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1 Introduction 

The Environmental Protection Amendment Regulations 2018 were gazetted in April 2018. The 
amendments provided clarity around the use of clean fill, or uncontaminated fill that meets 
environmental and health thresholds after testing, in development works across Western Australia, 
including waste levy liability under the Waste Avoidance and Resource Recovery Levy Act 2007 and 
licensing under the Environmental Protection Act 1986. 

The amendments were supported by the publication of the Landfill Waste Classification and Waste 
Definitions 1996 (amended 2018) (Waste Definitions) which included contaminant thresholds (total 
and leachate values) for uncontaminated fill (the thresholds). The Department of Water and 
Environmental Regulation (DWER) has been requested by the WA Minister for Environment to 
undertake a consultative and technical review of the thresholds. The Minister also requested that 
the Department’s review be overseen by independent national experts, who will report to the 
Minister (via the Department). 

This review report has been prepared jointly by Dr Cheryl Halim and Ms Kylie Lloyd of Zoic 
Environmental Pty Ltd and Mr Roger Parker of Golder Associates Pty Ltd.  Dr Halim’s doctorate thesis 
was a result of collaboration between UNSW and the NSW Environmental Protection Authority to 
investigate the applicability of the Toxicity Characteristic Leaching Procedure in assessing the 
hazards of waste. Ms Lloyd is a Site Auditor approved by the NSW EPA and Mr Parker is an 
Environmental Auditor appointed by the Victorian EPA.  Mr Parker has previously been a Site Auditor 
in NSW and a Contaminated Sites Auditor in Western Australia. 

The above reviewers previously provided an independent review of the DWER report titled Draft 
Report (V5) Review of the Uncontaminated Fill thresholds presented in Table 6 of the Landfill Waste 
Classification and Waste Definitions 1996 (as amended 2018), dated April 2019, and documented the 
review in an earlier version of this document1.  

Subsequent to this, DWER conducted further consultation with stakeholders, which identified that 
uncontaminated fill would primarily be used in urban land development within residential or 
commercial/industrial projects.  Based on this information, WA DWER revised the thresholds to 
account for a level of human health and ecological protection commensurate with these expected 
uses. The revised thresholds are provided in Draft Report (V6) Review of the Uncontaminated Fill 
thresholds presented in Table 6 of the Landfill Waste Classification and Waste Definitions 1996 (as 
amended 2018), dated August 2019.  

This current report provides an independent review of the Draft WA DWER report (V6) dated August 
2019. 

2 Purpose of Review 
The purpose of the review is to provide: 

 
1 Independent Review of Report Prepared by Department of Water and Environmental Regulation titled Draft 
Report (V5) Review of the Uncontaminated Fill thresholds presented in Table 6 of the Landfill Waste 
Classification and Waste Definitions 1996 (as Amended 2018), dated 24 April 2019. 
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• technical assessment of the revised Table 6 uncontaminated fill thresholds, and the method by 
which they were derived; 

• comment on the appropriateness of the thresholds; and 

• provide recommendations for further consideration by DWER, where appropriate.   

In preparing this joint review report, consideration is to be given to the constraints of the existing 
legislative framework. 

3 Background 

3.1 Definitions 

The Waste Definitions define: 

• clean fill means raw excavated natural material such as clay, gravel, sand, soil or rock fines that:  

a. has been excavated or removed from the earth in areas that have not been subject to 
potentially contaminating land uses including industrial, commercial, mining or intensive 
agricultural activities; and  

b. has not been processed except for the purposes of:  

i. achieving desired particle size distribution; and/or  

ii. removing naturally occurring organic materials such as roots; and  

c. does not contain any acid sulfate soil; and  

d. does not contain any other type of waste.  

• uncontaminated fill means:  

a. inert waste type 1 (excluding asphalt and biosolids) that meets the requirements set out in 
Table 6 of the Landfill Waste Classification and Waste Guidelines, as determined by relevant 
sampling and testing carried out in accordance with the requirements set out in Table 7 of the 
Landfill Waste Classification and Waste Guidelines; and  

b. neutralised acid sulfate soil that meets the requirements for relevant metals, metalloids and 
sulfate set out in Table 6 of the Landfill Waste Classification and Waste Guidelines, as 
determined by relevant sampling and testing carried out in accordance with the requirements 
of Table 7 of the Landfill Waste Classification and Waste Guidelines.  

• inert waste type 1 means non-hazardous, non-biodegradable (half-life greater than two years) 
wastes containing contaminant concentrations less than Class I landfill acceptance criteria, but 
excluding paper and cardboard and materials that require treatment to render them inert (e.g. 
peat, acid sulfate soils) and includes the following materials: 

- Raw excavated natural material (excluding contaminated material) 

- Rocks/soils from excavation of a site (excluding contaminated soils) 
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- Building and demolition waste (e. g. bricks concrete and unavoidable small quantities of 
paper, plastics, glass, metal, timber) and does not contain any asbestos or PFAS. 

- Asphalt waste and biosolids [noting that this is excluded from the definition of 
uncontaminated fill]. 

- Casting sand (that does not contain leachable components). 

- Blasting sand or garnet (excluding that used for stripping tributyl tin-containing paints).  

• neutralised acid sulfate soil means neutralised acid sulfate soil treated in accordance with 
Identification and Investigation of Acid Sulfate Soils and Acidic Landscapes (DER, 2015) and 
Treatment and Management of Soil and Water in Acid Sulfate Soil Landscapes (DER, 2015). 

Other than specific situations, both Clean Fill and Uncontaminated Fill can be used at any location 
within Western Australia without need for payment of landfill levy. 

3.2 Uncontaminated Fill 

The uncontaminated fill thresholds include both maximum concentration and leaching thresholds 
and are intended to allow for the use of uncontaminated fill at any location within WA without 
increasing the risk to human health, the environment or any environmental value.  

The testing and sampling regime in Table 7 of the Waste Definitions, allows for testing for 
substances based on land use history of the site of origin for uncontaminated fill and therefore it is 
not necessary to test for every substance listed in Table 6 of the Landfill Waste Classification and 
Waste Guidelines.  The sampling and testing requirements are based on minimum data 
requirements to determine a 95% upper confidence limit (average) and the requirement to 
characterise each domain or stockpile separately.  

It is the responsibility of the user to ensure that the material is environmentally suitable for the 
purpose for which it is being used, including whether its use could cause pollution, constitute an 
unreasonable discharge under the EP Act, or create a contaminated site within the meaning of the 
Contaminated Sites Act 2003 (CS Act). 

The current thresholds were developed with consideration of published generic risk-based criteria 
for the assessment of contaminants in the environment. These published criteria are derived based 
on available toxicological data and set at levels below which adverse effects to human health, the 
environment or any environmental value would not be expected.  

3.3 Other Jurisdictions 

Throughout Australia, assessment of contaminated soil is generally required to be in accordance 
with the National Environment Protection (Assessment of Site Contamination) Measure (amended 
2013) (the NEPM).  However, requirements for assessing and use of clean soil which is moved from 
one site and used on another, vary between jurisdictions and typically relate to waste definitions 
within that jurisdiction.   For example: 

• In NSW soil removed from a site cannot be used on another site unless it is: 
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- Virgin Excavated Natural Soil (VENM) – soil excavated from a site that is not contaminated 
with manufactured chemical or process residues as a result of industrial, commercial, mining 
or agricultural activities. 

- Excavated Natural Material (ENM) - naturally occurring rock and soil (including materials such 
as sandstone, shale, clay and soil) that has: a) been excavated from the ground; b) contains at 
least 98 per cent (by weight) natural material; c) does not meet the definition of Virgin 
Excavated Natural Material (VENM).  

- Material meeting resource recovery orders and exemptions, such as recovered aggregate. 

• In Victoria soil removed from a site cannot be used at another site unless it is Fill Material, which 
is defined as: 

- any naturally occurring soil, gravel or rock that is not potentially contaminated, or 

- any soils that have chemical contamination levels below the fill material criteria specified in 
Soil hazard categorisation and management (Victorian EPA publication IWRG621 in IWRG 
section 6).  

The major difference between these approaches is that the NSW system does not permit the reuse 
of fill off-site (unless material meets certain resource recovery orders and exemptions) if there is any 
chemical contamination where the Victorian system allows chemical contamination up to a certain 
concentration.  A complexity of the Victorian system is that there is potential for fill material criteria 
to exceed background concentrations for some metals and some judgement is needed to assess if 
the concentrations are due to natural mineralisation. 

The Victorian definition of fill material is like the WA approach where clean fill is soil or rock that has 
not been impacted by contamination and uncontaminated soil is soil that meets certain threshold 
limits.  A difference is that the Victorian system only includes total concentrations which are not to 
be exceeded and does not include leachability thresholds as for WA uncontaminated fill.   

3.4 Derivation of Uncontaminated Fill Thresholds 

The reviewers are not aware of any single approach to the development of uncontaminated fill 
thresholds in Australia (noting that different terms are used throughout Australia).  For jurisdictions 
where they have been developed, they are typically based on the contaminated soil guidelines 
relevant at the time, with a view to selecting chemical concentrations which are protective of 
ecological systems and human health in sensitive land use situations.  However, there are many 
difficulties in developing a single set of thresholds that are protective of human health and the 
environment given: 

• Guidance is not available for all chemicals and there is a need to resort to international regulatory 
guidance 

• Guidance is often soil-type specific and selection of a single threshold for a range of soil types 
requires considerable judgement 

• Likewise, some guidance in the NEPM allows for consideration of ambient background 
concentrations in developing guidance, and judgement is required to develop a single 
background concentration to determine the threshold concentration. 



 

 5 
 
 

While leachability criteria are often used for waste classification purposes, to the reviewers’ 
knowledge, WA is the only state to incorporate leachability thresholds into uncontaminated fill 
guidance.   Selection of leachability thresholds presents further challenges given the variability in soil 
conditions and distance between soil use and sensitive receptors (groundwater and surface waters).  
The use of ANZECC & ARMCANZ Water Quality Guidelines and NHMRC & NRMMC Australian 
Drinking Water Guidelines provide the only basis for developing leachability thresholds. 

3.5 NEPM 

Soil 

Schedule B1 of the NEPM provides a framework for the use of investigation and screening levels. The 
framework is based on a matrix of human health and ecological soil and groundwater investigation 
and screening levels and guidance for specific contaminants.   Investigation levels and screening 
levels are the concentrations of a contaminant above which further appropriate investigation and 
evaluation will be required.  

Investigation and screening levels provide the basis of Tier 1 risk assessment. A Tier 1 assessment is 
a risk-based analysis comparing site data with generic investigation and screening levels for various 
land uses to determine the need for further assessment or development of an appropriate 
management strategy.  The investigation and screening levels are not intended to be response or 
action levels. 

Of relevance to DWER’s review of uncontaminated fill guidelines are: 

Ecological investigation levels (EILs) have been developed for selected metals and organic 
substances and are applicable for assessing risk to terrestrial ecosystems. EILs depend on specific soil 
physicochemical properties and land use scenarios and generally apply to the top 2 m of soil.  The 
methodology, incorporated in Schedule B5b of the NEPM, was developed by CSIRO using data from 
various Australasian databases, the Australian National Biosolids Research Program and 
supplemented by data from the US EPA ecotoxicology database where necessary. The methodology 
is based on an approach which considers the physicochemical properties of soil and contaminants 
and the capacity of the local ecosystem to accommodate increases in contaminant levels (referred to 
as the ‘added contaminant limit’ or ACL) above ambient background.  The methodology also 
considers the ageing of contamination given the toxicity of soil contaminants (both organic and 
inorganic) will reduce or age over time to a lower and more stable level by binding to various soil 
components and decreasing their biological availability.  For the purposes of EIL derivation, a 
contaminant incorporated in soil for at least two years is considered to be aged.  

Ecological screening levels (ESLs) have been developed for selected petroleum hydrocarbon 
compounds and total petroleum hydrocarbon (TPH) fractions and are applicable for assessing risk to 
terrestrial ecosystems. ESLs broadly apply to coarse- and fine-grained soils and various land uses. 
They are generally applicable to the top 2 m of soil. 

Health investigation levels (HILs) have been developed for a broad range of metals and organic 
substances. The HILs are applicable for assessing human health risk via all relevant pathways of 
exposure. The HILs are generic to all soil types and generally apply to a depth of 3 m below the 
surface for residential use.  HILs are intentionally conservative and are based on a reasonable worst-
case scenario for specific generic land use setting.  For the purpose of this review, the relevant HIL A 
which applies to a residential setting with garden/accessible soil (home grown produce <10% fruit 
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and vegetable intake, but not poultry), also includes children’s day care centres, preschools and 
primary schools.  

Health screening levels (HSLs) have been developed for selected petroleum compounds and 
fractions and are applicable to assessing human health risk via the inhalation and direct contact 
pathways. The HSLs depend on specific soil physicochemical properties, land use scenarios, and the 
characteristics of building structures.  Other screening levels have maximum depths, whereas the 
HSLs have been developed for different depth categories.  

Groundwater and Surface Water 

The NEPM advises that site assessment should consider the risks from contaminated groundwater to 
all potential receptors on and off the site of origin and potential effects on groundwater resources.  

The Groundwater investigation levels (GILs) are based on the Australian Water Quality Guidelines 
2000 (AWQG), Australian Drinking Water Guidelines 2011 (ADWG) and Guidelines for Managing Risk 
in Recreational Waters 2008 (GMRRW)2. The GILs are adopted in the NEPM as investigation levels in 
the context of the framework for risk-based assessment of groundwater contamination i.e. levels 
above which further assessment is required. 

The AWQG provide tabulated values based on percentage species protection for various aquatic 
environments and water uses. The appropriate settings for current and potential uses of 
groundwater need to be identified for the aquifer undergoing assessment.  Groundwater 
environmental values and the guidelines for their protection are listed below: 

• Raw drinking water source  ADWG  

• Agricultural use – stock watering  AWQG  

• Agricultural use – irrigation  AWQG  

• Fresh water aquatic ecosystem  AWQG  

• Marine water aquatic ecosystem  AWQG  

• Recreational use  GMRRW  

4 Methodology 

4.1 Documents Reviewed 

The following documents were reviewed as part of this report: 

 
2 Note updates as follows, ANZG (2018) Australian & New Zealand Guidelines for Fresh & Marine Water Quality 
and the latest version of the NHMRC & NRMMC (2011) Australian Drinking Water Guidelines (Version 3.5, 
Updated August 2018). 
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• Government of Western Australia Department of Water and Environmental Regulation (DWER) 
(Nov 2018) Consultation Paper: Review of the Uncontaminated Fill Thresholds in Table 6 of the 
Landfill Waste Classification and Waste Definitions 1996 (as amended 2018). 

• DWER (Mar 2019) Data Acceptance/Review and Threshold Revision Plan – Review of 
Uncontaminated Fill Thresholds. 

• DWER (Apr 2019) Draft Report (V6) Review of the Uncontaminated Fill thresholds Presented in 
Table 6 of the Landfill Waste Classification and Waste Definitions 1996 (as amended 2018), dated 
August 2019. 

4.2 Guidelines 

The following additional documents were reviewed in consideration of WA endorsed guidelines, 
national guidelines, guidelines from other jurisdictions and international guidelines, where 
considered relevant:  

• DWER (Apr 2018) Landfill Waste Classification and Waste Definitions 1996 (as Amended 2018) 
(‘Waste Definitions’). 

• DWER Factsheet – Amendments to the Environmental Protection Regulations 1987 – Clean Fill 
and Uncontaminated Fill (‘DWER Factsheet 1’). 

• DWER Factsheet – Assessing Whether Material is Waste (‘DWER Factsheet 2’). 

• NEPC (2013) National Environment Protection (Assessment of Site Contamination) Measure 
(NEPM, 2013). 

• NSW EPA (2014) Waste Classification Guidelines. 

• NSW EPA (2014) The Excavated Natural Material Order 2014. 

• NSW EPA (2014) The Excavated Natural Material Exemption 2014. 

• NSW EPA (2014) Recovered Aggregate Order 2014. 

• NSW EPA (2014) Recovered Aggregate Exemption 2014. 

• Vic EPA (2009) Soil Hazard Characterisation and Management, Publication IWRG621. 

4.3 Review Methodology 

The methodology of the review was as follows: 

• Initial briefing by DWER on the scope of work 

• Review the DWER (Apr 2019) report with respect to the project objectives focusing on: 

- The DWER (Mar 2019) methodology of the derivation of the uncontaminated fill thresholds 

 The use of statistics 

 Use of NEPM (2013) guidance 

 Use of other jurisdictions and international guidance 
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- The adopted ambient background concentrations, taking into account the source of data, 
number of data and statistical methods used 

- Threshold calculations/nomination 

- Analytical methods (e.g. aqua regia methods for analysis of metals and ASLP for leaching) 

- Public submissions on the Consultation Paper 

• Provide comments on the Draft (V6) DWER report: Review of the Uncontaminated Fill thresholds 
Presented in Table 6 of the Landfill Waste Classification and Waste Definitions 1996 (as amended 
2018), dated August 2019 

• Review of final DWER report 

• Consultation between reviewers 

• Preparation of this joint report which contains opinions following review of Draft (V6) DWER 
report 

5 Review Outcomes 

5.1 Review of DWER Methodology 

Our review of DWER methodology is provided in the following table. 

Table 5.1. Review of Approach 

Item The Reviewers’ Opinions 

The Use of Statistics for Ambient Background Data 

DWER conducted the following statistical calculations to 
obtain background data for use in the calculation of the 
thresholds: 

• For a given parameter, where more than 50% of soil 
groups comprised insufficient results above the LOR 
(i.e. 30% of results above LOR were used as a cut-off) 
to produce summary statistics, the ambient 
background for that parameter was considered to be 
zero. 

• For data from Prakongkep et al (2011), where no 
numerical limit of reporting (LOR) was specified, ‘non-
detect’ was replaced with 50% of minimum value 
within the dataset. 

• Where there were sufficient data for statistical 
calculations, DWER calculated the median from each 
data set. Then DWER further calculated the median 
from the median from each group to obtain the 
overall median of the background data.    

The updated DWER Draft Report (V6) provides discussion 
on statistical assessment of ambient data against 
proposed revised thresholds using 95% upper confidence 
level (UCL) of the mean, which indicates with the 

The reviewers consider that: 

• Section 13.2.2 of Schedule B2 of the NEPM (2013) 
considers that statistical calculations comprising 
substitution of limit of detection (LOD) or LOD/2 may 
be satisfactory where greater than 15% of 
concentrations are above LOR.  

- The use of 30% cut-off is considered to be 
conservative and is likely to result in less data 
being considered as statistically viable, noting that 
DWER adopted ambient background as being zero 
where there are inadequate data to produce 
statistics. 

• The use of 50% to replace data less than LOR in data 
from Prakongkep et al (2011) is appropriate, noting 
that this has limited impact on calculation of the 
overall median. 

• Schedule B5B NEPM (2013) recommends the use of 
geometric mean for statistical calculation.  

- The reviewers have completed independent 
calculations using geometric mean, as well as the 
median. The calculations indicate that there is no 
significant difference in the adopted ambient 
background concentration when using geometric 
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Item The Reviewers’ Opinions 

exception of selenium, 18 of the data sets met 95% UCL, 
noting that UCL was not able to be calculated for a large 
number of the datasets because either there were 
insufficient individual data points and/or there were 
insufficient data points above the laboratory limit of 
reporting. 

mean or median, with the exception of a small 
percentage of the data.  

- Based on the use of the current data set, the use 
of median will not significantly affect the 
thresholds.  

- Further the use of median appears to minimise 
the effect of outliers in the assessment. 

• It is noted that many of the datasets have few data 
points, which provide a limitation on the use of 
statistics. 
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Sources of Criteria – Soil 

In developing the thresholds, DWER provided the 
following discussion: 

• The soil and leaching test thresholds will be applied 
for the use of uncontaminated fill at any location 
without increasing the risk to human health, the 
environment or any environmental value, noting that 
Perth relies on the sand-based aquifers of the Swan 
Coastal Plan for potable and irrigation water. 
Therefore, DWER requires that the base criteria be 
protective of sensitive receptors at sensitive locations. 

DWER has considered the following criteria/guidelines 
when developing the thresholds in the following order: 

1. Current Australian or WA guidance: 

a. NEPM (2013) health investigation level (HIL) A for 
residential land with gardens and accessible soil, 
including day care centres and primary schools 

b. NEPM (2013) health screening level (HSL) A/B for 
low-high density residential land 

c. NEPM (2013) ecological investigation level (EILs) 
for urban residential and public open space, 
calculated based on physicochemical property 
data presented in Section 6.1 of the DWER report 

d. NEPM (2013) ecological screening level (ESLs) for 
urban residential and public open space 

e. DER (2014) Assessment and Management of 
Contaminated Sites 

2. Former Australian or WA Guidance: 

a. DEC (2010) Assessment Levels for Soil, Sediment 
and Water 

3. Relevant guidance from international or interstate 
jurisdictions: 

a. Canadian Council of Ministers of the Environment 
(CCME) (2014) Environmental Quality Guidelines 
– criteria for residential/parkland use was 
adopted by DWER given that uncontaminated fill 
is anticipated to primarily be applied in urban 
(residential or commercial) development. 

b. NSW EPA (2014) The Excavated Natural Material 
Order 2014 

c. NSW EPA (2014) The Recovered Aggregate Order 
2014  

The previous WA DWER Draft Report (V5, April 2019) 
considered the Ecotoxicological Serious Risk Addition 
values (SRAECO) from Van Vlaardingen et al. (2005) 
Environmental Risk Limits for Nine Trace Elements (Ref: 
RIVM report 601501029/2005), for barium, beryllium, 
cobalt and vanadium. In the updated Draft Report (V6), 
WA DWER has developed the revised thresholds for these 

The reviewers consider that: 

• The general approach for adopting the lowest value 
between the available human health-based criteria 
and ecological-based criteria to develop the proposed 
thresholds is reasonable, noting that the aim of the 
thresholds is to be protective of the most sensitive 
receptors in the use of uncontaminated fill. The 
reviewers note that on the basis that information 
from industry, DWER report (V6) now adopts NEPM 
(2013) EILs and ESLs for urban residential and public 
open space,  as they consider uncontaminated fill is 
‘unlikely’ to be used in sensitive ecological areas, but 
rather is expected to be used in urban development 
consistent with standard residential or 
commercial/industrial landuse scenarios. 

• Thresholds may not be protective for some highly 
sensitive receptors (e.g. immunosuppressed 
individuals or individuals with pre-existing illnesses), 
but considers the likelihood of exposure to be very 
low for such receptors. 

• The reviewers consider that the adoption of EILs/ESLs 
for urban residential and public open space instead of 
for areas of ecological significance is reasonable. 
However, the Waste Definitions (which provide the 
thresholds) should clearly mention that the thresholds 
are not protective of areas of ecological significance. 
Therefore, material intended to be reused in areas of 
ecological significance requires further assessment.   

• The thresholds may not be protective of highly 
sensitive receptors; however, it is considered that 
likelihood of exposure to these sensitive receptors is 
low. 

• The NEPM (2013) criteria, which were used for some 
of the metals, were considered appropriate as they 
have been developed for Australian conditions noting 
they are not protective of some highly sensitive 
receptors. 

• When reviewing thresholds where NEPM (2013) 
criteria are not available, the reviewers have 
considered data from the former Australian or WA 
guidance and international and interstate guidelines, 
with preference on the most conservative data where 
considered appropriate, with the following comments: 

- It is acknowledged that interstate or international 
guidelines may not be representative of WA 
conditions providing for a potential limitation. 

- DEC (2010) was generally developed based on the 
NEPM (1999), which have been superseded by the 
NEPM (2013), as well as VIC EPA, DoH, USEPA RSL, 
Dutch guidelines, and ANZECC criteria.  

- DWER adopted CCME (2014) criteria for 
residential/parkland use, noting that agricultural 
criteria for fluoride and molybdenum are more 
conservative. This is considered a reasonable 
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Item The Reviewers’ Opinions 

metals based on the CCME (2014), as they consider that 
the derivation methodology applied by the CCME is more 
consistent to NEPM (2013) compared to the derivation of 
the SRAECO values.  

assumption given the use of uncontaminated fill 
will be typically in residential or commercial 
developments.  

- The following criteria not considered by DWER 
were also considered by the reviewers: 

 USEPA Regional Screening Levels for resident 
soil. 

 NSW EPA (2014) Waste Classification 
Guidelines 

Sources of Criteria – Leaching Results 

DWER has generally adopted the most conservative values 
from the following guidelines: 

1. NHMRC & NRMMC (2011) Australian Drinking Water 
Guidelines – The lowest of the aesthetic and health 
criteria were adopted. 

2. ANZG (2018) Australian & New Zealand Guidelines for 
Fresh & Marine Water Quality – The lowest between 
the marine or freshwater trigger levels for the 
protection of 95% ecosystem were adopted in 
general, justification provided when other trigger 
levels were adopted. 

3. CCME (2014) Environmental Quality Guidelines. 

4. Swan River Trust (2008) Health Rivers Action Plan. 

The reviewers consider that: 

• The general approach for adopting the lowest of the 
available human health-based and ecological-based 
criteria to develop the proposed thresholds is 
justifiable, noting that, whilst conservative, the aim of 
the thresholds is to be protective of the likely 
receptors that can use the uncontaminated fill, 
including surface water receptors and groundwater 
uses. 

