
Exposure 

Typical 
Exposure 

Upper Limit 
Exposure 

Root Vegetables 0.036 0.44 0.017 0.18 

Chicken-eggs (2) 0.022 0.2 0.00823 0.07 

Total HI 0.07 0.7  0.03 0.3 

Notes: 

(1) Refer to Table 10.11. 

(2) Table 10.3 presents estimated theoretical concentration of PFOS+PFHxS and PFOA in chicken eggs based on uptake 
of soil (based on maximum soil concentrations). Refer to Appendix L for the chicken-egg assessment and health risk 
calculation.  

 

Based on the calculated risk estimates for residents considering these scenarios, the cumulative 
health risk was assessed to be: 

• For residents (child and adult), potential cumulative health risks are low and acceptable (i.e., the 
total HI is below the acceptable risk threshold) for the typical (average) intake. This conclusion is 
consistent with the results presented in Table 10.11.  
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• For residents (child and adult), potential cumulative health risks are low and acceptable (i.e. the 
total HI is below the acceptable risk threshold) for upper limit intakes. This conclusion is 
consistent with the results presented in Table 10.11. 

Based on the multiple pathway assessment, the conclusion of low and acceptable risks previously 
discussed in Section 10.8.4 is supported. 

10.8.6 Uncertainty Assessment 
Risk assessments require several assumptions regarding site conditions, human exposure, and 
chemical toxicity. Even though site-specific parameters were included (i.e., soil and edible biota 
data), it is not possible to fully describe site conditions and human activities in the study area for the 
entire exposure duration considered in the risk assessment. The assumptions considered for this risk 
assessment were reasonably conservative in nature to account for uncertainty in the input 
parameter estimates, and to protect public health by providing a deliberate margin of safety. 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. Thus, 
it is necessary to specify the assumptions and uncertainties inherent in the risk assessment to place 
the risk estimates into perspective. 

Soil and home-grown produce samples were collected and tested for PFAS at residential properties 
within the study area that consented to being tested. This resulted in a relatively small number of 
properties being sampled. For example, soil and home-grown produce samples were collected and 
analysed from three residential properties and a commercial / industrial property where the 
easement was being used by a neighbouring property owner, to grow home consumed produce. 
However, the properties tested may not have provided samples that represented worse-case 
conditions. If actual current or future home-grown produce in the study area have higher 
concentrations than those represented by the samples analysed, potential risks associated with 
home-grown produce may be underestimated. However, it is considered that the samples of edible 
produce that were sampled and tested (which included three additional properties out of the twenty 
properties identified to sit within the study area), provide a broader representation PFAS uptake 
rates and consumption levels, in comparison to what was available to sample during the Holsworthy 
HHERA (CH2M, 2020). Given the range of produce types sampled and conservative assumptions 
applied for quantifying health risks, the data is considered adequate for this Addendum HHRA.  

The screening assessment performed for poultry eggs ruled out this exposure pathway from the 
quantitative assessment based on maximum theoretical concentrations in eggs estimated from 
maximum soil concentrations (Section 10.2.5 and Appendix J). There is uncertainty with this 
assessment as chickens may also be exposed to PFAS via the diet (i.e., food scraps or soil 
invertebrates), which have not been quantified. The adopted soil EPCs for estimating concentrations 
in poultry-eggs were based on the reported maximum concentrations in shallow in-situ soil within 
the study area (based on the properties that were sampled). It was assumed that these 
concentrations could be present within any residential garden areas within the study area and 
accessible to home-raised chickens. The level of uncertainty associated with the soil EPC has the 
potential to over or under-estimate the theoretically estimated concentrations in poultry-eggs.  

The toxicity values used in this risk assessment were developed by the Food Standard Australia and 
New Zealand in 2017 (FSANZ, 2017c) and are considered to be appropriate. They have been derived 
from exposure levels shown to cause ‘no adverse effect’ following studies of chronic exposure in 
animals. Uncertainty factors, adopted by FSANZ, have been applied to consider issues related to data 
extrapolation related to species variability and human variability. Specifically, an uncertainty factor 
of 30 was applied to PFOS and PFOA which comprised a factor of 3 to account for inter-species 
differences in toxicodynamics and a factor of 10 for intra-species differences in the human 
population.  
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The selection of toxicological source information and the derivation of screening criteria was in 
accordance with international agencies including WHO, US EPA and NEPM. 

The adopted background exposure concentration for the HHRA was assumed to be representative of 
background concentrations across Australia and was based on the upper estimate calculated from 
data available in 2016. Whilst a national survey has yet to be undertaken across Australia, for the 
purposes of this HHRA, the upper estimate was assumed to overestimate the background exposure 
from other sources such as foods, packaging, carpets, etc., particularly as the use of PFAS in products 
is diminishing. 

The adopted background intakes for the HHRA were based on a literature review (by ToxConsult) of 
PFAS concentrations in blood serum in Australians. The calculated background intakes were the 
identified upper estimates for PFOS + PFHxS and PFOA (ToxConsult, 2016a, 2016b) and represent 7% 
of the FSANZ (2017c) TDI value for PFOS + PFHxS, and <1% of the TDI for PFOA. It is noted that a 
higher background intake would result in higher risk estimates being calculated. Conversely, the 
adoption of lower background intakes would result in lower risk estimates being calculated. 

The background exposures that were identified are based on the general population and are unlikely 
to be applicable to specific sensitive sub-populations that may have higher current and/or historical 
exposure, such as fire fighters involved in fire training activities or emergency response situations. It 
is considered that the applied background exposure intake is appropriate for the general population 
and relevant to the assessment of potential exposure by receptors in this HHRA. Further assessment 
may be warranted for receptors whose background exposure may be much higher than the national 
average.  

The FSANZ (2017a) trigger points for poultry-eggs are based on 100% of the TDI; therefore, they may 
not be protective of people (i.e., residents) that may be exposed via multiple exposure pathways. 
Hence, potential health risks were quantified for the multiple pathway assessment utilising the 
calculated theoretical concentration in chicken-eggs. The risk contribution from the consumption of 
chicken-eggs to the total HI for residents that may be exposed to multiple pathways was considered 
to be low in comparison to the contribution from produce (i.e, herbs and vegetables). 

Rainwater is harvested at a subset of the properties surveyed within the study area and used for 
irrigating gardens. However, it is not used for drinking water purposes and is not expected to be 
affected by PFAS and was not evaluated further in the HHRA.  

Unregistered bore use for either drinking or domestic purposes was not addressed as part of the 
HHRA. However, it is noted that drinking water and water used for domestic purposes according to 
the WuS completed for the Holsworthy HHERA (CH2M, 2020) is currently sourced from mains water.  

Future use groundwater / surface water for domestic reasons was not addressed as part of the 
HHRA based on the findings and conclusion drawn within the Holsworthy HHERA (CH2M, 2020) that 
concluded the following:  

The potential future beneficial use of surface water or groundwater in the local area by the local 
community is also considered unlikely and/or limited based on: 

• The established mains water supply system in the local area, which limits the need for residents 
to consider non-reticulated water as an alternative source.  

• The relatively high housing density, which restricts the access of a drill rig to conduct drilling and 
groundwater bore installation works.  
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• Local hydrogeological conditions, with groundwater bearing units typically found in clay or 
sandstone/shale rock with low yield and at significant depth (> 5 m); and 

• The local areas to the north (i.e., inferred to be hydraulically down gradient) of the AoCs are 
highly urbanised and are unlikely to be used for agricultural purposes (i.e., groundwater is 
unlikely to be extracted for irrigation use). 

• NSW Health provides the following guidance in relation to the use of groundwater in urban 
areas: 

– NSW Health recommends that people use the public drinking water supply in urban areas for 
drinking, food preparation and personal hygiene (including cleaning teeth/oral hygiene and 
bathing) because it is filtered, disinfected, and generally fluoridated. The quality of public 
water supplies is regularly monitored. People who choose to use private groundwater 
supplies for drinking, food preparation and personal hygiene (including oral hygiene) should 
be aware of potential risks associated with microbiological, chemical, and radiological 
contamination. Groundwater in urban areas is more likely to be contaminated by human 
activities such as chemical contamination from industry, leaking from underground fuel 
storage tanks, leaching from rubbish tips or land fill areas and seepage from sewerage 
systems or septic tanks. Some potential groundwater contaminants include arsenic, bacteria, 
viruses and protozoa, chromium and other metals, nitrate, per- and poly-fluoroalkyl 
substances (PFAS) and petroleum hydrocarbons. (NSW Government, 2019). 

The HHRA has been conducted in accordance with the NEMP (2020b), scientific studies and advice 
that have been endorsed by Australian and NSW Government Health and Environmental Agencies.  

 

 Sensitivity Assessment 
Other PFAS compounds perfluoro-n-pentanoic acid (PFPeA), perfluorohexanoic acid (PFHxA) and 
Perfluorobutanoic acid (PFBA) have been identified in a sample of home- grown parsley (herb).  The 
total PFAS result was 150 µg/kg, with concentrations of PFOA and PFOS + PFHxS reported to be 
below the laboratory LOR.  

As there are no available screening criteria (endorsed by Australian regulators) to screen potential 
health risks to human health from the presence of other PFAS compounds, a sensitivity assessment 
has been performed for residents, to quantify the potential health risk from home-consuming herbs, 
that may comprise these other PFAS compounds.  

The sensitivity assessment has been performed by modelling the exposure intake for the other PFAS 
compounds utilising the total (other) PFAS result of 150 µg/kg, the TDI applicable for PFOS + PFHxS 
and the FSANZ (2017b) consumption rates for herbs.  

A multiple pathway exposure assessment has also been included in the sensitivity assessment to 
account for residents that may home-consume multiple produce types and have exposure occur via 
several pathways including exposure to soil in exposed gardens areas and well as home-consuming 
herbs, vegetables and chicken-eggs.  

A summary of the dietary input parameters adopted for the assessment of herbs is summarised in 
Table 10.13.  



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 50 

Table 10.13: Dietary Exposure Input Parameters for Sensitivity Assessment 

Parameter Units 

Residents 

Child Adult 

Body Weight (BW) (1) kg 15 70 

Exposure Duration (ED) (1) years 6 29 

Exposure Frequency (EF) (2) days/year 365 365 

Food Ingestion Rate (IRF) (3,4) kg/day Herbs (parsley) – 0.001 
(0.002) 
 

Herbs (parsley) – 0.002 
(0.004) 
 

Fraction Ingested from Contaminated Food 
Source (Fcs) (5) 

unitless Herbs – 0.1 (0.5) 
 

Herbs – 0.1 (0.5) 
 

Averaging Time (AT) = ED (1,6) years 6 29 

Notes: 

(1) Ref: NEPC (2013b). 

(2) Maximum exposure frequency adopted. 

(3) Ref: FSANZ (2017b). Food ingestion rates for herbs are based on the mean and 90th percentile (P90) consumption 
rates as presented in Table 10 and Table 11 of FSANZ (2017b). Value in parenthesis is the P90 consumption rate. 

(4) The FSANZ ingestion rate for Root and Tuber Vegetables was proportioned using the percent consumption values 
presented in Table 7 of NEPC (2013b). The proportions applied to derive separate ingestion rates for Root 
Vegetables for use in the HHRA are 0.44 for adults and 0.38 for children. 

(5) Assumed that 10% (typical intake) and 50% (upper limit intake) of herbs or vegetables may come from home-grown 
produce.  

(6) The averaging time is equal to the exposure duration for the evaluation of chemicals via a threshold approach. AT 
(years) multiplied by 365 days/year to convert to days. For intake equations as detailed in Section 10.6.  

 

Exposure intakes from the consumption of herbs (parsley) were modelled using the same approach 
and intake equation detailed in Section 10.6.2. Potential health risks were quantified using a HI 
approach as detailed in Section 10.8 and the TDI for PFOS + PFHxS as detailed in Table 10-10.   

A summary of the calculated HI for the consumption of home-grown herbs is provided in Table 10.14 
below.  

Table 10.14: Summary of Calculated HI for Herbs 

Exposure Scenario       Child Resident Adult Resident 

Consumption of 
home-grown 
produce that is 
grown within PFAS 
contaminated soil 

      Typical 
exposure 

Upper 
Limit 

Exposure 

Typical 
Exposure 

Upper Limit Exposure 

Herbs (1)       0.054 0.54 0.023 0.23 

Total 
HI (2) 

      0.05 0.5 0.02 0.2 

Notes: 

(1) Based on measured herb (parsley) concentrations. 

(2) Calculated total HI’s are presented in Appendix M.  

 

Based on the total HI presented in Table 10.14 above, the following is concluded: 
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• For residents (child), potential cumulative health risks from exposure to other PFAS compounds, 
under the typical and upper limit exposure intake scenarios, are below the acceptable risk 
threshold (i.e., HI <1) and are therefore, concluded to be low and acceptable.  

• The potential cumulative health risks from exposure to other PFAS compounds, for the adult 
resident under the typical and upper limit intake scenarios are below the acceptable risk 
threshold (i.e., HI <1) and are also concluded to be low and acceptable.  

Exposure to multiple pathways was also assessed for the sensitivity assessment to account for a 
resident that may home-consume several produce types including herbs, vegetables and chicken-
eggs as well as being exposed via direct contact with soil in exposed and accessible garden areas. 
The multiple pathway exposure assessment was undertaken in accordance with the approach 
outlined in Section 10.8.5. Exposure pathways assessed for the multiple pathway assessment 
include: 

• Direct contact (incidental ingestion and dermal contact) with and inhalation of shallow in-situ 
soils located within gardens and where home-grown produce is grown 

• The consumption of home-grown produce (including herbs), grown within impacted soil; and 

• Potential for future (and current) consumption of home-raised chicken eggs (estimated from 
maximum soil concentrations).  

Table 10.15 provides a multiple pathway assessment and calculated total HI for the pathways listed 
above.  

Table 10.15: Summary of Calculated HI – Multiple Pathway Analysis for Sensitivity Assessment 

Exposure Scenario Child Resident Adult Resident 

Direct contact with soil in gardens 0.011 0.0013 

Consumption of home-grown produce that is grown 
within PFAS contaminated soil (1) 

Typical 
Exposure 

Upper Limit 
Exposure 

Typical 
Exposure 

Upper Limit 
Exposure 

Herbs  0.054 0.54 0.023 0.23 

Root Vegetables 0.036 0.44 0.017 0.18 

Chicken-eggs (2) 0.022 0.2 0.00823 0.07 

Total HI 0.12 1.2 (3) 0.05 0.48 

Notes: 

(1) Refer to Table 10.11. 

(2) Table 10.3 presents estimated theoretical concentration of PFOS+PFHxS and PFOA in chicken eggs based on uptake 
of soil (based on maximum soil concentrations). Refer to Appendix L for the chicken-egg assessment and health risk 
calculation.  

(3) Bold indicates the total HI is above the acceptable risk level of 1.  

 

Based on the calculated risk estimates for residents considering these scenarios, the cumulative 
health risk was assessed to be: 

• For residents (child and adult), potential cumulative health risks are low and acceptable (i.e., the 
total HI is below the acceptable risk threshold) for the typical (average) intake.  

• For residents (child), the total HI is above the acceptable risk threshold for upper limit intakes. 
The exposure pathways driving this risk are those associated with home-grown produce 
consumption (i.e., herbs and root vegetables). However, the exposure risk is considered 
acceptable due to the conservative assumptions and estimates used in this assessment 
including: 
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– the assessment for herbs is based on one sample of parsley that reported detectable 
concentrations of other PFAS compounds (PFBA, PFPeA and PFHxA). Potential health risks 
were quantified by modelling their potential intake using a total (other) PFAS result and the 
TDI for PFOS + PFHxS in the absence of toxicity values specific to those compounds that have 
been endorsed by Australian regulators.   

– that 50% of the produce ingested daily is home-grown. 

– the measured PFOS + PFHxS and PFOA concentrations (which are the currently regulated 
PFASs in Australia) within herbs and vegetables (except for one sample of radish) were 
below the laboratory reporting limit; and 

– taken together, these assumptions are likely to overestimate the exposure to PFAS in home-
grown produce, and consequently overestimate the overall health risk associated with upper 
limit intakes, assuming that a resident is exposed to multiple pathways.  

• For residents (adult), potential cumulative health risks are low and acceptable (i.e., the total HI is 
below the acceptable risk threshold) for upper limit intakes.  

The toxicity values used in this sensitivity assessment were developed by Food Standard Australia 
and New Zealand in 2017 (FSANZ, 2017c) for PFOS + PFHxS and PFOA and in the absence of available 
toxicity values for other PFAS compounds that were identified as part of this assessment (i.e., PFBA, 
PFPeA and PFHxA) were adopted to enable a quantification step to be performed. They have been 
derived from exposure levels shown to cause ‘no adverse effect’ following studies of chronic 
exposure in animals, with the incorporation of uncertainty factors, to consider issues related to 
species variability and human variability. Based on the current state of knowledge in regard to PFAS 
compounds, the identified other PFASs in this assessment are considered to be less toxic than PFOS, 
PFOA and PFHxS and therefore, the application of the FSANZ (2017c) toxicity values is considered to 
be conservative.  
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 Conclusions 
The findings of the HHRA for the identified receptors are summarised in Table 10.16. 

Table 10.16: Summary of Residential Exposure Scenarios and Potential Human Health Risks 

Receptor Media Exposure Pathway 
Identified Risk to 

Human Health 

Residents (child 
and adult) 

Soil Direct contact (incidental ingestion, dermal contact and dust inhalation) with shallow soil in gardens (maximum of 
measured concentrations) 

Low and 
acceptable  

Sub-surface 
maintenance 
workers 

Soil Direct contact (incidental ingestion, dermal contact and dust inhalation) with shallow soil in easement (maximum of 
measured concentrations) 

Low and 
acceptable 

Residents (child 
and adult) 

Home-grown produce 
(herbs) - Measured 

Consumption of home-grown produce (maximum of measured concentrations) Low and 
acceptable  

Home-grown produce 
(fruit (1) and vegetables) – 
Measured  

Consumption of home-grown produce (measured produce concentrations) Low and 
acceptable  

Theoretical estimates in 
home-grown eggs (1) 

Potential current and future consumption of home-grown eggs (based on modelled concentrations from soil) Low and 
acceptable  

Soil, home-grown produce 
and egg consumption 

Multiple Exposure Pathways – direct contact with soil in gardens; consumption of 10% home-grown produce 
(maximum of measured concentrations for herbs and vegetable concentrations based on uptake from soil per above); 
egg consumption (assuming 30% is home-grown) based on quantitative assessment (and uptake from soil per above). 

Low and 
acceptable 

Residents (child 
and adult) 

Soil, home-grown produce 
and egg consumption 

Multiple Exposure Pathways – direct contact with soil in gardens (maximum of measured concentrations); consumption 
of 50% home-grown produce (maximum of measured concentrations for herbs and vegetables concentrations); egg 
consumption (assuming 100% is home-grown) based on quantitative assessment (and uptake from soil per above). 

Low and 
acceptable.  

 

(2) Pathway/media was assessed via a screening assessment. All other pathways were quantitatively assessed. 
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10.10.1.1 Summary 

Low and acceptable risks are concluded to be present across the study area based on the risk 
qualification and risk quantification steps.  

Only one identified (collective) exposure pathway for the consumption of home-grown herbs, 
vegetables and chicken-eggs was estimated to present a potential unacceptable health risk, under 
the conservative ‘upper limit’ multiple exposure scenario, assessed as part of the sensitivity 
assessment, for the child receptor. The potential health risks for this upper limit exposure scenario 
were estimated to only be slightly above the acceptable HI for the child and it has been 
demonstrated that several conservative assumptions were employed in the quantification of home-
grown produce including herbs and the one sample of parsley.  

Based on the above, the conclusion of low and acceptable risks for all receptors is considered to be 
supported based on the application of conservative upper limit estimates and the findings of the 
sensitivity assessment.   



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 55 

 Perched Groundwater Amenity Risk 
During the review of the PMAP, the Site Auditor recommended that an assessment of perched 
groundwater amenity risk be undertaken. The Site Auditor considered that PFAS contaminated 
groundwater could present an amenity risk if present within 4 m of the ground surface. An amenity 
impact was considered to occur if PFAS impacted groundwater entered an excavation on a 
residential property and the property owner was required to manage and dispose of this water 
appropriately. The Site Auditor noted that the presence of PFAS impacted groundwater deeper than 
4 metres below ground surface was unlikely to present a risk because deeper excavations were 
unlikely to occur in the area given the R2 zoning and therefore there would be no need to manage 
groundwater deeper than 4 metres. 

There are no specific guidelines for the disposal of PFAS impacted water; however, PFAS 
concentrations below the drinking water guidelines would generally indicate a low risk for disposal. 
This investigation identified perched groundwater within two of the three shallow monitoring bores 
installed, with concentrations of PFAS that included one sample below (MW136) and one sample 
above (MW134) drinking water guideline values  

The occurrence of perched groundwater in both MW134 and MW136 was variable, with perched 
groundwater occurrence and detected PFAS concentrations presented in Table 11.1 below.  

Table 11.1: Summary of Perched Groundwater Occurrence and PFAS Concentrations 

Location Sampled Date Water Column (m) 
Sum of PFHxS + PFOS 

(µg/L) 
PFOA (µg/L) 

MW133 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) Dry N/A N/A 

25/03/21 (AECOM) Dry N/A N/A 

7/06/21 (AECOM) Dry N/A N/A 

MW134 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) Dry N/A N/A 

25/03/21 (AECOM) 2.10 0.89 0.02 

7/06/21 (AECOM) 1.05 1.6 0.03 

MW136 

8/12/20 (CH2M) Dry N/A N/A 

18/12/20 (CH2M) 0.48 0.032 <0.002 

25/03/21 (AECOM) Dry N/A N/A 

7/06/21 (AECOM) 0.82 0.15 <0.01 

NOTE: Shading indicates exceedance of the drinking water screening criterion (0.07 µg/L) adopted for the purposes of assessing amenity 
risk 

Water columns of 2.10 m and 1.05 m were identified in MW134 during OMP monitoring on 25 
March 2021 and 7 June 2021 respectively, after this well had been dry during installation (8 
December 2020) and during the first monitoring round (18 December 2020). 

Similarly, no perched groundwater was identified in MW136 during installation, with a small water 
column (0.48 m) enabling the collection of a grab sample on 18 December 2020. This well was then 
dry upon inspection during OMP monitoring on 25 March 2021, before a small water column (0.82 
m) enabled the collection of a sample on 7 June 2021. 

Monitoring well MW133 has been dry since installation on 8 December 2020. 

The variability of occurrence is further demonstrated by no evidence of recovery or infiltration of 
perched groundwater being observed at MW136 during sampling on 18 December 2020. No 
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observations regarding perched groundwater recovery or infiltration were recorded during OMP 
sampling at MW134 or MW136 due to the sampling method adopted (‘no-purge’ sampling using a 
hydrasleeve). 

A review of the Holsworthy Defence Weather Station2 (station ID 068263) data for March 2021 
revealed that Holsworthy received 284 mm of rainfall in the seven days prior to the sampling of 
MW134, with this potentially contributing to the occurrence of perched groundwater at this 
location. 

Whilst the investigation of perched groundwater within the residential area surrounding the LFS has 
established that detectable PFAS concentrations may be encountered within 4 m of the ground 
surface, the occurrence of perched groundwater is variable with either no, or very low, volumes of 
water identified. 

A further recommendation made by the Site Auditor in relation to the investigation of perched 
groundwater and assessment of amenity risk was that if perched groundwater is present, all wells 
should be gauged and sampled at a 3-monthly frequency for a period of 12 months. However, the 
data obtained over the 6-month period between December 2020 and June 2021 is considered 
sufficient to conclude that given the variability of both occurrence and yield of perched 
groundwater, this is not considered to present a risk to the amenity of residents surrounding the LFS, 
and therefore no further data collection is considered necessary. 

It is noted that, in addition to the amenity risk issue, an assessment of potential human health 
exposure risks was undertaken based on the perched groundwater data collected for this 
investigation. PFAS concentrations were below recreational water quality guidelines indicating no 
further assessment of exposure risks to residents and sub-surface construction and maintenance 
workers via direct contact was considered warranted. 

 
2 Australian Government Bureau of Meteorology, Holsworthy (Defence), New South Wales March 2021 Daily Weather Observations 
(http://www.bom.gov.au/climate/dwo/202103/html/IDCJDW2188.202103.shtml) 
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 Conclusions and Recommendations 
The objectives of this investigation were to collect quantitative information to enable identified data 
gaps relating to PFAS concentrations in soil, homegrown produce and perched groundwater to be 
closed out and enable potential risks to human health and amenity to be assessed. 

Soil and home grown produce samples were collected from a total of three residential properties 
and one commercial / industrial property as part of the data gap investigation, with written 
permission obtained by Defence to use the data obtained from all properties. 

Three perched groundwater monitoring wells (MWs) were installed in public land on 8 December 
2020 to support the assessment of amenity risk within the study area, with a sampling event 
completed by CH2M on 18 December 2020, and further sampling events completed by others as 
part of the Holsworthy Barracks OMP on 25 March 2021 and 7 June 2021. 

A human health risk assessment (HHRA) was completed based on the data obtained. A review of the 
soil results identified 13 soil samples to be above the adopted health-based Tier 1 screening values 
(residential land use with gardens / accessible soils), whilst the data collected for home-grown 
produce only identified one sample of radish (from one property) to be above the adopted trigger 
point for vegetables for PFOS + PFHxS. In addition, one sample of parsley reported detectable 
concentrations of other PFAS compounds with a total PFAS result of 150 µg/kg. The remaining 
samples of home-grown produce were either below the laboratory LOR for the food group sampled 
(i.e. fruit, vegetables). 

The HHRA determined that risks of PFAS exposure to residents (children and adults) as well as sub-
surface maintenance workers, due to direct contact with soil and/or ingestion of home-grown 
produce are low and acceptable. 

The review of perched groundwater data did not identify PFAS concentrations to be above the 
adopted health-based Tier 1 screening values. Hence, further assessment of exposure risks to sub-
surface construction and maintenance workers was not considered warranted.  

Based on the outcome of the HHRA, the data gaps concerning the potential human health risks 
relating to PFAS concentrations in soil and homegrown produce on residential properties within the 
study area have now been addressed, and no further investigation is considered warranted. 

This data gap investigation has also established that shallow perched groundwater containing 
detectable PFAS concentrations may be encountered within 4 m of the ground surface; however, the 
occurrence of perched groundwater is variable with either no, or low, volumes of water identified. 
The perched groundwater is not considered to present a risk to the amenity of residents surrounding 
the LFS, and therefore no further data collection is considered necessary. 

 



HOLSWORTHY PFAS INVESTIGATION  
SECTION 13 REFERENCES 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 58 

 References 
Australian Government Bureau of Meteorology, Holsworthy (Defence) New South Wales March 2021 
Daily Weather Observations 
(http://www.bom.gov.au/climate/dwo/202103/html/IDCJDW2188.202103.shtml) 

CH2M, 2020. Human Health and Ecological Risk Assessment (HHERA) Report. Holsworthy Barracks - 
PFAS Investigations (No. SON3384483). CH2M HILL Australia Pty Ltd. 

CH2M, 2018. Detailed Site Investigation, Holsworthy Barracks - PFAS Investigations. CH2M HILL 
Australia Pty Ltd. 

Chemical Watch, 2018. Global Risk and Regulation News [WWW Document]. URL 
https://chemicalwatch.com/ (accessed 4.27.18). 

CRC CARE, 2017. Technical Report No. 38: Assessment, management and remediation for PFOS and 
PFOA Part 2: health screening levels, Technical Report Series. Cooperative Research Centre for 
Contamination Assessment and Remediation of the Environment, Newcastle, Australia. 

FSANZ, 2017a. Perfluorinated Chemicals in Food. Food Standards Australia New Zealand. 

FSANZ, 2017b. Supporting Document 1: Hazard Assessment Report – Perfluorooctane Sulfonate 
(PFOS), Perfluorooctanoic Acid (PFOA), Perfluorohexane Sulfonate (PFHxS). Food Standards Australia 
New Zealand. 

FSANZ, 2017c. Supporting Document 2: Assessment of Potential Dietary Exposure to Perfluorooctane 
Sulfonate (PFOS), Perfluorooctanoic Acid (PFOA) and Perfluorohexane Sulfonate (PFHxS) Occurring in 
Foods Sampled from Contaminated Sites. Food Standards Australia New Zealand. 

HEPA, 2020a. PFAS National Environmental Management Plan V2 (No. Version 2.0). National 
Chemicals Working Group of the Heads of EPAs Australia and New Zealand. 

HEPA, 2020b. PFAS National Environmental Management Plan Version 2.0. Heads of EPAs Australia 
and New Zealand (HEPA). 

NEPC, 2013a. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B2. Guideline on Site Characterisation (B2), 2013. National 
Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013b. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B3. Guideline on Laboratory Analysis of Potentially Contaminated 
Soils (B3), 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013c. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B4. Guideline on Site-Specific Health Risk Assessment Methodology 
(B4), 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013d. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Derivation of Health-Based Investigation Levels, 2013. National 
Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013e. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Appendix C - Derivation of Investigation Levels for Generic Land 
Uses, 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NHMRC, 2019. Guidance on Per and Polyfluoroalkyl Substances (PFAS) in Recreational Water. 
National Health and Medical Research Council. 

PubChem, 2018. Perfluorohexanesulfonic acid - Open Chemistry Database [WWW Document]. URL 
https://pubchem.ncbi.nlm.nih.gov/compound/67734 (accessed 3.5.18). 



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 59 

Standards Australia, 2005a. AS 4482.1-2005 Guide to the investigation and sampling of sites with 
potentially contaminated soil Part 1: Non-volatile and semi-volatile compounds. Standards Australia, 
Sydney, N.S.W. 

Standards Australia, 2005b. AS 4482.1-2005 Guide to the investigation and sampling of sites with 
potentially contaminated soil Part 1: Non-volatile and semi-volatile compounds. Standards Australia, 
Sydney, N.S.W. 

Swane, I. 2019, Interim Advice #19 for Site Audit 275, Review of Holsworthy PMAP Approach to 
Managing PFAS Groundwater Contamination at LFS and Surrounding Area, Ian Swane and Associates 
Pty Ltd, dated 11 December 2019. 

WA DER, 2016. Interim Guideline on the Assessment and Management of Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS), Contaminated Sites Guideline. Department of Environment 
Regulation, Perth, WA. 

 References for Addendum HHRA 
CH2M, 2020. Human Health and Ecological Risk Assessment (HHERA) Report. Holsworthy Barracks - 
PFAS Investigations (No. SON3384483). CH2M HILL Australia Pty Ltd. 

CH2M, 2018. Detailed Site Investigation, Holsworthy Barracks - PFAS Investigations. CH2M HILL 
Australia Pty Ltd. 

Department of Defence, 2017. PFAS in Plants – 2017 Study Findings at Army Aviation Centre Oakey 
Stage 2C Environmental Investigation. 

EFSA, 2008. Opinion of the Scientific Panel on Contaminants in the Food chain on Perfluorooctane 
sulfonate (PFOS), perfluorooctanoic acid (PFOA) and their salts. The European Food Safety Authority 
Journal 653, 1–131. 

enHealth, 2012a. Environmental Health Risk Assessment: Guidelines for Assessing Human Health 
Risks from Environmental Hazards. Dept. of Health and Ageing and enHealth Council, Canberra, 
A.C.T. 

enHealth, 2012b. Australian Exposure Factor Guide. Dept. of Health and Ageing and enHealth 
Council, Canberra, A.C.T. 

Friebel, E., Nadebaum, P., 2011. Technical Report No. 10: Health screening levels for petroleum 
hydrocarbons in soil and groundwater Part 1: Technical Development document, Technical Report 
Series. Cooperative Research Centre for Contamination Assessment and Remediation of the 
Environment, Salisbury South, S. Aust. 

FSANZ, 2017a. Perfluorinated Chemicals in Food. Food Standards Australia New Zealand. 

FSANZ, 2017b. Supporting Document 2: Assessment of Potential Dietary Exposure to 
Perfluorooctane Sulfonate (PFOS), Perfluorooctanoic Acid (PFOA) and Perfluorohexane Sulfonate 
(PFHxS) Occurring in Foods Sampled from Contaminated Sites. Food Standards Australia New 
Zealand. 

FSANZ, 2017c. Supporting Document 1: Hazard Assessment Report – Perfluorooctane Sulfonate 
(PFOS), Perfluorooctanoic Acid (PFOA), Perfluorohexane Sulfonate (PFHxS). Food Standards Australia 
New Zealand. 

HEPA, 2020b. PFAS National Environmental Management Plan Version 2.0. Heads of EPAs Australia 
and New Zealand (HEPA). 

JBS&G, 2019. RAAF Base Edinburgh Environmental Investigation of PFAS - Human Health Risk 
Assessment (HHRA) and Preliminary Ecological Risk Assessment (PERA), Report for Department of 
Defence. 



 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 60 

Kowalczyk, J., 2014. Übergang von Perfluoroctansäure (PFOA) und Perfluoroctansulfonsäure (PFOS) 
aus kontami-nierten Futtermitteln in ausgewählte Gewebe des Mastschweins und der Legehenne. 

NEPC, 2013a. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B4. Guideline on Site-Specific Health Risk Assessment Methodology 
(B4), 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013b. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Appendix C - Derivation of Investigation Levels for Generic Land 
Uses, 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013c. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Derivation of Health-Based Investigation Levels, 2013. National 
Environment Protection Council Service Corporation, Canberra, A.C.T. 

NHMRC, 2019. Guidance on Per and Polyfluoroalkyl Substances (PFAS) in Recreational Water. 
National Health and Medical Research Council. 

Scolexia, 2017. Evaluation of Residues in Hen Eggs After Exposure of Laying Hens to Water 
Containing Per and Poly-Fluoroalkyl Substances. Scolexia Pty Ltd. 

Taylor, E.R., 1991. How much soil do children eat?, in: El Saadi, O., Langley, A. (Eds.), Proceedings of 
a National Workshop on the Health Risk Assessment and Management of Contaminated Sites. 
Presented at the The health risk assessment and management of contaminated sites, South 
Australian Health Commission, Adelaide, Australia, p. p.72. 

ToxConsult, 2016a. Toxicity Profiles for the Perfluorinated compounds, PFOS, PFOA, 6:2 FTS and 8:2 
FTS. ToxConsult Pty Ltd. 

ToxConsult, 2016b. Toxicity Profiles for the Perfluorinated compounds, PFHxS and PFHxA. 
ToxConsult Pty Ltd. 

US EPA, 2005. Contaminated Sediment Remediation Guidance for Hazardous Waste Sites. 

US EPA, 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment) (No. EPA/540/R/99/005). US 
Environmental Protection Agency, Washington DC. 

US EPA, 1989. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual 
(Part A) (No. EPA/540/1-89/002). US Environmental Protection Agency, Washington DC. 

 



HOLSWORTHY PFAS INVESTIGATION  
SECTION 14 LIMITATIONS 

694861 ADDENDUM TO THE HOLSWORTHY BARRACKS HHERA 61 

 Limitations 
This Human Health Risk Assessment (HHRA) report is given strictly in accordance with, and subject 

to, the following limitations: 

• The HHRA report was prepared for the Australian Department of Defence (“Client”) in 
accordance with the Scope of Work agreed between CH2M and the Client. 

• CH2M assumes no responsibility for conditions we were not authorised to investigate or 
conditions not generally recognised as environmentally unacceptable when the services were 
performed. 

• This report is based, in part, on unverified information supplied to CH2M during the project 
research. Therefore, CH2M does not guarantee its completeness or accuracy, and assumes no 
responsibility for errors or omissions related to this externally supplied information. 

• This report was prepared in accordance with, and by reference to, the applicable NSW EPA and 
industry standards, guidelines and assessment criteria as listed in this report. Opinions and 
judgements expressed in the report are based on CH2M’s understanding and interpretation of 
current regulatory standards and should not be construed as legal opinions. 

• An understanding of the site conditions depends on the integration of many pieces of 
information, some regional, some site specific, some structure-specific and some 
experienced-based. 

• The advice tendered in this report is based on information obtained from the field investigation 
locations, test points, sample points and field and laboratory data, and is not warranted in 
respect to the conditions that may be encountered across the Investigation Area other than at 
these locations. It is emphasised that the actual characteristics of the sub-surface and surface 
materials may vary between adjacent test points and sample intervals and at locations other 
than where observations, explorations and investigations have been made. Sub-surface 
conditions and contaminant concentrations can change in a limited space and time. 

• Changed or unanticipated sub-surface conditions may occur that could affect the outcomes of 
an investigation, because of the inherent uncertainties in sub-surface evaluations. Any opinions 
or recommendations presented herein apply to site conditions existing when services were 
performed. CH2M is unable to report on or accurately predict events that may change the site 
conditions after the described services are performed, whether occurring naturally or caused by 
external forces. 

• CH2M notes that if the land use were to change in the future, the criteria, as detailed in this 
Report, and the conclusions and recommendations made in this Report, may no longer apply to 
the investigation area. 

• This report should not be altered, amended or abbreviated, issued in part or issued incomplete 
in any way. CH2M accepts no responsibility for any circumstances that arise from the issue of 
the report which has been modified as outlined above. 

This report has been prepared for the use of the Client relating to the investigation area as described 
in the report in accordance with the terms and limitations stated in the agreement. No warranty, 
expressed or implied, is made. 
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Guideline Documents 
The data gap investigation has been completed in general accordance with the PFAS NEMP, the 
national guidance document for the assessment of site contamination involving PFAS in Australia. 
The PFAS NEMP contains guidance on how to characterise site contamination and assess the 
potential risks associated with PFAS contamination. Other guidance documents considered include 
Australian Standards, Defence directives and State guidance and legislation. 

Key guideline documents considered in the preparation of this report include: 

Australian Government Bureau of Meteorology, Holsworthy (Defence) New South Wales March 2021 
Daily Weather Observations 
(http://www.bom.gov.au/climate/dwo/202103/html/IDCJDW2188.202103.shtml) 

CH2M, 2020. Human Health and Ecological Risk Assessment (HHERA) Report. Holsworthy Barracks - 
PFAS Investigations (No. SON3384483). CH2M HILL Australia Pty Ltd. 

CH2M, 2018. Detailed Site Investigation, Holsworthy Barracks - PFAS Investigations. CH2M HILL 
Australia Pty Ltd. 

Chemical Watch, 2018. Global Risk and Regulation News [WWW Document]. URL 
https://chemicalwatch.com/ (accessed 4.27.18). 

CRC CARE, 2017. Technical Report No. 38: Assessment, management and remediation for PFOS and 
PFOA Part 2: health screening levels, Technical Report Series. Cooperative Research Centre for 
Contamination Assessment and Remediation of the Environment, Newcastle, Australia. 

FSANZ, 2017a. Perfluorinated Chemicals in Food. Food Standards Australia New Zealand. 

FSANZ, 2017b. Supporting Document 1: Hazard Assessment Report – Perfluorooctane Sulfonate 
(PFOS), Perfluorooctanoic Acid (PFOA), Perfluorohexane Sulfonate (PFHxS). Food Standards Australia 
New Zealand. 

FSANZ, 2017c. Supporting Document 2: Assessment of Potential Dietary Exposure to Perfluorooctane 
Sulfonate (PFOS), Perfluorooctanoic Acid (PFOA) and Perfluorohexane Sulfonate (PFHxS) Occurring in 
Foods Sampled from Contaminated Sites. Food Standards Australia New Zealand. 

HEPA, 2020a. PFAS National Environmental Management Plan V2 (No. Version 2.0). National 
Chemicals Working Group of the Heads of EPAs Australia and New Zealand. 

HEPA, 2020b. PFAS National Environmental Management Plan Version 2.0. Heads of EPAs Australia 
and New Zealand (HEPA). 

NEPC, 2013a. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B2. Guideline on Site Characterisation (B2), 2013. National 
Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013b. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B3. Guideline on Laboratory Analysis of Potentially Contaminated 
Soils (B3), 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013c. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B4. Guideline on Site-Specific Health Risk Assessment Methodology 
(B4), 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NEPC, 2013d. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Derivation of Health-Based Investigation Levels, 2013. National 
Environment Protection Council Service Corporation, Canberra, A.C.T. 
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NEPC, 2013e. National Environment Protection (Assessment of Site Contamination) Amendment 
Measure 2013 (No. 1). Schedule B7. Appendix C - Derivation of Investigation Levels for Generic Land 
Uses, 2013. National Environment Protection Council Service Corporation, Canberra, A.C.T. 

NHMRC, 2019. Guidance on Per and Polyfluoroalkyl Substances (PFAS) in Recreational Water. 
National Health and Medical Research Council. 

PubChem, 2018. Perfluorohexanesulfonic acid - Open Chemistry Database [WWW Document]. URL 
https://pubchem.ncbi.nlm.nih.gov/compound/67734 (accessed 3.5.18). 

Standards Australia, 2005a. AS 4482.1-2005 Guide to the investigation and sampling of sites with 
potentially contaminated soil Part 1: Non-volatile and semi-volatile compounds. Standards Australia, 
Sydney, N.S.W. 

Standards Australia, 2005b. AS 4482.1-2005 Guide to the investigation and sampling of sites with 
potentially contaminated soil Part 1: Non-volatile and semi-volatile compounds. Standards Australia, 
Sydney, N.S.W. 

WA DER, 2016. Interim Guideline on the Assessment and Management of Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS), Contaminated Sites Guideline. Department of Environment 
Regulation, Perth, WA. 

 



HOLSWORTHY PFAS INVESTIGATION  
APPENDIX C 

 

 
Quality 

Assurance & 
Quality 
Control 

Assessment 
 



APPENDIX C – QUALITY ASSURANCE AND QUALITY CONTROL ASSESSMENT   

694861 CH2M HILL AUSTRALIA PTY LTD 1 

Appendix C. Quality Assurance and Quality Control 
Assessment 
Data quality assurance and quality control (QA/QC) procedures were established in the SAQP to 
evaluate whether the data quality objectives for the project were achieved during the data gap 
investigation. QA/QC procedures were developed based on the guidance in Schedules B2 and B3 of 
the NEPM as well as Section 8 of the Standard guide to the investigation and sampling of sites with 
potentially contaminated soil (AS 4482.1-2005). It is noted that the PFAS NEMP (HEPA, 2020) 
outlines additional requirements for sampling of PFAS-containing products and PFAS-contaminated 
materials. QA/QC procedures have also been reviewed against this guidance. 

QA/QC procedures included field and laboratory procedures, collection and analysis of field and 
internal laboratory QC samples, and a data validation exercise to ensure results are reliable and 
suitable for the project purposes. This validation exercise involved an assessment of the data against 
a set of Data Quality Indicators (DQI) based on the parameters of precision, accuracy, 
representativeness, completeness, and comparability. 

1.0 Quality Assurance Procedures 
The quality assurance procedures applied for the project and the acceptance criteria to assess 
compliance with the procedures are summarised in Table 1. 

Table-1: Summary of acceptance criteria for quality assurance procedures 

Data Quality 
Indicator DQI Assessment Criteria Non-conformance Action 

Sensitivity 

LOR Laboratory achieved LORs to be lower than adopted 
investigation levels 

PFAS: 

• Soil <0.0002 – 0.001 mg/kg 

• Groundwater <0.002 -0.05µg/L 

• Biota <1 – 5 µg/kg 

Assess sample matrix 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Precision 

Field duplicate 
relative percent 
difference (RPDs) 
(inter-lab and intra- 
lab) 

Result <10 x LOR – no RPD % limit 

Result 10-20 x LOR – RPD 0 – 50% 

Results >20 x LOR – RPD 0 – 30% 

 

Assess sample matrix 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Laboratory duplicate 
RPDs 

Laboratory limits 

 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Method blanks 1 per 20 samples 

Not detected above laboratory LOR 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 



APPENDIX C. QUALITY ASSURANCE AND QUALITY CONTROL ASSESSMENT 

2 CH2M HILL AUSTRALIA PTY LTD  694861 

Data Quality 
Indicator DQI Assessment Criteria Non-conformance Action 

Accuracy 

Laboratory control 
samples (LCS) 
(inorganics) 

LCS % recovery 70-130% Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Standard reference 
material (SRM) 

1 per 20 samples of certified composition Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Sample control spike 
(organics) 

1 per 20 samples Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Matrix spikes (MS) MS % recovery 70-130% Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Matrix spike 
duplicates (MSD) and 
duplicate control 
spikes 

<20% RPD for MS/MSD (inorganics) 

<35% RPD for MS/MSD (organics) 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Surrogate spikes Document in laboratory QA/QC report Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Representativeness 

Trip blanks (TB) One TB required each day of sampling 

Result < Laboratory LOR 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Trip spikes (TS) and 
trip spike controls 
(TSC) 

One TS and TSC each day of sampling RPD <30% Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

Field and laboratory 
protocols 

All fieldwork including decontamination procedures 
to be undertaken in accordance with CH2M SOP 
(Appendix D) 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 QA/QC to be conducted in accordance with NEPM 
1999 (2013 amendment) and PFAS NEMP. 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 Samples analysed for the analytes requested on the 
chain of custody (CoC) form 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

 Sample handling, storage, and transportation to be 
in accordance with NEPM 1999 (2013 amendment) 
and PFAS NEMP 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 
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Data Quality 
Indicator DQI Assessment Criteria Non-conformance Action 

 Samples to be extracted and analysed within 
appropriate holding times 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

 Samples to be transported under full CoC 
documentation. The laboratory to return a copy of 
the signed CoC acknowledging the receipt date and 
time and identify which samples were included in 
the shipment 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 Include laboratory certificates of analysis in the 
report 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

Completeness 

 100% of results requested for analysis to be 
reported. 

Request laboratory confirmation and if 
necessary, reanalyse if non-
conformance does not allow project 
quality objectives to be achieved 

 Total representative data set to be >95% complete 
after data validation procedures 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

Comparability 

 Samples to be collected in accordance with CH2M 
SOP and the SAQP 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 Borelogs to be completed for each sample location 
noting observed variations in conditions and signs 
of potential CoPC 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 Primary samples to be stored, handled, and 
transported under the same conditions and 
analysed by one laboratory using consistent 
methods 

If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 DQIs to indicate acceptable Precision and Accuracy If non-conformance does not allow 
project quality objectives to be 
achieved, then evaluate the need for 
resampling and resample as appropriate 

 

 

 

 

 

 

 

 

 



APPENDIX C. QUALITY ASSURANCE AND QUALITY CONTROL ASSESSMENT 

4 CH2M HILL AUSTRALIA PTY LTD  694861 

 

2.0 Quality Control Sampling and Analysis 
Acceptance criteria for quality control samples collected in the field as well as internal laboratory 
samples are outlined in Table 2 below. 

Table-2: Summary of acceptance criteria for quality control samples 

QA/QC sample DQI Objectives Acceptance criteria 

Field QA/QC samples 

Blind replicate and 

split samples 

Precision 

Comparability 

To ensure the primary data are reliable and 

fit for purpose. 

The assessment of blind replicate and split 

samples is undertaken by calculating the 

Relative Percent Difference (RPD) of the 

replicate or split concentration compared 

with the original sample concentration.  

The RPD is defined as: 

                                    | X1 – X2 | 

RPD = 100 x   

                     Average 

Where: X1 and X2 are the concentration of 

the original and replicate or split samples. 

Analysed for the same 

chemicals as the primary 

sample. 

Typical RPDs are noted in 

AS 4482.1-2005 as between 

30 – 50%. Higher RPDs may 

be acceptable for 

heterogeneous material or 

where concentrations are 

close to the LOR (i.e. less 

than 10 times the LOR). 

Trip blanks, field 

blanks and rinsate 

samples 

Precision 

Accuracy 

Representativeness 

Ensure that cross contamination has not 

occurred from sampling equipment, 

sampling procedure, or during storage and 

transport of samples. 

Each trip blank, field blank 

and rinsate sample is 

analysed as per the primary 

samples. 

Analytical result < LOR. 

Laboratory QA/QC 

Laboratory 

duplicates 

Precision To ensure precision of the analysis method 

and replicability of analysis due to potential 

sample heterogeneity. 

Assessment as per blind replicates and split 

samples 

As per laboratory QC report 

 

Matrix spike 

recoveries 

Accuracy To assess the effect of the matrix on the 

accuracy of the analytical method used. 

Assessment is undertaken by determining 

the percent recovery of the known spike or 

addition to the sample. 

                                 C - A  

% Recovery = 100 x   

                                    B 

Where: A = Concentration of analyte 

determined in the original sample; B = 

Added Concentration; C = Calculated 

Concentration. 

As per laboratory QC report 

 

Method blanks Accuracy To assess potential bias introduced by the 

laboratory analytical method for a relevant 

analyte. A method blank assesses the 

component of the analytical result 

introduced from laboratory equipment. 

Each blank is analysed as per the original 

samples. 

Analytical result < LOR 
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Note: LOR = laboratory limit of reporting, or the minimum detection limit applied by the analytical 
methodology for a particular analyte. 

3.0 PFAS NEMP (HEPA, 2020) QA/QC Guidance Note 
The PFAS NEMP (HEPA, 2020) guidance note on the requirements for QA/QC is as follows: 

Quality control samples should be collected at a higher frequency than would normally be applied in 
the investigation of other contaminants (i.e. greater than the 1 sample in 20 recommended in 
AS4482.1-2005 and the ASC NEPM).  

To provide greater confidence in the reproducibility of results, blind replicates, split samples and 
rinsate blanks should be collected at a rate of at least one for every ten primary samples. Inter-
laboratory blind replicates and re-submission of previously analysed samples should also be used to 
confirm reproducibility of analytical results.  

Rinsate blanks should be collected wherever uncertainty may arise regarding the potential for 
contamination, or where there is doubt about whether materials are PFAS-free. Field and trip blanks 
should be collected to verify the integrity of sampling and decontamination procedures 

A review of the NEMP requirements in comparison to the QC sampling completed has been 
conducted in this QA/QC assessment.  

4.0 Data Validation 
The primary objective of the data validation process is to ensure that the data reported meets the 
data quality objectives. The data validation process occurred at several stages throughout the 
project to ensure the accuracy and precision of data collected both in the field and reported by the 
laboratory. This involved checking quality control parameters and procedures against the acceptance 
criteria. 

A summary of QA/QC compliance and consolidated discussion of non-conformances is included 
below. Further detail can be found in the data validation checklists. 

4.1 Quality Assurance Procedures 

4.1.1 Standard Procedures 
Standard procedures were adopted for all sampling. Field records were maintained and checked by 
another team member. Relevant records are attached to this report. 

4.1.2 Sample Collection, Preservation, Handling and Analysis 
Appropriate sampling containers were used, and samples were contained in a refrigerator or on ice 
prior to and during transport to the laboratory. No holding time breaches were reported for PFAS 
samples.  

4.1.3 Decontamination 
Reusable equipment, including hand augers, trowels, interface probes, and groundwater sampling 
equipment, was decontaminated after sampling at each location using a triple wash system of a tap 
water and Liquinox wash, tap water rinse, then deionised water rinse.  

Rinsate blanks were generally collected from reusable sampling equipment up to a rate of one per 
day, per piece of reusable sampling equipment. Of the three rinsate samples that were analysed, 
one sample reported PFAS concentrations marginally above the LOR. Detection of PFAS in rinsate 
samples is discussed in Section 4.2.2. 

The PFAS NEMP (HEPA, 2020) requires a rinsate collection rate of 1 per 10 samples, which was not 
met in the data gap sampling program. However, given the limited sampling undertaken as part of 
the data gap investigation, the collection rinsate samples at a rate of one per piece of reusable 
sampling equipment per day in accordance with AS4482.1 is considered sufficient to evaluate the 
appropriateness of the field decontamination procedures adopted for this investigation. 
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4.1.4 Collection of Blind Replicate, Split Duplicate and Trip Blank Samples 
A summary of the blind replicate and split duplicate samples collected for each sample matrix is 
summarised in Table 3 below. 

Table-3: Summary of blind replicate and split duplicate sampling rates by matrix  

Sample matrix No. blind replicate and 

split duplicates 

No of primary samples Rate 

Soil 2 23 9% 

Homegrown produce 2 23 9% 

Groundwater 0 1 0% 

 

The PFAS NEMP (HEPA, 2020) requires a split collection rate of 10%, as well as the re-submission of 
previously analysed samples to confirm sample reproducibility. The collection rate was not met for 
the media investigated as part of this investigation. The blind and split duplicate rate for soil and 
home-grown produce is 9% respectively, marginally below the required split collection rate of 10%. 
No blind replicate or split duplicate samples were collected for groundwater; however, this was a 
result of insufficient perched groundwater being available for sampling, with only a grab sample able 
to be collected for primary analysis. Given the nature of the sampling, with edible produce and co-
located soil samples collected from the root zone of sampled produce, a degree of care and 
consideration was required during sampling (i.e. not removing soil from the root zone in quantities 
that could impact plant health, and also sampling edible produce so that produce remained for the 
residents to consume). The NEPM requires a 5% collection rate of blind replicates and split 
duplicates, which the current sampling program has met and as such, the collection rate of split 
samples for edible produce and soil is not considered to impact the reliability of the data set.  

4.1.5 Calibration 
Field measuring equipment was calibrated by the equipment supplier prior to use in the field. 
Calibration certificates are included in Appendix M. 

4.1.6 Data Handling 
Field and laboratory data underwent a secondary check by another project team member 
throughout the sampling program. 

Sample IDs used are in accordance with Defence Directive #7 (Defence, 2012). Where initial 
typographical errors occurred in the field or by the laboratory in sample IDs these have been 
amended for laboratory reporting and in this report. 

4.1.7 PFAS Analytical Methods 
Many PFAS have several branched and linear isomeric forms, which are represented in laboratory 
analytical chromatograms as separate or partially merged peaks. The Western Australian Guidance 
(WA DER, 2016) recommends that these peaks are integrated, and their areas summed, so that 
reported PFAS concentrations are representative of both linear and branched isomeric forms. Both 
the primary and secondary laboratories have been selected as their PFAS analytical methods adhere 
to the above requirement and are based on the below industry standard methods: 

• US EPA Method 537 – Determination of selected perfluorinated alkyl acids in drinking water by 
solid phase extraction and liquid chromatography/tandem mass spectrometry (LC/MS/MS) 
(applicable to drinking water) for linear and branched isomers 

• ISO 25101 – Water quality - Determination of PFOS and PFOA - Method for unfiltered samples 
using solid phase extraction and liquid chromatography/mass spectrometry (applicable to 
drinking water, groundwater and surface water) 

• ASTM D7968 – Standard Test Method for Determination of Perfluorinated Compounds in Soil by 
LC/MS/MS 
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• ASTM D7979 – Standard Test Method for Determination of Perfluorinated Compounds in Water, 
Sludge, Influent, Effluent and Wastewater by LC/MS/MS 

Prior to the publication of US EPA 2009 Method 537, there were no validated test methods or 
standardised data quality criteria for undertaking PFAS analysis. Therefore, PFAS analytical data 
reported prior to 2010 may be based on invalidated methods, making comparisons with current data 
problematic. The reliability of historical data must therefore be examined on a case-by-case basis. 

The primary laboratory used for soil, sediment and water analysis was Australian Laboratory Services 
(ALS). Eurofins was used as the secondary laboratory. Both laboratories are accredited by NATA for 
the analyses undertaken. 

During the data gap investigation, several laboratory certificates were reissued as later versions, for 
the following reasons: 

• Minor typographical errors for sample names. 

• To split laboratory certificates for sampling completed on private properties for privacy reasons; 
and 

• Renaming some sample IDs following the first issue of the laboratory report. 
 

4.2 Quality Control Sampling and Analysis 

4.2.1 Blind Replicate and Split Samples 
All duplicates reported RPDs which conformed to the specified data quality indicators as outlined in 
Table 1. All RPD results are presented in Appendix I.
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4.2.2 Field Blanks, Trip Blanks and Rinsate Samples 
A total of 3 rinsate blanks were collected throughout the sampling program from sampling 
equipment including trowels and secateurs. 

Detections above the LOR were reported in one rinsate sample collected on 29 January 2021 
(0382_QC301_210129) which reported a PFOS concentration of 0.02 µg/L, marginally exceeding the 
LOR of 0.01 µg/L. This marginal detection is considered minor. No other detections in rinsate 
samples were identified during the investigation. The results of the three rinsate samples are 
considered sufficient to determine that the decontamination processes between each sampling 
location were adequate for the purposes of this assessment.  

A review of the samples collected on 18 December 2020 and 29 January 2021 has been undertaken 
to assess whether PFAS detections in the samples was attributable to cross-contamination within 
the laboratory or the field, or actual detections from the rinsate water or sampling equipment on 
the day of sampling. The presence of non-detects in several samples, concentrations several orders 
of magnitude above the rinsate detections, and marginal nature of the rinsate detection indicates 
that the detections of PFOS in the rinsate blank are associated with laboratory error and that no 
sources of PFAS were transported between sampling locations which may result in false positives 
being analysed. No field reagent blanks were collected during the data gap investigation. 

Table -4 : Summary of rinsate blank detections 

Blank sample Analyte  

(µg/L) 

Type of 

sample 

Laboratory 

batch 

Samples potentially affected Comment 

0382_QC301_210129 PFOS 

(0.02) 

 

Rinsate 

Blank 

ES2102948 0382_BIOTFL034_210129 

0382_BIOTFL035_210229 
0382_BIOTFL036_210129 
0382_SS022_210129 
0382_SS023_210129 
0382_SS024_210129 

• Given the marginal detection 
(slightly exceeding the LOR of 
0.01 µg/L), the non-detects 
reported in all other rinsate 
samples collected on other 
sampling days and that none 
of the affected samples 
reported PFAS concentrations 
above the guidance levels,  it is 
considered that the 
decontamination processes 
between each sampling 
location have been suitable for 
the purposes of this 
investigation. Thus, the results 
for the affected samples 
remain valid. 

 

4.2.3 Sensitivity 
Laboratory achieved LORs were lower than the adopted investigation levels (refer to Table 1). 

4.2.4 Laboratory Duplicates 
RPDs for all laboratory duplicates for surface water samples conformed to the DAC. The frequency of 
laboratory duplicates met the laboratories QA/QC acceptance criteria with the exception of the 
following: 

• PFAS by LCMSMS (ES2045284, ES2102948 and ES2045160) for water. 

The frequency of laboratory duplicates did not conform to the laboratory’s QA/QC acceptance 
criteria as a result of the low number of water samples submitted per batch. The acceptable results 
returned by the blind duplicate analysis would indicate that this non-conformance is unlikely to 
affect the usability of the data set. Laboratory duplicate outliers are presented within the laboratory 
reports included in Appendix H. 
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4.2.5 Laboratory Control Spikes 
No laboratory control spike outliers were reported by the laboratory. 

4.2.6 Matrix Spike Recoveries 
In four cases, matrix spike recoveries were reported outside the acceptable limits for the analyte. 
For these analyses, laboratory control sample recoveries reported in the same sample batches were 
acceptable. This indicates that the potential cause of poor recovery is due to the sample matrix, 
rather than the method.  

In three of the cases the non-conformances were attributed the matrix spike concentration which 
was less than four times the background concentration in the sample - therefore the spike recovery 
could not be determined. In one case the recovery returned results less than the lower limit of the 
data quality objective. 

The frequency of matrix spikes met the laboratories QA/QC acceptance criteria, except for the 
following: 

• PFAS by LCMSMS (ES2045284, ES2102948 and ES2045160) for water.  

The frequency of matrix spikes did not conform to the laboratory’s QA/QC acceptance criteria 
because of the low number of water samples submitted per batch. 

These non-conformances are not considered to materially affect the outcomes of the assessment. 
Matrix spikes are detailed in the laboratory analytical reports in Appendix H. 

4.2.7 Method Blanks 
No method blank outliers were reported by the laboratory. 

4.2.8 Representativeness 
While a small number of non-conformances with the specified acceptance criteria were reported, 
these were not considered to significantly affect the representativeness of the data, and the 
majority of the results indicated that the precision and accuracy of the data was within acceptable 
limits. The results are therefore considered to be representative of the concentrations in the 
relevant environmental media at the time of sampling. 

4.2.9 Completeness 
The assessment has met the objectives for completeness as outlined in Table 1. 
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STANDARD OPERATING PROCEDURE (FWGN-SOP-04) 

Service Clearances 

I. Purpose and Scope 
This Standard Operating Procedure (SOP) describes the methods in which site service 
clearance should be undertaken prior to intrusive investigations. 

II. Equipment and Materials 
The following materials are required to undertake this procedure. 

• Indelible pens 
• Tape measure (if applicable) 
• CH2M Daily Site Investigation Diary (FWGN-FF-05) 
• CH2M Sampling Location Service Clearance Checklist (FWGN-FF-08) 
• ‘Dial Before You Dig’ Enquiry Form - www.1100.com.au  
• ‘Dial Before You Dig’ User Kit (FWGN-REF-01) 
• Engage a suitably qualified underground cable locating contractor 
• Marking/Spray Paint 
• Proposed Sample Location Plan 
• Provided Service Maps 

III. Procedures and Guidelines 
This section covers several aspects of undertaking service clearances on sites.  Reference is 
also made to WorkCover NSW Code of Practice – Excavations Cat. No. 312 Section 3.7 
Underground Services and Section 3.12 Electrical Hazards. 

A. Prior to Arriving On-site 

Once it has been established that an intrusive investigation is to be undertaken on-site, staff 
will be in contact with ‘Dial Before You Dig’ (DBYD) to obtain service maps/plans from 
www.1100.com.au.  

The ‘Dial Before You Dig’ User Kit (FWGN-REF-01) describes the steps to be followed and the 
information required to perform a “DBYD” Enquiry.  A “DBYD” Enquiry must be lodged at least 
five (5) working days prior to the start of the field investigation.   

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-08-Service%20Clearance%20Checklist.xlsx
http://www.1100.com.au/
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-REF-01-DBYD%20Online%20Guide.pdf
http://www.1100.com.au/
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-REF-01-DBYD%20Online%20Guide.pdf
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If you have not used DBYD online before you will need to create a new account by clicking 
the “New Registration” tab and filling out the required information.  Once the confirmation 
email has been received, a DBYD enquiry can be made.1 

‘Dial Before You Dig’ will email back a ‘Job Number’ identifying the ‘Reference Number’, 
‘Sequence Numbers’ and asset owners (generally gas, water, sewer, electricity, telecom 
cables etc.) which have been advised of the enquiry. 

All asset owners are requested by ‘Dial Before You Dig’ to provide the relevant service plans 
within two working days.  Some asset owners require that you visit their offices to collect 
plans (e.g. Sydney Water).  The remaining asset owners will contact you with information on 
their services within two working days. 

If the service information has not been provided within two working days it is your 
responsibility to contact the asset owner directly with your provided sequence numbers. 

CH2M staff members will also request service plans from the site owner or occupier as the 
asset owners listed on the ‘Dial Before You Dig’ will only provide service plans up to the site 
boundary. 

Once all of the service information has been received they will be reviewed in conjunction 
with the proposed sample location plan. 

A third-party cable locator will be required to attend the site to determine the location of 
underground services and provide clearance for the proposed sampling locations.  The 
nominated cable locator will be provided with all ‘Dial Before You Dig’ information, as have 
been made available to CH2M, prior to the commencement of the site clearance works 
programme. 

You will require the following information prior to commencing intrusive site works: 

• Provided service plans from either the owner/occupier or asset owners 

• Agreed Scope and Terms with a suitably qualified underground cable locating contractor 

• Complete set of ‘Dial Before You Dig’ deliverables;  

• All available data provided by appropriate utility and assets providers; and include, but 
not limited to power, gas, electricity, phone, fibre optic, sewer, stormwater etc.; and  

• CH2M Sampling Location Service Clearance Checklist (FWGN-FF-08). 

                                                      

1 Each staff member is required to have their own unique ‘Dial Before You Dig’ user account and 
username ID for all future DBYD enquiries.  This Username ID will be provided to you by ‘Dial Before 
You Dig”.  All future service enquiries requested by the individual staff member will require their 
Username and password.   Once a current DBYD account has been activated a DBYD enquiry can be 
made using a street address, Lot and DP number, X&Y grid co-ordinates or by zeroing in on a known 
grid reference. 

 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-08-Service%20Clearance%20Checklist.xlsx
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• Marking/Spray Paint 

• Tape Measure 

B. Service Clearance On-site 

Prior to ‘clearing’ individual sampling locations the engaged third-party cable locator will be 
required to identify all incoming services and either mark each service on the ground or 
mark on an accurate to scale survey plan.   

After the engaged third-party cable locator has identified and marked out all known 
incoming services the cable locator will assess each proposed sampling locations.  Each 
proposed sampling location is to have the following checks undertaken: 

Underground Services.   

• An area around the proposed sampling location will be ‘cleared’ and marked using 
marking/spray paint in the event that the sampling location is required to be moved (i.e. 
due to refusal).  To allow for inaccuracies of plans and the possibility of unknown or 
hidden services, not detectable by the cable locator, the area cleared should be a two 
meter radius around the proposed sampling location.  If however larger excavations (e.g. 
test pits or remediation) are required then the entire excavated area is required to be 
‘cleared’. 

• The location of all identified services will be marked using marking/spray paint even if 
they are not in the vicinity of the proposed sampling locations. 

• In addition, the nominated CH2M field staff will undertake a visual assessment of the 
site identifying surface structures (e.g. fire hydrants, stormwater drains, water lines, 
newly installed concrete etc.).  The location and the direction of these services can be 
obtained by the presence of grates, additional taps etc. 

• A visual assessment for secondary evidence (such as fresh bitumen/concrete) will also 
be made in the vicinity of the proposed sampling locations and appropriate action taken 
(i.e. movement of sampling location). 

• During excavations/drilling the nominated CH2M site personnel will observe the 
excavations/drilling process to determine whether there is the potential for an 
underground services to be intersected (i.e. backfill sands in the sample log).  If the 
intersection of underground services is suspected, the excavation/drilling will be ceased, 
the service plans reviewed and, if required, the excavation/borehole moved to another 
location within the ‘cleared’ area. 

• Under no circumstances are hands/arms or crowbars etc. to be placed into the open 
boreholes. 

• At sampling locations where the location of underground services cannot be confirmed, 
the first one metre of the soil and/or groundwater bores will be hand augered. 
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Underground Electrical Hazards.   

A safe system of work must be devised to address electrical hazards associated with 
underground services.  This should take into consideration the recommendations provided 
above and the following: 

• De-energising and isolating the cables and obtaining documentary evidence of the 
continuing isolation of the power supply before proceeding with the work.  This will only 
be undertaken by appropriately trained personnel. 

• A system of lock out and lock out tags.  This will only be undertaken by appropriately 
trained personnel. 

• Use of specialised electronic surveillance prior to the intrusive works to determine the 
location of the services. 

• Hand digging using tools with non-conductive handles. 

• Wearing rubber boots and insulating gloves complying with AS2225:1994 – Insulating 
gloves for electrical purposes.  Under no circumstances are hands or metal objects to be 
placed down holes/excavations if the area is suspected as containing electrical services. 

Overhead Electrical Hazards.   

Equipment that comes into contact with an overhead or underground cable may become 
electrified and pose a serious danger to the operator and any bystanders.  Where work has 
to be carried out near live power lines, conductors or electrical apparatus, the type of cable 
and operating voltage should be identified. 

It is a legal requirement that when cranes, drilling rigs, excavators, earthmoving machines or 
similar plant are operated near overhead power lines the following provisions must be 
observed: 

• A thorough examination of the approaches and surroundings of the site will be carried 
out before taking a plant to the site or setting it up.  Please refer to state requirements 
which define the minimum safety requirements for working in the vicinity of overhead 
power lines, however, as a general rule, site entries, access paths and sample locations 
should be examined to determine whether precautions need to be to be taken to 
prevent any part of the plant, any load carried on it and any person on it coming into 
contact with or being within the following distance to overhead power lines: 

EIGHT METRES 

• In calculating this distance the following will be considered: 

⇒ the sag of the cables; 

⇒ the swing of the load during handling; 

⇒ the effect of wind forces; 
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⇒ The height of the drill rig/other equipment (the average height of a drilling rig 
mast when extended is approximately eight to nine metres, however, both 
shorter and higher masts are available). 

• If the risk assessment indicates a possibility that these distances may not be maintained 
during carrying out the work, then consideration will be given to an alternative way of 
doing the work which eliminates the risk of contact (e.g. using a smaller plant or moving 
the sample location). 

• A suitably qualified electrical spotter other than the driver or operator of the plant will 
be present to observe the position of the plant and to warn the driver/operator of the 
nearness of the overhead power lines. 

The following measures should also be considered: 

• Eliminating the hazard by using an alternative plant which cannot encroach on these 
distance; 

• De-energising and isolating the supply and obtaining documentary evidence of the 
continuing isolation of the power supply before proceeding with the work. This will only 
be undertaken by appropriately trained personnel; 

• Setting up the plant in a position that eliminates or minimises the hazard; 

• Placement of appropriate warning signs at approaches to powerlines at distances to be 
determined by a risk assessment; 

• Mechanically limiting the hoisting, slewing or other movement of the plant; 

• Providing ground barriers to limit the travel of the plant; 

• Using properly maintained non conducting taglines to control the load; and 

• Insulating the conductors. 

Overhead power line insulating covers such as tiger tails may be used but are generally only 
suitable for brush contact. 

It is a legal requirement that plants used near overhead power lines must have a 
permanently affixed Electrical Hazards warning notice.  For an example of this noting please 
refer to the WorkCover NSW Code of Practice for Excavations (Cat. No. 312). 

C. Service Clearance Checklist 

During service clearance on-site, the CH2M Sampling Location Service Clearance Checklist 
(FWGN-FF-08) will be completed to indicate that all procedures specified in this SOP have 
been undertaken. 

All service clearances for a site will be undertaken by one CH2M staff member, with a 
second CH2M staff member (Project Manager) providing review of the service clearance 
undertaken. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-08-Service%20Clearance%20Checklist.xlsx
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Both CH2M staff members will sign the CH2M Sampling Location Service Clearance Checklist 
(FWGN-FF-08) were appropriate to indicate that the above procedures have been 
undertaken. 

D. Site/Client Specific Service Clearance 

Some sites/clients require that their own internal procedures for the clearance of 
underground services is undertaken.  On/for those sites/clients the internal procedures will 
take precedence over the procedures described above. 

IV. Attachments 
None. 

V. Key Checks and Preventive Maintenance 
Ensure DBYD enquiry is conducted a minimum of 10 working days before site works as some 
providers send out paper copies of plans.  

• Check that all service maps/plans have been provided and reviewed against the 
proposed sampling locations. 

• Ensure clear communication is maintained between the services clearance phase 
and the investigation stage.   

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-08-Service%20Clearance%20Checklist.xlsx
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STANDARD OPERATING PROCEDURE (FWDR-SOP-02) 

General Guidance for Monitoring Well 
Installation 

I. Purpose 
This Standard Operating Procedure (SOP) provides guidance to field staff, during monitoring 
well installation, on the potential impacts of drilling and installation methods on the 
groundwater quality so that the appropriate sampling equipment and methodology may be 
selected.  Monitoring wells create a permanent access for the collection of samples to 
assess groundwater quality and the hydrogeologic properties of the aquifer. 

Seek advice from appropriate groundwater subject matter experts for wells targeting 
specific contaminants or well types (e.g. targeting DNAPL, multi-level wells locations, etc.).  

II. Equipment and Materials 
The following materials are required to undertake this procedure: 

• An understanding of the objectives of the groundwater assessment; 
• An understanding of the geology and hydrogeology of the site and surrounding area; 

and 
• An understanding of the different drilling techniques available. 

 
The following equipment will be required to complete this SOP: 
• drilling rig or hand auger; 

• monitoring well construction materials as noted on the CH2M Soil and/or Groundwater 
Investigation Field Equipment Checklist; 

Note: In most cases the drilling company will provide the materials for the installation and 
construction of the monitoring wells based on the information supplied by you. 

• Daily Site Diary (FWGN-FF-05); 
• Tablet with ESLogger; 
• Soil Borelog Field Form (FWSL-FF-01); 
• Well Construction Field Form (FWDR-FF-01); 

• Health and Safety Equipment/PPE; 

• Tape Measure; and 

• Water Meter or Oil/Water Interface Meter. 

 
 Reference is also made to: 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
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• Minimum Construction requirements for Water Bores in Australia (Land & Water 
Biodiversity Committee, Ed 3, 2012 

• NEPM (Assessment of Site Contamination) Schedule B(2) – Guideline on Data Collection, 
Sample Design and Reporting (1999); 

• FWDR-SOP-01-Drilling Techniques; 
• EPA EPA/600/4-89/034 Handbook of Suggested Practices for the Design and Installation 

of Groundwater Monitoring Wells. 

III. Procedures and Guidelines 
This section describes two main influences (drilling and installation) on the quality of 
groundwater samples extracted from monitoring wells. 

A. Drilling 

Drilling Techniques 

Drilling techniques (FWDR-SOP-01) used for monitoring bore construction need to be 
carefully considered to reflect monitoring needs.  The drilling can cause smearing (e.g. 
augering) of borehole walls and may also cause transport of geological formation 
materials and drilling fluids into different zones.  This can result in groundwater and 
contaminant pathway blockage, thereby excluding contamination from the monitoring 
bore. 

Drilling Fluids 

Drilling fluids are generally used during the drilling process to remove cuttings from 
the borehole, to clean and cool the bit, reduce friction between the drilling 
rod/auger and the sides of the borehole and to hold the borehole open during the 
drilling operation. 

Drilling fluids include air, water and specific drilling mud formulations or native clay 
slurries.  These fluids can have a range of effects on groundwater quality: 

• Air may cause oxidation and precipitation of analytes of interest, such as 
dissolved metals (e.g. ferric → oxidation → ferrous) or, if contaminated with 
lubricants, necessary for compressor operation, may introduce hydrocarbons 
into groundwater. 

• Air may also cause severe disturbance of geochemistry parameters in highly 
permeable formations. 

• Water may dilute or flush groundwater near the bore, changing the chemistry of 
the groundwater. 

• Water may also cause precipitation of minerals, thereby blocking contaminant 
and groundwater pathways (i.e. pores and fractures). 

• Mud may enter the formation and seal preferential groundwater pathways, or 
clay particles within mud may sorb some electrically charged contaminants (e.g. 
dissolved metals). 

https://www.water.wa.gov.au/__data/assets/pdf_file/0005/1796/Minimum-construction-guidelines-for-water-bores-in-Australia-V3.pdf
https://www.water.wa.gov.au/__data/assets/pdf_file/0005/1796/Minimum-construction-guidelines-for-water-bores-in-Australia-V3.pdf
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-SOP-01-Drilling%20Techniques.docx
http://www.epa.gov/sites/production/files/2015-06/documents/fieldsamp-wellshandbook.pdf
http://www.epa.gov/sites/production/files/2015-06/documents/fieldsamp-wellshandbook.pdf
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-SOP-01-Drilling%20Techniques.docx
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• The use of additives in mud (e.g. surfactants and drilling detergents) to 
overcome drilling difficulties increases the potential for introduction of physical 
and chemical changes. 

• If soil sampling is to be conducted during groundwater well installation, heat 
may disperse volatile contaminants in the unsaturated zone.   

Since these effects are frequently permanent, it is important to record the drilling 
method and fluids used on the soil log (FWSL-FF-01) and details of bore 
development (FWGW-SOP-02) and purging on the groundwater purge sheet 
(FWGW-FF-02). 
 

B. Monitoring Well Installation 

Well Material Selection 

An assessment of the likely Contaminants of Potential Concern (COPC) needs to 
have been completed prior to any field works involving the installation of 
monitoring wells. Therefore, casing and screen materials may be incompatible with 
the immediate groundwater environment.  Incompatible casing and screen material 
may result in either leaching or sorption of analytes of interest, while desorption of 
analytes of interest may occur should water quality change.  Diffusion of organics 
may also occur through polymeric casing materials. 

For example, extreme cases acidic environments may cause corrosion of metal 
casing while solvents (e.g. xylene) may dissolve PVC casings (the industry standard) 
and these may cause: 

• Immediate effects on water quality in the well; and 

• Potential for water from different depths to migrate along the well. 

Well casing material should also be judged from a structural standpoint.  Material 
should be rigid and nonporous with a low surface-area-to-water ratio in the well 
relative to the formation materials.  

If casing joints are inappropriately constructed, they may cause leakage or cross 
contamination. ONLY SCREWED CASING JOINTS SHOULD BE USED FOR JOINING 
PVC. A PVC END CAP IS TO BE USED TO SEAL THE BOTTOM OF THE WELL. 

Casing and Screen 

The location and length of the screened interval of groundwater quality monitoring 
bores is vital.  Due to the laminar flow of groundwater, contaminated groundwater 
typically flows in discrete zones.  Poorly placed screens may fail to intercept these 
zones.  Long screens in monitoring bores are known to result in dilution of 
groundwater samples due to mixing with uncontaminated groundwater, resulting in 
collection of unrepresentative samples. Ideally, in most circumstances, screened 
intervals should be short and located specifically within the zone of interest.  In 
some investigation, bores may need to be installed at more than one depth in an 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-02-Groundwater%20Well%20Development.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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aquifer to assess the extent of vertical groundwater flow and the distribution of 
contaminants with depth. 

Correct location of the screened interval is especially critical when dealing with 
aquifers polluted with non-aqueous phase liquids (NAPL).  Representative samples 
for analysis of dissolved phase contaminants can be obtained only if the screened 
interval is outside the direct influence of the NAPL. 

After the depth to water or thickness of the aquifer has been determined, the 
selection of the length of screen, and its depth of placement, has to be undertaken.  
The depth of the well below the static water level (SWL) has to be adequate to allow 
for the withdrawal of water during development, purging, sampling or testing, while 
factoring in potential SWL changes due to seasonal/climatic fluctuations.  

If the total depth of the well has been over-drilled a blank sump or a section of 
gravel/sand can be placed at the base of the well to increase the height of the 
screen. The total depth of the bore and the lengths of any sumps or sand will be 
recorded on the Soil Borelog Field Form (FWSL-FF-01) and Well Construction Field 
Form (FWDR-FF-01).    

The length and placement of the screen shall be based on the investigation 
objectives, for example: 

• Investigations targeting known depths of contamination should implement 
screens of up to 1.5 metre (m); 

• Investigations targeting LNAPL should implement screens of up to 3.0 m 
where contamination is suspected with approximately one third of the 
screen length above the SWL (though needs to be given to seasonal SWL 
fluctuations).   

Construction of wells which are targeting other contaminants or zones should be 
based specific advice from hydrogeologist/groundwater Subject Matter Expert 
(SME). 

Annular Fill and Sand Pack 

The sand shall consist of clean silica sand and have a diameter greater than 2 mm 
(this is to minimise any potential infiltration of sand pack into the well screen and 
also limit ingress of aquifer sand/silt or clay into the well screen. It is recommended 
that a pre-packed well screen (e.g. http://geoprobe.com/prepacks) be used instead 
of those constructed in the field.  

Fill the annular space between the well screen and the well wall with a uniform 
gravel/sand pack to serve as a filter media.  It may be necessary to slowly shake the 
casing during the emplacement of the gravel/sand pack to avoid bridging and 
produce a uniform filter. 

In deep monitoring wells it may be necessary to emplace the gravel/sand pack using 
a pumping system (normally consisting of a 4 cm PVC or steel pipe).  Pumping of the 
sand will be undertaken with potable water through the pipe into the annulus 
throughout the entire screened interval and over the top of the screen.  It is 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
http://geoprobe.com/prepacks
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necessary to pump sufficient sand to cover the screen after the gravel/sand pack has 
settled and become dense. 

Determine the depth of the top of the sand pack using either a tape measure or 
water level meter to verify the thickness of the sand pack.  Add more sand (if 
required) to bring the top of the sand pack to a height approximately 0.50 m above 
the top of the screen.  Record the depth/height of the sand pack on the Soil Borelog 
Field Form (FWSL-FF-01) and Well Construction Field Form (FWDR-FF-01).    

In most cases the well design can be modified to allow for a sufficient sand pack 
without threat of crossflow between producing zones through the sand pack. 

In unconsolidated formations where it is not possible to maintain an open hole it 
may be necessary to emplace the sand through the centre of hollow flight augers. 

If this process is undertaken the hollow flight augers will be raised gradually during 
the emplacement of the sand to avoid caving of the borehole wall.  At no time shall 
the augers be raised higher than the top of the sand installation.  During the 
emplacement of the sand the position of the sand will be noted to determine when 
a sufficient filter has been achieved. 

Bentonite Seal 

A bentonite seal is installed above the filter pack. Bentonite can be placed directly in 
the annulus in any of the following forms: 

• Powder; 
• Granules; and 
• Pellets. 

Bentonite should have a minimum purity of 90% montmorillonite clay and a 
minimum dry bulk density of 1.2 g/cm3 for 1 cm pellets. 

Care must be taken to avoid introducing pellets into the well. A cap placed over the 
top of the well casing before pouring the bentonite is recommended. To ensure 
even application of the pellets and to avoid bridging, the pellets should be slowly 
poured from different points around the casing. 

A minimum thickness of 0.5 m for bentonite seal is required. However, it is essential 
to ensure that the overlaying soils be appropriately sealed from the well either by 
additional bentonite seal or grout.  

Determine the height of the bentonite using either a tape measure or water level 
meter and record it on the Soil Borelog Field Form (FWSL-FF-01) and Well 
Construction Field Form (FWDR-FF-01).    

If using a slurry of bentonite as an annular seal, prepare it by mixing either 
powdered, granular or pellet bentonite with potable water.  The slurry must be of 
sufficiently high specific gravity and viscosity to prevent its displacement by the 
grout to be emplaced above it.  As a precaution, regardless of depth, and depending 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
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on fluid viscosity, add a few handfuls of bentonite powder, granules or pellets to 
solidify the bentonite slurry surface.  

Any of these materials, when inappropriately used or installed, may alter the 
chemistry of groundwater entering the bore.  Cement, for example, may cause a 
change in pH, while bentonite may sorb dissolved metals. 

Grout 

Place a grout mixture above the bentonite seal to approximately 0.2 m below 
ground surface. Grout is generally a 50:50 mix ratio of cement and bentonite.   

Grout can either be poured or pumped into the annulus; however, care has to be 
taken so as not to displace the bentonite seal and intersect either the sand pack or 
the well screen.  The use of a tremie to place grouts to ground surface should be 
considered where loose materials may be present in the open borehole.   

Well Completion 

Two styles of permanent monitoring well covers are available: 

• flush mounted gatic cover/roadbox; and 
• stand-up monument covers. 

Both covers provide protection of the monitoring well from the weather, tampering, 
vehicular movements and accidental destruction. 

The height difference between the well casing and the natural surface level at each 
monitoring well will be measured and recorded on the Soil Borelog Field Form 
(FWSL-FF-01) and Well Construction Field Form (FWDR-FF-01).    

Lockable caps will be placed and locked on the internal casing of all monitoring 
bores. 

Flush Mounted Gatic Cover/Roadbox 

Flush mounted gatic covers/roadboxes are indiscrete and are best suited to high 
traffic areas.  The top of the cover should be flush with ground level. The gatic may 
need to be raised in located in an area prone to flooding (this needs to be agreed to 
with site owner/operator). A square/circular concrete pad will be installed around 
the cover.  The cover and installation thereof will be of sufficient strength to 
withstand normal vehicular traffic. 

Each well will be properly labelled on the inside the gatic in a permanent marker pen 
or other permanent device. 

Stand-up Monument Covers 

Best suited in areas where visibility is limited (e.g. high grass). 

The monument will extend to a height at least 0.50 m above ground level.  A 
square/circular concrete pad will be installed around the monument.  The height of 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx


  

CH2M HILL AUSTRALIA Pty Ltd 
FWDR-SOP-02-General Guidance For Monitoring Well Installation 
Revision 1 
Revision Date: 14 December 2015 
Date of Issue: 24 May 2016          7 of 4 

the monument above ground level will be measured and recorded on the Soil 
Borelog Field Form (FWSL-FF-01) and Well Construction Field Form (FWDR-FF-01).    

Each well will be properly labelled on either the exterior or interior in a permanent 
marker pen or other permanent device. 

Well Survey 

A well survey should be completed at the end of a well installation program. All 
wells are to be surveyed for the following: 

• Eastings (m); 
• Northings (m);  
• Altitude of top of casing (the highest point of the casing should be used as the 

reference point unless otherwise marked, metres Australian Height Datum [mAHD]); 
and 

• Altitude of ground level (mAHD). 

IV. Attachments 
FWDR-01-FF-Well Construction Diagram 

V. Key Checks and Preventative Maintenance 
Wells should be surveyed for eastings, northings, altitude of top of casing and ground level. 

Reference is also made to: 

• Minimum Construction requirements for Water Bores in Australia (Land & Water 
Biodiversity Committee, Ed 3, 2012 

• NEPM (Assessment of Site Contamination) Schedule B(2) – Guideline on Data 
Collection, Sample Design and Reporting (1999); 

• FWDR-SOP-01-Drilling Techniques; 
• EPA EPA/600/4-89/034 Handbook of Suggested Practices for the Design and 

Installation of Groundwater Monitoring Wells. 
 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-FF-01-Well%20Construction%20Diagram.xlsx
https://www.water.wa.gov.au/__data/assets/pdf_file/0005/1796/Minimum-construction-guidelines-for-water-bores-in-Australia-V3.pdf
https://www.water.wa.gov.au/__data/assets/pdf_file/0005/1796/Minimum-construction-guidelines-for-water-bores-in-Australia-V3.pdf
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWDR-SOP-01-Drilling%20Techniques.docx
http://www.epa.gov/sites/production/files/2015-06/documents/fieldsamp-wellshandbook.pdf
http://www.epa.gov/sites/production/files/2015-06/documents/fieldsamp-wellshandbook.pdf
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STANDARD OPERATING PROCEDURE (FWSL-SOP-11) 

Soil Sampling and Drilling - PFAS 

I. Purpose 

This Standard Operating Procedure (SOP) provides general guidelines for the collection and handling of disturbed surface and near 
surface soil samples and drilling.  

This procedure is considered to be ONLY appropriate for the collection of soil samples where Per and Poly Fluorinated Alkyl 
Substances (PFAS) are contaminants of concern. 

II. Equipment and Materials 

a. Equipment and Materials to Avoid 

Drilling equipment that contacts soil must not contain or be coated with Teflon® unless the Teflon® is internal to the equipment and 
does not contact the external environment or sampled material. 

Equipment and materials used to collect soil samples should not contain any fluorinated compounds, including polytetrafluoroethylene 
(e.g. Teflon®) or synthetic rubber with fluoropolymer elastomers (e.g., Viton®).  This includes trowels or equipment with coatings that 
would be in contact with the soil sample.  

Sample jars should not have Teflon® lined caps. Example bottleware for PFAS analysis includes 50 mL polypropylene centrifuge tubes, 
such as those found at:  https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240 or suitable or high density 
polyethylene (HDPE) bottles with polypropyelene caps. Preferably, the laboratory will provide demonstrated-clean containers for this 
particular analysis.  Coordinate with the laboratory to ensure they send the proper bottleware.   

When sampling for PFAS, avoid handling or using products that may contain PFAS (e.g. Tyvek suits, pre-packaged food, and blue ice), 
detailed below. The Western Australian Department of Environment Regulation (WA DER), January 2017, Interim Guideline on the 
Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances, also prohibits a number of items as detailed below. 

https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240
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Do Not Use Acceptable Alternative 

Fluoropolymer bailers of pump bladders Disposable Equipment, Dedicated Equipment (no PTFE parts) 

Fluoropolymer tubing, valves and other parts in pumps High-density polyethylene (HDPE) and silicon materials (i.e. tubing) 

LDPE HydraSleeves HDPE HydraSleeves 

Decon 90/other detergents and decontamination solutions  Alconox® and Liquinox® soap for decontamination, if needed. If 
possible follow water-only decontamination approach 

Decontamination water from the site Water used for the decontamination of sampling equipment will 
be laboratory certified “PFAS-free” water 

Glass containers (due to potential loss of analyte through 
adsorption) with lined lids 

Polypropylene or HDPE sample bottles fitted with an unlined (no 
PTFE), polypropylene or HDPE screw cap 

Waterproof paper, notebooks and labels Standard paper and labels 

Sharpies (acceptable by EPA checklist) Ball point pens 

Post-it notes/self-sticking labels None. Do not use  

Reusable chemical or gel ice packs (e.g. BlueIce®) Ice contained in plastic (polyethylene) bags (double bagged), 
secured to avoid meltwater from contracting sample containers, 
overnight shipping 

Aluminium foil Thin HDPE sheeting (commonly used as drop cloths for painting or 
home improvement) can be used 

New clothes  All field clothing to be washed a minimum of six times after 
purchase before using at the site. Do not wash clothes with fabric 
softeners  
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Do Not Use Acceptable Alternative 

Clothing/boots with stain-resistant, rain-resistant or 
waterproof coating 

Avoid sampling during rain if possible; polyethylene rain gear (e.g. 
disposable LDPE), vinyl, or polyvinyl chloride (PVC) clothing are 
acceptable. Wear steel-toed boots made with polyurethane and 
polyvinyl chloride (PVC) 

Coated Tyvek® clothing None. Use uncoated Tyvek clothing if necessary  

Fast food wrappers and containers/ Pre-wrapped foods and 
snacks (e.g. chocolate bars, energy bars, granola bars, 
potato chips etc.) 

Use rigid plastic containers, bags, or stainless steel containers for 
all food brought to site. Do not eat at sampling location and wash 
hands thoroughly afterwards  

Teflon®-containing or -coated field equipment (tubing, 
bailers, tape, plumbing paste, etc.) 

High density polyethylene (HDPE) or silicone tubing, and HDPE or 
polypropylene field equipment recommended 

Teflon®-lined lids on containers (e.g. sample containers, 
rinsate water storage containers) 

Polypropylene lids for sample containers and polypropylene or 
HDPE containers for rinsate 

Drilling fluid or lubricants containing PFAS Use of PFAS-free drilling fluids and lubricants 

Wearing/using personnel hygiene items (cosmetics, lotions, 
moisturisers) 

Do not wear 

Sunscreens, insect repellents Long sleeve, light coloured 100% cotton shirts, wide brimmed hats, 
products that are 100% natural ingredients, DEET, tuck pant legs 
into boots and/or boots and use duct tape* 

* The following sunscreen and insect repellents are acceptable: 

• Alba Organics natural sunscreen, Yes to cucumbers, Aubrey Organics, Jason natural sun block, kiss my face, and baby sunscreens 
that are ‘free’ or ‘natural’; 

• Jason natural quit bugging me, Repel lemon eucalyptus insect repellent, Herbal armor, California baby natural bug spray, 
BabyGanics’; and 

• Sunscreen and insect repellent – Avon skin so soft bug guard plus – SPF 30 lotion 
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b. Standard items required  

The following materials are required to undertake this procedure: 

• Sample jars 

• Nitrile gloves 

• Stainless-steel trowel or hand auger 

• Stainless-steel spatula to remove material from the sampling device 

• Stainless-steel pan 

• GPS unit 

• Measuring tape 

• Well construction materials (i.e., surface casing, screens, riser, casing, caps, bottom plugs, centering guides, sand, bentonite, grout, 
and surface-finish materials). To be supplied by the drilling subcontractor. 

 
 Reference is also made to: 

• Western Australia Department of Environment Regulation (WA DER), 2016, Interim Guideline on the Assessment and Management of 
Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS); 
 

III. Procedures and Guidelines 

Field personnel should wear nitrile gloves at all times while sampling, with a new pair for each sample location. 

a. Surface Soil 

Obtain the surface soil sample by scooping the soil using a stainless steel auger / trowel, starting from the surface and digging down to 
the required depth specified in the SAQP.  Empty the contents of the auger / trowel into a decontaminated stainless steel pan. Fill 
sample jars directly with the auger / trowel and cap immediately upon filling. Decontaminate the sampling equipment in accordance 
with Section IV.   

The lithology of the soil should be accurately described on a Soil Grab Sample Log (FWSL-FF-02). The location of the sampling points 
should be completed in accordance with FWGN-SOP-09.   
To the extent possible, replace topsoil and grass and attempt to return appearance of the sampling area to its pre-sampled condition. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-02-Soil%20Grab%20Sample%20Log.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-09-Locating%20Sample%20Points.docx
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b. Sub-Surface Soil 

To facilitate hand auger sampling, measure the length of the auger head and mark 10 centimetre (cm) intervals with a sharpie marker 
(must be in accordance with the checklist) along the hand auger extension. Auger down to the required depth of the first sample as 
specified in the SAQP. Empty the contents of the auger scoop into a decontaminated stainless steel pan. Fill sample jars directly with the 
auger scoop and cap immediately upon filling. Decontaminate the sampling equipment in accordance with Section IV.   

The lithology of the soil should be accurately described on a borelog (FWSL-FF-01). The location of the sampling point should be 
recorded in the GPS unit if designated by the SAQP according to FWGN-SOP-09.   

To the extent possible, replace topsoil and grass and attempt to return appearance of the sampling area to its pre-sampled condition.   

IV.  Decontamination 

The WA DER 2016 interim guidelines recommends against the reuse of sampling equipment at different locations. Materials containing 
PFAS must not be used for sampling.  

Decontamination of sampling equipment must: 

• Avoid the use of detergents, if required use Alconox® and Liquinox® soaps.  

• All equipment must be scrubbed with a plastic brush and rinsed thoroughly in tap water to clean away any debris or material on 
exposed surfaces.  

• Triple-rinse in distilled or deionised water. 

V. Attachments 

None 

VI. Key Checks and Preventative Maintenance 

• Ensure all reusable sampling equipment is decontaminated prior to commencing any fieldworks and between sampling locations. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-09-Locating%20Sample%20Points.docx
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• Transfer soils for volatile analysis immediately from hand auger or sampling equipment, samples being analysed for volatile 
contaminants are not homogenised. 

• Decontaminate equipment before reuse, or use dedicated disposable equipment. 

• All materials generated during sampling (debris, PPE, decontamination liquids, etc.) should be placed in a 220 litre (44 gallon) drum 
or roll-off bin for storage pending analysis and disposal off-site.  

VI. Additional Considerations 

The CRC CARE PFAS Guidance advises the following considerations when onsite: 

• Do not bring food or drink to site, with the exception of bottle water and hydration drinks, such as Gatorade® and available for 
consumption only in staging area; 

• When taking a break for food or drink, remove gloves and coveralls and move to appropriate location, downwind. When finished, 
tidy area and put on gloves and coveralls before returning to the work area; and 

• Visitors should remain 30 feet (~9 m) from the sampling area. 
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STANDARD OPERATING PROCEDURE (FWGW-SOP-09) 

Low Flow Groundwater Sampling - PFAS 

I. Purpose & Scope 

This Standard Operating Procedure (SOP) presents general guidelines for the collection of groundwater samples from monitoring 
wells using a low-flow purging and sampling procedure. This method will allow for the collection of representative groundwater 
samples from monitoring wells, while minimising the amount of purge water generated.  

This procedure is considered to be ONLY appropriate for the collection of groundwater samples where Per and Poly Fluorinated 
Alkyl Substances (PFAS) are contaminants of concern. 

Operations manuals should be consulted for specific calibration and operating procedures of individual Low Flow sampling 
equipment.   

II. Equipment and Materials 

I. Equipment and Materials to Avoid 

The US NAVY SOP on Low-Flow Groundwater Sampling, Analysing for Perfluorinated Compounds recommends equipment and 
materials should not contain any fluorinated compounds, including polytetrafluoroethylene (e.g. Teflon®) or synthetic rubber with 
fluoropolymer elastomers (e.g. Viton®).  This includes bailers, tubing, or pumps with coatings and specifically commonly utilised 
Grundfos pumps because they contain internal Teflon® and Viton® components that would be in contact with the groundwater 
sample. 

Sample vials should not have Teflon® lined bottles or caps. Example bottleware for PFAS analysis includes 50 mL polypropylene 
centrifuge tubes, such as those found at:  https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240 or 250 ml 
high density polyethylene (HDPE) bottles with polypropyelene caps, such as those found at:  
https://us.vwr.com/store/product/4589610/vwr-laboratory-bottles-high-density-polyethylene.  

https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240
https://us.vwr.com/store/product/4589610/vwr-laboratory-bottles-high-density-polyethylene
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Preferably, the laboratory will provide demonstrated-clean containers for this particular analysis.  Coordinate with the laboratory 
to ensure they send the proper bottleware.   

When sampling for PFAS, avoid handling or using products that may contain PFAS (e.g. Tyvek suits, pre-packaged food, and blue 
ice), detailed below. The Western Australian Department of Environment Regulation (WA DER), January 2017, Interim Guideline on 
the Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances, also prohibits a number of items as detailed 
below. 