• DWER states that based on hydrogeological conditions 
of Bassendean Sand, the dilution factor experienced in 
this aquifer is likely to be 1 and therefore, no dilution 
factor was applied. The DWER calculation on dilution 
factor is based on a UK method and with the 
reviewers’ experience with Bassendean Sands 
hydrogeology this dilution factor is appropriate. 
However, it is noted that the leaching test currently 
used by the guideline to assess for uncontaminated fill 
is the Australian standard leaching procedure (ASLP), 
which uses a liquid to solid (LS) ratio of 20:1. This 
leaching test was developed based on the toxicity 
characteristic leaching procedure (TCLP), which was to 
assess leaching potential in a landfill condition (based 
on US conditions). The applicability to assess potential 
leaching in the Swan Coastal Plain has not been 
assessed. 

• The reviewers have also considered the following 
guidelines when reviewing the thresholds: 

- USEPA RSL for tapwater. 

- WHO (2017) Guidelines for Drinking-water Quality. 

Fresh versus Aged Contamination Sources 

Previous DWER uncontaminated fill thresholds presented 
in Table 6 of the Waste Definitions assumes the 
contamination comprises “fresh” source when calculating 
the added contaminant limits using NEPM (2013) 
approach. The updated thresholds were developed 
assuming “aged” contamination source.  

The reviewers consider that the “aged” contamination 
source assumption is appropriate, noting that NEPM 
(2013) defines fresh contamination as contamination that 
has been in soil for less than 2 years and is usually 
associated with current industrial activity and chemical 
spills. 
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5.2 Review of Ambient Background Data Selection 

Our review of ambient background data selection is provided in the following table. 

Table 5.2. Review of Ambient Background Data Selection 

Item The Reviewers’ Opinions 

Definition of ambient background concentration 

DWER defines ‘ambient background concentration’ as the 
sum of the naturally occurring background and the 
contaminant levels that have been introduced from 
diffuse anthropogenic activity, such as motor vehicle dust 
fall out. 

The reviewers consider that the use ambient background 
levels which may comprise naturally occurring background 
and contaminant levels that have been introduced from 
diffuse anthropogenic activity over the past 200 years, 
such as motor vehicle dust fall out, is reasonable when 
considered in the context of criteria that strikes a balance 
between being protective of human health and the 
environment and enables beneficial reuse of fill, and is 
consistent with NEPM (2013) approach. 

Data source 

DWER considered data from the following sources: 

• Data submitted during consultation from: 

- Public Transport Authority 

- Department of Communities 

- Pilbara Ports Authority 

- MBS Environmental 

- Austral Bricks 

The data were selected based on: 

- Site location within the Swan Coastal Plain 

- Site of origin not suspected to have been subject 
to potentially contaminating activities prior to 
sampling  

Published literature: 

- Prakongkep et al. (2011) 

- Olzowi & Imray (1995) 

The data were selected based on: 

• Site location within the Swan Coastal Plain, noting the 
majority of data were from sandy soil, which is the 
material typically encountered in the metropolitan 
area, however data from clay material were accepted, 
where the data were considered acceptable. 

• Site of origin not suspected to have been subject to 
potentially contaminating activities prior to sampling  

• Appropriate laboratory methodology (aqua-regia 
digest followed by analysis by ICP-OES) used to 
analyse for metals 

The reviewers consider that: 

• While the thresholds apply across the entire WA state, 
only data from Swan Coastal Plan was considered by 
DWER. The reviewers understand this policy decision 
was based on the location of the majority of land 
contamination projects (primarily within the Swan 
Coastal Plain) and the waste levy regime being only 
applicable to waste generated or disposed within the 
metropolitan area. This balance is considered to be 
appropriate. 

• The data were generally collected from approximately 
35km south of Perth (Mundijong) through the north of 
Perth (Tamala) and 20km east of Perth (Midland). As 
the extent of Swan Coast Plain is much larger than 
this, particularly to the south, the reviewers consider 
this to be a data limitation. 

• No information on the depth of samples or the type of 
material was provided. DWER states that data were 
predominantly obtained from sand and only 1 set of 
data were collected from clay. The absence of the 
depth of samples is considered to be a limitation as 
the representativeness of the data over the Swan 
Coastal Plain cannot be assessed. In line with Dr. 
Ottaway’s submission, the reviewers consider the 
quantum of available data to be a major limitation. 

• There are limited number of data sets incorporated 
within the generation of the criteria, with a large 
portion of the data collected from the spoil associated 
with the construction of a linear infrastructure 
project, which was subjected to soil separation and 
slurry treatment. The majority of the data sets only 
have limited samples (between 1 to 10, with some 
only having 1 to 3 samples). The representativeness of 
this data therefore cannot be adequately assessed. 
However, it is recognised that the data from the linear 
infrastructure project were not significantly different 
to that from other sites (with the exception of 
chromium).  
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Item The Reviewers’ Opinions 

In total, the following data was collected: 

• Data were collected from 18 different sites/projects. 

• The number of data ranges between 1 to 295 samples 
per site, totalling 751 samples. 

• The data were generally collected from sand, with 
data collected from only one clay site. 

• The majority of samples were analysed for arsenic, 
cadmium, chromium total, copper, mercury, nickel, 
lead, and zinc, and fewer samples were analysed for 
silver, barium, beryllium, cobalt, chromium (VI), 
manganese, molybdenum, antimony, tin, thallium, 
uranium, selenium, fluoride and total cyanide. 

• Only limited data were available for leaching test (only 
1 set of data was considered to be viable) and 
therefore, DWER has not calculated ambient 
background for leaching data.  

DWER acknowledges that there are numerous 
publications which provide ambient background 
concentrations of potential contaminants in soil at various 
locations across the world, however, DWER considers that 
much of the data are likely to reflect total elemental 
composition (rather than obtained through aqua regia 
method). 

DWER further considers that the soils in the Swan Coastal 
Plain comprise sandy leached soils which have very low 
levels of metals, low clay content, low cation exchange 
capacity, low organic carbon, and tend to be acidic, where 
low levels of metals can potentially pose unacceptable 
ecological risk. DWER therefore considers that the use of 
worldwide natural abundance values would result in 
thresholds that would be unlikely to be protective of 
ecological values in WA, in particular on the leached sandy 
soils of the Swan Coastal Plain. 

• The majority of the background concentrations 
obtained was from material containing sand, with only 
one dataset from clay material.  

- It is noted that background metal content in clay is 
likely to be higher than in sand and hence, would 
result in a less conservative threshold being 
created.   

- Whilst it is likely that the bulk of material classed 
as uncontaminated fill and requiring reuse on the 
Swan Coastal Plain is likely to contain sand, this is 
a limitation.  

• Data from Prakongkep et al. (2011) comprise data 
collected from assessment of acid sulfate soil. Use of 
this data is a limitation as it may not be representative 
of non-acid sulfate soil material.   

• Data from Olzowy & Imray (1995) were collected from 
composite samples, which when incorporated within 
statistics may result in a more conservative threshold 
being created.  

• The exclusion of the available background leaching 
test data is considered appropriate, noting the limited 
data and the absence of the information on the 
leaching method used. 

• The reviewers have not reviewed any other ambient 
background data, other than those provided by DWER. 
However, the reviewers generally agree that it will be 
difficult to assess the representativeness of the data, 
unless additional data are collected from the Swan 
Coastal Plain. For this reason, unless specific 
representative data are available for the Swan Coastal 
Plain, the reviewers accept the use of the data already 
used by DWER.  

Physicochemical Properties 

DWER provides comparison of pH, clay content, cation 
exchange capacity (CEC) and organic carbon from 
Australian Reference Soil, data from Prakongkep et al. 
(2011) collected from Bassendean Sand, Tamala 
Limestone and Guildford Formation and data from two 
samples of Bassendean Sands provided in ChemCentre 
(2009) Evaluation of the Effectiveness and Environmental 
Risks Following the Application of Lime-amended Biosolids 
to Bassendean Sands. 

Based on their review, DWER used judgement to adopt 
the following values:  

• pH of 5.5 (based on lower limit of soil pH for 
uncontaminated soil),  

• clay content of 0.5%,  

The reviewers consider that: 

• The adopted pH, clay content, organic carbon and CEC 
are considered sufficiently conservative for the 
Bassendean Sands, which is typical material at the 
Swan Coastal Plain, noting that the ChemCentre 
(2009) comprises data prior to addition of biosolids. 
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Item The Reviewers’ Opinions 

• CEC of 2.5cmolc/kg and  

• organic carbon of 0.5% 

It is noted that the clay content and CEC and organic 
carbon are slightly above the ChemCentre (2009) data and 
Prangkongkep et al. (2011). 

 

5.3 Threshold Calculation/Nomination 

The proposed maximum concentration thresholds in Section 6 of DWER (Apr 2019) were reviewed 
and specific comments for maximum concentration thresholds are provided in the table below. 

Table 5.3. Review of Maximum Concentration Thresholds 

Chemical Maximum 
Concentration 
mg/kg 

The Reviewers’ Opinions 

Antimony 20 The adopted threshold is appropriately justified. 

Arsenic 100 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance. 

Barium 500 The adopted threshold is appropriately justified, noting that this value is higher 
than the previously adopted SRAECO value in Vlaardingen et al. (2005) SRAECO. 

Beryllium 4 The adopted threshold is appropriately justified, noting that this value is higher 
than the previously adopted SRAECO value in Vlaardingen et al. (2005) SRAECO. 

Cadmium 1 The adopted threshold is appropriately justified. 

Chromium (III) 160 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance. 

Chromium (VI) 1 The adopted threshold is appropriately justified. 

 

Cobalt 50 The adopted threshold is appropriately justified, noting that this value is higher 
than the previously adopted SRAECO value in Vlaardingen et al. (2005) SRAECO. 

Copper 50 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance and agricultural use. 

Lead 300 The adopted threshold is appropriately justified. 

Manganese 500 The adopted threshold is appropriately justified. 
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Chemical Maximum 
Concentration 
mg/kg 

The Reviewers’ Opinions 

Mercury 
(inorganic) 

0.5 The adopted threshold is appropriately justified. 

Molybdenum 10 The adopted threshold is appropriately justified. 

Nickel 10 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance. 

Selenium 1 The adopted threshold is appropriately justified. 

Silver 20 The adopted threshold is appropriately justified. 

Thallium 1 The adopted threshold is appropriately justified, noting that the adopted value is 
comparable to USEPA RSL for resident soil for thallium compounds (between 
0.78mg/kg 1mg/kg). 

Tin (Inorganic) 50 The adopted threshold is appropriately justified for inorganic tin only. 

Uranium 25 The adopted threshold is appropriately justified. 

Vanadium 130 The adopted threshold is appropriately justified, noting that this value is higher 
than the previously adopted SRAECO value in Vlaardingen et al. (2005) SRAECO. 

Zinc 120 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance. 

Asbestos No numerical 
limit 

The reviewers agree that more explanation be included on assessment of asbestos, 
in accordance with WA DoH advice. 

Sulfate 2500 The adopted threshold is appropriately justified, noting that this value was 
intended to be protective of built structures and not human health or ecology. 

Cyanides 5 (complexed 
– weak acid 
dissociable) 

1 (free) 

The adopted threshold is appropriately justified. 

Fluoride 400 The adopted threshold is appropriately justified. 

Benzene 0.5 The adopted threshold is appropriately justified, noting the adopted threshold is 
based on NEPM (2013), although CCME (2014) value for residential/parkland and 
agricultural use is lower (<0.1mg/kg). 

Toluene 85 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance and noting the adopted threshold is based on NEPM 
(2013) and CCME (2014) value for residential/parkland and agricultural use is lower 
(<1mg/kg). 

Ethylbenzene 55 The adopted threshold is appropriately justified, noting the adopted threshold is 
based on NEPM (2013) and noting that this does not protect areas of ecological 
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Chemical Maximum 
Concentration 
mg/kg 

The Reviewers’ Opinions 

significance and CCME (2014) value for residential/parkland and agricultural use is 
lower (<0.1mg/kg). 

Xylene (total) 40 The adopted threshold is appropriately justified, noting the adopted threshold is 
based on NEPM (2013) and noting that this does not protect areas of ecological 
significance and CCME (2014) value for residential/parkland and agricultural use is 
lower (2.4mg/kg) 

TRH (C6-C10) 45 The adopted threshold is appropriately justified, noting that DWER states that this 
concentration does not include the sum of BTEX. 

TRH (>C10-C16) 110 The adopted threshold is appropriately justified, noting that this does not protect 
areas of ecological significance. 

TRH (>C16-C34) 300 The adopted threshold is appropriately justified. 

TRH (>C34-C40) 2800 The adopted threshold is appropriately justified. 

Naphthalene 3 The adopted threshold is appropriately justified. 

Benzo[a]pyrene 1 The adopted threshold is appropriately justified. While the value is slightly higher 
than the NSW EPA (2014) ENM Order 2014 (0.5mg/kg) and NSW EPA (2014) Waste 
Classification Guidelines CT1 values, the use of the leaching data in conjunction 
with the maximum soil concentration threshold will provide adequate protection. 

PAHs as B(a)P 
TEQ (8 species) 

3 The adopted threshold is appropriately justified. 

Total PAHs (16 
species) 

300 The adopted threshold is appropriately justified noting there are no ecological-
based guidance in the NEPM.  While NSW EPA (2014) ENM Order 2014 provides 
criteria for total PAHs of (maximum average 20mg/kg, absolute maximum 
40mg/kg) and Vic EPA (IWRG621) criterion for fill material of 20mg/kg, the BaP and 
BaP TEQ thresholds are considered to be protective of PAH concentrations. Neither 
jurisdiction includes thresholds for naphthalene or PAH as B(a)P TEQ (8 species) 
which are included in the uncontaminated fill thresholds. 

Phenol 1 The adopted threshold is appropriately justified. 

PCBs 1 The adopted threshold is appropriately justified. 

DDT+DDD+DDE 3 The adopted threshold is appropriately justified, noting that this value is an order 
of magnitude less than USEPA RSL for resident soil for DDT and DDE. 

pH (pH units) 5.5-8.5 The adopted threshold is appropriately justified. 
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5.4 Revised Leaching Test Thresholds 

The proposed leaching test thresholds in Section 7 of DWER (Apr 2019) were reviewed and it is 
considered that the proposed thresholds were appropriate, based on the methodology provided in 
Section 5.2, with the following comments: 

• The revised leaching test thresholds were compared against the maximum amount potentially 
leaching from material containing the maximum concentration thresholds subjected to ASLP 
(liquid to solid (LS) ratio of 20:1) (referred to as ‘maximum potential leaching concentration’). A 
concentration above the maximum potential leaching concentration means that the soil source is 
higher than the maximum concentration thresholds. All the leaching test thresholds were lower 
than the maximum potential leaching concentration, with the exception of phenol. DWER has 
adopted the maximum potential leaching concentration of 50µg/L for phenol, which is 
considered appropriate. 

Specific comments for some leaching thresholds are as follows: 

Table 5.4. Review of Leaching Test Thresholds 

Chemical Leaching test ASL 

µg/L 

The Reviewers’ Opinions 

Antimony 3 The adopted threshold is appropriately justified. 

Arsenic 10 The adopted threshold is appropriately justified. 

Barium No leaching test No comment provided 

Beryllium No leaching test No comment provided 

Cadmium 0.2 The adopted threshold is appropriately justified. 

Chromium (III) 3 The adopted threshold is appropriately justified. 

Chromium (VI) 1 The adopted threshold is appropriately justified. 

Cobalt 1 The adopted threshold is appropriately justified. 

Copper 2 The adopted threshold is appropriately justified. 

Lead 3 The adopted threshold is appropriately justified. 

Manganese 500 The adopted threshold is appropriately justified. 

Mercury 
(inorganic) 

0.05 The adopted threshold is appropriately justified. 

Molybdenum 50 The adopted threshold is appropriately justified. 

Nickel 10 The adopted threshold is appropriately justified. 
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Chemical Leaching test ASL 

µg/L 

The Reviewers’ Opinions 

Selenium  5 The adopted threshold is appropriately justified. 

Silver 0.05 The adopted threshold is appropriately justified. 

Thallium 0.03 The adopted threshold is appropriately justified. 

Tin (inorganic) No leaching test No comment provided 

Uranium 0.5 The adopted threshold is appropriately justified. 

Vanadium No leaching test No comment provided 

Zinc 10 The adopted threshold is appropriately justified, noting the rounding up is 
considered to be appropriate based on typical background data. 

Asbestos No leaching test No comment provided 

Sulfate No leaching test No comment provided 

Cyanides 5 as CN The adopted threshold is appropriately justified. 

Ammonia as N 350 The adopted threshold is appropriately justified. 

Fluoride 120 The adopted threshold is appropriately justified. 

Total Nitrogen 2000 The adopted threshold is appropriately justified.  

While the ANZECC (2000) trigger level for the protection of 95% ecosystem 
for nitrate is 700µg/L, more recent publications by NIWA (January 2013) 
Updating Nitrate Toxicity Effects on Freshwater Aquatic Species and 
Memorandum by NIWA to NSW EPA titled Nitrate Guideline Values in ANZECC 
2000 (dated 30 September 2002) indicate that the ANZECC (2000) trigger 
level comprises a mix of acute and chronic data, followed by application of a 
10 factor, and is based on conservative NOEC toxicity data. NIWA (2013) 
provides a value of 2400µg/L and 3500µg/L for the protection of 95% 
ecosystem (based on chronic risk).  

Total 
Phosphorus 

200 The adopted threshold is appropriately justified. 

Benzene 1 The adopted threshold is appropriately justified. 

Toluene 25 The adopted threshold is appropriately justified. 

Ethylbenzene 5 The adopted threshold is appropriately justified. 

Xylene (total) 20 (sum) The adopted threshold is appropriately justified. 

TRH (C6-C10) No leaching test No comment provided 
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Chemical Leaching test ASL 

µg/L 

The Reviewers’ Opinions 

TRH (>C10-C16) No leaching test No comment provided 

TRH (>C16-C34) No leaching test No comment provided 

TRH (>C34-C40) No leaching test No comment provided 

Naphthalene 15 The adopted threshold is appropriately justified. 

Benzo[a]pyrene 0.01 The adopted threshold is appropriately justified. 

Phenol 50 The adopted threshold is appropriately justified. 

Cresols 2 (sum) The adopted threshold is appropriately justified. 

PCBs No leaching test No comment provided 

Aldrin 0.001 The adopted threshold is appropriately justified. 

Dieldrin 0.01 The adopted threshold is appropriately justified. 

DDT 0.006 The adopted threshold is appropriately justified, noting DWER comment that 
this threshold is subject to consultation with laboratories regarding 
laboratory reporting limit. 

DDE 0.0005 The adopted threshold is appropriately justified, noting DWER comment that 
this threshold is subject to consultation with laboratories regarding 
laboratory reporting limit. 

Other pesticides <AWDG and WQG The DWER recommendations on proposed thresholds are considered 
appropriate. 

pH (pH units) No leaching test No comment provided 

 

  



 

 20 
 
 

5.5 Analytical Methods 

The Waste Definitions specifies the following for analytical methods: 

• The laboratory should hold National Association of Testing Authorities Australia (NATA) 
accreditation for testing undertaken. 

• No specified method is provided for the analysis of soil samples for comparison against the 
maximum concentration thresholds, noting when reviewing the background data, DWER only 
accepted data obtained using aqua regia extraction method.   

• The ASLP (AS4439) for leaching with reagent water leaching fluid for leaching test, to be 
compared with the leaching test thresholds.  

The reviewers consider: 

• Unless justified, appropriate analytical methods for soil analysis should be based on methodology 
specified in Schedule B3 NEPM (2013). 

• Aqua regia method used in the background data consideration is in accordance with Schedule B3 
NEPM (2013) for metals. 

• It is recognised that the proposed test to obtain the leaching results is the ASLP and there are 
limitations with this procedure as this leaching test was developed based on the toxicity 
characteristic leaching procedure (TCLP), which was to assess leaching potential in a landfill 
condition (based on US conditions), noting that the prescribed ASLP leaching fluid to assess 
uncontaminated fill is reagent water.  The applicability to assess potential leaching in the Swan 
Coastal Plain has not been assessed, in particular LS ratio, duration, leaching fluid and particle 
size may affect leaching potential, however it is understood that based on the information 
provided by DWER, the ASLP method is currently being reviewed by Standards Australia.  

5.6 Public Submissions 

The public submissions provided by DWER (Nov 2018) were reviewed and it is considered that the 
majority of the comments have been addressed or responded to in the DWER (Apr 2019) report. Key 
comments which have not been addressed or commented above are as follows, noting that our 
comments are only related to the project purposes set out in Section 2: 

Table 5.6. Review of Key Public Submissions Comments 

Submission Comment The Reviewers’ Opinions 

Several submissions 

The use of only maximum 
concentration thresholds as opposed 
to use of both maximum 
concentration thresholds and leaching 
thresholds 

DWER states that the ecological and health-based assessment levels for soil do 
not consider and may not be not protective of exposures due to leachate 
generation and associated migration of groundwater/surface water. While it 
may be technically possible to derive a single set of total soil values that are 
protective of leaching as well as direct exposure to soil, these would likely be 
very low and very problematic to derive for generic application. 

The reviewers agree with the statement provided by DWER and consider that 
the use of leaching test would provide assessment of likely impact due to 
leaching from soil source, however notes that the leaching test method should 
be assessed to confirm that meaningful results are achieved. 
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Submission Comment The Reviewers’ Opinions 

One submission suggested that the US 
EPA seven-step data quality objective 
(DQO) process be adopted to provide 
more framework and transparency to 
the DWER data review plan  

While this was not done, the reviewers consider appropriate rigour was applied 
to the methodology for development of revised Table 6 thresholds,   

One submission suggested cross-
checking background with the 
contaminated sites data base. 

DWER advised the reviewers that consideration was given to file data within the 
Department, even though this was not outlined in the report. 

One submission suggested that 
threshold limits should be provided for 
asbestos. 

The reviewers consider that clarification should be provided for asbestos 
content, however this should not be separated into the three forms of asbestos, 
as there is an acceptable risk target level for asbestos which is independent of 
the mineralogical form.  

Concern was expressed in one set of 
comments regarding the applicability 
of attempting to develop a single 
background concentration for each 
element.  Concern was also expressed 
about the use of ambient background 
as opposed background conditions 
unaffected by anthropogenic activities. 

The reviewers agree on the limitations of the adopted ambient background data 
used to adjust thresholds; however, the majority of chemicals have adopted 
ambient background concentrations that are relatively low and hence do not 
materially impact the thresholds.  

One submission was concerned that 
the thresholds may be below the limits 
of reporting for the environmental 
laboratories. 

Our consultation with an environmental laboratory provider indicates that limit 
of reporting can be met.  

A reviewer noted the limitation of the 
ASLP test and noted the current status 
of AS4493.3-1997.  

Based on the information provided by DWER, Standards Australia is currently 
reviewing this standard. 

A submission suggested revision of the 
thresholds for nickel, cadmium, copper 
and zinc to the Simpson et al. (2013) 
sediment quality guideline value 
(SQGV) 

The thresholds are designed to be protective of the most sensitive receptors 
(excluding highly sensitive receptors such as people with chronic conditions) and 
are not designed to meet all conditions, noting that nickel and copper 
thresholds have been adjusted to the SQGV or above.  

One submission suggested the use of 
airborne testing. 

The reviewers consider the use of airborne testing to assess potential risk in soil 
or water is not appropriate and is not in accordance with NEPM (2013). 

 

  



 

 22 
 
 

6 Conclusion 

6.1 Overview 

The following conclusions are made: 

• The proposed thresholds were developed by review of available human health-based and 
ecological-based criteria, with preference given to Australian and WA-based guidelines.  

• The reviewers consider that the methodology used to develop the thresholds was reasonable, 
noting the limitation of the data set used to calculate ambient background concentrations. 
Notwithstanding this, the resulting ambient background concentrations are relatively low 
compared to the thresholds and do not significantly affect the thresholds. 

• The reviewers have reviewed the proposed levels and generally agree with the proposed 
thresholds. 

6.2 Limitations 

The reviewers consider that the following limitations exist in the DWER (Apr 2019) report: 

• The proposed thresholds are not protective of areas of ecological significance. 

• One set of thresholds was developed for the entire WA state. Given bioavailability and toxicity of 
contaminants depend on many factors, e.g. clay content, particle size, other chemicals present in 
soil, etc. one or more submissions recommend the use of a risk-based approach, which may be 
beneficial. DWER states that a paper for end of waste legislative frame work to facilitate case-by-
case risk-based assessment of waste derived materials is being developed for consultation with 
stakeholders. The reviewers endorse this approach.  

• There are limited data used to obtain the ambient background data to calculate the thresholds 
and there is lack of information on the representativeness of the data used (sample depth, 
material, etc.). While statistics (median values) have been used, given the limited availability of 
the data, there is limitation on the representativeness of the data.  

• The majority of the background concentrations obtained was from material containing sand, 
noting that the majority of the material requiring reuse on the Swan Coastal Plain is likely to 
contain sand, with only one dataset from clay material. This is considered to be a limitation; 
however, it is noted that background metal content in clay is likely to be higher than in sand and 
hence, would result in a less conservative threshold for the majority of soil on the Swan Coastal 
Plain.  

• There is limited quality assurance quality control discussion provided to confirm the methodology 
for collection and analysis of the background concentrations was appropriate. 

• In the absence of NEPM (2013) or WA-based criteria, interstate or international guidelines 
criteria have been adopted as thresholds. While this is considered appropriate, the reviewers 
consider this to be a potential limitation as those criteria may not be representative of WA 
conditions. 