 

Do Not Use Acceptable Alternative 

Fluoropolymer bailers of pump bladders Disposable Equipment, Dedicated Equipment (no PTFE parts) 

Fluoropolymer tubing, valves and other parts in pumps High-density polyethylene (HDPE) and silicon materials (i.e. tubing) 

LDPE HydraSleeves HDPE HydraSleeves 

Decon 90/other detergents and decontamination solutions  Alconox® and Liquinox® soap for decontamination, if needed. If 
possible follow water-only decontamination approach 

Decontamination water from the site Water used for the decontamination of sampling equipment will be 
laboratory certified “PFAS-free” water 

Glass containers (due to potential loss of analyte through 
adsorption) with lined lids 

Polypropylene or HDPE sample bottles fitted with an unlined (no 
PTFE), polypropylene or HDPE screw cap 

Waterproof paper, notebooks and labels Standard paper and labels 

Sharpies (acceptable by EPA checklist) Ball point pens 

Post-it notes/self-sticking labels None. Do not use  

Reusable chemical or gel ice packs (e.g. BlueIce®) Ice contained in plastic (polyethylene) bags (double bagged), secured 
to avoid meltwater from contracting sample containers, overnight 
shipping 
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Do Not Use Acceptable Alternative 

Aluminium foil Thin HDPE sheeting (commonly used as drop cloths for painting or 
home improvement) can be used 

New clothes  All field clothing to be washed a minimum of six times after purchase 
before using at the site. Do not wash clothes with fabric softeners  

Clothing/boots with stain-resistant, rain-resistant or 
waterproof coating 

Avoid sampling during rain if possible; polyethylene rain gear (e.g. 
disposable LDPE), vinyl, or polyvinyl chloride (PVC) clothing are 
acceptable. Wear steel-toed boots made with polyurethane and 
polyvinyl chloride (PVC) 

Coated Tyvek® clothing None. Use uncoated Tyvek clothing if necessary  

Fast food wrappers and containers/ Pre-wrapped foods and 
snacks (e.g. chocolate bars, energy bars, granola bars, potato 
chips etc.) 

Use rigid plastic containers, bags, or stainless steel containers for all 
food brought to site. Do not eat at sampling location and wash hands 
thoroughly afterwards  

Teflon®-containing or -coated field equipment (tubing, bailers, 
tape, plumbing paste, etc.) 

High density polyethylene (HDPE) or silicone tubing, and HDPE or 
polypropylene field equipment recommended 

Teflon®-lined lids on containers (e.g. sample containers, rinsate 
water storage containers) 

Polypropylene lids for sample containers and polypropylene or HDPE 
containers for rinsate 

Drilling fluid or lubricants containing PFAS Use of PFAS-free drilling fluids and lubricants 

Wearing/using personnel hygiene items (cosmetics, lotions, 
moisturisers) 

Do not wear 

Sunscreens, insect repellents Long sleeve, light coloured 100% cotton shirts, wide brimmed hats, 
products that are 100% natural ingredients, DEET, tuck pant legs into 
boots and/or boots and use duct tape* 
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* The following sunscreen and insect repellents are acceptable: 

• Alba Organics natural sunscreen, Yes to cucumbers, Aubrey Organics, Jason natural sun block, kiss my face, and baby 
sunscreens that are ‘free’ or ‘natural’; 

• Jason natural quit bugging me, Repel lemon eucalyptus insect repellent, Herbal armor, California baby natural bug spray, 
BabyGanics’; and 

• Sunscreen and insect repellent – Avon skin so soft bug guard plus – SPF 30 lotion 

II. The following materials are required to undertake this procedure:  

• Adjustable-rate, positive-displacement pump, submersible or peristaltic pump, (most commonly used system in Australia is the 
QED MicroPurge® System) for samples to be collected from greater than 10 metres below ground level (mBGL) OR sample 
tubing with footvalve.  

• Peristaltic pump for all samples to be collected from less than 10 mBGL. 

• Water quality meter able to measure the following parameters: 

• pH, Dissolved oxygen (DO), specific conductance (SC) (if SC is not available measure 
electrical conductivity [EC]), temperature & Reduction/Oxidation potential (Redox). 

• Flow-through cell with inlet/outlet ports for purged groundwater, watertight ports for 
each probe, and inlet/outlet port sizes to match tubing diameter (3/8” dia. is most 
common). 

• Water/oil water level meter (Interface probe) which does not contain any PFAS 
components - check with manufacturer. 

• CO2 Compressed gas cylinders (preferred) or high-pressure air compressor. 

• Connection cable for power source generated from car battery.  

• Generator (if required). 

• Disposable tubing (silicon, polypropylene, polyethylene) of a diameter to match the 
port on the pump, the inlet/outlet ports of the flow-through cell, (3/8” and 1/4” dia. is 
most common). 

• Nitrile gloves. 

*Photo source – Enviroequip Pty Ltd 
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• Paper towels. 

• Well construction information. 

• Bucket or other container with volume measurements and watch with second hand 
to determine flow rate. 

• Calculator (if required). 

• PFAS appropriate sample containers. 

• Shipping supplies (labels, esky, ice, [reusable chemical or gel ice packs (e.g. 
BlueIce® are NOT suitable. Ice should be double bagged in polyethylene bags]). 

• Tablet with: 

• Environmental Logging Software (Groundwater Sampling Purge Sheet 
[FWGW-FF-02]) 

• OneNote Project Template (EDGN-SOP-01) with: 

• Equipment Calibration Sheet (FWGW-FF-04)  

• Daily Investigation Diary (FWGN-FF-05) 

Note that the groundwater sampling equipment and reusable materials will be 
decontaminated between sampling locations in accordance with Decontamination of Equipment SOP (FWGN-SOP-02). 

III. Procedures and Guidelines 

I. General 

For each well to be sampled, information obtained on well location, well number, site, date, condition, diameter(s), depth, 
screened interval(s), and the method for disposal of purged water should be recorded on the Environmental Logging software and 
the Daily Investigation Diary (FWGN-FF-05). 

In cases where the Environmental Logging Software or OneNote Project File are not being used in the field, please refer to the 
paper copies of the appropriate forms.  

Sampling should begin at the well that is least contaminated, based on previous information (if available) or well location, and 
proceed systematically to wells that are most contaminated. 

*Photo source – Enviroequip Pty Ltd 
Portable QED MicroPurge® System 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/EDGN-SOP-01-OneNote%20Template.onepkg
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-04-GW%20Equipment%20Calibration.xlsx?Web=1
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-02-Decontamination%20of%20Equipment.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
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Instruments are calibrated according to manufacturer's instructions. For rented equipment, calibration certificates are to be 
provided by the equipment supplier for each item of equipment. Further instrument calibration will occur at the start and end of 
each sampling day as required by the project plans.  Calibration information will be recorded on Groundwater Equipment 
Calibration sheet in OneNote. 

Clean and decontaminate all sampling equipment and any other equipment to be placed in the well before sampling in accordance 
with Decontamination of Equipment SOP (FWGN-SOP-02). 

II. Setup and Purging 

• Inspect the well gatic or monument, lock, and locking cap for evidence of tampering or damage. Record these observations 
in the daily investigation diary. 

• Standing up-wind of the well unlock the well cap and carefully open the well.  Monitor the well headspace for the presence 
of volatile compounds using a Photoionisation Detector (PID) and record the readings on the Environmental Logging 
Software (Groundwater Sampling Purge Sheet [FWGW-FF-02]). If the organic vapour concentration is equal or greater than 
that noted in the site specific Environmental Health and Safety Plan, immediately recap the well and inform the Field Team 
Leader or Project Manager unless this is standard for the well being sampled.  Note additional PPE is required for sampling 
high organic vapour concentration wells. 

• Check for the presence of light non-aqueous phase liquids (LNAPL) with the interface meter. 

• Measure the standing water level in accordance with the FWGW-SOP-04 and record in the Environmental Logging Software 
(Groundwater Sampling Purge Sheet [FWGW-FF-02]). Do not measure the depth to the bottom of the well at this time. This 
reduces the possibility that any accumulated sediment in the well will be disturbed.  Obtain depth to bottom information 
from well construction log. 

• The volume of water in the well can be calculated automatically using the Environmental Logging Software. The volume in 
the well bore is calculated as follows: 

𝐵𝑜𝑟𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑐𝑎𝑠𝑖𝑛𝑔 𝑣𝑜𝑙𝑢𝑚𝑒 + 𝑓𝑖𝑙𝑡𝑒𝑟𝑝𝑎𝑐𝑘 𝑣𝑜𝑙𝑢𝑚𝑒 

𝐵𝑜𝑟𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 =  
𝜋ℎ1𝑑2

2

4
+ 𝑛 (

𝜋ℎ1𝑑1
2

4
−

𝜋ℎ2𝑑2
2

4
) 

𝑊ℎ𝑒𝑟𝑒: 
𝜋 = 3.14 
𝑛 = porosity (0.3 for most filter pack material) 
ℎ1 = height fo water column from base of well (m) 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-02-Decontamination%20of%20Equipment.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-04-Oil-Water%20Level%20Gauging.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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𝑑1 = diameter of annulus (m) 
ℎ2 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑐𝑘 (m) 
𝑑2 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑎𝑠𝑖𝑛𝑔 (m) 

• Set up pump control unit, stainless steel pump, tubing, flow cell, CO2 gas cylinder kit (or compressor) and water quality 
meter in accordance with the manufacturer's instructions. 

• Attach and secure the tubing and stainless steel line to the low-flow pump and slowly lower the pump into the well to the 
desired depth. The pump inlet should sit near the middle of the well screen unless a specific screen interval depth is desired, 
this will be site specific1.  At a minimum, the pump intake should be positioned at least 0.5 m above the bottom of the well 
to avoid mobilisation of any sediment present. The depth to the pump intake 
from ground level not top of casing will be recorded in the Environmental 
Logging Software (Groundwater Sampling Purge Sheet [FWGW-FF-02]). No 
Teflon tape or components are to be used on the pump. 

If there is less than 200 mm of available water, the groundwater well should 
be purged and sampled using a peristaltic pump or a bottom-loading bailer. 

• Measure the water level in the well after pump insertion. Leave the water 
level probe in the well to facilitate continued water level monitoring during 
purging activities. 

• Insert the measurement probes into the flow-through cell. Attach the tubing 
from the pump to the flow-through cell inlet. Attach the discharge tubing to 
discharge part of the flow-through cell. The purged groundwater is directed 
through the cell, allowing measurements to be collected before the water contacts the atmosphere. 

• If using a generator, locate it 10 m downwind from the well to avoid exhaust fumes contaminating the samples. 

• Start purging the well at a low flow rate at 0.2 litres (L) per minute, avoid surging.  The initial field parameters of pH, SC, DO, 
Redox, turbidity, and temperature of water are measured and recorded in the Environmental Logging Software 
(Groundwater Sampling Purge Sheet [FWGW-FF-02]). 

                                                      

1 The operator should review each well log to evaluate for potential groundwater bearing horizons present within a section of the screen 

interval, and subsequently locate the low-flow pump inlet accordingly.  In this way, pumping will capture water from the more 
transmissive groundwater bearing horizons within the well screen, helping to minimise the potential for mixing.  

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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• The water level should be monitored during purging, and, ideally, the purge rate should equal the well recharge rate so that 
there is little or no drawdown in the well.  The goal for water level drawdown is: 

• Where the static water level is higher than the screened area of the well - less than 0.3 m, up to a maximum of 5% of 
the static water column.  The water level should stabilise for the specific purge rate.   

• Where the static water level is within the screened area of the well - less than 0.1 m (in accordance with 
recommendations outlined by Puls and Barcelona [1996])  

Record adjustments in the purge rate and changes in depth to water in the Environmental Logging Software (Groundwater 
Sampling Purge Sheet [FWGW-FF-02]). Purge rates should, if needed, be decreased to the minimum capabilities of the pump 
to avoid exceeding the maximum water level drawdown. Consideration should be made to de-water the well and sample 
after the well has recovered when purging rate is less than 0.1 L/min. 

Note any odours, chemical sheens, colour, bubbles, turbidity etc. in the comments column.  

• During purging, the field parameters are measured frequently (every 3 to 5 minutes or every 0.5 to 1.0 L purged) until the 
parameters have stabilised. The time interval for the readings should be based on the volume and purge rate. Field 
parameters are considered stabilised when three consecutive measurements meet the following criteria: 

• DO: within 10 percent 

• pH: within 0.05 pH units 

• SC / EC: within 3 percent 

• Redox: within 10 millivolts 

• Temperature: 0.2 degrees Celsius 

• Turbidity: <10 NTU or within 10 percent 

III. Sampling 

Use a new pair of nitrile gloves per sample location. Once purging has been completed, the well is ready to be sampled. The 
elapsed time between the completion of purging and the collection of the groundwater sample from the well should be 
minimised. Typically, the sample is collected immediately after the well has been purged, however this may also be dependent on 
well recovery. 

After disconnection from the flow-through cell, samples will be collected directly from the discharge tubing into the appropriate 
sample bottles.  Typically, the sample is collected immediately after the well has been purged, but this is also dependent on well 
recovery. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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Samples will be placed in sample containers that have been sterilized to laboratory standards. No preservative is required. 

Do not use Decon 90 (which contains surfactants, possibly PFAS). 

During purging and sampling, the pump tubing must remain filled with water to avoid aeration of the groundwater.  It is 
recommended that 1/4 or 3/8 inch inside diameter tubing be used to help insure that the sample tubing remains water filled.  If 
the pump tubing is not completely filled to the sampling point, collect non-VOC dissolved gasses samples first, then increase flow 
rate slightly until water completely fills the tubing and collect the VOC/dissolved gases samples.  Record new flow rate and 
drawdown depth. 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle (sample bottle should not have a Teflon lined cap), and the bottle is tilted slightly. 

2. The sample is slowly poured from the bailer or discharged from the pump so that it runs down the inside of the sample bottle 
with a minimum of splashing. The pumping rate should be reduced to approximately 100 mL per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the filtered form as well as the unfiltered form.  Disposable in-
line filters (0.45 micron filter), connected to the end of the sample tubing, are typically used for field filtration.  Samples are 
field filtered as the water is being placed into the sample container.  If a bailer is used, filtration may be driven by a peristaltic 
pump.  PFAS samples should not be filtered.   

4. Adequate space is left in the bottle to allow for expansion, except for VOC vials, which are filled to the top with a positive 
meniscus. 

6. Complete shaker test: A small portion of the sample, between 10-25mL should be shaken, to see if foam is present. Presence 
or absence of foam should be documented, including on the Chain of Custody record. 

7. The bottle is capped and clearly labelled (do not use sharpies). 

8. Samples are placed in appropriate containers and, if necessary, packed with ice (reusable chemical or gel ice packs (e.g. 
BlueIce® are NOT suitable. Ice should be double bagged in polyethylene bags) in coolers as soon as practical. 

9. Non dedicated equipment is cleaned and decontaminated in accordance with the Decontamination of Personnel and 
Equipment SOP (FWGN-SOP-02). 

 The following information, at a minimum, will be recorded in the Chain of Custody Form (FWGN-FF-11) or the Sample ID Register 
form (FWGN-FF-10) prior to sample collection: 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-02-Decontamination%20of%20Equipment.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-11-COC%20form.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-10-Sample%20ID%20Register.xlsx
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• Sample identification (site name, location, project number; sample ID/number; depth, sample type/matrix; time/date; 
analyses and sampler's identity). 

IV. Decontamination 

The WA DER 2016 interim guidelines recommends against the reuse of sampling equipment at different locations. If the depth to 
groundwater prevents the use of peristaltic pumps, then bladder pumps may be considered. However, bladders and other internal 
parts (check balls, o-rings, compression fittings) must not be made of Teflon or contain PFAS. Bladders must be changed between 
sample locations and it is recommended that o-rings also be changed between sample locations.  

Decontamination of groundwater equipment must: 

• Avoid the use of detergents, if required, Alconox® and Liquinox® soap can be used.  

• All equipment must be scrubbed with a plastic brush and rinsed thoroughly in tap water to clean away any debris or material 
on exposed surfaces.  

• Triple-rinsed in distilled or deionised water. 

V.  Safety and Environment  

This section describes health, safety and environmental considerations for groundwater sampling from monitoring wells:  

Health and Safety 

Hazards include, but are not limited to: 

• Manual handling injury associated with lifting and moving sampling equipment and samples – to mitigate ensure all loads 
are appropriate weight for lifting (<10 kg), use correct lifting posture by bending at the knees, ensure load is balanced and 
does not cause undue strain, wear sturdy boots and clothing, park field vehicle with equipment close to well to avoid 
multiple loading and uploading, do not overpack samples into eskies.  

• Injury associated with slips and trips – to mitigate keep a tidy workplace and step carefully around tubing, hosing and other 
equipment.   
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• Hit by moving vehicle while sampling – to mitigate ensure sampling team wear high visibility clothing, set up traffic controls 
around sampling area, position site vehicle so that it provides a barrier from potential traffic.  

• Sunburn –to mitigate wear suitable clothing (including hat, trousers, long sleeved shirt), apply sunscreen regularly (refer to 
Section II Other items which are prohibited, for appropriate sunscreen brands). 

• Exposure to contaminated purged water – to mitigate handle purged water with care minimising splashing or spills, 
understand Materials Safety Data Sheet (MSDS) for particular contaminants, wear appropriate personal protective 
equipment (PPE) including gloves, escalate PPE requirements if conditions change.   

• Exposure to biological hazards (including snakes, ants, mosquitoes, bees, poisonous plants) – to mitigate ensure sampling 
program is planned and access to all sampling points is cleared of excess vegetation, plan sampling events at suitable times 
where risk of biological hazard is reduced (mosquitoes may be less active in winter than summer), wear appropriate clothing 
and PPE (long sleeves, long pants, tuck pant legs into socks), make vibrations to alert snakes for example to your presence.  

Environment 

Hazards include, but are not limited to: 

• Management of waste - if field screening deems it necessary all water removed is to be stored in drums until lab results 
confirm the water is not contaminated in accordance with Disposal or Fluids and Solids SOP (FWGN-SOP-03).  

• Environmental exposure to contaminated water – to mitigate ensure that purged water is appropriate managed in line with 
the project plans. A spill kit should be available in the field vehicle.   If necessary purged water should be placed into labelled 
drums which are securely sealed and appropriate stored.  

• Environmental spillage from toppling drum filled with purge water – to mitigate ensure all drums are tightly sealed and that 
drums are stored on even terrain in bunded/appropriate drum storage area.  

V. Attachments 

• None. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-03-Disposal%20of%20Fluids%20and%20Solids.docx
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VI. Key Checks and Preventative Maintenance 

• Minimize the drawdown in the well as much as possible (preferably no more than 300 mm) so that natural groundwater-
flow conditions are maintained as closely as possible. 

• There should be at least 200 mm of water over the pump intake, this minimises the potential for entrainment of air in the 
sample. 

• The highest purging rate should not exceed 1 L/min. 

• Avoid suspension of sediment in the well so that turbidity containing adsorbed chemicals is not suspended in the well and 
taken in by the pump. 

• Avoid overheating of the pump to minimise the potential for losing VOCs through volatilisation. 

• Keep the working space clean with good housekeeping. 

• Maintain field equipment in accordance with the manufacturer’s specifications. This will include, but is not limited to: 

• Verifying battery charge, calibration, and proper working order of field measurement equipment prior to initial 
mobilisation and daily during field efforts. 

• Inspecting sampling pump regularly and replace as warranted. 

• Inspecting quick-connects, seals, o-rings, etc. regularly and replace as warranted. 

• Where low flow sampling is considered from a direct push rig, reference should be made to SOP Direct Push Groundwater 
Sampling (FWGW-SOP-08).   

 

VII. Additional Considerations 

The CRC CARE PFAS Guidance advises the following considerations when onsite: 

• Do not bring food or drink to site, with the exception of bottle water and hydration drinks, such as Gatorade® and available for 
consumption only in staging area; 

• When taking a break for food or drink, remove gloves and coveralls and move to appropriate location, downwind. When 
finished, tidy area and put on gloves and coveralls before returning to the work area; and 

• Visitors should remain 30 feet (~9 m) from the sampling area. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-08-Direct%20Push%20Groundwater%20Sampling.docx
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STANDARD OPERATING PROCEDURE (FWGW-SOP-05) 

Low Flow Groundwater Sampling 

I. Purpose & Scope 
This Standard Operating Procedure (SOP) presents general guidelines for the collection of 
groundwater samples from monitoring wells using a low-flow purging and sampling 
procedure. This method will allow for the collection of representative groundwater samples 
from monitoring wells, while minimising the amount of purge water generated.  

This procedure is considered to be appropriate for the collection of volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides, polychlorinated 
biphenyls (PCBs), and metals. This procedure is not appropriate for the collection of light or 
dense non-aqueous phase liquids (LNAPLs or DNAPLs).  

Operations manuals should be consulted for specific calibration and operating procedures of 
individual Low Flow sampling equipment.  Reference is made to QED MicroPurge® System in 
this SOP.  

II. Equipment and Materials 
The following materials are required to undertake this procedure:  
• Adjustable-rate, positive-displacement 

pump, submersible or peristaltic pump, 
(most commonly used system in Australia is 
the QED MicroPurge® System). 

• Water quality meter able to measure the 
following parameters: 
• pH, Dissolved oxygen (DO), specific 

conductance (SC) (if SC is not available 
measure electrical conductivity [EC]), 
temperature & Reduction/Oxidation 
potential (Redox). 

• Flow-through cell with inlet/outlet ports for 
purged groundwater, watertight ports for 
each probe, and inlet/outlet port sizes to 
match tubing diameter (3/8” dia. is most 
common). 

• Water/oil water level meter (Interface 
probe). 

• CO2 Compressed gas cylinders (preferred) or high-pressure air compressor. 
• Connection cable for power source generated from car battery. 

*Photo source – Enviroequip Pty Ltd 
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• Generator (if required). 
• Disposable polyethylene tubing of a diameter to 

match the port on the pump, the inlet/outlet 
ports of the flow-through cell, (3/8” and 1/4” dia. 
is most common). 

• Disposable inline 0.45 micron (µm) filters 
(preferred, for collection of dissolved analytes) or 
disposable stericup 0.45 µm filters vacuum hand 
pump. 

• Paper towels. 
• Well construction information. 
• Bucket or other container with volume 

measurements and watch with second hand to 
determine flow rate. 

• Calculator (if required). 
• Sample containers. 
• Shipping supplies (labels, esky, ice). 
• Tablet with: 

• Environmental Logging Software (Groundwater Sampling Purge Sheet 
[FWGW-FF-02]) 

• OneNote Project Template (EDGN-SOP-01 ) with: 
• Equipment Calibration Sheet (FWGW-FF-04)  
• Daily Investigation Diary (FWGN-FF-05) 

Note that the groundwater sampling equipment and reusable materials will be decontaminated 
between sampling locations in accordance with Decontamination of Equipment SOP 
(FWGN-SOP-02) 

. 

III. Procedures and Guidelines 
I. General 

For each well to be sampled, information obtained on well location, well number, site, date, 
condition, diameter(s), depth, screened interval(s), and the method for disposal of purged 
water should be recorded on the Environmental Logging software and the Daily 
Investigation Diary (FWGN-FF-05). 

In cases where the Environmental Logging Software or OneNote Project File are not being 
used in the field, please refer to the paper copies of the appropriate forms.  

Sampling should begin at the well that is least contaminated, based on previous information 
(if available) or well location, and proceed systematically to wells that are most 
contaminated. 

*Photo source – Enviroequip Pty Ltd 
Portable QED MicroPurge® System 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/EDGN-SOP-01-OneNote%20Template.onepkg
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-04-GW%20Equipment%20Calibration.xlsx?Web=1
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-02-Decontamination%20of%20Equipment.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
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Instruments are calibrated according to manufacturer's instructions. For rented equipment, 
calibration certificates are to be provided by the equipment supplier for each item of 
equipment. Further instrument calibration will occur at the start and end of each sampling 
day as required by the project plans.  Calibration information will be recorded on 
Groundwater Equipment Calibration sheet in OneNote. 

Clean and decontaminate all sampling equipment and any other equipment to be placed in 
the well before sampling in accordance with FWGN-SOP-10. 

II. Setup and Purging 
• Inspect the well gatic or monument, lock, and locking cap for evidence of tampering 

or damage. Record these observations in the daily investigation diary. 
• Standing up-wind of the well unlock the well cap and carefully open the well.  Monitor 

the well headspace for the presence of volatile compounds using a Photoionisation 
Detector (PID) and record the readings on the Environmental Logging Software 
(Groundwater Sampling Purge Sheet [FWGW-FF-02]). If the organic vapor 
concentration is equal or greater than that noted in the site specific Environmental 
Health and Safety Plan, immediately recap the well and inform the Field Team Leader 
or Project Manager unless this is standard for the well being sampled.  Note additional 
PPE is required for sampling high organic vapour concentration wells. 

• Check for the presence of light non-aqueous phase liquids (LNAPL) with the interface 
meter. 

• Measure the standing water level in accordance with the FWGW-SOP-04 and record in 
the Environmental Logging Software (Groundwater Sampling Purge Sheet 
[FWGW-FF-02]). 

• Measure the total depth of the bore and check for dense non-aqueous phase liquids 
(DNAPL) in accordance with the FWGW-SOP-04 and record in the Environmental 
Logging Software (Groundwater Sampling Purge Sheet [FWGW-FF-02]). The well may 
have filled with fine materials (e.g. silt or sand). Therefore it is important to confirm 
that the well does not require re-development and if sampling can proceed. 

• The volume of water in the well can be calculated automatically using the 
Environmental Logging Software. The volume in the well bore is calculated as follows: 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉𝐵𝐵 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉𝐵𝐵 + 𝑓𝑓𝑐𝑐𝑉𝑉𝑓𝑓𝐵𝐵𝐵𝐵𝑓𝑓𝑐𝑐𝑐𝑐𝑓𝑓 𝑣𝑣𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉𝐵𝐵 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉𝐵𝐵 =  
𝜋𝜋ℎ1𝑑𝑑2

2

4
+ 𝑐𝑐 �

𝜋𝜋ℎ1𝑑𝑑1
2

4
−
𝜋𝜋ℎ2𝑑𝑑2

2

4 � 

𝑊𝑊ℎ𝐵𝐵𝐵𝐵𝐵𝐵: 
𝜋𝜋 = 3.14 
𝑐𝑐 = porosity (0.3 for most filter pack material) 
ℎ1 = height fo water column from base of well (m) 
𝑑𝑑1 = diameter of annulus (m) 
ℎ2 = 𝑉𝑉𝐵𝐵𝑐𝑐𝑐𝑐𝑓𝑓ℎ 𝐵𝐵𝑓𝑓 𝑓𝑓𝑐𝑐𝑉𝑉𝑓𝑓𝐵𝐵𝐵𝐵 𝑓𝑓𝑐𝑐𝑐𝑐𝑓𝑓 (m) 
𝑑𝑑2 = 𝑑𝑑𝑐𝑐𝑐𝑐𝑉𝑉𝐵𝐵𝑓𝑓𝐵𝐵𝐵𝐵 𝐵𝐵𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (m) 

• Set up pump control unit, stainless steel pump, tubing, flow cell, CO2 gas cylinder kit 
(or compressor) and water quality meter in accordance with the manufacturer's 
instructions. 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-10-Heavy%20Equipment%20Decon.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-04-Oil-Water%20Level%20Gauging.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-04-Oil-Water%20Level%20Gauging.docx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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• Attach and secure the polyethylene tubing and stainless steel line to the low-flow 
pump and slowly lower the pump into the well to the desired depth. The pump inlet 
should sit near the middle of the well screen unless a specific screen interval depth is 
desired, this will be site specific1.  At a minimum, the pump intake should be 
positioned at least 0.5 m above the bottom of the well to avoid mobilisation of any 
sediment present. The depth to the pump intake from ground level not top of casing 
will be recorded in the Environmental 
Logging Software (Groundwater 
Sampling Purge Sheet [FWGW-FF-02]). 
If there is less than 200 mm of available 
water, the groundwater well should be 
purged and sampled using a peristaltic 
pump or a bottom-loading bailer. 

• Measure the water level in the well after 
pump insertion. Leave the water level 
probe in the well to facilitate continued 
water level monitoring during purging 
activities. 

• Insert the measurement probes into the flow-through cell. Attach the tubing from the 
pump to the flow-through cell inlet. Attach the discharge tubing to discharge part of 
the flow-through cell. The purged groundwater is directed through the cell, allowing 
measurements to be collected before the water contacts the atmosphere. 

• If using a generator, locate it 10 m downwind from the well to avoid exhaust fumes 
contaminating the samples. 

• Start purging the well at a low flow rate at 0.2 litres (L) per minute, avoid surging.  The 
initial field parameters of pH, SC, DO, Redox, turbidity, and temperature of water are 
measured and recorded in the Environmental Logging Software (Groundwater 
Sampling Purge Sheet [FWGW-FF-02]). 

• The water level should be monitored during purging, and, ideally, the purge rate 
should equal the well recharge rate so that there is little or no drawdown in the well.  
The goal for water level drawdown is: 
• Where the static water level is higher than the screened area of the well - less 

than 0.3 m, up to a maximum of 5% of the static water column.  The water 
level should stabilise for the specific purge rate.   

• Where the static water level is within the screened area of the well - less than 
0.1 m (in accordance with recommendations outlined by Puls and Barcelona 
[1996])  

                                                      

1 The operator should review each well log to evaluate for potential groundwater bearing horizons 
present within a section of the screen interval, and subsequently locate the low-flow pump inlet 
accordingly.  In this way, pumping will capture water from the more transmissive groundwater 
bearing horizons within the well screen, helping to minimise the potential for mixing.  

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
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Record adjustments in the purge rate and changes in depth to water in the 
Environmental Logging Software (Groundwater Sampling Purge Sheet [FWGW-FF-02]). 
Purge rates should, if needed, be decreased to the minimum capabilities of the pump 
to avoid exceeding the maximum water level drawdown. Consideration should be 
made to de-water the well and sample after the well has recovered when purging rate 
is less than 0.1 L/min. 
Note any odours, chemical sheens, colour, bubbles, turbidity etc. in the comments 
column.  

• During purging, the field parameters are measured frequently (every 3 to 5 minutes or 
every 0.5 to 1.0 L purged) until the parameters have stabilised. The time interval for 
the readings should be based on the volume and purge rate. Field parameters are 
considered stabilised when three consecutive measurements meet the following 
criteria: 
• DO: within 10 percent 
• pH: within 0.05 pH units 
• SC / EC: within 3 percent 
• Redox: within 10 millivolts 
• Temperature: 0.2 degrees Celsius 
• Turbidity: <10 NTU or within 10 percent 

III. Sampling 
Once purging has been completed, the well is ready to be sampled. The elapsed time 
between the completion of purging and the collection of the groundwater sample from the 
well should be minimised. Typically, the sample is collected immediately after the well has 
been purged, however this may also be dependent on well recovery. 

After disconnection from the flow-through cell, samples will be collected directly from the 
discharge tubing into the appropriate sample bottles.  During sample collection, the pump 
discharge flow rate should be reduced to create a laminar flow (which will minimise 
volatilisation of VOCs).  Samples for VOC analysis shall be collected first followed by SVOCs, 
inorganics and finally physical parameters.  VOC samples should be filled to the top leaving 
no headspace. After capping the VOC sample bottle, the bottle shall be inverted to check for 
visible air bubbles. If air bubbles are present, either water should be added to the sample or 
another sample should be collected.  Samples for dissolved analyte analysis (e.g. metals) 
may be filtered in the field using inline disposable in-line filters (0.45 µm filter), connected 
to the end of the sample tubing.  If a bailer is used, filtration may be completed using a 
polyethylene syringe connected to an inline filter or stericup.     

The following information, at a minimum, will be recorded in the Chain of Custody Form 
(FWGN-FF-11) or the Sample ID Register form (FWGN-FF-10) prior to sample collection: 

• Sample identification (site name, location, project number; sample ID/number; depth, 
sample type/matrix; time/date; analyses and sampler's identity). 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-02-Groundwater%20Sampling%20Purge%20Sheet.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-11-COC%20form.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-10-Sample%20ID%20Register.xlsx
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IV.  Safety and Environment  
This section describes health, safety and environmental considerations for groundwater 
sampling from monitoring wells:  

Health and Safety 

Hazards include, but are not limited to: 

• Manual handling injury associated with lifting and moving sampling equipment and 
samples – to mitigate ensure all loads are appropriate weight for lifting (<10 kg), use 
correct lifting posture by bending at the knees, ensure load is balanced and does not 
cause undue strain, wear sturdy boots and clothing, park field vehicle with equipment 
close to well to avoid multiple loading and uploading, do not overpack samples into 
eskies.  

• Injury associated with slips and trips – to mitigate keep a tidy workplace and step 
carefully around tubing, hosing and other equipment.   

• Hit by moving vehicle while sampling – to mitigate ensure sampling team wear high 
visibility clothing, set up traffic controls around sampling area, position site vehicle so 
that it provides a barrier from potential traffic.  

• Sunburn –to mitigate wear suitable clothing (including hat, trousers, long sleeved 
shirt), apply sunscreen regularly.  

• Exposure to contaminated purged water – to mitigate handle purged water with care 
minimising splashing or spills, understand Materials Safety Data Sheet (MSDS) for 
particular contaminants, wear appropriate personal protective equipment (PPE) 
including gloves, escalate PPE requirements if conditions change.   

• Exposure to biological hazards (including snakes, ants, mosquitoes, bees, poisonous 
plants) – to mitigate ensure sampling program is planned and access to all sampling 
points is cleared of excess vegetation, plan sampling events at suitable times where 
risk of biological hazard is reduced (mosquitoes may be less active in winter than 
summer), wear appropriate clothing and PPE (long sleeves, long pants, tuck pant legs 
into socks), make vibrations to alert snakes for example to your presence.  

Environment 

Hazards include, but are not limited to: 

• Management of waste - if field screening deems it necessary all water removed is to 
be stored in drums until lab results confirm the water is not contaminated in 
accordance with Disposal or Fluids and Solids SOP (FWGN-SOP-03).  

• Environmental exposure to contaminated water – to mitigate ensure that purged 
water is appropriate managed in line with the project plans. A spill kit should be 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-03-Disposal%20of%20Fluids%20and%20Solids.docx
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available in the field vehicle.   If necessary purged water should be placed into labelled 
drums which are securely sealed and appropriate stored.  

• Environmental spillage from toppling drum filled with purge water – to mitigate 
ensure all drums are tightly sealed and that drums are stored on even terrain in 
bunded/appropriate drum storage area.  

V. Attachments 
• None. 

VI. Key Checks and Preventative Maintenance 
• Minimize the drawdown in the well as much as possible (preferably no more than 

300 mm) so that natural groundwater-flow conditions are maintained as closely as 
possible. 

• There should be at least 200 mm of water over the pump intake, this minimises the 
potential for entrainment of air in the sample. 

• The highest purging rate should not exceed 1 L/min. 
• Avoid suspension of sediment in the well so that turbidity containing adsorbed 

chemicals is not suspended in the well and taken in by the pump. 
• Avoid overheating of the pump to minimise the potential for losing VOCs through 

volatilisation. 
• Keep the working space clean with good housekeeping. 
• Maintain field equipment in accordance with the manufacturer’s specifications. This 

will include, but is not limited to: 
• Verifying battery charge, calibration, and proper working order of field 

measurement equipment prior to initial mobilisation and daily during field 
efforts. 

• Inspecting sampling pump regularly and replace as warranted. 
• Inspecting quick-connects, seals, o-rings, etc. regularly and replace as 

warranted. 
• Where low flow sampling is considered from a direct push rig, reference should be 

made to SOP Direct Push Groundwater Sampling (FWGW-SOP-08).   

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-SOP-08-Direct%20Push%20Groundwater%20Sampling.docx
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STANDARD OPERATING PROCEDURE (FWSW-SOP-02) 

Surface Water Sampling - PFAS 

 Purpose 

This standard operating procedure (SOP) is applicable to the collection of representative liquid samples, both aqueous and non-aqueous 
from streams, rivers, lakes, ponds, lagoons, and surface impoundments. It includes samples collected from depth, as well as samples 
collected from the surface. 

This procedure is ONLY appropriate for the collection of samples from surface water bodies where Per and Poly Fluorinated Alkyl 
Substances (PFAS) are contaminants of concern. 

 Equipment and Materials 

a. Equipment and Materials to Avoid 

Sample vials should not have Teflon® lined bottles or caps. Preferably, the laboratory will provide demonstrated-clean containers for this 
particular analysis.  Coordinate with the laboratory to ensure they send the proper sampleware.   

When sampling for PFAS, avoid handling or using products that may contain PFAS (e.g. Tyvek suits, pre-packaged food, and blue ice), 
detailed below. The Western Australian Department of Environment Regulation (WA DER), January 2017, Interim Guideline on the 
Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances, also prohibits a number of items as detailed below. 
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Do Not Use Acceptable Alternative 

Fluoropolymer bailers of pump bladders Disposable Equipment, Dedicated Equipment (no PTFE parts) 

Fluoropolymer tubing, valves and other parts in pumps High-density polyethylene (HDPE) and silicon materials (i.e. tubing) 

LDPE HydraSleeves HDPE HydraSleeves 

Decon 90/other detergents and decontamination solutions  Alconox® and Liquinox® soap for decontamination, if needed. If 
possible follow water-only decontamination approach 

Decontamination water from the site Water used for the decontamination of sampling equipment will 
be laboratory certified “PFAS-free” water 

Glass containers (due to potential loss of analyte through 
adsorption) with lined lids 

Polypropylene or HDPE sample bottles fitted with an unlined (no 
PTFE), polypropylene or HDPE screw cap 

Waterproof paper, notebooks and labels Standard paper and labels 

Sharpies (acceptable by EPA checklist) Ball point pens 

Post-it notes/self-sticking labels None. Do not use  

Reusable chemical or gel ice packs (e.g. BlueIce®) Ice contained in plastic (polyethylene) bags (double bagged), 
secured to avoid meltwater from contracting sample containers, 
overnight shipping 

Aluminium foil Thin HDPE sheeting (commonly used as drop cloths for painting or 
home improvement) can be used 
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Do Not Use Acceptable Alternative 

New clothes  All field clothing to be washed a minimum of six times after 
purchase before using at the site. Do not wash clothes with fabric 
softeners  

Clothing/boots with stain-resistant, rain-resistant or 
waterproof coating 

Avoid sampling during rain if possible; polyethylene rain gear (e.g. 
disposable LDPE), vinyl, or polyvinyl chloride (PVC) clothing are 
acceptable. Wear steel-toed boots made with polyurethane and 
polyvinyl chloride (PVC) 

Coated Tyvek® clothing None. Use uncoated Tyvek clothing if necessary  

Fast food wrappers and containers/ Pre-wrapped foods and 
snacks (e.g. chocolate bars, energy bars, granola bars, 
potato chips etc.) 

Use rigid plastic containers, bags, or stainless steel containers for 
all food brought to site. Do not eat at sampling location and wash 
hands thoroughly afterwards  

Teflon®-containing or -coated field equipment (tubing, 
bailers, tape, plumbing paste, etc.) 

High density polyethylene (HDPE) or silicone tubing, and HDPE or 
polypropylene field equipment recommended 

Teflon®-lined lids on containers (e.g. sample containers, 
rinsate water storage containers) 

Polypropylene lids for sample containers and polypropylene or 
HDPE containers for rinsate 

Drilling fluid or lubricants containing PFAS Use of PFAS-free drilling fluids and lubricants 

Wearing/using personnel hygiene items (cosmetics, lotions, 
moisturisers) 

Do not wear 

Sunscreens, insect repellents Long sleeve, light coloured 100% cotton shirts, wide brimmed hats, 
products that are 100% natural ingredients, DEET, tuck pant legs 
into boots and/or boots and use duct tape* 
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* The following sunscreen and insect repellents are acceptable: 

• Alba Organics natural sunscreen, Yes to cucumbers, Aubrey Organics, Jason natural sun block, kiss my face, and baby sunscreens 
that are ‘free’ or ‘natural’; 

• Jason natural quit bugging me, Repel lemon eucalyptus insect repellent, Herbal armor, California baby natural bug spray, 
BabyGanics’; and 

• Sunscreen and insect repellent – Avon skin so soft bug guard plus – SPF 30 lotion 

 

b. Standard items required 

The following materials are required to undertake this procedure: 

• Sample containers (supplied by laboratory and suitable for PFAS sampling); 

• Appropriate field equipment (water quality meter); 

• Tablet with: 

o Environmental Logging Software (Surface Water Sampling Sheet [FWSW-FF-01]) 

o OneNote Project Template (EDGN-SOP-01 ) with: 

o Equipment Calibration Sheet (FWGW-FF-04)  

o Daily Investigation Diary (FWGN-FF-05) 

• Paper towels; 

• Esky with ice (reusable chemical or gel ice packs (e.g. BlueIce® NOT suitable). Ice should be double bagged in polyethylene bags; 

• Field notebook (waterproof books are NOT suitable) and ball point pens; and 

• Sampling equipment. 

 Procedures and Guidelines 

Surface water must be collected by: 

https://teams.ch2m.com/region/apr/_layouts/15/WopiFrame.aspx?sourcedoc=/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSW-FF-01-Surfacewater%20Sampling%20Sheet.xlsx&action=default
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/EDGN-SOP-01-OneNote%20Template.onepkg
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGW-FF-04-GW%20Equipment%20Calibration.xlsx?Web=1
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-FF-05-Daily%20Site%20Diary.xlsx
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• Using a new pair of fluorine-free nitrile gloves per sample location. 

• Inserting a capped sampling container (polypropylene or HDPE) with the opening pointing down to avoid the collection of surface 
films. 

• At the time of container opening, the container must be more than 10 centimetres (cm) from the sediment bed and more than 
10 cm below the surface water level and as close to the centre of the channel as possible, where practicable. 

• Point the container upstream so that gloved hands, sample container, and sampler are downstream of where sample is being 
collected.  

• Samples should not be filtered, if filtering is required for additional analysis, such as metals, this should be collected after the PFAS 
sample. 

• Collect a minimum volume of 250mL as recommended by USEPA (2009), or as specified by the laboratory. Sample volumes will vary 
based upon standard and low level detection limits. 

• Complete the shaker test: A small portion of the sample, between 10-25 mL should be shaken, to see if foam is present. Presence or 
absence of foam should be documented, including on the Chain of Custody record. 

When collecting surface water samples, either by wading in the water body or aboard a vessel body (waders or vessel must not contain 
PFAS), the sampling event should always start downstream and work upstream to avoid contaminating un-sampled areas within the 
water body by disturbing the sediment. 

When multiple chemical analyses are scheduled, fill the prescribed sample bottles in the following order: 

• PFAS 

• Field parameters 

• Once samples have been collected, the following procedure should be followed: 

• Record all appropriate data in the site logbook and on field data sheets. 

• Complete the Chain of Custody record. 

• Attach custody seals to cooler prior to shipment. 
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Water quality measurements such as dissolved oxygen, pH, temperature, conductivity, and oxidation- reduction potential can assist in 
the interpretation of analytical data and the selection of sampling sites and depths when surface water samples are collected. Record 
applicable water quality measurements on the Environmental Logging Software or Surface Water Sampling Sheet (FWSW-FF-01). 

 Sample Preservation 

Appropriate protocols should be followed as specified by the WA DER 2017 when preserving samples for transport to the laboratory: 

• During sample processing and storage, minimise sample exposure to light: 

• Use ice contained in polyethylene bags (double bagged) to maintain samples at 4°C following sample collection. Ice should be 
secured to avoid meltwater from contacting sample containers in the esky during overnight or same-day delivery to the analytical 
laboratory. 

 Decontamination 

The WA DER 2017 guidelines recommend against the reuse of sampling equipment at different locations. Materials containing PFASs 
must not be used for sampling. 

Decontamination of surface water equipment must: 

• Avoid the use of detergents. If required, Alconox® and Liquinox® soap can be used; 

• All equipment must be scrubbed with a plastic brush and rinsed thoroughly in tap water to clean away any debris or material on 
exposed surfaces; and.  

• Triple-rinsed in distilled or deionised water. 

WA DER 2017 also recommends the following for personnel decontamination: 

Prior to sampling, the sampling personnel should wash their hands with soap and rinse thoroughly in tap water before donning a clean, 
new pair of disposable nitrile gloves. A new pair of nitrile gloves should be worn for each sample collected. Additional hand washing prior 
to donning the new pair of gloves is necessary if the old pair of gloves was compromised or if the personnel’s ungloved hands touched 
items that may represent potential PFAS contamination (refer table above) since last being washed. 

https://teams.ch2m.com/region/apr/_layouts/15/WopiFrame.aspx?sourcedoc=/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSW-FF-01-Surfacewater%20Sampling%20Sheet.xlsx&action=default
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 Key Checks and Preventative Maintenance 

Generally, the deciding factors in the selection of a sampling device for sampling liquids in streams, rivers, lakes, ponds, lagoons, and 
impoundments are: 

• Will the sample be collected from shore or from a boat? 

• What is the desired depth at which you wish to collect the sample? 

• What is the overall depth and flow direction of river or stream? 

• What type of sample will be collected (i.e. water or lagoon liquids, or non-aqueous phase liquids [e.g. oils])? 

There are two primary interferences or potential problems associated with surface water sampling. These include cross contamination 
and improper sample collection. Cross contamination problems can be eliminated, or at least minimised, through the use of dedicated 
sampling equipment. If this is not possible or practical, then decontamination of sampling equipment is necessary.  Poor sampling quality 
can occur due to inadvertent substrate collection and sampling in an obviously disturbed area.  Following proper decontamination 
procedures and minimising disturbance of the sample site will help to eliminate these problems. 

Attempt to perform careful and non-turbulent sample collection of vials for PFAS analysis, and note, where appropriate; possible sources 
of contamination (i.e. active usage, high winds, etc.) and avoid where possible. 

 Additional Considerations 

The following considerations should be made when onsite: 

• Do not bring food or drink to site, except for bottled water and hydration drinks, such as Gatorade® and have available for 
consumption only in staging area. 

• When taking a break for food or drink, remove gloves and coveralls and move to appropriate location, downwind. When finished, 
tidy area and put on gloves and coveralls before returning to the work area. 

• Visitors should remain ~9 m from the sampling area. 

 Safety and Environment  

This section describes health, safety and environmental considerations for surface water sampling:  
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a. Health and Safety 

Hazards include, but are not limited to: 

• Manual handling injury associated with lifting and moving sampling equipment and samples – to mitigate ensure all loads are 
appropriate weight for lifting (<10 kg), use correct lifting posture by bending at the knees, ensure load is balanced and does not 
cause undue strain, wear sturdy boots and clothing, park field vehicle with equipment close to well to avoid multiple loading and 
uploading, do not over pack samples into eskies.  

• Injury associated with slips and trips – to mitigate keep a tidy workplace and step carefully around tubing, hosing and other 
equipment.   

• Hit by moving vehicle while sampling – to mitigate ensure sampling team wear high visibility clothing, set up traffic controls around 
sampling area, position site vehicle so that it provides a barrier from potential traffic.  

• Sunburn –to mitigate wear suitable clothing (including hat, trousers, long sleeved shirt), apply sunscreen regularly (refer to Section II 
for appropriate sunscreen brands).  

• Exposure to contaminated surface water – to mitigate handle water with care minimising splashing or spills, understand Safety Data 
Sheet (SDS) for particular contaminants, wear appropriate personal protective equipment (PPE) including gloves, waders (that do 
not contain PFAS), escalate PPE requirements if conditions change.   

• Exposure to biological hazards (including snakes, ants, mosquitoes, bees, poisonous plants) – to mitigate ensure sampling program is 
planned and access to all sampling points is cleared of excess vegetation, plan sampling events at suitable times where risk of 
biological hazard is reduced (mosquitoes may be less active in winter than summer), wear appropriate clothing and PPE (long 
sleeves, long pants, tuck pant legs into socks), make vibrations to alert snakes for example to your presence.  

• Working on or around water courses will require additional PPE which includes (but not limited to) a Type II personal floatation 
device (PFD) and never working alone.  

b. Environment 

Hazards include, but are not limited to: 

• Management of waste - if field screening deems it necessary all water removed is to be stored in drums until laboratory results 
confirm the water is not contaminated in accordance with Disposal or Fluids and Solids SOP (FWGN-SOP-03).  

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-03-Disposal%20of%20Fluids%20and%20Solids.docx
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• Environmental exposure to contaminated water – to mitigate ensure that purged water is appropriate managed in line with the 
project plans. A spill kit should be available in the field vehicle.  If necessary purged water should be placed into labelled drums 
which are securely sealed and appropriate stored.  

• Environmental spillage from toppling drum filled with purge water – to mitigate ensure all drums are tightly sealed and that drums 
are stored on even terrain in bunded/appropriate drum storage area.  
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STANDARD OPERATING PROCEDURE (FWSS-SOP-10) 

Sediment Sampling - PFAS 

I. Purpose 

This Standard Operating Procedure (SOP) provides general guidelines for the collection and handling of sediment samples. 

This procedure is ONLY appropriate for the collection of sediment samples where Per and Poly Fluorinated Alkyl Substances (PFAS) 
are contaminants of concern. 

II. Equipment and Materials 

a. Equipment and materials to avoid 

Sampling equipment that contacts sediment must not contain or be coated with Teflon® unless the Teflon® is internal to the equipment 
and does not contact the external environment. 

Equipment and materials used to collect sediment samples should not contain any fluorinated compounds, including 
polytetrafluoroethylene (e.g. Teflon®) or synthetic rubber with fluoropolymer elastomers (e.g., Viton®).  This includes trowels or 
equipment with coatings that would be in contact with the sediment sample.  

Sample jars should not have Teflon® lined caps. Example bottleware for PFAS analysis includes 50 mL polypropylene centrifuge tubes, 
such as those found at:  https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240 or high density polyethylene (HDPE) 
bottles with polypropyelene caps. Preferably, the laboratory will provide demonstrated-clean containers for this particular analysis.  
Coordinate with the laboratory to ensure they send the proper bottleware.   