• Some thresholds were developed for maximum concentrations only and did not include leaching, 
and vice versa. Review of applicable chemicals for both may need to be considered. 
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• From consultation with a laboratory, the thresholds can be met by laboratory LOR, however, 
some of the thresholds may require low level or trace level analysis. This is considered to be a 
potential limitation as it affects the practicability of the analysis, noting that DWER only requires 
analysis of chemicals associated with site history.  

• While the applicability of ASLP to assess leaching potential in WA has not been investigated, the 
reviewers accept that ASLP is a practical method of leachability assessment for the purpose of 
uncontaminated fill thresholds.  Consideration could be given to other methods (eg LEAF) where 
deemed to be more appropriate.  

• If generic guidelines for PFAS are developed in the PFAS NEMP, appropriate thresholds should be 
developed for PFAS. 

• The issues paper ‘Waste not, want not: valuing waste as a resource’ (June 2019) and stakeholder 
submissions referred to in the DWER report (V6, August 2019) was not reviewed.   

Our review was conducted to satisfy the purpose outlined in Section 2 and does not make comment 
on any policy matters related to uncontaminated fill. 

6.3 Further Recommendations 

The reviewers provide the following recommendations: 

• The reviewers understand that WA is planning to develop a risk-based approach to the 
management of waste.  Such an approach may also enable an alternative approach to the use of 
single thresholds for each element/compound as currently used.  Consideration could be given to 
development of thresholds for other regions of WA and for alternative soils, e.g. clay soils.  

• As further data are obtained for background conditions on the Swan Coastal Plain there may be 
opportunities to update thresholds where appropriate. 

• The applicability of ASLP to assess leaching at the Swan Coastal Plain should be assessed. 

• Assessment of suitability of uncontaminated fill should also include consideration of aesthetics 
and odour. While certain anthropogenic material is permissible in uncontaminated fill, clarity 
should be provided in the guidelines with respect to permissible aesthetic conditions and odour.   
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Preface 
The Environmental Protection Amendment Regulations 2018 were gazetted and the 
revised Landfill Waste Classification and Waste Definitions 1996 (amended 2018) 
(2018 Waste Definitions) published on 27 April 2018. The amendments allow for the 
use of clean fill, or uncontaminated fill that meets environmental and health 
thresholds after testing, without the need for a landfill premises licence or payment of 
the waste levy.  

Following publication of the revised Waste Definitions, questions were raised 
regarding the basis for the derivation of the thresholds for uncontaminated fill, as set 
out in Table 6, and the potential for ambient background concentrations of some 
parameters to exceed the thresholds.  

The Department of Water and Environmental Regulation (DWER) undertook a review 
of the thresholds in Table 6 of the 2018 Waste Definitions between November 2018 
and August 2019. The review was undertaken in consultation with industry and 
included the formation of an industry stakeholder group and a period of public 
consultation.  

This report summarises the review process and provides a proposed set of revised 
thresholds for uncontaminated fill.  

This draft report has been prepared to facilitate independent review of the process by 
technical experts, and to allow further consultation with industry stakeholders prior to 
the Department formally revising relevant thresholds in Table 6.  
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Summary 
The Department of Water and Environmental Regulation undertook a consultative 
technical review of the thresholds for uncontaminated fill between November 2018 
and August 2019. The focus of the project was to review the appropriateness of the 
thresholds in the context of typical ambient background conditions. The review was 
undertaken in consultation with industry stakeholders, and included a public 
consultation period, and the formation of a stakeholder engagement group which met 
at key intervals during the review. 

Key stakeholders, including State agencies and submitters to the consultation on the 
Amendment Regulations, were invited to comment and provide data on ambient 
background concentrations. Emails were also sent to approximately 500 
environmental professionals and organisations subscribed to the Department’s 
Contaminated Sites email alert. 

Eleven submissions were received during the consultation period, five of which included 
soil concentration data to support the review. Data submitted were reviewed to ensure 
they were appropriate for inclusion in the review, for example that the data relate to 
sampling and analysis of soils within the Swan Coastal Plain at locations that had not 
been subject to potentially contaminating activities or land uses.  

Due to the limited quantity of data available, advanced statistical assessment of the data 
was not considered appropriate. However, the production of basic summary statistics 
allowed for a consistent and objective process for adopting an ambient background 
concentration for each key parameter.   

Review of the available data did not indicate that typical soils of the Swan Coastal Plain 
exceed the thresholds for uncontaminated fill for areas not affected by potentially 
contaminating industrial or agricultural activities. However, it is acknowledged that at 
many locations across the state select parameters (such as metals) may occur naturally 
in soils at concentrations exceeding the thresholds.   

Whilst the available data did not support substantial adjustment of the thresholds to 
account for ambient background concentrations, a number of changes to the thresholds 
(both increases and decreases) are proposed. Key triggers for changes to the 
thresholds were: 

 Adoption of base thresholds that relate to ‘aged’ contamination rather than 
‘fresh’ contamination. 

 Incorporation of an adopted ambient background concentration, where 
possible, when deriving base thresholds (e.g. where ‘added contaminant 
limits’ were used). 

 Consideration of soil physicochemical properties (such as clay content and 
soil pH) where possible, that better reflect the unique characteristics of the 
sandy soils of the Swan Coastal Plain in deriving base thresholds.  

 Improving consistency in selecting sources of base thresholds (risk-based 
assessment levels) from which the thresholds are derived.   

The review was documented in a draft review report dated April 2019. The April 2019 
draft review report was submitted to two independent experts who prepared a joint 
report documenting their findings with respect to the appropriateness and validity of 
DWER’s review. The independent experts’ report concluded that the Department’s 



DRAFT Report (V6): Review of the Uncontaminated Fill thresholds presented in Table 6 of the Landfill Waste Classification and Waste 
Definitions 1996 (as amended 2018)   

 

 

Department of Water and Environmental Regulation  ix 

methodology for reviewing and revising the thresholds was reasonable, but noted the 
limited ambient background data available. 

The experts’ report and the Department’s April 2019 draft review report were used to 
guide further consultation with industry stakeholders on the proposed revised thresholds. 
During this further consultation, industry stakeholders provided additional information 
regarding the likely end use of uncontaminated fill. Based on this information, the 
Department has undertaken further review of the thresholds and proposes to revise 
several of the thresholds to account for a level of ecological protection commensurate 
with the expected use of uncontaminated fill.  

This report, which comprises a revision of the Department’s initial draft review report, 
documents the proposed changes to the thresholds and provides additional clarification 
around specific aspects raised during consultation. This report will be provided to the 
independent experts for review and to facilitate revision of the independent experts’ 
report.     

It is intended that, following further consultation with industry and consideration of the 
experts’ findings, the 2018 Waste Definitions be amended to reflect the proposed 
changes to the thresholds. 

This review has reinforced the need for further work to be undertaken to provide a 
legislative framework for waste derived materials. The Department is working to 
achieve the necessary reforms, including an approval process for bespoke use of 
waste-derived materials, in consultation with industry. The first stage of this project 
involved release of an issues paper for a 12 week public comment period closing 4 
September 2019.   
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1 Introduction 
The Environmental Protection Amendment Regulations 2018 gazetted on 27 April 
2018 address the consequences of the decisions of Justice Beech and the Court of 
Appeal in Eclipse Resources Pty Ltd v the State of Western Australia [No. 4] [2016] 
WASC 62 and Eclipse Resources Pty Ltd v The Minister for Environment [No 2] 
[2017] WASCA 90 (Eclipse case).  

These amendments allow for the use of clean fill, or uncontaminated fill that meets 
environmental and health thresholds after testing, without the need for a landfill 
premises licence or payment of the waste levy. Further information on the 
amendments, including frequently-asked questions, is available in the factsheet 
Amendments to the Environmental Protection Regulations 1987 – clean fill and 
uncontaminated fill.  

The amendments are only relevant to material that is defined as waste under the 
Environmental Protection Act 1986 (EP Act) and Waste Avoidance and Resource 
Recovery Act 2007 (WARR Act) as interpreted by the Eclipse case, and for premises 
classified as a landfill category (63, 64, 65, 66 and 89) in the EP Regulations. Further 
information on considerations for determining whether material is waste is available 
in the factsheet Assessing whether material is waste.  

The WARR Act includes objectives that preference reuse and recycling to divert 
waste from landfill consistent with the waste hierarchy. The amendments to the EP 
Regulations and the 2018 Waste Definitions support this by allowing for the use of 
clean fill, or uncontaminated fill that meets environmental and health thresholds after 
testing, without the need for a landfill premises licence or payment of the waste levy. 

1.1 Uncontaminated fill 

Uncontaminated fill includes inert waste type 1 (excluding asphalt and biosolids) and 
neutralised acid sulfate soils that meet the requirements set out in Table 6 of the 
Landfill Waste Classification and Waste Definitions 1996 (amended 2018) (Waste 
Definitions), as determined by relevant sampling and testing carried out in 
accordance with the requirements in Table 7 of the Waste Definitions.  

The current legislative framework does not allow for ‘restrictions’ to be placed on the 
use of uncontaminated fill. Therefore, maximum concentration and leaching test 
thresholds are intended to allow for the use of uncontaminated fill at any location and 
balance the protection of human and environmental health with promoting resource 
recovery and the diversion of waste from landfills, consistent with the objectives of 
the Waste Avoidance and Resource Recovery Strategy 2030. .    

Available data on ambient background levels in soils of the Swan Coastal Plain were 
taken into account when setting the 2018 thresholds.  

It is not necessary to test for every substance listed in Table 6. The testing and 
sampling regime (Table 7) in the Waste Definitions allows for testing for substances 
based on land use history of the site of origin for uncontaminated fill. This ensures 
that only likely contaminants are tested for, reducing the cost and complexity of the 
testing regime.  
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The sampling and testing requirements are based on minimum data requirements to 
determine a 95% upper confidence limit (average) and the requirement to 
characterise each domain or stockpile separately. This ensures that only testing of 
relevant substances is undertaken, and that the results are practical in their 
application. Records to be maintained should include the originating site/s historic 
activities, the tested contaminants and testing results.  

It is the responsibility of the user to ensure that the material is environmentally 
suitable for the purpose for which it is being used, including whether its use could 
cause pollution, constitute an unreasonable discharge under the EP Act, or create a 
contaminated site within the meaning of the Contaminated Sites Act 2003 (CS Act). 

1.2 Derivation of 2018 thresholds 

The maximum concentration and leaching test thresholds currently presented in 
Table 6 of the 2018 Waste Definitions were developed to facilitate the use of waste 
material at any location without increasing the risk to human health, the environment 
or any environmental values at that location. The thresholds were developed with 
consideration of published risk-based assessment levels typically applied in the 
retrospective assessment of site contamination associated with anthropogenic 
activities and landuses. These published values were derived based on available 
toxicological data and set at levels below which adverse effects to human health, the 
environment or any environmental value would not be expected. The source and 
base assumptions used for the development of the maximum concentration and 
leaching testing thresholds for each relevant parameter in Table 6 of the 2018 Waste 
Definitions are provided in Appendix A and B respectively. 

It is recognised that the use of screening levels from the contaminated sites regime is 
not appropriate as these levels are not intended to support decisions about waste 
reuse suitability. Schedule B1 of the National Environment Protection (Assessment 
Site Contamination) Measure (1999) (ASC NEPM) clarifies that investigation and 
screening levels do not reflect desirable soil quality criteria, and the use of these 
levels in regulating the application of wastes to soil is inappropriate. However, in the 
absence of sufficient Western Australian data to derive thresholds specifically for the 
reuse of waste-derived fill, or a legislative mechanism to allow for site-specific or 
application-specific reuse of waste, these screening levels provide a practical starting 
point from which thresholds can be derived.  

Ambient background levels 

The thresholds presented in Table 6 of the 2018 Waste Definitions were developed 
having regard to available data at that time relating to ambient background levels 
within the Swan Coastal Plain. Limited data were available for consideration, noting 
that the majority of soil data held by DWER relate to the assessment of contaminated 
sites regulated under the CS Act and are therefore largely not reflective of ambient 
background conditions. Sources of data considered included: 

 Prakongkep, N., Gilkes, R.J., Singh, B. and Wong, S. 2011, Mineralogy and 
chemistry of sandy acid sulphate soils in the Perth metropolitan area of the 
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Swan Coastal Plain”. Report to Department of Environment and Conservation, 
June 2011. 

 Olszowy, H, Torr, P & Imray, P 1995, Trace Element Concentrations in Soils 
from Rural and Urban Areas of Australia, Contaminated Sites Monograph 
Series no. 4, Department of Human Services and Health, Environment 
Protection Agency & South Australian Health Commission (WA data in Part II).  

 Available data from Main Roads Western Australia’s Gateway WA project. 

A key component of the review was to facilitate the submission of ambient 
background data to the Department, and the consideration of this more 
comprehensive dataset in the revision of the thresholds.  
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2 Review methodology 

2.1 Consultation 

The review was informed by consultation with industry groups and representatives. A 
formal consultation period was undertaken between November 2018 and 18 January 
2019. The review commenced with the publication of a consultation paper on the 
Department’s website on 7 November 2018. The consultation paper summarised the 
basis for the derivation of the existing thresholds and briefly explained the application 
of the thresholds in the context of waste regulation in Western Australia. The 
consultation paper sought the provision of written submissions from industry 
stakeholders and community members to support the review of the thresholds. Three 
key questions were posed in the consultation paper:  

1. What parameters should be considered during the review process and why? 
2. What sources should be used to identify generic risk-based criteria from which 

to derive thresholds for uncontaminated fill? 
3. Do you have data that are representative of typical ambient background 

conditions for soils of the Swan Coastal Plain? If yes, please refer to the 
minimum data submission requirements. 

In addition to the publication of the consultation paper, the Department wrote to the 
following key stakeholders seeking submissions and provision of data on ambient 
background concentrations: 

 Department of Transport (including Main Roads Western Australia and the 
Public Transport Authority); 

 Landcorp (Western Australian Government's land and development agency); 
 Metropolitan Redevelopment Authority; and 
 Respondents who provided submissions during the 2017–2018 consultation 

period for the (then) proposed amendments to the EP Regulations and the 
Waste Definitions. 

The Department also sent emails to approximately 500 environmental professionals 
and key business groups subscribed to the Department’s Contaminated sites email 
alert.  

Stakeholder group 

As part of the consultation process, nominations were sought from industry 
representatives to participate in an industry stakeholder group. Sixteen nominations 
were received, and a stakeholder group comprising fifteen representatives was 
formed in November 2018. The stakeholder group consisted of representatives from: 

 State government agencies, such as the Department of Health, Public 
Transport Authority, Main Roads Western Australia, and Department of 
Planning Lands and Heritage; 

 Development and mining industry membership organisations; 
 Resource companies; and 
 Environmental consultancy companies. 
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The stakeholder group convened on 30 November 2018 to outline the scope of the 
review process, identify key areas for consideration, discuss the role of the 
stakeholder group and the independent experts, and schedule future meetings. 
During this initial meeting stakeholders were able to provide suggestions for how the 
review was to be undertaken, and discuss broader issues relating to waste regulation 
in Western Australia. A large focus of the initial meeting was clarifying the limited 
scope of the review process. Many stakeholders highlighted the importance of 
broader policy and legislative reform to provide for a legislative framework to facilitate 
resource recovery and use of waste derived materials.  

The stakeholder group convened again on 11 February 2019 to consider the 
submissions and data received during the consultation period and discuss the 
process for reviewing and modifying the thresholds for uncontaminated fill. It was 
originally intended that written submissions and data submissions received during the 
consultation period would be shared with the stakeholder group to facilitate 
stakeholder involvement in the review. However, as the majority of submissions were 
provided on a confidential basis, sharing of the information was not possible.  

A plan was prepared to outline the key decision rules for the acceptance and review 
of typical ambient background data, and for the derivation of revised thresholds. A 
draft version of this plan was distributed to the stakeholder group for review and 
comment. The plan was finalised taking into account comments and suggestions 
received from three members of the stakeholder group. 

The Department’s April 2019 draft review report (version 5) and the independent 
experts’ report were shared with the stakeholder group in May 2019. The Minister for 
Environment, Hon Stephen Dawson MLC, in conjunction with Hon Dr Steve Thomas 
MLC, convened a further stakeholder group meeting on 6 May 2019 to consider the 
results of the Department’s review and the findings of the independent experts. 
Discussions covered a broad range of issues relating to waste regulation, including 
several issues that are outside of the scope of the Department’s review.  

2.2 Obtaining ambient background data 

Following publication of the 2018 Waste Definitions, several questions were raised 
regarding the basis for the derivation of the thresholds for uncontaminated fill and the 
potential for ambient background concentrations of some parameters to exceed the 
thresholds. Several stakeholders stated that naturally-occurring metals such as 
nickel, lead, chromium, copper, zinc, and selenium are likely to be present in ‘clean’ 
soils within the Swan Coastal Plain at concentrations exceeding the thresholds for 
uncontaminated fill. Therefore, a key component of the review was to facilitate the 
submission of soil data relating to ambient background conditions of the Swan 
Coastal Plain to inform the development of revised thresholds. It is noted that the 
‘ambient background concentration’ of an element or chemical substance is the sum 
of the naturally occurring background and the contaminant levels that have been 
introduced from diffuse anthropogenic activity, such as motor vehicle dust fall out.  

The thresholds for uncontaminated fill apply across the entire state of Western 
Australia. However, data were sought specifically for the Swan Coastal Plain 
because the majority of land development works which have the potential to generate 
waste spoil that may meet the definition of uncontaminated fill are likely to occur 
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within the Swan Coastal Plain; and the waste levy regime is only applicable to waste 
generated or disposed within the metropolitan area1. It is acknowledged that 
thresholds developed based on consideration of ambient background levels of the 
Swan Coastal Plain may not be reflective of ambient background levels in other 
locations across the state, particularly in mineralised areas where high 
concentrations of metals occur naturally in shallow soils across a large geographic 
area.    

The Consultation Paper set out the following minimum requirements for data 
submission: 

 Data must be provided in an appropriate digital format (e.g. Excel 
spreadsheets). 

 Data must be supported by relevant background information to demonstrate 
that the site to which the data relate has not been subject to potentially 
contaminating activities or land uses, and is not located in a highly mineralised 
area. The site must be clearly identified using current cadastral details. 
Examples of potentially contaminating activities include, but are not limited to, 
those specified in Appendix B of Assessment and management of 
contaminated sites (Department of Environment Regulation, 2014).  

 Data must be accompanied by relevant supporting documentation, such as 
but not limited to, laboratory certificates demonstrating that analysis was 
undertaken by a NATA-accredited laboratory, and evidence that appropriate 
field quality assurance and quality control procedures were adopted during the 
sampling program. Discussion should be provided regarding the precision, 
accuracy or bias, representativeness, completeness, and comparability of the 
data having regard to the guidance provided in Schedule B2 of the ASC 
NEPM. 

Due to the limited quantity of data submitted to DWER during the consultation period, 
and in response to recommendations by the stakeholder group, DWER attempted to 
source additional data as follows: 

 In January 2019 the Department wrote to the Western Australian branch of 
Soil Science Australia to seek assistance in sourcing soil data that is 
representative of ambient background conditions across the diverse soils of 
the Swan Coastal Plain. However, no response was received.  

 Also in January 2019 the Department contacted all (29) contaminated sites 
auditors accredited in Western Australia requesting assistance in identifying 
sites on the Swan Coastal Plain for which audited reports have been 
submitted to DWER for review where the assessor has measured ambient 
background concentrations for potential contaminants using the approach 
outlined in section 11.3.4 of ‘Assessment and Management of Contaminated 
Sites’ (Department of Environment Regulation, 2014). One response was 
received; however, no sites or reports were identified.  

                                            
1  The metropolitan area is defined in Schedule 3 of the Planning and Development Act 2005 and is 

predominantly located within the boundary of the Swan Coastal Plain.  
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Technical reports held by DWER 

Several stakeholders suggested that technical reports submitted to the Contaminated 
Sites Branch of DWER should be considered as a source of ambient background 
data relating to the Swan Coastal Plain. Technical reports submitted to the 
Contaminated Sites Branch generally fall into two key categories: 

 Reports relating to the assessment and management of known or suspected 
contaminated sites; submitted to address requirements imposed through the 
CS Act. For example, detailed site investigation reports for sites classified as 
possibly contaminated – investigation required under the CS Act.  

 Reports relating to the investigation of acid sulfate soils, typically prepared 
and submitted to comply with conditions imposed through the planning 
approval process.  

Reports submitted under the CS Act 

Reports submitted for the purposes of the CS Act relate to the assessment of 
contamination at sites where contamination is known or suspected due to current or 
historical activities or land uses. Therefore, the majority of data held within the 
reports are not considered representative of ambient background conditions. It was 
suggested by some stakeholders that where a potentially contaminated site has been 
assessed and subsequently found to not be contaminated, the associated data could 
be utilised in the review. Although such data may be adequate to demonstrate no 
unacceptable risks to human health, the environment or environmental values at a 
particular site, the data are not necessarily representative of ambient background 
conditions.  

For example, a number of former market gardens have been subject to 
contamination assessments prior to residential development. In many instances 
these sites are found to be free of contamination and subsequently classified as not 
contaminated – unrestricted use under the CS Act. However, although the 
concentrations of naturally occurring metals and metalloids identified in soil are not 
considered to represent contamination, it would be inappropriate to assume that the 
concentrations are representative of ambient background levels at that location. The 
concentrations of metals in soil at such sites may be higher than ambient background 
due to the application or spillage of fertilisers and pesticides, such as copper-based 
fungicides. It is acknowledged that market-gardening has occurred across regions of 
the metropolitan area which represent an anthropogenic diffuse source of some 
chemical substances which may contribute to elevated ambient background levels 
within that region compared to ‘natural background levels’. 

Following the amendment of the ASC NEPM in May 2013, site contamination 
assessments may include the measurement of ambient background concentrations 
at an appropriate ‘clean’ reference location in order to derive site-specific ecological 
investigation levels as per schedule B5c of the ASC NEPM. Where identified, 
ambient background data from site contamination assessment reports held by DWER 
were included in the review. Preference was given to reports likely to contain data for 
locations and/or soil units that were poorly represented from the data submitted 
through the consultation period.     
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Acid sulfate soil investigation reports 

Acid sulfate soil investigations are typically undertaken at sites where proposed 
development works are likely to result in significant disturbance of soils through 
excavation and/or dewatering, and where the site is located in an area that is 
mapped as having a risk of acid sulfate soil occurrence. Many of these sites are 
‘greenfield’ development sites where potentially contaminating activities or land uses 
have not occurred at the site. It was therefore suggested that these reports may 
provide a valuable source of ambient background soil data.  

Acid sulfate soil investigations carried out to comply with planning conditions are 
required to be undertaken in accordance with Department of Environment Regulation 
(2015). Characterisation of metals in soil is not a guideline requirement as the focus 
is on assessing the acid-generating potential of soils in order to develop appropriate 
management strategies to be implemented during soil disturbance. A number of acid 
sulfate soil reports were reviewed; however, it was found that laboratory analyses of 
soil samples during acid sulfate soil investigations do not routinely include analysis of 
metals/metalloids. No suitable data were identified from these reports.  

2.3 Data acceptance and processing 

The proposed decision rules for the acceptance and processing of ambient 
background data were set out in a plan document finalised in consultation with the 
stakeholder group. The plan is provided at Appendix C. Some deviations from the 
plan occurred due to the nature and extent of the data available to support the 
review.   

Data acceptance 

The following criteria were adopted in determining whether data submitted during the 
consultation period would be accepted for inclusion in the review process: 

 Sample location within the Swan Coastal Plain2   
 Able to verify (by desktop assessment) that sample location has not been 

subject to potentially contaminating activities or land uses3 
 Analysis was undertaken by a laboratory with NATA accreditation for the 

analyses performed.  
 Laboratory methods consistent with those specified in Schedule B3 of the 

ASC NEPM4 

Soil data were not excluded on the basis of depth, provided the data related to 
geological formations typically encountered at shallow depths within the Swan 

                                            
2 Defined as the area bound by the Indian Ocean to the west, Darling Scarp to the east, Geraldton in the north 
and Dunsborough to the south. 

3 As specified in Appendix B of Assessment and management of contaminated sites (Department of Environment 
Regulation, 2014).  

4 For metals, data will only be accepted where sample preparation has been via aqua regia digest or similar 
methods endorsed by the ASC NEPM. Alternative methods, such as strong acid digests or fusion methods, which 
aim for full recovery of metals from the silicate matrix, are not applicable to this project.  
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Coastal Plain (e.g. Bassendean Sand, Guildford Clay, Safety Bay Sand and 
Spearwood Sand).  

Where necessary, additional documentation was requested from respondents to 
substantiate the data submitted.  

Data were not excluded on the basis of soil type. Due to the prevalence of sandy 
soils across the metropolitan area, and the relative availability of quarried sand 
resources, clay-based soils are typically considered geotechnically undesirable for 
use in development within the Swan Coastal Plain. Therefore, it is assumed that 
heavy clays are unlikely to represent a significant proportion of material that is 
proposed to be classified as uncontaminated fill. However, it is acknowledged that 
uncontaminated fill may be applied in areas where clay is the predominant soil type, 
and therefore data relating to clay-based soils were accepted where available.  