When sampling for PFAS, avoid handling or using products that may contain PFAS (e.g. coated Tyvek suits, pre-packaged food, and blue 
ice), detailed below. The Western Australian Department of Environment Regulation (WA DER), January 2017, Interim Guideline on the 
Assessment and Management of Perfluoroalkyl and Polyfluoroalkyl Substances, also prohibits a number of items as detailed below. 

  

https://us.vwr.com/store/catalog/product.jsp?catalog_number=21008-240
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Do Not Use Acceptable Alternative 

Decon 90/other detergents and decontamination solutions  Alconox® and Liquinox® soap for decontamination, if needed. 
If possible follow water-only decontamination approach 

Decontamination water from the site Water used for the decontamination of sampling equipment 
will be laboratory certified “PFAS-free” water 

Glass containers (due to potential loss of analyte through 
adsorption) with lined lids 

Polypropylene or HDPE sample bottles fitted with an unlined 
(no PTFE), polypropylene or HDPE screw cap 

Waterproof paper, notebooks and labels Standard paper and labels 

Sharpies (acceptable by EPA checklist) Ball point pens 

Post-it notes/self-sticking labels None. Do not use  

Reusable chemical or gel ice packs (e.g. BlueIce®) Ice contained in plastic (polyethylene) bags (double bagged), 
secured to avoid meltwater from contracting sample 
containers, overnight shipping 

Aluminium foil Thin HDPE sheeting (commonly used as drop cloths for 
painting or home improvement) can be used 

New clothes  All field clothing to be washed a minimum of six times after 
purchase before using at the site. Do not wash clothes with 
fabric softeners  

Clothing/boots with stain-resistant, rain-resistant or 
waterproof coating 

Avoid sampling during rain if possible; polyethylene rain gear 
(e.g. disposable LDPE), vinyl, or polyvinyl chloride (PVC) 
clothing are acceptable. Wear steel-toed boots made with 
polyurethane and PVC 
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Do Not Use Acceptable Alternative 

Coated Tyvek® clothing None. Use uncoated Tyvek clothing if necessary 

Fast food wrappers and containers/ pre-wrapped foods and 
snacks (e.g. chocolate bars, energy bars, granola bars, 
potato chips etc.) 

Use rigid plastic containers, bags, or stainless steel containers 
for all food brought to site. Do not eat at sampling location 
and wash hands thoroughly afterwards 

Teflon®-containing or -coated field equipment (tubing, 
bailers, tape, plumbing paste, etc.) 

High density polyethylene (HDPE) or silicone tubing, and HDPE 
or polypropylene field equipment recommended 

Teflon®-lined lids on containers (e.g. sample containers, 
rinsate water storage containers) 

Polypropylene lids for sample containers and polypropylene or 
HDPE containers for rinsate 

Drilling fluid or lubricants containing PFAS Use of PFAS-free drilling fluids and lubricants 

Wearing/using personnel hygiene items (cosmetics, lotions, 
moisturisers) 

Do not wear 

Sunscreens, insect repellents Long sleeve, light coloured 100% cotton shirts, wide brimmed 
hats, products that are 100% natural ingredients, DEET, tuck 
pant legs into boots and/or boots and use duct tape* 

* The following sunscreen and insect repellents are acceptable: 

• Alba Organics natural sunscreen, Yes to cucumbers, Aubrey Organics, Jason natural sun block, kiss my face, and baby sunscreens 
that are ‘free’ or ‘natural’ 

• Jason natural quit bugging me, Repel lemon eucalyptus insect repellent, Herbal armor, California baby natural bug spray, 
BabyGanics’ 

• Sunscreen and insect repellent – Avon skin so soft bug guard plus – SPF 30 lotion 
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b. Standard items required  

The following materials are required to undertake this procedure: 

• Sample jars 

• Nitrile gloves 

• Stainless-steel trowel or sediment auger 

• Stainless-steel spatula to remove material from the sampling device 

• Stainless-steel pan 

• GPS unit 

• Measuring tape 

 
 Reference is also made to: 

• SOP Locating Sample Points (FWGN-SOP-09) 

• CSIRO (2005) Handbook for Sediment Quality Assessment 

III. Procedures and Guidelines 

Field personnel should wear nitrile gloves at all times while sampling, with a new pair for each sample. 

a. Surface Sediment 

Obtain the surface sediment sample by scooping the sediment using a stainless steel auger / trowel, starting from the surface and 
digging down to the required depth specified in the SAQP.  Empty the contents of the auger / trowel into a decontaminated stainless 
steel pan. Fill sample jars directly with the auger / trowel and cap immediately upon filling. Decontaminate the sampling equipment in 
accordance with Section IV.   

  

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-09-Locating%20Sample%20Points.docx
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b. Sub-Surface Sediment 

To facilitate core sampling, measure the length of the auger head/sediment corer and mark 10 centimetre (cm) intervals with a marker 
(must be in accordance with the EPA checklist) along the auger extension. Auger down to the required depth of the first sample as 
specified in the SAQP. Empty the contents of the auger scoop into a decontaminated stainless steel pan. Fill sample jars directly with the 
auger scoop and cap immediately upon filling. Decontaminate the sampling equipment in accordance with Section IV.   

The lithology of the soil should be accurately described on a borelog (FWSL-FF-01). The location of the sampling point should be 
recorded in the GPS unit if designated by the SAQP according to FWGN-SOP-09.   

To the extent possible, replace surface and attempt to return appearance of the sampling area to its pre-sampled condition.   

IV. Sample preservation 

Appropriate protocols should be followed as specified by WA DER 2017 when preserving samples for transport to the laboratory: 

• During sample processing and storage, minimise sample exposure to light. 

• Use ice contained in polyethylene bags (double bagged) to maintain samples at 4°C following sample collection. Ice should be 
secured to avoid meltwater from contacting sample containers in the esky during overnight or same-day delivery to the analytical 
laboratory. 

V. Decontamination 

The WA DER 2017 guidelines recommend against the reuse of sampling equipment at different locations. Materials containing PFASs 
must not be used for sampling.  

Decontamination of sampling equipment must: 

• Avoid the use of detergents, if required use Alconox® and Liquinox® soaps.  

• All equipment must be scrubbed with a plastic brush and rinsed thoroughly in tap water to clean away any debris or material on 
exposed surfaces.  

• Triple-rinse in distilled or deionised water. 

WA DER 2017 also recommends the following for personnel decontamination: 

https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWSL-FF-01-Soil%20Borelog.xlsx
https://teams.ch2m.com/region/apr/EN%20Fieldwork%20Forms%20%20Procedures/FWGN-SOP-09-Locating%20Sample%20Points.docx
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Prior to sampling, the sampling personnel should wash their hands with soap and rinse thoroughly in tap water before donning a clean, 
new pair of disposable nitrile gloves. A new pair of nitrile gloves should be worn for each sample collected. Additional hand washing prior 
to donning the new pair of gloves is necessary if the old pair of gloves was compromised or if the personnel’s ungloved hands touched 
items that may represent potential PFAS contamination (refer table above) since last being washed. 

VI. Attachments 

None 

VII. Key Checks and Preventative Maintenance 

• Ensure all reusable sampling equipment is decontaminated prior to commencing any fieldworks and between sampling locations. 

• Transfer soils for volatile analysis immediately from hand auger or sampling equipment, samples being analysed for volatile 
contaminants are not homogenised. 

• Decontaminate equipment before reuse, or use dedicated disposable equipment. 

• All materials generated during sampling (debris, PPE, decontamination liquids, etc.) should be placed in a 220 litre (44 gallon) drum 
or roll-off bin for storage pending analysis and disposal off-site.  

VIII. Additional Considerations 

The following considerations should be made when onsite: 

• Do not bring food or drink to site, except for bottle water and hydration drinks, such as Gatorade® and available for consumption 
only in staging area. 

• When taking a break for food or drink, remove gloves and coveralls and move to appropriate location, downwind. When finished, 
tidy area and put on gloves and coveralls before returning to the work area. 

• Visitors should remain ~9 m from the sampling area. 
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Holsworthy PFAS Investigation 

Standard Operating Procedure – Edible Biota Sampling for PFAS Analysis 

The following SOP outlines the method for collection of edible species for the purposes of PFAS suite analysis: 

Sample Collection – General 

 Use a new pair of nitrile gloves for each sample. 

 If cutting implements are used to obtain samples the cutting implement is to be decontaminated as per 
decontamination procedures in the SAQP between sample locations. 

 Use PFAS‐free sample bags provided by the laboratory and double bag each sample. 

 Each sample should be labelled with a biro – do not use a permanent marker 

 The mass of each sample is to be 200 g. The mass of each sample is to be weighed and recorded.  

 Samplers should wear appropriate clothing avoiding exposure to materials, such as 3M Scotchlite 
reflective strips and potentially PFAS‐containing repellent materials, such as 3M Rainbird coats and pants. 

 Transport under Chain of Custody (COC) conditions, to the testing laboratory, which should include the 
use of a chilled, insulated container. In the case of eggs, use a cardboard egg carton to ensure the safety of 
each egg – do not write on the egg shell. 

 When sampling from a garden / irrigated cropping area – collect at least 1 sample of produce from the 
lowest point where water may accumulate (if relevant to the property). 

Sample Collection – Labels 

 Label each sample as follows: 

 Primary samples: 0382_Property ID Number_B01 (e.g. 0861_05_B01, 0861_05_B02 and so on). 

 Duplicates/Triplicates: 0382_B_QC101_180710, and so on 

Sample Collection – Fresh Produce 

 Collect the largest/ripest specimens of produce grown 

 Do not wash produce or peel produce 

 Record the location of each sample collected on a plan 

Sample Collection – Frozen, Cooked, Dried Produce 

 Collect 200 g of samples of any frozen (stewed fruits), dried produce (e.g. hay) 

 Record the location of where the produce came from on a plan. 

Sample Collection – Eggs 

 Collect samples of any eggs grown on property (chicken/duck) 

 Collect up to 3 eggs (if available; 1 egg is the minimum) 

 Record how many chickens are in the coup, the water source for the chickens and what the chickens are 
observed to eat (scraps, grain, grass etc).  

 Record the location of the chicken coup on a plan 

Sample Collection – Animal Feed 

 Collect 200 g of samples of any animal feed used (e.g. chicken feed, cattle feed). 

 Record the product name and batch of the produce used. If the bag is available, take a photo of the 
ingredient list.  

 Samples are to be collected direct from feed container used (not the ground) 
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Holsworthy PFAS Investigation 

Property Field Form – Edible Biota Sampling for PFAS Analysis 

 

Property ID/ 

Address:___________________________________________________________________________ 

Property Boundary: confirm on property plan 

 

Source of water used to irrigate produce:    

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Note: if bore mark location of bore on plan. If water from creek or river used mark location of off‐take on plan                  

Produce Grown / Produce Consumed / Produce Sold:  

(if available, include details of when consumed, how much, how often, by whom) 

 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

Produce Sampled: 

 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 
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Property Notes  

(may include observations such as empty chicken coup or disused orchard or vegetable garden bed) 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 
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Sample ID  Sample Type  Sample Mass (g) 
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Sample ID  Sample Type  Sample Mass (g) 
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 Appendix G – Photographic Log 
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Photograph 1: Geoprobe drill rig positioned at MW133 (Collie Court, Wattle Grove NSW) 

 

Photograph 2: Red/grey dry, firm to stiff clays at MW133 



 Appendix G – Photographic Log 
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Photograph 3: Equipment set up for triple wash system for decontamination of reusable equipment 
(hand auger) (Collie Court, Wattle Grove NSW) 

 

Photograph 4: Drillers sealing the flush gatic at perched groundwater well MW133 
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Photograph 5: Location of MW134 with Liverpool Fire Station visible in the background (Delfin 
Drive, Wattle Grove NSW) 

 

Photograph 6: Location of MW134 facing Anzac Road (Delfin Drive, Wattle Grove NSW) 



 Appendix G – Photographic Log 

694861 CH2M HILL AUSTRALIA PTY LTD 4 

 

Photograph 7: Variation of clays from MW136 (Glenelg Court, Wattle Grove NSW) 

 

Photograph 8: Perched groundwater well MW136 facing residential properties (looking south with 
Glenelg Court to north) 



 Appendix G – Photographic Log 

694861 CH2M HILL AUSTRALIA PTY LTD 5 

 

Photograph 9: Perched groundwater well MW133 facing residential properties (looking south with 
Collie Court to north). Service locator markings visible on the grass in the background 

 

Photograph 10: Tomatoes 
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Photograph 11: Birdseye Chilli 

 

Photograph 12: Moringa 
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Photograph 13: Mango tree 

 

Photograph 14: Rosemary 
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Photograph 15: Thyme, spinach strawberries and curry leaves sampled 

 

Photograph 16: Pumpkin and Spring Onions 
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Photograph 17: Red Cabbage and Mint 

 

Photograph 18: Lemon 
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Photograph 19: Mandarin 

 

Photograph 20: Olives 
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Helen Simpson

From: Lumsden, Ben <Ben.Lumsden@jacobs.com>
Sent: Wednesday, 23 December 2020 1:42 PM
To: Helen Simpson
Cc: Langgons, Derek
Subject: [EXTERNAL] - Re: ALS Workorder ES2045284, Client SINKNI, Project NSW_0382_PFAS

CAUTION: This email originated from outside of ALS. Do not click links or open attachments unless you recognize the sender and are sure content is relevant to you. 

Hi Helen, 
 
Thank you for your email. 
 
Yes, the handwritten samples also need to be analysed for the full PFAS suite (28 analytes) as well please. 
 
Kind Regards, 
Ben 
 
 

From: Helen Simpson <helen.simpson@alsglobal.com> 
Sent: Monday, 21 December 2020, 12:42 
To: Lumsden, Ben 
Subject: [EXTERNAL] ALS Workorder ES2045284, Client SINKNI, Project NSW_0382_PFAS 
 
 
Hi Ben, 
  
For the attached COC, please note the extra samples received that are handwritten at the end of the COC. These are currently on hold. Please let me know if they need to 
be tested. 
  
Kind Regards, 
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Helen Simpson 
Sample Admin, Environmental 
Sydney 

 

T +61 2 8784 8555 
F +61 2 8784 8500 
helen.simpson@alsglobal.com 
277-289 Woodpark Road 
Smithfield NSW 2164 AUSTRALIA 

Subscribe     

  
We are keen for your feedback! Please click here for your 3 minute survey 
EnviroMail™ 00 – All EnviroMails™ in one convenient library. 
Recent releases (click to access directly): 
EnviroMail™ 127 – Bacterial Diversity Profiling in NGS 
EnviroMail™ 128 – Revised PFAS Bottle Requirements 
  

 
  
Right Solutions • Right Partner 
www.alsglobal.com 
  
  
 
 

 
NOTICE - This communication may contain confidential and privileged information that is for the sole use of the intended recipient. Any viewing, copying or distribution of, or reliance on this message by 
unintended recipients is strictly prohibited. If you have received this message in error, please notify us immediately by replying to the message and deleting it from your computer. 



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 11ES2045284-AH

:Amendment 4
:: LaboratoryClient JACOBS GROUP (AUSTRALIA) PTY LTD Environmental Division Sydney

: :ContactContact BEN LUMSDEN Tyler Anderson

:: AddressAddress 177 Pacific Highway

North Sydney  2060

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 07 3026 7323 :Telephone +61 2 8784 8555

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020 17:00

:Order number 1762 Date Analysis Commenced : 21-Dec-2020

:C-O-C number ---- Issue Date : 13-Apr-2021 14:28

Sampler : Derek Langgons

Site : ----

Quote number : EN/222

18:No. of samples received

18:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Surrogate Control Limits

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Alex Rossi Organic Chemist Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES2045284-AH Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Amendment (08/02/2021): This report has been amended to add sample #21 into subreport AA.  All analysis results are as per the previous reportl

Amendment (30/03/2021): This report has been amended as a remove sample #1 and #21 from the split reports.  All analysis results are as per the previous report.l

Amendment (13/01/2021): This report has been amended to alter thes ample IDs and split the report.  All analysis results are as per the previous report.l

Amendment (13/04/2021): This report has been amended to alter the subreports.  All analysis results are as per the previous report.l

EP231X (Biota): ALS NATA accreditation for PFAS in Biota covers all Perfluoroalkyl Sulfonic Acids, Perfluoroalkyl Carboxylic Acids and (n:2) Fluorotelomer Sulfonic Acids in fish (whole and muscle), plants and 

vegetable matrices, with the exception PFBA (fish only), EtFOSA, MeFOSE, EtFOSE, MeFOSAA, EtFOSAA.

l

EP231: Stable isotope enriched internal standards are added to samples prior to extraction.  Target compounds have a direct analogous internal standard with the exception of PFPeS, PFHpA, PFDS, PFTrDA and 

10:2 FTS.  These compounds use an internal standard that is chemically related and has a retention time close to that of the target compound.  The DQO for internal standard response is 50-150% of that 

established at initial calibration.  PFOS is quantified using a certified, traceable standard consisting of linear and branched PFOS isomers. These practices are in line with recommendations in the National 

Environmental Management Plan for PFAS (Australian HEPA) and also conform to QSM 5.3 (US DoD) requirements.

l
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NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_BIOTFL019_201

218

0382_BIOTFL018_201

218

0382_BIOTFL017_201

218

0382_BIOTFL016_201

218

0382_BIOTFL015_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-006ES2045284-005ES2045284-004ES2045284-003ES2045284-002UnitLORCAS NumberCompound

Result Result Result Result Result

Biota Sample Pre-Preparation

tomatoø plant plant chilli eggplant-------Sample Description

25.8ø 2.4 3.5 4.3 13.3g0.1----Weight of Sample Prepared

EP231A: Perfluoroalkyl Sulfonic Acids

<1Perfluorobutane sulfonic acid 

(PFBS)

<1 <1 <1 <1µg/kg1375-73-5

<1Perfluoropentane sulfonic acid 

(PFPeS)

<1 <1 <1 <1µg/kg12706-91-4

<1Perfluorohexane sulfonic acid 

(PFHxS)

<1 <1 <1 <1µg/kg1355-46-4

<1Perfluoroheptane sulfonic acid 

(PFHpS)

<1 <1 <1 <1µg/kg1375-92-8

<1Perfluorooctane sulfonic acid 

(PFOS) - Linear

<1 <1 <1 <1µg/kg12795-39-3

<1 <1 <1 <1 <1µg/kg1----Perfluorooctane sulfonic acid (PFOS) - 

Branched

<1Perfluorooctane sulfonic acid 

(PFOS)

<1 <1 <1 <1µg/kg11763-23-1

<2Perfluorodecane sulfonic acid 

(PFDS)

<2 <2 <2 <2µg/kg2335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<5Perfluorobutanoic acid (PFBA) <5 <5 <5 <5µg/kg5375-22-4

<2Perfluoropentanoic acid (PFPeA) <2 <2 <2 <2µg/kg22706-90-3

<1Perfluorohexanoic acid (PFHxA) <1 <1 <1 <1µg/kg1307-24-4

<1Perfluoroheptanoic acid (PFHpA) <1 <1 <1 <1µg/kg1375-85-9

<1Perfluorooctanoic acid (PFOA) <1 <1 <1 <1µg/kg1335-67-1

<1Perfluorononanoic acid (PFNA) <1 <1 <1 <1µg/kg1375-95-1

<1Perfluorodecanoic acid (PFDA) <1 <1 <1 <1µg/kg1335-76-2

<1Perfluoroundecanoic acid 

(PFUnDA)

<1 <1 <1 <1µg/kg12058-94-8

<2Perfluorododecanoic acid 

(PFDoDA)

<2 <2 <2 <2µg/kg2307-55-1

<2Perfluorotridecanoic acid 

(PFTrDA)

<2 <2 <2 <2µg/kg272629-94-8

<2Perfluorotetradecanoic acid 

(PFTeDA)

<2 <2 <2 <2µg/kg2376-06-7
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JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_BIOTFL019_201

218

0382_BIOTFL018_201

218

0382_BIOTFL017_201

218

0382_BIOTFL016_201

218

0382_BIOTFL015_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-006ES2045284-005ES2045284-004ES2045284-003ES2045284-002UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides

<5Perfluorooctane sulfonamide 

(FOSA)

<5 <5 <5 <5µg/kg5754-91-6

<5N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<5 <5 <5 <5µg/kg531506-32-8

<2N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<2 <2 <2 <2µg/kg24151-50-2

<2N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<2 <2 <2 <2µg/kg224448-09-7

<2N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<2 <2 <2 <2µg/kg21691-99-2

<1N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<1 <1 <1 <1µg/kg12355-31-9

<1N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<1 <1 <1 <1µg/kg12991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<24:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<2 <2 <2 <2µg/kg2757124-72-4

<26:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<2 <2 <2 <2µg/kg227619-97-2

<28:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<2 <2 <2 <2µg/kg239108-34-4

<210:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<2 <2 <2 <2µg/kg2120226-60-0

EP231P: PFAS Sums

<1^ <1 <1 <1 <1µg/kg1----Sum of PFAS

EP231S:  PFAS Surrogate

112 103 110 102 116%1----13C4-PFOS

98.5 97.5 104 97.5 105%1----13C8-PFOA
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Work Order :

:Client

ES2045284-AH Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

--------0382_BIOTFL022_201

218

0382_BIOTFL021_201

218

0382_BIOTFL020_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

--------18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

----------------ES2045284-009ES2045284-008ES2045284-007UnitLORCAS NumberCompound

Result Result Result ---- ----

Biota Sample Pre-Preparation

mintø parsely plant ---- -----------Sample Description

3.2ø 2.8 4.8 ---- ----g0.1----Weight of Sample Prepared

EP231A: Perfluoroalkyl Sulfonic Acids

<1Perfluorobutane sulfonic acid 

(PFBS)

<1 <1 ---- ----µg/kg1375-73-5

<1Perfluoropentane sulfonic acid 

(PFPeS)

<1 <1 ---- ----µg/kg12706-91-4

<1Perfluorohexane sulfonic acid 

(PFHxS)

<1 <1 ---- ----µg/kg1355-46-4

<1Perfluoroheptane sulfonic acid 

(PFHpS)

<1 <1 ---- ----µg/kg1375-92-8

<1Perfluorooctane sulfonic acid 

(PFOS) - Linear

<1 <1 ---- ----µg/kg12795-39-3

<1 <1 <1 ---- ----µg/kg1----Perfluorooctane sulfonic acid (PFOS) - 

Branched

<1Perfluorooctane sulfonic acid 

(PFOS)

<1 <1 ---- ----µg/kg11763-23-1

<2Perfluorodecane sulfonic acid 

(PFDS)

<2 <2 ---- ----µg/kg2335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<5Perfluorobutanoic acid (PFBA) 26 <5 ---- ----µg/kg5375-22-4

<2Perfluoropentanoic acid (PFPeA) 105 <2 ---- ----µg/kg22706-90-3

<1Perfluorohexanoic acid (PFHxA) 19 <1 ---- ----µg/kg1307-24-4

<1Perfluoroheptanoic acid (PFHpA) <1 <1 ---- ----µg/kg1375-85-9

<1Perfluorooctanoic acid (PFOA) <1 <1 ---- ----µg/kg1335-67-1

<1Perfluorononanoic acid (PFNA) <1 <1 ---- ----µg/kg1375-95-1

<1Perfluorodecanoic acid (PFDA) <1 <1 ---- ----µg/kg1335-76-2

<1Perfluoroundecanoic acid 

(PFUnDA)

<1 <1 ---- ----µg/kg12058-94-8

<2Perfluorododecanoic acid 

(PFDoDA)

<2 <2 ---- ----µg/kg2307-55-1

<2Perfluorotridecanoic acid 

(PFTrDA)

<2 <2 ---- ----µg/kg272629-94-8

<2Perfluorotetradecanoic acid 

(PFTeDA)

<2 <2 ---- ----µg/kg2376-06-7
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Work Order :

:Client

ES2045284-AH Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

--------0382_BIOTFL022_201

218

0382_BIOTFL021_201

218

0382_BIOTFL020_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

--------18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

----------------ES2045284-009ES2045284-008ES2045284-007UnitLORCAS NumberCompound

Result Result Result ---- ----

EP231C: Perfluoroalkyl Sulfonamides

<5Perfluorooctane sulfonamide 

(FOSA)

<5 <5 ---- ----µg/kg5754-91-6

<5N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<5 <5 ---- ----µg/kg531506-32-8

<2N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<2 <2 ---- ----µg/kg24151-50-2

<2N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<2 <2 ---- ----µg/kg224448-09-7

<2N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<2 <2 ---- ----µg/kg21691-99-2

<1N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<1 <1 ---- ----µg/kg12355-31-9

<1N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<1 <1 ---- ----µg/kg12991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<24:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<2 <2 ---- ----µg/kg2757124-72-4

<26:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<2 <2 ---- ----µg/kg227619-97-2

<28:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<2 <2 ---- ----µg/kg239108-34-4

<210:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<2 <2 ---- ----µg/kg2120226-60-0

EP231P: PFAS Sums

<1^ 150 <1 ---- ----µg/kg1----Sum of PFAS

EP231S:  PFAS Surrogate

107 94.5 115 ---- ----%1----13C4-PFOS

104 102 106 ---- ----%1----13C8-PFOA
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Work Order :

:Client

ES2045284-AH Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_SS006_2012180382_SS002_2012180382_SS004_2012180382_SS010_2012180382_SS007_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-026ES2045284-025ES2045284-024ES2045284-023ES2045284-022UnitLORCAS NumberCompound

Result Result Result Result Result

EA055: Moisture Content (Dried @ 105-110°C)

14.1 20.8 10.2 17.6 15.6%0.1----Moisture Content

EP231A: Perfluoroalkyl Sulfonic Acids

<0.0002Perfluorobutane sulfonic acid 

(PFBS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-73-5

<0.0002Perfluoropentane sulfonic acid 

(PFPeS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022706-91-4

0.0020Perfluorohexane sulfonic acid 

(PFHxS)

0.0004 0.0027 0.0005 0.0009mg/kg0.0002355-46-4

<0.0002Perfluoroheptane sulfonic acid 

(PFHpS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-92-8

0.0235Perfluorooctane sulfonic acid 

(PFOS)

0.0064 0.0142 0.0071 0.0116mg/kg0.00021763-23-1

0.0018Perfluorodecane sulfonic acid 

(PFDS)

<0.0002 0.0012 0.0003 0.0007mg/kg0.0002335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.001Perfluorobutanoic acid (PFBA) <0.001 <0.001 <0.001 <0.001mg/kg0.001375-22-4

0.0004Perfluoropentanoic acid (PFPeA) <0.0002 <0.0002 <0.0002 0.0002mg/kg0.00022706-90-3

0.0008Perfluorohexanoic acid (PFHxA) <0.0002 0.0006 <0.0002 0.0003mg/kg0.0002307-24-4

<0.0002Perfluoroheptanoic acid (PFHpA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-85-9

0.0003Perfluorooctanoic acid (PFOA) 0.0002 0.0003 <0.0002 0.0002mg/kg0.0002335-67-1

<0.0002Perfluorononanoic acid (PFNA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-95-1

<0.0002Perfluorodecanoic acid (PFDA) 0.0002 0.0002 <0.0002 0.0004mg/kg0.0002335-76-2

0.0003Perfluoroundecanoic acid 

(PFUnDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022058-94-8

0.0003Perfluorododecanoic acid 

(PFDoDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002307-55-1

<0.0002Perfluorotridecanoic acid 

(PFTrDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.000272629-94-8

<0.0005Perfluorotetradecanoic acid 

(PFTeDA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.0002Perfluorooctane sulfonamide 

(FOSA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002754-91-6

<0.0005N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000531506-32-8
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JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_SS006_2012180382_SS002_2012180382_SS004_2012180382_SS010_2012180382_SS007_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-026ES2045284-025ES2045284-024ES2045284-023ES2045284-022UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.0005N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00054151-50-2

<0.0005N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000524448-09-7

<0.0005N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00051691-99-2

<0.0002N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022355-31-9

<0.0002N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.00054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005757124-72-4

<0.00056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000527619-97-2

<0.00058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000539108-34-4

<0.000510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005120226-60-0

EP231P: PFAS Sums

0.0294 0.0072 0.0192 0.0079 0.0143mg/kg0.0002----Sum of PFAS

0.0255Sum of PFHxS and PFOS 0.0068 0.0169 0.0076 0.0125mg/kg0.0002355-46-4/1763-23-

1

0.0270 0.0070 0.0178 0.0076 0.0132mg/kg0.0002----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

86.0 109 95.5 96.0 104%0.0002----13C4-PFOS

108 120 112 113 116%0.0002----13C8-PFOA
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Analytical Results

0382_SS012_2012180382_SS011_2012180382_SS003_2012180382_SS001_2012180382_SS008_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-031ES2045284-030ES2045284-029ES2045284-028ES2045284-027UnitLORCAS NumberCompound

Result Result Result Result Result

EA055: Moisture Content (Dried @ 105-110°C)

13.3 11.0 8.4 6.6 10.3%0.1----Moisture Content

EP231A: Perfluoroalkyl Sulfonic Acids

<0.0002Perfluorobutane sulfonic acid 

(PFBS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-73-5

<0.0002Perfluoropentane sulfonic acid 

(PFPeS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022706-91-4

0.0004Perfluorohexane sulfonic acid 

(PFHxS)

0.0010 0.0013 0.0005 0.0008mg/kg0.0002355-46-4

<0.0002Perfluoroheptane sulfonic acid 

(PFHpS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-92-8

0.0061Perfluorooctane sulfonic acid 

(PFOS)

0.0084 0.0100 0.0096 0.0075mg/kg0.00021763-23-1

<0.0002Perfluorodecane sulfonic acid 

(PFDS)

0.0004 0.0005 <0.0002 <0.0002mg/kg0.0002335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.001Perfluorobutanoic acid (PFBA) <0.001 <0.001 <0.001 <0.001mg/kg0.001375-22-4

0.0009Perfluoropentanoic acid (PFPeA) 0.0034 0.0003 <0.0002 <0.0002mg/kg0.00022706-90-3

0.0005Perfluorohexanoic acid (PFHxA) 0.0038 0.0003 <0.0002 <0.0002mg/kg0.0002307-24-4

<0.0002Perfluoroheptanoic acid (PFHpA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-85-9

<0.0002Perfluorooctanoic acid (PFOA) <0.0002 0.0003 <0.0002 <0.0002mg/kg0.0002335-67-1

<0.0002Perfluorononanoic acid (PFNA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-95-1

0.0003Perfluorodecanoic acid (PFDA) 0.0002 0.0003 <0.0002 <0.0002mg/kg0.0002335-76-2

<0.0002Perfluoroundecanoic acid 

(PFUnDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022058-94-8

<0.0002Perfluorododecanoic acid 

(PFDoDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002307-55-1

<0.0002Perfluorotridecanoic acid 

(PFTrDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.000272629-94-8

<0.0005Perfluorotetradecanoic acid 

(PFTeDA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.0002Perfluorooctane sulfonamide 

(FOSA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002754-91-6

<0.0005N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000531506-32-8
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Analytical Results

0382_SS012_2012180382_SS011_2012180382_SS003_2012180382_SS001_2012180382_SS008_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-031ES2045284-030ES2045284-029ES2045284-028ES2045284-027UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.0005N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00054151-50-2

<0.0005N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000524448-09-7

<0.0005N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00051691-99-2

<0.0002N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022355-31-9

<0.0002N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.00054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005757124-72-4

<0.00056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000527619-97-2

<0.00058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000539108-34-4

<0.000510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005120226-60-0

EP231P: PFAS Sums

0.0082 0.0172 0.0130 0.0101 0.0083mg/kg0.0002----Sum of PFAS

0.0065Sum of PFHxS and PFOS 0.0094 0.0113 0.0101 0.0083mg/kg0.0002355-46-4/1763-23-

1

0.0079 0.0166 0.0122 0.0101 0.0083mg/kg0.0002----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

98.5 95.0 110 94.0 115%0.0002----13C4-PFOS

110 109 112 112 114%0.0002----13C8-PFOA



11 of 11:Page

Work Order :

:Client

ES2045284-AH Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: BIOTA

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 50 130

13C8-PFOA ---- 50 130

Recovery Limits (%)Sub-Matrix: SOIL

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120
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QUALITY CONTROL REPORT
Work Order : ES2045284-AH Page : 1 of 11

:Amendment 4

:: LaboratoryClient Environmental Division SydneyJACOBS GROUP (AUSTRALIA) PTY LTD

:Contact BEN LUMSDEN :Contact Tyler Anderson

:Address 177 Pacific Highway

North Sydney  2060

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone 07 3026 7323 +61 2 8784 8555:Telephone

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020

:Order number 1762 Date Analysis Commenced : 21-Dec-2020

:C-O-C number ---- Issue Date : 13-Apr-2021

Sampler : Derek Langgons

Site : ----

Quote number : EN/222

No. of samples received 18:

No. of samples analysed 18:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Alex Rossi Organic Chemist Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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NSW_0382_PFAS:Project

General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: BIOTA Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3432819)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-001

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-011

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <2 <2 0.00 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3432819)

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 <5 0.00 No Limit

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-011
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Sub-Matrix: BIOTA Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3432819)  - continued

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-011

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 <5 0.00 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3432819)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <5 <5 0.00 No LimitAnonymous ES2045284-001

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 2 µg/kg <5 <5 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <5 <5 0.00 No LimitAnonymous ES2045284-011

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 2 µg/kg <5 <5 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 2 µg/kg <2 <2 0.00 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3432819)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 2 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001
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EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3432819)  - continued

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 2 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 2 µg/kg <2 <2 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 2 µg/kg <2 <2 0.00 No Limit

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 2 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-011

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 2 µg/kg <2 <2 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 2 µg/kg <2 <2 0.00 No Limit

EP231P: PFAS Sums  (QC Lot: 3432819)

EP231X: Sum of PFAS ---- 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-001

EP231X: Sum of PFAS ---- 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-011

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 3444276)

EA055: Moisture Content ---- 0.1 % 20.5 21.6 5.59 0% - 20%Anonymous EP2014138-015

EA055: Moisture Content ---- 0.1 % 13.3 13.8 3.76 0% - 20%0382_SS008_201218 ES2045284-027

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3447150)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg 0.0019 0.0017 9.82 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg 0.0134 0.0126 6.03 0% - 20%

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg 0.0018 0.0015 14.1 No Limit

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit0382_SS012_201218 ES2045284-031

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg 0.0008 0.0007 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg 0.0075 0.0089 17.6 0% - 20%

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3447150)

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg 0.0003 0.0003 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg 0.0003 0.0003 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit
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EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3447150)  - continued

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg 0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 <0.001 0.00 No Limit

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit0382_SS012_201218 ES2045284-031

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 <0.001 0.00 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3447150)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg 0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit0382_SS012_201218 ES2045284-031

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit
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EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3447150)  - continued

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit0382_SS012_201218 ES2045284-031

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3447150)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No LimitAnonymous ES2045284-021

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit0382_SS012_201218 ES2045284-031

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit
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Method Blank (MB) and Laboratory Control Sample (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: BIOTA Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3432819)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 1025 µg/kg 12872.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 1005 µg/kg 12373.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 94.05 µg/kg 13067.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 1185 µg/kg 13270.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 1155 µg/kg 13668.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <1 1145 µg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3432819)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 88.725 µg/kg 13571.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <1 75.65 µg/kg 13269.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 1115 µg/kg 13270.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 88.05 µg/kg 13171.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 1095 µg/kg 13369.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 1135 µg/kg 12972.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 1155 µg/kg 13369.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 1135 µg/kg 13664.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <1 1055 µg/kg 13569.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <1 98.85 µg/kg 13966.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 86.912.5 µg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <1 1165 µg/kg 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 2 µg/kg <2 10012.5 µg/kg 10588.1

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 2 µg/kg <2 11512.5 µg/kg 14481.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 2 µg/kg <2 10812.5 µg/kg 13584.7

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 2 µg/kg <2 10212.5 µg/kg 15020.5

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 1 µg/kg <1 97.65 µg/kg 14463.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 1 µg/kg <1 84.45 µg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 2 µg/kg <2 96.85 µg/kg 14562.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 2 µg/kg <2 1075 µg/kg 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 2 µg/kg <2 96.45 µg/kg 13765.0
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Sub-Matrix: BIOTA Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)  - continued

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 2 µg/kg <2 99.65 µg/kg 13093.4

EP231P: PFAS Sums  (QCLot: 3432819)

EP231X: Sum of PFAS ---- 1 µg/kg <1 -------- --------

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3447150)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 1140.00125 mg/kg 12872.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 1060.00125 mg/kg 12373.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg <0.0002 1070.00125 mg/kg 13067.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13270.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg <0.0002 1050.00125 mg/kg 13668.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg <0.0002 1140.00125 mg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3447150)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 95.70.00625 mg/kg 13571.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg <0.0002 1000.00125 mg/kg 13269.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg <0.0002 1180.00125 mg/kg 13270.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 1070.00125 mg/kg 13171.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg <0.0002 1180.00125 mg/kg 13369.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 1130.00125 mg/kg 12972.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg <0.0002 1110.00125 mg/kg 13369.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg <0.0002 1170.00125 mg/kg 13664.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg <0.0002 1130.00125 mg/kg 13569.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 1010.00125 mg/kg 13966.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 95.80.00312 mg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.0005 mg/kg <0.0005 1140.00312 mg/kg 12971.6

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.0005 mg/kg <0.0005 1080.00312 mg/kg 13169.8

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 1220.00312 mg/kg 13068.7

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 1140.00312 mg/kg 13465.1

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 1100.00125 mg/kg 14463.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)  - continued

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.0005 mg/kg <0.0005 98.00.00125 mg/kg 14562.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.0005 mg/kg <0.0005 99.20.00125 mg/kg 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.0005 mg/kg <0.0005 1170.00125 mg/kg 13765.0

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.0005 mg/kg <0.0005 1160.00125 mg/kg 14369.2

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: BIOTA Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3432819)

0382_BIOTFL015_201218 ES2045284-002 375-73-5EP231X: Perfluorobutane sulfonic acid (PFBS) 94.45 µg/kg 12872.0

2706-91-4EP231X: Perfluoropentane sulfonic acid (PFPeS) 99.65 µg/kg 12373.0

355-46-4EP231X: Perfluorohexane sulfonic acid (PFHxS) 94.05 µg/kg 13067.0

375-92-8EP231X: Perfluoroheptane sulfonic acid (PFHpS) 1075 µg/kg 13270.0

1763-23-1EP231X: Perfluorooctane sulfonic acid (PFOS) 1245 µg/kg 13668.0

335-77-3EP231X: Perfluorodecane sulfonic acid (PFDS) 97.65 µg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3432819)

0382_BIOTFL015_201218 ES2045284-002 375-22-4EP231X: Perfluorobutanoic acid (PFBA) 92.925 µg/kg 13571.0

2706-90-3EP231X: Perfluoropentanoic acid (PFPeA) 86.85 µg/kg 13269.0

307-24-4EP231X: Perfluorohexanoic acid (PFHxA) 1185 µg/kg 13270.0

375-85-9EP231X: Perfluoroheptanoic acid (PFHpA) 90.45 µg/kg 13171.0

335-67-1EP231X: Perfluorooctanoic acid (PFOA) 1095 µg/kg 13369.0

375-95-1EP231X: Perfluorononanoic acid (PFNA) 1105 µg/kg 12972.0

335-76-2EP231X: Perfluorodecanoic acid (PFDA) 1125 µg/kg 13369.0

2058-94-8EP231X: Perfluoroundecanoic acid (PFUnDA) 1045 µg/kg 13664.0

307-55-1EP231X: Perfluorododecanoic acid (PFDoDA) 96.45 µg/kg 13569.0

72629-94-8EP231X: Perfluorotridecanoic acid (PFTrDA) 1105 µg/kg 13966.0

376-06-7EP231X: Perfluorotetradecanoic acid (PFTeDA) 85.612.5 µg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)

0382_BIOTFL015_201218 ES2045284-002 754-91-6EP231X: Perfluorooctane sulfonamide (FOSA) 1125 µg/kg 13767.0

31506-32-8EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

10112.5 µg/kg 10588.1

4151-50-2EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 11112.5 µg/kg 14481.6

24448-09-7EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

98.412.5 µg/kg 13584.7
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Sub-Matrix: BIOTA Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)  - continued

0382_BIOTFL015_201218 ES2045284-002 1691-99-2EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

96.312.5 µg/kg 15020.5

2355-31-9EP231X: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

1045 µg/kg 14463.0

2991-50-6EP231X: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

1235 µg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)

0382_BIOTFL015_201218 ES2045284-002 757124-72-4EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 82.85 µg/kg 14562.0

27619-97-2EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 85.65 µg/kg 14064.0

39108-34-4EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 1095 µg/kg 13765.0

120226-60-0EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 1055 µg/kg 13093.4

Sub-Matrix: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 375-73-5EP231X: Perfluorobutane sulfonic acid (PFBS) 1200.00125 mg/kg 12872.0

2706-91-4EP231X: Perfluoropentane sulfonic acid (PFPeS) 1200.00125 mg/kg 12373.0

355-46-4EP231X: Perfluorohexane sulfonic acid (PFHxS) 1180.00125 mg/kg 13067.0

375-92-8EP231X: Perfluoroheptane sulfonic acid (PFHpS) 1050.00125 mg/kg 13270.0

1763-23-1EP231X: Perfluorooctane sulfonic acid (PFOS) # Not 

Determined

0.00125 mg/kg 13668.0

335-77-3EP231X: Perfluorodecane sulfonic acid (PFDS) 76.40.00125 mg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 375-22-4EP231X: Perfluorobutanoic acid (PFBA) 1080.00625 mg/kg 13571.0

2706-90-3EP231X: Perfluoropentanoic acid (PFPeA) 1080.00125 mg/kg 13269.0

307-24-4EP231X: Perfluorohexanoic acid (PFHxA) 1190.00125 mg/kg 13270.0

375-85-9EP231X: Perfluoroheptanoic acid (PFHpA) 1090.00125 mg/kg 13171.0

335-67-1EP231X: Perfluorooctanoic acid (PFOA) 1230.00125 mg/kg 13369.0

375-95-1EP231X: Perfluorononanoic acid (PFNA) 1280.00125 mg/kg 12972.0

335-76-2EP231X: Perfluorodecanoic acid (PFDA) 1180.00125 mg/kg 13369.0

2058-94-8EP231X: Perfluoroundecanoic acid (PFUnDA) 77.20.00125 mg/kg 13664.0

307-55-1EP231X: Perfluorododecanoic acid (PFDoDA) 1110.00125 mg/kg 13569.0

72629-94-8EP231X: Perfluorotridecanoic acid (PFTrDA) 1010.00125 mg/kg 13966.0

376-06-7EP231X: Perfluorotetradecanoic acid (PFTeDA) 1020.00312 mg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)

Anonymous ES2045284-021 754-91-6EP231X: Perfluorooctane sulfonamide (FOSA) 1210.00125 mg/kg 13767.0

31506-32-8EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

1290.00312 mg/kg 12971.6
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Sub-Matrix: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)  - continued

Anonymous ES2045284-021 4151-50-2EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 1050.00312 mg/kg 13169.8

24448-09-7EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

1110.00312 mg/kg 13068.7

1691-99-2EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1220.00312 mg/kg 13465.1

2355-31-9EP231X: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

98.80.00125 mg/kg 14463.0

2991-50-6EP231X: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

1110.00125 mg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 757124-72-4EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 1060.00125 mg/kg 14562.0

27619-97-2EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 1050.00125 mg/kg 14064.0

39108-34-4EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 1240.00125 mg/kg 13765.0

120226-60-0EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 1010.00125 mg/kg 14369.2
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 15ES2045284-AI

:Amendment 4
:: LaboratoryClient JACOBS GROUP (AUSTRALIA) PTY LTD Environmental Division Sydney

: :ContactContact BEN LUMSDEN Tyler Anderson

:: AddressAddress 177 Pacific Highway

North Sydney  2060

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 07 3026 7323 :Telephone +61 2 8784 8555

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020 17:00

:Order number 1762 Date Analysis Commenced : 21-Dec-2020

:C-O-C number ---- Issue Date : 13-Apr-2021 14:28

Sampler : Derek Langgons

Site : ----

Quote number : EN/222

22:No. of samples received

22:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Surrogate Control Limits

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 15:Page

Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EP231X - Per- and Polyfluoroalkyl Substances (PFAS):  Samples received in 20ml or 125ml bottles have been tested in accordance with the QSM5.3 compliant, NATA accredited method.  60mL or 250mL bottles 

have been tested to the legacy QSM 5.1 aligned, NATA accredited method.

l

Amendment (08/02/2021): This report has been amended to add sample #21 into subreport AA.  All analysis results are as per the previous reportl

Amendment (30/03/2021): This report has been amended as a remove sample #1 and #21 from the split reports.  All analysis results are as per the previous report.l

Amendment (13/01/2021): This report has been amended to alter thes ample IDs and split the report.  All analysis results are as per the previous report.l

Amendment (13/04/2021): This report has been amended to alter the subreports.  All analysis results are as per the previous report.l

EP231X (Biota): ALS NATA accreditation for PFAS in Biota covers all Perfluoroalkyl Sulfonic Acids, Perfluoroalkyl Carboxylic Acids and (n:2) Fluorotelomer Sulfonic Acids in fish (whole and muscle), plants and 

vegetable matrices, with the exception PFBA (fish only), EtFOSA, MeFOSE, EtFOSE, MeFOSAA, EtFOSAA.

l

EP231: Stable isotope enriched internal standards are added to samples prior to extraction.  Target compounds have a direct analogous internal standard with the exception of PFPeS, PFHpA, PFDS, PFTrDA and 

10:2 FTS.  These compounds use an internal standard that is chemically related and has a retention time close to that of the target compound.  The DQO for internal standard response is 50-150% of that 

established at initial calibration.  PFOS is quantified using a certified, traceable standard consisting of linear and branched PFOS isomers. These practices are in line with recommendations in the National 

Environmental Management Plan for PFAS (Australian HEPA) and also conform to QSM 5.3 (US DoD) requirements.

l
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Analytical Results

0382_BIOTFL027_201

218

0382_BIOTFL026_201

218

0382_BIOTFL025_201

218

0382_BIOTFL024_201

218

0382_BIOTFL023_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-014ES2045284-013ES2045284-012ES2045284-011ES2045284-010UnitLORCAS NumberCompound

Result Result Result Result Result

Biota Sample Pre-Preparation

plantø plant dry chilli strawberry plant-------Sample Description

5.7ø 14.1 1.5 20.3 5.9g0.1----Weight of Sample Prepared

EP231A: Perfluoroalkyl Sulfonic Acids

<1Perfluorobutane sulfonic acid 

(PFBS)

<1 <1 <1 <1µg/kg1375-73-5

<1Perfluoropentane sulfonic acid 

(PFPeS)

<1 <1 <1 <1µg/kg12706-91-4

<1Perfluorohexane sulfonic acid 

(PFHxS)

<1 <1 <1 <1µg/kg1355-46-4

<1Perfluoroheptane sulfonic acid 

(PFHpS)

<1 <1 <1 <1µg/kg1375-92-8

<1Perfluorooctane sulfonic acid 

(PFOS) - Linear

<1 <1 <1 <1µg/kg12795-39-3

<1 <1 <1 <1 <1µg/kg1----Perfluorooctane sulfonic acid (PFOS) - 

Branched

<1Perfluorooctane sulfonic acid 

(PFOS)

<1 <1 <1 <1µg/kg11763-23-1

<2Perfluorodecane sulfonic acid 

(PFDS)

<2 <2 <2 <2µg/kg2335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<5Perfluorobutanoic acid (PFBA) <5 <5 <5 <5µg/kg5375-22-4

<2Perfluoropentanoic acid (PFPeA) <2 <2 <2 <2µg/kg22706-90-3

<1Perfluorohexanoic acid (PFHxA) <1 <1 <1 <1µg/kg1307-24-4

<1Perfluoroheptanoic acid (PFHpA) <1 <1 <1 <1µg/kg1375-85-9

<1Perfluorooctanoic acid (PFOA) <1 <1 <1 <1µg/kg1335-67-1

<1Perfluorononanoic acid (PFNA) <1 <1 <1 <1µg/kg1375-95-1

<1Perfluorodecanoic acid (PFDA) <1 <1 <1 <1µg/kg1335-76-2

<1Perfluoroundecanoic acid 

(PFUnDA)

<1 <1 <1 <1µg/kg12058-94-8

<2Perfluorododecanoic acid 

(PFDoDA)

<2 <2 <2 <2µg/kg2307-55-1

<2Perfluorotridecanoic acid 

(PFTrDA)

<2 <2 <2 <2µg/kg272629-94-8

<2Perfluorotetradecanoic acid 

(PFTeDA)

<2 <2 <2 <2µg/kg2376-06-7
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Analytical Results

0382_BIOTFL027_201

218

0382_BIOTFL026_201

218

0382_BIOTFL025_201

218

0382_BIOTFL024_201

218

0382_BIOTFL023_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-014ES2045284-013ES2045284-012ES2045284-011ES2045284-010UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides

<5Perfluorooctane sulfonamide 

(FOSA)

<5 <5 <5 <5µg/kg5754-91-6

<5N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<5 <5 <5 <5µg/kg531506-32-8

<2N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<2 <2 <2 <2µg/kg24151-50-2

<2N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<2 <2 <2 <2µg/kg224448-09-7

<2N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<2 <2 <2 <2µg/kg21691-99-2

<1N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<1 <1 <1 <1µg/kg12355-31-9

<1N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<1 <1 <1 <1µg/kg12991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<24:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<2 <2 <2 <2µg/kg2757124-72-4

<26:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<2 <2 <2 <2µg/kg227619-97-2

<28:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<2 <2 <2 <2µg/kg239108-34-4

<210:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<2 <2 <2 <2µg/kg2120226-60-0

EP231P: PFAS Sums

<1^ <1 <1 <1 <1µg/kg1----Sum of PFAS

EP231S:  PFAS Surrogate

110 114 110 118 110%1----13C4-PFOS

90.5 114 109 116 106%1----13C8-PFOA
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Analytical Results

0382_BIOTFL032_201

218

0382_BIOTFL031_201

218

0382_BIOTFL030_201

218

0382_BIOTFL029_201

218

0382_BIOTFL028_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-019ES2045284-018ES2045284-017ES2045284-016ES2045284-015UnitLORCAS NumberCompound

Result Result Result Result Result

Biota Sample Pre-Preparation

tomatoø carrot shallot radish mint-------Sample Description

37.9ø 13.7 34.6 46.4 8.0g0.1----Weight of Sample Prepared

EP231A: Perfluoroalkyl Sulfonic Acids

<1Perfluorobutane sulfonic acid 

(PFBS)

<1 <1 <1 <1µg/kg1375-73-5

<1Perfluoropentane sulfonic acid 

(PFPeS)

<1 <1 <1 <1µg/kg12706-91-4

<1Perfluorohexane sulfonic acid 

(PFHxS)

<1 <1 <1 <1µg/kg1355-46-4

<1Perfluoroheptane sulfonic acid 

(PFHpS)

<1 <1 <1 <1µg/kg1375-92-8

<1Perfluorooctane sulfonic acid 

(PFOS) - Linear

<1 <1 4 <1µg/kg12795-39-3

<1 <1 <1 <1 <1µg/kg1----Perfluorooctane sulfonic acid (PFOS) - 

Branched

<1Perfluorooctane sulfonic acid 

(PFOS)

<1 <1 4 <1µg/kg11763-23-1

<2Perfluorodecane sulfonic acid 

(PFDS)

<2 <2 <2 <2µg/kg2335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<5Perfluorobutanoic acid (PFBA) <5 <5 <5 <5µg/kg5375-22-4

<2Perfluoropentanoic acid (PFPeA) <2 <2 <2 <2µg/kg22706-90-3

<1Perfluorohexanoic acid (PFHxA) <1 <1 <1 <1µg/kg1307-24-4

<1Perfluoroheptanoic acid (PFHpA) <1 <1 <1 <1µg/kg1375-85-9

<1Perfluorooctanoic acid (PFOA) <1 <1 <1 <1µg/kg1335-67-1

<1Perfluorononanoic acid (PFNA) <1 <1 <1 <1µg/kg1375-95-1

<1Perfluorodecanoic acid (PFDA) <1 <1 <1 <1µg/kg1335-76-2

<1Perfluoroundecanoic acid 

(PFUnDA)

<1 <1 <1 <1µg/kg12058-94-8

<2Perfluorododecanoic acid 

(PFDoDA)

<2 <2 <2 <2µg/kg2307-55-1

<2Perfluorotridecanoic acid 

(PFTrDA)

<2 <2 <2 <2µg/kg272629-94-8

<2Perfluorotetradecanoic acid 

(PFTeDA)

<2 <2 <2 <2µg/kg2376-06-7
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_BIOTFL032_201

218

0382_BIOTFL031_201

218

0382_BIOTFL030_201

218

0382_BIOTFL029_201

218

0382_BIOTFL028_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-019ES2045284-018ES2045284-017ES2045284-016ES2045284-015UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides

<5Perfluorooctane sulfonamide 

(FOSA)

<5 <5 <5 <5µg/kg5754-91-6

<5N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<5 <5 <5 <5µg/kg531506-32-8

<2N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<2 <2 <2 <2µg/kg24151-50-2

<2N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<2 <2 <2 <2µg/kg224448-09-7

<2N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<2 <2 <2 <2µg/kg21691-99-2

<1N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<1 <1 <1 <1µg/kg12355-31-9

<1N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<1 <1 <1 <1µg/kg12991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<24:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<2 <2 <2 <2µg/kg2757124-72-4

<26:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<2 <2 <2 <2µg/kg227619-97-2

<28:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<2 <2 <2 <2µg/kg239108-34-4

<210:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<2 <2 <2 <2µg/kg2120226-60-0

EP231P: PFAS Sums

<1^ <1 <1 4 <1µg/kg1----Sum of PFAS

EP231S:  PFAS Surrogate

103 95.5 109 106 114%1----13C4-PFOS

99.5 96.5 100 110 113%1----13C8-PFOA
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

----------------0382_BIOTFL033_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

----------------18-Dec-2020 00:00Sampling date / time

--------------------------------ES2045284-020UnitLORCAS NumberCompound

Result ---- ---- ---- ----

Biota Sample Pre-Preparation

cabbageø ---- ---- ---- -----------Sample Description

33.6ø ---- ---- ---- ----g0.1----Weight of Sample Prepared

EP231A: Perfluoroalkyl Sulfonic Acids

<1Perfluorobutane sulfonic acid 

(PFBS)

---- ---- ---- ----µg/kg1375-73-5

<1Perfluoropentane sulfonic acid 

(PFPeS)

---- ---- ---- ----µg/kg12706-91-4

<1Perfluorohexane sulfonic acid 

(PFHxS)

---- ---- ---- ----µg/kg1355-46-4

<1Perfluoroheptane sulfonic acid 

(PFHpS)

---- ---- ---- ----µg/kg1375-92-8

<1Perfluorooctane sulfonic acid 

(PFOS) - Linear

---- ---- ---- ----µg/kg12795-39-3

<1 ---- ---- ---- ----µg/kg1----Perfluorooctane sulfonic acid (PFOS) - 

Branched

<1Perfluorooctane sulfonic acid 

(PFOS)

---- ---- ---- ----µg/kg11763-23-1

<2Perfluorodecane sulfonic acid 

(PFDS)

---- ---- ---- ----µg/kg2335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<5Perfluorobutanoic acid (PFBA) ---- ---- ---- ----µg/kg5375-22-4

<2Perfluoropentanoic acid (PFPeA) ---- ---- ---- ----µg/kg22706-90-3

<1Perfluorohexanoic acid (PFHxA) ---- ---- ---- ----µg/kg1307-24-4

<1Perfluoroheptanoic acid (PFHpA) ---- ---- ---- ----µg/kg1375-85-9

<1Perfluorooctanoic acid (PFOA) ---- ---- ---- ----µg/kg1335-67-1

<1Perfluorononanoic acid (PFNA) ---- ---- ---- ----µg/kg1375-95-1

<1Perfluorodecanoic acid (PFDA) ---- ---- ---- ----µg/kg1335-76-2

<1Perfluoroundecanoic acid 

(PFUnDA)

---- ---- ---- ----µg/kg12058-94-8

<2Perfluorododecanoic acid 

(PFDoDA)

---- ---- ---- ----µg/kg2307-55-1

<2Perfluorotridecanoic acid 

(PFTrDA)

---- ---- ---- ----µg/kg272629-94-8

<2Perfluorotetradecanoic acid 

(PFTeDA)

---- ---- ---- ----µg/kg2376-06-7



8 of 15:Page

Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

----------------0382_BIOTFL033_201

218

Sample IDSub-Matrix: BIOTA

 (Matrix: BIOTA)

----------------18-Dec-2020 00:00Sampling date / time

--------------------------------ES2045284-020UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EP231C: Perfluoroalkyl Sulfonamides

<5Perfluorooctane sulfonamide 

(FOSA)

---- ---- ---- ----µg/kg5754-91-6

<5N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

---- ---- ---- ----µg/kg531506-32-8

<2N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

---- ---- ---- ----µg/kg24151-50-2

<2N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

---- ---- ---- ----µg/kg224448-09-7

<2N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

---- ---- ---- ----µg/kg21691-99-2

<1N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

---- ---- ---- ----µg/kg12355-31-9

<1N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

---- ---- ---- ----µg/kg12991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<24:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

---- ---- ---- ----µg/kg2757124-72-4

<26:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

---- ---- ---- ----µg/kg227619-97-2

<28:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

---- ---- ---- ----µg/kg239108-34-4

<210:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

---- ---- ---- ----µg/kg2120226-60-0

EP231P: PFAS Sums

<1^ ---- ---- ---- ----µg/kg1----Sum of PFAS

EP231S:  PFAS Surrogate

105 ---- ---- ---- ----%1----13C4-PFOS

102 ---- ---- ---- ----%1----13C8-PFOA
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_SS017_2012180382_SS016_2012180382_SS015_2012180382_SS014_2012180382_SS013_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-038ES2045284-037ES2045284-036ES2045284-033ES2045284-032UnitLORCAS NumberCompound

Result Result Result Result Result

EA055: Moisture Content (Dried @ 105-110°C)

20.0 23.6 18.5 14.0 17.5%0.1----Moisture Content

EP231A: Perfluoroalkyl Sulfonic Acids

<0.0002Perfluorobutane sulfonic acid 

(PFBS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-73-5

<0.0002Perfluoropentane sulfonic acid 

(PFPeS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022706-91-4

0.0003Perfluorohexane sulfonic acid 

(PFHxS)

0.0006 0.0004 0.0004 0.0006mg/kg0.0002355-46-4

<0.0002Perfluoroheptane sulfonic acid 

(PFHpS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-92-8

0.0068Perfluorooctane sulfonic acid 

(PFOS)

0.0133 0.0063 0.0117 0.0122mg/kg0.00021763-23-1

<0.0002Perfluorodecane sulfonic acid 

(PFDS)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.001Perfluorobutanoic acid (PFBA) <0.001 <0.001 <0.001 0.001mg/kg0.001375-22-4

0.0003Perfluoropentanoic acid (PFPeA) 0.0003 0.0003 0.0003 0.0006mg/kg0.00022706-90-3

0.0004Perfluorohexanoic acid (PFHxA) 0.0004 0.0005 0.0003 0.0008mg/kg0.0002307-24-4

<0.0002Perfluoroheptanoic acid (PFHpA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-85-9

<0.0002Perfluorooctanoic acid (PFOA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002335-67-1

<0.0002Perfluorononanoic acid (PFNA) <0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002375-95-1

<0.0002Perfluorodecanoic acid (PFDA) 0.0005 <0.0002 <0.0002 <0.0002mg/kg0.0002335-76-2

<0.0002Perfluoroundecanoic acid 

(PFUnDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022058-94-8

<0.0002Perfluorododecanoic acid 

(PFDoDA)

0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002307-55-1

<0.0002Perfluorotridecanoic acid 

(PFTrDA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.000272629-94-8

<0.0005Perfluorotetradecanoic acid 

(PFTeDA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.0002Perfluorooctane sulfonamide 

(FOSA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.0002754-91-6

<0.0005N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000531506-32-8
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

0382_SS017_2012180382_SS016_2012180382_SS015_2012180382_SS014_2012180382_SS013_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

ES2045284-038ES2045284-037ES2045284-036ES2045284-033ES2045284-032UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.0005N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00054151-50-2

<0.0005N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000524448-09-7

<0.0005N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.00051691-99-2

<0.0002N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022355-31-9

<0.0002N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.0002 <0.0002 <0.0002 <0.0002mg/kg0.00022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.00054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005757124-72-4

<0.00056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000527619-97-2

<0.00058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.000539108-34-4

<0.000510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.0005 <0.0005 <0.0005 <0.0005mg/kg0.0005120226-60-0

EP231P: PFAS Sums

0.0078 0.0153 0.0075 0.0127 0.0152mg/kg0.0002----Sum of PFAS

0.0071Sum of PFHxS and PFOS 0.0139 0.0067 0.0121 0.0128mg/kg0.0002355-46-4/1763-23-

1

0.0078 0.0146 0.0075 0.0127 0.0152mg/kg0.0002----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

94.5 92.0 83.5 91.0 89.5%0.0002----13C4-PFOS

105 106 106 116 104%0.0002----13C8-PFOA
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

----0382_SS021_2012180382_SS020_2012180382_SS019_2012180382_SS018_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

----18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

--------ES2045284-042ES2045284-041ES2045284-040ES2045284-039UnitLORCAS NumberCompound

Result Result Result Result ----

EA055: Moisture Content (Dried @ 105-110°C)

14.2 11.4 21.1 15.4 ----%0.1----Moisture Content

EP231A: Perfluoroalkyl Sulfonic Acids

<0.0002Perfluorobutane sulfonic acid 

(PFBS)

0.0003 0.0003 0.0003 ----mg/kg0.0002375-73-5

<0.0002Perfluoropentane sulfonic acid 

(PFPeS)

<0.0002 <0.0002 <0.0002 ----mg/kg0.00022706-91-4

0.0010Perfluorohexane sulfonic acid 

(PFHxS)

0.0018 0.0028 0.0016 ----mg/kg0.0002355-46-4

<0.0002Perfluoroheptane sulfonic acid 

(PFHpS)

<0.0002 <0.0002 <0.0002 ----mg/kg0.0002375-92-8

0.0145Perfluorooctane sulfonic acid 

(PFOS)

0.0121 0.0281 0.0174 ----mg/kg0.00021763-23-1

<0.0002Perfluorodecane sulfonic acid 

(PFDS)

<0.0002 <0.0002 <0.0002 ----mg/kg0.0002335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.001Perfluorobutanoic acid (PFBA) <0.001 <0.001 <0.001 ----mg/kg0.001375-22-4

0.0009Perfluoropentanoic acid (PFPeA) 0.0008 0.0009 0.0006 ----mg/kg0.00022706-90-3

0.0011Perfluorohexanoic acid (PFHxA) 0.0010 0.0014 0.0011 ----mg/kg0.0002307-24-4

<0.0002Perfluoroheptanoic acid (PFHpA) <0.0002 <0.0002 <0.0002 ----mg/kg0.0002375-85-9

<0.0002Perfluorooctanoic acid (PFOA) 0.0007 0.0003 <0.0002 ----mg/kg0.0002335-67-1

<0.0002Perfluorononanoic acid (PFNA) 0.0004 <0.0002 <0.0002 ----mg/kg0.0002375-95-1

0.0002Perfluorodecanoic acid (PFDA) 0.0011 <0.0002 <0.0002 ----mg/kg0.0002335-76-2

<0.0002Perfluoroundecanoic acid 

(PFUnDA)

0.0006 <0.0002 <0.0002 ----mg/kg0.00022058-94-8

<0.0002Perfluorododecanoic acid 

(PFDoDA)

0.0005 <0.0002 <0.0002 ----mg/kg0.0002307-55-1

<0.0002Perfluorotridecanoic acid 

(PFTrDA)

<0.0002 <0.0002 <0.0002 ----mg/kg0.000272629-94-8

<0.0005Perfluorotetradecanoic acid 

(PFTeDA)

<0.0005 <0.0005 <0.0005 ----mg/kg0.0005376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.0002Perfluorooctane sulfonamide 

(FOSA)

<0.0002 <0.0002 <0.0002 ----mg/kg0.0002754-91-6

<0.0005N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.0005 <0.0005 <0.0005 ----mg/kg0.000531506-32-8
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

----0382_SS021_2012180382_SS020_2012180382_SS019_2012180382_SS018_201218Sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

----18-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

--------ES2045284-042ES2045284-041ES2045284-040ES2045284-039UnitLORCAS NumberCompound

Result Result Result Result ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.0005N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.0005 <0.0005 <0.0005 ----mg/kg0.00054151-50-2

<0.0005N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.0005 <0.0005 <0.0005 ----mg/kg0.000524448-09-7

<0.0005N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.0005 <0.0005 <0.0005 ----mg/kg0.00051691-99-2

<0.0002N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.0002 <0.0002 <0.0002 ----mg/kg0.00022355-31-9

<0.0002N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.0002 <0.0002 <0.0002 ----mg/kg0.00022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.00054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.0005 <0.0005 <0.0005 ----mg/kg0.0005757124-72-4

<0.00056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.0005 <0.0005 <0.0005 ----mg/kg0.000527619-97-2

<0.00058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.0005 <0.0005 <0.0005 ----mg/kg0.000539108-34-4

<0.000510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.0005 <0.0005 <0.0005 ----mg/kg0.0005120226-60-0

EP231P: PFAS Sums

0.0177 0.0193 0.0338 0.0210 ----mg/kg0.0002----Sum of PFAS

0.0155Sum of PFHxS and PFOS 0.0139 0.0309 0.0190 ----mg/kg0.0002355-46-4/1763-23-

1

0.0175 0.0167 0.0338 0.0210 ----mg/kg0.0002----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

76.0 114 90.5 93.0 ----%0.0002----13C4-PFOS

98.0 110 113 109 ----%0.0002----13C8-PFOA
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Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Analytical Results

------------0382_QC302_2012180382_QC301_201218Sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------18-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

------------------------ES2045284-035ES2045284-034UnitLORCAS NumberCompound

Result Result ---- ---- ----

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

<0.02 ---- ---- ----µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 ---- ---- ----µg/L0.022706-91-4

<0.02Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 ---- ---- ----µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 ---- ---- ----µg/L0.02375-92-8

<0.01Perfluorooctane sulfonic acid 

(PFOS)

<0.01 ---- ---- ----µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 ---- ---- ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 ---- ---- ----µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 ---- ---- ----µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) <0.02 ---- ---- ----µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 ---- ---- ----µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) <0.01 ---- ---- ----µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 ---- ---- ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 ---- ---- ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 ---- ---- ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 ---- ---- ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 ---- ---- ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 ---- ---- ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 ---- ---- ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 ---- ---- ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 ---- ---- ----µg/L0.054151-50-2
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Analytical Results

------------0382_QC302_2012180382_QC301_201218Sample IDSub-Matrix: WATER

 (Matrix: WATER)

------------18-Dec-2020 00:0018-Dec-2020 00:00Sampling date / time

------------------------ES2045284-035ES2045284-034UnitLORCAS NumberCompound

Result Result ---- ---- ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 ---- ---- ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 ---- ---- ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 ---- ---- ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 ---- ---- ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 ---- ---- ----µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 ---- ---- ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 ---- ---- ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 ---- ---- ----µg/L0.05120226-60-0

EP231P: PFAS Sums

<0.01 <0.01 ---- ---- ----µg/L0.01----Sum of PFAS

<0.01Sum of PFHxS and PFOS <0.01 ---- ---- ----µg/L0.01355-46-4/1763-23-

1

<0.01 <0.01 ---- ---- ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

94.4 104 ---- ---- ----%0.02----13C4-PFOS

108 116 ---- ---- ----%0.02----13C8-PFOA



15 of 15:Page

Work Order :

:Client

ES2045284-AI Amendment 4

NSW_0382_PFAS:Project

JACOBS GROUP (AUSTRALIA) PTY LTD

Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: BIOTA

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 50 130

13C8-PFOA ---- 50 130

Recovery Limits (%)Sub-Matrix: SOIL

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120

Recovery Limits (%)Sub-Matrix: WATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120
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QUALITY CONTROL REPORT
Work Order : ES2045284-AI Page : 1 of 12

:Amendment 4

:: LaboratoryClient Environmental Division SydneyJACOBS GROUP (AUSTRALIA) PTY LTD

:Contact BEN LUMSDEN :Contact Tyler Anderson

:Address 177 Pacific Highway

North Sydney  2060

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone 07 3026 7323 +61 2 8784 8555:Telephone

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020

:Order number 1762 Date Analysis Commenced : 21-Dec-2020

:C-O-C number ---- Issue Date : 13-Apr-2021

Sampler : Derek Langgons

Site : ----

Quote number : EN/222

No. of samples received 22:

No. of samples analysed 22:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Inorganics, Smithfield, NSW

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: BIOTA Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3432819)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-001

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 <1 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <2 <2 0.00 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3432819)

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 <5 0.00 No Limit

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <2 <2 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011
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Sub-Matrix: BIOTA Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3432819)  - continued

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 <1 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 <1 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 <5 0.00 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3432819)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <5 <5 0.00 No LimitAnonymous ES2045284-001

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 2 µg/kg <5 <5 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <5 <5 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 1 µg/kg <1 <1 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 2 µg/kg <5 <5 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 2 µg/kg <2 <2 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 2 µg/kg <2 <2 0.00 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3432819)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 2 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001
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Sub-Matrix: BIOTA Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3432819)  - continued

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 2 µg/kg <2 <2 0.00 No LimitAnonymous ES2045284-001

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 2 µg/kg <2 <2 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 2 µg/kg <2 <2 0.00 No Limit

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 2 µg/kg <2 <2 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 2 µg/kg <2 <2 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 2 µg/kg <2 <2 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 2 µg/kg <2 <2 0.00 No Limit

EP231P: PFAS Sums  (QC Lot: 3432819)

EP231X: Sum of PFAS ---- 1 µg/kg <1 <1 0.00 No LimitAnonymous ES2045284-001

EP231X: Sum of PFAS ---- 1 µg/kg <1 <1 0.00 No Limit0382_BIOTFL024_201218 ES2045284-011

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 3444276)

EA055: Moisture Content ---- 0.1 % 20.5 21.6 5.59 0% - 20%Anonymous EP2014138-015

EA055: Moisture Content ---- 0.1 % 13.3 13.8 3.76 0% - 20%Anonymous ES2045284-027

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 3444277)

EA055: Moisture Content ---- 0.1 % 17.5 16.1 8.23 0% - 20%0382_SS017_201218 ES2045284-038

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3447150)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg 0.0019 0.0017 9.82 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg 0.0134 0.0126 6.03 0% - 20%

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg 0.0018 0.0015 14.1 No Limit

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-031

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg 0.0008 0.0007 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg 0.0075 0.0089 17.6 0% - 20%

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3447150)

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg 0.0003 0.0003 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg 0.0003 0.0003 0.00 No Limit
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3447150)  - continued

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg 0.0002 0.0002 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg 0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 <0.001 0.00 No Limit

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-031

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 <0.001 0.00 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3447150)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg 0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-021

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No LimitAnonymous ES2045284-031

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 <0.0002 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit



6 of 12:Page

Work Order :

:Client

ES2045284-AI Amendment 4

JACOBS GROUP (AUSTRALIA) PTY LTD

NSW_0382_PFAS:Project

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3447150)  - continued

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No LimitAnonymous ES2045284-031

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3447150)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No LimitAnonymous ES2045284-021

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No LimitAnonymous ES2045284-031

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.0005 mg/kg <0.0005 <0.0005 0.00 No Limit
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Method Blank (MB) and Laboratory Control Sample (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: BIOTA Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3432819)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 1 µg/kg <1 1025 µg/kg 12872.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 1 µg/kg <1 1005 µg/kg 12373.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 1 µg/kg <1 94.05 µg/kg 13067.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 1 µg/kg <1 1185 µg/kg 13270.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 1 µg/kg <1 1155 µg/kg 13668.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 1 µg/kg <1 1145 µg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3432819)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 5 µg/kg <5 88.725 µg/kg 13571.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 1 µg/kg <1 75.65 µg/kg 13269.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 1 µg/kg <1 1115 µg/kg 13270.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 1 µg/kg <1 88.05 µg/kg 13171.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 1 µg/kg <1 1095 µg/kg 13369.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 1 µg/kg <1 1135 µg/kg 12972.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 1 µg/kg <1 1155 µg/kg 13369.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 1 µg/kg <1 1135 µg/kg 13664.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 1 µg/kg <1 1055 µg/kg 13569.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 1 µg/kg <1 98.85 µg/kg 13966.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 2 µg/kg <2 86.912.5 µg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 1 µg/kg <1 1165 µg/kg 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 2 µg/kg <2 10012.5 µg/kg 10588.1

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 2 µg/kg <2 11512.5 µg/kg 14481.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 2 µg/kg <2 10812.5 µg/kg 13584.7

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 2 µg/kg <2 10212.5 µg/kg 15020.5

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 1 µg/kg <1 97.65 µg/kg 14463.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 1 µg/kg <1 84.45 µg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 2 µg/kg <2 96.85 µg/kg 14562.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 2 µg/kg <2 1075 µg/kg 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 2 µg/kg <2 96.45 µg/kg 13765.0
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Sub-Matrix: BIOTA Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)  - continued

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 2 µg/kg <2 99.65 µg/kg 13093.4

EP231P: PFAS Sums  (QCLot: 3432819)

EP231X: Sum of PFAS ---- 1 µg/kg <1 -------- --------

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3447150)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.0002 mg/kg <0.0002 1140.00125 mg/kg 12872.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.0002 mg/kg <0.0002 1060.00125 mg/kg 12373.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.0002 mg/kg <0.0002 1070.00125 mg/kg 13067.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13270.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.0002 mg/kg <0.0002 1050.00125 mg/kg 13668.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.0002 mg/kg <0.0002 1140.00125 mg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3447150)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.001 mg/kg <0.001 95.70.00625 mg/kg 13571.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.0002 mg/kg <0.0002 1000.00125 mg/kg 13269.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.0002 mg/kg <0.0002 1180.00125 mg/kg 13270.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.0002 mg/kg <0.0002 1070.00125 mg/kg 13171.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.0002 mg/kg <0.0002 1180.00125 mg/kg 13369.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.0002 mg/kg <0.0002 1130.00125 mg/kg 12972.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.0002 mg/kg <0.0002 1110.00125 mg/kg 13369.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.0002 mg/kg <0.0002 1170.00125 mg/kg 13664.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.0002 mg/kg <0.0002 1130.00125 mg/kg 13569.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.0002 mg/kg <0.0002 1010.00125 mg/kg 13966.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.0005 mg/kg <0.0005 95.80.00312 mg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.0005 mg/kg <0.0005 1140.00312 mg/kg 12971.6

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.0005 mg/kg <0.0005 1080.00312 mg/kg 13169.8

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.0005 mg/kg <0.0005 1220.00312 mg/kg 13068.7

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.0005 mg/kg <0.0005 1140.00312 mg/kg 13465.1

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.0002 mg/kg <0.0002 1100.00125 mg/kg 14463.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.0002 mg/kg <0.0002 1120.00125 mg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)



9 of 12:Page

Work Order :

:Client

ES2045284-AI Amendment 4

JACOBS GROUP (AUSTRALIA) PTY LTD

NSW_0382_PFAS:Project

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)  - continued

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.0005 mg/kg <0.0005 98.00.00125 mg/kg 14562.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.0005 mg/kg <0.0005 99.20.00125 mg/kg 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.0005 mg/kg <0.0005 1170.00125 mg/kg 13765.0

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.0005 mg/kg <0.0005 1160.00125 mg/kg 14369.2

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3446504)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 90.60.25 µg/L 13072.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 1060.25 µg/L 12771.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L <0.02 1040.25 µg/L 13168.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 98.60.25 µg/L 13469.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L <0.01 1020.25 µg/L 14065.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 1120.25 µg/L 14253.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3446504)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 86.31.25 µg/L 12973.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 1040.25 µg/L 12972.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 1090.25 µg/L 12972.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 1000.25 µg/L 13072.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 1040.25 µg/L 13371.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 1050.25 µg/L 13069.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 96.00.25 µg/L 12971.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 1090.25 µg/L 13369.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 1140.25 µg/L 13472.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 98.80.25 µg/L 14465.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 91.00.625 µg/L 13271.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3446504)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 98.80.25 µg/L 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.05 µg/L <0.05 96.00.625 µg/L 14168.0

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.05 µg/L <0.05 98.30.625 µg/L 14762.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.05 µg/L <0.05 1070.625 µg/L 14566.0

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.05 µg/L <0.05 93.30.625 µg/L 14557.6

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.02 µg/L <0.02 99.80.25 µg/L 13665.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.02 µg/L <0.02 1170.25 µg/L 13561.0
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3446504)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.05 µg/L <0.05 1020.25 µg/L 14363.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.05 µg/L <0.05 94.00.25 µg/L 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.05 µg/L <0.05 1040.25 µg/L 13867.0

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.05 µg/L <0.05 90.80.25 µg/L 14471.4

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: BIOTA Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3432819)

Anonymous ES2045284-002 375-73-5EP231X: Perfluorobutane sulfonic acid (PFBS) 94.45 µg/kg 12872.0

2706-91-4EP231X: Perfluoropentane sulfonic acid (PFPeS) 99.65 µg/kg 12373.0

355-46-4EP231X: Perfluorohexane sulfonic acid (PFHxS) 94.05 µg/kg 13067.0

375-92-8EP231X: Perfluoroheptane sulfonic acid (PFHpS) 1075 µg/kg 13270.0

1763-23-1EP231X: Perfluorooctane sulfonic acid (PFOS) 1245 µg/kg 13668.0

335-77-3EP231X: Perfluorodecane sulfonic acid (PFDS) 97.65 µg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3432819)

Anonymous ES2045284-002 375-22-4EP231X: Perfluorobutanoic acid (PFBA) 92.925 µg/kg 13571.0

2706-90-3EP231X: Perfluoropentanoic acid (PFPeA) 86.85 µg/kg 13269.0

307-24-4EP231X: Perfluorohexanoic acid (PFHxA) 1185 µg/kg 13270.0

375-85-9EP231X: Perfluoroheptanoic acid (PFHpA) 90.45 µg/kg 13171.0

335-67-1EP231X: Perfluorooctanoic acid (PFOA) 1095 µg/kg 13369.0

375-95-1EP231X: Perfluorononanoic acid (PFNA) 1105 µg/kg 12972.0

335-76-2EP231X: Perfluorodecanoic acid (PFDA) 1125 µg/kg 13369.0

2058-94-8EP231X: Perfluoroundecanoic acid (PFUnDA) 1045 µg/kg 13664.0

307-55-1EP231X: Perfluorododecanoic acid (PFDoDA) 96.45 µg/kg 13569.0

72629-94-8EP231X: Perfluorotridecanoic acid (PFTrDA) 1105 µg/kg 13966.0

376-06-7EP231X: Perfluorotetradecanoic acid (PFTeDA) 85.612.5 µg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)

Anonymous ES2045284-002 754-91-6EP231X: Perfluorooctane sulfonamide (FOSA) 1125 µg/kg 13767.0

31506-32-8EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

10112.5 µg/kg 10588.1

4151-50-2EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 11112.5 µg/kg 14481.6

24448-09-7EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

98.412.5 µg/kg 13584.7
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Sub-Matrix: BIOTA Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3432819)  - continued

Anonymous ES2045284-002 1691-99-2EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

96.312.5 µg/kg 15020.5

2355-31-9EP231X: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

1045 µg/kg 14463.0

2991-50-6EP231X: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

1235 µg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3432819)

Anonymous ES2045284-002 757124-72-4EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 82.85 µg/kg 14562.0

27619-97-2EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 85.65 µg/kg 14064.0

39108-34-4EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 1095 µg/kg 13765.0

120226-60-0EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 1055 µg/kg 13093.4

Sub-Matrix: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 375-73-5EP231X: Perfluorobutane sulfonic acid (PFBS) 1200.00125 mg/kg 12872.0

2706-91-4EP231X: Perfluoropentane sulfonic acid (PFPeS) 1200.00125 mg/kg 12373.0

355-46-4EP231X: Perfluorohexane sulfonic acid (PFHxS) 1180.00125 mg/kg 13067.0

375-92-8EP231X: Perfluoroheptane sulfonic acid (PFHpS) 1050.00125 mg/kg 13270.0

1763-23-1EP231X: Perfluorooctane sulfonic acid (PFOS) # Not 

Determined

0.00125 mg/kg 13668.0

335-77-3EP231X: Perfluorodecane sulfonic acid (PFDS) 76.40.00125 mg/kg 13459.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 375-22-4EP231X: Perfluorobutanoic acid (PFBA) 1080.00625 mg/kg 13571.0

2706-90-3EP231X: Perfluoropentanoic acid (PFPeA) 1080.00125 mg/kg 13269.0

307-24-4EP231X: Perfluorohexanoic acid (PFHxA) 1190.00125 mg/kg 13270.0

375-85-9EP231X: Perfluoroheptanoic acid (PFHpA) 1090.00125 mg/kg 13171.0

335-67-1EP231X: Perfluorooctanoic acid (PFOA) 1230.00125 mg/kg 13369.0

375-95-1EP231X: Perfluorononanoic acid (PFNA) 1280.00125 mg/kg 12972.0

335-76-2EP231X: Perfluorodecanoic acid (PFDA) 1180.00125 mg/kg 13369.0

2058-94-8EP231X: Perfluoroundecanoic acid (PFUnDA) 77.20.00125 mg/kg 13664.0

307-55-1EP231X: Perfluorododecanoic acid (PFDoDA) 1110.00125 mg/kg 13569.0

72629-94-8EP231X: Perfluorotridecanoic acid (PFTrDA) 1010.00125 mg/kg 13966.0

376-06-7EP231X: Perfluorotetradecanoic acid (PFTeDA) 1020.00312 mg/kg 13369.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)

Anonymous ES2045284-021 754-91-6EP231X: Perfluorooctane sulfonamide (FOSA) 1210.00125 mg/kg 13767.0

31506-32-8EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

1290.00312 mg/kg 12971.6
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Sub-Matrix: SOIL Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3447150)  - continued

Anonymous ES2045284-021 4151-50-2EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 1050.00312 mg/kg 13169.8

24448-09-7EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

1110.00312 mg/kg 13068.7

1691-99-2EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1220.00312 mg/kg 13465.1

2355-31-9EP231X: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

98.80.00125 mg/kg 14463.0

2991-50-6EP231X: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

1110.00125 mg/kg 13961.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3447150)

Anonymous ES2045284-021 757124-72-4EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 1060.00125 mg/kg 14562.0

27619-97-2EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 1050.00125 mg/kg 14064.0

39108-34-4EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 1240.00125 mg/kg 13765.0

120226-60-0EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 1010.00125 mg/kg 14369.2
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Site : ---- Issue Date : 13-Apr-2021

Derek Langgons:Sampler No. of samples received : 42

:Order number 1762 No. of samples analysed : 42

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l Matrix Spike outliers exist - please see following pages for full details.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l NO Analysis Holding Time Outliers exist.

Outliers : Frequency of Quality Control Samples

l Quality Control Sample Frequency Outliers exist - please see following pages for full details.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: SOIL

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

ES2045284--021 1763-23-1Perfluorooctane 

sulfonic acid (PFOS)

0382_SS005_201218 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

Outliers : Frequency of Quality Control Samples

Matrix: WATER

Quality Control SpecificationQuality Control Sample Type

Method ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS  0.00  10.000 2

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS  0.00  5.000 2

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 

should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 

14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 

provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: BIOTA Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

Biota Sample Pre-Preparation

HDPE Soil Jar (Biota-PP)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

-------- ----21-Dec-202018-Dec-2020 ---- ----
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Matrix: BIOTA Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE Soil Jar (EP231-PFOS-SP)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

02-Feb-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü

EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE Soil Jar (EP231X)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

02-Feb-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü

EP231C: Perfluoroalkyl Sulfonamides

HDPE Soil Jar (EP231X)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

02-Feb-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü
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Matrix: BIOTA Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE Soil Jar (EP231X)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

02-Feb-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü

EP231P: PFAS Sums

HDPE Soil Jar (EP231X)

0382_BIOTFL014_201218, 0382_BIOTFL015_201218,

0382_BIOTFL016_201218, 0382_BIOTFL017_201218,

0382_BIOTFL018_201218, 0382_BIOTFL019_201218,

0382_BIOTFL020_201218, 0382_BIOTFL021_201218,

0382_BIOTFL022_201218, 0382_BIOTFL023_201218,

0382_BIOTFL024_201218, 0382_BIOTFL025_201218,

0382_BIOTFL026_201218, 0382_BIOTFL027_201218,

0382_BIOTFL028_201218, 0382_BIOTFL029_201218,

0382_BIOTFL030_201218, 0382_BIOTFL031_201218,

0382_BIOTFL032_201218, 0382_BIOTFL033_201218

02-Feb-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü

Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA055: Moisture Content (Dried @ 105-110°C)

HDPE Soil Jar (EA055)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

01-Jan-2021---- 30-Dec-2020----18-Dec-2020 ---- ü
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE Soil Jar (EP231X)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

14-Feb-202116-Jun-2021 05-Jan-202105-Jan-202118-Dec-2020 ü ü

EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE Soil Jar (EP231X)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

14-Feb-202116-Jun-2021 05-Jan-202105-Jan-202118-Dec-2020 ü ü

EP231C: Perfluoroalkyl Sulfonamides

HDPE Soil Jar (EP231X)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

14-Feb-202116-Jun-2021 05-Jan-202105-Jan-202118-Dec-2020 ü ü
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE Soil Jar (EP231X)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

14-Feb-202116-Jun-2021 05-Jan-202105-Jan-202118-Dec-2020 ü ü

EP231P: PFAS Sums

HDPE Soil Jar (EP231X)

0382_SS005_201218, 0382_SS007_201218,

0382_SS010_201218, 0382_SS004_201218,

0382_SS002_201218, 0382_SS006_201218,

0382_SS008_201218, 0382_SS001_201218,

0382_SS003_201218, 0382_SS011_201218,

0382_SS012_201218, 0382_SS013_201218,

0382_SS014_201218, 0382_SS015_201218,

0382_SS016_201218, 0382_SS017_201218,

0382_SS018_201218, 0382_SS019_201218,

0382_SS020_201218, 0382_SS021_201218

14-Feb-202116-Jun-2021 05-Jan-202105-Jan-202118-Dec-2020 ü ü

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_QC301_201218, 0382_QC302_201218 16-Jun-202116-Jun-2021 05-Jan-202104-Jan-202118-Dec-2020 ü ü
EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE (no PTFE) (EP231X)

0382_QC301_201218, 0382_QC302_201218 16-Jun-202116-Jun-2021 05-Jan-202104-Jan-202118-Dec-2020 ü ü
EP231C: Perfluoroalkyl Sulfonamides

HDPE (no PTFE) (EP231X)

0382_QC301_201218, 0382_QC302_201218 16-Jun-202116-Jun-2021 05-Jan-202104-Jan-202118-Dec-2020 ü ü
EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_QC301_201218, 0382_QC302_201218 16-Jun-202116-Jun-2021 05-Jan-202104-Jan-202118-Dec-2020 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231P: PFAS Sums

HDPE (no PTFE) (EP231X)

0382_QC301_201218, 0382_QC302_201218 16-Jun-202116-Jun-2021 05-Jan-202104-Jan-202118-Dec-2020 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: BIOTA Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix: SOIL Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 11.11  10.003 27 üMoisture Content EA055

NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 0.00  10.000 2 ûPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 50.00  5.001 2 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 50.00  5.001 2 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 0.00  5.000 2 ûPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In-house:  Linear PFOS is determined by quantiation of the separate linear peak using linear PFOS.  Branched 

PFOS is determined as the difference between total PFOS (determined using a mixed linear/branched standard) 

and linear PFOS.

PFOS - Linear/Branched Speciation EP231-PFOS-SP BIOTA

In-house: A sample extract is analysed by LC-Electrospray-MS-MS, Negative Mode using MRM using internal 

standard quantitation.  Isotopically labelled analogues of target analytes used as internal standards and 

surrogates are added to a portion of biota which is then solvent extracted.  A portion of extract is exchanged into 

the analytical solvent mixture, combined with an equal volume reagent water and filtered for analysis.  Method 

procedures and data quality objectives conform to US DoD QSM 5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS) by LCMSMS

EP231X BIOTA

In house:  A gravimetric procedure based on weight loss over a 12 hour drying period at 105-110 degrees C.  

This method is compliant with NEPM Schedule B(3).

Moisture Content EA055 SOIL

In-house: Analysis of soils by solvent extraction followed by LC-Electrospray-MS-MS, Negative Mode using MRM 

using internal standard quantitation.  Isotopically labelled analogues of target analytes used as internal 

standards and surrogates are added to a portion of soil which is then extracted with MTBE and an ion pairing 

reagent.  A portion of extract is exchanged into the analytical solvent mixture, combined with an equal volume 

reagent water and filtered for analysis.  Method procedures and data quality objectives conform to US DoD QSM 

5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS) by LCMSMS

EP231X SOIL

In-house:  Analysis of fresh and saline waters by Solid Phase Extraction (SPE) followed by 

LC-Electrospray-MS-MS, Negative Mode using MRM and internal standard quantitation.

Isotopically labelled analogues of target analytes used as internal standards and surrogates are added to the 

sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  The sample 

container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined with an equal 

volume of reagent water and a portion is filtered for analysis.    Method procedures and data quality objectives 

conform to US DoD QSM 5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS) by LCMSMS

EP231X WATER

Preparation Methods Method DescriptionsMatrixMethod

A sample is prepared from whole or particular tissues/organs, identified, homogenised and the total weight of 

prepared sample recorded.

Prep-Preparation for Biota Analysis * Biota-PP BIOTA

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to a portion of homogenised biota which is then extracted with MTBE and an ion pairing reagent.  A portion 

of extract is exchanged into the analytical solvent mixture, combined with an equal volume reagent water and 

filtered for analysis.  Method procedures conform to US DoD QSM 5.3, table B-15 requirements.

Sample Preparation for PFAS in Biota EP231-PR BIOTA

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to a portion of soil which is then extracted with MTBE and an ion pairing reagent.  A portion of extract is 

exchanged into the analytical solvent mixture, combined with an equal volume reagent water and filtered for 

analysis.  Method procedures conform to US DoD QSM 5.3, table B-15 requirements.

Sample Extraction for PFAS in solid 

matrices

ORG73 SOIL
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Preparation Methods Method DescriptionsMatrixMethod

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to the sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  

The sample container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined 

with an equal volume of reagent water and a portion is filtered for analysis.    Method procedures conform to US 

DoD QSM 5.3, table B-15 requirements.

Solid Phase Extraction (SPE) for PFAS in 

water

ORG72 WATER
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5ES2045160

:Amendment 1
:: LaboratoryClient JACOBS GROUP (AUSTRALIA) PTY LTD Environmental Division Sydney

: :ContactContact BEN LUMSDEN Tyler Anderson

:: AddressAddress 177 Pacific Highway

North Sydney  2060

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone 07 3026 7323 :Telephone +61 2 8784 8555

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020 11:20

:Order number . Date Analysis Commenced : 24-Dec-2020

:C-O-C number ---- Issue Date : 13-Jan-2021 14:57

Sampler : LE

Site : ----

Quote number : EN/222

1:No. of samples received

1:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Surrogate Control Limits

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Alex Rossi Organic Chemist Sydney Organics, Smithfield, NSW
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EP231X - Per- and Polyfluoroalkyl Substances (PFAS):  Samples received in 20ml or 125ml bottles have been tested in accordance with the QSM5.3 compliant, NATA accredited method.  60mL or 250mL bottles 

have been tested to the legacy QSM 5.1 aligned, NATA accredited method.

l

Amendment (13/01/2021): This report has been amended as a result of a request to change sample identification numbers (IDs) received by ALS from 0382_MW136P_201218 to 0382_MW136_P_201218.  All 

analysis results are as per the previous report.

l

EP231: Stable isotope enriched internal standards are added to samples prior to extraction.  Target compounds have a direct analogous internal standard with the exception of PFPeS, PFHpA, PFDS, PFTrDA and 

10:2 FTS.  These compounds use an internal standard that is chemically related and has a retention time close to that of the target compound.  The DQO for internal standard response is 50-150% of that 

established at initial calibration.  PFOS is quantified using a certified, traceable standard consisting of linear and branched PFOS isomers. These practices are in line with recommendations in the National 

Environmental Management Plan for PFAS (Australian HEPA) and also conform to QSM 5.3 (US DoD) requirements.

l
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Analytical Results

----------------0382_MW136_P_2012

18

Sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------18-Dec-2020 00:00Sampling date / time

--------------------------------ES2045160-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EP231A: Perfluoroalkyl Sulfonic Acids

0.008Perfluorobutane sulfonic acid 

(PFBS)

---- ---- ---- ----µg/L0.002375-73-5

0.004Perfluoropentane sulfonic acid 

(PFPeS)

---- ---- ---- ----µg/L0.0022706-91-4

0.016Perfluorohexane sulfonic acid 

(PFHxS)

---- ---- ---- ----µg/L0.002355-46-4

<0.002Perfluoroheptane sulfonic acid 

(PFHpS)

---- ---- ---- ----µg/L0.002375-92-8

0.016Perfluorooctane sulfonic acid 

(PFOS)

---- ---- ---- ----µg/L0.0021763-23-1

<0.002Perfluorodecane sulfonic acid 

(PFDS)

---- ---- ---- ----µg/L0.002335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.01Perfluorobutanoic acid (PFBA) ---- ---- ---- ----µg/L0.01375-22-4

<0.002Perfluoropentanoic acid (PFPeA) ---- ---- ---- ----µg/L0.0022706-90-3

0.003Perfluorohexanoic acid (PFHxA) ---- ---- ---- ----µg/L0.002307-24-4

<0.002Perfluoroheptanoic acid (PFHpA) ---- ---- ---- ----µg/L0.002375-85-9

<0.002Perfluorooctanoic acid (PFOA) ---- ---- ---- ----µg/L0.002335-67-1

<0.002Perfluorononanoic acid (PFNA) ---- ---- ---- ----µg/L0.002375-95-1

<0.002Perfluorodecanoic acid (PFDA) ---- ---- ---- ----µg/L0.002335-76-2

<0.002Perfluoroundecanoic acid 

(PFUnDA)

---- ---- ---- ----µg/L0.0022058-94-8

<0.002Perfluorododecanoic acid 

(PFDoDA)

---- ---- ---- ----µg/L0.002307-55-1

<0.002Perfluorotridecanoic acid 

(PFTrDA)

---- ---- ---- ----µg/L0.00272629-94-8

<0.005Perfluorotetradecanoic acid 

(PFTeDA)

---- ---- ---- ----µg/L0.005376-06-7

<0.005Perfluorohexadecanoic acid 

(PFHxDA)

---- ---- ---- ----µg/L0.00567905-19-5

EP231C: Perfluoroalkyl Sulfonamides

<0.002Perfluorooctane sulfonamide 

(FOSA)

---- ---- ---- ----µg/L0.002754-91-6

<0.005N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

---- ---- ---- ----µg/L0.00531506-32-8
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Analytical Results

----------------0382_MW136_P_2012

18

Sample IDSub-Matrix: WATER

 (Matrix: WATER)

----------------18-Dec-2020 00:00Sampling date / time

--------------------------------ES2045160-001UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.005N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

---- ---- ---- ----µg/L0.0054151-50-2

<0.005N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

---- ---- ---- ----µg/L0.00524448-09-7

<0.005N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

---- ---- ---- ----µg/L0.0051691-99-2

<0.002N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

---- ---- ---- ----µg/L0.0022355-31-9

<0.002N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

---- ---- ---- ----µg/L0.0022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.0054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

---- ---- ---- ----µg/L0.005757124-72-4

0.0826:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

---- ---- ---- ----µg/L0.00527619-97-2

<0.0058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

---- ---- ---- ----µg/L0.00539108-34-4

<0.00510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

---- ---- ---- ----µg/L0.005120226-60-0

EP231P: PFAS Sums

0.129 ---- ---- ---- ----µg/L0.002----Sum of PFAS

0.032Sum of PFHxS and PFOS ---- ---- ---- ----µg/L0.002355-46-4/1763-23-

1

0.125 ---- ---- ---- ----µg/L0.002----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

104 ---- ---- ---- ----%0.002----13C4-PFOS

113 ---- ---- ---- ----%0.002----13C8-PFOA
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Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: WATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120
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QUALITY CONTROL REPORT
Work Order : ES2045160 Page : 1 of 4

:Amendment 1

:: LaboratoryClient Environmental Division SydneyJACOBS GROUP (AUSTRALIA) PTY LTD

:Contact BEN LUMSDEN :Contact Tyler Anderson

:Address 177 Pacific Highway

North Sydney  2060

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone 07 3026 7323 +61 2 8784 8555:Telephone

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020

:Order number . Date Analysis Commenced : 24-Dec-2020

:C-O-C number ---- Issue Date : 13-Jan-2021

Sampler : LE

Site : ----

Quote number : EN/222

No. of samples received 1:

No. of samples analysed 1:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Alex Rossi Organic Chemist Sydney Organics, Smithfield, NSW
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

l No Laboratory Duplicate (DUP) Results are required to be reported.
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3439934)

EP231X-LL: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.002 µg/L <0.002 82.00.025 µg/L 13072.0

EP231X-LL: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.002 µg/L <0.002 86.40.025 µg/L 12771.0

EP231X-LL: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.002 µg/L <0.002 90.00.025 µg/L 13168.0

EP231X-LL: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.002 µg/L <0.002 92.40.025 µg/L 13469.0

EP231X-LL: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.002 µg/L <0.002 84.40.025 µg/L 14065.0

EP231X-LL: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.002 µg/L <0.002 85.60.025 µg/L 14253.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3439934)

EP231X-LL: Perfluorobutanoic acid (PFBA) 375-22-4 0.01 µg/L <0.01 82.50.125 µg/L 12973.0

EP231X-LL: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.002 µg/L <0.002 79.20.025 µg/L 12972.0

EP231X-LL: Perfluorohexanoic acid (PFHxA) 307-24-4 0.002 µg/L <0.002 83.60.025 µg/L 12972.0

EP231X-LL: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.002 µg/L <0.002 80.40.025 µg/L 13072.0

EP231X-LL: Perfluorooctanoic acid (PFOA) 335-67-1 0.002 µg/L <0.002 91.60.025 µg/L 13371.0

EP231X-LL: Perfluorononanoic acid (PFNA) 375-95-1 0.002 µg/L <0.002 80.00.025 µg/L 13069.0

EP231X-LL: Perfluorodecanoic acid (PFDA) 335-76-2 0.002 µg/L <0.002 89.20.025 µg/L 12971.0

EP231X-LL: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.002 µg/L <0.002 80.40.025 µg/L 13369.0

EP231X-LL: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.002 µg/L <0.002 88.00.025 µg/L 13472.0

EP231X-LL: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.002 µg/L <0.002 78.40.025 µg/L 14465.0

EP231X-LL: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.005 µg/L 0.006 85.80.0625 µg/L 13271.0

EP231X-LL: Perfluorohexadecanoic acid (PFHxDA) 67905-19-5 0.005 µg/L <0.005 92.80.025 µg/L 13365.6

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3439934)

EP231X-LL: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.002 µg/L <0.002 1160.025 µg/L 13767.0

EP231X-LL: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.005 µg/L <0.005 83.80.0625 µg/L 14168.0

EP231X-LL: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.005 µg/L <0.005 74.40.0625 µg/L 13961.1

EP231X-LL: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.005 µg/L <0.005 87.80.0625 µg/L 12872.3

EP231X-LL: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.005 µg/L <0.005 76.00.0625 µg/L 13463.2

EP231X-LL: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

2355-31-9 0.002 µg/L <0.002 76.80.025 µg/L 13665.0

EP231X-LL: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

2991-50-6 0.002 µg/L <0.002 89.20.025 µg/L 13561.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3439934)

EP231X-LL: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.005 µg/L <0.005 78.40.025 µg/L 14363.0
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3439934)  - continued

EP231X-LL: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.005 µg/L <0.005 83.20.025 µg/L 14064.0

EP231X-LL: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.005 µg/L <0.005 97.20.025 µg/L 13867.0

EP231X-LL: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.005 µg/L <0.005 87.20.025 µg/L 13775.2

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

l No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) Results are required to be reported.
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QA/QC Compliance Assessment to assist with Quality Review
Work Order : ES2045160 Page : 1 of 4

:Amendment 1

:: LaboratoryClient Environmental Division SydneyJACOBS GROUP (AUSTRALIA) PTY LTD

:Contact BEN LUMSDEN Telephone : +61 2 8784 8555

:Project NSW_0382_PFAS Date Samples Received : 18-Dec-2020

Site : ---- Issue Date : 13-Jan-2021

LE:Sampler No. of samples received : 1

:Order number . No. of samples analysed : 1

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l NO Matrix Spike outliers occur.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l NO Analysis Holding Time Outliers exist.