Data processing 

The acceptance and consideration of ambient background data during the review 
was intended to inform the derivation of revised thresholds for uncontaminated fill. It 
is acknowledged that the derivation of statistically or scientifically meaningful default 
ambient background concentrations representative of the Swan Coastal Plain was 
not possible. Due to the variability in soil composition across such a large area as the 
Swan Coastal Plain, deriving a single ‘background’ concentration for each parameter 
is highly problematic, particularly where limited data are available. Several 
stakeholders and respondents highlighted this as a limitation of the review.   

Where possible, soil data were grouped according to sampling site or soil type prior 
to statistical assessment. Grouping all available data together (from different 
locations, soil types and depths) was considered inappropriate due to the high 
potential for bias resulting from having a higher number of data points for some 
locations relative to others. For example, the majority of data submitted during the 
consultation period relate to a single infrastructure project covering a small portion of 
the Swan Coastal Plain.  

Figure 1 below illustrates how the data were grouped and assessed. 
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Figure 1 Summary of data grouping and processing 

Data within each ‘group’ was subject to basic statistical assessment and the following 
summary statistics produced: 

 Minimum and maximum 
 Median 
 Arithmetic mean 

The data was subject to qualitative assessment for the identification of outliers, with a 
single result being removed from one dataset only5.  

The median of each group was then subject to further statistical assessment and the 
following summary statistics produced as a means of representing the entire data set 
for each parameter: 

 Minimum and maximum 
 Median 
 Arithmetic mean 

Non detect results 

As the key parameters of interest to the review were naturally occurring elements 
typically encountered in soils of the Swan Coastal Plain, the data of interest were not 
expected to contain a large proportion of results falling below the laboratory limit of 

                                            
5 One result of 390 mg/kg for lead in one data set was removed. The remaining nine results from this dataset 
yielded a mean of 41 mg/kg and a median of 46 mg/kg. The higher result was concluded to likely be associated 
with the historical residential landuse of the subject site (e.g. lead-based paint).  
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reporting (LOR). However, this was not the case for some datasets where the LORs 
adopted by the laboratory were too high to quantify low concentrations of elements. 
This is not unexpected given that the data relate primarily to the characterisation of 
soils for the purpose of informing decisions around re-use or informing the 
assessment of site contamination. In such situations the intention is to determine if 
elements are present at levels which require further consideration. 

Considering the intent of the review and guidance in Schedule B2 of the ASC NEPM 
and US EPA 2006, a value of 50% of the LOR was adopted for individual results that 
were less than the LOR. It is noted that the ASC NEPM recommends consideration 
of more detailed adjustments, such as those provided in US EPA 2006, where more 
than 15% of the data set is below the LOR. Given the limitations of the available 
data, complex adjustments were considered unwarranted. As such, it was considered 
suitable to replace non-detect results with a value of 50% of the LOR for data sets 
where up to 30% of the results were below the LOR. Where greater than 30% of the 
results for a group were below the LOR, the maximum result was noted for context 
but summary statistics were not produced. It is acknowledged that this approach may 
be inappropriate when calculating means or confidence limits from site contamination 
assessment data sets. However, the adjustment of non-detect results is unlikely to 
have a significant effect upon the outcome of the review given the use of median 
values as opposed to means or confidence limits.  

For a given parameter, where more than 50% of soil groups comprised insufficient 
results above the LOR to produce summary statistics, the ambient background 
concentration for that parameter was considered to be zero for the purposes of 
deriving revised thresholds. It is recognised that this approach is conservative, 
particularly noting that the adopted LORs in a number of instances were not low 
enough to quantify low concentrations. However, this was adopted with the intention 
of ensuring that the thresholds are protective of receptors in locations where the 
ecosystem has adapted to very low ambient background concentrations. 
Notwithstanding the above, the available data were used to qualitatively assess the 
appropriateness of the proposed revised threshold. That is, the available data were 
compared against the proposed revised threshold to estimate the potential for 
ambient background concentrations to exceed the threshold at some locations. 

Adopting an ambient background concentration of zero was also subject to 
consideration of the anticipated natural occurrence of that parameter in the 
environment. For example, the lack of results above the LOR for hexavalent 
chromium was expected given the occurrence of hexavalent chromium in soils is 
typically only associated with anthropogenic activities.   

For the dataset associated with the study of sandy acid sulphate soils (Prakongkep et 
al. 2011), no numerical LOR was specified. For this dataset, results reported as ‘non-
detect’ were replaced with a numerical value of 50% of the minimum value within the 
dataset. In one instance 26 non-detect results for zinc (out of 115 results) were 
replaced with a value of 0.005 mg/kg. Different scenarios were investigated whereby 
the 26 non-detect values were replaced with either 100%, 50% or 25% of the 
minimum result, this gave rise to negligible changes to the overall median, mean and 
95th percentile for the dataset. The adoption of 50% of the minimum result is not 
considered to have a significant effect upon the outcome of the review. 
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Data interpretation and use 

Noting the statistical and scientific limitations associated with deriving a single 
ambient background concentration across a large heterogeneous land area, 
consideration was given to simply reviewing the thresholds in the context of available 
data without comparison to a single ambient background concentration value, e.g. 
considering the range of ambient background concentrations across the dataset and 
forming a subjective opinion on the suitability of the threshold value.  

Such a methodology was not adopted due to the inherent lack of objectivity and 
consistency, and also due to the recognition that for a number of parameters a single 
background concentration value was required in order to calculate investigation 
levels (such as ecological investigation levels for many metals in the ASC NEPM) 
from which revised thresholds were derived.  

For the purposes of this review, the 80% Upper Confidence Limit (UCL) of the mean 
for each parameter (where data are available) was initially proposed to be adopted 
as the value representing the Ambient Background Concentration (ABC) for that 
parameter in soils of the Swan Coastal Plain. The adoption of the 80% UCL is 
consistent with the approach outlined in section 7.4.4.2 of ANZECC & ARMCANZ 
2000, and is the recommended approach for assessing background organic 
contaminants in Schedule B5b of the ASC NEPM. However, insufficient datasets 
were available from which to produce individual median values in order to calculate 
statistically-valid confidence limits. Therefore, the median of these median values 
was taken as the ambient background concentration for the purpose of assessing the 
appropriateness of the threshold value in the context of what may be typically 
encountered in soils of the Swan Coastal Plain.    

Physicochemical properties  

A number of the ecological base thresholds published in the ASC NEPM allow for the 
consideration of physicochemical soil properties that are known to influence 
contaminant toxicity, such as pH, organic carbon, cation exchange capacity and clay 
content. Limited physicochemical soil property data were identified during the review. 
One dataset was available which included data for pH, cation exchange capacity and 
organic carbon. A summary of these data are provide in Table C.  

2.4 Review of base thresholds 

The thresholds in Table 6 of the 2018 Waste Definitions were developed with 
consideration of published risk-based assessment levels used for the assessment of 
contaminants in the environment. These risk-based assessment levels form the 
‘base’ from which the uncontaminated fill thresholds were derived. During this review 
of the thresholds, these ‘base thresholds’ were adapted (where applicable) to take 
into account ambient background concentrations.  

The source and base assumptions used for the development of the 2018 maximum 
concentration threshold for each relevant parameter in Table 6 are provided in 
Appendix A, while the sources used in the development of the leaching test 
thresholds are provided in Appendix B. Where available, base thresholds were taken 
from state or national guidance documents. For some parameters, local assessment 
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levels were not available, and therefore appropriate international source documents 
(such as from Canada) were consulted.  

Question 1 of the Consultation Paper sought feedback on What sources should be 
used to identify generic risk-based criteria from which to derive thresholds for 
uncontaminated fill? No specific responses were received addressing this question. 
No feedback was received during the review (through submissions or the stakeholder 
group) in relation to the appropriateness of the sources of base thresholds. However, 
it is noted that several respondents commented that the thresholds were overly 
conservative.  

The Department considered that the guidance documents from which the original 
base thresholds were derived remain appropriate sources of relevant assessment 
levels. However, given the time that has elapsed since the thresholds were derived 
(initially consulted in 2015), the currency and appropriateness of the values used to 
derive the thresholds was reviewed.  
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3 Consultation summary 
The public consultation period closed on 18 January 2019. Eleven written 
submissions were received, with five submissions including data to support the 
review. A list of respondents is provided in Attachment C.   

Several submissions raised issues that were outside the scope of the review and 
these are not considered further in this report. A number of the issues identified are 
partially addressed by the following two fact sheets available on the Department’s 
website: 

 
 Factsheet – Assessing whether material is waste 
 Factsheet - amendments to the Environmental Protection Regulations 1987 - 

clean fill and uncontaminated fill 

 

DWER acknowledges the support for broader waste reforms that would allow for a 
risk-based assessment process for the beneficial reuse of waste. In June 2019 the 
Department released an issues paper Waste not, want not: valuing waste as a 
resource. The issues paper outlines possible reforms to support use of waste-derived 
materials and encourage the use of fit-for-purpose waste-derived materials and WA's 
move to a circular economy. The reforms aim to provide greater certainty about when 
waste-derived materials will trigger licensing and levy obligations. Submissions in 
response to the issues paper will help the Department develop a preferred legislative 
option for waste-derived materials, and close on 4 September 2019. 

3.1 Key issues raised 

Ambient background data 

Submissions 

Submissions noted that only using data associated with the Swan Coastal Plain 
would result in thresholds that would be potentially unsuitable for application in 
regional areas such as the Pilbara.  

Respondents also questioned the scientific validity of adopting a single ambient 
background concentration to represent the diverse soil types of the Swan Coastal 
Plain. 

Respondents recommended that data contained within technical reports held by the 
Contaminated Sites Branch of DWER be included in the review, or if insufficient data 
are available that DWER should undertake its own sampling program.  

Submissions provided recommendations relating to analytical methods from which 
data should be accepted, such as excluding data from field portable x-ray 
fluorescence.   
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Response 

It is acknowledged that thresholds developed based on consideration of ambient 
background concentrations of the Swan Coastal Plain may not be reflective of 
ambient background concentrations in other locations across the state, particularly in 
mineralised areas where high levels of metals occur naturally in shallow soils across 
a large geographic area. However, the current legislative framework does not permit 
resource recovery exemptions or case-by-case approvals of waste-derived materials 
in a manner which could take into account ambient background concentrations at the 
site of origin or the proposed receiving site. As discussed in section 2.2, the Swan 
Coastal Plain was the focus of the review because the majority of land development 
works which have the potential to generate waste spoil that may be assessed against 
the uncontaminated fill thresholds are likely to occur within the Swan Coastal Plain; 
and the waste levy regime is only applicable to waste generated or disposed within 
the metropolitan area.  

It is acknowledged that the review process will not allow for the derivation of 
statistically or scientifically robust ambient background concentrations representative 
of the Swan Coastal Plain. Due to the variability in soil composition across such a 
large area as the Swan Coastal Plain, deriving a single ‘background’ concentration is 
scientifically fraught, and becomes increasingly problematic when limited data are 
available. However, acceptance and consideration of ambient background data 
during the review is intended to better inform the derivation of revised thresholds for 
uncontaminated fill and specifically address questions regarding the magnitude of the 
thresholds relative to ambient background levels.    

Where available, ambient background data from site contamination assessment 
reports held by DWER were included in the review. It was not practicable to 
implement a dedicated soil sampling and analysis program across the Swan Coastal 
Plain as part of the review, nor was such a program within the scope of the review. 
The intention of the review was to allow for the submission of existing data, noting 
the limited quantity of data subsequently submitted during the consultation period. 

Data were only accepted when obtained from analytical methods consistent with 
those specified in Schedule B3 of the ASC NEPM, including sample preparation by 
aqua regia digest or similar. Data associated with alternative methods, such as 
strong acid digests or fusion methods, which aim for full recovery of metals from the 
silicate matrix, were not accepted. Data generated from in-field measurements (such 
as x-ray fluorescence) were not accepted.  

Threshold derivation 

Submissions 

Several respondents commented that the thresholds were too conservative and that 
the thresholds for some metals such as nickel, chromium, copper and zinc were 
potentially lower than ambient background levels, particularly in areas of high 
mineralisation.  

One respondent recommended that all of the parameters listed in Table 6 should be 
reviewed for ‘relevance’.  
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One respondent recommended that thresholds for perfluoroalkyl and polyfluoroalkyl 
(PFAS) substances should be included in any revision of Table 6.  

Response 

As discussed in section 1.1, the thresholds allow for the use of uncontaminated fill at 
any location without restriction. The review considered a more comprehensive 
dataset for ambient background levels than that available before the 2018 Waste 
Definitions were published. Where appropriate, the thresholds have been modified to 
reflect typical ambient background concentrations across the varied soils of the Swan 
Coastal Plain. However, it is acknowledged that ambient background concentrations 
in some locations, particularly those outside of the Swan Coastal Plain, may be 
higher than the corresponding revised threshold value.  

The proposed revised thresholds also take into account feedback provided during the 
consultation process regarding the likely end use of uncontaminated fill. Given that 
uncontaminated fill is unlikely to be used in sensitive ecological areas, where 
applicable the thresholds have been adjusted to be protective for use in urban 
development. Broader waste reforms, which are being progressed separately, are 
anticipated to provide for a case-by-case risk-based assessment mechanism for the 
beneficial use of waste-derived materials, such as waste-derived materials with 
‘naturally’ elevated levels of potential contaminants.  

The extent to which the parameters in Table 6 are relevant depends on the historical 
land use of the site of origin. It is not necessary to test for every substance listed in 
Table 6. Testing is only required for substances potentially present at the site of 
origin based on the site’s land use history. Further, if the land use history of the site 
of origin indicates that a contaminant may be present which is not listed in Table 6, 
then the material cannot be classified as uncontaminated fill. Therefore, it is 
preferable to include as many parameters in Table 6 as is practical to broaden the 
diversity of materials that may be classified as uncontaminated fill.  

Future consideration will be given to the inclusion of thresholds for PFAS in Table 6. 
However, there is currently insufficient information available to set appropriate 
thresholds for PFAS in fill material that are appropriately protective of leaching 
processes. General guidance on the reuse of PFAS-containing soils is expected to 
be provided in the revision of the PFAS National Environmental Management Plan 
which is anticipated to be released in late-2019.  

Testing requirements 

Several submissions were received relating to the sampling and analysis 
requirements applicable to uncontaminated fill. These are addressed in Table 1 
below:  

Table 1 Summary of and responses to submissions relating to testing 
requirements 

Submission Response 

The thresholds for total recoverable 
hydrocarbons (TRH) are based on 
‘typical’ hydrocarbon composition and 

Analysis for total recoverable 
hydrocarbons is only necessary where 
the site of origin has been subject to a 
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false positives may occur due to the 
presence of natural organic compounds.  

potentially contaminating activity where 
petroleum hydrocarbons are a potential 
contaminant of concern. It is proposed 
that a note be added to Table 7 of the 
Waste Definitions to clarify that the 
thresholds for TRH apply to 
hydrocarbons of petroleum origin and 
make allowance for natural organic 
compounds. 

The threshold for >C10-C16 is lower than 
the standard laboratory limit of reporting 
(LOR).  

DWER acknowledges that many 
laboratories allow for a ‘routine’ LOR of 
50 mg/kg, which is higher than the 
threshold value of 25 mg/kg. DWER has 
consulted with analytical laboratories 
(e.g. Eurofins and ALS) which have 
advised that standard laboratory 
methods can allow for LORs down to 5 
mg/kg without requiring alternative 
sample preparation or analytical 
methods, or additional fees. However, 
following further consultation, the 
threshold for >C10-C16 is proposed to be 
increased to 110 mg/kg.   

The Leaching Environmental 
Assessment Framework’ (LEAF) should 
be adopted in place of the Australian 
Standard Leaching Procedures (ASLP) 
method. 

The limitations of the ASLP 
methodology are acknowledged. The 
LEAF methodology will be considered in 
the future as it becomes more widely 
available in Western Australia. Noting 
the additional complexity and cost 
associated with the LEAF method it is 
not considered an appropriate testing 
requirement for uncontaminated fill. 
However, the LEAF methodology is 
likely to be utilised as part of the future 
end of waste legislative framework. 

Leachate testing should only be 
undertaken where total concentration 
thresholds are exceeded, such as is 
done regarding waste classification for 
landfill disposal. 

Why is additional testing necessary if 
testing has already demonstrated the 
material meets Class 1 waste? 

The maximum concentration thresholds 
are intended to be protective of potential 
receptors that may be in contact with 
uncontaminated fill (such as human 
receptors or terrestrial flora). The 
maximum concentration thresholds do 
not take into account the potential for 
contaminants to leach and contaminate 
groundwater or affect aquatic 
ecosystems. The landfill waste 
classification framework is primarily 
based on the risks associated with 
leachate generation, and takes account 
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of the fact that landfills have additional 
management controls to address the 
risks of leachate transport to 
groundwater (i.e. low-permeability liners 
and/or groundwater monitoring).  
Additional leachate testing is required to 
characterise uncontaminated fill 
because it may be placed at any 
location without restriction. 

The testing frequency should be able to 
be reduced where compliance with the 
thresholds can be demonstrated over 
time. 

The amendments are intended to 
address the unintended consequences 
for the development industry that arose 
from the Eclipse case by allowing the 
use of clean fill and uncontaminated fill, 
particularly in relation to surplus material 
associated with land development.    

The thresholds are only relevant to 
material that is defined as waste under 
the Environmental Protection Act 1986 
and the Waste Avoidance and Resource 
Recovery Act 2007. The thresholds are 
not relevant to routine quality testing of 
products.  

   

3.2 Asbestos threshold 

Based on the submissions received during the consultation period, asbestos was not 
considered a key parameter of interest for the review, and no data were received in 
relation to asbestos. During the finalisation of the Data Acceptance/Review and 
Threshold Revision Plan it was recommended that a numerical threshold for 
asbestos be included in the table. It was further suggested that numerical thresholds 
be developed for the three key commercial asbestos mineralogical types (chrysotile, 
amosite, crocidolite).  

The use of a non-numerical limit for asbestos was based on advice received from the 
Department of Health. As indicated in the table notes for Table 6 of the Waste 
Definitions, the inspection, sampling and testing for asbestos in uncontaminated fill is 
to be undertaken in accordance with section 4.3 of Guidelines for managing asbestos 
at construction and demolition waste recycling facilities (Department of Environment 
and Conservation, 2012). This document provides a ‘product specification’, which is 
in effect, a criterion of no more than 0.001% asbestos weight for weight. However, 
the guideline also provides for a practical and weight of evidence approach to 
decision-making against the criterion based on the material form of asbestos present 
(e.g. friable or non-friable) and the quantity and distribution of asbestos in the 
material. This approach is intended to minimise the excessive disposal of otherwise 
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fit-for-purpose material to landfill due to the detection of single or very small number 
of detects of asbestos, which are not considered to pose an unacceptable risk. 

Whilst it is acknowledged that some asbestos mineral forms are more potent than 
others, all commercial asbestos types have been associated with asbestos-related 
disease and all are subject to restrictions on sale and supply.  
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4 Ambient background data 

4.1 Data submitted during consultation 

Of the submissions received during the consultation period, five included the 
provision of ambient background soil data to support the review. The data 
submissions were received from: 

 Public Transport Authority 
 Department of Communities 
 Pilbara Ports Authority 
 MBS Environmental 
 Austral Bricks (WA) 

A summary of the data submissions, including information to support the acceptance 
or rejection of the data is provided in Appendix A. Several sets of data were rejected 
on the basis of: 

 Site of origin not being located within the Swan Coastal Plain (Pilbara Ports 
Authority / Austral Bricks); or 

 Site of origin suspected to have been subject to potentially contaminating 
activities prior to sampling (Department of Communities / MBS Environmental) 

4.2 Published literature 

The current thresholds were developed based on consideration of a limited subset of 
ambient background data sourced from the following publications: 

 Prakongkep, N., Gilkes, R.J., Singh, B. and Wong, S. 2011, Mineralogy and 
chemistry of sandy acid sulphate soils in the Perth metropolitan area of the 
Swan Coastal Plain”. Report to Department of Environment and Conservation, 
June 2011.  

 Olszowy, H, Torr, P & Imray, P 1995, Trace Element Concentrations in Soils 
from Rural and Urban Areas of Australia, Contaminated Sites Monograph 
Series no. 4, Department of Human Services and Health, Environment 
Protection Agency & South Australian Health Commission (WA data in Part II).  

These data sources are summarised below. 

Mineralogy and chemistry of sandy acid sulphate soils in the Perth 

metropolitan area of the Swan Coastal Plain (Prakongkep et al. 
2011) 

This study included the collection of 185 samples from 41 locations across the Swan 
Coastal Plain. Sampling locations were chosen specifically to assess areas where 
actual or potential acid sulfate soils were suspected to occur based on 
geomorphological information. Samples were primarily collected from the 
Bassendean Sand unit, with further samples collected from acidic sandy swales in 
the Tamala Limestone mapping unit, and at two locations from the clay dominated 
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Guildford Formation. Samples were collected from surface to depths of up to 13 
metres below ground level (mbgl) but typically less than 6 mbgl.  

As the document was published in consultation with the former Department of 
Environment and Conservation, the data were taken as being reliable for the 
purposes of this review. Sampling locations have not been specifically assessed as 
part of this review. However, the sampling locations were generally within areas of 
remnant native vegetation in Crown land, or within road reserves in urban residential 
areas. There is considered to be a low likelihood that the dataset includes data 
associated with potentially contaminated land. Physicochemical data, including for 
organic carbon content, soil pH and cation exchange capacity were also available. 

The document provides three main types of metal concentration data: 

 Appendix Table 2: total chemical composition by x-ray fluorescence (XRF) 
 Appendix Table 3: elemental analysis by ICP-OES of aqua regia acid digest 
 Appendix Table 4: elemental analysis by ICP-OES of fusion acid digest 

Only data within Appendix Table 3 are relevant for comparison against thresholds or 
environmental assessment levels specified in the ASC NEPM (Schedule B3 of the 
ASC NEPM describes appropriate analytical methods for assessing metal 
contamination in soil). The data presented in Appendix Table 2 and Appendix Table 4 
represent total elemental composition, rather than representing only the metallic 
components that may be more mobile and potentially bio-available (as per Schedule 
B3 of the ASC NEPM). 

As an example of the difference between the analytical methods, the average copper 
concentration for the first ten samples is 31.1 mg/kg based on the XRF data 
(Appendix Table 2), compared to an average copper concentration of <1 mg/kg for 
the same 10 samples based on the ICP-OES/aqua regia data (Appendix Table 3). 

Relevant data were available for all metals of interest, with the exception of nickel, 
which is omitted from Appendix Table 3 (reason unclear). There is therefore no 
representative data for nickel provided in Prakongkep et al. 2011 suitable for 
comparison against the ASC NEPM EILs or the uncontaminated fill thresholds.  

It is noted that the sampling in this study specifically targeted sandy acid sulfate soils 
where metal concentrations may be higher due to the relative abundance of acid-
forming pyrite minerals. These results therefore may represent the upper range of 
metal concentrations for the particular soil groups sampled.  

The metal data were separated into three groups according to soil unit prior to further 
assessment: 

 Sandy podsols of the Bassendean Sands; 
 Samples from acidic sandy swales within the Tamala Limestone unit; and 
 Alluvium of the Guildford Formation.   
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Trace Element Concentrations in Soils from Rural and Urban Areas of 
Australia 

This publication includes data associated with a soil sampling program undertaken 
prior to the subdivision of two parcels of land in the southern suburb of Canning Vale. 
The land was reportedly native bushland prior to subdivision in the early 1990s. Sixty 
soil cores were taken to a depth of 100mm in a grid pattern over seven separate 
areas, with a composite sample being prepared for each area. Limited detail is 
provided in relation to sampling, or the exact location from which samples were 
obtained. The analytical methods used, including sample preparation methods, are 
not provided. Individual results were also not provided, with only summary statistics 
provided in the report for lead, arsenic, nickel, zinc, copper and mercury. The 
limitations of this dataset are acknowledged. However, given the limited data 
available, and in consideration of the standing of this document6, these data were 
accepted.   

Other published sources 

It is acknowledged that there are numerous publications which provide information on 
the natural abundance of elements on earth and or information on the ambient 
background concentrations of potential contaminants in soils at various locations 
across the world. In some instances, the values reported, particularly for natural 
occurring metals and metalloids, may far exceed the current thresholds for 
uncontaminated fill. However, much of the data presented, such as values for 
‘average crustal abundance’ are likely to reflect total elemental composition, rather 
than the more mobile and potentially bio-available component that is quantified 
through ASC NEPM-endorsed analytical methods (as discussed above). It therefore 
may not be appropriate to compare some of these values against the 
uncontaminated fill thresholds.  

Irrespective of the uncertainty regarding the analytical methods, it is acknowledged 
that several soils across the world, and Australia, are likely to contain concentrations 
of metals exceeding the thresholds. However, the majority of waste soil to be tested 
for comparison against the uncontaminated fill thresholds is likely to be the sandy 
leached soils of the Swan Coastal Plain. These soils are unique in that they naturally 
have very low levels of metals; low clay content; low cation exchange capacity; low 
organic carbon; and tend to be acidic. Due to these physicochemical properties, even 
apparently low levels of metals may pose an unacceptable ecological risk. The 
derivation of revised thresholds based on worldwide natural abundance values or 
average crustal abundance values would result in thresholds that would be unlikely to 
be protective of ecological values in many parts of Western Australia, and in 
particular on the leached sandy soils of the Swan Coastal Plain.   

      

                                            
6 This document is referenced as a source of ambient background data in the ASC NEPM. 
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4.3 Technical reports held by DWER 

Numerous reports held by the Contaminated Sites Branch of DWER were reviewed 
as potential sources of ambient background data. As discussed in section 2.2, data 
were only considered from the analysis of samples taken at appropriate reference 
locations within or adjacent to the site of interest. A review of a selection of reports 
found that, because investigations prior to the 2013 amendment of the ASC NEPM 
generally did not assess ambient background conditions, only a very small proportion 
of reports contained applicable data.  

Furthermore, investigations after 2013 predominantly adopted a default ambient 
background concentration of zero when deriving site-specific ecological investigation 
levels, presumably to avoid the costs and time associated with the sampling and 
analysis of additional soil samples. It is noted that some reports commented that a 
default ambient background concentration of zero was considered appropriate for 
screening risk assessment purposes due to the natural soils of the site being highly 
leached and generally devoid of metals typically of interest in contaminated sites 
investigations.   

Of the approximately 30 reports7 identified for review, viable data were only identified 
in two reports. Given the time available to complete the review, further consideration 
of reports held by DWER was not undertaken. A summary of the data accepted for 
use in the review is provided in Table A.  

As noted previously, some acid sulfate soil reports were reviewed as a potential 
source of ambient background data. However, it was found that laboratory analyses 
of soil samples during acid sulfate soil investigations do not routinely include analysis 
of metals/metalloids. The only data contained within these types of reports that may 
have been relevant to the review related to soil pH. However, as the reports only 
relate to locations were acid sulfate soils are anticipated to occur, the range of pH 
values reported were not considered to be representative of the Swan Coastal Plain 
more broadly. Furthermore, acid sulfate soils can be treated (neutralised) prior to 
comparison against the uncontaminated fill thresholds. 

4.4 Background leaching test data 

The main focus of the review was on the maximum concentration thresholds for 
naturally occurring metals based on the consideration of ambient background data. 
However, in response to feedback from the stakeholder group, the scope of the 
review was broadened to include the consideration of ambient background data for 
soil leach testing.   

Two sets of leaching test data were submitted during the consultation period. One of 
these data sets related to testing of spoil associated with the construction of 
alignment major infrastructure project. It is noted that these samples were collected 
following processing through a soil separation and slurry treatment system. It was 
therefore concluded that the resulting leach data would not be appropriately 

                                            
7 Detailed site investigation reports for sites within the Swan Coastal Plain and available in electronic format. 
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representative of ambient background conditions as the soils had been subject to 
‘washing’ processes likely to have removed leachable elements and chemical 
substances to an unknown extent. The other data set related to a single project/site 
in the suburb of Forrestfield. 

Given the limited data available, calculation of representative ambient background 
leaching test values was not considered viable. However, the available data were 
summarised for consideration and discussion in the context of the proposed leaching 
test thresholds. A summary of the data is provided in Table B. 
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5 Review of base thresholds 

5.1 Background 

The maximum concentration and leaching test thresholds allow for the unrestricted 
use of uncontaminated fill at any location without increasing the risk to human health, 
the environment or any environmental value. This includes on the highly transmissive 
soils of the Swan Coastal Plain near Perth with its sensitive groundwater resources 
and wetlands.   

Perth relies heavily on the sand-based aquifers on the Swan Coastal Plain for 
potable and irrigation water. The two main sources of potable water are the 
Gnangara Mound to the north of Perth and the Jandakot mound, to the south. These 
supply about 40 to 45 per cent of metropolitan drinking water. 

A large number of wetlands are present across the Swan Coastal Plain, with an 
estimated quarter of the land area between Wedge Island in the north and 
Dunsborough in the south being wetland. By area, 20 per cent of these wetlands 
retain high ecological values and remain a high priority for conservation.   

The thresholds presented in the 2018 Waste Definitions and the Department’s April 
2019 draft review report were based on investigation levels from the ASC NEPM for 
areas of ecological significance, such as national parks and conservation reserves.  

Further consultation identified that uncontaminated fill would primarily be used in 
urban land development within residential or commercial/industrial projects. 
Consequently, it is unlikely that waste such as uncontaminated fill would be applied 
in areas of ecological significance in a manner which would result in any material 
environmental harm. For example, whilst fill material may conceivably be used in a 
national park setting for the construction of roads or visitor amenities, such localised 
areas do not have a high level of ecological value and would not be expected to 
support a high degree of ecological function. Potential risks associated with the 
release and movement of potential contaminants (through leaching processes) into 
areas of higher ecological value are addressed through the leachate test thresholds.  

The primary intent of the Amendment Regulations was to address consequences for 
the development industry that arose from the Eclipse case by allowing the use of 
clean fill and uncontaminated fill, particularly in relation to surplus material associated 
with land development. Adjusting the base thresholds to better reflect the most 
frequent uses of uncontaminated fill will help to achieve the objective of the Waste 
Avoidance and Resource Recovery Strategy 2030 to recover more value and 
resources from waste.  

It remains the responsibility of the user to ensure that the material is environmentally 
suitable for the purpose for which it is being used, including whether its use could be 
pollution, or an unreasonable discharge under the Environmental Protection Act 1986 
or create a contaminated site within the meaning of the Contaminated Sites Act 
2003. 
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5.2 Sources of base thresholds 

Where available, base thresholds (i.e. assessment levels) were taken from Australian 
or Western Australian guidance documents. The primary source of these levels is the 
ASC NEPM, which provides a national framework for the assessment of site 
contamination in Australia. The ASC NEPM, which was amended in 2013, provides 
assessment levels for soil and groundwater. Where available, base thresholds were 
sourced from the relevant schedules of the ASC NEPM, including: 

 Schedule B1 – Guideline on Investigation Levels for Soil and Groundwater; 
and 

 Schedule B5c – Guideline on Ecological Investigation Levels for Arsenic, 
Chromium (III), Copper, DDT, Lead, Naphthalene, Nickel & Zinc 

In the case of the ecological investigation levels, individual base thresholds were 
calculated using the interactive calculation spreadsheet provided in the ASC NEPM 
Toolbox on the National Environment Protection Council’s website. 

As discussed in section 5.1, the thresholds in the 2018 Waste Definitions were 
intended to be protective of sensitive receptors at sensitive locations. Based on 
information provided by industry, uncontaminated fill is unlikely to be used in 
sensitive ecological areas. The predominant use of uncontaminated fill is expected to 
be in urban development, consistent with standard residential or 
commercial/industrial landuse scenarios. Therefore, during the review base 
ecological thresholds (EILs and ESLs) were adopted for urban residential and public 
open space land use settings, rather than for sensitive ecological areas such as 
national parks or conservation reserves.  Reference to the most sensitive health-
based land use setting (residential land with gardens and accessible soil, including 
day care centres and primary schools (i.e. HIL-A)) continued. 

Where either ecological or health-based values were not available in the ASC NEPM 
for a given parameter, alternative guidance documents were considered. The general 
hierarchy adopted is set out in Figure 2 below. 
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Figure 2 Hierarchy of sources of ecological and human health assessment levels 
for derivation of maximum concentration thresholds 

In order to be protective of both ecological and human health receptors, the lower 
value was adopted. In most cases, Table 6 thresholds are based on ecological 
criteria; the exception is where human health based criteria for residential land uses 
(including other sensitive land uses such as day care centres, kindergartens and 
primary schools) are lower than the ecological criteria for the relevant parameter.   

Base thresholds adapted from Environmental Quality Guidelines (Canadian Council 
of Ministers of the Environment, 2014) considered the values specified for 
residential/parkland given the landuse scenario is broadly comparable to the 
standard residential landuse scenario adopted in the ASC NEPM. It is acknowledged 
that lower, more conservative, values are provided for the agricultural landuse 
scenario. As discussed in section 5.1, uncontaminated fill is anticipated to primarily 
be applied in urban (residential or commercial) development. The application of 
uncontaminated fill in agricultural areas is not envisaged to occur on a regular basis. 
Of the base thresholds derived based on the Environmental Quality Guidelines, the 
residential/parkland value is higher than the corresponding agricultural value in only 
four instances (fluoride, inorganic tin, cobalt and molybdenum).  

The current thresholds and the proposed revised thresholds in the Department’s 
initial draft review report considered the Ecotoxicological Serious Risk Addition 
values (SRAECO) from Environmental Risk Limits for Nine Trace Elements (Van 
Vlaardingen, P L A, Posthumus, R, & Posthuma-Doodeman, C J A M, 2005). Four of 
the current thresholds were derived based on the SRAECO values (barium, beryllium, 
cobalt and vanadium). The Department has developed revised thresholds for these 
metals based on the Canadian Environmental Quality Guidelines in place of the 
SRAECO values. The derivation methodology (such as default land use scenarios and 
toxicity data) applied for the Environmental Quality Guidelines is considered to be 
more consistent with the ASC NEPM Ecological Investigation Levels compared to 
that used for the derivation of the SRAECO values.   

Current Australian or WA guidance

- ASC NEPM

- Assessment and Management of Contaminated Sites (DER, 2014)

Relevant guidance from international or interstate jurisdications

- Environmental Quality Guidelines (Canadian Council of Ministers of the Environment, 2014)

- The Excavated Natural Material Order 2014 (NSW EPA, 2014)- The Recovered Aggregate Order 2014 (NSW 
EPA, 2014)

Former Australian or WA guidance

- Assessment Levels for Soil, Sediment and Water (Department of Environment and Conservation, 2010)
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Fresh versus aged contamination sources 

The base thresholds for the metal parameters of interest to the review are primarily 
ecological investigation levels or added-contaminant limits from the ASC NEPM, 
which takes into account the aging of contamination in soil. The current thresholds 
were all derived based on assessment levels applicable to ‘fresh’ contamination 
sources. Fresh contamination is defined in the ASC NEPM as contamination that has 
been in the soil for less than two years and is usually associated with current 
industrial activity and chemical spills.  

As noted previously, the amendments to the EP Regulations were intended to 
address consequences for the development industry that arose from the Eclipse case 
by allowing the use of clean fill and uncontaminated fill, particularly in relation to 
surplus material associated with land development. On this basis, it is understood 
that the majority of waste material that will be tested for assessment against the 
uncontaminated fill thresholds is likely to be unwanted or excess soils from 
development sites that have historically been subject to a potentially contaminating 
activity or landuse. It is anticipated that in the majority of instances, contamination 
sources will have been in the soil for greater than two years.  

The thresholds are not anticipated to be applied on a regular basis in the assessment 
of industrial solid wastes or freshly contaminated soils caused by discharges from 
industrial activities. However, it is acknowledged that currently, such applications are 
not explicitly excluded through the EP Regulations or Waste Definitions. Users of 
waste material that is potentially associated with ‘fresh’ sources of contamination 
should consider the general obligations under the EP Act to ensure that the material 
is environmentally suitable for the purpose for which it is being used.  

Based on these considerations, and with the intention of minimising the excessive 
disposal of fit-for-purpose material to landfill, the Department now considers it 
appropriate to derive thresholds using ‘aged’ contamination values where available. 
This will result in an increase to the maximum concentration threshold for a number 
of the metals that were identified as key parameters for review. For example, 
assuming a clay content of 0.5%, the added contaminant limit for trivalent chromium 
for aged contamination is 50 mg/kg, compared to 20 mg/kg for fresh contamination.  

Leaching test thresholds 

The leaching test thresholds in Table 6 were derived using the same general 
methodology as that described for the maximum concentration thresholds. The 
majority of the current leaching test thresholds were based on assessment levels 
from national guidance documents applicable to drinking water quality (NHMRC & 
NRMMC 2011) or surface water ecological receptors (ANZECC & ARMCANZ 2000), 
with the lowest value being adopted. For select parameters, alternative guidance 
documents were consulted. For example, nutrient leach test thresholds were adopted 
based on consideration of the concentration targets for catchment tributaries of the 
Swan-Canning river system (Swan River Trust 2008). In the absence of suitable 
alternative assessment levels, these were considered appropriate given that the 
Swan-Canning catchment area represents a significant portion of the metropolitan 
area where uncontaminated fill may be applied.   
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6 Derivation of revised maximum 
concentration thresholds 

Question 1 of the Consultation Paper sought feedback on What parameters should 
be considered during the review process and why? Of the submissions received, the 
priority parameters identified were predominantly naturally-occurring elements such 
as nickel, lead, chromium, copper, zinc, and selenium. Ambient background data was 
also available for the majority of these naturally-occurring elements. Each of the 
priority parameters is discussed separately in the following sections. 

6.1 Physicochemical properties 

A number of the ecological assessment levels published in the ASC NEPM allow for 
the consideration of physicochemical soil properties that are known to influence 
contaminant toxicity, such as pH, organic carbon, cation exchange capacity (CEC) 
and clay content. The current thresholds were predominantly derived based on soil 
properties relating to the Australian reference soil, as referred to in schedule B5b of 
the ASC NEPM. The physicochemical soil property values for the Australian 
reference soil were used to normalise (account for the effect of soil characteristics) 
soil toxicity data prior to the derivation of Ecological Investigation Levels in the ASC 
NEPM. 

For this review, physicochemical data, from Prakongkep et al. 20118, were available 
for pH, CEC and organic carbon. Table 2 provides a comparison of soil property 
values for the Australian reference soil against the median values for the three soil 
types for which data were available. 

Table 2 Comparison of median values for available soil property data against 
Australian reference soil    

Source pH 
Clay 

content 
(%) 

Cation 
exchange 
capacity 

(cmolc/kg) 

Organic 
carbon 

(%) 

Australian Reference 
Soil 

6 10 10 1 

Bassendean Sand 4.9 - 1.0 0.2 
Tamala Limestone 6 - 1.4 0.2 

Guildford Formation 7.3 - 4.1 2.7 

Whilst the limited nature of the dataset is acknowledged, comparison against the 
Australian reference soil illustrates the highly leached nature of soils of the Swan 
Coastal Plain. These characteristics result in soils that are often more vulnerable to 
the presence of contaminants at low concentrations. The results from Prakongkep et 
al. 2011 are consistent with those for two samples of Bassendean Sands provided in 

                                            
8 Refer to Table C – Summary of physicochemical data (Prakongkep et al. 2011) for summary of data.  
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Evaluation of the effectiveness and environmental risks following the application of 
lime-amended biosolids to Bassendean Sands (ChemCentre, 2009). The results are 
summarised in Table 3. 

 Table 3 Summary of physicochemical soil data from ChemCentre 2009    

Sample ID 
pH  

(CaCl2) 

Clay 
content 

(%) 

Cation 
exchange 
capacity 

(cmolc/kg) 

Organic 
carbon 

(%) 

16407-1 4.7 0.5 2 0.37 
16407-2 4.4 0.5 2 0.36 

Given that a large proportion of the Swan Coastal Plain comprises Bassendean 
Sands, and that these sandy soils represent the most vulnerable soil type, thresholds 
derived based on the Australian Reference Soil are unlikely to be suitably protective 
of ecological receptors. Accordingly, revised thresholds were derived utilising 
physicochemical soil property values that better reflect the leached nature of the 
sandy soils of the Swan Coastal Plain. The adopted values are provided in Table 4. 

Table 4 Adopted physicochemical soil property values for threshold 
development    

pH  
 

Clay 
content 

(%) 

Cation 
exchange 
capacity 

(cmolc/kg) 

Organic 
carbon 

(%) 

5.59 0.5 2.5 0.5 

These values are considered to result in thresholds which are appropriately 
protective of ecological receptors in circumstances where the material comprises 
highly leached sands typical of the Swan Coastal Plain.  

6.2 Priority parameters 

Arsenic 

Current threshold 20 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources in areas of ecological significance 

Ambient background 
data 

Ambient background data available from 18 subsets of 
data. For eight of the subsets all individual results were 
below the laboratory limit of reporting, with a further three 

                                            
9 Value of 5.5 adopted as this is the lower limit for soil pH specified for uncontaminated fill 
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having an insufficient proportion of results above the LOR 
for determination of a median value.   

Median concentrations were taken from seven subsets, 
and ranged from 0.4 to 10 mg/kg. The median of these 
values was calculated to be 1.4 mg/kg. 

Adopted ABC 1.5 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate source. 
The EIL for arsenic does not allow for consideration of 
physicochemical parameters or for ambient background 
concentrations.  

A base threshold of 100 mg/kg is proposed based on 
‘aged’ contamination sources for urban residential and 
public open space.  

The corresponding health-based value from the ASC 
NEPM is also 100 mg/kg. 

Discussion in context 
of ABC data 

The base threshold of 100 mg/kg is substantially higher 
than the adopted ABC of 1.5 mg/kg.  

A review of ambient background data identified a single 
result (418 mg/kg) exceeding the base threshold. This 
result corresponds to analysis of peat soil from an urban 
area to the north-west of the Perth CBD which is known 
to contain arsenic-rich peat soils (Appleyard et al., 2004). 
Such material is generally considered geotechnically 
unsuitable for use as fill and is unlikely to comprise a 
source of uncontaminated fill.      

Proposed revised 
threshold 

100 mg/kg 

 

Chromium (III) 

Current threshold 30 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources, clay content of 2.5% and ABC of 
zero, in areas of ecological significance 

Ambient background 
data 

Ambient background data available from 16 subsets of 
data. Data reported for total chromium was assumed to 
be trivalent chromium. For two of the data subsets, all 
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individual results were below the laboratory limit of 
reporting (LOR), with a further three subsets having an 
insufficient proportion of results above the LOR for 
determination of a median value.   

Median concentrations were taken from 11 subsets, and 
ranged from 3.8 to 32.4 mg/kg. The median of these 
values was calculated to be 9.1 mg/kg. 

Adopted ABC 10 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate source. 
The EIL for trivalent chromium allows for consideration of 
clay content and ABC.  

A base threshold of 160 mg/kg is proposed based on 
‘aged’ contamination sources, clay content of 0.5 % and 
ABC of 10 mg/kg in urban residential and public open 
space.  

The ASC NEPM does not provide a health-based criterion 
for trivalent chromium, which is noted to be essential for 
human health and has no known toxic effects (NHMRC & 
NRMMC 2011) 

Discussion in context 
of ABC data 

The majority of available ambient background data is 
below the proposed base criterion. The only dataset 
containing results above 160 mg/kg was that relating to a 
major infrastructure project, which had 6 out of 295 
results above 160 mg/kg. The 95% UCL for this dataset is 
52.6 mg/kg, which is well below the proposed revised 
threshold of 160 mg/kg  

Proposed revised 
threshold 

160 mg/kg 

Nickel 

Current threshold 10 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources, cation exchange capacity of 10 
cmolc/kg and ABC of zero in areas of ecological 
significance 

Ambient background 
data 

Ambient background data available from 15 subsets of 
data. For seven of the data subsets, all individual results 
were below the laboratory limit of reporting (LOR), with a 
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further two subsets having an insufficient proportion of 
results above the LOR for determination of a median 
value.   

Median concentrations were able to be calculated for only 
five subsets, and ranged from 0.8 to 10 mg/kg. The 
median of 10 mg/kg was from the dataset relating to the 
analysis of quarried clay samples.  

Based on the available dataset, the ambient background 
concentration of nickel was reported to be <LOR or at 
very low concentrations. Insufficient data above the LOR 
was available to justify the adoption of an ABC above 
zero using the methodology specified for this review. 
However, it is acknowledged that an ABC of zero may not 
be representative of ambient background concentrations 
in some areas.  

Adopted ABC 0 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate source. 
The EIL for nickel allows for consideration of cation 
exchange capacity and ABC.  

A base threshold of 6 mg/kg is proposed based on ‘aged’ 
contamination sources, cation exchange capacity of 2.5 
cmolc/kg and ABC of 0 mg/kg in urban residential and 
public open space.  

This base threshold remains lower than the most 
sensitive ASC NEPM health investigation level (400 
mg/kg).   

Discussion in context 
of ABC data 

The available data for nickel confirm that the sandy soils 
of the Swan Coastal Plain contain very low levels of 
nickel. However, the base threshold of 6 mg/kg is 
exceeded in four of the available datasets.  

This base threshold of 6 mg/kg is proposed to be rounded 
up to 10 mg/kg to be equivalent to the current threshold 
value and to minimise the potential for otherwise fit-for-
purpose waste material being disposed to landfill.  

The majority of available ambient background data is 
below the proposed revised threshold. The only dataset 
containing results above 10 mg/kg is that relating to a 
major infrastructure project, which had 68 out of 295 
results above 10 mg/kg. The 95% UCL for this dataset is 
6.9 mg/kg, which is below the proposed revised threshold 
of 10 mg/kg.  
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Proposed revised 
threshold 

10 mg/kg 

Copper 

Current threshold 50 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources, pH of 6, cation exchange capacity 
of 10 cmolc/kg, organic carbon content of 1% and ABC of 
zero in areas of ecological significance. 

Ambient background 
data 

Ambient background data available from 17 subsets of 
data. For four of the data subsets, all individual results 
were below the laboratory limit of reporting (LOR), with a 
further two subsets having an insufficient proportion of 
results above the LOR for determination of a median 
value.   

Median concentrations were able to be calculated for ten 
subsets, and ranged from 0.3 to 14 mg/kg. The median of 
14 mg/kg was from the dataset relating to the analysis of 
quarried clay samples.  

The median of these values was calculated to be 2.2 
mg/kg. 

Adopted ABC 2 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate 
source. The EIL for copper allows for consideration of 
CEC, soil pH, organic carbon content and ABC.  

A base threshold of 45 mg/kg is proposed based on 
‘aged’ contamination sources, cation exchange capacity 
of 2.5 cmolc/kg, soil pH of 5.5, organic carbon content of 
0.5% and ABC of 2 mg/kg in urban residential and public 
open space. This base threshold remains lower than the 
most sensitive ASC NEPM health investigation level 
(6000 mg/kg).   

This base threshold of 45 mg/kg is proposed to be 
rounded up to 50 mg/kg to be equivalent to the current 
threshold value 

Discussion in context 
of ABC data 

The available data for copper confirm that the sandy soils 
of the Swan Coastal Plain contain very low levels of 
copper.   
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The vast majority of available ambient background data 
is below the proposed revised threshold, with only a 
single result (54 mg/kg) reported above 50 mg/kg. The 
next highest result was 14.1 mg/kg, indicating 54 mg/kg 
to be an outlier that could be accounted for through 
statistical assessment as permitted for characterising 
uncontaminated fill. The 95% UCL for this dataset is 2.3 
mg/kg, which is well below the proposed revised 
threshold of 50 mg/kg.  

Proposed revised 
threshold 

50 mg/kg 

Lead 

Current threshold 110 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources in areas of ecological significance 

Ambient background 
data 

Ambient background data available from 18 subsets of 
data. For two of the data subsets, all individual results 
were below the laboratory limit of reporting (LOR), with a 
further four subsets having an insufficient proportion of 
results above the LOR for determination of a median 
value.   

Median concentrations were able to be calculated for ten 
subsets, and ranged from 1 to 46 mg/kg.  

The median of these values was calculated to be 4.7 
mg/kg. 

Adopted ABC 5 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate 
source. The EIL for lead allows for consideration of ABC 
but not physicochemical properties.  

An ecological base threshold of 1105 mg/kg is proposed 
based on ‘aged’ contamination sources and ABC of 5 
mg/kg in areas of urban residential and public open 
space. This would be rounded to 1100 mg/kg following 
the rounding rules specified in the ASC NEPM.  

However, this exceeds the corresponding ASC NEPM 
health investigation level of 300 mg/kg. Therefore the 
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proposed base threshold is 300 mg/kg in order to be 
protective of human health.   

Discussion in context 
of ABC data 

All of the available ambient background data is below the 
proposed base threshold. Maximum values for each 
dataset are as follows: 24, 74, 16, 19, 66, <LOR, <LOR, 
27, 10, 11, 9, 66, 42, 9, 30, 12, 24 and 99 mg/kg.    

The base threshold of 300 mg/kg is proposed to be 
adopted as the revised threshold.   

Proposed revised 
threshold 

300 mg/kg 

Zinc 

Current threshold 50 mg/kg  

Source: Schedule B5c of the ASC NEPM 2013 

Based on Ecological Investigation Level for ‘fresh’ 
contaminant sources, pH of 6, CEC of 10 and ABC of 
zero in areas of ecological significance 

Ambient background 
data 

Ambient background data available from 18 subsets of 
data. For three of the data subsets, all individual results 
were below the laboratory limit of reporting (LOR), with a 
further three subsets having an insufficient proportion of 
results above the LOR for determination of a median 
value.   

Median concentrations were able to be calculated for ten 
subsets, and ranged from 0.5 to 70 mg/kg.  

The median of these values was calculated to be 6.2 
mg/kg. 

Adopted ABC 6 mg/kg 

Review of base 
threshold 

ASC NEPM 2013 remains a valid and appropriate 
source. The EIL for zinc allows for consideration of pH, 
CEC and ABC.  

An ecological base threshold of 120 mg/kg is proposed 
based on ‘aged’ contamination sources, pH of 5.5, CEC 
of 2.5 and ABC of 6 mg/kg in areas of urban residential 
and public open space.  

This base threshold remains lower than the most 
sensitive ASC NEPM health investigation level (7400 
mg/kg).   
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Discussion in context 
of ABC data 

The majority of available ambient background data is 
below the proposed base criterion. Maximum values for 
each dataset are as follows: 5, 200, 25, 290, 28, <LOR, 
5.3, <LOR, 20, 5, 11, 28, <LOR, 11, 11, 9, 11 and 43 
mg/kg. Only 3 individual results (out of 751) exceed the 
proposed base threshold of 120 mg/kg. The 95% UCL of 
the mean is below the base threshold of 120 mg/kg for all 
datasets.    