Outliers : Frequency of Quality Control Samples

l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
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Outliers : Frequency of Quality Control Samples

Matrix: WATER

Quality Control SpecificationQuality Control Sample Type

Method ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS  0.00  10.000 5

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS  0.00  5.000 5

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 

should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 

14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 

provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE (no PTFE) (EP231X-LL)

0382_MW136_P_201218 16-Jun-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü
EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE (no PTFE) (EP231X-LL)

0382_MW136_P_201218 16-Jun-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü
EP231C: Perfluoroalkyl Sulfonamides

HDPE (no PTFE) (EP231X-LL)

0382_MW136_P_201218 16-Jun-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü
EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE (no PTFE) (EP231X-LL)

0382_MW136_P_201218 16-Jun-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü
EP231P: PFAS Sums

HDPE (no PTFE) (EP231X-LL)

0382_MW136_P_201218 16-Jun-202116-Jun-2021 29-Dec-202024-Dec-202018-Dec-2020 ü ü



3 of 4:Page

Work Order :

:Client

ES2045160 Amendment 1

JACOBS GROUP (AUSTRALIA) PTY LTD

NSW_0382_PFAS:Project

Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 0.00  10.000 5 ûPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS EP231X-LL

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 20.00  5.001 5 üPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS EP231X-LL

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 20.00  5.001 5 üPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS EP231X-LL

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 0.00  5.000 5 ûPer- and Polyfluoroalkyl Substances (PFAS by LCMSMS EP231X-LL
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In-house:  Analysis of fresh and saline waters by Solid Phase Extraction (SPE) followed by 

LC-Electrospray-MS-MS, Negative Mode using MRM and internal standard quantitation.

Isotopically labelled analogues of target analytes used as internal standards and surrogates are added to the 

sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  The sample 

container is successively rinsed with aliquots of the elution solvent.  The eluted extract is concentrated, 

combined with an equal volume of reagent water and filtered for analysis.    Method procedures and data quality 

objectives conform to US DoD QSM 5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS by LCMSMS

EP231X-LL WATER

Preparation Methods Method DescriptionsMatrixMethod

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to the sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  

The sample container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined 

with an equal volume of reagent water and a portion is filtered for analysis.    Method procedures conform to US 

DoD QSM 5.3, table B-15 requirements.

Solid Phase Extraction (SPE) for PFAS in 

water

ORG72 WATER



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 21ES2111323

:: LaboratoryClient AECOM Australia Pty Ltd Environmental Division Sydney

: :ContactContact MAT JENKINS Christopher Redford

:: AddressAddress LEVEL 21 420 GEORGE STREET

SYDNEY NSW, AUSTRALIA 2000

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61 2 8784 8555

:Project NSW_0382_PFASOMP Date Samples Received : 29-Mar-2021 17:30

:Order number 60612562-6.1 Date Analysis Commenced : 06-Apr-2021

:C-O-C number 20381 Issue Date : 07-Apr-2021 14:55

Sampler : MAT JENKINS, PRERANA YERDHALLI

Site : Holsworthy

Quote number : SY/139/19 V3_NSW_0382

41:No. of samples received

40:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Surrogate Control Limits

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EP231X - Per- and Polyfluoroalkyl Substances (PFAS):  Samples received in 20ml or 125ml bottles have been tested in accordance with the QSM5.3 compliant, NATA accredited method.  60mL or 250mL bottles 

have been tested to the legacy QSM 5.1 aligned, NATA accredited method.

l

EP231X: PFAS results for sample #6, #14 confirmed by re-extraction and re-analysis.l

EP231: Stable isotope enriched internal standards are added to samples prior to extraction.  Target compounds have a direct analogous internal standard with the exception of PFPeS, PFHpA, PFDS, PFTrDA and 

10:2 FTS.  These compounds use an internal standard that is chemically related and has a retention time close to that of the target compound.  The DQO for internal standard response is 50-150% of that 

established at initial calibration.  PFOS is quantified using a certified, traceable standard consisting of linear and branched PFOS isomers. These practices are in line with recommendations in the National 

Environmental Management Plan for PFAS (Australian HEPA) and also conform to QSM 5.3 (US DoD) requirements.

l
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Analytical Results

0382_MW115_2103250382_MW113_2103250382_MW112_P_2103

25

0382_MW112_2103250382_MW002_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 09:4325-Mar-2021 09:5925-Mar-2021 07:4425-Mar-2021 07:5726-Mar-2021 14:34Sampling date / time

ES2111323-005ES2111323-004ES2111323-003ES2111323-002ES2111323-001UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

5.13 0.19 10.4 13.0µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

6.30 0.28 12.5 16.2µg/L0.022706-91-4

0.02Perfluorohexane sulfonic acid 

(PFHxS)

47.4 4.75 89.0 113µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

2.92 0.24 5.91 8.63µg/L0.02375-92-8

0.03Perfluorooctane sulfonic acid 

(PFOS)

25.7 20.1 247 160µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 0.54 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) 0.9 0.2 3.7 3.6µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) 1.46 0.24 9.56 4.30µg/L0.022706-90-3

0.03Perfluorohexanoic acid (PFHxA) 8.38 1.35 20.8 23.8µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) 1.58 0.10 3.77 3.98µg/L0.02375-85-9

0.05Perfluorooctanoic acid (PFOA) 3.76 0.25 7.56 9.06µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 0.56 0.11µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 0.06 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 0.05 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Analytical Results

0382_MW115_2103250382_MW113_2103250382_MW112_P_2103

25

0382_MW112_2103250382_MW002_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 09:4325-Mar-2021 09:5925-Mar-2021 07:4425-Mar-2021 07:5726-Mar-2021 14:34Sampling date / time

ES2111323-005ES2111323-004ES2111323-003ES2111323-002ES2111323-001UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

0.03N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

0.03N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 5.68 0.68µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 0.10 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

0.19 104 27.7 417 356µg/L0.01----Sum of PFAS

0.05Sum of PFHxS and PFOS 73.1 24.8 336 273µg/L0.01355-46-4/1763-23-

1

0.13 94.3 27.2 398 331µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

104 98.5 99.7 92.8 90.8%0.02----13C4-PFOS

98.8 101 100 97.7 101%0.02----13C8-PFOA
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Analytical Results

0382_MW121_2103250382_MW120_2103250382_MW119_P_2103

25

0382_MW119_2103250382_MW117_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 14:3925-Mar-2021 14:1925-Mar-2021 08:2125-Mar-2021 08:3826-Mar-2021 14:42Sampling date / time

ES2111323-010ES2111323-009ES2111323-008ES2111323-007ES2111323-006UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

0.78 1.61 <0.02 <0.02µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

0.56 1.93 <0.02 <0.02µg/L0.022706-91-4

<0.02Perfluorohexane sulfonic acid 

(PFHxS)

5.78 10.3 <0.02 <0.02µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

0.32 0.27 <0.02 <0.02µg/L0.02375-92-8

0.02Perfluorooctane sulfonic acid 

(PFOS)

24.0 1.89 <0.01 <0.01µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) 0.4 0.3 <0.1 <0.1µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) 0.43 0.51 <0.02 <0.02µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) 1.53 2.95 <0.02 <0.02µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) 0.14 0.38 <0.02 <0.02µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) 0.39 0.40 <0.01 <0.01µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Analytical Results

0382_MW121_2103250382_MW120_2103250382_MW119_P_2103

25

0382_MW119_2103250382_MW117_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 14:3925-Mar-2021 14:1925-Mar-2021 08:2125-Mar-2021 08:3826-Mar-2021 14:42Sampling date / time

ES2111323-010ES2111323-009ES2111323-008ES2111323-007ES2111323-006UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

0.02 34.3 20.5 <0.01 <0.01µg/L0.01----Sum of PFAS

0.02Sum of PFHxS and PFOS 29.8 12.2 <0.01 <0.01µg/L0.01355-46-4/1763-23-

1

0.02 33.4 18.3 <0.01 <0.01µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

104 101 95.2 99.7 108%0.02----13C4-PFOS

99.6 99.1 99.9 98.8 102%0.02----13C8-PFOA
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Analytical Results

0382_MW130_2103250382_MW131_2103250382_MW129_2103250382_MW123_2103240382_MW122_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 11:1125-Mar-2021 10:3325-Mar-2021 11:3024-Mar-2021 16:1826-Mar-2021 10:55Sampling date / time

ES2111323-016ES2111323-015ES2111323-014ES2111323-012ES2111323-011UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

<0.02 <0.02 <0.02 <0.02µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 <0.02 <0.02µg/L0.022706-91-4

<0.02Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 <0.02 <0.02 <0.02µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 <0.02µg/L0.02375-92-8

<0.01Perfluorooctane sulfonic acid 

(PFOS)

<0.01 0.01 <0.01 <0.01µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 <0.1µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 <0.02 <0.02 <0.02µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) <0.02 <0.02 <0.02 <0.02µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) <0.01 <0.01 <0.01 <0.01µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Analytical Results

0382_MW130_2103250382_MW131_2103250382_MW129_2103250382_MW123_2103240382_MW122_210326Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

25-Mar-2021 11:1125-Mar-2021 10:3325-Mar-2021 11:3024-Mar-2021 16:1826-Mar-2021 10:55Sampling date / time

ES2111323-016ES2111323-015ES2111323-014ES2111323-012ES2111323-011UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

<0.01 <0.01 0.01 <0.01 <0.01µg/L0.01----Sum of PFAS

<0.01Sum of PFHxS and PFOS <0.01 0.01 <0.01 <0.01µg/L0.01355-46-4/1763-23-

1

<0.01 <0.01 0.01 <0.01 <0.01µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

97.7 100 99.2 103 102%0.02----13C4-PFOS

102 99.9 101 104 101%0.02----13C8-PFOA
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----0382_MW349_2103240382_MW323_2103240382_MW301_2103260382_MW134P_21032

5

Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

----24-Mar-2021 14:2524-Mar-2021 14:2926-Mar-2021 14:3525-Mar-2021 16:44Sampling date / time

--------ES2111323-020ES2111323-019ES2111323-018ES2111323-017UnitLORCAS NumberCompound

Result Result Result Result ----

EP231A: Perfluoroalkyl Sulfonic Acids

0.10Perfluorobutane sulfonic acid 

(PFBS)

<0.02 <0.02 0.03 ----µg/L0.02375-73-5

0.07Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 0.02 ----µg/L0.022706-91-4

0.48Perfluorohexane sulfonic acid 

(PFHxS)

0.06 <0.02 0.16 ----µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 ----µg/L0.02375-92-8

0.41Perfluorooctane sulfonic acid 

(PFOS)

0.08 <0.01 0.06 ----µg/L0.011763-23-1

0.07Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

0.2Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 ----µg/L0.1375-22-4

0.16Perfluoropentanoic acid (PFPeA) <0.02 <0.02 <0.02 ----µg/L0.022706-90-3

0.26Perfluorohexanoic acid (PFHxA) <0.02 <0.02 <0.02 ----µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 ----µg/L0.02375-85-9

0.02Perfluorooctanoic acid (PFOA) 0.01 <0.01 <0.01 ----µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 ----µg/L0.054151-50-2
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

----0382_MW349_2103240382_MW323_2103240382_MW301_2103260382_MW134P_21032

5

Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

----24-Mar-2021 14:2524-Mar-2021 14:2926-Mar-2021 14:3525-Mar-2021 16:44Sampling date / time

--------ES2111323-020ES2111323-019ES2111323-018ES2111323-017UnitLORCAS NumberCompound

Result Result Result Result ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05120226-60-0

EP231P: PFAS Sums

1.77 0.15 <0.01 0.27 ----µg/L0.01----Sum of PFAS

0.89Sum of PFHxS and PFOS 0.14 <0.01 0.22 ----µg/L0.01355-46-4/1763-23-

1

1.63 0.15 <0.01 0.25 ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

108 103 99.8 104 ----%0.02----13C4-PFOS

101 100 101 102 ----%0.02----13C8-PFOA
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

------------0382_QC301_2103250382_QC300_210324Sample IDSub-Matrix: RINSATE

 (Matrix: WATER)

------------25-Mar-2021 17:3724-Mar-2021 16:56Sampling date / time

------------------------ES2111323-040ES2111323-039UnitLORCAS NumberCompound

Result Result ---- ---- ----

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

<0.02 ---- ---- ----µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 ---- ---- ----µg/L0.022706-91-4

<0.02Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 ---- ---- ----µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 ---- ---- ----µg/L0.02375-92-8

<0.01Perfluorooctane sulfonic acid 

(PFOS)

<0.01 ---- ---- ----µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 ---- ---- ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 ---- ---- ----µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 ---- ---- ----µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) <0.02 ---- ---- ----µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 ---- ---- ----µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) <0.01 ---- ---- ----µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 ---- ---- ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 ---- ---- ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 ---- ---- ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 ---- ---- ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 ---- ---- ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 ---- ---- ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 ---- ---- ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 ---- ---- ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 ---- ---- ----µg/L0.054151-50-2
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

------------0382_QC301_2103250382_QC300_210324Sample IDSub-Matrix: RINSATE

 (Matrix: WATER)

------------25-Mar-2021 17:3724-Mar-2021 16:56Sampling date / time

------------------------ES2111323-040ES2111323-039UnitLORCAS NumberCompound

Result Result ---- ---- ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 ---- ---- ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 ---- ---- ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 ---- ---- ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 ---- ---- ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 ---- ---- ----µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 ---- ---- ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 ---- ---- ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 ---- ---- ----µg/L0.05120226-60-0

EP231P: PFAS Sums

<0.01 <0.01 ---- ---- ----µg/L0.01----Sum of PFAS

<0.01Sum of PFHxS and PFOS <0.01 ---- ---- ----µg/L0.01355-46-4/1763-23-

1

<0.01 <0.01 ---- ---- ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

92.1 91.0 ---- ---- ----%0.02----13C4-PFOS

96.8 92.4 ---- ---- ----%0.02----13C8-PFOA
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

0382_SW015_2103250382_SW014_2103260382_SW011_210326

extra volume for lab 

qc collected

0382_SW009_2103260382_SW001_210325Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

25-Mar-2021 16:1626-Mar-2021 09:1626-Mar-2021 08:4826-Mar-2021 15:4825-Mar-2021 12:26Sampling date / time

ES2111323-025ES2111323-024ES2111323-023ES2111323-022ES2111323-021UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

0.04Perfluorobutane sulfonic acid 

(PFBS)

0.02 0.04 0.03 <0.02µg/L0.02375-73-5

0.04Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 <0.02 <0.02µg/L0.022706-91-4

0.58Perfluorohexane sulfonic acid 

(PFHxS)

0.12 0.08 <0.02 0.02µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 <0.02µg/L0.02375-92-8

0.65Perfluorooctane sulfonic acid 

(PFOS)

0.09 0.08 0.02 0.02µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 <0.1µg/L0.1375-22-4

0.09Perfluoropentanoic acid (PFPeA) <0.02 <0.02 0.02 <0.02µg/L0.022706-90-3

0.19Perfluorohexanoic acid (PFHxA) 0.02 <0.02 <0.02 <0.02µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-85-9

0.03Perfluorooctanoic acid (PFOA) <0.01 <0.01 <0.01 <0.01µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8



14 of 21:Page

Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

0382_SW015_2103250382_SW014_2103260382_SW011_210326

extra volume for lab 

qc collected

0382_SW009_2103260382_SW001_210325Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

25-Mar-2021 16:1626-Mar-2021 09:1626-Mar-2021 08:4826-Mar-2021 15:4825-Mar-2021 12:26Sampling date / time

ES2111323-025ES2111323-024ES2111323-023ES2111323-022ES2111323-021UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

1.62 0.25 0.20 0.07 0.04µg/L0.01----Sum of PFAS

1.23Sum of PFHxS and PFOS 0.21 0.16 0.02 0.04µg/L0.01355-46-4/1763-23-

1

1.58 0.25 0.20 0.07 0.04µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

114 92.0 94.5 96.3 95.7%0.02----13C4-PFOS

114 91.9 93.2 92.2 95.1%0.02----13C8-PFOA
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

0382_SW038_2103240382_SW030_2103240382_SW029_2103240382_SW025_2103250382_SW017_210326Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

24-Mar-2021 14:3224-Mar-2021 14:3024-Mar-2021 14:3125-Mar-2021 17:0726-Mar-2021 08:00Sampling date / time

ES2111323-030ES2111323-029ES2111323-028ES2111323-027ES2111323-026UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

0.03Perfluorobutane sulfonic acid 

(PFBS)

<0.02 0.03 0.10 0.06µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 0.09 0.05µg/L0.022706-91-4

0.02Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 0.18 0.79 0.53µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 0.03 0.02µg/L0.02375-92-8

0.03Perfluorooctane sulfonic acid 

(PFOS)

0.02 0.06 0.78 0.46µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 <0.1µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 0.20 0.08 0.12µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) <0.02 <0.02 0.28 0.15µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) 0.01 <0.01 0.04 0.03µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

0382_SW038_2103240382_SW030_2103240382_SW029_2103240382_SW025_2103250382_SW017_210326Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

24-Mar-2021 14:3224-Mar-2021 14:3024-Mar-2021 14:3125-Mar-2021 17:0726-Mar-2021 08:00Sampling date / time

ES2111323-030ES2111323-029ES2111323-028ES2111323-027ES2111323-026UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

0.08 0.03 0.47 2.19 1.42µg/L0.01----Sum of PFAS

0.05Sum of PFHxS and PFOS 0.02 0.24 1.57 0.99µg/L0.01355-46-4/1763-23-

1

0.08 0.03 0.47 2.07 1.35µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

92.9 96.9 94.6 91.4 92.2%0.02----13C4-PFOS

92.6 92.4 93.8 92.5 93.7%0.02----13C8-PFOA
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Work Order :

:Client

ES2111323

NSW_0382_PFASOMP:Project

AECOM Australia Pty Ltd

Analytical Results

0382_SW111_2103250382_SW105_2103240382_SW104_2103240382_SW103_2103240382_SW059_210325Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

25-Mar-2021 08:5124-Mar-2021 16:1424-Mar-2021 16:1424-Mar-2021 16:1525-Mar-2021 11:45Sampling date / time

ES2111323-035ES2111323-034ES2111323-033ES2111323-032ES2111323-031UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

<0.02 <0.02 <0.02 0.09µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 <0.02 0.08µg/L0.022706-91-4

0.07Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 <0.02 <0.02 1.03µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 0.04µg/L0.02375-92-8

0.11Perfluorooctane sulfonic acid 

(PFOS)

0.03 0.02 0.03 1.42µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 <0.1µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 <0.02 <0.02 0.13µg/L0.022706-90-3

0.03Perfluorohexanoic acid (PFHxA) <0.02 <0.02 <0.02 0.35µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 0.03µg/L0.02375-85-9

0.01Perfluorooctanoic acid (PFOA) <0.01 <0.01 <0.01 0.06µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Analytical Results

0382_SW111_2103250382_SW105_2103240382_SW104_2103240382_SW103_2103240382_SW059_210325Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

25-Mar-2021 08:5124-Mar-2021 16:1424-Mar-2021 16:1424-Mar-2021 16:1525-Mar-2021 11:45Sampling date / time

ES2111323-035ES2111323-034ES2111323-033ES2111323-032ES2111323-031UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

0.22 0.03 0.02 0.03 3.23µg/L0.01----Sum of PFAS

0.18Sum of PFHxS and PFOS 0.03 0.02 0.03 2.45µg/L0.01355-46-4/1763-23-

1

0.22 0.03 0.02 0.03 3.11µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

91.5 86.4 92.0 88.9 89.1%0.02----13C4-PFOS

92.7 92.8 96.2 91.9 91.8%0.02----13C8-PFOA
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Analytical Results

----0382_QC302_2103260382_QC101_2103250382_QC100_2103250382_MW124_210324Sample IDSub-Matrix: WATER

 (Matrix: WATER)

----26-Mar-2021 15:5325-Mar-2021 16:1525-Mar-2021 07:4524-Mar-2021 14:54Sampling date / time

--------ES2111323-041ES2111323-037ES2111323-036ES2111323-013UnitLORCAS NumberCompound

Result Result Result Result ----

EP231A: Perfluoroalkyl Sulfonic Acids

0.02Perfluorobutane sulfonic acid 

(PFBS)

0.21 <0.02 <0.02 ----µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

0.31 <0.02 <0.02 ----µg/L0.022706-91-4

0.02Perfluorohexane sulfonic acid 

(PFHxS)

5.06 0.02 <0.02 ----µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

0.27 <0.02 <0.02 ----µg/L0.02375-92-8

<0.01Perfluorooctane sulfonic acid 

(PFOS)

22.5 0.02 <0.01 ----µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) 0.2 <0.1 <0.1 ----µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) 0.26 0.02 <0.02 ----µg/L0.022706-90-3

0.02Perfluorohexanoic acid (PFHxA) 1.45 <0.02 <0.02 ----µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) 0.10 <0.02 <0.02 ----µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) 0.25 <0.01 <0.01 ----µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 ----µg/L0.054151-50-2
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Analytical Results

----0382_QC302_2103260382_QC101_2103250382_QC100_2103250382_MW124_210324Sample IDSub-Matrix: WATER

 (Matrix: WATER)

----26-Mar-2021 15:5325-Mar-2021 16:1525-Mar-2021 07:4524-Mar-2021 14:54Sampling date / time

--------ES2111323-041ES2111323-037ES2111323-036ES2111323-013UnitLORCAS NumberCompound

Result Result Result Result ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05120226-60-0

EP231P: PFAS Sums

0.06 30.6 0.06 <0.01 ----µg/L0.01----Sum of PFAS

0.02Sum of PFHxS and PFOS 27.6 0.04 <0.01 ----µg/L0.01355-46-4/1763-23-

1

0.06 30.0 0.06 <0.01 ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

106 86.3 86.7 86.0 ----%0.02----13C4-PFOS

103 92.4 91.9 91.3 ----%0.02----13C8-PFOA
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Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: GROUNDWATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120

Recovery Limits (%)Sub-Matrix: RINSATE

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120

Recovery Limits (%)Sub-Matrix: SURFACE WATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120

Recovery Limits (%)Sub-Matrix: WATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120
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QUALITY CONTROL REPORT
Work Order : ES2111323 Page : 1 of 6

:: LaboratoryClient Environmental Division SydneyAECOM Australia Pty Ltd

:Contact MAT JENKINS :Contact Christopher Redford

:Address LEVEL 21 420 GEORGE STREET

SYDNEY NSW, AUSTRALIA 2000

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone ---- +61 2 8784 8555:Telephone

:Project NSW_0382_PFASOMP Date Samples Received : 29-Mar-2021

:Order number 60612562-6.1 Date Analysis Commenced : 06-Apr-2021

:C-O-C number 20381 Issue Date : 07-Apr-2021

Sampler : MAT JENKINS, PRERANA YERDHALLI

Site : Holsworthy

Quote number : SY/139/19 V3_NSW_0382

No. of samples received 41:

No. of samples analysed 40:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 6:Page

Work Order :

:Client

ES2111323

AECOM Australia Pty Ltd

NSW_0382_PFASOMP:Project

General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3599403)

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L 0.08 0.06 16.1 No Limit0382_SW011_210326 

extra volume for lab qc 

collected

ES2111323-023

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L 0.04 0.04 0.00 No Limit

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L 0.08 0.08 0.00 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3599403)

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 <0.01 0.00 No Limit0382_SW011_210326 

extra volume for lab qc 

collected

ES2111323-023

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 <0.1 0.00 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3599403)
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3599403)  - continued

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 <0.02 0.00 No Limit0382_SW011_210326 

extra volume for lab qc 

collected

ES2111323-023

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.02 µg/L <0.02 <0.02 0.00 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3599403)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.05 µg/L <0.05 <0.05 0.00 No Limit0382_SW011_210326 

extra volume for lab qc 

collected

ES2111323-023

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.05 µg/L <0.05 <0.05 0.00 No Limit

EP231P: PFAS Sums  (QC Lot: 3599403)

EP231X: Sum of PFAS ---- 0.01 µg/L 0.20 0.18 10.5 0% - 20%0382_SW011_210326 

extra volume for lab qc 

collected

ES2111323-023
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Method Blank (MB) and Laboratory Control Sample (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3599232)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 1190.25 µg/L 13072.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 1120.25 µg/L 12771.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L <0.02 1160.25 µg/L 13168.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 1050.25 µg/L 13469.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L <0.01 1080.25 µg/L 14065.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 1150.25 µg/L 14253.0

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3599403)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 97.60.25 µg/L 13072.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 1010.25 µg/L 12771.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L <0.02 1000.25 µg/L 13168.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 99.60.25 µg/L 13469.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L <0.01 88.80.25 µg/L 14065.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 79.80.25 µg/L 14253.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3599232)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 1141.25 µg/L 12973.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 1150.25 µg/L 12972.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 1150.25 µg/L 12972.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 1230.25 µg/L 13072.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 1160.25 µg/L 13371.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 1210.25 µg/L 13069.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 1090.25 µg/L 12971.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 1200.25 µg/L 13369.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 1070.25 µg/L 13472.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 1100.25 µg/L 14465.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 1160.625 µg/L 13271.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3599403)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 97.41.25 µg/L 12973.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 1070.25 µg/L 12972.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 1140.25 µg/L 12972.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 1140.25 µg/L 13072.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 1150.25 µg/L 13371.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 1130.25 µg/L 13069.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 1140.25 µg/L 12971.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 1100.25 µg/L 13369.0
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3599403)  - continued

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 1130.25 µg/L 13472.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 1020.25 µg/L 14465.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 1100.625 µg/L 13271.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3599232)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 1110.25 µg/L 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.05 µg/L <0.05 1150.625 µg/L 14168.0

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.05 µg/L <0.05 1070.625 µg/L 14762.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.05 µg/L <0.05 1170.625 µg/L 14566.0

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.05 µg/L <0.05 1180.625 µg/L 14557.6

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.02 µg/L <0.02 1040.25 µg/L 13665.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.02 µg/L <0.02 1110.25 µg/L 13561.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3599403)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 1040.25 µg/L 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.05 µg/L <0.05 1030.625 µg/L 14168.0

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.05 µg/L <0.05 98.70.625 µg/L 14762.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.05 µg/L <0.05 92.90.625 µg/L 14566.0

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.05 µg/L <0.05 99.80.625 µg/L 14557.6

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.02 µg/L <0.02 1100.25 µg/L 13665.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.02 µg/L <0.02 1130.25 µg/L 13561.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3599232)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.05 µg/L <0.05 1200.25 µg/L 14363.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.05 µg/L <0.05 1100.25 µg/L 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.05 µg/L <0.05 1080.25 µg/L 13867.0

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.05 µg/L <0.05 1030.25 µg/L 14471.4

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3599403)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.05 µg/L <0.05 1040.25 µg/L 14363.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.05 µg/L <0.05 1070.25 µg/L 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.05 µg/L <0.05 1120.25 µg/L 13867.0

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.05 µg/L <0.05 97.00.25 µg/L 14471.4
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Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

l No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) Results are required to be reported.
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Environmental

QA/QC Compliance Assessment to assist with Quality Review
Work Order : ES2111323 Page : 1 of 8

:: LaboratoryClient Environmental Division SydneyAECOM Australia Pty Ltd

:Contact MAT JENKINS Telephone : +61 2 8784 8555

:Project NSW_0382_PFASOMP Date Samples Received : 29-Mar-2021

Site : Holsworthy Issue Date : 07-Apr-2021

MAT JENKINS, PRERANA YERDHALLI:Sampler No. of samples received : 41

:Order number 60612562-6.1 No. of samples analysed : 40

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l NO Matrix Spike outliers occur.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l NO Analysis Holding Time Outliers exist.

Outliers : Frequency of Quality Control Samples

l Quality Control Sample Frequency Outliers exist - please see following pages for full details.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Frequency of Quality Control Samples

Matrix: WATER

Quality Control SpecificationQuality Control Sample Type

Method ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS  2.50  10.001 40

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC StandardPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS  0.00  5.000 40

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 

should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 

14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 

provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_MW123_210324, 0382_MW124_210324,

0382_MW323_210324, 0382_MW349_210324,

0382_SW029_210324, 0382_SW030_210324,

0382_SW038_210324, 0382_SW103_210324,

0382_SW104_210324, 0382_SW105_210324,

0382_QC300_210324

20-Sep-202120-Sep-2021 06-Apr-202106-Apr-202124-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW112_210325, 0382_MW112_P_210325,

0382_MW113_210325, 0382_MW115_210325,

0382_MW119_210325, 0382_MW119_P_210325,

0382_MW120_210325, 0382_MW121_210325,

0382_MW129_210325, 0382_MW131_210325,

0382_MW130_210325, 0382_MW134P_210325,

0382_SW001_210325, 0382_SW015_210325,

0382_SW025_210325, 0382_SW059_210325,

0382_SW111_210325, 0382_QC100_210325,

0382_QC101_210325, 0382_QC301_210325

21-Sep-202121-Sep-2021 06-Apr-202106-Apr-202125-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids - Continued

0382_MW002_210326, 0382_MW117_210326,

0382_MW122_210326, 0382_MW301_210326,

0382_SW009_210326, 0382_SW011_210326 - extra volume for lab qc 

collected,

0382_SW014_210326, 0382_SW017_210326,

0382_QC302_210326

22-Sep-202122-Sep-2021 06-Apr-202106-Apr-202126-Mar-2021 ü ü

EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE (no PTFE) (EP231X)

0382_MW123_210324, 0382_MW124_210324,

0382_MW323_210324, 0382_MW349_210324,

0382_SW029_210324, 0382_SW030_210324,

0382_SW038_210324, 0382_SW103_210324,

0382_SW104_210324, 0382_SW105_210324,

0382_QC300_210324

20-Sep-202120-Sep-2021 06-Apr-202106-Apr-202124-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW112_210325, 0382_MW112_P_210325,

0382_MW113_210325, 0382_MW115_210325,

0382_MW119_210325, 0382_MW119_P_210325,

0382_MW120_210325, 0382_MW121_210325,

0382_MW129_210325, 0382_MW131_210325,

0382_MW130_210325, 0382_MW134P_210325,

0382_SW001_210325, 0382_SW015_210325,

0382_SW025_210325, 0382_SW059_210325,

0382_SW111_210325, 0382_QC100_210325,

0382_QC101_210325, 0382_QC301_210325

21-Sep-202121-Sep-2021 06-Apr-202106-Apr-202125-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW002_210326, 0382_MW117_210326,

0382_MW122_210326, 0382_MW301_210326,

0382_SW009_210326, 0382_SW011_210326 - extra volume for lab qc 

collected,

0382_SW014_210326, 0382_SW017_210326,

0382_QC302_210326

22-Sep-202122-Sep-2021 06-Apr-202106-Apr-202126-Mar-2021 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231C: Perfluoroalkyl Sulfonamides

HDPE (no PTFE) (EP231X)

0382_MW123_210324, 0382_MW124_210324,

0382_MW323_210324, 0382_MW349_210324,

0382_SW029_210324, 0382_SW030_210324,

0382_SW038_210324, 0382_SW103_210324,

0382_SW104_210324, 0382_SW105_210324,

0382_QC300_210324

20-Sep-202120-Sep-2021 06-Apr-202106-Apr-202124-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW112_210325, 0382_MW112_P_210325,

0382_MW113_210325, 0382_MW115_210325,

0382_MW119_210325, 0382_MW119_P_210325,

0382_MW120_210325, 0382_MW121_210325,

0382_MW129_210325, 0382_MW131_210325,

0382_MW130_210325, 0382_MW134P_210325,

0382_SW001_210325, 0382_SW015_210325,

0382_SW025_210325, 0382_SW059_210325,

0382_SW111_210325, 0382_QC100_210325,

0382_QC101_210325, 0382_QC301_210325

21-Sep-202121-Sep-2021 06-Apr-202106-Apr-202125-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW002_210326, 0382_MW117_210326,

0382_MW122_210326, 0382_MW301_210326,

0382_SW009_210326, 0382_SW011_210326 - extra volume for lab qc 

collected,

0382_SW014_210326, 0382_SW017_210326,

0382_QC302_210326

22-Sep-202122-Sep-2021 06-Apr-202106-Apr-202126-Mar-2021 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_MW123_210324, 0382_MW124_210324,

0382_MW323_210324, 0382_MW349_210324,

0382_SW029_210324, 0382_SW030_210324,

0382_SW038_210324, 0382_SW103_210324,

0382_SW104_210324, 0382_SW105_210324,

0382_QC300_210324

20-Sep-202120-Sep-2021 06-Apr-202106-Apr-202124-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW112_210325, 0382_MW112_P_210325,

0382_MW113_210325, 0382_MW115_210325,

0382_MW119_210325, 0382_MW119_P_210325,

0382_MW120_210325, 0382_MW121_210325,

0382_MW129_210325, 0382_MW131_210325,

0382_MW130_210325, 0382_MW134P_210325,

0382_SW001_210325, 0382_SW015_210325,

0382_SW025_210325, 0382_SW059_210325,

0382_SW111_210325, 0382_QC100_210325,

0382_QC101_210325, 0382_QC301_210325

21-Sep-202121-Sep-2021 06-Apr-202106-Apr-202125-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW002_210326, 0382_MW117_210326,

0382_MW122_210326, 0382_MW301_210326,

0382_SW009_210326, 0382_SW011_210326 - extra volume for lab qc 

collected,

0382_SW014_210326, 0382_SW017_210326,

0382_QC302_210326

22-Sep-202122-Sep-2021 06-Apr-202106-Apr-202126-Mar-2021 ü ü



6 of 8:Page

Work Order :

:Client

ES2111323

AECOM Australia Pty Ltd

NSW_0382_PFASOMP:Project

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231P: PFAS Sums

HDPE (no PTFE) (EP231X)

0382_MW123_210324, 0382_MW124_210324,

0382_MW323_210324, 0382_MW349_210324,

0382_SW029_210324, 0382_SW030_210324,

0382_SW038_210324, 0382_SW103_210324,

0382_SW104_210324, 0382_SW105_210324,

0382_QC300_210324

20-Sep-202120-Sep-2021 06-Apr-202106-Apr-202124-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW112_210325, 0382_MW112_P_210325,

0382_MW113_210325, 0382_MW115_210325,

0382_MW119_210325, 0382_MW119_P_210325,

0382_MW120_210325, 0382_MW121_210325,

0382_MW129_210325, 0382_MW131_210325,

0382_MW130_210325, 0382_MW134P_210325,

0382_SW001_210325, 0382_SW015_210325,

0382_SW025_210325, 0382_SW059_210325,

0382_SW111_210325, 0382_QC100_210325,

0382_QC101_210325, 0382_QC301_210325

21-Sep-202121-Sep-2021 06-Apr-202106-Apr-202125-Mar-2021 ü ü

HDPE (no PTFE) (EP231X)

0382_MW002_210326, 0382_MW117_210326,

0382_MW122_210326, 0382_MW301_210326,

0382_SW009_210326, 0382_SW011_210326 - extra volume for lab qc 

collected,

0382_SW014_210326, 0382_SW017_210326,

0382_QC302_210326

22-Sep-202122-Sep-2021 06-Apr-202106-Apr-202126-Mar-2021 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 2.50  10.001 40 ûPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 0.00  5.000 40 ûPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In-house:  Analysis of fresh and saline waters by Solid Phase Extraction (SPE) followed by 

LC-Electrospray-MS-MS, Negative Mode using MRM and internal standard quantitation.

Isotopically labelled analogues of target analytes used as internal standards and surrogates are added to the 

sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  The sample 

container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined with an equal 

volume of reagent water and a portion is filtered for analysis.    Method procedures and data quality objectives 

conform to US DoD QSM 5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS) by LCMSMS

EP231X WATER

Preparation Methods Method DescriptionsMatrixMethod

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to the sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  

The sample container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined 

with an equal volume of reagent water and a portion is filtered for analysis.    Method procedures conform to US 

DoD QSM 5.3, table B-15 requirements.

Solid Phase Extraction (SPE) for PFAS in 

water

ORG72 WATER
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CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 11ES2121290

:: LaboratoryClient AECOM Australia Pty Ltd Environmental Division Sydney

: :ContactContact JESSICA ROY Christopher Redford

:: AddressAddress LEVEL 21 420 GEORGE STREET

SYDNEY NSW, AUSTRALIA 2000

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61 2 8784 8555

:Project NSW_0382_PFASOMP_20 Date Samples Received : 08-Jun-2021 14:05

:Order number 60612562_6.1 Date Analysis Commenced : 15-Jun-2021

:C-O-C number 23762 Issue Date : 16-Jun-2021 15:44

Sampler : PRERANA YERDHALLI

Site : Holsworthy

Quote number : SY/139/19 V3_NSW_0382

17:No. of samples received

17:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

l Surrogate Control Limits

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EP231X - Per- and Polyfluoroalkyl Substances (PFAS):  Samples received in 20ml or 125ml bottles have been tested in accordance with the QSM5.3 compliant, NATA accredited method.  60mL or 250mL bottles 

have been tested to the legacy QSM 5.1 aligned, NATA accredited method.

l

EP231: Stable isotope enriched internal standards are added to samples prior to extraction.  Target compounds have a direct analogous internal standard with the exception of PFPeS, PFHpA, PFDS, PFTrDA and 

10:2 FTS.  These compounds use an internal standard that is chemically related and has a retention time close to that of the target compound.  The DQO for internal standard response is 50-150% of that 

established at initial calibration.  PFOS is quantified using a certified, traceable standard consisting of linear and branched PFOS isomers. These practices are in line with recommendations in the National 

Environmental Management Plan for PFAS (Australian HEPA) and also conform to QSM 5.3 (US DoD) requirements.

l
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Analytical Results

0382_MW134_2106070382_MW119P_21060

7

0382_MW119_2106070382_MW112_2106070382_MW112P_21060

7

Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

07-Jun-2021 11:3407-Jun-2021 10:4807-Jun-2021 10:4607-Jun-2021 10:1807-Jun-2021 10:17Sampling date / time

ES2121290-006ES2121290-004ES2121290-003ES2121290-002ES2121290-001UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

0.24Perfluorobutane sulfonic acid 

(PFBS)

5.33 0.81 16.3 0.23µg/L0.02375-73-5

0.40Perfluoropentane sulfonic acid 

(PFPeS)

8.27 0.55 26.0 0.26µg/L0.022706-91-4

5.56Perfluorohexane sulfonic acid 

(PFHxS)

49.5 3.59 114 1.16µg/L0.02355-46-4

0.36Perfluoroheptane sulfonic acid 

(PFHpS)

4.27 0.15 6.42 0.02µg/L0.02375-92-8

28.2Perfluorooctane sulfonic acid 

(PFOS)

37.9 8.80 51.6 0.44µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

0.2Perfluorobutanoic acid (PFBA) 0.9 0.4 1.8 0.1µg/L0.1375-22-4

0.28Perfluoropentanoic acid (PFPeA) 1.53 0.47 6.24 0.16µg/L0.022706-90-3

1.32Perfluorohexanoic acid (PFHxA) 9.40 1.53 44.4 0.42µg/L0.02307-24-4

0.12Perfluoroheptanoic acid (PFHpA) 1.58 0.14 4.09 <0.02µg/L0.02375-85-9

0.33Perfluorooctanoic acid (PFOA) 4.14 0.40 5.40 0.03µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Work Order :

:Client

ES2121290

NSW_0382_PFASOMP_20:Project

AECOM Australia Pty Ltd

Analytical Results

0382_MW134_2106070382_MW119P_21060

7

0382_MW119_2106070382_MW112_2106070382_MW112P_21060

7

Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

07-Jun-2021 11:3407-Jun-2021 10:4807-Jun-2021 10:4607-Jun-2021 10:1807-Jun-2021 10:17Sampling date / time

ES2121290-006ES2121290-004ES2121290-003ES2121290-002ES2121290-001UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 0.38 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

37.0 123 16.8 277 2.82µg/L0.01----Sum of PFAS

33.8Sum of PFHxS and PFOS 87.4 12.4 166 1.60µg/L0.01355-46-4/1763-23-

1

36.2 110 16.1 244 2.54µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

99.9 84.9 116 86.0 99.4%0.02----13C4-PFOS

108 119 108 117 99.7%0.02----13C8-PFOA
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:Client

ES2121290

NSW_0382_PFASOMP_20:Project

AECOM Australia Pty Ltd

Analytical Results

0382_QC100_2106070382_MW129_2106070382_MW136_2106070382_MW131_2106070382_MW130_210607Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

07-Jun-2021 13:0907-Jun-2021 12:4207-Jun-2021 12:2307-Jun-2021 11:5207-Jun-2021 11:40Sampling date / time

ES2121290-012ES2121290-011ES2121290-010ES2121290-009ES2121290-008UnitLORCAS NumberCompound

Result Result Result Result Result

EP231A: Perfluoroalkyl Sulfonic Acids

<0.02Perfluorobutane sulfonic acid 

(PFBS)

<0.02 <0.02 <0.02 0.78µg/L0.02375-73-5

<0.02Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 <0.02 0.53µg/L0.022706-91-4

<0.02Perfluorohexane sulfonic acid 

(PFHxS)

<0.02 0.04 <0.02 3.41µg/L0.02355-46-4

<0.02Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 0.14µg/L0.02375-92-8

0.03Perfluorooctane sulfonic acid 

(PFOS)

0.06 0.11 0.01 7.53µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 <0.02µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 0.4µg/L0.1375-22-4

<0.02Perfluoropentanoic acid (PFPeA) <0.02 <0.02 <0.02 0.49µg/L0.022706-90-3

<0.02Perfluorohexanoic acid (PFHxA) <0.02 <0.02 <0.02 1.47µg/L0.02307-24-4

<0.02Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 0.15µg/L0.02375-85-9

<0.01Perfluorooctanoic acid (PFOA) <0.01 <0.01 <0.01 0.40µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 <0.02µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 <0.02µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 <0.02µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 <0.02µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 <0.02µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 <0.05µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 <0.02µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 <0.05µg/L0.054151-50-2
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Work Order :

:Client

ES2121290

NSW_0382_PFASOMP_20:Project

AECOM Australia Pty Ltd

Analytical Results

0382_QC100_2106070382_MW129_2106070382_MW136_2106070382_MW131_2106070382_MW130_210607Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

07-Jun-2021 13:0907-Jun-2021 12:4207-Jun-2021 12:2307-Jun-2021 11:5207-Jun-2021 11:40Sampling date / time

ES2121290-012ES2121290-011ES2121290-010ES2121290-009ES2121290-008UnitLORCAS NumberCompound

Result Result Result Result Result

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 <0.05µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 <0.02µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 <0.05µg/L0.05120226-60-0

EP231P: PFAS Sums

0.03 0.06 0.15 0.01 15.3µg/L0.01----Sum of PFAS

0.03Sum of PFHxS and PFOS 0.06 0.15 0.01 10.9µg/L0.01355-46-4/1763-23-

1

0.03 0.06 0.15 0.01 14.6µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

108 91.3 107 101 92.1%0.02----13C4-PFOS

108 105 107 112 114%0.02----13C8-PFOA
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Analytical Results

--------0382_QC300_2106070382_MW113_2106070382_MW115_210607Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

--------07-Jun-2021 13:3907-Jun-2021 13:3607-Jun-2021 13:13Sampling date / time

----------------ES2121290-017ES2121290-016ES2121290-015UnitLORCAS NumberCompound

Result Result Result ---- ----

EP231A: Perfluoroalkyl Sulfonic Acids

17.0Perfluorobutane sulfonic acid 

(PFBS)

38.4 <0.02 ---- ----µg/L0.02375-73-5

28.1Perfluoropentane sulfonic acid 

(PFPeS)

51.1 <0.02 ---- ----µg/L0.022706-91-4

178Perfluorohexane sulfonic acid 

(PFHxS)

269 <0.02 ---- ----µg/L0.02355-46-4

17.5Perfluoroheptane sulfonic acid 

(PFHpS)

26.6 <0.02 ---- ----µg/L0.02375-92-8

306Perfluorooctane sulfonic acid 

(PFOS)

219 <0.01 ---- ----µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

0.16 <0.02 ---- ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

3.6Perfluorobutanoic acid (PFBA) 4.8 <0.1 ---- ----µg/L0.1375-22-4

6.53Perfluoropentanoic acid (PFPeA) 10.0 <0.02 ---- ----µg/L0.022706-90-3

32.6Perfluorohexanoic acid (PFHxA) 63.0 <0.02 ---- ----µg/L0.02307-24-4

6.07Perfluoroheptanoic acid (PFHpA) 9.13 <0.02 ---- ----µg/L0.02375-85-9

14.4Perfluorooctanoic acid (PFOA) 17.8 <0.01 ---- ----µg/L0.01335-67-1

0.14Perfluorononanoic acid (PFNA) 0.16 <0.02 ---- ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 ---- ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 ---- ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 ---- ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 ---- ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 ---- ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

<0.02Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 ---- ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 ---- ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 ---- ----µg/L0.054151-50-2
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Analytical Results

--------0382_QC300_2106070382_MW113_2106070382_MW115_210607Sample IDSub-Matrix: GROUNDWATER

 (Matrix: WATER)