Proposed revised 
threshold 

120 mg/kg 

Selenium 

Current threshold 1 mg/kg  

Source:  Canadian Council of Ministers of the 
Environment 2014, Environmental Quality Guidelines 

Based on Soil Quality Guideline level for residential / 
parkland areas.  

Ambient background 
data 

Ambient background data available from five subsets of 
data. For three of the data subsets, all individual results 
were below the laboratory limit of reporting (LOR), with 
the remaining two subsets having an insufficient 
proportion of results above the LOR for determination of 
a median value.   

An overall median concentration was not calculated.  
Insufficient results above the LOR were available to 
adopt an ABC.  

Adopted ABC 0 mg/kg 

Review of base 
criterion 

No ecological assessment level specified in the ASC 
NEPM, however a health-based investigation level of 200 
mg/kg is specified for residential landuse scenarios.  

No assessment level for selenium specified in DEC 2010.  

Selenium values for the protection of environmental and 
human health are provided in CCME 2014. The most 
sensitive value is 1 mg/kg for residential / parkland 
landuse scenarios.  

Consistent with Ecotoxicological Serious Risk Addition 
value (SRAECO) of 1.2 mg/kg from Van Vlaardingen, 
Posthumus & Posthuma-Doodeman 2005.  
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The current base criterion of 1 mg/kg is considered to 
remain appropriate in the absence of Australian values. 

Discussion in context 
of ABC data 

Two datasets contain results above the LOR. One of 
these datasets contains two results above the LOR, out 
of 201 results. Both results are equal to the base criterion 
(i.e. 1 mg/kg). The other dataset contains 114 results 
above the LOR, out of 295 results. 103 results exceed 
the base criterion, with a maximum of 11 mg/kg.      

Consideration has been given to increasing the threshold 
to account for the concentrations of selenium in the larger 
dataset. Nominally increasing the threshold to 2 mg/kg 
would still result in 57 results above the threshold.  

It is concluded that insufficient data are available to 
support an increase to the current threshold value of 1 
mg/kg.  

Selenium is not typically included in the standard/basic 
metals analytical suite (usually eight metals). 
Furthermore, selenium is not a commonly encountered 
contaminant of concern in Western Australia. As per 
Table 7 of the Waste Definitions, selenium would only be 
required to be tested and compared against the 
thresholds in Table 6 where the site of origin has been 
subject to a potentially contaminating activity where 
selenium is a potential contaminant of concern. As per 
Appendix B of DER 2014, selenium may be associated 
with the following landuses/activities:  

- manufacturing, blending, mixing handling or 
storage of: paints, pharmaceuticals and 
photography products; 

- Fly ash from electricity generation (e.g. coal fired 
power stations); 

- Fertiliser manufacture or storage; 
- Gas works; and 
- Iron and steel works, including metal smelting and 

refining. 
 
The maximum concentration threshold for selenium is 
unlikely to result in the excessive disposal of otherwise 
fit-for-purpose waste fill to landfill. 

Proposed revised 
threshold 

1 mg/kg 
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6.3 Non-priority parameters 

Table 5 Review of maximum concentration thresholds for non-priority 
parameters 

Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

Antimony 20 20 - No change.  

- based on Soil Quality Guideline [SQG] for residential / 

parkland (CCME 2014) 

- No health-based or ecological values in the ASC 

NEPM. 

- Results from one dataset only. All results <LOR.  

Barium 200 500 - Revised threshold based on residential/parkland SQG 

from CCME 2014. Noted that revised threshold is lower 

than the agricultural SQG of 750 mg/kg.   

- No health-based or ecological values in the ASC 

NEPM. 

- Results from seven datasets. Median of 11.5 mg/kg 

calculated from 5 datasets. 

- No individual results exceeding the current or revised 

threshold. 

Beryllium 2 4 - Revised threshold based on residential/parkland SQG 

from CCME 2014. Noted that revised threshold is equal 

to the agricultural SQG.   

- Results from eight datasets. Insufficient data above 

LOR to calculate ambient background concentration. 

- One individual result (out of 230 results) identified 

marginally exceeding threshold value (4.05 mg/kg).  

Cadmium 1 1 - No change. 

- Based on absolute maximum concentration limit from 

New South Wales Environment Protection Authority 

2014. 

- Lower than residential/parkland value in CCME 2014 of 

10 mg/kg, and comparable to agricultural value of 1.4 

mg/kg.  

- Lower than health-based level from the ASC NEPM 

- Results from 14 datasets. Insufficient data above LOR 

to calculate ambient background concentration. All 

results <LOR for 11 of the 14 datasets. No individual 

results identified exceeding threshold value. 

Chromium 

(VI) 

1 1 - No change. 

- Based on residential/parkland SQG from CCME 2014 

(0.4 mg/kg) rounded up to 1 mg/kg. Noted that 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

threshold is higher than the agricultural SQG of 0.4 

mg/kg.   

- Lower than health-based level from the ASC NEPM 

(100 mg/kg) 

- Most chromium data reported as ‘total’. Hexavalent 

data for two datasets, one with 100% results <LOR and 

one with 66% results <LOR.  

- 64 of 295 results exceeded the threshold value in the 

dataset from a major infrastructure project. However, 

the 95% UCL of the mean (0.8 mg/kg) was less than 

the threshold.   

Cobalt 15 50 - Revised threshold based on residential/parkland SQG 

from CCME 2014. Noted that revised threshold is 

higher than the agricultural SQG of 40 mg/kg.   

- Lower than health-based level from the ASC NEPM 

(100 mg/kg) 

- Results from nine datasets. Insufficient data above 

LOR to calculate ambient background concentration. 

All results <LOR for three of the nine datasets. No 

individual results exceed the proposed revised 

threshold value of 50 mg/kg (highest result 37 mg/kg). 

Manganese 500 500 - No change. 

- Based on former Ecological Investigation Level from 

DEC 2010. 

- Lower than health-based level from the ASC NEPM 

- No alternative sources of ecological values identified. 

- Results from nine datasets. Median of 17 mg/kg 

calculated from six datasets. 

- Median well below threshold value.  

- Two individual results identified exceeding threshold 

value. Results from the same dataset, the 95% UCL for 

this dataset is 45.2 mg/kg, well below the threshold 

value.   

Mercury 

(inorganic) 

0.5 0.5 - No change. 

- Based on absolute maximum concentration limit 

(characterisation) from New South Wales Environment 

Protection Authority 2014. 

- Lower than health-based level from the ASC NEPM 

- Results from 13 datasets. Insufficient data above LOR 

to calculate ambient background concentration. All 

results <LOR for 11 of the 13 datasets. One individual 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

result identified equal to threshold value (none 

exceeding). 

Molybdenum 40 10 - Decreased 

- Threshold formerly based on Ecological Investigation 

Level from DEC 2010 (now withdrawn) 

- Revised threshold based on residential/parkland SQG 

from CCME 2014. Noted that revised threshold is 

higher than the agricultural SQG of 5 mg/kg.   

- No health-based level in the ASC NEPM 

- Results from six datasets. Median of 0.2 mg/kg 

calculated from three datasets. 

- Median well below threshold value.  

- No individual results identified exceeding threshold 

value.  

Silver 20 20 - No change 

- Based on residential/parkland SQG from CCME 2014. 

- No health-based or ecological values in the ASC NEPM 

- Results from two datasets. Insufficient data above LOR 

to calculate ambient background concentration. 

- No individual results identified exceeding threshold 

value. 

Thallium 1 1 - No change 

- Based on residential/parkland SQG from CCME 2014. 

- No health-based or ecological values in the ASC NEPM 

- Results from one dataset. All results <LOR. 

Tin 

(Inorganic) 

50 50 - No change 

- Based on residential/parkland SQG from CCME 2014. 

- Noted that threshold is higher than the agricultural SQG 

of 5 mg/kg.   

- No health-based or ecological values in the ASC 

NEPM. 

- Threshold is applicable to inorganic forms of tin only. 

Organotin compounds (such as tributyltins from anti-

fouling paints) are more bioactive and are not 

accounted for in uncontaminated fill.  

- No ambient data available 

Uranium 25 25 - No change 

- Rounded, based on residential/parkland SQG from 

CCME 2014. 

- No health-based or ecological values in the ASC 

NEPM. 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

- Results from one dataset. No data above LOR.  

- No individual results identified exceeding threshold 

value. 

- It is noted that the threshold value is slightly higher than 

the USEPA regional screening level (RSL) for 

residential soil (16 mg/kg). The RSL value is specified 

for ‘soluble salts’ of uranium which are likely to be more 

bioavailable than the forms of uranium that may 

feasibly be encountered in uncontaminated fill. 

Vanadium 25 130 - Revised threshold based on residential/parkland SQG 

from CCME 2014. Noted that revised threshold is equal 

to agricultural SQG.   

- No health-based or ecological values in the ASC 

NEPM. 

- No individual results identified exceeding the proposed 

revised threshold.  

Cyanides 50 

Complexed 

10 free 

5 

(complexe

d – weak 

acid 

dissociable

) 

1 (free) 

- Further technical review has been undertaken 

consistent with the initial recommendations of the 

independent reviewers.   

- Current threshold based on former Ecological 

Investigation Level from DEC 2010 (now withdrawn) 

- A revised threshold of 1 mg/kg for free cyanides is 

proposed based on the Residential / parkland SQG 

from CCME 2014 of 0.9 mg/kg. 

- A revised threshold of 5 mg/kg for complexed (weak 

acid dissociable) cyanides is proposed based on 

proportionality with the revised threshold for free 

cyanides. The revised threshold of 5 mg/kg is 

consistent with the target values from Dutch Ministry of 

Housing, Spatial Planning and Environment 2000.   

- Results from one dataset. No data above LOR.  

asbestos No 

numerical 

limit 

No change - No change.  

- Refer to section 3.2 for discussion. 

- Recommend that additional text be included to the 

revised table of thresholds to explain the application of 

the asbestos threshold.  

sulfate 2500 2500 - No change, however, further discussion on the 

derivation of the current threshold is provided 

consistent with the initial recommendations of the 

independent reviewers.    
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

- Current threshold based on absolute maximum 

concentration limit for plaster (0.5%) from New South 

Wales Environment Protection Authority 2014. 

- 0.5% plaster equates to a sulphate concentration of 

approximately 2750 mg/kg based on a plaster/gypsum 

composition of CaSO4.2H2O. Value of 2750 mg/kg 

rounded down to 2500 mg/kg.  

- Threshold accounts for the protection of built structures 

(sulfate attack of concrete) and hydrogen sulfide (H2S) 

generation. Note that H2S generation risk should be low 

given uncontaminated fill should not contain an 

appreciable amount of putrescible/organic waste. 

- No ambient data available 

Fluoride 400 400 - No change 

- Based on SQG from CCME 2014. 

- No health-based or ecological values in the ASC 

NEPM. 

- Results from one dataset. 60% of results < LOR.  

- No individual results identified exceeding threshold 

value. 

Benzene 0.5 0.5 - No change 

- Based on based on Health Screening Level [HSL] for 

shallow soils in low to high density residential areas 

from Schedule B1 of the ASC NEPM. 

- Lower than ecological level in the ASC NEPM 

- No ambient data available 

Toluene 10 85 - Increased. 

- Based on Ecological Screening Level [ESL] for coarse 

soils in areas of urban residential and public open 

space.  

- from Schedule B1 of the ASC NEPM. 

- Lower than available health-based levels in the ASC 

NEPM. 

- No ambient data available. 

Ethylbenzene 2 55 - Increased (revert to health-based level) 

- Based on HSL for shallow soils in low to high density 

residential areas from Schedule B1 of the ASC NEPM. 

- Lower than respective ESL for coarse soils in areas of 

urban residential and public open space from Schedule 

B1 of the ASC NEPM. 

- No ambient data available 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

Xylene (total) 2 40 - Increased (revert to health-based level) 

- Based on HSL for shallow soils in low to high density 

residential areas from Schedule B1 of the ASC NEPM. 

- Lower than respective ESL for coarse soils in areas of 

urban residential and public open space from Schedule 

B1 of the ASC NEPM. 

- No ambient data available 

TRH  

(C6-C10) 

45 45 - No change 

- Based on HSL for shallow soils in low to high density 

residential areas from Schedule B1 of the ASC NEPM. 

- Lower than ecological level in the ASC NEPM 

- No ambient data available 

TRH  

(>C10-C16) 

25 110 - Increased (revert to health-based level) 

- Based on HSL for shallow soils in low to high density 

residential areas from Schedule B1 of the ASC NEPM. 

- Lower than respective ESL for coarse soils in areas of 

urban residential and public open space from Schedule 

B1 of the ASC NEPM. 

- No ambient data available 

TRH  

(>C16-C34) 

300 300 - No change 

- Based on ESL for coarse soils in areas of urban 

residential and public open space from Schedule B1 of 

the ASC NEPM. 

- Lower than available health-based levels in the ASC 

NEPM 

- No ambient data available 

TRH 

(>C34-C40) 

2800 2800 - No change 

- Based on ESL for coarse soils in areas of urban 

residential and public open space from Schedule B1 of 

the ASC NEPM. 

- Lower than available health-based levels in the ASC 

NEPM 

- No ambient data available 

Naphthalene 3 3 - No change 

- Based on based on HSL for shallow soils in low to high 

density residential areas from Schedule B1 of the ASC 

NEPM. 

- Lower than ecological level in the ASC NEPM 

- No ambient data available 

Benzo[a]pyre

ne 

1 1 - No change 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

- Rounded, based on on ESL for areas of urban 

residential and public open space from Schedule B1 of 

the ASC NEPM (0.7 mg/kg) 

- No corresponding health-based level in the ASC NEPM 

(refer to B(a)P TEQ) 

- No ambient data available 

PAHs as 

B(a)P TEQ (8 

species) 

3 3 - No change 

- Based on Health-Investigation Level (HIL) for 

residential areas with accessible soils from Schedule 

B1 of the ASC NEPM. 

- No corresponding ecological level in the ASC NEPM  

- No ambient data available 

Total PAHs 

(16 species) 

300 300 - No change 

- Based on HIL for residential areas with accessible soils 

from Schedule B1 of the ASC NEPM. 

- No corresponding ecological level in the ASC NEPM  

- No ambient data available 

Phenol 1 1 - No change. 

- Based on former Ecological Investigation Level from 

DEC 2010 for total phenols. 

- Consistent with residential / parkland SQG from CCME 

2014 of 1 mg/kg.  

- Lower than health-based level in the ASC NEPM 

- No alternative sources of ecological values identified. 

- No ambient data available 

PCBs 1 1 - No change 

- Based on HIL for residential areas with accessible soils 

from Schedule B1 of the ASC NEPM. 

- Comparable with residential / parkland SQG from 

CCME 2014 of 1.3 mg/kg.  

- No corresponding ecological level in the ASC NEPM  

- No ambient data available 

DDT+DDD+

DDE 

3 3 - No change 

- Based on EIL for DDT for fresh sources of 

contamination in areas of ecological significance from 

Schedule B1 of the ASC NEPM. 

- Higher level of ecological protection retained noting the 

parameter is not naturally occurring and is 

bioaccumulative. 

- Lower than health-based level in the ASC NEPM (240 

mg/kg) 
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

- No ambient data available 

pH (pH units) 5.5-8.5 5.5-8.5 - No change 

- The definition of ‘uncontaminated fill’ in the 2018 Waste 

Definitions was expanded following consultation to 

include neutralised acid sulfate soil that meets the 

requirements for relevant metals, metalloids and sulfate 

set out in Table 6, as determined by relevant sampling 

and testing carried out in accordance with the 

requirements of Table 7.  

- It is expected that waste acid sulfate soils will be 

treated/neutralised before comparison with the 

thresholds in Table 6.  Where acid sulfate soils are not 

waste, the Waste Definitions are not relevant.  

- The current threshold range was revised to better 

reflect ambient soil conditions in response to 

submissions received during consultation for the EP 

Regulations and Waste Definitions. It is acknowledged 

that some sandy acidic soils of the Swan Coastal Plain 

(such as Bassendean Sands) may have soil pH values 

less than the lower pH threshold limit of 5.5. These low 

pH levels reflect the highly leached nature of these 

sands and the absence of buffering capacity to 

neutralise acidity generated from the oxidation of very 

low concentrations of microcrystalline pyrite (as 

described in detail in Prakongkep et al. 2011).  

- Decreasing the lower pH threshold limit (i.e. below 5.5) 

would require reconsideration of the proposed revised 

thresholds for all metals that exhibit increased 

bioavailability and/or toxicity with increased levels of 

acidity.  

- Copper and zinc are the only two metals for which the 

ASC NEPM allows for consideration of soil pH in 

calculating the EIL. For all other metals, detailed 

technical review of available literature, and professional 

judgement, would be required to derive thresholds for 

metals that are appropriately protective at pH levels 

less than 5.5.  

- Waste soils that are acidic can be amended (i.e. 

neutralised) to increase the pH to above 5.5 prior to 

comparison with the uncontaminated fill thresholds.  
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Parameter 
Current 
threshold 
(mg/kg) 

Proposed 
threshold 
(mg/kg) 

Basis for new threshold 

- Ambient data from Prakongkep et al. 2011 contains 

only four samples exceeding the upper limit of 8.5. It is 

recognised that some calcareous soils of the Swan 

Coastal Plain, such as Spearwood Sands, may have 

high pH levels. However, an upper limit of 8.5 is 

unlikely to be regularly exceeded.  
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7 Derivation of revised leaching test 
thresholds 

As noted previously, the current leaching test thresholds were derived based on 
generic risk-based assessment levels published in relevant national or state 
guidance documents. These guidance documents have been reviewed to ensure that 
the base thresholds are current, noting potential changes and updates since the 
thresholds were originally derived, and appropriate.  

Where available, base thresholds were adopted from either the Australian Drinking 
Water Guidelines (NHMRC & NRMMC 2011) or the, Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality (ANZG 2018). The more sensitive 
(lower) value was typically adopted in order to be protective of both human health 
and aquatic environments.  

For some parameters, Australian values were not available. Therefore, additional 
guidance from international jurisdictions were consulted, such as the Canadian 
Environmental Quality Guidelines (CCME 2014). Appendix D provides a summary of 
the primary assessment levels considered and a comparison against the current 
leaching test thresholds. The groundwater health screening levels for petroleum 
vapour intrusion provided in the ASC NEPM were also considered. However, these 
values were substantially higher (or ‘non-limiting’) than the corresponding drinking 
water and ecological values and therefore do not warrant further discussion.   

7.1 Ambient background leach test data 

As discussed in section 4.4, limited data were available regarding ambient 
background leach data for soils of the Swan Coastal Plain. Furthermore, a large 
proportion of the available data was considered to be unrepresentative of ambient 
background conditions due to soil processing which occurred prior to sampling. A 
summary of the data is provided in Table B.    

7.2 Consideration of adjustment factors 

Consideration has been given to modifying the leaching test thresholds by applying 
an adjustment factor to the base thresholds to account for attenuation that may occur 
in the environment between the source location (fill subject to leaching) and potential 
receptors (e.g. groundwater abstraction bores, surface water receptors). However, 
noting that no restrictions apply to the use of ‘uncontaminated fill’ it is possible that fill 
could be applied in locations where little to no attenuation could occur prior to the 
point of exposure, or fill could be applied in low-lying areas where, on a seasonal 
basis, it may be in direct contact with shallow groundwater. 

Guidance by the UK Environment Agency (2006) provides a method for calculating 
dilution factors to assess groundwater contamination risks based on soil leaching 
data. Adopting default hydrogeological values10 for the superficial aquifer hosted 
within Bassendean Sand yields a dilution factor of approximately 1. This aquifer is 

                                            
10 Hydraulic conductivity = 10m/d; hydraulic gradient = 0.001; aquifer mixing zone thickness = 5; rainfall infiltration 

rate = 0.16m (20% of 800mm); length of fill source = 100m 
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considered to be the principal, and most vulnerable, groundwater receptor of the 
Swan Coastal Plain. Therefore, there is insufficient justification to apply an 
adjustment factor to the leaching test thresholds to account for dilution processes or 
other attenuation processes for the purpose of deriving thresholds for 
uncontaminated fill. It is also noted that the Australian Standard Leaching Procedure 
(ASLP) methodology incorporates an effective dilution factor of 20.   

The aquifer properties are also noted to be unconducive to attenuation processes 
relevant to inorganic contaminants (such as sorption or ion exchange). Attenuation of 
organic contaminants through biodegradation processes may occur in some settings. 
However, the efficacy of such processes is highly dependent on site specific 
circumstances, such that deriving an appropriate adjustment factor for widespread 
application becomes problematic.  

7.3 Revised leaching test thresholds 

Revised leaching test thresholds are presented in Table 6 below. Minor changes to 
some thresholds are proposed for consistency in decision making.   

 

Table 6 Derivation of revised leaching test thresholds 

Parameter 
Current 
threshold 
(µg/L) 

Proposed 
threshold 
(µg/L) 

Basis for new threshold 

Antimony 3 3 - No change.  

- Based on ADWG health value.  

- Lower than applicable ecological criteria (Water Quality 

Guidelines [WQG]).  

- No ambient data available. 

Arsenic 10 10 - No change.  

- Based on ADWG health value.  

- Lower than WQGs. 

- Insufficient ambient data above the LOR for summary 

statistics. Several exceedances of threshold noted.  

Cadmium 0.2 0.2 - No change.  

- Based on fresh water WQG.  

- Lower than ADWG value. 

- Insufficient ambient data above the LOR for summary 

statistics. No exceedances of threshold noted in data. 

Chromium 

(III) 

10 3 - Decreased.  

- Based on freshwater WQG (unknown reliability / 

species protection) 

- Lower than marine water WQG (low reliability / 95% 

species protection) of 27 µg/L.  

- No ADWG value (low toxicity) 
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- Median values of 0.4 and 2 µg/L. Exceedances of 

threshold noted in data. 

Chromium 

(VI) 

1 1 - No change.  

- Based on high reliability marine water WQG for 95% 

species protection.  

- Lower than ADWG value and corresponding fresh 

water value.  

- Insufficient ambient data above the LOR for summary 

statistics. Several exceedances of threshold noted. 

LOR is equal to threshold value.  

Cobalt 1 1 - No change 

- Based on marine water WQG 

- No ADWG value 

- No ambient data available. 

Copper 1 2 - Increased 

- Rounded, based on marine (1.3 µg/L)  and fresh water 

(1.4 µg/L) WQG for 95% species protection and 

consideration of available ambient data 

- Lower than ADWG value. 

- Insufficient ambient data above the LOR for summary 

statistics. However, several exceedances of threshold 

noted in ambient data.  

- Threshold increased from 1µg/L to 2 µg/L taking into 

account available ambient data.    

Lead 3 3 - No change. 

- Rounded, based on marine water WQG. 

- Lower than ADWG value. 

- Insufficient ambient data above the LOR for summary 

statistics. However, limited exceedances of threshold 

noted in ambient data.  

Manganese 500 500 - No change 

- Based on ADWG health value. 

- Lower than fresh water WQG. 

- Noted that the threshold is higher than the low reliability 

marine water WQG of 80 µg/L. This value not adopted 

due to high degree of conservatism resulting from an 

assessment factor of 200 applied to data for one 

species of mollusc (48 hour LC50 of 16000 µg/L). 

Limited toxicity data available.  

- No CCME 2014 values.  

- No ambient data available. 

Mercury 

(inorganic) 

0.05 0.05 - No change 

- Rounded based on fresh water WQG for 99% species 

protection noting potential for bioaccumulation. 

- Lower than ADWG value. 
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- Two detections at the LOR only.  

Molybdenum 35 50 - Increased 

- Based on ADWG health value. 

- Noted that the threshold is higher than the low reliability 

fresh water WQG of 34 µg/L.  

- No ambient data available. 

Nickel 10 10 - No change 

- Rounded, based on fresh water WQG. 

- Lower than ADWG and corresponding marine water 

value.  

- Insufficient ambient data above the LOR for summary 

statistics. No exceedances of threshold noted in 

ambient data. 

Selenium 

(total) 

5 5 - No change 

- Rounded based on fresh water WQG for 99% species 

protection noting potential for bioaccumulation. 

- Lower than ADWG value. 

- Median value of 0.3 µg/L, while other data set had 

insufficient results above LOR for summary statistics. 

No exceedances of threshold noted in data. 

Silver 0.05 0.05 - No change 

- Based on fresh water WQG. 

- Lower than ADWG value and corresponding marine 

water WQG. 

- No ambient data available. 

Thallium 0.8 0.03 - Decreased 

- Based on low reliability fresh water WQG of 0.03 µg/L. 

- Formerly based on long-term Canadian water quality 

guideline value for freshwater of 0.8 µg/L.  

- Changed to primary Australian guidance.  

- No ADWG value available.  

- Consideration of resident tapwater values for a variety 

of thallium-containing compounds from US EPA 

Regional Screening Levels indicates that 0.03 µg/L is 

likely to be protective of the potable water exposure 

pathway (equate to thallium only values of 

approximately 0.15-0.35 µg/L) 

- No ambient data available. 

Uranium 0.5 0.5 - No change 

- Rounded, based on fresh water WQG. 

- Lower than ADWG and corresponding marine water 

value.  

- No ambient data available. 

Zinc 10 10 - No change  

- Rounded, based on fresh water WQG. 
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- Lower than ADWG and corresponding marine water 

value.  

- Median value of 9 µg/L from both available datasets. 

Occasional exceedances of threshold noted in data. 

Cyanides 5 as CN 5 as CN - No change 

- Rounded, based on marine water WQG. 