--------07-Jun-2021 13:3907-Jun-2021 13:3607-Jun-2021 13:13Sampling date / time

----------------ES2121290-017ES2121290-016ES2121290-015UnitLORCAS NumberCompound

Result Result Result ---- ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 ---- ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 ---- ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 ---- ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 ---- ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 ---- ----µg/L0.05757124-72-4

0.746:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

1.70 <0.05 ---- ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 ---- ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 ---- ----µg/L0.05120226-60-0

EP231P: PFAS Sums

611 711 <0.01 ---- ----µg/L0.01----Sum of PFAS

484Sum of PFHxS and PFOS 488 <0.01 ---- ----µg/L0.01355-46-4/1763-23-

1

565 633 <0.01 ---- ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

97.5 77.3 90.9 ---- ----%0.02----13C4-PFOS

114 118 106 ---- ----%0.02----13C8-PFOA
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Analytical Results

----0382_SW059_2106070382_QC101_2106070382_SW001_2106070382_SW111_210607Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

----07-Jun-2021 13:1207-Jun-2021 13:1007-Jun-2021 11:3507-Jun-2021 10:49Sampling date / time

--------ES2121290-014ES2121290-013ES2121290-007ES2121290-005UnitLORCAS NumberCompound

Result Result Result Result ----

EP231A: Perfluoroalkyl Sulfonic Acids

0.06Perfluorobutane sulfonic acid 

(PFBS)

<0.02 <0.02 <0.02 ----µg/L0.02375-73-5

0.08Perfluoropentane sulfonic acid 

(PFPeS)

<0.02 <0.02 <0.02 ----µg/L0.022706-91-4

0.90Perfluorohexane sulfonic acid 

(PFHxS)

0.06 0.05 0.05 ----µg/L0.02355-46-4

0.04Perfluoroheptane sulfonic acid 

(PFHpS)

<0.02 <0.02 <0.02 ----µg/L0.02375-92-8

1.93Perfluorooctane sulfonic acid 

(PFOS)

0.13 0.09 0.09 ----µg/L0.011763-23-1

<0.02Perfluorodecane sulfonic acid 

(PFDS)

<0.02 <0.02 <0.02 ----µg/L0.02335-77-3

EP231B:  Perfluoroalkyl Carboxylic Acids

<0.1Perfluorobutanoic acid (PFBA) <0.1 <0.1 <0.1 ----µg/L0.1375-22-4

0.05Perfluoropentanoic acid (PFPeA) <0.02 <0.02 <0.02 ----µg/L0.022706-90-3

0.20Perfluorohexanoic acid (PFHxA) <0.02 <0.02 <0.02 ----µg/L0.02307-24-4

0.03Perfluoroheptanoic acid (PFHpA) <0.02 <0.02 <0.02 ----µg/L0.02375-85-9

0.07Perfluorooctanoic acid (PFOA) <0.01 0.01 0.01 ----µg/L0.01335-67-1

<0.02Perfluorononanoic acid (PFNA) <0.02 <0.02 <0.02 ----µg/L0.02375-95-1

<0.02Perfluorodecanoic acid (PFDA) <0.02 <0.02 <0.02 ----µg/L0.02335-76-2

<0.02Perfluoroundecanoic acid 

(PFUnDA)

<0.02 <0.02 <0.02 ----µg/L0.022058-94-8

<0.02Perfluorododecanoic acid 

(PFDoDA)

<0.02 <0.02 <0.02 ----µg/L0.02307-55-1

<0.02Perfluorotridecanoic acid 

(PFTrDA)

<0.02 <0.02 <0.02 ----µg/L0.0272629-94-8

<0.05Perfluorotetradecanoic acid 

(PFTeDA)

<0.05 <0.05 <0.05 ----µg/L0.05376-06-7

EP231C: Perfluoroalkyl Sulfonamides

0.05Perfluorooctane sulfonamide 

(FOSA)

<0.02 <0.02 <0.02 ----µg/L0.02754-91-6

<0.05N-Methyl perfluorooctane 

sulfonamide (MeFOSA)

<0.05 <0.05 <0.05 ----µg/L0.0531506-32-8

<0.05N-Ethyl perfluorooctane 

sulfonamide (EtFOSA)

<0.05 <0.05 <0.05 ----µg/L0.054151-50-2
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Analytical Results

----0382_SW059_2106070382_QC101_2106070382_SW001_2106070382_SW111_210607Sample IDSub-Matrix: SURFACE WATER

 (Matrix: WATER)

----07-Jun-2021 13:1207-Jun-2021 13:1007-Jun-2021 11:3507-Jun-2021 10:49Sampling date / time

--------ES2121290-014ES2121290-013ES2121290-007ES2121290-005UnitLORCAS NumberCompound

Result Result Result Result ----

EP231C: Perfluoroalkyl Sulfonamides - Continued

<0.05N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

<0.05 <0.05 <0.05 ----µg/L0.0524448-09-7

<0.05N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

<0.05 <0.05 <0.05 ----µg/L0.051691-99-2

<0.02N-Methyl perfluorooctane 

sulfonamidoacetic acid 

(MeFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022355-31-9

<0.02N-Ethyl perfluorooctane 

sulfonamidoacetic acid 

(EtFOSAA)

<0.02 <0.02 <0.02 ----µg/L0.022991-50-6

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

<0.054:2 Fluorotelomer sulfonic acid 

(4:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05757124-72-4

<0.056:2 Fluorotelomer sulfonic acid 

(6:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0527619-97-2

<0.058:2 Fluorotelomer sulfonic acid 

(8:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.0539108-34-4

<0.0510:2 Fluorotelomer sulfonic acid 

(10:2 FTS)

<0.05 <0.05 <0.05 ----µg/L0.05120226-60-0

EP231P: PFAS Sums

3.41 0.19 0.15 0.15 ----µg/L0.01----Sum of PFAS

2.83Sum of PFHxS and PFOS 0.19 0.14 0.14 ----µg/L0.01355-46-4/1763-23-

1

3.24 0.19 0.15 0.15 ----µg/L0.01----Sum of PFAS (WA DER List)

EP231S:  PFAS Surrogate

105 106 106 105 ----%0.02----13C4-PFOS

108 105 108 106 ----%0.02----13C8-PFOA
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AECOM Australia Pty Ltd

Surrogate Control Limits

Recovery Limits (%)Sub-Matrix: GROUNDWATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120

Recovery Limits (%)Sub-Matrix: SURFACE WATER

Compound CAS Number Low High

EP231S:  PFAS Surrogate

13C4-PFOS ---- 60 120

13C8-PFOA ---- 60 120
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Environmental

QUALITY CONTROL REPORT
Work Order : ES2121290 Page : 1 of 7

:: LaboratoryClient Environmental Division SydneyAECOM Australia Pty Ltd

:Contact JESSICA ROY :Contact Christopher Redford

:Address LEVEL 21 420 GEORGE STREET

SYDNEY NSW, AUSTRALIA 2000

Address : 277-289 Woodpark Road Smithfield NSW Australia 2164

::Telephone ---- +61 2 8784 8555:Telephone

:Project NSW_0382_PFASOMP_20 Date Samples Received : 08-Jun-2021

:Order number 60612562_6.1 Date Analysis Commenced : 15-Jun-2021

:C-O-C number 23762 Issue Date : 16-Jun-2021

Sampler : PRERANA YERDHALLI

Site : Holsworthy

Quote number : SY/139/19 V3_NSW_0382

No. of samples received 17:

No. of samples analysed 17:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 

not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Franco Lentini LCMS Coordinator Sydney Organics, Smithfield, NSW
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General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231A: Perfluoroalkyl Sulfonic Acids  (QC Lot: 3733361)

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L 0.11 0.11 0.0 0% - 50%0382_MW136_210607 ES2121290-010

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 0.04 75.0 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L 0.04 0.04 0.0 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L 0.06 0.07 0.0 No Limit0382_MW131_210607 ES2121290-009

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3733361)

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 <0.01 0.0 No Limit0382_MW136_210607 ES2121290-010

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 <0.1 0.0 No Limit

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 <0.01 0.0 No Limit0382_MW131_210607 ES2121290-009
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231B:  Perfluoroalkyl Carboxylic Acids  (QC Lot: 3733361)  - continued

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 <0.02 0.0 No Limit0382_MW131_210607 ES2121290-009

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 <0.1 0.0 No Limit

EP231C: Perfluoroalkyl Sulfonamides  (QC Lot: 3733361)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 <0.02 0.0 No Limit0382_MW136_210607 ES2121290-010

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 <0.02 0.0 No Limit0382_MW131_210607 ES2121290-009

EP231X: N-Methyl perfluorooctane 

sulfonamidoacetic acid (MeFOSAA)

2355-31-9 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoacetic acid (EtFOSAA)

2991-50-6 0.02 µg/L <0.02 <0.02 0.0 No Limit

EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

31506-32-8 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Ethyl perfluorooctane sulfonamide 

(EtFOSA)

4151-50-2 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Methyl perfluorooctane 

sulfonamidoethanol (MeFOSE)

24448-09-7 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: N-Ethyl perfluorooctane 

sulfonamidoethanol (EtFOSE)

1691-99-2 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3733361)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.05 µg/L <0.05 <0.05 0.0 No Limit0382_MW136_210607 ES2121290-010
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Sub-Matrix: WATER Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Sample ID Method: Compound CAS Number LOR Unit Duplicate Result Acceptable RPD (%)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QC Lot: 3733361)  - continued

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.05 µg/L <0.05 <0.05 0.0 No Limit0382_MW136_210607 ES2121290-010

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 

FTS)

757124-72-4 0.05 µg/L <0.05 <0.05 0.0 No Limit0382_MW131_210607 ES2121290-009

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 

FTS)

27619-97-2 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 

FTS)

39108-34-4 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 

FTS)

120226-60-0 0.05 µg/L <0.05 <0.05 0.0 No Limit

EP231P: PFAS Sums  (QC Lot: 3733361)

EP231X: Sum of PFAS ---- 0.01 µg/L 0.15 0.19 23.5 0% - 50%0382_MW136_210607 ES2121290-010

EP231X: Sum of PFAS ---- 0.01 µg/L 0.06 0.07 15.4 No Limit0382_MW131_210607 ES2121290-009
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Method Blank (MB) and Laboratory Control Sample (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3733361)

EP231X: Perfluorobutane sulfonic acid (PFBS) 375-73-5 0.02 µg/L <0.02 97.00.25 µg/L 13072.0

EP231X: Perfluoropentane sulfonic acid (PFPeS) 2706-91-4 0.02 µg/L <0.02 1000.25 µg/L 12771.0

EP231X: Perfluorohexane sulfonic acid (PFHxS) 355-46-4 0.02 µg/L <0.02 93.40.25 µg/L 13168.0

EP231X: Perfluoroheptane sulfonic acid (PFHpS) 375-92-8 0.02 µg/L <0.02 1010.25 µg/L 13469.0

EP231X: Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.01 µg/L <0.01 91.40.25 µg/L 14065.0

EP231X: Perfluorodecane sulfonic acid (PFDS) 335-77-3 0.02 µg/L <0.02 87.00.25 µg/L 14253.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3733361)

EP231X: Perfluorobutanoic acid (PFBA) 375-22-4 0.1 µg/L <0.1 96.21.25 µg/L 12973.0

EP231X: Perfluoropentanoic acid (PFPeA) 2706-90-3 0.02 µg/L <0.02 1060.25 µg/L 12972.0

EP231X: Perfluorohexanoic acid (PFHxA) 307-24-4 0.02 µg/L <0.02 98.00.25 µg/L 12972.0

EP231X: Perfluoroheptanoic acid (PFHpA) 375-85-9 0.02 µg/L <0.02 1090.25 µg/L 13072.0

EP231X: Perfluorooctanoic acid (PFOA) 335-67-1 0.01 µg/L <0.01 1140.25 µg/L 13371.0

EP231X: Perfluorononanoic acid (PFNA) 375-95-1 0.02 µg/L <0.02 1020.25 µg/L 13069.0

EP231X: Perfluorodecanoic acid (PFDA) 335-76-2 0.02 µg/L <0.02 1060.25 µg/L 12971.0

EP231X: Perfluoroundecanoic acid (PFUnDA) 2058-94-8 0.02 µg/L <0.02 1090.25 µg/L 13369.0

EP231X: Perfluorododecanoic acid (PFDoDA) 307-55-1 0.02 µg/L <0.02 1120.25 µg/L 13472.0

EP231X: Perfluorotridecanoic acid (PFTrDA) 72629-94-8 0.02 µg/L <0.02 93.00.25 µg/L 14465.0

EP231X: Perfluorotetradecanoic acid (PFTeDA) 376-06-7 0.05 µg/L <0.05 1070.625 µg/L 13271.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3733361)

EP231X: Perfluorooctane sulfonamide (FOSA) 754-91-6 0.02 µg/L <0.02 1080.25 µg/L 13767.0

EP231X: N-Methyl perfluorooctane sulfonamide (MeFOSA) 31506-32-8 0.05 µg/L <0.05 86.10.625 µg/L 14168.0

EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 4151-50-2 0.05 µg/L <0.05 93.80.625 µg/L 14762.6

EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

24448-09-7 0.05 µg/L <0.05 1010.625 µg/L 14566.0

EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1691-99-2 0.05 µg/L <0.05 1100.625 µg/L 14557.6

EP231X: N-Methyl perfluorooctane sulfonamidoacetic acid 

(MeFOSAA)

2355-31-9 0.02 µg/L <0.02 1170.25 µg/L 13665.0

EP231X: N-Ethyl perfluorooctane sulfonamidoacetic acid 

(EtFOSAA)

2991-50-6 0.02 µg/L <0.02 1150.25 µg/L 13561.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3733361)

EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 757124-72-4 0.05 µg/L <0.05 1050.25 µg/L 14363.0

EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 27619-97-2 0.05 µg/L <0.05 1070.25 µg/L 14064.0

EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 39108-34-4 0.05 µg/L <0.05 98.80.25 µg/L 13867.0
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Sub-Matrix: WATER Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Acceptable Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3733361)  - continued

EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 120226-60-0 0.05 µg/L <0.05 97.40.25 µg/L 14471.4

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231A: Perfluoroalkyl Sulfonic Acids  (QCLot: 3733361)

0382_MW115_210607 ES2121290-015 375-73-5EP231X: Perfluorobutane sulfonic acid (PFBS) # Not 

Determined

0.25 µg/L 13072.0

2706-91-4EP231X: Perfluoropentane sulfonic acid (PFPeS) # Not 

Determined

0.25 µg/L 12771.0

355-46-4EP231X: Perfluorohexane sulfonic acid (PFHxS) # Not 

Determined

0.25 µg/L 13168.0

375-92-8EP231X: Perfluoroheptane sulfonic acid (PFHpS) # Not 

Determined

0.25 µg/L 13469.0

1763-23-1EP231X: Perfluorooctane sulfonic acid (PFOS) # Not 

Determined

0.25 µg/L 14065.0

335-77-3EP231X: Perfluorodecane sulfonic acid (PFDS) 1180.25 µg/L 14253.0

EP231B:  Perfluoroalkyl Carboxylic Acids  (QCLot: 3733361)

0382_MW115_210607 ES2121290-015 375-22-4EP231X: Perfluorobutanoic acid (PFBA) 85.51.25 µg/L 12973.0

2706-90-3EP231X: Perfluoropentanoic acid (PFPeA) # Not 

Determined

0.25 µg/L 12972.0

307-24-4EP231X: Perfluorohexanoic acid (PFHxA) # Not 

Determined

0.25 µg/L 12972.0

375-85-9EP231X: Perfluoroheptanoic acid (PFHpA) # Not 

Determined

0.25 µg/L 13072.0

335-67-1EP231X: Perfluorooctanoic acid (PFOA) # Not 

Determined

0.25 µg/L 13371.0

375-95-1EP231X: Perfluorononanoic acid (PFNA) 88.60.25 µg/L 13069.0

335-76-2EP231X: Perfluorodecanoic acid (PFDA) 1000.25 µg/L 12971.0

2058-94-8EP231X: Perfluoroundecanoic acid (PFUnDA) 97.60.25 µg/L 13369.0

307-55-1EP231X: Perfluorododecanoic acid (PFDoDA) 1070.25 µg/L 13472.0

72629-94-8EP231X: Perfluorotridecanoic acid (PFTrDA) 88.60.25 µg/L 14465.0

376-06-7EP231X: Perfluorotetradecanoic acid (PFTeDA) 96.60.625 µg/L 13271.0

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3733361)

0382_MW115_210607 ES2121290-015 754-91-6EP231X: Perfluorooctane sulfonamide (FOSA) 97.60.25 µg/L 13767.0
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Sub-Matrix: WATER Matrix Spike (MS) Report

SpikeRecovery(%) Acceptable Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Sample ID Method: Compound CAS Number

EP231C: Perfluoroalkyl Sulfonamides  (QCLot: 3733361)  - continued

0382_MW115_210607 ES2121290-015 31506-32-8EP231X: N-Methyl perfluorooctane sulfonamide 

(MeFOSA)

91.40.625 µg/L 14168.0

4151-50-2EP231X: N-Ethyl perfluorooctane sulfonamide (EtFOSA) 84.20.625 µg/L 14762.6

24448-09-7EP231X: N-Methyl perfluorooctane sulfonamidoethanol 

(MeFOSE)

1060.625 µg/L 14566.0

1691-99-2EP231X: N-Ethyl perfluorooctane sulfonamidoethanol 

(EtFOSE)

1040.625 µg/L 14557.6

2355-31-9EP231X: N-Methyl perfluorooctane sulfonamidoacetic 

acid (MeFOSAA)

1180.25 µg/L 13665.0

2991-50-6EP231X: N-Ethyl perfluorooctane sulfonamidoacetic 

acid (EtFOSAA)

1000.25 µg/L 13561.0

EP231D:  (n:2) Fluorotelomer Sulfonic Acids  (QCLot: 3733361)

0382_MW115_210607 ES2121290-015 757124-72-4EP231X: 4:2 Fluorotelomer sulfonic acid (4:2 FTS) 89.20.25 µg/L 14363.0

27619-97-2EP231X: 6:2 Fluorotelomer sulfonic acid (6:2 FTS) 1030.25 µg/L 14064.0

39108-34-4EP231X: 8:2 Fluorotelomer sulfonic acid (8:2 FTS) 1020.25 µg/L 13867.0

120226-60-0EP231X: 10:2 Fluorotelomer sulfonic acid (10:2 FTS) 87.60.25 µg/L 14471.4
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:: LaboratoryClient Environmental Division SydneyAECOM Australia Pty Ltd

:Contact JESSICA ROY Telephone : +61 2 8784 8555

:Project NSW_0382_PFASOMP_20 Date Samples Received : 08-Jun-2021

Site : Holsworthy Issue Date : 16-Jun-2021

PRERANA YERDHALLI:Sampler No. of samples received : 17

:Order number 60612562_6.1 No. of samples analysed : 17

This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 

reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 

report contribute to the overall DQO assessment and reporting for guideline compliance. 

 

Brief method summaries and references are also provided to assist in traceability.

Summary of Outliers

Outliers : Quality Control Samples

This report highlights outliers flagged in the Quality Control (QC) Report.

l NO Method Blank value outliers occur.

l NO Duplicate outliers occur.

l NO Laboratory Control outliers occur.

l Matrix Spike outliers exist - please see following pages for full details.

l For all regular sample matrices, NO  surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

l NO Analysis Holding Time Outliers exist.

Outliers : Frequency of Quality Control Samples

l NO Quality Control Sample Frequency Outliers exist.

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

Matrix: WATER

Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number

Matrix Spike (MS) Recoveries 

ES2121290--015 375-73-5Perfluorobutane 

sulfonic acid (PFBS)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

ES2121290--015 2706-91-4Perfluoropentane 

sulfonic acid 

(PFPeS)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

ES2121290--015 355-46-4Perfluorohexane 

sulfonic acid 

(PFHxS)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

ES2121290--015 375-92-8Perfluoroheptane 

sulfonic acid 

(PFHpS)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

ES2121290--015 1763-23-1Perfluorooctane 

sulfonic acid (PFOS)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231A: Perfluoroalkyl Sulfonic Acids

ES2121290--015 2706-90-3Perfluoropentanoic 

acid (PFPeA)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231B:  Perfluoroalkyl Carboxylic Acids

ES2121290--015 307-24-4Perfluorohexanoic acid 

(PFHxA)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231B:  Perfluoroalkyl Carboxylic Acids

ES2121290--015 375-85-9Perfluoroheptanoic 

acid (PFHpA)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231B:  Perfluoroalkyl Carboxylic Acids

ES2121290--015 335-67-1Perfluorooctanoic acid 

(PFOA)

0382_MW115_210607 MS recovery not determined, 

background level greater than or 

equal to 4x spike level.

----Not 

Determined

EP231B:  Perfluoroalkyl Carboxylic Acids

Analysis Holding Time Compliance

Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 

should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.

Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 

14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.

If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 

provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.

Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231A: Perfluoroalkyl Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_MW112P_210607, 0382_MW112_210607,

0382_MW119_210607, 0382_MW119P_210607,

0382_SW111_210607, 0382_MW134_210607,

0382_SW001_210607, 0382_MW130_210607,

0382_MW131_210607, 0382_MW136_210607,

0382_MW129_210607, 0382_QC100_210607,

0382_QC101_210607, 0382_SW059_210607,

0382_MW115_210607, 0382_MW113_210607,

0382_QC300_210607

04-Dec-202104-Dec-2021 15-Jun-202115-Jun-202107-Jun-2021 ü ü

EP231B:  Perfluoroalkyl Carboxylic Acids

HDPE (no PTFE) (EP231X)

0382_MW112P_210607, 0382_MW112_210607,

0382_MW119_210607, 0382_MW119P_210607,

0382_SW111_210607, 0382_MW134_210607,

0382_SW001_210607, 0382_MW130_210607,

0382_MW131_210607, 0382_MW136_210607,

0382_MW129_210607, 0382_QC100_210607,

0382_QC101_210607, 0382_SW059_210607,

0382_MW115_210607, 0382_MW113_210607,

0382_QC300_210607

04-Dec-202104-Dec-2021 15-Jun-202115-Jun-202107-Jun-2021 ü ü

EP231C: Perfluoroalkyl Sulfonamides

HDPE (no PTFE) (EP231X)

0382_MW112P_210607, 0382_MW112_210607,

0382_MW119_210607, 0382_MW119P_210607,

0382_SW111_210607, 0382_MW134_210607,

0382_SW001_210607, 0382_MW130_210607,

0382_MW131_210607, 0382_MW136_210607,

0382_MW129_210607, 0382_QC100_210607,

0382_QC101_210607, 0382_SW059_210607,

0382_MW115_210607, 0382_MW113_210607,

0382_QC300_210607

04-Dec-202104-Dec-2021 15-Jun-202115-Jun-202107-Jun-2021 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EP231D:  (n:2) Fluorotelomer Sulfonic Acids

HDPE (no PTFE) (EP231X)

0382_MW112P_210607, 0382_MW112_210607,

0382_MW119_210607, 0382_MW119P_210607,

0382_SW111_210607, 0382_MW134_210607,

0382_SW001_210607, 0382_MW130_210607,

0382_MW131_210607, 0382_MW136_210607,

0382_MW129_210607, 0382_QC100_210607,

0382_QC101_210607, 0382_SW059_210607,

0382_MW115_210607, 0382_MW113_210607,

0382_QC300_210607

04-Dec-202104-Dec-2021 15-Jun-202115-Jun-202107-Jun-2021 ü ü

EP231P: PFAS Sums

HDPE (no PTFE) (EP231X)

0382_MW112P_210607, 0382_MW112_210607,

0382_MW119_210607, 0382_MW119P_210607,

0382_SW111_210607, 0382_MW134_210607,

0382_SW001_210607, 0382_MW130_210607,

0382_MW131_210607, 0382_MW136_210607,

0382_MW129_210607, 0382_QC100_210607,

0382_QC101_210607, 0382_SW059_210607,

0382_MW115_210607, 0382_MW113_210607,

0382_QC300_210607

04-Dec-202104-Dec-2021 15-Jun-202115-Jun-202107-Jun-2021 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Laboratory Control Samples (LCS)

NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Method Blanks (MB)

NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X

Matrix Spikes (MS)

NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üPer- and Polyfluoroalkyl Substances (PFAS) by LCMSMS EP231X
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

In-house:  Analysis of fresh and saline waters by Solid Phase Extraction (SPE) followed by 

LC-Electrospray-MS-MS, Negative Mode using MRM and internal standard quantitation.

Isotopically labelled analogues of target analytes used as internal standards and surrogates are added to the 

sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  The sample 

container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined with an equal 

volume of reagent water and a portion is filtered for analysis.    Method procedures and data quality objectives 

conform to US DoD QSM 5.3, table B-15 requirements.

Per- and Polyfluoroalkyl Substances 

(PFAS) by LCMSMS

EP231X WATER

Preparation Methods Method DescriptionsMatrixMethod

In-house:  Isotopically labelled analogues of target analytes used as internal standards and surrogates are 

added to the sample container.  The entire contents are transferred to a solid phase extraction (SPE) cartridge.  

The sample container is successively rinsed with aliquots of the elution solvent.  The eluted extract is combined 

with an equal volume of reagent water and a portion is filtered for analysis.    Method procedures conform to US 

DoD QSM 5.3, table B-15 requirements.

Solid Phase Extraction (SPE) for PFAS in 

water

ORG72 WATER
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Table 1: Biota analytical results LFS Data Gap Investigation

Holsworthy Barracks
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g µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg
FSANZ 2017 Investigation Trigger Points - Fruit (all) 5.1
FSANZ 2017 Investigation Trigger Points - Vegetables (all) 8.8
EQL 0.1 1 1 1 1 5 1

Lab Report Field ID Location Code Matrix Matrix Description Type Date
Co-located Soil Location 
ID

ES2045284-AH 0382_BIOTFL015_201218 BIOTFL015 Biota Tomatoes Fruit 18/12/2020 SS007 25.8 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL016_201218 BIOTFL016 Biota Chinese cabbage Vegetable 18/12/2020 SS010 2.4 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL017_201218 BIOTFL017 Biota Lemongrass Herb 18/12/2020 SS004 3.5 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL018_201218 BIOTFL018 Biota Birdseye chilli Herb 18/12/2020 SS002 4.3 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL019_201218 BIOTFL019 Biota Small eggplant Fruit 18/12/2020 SS006 13.3 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL020_201218 BIOTFL020 Biota Mint Herb 18/12/2020 SS008 3.2 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL021_201218 BIOTFL021 Biota Parsley Herb 18/12/2020 SS001 2.8 <1 <1 <1 <1 <5 <1
ES2045284-AH 0382_BIOTFL022_201218 BIOTFL022 Biota Moringa plant Herb 18/12/2020 SS003 4.8 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL023_201218 BIOTFL023 Biota Rosemary Herb 18/12/2020 SS013 5.7 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL024_201218 BIOTFL024 Biota Spinach Vegetable 18/12/2020 SS014 14.1 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL025_201218 BIOTFL025 Biota Birdseye chilli Herb 18/12/2020 SS014* 1.5 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL026_201218 BIOTFL026 Biota Strawberries Fruit 18/12/2020 SS014* 20.3 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL027_201218 BIOTFL027 Biota Parsley Herb 18/12/2020 SS015 5.9 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL028_201218 BIOTFL028 Biota Tomatoes Fruit 18/12/2020 SS016 37.9 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL029_201218 BIOTFL029 Biota Carrot Root Vegetable 18/12/2020 SS017 13.7 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL030_201218 BIOTFL030 Biota Spring onion Vegetable 18/12/2020 SS018 34.6 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL031_201218 BIOTFL031 Biota Radish Root Vegetable 18/12/2020 SS019 46.4 <1 4 4 <1 <5 <1
ES2045284-AI 0382_BIOTFL032_201218 BIOTFL032 Biota Mint Herb 18/12/2020 SS020 8.0 <1 <1 <1 <1 <5 <1
ES2045284-AI 0382_BIOTFL033_201218 BIOTFL033 Biota Red cabbage Vegetable 18/12/2020 SS021 33.6 <1 <1 <1 <1 <5 <1
ES2102948 0382_BIOTFL034_210129 BIOTFL034 Biota Lemon Fruit 29/01/2021 SS022 76.0 <1 <1 <1 <1 <5 <1
ES2102948 0382_BIOTFL035_210229 BIOTFL035 Biota Mandarin Fruit 29/01/2021 SS023 52.8 <1 <1 <1 <1 <5 <1
ES2102948 0382_BIOTFL036_210129 BIOTFL036 Biota Olives Fruit 29/01/2021 SS024 35.2 <1 <1 <1 <1 <5 <1
*Located near SS014/BIOTFL024

PFOS - Linear/Branched 
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Table 1: Biota analytical results LFS Data Gap Investigation

Holsworthy Barracks

FSANZ 2017 Investigation Trigger Points - Fruit (all)
FSANZ 2017 Investigation Trigger Points - Vegetables (all)
EQL

Lab Report Field ID Location Code Matrix Matrix Description Type Date
Co-located Soil Location 
ID

ES2045284-AH 0382_BIOTFL015_201218 BIOTFL015 Biota Tomatoes Fruit 18/12/2020 SS007
ES2045284-AH 0382_BIOTFL016_201218 BIOTFL016 Biota Chinese cabbage Vegetable 18/12/2020 SS010
ES2045284-AH 0382_BIOTFL017_201218 BIOTFL017 Biota Lemongrass Herb 18/12/2020 SS004
ES2045284-AH 0382_BIOTFL018_201218 BIOTFL018 Biota Birdseye chilli Herb 18/12/2020 SS002
ES2045284-AH 0382_BIOTFL019_201218 BIOTFL019 Biota Small eggplant Fruit 18/12/2020 SS006
ES2045284-AH 0382_BIOTFL020_201218 BIOTFL020 Biota Mint Herb 18/12/2020 SS008
ES2045284-AH 0382_BIOTFL021_201218 BIOTFL021 Biota Parsley Herb 18/12/2020 SS001
ES2045284-AH 0382_BIOTFL022_201218 BIOTFL022 Biota Moringa plant Herb 18/12/2020 SS003
ES2045284-AI 0382_BIOTFL023_201218 BIOTFL023 Biota Rosemary Herb 18/12/2020 SS013
ES2045284-AI 0382_BIOTFL024_201218 BIOTFL024 Biota Spinach Vegetable 18/12/2020 SS014
ES2045284-AI 0382_BIOTFL025_201218 BIOTFL025 Biota Birdseye chilli Herb 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL026_201218 BIOTFL026 Biota Strawberries Fruit 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL027_201218 BIOTFL027 Biota Parsley Herb 18/12/2020 SS015
ES2045284-AI 0382_BIOTFL028_201218 BIOTFL028 Biota Tomatoes Fruit 18/12/2020 SS016
ES2045284-AI 0382_BIOTFL029_201218 BIOTFL029 Biota Carrot Root Vegetable 18/12/2020 SS017
ES2045284-AI 0382_BIOTFL030_201218 BIOTFL030 Biota Spring onion Vegetable 18/12/2020 SS018
ES2045284-AI 0382_BIOTFL031_201218 BIOTFL031 Biota Radish Root Vegetable 18/12/2020 SS019
ES2045284-AI 0382_BIOTFL032_201218 BIOTFL032 Biota Mint Herb 18/12/2020 SS020
ES2045284-AI 0382_BIOTFL033_201218 BIOTFL033 Biota Red cabbage Vegetable 18/12/2020 SS021
ES2102948 0382_BIOTFL034_210129 BIOTFL034 Biota Lemon Fruit 29/01/2021 SS022
ES2102948 0382_BIOTFL035_210229 BIOTFL035 Biota Mandarin Fruit 29/01/2021 SS023
ES2102948 0382_BIOTFL036_210129 BIOTFL036 Biota Olives Fruit 29/01/2021 SS024
*Located near SS014/BIOTFL024
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µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

2 1 1 1 1 2 1

<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1

105 <1 19 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
<2 <1 <1 <1 <1 <2 <1
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Table 1: Biota analytical results LFS Data Gap Investigation

Holsworthy Barracks

FSANZ 2017 Investigation Trigger Points - Fruit (all)
FSANZ 2017 Investigation Trigger Points - Vegetables (all)
EQL

Lab Report Field ID Location Code Matrix Matrix Description Type Date
Co-located Soil Location 
ID

ES2045284-AH 0382_BIOTFL015_201218 BIOTFL015 Biota Tomatoes Fruit 18/12/2020 SS007
ES2045284-AH 0382_BIOTFL016_201218 BIOTFL016 Biota Chinese cabbage Vegetable 18/12/2020 SS010
ES2045284-AH 0382_BIOTFL017_201218 BIOTFL017 Biota Lemongrass Herb 18/12/2020 SS004
ES2045284-AH 0382_BIOTFL018_201218 BIOTFL018 Biota Birdseye chilli Herb 18/12/2020 SS002
ES2045284-AH 0382_BIOTFL019_201218 BIOTFL019 Biota Small eggplant Fruit 18/12/2020 SS006
ES2045284-AH 0382_BIOTFL020_201218 BIOTFL020 Biota Mint Herb 18/12/2020 SS008
ES2045284-AH 0382_BIOTFL021_201218 BIOTFL021 Biota Parsley Herb 18/12/2020 SS001
ES2045284-AH 0382_BIOTFL022_201218 BIOTFL022 Biota Moringa plant Herb 18/12/2020 SS003
ES2045284-AI 0382_BIOTFL023_201218 BIOTFL023 Biota Rosemary Herb 18/12/2020 SS013
ES2045284-AI 0382_BIOTFL024_201218 BIOTFL024 Biota Spinach Vegetable 18/12/2020 SS014
ES2045284-AI 0382_BIOTFL025_201218 BIOTFL025 Biota Birdseye chilli Herb 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL026_201218 BIOTFL026 Biota Strawberries Fruit 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL027_201218 BIOTFL027 Biota Parsley Herb 18/12/2020 SS015
ES2045284-AI 0382_BIOTFL028_201218 BIOTFL028 Biota Tomatoes Fruit 18/12/2020 SS016
ES2045284-AI 0382_BIOTFL029_201218 BIOTFL029 Biota Carrot Root Vegetable 18/12/2020 SS017
ES2045284-AI 0382_BIOTFL030_201218 BIOTFL030 Biota Spring onion Vegetable 18/12/2020 SS018
ES2045284-AI 0382_BIOTFL031_201218 BIOTFL031 Biota Radish Root Vegetable 18/12/2020 SS019
ES2045284-AI 0382_BIOTFL032_201218 BIOTFL032 Biota Mint Herb 18/12/2020 SS020
ES2045284-AI 0382_BIOTFL033_201218 BIOTFL033 Biota Red cabbage Vegetable 18/12/2020 SS021
ES2102948 0382_BIOTFL034_210129 BIOTFL034 Biota Lemon Fruit 29/01/2021 SS022
ES2102948 0382_BIOTFL035_210229 BIOTFL035 Biota Mandarin Fruit 29/01/2021 SS023
ES2102948 0382_BIOTFL036_210129 BIOTFL036 Biota Olives Fruit 29/01/2021 SS024
*Located near SS014/BIOTFL024
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µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

1 1 2 2 2 1 5

<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 26
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5
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<1 <1 <2 <2 <2 <1 <5
<1 <1 <2 <2 <2 <1 <5

Per- and Poly-fluoroalkyl Substances (PFAS)
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Table 1: Biota analytical results LFS Data Gap Investigation

Holsworthy Barracks

FSANZ 2017 Investigation Trigger Points - Fruit (all)
FSANZ 2017 Investigation Trigger Points - Vegetables (all)
EQL

Lab Report Field ID Location Code Matrix Matrix Description Type Date
Co-located Soil Location 
ID

ES2045284-AH 0382_BIOTFL015_201218 BIOTFL015 Biota Tomatoes Fruit 18/12/2020 SS007
ES2045284-AH 0382_BIOTFL016_201218 BIOTFL016 Biota Chinese cabbage Vegetable 18/12/2020 SS010
ES2045284-AH 0382_BIOTFL017_201218 BIOTFL017 Biota Lemongrass Herb 18/12/2020 SS004
ES2045284-AH 0382_BIOTFL018_201218 BIOTFL018 Biota Birdseye chilli Herb 18/12/2020 SS002
ES2045284-AH 0382_BIOTFL019_201218 BIOTFL019 Biota Small eggplant Fruit 18/12/2020 SS006
ES2045284-AH 0382_BIOTFL020_201218 BIOTFL020 Biota Mint Herb 18/12/2020 SS008
ES2045284-AH 0382_BIOTFL021_201218 BIOTFL021 Biota Parsley Herb 18/12/2020 SS001
ES2045284-AH 0382_BIOTFL022_201218 BIOTFL022 Biota Moringa plant Herb 18/12/2020 SS003
ES2045284-AI 0382_BIOTFL023_201218 BIOTFL023 Biota Rosemary Herb 18/12/2020 SS013
ES2045284-AI 0382_BIOTFL024_201218 BIOTFL024 Biota Spinach Vegetable 18/12/2020 SS014
ES2045284-AI 0382_BIOTFL025_201218 BIOTFL025 Biota Birdseye chilli Herb 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL026_201218 BIOTFL026 Biota Strawberries Fruit 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL027_201218 BIOTFL027 Biota Parsley Herb 18/12/2020 SS015
ES2045284-AI 0382_BIOTFL028_201218 BIOTFL028 Biota Tomatoes Fruit 18/12/2020 SS016
ES2045284-AI 0382_BIOTFL029_201218 BIOTFL029 Biota Carrot Root Vegetable 18/12/2020 SS017
ES2045284-AI 0382_BIOTFL030_201218 BIOTFL030 Biota Spring onion Vegetable 18/12/2020 SS018
ES2045284-AI 0382_BIOTFL031_201218 BIOTFL031 Biota Radish Root Vegetable 18/12/2020 SS019
ES2045284-AI 0382_BIOTFL032_201218 BIOTFL032 Biota Mint Herb 18/12/2020 SS020
ES2045284-AI 0382_BIOTFL033_201218 BIOTFL033 Biota Red cabbage Vegetable 18/12/2020 SS021
ES2102948 0382_BIOTFL034_210129 BIOTFL034 Biota Lemon Fruit 29/01/2021 SS022
ES2102948 0382_BIOTFL035_210229 BIOTFL035 Biota Mandarin Fruit 29/01/2021 SS023
ES2102948 0382_BIOTFL036_210129 BIOTFL036 Biota Olives Fruit 29/01/2021 SS024
*Located near SS014/BIOTFL024
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0.6
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1 2 2 2 5 1 1
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Table 1: Biota analytical results LFS Data Gap Investigation

Holsworthy Barracks

FSANZ 2017 Investigation Trigger Points - Fruit (all)
FSANZ 2017 Investigation Trigger Points - Vegetables (all)
EQL

Lab Report Field ID Location Code Matrix Matrix Description Type Date
Co-located Soil Location 
ID

ES2045284-AH 0382_BIOTFL015_201218 BIOTFL015 Biota Tomatoes Fruit 18/12/2020 SS007
ES2045284-AH 0382_BIOTFL016_201218 BIOTFL016 Biota Chinese cabbage Vegetable 18/12/2020 SS010
ES2045284-AH 0382_BIOTFL017_201218 BIOTFL017 Biota Lemongrass Herb 18/12/2020 SS004
ES2045284-AH 0382_BIOTFL018_201218 BIOTFL018 Biota Birdseye chilli Herb 18/12/2020 SS002
ES2045284-AH 0382_BIOTFL019_201218 BIOTFL019 Biota Small eggplant Fruit 18/12/2020 SS006
ES2045284-AH 0382_BIOTFL020_201218 BIOTFL020 Biota Mint Herb 18/12/2020 SS008
ES2045284-AH 0382_BIOTFL021_201218 BIOTFL021 Biota Parsley Herb 18/12/2020 SS001
ES2045284-AH 0382_BIOTFL022_201218 BIOTFL022 Biota Moringa plant Herb 18/12/2020 SS003
ES2045284-AI 0382_BIOTFL023_201218 BIOTFL023 Biota Rosemary Herb 18/12/2020 SS013
ES2045284-AI 0382_BIOTFL024_201218 BIOTFL024 Biota Spinach Vegetable 18/12/2020 SS014
ES2045284-AI 0382_BIOTFL025_201218 BIOTFL025 Biota Birdseye chilli Herb 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL026_201218 BIOTFL026 Biota Strawberries Fruit 18/12/2020 SS014*
ES2045284-AI 0382_BIOTFL027_201218 BIOTFL027 Biota Parsley Herb 18/12/2020 SS015
ES2045284-AI 0382_BIOTFL028_201218 BIOTFL028 Biota Tomatoes Fruit 18/12/2020 SS016
ES2045284-AI 0382_BIOTFL029_201218 BIOTFL029 Biota Carrot Root Vegetable 18/12/2020 SS017
ES2045284-AI 0382_BIOTFL030_201218 BIOTFL030 Biota Spring onion Vegetable 18/12/2020 SS018
ES2045284-AI 0382_BIOTFL031_201218 BIOTFL031 Biota Radish Root Vegetable 18/12/2020 SS019
ES2045284-AI 0382_BIOTFL032_201218 BIOTFL032 Biota Mint Herb 18/12/2020 SS020
ES2045284-AI 0382_BIOTFL033_201218 BIOTFL033 Biota Red cabbage Vegetable 18/12/2020 SS021
ES2102948 0382_BIOTFL034_210129 BIOTFL034 Biota Lemon Fruit 29/01/2021 SS022
ES2102948 0382_BIOTFL035_210229 BIOTFL035 Biota Mandarin Fruit 29/01/2021 SS023
ES2102948 0382_BIOTFL036_210129 BIOTFL036 Biota Olives Fruit 29/01/2021 SS024
*Located near SS014/BIOTFL024
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Table 2: Soil analytical results LFS Data Gap Investigation

Holsworthy Barracks 

Physiochemical 
parameters
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% mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
EQL 0.1 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
PFAS NEMP 2020 Table 2 Industrial/Commercial (HIL D) 50
PFAS NEMP 2020 Table 2 Residential with garden/accessible soil (HIL A) 0.1

Lab Report Field ID Location Code Matrix Date
Co-located Biota 
Location ID

ES2045284-AH 0382_SS001_201218 SS001 Soil 18/12/2020 BIOTFL021 11.0 0.0084 <0.0002 <0.0002 <0.0002 0.0034 <0.0002 0.0038 0.0010 <0.0002 <0.0002
ES2045284-AH 0382_SS002_201218 SS002 Soil 18/12/2020 BIOTFL018 17.6 0.0071 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0005 <0.0002 <0.0002
ES2045284-AH 0382_SS003_201218 SS003 Soil 18/12/2020 BIOTFL022 8.4 0.0100 0.0003 <0.0002 <0.0002 0.0003 <0.0002 0.0003 0.0013 <0.0002 <0.0002
ES2045284-AH 0382_SS004_201218 SS004 Soil 18/12/2020 BIOTFL017 10.2 0.0142 0.0003 <0.0002 <0.0002 <0.0002 <0.0002 0.0006 0.0027 <0.0002 <0.0002
ES2045284-AH 0382_SS006_201218 SS006 Soil 18/12/2020 BIOTFL019 15.6 0.0116 0.0002 <0.0002 <0.0002 0.0002 <0.0002 0.0003 0.0009 <0.0002 <0.0002
ES2045284-AH 0382_SS007_201218 SS007 Soil 18/12/2020 BIOTFL015 14.1 0.0235 0.0003 <0.0002 <0.0002 0.0004 <0.0002 0.0008 0.0020 <0.0002 0.0003
ES2045284-AH 0382_SS008_201218 SS008 Soil 18/12/2020 BIOTFL020 13.3 0.0061 <0.0002 <0.0002 <0.0002 0.0009 <0.0002 0.0005 0.0004 <0.0002 <0.0002
ES2045284-AH 0382_SS010_201218 SS010 Soil 18/12/2020 BIOTFL016 20.8 0.0064 0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0004 <0.0002 <0.0002
ES2045284-AH 0382_SS011_201218 SS011 Soil 18/12/2020 - 6.6 0.0096 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0005 <0.0002 <0.0002
ES2045284-AH 0382_SS012_201218 SS012 Soil 18/12/2020 - 10.3 0.0075 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0008 <0.0002 <0.0002
ES2045284-AI 0382_SS013_201218 SS013 Soil 18/12/2020 BIOTFL023 20.0 0.0068 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 0.0004 0.0003 <0.0002 <0.0002
ES2045284-AI 0382_SS014_201218 SS014 Soil 18/12/2020 BIOTFL024 23.6 0.0133 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 0.0004 0.0006 <0.0002 0.0002
ES2045284-AI 0382_SS015_201218 SS015 Soil 18/12/2020 BIOTFL027 18.5 0.0063 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 0.0005 0.0004 <0.0002 <0.0002
ES2045284-AI 0382_SS016_201218 SS016 Soil 18/12/2020 BIOTFL028 14.0 0.0117 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 0.0003 0.0004 <0.0002 <0.0002
ES2045284-AI 0382_SS017_201218 SS017 Soil 18/12/2020 BIOTFL029 17.5 0.0122 <0.0002 <0.0002 <0.0002 0.0006 <0.0002 0.0008 0.0006 <0.0002 <0.0002
ES2045284-AI 0382_SS018_201218 SS018 Soil 18/12/2020 BIOTFL030 14.2 0.0145 <0.0002 <0.0002 <0.0002 0.0009 <0.0002 0.0011 0.0010 <0.0002 <0.0002
ES2045284-AI 0382_SS019_201218 SS019 Soil 18/12/2020 BIOTFL031 11.4 0.0121 0.0007 <0.0002 <0.0002 0.0008 0.0004 0.0010 0.0018 <0.0002 0.0005
ES2045284-AI 0382_SS020_201218 SS020 Soil 18/12/2020 BIOTFL032 21.1 0.0281 0.0003 <0.0002 <0.0002 0.0009 <0.0002 0.0014 0.0028 <0.0002 <0.0002
ES2045284-AI 0382_SS021_201218 SS021 Soil 18/12/2020 BIOTFL033 15.4 0.0174 <0.0002 <0.0002 <0.0002 0.0006 <0.0002 0.0011 0.0016 <0.0002 <0.0002
ES2102948 0382_SS022_210129 SS022 Soil 29/01/2021 BIOTFL034 22.1 0.0030 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0003
ES2102948 0382_SS023_210129 SS023 Soil 29/01/2021 BIOTFL035 24.2 0.0062 0.0004 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 0.0008
ES2102948 0382_SS024_210129 SS024 Soil 29/01/2021 BIOTFL036 12.0 0.0077 0.0012 <0.0002 <0.0002 0.0004 0.0002 0.0007 0.0010 0.0003 0.0007
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Table 2: Soil analytical results LFS Data Gap Investigation

Holsworthy Barracks 

EQL
PFAS NEMP 2020 Table 2 Industrial/Commercial (HIL D)
PFAS NEMP 2020 Table 2 Residential with garden/accessible soil (HIL A)

Lab Report Field ID Location Code Matrix Date
Co-located Biota 
Location ID

ES2045284-AH 0382_SS001_201218 SS001 Soil 18/12/2020 BIOTFL021
ES2045284-AH 0382_SS002_201218 SS002 Soil 18/12/2020 BIOTFL018
ES2045284-AH 0382_SS003_201218 SS003 Soil 18/12/2020 BIOTFL022
ES2045284-AH 0382_SS004_201218 SS004 Soil 18/12/2020 BIOTFL017
ES2045284-AH 0382_SS006_201218 SS006 Soil 18/12/2020 BIOTFL019
ES2045284-AH 0382_SS007_201218 SS007 Soil 18/12/2020 BIOTFL015
ES2045284-AH 0382_SS008_201218 SS008 Soil 18/12/2020 BIOTFL020
ES2045284-AH 0382_SS010_201218 SS010 Soil 18/12/2020 BIOTFL016
ES2045284-AH 0382_SS011_201218 SS011 Soil 18/12/2020 -
ES2045284-AH 0382_SS012_201218 SS012 Soil 18/12/2020 -
ES2045284-AI 0382_SS013_201218 SS013 Soil 18/12/2020 BIOTFL023
ES2045284-AI 0382_SS014_201218 SS014 Soil 18/12/2020 BIOTFL024
ES2045284-AI 0382_SS015_201218 SS015 Soil 18/12/2020 BIOTFL027
ES2045284-AI 0382_SS016_201218 SS016 Soil 18/12/2020 BIOTFL028
ES2045284-AI 0382_SS017_201218 SS017 Soil 18/12/2020 BIOTFL029
ES2045284-AI 0382_SS018_201218 SS018 Soil 18/12/2020 BIOTFL030
ES2045284-AI 0382_SS019_201218 SS019 Soil 18/12/2020 BIOTFL031
ES2045284-AI 0382_SS020_201218 SS020 Soil 18/12/2020 BIOTFL032
ES2045284-AI 0382_SS021_201218 SS021 Soil 18/12/2020 BIOTFL033
ES2102948 0382_SS022_210129 SS022 Soil 29/01/2021 BIOTFL034
ES2102948 0382_SS023_210129 SS023 Soil 29/01/2021 BIOTFL035
ES2102948 0382_SS024_210129 SS024 Soil 29/01/2021 BIOTFL036
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mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
0.0002 0.0002 0.0002 0.0002 0.0005 0.0002 0.0002 0.001 0.0002 0.0005 0.0005