- Lower than ADWG and corresponding fresh water 

value.  

- No ambient data available. 

Ammonia as 

N 

400 350 - Decreased 

- Based on marine water WQG at pH of 8.5 (being the 

upper limit of soil pH threshold). 

- Decreased to be protective of both marine and fresh 

water receptors.  

- Lower than ADWG and corresponding fresh water 

value.  

- No ambient data available. 

Fluoride 120 120 - No change. 

- Based on long-term Canadian water quality guideline 

value for freshwater in absence of Australian ecological 

criteria. 

- Lower than ADWG. 

- No ambient data available. 

Total 

Nitrogen 

2000 2000 - No change. 

- Based on nutrient concentration targets in catchment 

tributaries of the Swan Canning river system (Swan 

River Trust 2008) 

- Total nitrogen used as a general screening for 

nitrogenous nutrients.  

- No ADWG value, substantially lower than ADWG level 

for nitrate.  

- No ambient data available. 

Total 

Phosphorus 

200 200 - No change. 

- Based on nutrient concentration targets in catchment 

tributaries of the Swan Canning river system (Swan 

River Trust 2008) 

- No ADWG value.  

- No ambient data available. 

Benzene 1 1 - No change 

- Based on ADWG health value. 

- Lower than WQGs. 

- No ambient data available. 

Toluene 180 25 - Decreased 

- Based on ADWG aesthetic value, lower than 

corresponding health value. 
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- Lower than low reliability WQG values for fresh water.  

- No ambient data available. 

Ethylbenzene 5 5 - No change 

- Based on low reliability WQG values for marine water 

water.  

- Lower than ADWG health value, but slightly exceeds 

aesthetic value of 3 µg/L. 

- No ambient data available. 

Xylene (total) 600 (sum) 20 (sum) - Decreased 

- Further reviewed consistent with the initial 

recommendations of the independent reviewers. 

- Based on ADWG aesthetic value of 20 µg/L and range 

of WQG values for the three xylene isomers (75-350 

µg/L). No Canadian values for context. 

- Lower than ADWG health value. 

- No ambient data available. 

Naphthalene 15 15 - No change 

- Rounded, based on fresh water WQG. 

- Lower than corresponding marine water value. No 

ADWG available. 

- No ambient data available. 

Benzo[a]pyre

ne 

0.01 0.01 - No change 

- Based on ADWG health value. 

- Lower than WQGs. 

- No ambient data available. 

Phenol 320 50 - Decreased 

- Formerly based on fresh water WQG. 

- Lower than corresponding marine water value. No 

ADWG available. 

- Decreased to reflect maximum theoretical leach 

concentration based on total soil concentration 

threshold of 1 mg/kg and dilution factor of ASLP 

method. 

- No ambient data available. 

Cresols 2 (sum) 2 (sum) - No change 

- Based on low reliability fresh water WQG for 2,4-

dimethylphenol. 

- Equivalent to marine water value. No ADWG value 

available. 

- No ambient data available. 

Aldrin 0.001 0.001 - No change 

- Based on low reliability fresh water WQG value.  

- Lower than corresponding ADWG value (for sum of 

dieldrin and Aldrin) and marine water WQG value. 

- No ambient data available. 
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Dieldrin 0.01 0.01 - No change 

- Based on low reliability fresh water WQG value.  

- Lower than corresponding ADWG value (for sum of 

dieldrin and Aldrin). Equal to low reliability marine water 

WQG value. 

- No ambient data available. 

DDT+DDD+

DDE 

0.006 DDT 0.006 DDT - No change 

- Based on moderate reliability fresh water WQG value 

for 99% species protection noting potential for 

bioaccumulation. 

- Lower than corresponding ADWG value. Noted that the 

threshold is higher than the low reliability marine water 

WQG of 0.0004 µg/L.  

- Moderate reliability value adopted rather than low 

reliability value. Also noted that low reliability value of 

0.0004 µg/L may be close to available laboratory limits 

of reporting.   

- No ambient data available. 

- Threshold subject to consultation with laboratories 

regarding limits of reporting. 

0.03 DDE 0.0005 DDE - Decreased 

- Based on low reliability marine water WQG value.  

- Lower than corresponding low reliability fresh water 

WQG value. No ADWG value available. 

- Marine water value replacing fresh water value. 

- No ambient data available. 

- Threshold subject to consultation with laboratories 

regarding limits of reporting. 

Other 

pesticides 

<ADWG <ADWG 

and WQG  

- Changed to take into account ecological WQG values 

where available.  

- Table note required in relation to ensuring currency of 

guidelines consulted, and appropriate protection levels 

adopted (i.e. 95% default, but 99% for bio-accumulative 

pesticides).  

- No ambient data available.  
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8 Statistical assessment of ambient data 
against proposed revised thresholds 

Statistical assessment of each dataset (calculating the 95% upper confidence limit 
[UCL] of the mean) was undertaken consistent with the minimum requirements 
specified in Table 7 of the Waste Definitions. For a large number of the datasets the 
UCL was not able to be calculated because either there were insufficient individual 
data points for statistical analysis (i.e. less than 10) and/or there were insufficient 
data points above the laboratory level of reporting. Consideration of the 95% UCLmean 
reveals that only one of the 18 datasets did not meet the proposed revised thresholds 
(refer to Table D). The only parameter that did not meet the proposed revised 
threshold was selenium, with a 95% UCLmean of 1.6 mg/kg, marginally exceeding the 
threshold value of 1 mg/kg. Further review of the data indicates that the majority of 
the material would meet the proposed revised thresholds, with selenium being 
reported below the laboratory limit of reporting in 181 of the 295 samples (61%). 
Elevated levels of selenium appear to correspond with a particular portion of the 
infrastructure project. The cause of the elevated levels of selenium in this portion of 
the infrastructure project is unknown, but may be associated with a particular 
lithological unit, or an unidentified source of contamination.  
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9 Recommendations 

9.1 Revision of thresholds 

The review of the thresholds for uncontaminated fill, including the consideration of 
available data relating to typical ambient conditions on the Swan Coastal Plain, has 
not identified a need for substantial change to the threshold values in Table 6 of the 
Waste Definitions. Some changes are recommended for select parameters as 
summarised in Table 7 below.  

Table 7 Summary of proposed changes to thresholds 

Parameter 
Current 
threshold  

Proposed 
threshold  

Basis for change 

Maximum concentration thresholds (mg/kg) 

Arsenic 20 100 Base threshold adopted for aged contamination 

sources rather than fresh sources. Base threshold 

also incorporated physicochemical soil values that 

are better reflective of Swan Coastal Plain 

conditions. Base threshold based on urban 

residential / public open space landuse scenario 

rather than areas of ecological significance.  

Chromium (III) 30 160 Base threshold adopted for aged contamination 

sources rather than fresh sources. Base threshold 

also incorporated consideration of ambient 

background data and physicochemical soil values 

that are better reflective of Swan Coastal Plain 

conditions. Base threshold based on urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. 

Nickel 10 10 No change to threshold, but basis for derivation 

changed. Base threshold adopted for aged 

contamination sources rather than fresh sources. 

Base threshold also incorporated physicochemical 

soil values that are better reflective of Swan Coastal 

Plain conditions. Base threshold based on urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. The 

threshold was adjusted from 6 mg/kg to 10 mg/kg to 

account for available ambient background data.  

Copper 50 50 No change to threshold, but basis for derivation 

changed. Base threshold adopted for aged 

contamination sources rather than fresh sources. 

Base threshold also incorporated consideration of 
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ambient background data and physicochemical soil 

values that are better reflective of Swan Coastal 

Plain conditions. The threshold was adjusted from 45 

mg/kg to 50 mg/kg to account for available ambient 

background data. 

Lead 110 300 Ecological base threshold adopted for aged 

contamination sources rather than fresh sources and 

urban residential / public open space landuse 

scenario rather than areas of ecological significance. 

Resulted in the adoption of the lower human health 

base threshold. 

Zinc 50 120 Base threshold adopted for aged contamination 

sources rather than fresh sources. Base threshold 

also incorporated consideration of ambient 

background data and physicochemical soil values 

that are better reflective of Swan Coastal Plain 

conditions. Base threshold based on urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. 

Barium 200 500 Alternative source of base threshold. 

Beryllium 2 4 Alternative source of base threshold. 

Cobalt 15 50 Alternative source of base threshold. 

Molybdenum 40 10 Alternative source of base threshold. 

Vanadium 25 130 Alternative source of base threshold. 

Cyanides 50 

(Complexed) 

10 (free) 

5 

(Complexed 

- WAD) 

1 (free) 

Alternative sources of base threshold, and further 

technical review consistent with the initial 

recommendations of the independent reviewers. 

Sulfate 2500 2500 No change to threshold, but basis for derivation 

clarified. 

Toluene 10 85 Ecological base threshold adopted for urban 

residential / public open space landuse scenario 

rather than areas of ecological significance.  

Ethylbenzene 2 55 Ecological base threshold adopted for urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. Resulted 

in the adoption of the lower human health base 

threshold. 
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Xylene (total) 2 40 Ecological base threshold adopted for urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. Resulted 

in the adoption of the lower human health base 

threshold. 

TRH  

(>C10-C16) 

25 110 Ecological base threshold adopted for urban 

residential / public open space landuse scenario 

rather than areas of ecological significance. Resulted 

in the adoption of the lower human health base 

threshold. 

Asbestos No 

numerical 

limit 

Further 

detail 

No change, but recommended that further detail be 

incorporated to clarify threshold requirements relating 

to asbestos. 

  

Leaching test thresholds (µg/L) 

Chromium (III) 10 3 Based on update to source of base threshold. 

Copper 1 2 Base threshold adjusted based on qualitative review 

of available ambient data.  

Molybdenum 35 50 Base threshold for drinking water adopted in place of 

the low reliability freshwater WQG criterion.  

Thallium 0.8 0.03 Adoption of base threshold from Australian source, 

consistent with hierarchy.  

Ammonia 400 350 Base threshold for marine water WQG adopted in 

place of the higher fresh water WQG.  

Toluene 180 25 Based on aesthetic drinking water level in place of 

health-based level. 

Xylene (total) 600 (sum) 20 (sum) Based on aesthetic drinking water level and range of 

WQG values for the three xylene isomers. 

Phenol 320 50 Decreased to reflect maximum theoretical leach 

concentration based on total soil concentration 

threshold of 1 mg/kg and dilution factor of ASLP 

method. 

DDT+DDD+DDE 0.03 (DDE) 0.0005 

(DDE) 

Based on lower marine water WQG in place of fresh 

water WQG. Subject to consultation with analytical 

laboratories, may be adjusted upwards to meet limit 

of reporting.  

Other pesticides <ADWG <ADWG and 

WQG 

Changed to take into account ecological WQG 

values where available.  
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9.2 Other proposed changes 

Total recoverable hydrocarbons 

As discussed in Table 1, both the current and proposed thresholds for total 
recoverable hydrocarbons are based on criteria relevant to petroleum hydrocarbons 
such as those associated with petrol and diesel. It is acknowledged that naturally 
occurring and relatively benign biogenic hydrocarbons may be present in some soils 
which, through standard analytical procedures, may be reported at concentrations 
exceeding the thresholds.  

It is proposed that a note be inserted below Table 7 of the Waste Definitions to clarify 
that the thresholds for total recoverable hydrocarbons apply to petrogenic 
hydrocarbons only and to allow for the application of additional analytical methods, 
such as silica gel clean-up and chromatographic interpretation, where warranted.    

It is also proposed that clarification be included in Table 6 such that comparison 
against the threshold for C6-C10 is based on the ‘F1’ TRH fraction (i.e. not including 
the sum of BTEX).   

Asbestos 

The application of a ‘non-numerical’ threshold for asbestos was intended to 
encourage a more considered assessment of asbestos content in uncontaminated 
fill. However, it is acknowledged that the term ‘non-numerical’ has the potential to 
cause confusion for those unfamiliar with the approach documented in DEC 2012. 
Therefore, it is recommended that additional text be provided within the Waste 
Definitions document to summarise the inspection, sampling and testing 
requirements and weight of evidence approach for assessing material compliance.  

9.3 Future work – regulatory reform 

As discussed in section 3, the Department recognises the need for broader waste 
reforms that would allow for a risk-based assessment process for the beneficial reuse 
of waste. These reforms, including changes to the definition of waste and the 
application of the levy and licensing requirements, are being progressed separately 
and relevant issues will be considered as part of this. The first stage of this project 
involved release of an issues paper for a 12 week public comment period closing 
4 September 2019. 
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Appendices 

Appendix A – Derivation of current (2018) thresholds 
(Maximum Concentrations) 

 

Parameter Maximum 
Concentration 
mg/kg, dry weight 

Source document  
(see list of references below table) 

Metals & metalloids   
Antimony 20 

 
1  
(based on Soil Quality Guideline [SQG] for residential / 
parkland) 

Arsenic 20 2b 
(based on Ecological Investigation Level (EIL) for ‘fresh’ 
contaminant sources in areas of ecological significance) 

Barium 200 
 

3  
(rounded, based on Ecotoxicological Serious Risk 
Addition values [SRAECO]) 

Beryllium 2 
 

3  
(rounded, based on SRAECO) 

Cadmium 1 
 

4 
(based on absolute maximum concentration) 

Chromium III 30 
 

2b 
(based on EIL for ‘fresh’ contaminant sources, minimum 
clay content of 2.5 % and ambient background of zero in 
areas of ecological significance) 

Chromium VI 1 
 

5 
(based on EIL) 

Cobalt 15 
 

3 
(based on SRAECO) 

Copper 50  
 

2b 
(based on EIL for ‘fresh’ contaminant sources, pH of 6 
cation exchange capacity of 10 cmolc/kg, and ambient 
background of zero in areas of ecological significance) 

Lead 110 
 

2b 
(based on EIL for ‘fresh’ contaminant sources in areas of 
ecological significance) 

Manganese 500 
 

5 
(based on EIL) 

Mercury (inorganic) 0.5 
 

4 
(based on maximum average concentration for 
characterisation) 

Molybdenum 40 
 

5 
(based on EIL) 

Nickel 10 2b  
(rounded, based on EIL for ‘fresh’ contaminant sources, 
cation exchange capacity of 10 cmolc/kg and ambient 
background of zero in areas of ecological significance) 

Selenium 1 
 

1 
(based on SQG for residential / parkland) 

Silver  20 1 
(based on SQG for residential / parkland) 

Thallium 1 
 

1 
(based on SQG for residential / parkland) 
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Parameter Maximum 
Concentration 
mg/kg, dry weight 

Source document  
(see list of references below table) 

Tin 
inorganic 

50 
 

1 
(based on SQG for residential / parkland) 

Uranium  25 1  
(rounded, based on SQG for residential / parkland) 

Vanadium 25 
 

3 
(based on SRAECO) 

Zinc 50  
 

2b 
(adjusted upwards, based on EIL for ‘fresh’ contaminant 
sources, pH of 6 and cation exchange capacity of 10 
cmolc/kg and ambient background of zero in areas of 
ecological significance) 

Other Inorganics    
Asbestos No numerical limit  
Sulfate  

2500 
 

6 
(based on maximum concentration for plaster) 
 
 

cyanides 50 complexed 
10 free 

5 
(based on EIL) 

fluoride 400 
 

1 
(based on SQG for residential / parkland) 

Organic Compounds   
Benzene 0.5 

 
4 
(based on absolute maximum concentration) 

Toluene 10 
 

2a 
(based on Ecological Screening Levels [ESL] for coarse 
soils in areas of ecological significance) 

Ethyl benzene 2 
 

2a 
(rounded, based on ESL for coarse soils in areas of 
ecological significance) 

Xylene (total) 2 
 

2a 
(rounded, based on ESL for fine soils in areas of 
ecological significance) 

Total recoverable 
hydrocarbons (C6-C10) 

45 
 

2a 
(based on Health Screening Level [HSL] for shallow soils 
in low to high density residential areas) 

Total recoverable 
hydrocarbons (>C10-
C16) 

25 
 

2a 
(based on ESL for areas of ecological significance) 

Total recoverable 
hydrocarbons (>C16-
C34) 

300 
 

2a 
(based on ESL for coarse soils in urban residential and 
public open space) 

Total recoverable 
hydrocarbons (>C34-
C40) 

2800 2a 
(based on ESL for coarse soils in urban residential and 
public open space) 

Naphthalene 3 
 

2a 
(based on HSL for shallow soils in low to high density 
residential areas) 

Benzo[a]pyrene 1 
 

2a 
(rounded, based on ESL for areas of ecological 
significance) 

Carcinogenic 
polycyclic aromatic 
hydrocarbons (PAHs) 

3 2a 
(based on Health Investigation Levels [HIL] for residential 
areas with accessible soils) 
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Parameter Maximum 
Concentration 
mg/kg, dry weight 

Source document  
(see list of references below table) 

as BaP TEQ (8 
species) 
Total PAHs 
(16 species) 

300 
 

2a 
(based on HIL for residential areas with accessible soils) 

Phenol 1 
 

5 
(based on EIL for total phenols) 

PCBs 1 
 

2a 
(based on HIL for residential areas with accessible soils) 

Pesticides   
DDT+DDD+DDE 3 

 
2b 
(based on EIL for fresh DDT for areas of ecological 
significance) 

Physical   
pH (pH units) 5.5-8.5 Revised to better reflect ambient soil conditions in 

response to consultation submissions. Acid sulfate soils 
can be treated (neutralised) before comparison with this 
range. 

 
 

 
List of Sources 
 

1. Canadian Council of Ministers of the Environment 2014, Environmental 
Quality Guidelines. http://st-ts.ccme.ca/en/index.html 

 
2a. Schedule B1 – Guideline on Investigation Levels for Soil and Groundwater, 

National Environment Protection (Assessment of Site Contamination) Measure 
1999 (as amended 2013). 
https://www.legislation.gov.au/Details/F2013C00288 

 
2b. Schedule B5c – Guideline on Ecological Investigation Levels for Arsenic, 

Chromium (III), Copper, DDT, Lead, Naphthalene, Nickel & Zinc, National 
Environment Protection (Assessment of Site Contamination) Measure 1999 
(as amended 2013). https://www.legislation.gov.au/Details/F2013C00288 
 

3. Van Vlaardingen, P L A, Posthumus, R, & Posthuma-Doodeman, C J A M 
2005, Environmental Risk Limits for Nine Trace Elements, RIVM report 
601501029/2005. https://www.rivm.nl/bibliotheek/rapporten/601501029.pdf 

 
4. New South Wales Environment Protection Authority 2014, The Excavated 

Natural Material Order 2014 https://www.epa.nsw.gov.au/-
/media/epa/corporate-site/resources/waste/rro14-excavated-natural-
material.pdf?la=en&hash=726FDE7971279C4C583806464CF503B5CB06E73
B  

 
5. Department of Environment and Conservation 2010, Assessment Levels for 

Soil, Sediment and Water https://www.der.wa.gov.au/images/documents/your-
environment/contaminated-sites/guidelines/2009641_-
_assessment_levels_for_soil_sediment_and_water_-_web.pdf  
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6. New South Wales Environment Protection Authority 2014, The Recovered 
Aggregate Order 2014 https://www.epa.nsw.gov.au/-/media/epa/corporate-
site/resources/waste/rro14-
aggregate.pdf?la=en&hash=24FDF5D724F45D65BECDF2BB1AA0791A41B3
E6C8
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Appendix B – Derivation of current (2018) thresholds 
(Leaching Test Limits) 

Parameter Leaching test 
ASLP, µg/L 

Source document  
(see list of references below table) 

Metals & metalloids   
Antimony 3 

 
1 
(based on drinking water guideline [DWG] health level) 

Arsenic 10 1 
(based on DWG health level) 

Barium No leaching test threshold specified 
Beryllium No leaching test threshold specified 
Cadmium 0.2 

 
2 
(based on freshwater11 guideline (FWG) level, hardness of 
30 mg/L) 

Chromium III 10 
 

2 
(based on moderate reliability marine water guideline 
MWG level for 95% species protection [refer to Volume 2]) 

Chromium VI 1 
 

2 
(based on FWG level) 

Cobalt 1 
 

2 
(based on MWG level) 

Copper 1 
 

2 
(rounded, based on MWG, hardness of 30 mg/L) 
 
 

Lead 3 
 

2 
(rounded, based on FWG, hardness of 30 mg/L) 

Manganese 500 
 

1 
(based on DWG health level) 

Mercury (inorganic) 0.05 
 

2 
(rounded, based on FWG level) 

Molybdenum 35 
 

2 
(rounded, based on moderate reliability FWG level for 
95%  species protection [refer to Volume 2]) 

Nickel 10 2 
(rounded, based on FWG level, hardness of 30 mg/L) 

Selenium 5 
 

2 
(based on FWG level) 

Silver  0.05 2 
(based on FWG level) 

Thallium 0.8 
 

3 
(based on freshwater guideline level for the protection of 
aquatic life) 

Tin 
inorganic 

No leaching test threshold specified 

Uranium  0.5 2 
(based on moderate reliability FWG level for 95%  species 
protection [refer to Volume 2]) 

                                            
11 Ecological water quality guideline levels from ANZECC & ARMCANZ 2000 are provided for fresh water and 

marine water environments. Where available, fresh water guideline levels (95% species protection) were 
adopted for derivation of leaching test limits. Where fresh water guideline levels were unavailable, or where 
the corresponding marine water guideline level was lower than the fresh water guideline level, the marine 
water guideline level was adopted for derivation of leaching test limits.   
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Parameter Leaching test 
ASLP, µg/L 

Source document  
(see list of references below table) 

Vanadium No leaching test threshold specified 
Zinc 10  

 
2 
(rounded, based on FWG level, hardness of 30 mg/L) 

Other Inorganics    
Asbestos No leaching test threshold specified 
Sulfate No leaching test threshold specified 
Cyanides 5 as CN 2 

(rounded, based on MWG level) 
Ammonia as N 400 2 

(based on FWG level, assuming pH of 8.5 [upper pH limit 
of soil pH threshold]) 

Fluoride 120 
 

3 
(based on freshwater guideline level for the protection of 
aquatic life) 

Total nitrogen 2000 4 
(based on nutrient concentration targets in catchment 
tributaries of the Swan Canning river system) 

Total phosphorus 200 4 
(based on nutrient concentration targets in catchment 
tributaries of the Swan Canning river system) 

Organic Compounds   
Benzene 1 

 
1 
(based on DWG health level) 

Toluene 180 
 

2 
(based on moderate reliability MWG/FWG level for 95%  
species protection [refer to Volume 2]) 

Ethyl benzene 5 
 

2 
(based on moderate reliability MWG level for 95%  
species protection [refer to Volume 2]) 

Xylene (total) 600 (sum) 
 

1 
(based on DWG health level) 

Total recoverable 
hydrocarbons (C6-C10) 

No leaching test threshold specified 

Total recoverable 
hydrocarbons (>C10-
C16) 

No leaching test threshold specified 

Total recoverable 
hydrocarbons (>C16-
C34) 

No leaching test threshold specified 

Total recoverable 
hydrocarbons (>C34-
C40) 

No leaching test threshold specified 

Naphthalene 15 
 

2 
(rounded, based on FWG level) 

Benzo[a]pyrene 0.01 
 

1 
(based on DWG health level) 

Carcinogenic 
polycyclic aromatic 
hydrocarbons (PAHs) 
as BaP TEQ (8 
species) 

No leaching test threshold specified 

Total PAHs 
(16 species) 

No leaching test threshold specified 

Phenol 320 
 

2 
(based on FWG level) 

Cresols 2 (sum) 2 
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Parameter Leaching test 
ASLP, µg/L 

Source document  
(see list of references below table) 
(based on moderate reliability MWG/FWG level for 95%  
species protection [refer to Volume 2]) 

PCBs No leaching test threshold specified 
Pesticides   
Aldrin 0.001 2 

(based on moderate reliability FWG level for 95%  species 
protection [refer to Volume 2]) 

Dieldrin 0.01 2 
(based on moderate reliability FWG level for 95%  species 
protection [refer to Volume 2]) 

DDT+DDD+DDE 0.006 DDT 2 
(based on FWG level) 

0.03 DDE 2 
(based on moderate reliability FWG level for 95%  species 
protection [refer to Volume 2]) 

Other pesticides <ADWG 1 
(based on DWG health levels) 

Physical   
pH (pH units) No leaching test threshold specified 

 
 

 
List of Sources 
 

1. NHMRC & NRMMC 2011, National water quality management strategy, 
Australian drinking water guidelines, National Health and Medical Research 
Council and National Resource Management Ministerial Council, Australia 
https://nhmrc.gov.au/about-us/publications/australian-drinking-water-
guidelines#block-views-block-file-attachments-content-block-1 [note February 
2016 update consulted] 
 

2. ANZECC & ARMCANZ 2000, Australian and New Zealand Guidelines for Fresh 
and Marine Water Quality, Australian and New Zealand Environment and 
Conservation Council & Agriculture and Resource Management Council of 
Australia and New Zealand. 
 

3. Canadian Council of Ministers of the Environment 2014, Environmental 
Quality Guidelines. http://st-ts.ccme.ca/en/index.html 

 
4. Swan River Trust 2008, Healthy Rivers Action Plan. 

https://www.dpaw.wa.gov.au/images/documents/conservation-
management/riverpark/Management/Healthy%20Rivers%20Action%20Plan.p
df 
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Appendix C — Data review plan 

(refer to attached pdf file) 
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Appendix D — List of respondents during consultation  

# Respondents 
1 Pilbara Ports Authority 
2 Instant Waste Management 
3 Chamber of Minerals and Energy 
4 ChemCentre 
5 Housing Industry Association Ltd 
6 Austral Bricks 
7 MBS Environmental 
8 Environment Institute of Australia and New Zealand 
9 Water Corporation 
10 Public Transport Authority 
11 Department of Communities 
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Appendix E — Summary and assessment of available data 

Data type Descriptor 
Number 
of data 
points 

Location 
Swan 

Coastal 
Plain 

QA/QC 
Potentially 

contaminating 
activity 

Soil type Depth 
Analytical 
method 

Reject / 
Accept 

Basis for 
rejection 

Submission  Forrestfield 
1 

201 High 
Wycombe 

Yes 
Not verified – 

within 
reports 

No 
(formerly native 

vegetation) 

Bassendean 
Sand and 
Guidlford 

clay (but not 
identified in 

the data) 

0-10 mbgl 
USEPA 

200.2 / ICP-
MS 

Accept n/a 

Submission  

Forrestfield 
2  

2 Forrestfield 

Yes Yes – within 
report 

(viewed, not 
fully verified) 

No – samples 
from conservation 
category wetland 

within broader 
industrial area 

Bassendean 
Sand 

0-0.3 
mbgl 

Aqua regia / 
ICP-AES 

Accept n/a 

Submission  

Beenyup  6 Beenyup 

Yes Yes – within 
report 

(viewed, not 
fully verified) 

Sampling 
locations from 

within a vegetated 
part of the site. 
Aerial imagery 

review in report 

Spearwood 
Sand 

0.5-3 
mbgl 

Acid digest 
type not 

specified  / 
ICP-AES 

Accept n/a 

Submission  

Kenwick 1 Kenwick 

Yes Not verified – 
within 
reports 

Unknown – 
report/supporting 

information not 
available.  

unknown 0.15 mbgl - Reject 
Insufficient 
supporting 
information 

Submission  

Midland  1 Midland 

Yes Yes – within 
report 

(viewed, not 
fully verified) 

Yes - Reference 
sample from 
install of up-

gradient 
monitoring well. 
Aerial imagery 

indicates the area 
was a former rail 
marshalling yard 

- 1.5 mbgl - Reject 

Potentially 
contaminating 
activities in the 

sampling 
location 

Submission  Canning 
Vale 

3 Canning Vale 
Yes Yes – within 

report 
No – Reference 
samples from 

Bassendean 
Sand 

surface 
USEPA 

3050B / 
Accept n/a 
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Data type Descriptor 
Number 
of data 
points 

Location 
Swan 

Coastal 
Plain 

QA/QC 
Potentially 

contaminating 
activity 

Soil type Depth Analytical 
method 

Reject / 
Accept 

Basis for 
rejection 

(viewed, not 
fully verified) 

undisturbed 
portion of site. 

3051A / ICP-
OES 

Submission  

Kewdale 2 Kewdale 

Yes Yes – within 
report 

(viewed, not 
fully verified) 

No – Reference 
samples from 
undisturbed 

portion of site. 

Bassendean 
Sand 

surface 

USEPA 
3050B / 

3051A / ICP-
OES 

 Accept n/a 

Submission  

Linear 
infrastructur

e project 
295 Various Yes 

Yes – within 
report 

(viewed, not 
fully verified) 

Possible at 
surface. Possibility 

of some point 
source inputs 

along the 
alignment. 

Variable 
(sand 

through to 
clay) 

15-20 
mbgl 

USEPA 
200.2 / ICP-

MS 
accept n/a 

Submission 
 Pilbara - 

Port Hedland 
area No - - - - - Reject 

Not Swan 
Coastal Plain 

Submission 
 

Clay - 
Bristile 
Schist 

2 Toodyay No - - - - - Reject 
Not Swan 

Coastal Plain 

Submission 
 

Clay -
Williamsons 

2 Toodyay No - - - - - Reject 
Not Swan 

Coastal Plain 
Submission 

 

Clay -
Donnington 

Springs 

2 Chittering Yes1 
Lab 

certificates 
only 

No (aerial imagery 
review) 

clay unknown 

Various – 
but only 

accept data 
for aqua 
regia and 
ICP-AES 

Accept n/a 

Submission 
 Clay - Parns 2 Bullsbrook No - - - - - Reject 

Not Swan 
Coastal Plain 

Submission 
 Clay - Lees 

2 Upper Swan No - - - - - Reject 
Not Swan 

Coastal Plain 
Submission 

Clay -
Almeria and 
Apple Street 

2 Upper Swan Yes1 
Lab 

certificates 
only 

No (aerial imagery 
review) 

clay unknown 

Various – 
but only 

accept data 
for aqua 
regia and 
ICP-AES 

Accept n/a 
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Data type Descriptor 
Number 
of data 
points 

Location 
Swan 

Coastal 
Plain 

QA/QC 
Potentially 

contaminating 
activity 

Soil type Depth Analytical 
method 

Reject / 
Accept 

Basis for 
rejection 

Submission 
 Clay - Scotts 2 Dale No -  - - - - Reject 

Not Swan 
Coastal Plain 

Submission 
 

Clay - West 
Coolup 

2 Coolup Yes1 
Lab 

certificates 
only 

No (aerial imagery 
review) 

clay unknown 

Various – 
but only 

accept data 
for aqua 
regia and 
ICP-AES 

Accept n/a 

Submission 
 

Clay - South 
Cardup 

2 Cardup No - - - - - Reject Not Swan 
Coastal Plain 

Submission 
 Various 10 various Yes No - various unknown 

4-acid 
digest Reject 

Sample 
preparation 

Submission 
 

Mundijong 8 Mundijong Yes 

Chain of 
custody and 

Lab 
certificates 

Majority of 
sample from 
broad scale 
agriculture 

(paddocks). Some 
samples from 

potentially 
contaminating 

activities. 

Pinjarra 
plains 

0-0.3 
mbgl 

USEPA 3050 
Partial 
accept 

Paddock 
samples 

accepted only. 
Shed, fence-
line, power-

pole and 
stockyard 
samples 
rejected. 

Submission 
 Leederville 11 Leederville Yes 

Chain of 
custody and 

Lab 
certificates 

No (former single 
residence) 

Spearwood 
sand  USEPA 3050 Accept n/a 

Submission 
 

Armadale 7 
 

Armadale Yes 

Chain of 
custody and 

Lab 
certificates 

Evidence of 
general fill 

importation prior 
to sampling as 

part of 
redevelopment. 

- - USEPA 3050 Reject Fill importation 

Submission 
 

Cell G and 
G-NAC 

- Siena Wood Yes - 

Yes – sampling 
specifically to 

assess potential 
contamination 
associated with 

- - - Reject 
Potentially 

contaminating 
activities 
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Data type Descriptor 
Number 
of data 
points 

Location 
Swan 

Coastal 
Plain 

QA/QC 
Potentially 

contaminating 
activity 

Soil type Depth Analytical 
method 

Reject / 
Accept 

Basis for 
rejection 

market gardening 
/ orchards 

Submission 
 

FP2 and 
Ketelsen - Siena Wood Yes - 

Yes – sampling 
specifically to 

assess potential 
contamination 
associated with 

market gardening 
/ orchards 

- - - Reject 
Potentially 

contaminating 
activities 

Submission 
 

FP5 - Siena Wood Yes - 

Yes – sampling 
specifically to 

assess potential 
contamination 
associated with 

market gardening 
/ orchards 

- - - Reject 
Potentially 

contaminating 
activities 

Submission 
 

Town 
Centre 

- Siena Wood Yes - 

Yes – sampling 
specifically to 

assess potential 
contamination 
associated with 

market gardening 
/ orchards 

- - - Reject 
Potentially 

contaminating 
activities 

Submission 
 

Various Geotechnical investigation reports with no relevant data to the review. Reject 
No applicable 

data 

Published 
Document 

Olszowy et 
al. 

6-7 Canning Vale Yes Not available 
No – remnant 

bushland prior to 
subdivision 

unknown 
0-0.1 
mbgl 

Unknown Accept n/a 

Published 
Document 

 

Prakongkep 
et al. 

185 various yes 
Aspects 

within the 
report 

Specific locations 
not assessed – 

locations 
understood to 

largely be vacant 
land or within 
road reserves 

Three 
specific soil 

groups 
 

0-13 mbgl 
(typically 
<6mbgl) 

Aqua-regia / 
ICP-OES 

Accept n/a 
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Data type Descriptor 
Number 
of data 
points 

Location 
Swan 

Coastal 
Plain 

QA/QC 
Potentially 

contaminating 
activity 

Soil type Depth Analytical 
method 

Reject / 
Accept 

Basis for 
rejection 

Reports held by 
DWER 

Gateway 62 Cloverdale / 
Kewdale 

Yes Yes 
No – some 
residential 

dwellings only 

Bassendean 
Sand 

0-14.5 
mbgl 

NEPM 
compliant 

Accept n/a 

Reports held by 
DWER 

Shenton 
Park 

1 Shenton Park Yes Yes 
No – reference 
location within 

bushland 

Sand 
(Tamala 

Limestone) 
Surface 

NEPM 
compliant 

Accept n/a 

Reports held by 
DWER Gwelup 2 Gwelup Yes Yes 

No – reference 
location adjacent 

to wetland 

Alluvium 
and swamp 

deposits 
surface 

NEPM 
compliant 

Accept n/a 

 
Notes: 
1 Boundary of Swan Coastal Plain traverses the sampling site. 
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Appendix F — Summary of leaching test base criteria review 

Parameter Current 
threshold, 
µg/L 

Australian Drinking 
Water Guidelines 
(µg/L) (August 2018 
update) 

Water Quality Guidelines 
(µg/L) (95%) 

Canadian Water Quality 
Long-term 

Freshwater Marine Freshwater Marine 

Metals & metalloids 
Antimony 3 

 
3 (H) 9* - - - 

Arsenic 
10 10 (H) 

(AsV) 13 
(AsIII) 24 

 5 12.5 

Cadmium 0.2 
 

2 (H) 0.2 5.5 0.09 0.12 

Chromium III 
10 

 
- 3.3* 

10 
(moderate 
reliability) 

8.9 56 

Chromium VI 1 
 

50 (H) 0.4 4.4 1 1.5 

Cobalt 1 
 

- - 1 - - 

Copper 1 
 

2000 (H) 1.4 1.3 equation - 

Lead 3 
 

10 (H) 3.4 4.4 equation - 

Manganese 500 
 

500 (H) 
100 (A) 

1900 80* - - 

Mercury 
(inorganic) 

0.05 
 

1 (H) 0.6 0.4 0.026 0.016 

Molybdenum 35 
 

50 (H) 34* - 73 - 

Nickel 10 20 (H) 11 70 equation - 
Selenium 
(total)  

5 
 10 (H) 11 - 1 - 

Silver  
0.05 100 (H) 0.05 1.4 0.25 

7.5 (short 
term) 

Thallium 0.8 - 0.03* 17 0.8 - 



DRAFT Report (V6): Review of the Uncontaminated Fill thresholds presented in Table 6 of the Landfill Waste Classification and Waste Definitions 1996 (as amended 2018)   

 

 

Department of Water and Environmental Regulation  75 

Parameter Current 
threshold, 
µg/L 

Australian Drinking 
Water Guidelines 
(µg/L) (August 2018 
update) 

Water Quality Guidelines 
(µg/L) (95%) 

Canadian Water Quality 
Long-term 

Freshwater Marine Freshwater Marine 

d 
Uranium  0.5 17 (H) 0.5 - 0.8 - 
Zinc 10 

 
3000 (A) 8 15 7 - 

Other Inorganics 
Cyanides 5 as CN 80 (H) 7 4 5 - 
Ammonia as N 400 500 (A) as ammonia 400^ 350^ Refer table - 
Fluoride 120 

 
1500 (H) - - 120 - 

Total nitrogen 
2000 

- 
50000 (nitrate) 

- - - - 

Total phosphorus 
200 - - - 

Guidance 
framework 

Guidance 
framework 

Organic Compounds   
Benzene 1 

 
1 (H) 950 700 370 110 

Toluene 180 
 

800 (H) 
25 (A) 

180* 180* 2 215 

Ethyl benzene 5 
 

300 (H) 
3 (A) 

80* 5* 90 25 

Xylene (total) 600 (sum) 
 

600 (H) 
20 (A) 

75, 200, 350 
75, 200, 

350 
- - 

Naphthalene 15 
 

- 16 70 1.1 1.4 

Benzo[a]pyrene 0.01 
 

0.01 0.1* 0.1* 0.015 - 

Phenol 320 
 

- 320 400 - - 

Cresols 2 (sum) - 2# - - - 
Pesticides 
Aldrin 0.001 

0.3 (H) 
0.001* 0.003* - - 

Dieldrin 0.01 0.01* 0.01* - - 
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Parameter Current 
threshold, 
µg/L 

Australian Drinking 
Water Guidelines 
(µg/L) (August 2018 
update) 

Water Quality Guidelines 
(µg/L) (95%) 

Canadian Water Quality 
Long-term 

Freshwater Marine Freshwater Marine 

DDT+DDD+DDE 
0.006 DDT 9 (H) 

0.006(99% 
bioaccumulant) 

0.0004* - - 

0.03 DDE  0.03* 0.0005* - - 
Other pesticides <ADWG Refer document n/a n/a - - 

Notes: 

# Value for 2,4-dimethylphenol. 

*  Reliability unknown (typically formerly low reliability values) 

^ Based on pH at 8.5, being upper soil pH limit for uncontaminated fill
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Table A – Summary of soil ambient background data - median values 

Dataset n 

An
tim

on
y 

Ar
se

ni
c 

Ba
riu

m
 

Be
ry

lli
um

 

Ca
dm

iu
m

 

Co
ba

lt 

Ch
ro

m
iu

m
 

(t
ot

al
) 

Ch
ro

m
iu

m
 

(IV
) 

Co
pp

er
 

M
er

cu
ry

 

MBS Mundijong 4 - 100% <LOR - - 50% <LOR 75% <LOR 15.5 - 13.5 - 

MBS Leederville 10 - 2.3 24 100% <LOR 0.1 80% <LOR 9 - 12.5 - 

Forrestfield 1 201 - 0.4 - - 100%<LOR - 4.9 100% <LOR 2.2 100%<LOR 
Linear infrastructure 

project 
295 

- 
2.3 

- - 
72%<LOR 

- 
32.40 66%<LOR 3.2 88% <LOR 

Forrestfield 2 2 - 100%<LOR - - 100%<LOR - 50%<LOR - 50%<LOR 100%<LOR 

Beenyup 6 - 100%<LOR - - 100%<LOR - 11.00 - 100%<LOR 100%<LOR 

Canning Vale 3 - 100%<LOR 100%<LOR 100%<LOR 100%<LOR 100%<LOR 100%<LOR -  100%<LOR 

Kewdale 2 - 100%<LOR   100%<LOR  50%<LOR - 50%<LOR 100%<LOR 

Gateway 62 - 100%<LOR 98%<LOR 100%<LOR 100%<LOR 100%<LOR 55%<LOR - 100%<LOR 100%<LOR 

Olszowy et al. 7 - 10 - - - - - - 3 0.03 

All clay 3 100%<LOR 67%<LOR 120 33%<LOR 100%<LOR 7 14 - 14 100%<LOR 
Prakongkep et al. 

(Guildford) 
5 - 1.39 11.61 0.07 - 

1.36 9.64 
- 

1.31 
- 

Prakongkep et al.  
(Tamala) 31 

- 
0.49 6.6 0.02 

- 
0.21 4.52 

- 
0.27 

- 

Prakongkep et al.  
(Bassendean) 

115 
- 

51%<LOR 3.69 0.01 
- 

0.22 3.86 
- 

0.31 
- 

DWER Shenton Park 1 - 100% <LOR - - 100%<LOR - 100%<LOR - 100%<LOR 100%<LOR 
DWER Gwelup 2 - 50%<LOR - - 100%<LOR - 4 - 2 100%<LOR 

Number of datasets with 
sufficient results above LOR 

0 6 5 3 1 4 10 0 10 1 

Median n/a 1.4 11.6 n/a n/a n/a 9.1 n/a 2.2 n/a 
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Table A – Summary of soil ambient background data – median values (continued) 

 n 

M
an

ga
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se
 

M
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N
ic

ke
l 

Le
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Th
al

liu
m

 

U
ra

ni
um

 

Va
na

di
um

 

Zi
nc

 

Se
le

ni
um

 

Fl
uo

rid
e 

To
ta

l 
Cy

an
id

e 

MBS Mundijong 4 49.5 100% <LOR 100% <LOR 20.5 - - - 76% <LOR - - - 

MBS Leederville 10 17 100% <LOR 1.15 46 - - 11 70.5 100%<LOR - - 

Forrestfield 1 
201 - - 0.8 5 - - - 3.7 99%<LOR 

60% 
<LOR 

100% 
<LOR 

Linear 
infrastructure 

project 
295 - - 3.6 3.4 - - - 5.3 61%<LOR - - 

Forrestfield 2 2 - - 100%<LOR 50%<LOR - - - 16.5 - - - 

Beenyup 6 - - 100%<LOR 100%<LOR - - - 100%<LOR - - - 

Canning Vale 3 33%<LOR - 67%<LOR 33%<LOR - - 100%<LOR 33%<LOR 100%<LOR - - 

Kewdale 2 - - 100%<LOR 50%<LOR - - - 17 - - - 

Gateway 62 100%<LOR - 98%<LOR 81%<LOR - - 89%<LOR 100%<LOR - - - 

Olszowy et al. 7  - 1 4 - - - 7 - - - 

All clay 3 25 100%<LOR 10 17 100%<LOR 100%<LOR 71 5 - - - 
Prakongkep et al. 

(Guildford) 
5 33 1.1 - 4.37 - - 12.72 2.2 - - - 

Prakongkep et al.  
(Tamala) 

31 8 0.17 - 1.02 - - 1.3 58%<LOR - - - 

Prakongkep et al.  
(Bassendean) 

115 8 0.14 - 1.33 - - 1.69 0.57 - - - 

DWER Shenton 
Park 

1 - - 100%<LOR 11 - - - 5 - - - 

DWER Gwelup 2 - - 100%<LOR 6 - - - 8 - - - 
Number of datasets with 
sufficient results above 

LOR 
6 3 6 10 0 0 5 10 0 0 0 

Median 17.0 0.2 n/a 4.7 n/a n/a 11.0 6.2 n/a n/a n/a 
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Table B – Summary of leaching test results 
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Fo
rr

es
tf

ie
ld

 1
 

LOR <0.001 <0.0002 <0.0001 <0.00004 <0.0002 <0.00005 <0.0005 <0.0005 <0.0002 unknown 
n 41 82 82 82 82 82 82 82 82 82 

<LOR 39 9 28 81 30 69 30 71 17 0 
%<LOR 95% 11% 34% 99% 37% 84% 37% 87% 21% 0% 

min <0.001 <0.0002 <0.0001 <0.00004 <0.0002 <0.00005 <0.0005 <0.0005 <0.0002 0.002 
max 0.007 0.0179 0.0105 0.00004 0.0750 0.00016 0.0080 0.0043 0.0008 0.079 

median 
n/a 

0.0004 
n/a n/a n/a n/a n/a n/a 

0.0003 0.009 
mean 0.0018 0.0003 0.018 

Li
ne

ar
 in

fr
as

tr
uc

tu
re

 
pr

oj
ec

t 

LOR <0.001 <0.0002 <0.0001 <0.00004 <0.0002 <0.00005 <0.0005 <0.0005 <0.0002 unknown 
n 50 50 50 50 49 50 50 50 50 50 

<LOR 30 5 27 49 34 48 26 48 46 0 
%<LOR 60% 10% 54% 98% 69% 96% 52% 96% 92% 0% 

min <0.001 <0.0002 <0.0001 <0.00004 <0.0002 <0.00005 <0.0005 <0.0005 <0.0002 0.002 
max 0.030 0.0290 0.0019 0.00004 0.0621 0.00005 0.0032 0.0010 0.0003 0.144 

median 
n/a 

0.0021 
n/a n/a n/a n/a n/a n/a n/a 

0.009 
mean 0.0036 0.023 
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Table C – Summary of physicochemical data (Prakongkep et al. 2011) 

Soil group  
Summary 
statistic 

pH 
Organic Carbon 

(%) 
Cation exchange 

capacity (cmolc/kg) 

Bassendean Sand 
(n=146) 

min 2.5 0.02 0 
max 8.6 6.9 11.3 

median 4.9 0.2 1.0 
mean 4.8 0.7 1.7 

Tamala Limestone 
(n=32) 

min 2.4 0 0 
max 8.9 50.65 (peat) 11.92 

median 6.0 0.2 1.4 
mean 6.0 4.4 2.9 

Guildford 
formation 

(n=7) 

min 2.9 0.04 0.84 
max 8.7 5.5 13.6 

median 7.3 2.7 4.1 
mean 5.8 2.3 4.1 
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Table D – Statistical assessment of ambient background data against revised 
thresholds 

Dataset 

95% Upper confidence limit (UCL)1 of the arithmetic mean (mg/kg) 

n 

An
tim

on
y 

Ar
se

ni
c 

Ba
riu

m
 

Be
ry

lli
um

 

Ca
dm

iu
m

 

Co
ba

lt 

Ch
ro

m
iu

m
 

(t
ot

al
) 

Ch
ro

m
iu

m
 

(IV
) 

Co
pp

er
 

M
er

cu
ry

 

Mundijong 4 - n/a - - n/a n/a n/a - n/a - 

Leederville 10 - 2.8 34.0 All <LOR 0.3 0.5 8.7 - 15.1 - 

Forrestfield 1 201 - 0.5 - - All <LOR - 6.3 All <LOR 2.6 All <LOR 
Linear infrastructure 

project 
295 

- 
4.3 

- - 
0.2 

- 
52.6 0.8 5.6 0.2 

Forrestfield 2 2 - n/a - - n/a - n/a - n/a n/a 

Beenyup 6 - n/a - - n/a - n/a - n/a n/a 

Canning Vale 3 - n/a n/a n/a n/a n/a n/a -  n/a 

Kewdale 2 - n/a - - n/a - n/a - n/a n/a 

Gateway 62 - All <LOR 5.2 All <LOR All <LOR All <LOR 3.2 - All <LOR All <LOR 

Olszowy et al. 7 - n/a - - - - - - n/a n/a 

All clay 3 n/a n/a n/a n/a n/a n/a n/a - n/a n/a 
Prakongkep et al. 

(Guildford) 
5 

- 
n/a n/a n/a 

- 
n/a n/a 

- 
n/a 

- 

Prakongkep et al.  
(Tamala) 

31 
- 

43.6 68.6 0.5 
- 

1.3 13.8 
- 

1.4 
- 

Prakongkep et al.  
(Bassendean) 

115 - 1.0 11.8 0.1 - 1.6 8.8 - 2.3 - 

DWER Shenton Park 1 - n/a - - n/a - n/a - n/a n/a 
DWER Gwelup 2 - n/a - - n/a - n/a - n/a n/a 

Proposed revised threshold 20 100 500 4 1 50 160 1 50 0.5 

No. of datasets that fail revised 
threshold based on 95% UCL 

0 0 0 0 0 0 0 0 0 0 
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Table D – Statistical assessment of ambient background data against revised 
thresholds (continued) 

 n 
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Mundijong 4 n/a n/a n/a n/a - - - n/a - - - 

Leederville 10 22.3 all <LOR 1.7 51.1 - - 13.0 115.8 All <LOR - - 

Forrestfield 1 201 - - 1.3 5.6 - - - 4.2 0.5 47.7 All <LOR 
Linear 

infrastructure 
project 

295 
- - 

6.9 5.4 
- - - 

14.1 1.63 
- - 

Forrestfield 2 2 - - n/a n/a - - - n/a - - - 

Beenyup 6 - - n/a n/a - - - n/a - - - 

Canning Vale 3 n/a - n/a n/a - - n/a n/a n/a - - 

Kewdale 2  - n/a n/a - - - n/a - - - 

Gateway 62 All <LOR - 1.1 5.3 - - 4.2 All <LOR - - - 

Olszowy et al. 7  - n/a n/a - -  n/a - - - 

All clay 3 n/a n/a n/a n/a n/a n/a n/a n/a - - - 
Prakongkep et al. 

(Guildford) 5 n/a n/a 
- 

n/a 
- - 

n/a n/a 
- - - 

Prakongkep et al.  
(Tamala) 

31 70.2 0.5 
- 

4.1 
- - 

9.0 1.5 
- - - 

Prakongkep et al.  
(Bassendean) 

115 45.2 0.8 
- 

7.0 
- - 

7.4 2.7 
- - - 

DWER Shenton 
Park 

1 - - n/a n/a - - - n/a - - - 

DWER Gwelup 2 - - n/a n/a - - - n/a - - - 
Proposed revised 

threshold 
500 10 10 300 1 25 130 120 1 400 5 / 12 

No. of datasets that fail 
revised threshold based 

on 95% UCL 
0 0 0 0 0 0 0 0 1 0 0 
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Table D Notes 

n/a insufficient data for calculation of 95% UCL (minimum of ten data points required) 

- no data available 

1 95% upper confidence limit of the arithmetic mean (results less than the limit or reporting converted to 50% of the limit of reporting, normal data 
distribution assumed) 

2 5 mg/kg for complexed cyanide (weak acid dissociable), 1 mg/kg for free cyanide 

3 95% UCL for selenium marginally exceeded the revised proposed threshold of 1 mg/kg for the Linear infrastructure project dataset.  
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