0.0002 <0.0002 <0.0002 0.0004 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 0.0003 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0003 <0.0002 <0.0002 0.0005 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0002 <0.0002 <0.0002 0.0012 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0004 <0.0002 <0.0002 0.0007 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 0.0018 <0.0005 <0.0002 0.0003 <0.001 <0.0002 <0.0005 <0.0005
0.0003 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0005 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 0.001 <0.0002 <0.0005 <0.0005
0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0011 <0.0002 0.0003 <0.0002 <0.0005 <0.0002 0.0006 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 0.0003 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 0.0003 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
<0.0002 <0.0002 <0.0002 <0.0002 <0.0005 <0.0002 <0.0002 <0.001 <0.0002 <0.0005 <0.0005
0.0008 <0.0002 <0.0002 0.0003 <0.0005 <0.0002 0.0003 <0.001 <0.0002 <0.0005 <0.0005
0.0010 <0.0002 0.0003 0.0003 <0.0005 <0.0002 0.0003 <0.001 <0.0002 <0.0005 <0.0005

Per- and Poly-fluoroalkyl Substances (PFAS)
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Table 2: Soil analytical results LFS Data Gap Investigation

Holsworthy Barracks 

EQL
PFAS NEMP 2020 Table 2 Industrial/Commercial (HIL D)
PFAS NEMP 2020 Table 2 Residential with garden/accessible soil (HIL A)

Lab Report Field ID Location Code Matrix Date
Co-located Biota 
Location ID

ES2045284-AH 0382_SS001_201218 SS001 Soil 18/12/2020 BIOTFL021
ES2045284-AH 0382_SS002_201218 SS002 Soil 18/12/2020 BIOTFL018
ES2045284-AH 0382_SS003_201218 SS003 Soil 18/12/2020 BIOTFL022
ES2045284-AH 0382_SS004_201218 SS004 Soil 18/12/2020 BIOTFL017
ES2045284-AH 0382_SS006_201218 SS006 Soil 18/12/2020 BIOTFL019
ES2045284-AH 0382_SS007_201218 SS007 Soil 18/12/2020 BIOTFL015
ES2045284-AH 0382_SS008_201218 SS008 Soil 18/12/2020 BIOTFL020
ES2045284-AH 0382_SS010_201218 SS010 Soil 18/12/2020 BIOTFL016
ES2045284-AH 0382_SS011_201218 SS011 Soil 18/12/2020 -
ES2045284-AH 0382_SS012_201218 SS012 Soil 18/12/2020 -
ES2045284-AI 0382_SS013_201218 SS013 Soil 18/12/2020 BIOTFL023
ES2045284-AI 0382_SS014_201218 SS014 Soil 18/12/2020 BIOTFL024
ES2045284-AI 0382_SS015_201218 SS015 Soil 18/12/2020 BIOTFL027
ES2045284-AI 0382_SS016_201218 SS016 Soil 18/12/2020 BIOTFL028
ES2045284-AI 0382_SS017_201218 SS017 Soil 18/12/2020 BIOTFL029
ES2045284-AI 0382_SS018_201218 SS018 Soil 18/12/2020 BIOTFL030
ES2045284-AI 0382_SS019_201218 SS019 Soil 18/12/2020 BIOTFL031
ES2045284-AI 0382_SS020_201218 SS020 Soil 18/12/2020 BIOTFL032
ES2045284-AI 0382_SS021_201218 SS021 Soil 18/12/2020 BIOTFL033
ES2102948 0382_SS022_210129 SS022 Soil 29/01/2021 BIOTFL034
ES2102948 0382_SS023_210129 SS023 Soil 29/01/2021 BIOTFL035
ES2102948 0382_SS024_210129 SS024 Soil 29/01/2021 BIOTFL036

N
-e
th
yl
 

pe
rf
lu
or
oo

ct
an

es
ul
fo
na

m
id
o 
et
ha

no
l

N
-M

et
hy
l 

pe
rf
lu
or
oo

ct
an

e 
su
lfo

na
m
id
e

N
-m

et
hy
l 

pe
rf
lu
or
oo

ct
an

e 
su
lfo

na
m
id
o 
ac
et
ic
 a
ci
d

Su
m
 (P

FH
xS
 +
 P
FO

S)

Su
m
 o
f P

FA
S

Su
m
 o
f P

FA
S 
(W

A 
DE

R 
Li
st
)

4:
2 
Fl
uo

ro
te
lo
m
er
 

su
lfo

ni
c 
ac
id
 (4

:2
 F
TS
)

6:
2 
Fl
uo

ro
te
lo
m
er
 

su
lfo

ni
c 
ac
id
 (6

:2
 F
TS
)

8:
2 
Fl
uo

ro
te
lo
m
er
 

su
lfo

ni
c 
ac
id
 (8

:2
 F
TS
)

10
:2
 F
lu
or
ot
el
om

er
 

su
lfo

ni
c 
ac
id
 (1

0:
2 
FT
S)

mg/kg mg/kg mg/kg mg/kg µg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
0.0005 0.0005 0.0002 0.0002 0.2 0.0002 0.0005 0.0005 0.0005 0.0005

20
0.01

<0.0005 <0.0005 <0.0002 0.0094 17.2 0.0166 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0076 7.9 0.0076 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0113 13.0 0.0122 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0169 19.2 0.0178 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0125 14.3 0.0132 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0255 29.4 0.0270 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0065 8.2 0.0079 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0068 7.2 0.0070 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0101 10.1 0.0101 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0083 8.3 0.0083 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0071 7.8 0.0078 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0139 15.3 0.0146 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0067 7.5 0.0075 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0121 12.7 0.0127 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0128 15.2 0.0152 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0155 17.7 0.0175 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0139 19.3 0.0167 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0309 33.8 0.0338 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0190 21.0 0.0210 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0030 3.3 0.0030 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0065 9.1 0.0069 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0002 0.0087 14.1 0.0116 <0.0005 <0.0005 <0.0005 <0.0005

(n:2) Fluorotelomer Sulfonic Acids
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Table 3: Groundwater analytical results LFS Data Gap Investigation

Holsworthy Barracks
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
EQL 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

0.56

Lab Report Field ID Location Code Well Matrix Date
ES2111323 0382_MW134P_210325 MW134 Perched Groundwater 25/03/2021 0.41 0.02 <0.02 0.07 0.16 <0.02 0.26 0.48
ES2121290 0382_MW134_210607 MW134 Perched Groundwater 7/06/2021 0.44 0.03 <0.02 0.26 0.16 <0.02 0.42 1.16
ES2045160 0382_MW136_P_201218 MW136 Perched Groundwater 18/12/2020 0.016 <0.002 <0.002 0.004 <0.002 <0.002 0.003 0.016
ES2121290 0382_MW136_210607 MW136 Perched Groundwater 7/06/2021 0.11 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 0.04

PFAS NEMP 2020 Table 1 Drinking water quality guideline value
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Table 3: Groundwater analytical results LFS Data Gap Investigation

Holsworthy Barracks

EQL

Lab Report Field ID Location Code Well Matrix Date
ES2111323 0382_MW134P_210325 MW134 Perched Groundwater 25/03/2021
ES2121290 0382_MW134_210607 MW134 Perched Groundwater 7/06/2021
ES2045160 0382_MW136_P_201218 MW136 Perched Groundwater 18/12/2020
ES2121290 0382_MW136_210607 MW136 Perched Groundwater 7/06/2021

PFAS NEMP 2020 Table 1 Drinking water quality guideline value
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
0.002 0.005 0.002 0.002 0.002 0.002 0.002 0.005

<0.02 - <0.02 <0.02 <0.02 0.10 0.07 <0.05
<0.02 - <0.02 <0.02 0.02 0.23 <0.02 <0.05
<0.002 <0.005 <0.002 <0.002 <0.002 0.008 <0.002 <0.005
<0.02 - <0.02 <0.02 <0.02 <0.02 <0.02 <0.05

Per- and Poly-fluoroalkyl Substances (PFAS)
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Table 3: Groundwater analytical results LFS Data Gap Investigation

Holsworthy Barracks

EQL

Lab Report Field ID Location Code Well Matrix Date
ES2111323 0382_MW134P_210325 MW134 Perched Groundwater 25/03/2021
ES2121290 0382_MW134_210607 MW134 Perched Groundwater 7/06/2021
ES2045160 0382_MW136_P_201218 MW136 Perched Groundwater 18/12/2020
ES2121290 0382_MW136_210607 MW136 Perched Groundwater 7/06/2021

PFAS NEMP 2020 Table 1 Drinking water quality guideline value
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
0.002 0.002 0.01 0.002 0.005 0.005 0.005 0.005

<0.02 <0.02 0.2 <0.02 <0.05 <0.05 <0.05 <0.05
<0.02 <0.02 0.1 <0.02 <0.05 <0.05 <0.05 <0.05
<0.002 <0.002 <0.01 <0.002 <0.005 <0.005 <0.005 <0.005
<0.02 <0.02 <0.1 <0.02 <0.05 <0.05 <0.05 <0.05
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Table 3: Groundwater analytical results LFS Data Gap Investigation

Holsworthy Barracks

EQL

Lab Report Field ID Location Code Well Matrix Date
ES2111323 0382_MW134P_210325 MW134 Perched Groundwater 25/03/2021
ES2121290 0382_MW134_210607 MW134 Perched Groundwater 7/06/2021
ES2045160 0382_MW136_P_201218 MW136 Perched Groundwater 18/12/2020
ES2121290 0382_MW136_210607 MW136 Perched Groundwater 7/06/2021

PFAS NEMP 2020 Table 1 Drinking water quality guideline value
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
0.002 0.002 0.002 0.002 0.005 0.005 0.005 0.005

0.07

<0.02 0.82 1.77 1.63 <0.05 <0.05 <0.05 <0.05
<0.02 1.6 2.82 2.54 <0.05 <0.05 <0.05 <0.05
<0.002 0.032 0.129 0.125 <0.005 0.082 <0.005 <0.005
<0.02 0.15 0.15 0.15 <0.05 <0.05 <0.05 <0.05

(n:2) Fluorotelomer Sulfonic Acids
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Table 4: QAQC Blanks LFS Data Gap Investigation
Holsworthy Barracks
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
EQL 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Lab Report Number Field ID Sample Type Matrix Type Date
ES2045284-AD 0382_QC301_201218 Rinsate Water 18/12/2020 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
ES2045284-AD 0382_QC302_201218 Rinsate Water 18/12/2020 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
ES2102948 0382_QC301_210129 Rinsate Water 29/01/2021 0.02 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
ES2102948 0382_QC401_210129 Trip Blank Water 29/01/2021 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Per- and Poly-fluoroalkyl Substances (PFAS)
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Table 4: QAQC Blanks LFS Data Gap Investigation
Holsworthy Barracks

EQL

Lab Report Number Field ID Sample Type Matrix Type Date
ES2045284-AD 0382_QC301_201218 Rinsate Water 18/12/2020
ES2045284-AD 0382_QC302_201218 Rinsate Water 18/12/2020
ES2102948 0382_QC301_210129 Rinsate Water 29/01/2021
ES2102948 0382_QC401_210129 Trip Blank Water 29/01/2021
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
0.02 0.02 0.05 0.02 0.02 0.1 0.02 0.05 0.05 0.05 0.05 0.02

<0.02 <0.02 <0.05 <0.02 <0.02 <0.1 <0.02 <0.05 <0.05 <0.05 <0.05 <0.02
<0.02 <0.02 <0.05 <0.02 <0.02 <0.1 <0.02 <0.05 <0.05 <0.05 <0.05 <0.02
<0.02 <0.02 <0.05 <0.02 <0.02 <0.1 <0.02 <0.05 <0.05 <0.05 <0.05 <0.02
<0.02 <0.02 <0.05 <0.02 <0.02 <0.1 <0.02 <0.05 <0.05 <0.05 <0.05 <0.02

Per- and Poly-fluoroalkyl Substances (PFAS)
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Table 4: QAQC Blanks LFS Data Gap Investigation
Holsworthy Barracks

EQL

Lab Report Number Field ID Sample Type Matrix Type Date
ES2045284-AD 0382_QC301_201218 Rinsate Water 18/12/2020
ES2045284-AD 0382_QC302_201218 Rinsate Water 18/12/2020
ES2102948 0382_QC301_210129 Rinsate Water 29/01/2021
ES2102948 0382_QC401_210129 Trip Blank Water 29/01/2021
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L
0.01 0.01 0.01 0.05 0.05 0.05 0.05

<0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05
<0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05
0.02 0.02 0.02 <0.05 <0.05 <0.05 <0.05

<0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05

(n:2) Fluorotelomer Sulfonic AcidsPer- and Poly-fluoroalkyl Substances (PFAS)
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Table 5: QAQC RPDs LFS Data Gap Investigation
Holsworthy Barracks

Lab Report Number ES2102948 ES2102948 ES2102948 770915
Field ID 0382_SS022_210129 0382_QC101_210129 0382_SS022_210129 0382_QC201_210129

Matrix Type Soil Soil Soil Soil
Date 29/01/2021 29/01/2021 29/01/2021 29/01/2021

Soil Properties
Moisture Content % 0.1 22.1 27.3 21 22.1 - -
Moisture Content (dried @ 103°C) % 1 - - - - 26 -

Per- and Poly-fluoroalkyl Substances (PFAS)
Perfluorooctanesulfonic acid (PFOS) mg/kg 0.0002 0.0030 0.0036 18 0.0030 0.0032 6
Perfluoropropanesulfonic acid 
(PFPrS) mg/kg 0.0005 - - - - <0.0005 -
Perfluorononane sulfonate (PFNS) mg/kg 0.0005 - - - - <0.0005 -
Perfluorooctanoic acid (PFOA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0003 0

Perfluorooctanesulfonamide (PFOSA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluoropentane sulfonic acid 
(PFPeS) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluoro-n-pentanoic acid (PFPeA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluorononanoic acid (PFNA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluorohexanoic acid (PFHxA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0

Perfluorohexanesulfonic acid (PFHxS) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0003 0
Perfluoroheptanoic acid (PFHpA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluorododecanoic acid (PFDoA) mg/kg 0.0002 0.0003 0.0003 0 0.0003 <0.0005 0
Perfluorodecanoic acid (PFDA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluoroheptane sulfonic acid 
(PFHpS) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluorobutanesulfonic acid (PFBS) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0

Perfluorodecanesulfonic acid (PFDS) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0

Perfluorotetradecanoic aicd (PFTeDA) mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
Perfluorotridecanoic acid (PFTrDA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluoroundecanoic acid (PFUnA) mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Perfluorobutanoic acid  (PFBA) mg/kg 0.0005 <0.001 <0.001 0 <0.001 <0.0005 0
1H.1H.2H.2H-
perfluorohexanesulfonic acid (4:2 
FTS) mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
1H.1H.2H.2H-
perfluorooctanesulfonic acid (6:2 
FTS) mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
1H.1H.2H.2H-
perfluorodecanesulfonic acid (8:2 
FTS) mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0

Unit EQL

RPD RPD
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Table 5: QAQC RPDs LFS Data Gap Investigation
Holsworthy Barracks

Lab Report Number ES2102948 ES2102948 ES2102948 770915
Field ID 0382_SS022_210129 0382_QC101_210129 0382_SS022_210129 0382_QC201_210129

Matrix Type Soil Soil Soil Soil
Date 29/01/2021 29/01/2021 29/01/2021 29/01/2021

Unit EQL

RPD RPD

1H.1H.2H.2H-
perfluorododecanesulfonic acid 
(10:2) mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
N-ethyl perfluorooctane sulfonamido 
acetic acid mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0

N-ethyl perfluorooctane sulfonamide mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 0.0008 46

N-methyl 
perfluorooctanesulfonamido ethanol mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0

N-ethyl perfluorooctanesulfonamido 
ethanol mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
N-Methyl perfluorooctane 
sulfonamide mg/kg 0.0005 <0.0005 <0.0005 0 <0.0005 <0.0005 0
N-methyl perfluorooctane 
sulfonamido acetic acid mg/kg 0.0002 <0.0002 <0.0002 0 <0.0002 <0.0005 0
Sum (PFHxS + PFOS) mg/kg 0.0002 0.0030 0.0036 18 0.0030 0.0032 6
Sum of enHealth PFAS (PFHxS + PFOS 
+ PFOA)* µg/kg 0.5 - - - - 3.2 -
Sum of PFAS mg/kg 0.0002 0.0033 0.0039 17 0.0033 0.004 19
Sum of PFAS (WA DER List) mg/kg 0.0002 0.0030 0.0036 18 0.0030 0.0032 6
Sum of US EPA PFAS (PFOS + PFOA)* µg/kg 0.5 - - - - 3.2 -
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J.1. Theoretical Estimates for Home-Grown 
Chicken-Eggs 
Maximum theoretical estimates in chicken-eggs have been calculated based on the assumption that 
PFAS uptake in chickens, and the subsequent intake in their eggs, is from the incidental ingestion of 
contaminated soil. An assessment of potential human health risks due to the consumption of 
chicken-eggs has been completed by comparing the theoretical tissue concentrations estimated for 
eggs to the FSANZ (2017a)trigger points for PFOS + PFHxS and PFOA.  

For estimating the theoretical concentrations in chicken-eggs, the reported maximum soil EPCs in-
situ soils collected from the residential area surrounding the LFS was adopted, in conjunction with 
published biotransfer factors (BTFs). Further details regarding the adopted egg BTFs, soil EPCs and 
the calculated theoretical chicken-egg tissue concentrations are provided below.  

J.1.1. Egg Biotransfer 

Two published studies by Kowalczyk (2014)and Scolexia (2017) regarding the uptake and elimination 
of PFAS in chickens were reviewed. It is noted that the findings and information regarding BTFs for 
chicken-eggs have been used at other Department of Defence PFAS investigation sites. The findings 
of the studies have been summarised below. 

In the study by Kowalczyk (2014), twelve laying hens (Lohmann Brown) were treated with feed 
containing known concentrations of PFOS and PFOA for a period of 24 days. After the feeding 
period, four hens were slaughtered, whereas the remaining eight hens were fed a PFAS-free feed for 
another 42 days before they were slaughtered. Over the entire feeding study, eggs were collected 
every other day and separated into egg white and yolk for analyses. After slaughter, blood, muscle, 
kidneys and liver were removed for analysis of PFOA and PFOS.  

The study by Scolexia (2017) was commissioned as part of the HHRA on behalf of the Department of 
Defence (2017) PFAS investigation conducted at the Army Aviation Centre Oakey (AACO) site in 
Oakey, Queensland. The study assessed the uptake of PFAS and the elimination in poultry-eggs. The 
study was conducted using Hy-Line Brown laying hens and exposing them to known PFAS 
concentrations in drinking water. The study included a 14-day pre-treatment period, followed by a 
61-day treatment phase, and then a 28-day post treatment period, to evaluate the PFAS depuration 
in eggs. The purpose of the study was to determine a BTF for the uptake of PFAS from contaminated 
water and subsequent transfer into eggs, for use in the HHRA for the AACO site. 

Both studies conducted by Kowalczyk (2014) and Scolexia (2017) identified that almost all of the 
PFOS and PFOA administered to the chickens via different media (i.e., feed and drinking water) was 
enriched in the egg yolk as opposed to the egg white. A 42-day depuration period in the study 
completed by Kowalczyk (2014) showed that PFOS concentrations in the egg yolk had reduced to 
almost below detectable concentrations. The study by Scolexia (2017) showed that following a 28-
day depuration phase, PFAS concentrations had declined to nearly below laboratory detection levels. 
In addition, Scolexia (2017) estimated that after 100 days from cessation of PFAS exposure, 
concentrations of PFAS reduced to below the laboratory detection level. Transfer factors were 
estimated based on the average daily elimination rate of PFAS into the edible portion of the egg, to 
the daily intake of PFAS from water. The estimated transfer factors were expressed as mg/day per 
mg/day.  

The Defence (2019) PFAS site investigation conducted a review of data presented in both the 
Kowalczyk (2014) and Scolexia (2017) studies regarding the uptake of PFOS in eggs from either feed 
or water. To ensure consistency with the US EPA (2005) approach, an egg BTF (BTFegg) for PFOS was 
calculated as part of the Defence (JBS&G, 2019) PFAS site investigation and expressed as d/kg using 
the data and results of the studies, as reported by Kowalczyk (2014) and Scolexia (2017).  
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For the purposes of this HHRA and in accordance with the US EPA (2005) approach, the BTFegg as 
derived in the Defence (JBS&G, 2019) PFAS site investigation was adopted to estimate a plausible 
theoretical maximum concentration of PFOS and PFOA in eggs from home-raised chickens that are 
assumed to have incidentally ingested PFAS impacted soils whilst roaming in gardens. The Defence 
(JBS&G, 2019) document derived the BTFegg utilizing data from both the Scolexia (2017) and 
Kowalczyk (2014) average PFAS egg mass data and utilizing the following formula: 

 

Cegg = BTFegg x IRs x Cwater 

Where: 

Cegg = PFAS concentration in edible portion of the egg (mg/kg) 

BTFegg = biotransfer factor for poultry-eggs (d/kg) 

IRs = ingestion rate of soil by chickens roaming in gardens (L/day) 

Cwater = PFAS concentration in water (mg/L)  

 

Defence (JBS&G, 2019) conservatively selected the maximum BTFegg calculated from the Scolexia 
(2017) and Kowalczyk (2014)  data. Additionally, the calculations by Defence (JBS&G, 2019) assume 
100% transfer of PFOS, PFOA, and PFHxS to the egg. This is a conservative assumption to account for 
both the Kowalczyk (2014)  and Scolexia (2017) study data being based on feed and drinking water 
intake respectively, since studies regarding the transfer of PFAS to eggs based on soil were not 
identified by Defence (JBS&G, 2019). This provides a degree of uncertainty when using transfer 
factors based on other media that may over- or underestimate risk.  

 The adopted BTFegg for PFOS and PFOA are summarised in Table J.1. 

Table J.1: Adopted BTFs – Chicken Eggs 

PFAS Compound 

BTFegg 
(1) 

(d/kg) 

PFOS 25 

PFOA 9.9 

Notes: 

• Ref: Defence (2019). Adopted BTFegg is the maximum measured BTFs for the treatment studies completed.  

 

BTFegg values derived from the Kowalczyk (2014) and Scolexia (2017) study results were comparable 
for both PFOS and PFOA. It is noted that the Kowalczyk (2014) study only measured concentrations 
of PFOS and PFOA in chicken-eggs and did not include a direct measurement for PFHxS. Hence, for 
predicting the uptake in eggs from soil, the BTFegg for PFOS and the soil EPC for PFOS + PFHxS were 
adopted to ensure that cognisance was given to the PFHxS concentration reported in soil.  

J.1.2. Estimation of Chicken-Egg Uptake 

The concentration of PFAS in eggs from home-raised chickens was calculated using the following 
equation, as adapted from the HHRA completed for the AACO HHRA (Department of Defence, 2017):  

 
 

Cegg = BTFegg x IRs x Csoil 
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Where: 

Cegg = PFAS concentration in edible portion of the egg (mg/kg) 

BTFegg = biotransfer factor for poultry-eggs (d/kg) 

IRs = ingestion rate of soil by chickens roaming in gardens (kg/day) 

Csoil = PFAS concentration in soil (mg/kg)  

Adopted Exposure Parameters 
The adopted exposure parameters and soil EPCs used to calculate the PFAS concentrations in 
chicken-eggs is provided in Table J.2.  

Table J.2: Adopted Egg Input Parameters 

Parameter Units Value 

PFAS Egg Biotransfer Factor (BTFegg) (1) d/kg PFOS: 25 

PFOA: 9.9 

Soil ingestion rate by chicken (2) kg/day 0.002 

PFAS concentration in soil (EF) (3) mg/kg PFOS + PFHxS: 0.0309 

PFOA: 0.0012 

Notes: 

(1) Ref: Defence (JBS&G, 2019). 

(2) Ref: European Commission Health and Consumer Protection Directorate – General (EFSA, 2008). Value is based on 
a soil intake of free ranging chickens that varies between 2 g and 10 g per laying hen, dependent on animal 
numbers per free ranging area. As the egg-laying chickens are assumed to be home-raised and housed (outdoors) 
in a chicken coop with some limited access to exposed soil at low-density residential properties, the lower end of 
the soil intake range was assumed for the HHRA. It is also assumed that chickens kept for egg-laying purposes at 
residential properties are kept under low-intensity conditions, as opposed to high-intensity commercial egg 
production operations.  

(3) Maximum concentrations reported in shallow in-situ soils. Refer Appendix B for details.  

 

J.1.3. Theoretical PFAS Concentration – Chicken-Eggs 

The calculated theoretical PFAS concentrations in chicken-eggs (based on maximum in-situ soil 
concentrations) are summarised in Table J.3 below. The calculation sheet is appended as Table J.5. A 
comparison of the predicted concentrations and the FSANZ (2017a)  proposed trigger points for 
poultry-eggs has been completed as a screening tool for assessing potential current or future risks, 
should residents consume eggs from home-raised chickens. 

Table J.3: Theoretical Chicken-Egg Concentrations – Based on Maximum In-Situ Soil Concentrations 

FSANZ Proposed Trigger Point (µg/kg) 

PFOS + PFHxS (1) PFOA (1) 

11 (µg/kg) 85 (µg/kg) 

Estimated Theoretical Concentration in chicken-eggs 

Cegg  1.55 0.02 

Notes: 

(1) Ref: FSANZ (2017a). 

 

The results in Table J.3 above indicate the following: 
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• The theoretical plausible maximum tissue concentration for PFOS + PFHxS estimated for poultry-
eggs was approximately one order-of-magnitude below the FSANZ (2017a) proposed trigger 
point. 

• The theoretical plausible maximum tissue concentration for PFOA estimated for poultry-eggs 
was approximately three orders-of-magnitude below the FSANZ (2017a) proposed trigger point.  

In summary, the estimated theoretical plausible maximum tissue concentrations in poultry-eggs 
indicates that the potential for an elevated risk to be present is low in the event that residents keep 
chickens for egg-laying purposes, that incidentally ingest PFAS-contaminated soil.  

J.1.4. Uncertainty Analysis 

A number of uncertainties have been identified in calculating theoretical estimates in poultry-eggs. A 
discussion regarding the relevant uncertainties is provided in Table J.4.  

Table J.4: Uncertainty Analysis 

Uncertainty Discussion 

PFAS uptake based only on 
soil ingestion 

PFAS uptake by chickens is based on incidental ingestion of soil and does not include 
other pathways which may be applicable, such as water or food ingestion. There is the 
potential for home-raised chickens to ingest soil invertebrates or food scraps that may 
also contain PFAS. The method used to estimate PFAS intake considering only soil 
ingestion has the potential to underestimate PFAS concentrations in poultry-eggs. 

Adopted soil EPCs for 
theoretical estimates in 
poultry-eggs 

The adopted soil EPCs for estimating theoretical estimates in poultry-eggs was based on 
the reported maximum concentration in shallow in-situ soil within the residential 
properties in the study area. It was assumed that these concentrations could be present 
within any residential garden areas within the study area and accessible to home-raised 
chickens. The level of uncertainty associated with the soil EPC has the potential to over- 
or under-estimate the theoretically estimated concentrations in poultry-eggs.  

BTFs adopted for poultry-
eggs 

The adopted BTFs for PFOS and PFOA were based on the results of studies completed by 
Kowalczyk (2014) and Scolexia (2017) for PFAS in chicken feed and drinking water 
respectively. Neither research study included the exposure of chickens to PFAS for 
incidental ingestion of soil. It is considered that the rate of transfer from soil may be 
different to that of intake via feed and/or drinking water. However, a literature search 
for published studies regarding the transfer of PFAS via soil into chickens was not 
identified. In the study by Scolexia (2017), it was considered that PFAS in water may be 
100% bioavailable. As the bioavailability of PFAS from soil and/or feed is expected to 
vary, it was considered conservative to adopt the maximum BTFs as derived in Defence 
(JBS&G, 2019) for PFHxS, PFOS and PFOA. For PFOS, it is noted that the calculated BTFs 
were similar based on the results from Kowalczyk (2014) and Scolexia (2017). Hence, it is 
also considered that the transfer of PFAS into chickens may be similar irrespective of the 
medium (i.e., soil, water or feed). The data utilised from both studies, as well as the 
derived BTFs presented in Defence (JBS&G, 2019), was considered to provide a 
reasonable and appropriate BTFegg to adopt for this HHRA. 

Amount of soil ingested by 
chickens 

There is a degree of uncertainty associated with the amount of soil that may be 
incidentally ingested by chickens that are housed in a chicken coop constructed above 
exposed soils and/or chickens that may also be free to roam in garden areas. As a 
conservative approach, it was assumed that chickens kept in a low-density residential 
setting are kept under low-intensity conditions. As intake is dependent on animal 
numbers per free-ranging area and available soil for consumption, adoption of the lower 
end of the range for soil ingestion was considered appropriate.  

 



Table J-5. Estimated Plausible Maximum Concentrations in Poultry Eggs

Parameter Units Value Reference

Ingestion rate of soil by chicken (IRs) kg/day 0.002 European Commission Health and Consumer
Protection Directorate - General (2000)

Biotransfer Factor (BTF) for PFOS d/kg 25 Defence (2019)
Biotransfer Factor (BTF) for PFOA d/kg 9.9 Defence (2019)
PFOS + PFHxS  Soil Concentration(1) mg/kg 0.0309 Max. concentration reported in insitu shallow

soils
PFOA Soil Concentration(1) mg/kg 0.0012 Max. concentration reported in insitu shallow

soils
Notes:

Theoretical Estimate in Poultry Egg Cegg (mg/kg) Cegg (µg/kg) FSANZ Proposed Trigger Point (1) (µg/kg)

PFOS+PFHxS 0.00155 1.55 11

PFOA 0.00002 0.02 85
Notes:
(1) Ref: FSANZ (2017a).

(1) Soil concentrations are based on the maximum PFAS result reported from shallow insitu soils (Table 2 in Appendix I). This
assumes that the maximum concentrations identified, could potentially be present in garden areas of other residential properties
within Area M where home-raised chickens could be present.

W:/Environmental/Projects/VP8325/reports/ Poultry Egg Concentration
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Appendix K - Health Risk Calculations
Estimation of Hazard Index (HI)  - Direct Contact: Shallow Soil

Receptor Resident - Child
Exposure Setting: Direct contact (oral, dermal and dust) with soil

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Soil Ingestion Rate mg/day 100
Oral Bioavailability unitless 1
Exposure Time (indoors) hours/day 20
Exposure Time (outdoors) hours/day 4
Particulate Retention unitless 0.375
Particulate Emission Factor (outdoor) m3/kg 2.90E+10
Particulate Emission Factor (indoor) m3/kg 2.60E+07
Indoor Dust Transport Factor unitless 0.5
Fraction of Soil from Contaminated Source unitless 1
Conversion Factor kg/mg 0.000001
Area of Exposed Skin cm2 2700
Soil Adherence Factor mg/cm2/day 0.5
Dermal Absorption Factor unitless 0.0005
Averaging Time (Threshold) years 6

PFOS + PFHxS - Exposure Point Concentration mg/kg 0.0309 Max. EPC

mg/kg/day mg/kg/day mg/m3 mg/kg/day mg/kg/day mg/m3

Oral Dermal Dust Oral Dermal Dust Oral Dermal Dust
PFOS + PFHxS 1.86E-05 1.86E-05 6.51E-05 2.06E-07 1.39E-09 6.01E-09 1.1E-02 7.48E-05 9.24E-05 1.1E-02

COPC

Tolerable Daily Intake Estimated Daily Intake
HQ Total HI



Appendix K - Health Risk Calculations
Estimation of Hazard Index (HI)  - Direct Contact: Shallow Soil

Receptor Resident - Adult
Exposure Setting: Direct contact (oral, dermal and dust) with soil

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Soil Ingestion Rate mg/day 50
Oral Bioavailability unitless 1
Exposure Time (indoors) hours/day 20
Exposure Time (outdoors) hours/day 4
Particulate Retention unitless 0.375
Particulate Emission Factor (outdoor) m3/kg 2.90E+10
Particulate Emission Factor (indoor) m3/kg 2.60E+07
Indoor Dust Transport Factor unitless 0.5
Fraction of Soil from Contaminated Source unitless 1
Conversion Factor kg/mg 0.000001
Area of Exposed Skin cm2 6300
Soil Adherence Factor mg/cm2/day 0.5
Dermal Absorption Factor unitless 0.0005
Averaging Time (Threshold) years 29
PFOS + PFHxS - Exposure Point Concentration mg/kg 0.0309 Max. EPC

mg/kg/day mg/kg/dy mg/m3 mg/kg/day mg/kg/day mg/m3
Oral Dermal Dust Oral Dermal Dust Oral Dermal Dust

PFOS + PFHxS 1.86E-05 1.86E-05 6.51E-05 2.21E-08 6.95E-10 2.49E-09 1.2E-03 3.74E-05 3.83E-05 1.3E-03
PFOA 1.59E-04 1.59E-04 5.57E-04 #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!

Total HI
COPC

Tolerable Daily Intake Estimated Daily Intake HQ



Appendix K - Health Risk Calculations
Estimation of Hazard Index (HI)  - Resident (Child and Adult)

Receptor: Resident - Child
Exposure Setting:

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.025
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.1
Averaging Time (Threshold) years 6
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.004 Max EPC

Tolerable Daily Intake Estimated Daily intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 6.67E-07 3.6E-02PFOA 1.59E-04 #VALUE! #VALUE!

Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.054
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.1
Averaging Time (Threshold) years 29
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.004 Max EPC

Tolerable Daily Intake Estimated Daily Intake HQ
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 3.09E-07 1.7E-02PFOA 1.59E-04 #VALUE! #VALUE!

Receptor: Resident - Child
Exposure Setting:

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.062
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.5
Averaging Time (Threshold) years 6
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.004 Max. EPCPFOA - Estimated Plant Tissue Concentration mg/kg - 90th Percentile

Tolerable Daily Intake Estimated Daily Intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 8.27E-06 4.4E-01PFOA 1.59E-04 #VALUE! #VALUE!

Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.12
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.5
Averaging Time (Threshold) years 29
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.004 Max. EPCPFOA - Estimated Plant Tissue Concentration mg/kg - 90th Percentile

Tolerable Daily Intake Estimated Daily Intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 3.43E-06 1.8E-01

COPC HQ

Consumption of home-grown vegetables (Root Vegetables) - upper limit exposure setting

COPC HQ

Consumption of home-grown vegetables (Root Vegetables) - upper limit exposure setting

Consumption of home-grown vegetables (Root Vegetables) - typical exposure setting

COPC HQ

Consumption of home-grown vegetables (Root Vegetables) - typical exposure setting

COPC

Estimation of Hazard Index (HI)  - Resident (Child and Adult)



Appendix K - Health Risk Calculations
Estimation of Hazard Index (HI)  - Direct Contact: Soil

Receptor Maintenance/Utility Worker
Exposure Setting: Direct contact (oral, dermal and dust) with soil during maintenance works in easement

Parameter Units Adult
Body weight kg 78
Exposure Duration: years 30
Exposure Frequency: days/year 20
Soil Ingestion Rate mg/day 330
Oral Bioavailability unitless 1
Exposure Time (outdoors) hours/day 8
Particulate Retention unitless 0.375
Particulate Emission Factor (outdoor) m3/kg 4.40E+08
Fraction of Soil from Contaminated Source unitless 1
Conversion Factor kg/mg 0.000001
Area of Exposed Skin cm2 6800
Soil Adherence Factor mg/cm2/day 0.9
Dermal Absorption Factor unitless 0.0005
Averaging Time (Threshold) years 30
PFOS + PFHxS - Exposure Point Concentration mg/kg 0.0255 Max. EPC
PFOA - Exposure Point Concentration mg/kg 0.0003 Max. EPC

mg/kg/day mg/kg/day mg/m3 mg/kg/day mg/kg/day mg/m3

Oral Dermal Dust Oral Dermal Dust Oral Dermal Dust
PFOS + PFHxS 1.86E-05 1.86E-05 6.51E-05 5.91E-09 5.48E-11 3.97E-13 3.2E-04 2.95E-06 6.10E-09 3.2E-04
PFOA 1.59E-04 1.59E-04 5.57E-04 6.95E-11 6.45E-13 4.67E-15 4.4E-07 4.05E-09 8.38E-12 4.4E-07

3.2E-04

Total HI

COPC
Tolerable Daily Intake Estimated Daily Intake

HQ
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The assessment of multiple exposure pathways for the study area has included exposure to PFAS 
occurring from direct contact with PFAS-impacted soil in gardens, and the consumption of home-
grown produce (herbs, fruit, vegetables and poultry-eggs) that were sampled as part of the DSI. A 
summary of the HI associated with the assessment of multiple exposure pathways is presented in 
Section 10.8.5. Specifically, the health risk quantified for chicken-egg consumption has utilised the 
theoretical PFAS concentrations calculated for chicken-eggs as per Appendix J and incorporated 
both dietary exposure parameters as well as receptor specific exposure parameters (i.e. body weight 
of child and adult residents, exposure duration and exposure frequency). The following information 
provided in this appendix summarises the approach taken to quantify potential health risks 
associated with the consumption of chicken-eggs under a multiple pathway exposure assessment.  

Potential exposures to PFAS via the ingestion of chicken-eggs were calculated using the following 
equation, as adapted from US EPA (1989):  

 

Intake𝑒𝑔𝑔 =
𝐶egg xIRegg x FI x BA𝑜 x ED x EF 

BW x AT x 365 days/year
 

where: 

Intake egg = calculated daily intake of PFAS from the ingestion of poultry eggs (mg/kg/day) 

Cegg = PFAS concentration in the edible portions of the egg (mg/kg)  
IRegg = ingestion rate of eggs (kg/day) 
FI = fraction ingested from contaminated source (unitless) 
BAo = oral bioavailability (unitless) – assumed to be 100% (expressed as a fraction of 1) 

ED = exposure duration (years) 
EF = exposure frequency (days/year) 
BW = body weight relevant to each receptor group (kg)  

AT = averaging time (AT) = exposure duration (ED) (years) x 365 days/year.  

A summary of the adopted exposure parameters and the EPCs for poultry-eggs that was used to 
calculate the daily intake of PFAS from poultry-egg ingestion is provided in Table L-1.  

It is noted that Cross and Taylor (1996) reported that the consumption rate of eggs in a household 
that produce their own eggs from home-raised chickens, may be twice that of the average 
population. However, as the egg consumption rate adopted in FSANZ (2017c) for a P90 consumer 
(i.e., 90th percentile) is more than twice that of the average consumer. The egg consumption rate for 
a P90 consumer has been utilised to represent an upper limit exposure intake, without further 
adjustment of the consumption rate for home-grown eggs.  

Table L-1: Dietary Exposure Input Parameters and EPCs – Chicken-Egg Consumption 

Parameter Units 

Residents (Off-Property) 

Child Adult 

Body Weight (BW) (1) kg 15 70 

Exposure Duration (ED) (1) years 6 29 

Exposure Frequency (EF) (2) days/year 365 365 

Egg Ingestion Rate (IRF) (3) kg/day Chicken-eggs – 0.013 
(0.036) 

Chicken-eggs – 0.023 
(0.059) 

Fraction ingested from contaminated source 
(Fcs) (4) 

unitless 0.3 (1) – chicken-egg 0.3 (1) – chicken-egg 

Modelled PFOS + PFHxS EPC (5) mg/kg 0.00155 0.00155 

Modelled PFOA EPC (5) mg/kg 0.00002 0.00002 
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Table L-1: Dietary Exposure Input Parameters and EPCs – Chicken-Egg Consumption 

Parameter Units 

Residents (Off-Property) 

Child Adult 

Averaging Time (AT) = ED (6) years 6 29 

Notes: 

(1) Ref: NEPC (2013).  

(2) Maximum exposure frequency adopted.  

(3) Ref: FSANZ (2017c). Food ingestion rates are based on the mean and 90th percentile consumption rates. Value in 
parenthesis is the 90th percentile consumption rate. 

(4) Assumed that 30% (typical limit) and 100% (upper limit) of poultry egg intake may come from home-raised chickens. 
For the consumption of poultry eggs that have come from home-raised chickens it is assumed they may reasonably 
consume a high rate of eggs. Hence, the typical exposure intake has assumed 30% and the upper limit intake has 
assumed 100%.  

(5) The modelled PFOS + PFHxS and PFOA EPCs for chicken-eggs is presented in Table J-5, Appendix J.  

(6) The averaging time is equal to the exposure duration for the evaluation of chemicals via a threshold approach. AT 
(years) multiplied by 365 days/year to convert to days for intake equations.  

The calculated exposure intakes for home-consumed chicken-eggs are presented at the end of this 
appendix. A summary of the calculated HI associated with the consumption of chicken-eggs is 
summarised in Table L-2.  

Table L-2: Summary of Calculated  Total HI – Chicken-Eggs 

Exposure Scenario 
Resident (Child) Resident (Adult) 

Typical Exposure Upper Limit Exposure Typical Exposure Upper Limit Exposure 

Ingestion of chicken-eggs 0.022 0.2 0.0082 0.07 

The results of the multiple pathway assessment for chicken-egg consumption indicates the 
following: 

• The health risk for child and adult residents assuming typical and upper limit intakes (i.e., 30% 
and 100% egg consumption is from home-raised chickens) is low and acceptable. 

L.1. References 
Cross and Taylor 1996, Human Exposure to Soil Contamination through the Consumption of Home 
Grown produce. Contaminated Site Monograph Series No. 6. 

FSANZ 2017c, Supporting Document 2 – Assessment of potential dietary exposure to PFOS, PFOA and 
PFHxS occurring in foods sampled from contaminated sites. Food Standards Australia New Zealand. 

NEPC (2013), National Environmental Protection (Assessment of Site Contamination) Measure, 1999 
(2013 amendment). National Environmental Protection Council.  

US EPA, 1989, Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual 
Part A, Interim Final. United States Environmental Protection Agency.



Appendix L - Multiple Exposure Pathway Assessment: Consumption of Chicken-Eggs
Estimation of Hazard Index (HI)  - Resident (Child and Adult)

Receptor: Resident - Child
Exposure Setting:

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.013
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.3
Averaging Time (Threshold) years 6
PFOS + PFHxS - Calculated Chicken-egg Concentration mg/kg 1.55E-03 Theoretical Max. EPC
PFOA - Calculated Chicken-egg Concentration mg/kg 2.00E-05 Theoretical Max. EPC

Tolerable Daily Intake Estimated Daily intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 4.03E-07 2.2E-02
PFOA 1.59E-04 5.20E-09 3.3E-05

Total HI 2.2E-02
Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.023
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.3
Averaging Time (Threshold) years 29
PFOS + PFHxS - Calculated Chicken-egg Concentration mg/kg 1.55E-03 Theoretical Max. EPC
PFOA - Calculated Chicken-egg Concentration mg/kg 2.00E-05 Theoretical Max. EPC

Tolerable Daily Intake Estimated Daily Intake HQ
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 1.53E-07 8.2E-03
PFOA 1.59E-04 1.97E-09 1.2E-05

Total HI 8.2E-03

Consumption of chicken-eggs - typical exposure setting

COPC HQ

Consumption of chicken-eggs - typical exposure setting

COPC



Appendix L - Multiple Exposure Pathway Assessment: Consumption of Chicken-Eggs
Estimation of Hazard Index (HI)  - Resident (Child and Adult)
Receptor: Resident - Child

Exposure Setting:
Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.036
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 1
Averaging Time (Threshold) years 6
PFOS + PFHxS - Calculated Chicken-egg Concentration mg/kg 1.55E-03 Theoretical Max. EPC
PFOA - Calculated Chicken-egg Concentration mg/kg 2.00E-05 Theoretical Max. EPC

Tolerable Daily Intake Estimated Daily Intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 3.72E-06 2.0E-01
PFOA 1.59E-04 4.80E-08 3.0E-04

Total HI 2.0E-01
Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.06
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 1
Averaging Time (Threshold) years 29
PFOS + PFHxS - Calculated Chicken-egg Concentration mg/kg 1.55E-03 Theoretical Max. EPC
PFOA - Calculated Chicken-egg Concentration mg/kg 2.00E-05 Theoretical Max. EPC

Tolerable Daily Intake Estimated Daily Intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 1.31E-06 7.0E-02
PFOA 1.59E-04 1.69E-08 1.1E-04

Total HI 7.0E-02

Consumption of chicken-eggs - upper limit exposure setting

COPC HQ

Consumption of poultry-eggs - upper limit exposure setting

COPC HQ
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Appendix M - Sensitivity Assessment
Estimation of Hazard Index (HI)  - Resident (Child and Adult)

Receptor: Resident - Child
Exposure Setting:

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.001
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.1
Averaging Time (Threshold) years 6
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.15 Max EPC

Tolerable Daily Intake Estimated Daily intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 1.00E-06 5.4E-02
PFOA 1.59E-04 #VALUE! #VALUE!

Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.002
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.1
Averaging Time (Threshold) years 29
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.15 Max EPC

Tolerable Daily Intake Estimated Daily Intake HQ
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 4.29E-07 2.3E-02
#VALUE!

Receptor: Resident - Child
Exposure Setting:

Parameter Units Child
Body weight kg 15
Exposure Duration: years 6
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.002
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.5
Averaging Time (Threshold) years 6
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.15 Max. EPC

Tolerable Daily Intake Estimated Daily Intake
mg/kg/day mg/kg/day

PFOS + PFHxS 1.86E-05 1.00E-05 5.4E-01
PFOA 1.59E-04 #VALUE! #VALUE!

Receptor: Resident - Adult
Exposure Setting:

Parameter Units Adult
Body weight kg 70
Exposure Duration: years 29
Exposure Frequency: days/year 365
Ingestion Rate kg/day 0.004
Oral Bioavailability unitless 1
Fraction of produce consumed as home-grown unitless 0.5
Averaging Time (Threshold) years 29
PFOS + PFHxS - Plant Tissue Concentration mg/kg 0.15 Max. EPC

Tolerable Daily Intake Estimated Daily Intake

Estimation of Hazard Index (HI)  - Resident (Child and Adult)

Consumption of home-grown vegetables (Herbs) - typical exposure setting

COPC HQ

Consumption of home-grown vegetables (Herbs) - typical exposure setting

COPC

Consumption of home-grown vegetables (Herbs) - upper limit exposure setting

COPC HQ

Consumption of home-grown vegetables (Herbs) - upper limit exposure setting

COPC HQ



Appendix M - Sensitivity Assessment
Estimation of Hazard Index (HI)  - Resident (Child and Adult)

mg/kg/day mg/kg/day
PFOS + PFHxS 1.86E-05 4.29E-06 2.3E-01

COPC HQ
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Oil / Water Interface Meter 

airmet Instrument Interface Meter (30M) 
288045 Serial No. 

Air-Met Scientific Pty Ltd 
1300 137 067 

Item Test Pass Comments Battery Compartment 
Capacity 
above 7 9V 

Probe Cleaned/Decon 
Operation 

Connectors Condition 

Tape Check 
Connectors 

Cleaned 
Checked for cuts 

Instrument Test At surface level 

Certificate of Calibration 

This is to certify that the above instrument has been cleaned and tested. 

Emma Foster 
Tested by:_ 

26/11/2020 Test date 

Next Test due: 25/05/2021 



Multi Parameter Water Meter 

airmet Instrument YSI Quatro Pro Plus 
Serial No. 10F102210 Air-Met Scientific Pty Ltd 

1300 137 067 

Comments Item 
Battery 

Test 
Charge Condition 

Fuses 
Capacity 

Pass 

Switch/keypad 
Display 

Operation 
Intensity 

Operation 
(segments) 
Condition 
Seal 

Condition 
Condition 

pH 
2. mV 

Gr er 

PCB 
Connectors 
Sensor 1 

3. EC 

4. D.O 
5. Temp 

Alarms Beeper 
Settings 
Version Software 

Data logger 
Download 
Other tests: 

Operation 
Operation 

Certificate of Calibration 

This is to certify that the above instrument has been calibrated to the following specifications: 

Instrument Reading Standard Solutions Certified Solution Bottle 

Number 
355386 
355072 
351412 

357172/357173 
350510 
10959 

MultiTherm 

Sensor Serial no 

1. pH 10.00 
2. pH 7.00 
3. pH 4.00 
4. mV 

5 EC 
6. D.O 
7. Temp 

pH 10.00 
pH 7.00 

pH 4.00 
227.4mV 
2.76mS 

0.00 ppm 
22.9°C 

pH 9.92 
pH 6.99 
pH 3.99 
227.3mVV 
2.75mS 
0.01ppm 

23.1°C 

Kylie Rawlings 
Calibrated by: 

10/12/2020 Calibration date: 

10/01/2021 Next calibration due 
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